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Ir 
) 

Ch&pt·er I 

INTNOIYJC. 0 

S di · ntat1en probl ar beco n no 

1.mpor nt 1n the field of irrtg· tion . 

1ng1 

~ mo 1n~ edi en r~om channel& nd th lo• or torase 

pae 1n r a rvo ra 1 Vel'.. r t• Ut1tortwat ly; tho 

selence ot ed1mentat1on n ineer n a 1n 1 ts inf nc , 

nd there 1 

concet-n1ng th m-ov ent or edi . e tary pe 1cl 

1 n, eni1neer would like to 

know 1n d ne t e pro abl rte or sed ... ent tion n 

a a of 

l.N.t of too th aa e , tl t1.on 

t, ti t1cn 4, v . 

no with oth r pro,1 cte , 

l1ttl r·latlo1 b p to 

s 

nuttbod for p •odiot1ng tbe te 

• 1 • ll o t ae , thod 

en tlon ha~ b&en 

ire kno ,l d0 , ot tb 

!ment 

under coneid r tlon-,. 

The hyd. ullo proper 1 • or a1~ent p rt1cl•e 

lnclu.de the r te at 'ifh1cb th& w1ll G ttle o it of UB• 

pon ion or ln tb c e ot th l r• r p t1ol. , th 

elcclty of tlow r 1uired to ~o th .. , lons th bed or 
e nn&l . l t h e 



1n t 1 

• te 

1 ld t 

V 

p op rti • 

th r 11 l o t or p t1ol 1n a 111 

deal ndex tor oth o byd ulic 

all v loc1t1 V b ur J.tl t po t 

1 p rt ol 1 ·er n th t t 

f 11 top at1 t ct ry l1 

the p r iol r ll u locl 1 r r l t1v· l 

l •, butt ccur oy h ·r t r ve• 

lo 1e of r rt el red . 

It 1 la l , co.rr spondin. to 

e olt1 w - C nro ti n 1 

e ed . I 0 0 11 part clo, p 1 

le 1 port tbe lo tt rn ollon to 

l mor cl 1 • s b p rt ol b l r r , p 

b co n ly pol't n ao of corr 

lat p •·t r 11 veloc1t WO ld b hel ptul . C 1-

e l t 0 M u · ng oth t ll v loe t .rid p rt cle 

to b d V l P f n tor th t rea o 1 t 1 

r ;; n z d how . 

o d th p ot roe p t cl 1n lu o 

t e mo • e of p iolo 1n wt ? 

Probl e f llow nf 

c rnin t 1 ro l ndtb nwr 1 

9 



t on • 

t t r 

di "':'l t :' 

nch . 0 

ed1ment 

tra nt 

1 . can 

• t 

2. Do d 

1 

. th 

3 . Can 

4. ·b t 

pr- cti cal thod be ""01.1n tor 

r1n~ th .tO'!/ , ent or p t1clo _n 

' 
"' e nt po 1 a or nd V 

• e b p cl r oter-

1oh o be xpr 

ctlc l ethod b round tor 

the eha e of th p rt ol t 

the orr ot o tbe dltfer nc 

n p ut)on tb , o e ent o the 

pr 1oles 1n ter? 

10 
,, 

.............................. ...;;..;..,..... •- n th1 1nv ti tlon con ld r-

v n• only to tho m• 1ods ot lua ng b pe 

su.rr C ntl • pl o be o pr otlo l val 1.1 • 

Tb otud Will b 11 tod to nd of ie-v 

0 :>ond1n to i V a to 14 rne h to tb 

eon id r - two trom river 

'1 po its, on • blo• and, nd one a ple or 
fro rook o hr. 
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t inc et e n l tor- t _n problc!u. of 

cd1 en t1o braueht bot~ t 1lt1n or · e vo1NJ 

l d to n :lltt iv entul lmo led $ 

eono rnln,s he ~ovem nt ot ac 11:serh l 1 ... p 1ai.on o.nd 

lon... t bods or ch.on • 

t l heen r eogni for som th'!tle th t th 

di t nee btc a etvon A t- ol ill b a t'Vi ed: ln SU&"" 

pens1cm nd t ~ t ot .10 .. 1 t tnOV J, a tunotion ot 

it ra11 v loe t • ~~or reo ntl it b en to nd th t 

th V loci ct flO'lf re u1red to t,.o-v i rr;,er p rtlelee 

alon be bed cf a at~6 1& al o tunot1on o tho1r fall 

loo·t1 • nd in the o se of l rg r rt olee, tbe ' 

eloe 4 t f'ur10 lb 1 on of h pe. .:Ol' t 1 r on a ni.: r 

·ot WQI' b 'V 
,.,. her d info- tin on h t ll V loci• 

tiee 0 and ~t c-l nd bav t tempt to oorr lat.o 

velocity ltb MP•• 

Am ~ .. tbe f' 1 . t to r 1 o t1o o th 

r 11 
\ 
tloloa ·re ~ tallurglo l n 1• 

nee: oone rr..· d. 1th or .... ste . lng probl • The 1nveet1--

at the probl fl'om th s tsndpo1nt of r 1 ting e1.eve 
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1Z an r ll voloclt of mineral rtiol • 1.n wat r since 

th t t\ tho k nd of inf nnat. on r qu1:-,ed ln tbai 1n-

duatr • fiioh- de ( }, in 1008 de &t d or t 

s ttl.tne $lOc.ti of C - i,. .. d q rta, d le gr 1nfh 

TI ound t b t for p tttiel larger tbo.n l . 5 mm in 

d1 , t r t .. e eoorr1eie?lt of 4.., ., no lo e r fl tunot1on 

o: Reynolds n bfl cml , but a distinct variation e . 1. t 

t trwe n the rte nd g lena gr lnts. 1h ~1 tlon w 

.> r-ently &t.ttr1 i..1ted o t o diff enee 1n pee f"1e 

t ra v t ea 0£ t e mln.,,Ml -• 

rn l9ia f ob •Y ( ) u 1obaro 'd t and much• 

of bi s own t-0 d velop a tonnula hich b tho ht could be 

uoed. ln JJluoe ot ~l:toko law for ~ lculat1ng £ 11 velco1 -

ties of p Pt1ol al r- th n abo t 0 . 1 ':nm in di 

t sa ... j t nt the fell veloc ... tles or partlol~a vary with 

tb l r d · ~tere aoeord1n;g to two dls no~ l'11ts . Tho flr t 

l is t,.,.e la . o! }l t okes wb!oh a >plies o tbe p\lrely 

law ppl & to th n e 1n whieh ~e 1 tanc i pr otlc l• 

ly 1nd pendent ol vi · oou roroet • Rubey de ~1 ed an ex ... 

pr lon ro imp.aot r ei taniz by oone1der1ng th.at the 

f o ces hol 1ng a pbe ioal p rt1clo 1n u:epen ion ta 

oonot nth 1 tin r1o1ng e Nmt o .. ome luid 1 tho 

lmpact of tb& .luid . By eo~bining tok l fi.nd tb 1 • 

p et l. sme l e pr , ion tor t ll eloeit'1 

a ollowe: 
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I ',r ( -- _/ ,-:--,_. 2 
' 3 / t r es - E'r} • 6 1 / r fl v r I! r v E} 

In this xpre,sion r refers to th sl radiu , e is 

the p rt ole d n ity, E} i th flui d nsity, .,,6/ is 

the visco ity, nd v 1 the t inal velocity of th 

particle. Rubey dded xper1m nta l co ff1o1ents to mak 

th result f1t th d ta for quartz particles, but h 

could not make it f1t the data for both quartz and g 1 na. 

H con lder th1 to be du to the d1 fr nee 1n avera 

sh pe ot the particles , galena being more nearl y cubical 

b ~.I'.' e crushed quartz tended to b mo r fl ky 1n aver ge 

shap . He roted that p rt1oles "enerally fall o that 

res is ta ee 1 x1mum. ll also observed th t th 

current r quired to mov a articl e along th bed of a 

e nnel is pproximatel the same as 1t settling velocity 

in till w ter. 

Rubey con 1dered th this expression or fall 

velocity wa b sed on sound theory, but illu tr ted by 

Rouse (5:245) n 1945, th r l t1on hip between the drag 

coeffic1 nt nd R ynolds number b yond Stoke ran e cannot 

be expr ed by n equ t1on of th e form as Stokes 1 w 

nd the point of departure from Stoke law d pend on th 

shape or the particle . 

s 1 n 1nvestig tor, Ze rzd ( 10), l 34, ,as 

o t.... first to empha ze th importance of hape. 1 

oint .d out that the d1 erepancy b tween th dr g 
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coefficients ot quartz and gal na e.s found by Richards 

could not possibly result fl'om a difference in specific 

gravity, and be attributed the discrepancy to the differ­

ence in av.erage b pe of th~se miner ls. 

Zegrzda plotted the d t of R1 ch rd& along with 

hie own on a gr ph of drag coefficient as a function of 

Reynolds number. He pointed out that s ch a g raph could 

be valid for only speo1f1o shape and th t to e theo­

retic lly aocur te, graphs houl d be m.ade for every 

eoneeiva le hp of part cl e. However, he said that 

uch gr ph ould not represent verge conditions nd 

could be ot no practical use . Therefore he plotted the 

data, u 1ng the si ve diameters in the e:x.pre ions for the 

drag coeffic ent and Reynolds number. H leo compared 

t e steve dim t rs with thee dimentatlon di te:r hieh 

ls the di meter of a hypothetical aph re h vlng the same 

den ity nd r ll velocity. 

Z gr0da used petroleum product and water aa a 

medium in h1 0h be mea ured the e.11 veloe1ty of sand 

grains nd p rticles of controlled sha e made of steel« 

He noted th t with the steel shapes ther a no break 1n 

the dr g coefficient s a unotion of Reynolds number 

curve regardl ss of the medium, hereas for irregular sand 

grains the c rves obtained by using water as a medium d d 

not fit the curv s obtained with other medium . This 

result puzzled Zegrzda , but b suggested that elnce sand 
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JZ r 1n conta n d minute pits nd projection not found on 

the st el pe , that flo round the sand p rtiol 

i 5ht b 1nfluenc b fluid proper ties ot r th n density 

nd vi coaity. Therefore be r oornn1ended th t w ter alone 

be u ed me um in ed1z:iente. tion tud a . 

In 19 6 dell ( 9 ) d t ned tru ph ri c1ty s 

.. he ratio: 
ft 5 

= 'S' 

wher 1 the sur ace are of a ph re of tb same 

volume s the olid , s the ctual rfaoe r a or th 

aol1d , nd fL, d not th degr of true pher 1city. The 

a.x1mwn alue obtained o r ~ ls l , which 1 t numer1-

cal s pe value of spher • d 11 howe th t the ooer-

ficlent cf resl t nee, function ot eynold n ber for 

olid o arious h pe is 1 o !'unction ot spher1c1t 

Since the surf c res of individual d par-

t1ele a.re ve · dlffioul t to obt in, t rue ap erioi ty 1 

lmpr ct o 1 to use for tud1~a or the fall v loclty of 

1nd1v1du l ra_ns . For his re on, dell suggested the 

u of the fo l lowing x res ion for s pe a 

d 

ff = C -De 

he:- de 1 th diameter of c1rol qu 1 in area to 

the projected r e obta n d when the r in re t on on ot 

its larg r face , ore or lees par l l el to the pl ane of 

the lonf, st and into ed ate eter , nd D
0 

1 the 
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'1 eter or 11 c1rol r b t pro• 

ct r • 
c!1 ll th t h r t 0 W n ind cat on ot 

true p r 1 cl , bu s,o out 

t 0 Xt'r C a , th1 n1t1 n g nt ly 

ron OU r 1 t , for e.x pl e , tb& op rlo1t• of 1n 

1 k 1ncc! th1 .. t a 1 . 0, th e or 

u ent ot l nroj t d ac• 

coo 11 r ·n t.) ran· t 1zC 

oamor l ol n th w opro UC db 

w f'f ... t on pp r oft 4'1 ~ t 

p 1n ta I a r l o l on t n ot r 
cirel t oun or 20 o 20 em 

h· t of' tr p r nt o llulo1d lt oro co) 

to e r th c ro".l er ed r l • 
d 11 th t l .; on -

l' l th n <!i l· or 0. 1 · n • 8) 

ho a er- ll pr d b t en h -
c rv a• ! 'Kit .or er V 

1to· e tb r rt to po n o t t t 

n ton of th n n e e r tw n "'e· l 

h r e coetf 1 t , 
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CD --
1 ld r 8 0 lin . , 

1 C - lo· + lo -« -
0 t log r lt e C r rap , ·C • O.a. • ch 

r P en part e l r settl n v l oc t · .. !n t 

.. luld . n t :1 oxpr son e and e r t d n• 

s_t e of , _,;C,< d V1 eo t , 

nd VO 1 V 0 t • 
n (l} ,..coted th or 

VO k fo n • iO d r n • 

1, rollo : 

• d in h rot rel r r 

to th rtlol 

bl .0 1 0 • oltm 0 ll t ant 

... r Ti/ f r p o \J l or 0 . 1 . 

pr r c, uc. t} t ll v lee ty 

n r n p rox1· t lu o .. k C be 

e . t l tG b . or , l, l J th t lue 

t the p t C 8 ob 8 
. ood • .. 

t al C Cl or rt1ole . v lri e ua l n t 
' , 1d t}-,1 c·r , b o. V rlou • 

'f c. (2 p 11 t • 
0 t_ ~atl n COl' C n~ ll loc , l\ i. l 
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eh v or i..or on- ph r cl rtlol • • .. n th t t e 

rel t t l n voloc ty n d u t ot 

... l e vl.or r e to oth V&l e1ty 

or t a r to I)& t lo od b to a 

. i t OV ., t rt . 

rt!e a ... 1t nd ol 

ol nom1n l h ld 

con .. n Tb 6 tu led ... re cl s . ... C ; 

d k , rol er , bric{, n ... r gm nt . 

le• coulc b r ... 

elcc·~·e u~ jnt out o o th o~ n 

t ,. e r cl t o :· 1 t naa . .... 
H l o a - •oe e 

into 

he 

r llowin 1 r phe iol ,-: 

her I · b~ nd C r the lo ; 1n edl t • a d 

.. rt th p l't-Clth T e l t 0 1 e.xp 1-

t 1n .. o d hat th t1o e val 0 p l to 

t r1 ty f n by a4 l, jd h m de ph 

0 be b/ • o <Hnat nd c/b tb 

• ~Q(t or u l phor c1 y ba ed on th ro ... 
oi u ..... on we leo plotted on the cl' ;>h • 

In l 4.t, v r (7) t1 ted e tall V 1 0 t 

of V rio an 0 1~ o rr pond .... 0 le d1 11ot r 



10 to 100 ot the Tyler. . ndard sere n c lo. He oo per 

ie s1 av d.1 et r to the sedlrn.ent t1on d1atn •ter or 
and or different sb.ap a.nd p~o o d th t th r t1o o 

ed1roe tat1on di ter to tho &4eve diameter be used as 

praot1a l Gl"1t tor xpr ·a 1 · ahafHh 

The a1ev diam tr u ed tor ool!ll)Utlng 

Re:rnold number and tb& d:ra coeff1ehmt 111 plcttln tb& 

vi co ff!~icnt a funot1on of R ynold. numb r, Serr 

19 

asumed t at the 1 vo diameter wa . oughl eotnpa:r ble to 

the not'l1n l di m te1~ and l'ou.nd tbat this wa mo:r e rl1 

tNe the 1~ o tbe p ticles 1narea ed. H lso 

·o\.\nd t t th · a tmentation dtamete·r • lw ya Btdallei, 

than the sie.ve di .e r,. ncd that tor bl t.10 t . :1gu.l r 

and - ne, t i c, .. ulted a reduot1oo 1n f ll v-elocl ty of 

· bout 0j/1 to ~ in the l rs F si • P rtieles eo re• 

pond ng to a ereen lee ot 100 bowed 11 ttle tt ot ot 

.. ape,. In ot or words; tb-o Nltio of ediment. -t1on to 

siov 1 e er s about unit . Tho di:' g coetf1o1ent 

o. runetlon o.£ •re round to fl _tt n 

t a 

that t 1 

1n l d tfU' ot about l . 5 tmn . nd1 ting te S rr 

1.a n r tbe tloe where vi cou ff ct• b come 

eoond ey nd the dra co ·f'iolent hecom . independent ot 

Reynold-a n _ · ber tcr natur l p t•t1ole " For ph l"e ., th! 

do&G not ooeur unt l th dlamet ff 1& t>out 5 rJmi. Tb dat 

o~ta d by S. rP d1d not~ ·tend b yond th Reynol d numb 

t w ich tb6 cur es b r 17 begin to flatten . 
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All ! tho 1n eet1 _ tor-- alread ent1on 

£1 ,our d ll volooitJ or p rtlole 1n n J.4 b 1mlng 

tbe f 11 through m · ured d1s o 1th a atop wat ht 

Tb.ls prooedure ta utfJ.Ci ntlJ oour t for p rtiol e of 

• .· ll l e and lo• rate or l l, but 1.t b eoa e 1 ecur t · 

wan l rner pr icles are u ed btch 1e the~ a on that 

theee inve t1gntor- ,ma ally .. ed partl:..eles of 1ae 

th t tto 1n l ,nc · r,..f; · rilJ b 

~so~e ree ntly, aa reported 7 1 la1 (3), 

~ oPher&on ad.op tod ph to5r pb1c m tl1od for oloe1 t:7 

m · 1ur ont in o:vdor to ut111etl &l'if.n,.. pber·e , but he d1d 

not appl th1 m thod to !t•r g l r sh •ped pa, t .eleth In 

194 1 l 1 ( ) u ttd the qu1pnent d v lop d by teP ~8on 

rt1ol of v riou 

ttl'mpe • ?or- p rt1e.le-a oy:im t le ,l about tbre· nutu 117 

p-0 · p~ndloul '.r .x& r: la1 a found that tl & ••. !lS f; etei--

could be e ti .t o tor 1 re d ae th r t1o f tbe 

l ngth to th large t d • ter perpendleul ,r• to the long 

ax1e. In h1 in ,e, t1 tlon., t e p$.rt1 le ♦ er fully 
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d1.ff re m rk•dl y ol' eaoh of t ree s on . 
dr tt tud1ett. 

In th · d formation 1-• one , the p rt cle 
r-e it; bl in any sottlin · posi t1on; in tb 
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s not entlr l o lei" c torr fror:t t .e r re ·- t. po nt ,, 
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Ch pt r I 

t5 D .E OD 

Tb pr1ne pl obJ ot or tb1s n ot1g t1on wa 

to evalu te th tr ct ot &h po on the o emont of nd 

rain in wat r . I t a kno n bef r hau., th t the etf et 

ot shao a r t t nth ea e ot p rt1ol es t t ve 

too r t to he ccur t l t1 ed w t eto te • B • 

use into t on oon e oln tb err ct ot ha;,e on 

part cl 0 t 1 l e " ne dcd• t1 otory ethod 

of' $\.'rrtng r 11 veloo1ty of this «nagnl tud w 80U;iht . 

t.-- e 1c prinol pl e u d or 

oasu t ll velooity 1n th1 nv t1 at1on · dapt~d 

tro · t od u d b al 1k ( ) h ch w s dev loped 

by oP r , on n t t e Io In ti tu.te ot: Hydr ul1o !~ rob , 

TJ 1ng a 11 ht tro pr cleo o o photo• 

t e fell throu t e at r . h per odor 

th f l a. b s controll d b · trobot c , and b oau o 

th pe 1od as n0 , tbe p lt on or t p rt cl at 

the tt ot uoce 1.ve f l b • could b d taot don th 

photo r ph'lo .f'1lt-1 ♦ a:; phot r ph1ng a le Wlde:r th 

~o eond1 ti ons , rero ene 1 obt 1ned 1th w i ch th 

d etnno tr 1 a p r ol o bet een f'l hes C n b 

ur d . ro tho e d t , th tal l veloo t y ae 



Fig. 1 -- Equipment for photographing 
falling particleB. 
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Fig. 3 -- Falline particle. Fig. 4 Falling particle. 
Axes dimensions: Axes dimensions: 

a - 2.6 a = 7.5 
b = 2.5 b = 2.1 
C = 2.0 C = 1.0 

sf = o.78 sf = 0.25 
Weight =- 16.8 I'l'S Weight = 16.2 mgs 

Fall velocity• 220 l!1J11 sec Fall velocity = 96.6 mm/sec 
Cnn = 0.86 Cnn = 4.1 



Fig. 5 -- FallinG particle 
Axes dimensions: 

a= 4.0 
b = 2.4 
C: 1.9 

sf= o.61 
Wei ~ht = 14.9 m~s 

Fall velocity - 132 lJll;J/sec 
Cnn - 2.15 

Fig. 6 -- Photograph of 
scale with marks 5 cm 
apart. 
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a) Sample of sand grains 
from Cache Le Poudre 
River near Bellvue, Colo­
rado. 
Ave. S. F. - 0. 59 to 0. 76. 

c) Sample of fragments from 
rock crusher at Bellvue, 
Colorado. 
Ave. S. F. - 0. 45 to 0. 53 

b) Sample of sand grains from 
the Middle Loup River at 
Dunninf, Nebraska. 
Ave. S. F. - 0. 67 to O. 71. 

d) Sample of wind -blown 
sand grains from Laporte, 
Colorado. 
Ave. S. F. - 0. 53 to 0. 64. 

(Note: Enlarged 1 1/ 3 times natural size. ) 

PHOTOGRAPHS OF SAMPLES STUDIED BY COREY. 

Fig. 26, 104 
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t ! •. uch rest 11 c?1 ne e J. ro the f l p t -

Por p rt cle 

S O 'e-S l , t , 

m 11 nou h tot ll lthln 

h 

L 

ln 

t l 
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ro ll , much 
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th v r1 tio l n ori n-

A o nt out :nth ~c 1 ot l t ratur t 
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u nt or p t C 0 , nvolvln· r· C or 

roJec :roa 0 • 

h t in C e th t d oa t or to 1 • di. 

r rent or sh::> d1 fer nco tl. o n be 

u.~ c1 b· th - t C or r 10 . ~ ~o 1bl e , J. 

lO V r , t hat t.; t " od o"' r;1 Ur" 8 ., .ot b .. 
to 1 t .. 1 h etw en •o 

1.f'fer nc t t o let, t 

b en an e po !t f o d ~ 

0 no t ' no ccount roundne 

r . The ratio 

or ccen r c t~· . 

b n CD 

d1 ·nsl on t or- l 

d n te ot o n l 

of 1n t co r 1 t1on b t 

nd h - t otor r t l o . 11 eloc t 1e ot nd 
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-

p r t· ol (S r n er el r lat d to t he1r fl tne a 1 oh 1s 

.e ura or her proj cted a un t ol u e . Flt-

n so n r uoe n V r ~ 11 v loo1tj o er d roe 

overt to riv -worn an by ,or tan 100% or 

e nolds n 1 er 0r tr · an 100, Th t l."oc t ot t l tn 

on 11 veloctty 0 • b Vi l ~ ~ed b ., co1 ... p ~ nf t e 

p:1oto • 3 .d 4 , of t 11 n p rt1ol s th 

dif eor o!' fl • s point • 0-.l t 1n 

IV , her no th or t oal 1 r,, t t o the e tent 

to L 0 ~ fl tn s C n e co tf'1 c1cmt of g 

.. en th co fflv1 - nt e P ti d 1r. te of no:. · r. l 

di =i t • It 1 rob bl , ro' :,t ;-) l , p rticl e 

u h ... 1C'"' l e u 0 Con r ~ e t r 
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t. n nyt .. 1n. ou d 1 t·11s lnv tigat1or . 

Because tbe eoeff1o1 n t ot dra. xpre oo 1n 

terms o. project d nr~a 0 v ,, u l l y no eor ~· l t on 

between On an< sh&pe t ctor, 1t p~e ra tha. t 0 ~ po• 

f ctor r t o o/ ~ 1 not r l tea to the n ;ul r1t ot 

th par 1clo ocgf)s . In ot er · ord,s , th1 

ppar en·tly does I ot deacrtb& he p~ "'t1ole 

hap !'ac tor 

:t' f1 e1entl y to 

$ 0\1 ,a co rel t.s.on b t ~n th bape rao tor an~ the coet-

ielent or dr b& Gd on proj cted t" $ -- th n ,er• 

tor 0 t d. 0 0 f.fic1ent F/ b b ng 1n itsel f n ex• 

pr 8 ion 0 f l •tneso . Po ibl ·, a cocrel tion 00 l d be 

found l.f th t!o o/ b had not been al 1mlnatad f r om 

Eq . (6) or lf n 1 .prov -d method of measur ing f l l vel oel ty 

oou l d be dov1 ed . 

x r e ed n t MJ- of nominal 

d lm n 1 en. , th o is ronounced d ,"" f re.ne 

CD of ~rue ophores and th0 c0 of Irregul a r partiol & 

1tl ah pe- ctor ratio appro eL1ng 1 . Themot prob ble 

rGaaon tor t h 1n t t th$ ~ p • f oto~ r tio do not 

expr es the c c r oe of cundne 8 •· he v l u& for cub s 

being the m h tor _pt s . h1 l e tb~ b ... 

facto r a tio ahov.ia the efte t or inc roaoed 1ner-t1 1 :r~-

1st C due to latn an to t.b t l o • it C nnot 8 t -

1&f etorily JO tt: fl f eet 0 an 1.nc!'e ued lo rt1 l 

esii,t nc6 due 0 sb rp d 0 • 
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1 t h d for 

V • 

1 ent n r 
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fl nd X 

he alon t 

bo ot ch nn nd the te t ..... 10 t.1eJ wlll . ove for 

V loo ty or rlo . 

ll v loo t 1 b b een ur d n p t 
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0 f l. tb a ton w to • h eou oy or th1e t bod 
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t 1v l l r .rt Ole aro d . 

I h c e o p rt cl o or 1z w 1oh r 

no u 11 c rr1 d ln ch nn l bed lo , hp 1G 

t otor v1 con l r l e' l u noe on th loot . 

oto phlc m t hod ror ea urn- tall vel o• 

0 ti b en dot ~ c ntl- t t I o a I n t 1tut ot 

ydr lie Ree rch. Th s t hod ho.d no t b 

stud ot r 11 v loci t o o . n 

re t lnv t1c t _on . 

n 

u din th 

tor t 
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re pr unit volume over thet of true p ro nd thero-

gre tly ner e th :rra eo"6ft'1.o1 nt en t 1 18 

expr a &d ln te of nom n l · men .. on ·• h r 1 n¢ 

theoret c l 11m1 t to the &:Jttent to wh1ch natne s ay 

1ncr aa tho ooef c1ent, and v1d ntl y the r tlo 

o/-/io e.xpr ses the d gre of .tl . tnees t lrl w 11. 



71 

p . J; NDIX 



• • • • • • 
0 'A • • • • • • • • . ,. • . ,. ,ol • • • 

• • • • • • • • • • 

• • • • • • • • • • 

• • • • • • • • • 

• • • 
• • • 

• • • 

72 

.!!m 
73 

71+ 

75 



r s cot 

o n 1 

om n l d 

1n l 

ro eat 

e old · 

dime 

d ,ont 

pbe 1el t 

nal 

o O t 9 

t 

73 

t r 
tor. 

he d1 n on of th cro ~ 
re of pr 1elea. 

ntal rock 
• , or de o 

Z& O 
cl 11 

t a tore to 
bod . ,r le 
ou dln t - od • 

d b , u • 
r . 

t 0 .h 

s .e ol e 
c ar ot t 



74 

OTA O 

n • no l 0 ct o r of h rt1el 

a • or t e cl 

b t . xi 0 p t cl 

Q 1nor 

C 00 f ie1 nt • 

C • "f coetf oi t • 

d • d e & of p rt1cl 

n • nom n l di eter 

n t v1 t1on l ore on p r icle 

- 11~3< e - E't > 

g • accel r on o g v1 

µ • d 1 co _ t of th tlu1d 

11 • lne 10 V co ty or t e nuld 

f rv0 d • num or 

() 
:::a 

• d t er p rt ol 

er • d neity c f1· 1d 

t • p - r11eto r t o • o/ 

0 • t m n l veloc1ty 



75 

,. l 1 ....... CAL<.. i!t/i ! J, o: i .. LO e/-Jao 
-- .. ~ .. - -- ..... .......... _....... ... - -

pl l :'loud n 
t 

.. r cu t b r 
0 

l 9 .l 7 . 0 s.3 o.s~ 
2 .4 .o . 5 o.oo 

,~ .. s 7 .4 5.7 0 ,7 
.9 "' .o 0 ,, 4 \.,, . 

5 5. 5 s.o .• s o. 0 ,'d7 
h 6 10.1 • 0 .76 

? a.2 .76 
0 o. o. 

c.3 0 . 60 
10 9 . • o. 0 

ver 

l 7 . 0 6. 0 () c . 47 
o. 4.0 2 . . 59 

? v•O .e ... . 4 o.7 s., .o o.e 
r. ta i n on 5 • 2.4 o. 3 

. ,,e • e e 6. 0 
7 e. 0 62 

5.e 0.12 
5 . o. · 4 

10 7."' 0.49 
r 

1 4, S 0.6 
2 .o o.e 

..,.1 o.a 
o.e9 

a etained in 5 0.6g 
c- n:esh sieve o.a 

7 "•5 . 3 o.'7e 
a .o 2.1 o. 8 

216 1 .. e 0.4.9 
10 . 4 2.4 0.7$ 

A era o;,m 
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~ ble l ,••CALCO~ 'PIO r.· 
w s -Continued 

::.tpl c o sand om C eh l Poudre Rl \I r t a l.l I 
Colo do 

roup 'b r at t1 o .... 
c/-/i.'5 a 

l • 2 . 5 1 , 9 . "I,;:. 
2 ~.s 2.1 1.a , (elf 

3 ~.o 2 . 1. 9 . 7 I 
4 3 . • 1 . 

~" t.a n ed on 4 .. 3 2.5 .o 
10 .s i e- 3 .. 0 2 8 a. 

7 4 .1 2.1 
e a.a 2 . 

3.l 2.e . 5 I 
10 3.1 2., 

l .s 1. o. 4 
2 1. l.6 o. 2 

1 . 1. o.s 
• .2 1 • Q _._ · Bl 

1n on 5 .. 2 .2 1 •. 0 . '1 
& h 1 6 ,.7 .o 1.e 0 , 00 

? a. .1 1 . 6 0,73 .11 ? .S .1 l.6 
.2 .1 2.1 o.rn 

10 2,3 l.9 1 . 0.1 
ver - u;,m 

,.,.... _._., 
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1.--c .. f l p ~ AC l. '" fi .A .. ~o c/ - --.. 
u 

~ :;., l t nd Loup F r t I b • 
Gr oup r st t1o 

1 e · c/-/ili a C 

l o. 1 
o. l 
o.6 

6 . . 55 
n o. 0.5 · 

e e 7 • .,, .. 6 
7 • o. 9 .. 0 . 70 
C . 9 O. · 0 

10 .o 0 . 4 
vera 

.2 • 0.1 
2 .e a.7 0 .12 
z -.7 2 .0 o. l 

.o .o .s 
0 0 c. "7 .. . ?9 

1 • o.o . 5 
7 ~-7 .o o. 0 ,., .1 o.e 

o. l 
10 0 . 50 

l • • 1.s o. 6 
2.0 o.s 
2 . 5 o. l 

on G 1. 0 . 50 
1 Ve • o .75 

7 1 .9 0,58 
• • 0 . 85 

.e 2 , 6 2 .0 o.1e 
10 • . 5 2 . 1 0.62 

V r e 
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5 
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3 . 0 
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,1 
2 9 
3.1 
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t 

l ,8 
a.o 
1.g 
1. 

.1 
.. o 

1. 
2.0 
2 •• 
1. 

l' () 
el~ 

o. 0 
o. l 
0 . 11 

• '1 
0 ~ 
0 . 70 
o.e 
0 . 7 
o. 
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10 

"' • 
0 11? 

2. 3 
2 . 
2.4 

• 1. 
l, 
1. 
1. 
2 . 

.1 
1. 
1 . 
1.s 

2.0 
1. 
1 .. 

l:--
1.e 
1 ,7 
1.0 
l 5 
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,.. ble l . --c LCUI4 "" 0 o:: ~tA? /AC,...rt}~ f<A~!O c/ .. 
Contln od 

_ .._...,. ....... .,.,..._ 

mpl or t nt t m r ck orua r t Bell u , Color do 

c-r up .,, U1'!:il:H3~ r I' 1o 
o/-./ab 

l l . 6 o. 
a ., ,l o. 7 ,, 13. 0 0 , 27 "' 4 11. , o. 9 

on • 0 , 41 
4 e l • e 0 , 42 

7 10 . 0 . 20 
e ll ,O • o • 

.o 2 . o. 0 
10 o.o 1 . o. 4 

•!<e~ 

l a.n . 6 2 .1 
2 .. 7 • 1 1 • ., , .. e .7 
4 "1 . 4 • 7 1 • 

4 n a , l s.z 2 . ~ 
1 '11 6 • • . • e 

7 .s .e .1 
7 . 8 5. 5 .o 

9 . 5 .o z.o 
10 5. 9 .1 • 

Av r 

l .1 1.0 0 . 2 
1 •. 6 0 . 45 

I,) 1 . o. 
4 • l , o.so 

Pe t n d on 5 • 1 . o.ei ,.. _ e h s1 V 6 s.a 1 . 5 0 , 45 
7 2 . i 1 . o. 

• 2 • 1 . o.e2 
.o .o 1 .. 0 . 48 

10 4 . 0 3 .0 1 . 3 o .. 6 
AV ra .~ 
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Continu d 
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ample of fr _. ents ro rock er h r t B llvu , C lorado 

Group NUI:'lber Axis in mm t r atio 
a '6 C c/ -/no 

l 7.e 2 . 8 1.6 0.35 
2 4.0 2.a 2.1 0 . 64 
3 s. 2.a 2 . 5 0 . 66 
4 . 5 .1 2 . 4 0 . 58 

t :tn d on 5 4. 9 3 .0 2.s 0. 65 
10-me h si v 6 4 . 6 3 . 6 o. 0 ,21 

7 5. 3 .3 1,5 0.56 
8 3.4 2,9 2 .0 0 , 64 
9 5 . 2.0 2.0 0.59 

10 4 ,4 3 ,0 2 . 3 o.s2 
Avera e 0-5! 

l 3 . 3 .1 1.s o . 47 
2 4 . :3 2.1 1 . 4 0 . 46 
3 4 . 2 . 3 1,5 0 . 49 
4 4 . 2 .1 1.s o. 7 

Retained on 5 • s 2 • 1 . 5 0 . 47 
14- m h si ve 6 4 . 4 1,9 1.5 0 52 

7 • o 2 • 1 . 0.53 
8 s.s 1.9 1.3 o.3e 
9 4 . 8 2.0 1 .1 0 . 37 

10 5. 0 2.4 1 . 9 0 . 55 
Av r ge o.4'1' 
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~---....---------------------------------
0. 

fr tlo 
o/-./a5 

----· - --------------------------

!tot· bled on 
O- tie l 1 e 

on 
1ev_ 

F, taln d on 
lO•m s l v 

l 
I 
~ 

8 
G 
7 

10 

l 
I 
3 
4 

G 
7 
8 
9 

10 

l 
2 
& 

5 

7 
6 

10 

. 5 
e 
5. 9 

• 5 
4. '7 
5, 5 
fhO 
• 

4 .. 0 e .• , 

.9 

.& 
s. 
• o 

4.1 
4, 5 
.• o 

e. 
4.a 
.e 

• 
~- 4 
4 «0 
.9 

3 ,3 
::> .3 
s.s 
2 . 9 

.e 
5 1, 
4 -.0 
3.7 
2 ,4 .,., 
3.l 
• o 
. :s 

- _.,,, 

3 .0 
S. 4 
• .z 

8 . 6 
i .1 
2♦ 
3. 0 2., 
a .• e 
a.a 

a.a 
a,s 
2, 5 
2.5 
2., 
a.5 
2. 5 
a. 
2- ,,6 
2.5 

2 , 
:s.a 
a. 
1 • 
2 . 3 
.o 
.. o 

1 • 
fhO 
a , 3 

AVeJ 

2 .1 
1 ,4 
i • 
2.~ 
1.0 
1 .5 
1.8 
a .. o 
a.s 
2,l 

Avera~ 

o.oz, 
o.a0 
0.61 
0 .,10 
o. 6 
o. 2 
o.M 
0 . 51 
0 ,75 
o.e1 

n.o o .• a 
1.a o.st 
Jh1 Ot73 
1 . 0 o. es 
1.. . o. 
2.0 o.e4 
1.g o.na 
1.5 0. 54 
1 .s o, 60 
1. o.65 

AV&t' e ~ 
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.abl 1 .... CALCl:.H.A TI ON 0 rr rt; FACTOB .l I _.., 
Cont . nu d 

l ot l d- blo n ; tro ... !>°or t Col o do • 
- oup • um?l r r r t 0 . . c/ -viio a 0 

1 s .1 1 .0 1 . 0 o . 72 
2 2. 4 1.e 1 . , 6 
3, 2 . 0 1 . 6 l , 5 o. 5 
4, 2 . 6 1.6 1 . 3 o. 6 

on 5 2 5 1 . 4 1 .1 o. 6 
1ev 6 2.1 l 4 .1 o.ao 

'1 2 . 1 .. 7 o. o. ~7 ~. l 1 . • 4 
g .a 1. 9 1 .3 o.a 

10 2 . 1., 1. 0 
V&l" ""e 

-



Tabl 2 . --c LCULATIOI or DEVIATION OP ALL VELOCITY :- SUREMENTS 

.Source of · t. or sf of ax1mum 
p rticle article p rticle me deviation from 

in . 1 m an 1n percent 

· ind - b lown " 1.5 0 . 59 233 210 210 212 212 10 

Poudre R1 ver 12.5 0 . 73 20~ 202 193 202 193 5 

Loup Rive~ l.h3 0 . 64 176 175 175 175 176 0 . 6 



T bl ....... r, .. XI ·:u ,.,!fVL TlO.i ;JF P, LL PA'1'HS or ?AR"'IC .tE.S 
FROM A V _. Tl CAL LI 'E 

s ·apl o snnd fro, c oh l Po r R1 ?t t llvu , 
Colo do 

Group • l:>er t H JC: m • 
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ratio d v1ation 
ln 'W.m 

......... ~ -- ,,_ 

l 6 o.~ 13 
a l 0 o. 0 7 

4o/l o.·7 5 
0 .. 43 2 

t .. 11ed on 175 o. 
4• meob a ev ,e '76 5 ,,, o.76 0 

o. 1 4 
9 o.oo 0 

10 0.40 4 
Average , .. 

._,,....,._.......,.. . 

1 l 7.0 o. 7 ll 
2 l 3 Ow-5 · a 
~ T7t6 0.,74 0 
4 .1 0.-86 Q 

R ta lned on 5 92 · · .. o. ~ 5 
ob 1ev & 6 ,.1 o.56 5 

1 l .o o es 9 
s oo.s 0.,2 lS 

l 1 .. 0 0 64 
10 l l f.hO o. 9 1 

ve g ,.1 
--- ............ ---~ ........... ,. - .... ....... ~ -~ 

l a ,2 o. 2 
2 82 o. 0 

l'1.4 o,. 2 
4 3 . 3 o. 9 3 

Ttet ined on 6 20 .• e o. eti 2 
9w .. sh 1ev 2 , 1 o.eo 

7 15 ♦ o.7e 10 
11.e o.ee 
2z.v o •. 9 

10 l . g o.7e \S 
- , Av r -5 ... 0 -
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bl l'A't ,S 0f" A,..·- CT, :S 

= 
'1llrni)l e or n ro C • l 1 o d,r& R v r t L l l YUe, 

C;.;loc ~o 
....... .....,__ ... 

Gr '.jUl) ~· •l r 1 ... t t 
lo m tlo 

- ~--· 
l 1.,. 9 

1t:t .7 2 
l .. 
12.1 

5 13 • .,, a .. 12 • 2 ..., 
7 1 • 0 

. • 7 0 
,,7 2 

lO .1 '?. 

'"' 
-, 'Y ... . e 

l 12 . .. 4 

• o • 
t)..7 o. 0 ... o.oo l l 

~ , t d on 1., 0. 78 a 
1 .. 1 'V g .7 o. s 0 

7 l 5 0,7 2 
10.0 o. 4 

• 0 .-97 
10 • 0 , 7S 2 

. V .7 

-- -- - -·-
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able • ••UAXIli:Ul' EV!ATION C-F' FALL PATHS OF PARTICL 
FR0U A VERTICAL LINE- - Cont1nu d 

Sampl e of and from 11_iddle Loup R v-er · t Dunning, ebraska 

Group 

Retained on 
4- mesh e 1 eve 

fi etn ... ned on 
- - mesh sieve 

Re ta 1neci on 
$}-z!leah s1ev 

Nl.llllber 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

l 
2 

4 
5 
6 
7 

10 

l. 
2 
3 
4 
5 
6 
'7 

10 

Weight sf Ma.x1mum 
d vi tion 

in mm 
in m ratio 

184 
305 
' 04 
1 52 
198 
197 
326 
503 
466 
2"72 

95 . 3 
6 .o 

8 , 5 
o.,.o 

108, 0 
2 .0 

s2 .a 
122 , 0 
1 61.0 
114 .0 

1 , 7 
1s . 5 
25 . 0 
16 , 5 
18 . ? 
19 . 7 
19 , 8 
17 . 9 

6 . 8 
25 . 6 

0. 61 
0 , 51 
0 . 68 
0.55 
0 . 58 
o . 46 
0.49 
0 . 10 
o.ao 
0 , 48 

Avera.g 

0,73 
0 72 
0 , 61 
o. 5 
o. 79 
o . 54 
0 . 90 
0+86 
0 . 41 
0,50 

o. a3 
o.45 
o . 55 
0 . 91 
0,5 
o . 75 
o.ss 
o.a5 
0 . 78 
0 , 62 

Average 

Avera e 

7 
5 

10 
0 

12 

5 

14 
2 
0 
0 

3 
0 
0 
7 
ll , .2 

2 
5 
2 
2 
0 
9 
3 
0 
0 
2 
?f, 5 
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T ble a .. --te X! u DEV AT!ON Of• FALL PATHS OF p .RT! C!-1!i,S 
F tiO VF RTI. CAL Ll 'i---Oo·nt1nued 

,;,1 t,:cr • = · ,; : 11 • : : , r: = ::·: t : " ::'' : . J:, '. ' ' C ' : · ~ :t =='.,Ii": t Ct' "l :; . = · ' ! : :, 

mple or and fyo ~1d l Loup Riv·~ t Dunn1ng, nebras 

Group Numb 

1 
t 

.eto1.nod on 5 
10 e- h flV 6 

? 
8 
9 

10 

l 
2 

on 
· 1e e e 

7 

10 

- · 

i bt st imull 
4 v1at1on 

tn wm 
1n ms . t 0 

12.9 
ls., 
11. 7 
12.s 
lih6 
12.a 
l . 5 
l .e 
l • 
13.3 

l ,1 
10. , 

7 . 
a .. 
e.o 

l .. o 
10.1 
10 .. 
13, 

• 

o.eo s 
o. l. 5 
0 .71 6 
0 6"1 0 
o. ~3 11 
0 .10 0 
0. 6 19 
o.74 o 
o. 5 2 
o. 4 Q 

Aver ge S "l 

0 . 11 
o~ z 
0.1 
o. 9 
o.a 
o. 0 
().67 
o. &6 
o.so 
o.92 

Aver 
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T ble . .... ~. AXI M t;EV:ATlo .. : or ,. ,L rATUS o .. PAnT .... CL,...S 
Fn.... A \:,~ TI CAL r.1.: r.- .... c n t1nu. 

s l'!lplo ot tncme t tro rook eruatcr t B llvu.e, Colo · do 

Group 

l ta:1n d on 
4 ... me s1ev 

R tal tl 
9• me h sieve 

t;um 

l 
2 

6 

7 
8 

10 

l 
2 
5 

5 

7 

l 

l 

a 

10 

r \i 1 ht · f ax .... mwn 
ln g ratio d 1at on 

1n ~ 

~-----... __,... 

169 O+ 2 e 
03 0 . 27 .. 

2 a 0 .. 2 
27 o. 
---- 0 , ~1 a 

o.42 
o. 0 
o. 
0 , 30 
o.o 14 

Aver G -.,.3 

05. 5 0 ll 
1.2 o., :; 
5,.2 O ♦ 5 

44 , 3 o. 5 
r1~e o. i 
7 , 4 0.55 6 

6. 9 o. 
106. 0 o.46 5 

, 6 0 .. 11 6 
C!Q. a, {.).05 4 

A ge-, •• 

11. 1 o.aa 0 
13 , '3 o. 5 
11 . , 0 . 40 0 
21 5 0 . 50 
1 . 9 o.e1 0 
19. 0 0 , 4S 0 
l .o Ow 5 2 
17. o.Gt 
ll , 0 . 4a 4 
11. 7 0.35 13 

A.vet-a • .a 
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P PA. 

E llvu • clor do 

Group N'1.lll\b..,. VJ t t ~- xlmum: 
in ma- .. t 0 devi tton 

1.n ram 
....,..,_.._ ....._.. ,.,.., ~ --~ 

l 2~h 
2 ll-.4 e 
3- i"lo .. 
4 l .. 5 

({ 0 2 ,. 0 
l . · O 0 a .,,,, 7 

7 17. ? 
e 17,_ 7 
9 l ... 

lo a.e . 0 
l." «· 1\,5 

l 6 
s s 
5 0 
•* 4 

'.ie t i n od on a 
1 t. - :ae · .. siov . 6 0 

7 9.7 5 ... ., . 5 ·•·'lit ' 5 
g ·" .a, 0 

10 12 .. · o.so I 
ve· 1J C;..o 

-



bl ,.... !,, ·o 
V fTI CAL LI 

90 

; '' :: I : ; '. ::::·T"';·= · = -:C:=====·=::=::::::=::::: :=:=::====:r=: :::,=::t, 

pl o _ _.. _______________ ---·- • 

l 
2 

4 

7 
a 
9 

10 

-
l 

3 
" 

on D 
1 " 6 

7 
6 

10 

l 
2 

on 
v .e 6 

7 

10 

· e1 ,c t 
n 

.. 

.> 

l ♦ 

l ., 
13. 
6 . 5 

15.l 
17.7 
15 7 
10.1 
12. 
ll +l 

'1 

t 
r tlo 

0,6 
o.zg 
o. l 
0 .:'70 
o • . 
o. a 

• o. 1 
0 .'16 
• l 

A 

o. 
0 .. 59 
0 . 73 
o.oe 
o. 
o.e 
o., 6 
o. 
o. 0 
o.es 

8 
12 

V 

6 

2 

.1 

-
0 
8 
9 
0 
3 
7 
0 
4 

a 

g 
6 
5 
5 

12 

7 .. 
V ;o~.1 
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T blo ..... ~i .. ,.!:ro .~ L--X 1·., ~): :? ~ Lt. ~~ATES :if' p·hr:TI c1~s 
:•··:0,- ; vrr.T CAL L!.r.: - ... con tn-1.1 .et 

-• ; = ·= 
nd- blown en r. o I4 ... ort<:', Co or 

---------------------- ------
·:Jrou "~u:.b r it..'lt ar ux1 Ul!\ 

:...n r-,· r t 0 d iation 
in .l:lr:: 

.._......._. ......... ........ 

1 7 ,. ..., 0 .1a l 
2 .7 o.e9 2 
3 . • 3 0 . 05 4 
4 .1 o.c 0 

n 5 /. .o o. se 
i .. eve 6 .. (':! 0 .10 ,. _ 

7 ; .o o. 7 
5 .1 o. s 
0.1 c. . 

10 5 .-0 o.se 0 
::;. J.\ .A V 'I' e s .o 



ble 
DR 0 

92 

Ot•·' 1Cl. ..,'T 0 

pl or and 
Co or o 

C ch l Po e .1 er t llvu , 

---------- ____ ............... __ ....., __ _ 
l.,; r ou . b r ' .1 

l l . Q 1 . 
2 1.17 o.9 

1.12 o. 0 
4, l 0 o. 2 

,, t ... n 5 1260 1 1 • 5 - h 6 l 0 150 1.s 
7 8070 21 0 1 .05 
a 1700 1700 o.7 

2 0 2220 o . 76 
10 ----- ---- ........ lQOO ....... 

l l.90 1 . 0 
o. 0 . '70 

.1 0 .1 
1.2 0 . 1 

" d o 1. 0 . 13 
eve 8 o. o. 0 

7 1 .11 o. l 
1 . 1.07 

JI • o .71 o. 0 
10 • 1.2 o.e 

l 47 1.02 • 
2 612 ,,..,, . o. 

o .77 0 . 4 
4 1. 7 o. 

on 1.so o. 
V 8 1 . 8 0 .75 

7 1. 53 o.a 
2 . 1 .0 o.60 
2 . 57 o.o ? I.I'? 5 5 0.07 

10 2 . 1.1 45 O. G 
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bl 4 .--TABULATI ~ OP RITt'iOLDS :mm ,ft AUD co ·1:CI. lT OF 
DRAG--Continued 

S rnpl o s nd from C c ~e l Poudre River t ell e , 
Color do 

Croup • umb r o i nal 

l 
2 

4 
Reta n d on 5 
10- m h ieve 6 

7 
a 

10 

1 
2 
3 
4 

,et _ned on 5 
14- mesh s1ev 6 

7 
8 
9 

10 

diara t er 
n i n 

2 . 15 
2 . 09 
2 .15 
2.oe 
2 .12 
2 .10 
2 . 2 

. 84 
2 . 20 
2 .17 

2 . 0 
1.02 
l. GO 
1. 0 
2 . 04 
1 . 1 
2 . 00 
1 . 
1 
1 . 64 

30 
0 

-----
275 
" 20 
375 
430 ---

90 
400 

420 
290 ---

45 
30 
1 3 

430 
06 
26 

270 

o. 4 
1 . 2 ....... 
2 . 03 
1 . 
1.15 
1 .13 ......... 
1. 2 
1 .13 

0.91 
1.2 ----
1.01 
1.13 
1.0 
o. 5 
1. 5 
1.01 
1.0 

, lth project d 
dimensi on 
Vo b 1/ -J,T 

501 0 . 51 
66 0 . 67 --- ----
17 1 .12 

380 0 . 69 
l 0 , 62 

400 0 . 02 --- ., ...... _ 
461 0 11 73 
435 0 ,. 74 

500 0 . 48 
286 1 .. 1 --- ..... _ .. 
3 8 0 . 67 
350 o.oo 
s2e o. 5 
445 o . 75 
340 0 . 70 
36 o.,s 
310 o.?o 
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A : • CO El,. · J C ~ . • T O 

·a~ple of nd r n ' ~l op _v r t , ?I br e 

Y be .. 
I 

l • 10 1 . 0 1770 o • 
2 l.25 2 0 7 

"' 1.05 1770 o.ae 
4 ----- ----- ----- ---10::70 1.01 

l 00 o. 7 
1 2010 1. 
z 1~10 1 .17 

60 1,17 
10 10 0 , 85 

1 1. og ll o.7 
0.7 t: o.7e 
0 .1 1110 0 . 55 
o . 97 107 0 7 
1.05 1170 o. 6 - 0 .14 1350 o. 1 
0 , 70 70 0 .71 
o.Ga l 9 0 . 56 

.75 11 0 l , ll 
10 1 .21 1260 0,78 

1 o. o.e 
1 . 01 0.01 
1 . :s1 o. 

4 0 .72 0 . 50 
.&ta!n don 5 1 . 30 0 , 72 
9 - m Dh sieve 1 . 2 0,85 

7 1 .10 0.02 
1 .0 o. l 
o. o. 

10 1.0 o. 



A •• C<' 

Sr-..... :t of l L o p ' n !, bras 

------· - - ------
.... r o· p 

]7 

l l l 
•l 

0 . 77 --- .......... 
~ ta· d n. 
0 e (tV 

7 • o. 
9 o. 

10 O, 

l 4.00 
2 

• o. 
o. i7 

7 0 . 10 
8 o. 

0 . 77 
10 o. 



6 

bl 4 .... TJ BO / ION OF 1 ; OLD~ I \mBER , C :,F ICTI,MT 
o· --Continu d 

5 ple fro roe cru l rat Bollvue , Color o 

roup 

l J . 96 e2 J. 12 ,5 1. 07 
2 . 21 ..... ------ --- ........ 
3 5~94 10 0 3.15 1440 1 . 01 

"' 
; . 2 1370 1. l 17 0 0.76 

! ----- ----- ....... 750 .......... 
5. ,J ------ --- --- ........ 

7 , .. so .. .,. .... ----- --- ........ 
5.""9 91S 3. 10 1180 1. 15 

9 4.46 - ........ ---- ---10 ) . 92 6)0 • s 980 o. 67 

1 J . 95 590 J . 14 670 1.25 
2 2. g2 395 2 SJ 570 0 ,. 75 
J J .19 6JO 1 .-4) g30 o_.54 
4 J .16 ~JO J ,. l 5 7 l 11 

tin d n l J ., 88 20 2. 64 1020 0.7 
eh 1 

J . ' 770 1. 67 760 0.-96 
1 J . 3 5~ 2.Ji 71; o.82 
g 4, ., 25 850 1. ; 11 0 0,, 7 
9 3. 15 630 1. 3 865 0.76 

10 J .,$6 910 1.22 ll 0 0. 65 

l 2. 21 223 4.10 208 1,32 
2 2 . 12 250 2. 61 342 1.06 
J 2. 02 260 2.1t 396 0.74 
I+ 2. 49 ,.60 1. 06 46S 0. 54 

R t 1 e on 5 2. 20 295 15 318 . 10 
9- oh si ve 6 2. J9 41 1. ~ 426 o.66 

7 2. 26 266 2 . 4 212 0. 96 
e 2.34 407 l . JS 4)4, o. 2 

16 2.05 290 l.77 42S 0. 64 
~.04 265 2.11 390 0.,.73 



le•• - T nut To 
rAo-- ont1nu d 

S pl 

r 

9? 

~, 'B R 

11 , Color do 

________ .., __ .Ll...,,_, --·--·-· _____ .. ____________ _ 

~ t n · on 
1 • eh 81 

on 
1 V 

l 

10 

l 
D 

ii 
'$ 

? 

g 
10 

---

.. _. __ ---

-- ·~-
2 0 

• ---
.,07 

........ --- __ ....,.. 

----- ..... --·- 1. 
1+9 o. .. 
2 . 0~ 0.10 
• 1 o. ........ ---2, 25 o.7 · 

2 . 0 0 9 -·--- --- ........ 
1.7s o. 3 
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bl i..- : UL1T!O 0.: Illi tOLD' ·u .me rrcu;u 0 
D Q ..... conti \led 

:., l of win • lo d fro L orte, Color do 

roup o 1n l 1th proj ct d 
d n ion di n ion 

VO '/dn2 ob 
,, 

Y e~,/.;2 - e.~02/2 -y 

l "' 1 . o.6 u 
♦ o. 9 

700 1. 0 0 .75 
..:, , 4 6 • 0 

Ro t n don 51 430 1.·20 
_ ... e 1 V 50 0~ 

oco C3 
~25 518 
4 7 0 • 

10 627 70 o. 

l 467 1. ... 0.7 
27 2.05 60 0.1 

~ S 0 1.0 511 o.7o 
4 --- ....... --- ·---

2 . 0 1.1 0 o.~ 
- 1ev e 0 . 22 v2 ♦ 418 O.?O 

7 ... 10 --- ------ --- _,... ....... 
2.11 4 5 1. 3 l 
2 . z1 ';.,,~ 1.1 

,. 

l . 44 --- ........ --- ......... 
-- -

1 :!ISO lt · o. 
410 1.26 O.GG 

0.7 
o. 

! t •n ·d 5 0.7 
' 10 .... iev 0 . 67 

7 0.76 
o. 
0,75 

10 o.78 



9 

,; . pl of 1nd- bl wn d r o t • Colo do 

Croup 

-JI ev(/./ 2 

1. 27£3 0 . 72 
1 . 2 1 .0 
1 . 15 31 o.7 
1 . 41 8 8 o. 7 

0 5 1.70 175 o. 
1 e 1.93 :\ l 1.21 

7 1. 4 . 0 o. 2 
1 . 9 l o o. 6 
1..10 .W2 0 .. 71 

10 1 .. 5 201 1.15 



1.00 

Bl B IOO !."Y 
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