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ooc,osod of un1fonn also of oanr nj nor co Choy Ict~ 
tho 3n d ara fn i X 3, OrCOO' S V. 233 Th3 o2n3.0 'o? 

p 'c ctio 	 110 O c3 v a .so cif t 'cf' 
I7 00.I.r.'.'i 	O a t O 	31!3 ar goticz Q 

C2 33t ,~,~-.q 1 'ua-AO33 	 cjcc! o? t 

T { r c r a 	 p41""a.  

cetr z a m, i s tho 	.r o' of th o3n  

t 1ch haa 	+ 	+ - tIIO cm strata 3u to 
t 2c ) co'cor thou tf lgo 

1.73. U 	Sizm Zio Dili, -w ,zo 1.9 such What bri? 
of tha , . toil 	. In tho agile (bar tr3lah) In arri11o' 	e 

1,9 81spo 	'ho O . ,par adl0o i n n c3' 
" .czthl ch t-i. tCo pczn (by tn2cht) & Q 



	

*75* 	 Xt lo tW) ratioo 
of tho D Dir or tho C ti.. p ch 140 to D o3 o 
tho 

of CavoitMch Is plaocd cini the tr3U C(!raCU to 
z otord tho m7cxt c sand ed to , i c i o pnox 0 
of 	 r iuto the U0 

	

i f r7 ak 	:~,m c ,. in that, pt2.c o t vU c 
,M Itch e c in3 03niflf thciarm th3 tam for tho 

pcS^-,; O of mtOx into tho Uo11e 

	

1, 70. 	 t O 2.030 C )Ot tl . caor '. 

b -..---i c:7 tuocintz) co c2C1 t? tho 	Oo 

o Q VL.i*4A* G 	 t t-wn- ccco  in 	 to 

th oco not t fja 

1,?. 	go 90 tji3 Patio oo$ tho 
po otcd Crops a ir3U cc cm to tho total. I ao 
cc o tho ; amo Vao rm t M ' ' ', ; c wcd azi a 
p0to tt , 

rco of tho 	to of a ortd Gran tit tia 0 pOc 

coatof tho awe ( ¶CLIt) occ* than MMol to 
thO 0 0 tvO 	 OMi 'QL t 7 0 

t O 	cf tho 'at10 bol j3C tho 3ic00 a tho is C? C1 



of 	ca2ttz a 	.n a cic 	joo10 tho po al 
of 4lonco ss of tho cd 3c2?rOuu, 

9 0010  .Q 1 ' Oi tdO ifOiiJ CC3 lOicTht t O 

tho porosttro  and l to tho o `oc vo cr n 
edn MoCy 	rru141tho foi 	UaItioto 
attar to l vo a largo vauO of C 'COU . ralu ci n4 . 

1c i 'irUO Off`U O'Zt7 CO3 fiCi It for c1 y cld. 

?as vq 
 

the ioont Uits vzt1uo o th3 UUiOIrVT 

• Cc-ac. q_c!A', the you o3it 1 In atth a caoi U12. to 
cor rwn  i.e. 67 * p ce t .  U  4+w t ty a rf i V 2 Y M 

t: 2 w.. 0 lm' aat3 20 ply 	 ot'ic , 2 to 
S 	iOpercat 	 0to0crtz 

.02. 	 flat3cc 
c:MM 	 4DcO ` oic tc 2c I. to 2,0 	. arc 
e oiiOi1 uaiiozi, 	C 3.0 to 0.0 as  



i 

L 	V. T. I. o 4.4 ( 1) 

(w LL._aCl N8) 



C H A_P T E T.. II 

WELL  SCREENS_ HYDNAULICS 



3. 
  ''t ... 	ti1s, 	t r3 I .a y ty,c  

oZ Wood 	c r Of tii Qpr~.~ 	d to tho coot 

cc 	c i4 c Otto czz► t3 tho mot ocmsit ,vo p ~ 
o (a2! noa 1320 	C3P t 3 + 001I1 cl OCZO UO 3la to 

o rho 2.tc3 	 a,4 0203 tho undo r 2i 
uz 3c 3Intoo tila 3 I7 3 pOCdo `moo p c 7 pwa3 

O.* c )2k"Q 4? Qc O t U.1 c ?c.O ,n ncrlz to 

to at ioo or on amid 'fit ithw t o pti t tho . O 
ccI n cioz oo 	tat oo to c c q ca 

C3 CZ 	E 1r f M 	1 tho 0. 	CtIftZJ 	aisro 

V1 ft33 
b Lc? 13WO0 vo r Q06 

L o f 13c c :, 4 of ml rc o+ o .c"3 c'  
Macao 
flotioo to 	oo 

~e l 

,% o toll O331 .icQsa 

tca a= t1 C. 1 UiQVOZ ro tc Obvila bo ov mat a 

i:3 t3 Qt"a 	O 'G'o12 co On io by nA ua a cçai"' to 



Ix, 	p'oof t 1cz opwatitm c 	bc azrna 'c 

MS'C!1 	O C 1QOfl 

co 	aoa ioD tho 10,o CC.  OzOroy tho 
wn 	a wumo mac the trzU acWocurn TA- 3 r1zCO 

of tho covorm snalstanal 4p33 Cfl 1G daoin tf, c 
th3 ohapO cI aO or tho oCz'OCfl CpCUtf*C 	O cramaozo  
c2c7 CC Its c7avol pad 	i3 rct oZ doprouslen tQa1 
0703tedo thz qMOMM7 Of 	 G7 thQ v31c 

Q1F 0? 7 fl?7e 	011I 	ühaO o' tho on  OnUY cp3u5 

c*1oft' ncx 
 

Ewa 09 paraullmlo-.? a11uoo aI 
c.io C2MC3 V00ftOtnZOO at 

la tho 3a1 	j. Z337C31 cad O3Q QZ?J U1b3Q3C3 Q 
mtuval aQ oz 	 Ucaci cad ocnoziacaq rRkhoco  
pr,00aa hr3 ci orzc ow00 c21i cwo thoromat of 

eOLi snact1=0 1t thor crn•t aLv'a to  
a2ya3I In-tho 	 All thQ OZOY3 acac!w o 

c1 Boil osainot tho SOMM 6to4caahC124 to 
a poD oluziao o c 

maoxo  c:' catoniativar oac PrOOODUCA ahcU to 
3aOQ4 .  tho a 1aoaiQ o2 aiabio eco of  

mbbw or pLaoto 



t~- 

qa u3 gcad of 	a. of coin 4.o rc o as 

rthor T, vo i c31caa bb o om4 tit tho you o,ac. 
=O~foa tho tq o tho awocn 1apto tho tZcio 0 
tho octh0 £Oweic 	an souo ecaoa OUOh a Wavy lead 
thctt no aooc o1oaet thopo oyat.cao 

m4 ' poo h aifoeod 	hccmzi2 tho proof 
rich t bo 	t o mo d, Pr o accocg.c o t tO  

Vii. t O! OQO VI a P?mow C 3 P of tho O~ ra I 
a s tho ala 	i?c 	1nj up tho ooscoo  

= o tt th uUo ao1v.00 2Q oL iho `Wavo 

2.81. 	= 	 goo thorn c o fou . 
i o c. toiota or Uoo 'scwa :flog ' bo so 'i i Of 0 PP 1a p0 7 

on banboc a r t  	t and 
A a tot 	 ___ 	m 

15 3 0 .s U t a v 	, y of uo t i th 0.1 ,r Pa sco. 
t WG23h tho ,n v1t i sc3c Cpc M OO ili Ocp Sct 

mad he .oz000 to a   



(1) 'moon oc cou1ab3 suchau not tohdR3, 
cat on o-s a 2.00 port og tho g~tS. 
arnCA 9t 	thci to uoi no a Cov.ao 
to ppo tho to4ij focitio 
fair 	tho 40vc . ct cnn s o c t} 
PSI 0 

(2) Zo sczo n opc2iu shodi'o1ntgvciy  
l Dc6 boo4cn on £atolUrjct .nt 
pototioi o the sand coo end Lcoi  

vow chcI'iov noo 	Ming ctI 
as tUo 1 S 	aca gas POSSIM in 	W 
not to it 	tho rrtuu2. ooino .n  
the 	3LU13 fo t c 

2+ 2 o 	 u 

 

1O12' zoo oa t1t a so oot 

c ti r, 14 cc io . t 	copo.tr C t, (ao cu no ttio  

Qt.to eF too Z= c' OaO o ~ ;O Paz ci l 	to to 

t o c `tT 0►0 th3 GtO1C33 c ` QJ Oi ta() ro ) to floc* 

cLttto, U3 otQt^ that thfl cac ' iOicUU t!Z1tifl1 .Cd 1` 

the ori&La. p cattr +rte" tho co`+ vovo u11 a1vo ncu 
potty 0g the cq o , 

t im, 	 &n a ot'`0 poLtOci cat th 
tho 2.t s - CT M 	a uo2 coca o i7lcto 	tt' .. 

t o otr4 po3tO parn 'ooIDaIcoof hOa 
hrt Y the CG' on x4nc o to t oix co of d chO  

end thou tv ziothor lost) Z hoes o ti tod to tho 
itcoo of tho tirtor 	iaj uc t oueathO 
incCO of to tre2  Coro.-Me Zo cam C Mono ttz 1cC1coo 
Is tho aooc o' toia An 'P 	;lam the tic too froi atoiCo 



ci o t11 c 	: a to tho puco. 	~ Q 1+ 	z 0F` ti^td t 	c 	,i 
th 	C3fl OpI1.EZJi 	y bo trin Sn tho Own of € 
1calter hoo4 I ems. s. 	2 

(1) 

t 	b a th3 IC-30ofhead throb cio icraontpuizo 
In rocs► 

or 	t!3 £.! 

clio 	 't. ut. a o. 	o" : t 	F s in aq. 

tho VO1CaLt3T of 	tO? at cutram o to t i3 
Ova eu 	 D; 

r3 ' 1a t 21070 Q go 	ht r . 	h13O OU1AO tho 	% 
oio 	tho t1 	0 

's L 	 UIth the 	cutaoo ,  
thhQ 	Q3 tho tor :?"A-. 	.o o'th 	t y, 
0c,c ici (i to ara 	e 

04OD4 	o 1000 o' 1 iOti 3 tot 	oo t Rm~, 

t c La.do thz cn'. ► bo tnMtom n;'o o.uilc to  
 

if 	* h I oas of Oar in tho pi o in f+ 4 
V z ` o i3lczity ofMimi 5a pIpo In ft/3C. 

a ho 0cijth of pIp3 In 0301 o 
D c 	o dit3ov o pi :*o in 
a a io 	uo to Cw.tt. 



0 r 	g t3ac c.ct V31%t3 u2th tho r+ l 301 
t io ! .' 

2.2O. G1brt La G (?) a£r0 tho t&ct  

210 p o of 0? u l ,Otto` o oc cut the z Ltit, 
o p bcttcutho c om c L .oicn (bftaoa at tiQ 
,m 'uctc coci+ici2.Od i tho toc1 tac twoo o thz 

o ) and tho loco a tcd 	VAA%r t 
oatob x 

 
that u zc tho croi cooftc.ct o ab 

or c 	v at too 11 .0or no ccito ttio1003 

0 h Qi:0 'ho ae 	a Joa 1 1&$ tho is A r ^ a 
co in tho 2.00,0 09 tad as tho ec o c4 t dom"c3ozo, 

`` o $$ n cqZ3C: Izc.c 	" agont p rfort3cod woo 'h 
Vr, ►D 0g licad i p 3o 	nr. 	12mmt cC tho co off' 
the cpc n 

22G t;1.ca he 1uo ' arcct ecoffocc 
.oss thr iu, 3 o untcz rant porn + r, ti tho olctm cat 
a 	t► VOC7 t~=auoa c tha lmc' c'..d.poxcio 
n c ao Zf this 	.ozlt r is Croatci ououh 0  
1000 is 3o1r to oaz. I th mmo 	VOIoaty t 
t ttnti o tho , of .o .ncrocrno ciuvcaoor O=m 

09 CVCV Is c ooipcitot 2 	1OOtfl tho Sato ° oCi 
Ccflv 1Qcin o a cr3OL hOt4.CO tnOLLO the G t3 a. 

4 	Ire Zoo of a urobb Lo r. .►.Be2untl . 



b3 cwt. Who Cad. mor ,la or . Sc oo o~ozo 
.t .o cat cn pct co&co c!!z4 thO MC C= +cam. c cuc  

to t .c1. ocm bo 	bo to £ s- Ccuc3 cy 31t 

' 	trj cca of , c. . c4tttcz,. Tho a WEcicci  

7voa 2ci (1) tho 	 dng 04Sovo (2) tai 

tho you co  

2.32. 2ho pi'ob1ot 	nto a. t r h %"Qn 
CO3QQj 	bo oov to bo co of C1c i Vhrcai a 

r3cz 	.  J1iE ppo n `mod an itom : c 
aog tho o o o tho croon 4s tho to' <itc33o t 
Cam= M1Ir@b tho opc ng a c oricjc of occ 
c2ci c o ' t o tti otl c 	vi000nny to 0.0 
tho 3o v31o21ty9 A 00 otci of tho Sot 
44th can bo noouc to bo nor o o0 b a co&Vo, 1$040 

thoo 1Ltnoiic cnoy of . tho jot lo not oc prod ao oicb  
O 4pot3flt1 or ItInOtIC cacrcyo 2+  o +Rater tbGa QccQYOc 
atop .n a cur"a tica p ' .~.t " to tho oc rit o zits of t 
COVQC 	Iio acs . atoi zc &to In a oho of me 
titUt f3.w. As a first apprc hl) c o dor9 g tho 
a-a 	s for a crocn 	cm1o3. ].y tzy a Uq ,ap t 
1030ofhh L cwiccdtt 2 	t at tho :,U. ao,omagm 
that OCCOt, u? fl 3p 	on tho c ractc i tioo of to 

Coa=otvvD the u d and tho f3o 	cii o 
On G C O tCot jflpCXItCQO 1flV .VO1 In tho proM 



CVO 

#ho ac 	1 c 	! . 
ho oc o:sn alttc3tor I)* 

Tho. p000itarjo of cpcn open A.P. 
o oo fficicnt at c 	t c otio fov the 

$emu 	naG Cc 
The tntOw1 rouchnos of the mil acme i 
zo d&ffoLcao *n ptQ3EtUYO it3ou the 
I aide and the c o .do of the ccre n 

() ma v3ioety e` the iiquid Irk the tioU 
scrocn V, 

8 ~ 
9 Tho coo fe,cnt of Gynat,c 	scoatty.  . 

loco v b3 r can 133 CzrprOzood in tho c1 4 WO c3 

.c3a .p 0 

	

0-1 t), 4, K, e 1L v, A , cc 	o 	( ) 

Zr Do V ana T two ehoaen an ropo ti 	r&a o]q) a 
~i~ ans a 	*Dl o trill. 7LQ1c the 	otc 9 

.S3. ¶iha par t 3r ( 1 e "'- can ti u t tci as 

aoif.e tr IC or tho fled an1 	tho .Mp nco l 
p .o nit c bond bot.tsoca Who p su 	.t o do tni1 p2 
B' W CUtJdQ 	Of 

2.34, since the of'cots of vaootty era of sac+ 
L ►or4 ne the fit .W' o flUtb3r can bb ollmi t . 

, Wt 	too siueo the dr a do the uoll mmi'cen la 
a1c o ; c ry th3 ro ult o2 the in luGoo c th3 jo t 
lacainr from  tho cveri opc 	o tho mow,bnoss pctr 



a also bQ a5lcatod9 aoo 

4 tV 	Cog) 	(ti) 

2.*3 . pp1y 	tho pvi ipos ar c t ,i4ty', poi 
ay and noun and ca 

(t) 170 Qo1O cttt c to tho diotioi of 1ou. 

(b) 170 	ctt .o in the vcaoo y- c C3O tho 

c ai 	ose r 	+z " n cc 	obtain in tIia 

COS tt 

	

v1 	- 	crash 	— 
	) 	(0) 

ticccZ400cJ3 ptcOD Coy t! D 

V .c to 	c3 2ocit7 
v tlo2. Co © t o CCL'C. ra A4 t 3 alrec noo Lu 
p +ozoz 4~: la R' Zc b L 1.~ iii 'i o 	V nI1c c1 	 of t 

and C to fof.= 	0 

~ • 3 ~. 	1 ` .3T, As,, co o 	 (7) 

Tho 	a 41 	 invol d' 2.n  tho atractic 
4  

cUrVO* i st ;x . bP tho 2t'V v t xo less ccOffle c c (I) 
V 	o P.,..a 	ccrtctnt t 1G tho 1 p r Uc coQinV o 

(f) .o 1c r - 09 cc 	xMt tho p1u ©r 	aus I Lo itC* 



ac t* 	.as tho ms coo.ficSimt 1s a r 	ro 
tho loss Mu 2.oiz In 	xinm tnco ; ' ho pirt3r Is a 
r'Ci, Io ,.cso cooficL 	 ~~ ►~s►~ i 
v3 Uo To . 2O, vt as of 	) rector thtn 3IX. 

2.'P. 
	

o VnIUO of ( 	) dpco o 1y c the 4 
Gracto ct.sera of tho occcn. A 1arror duo of 

1 tho Lt or , VaIUO of SIxt can b obU .uci b j, 
(a) incoao.ng tho 1 	h of tho r n. 
(a) ine cao n the proccjo of opcn aci `q)# 
(a IpQ . ► the shpts o, to openin ;s .n 

m ar a5 to erenso to ooafc2.oi t 0' 

D~VC3 	 the atiatx'of tho cm 	jjoLne oz3 
the 	oo 	t 	uc tho ciipr o ty of the 

P34 . 	WttiOfl 11000, and f'iCtWO flo, 2*300 tnct o  
that tho p or mnea. 	tc'i st cis of a 	o 
uc A P+ rodt7 	) VC1UoEJ. C tGr than =ON Zia S n 
,t?' coin boatw3 cthlitioial. 1ciigthi o' 	OOfl  swoonsa'O 

co t1 r , 'Its. thco?itcnL iov3jcpirt " 	.tci throwjja 
SQL cerq iq .MMQS pOi3tatea an 	ntry 0~ 

tec by J s . aroto Qen(2) . 

41 • tlhcn the oeron is currcmdod t 	cvc .# ec 
vvVc c Ltcai facto o cntor the p ►10 i. Thor3 ft 

'o guo113 i► the 'c' l3O " W tc2 13o in rolnu C to 



tho also of tho 6MV010 tho 13180 of tho gwo1 rolatavo 

to tho diac3tce of tho (Ono cmd tho otcn& 

Uen ot' tho C?CWO24) I 

00-2* lZth cw ( 70 0pO arcmzd c U= &COUlil3v c 

ucu  the COCOMaloat 09 tho poccod acz 
luaso icxi bu of$xzc 7 P000a of Mers.)v Sto 
cs.cnt 20 tho precaot Or co COOVICIOut (9 Ocatrooticn 
(eo) cia co fmolvaon OT cpcn QZPC3 vorn=m cci uvca 

eL ple'a'alua t cxv 	), ¶2to'o I1 £z tho 

acat Q0 2C3 0C3 	C?aV01 mr=do tho ocxj m1 
Pp o ,ouO o q,c cc-a sMhcxc vWC010 

7 aomaamca mca,Cp t 

0#63a ttm no avevol. mcma no poccea onamID  

f3,8 	 ac 	X. CM03.V4 019 tLthcat 

o cam mvolopop doatwoo C in tho torm 	no 

~1401 40 Co. Tho tapm t. 004 10 the 000vo con o 
tho Gr.G, 1h 07Q1 !1 OV=4 tho pQtoxO4 eaait, 
112 eO XCZffOV OPPUOSO M4 t.COo OZOOOO MtO O23t?O. 

opt a'oa dav WO oot2z. 	 fot' & 
Coo to to cl.10 crD coQa 	to Ottc 	LO 



m~ 

a. 	rici2.c 1b. la .3 car' . o1 cc 	3C3? 

3? tC not g?cam. 	?cza1; t 

2,01, C tho zo2.a o tho acoj 	' soto 

t- 	It s Val Carom to .c i 	JII a C3 OO O' Ova 
E30 c OtrA ;ht 1 no 	O 	r = .lo 

t c 1c30 =0 ?atO o gl y cc ba 	t 	Iva7a%St% 
Inca jcaoo in oT3 `aoo , .i My o 	o 3 OC 

A 

u C "io tc2o ot2 ac3O, 7 'itO O 	C? cwt' 

Bch ilacctoa aatctic LxoIt tiicL, b3ctoo 
lrcxu12.a tiod lcoa 	Ito o Q 'o 

3,O 3e 	.~'~ 02 1:: 1CjQ tiL11 not o 	4 co 

ac ;n0t3oa 	 0a tvocjor oeachc- 



+.2 

Its drc,j ccoMclont 2o Wu2opc ont oi tho t1ic4O a 
£1b! of  tho , d. h3 intcfcop 	tho is O tzo 

" :3 v`; r ; thajo t4 h VQsjjcc n the zt3tae 0? Ct c►r 

of tho qci wen* At . i V,UOO ø` flc 	OD Ma v 
o o o u 	LczA Qooti vUt o to mot 

v o of Cv t4C4PD b1t ot Ih ''c1uoo (rr cr 3c 
do 	to bo o of t. 

2.54. 	 In c v 3 

vith . r ocwc3, amt .ii 00 avoa ̀ I o~ co 
00 	thtt ,0off't3 	1oetG3o 0u 
ho rnitito 	t I 	00a E)o Wlt 	1o.tho TAM 

0 cQ 
,►4. 	.. 	; cc 

0203of tom. tcocicj on ba ctr ,'10a an cow- '  tiyo. 

903 . t Sao, bt long or aei'o•n 	 3. .tA S this 

u p Qh..obi may to .no'c000 tho ofootivo opc 
0X o tho 	0 to in 	cjo h eoog.c2 of  
Q tmc 	oV n tho oho c tho iago 
pc 	oQci o1 U6 it hc b 	auz that tho 
off' 

 

Qo 3 	 = 0 t ZZ1 

ct 	O.'3 o tho OpCk , 

3NO* 	o ' Q + ` vcauQ 	Ca ao 4 co o1 t' 



oO' a.i ac' o s o Inciu1(ci) O iC2 co odrjoo0 

(t) 2o!oot  of o Qos 

dun to 	" 

'ho Circa tro ftctouo  V .nio 	4doacco 

a . to in 	so 	ci4 c *c3co G74 	iuo oac 

mlueo Co my b OcQt ° l OC flDC4 x.14 e?Cii. 

Th° h t 2OU Ci 1io c oa 	zooth o1ctvo3 

thin cci1.t .th q,cnj 0 tI c airo Cv vi'c 

OUG& y 11th 

 

fl Oa 	 ior oil praot2  
c2 p we i xxcric c stmt. 

: ` 	tzfl czvc O two tiros 	co oc 
tho c32 tU3C 	nç;3. 	 c 
co"Cato tho Mtt ? c o cc ar the t.)2.1 ie 'c j A 
c: w; u th a i c o poocntco o4 cn coy. a 1 
' do a 2.c r vo at an o to 1ctr Into tho t'2 , but »t 
x 	IUvO loon sumCttU?c1 ct'ccth c _ 	pQELt 

u1 'thuao  uc os3spi4r iOTO1VOt Cc ' l3t . 



C H A P T E R. III 

TYPES OF WELL SCREENS 

AND 

PERFORAT I OHS 



SoOl v 90 	Oppo3 c d Doh a d: VnK oy o' 

t $1 soc oc o co p 'ozcO4 ti& it in : fLou1t to a~ t 

ty for o o R c uciir i c'cd co1djons, Tones 
apci ypoo o:' c ann can bo atl n he 
c 7~ 

 

vothc thh oOctc  of t1tQ mad .c ofO~ 

=tac cotc.ftrcmoo Qn1tra .p^Q c c o 

a..t 	 C.'. 	 2 	.:.y 	",w*. ;;  `uC y t 11'1t' 	+'M2.Q tjcZ 

pob~ c+ 	 Uwo t$ co + .i, +L-:.= t'.J  

2 CZ 021oo 'v3 0 

i (c' tci co is .fJ) 

U312.7tea a V 0 QGC10 ► ~ 

=coo t c tho ü1otoa epos (or potoacca 	 . c ►. 
. 3 	tho 	cd t'oU 	ino I nc uuc 
tho ,Y co fi at3 MCI 3pl 'ia u000 MOttc t !ipoc two  
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OM' aoti fl o he graval Y" 1c?o cc MhO t t3 ifl 

:9 7M O aht haw CC 3 OQQ Of" t cz the O~ O 

obtainca,, ioi, this roason a otnn 	pr ooa+ to u o 
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mto al ias uio4p it 	CO 	to the  
o acU no pOiOiblO 	s' 	tho , t i .. The 

.t ht ` utopia]. so ootpaatod tm s3eo4OI* Vb' 1Q3? 
for t t th htho 	cCarl 	o the Ocit 	izis tccs . 
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cj tho tZot ocrneti ou#  the iuL,ot c d tho +slat pro 
d2cO c. w3tCZ .a tho uh o c^oto b • t3O 	ChO1 In 
oci to 



coo utton t. thoz c3►l 3 o4 and a& pion of -ate 
731 paw tQrat CTh nor the ino'1aco nt ct the oo 
co of tho fi1to. 'too trp10a o3.cgth tho p3Ct , 
d3 O' th3 C3V1 pack b O 4 . and E32GV3a to 1O 

tLuo tho tint & t cLtion of uauifov pa&c.  

?.1G. A C0ap10 - t?Ceoci 01 ooh a 	a 1kopt. io 
z' 	d o o ato1 of bho typo of seta r p 1o&omm Q.` 
tho t" 	aQ 	p` hG 4a0 o' " d in tbo c itQ g t 
ai o ` a1?37 , I tLO CU 1qQ , tho a+ o of a n3 g  
tho io.uco haL fht anti t 	 MO =a cc. 

A 





00 
00010 X' Q 1otori po3ctz3fW  

co4 Into t4 	 0 
D a't ' ' tv .+ ►e c abio ovIto c c'- tho 

t3.Cfl c' 0 t' _ C2T C0" C0C2 p O for '~ * 

aooajn o c io ccaProtr  

~Xx -I 3acac3 tw o. o Ccc 2.0 	o p 	ao a 
t V IEZ3 c'm cm c t_i AY Vis.a'i.'.~.fi 'v' .'a ~w'~.l mo c3' u al w.J 

	

t..rn c a 	: . I.s x 	4..-r3 V 	+̀  W v V fl o c2[1.. 	i,J r L..+..► 

c cc-to sCs ;r C-41 i.:rF ) a`d .:'a1 r3t3~ Lirw.. 3a 	r}ir Cc . 

qty cCOO o c Oa Oran ', to Coe A Cc,'c . c ccc  

	

c►w a ate 	c3 t o 	 rco a 

OlX3OQ. G cea rntOJa 	P, 	Oc2CavOD 	m, 
c 	yr x 010110 a IO c tt cis o 	bo 

309, 	430 pO .ill ,and n 	.! gr ucd c2 c .o1 Ocpc 
hot aap.  

c1 el '~ $ 	 • 11 } 1 '; .032. pt' 



alsc v t C: 13 a 	a f1tO vCpv3z-- tOcl bY tho 3D 

c3 c 	 LQ:5 	eJt b OIiI 	 Q1 2 

cz pc;"-ccit s O o l ho M3.ntl €~ .p 	3 f. 
OD pO3Gfl s;J3O c`Cavol 	3r2.1 anI DOasonrQ ► 
oz2ttc tLu1 is c "10. t n uoi oL £iac? 20.E 
ata l 	$o Grc1t 9j4 az t3 

O\2 b0t OtaL-I 	0021= 

. C3V3DCZ0 tins avlC 	3fl3 tho CC2 	2 tho too 

t` 	r? 	+",«.'fit
"' . +-*.l. 	.'"►rt r ~a 	 `'~ 	 ~3~N 	

i. 	 •, 	~ {~~,~*  ~r.. 	~ V}.r~ 4-,r~~tl~  ~~~+ L a  v 21 V ~-.a p d 

ti  

ui r 

 	

t 	Y

~

~+r r 	C~

~

.

_   
Mc 

D  y~ 

	

3 Q 	h pC i 'Q 	(L 7 	: "VOO 2z, 

p3clt U33i€moi .OZSri O 
2Z t.tobo0 

(1621• 	Mid G a t31 O' 

tl 33 l2So?o . )t 	 C tlfg by t 3AU7 

Vv;vlj LLt M Y 	 SI l V ao {F V i I,.~Lye\rSr c.z cash mq z! Y,✓  `:. `M 0 n zr t 

a a'c co Oo (wEIO to 00 :aco) a T .cas to n .o cr ~o 



- 

4,' "i-. -- " 'I  



t3tcav & cr ar od and nc ocl In or 'oa buckots to 
p v t ca 

 
hcij of +ot. Prom t t3o 	ociz the. 

.gom wain 1iCO 'avQ10 end uuifoi cn:2 uo uuito 
fog c t ion c er . 	of aificmt g cdctixin vr3 cis 

c1a1.y jWQpzWO1 and tho aiovoiatya of th aqui z 
CI C VO2a EtOQ1D UO 	111,v 	araV i v~ic 

~uccd txcucO this 3 ccvo had b=n iubj oc c od to 0ro3i c 
u is a tcnar3 to rcd. 'L` tho brj, eo cva 1oavin tho 
ava ►c rmo p 4ozo c hoiiol in t 

0.22-+ 4L o - ;rcVoi UDa in crab of tI .) c; '1 p o 
c aacd ,p '; Q2o3 Mot vwo anpr zits ► ly o tho rimo 
otho 	O 3 ?t C2av OIaOa .cad It 1i113 CV31 c 	Y. 

o ►cot, c„zz z L 4 N V 1/0 ac g/ i c3 i 111ou  
cou c :rc a.; tho port. oXoo tzzoacc all 	tw 0 r1 
orc 0 . 0 Ivialca c4 o 

3,23. iO cargo tl2. oc cc t: o u 3d in all tho 
ooi'itnta1 tQOt a 	ho 	on cc ai stci o 3Ø0 et  oz' 
Of Q4nch - a of 0U01. pipo 	th 2 3/ 2. ' ci ' + of c 

gCo od lot (cut .n v ro rc tic) . ho O f c 
c . nt or the tioU ue'o n 	• L e. 

0iS o 	 ' e 	Tho 4 pork,:,, 'a. togta 
O" (?3V31 PLC= t7 t t► ttc 'i 	ncttod '"c7 t t1 e M 
tc!Aclo cc 	t d of tca' gaup cor o AD D 0 and D 



th 0 t ffo cnt typo of focUc 	orc1 9 oco 

0.32. flc E oiz t's6ivi4o Leto tt0 oo 	o for 
do 4focmtt . toniu ¶boapifora t m. 
oath oocai utio aubidividd Into 4if forontpartss Of 

01,00 of c'cv1 	oi.a fc pct, %0 roe 

mats of tho toot &ci ft 	tfont oonbuatic m of 

poi C aVO1 paokE3 tith unlP n azi orü arcs lv 
in c b o Io3. 0.S ,0 B r34J 8.35 # a 8,3 3. 

8.41. %O 	rw of pcctr 
tic o i C ai 'i et formation ri1a o u in ted 
of 	fogi'oupc wise Al0 0 1 and ,0 ha 
aa 2Aoutcai`ort tion mztora. ?or oat . roup 2o 
rou1to o ` o toot data fox' difrctt co bLitics of 

n mifo m _ aq ifora and Crovo3. p o10 avo c.vcn iu 
Tab o Uoa. 0,42, O.4$p O, M and  

0, 81, 4 comma o tabl o Uo, 0.52 civoø th amt, 
of c4 tvcmot for fot ou or high pokcquUoo 
ratiozp but diioent irni.fortiity coofficionta of the 
g v 	oi 1ou the ran1G1aGUt iu the , tabi o the 
of ' t of incrcc4 ng uniformity cootfioicnt of the ;bra 
Vol pasts at Iva anc high imok'acizif or rains con caa~ 
be obcerv. 



' OpQ 	3'Qra Q Ui 3d otbQ cDdO.ct d 	acpom 
xxto ara c1vc n o o Uon, 0.C2.D O, O34.Q c G o ►C3 ,p 

0, a 	3QDct'- a , vi £t th303 	.os It In pQaa. .o 
t`c ! ' ox'J #x20 h3Qd 	u IncN aø33 ZS tih tbo V3c .t' 

got, cah 30 	zittø o ow ` ac. c2d C?3v3i. 	. 

2oac s ro ob c Lncd 'V 	 3 nc t3 ' 
`+ 	c i ' C s' O S 10 f = 	t 	b::ot rr rOaL' ' 

Orr tho pc 3tO = Sr i rn4av a ei tho Loio .o vc 
coax a4 I.."t loaxwo Oro In + c 	; tu? 3  

0471. ¶o aico cw o nt th%ch tho r.cxzi li e 
la of .n o iii. cszt 	a1 and tih3 t 	:n og #'► 	C o 
t '. 	lu+ia y"~v~ia?~ v\,y 	+ :~ 	1(} 33 c . 	,O M t:7 cma 	 i pic  

 L 2 t  

CO o ! ±.If^ 	t c idl%7'~ cOJ ? , th t C`ai ti..r 

~~ '3 1 	th. or ' ,ho ,z``'i 	' itU r; 	th3 Ucicjoi " 



C- 	
tD c r 	 c 

ry 

ic • i 	 . 

'1 	! 	• 	
c 	c Li 

ci 

N 	. 

7 Il 1 

	

i 	- 

• '- 	 1') 	c z 	 ri 	a 31 	 t;•-, 

••E? 
LJ ) 	

r 

	

- 	

> 

	

1 	e.tr ç 
.• 	Ii 	 cl 	

II1 I 	 (1 
•i; r)e- 1 

• 

	

- 	 ' e r 	1 	. 

	

C, 	 ) c 
I 	

_ 

•; 	~ 
Cb _ , 

rq

C, 

0 

	

I 	 c. 

	

l•f F 	C) 
• 1( 	4 

• C..i 	P) 	•J g r 	 L I 	
Q 

r) 	
k, 	•J 4 	._•) 	. 	'•, 

J C3r) 

• -I 	• 	
U 

no 
I. l C5, C, 

cj 

O 	Cp 	10 

I. 	:- 	.•, 

•flL: Ljv D CD 

	

cj 	0 
J 	° V 	t.}  

ir. 

vo 
ci ..3r) 

CL 
(') 	v:.) 	r) 	) •••) 	;:' 

Cl 
I 	c•' 	ci 

1 
r 

! fl 	r () 
.) 	( 
4 

: 	.1 	• 

.•.c.I 

• 
1 

' 	- 

('I 	) & 
'• 1 

c' c c 	c- 

0 
c 	ç-, 	C) 

L3 	!j 	C-) lr.4J C) 	7 Cs 
71 

L) 	t 

	

r 	r 

	

,. 	• 	C 

•% 	' 
'I• 

) 



4C3 Vol- 
0 ?.o e c C 

0 

C) U 

n 

72 
9 

0 0 

C Gi r Ci 
c 

I I C'i (3 
fl 

9 C3 

flu 11 



H3 
0 

0136 c 

c2L 

C*  

; 

..._ 

DIV 

I C2 Q 

ti r ii 

F 

(f 
f 

C) C) 
c 

C) 0 
: • • e) (•- 

,.I 

ç 

f) ( 0 
...- ) 

• () C) 
(.) 

(.) (•) 1) ) 

¶:!!3 
Cl 
a 

fl 
a 

L:i 

a 
0 v-  c•' 

C) 

Qcz n 

0 0 03,  (0 



4-1 

	

t 	c 

0 
rPr1 

0 

cc) c 
0' 	0 
cii 00 

ii C 0 0 0 tj 

c& 000° 
44 

C' 	c 
V.1 

t4 071 

r1 .i 

	

Q c 	0 
O 0 C) 0 0 '140Q 

•~i Ci 0 •0 .0 .0 
4flfT t 

	

rc" r 	c •1 v 	c— vo 	C-3 
• o 	c 0 000 

tL- 
qZ 

 

0 o o r r1c 

cs 
0. 

cs.. 
1iC3 0 C) 0 C) 

Q Q 
c c 

43 0 0 0 .0 

4i 
CI 0 	0 
,•I V 	0 

o e o 0 43 
, fUbC4 

0 G tt) t3 
'Ii- 	• 	• 

C2 

_ 	ci 

 

4* eG 	cs ci' ci 

60 

• T 	• 	

e) o- 

	

c 	 ' 

	

C) 	Qr 	 1.v)•c:) 	) • cr,f? 	j 	t 
0 0 0 

	

'• 	 1 	0 	00 
.. .  OC 

C) 

	

I 	glt. 

•t c c o 

c•cit- 	,' 

0 	00 i 
o $C 000 

0 0.00 
• 0 0 0 

!• 	C•' 	C- 

	

v) 	r Am v.._* ç 

• - tir -o 0 00 

OU 	0 0 c) 0 
fl c 9 9 

. 	I 	9 
4 	c 	 0 

	

4 	 0 0 

	

C.,. 	. 
. 	 4.. 

, •0 . 	 0 
r c* 	0 0 

cacss 

44 

'ri 	 a 

ci 	 • 



r3 c cf cat) 
0 	• 

LI 

..A  

Cam  

c 
• d'l 

{ 

: U ci j 
ca c cb v*c 

t 
L 

0 C! 

p 
L' 

rJ 

CC  



t3 

co 

	

Cstoo CZ 	 e 

I 	 0 

:J3 	 QffI Y S1 	r' 	E 

• !) 	 44c*'.I• 	..) 
•4r  !) r  rD 

( 	siC 	(.) 	(') 
• i 	 , 

4J 	1 	 tJ 	5 J 

* ri 	c . c  
C3J 	 tltjf 

' 1 
r 
	C3 el 0 cl 

ci ew
C Iii 

r4t. • - 	 r. 
ç) 	') 	) 

1 	 ç 	 c 

ta c 
S 	 I 	 C 

• • 	:. 	:' 	 • 	• 

I 	 t') ) t') 	r*' • 1 to () ! 
ii 	' 	• 	'• 	 ft 	) 	, 

) (3 C r- 
•.( () () ••;, o 

 

1~2 ell - 
? 

(••.) 	(•s 	 ': 	(' 	') 	Cl 	- 

• 'a . ç' ç, 
b 	 U 

J *!s C
' 

S 	 i• 

0 	 IP Cd 



 

4p C* rA 	tuc) 

	

Owl, - 

 cn. 

i 	;Q c4 & 

C4 ~la 

2 

14  

It CIO *Pi5) 

14 	.14 	14 
•O 	0 	Q 

R 

 

c3 	3 

1, 	•• 

wa 	CO 

 

Ci 	£3 	14 

c•14 	. 

04 	14 	14 

14 	14 	14 
G 	0 	c 

? 
L11 

.3 	(•3 	p 	(I) 	C? 

V"' ~ 

z 	4=11 

H1 
CA 



J CL) 

i r 

AM 

0 ) • I 

- 
v: 

• '•• 

ci  

,. 

 

'--. 
-' ) ry- 

e 
C 

.n 
(à 

ci  
! 

*• 

• , 

C'' 	.' 

?: cjcu 

¶I 4. 

a 

r..  C13 

t.) t 

4 	c• 
I 	-3 

.,) 
C'3 Ne4 ii 

CZ 

to 

C) 
() C) 

0 U 

CIO 
0 0 

e 
,.'• 

) 

ç" 

0 
C) 

ci 
) 

C) 
.'.'  

ci 

U3 3 

") 
to 

v 
•ti 
c.i 

c 
t 

c~ 
o . Q 

£ 
3 



e 0 *3 • C, 
ç* -i 

(1 6 

fl 0 

t)C t) 

cS J3 IL 
C 

C. 

0 

0 

I 



i 
4-4 9 

 

A 
0 

03  

 



Aft  Ad 

0 Oa 	C9 

Cup 

9 

) 
4.) 

Otto 0 	 .0 00  

co 

0 

rc 

c i 

'UI 
C4 

$ 

f3• c •  o 

.; cI  
c1 

lu 

4i 

44 

44 

c 3i 

cJo 

Co 

co c Cr 

H 
H I i! tg 

, G v*Occ 
- 	0 0 

tpo 

0 ço c' 

c v.. co  
vo  go vvt  Ire*  

. c1 c7 m 0 04  0 

it 

ml 

—I 

ci 
0 



C6 
 C 10 

co 

16 

 C* 

0 

CD 
ci 

vc 0 

ca 

CA 

*ç 

I 'COD  

it 



Ql. 

3 

I 
ti 
o 
tot*" 

	

10 11  Q 

0000000 0 

UI C) 	0 	00 
o U. •0 0 .0 .0 C 

C) c) CD (DC) C) 

0 b 0 o 0 G0 0 
o Q 0 Q .0 0 O0 	nO6 
. 	 *6 9 I 

Ct c)(s C ti (3V 

ca 
(01 

06 ao~w% 

' 	 C 

C *6 *6 	 CI O 

03 
b 0 

00 c 	ca 
03 

l) 
0 	• 	U 	0 

C,') 	C 	 * 

• e V 

P1 	 °' 	Ni 

0 

• D 0 0 

• - 	
V 

1414 	. 

.1 	 0* 
tD 

44 
0 	0 	0 

03 

0.0** 
C 	0.60 	V 

•G 	0 	o 

" 	ceos0* 



C H A P T E R. IX 

RESULTS ____AND DISCUSSIONS 
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Rio, incoasing tho i.forDity coefficient of tho gam•. 
,-peaks czrnsos a docrea a Iri the sand rnoVGt3et.  
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1 /8" /1.95 	26 
1/8" /2.4 	25 
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In ruvQ. pack u for ty cc3fciaut 
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1/3t /24 	X330 

0.24. The theory of nitration action predicts that 
iticroacirzg the unitor4ty coo ftciont of tho gravel pa©I 
will reduce the nizo of the voids and cause a deereaso 
In cand rovoinent. The Costs earriod out arc thus In ar, 
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