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FOREWORD

This report is submitted in connection with Potamology Research

Project No . 11, conducted by the Memphis District , Corps of Engineers ,

by direction of the Lower Mississippi Valley Division Potamology Board .

This stud s’ is a follow-up to an earlier study made to determine the

feasibility of using plastic filter cloth as a substitute for the

standard gravel blanket used in revetment construction . The results

of tha t stud y are published in Report 21—4 , Use of Plastic Filter Cloth

in Revetment Construction , dated June 1970. The difficulty encountered

in placing the cloth on the underwater slope led to this study to

determine whether the cloth could be placed by sinking as a part of

the revetment mattress. This report includes the results of experimental ~‘

installation s of the filter cloth in revetment construction at Island 40,

Tennessee , in 1968 and at Hickinan—Reelfoot , Kentucky , in 1969. The

project was proposed at the Twenty—First Potamology Conference on

21 November 1967 and i.pproved by the Potamology Board in paragraph 30

of the minutes of that meeting .

The study was conducted by Mr. B. J. Littlejohn under the supervision

of Mr. C. L. Curry and the general direction of Messrs . J. L. Hyde and

A. C. Michaels , Engineering Division . The field work was coordinated

and documented by Messrs . J. H. Bowman and D. L. McNutt and the report

was prepared by Mr. B. 1. Littlejohn .
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SUMMARY

‘l’hts study i s  part of a program of gene ral investi gations for

improving the desi gn of stabili ,ation structures on the lower
0,
‘O )

Mis sissipp i R~ ver~~ Many revetment failures occur each year as a resul t

of the subgrade material being eroded through the void s of the articu—

lated concrete revetment mattress. The process of erosion frequently

continues until an extensive scour pocket develops beneath the mattress.

This can eventuall y result in a structural failure in the mattress or

progressive movement toward the hank and in either case poses the threat

4)1 ’ a bank failure . There are some locations where a failure could not
11,,

be tolerated because of the possible danger to life and property that

mi ght result. This stresses the need for providing a grer ter degree of

protection at such locations by modifying the standard revetment design.

In recent years , woven cloths have proven very effective in controlling

erosion . “Limited experiments were first conducted by this District in

1965 in placing woven filter cloth in revetment construction . This

stud y is an extension of those experiments with the objective of

determining the feasibility of placing the cloth on the underwater

subgrade by attaching the cloth to the mattress squares during casting

operations and sinking the unit as a part of the revetment mattress . ......~~~~,

This report presents a description of the construction procedures

and the results of two experimental installations of the cloth. In

Augus t 1968, 444 squares were placed at Island 40, Tennessee , with the

filter cloth bonded to the bottom sides of the mattress squares using

two types of seams previously tested in the laboratory. These did not

provide a completely satisfactory bond as the cloth pulled completely

- .-~~~~~‘ ‘S
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ai l (t  pa l’! ia l is l’’’ .~ i’ I I l l  l ) I l ’ l 4 l~~ ’ u t h c  rs .

4 ” t ’ ( - ’ ’n , t j l ’ \  . ‘ h O ’ t ’t  i~~4 ’ , a n n u a l s t i r ’ ~~~ ’~~ i— \ t t ’ l I  ‘ ‘ ‘ ,~~1 ( I ( ’  1 .  e t a  1 u a I  h it ’

p t ’ r iI . t - lar l ( - t -  “I  t h i S  tt’i — l 5 1 ( 1  II,!! a g a 1 z i ~ I a ( l ) J ( ’ t- ’ 11 1 i —t’&’ t i ’ t ~ ’- . 1  ‘ia h t m - s ~-

t i r t t t i ’  i I  a ~ rt  W l I l t  t lit ’  s t a r I ( I a  i’d g m a  e l  b I aitke ’ I , b u t  ‘. ‘~~t ’  i t t ~ 1 ~ s 1 ‘ - .  ‘‘ I a I

V t ’  m’s .. 1 i 1 1 has 
~~~~ 

>s i t  ed ‘t ’ i ’  11w 1 s I  t e a .  Ii , I i i  us  p I ‘. ‘ i t t  i t i c

l i m i t l i t ’  t ’ ~ ‘ ‘ 4 4 I ~~ i4 i’ I S ’  Il lS . I n  Sept  eitibt’ i’ 1 9(01, 15 S) ~ 4 4 . 1  t I  ‘ s o  I I  1 . 1  a i- i ’d . I

l h i c k t : i a n — I ~t ’ ’ 1 I o , . t  K en t  iick~’ , to t es t  t t o , t ’ a i ’ l a t  i r i s  ‘‘ I a ( l i t  I’  t i l  I \ l X ’

1) 1 1) 1) 11( 1 l u g  tlcvii ’ t’ t ’ I l i t S i St  ing  of one— quai’tei’ i n c h  ct~~’d~~ s ” ~ii ‘‘Ii p of

s l r ’ t ps ( If  ci  t I t h .

l i t  ~ et ~~’ i ’ . . l  , t h e  experiments showed t h a t  the  c l o t h  (‘an I t t ’  s a t  i s —

I a C t I l l  1 p 1 aced ‘mi t h e  unde i’wa t t5r subgrade by bonding the ci ot It 11

t hi’ h ’ t I of I hi’ na I I t e s s  S q U i i  i’es . The cord s sewn on top of t h e
‘I

cloth in Experi ment N.l . 2 provided better bonding qualities than the

sewn st’ums used in Expe t ’  i men t No . 1 . The cost of mi t t ress in p lace

w i t  It the fi 1 tel’ cloth a t  t ached  would be inc reased  by about  25 percent  
-

‘ve t’ the ( ‘ ( ‘ St  of st an d ~ i’d m;’t tress. Ilowevei~~~~he tiSC ( I f  f i l t e r  cloth

btIu (Ie ( l  t o t h e  nut t ress sq ua res is recommended f or  c o n s i d er a t  ion when

t h e  I’equ i renien t f o r  a more e f f e c t  i ye bank  p r o t e c t  ion a t  c e r t a  in l o c a —

t i o i t s  w a r r a n t s  t h e  a d d i t io n a l  cost t and p a r t i c u l a r ly  in cases where

a b ank  fa l b  re woo 1(1 be c roc i  a 1

x S
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l~ Yl’AMOl,OG Y INVESt ’! GAl’ I ONS

U SE OF I ’LAS ’I’ I C F’! i.’l’F:R (‘LI-li lt
I N  I ;EvETM.E N ’I’ (‘ONST ItI T(”l ’ I (IN

IkYl’AMO [,(X .;’t’ ItESE,AR(,’ll PRt)JEC’l’ 11

(‘KG 1 01’ NI )

lit , t I  m.,’n t s ha Vt ’ bee mi .i .41 ti~1t) it’ t oo l  i n  di’ vt’ I o p t  ug t h e  1,owe t’

\b~~~s~~ i s s i pp i  H i t - i ’?’ I ’or lia v i ga l ion and t’lood cen t i’ ,’l . l i t  t h e  m a s t e r  t ’ l . . n

t o  stab i i 1 / t ug  t h e ,’ Lowe t’ M i s s  I S S  i pp  i , i’i’\’e I men I s  ar e  used e x t  ( ‘ l i S t  Vt’ I

o h o l d  t h e  c h a n n e l in  a di’s i i t’d , i I  i gnine , ’n I h t y  p m c  tent I ng b a n k  c i t  m u g

and coil t t o l l  i rig chal’t i i c I mi’ .in de i i  ng

The e,’on~ t rue  I ion 1’ a r’ t’ve t rts,’n I co n s i s t s  na mri l~’ ol t a d  i r i g  I he

1 1  Vt ’ t’ b a n k  t o  a st  a b l e  s lopc and t h e n  cove m’ lug t he b a t i k  w i t  Ii .‘ n a i’mor

I ’ St  OUC , cent ’  i t ’  t t ’ • or ot  her  m a l i ’  i i  a i s  res is  taut to ciii’ l’cnt a rid w:. ye

c t ion . The .11 - 1 i & ‘ul a t  ed c o n c re t e  ma I t  ress used f o r  t lit ’ t inde rwa I c r

p o l l  iou  of  t h e  bat ik  and t lie i i  p i ’ap st one used for  t h e  uppe 1’ b a n k  h a v e

i -v o l  ted us t lie presen I s tan d . :  rd ft t i ’  b ank  p r o t e c t  toil  on I lie 1 on- i’ t’ r i v e t ’ .

Tb i s  mu I t  it ’s  s i s  made up o t ’ on I s -l f e e t  w i d e  and 2 ~ t’ee I I . ‘t i i ~

(‘ens 1st i ng  of I w e n t  v cone r’ ct  t’ lii (‘(‘kS , :3 in ches  t h i c k  , ct’nnt ’ c I t’d iii t Ii a

c o r r o sio n  i~~s is  t a n t  wi  i’e t’a h i -ic . These ma It ress u.n it s are  ct imtnon Es’

— m e  fe t’ red to as squa res (100 sq . f t  . ) and a i’e preca St on land  and t c a n s —

p , ’t ’  t i’d l iv  ba rge to I hi’ s l I e  f t .’ i’ as setab lv and sink lug . They are p ii ’ ced

liv a h i g h I s  spe c i a 1 i ‘ i’d p 1 a n t  d e v e lop ed  fo r  t hi’ Lowe r M i s s  ~~~ i Pp i H i  i i ’ t’

3. The space lie t ween liii’ i nd i t ’  id ua I cone i c  Ic  hi oc’ks is  about

~
‘
i S—inch and the lt ’t ig i tudin al space  be t ween adjacent squu t ’es i s  abou t

— t i r iches  . ‘t hese ‘pt ’n I rigs per’ form I we i mpor I ant t u n e  I i O t is

(1) pe t -nt it s U I ’ I m e  ien t d ru i nage I’ ron t h e  bank t o  pre Vt ’ m i t  I he t i t i  i i  d — up

S
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o t tlt ’~~tm’iic t i \ , ’ h\ (I l- .’S IaI i t ’  j ’ F t  s s i it ’ t ’ s  a mid U ’ )  p m ’ ’ ’t  idi I l , - \ I l t i l i t \  o h

14,  ~~~~ I I i t ’ s s  I 0 c ’ ‘I I  I - ‘i  - I . ’  I l i t ’  l iii  l i i i  I I t  l’ ’gli I i e i  I I i i i- t I  t lie m i t  ( ‘ I ’

- l id t b . . i i  ~:t- s wh I cli , ‘ t i l l  I ’ f i t ’ l l !  S ul. ~- , ‘  . i i ,  I I  1 1. ‘ vs c i t  - a 1 e I i a I I i ’ c ’~~i

14 i l t  4. 1 t i t h I ’  4 4 . 4  1 1 l e s s  , 4th 1 I t  - I I I I  ‘ 5 4 ’  . ‘~~i ii 1 i 1 ; 4  i n  I t i c  - ‘ 4111 I I i t s  S h a  i t ’

d t  I h u h  - l i l t  I’ ~ i 4  ‘~ -~ , t lit ’t  ,. is’’ t i ’ h a I c  i t t - U  ki te ’s  i i i  t l i t ’  b a t i k  t’ i ’ ‘ I t ’  c I i ott

l’ti , . 1 1 1 -n i  I I ~~ S I t t  44 i t ’  i t ’  t ‘I t - i l l  4 4 4 1 4 1 I 1 1 5 5  .. niO i ! i l  I I I ’  4 1 l , , ~ U t  S ts ’?’ t ’t ’nI  . ‘t ’ I he ’

‘ ‘ 1  1 a t  e u  . ‘the ’ 1, ’ss c ’t  s u l ig  m ade ia It ’ m ’ i a I t Ii i’ c ’ t r gli  I l i t ’ :la 1 1 1 1 5 5  dot”

I t ’  t ’ui’ i’e ti an t i  ~~ .,\ 1 ’ . .e ’t  it ’ l l  15 t ’ . ’ l i S  i de i’(’(t t o  hi’ I he p m’ r i a  l ’s t a  i i s t ’  01’

4 4 4 1 0 1  t ’ t ’ t t - t : , e ’ i i t  I a  I I t i i ’ e’~~. ‘t h i s  in  ( u i - z r  m’ e~~u l  t ,.’ i n  l a t ’ g t ’ , - 7 i I i t ’ l u l  I t l l i ’ , ’s

i . ’t ’  t’ t’ t c ’ t ’ :lt ’ i I t  ::ta i n  tc ’ri ant ’e

I ’ L L  POSE .-\N I t  S’,’( i t’F :

‘t he ’  t’~ H” ‘~~t ’ ’ , t  I he’ s I net \ it 1 1 5  I~~’ tb I t ’ i ’V i n i  l iv  t I l t  I si ’~ i 1 t’ f i t ’ It!

(‘XII I ’ i i  ‘‘ a n  I s I he I c.~ II ’ I I t  \ . ‘ I 1i1 . i t ’ i i u g  1 t 1 t c i’  C I , ‘ I l i  on I lie t inde i n  a t  c - i ’

s t i t i g 1 4 1 ( 1 , ’ l ’s I to i te t  in g  I In ’ c l o t  hi t o  I tie ’ ‘I l l  II l e s s  S . 4 1 i 1 1  I t ’S d u r i n g  1 1w’
1

(‘as  I i tt~~ .‘pt - I’ - t i ~‘n a u t h  ~ I tu k i t i~~ a s  p i t  01’ l iii ’ t uc ’t ’ th l4 l  1 (‘c’ i )S  t i ’ tmc t i t ’ll

‘‘Pt ’ ?~i t h  i , ’ ii . t h e  ‘ ‘‘t ’t ’ t i  l~~’il  I s  i t t ’  i t ’ i i i  • ‘ inj t ’t l  1)1’ ! n I l  t ’ i  l v  t O  l e s t  Ibis

11, ’ 1110(1 c i t  p 1 a ‘ I t u g  I lit ’ t ’ 1 ot Ii . I -c ’ t ’ 11115 t i ’  l i S  on , I he 1 1 14 1 11 5 o t  I hut ’ I ’ i 1 1 e i’

c I ‘ ‘ 1  Ii \~ ‘11 1(1 hi ’ I lit ’ S. : ‘ i t ’  a s  I t ie 4141 t I i t ’ SS 1 1 111 1 1 5 I’ ll I lit ’ y t ~i~l it I lie 1 151 i 1 s

01 t h e ’ b l a n ke t ‘:~ l t c t ’ l . i  1. :1 st ’c ’ . ’ i i u I , ~ i t  pur p o s e  n ,~s 1~ ’ Slake ’ 41 ii,t ’t it ’i ’al

( ‘ 1 1 4 1 1 1 4 4 1 i , t t t o f  I lie ’ p e ’ l ’ t , ’ i ’1:l .i t l C t ’ e ’  I I lit’ T fl l l  I I l’ t ’SS tu t t le’ 1 1 a m  i i i  lb t he

t ’ l ’ ’t h  i i i  t e l  .~ I j ot) I that oI st~iiid a i t t  I ’ t ’ t t ’ t I l ht’t l I 111111 1 l’ t ’Ss w h e re ’ p.’ss i l ’ I t ’

a .  Tttti 5e ’~~it 1 4 4 1 1 ’ t ’ \p t ’ i i  n a - i t t s we’re t’otit lu i ’ I eti • t h e  I l i - s t  i f l  I i i i ’S

m n \ t ’  1 t i  ii~~ I 1-I 5 4 1 1 1 1 1  Vt ’ S  l i l t i  I lit ’ st ’t ’ c’tid in I i)G9 m n t c ’ 1 i i  ru g ‘1$ squ:l  ux” s

‘t h i s  i’t’pt ’i ’ t j ’r t ’ s t ’ i l l  t h e ’  t h e t a  i t s  t ’t  ctin slt’uct ion  and  t ile ’ t’ t ’~~ t.i t I s  o l ’

I l i t ’ I no  t ’x pt ’ t i  nmi ’n I s  . lie l’ e ’ .l  I Ie ’i ’ I t ’  it ’ I’ t e d  C c ’ 145  1’ \ Ii e ’ 1. 1  Sit ’i l  I No . I a i t t i

F \ Pt ’  1’ h u l l  I N,’ . , ccli I t ’hi l i l t ’ t. ’ ’ ’t ’ i’ rctl i t t  s i i i ’  5141 h e ’l l  I st ’ e l  i c ’I tS  01’ t he’

i t ’  p c ’ i ’ t  
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BLANKE ’I’ MATE R IA LS I ’RESENTL’i’ USED

6 . A l a v t - r  c i t iia tv- i’ial , comlflon i \’ c a l l ed  a b l a n k e t , i s  p lu ced  in a

sIr’l p along the bank  a f t e r  g r a d i n g  is c o m p l e t e d . I t s  p l ’ i .  i v  purpose i s

1 p r ov  ide imi t er in p i - I l t e c  t ion I . ‘ I lit’ bank aga inst the e i’os n vt act ion

“t the curren t , ~~ay e s , and p r o pe l l e r  wash  d u r ing the  o n e — t a — t wo week

pcr1~~I betset’n the bank grading and mattress sinking cp c r’a t ions. The

b l a n k e t serves  a secondary purpose in providing addititina l protect ion

a g a i n s t  erosion in the zone of connection be tween the mattress and the

s t o n e  p a v in g  where  many f a i l u r e s  occur . The most conunon i used b l a n k e t

m a t e r i a l s  I i ’ C r i v e r — r u n  g r a v e l , c rushed s tone , and s h e l l .  This  is

because  of the  n o m i n a l  cos t arid a v a i l a b i l i ty  in l a rge  enough q u a n t i t i e s

I i ’  s uppor t  the  revetment construction operation .

7. The width of the blanke t is determined by the type of soil in

the bank. Oti sandy banks , the blanke t is extended to the top of the

bank. On banks of less er’odible soils such us silts or other fine

grained deposits , the blanket is extended from about mid-bank to

a b o u t  10 feet ve rticall y below the water elevation , which covers the

area of the most critical erosion . The blanke t is placed -I inches in

thickness above the water surface and at the rate of 2 .5 tons per’ square

(100 sq. ft.) be low the wa ter surface , wh ich if evenly distributed ,

would amoun t t o  a thickness of 6 inches. Because of the difficult y

involved in underwater placement , no blanke t is provided under the

i’ema ining port ion of the ma t tress .

8. Even with the blanke t , undermining of the inshore portion of

the matt res s still occurs at some locations. One solution to th is
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problem in past year’s has been to fill the openings in the portion of

the mattress exposed during low river stages with a sand—cement or

sand—asphalt grout. However’, this adversely affected both the

- - . flexibility and permeability of the mattress . Furthermore , the cost

became prohibitive and this practice was discontinued . At location s

where the mattress was placed some distance above the low water ele-

vation because of high river stages at the time of placement , repair

costs have been extremely high , particularly on sandy banks,

PLASTIC CLOTH AS EROS I ON PROTECTION

9. The increasing use of synthetic filters for erosion control

prompted a stud y which was initiated in 1965 by the Memphis District

to compare the rela t ive merits of a woven plastic cloth to those of the

stand ard grave l blanket presently used . The results of the stud y are

reported in Potamology Investigations Report 21—4 , dated June 1970,

which included a comparison of the effectiveness and cost of the two

ma terials. It was found in that stud y that the cloth was superior to

grave l in retaining subgt’ade material under the articulated concrete

mattress. However , one main drawback to using the cloth was that there ‘

was no mechanical means of placing and hold ing the cloth on the under-

wa ter subgrade in the swift and turbulent current usually encountered

4
in reve t ment construction . This required hand placing which limited

the depth of placement to about 4 feet.

10. Because of this difficulty in placing and anchoring the

filter on the underwater slope , an idea was advanced to attach the

filter cloth to the bottom of the mattress squa res during the

-i 
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a I I u m g  ‘ ‘pc i . t t , ‘ t i  - l’hit ’ I I t It -i it t ’ ~~ lit I I t t i i  i ’ i ’ I a ( i i  ~‘ i t t t i u h  I . t i i t - , ’i e -  I t ii i I hi

I Cue ma I I u i - ’ ’: , I h i t i ’ , i t  i i i t t n a l  t ug  ( t i c ’  i t l i i h i ’ t  tt : i l i ’ I  h’ l un ’ l ug  ~t uiil , . t , t ’ l i ’ ’ i ’  ~~~~~

I’~ ‘
‘I’t , ’iui - l i i i ~- t c h c ’ a  l e t t  i t ’ ci i i c ’~~~p i ’ i  t i , ui ’i m l  ( i t i ’’c I ’ l ’ ’ i c ’ I l i i ’  I’~’’’~ - l i t  u I I t  I t - : ’

‘ ‘I  t , c ’ , t I i l g  . t n i ~‘. ( u i L t l i g .u u’ I i i ’ m i l a ( , ’il t ’ , ’ l l c ’ i c ’ I c ’ r u t ; t l i u t ’ - ’- tc t u h i  h u t ’ 1 1 1 1 € ’ ,

c I t ’1 I i  a I I a

I I - i ’ Iuc ’ i - ,i u I ~‘m • , ( tu t u u i t i c t I i  ed I l i i -  I d  i t  c ’ i i t c ’ i i  I ~ ‘ I ~ I t ’ ( h i  c i  i - i  , c l ’, ’t i  t

(It,’ ‘ a l i t - I O u t  I ’  iilt ’ I i ’ g i  , . \ c ~~I . i i ’ , I t i ’*l , , ( * ~~l t c ’ • i t t  , i i c ’ II I ,’- i l t ’ i ’ i ila I Ii

I d l a , t - i h  i i i  , ‘ i  do I I . ’  ‘t ~i i c , ’ a i t  t i c i  1 t ’i t } ’ a i I ~‘c ’ i l  l ic ’(  h I t c h  I l i t ’  ( i t t ’ I i  I’ ’’’’~~~’

,t t . t I , - u  ( c i t , l i i  I h i t ’  ‘- C  I I I t i  . ( l i i ’ t . ’ t I i  h~c ’ l u I t l  c ’~~ l ei t( 1 c ’ i c ’ I l i i i ’ i ’ i t i  l i t ’

1 t r i l l ’ - o l  l i i i ’ c i i  I i i ’ i i l a h c ’ t I  t ’ t ’ i l i I t ’ t I ’ t ia l t i c ’ : . : ’ , t u o , , ’ l - t i ’ a:.

i I i i  l i i  I It , ’  i t ’ ’ - i t ’ t i l t  , I i i  I ’ ’ n a ’ - t ’ , ‘i i ’ ’ t t h c ’ i c ’ t l  u i , ’ c - c ’ ’v , - t  t i 1. ’ c t  c t  i i ; ’  1 , ’ 1 lit’ -

mt ’ I l i ,~~ l , ‘i l ’ l a i ’ e ’ i u i c ’u i u n , l c ’ m  ~~~i i ’ I t ’ m v -  tl c ’p(hi a~ iI t i t i  t ’ sa t l c c l i i i  I I  ( ‘ ‘ i t : -  • p a l  I t e

i t t  am Ii ( i i  t lt ’i ’l c it a ( i i

I i l ’ :lt ’b I l’l’ I t ’N t ’l - ’ (‘In” c l  c~ I’ll

Fl i t ’  ‘- i  u I  I u h i i  na ( c u - t a  I :-, ‘ h , ’ i ’ i i ’ i l i o n  i h r  I ’  c ’ tp t ’ i  I in, ’n l  I ’  l s i i t ’ i t i i

a ’ . ) \ ‘ h i  i - i l  ( , m  \. iia u i i u l a c ( t u t t ’il h i  I i i  I h , a ~ - t ’ M i l I , -  l u i c ’ c ’i l cc ’ m - a ( c ’ iI . t ’ t i i c ’ t i l

i i i  I I , i ’ hm I , ’ , l ’h i ’ l i l a  I t ,  t a t  t • - , i i ’ l , t I  I t  i t , ’ t c ’ h l  ‘ ‘ I  I’~’l  I I c i ’ t ’ t c \  I t i l t ’ l l l t ’ii c ’I  I I .

h u l l  I i . t u u t ’ ’ . l i i  u ‘- I uil ,i I i ’ h i-i ’ , i ’ c ’ i ’ i t  uu ’ ,c ’tI ‘- l l c ’ t ’ t ’ : - ’’ h i t  I i  i l l  h i t h i i i i ’ i  , ‘ m i ’ ’

“ I  I l i t  - I t i  t ’ ~‘ I 01 t i~ ’il~ i ’ m  , ‘‘ t i ’u i  ~
‘ i c  ‘ i t ’ c (  I t ’ll • ‘ i i  ‘ii ’ - I ;t I c h i t  t i l t  d l i i i  it a ( i~~~ t i , .

hc , ’ i  i i  t i m  I t l u c c h c c ’ l i l t 1  ( I i i ’ 1’ ,i I ( t ’~ i t a l c - ’ - ,

1 , 1 , l I l t ’  I I I  ( c ’ i  i l~~’l  Ii i c i : -  c ’ , c I , ’ i  i t t  l i i  a a t t  I n c h h i t c h  I I I  t c ’ c i  ( e n d

c l ’ , ‘ u I  ,_‘ I i i i ’ I i ~’ ’ - I ’ c ’ i  ‘ ‘it i l ( i t t ’  t ’ t l g c ’  i t t  I Iii ’ t c ’ l h i  m e l t ’ h a  I I m c ’ ’- ’- c i i  i c c  I i  :- h I , ’

I hi , ’ ic i t t  I I ,  ‘ ‘I  I l i t ’ i t c h  ( I i , ’ ’- ’- ‘t I h h i l i 0 I :  I~~’ I I i h m c ’ l t c ’’ , ,~ i t t l  ( I l l ’  1 4 ’ i t 1 , 4 1 (  n~l ( 11 .1

,‘ i c c ’ I n i - c u  t i l it , - n i  ‘ - t t l t h t  c ’’ I : ,  , i I o,i ’I i , ’:- , 111c c ’ ( I i i ’ t ’ I t t t  h i  on

- i c  h i c i t  I i i , ’ I n . ’ ~ t l  I i  c c i i  I “ 4 1 1 1 , 4 1  c ‘4  ii i ’ti l i l  i ’ \ I t  - i i l i  ‘ ‘i c ’  I I l i t ’ ‘‘ I ’ d i i  I - , 0 1 1 1 ’
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. t t t ’ u I i i ~ t~) h u l 1 , 4  I I t t ’  o i  l i t ’ u ’ , ( h I ’ - p i t ’ n , ’ t i l i l  I ’ t ’  ( ‘ ‘ i c - i t ’ d l i~ I i i , ’ l , i i c ’ u

I i I I t  - i’ c I’ ’ I I i .  I i i  I ‘- ~~~i ‘III t I  
~

‘ h i ’ t h i l t ’  u I  t ’ ‘~ I h , I I l t , I i ‘ i i i  i t I ‘ . - I t ’  I i I , c I i m .  i i  i’ ( ’

I h i . i  C I hI t ’ t I  i t t  hi  t t , ’~i h t l  i i i  t ’i ut l ‘ i t - u  I l i t ’ I u ul I . t i ’ t ’ ’i i d  ( l i t ’  111. 1 I u ’ : ’ - .

E’\ 11- 11 1 t l l ’ \ I ‘ .

sl - : I , l - : t ’I I , . IN ~~~~ ‘1111 : Itt Nbl N t ;  lul :\’ Ut-

I I .  I ’hc ’ l u  u ’ u - I  I I i ’ t u h l  I t ’ l u i  I . ’  l i t ’  i-,t ’ I ‘i t  i t  i t . i: ,  I h a  I .‘l I u lid I u~~1 - ‘ c i , -  cc

u I i c u ~ - I t ’ i i  u i 4  (b ut ’ I ’ i l  l i i’ c l i i i Ii I i ’  l i i i ’ t ’ c ’ u i c ’ i ’ , - h c ’ ti t u i l  ( i t - , ’ , . . t I I ,  i c i a  l i i

t ’ u-i iig , - c - ’ i t -  i - a  I p. ’: . ’ I I, i I t I 105 I I i t a : ’  t l t ’e ’ 11 1, 11 I c ’  ( i i i ’  ‘ I  p. ’,  a I t  .. i .c I ’  c . 1

l i i  ( lit ’ c l i i !  Ii I t ’  I , ‘i’ m t i . 1 P u’ °(  i m a i c ’ u m  icl i t e ’ h ,  i i i ’ i u t c l  l i t ’ u u u m h c , ’ t h i l c ’ t I  u i i  I t i c ’

c ’ t ’i mt ’ i ’ t ’ I , ’ i mi a t ( l , ~~ -, ’ t f i u i ’ h i l g  ( i i i ’ c ’ l ~~- l  l u g  l c I i I ’ i - . l (  I i ’ u i .  l i l t ’  t i c ’ , , i , . i : -  , h u u i l ’ l c ’

h u t  h i t’  st ’ . l i i i  i t t i m i h t l  Iui i ’i’ t ’  I t ’  h u t ’  t le ’i’  r : - c ’cl ii u I t t  h u h  l i i i ’ l ’ . i p ,  I t ’ et ’n ’ - I i ,, l u l l : - .

‘h u t ’ I i  t ’s (  i i , , : -  1 I n t l  ( h i t ’  :‘t ’ . u i u t  i i u ’ i u h d  Im. ui c c ’ i i ’  I ’ i’~’~ i ip, It ’ I . i i c ’ i l c ’ i i ; ’, l h  I t ’

h b t ’ t ’ d ’ i l l t ’  I ’ m i - i t i t  ‘i u h i (c t ’ t h t l t ’t l i i i  ( h u t ’  t ’t ’ i i t ’ i i ’ I i .  ‘ l i i . ’ ‘c ’t ’i ’tn l  h i . 4~~’ ( h n a (  I Im , ’ ~‘t ’ . h l i i

i tc ’t u h i l  I m , , v t ’  I t ’  ho ’  o ((li eu’ , - u i t ’ t i e  (( ‘ u I  I~ - , , itia h I c i i ’  c ’ i l l i ip i ’ t ’ ?-o’’ ib le I a p u ’t’ ’i’t ’ui t

I ’ d  l u  l u g  l I l t ’  sI ’t ’I nul l I l ess  I c ’ u ’ i l i S  t ’~~ e’t ’s,  i ’ i t ’ h v  I t t ’euu i se  ( lit ’ t ’ l i S (  11mg

t ’ t ’ l m t  u ’ ac ’ ( t o ’  h~~ I i i  Id  oil  h u t ’ l i u u s  h :  a l  a I h u t o ’ i ’ t ’  I t o r i  I ‘i’oI tu n i c ’ ‘‘I ’ c ’ i ’ u i t ’ t ’ t ’ i t ’

1)1 at ’t ’tl , : tu i\  I t i (’ i’t ’ lU ’o  i i i  I III ’ t l u u a u i  I I I t ’ I e’d ’ u i e u ’ t ’ ( C ’  u ’c’ qt u  I u ’t ’ cI ( c c  I 1 I I

( l i t ’  I ’ c d u ’ u i i ~ c’ouhtl p . i’;i~ u l i l  lit ’ I lit ’ h I l l : ’  15 I~ ’i ’ a e t a  I n  iiv ( h u t ’  ~ c ’ut t u’u ~~(o r .

~~h l i u i l i l e’5 a I ’ c l  t ’ (  hi it t t h u  l it - i t I y~~
1t ’ i ’ s ’ i ’ .i i :‘t ’ih st ’ii ui us • I .o’ .t ( , ‘d t ( u u t ’lies

t i’ c ’n i (lit’ I d u g  t (  tit l ( l i l t  I t td gt .?’i i i  f ( lie c I a  I i i  s i  h i p ,  i t t’  I t ’  s m i p p i  It ’d I i i  ( lie ’

ii~~u u t i  l i t ’ t i n  u t ’ u ’ , ( i i i ,  ( V  Pt’ . ‘ I , t ’ ii lt  t ’ c ’i i ’ - 1 s t  i’d c d i ’ , t  I ~‘i I t m ’li I i i ’  I I c c i i

~t u ’l  i t ’  ( l iv  Ieu~ ’ eiirt i n i t  I t ’ll t i l l S  i ui t ’I t t ’ .t’tl 1 1 1 1 4 1  S t ’ i i u t  h i t  Ii i a f t i I tl . ‘( ‘  (lit ’ c ’ I t i t h i

‘huit ’ a t lit ’ u ’ t h i n s  I s  ( oil u t  a d t ’ t h h ’  l e t (‘o l d  I I I  ( l i e  t ’ I i i (  It St ’wuh  i i i  ph  a c t ’ . ~-~ma I I

i- . t ’u I  I , ’  I . t l c , ’ u ’ i i  ( t i l l  ( c ’s ( , - c i t , ’ i ’ t ’ (. t i u i ( I thc . ( t c t t  ii~ t ’ i i s t  h u g  h o d  i i  u t i l I I l  I c ’ t ’ i l t ’ i ’ t ’  i t ’
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h u t .  ‘clx: ’ I c ’ c l i ’ ( t ’ t ill t i l e ’  I h u e ’  L u c ’ u i c t  I u i g  Ci 1 1 . 1  I 1 1 i t ’ : -  c . 1 t ’  ., t h u  ‘ t  - i d h i l  l ’h i i  ‘ I . ’  I ) , 1

I c 5  I s  1 l i i i  10.1 t e ’tt  I I u u  I I h u t  -c d ’ .i lll ii’ I ( h i  I l I t ’  e ’ c t i ’ i I  ~; t ’ n - u i  h u h  I I l l - u I  I s lu t ’tI a I i t ’ i c ’

sa t  I ~‘ l i i i ’ I i u ’ ~ I , i ,~, I c l i  I uig t ic ’ V I c c ’  1 1 1 1 1 1 1  tI I t t  I l i t ’  , . t ’ .’ iii  it i t  l u  ( h u t ’  ( i t  il i - c ’ t i l l  l i h i d ’

I hi t ’  e ’ l- ,’( In . l1ti t ,- l i i c ’ t ’  (lit ’ 1 , tli c ’ u ’ .it i ’ l ’ \  t t ’ ~~~t~~ i t t ’ l t ’  o h  s tt t , ’ li  I 1111 1 h ’ tj  Sc ’ cA I t ’ ,

I t  n a ’  t h e e  i t h t ’ c l  C i ’  c a : ’  I -11)7 : t l I u U l ’ t’ :- t c l ’ ira I I i ’ t ’ : ’s  II:.  n a g  I hu e’ c ’ ,c u’ i l St a l I n  . i u u , l

4 /  sc~~t u . l u i ’ : ,  i t s  l u g  I l i t ’  I ’ c c l t l e t l  :-t ’ , i h h l  ( i i  I t ’ s  I h i c l l l h  t V l t c ’ s  c u u i c h e u ’  , i c ’ ( f l u  I I t t ’ I l l

‘ u t c l  I I I t ’ l l : .

& ‘\ ~; l ’  1 Nt l ’ l t l ’ , \L\’t’I -I1 l-:~*4

1. ’. tIi t ’ t ’ \ p t ’ 0 t m t ’ Il ( a  I h a  I I i t ’:’:- - c t l l ~l u ’ c’~~- i t t ’ u t -  eas I a t g i e t u u  t’t I 5~ ’f l

I . , i i u c h  I h g  ( ‘ as  I t u g  I’ ’ I t ’ I t t , ‘I ’ t ’ u i i h e ’ : - : -t ’c ’ , cI t u l ’  1 1 m g  ( hue  pe t ’ t c c t l  (; _ :i I Mc-i~ t ~‘; s  . ‘I’Iie

c i j’t ’l .I I t . ’mi  i c .ls  t’ c - i l d l c l c ’ t t ’t l  I i i  e c ’ u i  lu n d - I  1 . 1 1  it 1 1 1 1  the nut I i t ’s s  e , i : - ( lu g  ‘aui

I , i c (  , ti l l I t ’ l l  i i. i S  l l i i i t ( u f  i t ’ t I  I i ’  I l l  c c i i ’  I ) u i i ’~ l h e ’  I h i t ’  t’ .o’, I  l u g  c ’ (  - I l - I sdlt uau ’t’s c - I  4 ’

1111 1 I i t s - - ’- it u th i t Iii ’ I I I t t ’  I’ t I c ’  ( h i  l u c i u i t t t ’c t  I i ’  I l Ie ’ h i d  ( cia i- I c I t ’

I t ; , I ’ hu t ’  u i . ’ u ’ u i l a  I e ’ , a. t I u i g  I i i ’ c I ’ t~~h 1 h i ’ t’ t i ,  c d t I (  I tile’il a:. (
‘

c i i  I . ‘ti - ( I  ) k i’ . i u

h c . i h e ’ u 1 4 — , III ,l(’ c’dl t i l l  ( l ie g u ’ c i u t u u c l  a u t h  c i i i  i - I h t ’(’ t ’ s i’  l i t ’  h a i t I ’ ’ c c l  na ( I  I ’ t ’i- S

i,:) t l u t -  ii t i c ’ I ’ a I ’ i ’ l e - ~~~ t~~~~~~I l i i  t h i t ’  f t d h ’ h h I S , (~t~ ( hi t ’  I u ’ i ’ i i i : - . , u c -  i - - i ’ I  I I I

j d c d s  11  I t c h  i ’ l l  h l m c ’  k u - a l l  I c a h i t - i  , i u i c h ( h i t ’  I ’~4 h , i ’ l t , ’ I d c ’  I I i c ’ ui t ’cl I I I  I l ie ’  I i i h ’ l h i S

~-I ) ( l i t ’  i.’ t ’ i l e ’ u - i’ ( o I i- p h  .t c ’ t ’ c I  t i m  (lie I c i i :  a )  I h t t ’  c ’ c ’ imc ’ i - c ’  I t ’ I : -  I l i l t s l m i ’th

iut t l (~~) h it’ t c ih ’ui ls  . l i ’ t ’  i ’ t ’ l l l c ’ i l ’ c I  l I l t ’  I 1 1 t h  1 1,1 1 i t ’  I c c l  ( I i , ’  c ’ c t t h c c ’ i ’ t ’ ( t ’  . t ’ I u t ’

1 1 1 , 4 1 1  i t ’ S : ,  is  c as t  u u t  s I  41 e ’ L u - ’ I ’~ :‘c~ t u a  I t ’ S Ii t g h i  . u u i t l  ( I t t ’  t ’ i l c l s  c i t  I lI t ’  i- I l l ( ’ t s S

1 i i ’ t h i ’ i ’ i l I U  I I ~ : I t . ie ’c ’ c I  I t )  tui ~’hit’s , i l t , I I’ I . (‘ ,t s  I I u h g  c i I (lit ’ i ’\ I ’ t ’  i l  lllt ’i i  i . i I

‘ia ( t u u ’ ~~:- h ’t ’qu u ( u’t’th .1 s l  I g h i ( n h  I~~ t’u ( l o u ,  i i f  ( hi t ’  O e m  i t t i t  c ’ , I s (  t u g  pt’t i e t t etc h u’ c ’

II ’ tumetti t h t ’ (cdi ~utIt h it t o n a l s t t ’( l~~ . ,, \ u  l e t -  ( hi t ’  h i - a l l  PhI P~ ’ u ’  1 1 . 1 : -  P I i l t ’ t ’ I I

,-, I t ’ P ) . bt ’vt’ , (hit’ I’ t 1 (~~~i~ c l i ’  I hi I V I I S  l i t  u e’t ’tI c c l i  I t~~ i i t  I ( l i t ’  !~~ Pt ’ i’ it I t  Ii

—- _~~~ . ~~~~~~ .4
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I h i t ’  S t - . . iu i-; du n I l it ’ 1 t I p  i- I t t i ’  I, t ’ l l u ’  I i ’  2 . ‘l ’ h t t ’  e t a  I I I  h i l u s  s u i p p l  t t ’ t h  u i n  i ‘ ‘ I  I:-

-l ~ ’t I  . l u i ( I  -I ~) ;i l c ’ c ’ t  l i c i i g ,  .u i u t l  I ) l . e ’I ’ti l i t  e ’ i i u i ( t i l I h i d t l S  i ’ t u u i s  ( i i  c t ’ ’ c t ’ i ’  1$ u n t h

( ‘ ~) 5 ( , Ie ’ i s i- . , I ’ t ’ : - I k ’ t ’ t  l \ t ’ I \  , (0 1 ’  i i  t,’cd u u i t ) l t ’ t t ’ i’ i t i i d c l  a t  SI1 t e ’ k : ,  t ’ hili- . 1 0 1 1 1 1 1  u t - cl

I I l . t  I I he t I  at  ht L i e ’  I h t i ’ t ’ f l  I h i t ’  e ’u i t l ’’ c i  I ’ I l it ’  SepIa u- c’s h~ ’ e ’ t u (  a I I t ’ F ( l i t ’  c ’ , ’ h l d ’ u - c - t i ’

l u . i t l  Se ’ I I, h ’ h t c i t  I ,  ~4 ) , ‘Flit’ lflU I I t e s s  s I  l i ek s  i t t ’ i t’ sI , , e ’ t ’ti I ,  n u i c ’ b u ’ s  , pa u - I  I I I

( hit ’  e ’ i t eh s l a  t he’ r I hl~u Im ( t ie ’ t u s t i a  1 I t )  111(1105 1- j ’ ill i U  1 111 1 .‘e’ h i l l S  I t ’  c u t
’ ( l i t ’  I 11  t e l ’

o I c c (  h i .  ‘Fl u e ’ c I t t  I l l  t t a s  t ’ i u l  n t ’ ., t i  v I I  l u s h  it i~~ I i  I hut ’ t ’ u m e l i -  . ‘ (‘  ( h i t ’ : , d j t u a  I t ’ l l  I t ’

t ’~’~’’i’ ’u I I hit’ e’~~ & ’ t ’ - s  e l  u ’ I Im (
‘ i’ c i i n  i t i t e m ’ I t ’  1 1 1 m g  it 1 lb I v  t u g  I lie ’ I h i- ce ’ i t t  u t ’ s  i t

I l i t ’  e n d  c u t ’ (lie’ sq ihu  it ’s  d c i i ’  uig a sseiuib I y c i t  ( lie ’ ira 1 1 u ’t ’s s  . S t ne t ’  ( hi t ’

-

‘ 
max  i lu lUlil  S[~.i ( ’ t ’  lit’ t W e’e ’ui ( 11cc eoids at ’ I lit ’ s c t h u l l  u t ’ s  Ii (‘ I t ’  u’ i t s~~t ’ t i n h i I  v u s t u t u  I v

l / ! — i t i e h i , t h m t s  d iet  u c i l  i i i a l t ’ t - i a l l y . i t ’ (’t ’c ( ( l ie  (‘ l I t er e’ovt ’ i ’ agt ’ .

17 .  ‘h ’but ’  a h i d  ‘ t O  p1,00011 f l i t ’  11 11 ,’; tuset l  lii (‘list I h g  (he ’ I’ i i’: I c’ t t ’v e u ’ i  t a r t ’ I’S

u ’ l  I h e’ e xp e l’ I i l i e ’i l l l i  I iumn (I i’ t ’Ss . I n  (h e  (w e t (‘ ( h I  ~t i i e1 I’ t i i a  I t l I ) ’ t ’ u ’  , ( l i t ’  L O l l  I t

pa p t - u ’  cu s i ’m i t  I eel l i i  t t t ’  Ie i ’mmi 1 no ‘ii’ltt’ I he ’ t’ ( lie’ I’ i I ( I I ’  d c ’  ( i i  lieu 1(1 ~~t ’ u’ I’ t i u ’ u tu

l im e ’ I t un e ’  I Iou ccl’ I hi e t  plipt’ I ’ • 
( hit I c i I’ ~~I ’t ’ ‘i t ’ l l  I t il~ 4 14 (‘ t ’ u iieit  I htetuit l  I ’ I’ t ’i i t I’d ’  FlU t h t g

h ’t ’ I W t ’t ’h i  s t i e ’( ’( ’SS  I 10 111501’s (1 1’ lila I t  I C ’ S ii u s  ( lit ’ s q t u ii  005 lIe ’ i. et O i l s  I c ’ut ( l i t ’

I a o L ,  S i  f l e e  l a h i i ’ i ’ ,i I a u - v  I t t s  ( ,s I ui d t o , t e c h  t h u  I s t t n i m t ’  bc iui d t u g  il’e ’ttlct 000111’

c l i e ’u i  c ’ t l l v  I lu t ’ I’ l l  l e t ’  t ’ I c ’ ( h l  st ’pu u’u ( e’d ( i i c c  iIdl ,lU t . ’t’ t i t  i t ~~l l 1t i t ’ S , I t  l u  h i t  c d t ’

e l I  I it- as  5p l’l I ~~’t’(l i ’l l  ( l i t ’  s t u t ’  (‘ U ( ’ t’ d i i
’ ( lie ’ e ’ L t ’  1cm l i i  I a r t ’ u’ I i ’  II, 1 11 1 111 1 .‘(‘ (hi i-c

p i- cab 1 o nu

1 ~‘ . Upon un i a  L I  11 mg ( lit ’ c l o t  Ii c - I l  hi ( lit ’ pa I ‘ i t ,  I I iy  1 t ’ i i t ’  e’ c’~’tl Sewn I I I

( h ut’ i.e waS i i  c ’ u - i so -ct ’  Iii ( lit ’ e l  ci ( I i  ~~U 111 1 I c c  I I . ’  ( hu t ’  e’e d u ’ t I c -hu h c l i  cc i t t  Id ill h

h~~’ c ’l  i uiltuil i (e ’t I ‘ i t t  (haul t l t ’  t a r  t u g  l ime’  e ast  t u g  ope’ i’ l u I  t o l l s  ( I ’h e ’t t ’  ‘ I ) , ‘l’li i s

u ’ t ’t l  tu e’c ’th ( h i t ’  t ’  (‘ h o e  I t i e ’  ‘it UI ( I i  c’ h’ ( hit ’ e l  c i t  Ii h I S uu i ine ’ I i  I S  ( w e d  t ume ’ht c : ;  i i i  sc ’ui ie ’
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t .t , ‘ t ’ ‘, a i  t I  .i I I~ ‘ t i c t i  I hu e i ’ I i ’ i  h I I c c  c ~c t  c ’u i t l  t i m  I ‘i i c u l t ’ I ne I l  .1 1 ( l i t ’  i - - c ’  I t ‘i, I I  I I t ’ l l  5

u , i  I h n t ’ i ’  I bh j , c i f i  C l i i ’ u t ’ , ,  I i t ’d l i t . ’ l i h i , ’h i t ’S t i l t t ’. ie ’ h u  S 1110 a t  .1 ‘i~~h~~. h l ’ t ’  , t i m

, l c ’ t I I , ~ I lit ’ I . ‘ i ~~ i - . ’i l  ( l i t ’ I I I  ( i i’ t ’ l t u ( h i  , i, ’ , u- i ’ ti i i - ,  t ’\ t ’ i’o l - t ’ cI t i c  t~’ ’ ’  I I  It ’ll

I l i t ’ I ,‘ u 47 i , - :0  l I m , u I . t u m  e ’ c iI uU I it I e h ( ll c u l ’ c ’ l i ’ t h m  p1 ’ i c  I ’thtli ’tI t i ll l’ ,it ’h l t t t t ’ . I- : ’ i t ’ uh

I l i t ’ u ’ c ’ t  Is i t t  l I t  ( l m t ’  I c u t t h t ’ t I  :, e ’ . h I i l S  : - t ’i t t i  t u l h i ’ ( I I I ’ t ’ 1 c m  h I h t a t t  st ’ii lt ’ ‘ m i l l S  1 1 1 g.

h u t n l  1. ’ .1 l t ’”~~c ’ I’ t ’\tt ’ui I

S L I E  Oh ” ( ‘l IE t-: x h’Eli I Ml -:N’l’

l~ ) . F lit ’ : , t  ( c ’ ~~ t ’ t t ’ u ’ ( t ’t t  t u t i ’  p h  . l e ’ c ’llic ’ t i I  d~~I (lie e ’X p t ’ t ’ I i u i t ’ui t , t l  iiuu t t r e ss

ii. l :’  I~~ l .u n u h  I t ) , l’t ’ u m u i e ’ : : - t ’ t ’ a h d i u t u  I I ’  lul l ti c s 111)11 1 u ’ t ’uu i iu  I ’ l’c ’lih Mt’iuupt i m s  it lit ’ r t ’

C hic ’ e x I s t  I tig u ’ , ’ i t - t  i n t ’ l ,  I i t . I s l u ’ Ide  t ’ \ I t ’i l u t t ’t l  l h p s (  u ’ t ’ , i u i i  cl l u l l h g  ( h I t ’  1 9 t 5

c ’ ou h : ’  I l ’I l e ’ I t a u t  s i s l i - tu i l  I ’ ’ p l ’evt ’ii I c ’ .l ‘i l u g  .u I - i ig .  I lit ’ let ’ :. I b l u u i k  c u t  (h i ’

i s: l i ~:~ I l ’Pl  g t i  c i ’  ,d  I n i l  to ~
‘ 17 A h h I ’ . ‘I ’ li m : -  I u ’0 . l  I l o l l  t i l l S  st  I t o  I oct i - t i  ( 1111 1

( h i t ’ I i ’S I se t ’ I I . 1 1  Oc t 11 I d  h u t ’  p L  ,,t, ’ t ’tI c d i h  . 4 i-i . t i m t I ~ h~~t u i k  wh i t ’  i t ’ i I it’u i t i  Id  hi’

:‘ci :’ e ’ t ’p  I I l l  I t ’ I c ’ ~ I ’ d ’ S  I t ’ll c u t ’  l i la  ( c r 1 1 1 1 I h i t ’ c o u g i m  I lie c up i ’li i u h g . s c c l ’ I hit ’  un it ( t r o ss .

I’ ll , l I l t ’ m c i  i t  4 - it ’ l l  I eI t ’~ i g u i  t I l e ’ I t u c t e ’ch .i i t  I t I l l  ~i (  c.’tl e ’ i ’h i e ’t’ i ’ I t ’ h ull ( I t ’ t ’SS

i’  ‘. I e u i t (  111g. I 1 0111 U U  c 1  c i  .11 t u t u  a I . i h i t u t u (  I ’ AI~Wl’ Ui I c t ’ I I h i u c i l  t ’ l i i i ’ . i v t ’l ’ l ug t ’

I i ci t  t t . t  Ii ’ i’ p 1 . d u i t ’ ) l i d  a elt’p ( h a I .t I i  t O t ’  I a t  ( li t ’  ( c d t ’  i d C hut ’ u i  .‘~s’ , I c d r  l I l t

t l t S t u u ’ l ’ t’  t i c  c O l t  , , b l i u u t ’ ii t i l h h u i f  i t t c t u t i f ‘ ,‘I d  I’et ’i . H u i i i ’ . l h I  ~~I t ’ 1 i u ’ I) 1I ’ i ’ I C I ~~ n . i s

I it ’d I f i r m  C h ut’ u l i S b l i d l ’ t ’  i ’d g.i ’ at ’ I hu t i  lIla C I l ’ t ’ Sl’  I t ’ C h i t ’ I c up  t u l ’ (hit ’ h’uiik

g i a  i t ’ I b I . i u n  to ’ 1 i t . i ,  - ‘I s i  Ide  t ’ I I t e c h  t o  e x I t ’  uicl I i i  ‘Ill I 11 ’ c’t I ,t~ I’ • c d i ’  , i  
~~p u - c ‘x I —

i l i . i  I t ’  i:i i t l h t . u i i l x  , t h c ’ i i u i  ( Iii’ s I  c i l u t ’ t c ’  .1 h i 1 i fl I II) I t O ’  I ‘ i i ’ r I  I e ’ ,i I I ~ Lue ’ 1 iu ’ i i  I lie ’

t i . i  t t ’ i ’  5 1 1 t h . t d . ’ i ’  • ‘h ’hi t ’ ( i s - m I S c ) I i U  u ’ c ’ : ~ i t c ’ i ’ t’  I.’ hi’ i - l a c e d  iii ( i i i ’  Cr11 1 I l’ t ’s:’t ’s

hi ’ I w( ’e ’ui u ’ ,i u i~~, ’ ’ I ‘ 
~
‘ i 2a . I u i t l  1:’ i i  ‘I I’ . 5  

~~ ‘ I i  ~~t’ t ‘.~~~ ‘ :‘ 
• .i :’O— I .o’  I lu l ls  ( i’ c ’ . u i b t

c ’ ‘i I t ’ l l , -  I t ’ l l  c c l  ( h i t ’  i t ’ i t ’ 1 h h l t ’ i i  I I, l ’t .- I t ’ 1 -I , ( tm lh t ’ l ’ u u L  I tut u t I t ’ t ’ :’u- , , I . i I c  I t e l  l u ’ i

‘.1 i’ S let ’ I , cc’u Id h i , ’ ,iss~ ’t iiIu L i - i l  I’ i - i ’m ,U41i al  I li t ’  I t ’ S  I Su ti lil i c ’S . I ’ l i t ’  l ’ c ’h : l . l  1 1 1 1 1 m g

t)  

- -  -“------ ---~~~~--- __-i
~
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- ‘~~) s q c u u  u’e’s won (c i h e ’  p 1 lle ’c,’d l U  t h ~ I’ I u i — I I i t u i  I l t t l h i e ’hic’ s i l u ’  ( lit’ i u i s l i c u u ’ t ’

~c t )  (‘c ’e’ I • 
c i i ’ t he’ li e’xt inili ( I i ’ t ’ss t l p st  i ’ e ’ l i h i l .

MOVE MEN ’l’ TO ‘FilE M1\’l”l ’IIESS IIAI1GE

2 1 . On 22 i~ t ug us 1 1 ~J68 • 
( lie e’ xp e’ u t  iuc’ i i (u I lul l  I I u t ’  i-s l i lt  ~t l lud tve ’ i l  I i’ t i l l i

( lie L I I  s I I u ig I ’ ii’ Id I v u  U ha l’gt’ (‘cd l’ I I ’I I C i  S ~)ti i - I  I t ig  h a  It ’  r I t ’  (h e ’  wt ii ’h i-c u Ic  -

.1 1 I s l a n d  -t O Re’ t’e’ I n i i t ’uI  , ‘Flit ’ 11111 1 ( Foss  wa s  p it. ’kt’d t ip  i i i  s t l u e ’ ks t u l

12 s q t l a i c ’s by a e’m ’au i e’ c u  t h  a I i  L I  l u g  I ’ u’ atu t e  and I e iztd c ’d c l i i  l t d  14 1 OW—tl( ’CI

1 t uck . 11 teas t hen ha ti l ed t e l  ( hit ’ r i ‘it ’  l ’balik whit’  l’e’ I I ‘iii 5 t l icive ’( l  In

I he’ SIl lIlt’ lilU h u t ’  I’ I’ i’ e ) uui t lie’ t o  et ch I a  t i m e ’ hiu i’ge’ I, Ph ie i t  ci 5) . A I 1 c I’ t lie’

- I-I-I c ’x  pe’ t’ I muhi ,’fl ( I I  1 ~ (1 Liii F t’S lIt ’  00 1 i m A d t ’(I i’ll i m ’  ha i’gt’ . ‘the ’ e’u t I t’e I olid I u mg

c u p t ’ l’s I t ci i i  wa s  a cec l im lp  I is  hod it’ I t  I i e tc t  t a uiy ~u I (C ’ I’ll t i diii c m l ’ I he’ ti L l l’ull lh 1

bau d I i ug p u’oced ci i t ’ a ml ut i  uc id i t  1 ci l ia  1 I h Ilt’ it’ll S P0CC Ui red t t i h~ nd to  and

I cia ti (l ie ’  e’X pC I’ i Ilie’ui I a 1 illU I I l eO-i S . I)ui ’ u u g  ( lie ’ 111111’ uug ope t’a l i on , cmii i y

Ofle’ i i i  s (a  f lee ’  t i l l S  u tu t ed whe’ t o  t lit’ t’ i l l e’ u ’ e’ L c i  t hi c li tli( ’ I c i c u s t ’  f I’ t ) h i I d U O  t I t ’

I he’ uuill I I ross sqtiu re’s

PLA C 1 NG ‘t I L E  M,A’I’TRES S

22 , ‘(‘ht’ t’ X~~t’ I’ I lilt ’ 11 1 14 1 11111 I re’s s sq l ilt I.e’S Wi’ i’d’ p 1 a (‘O t t I l l  l s l  uui e l  .10 ci i i

214 A u g t u s  I I ~ 6$ . Th e’ s u u k  eug  ape’ ra lion prcuce’t’ded ‘ i t - i t  i m o t u l  c l i  I’ I’ t o u t  I ~
‘ •

0 Xt’OP I lou’ Uli  1 1 1 1 1  I S  1 s 1 cliv I img  i i  f prod t ic I i ciii t Ill  (ii I he t’ i’aiU’ Opt’ i’s I cii ’s

hi c ’culult ’ II  i ’ e t l s l  elfli&’(l ( c i  t he  t’ xpe I’ i 111011( 11 1 1111,1 1 1 i’(’*iS

2:1 . ‘(‘lit’ i~
- O— S 111111 ~~ p i o h — c t  p I u ’ul i lt t t  s , c,h t ’hi I t  I C ’  ti~~e’th I i i  lI l t  ‘V 1 C i g I he’

11144 ( C C’ e’ss I’ t orI C hit’ s t u l ) I u I v ha i’ges I t u ( h i t ’  m~t t clock on (h e  s t u m k i n g  p l a n t

ce’ u- i’ used stle ’e- t’ss I’ ll I lv t u  ~ i oh t u g  up auid hatid 1 lu g  ( hit ’ l e s t  squa he’S

i’hit ’ Iii ; 1 , ‘(‘lit’ P t  o h —  iii’ t ’ u’aiiue i s  e q c t u pped wu I lm a so I c u t ’ a l i t ’  i n n  I j f l g

shoi’ I 1111 (1 I u ’ u i g  p t l h h i t s , t ’ t o l i  ii u t h i Ii i i ’ — I I II ’ t I ‘i’Ute’d I illg . t ’i’S I t i  hook ( lie’

II )



it u n - c’ ( a l i t - t i , ’ p1 01 t eal t i i ~~ c l i i  e’Ito li ‘- id e’ c c l  ( lie ’ sqelu i’ t ’ i — ’ , ‘I’ll,’ s l l i c u ’  I 
~ 

h it i--

I i t t  ( h i t ’  (di l l St C tIZt l’t’ ~ s- t In. ’ I c t t m g  p e l i u l s  I I (‘ I I hie Lit i l I t i l u l  i 4 ( I t I c t u ’ t ’ . ‘ I c ’

p l e ’h c up  I - t o  c u t ’  ( l I e’ l i - s t  sd~ Iu a I-(’S , I t  it -us u u c ’ e ’ t ’ss a u ’ V  l o t ’  t h e  I c i n g  p e u t l l t  s

i c a  p i t’  u ’t ’o C hit’ 11 1 I c r  d i d  Ii p i ’ t d (  i’hi t l t n g  c O i l  its i’d be I c- t’ e ’mi ( h i t ’  ( c-c l  5(1115 i c ’s

t ut ( l ie ’ area c l ’ ( h I t ’  Se’ai’ h I i i u x t o  p I ck  up (hit’ l owou’ S( Itti i l’t’ , lit t t ( h i t s

pro ’i ’e’c l I i ’  be ’ l i d  pt ’e ih i  h u n . A I S t c  
• I i u t ’  t o  u t ’  t ’O t i l l  i-i ’ u ’ i o i u s  1) 1 01)1 d un — i i i

i -- t I’ S I ’ ll I t u g  I lm e ’  nra ( ( i - t i - c : -  5 ( 1 1 1 1 1 u ’ t ’i-c ‘ii’lut ’n ’e’ ( hIt ’  k r a  1
,

1 pupt ’r ’  1usd ht ’t ’tm 101111 let I

L ie ’ I i l c ’ e ’ h i  ( l I t ’  c ’ It’ ‘ti l l Ii a l i et  ( c-c ’ I (‘ Iii I ar t ’  i’s c u u i  I lie i-c l u t ’k s  Ii I I lie e’as I t h g

I’ t t ’ I t I ,

2 I .  c \ i - , i - ’ t ’ I I I I t  h i -  ‘‘ I ( l i t’  I t ’s I i - t i t u s  u t’s t t i  ( lie’ inn s  I I t os s  vi I i i -  ( ( t u l l e ’  I i i  ( lie

i- ’ l I I i I t ’ l I i1 I i i l i e ’ h ’ I t S  W I  ( I i  S I U I i ( l ll h’ ( h na t I u’e’i-c S squa re’ s .  M t u s l  t i t ’ I he’ i l l  u t ’ ( r i n g

cus eleit it ’ imiutius LI y auid pi’t uot ’t’clt’d z it I I  11101115 1 ra I t ’ . (~~l(’ 11 111 1) 1114t h C c  I v  l u n

I c c e i  I it Iii - t ie ’ L h g  I e’i-i I t’tI t U a 51 1 111 I’ll Ic ’ e’ xpt ’  t ’ 1 iihe ’h i I I t ’  t I e ’  I t ’  u ’ l i I l I l t ’  I t  i- It- It: - 1 —

r l i i  1 i I ,  m u  1 It’ d cu t l h i . l I I I h j t h ~ v t u g ,  w l t t e l m  h i t ’ e - lul lw ’ (lie’ s (tlu iela u ’th Ilit ’ Il i c ~~h l u u i ’

I\ l I i i ~ m C i  h)7() (l’hiu ’Icu 7). I t  ivIt s used i -t i e ’ e ’t ’~~~i t ’ t t I  l v  j u l  Iv ir u g St i l I l t ’ cal

( Ii.,’ It ’s  I sqcu u  res , it n ( h i  no ~i~ 1 1 tw o 1 t o h s  t i t ’  di’ I l l  ‘i’s t I d e ’  (o  ( hu e ’ t umi d t ’  i - I  i- i ~~~

I i i  I ou ’  e ’ l t i l l i . I I  bud li t ’t ’u i  au i ( to i iialt’th (list t he’ p o u t  I c l t i  d l ’  ( lit ’ t ’ t u u l h i

i ’ x l  e ’uitl t u g  bey ond I hie ’ i-c ide’’-i c i i ’  I he’ lotus res ill t g li ( l u t l  e’ u’ I t ’  i.e it i t  hi ( lie ’

d u l S ’  I’ ll  I i t ’ l l  t c [ ’  ( lie ’ I c u c u  I , L i ci  I l i i i s w a s  n o t  (hue’ cli st

Ea( ’h I l u l u n ( ’ h u  w i n s  c i  c u s t ’ Iv eiiiu -it’ i’’i’e’cI I i i -  t I  uunc ’ve ’ (l the i ’it’ui (lit’ 11111 1

t h e v ’k I uu i d  c t i ( c u  ( l i t ’  t i l i  It’ I’ I d  d c ’  I e’ l ’ l m l i u i e ’  it -lit ’ I l i eu’  ( lie ’ I ’ m I ( c - u ’  e’ I c c l  hI c’as

i - I  t L  I 44 1 1 . d e ’ l l i ’ ( I  I c i  ( l i t ’  h c ’ l  (111 11 a I’ ( lie 11111 1 1 I’t’i-~i- sc t tla It’s ( P l i c i l  c d  5) . ‘I ’I i e’

e I . u t  hi d c l i  i - ’ i ’ t ’ d ’i I Sl C 1utu l’t’s 11 ,11- ’ P I l l  It ’d t oast’ I’ u’tllli ( h i t’  (‘ c ’ l l ( ’ l ’ i ’ I d ’  l i l t  ( ( ‘ t i - s  I t ’

s l u i ,’I h  t ’ X I t ’ l l  I I h i s  I I I  iii ‘ m i t c h  bt ’ c c l ’  I i ( 1  1 i’ t ’r  U t ’  ‘ ia I t te ’  I i  S t ’ i’d’s I ( i i i  (‘ i ’ ll  I I’ . ‘1

I I

-
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Several more squares had portions of the cloth pulled loose to the

extent that the filter coverage provided as the mattress squares were

being placed on the underwater subgrade was questionable . Numerous

other squares had one or more corners pulled loose from the mattress,

Since most of the cloth strips were pulled loose as the mattress was

being launched from the sinking plant , a breakdown of the bonding

f a i l u r e s  between the two type s of seams could not be made.

26 , There was some concern t h a t  s i n k i n g  the exper imenta l  m a t t r e s s

m i g h t  present a problem because of the substantial reduction in

permeability of the mattress due to the attached filter cloth . There

have been instances where a complete mattress has been overturned by

the tremendous forces of the current during the sinking operations.

However , no difficulty was experienced and the experimental mattress

sank as smoothly as standard mattress . Surface velocities of the

current measured at the inshore and outshore ends of the mattress were

3.9 and -1 .7 feet per second , respectively, generall y representing

norma l flow conditions.

27. The fact that the two types of seams used in this experiment

did not provide a completely satisfactory bond led to a second experi-

ment to test a different type of bonding device , which is described

in the next section as Experiment No, 2.

12 
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E X P E R I M ,EN’l’ NO . 2

‘tIlE IIOND I NG 1) E V I CE

28. A l I e ’  u’ be’ x u u g  ad ‘i- i sod of t he’ Is in  re’s in  t he bcin d i uig (IC V ed’ s tms&’d

in  the ’  I’ I rs I e’x pc u ’t  mcii t , (‘at’ I h uge M i l l s  , 1 Iwo u’pc l l ’a  ted , (‘u rn  I she’d Iwo  sa r i—

pie ’ s it i t  ii a t,’ u ’  i’d Se’Wu l cii root 1 c u u i  t t ip  ci i ’  th e  ci t it Ii. ‘l’ho h ad otu n  I i  u it i cd

at t e’uutpt s I c ’ elt ’ ‘it’ I c u p  a l l m c u i ’ t’ i - I t t i s  f a c t  or~’ b o n d i n g  cit v ice’ t een  be ’ I’d tI’t’ (he’

f t i - s t  c xpt ’ I’! 111011 1 c-a s cond not ed  . T h i s  I ype of bouid lug  (I(~ V t e e ’  h a d  II una , j cu r

ad ‘i ’ltul I age ’  c u ’ i  t’ r ( l ie ’  I c-a pro v ious I i- u sed in a l l o w in g  t he  ci t u t  Ii t o  ex t  cud

I lie ’ i’d E l  t i t c u  1 ne’hie ’s be’ v ciuid I he’ edge c u f  t h e  m u t t  ross on each side’ stuice

he’ t ’h l  t t u’e’ ~u 0— u nchi it’ Id t h c i i ’ the ’ i’ I at  ii Is id f i a t  it’ t I l l  flO F o l d s  to’ e’l’(’llSt’S

f’ha ( l ’s  9 11151 10) . 110 l b  511 uiip los ci i  c l o t  hi had Ii 1 /~I —  i uit ’hi e l i  SlIme I or c’urd

St’W ti cu l l  1 cu p , bel l tu lle it’s s pi ’l i - c t  hi- ’ lt,’u ie ,uu’i (I t h e  a t he u’ Ct ,’ I t  (in . ‘rhuese ’ we i c ’

la c-~ ted s ix t uichos I i’euun i and pars  I id (ci t he’ t w a  lun g  i t  ud I u i  ed ge’s

(h e  same as It) 1’ I hit ’ pro v i e) tuS I i- used st ’a IliS

CAST I N (; TIlE MATTRESS

2c.). The expc i’ i mental lull’ I t  cc’ s s SqUar es  We’ u - c’ C l i s t  II t Cli I t ’ s  I’ll i - t i  t ig

F it’ [(I , Tenne’s see’ • on 2 0 — 2 2  M ay  1969 , iu i ce iui j  etnet  I on it’ i t  hi t he’ i - t ‘suida i’d

lii’s It u’e’ss e’as I lug  can t t’ac t cli i cli it’ll— 1110(1 1 f l e d  t o i flCOI’pt)l’:l It’ I bi t’ cast  i ng

of  - 114 i - i t ( l lS  i - i ’s  c u t ’  m a t  I u - e’ss w I t  hi I he’ l i l t  t’ r ci ut  Ii bcitidt ’d t cu t he’ lici t t cOn

side, The’ o~i i - I  lug  pi’tice’cl uu’e’ t i l l s  ( lie i-c 1 1110 as t h a t  eused iui Expe ’ i’ 111011 1

No . 1 . Of t he  I S I e i - t  s t I tua u ’ t ’ i~~ 2-I W e ’ r e ’ (‘liS t using (ho pcil e’ I Ii le’uie’

e’tut’tI lund :u ~~ I ’ d’ (‘ .15 1 Ui- l u g  (li t ’  (‘1) 1 1 0 11 co i’d . The’ ci’l’no u’s u I’ he’ test

ltt CUU i’t’S W 0 l t ’  ~)a t l lt ( ’ el  ¶ 4 1  I i i  t ’t’Ill d i i ’  l ) l a c k  p~ m l  lou ’ e ’ asv  ide’n ( i f l o s t  i t ’l l

ci t (hit ’ t co li-pc’s t il ’ c ’u ’ u ’ c l  d i l l ’  t t i g  t h e  band I it ig  , zi~c~~e ’uii L i I u n g  , 1111(1 st  u k  in g

‘‘I’’ ‘ I ’ l l  t I d i f l S  ,

I :i
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M OV F: M F: N ’l ’ ’l’O ‘t ’hI E M.iVl’I’RESS l~ \R GF :

30 . On t c S ep t  c ’ul lh e’ i’ I ~lc~~ l 
• 

( lie ’ l e s t  s q ut ~ t i’cs t ie’ I’ d ’  u lm c uv e ’d  I ’ corn ( lit ’

i,’, iu -’l u n g l i t - I t t  ( d i  I I  u u t a t t u ’ t ’ ss b l i i’gd’ I u u i -  i - l i  I p u u n c ’ f l t  to ( hu e s u u i k u u u g  s u I t ’ .

I ’lu e ’ i - d i l l ’ s  i t ’s it ’d’ i c ’  I cu a t i c ’c I  m u  ( lie ’ i-~ , i l ! l t ’  lu l a i llle 1’ 115 l i i  Expo 1’ l ume n I No . I linel

uu c l l t c ’ a I’ I lit ’ c t  c u t  h St  l ’ l ~~~S d ’ l t u l i t’ 1 u ’ ’ u s e ’  d lui ’iuig the t o a d  l ug  eip i, ’x ’a  I m c i i i ,

P1 - \( ‘  I N( ‘(‘lIE MA’I’TIIESS

3 1 . ‘i’hie’ S i I c ’ sd e ’t ’ I cci I c ’u ’  p I . e ’ i ilg I lit’ -18 t e s t  i- qua  i’e’s t i l l s  I i i  e ’kuu uan —

Ro e ’ I t c ’ c ’ t Re’ V e t  u lit ’u i I • a b ou t  S I X  111 4 lt’i- d d u t d ’ii$ t l’t’litun 1’ ?‘Olll lii C k l i I U Z t  , Ke ’li I t ne ’ki - ’

‘t he ’ u t ’ C e ’ t ulle ’ ti cu lt s ( a lie’ e’ X I  e’ nele’d ~i , 9ti 0 fe’ e’ I ci owns I cc’ 11111 a I aug 1 ho e’ as

b l in k  Il l lul l It ’ 91h Ab hl’ . Ud ’e ’ l i  l u S t ’  ci t  ( hit’ 511111 1 1 i i t t u m u l ie’ I’ c ’ I S t t l l i l  i’ e’S iii \’ti ( ‘ i t’d

I’t ’ u ’ f d ’ i ’ l l t n e ’d ’ of (lie’ ( ( ‘ S t  i-’ q t i l i t ’ e’s \t .IS li c i t IA t ’ eii ii-idoi’~t I i on  u u u  t h i s  e’Xpe ’ i ’ i —

nl t ’ll I , ‘F lit’ d u n  h i  cu b J e t ’ I I ‘i c ,  ti ll S ( c ’  t Ie ’ I t ’  l ull tile’ ( lit’ zu d t ,’qusev c i  I t h e ’ cord i- in

b cut iel u u g  ( he’ I’ I I t  e’ t’ e’ ( c u t  I i I c ’  ( l i t ’  Ill’s I I l’e’S 5 sq lilt Ii’S .

32 . ‘(‘ho I e’s I sc~ dul l  i c ’ s  itt ’ V~’ p Ia  e’e’tl d i i i  22 Sept t,’ilub& ’ F 1969 . in title’

u uzn I I i’e’si- be’ I tu’coui l ’ 1 i u u ~~ t ’S : 17 70 .ind :t 18 30 . They were’ Ii i ’u’ange ’d I ~‘ abu ’ t ’as

I l l  dli e’hi o f  ( h i t ’ 1 i ri-I I hi i’ve’ l ’s  eu ie’hio s , c - u  I Ii ( lit’ i’e’lt la in i n g  I Ii i’c’e’ a i’ t’ a migeci

I t  lu u ’ e’ l i s t  I Ii (lit’ f eiu i ’  ( h i  l I t  cinch . ‘l’hc u ’e’ Wt’ I ’d l id ’  l ’eqim i l’t’ lllOl l t s I c~ u’ so pa i’s I ing

t lie’ I c ’s t St iL t ’s  I ’ d’S l lC e’cit ’d 1 u i g  10 1 hO I y pt’ c u F  t’cut’ d eti -t,’d . As 111 cxix ’) ’ ! flit ’li I

Nc ’ , I , ( hit ~’ 1,0 we’ n- c’ no c i t  I f  1 ccii  I te ’ s in s m uk u t u g ,  ( lie’ -IS i-qua re’s

3~i . The’ t’cii’d s st’ii’n ci i i  ( tip cii  (lie’ 1’ i l l  ci’ c l o l  hi de l t i i i l e t  i- pFO ’i’ Ide’d

a m o t e ’  i - I l l S f a e ’(  c i i i - ’  beind t h a n  (he  seams eu— ed in  Expe i’ i ium e ’ t i t  Nc’ .

Howe vi,’ V , I hit’ ui-c’ of  ht ’ oc ’u’ds d id nei l e’diuim p i t’ t c’ i v  c 1 111 1 1111 I t ’  bond i t ug

I l l  I I i i  it’ s lie’ I we’e’ui ( lit’ (‘ u I (or c I a  (Ii zuuid ma I t u’t’ss . As I lit ’ Iii’s I t  t ’t’ss ciii i t  s

were be’ u i 5  h i a n d t e ’d lInt !  , s st ’l l i Li I ed d’n the’ (lock a t ’ ( lit ’ s in k  nig p l a l i t  , c ’t l e ’

sq u’s Vt’ had I h ue ’ c l i i i  ii ~~ t I i ’d I c  c u s c ’ I’ t ’ cOfl Ii pa i’t ci I c ’Ut ’ S ide’ and l i il e i  I lie r

I L  
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It .~ I ( l i e ’ c- I  ei l Ii 1) 1 1 1  i t ’d  I c ’c ’ i ’ -e ’  I I’t ’Ill ii si~ma I I  I t  i’ t ’ l ! l i i  t u l l e ’  (‘ c t ~’fl ~ ’~ ’ , (ii i b c i t  ii

c~ i i . i  i’ t ’i- che’ i t -  ( lu t ’ s t  hia u ’I  i ,u I I l l  i l i i  cc’s cc’ u - c ’ ‘ ‘ l u i - t ’  i’V(’d , I he’ Ce it  (o n  (‘cu rd

h d  boon tise ’cl , N ’ ’ l i i i 1 l l i’ c ’i’ - cd t ’ I i ’  c ’I ’St ’ i ’v e ’t l  ci i i  i -qu i l t  I ’d’S wlie ’ i t ’  ( l i t ’  pa I t ’ I h i- ’ —

I e’I it ’ c ’ c ’i’el di li i-, tnse ’c l  , - s  ( l i e’ h i , u u i c l  t i l i ’, L I t - v u  c t ’

3-I . ‘I ’hi 1 s ~1t’ 11115 ‘‘ 1 lit , o u u m  g, ( lit’ I i i i  c i ’  c i  c u t  Ii t i l l  t lie uncle’ i’wa It’ i’ sub-’

5 i ’lie l t ’ I il  \‘ d u  1 ‘i’ve! S I Il iP t a u  I I I  t e ’  l’a t u d u n  c u t ’ ( l i v  ‘x l s  I i ng  lIlt ’ I hi c id  c u t ’ (‘li i- I i  ui g

,c u ’ ( it,’ t i l  l i t  e’d c c  ‘l I e ’ i t ’  I t ’  Ha ( I t oss  . ‘l’hie’ cc’ f c i  cc.’ , ( he’ c ‘ii I ~ um e an  i ng  t ’ c u i  t ’’ u s  I is

I lit ’ , , d c l  i t  l ol l’s I I l l u l d i t i l i t  u ’ t ’ q d u  i n - c - c l  I ‘ i  I lie’ pui ’chast ’  1111(1 j u s t ’ s  h a l  it ’ll a

l u e ’  I I i t t ’  I’ - ‘it ’ ( h i  t i u  ( In ’ c l i  s (  I I l l ’ ,  ‘ ‘ i ’ d ’ I’ l l  I i t ’l l . N c ’  add i ( l  t f l a  1 c’~’s t i- c-c’ i’c’

U t ’ 1 tit lt ’d ‘ l  i- i ilk u h g  I ’ c ’ d - . i  t n s t -  ( lie ’ cc’ was  us’ ci l i - C t ’  rn iii Ic ’ e I 1 l I t ’  i’e’nct ’ i i i

i~ h , t u ~t I  I 015 , l i S 5 t ’’,Ht’ I i i l~ , ‘lid I ,~illl c’hi I I l l ’ ,  c ’ I ’ ( lit ’ l c ’ S t  i - t ( I t l l  i t ’s  Ilt id 511111(11! i’d

I I u’ t ’s S S c~~l i , c I c ’s . N ’  s.i ‘i i t i g S  cd t’ i’d’ C 1 1 1 1 nit ’ei Ito’ ,- 1 1 111 1 us I i t i i ’ ,  ( hi t ’  hi ’s I I

papt ’l’ l ’t ’ c ’a l i se ’  ( In ’ c ’  i 1 sp i ’ .ii - I r ea l  m o n l  u’e’ q u u i  u ’ t ’tt ti cu l l icl pi’t’hal’l i- c ’ l t s c ’t

this s a C  I l i g s .

.i .u , I”c ’u ’ h” \ L i t ’  t ’ i ’ ’u ’ t u  I N c ’. 1 , ( lie’ e u ’s I ca l’ ( hit ’ c- i  t ’t  Ii ,ilHu tiil I c’d I c ’  513 .69

til l’ i-’ c~ ll I l  i t ’ .it m t l ( hi t ’  11(1(1 i t  j d ’f la  1 e’oi- t I’d ’ir  cast mu g ( l i t ’  l a I n  I I  ross c v i  ( h i  th i t ’

I i  I t ,  i ’ c ’ I c ’ lb  .i ( ( a  e’hit’el a lnc iup  I e’d 1 a ~ih ) d i t i  l 51) . h O  po t’ sq lu l l  Vt’ I’o I’ Ii I d i l l !  I

a n  — p 1  .i ~
- . - cc ’s t , I ’ Si 3 ’ 79 pt ’ t’ sq ii a  u’e Foi’ Expet’ I lIl t ’Ii  I N c ’  , 2 , t he c c ’s  I

at ’ 1 he t ’ I c ’  I Ii 11111’’ 1111 1 e’d I c ~ S I -7 . 32 pc’ u’ i-qua Fe’ and the’ add u I I c’ f l 5  1 Ct’S I I c ’ u’

e’IA S t  I li5 itl i S ~ t) . I t )  pe’ r S q n u i i~o l’t i r  5 1 0 ( 4 1  I i n  —p1 ace C u ’ s  t t’ I SI -1 . 12 ~c’ 1’

se~ cia i’e’

I) 1S(’(~S~’1ON

36 . lie u Ii ‘ ‘ I - (lit’ d’ N~~ e ’ V i  ull t ’u1 t 5 Wt ’ i’t’ (‘t if lS icit’ Foci Su C c e s s  J u n  I I I t O H  It

c u l l S  I t I l t ’  I u c ’ I i  S I  i i t i t l p c i  u t i  I . l ’hit ’ g ut ’ l i t  11111 , 101’ i t ’, t i t ’ the’ I 05 1 S d t l i l i  i’d’s itt ’ V t’
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01151 .i u i cl p t ’sc ’vt l l i i  IA i - St  l s t . i c ’ t c u i ’ i -  e’cuiicl i I i c u n . A l so , ( l u c r e ’  tt- e ’ u ’ t’ l i d ’

1111115 lilt h p i- cub  I t’I:Is e ’nt ,’eitl ut It, ’ i’vt! ci c u t ’  in g  ( lit’ e’d c u i ’ S c ’  c u t
’ (hit,’ Itt c ‘ ( ‘N  pe i i  111011(5

:17 , ( S s  1 u r t g ,  l ilt’ . i n I  ! cc i i  It (( ‘(I (‘ t u l l e ’  l’ t ’ t i ’  1115 t I rt’ss ci Il l (li e - t i t l e ’  1’ i, I a t  hi

.t I i £l ( ’ JI t’ d I d )  I lie ’ h ) c t t  I c u u u  s it le ’  l ildI S 1 11k 1 1 m g ,  11 l i i -  , i l t  l m i t t ,’g m’a I p 1 1 1 1  c c i ’ t h e ’

I l l ’s  I t  l e s s  I S  II uu me ’ .c u i s  1’~ it- li i c h i  i’ c’ ve l lno li t s ca ll  l ut ’ c ’ t ’ t i s l  i’ t nc ’ I od I c ’ pl’e i v i d u  a

u t ’ .c ( t n  d e ’ g 1’( ’t ’  c u t  pi’ei tt ’c  I I diii 11 gI l  i t i s (  I lie ’ c c i i i-  i C e ’  I c  ‘ l ee s  c u t ’ 1 lie 1’ 1 CO I’

‘t he ’ t i  i t t ’  u’ i, 1 a t  h l l a i ’  bt ’&’ n i-iht iwn lii pi ’t’ ‘c i  d u ll s I c - i - I  i- t o  be’ supe r ic i l ’  I c ’

g i’a ce’ I as Ii I i  l I e - u ’ , b eu 1 tin t i i n t u w  , (lie’ re’ hi ’s s n ot  be’t’ul a i - t i l l a b l e ’  ~iic I hi cxt

a ’ i a x  I . i Iu  h i ’  I c ’  F p l at ’  j u g  atli! l ieu Id 1 il~~ I he I ’ i l l e  r c’ I c u t  hi d u l l  ( lie’ tu uidt ’  l’wa 11’ !’

s tubg i’uelo . ‘lb 15 lul l ,’ ( h i c ’,eJ c i  1 111 1 ii a I t ’ S  ha lid p h  act’ iIle ’fl I c i t  t lit’ C i c t  111 and in  t h e

c-a ~- e -  c c l ’ I i -  111 11(1 - t O  tc as  p1 ac ’c ’t l  t t u  ‘s de ’pt ii cii 35 Ice I w i t  Ii lb pi’e’b lo ins

h’ l a t e ’  li e ’ U t  ( c c g rt’a (c i ’  di,’ p1 his  m~u v ho p d —  s i b le  bu t  ( l i i s c an be dc’ t e  l’lill ned

cili I~ bu, t ’ cui’ ( lie u’ t~~sI s  . N c ’  b a l  I a i - t  1115 i s  l ’cqulre(i (0 anch c r t h e  c l o t h  in

~ 1 lle ’e s l iu c t ’  11 is cl i  ret’ t lv um ui d er  ( lme mat t n’c’ss

A l  I he s suite’ t i tue , t here a ii’ i— c ’ ‘i t ’  I ’ll  1 i uihc’ re’ui t d i  sad v a u l t  age’s t o

( h i s  lIlt’ I hieid c u t  pi SC l t l g  t he I i l l  or  clolh . The 11111 ,le i r  c ’u i e ’ 15 th a  I I he

tiee’(l fcur g 1’ Vt’ 1 u s  miot e’ I iunina ted since the gi’aded bank Iti cus t bt ’ pi’ot ect€’d

dcii’ i ng (lie in  It’ rim ix’ u’ i cxi be tween I he g i’ad ing and i - i n k i n g  cqx’ra l i o n s .

The q uan t t t  y t ’ I 5V ’s  ‘c’t’ I could pc’obab 1 y be red ticed by t h e  ii’ qui i’emeti t f o r

less O N  I e’u u s n c-c cove rage , but  11(11 1’ 1 lul l uia ted . I f ’ t he’ cov e’ l’agc of t he’

f i l l  e’ V e’ h a l  hi we re’ 1 i lU I t  ed to  t h e  i nshtii ’e 25—50 feet ii he’ u’e g I’S Vt ’ 1 i i -

u i-cia I i i -  p I aced , t he’ requ I x’c uuuen t f o r  sh u t  (1 ing na It l’(’SS ba i’ge’s w i t h  (h e

t w o  types  ‘ ‘ I ’ vat  It i t ’s s wou ld  reduce the  ci ’ I’ ic b u o y  a f t he  i- i  Ilk 1115 d’~~~’l’ —

~ I i  t ins  • t’e ’sul I i ng  lU a Ii ighe F i -I  l ik ing  c.’c ts  t
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,19 . I ’ i i l ’,’ d ’ l l I t ’ i l l  ‘‘ I th~ I m l t e’ i’ c ’ i t ’ t h i  - ‘c t - n ’  ( lie ’ t i l l l i t -  l l l , u l  ( u , s , ~ J 1 t ’  I

, i 5  \ i , c i ”  , l c ’ l i t ’  i i i  l’. -’c J ’ t t ’ I : ’ I t ’ l l l N c ’ . 1 i i -  e ’,u l1 i’~~ld l t ’i’e ’d il i’ll t’t i c ’ l l l  1 1 , 5 1  5

0 ‘ ‘l i s t  l i l t ’ 1 1 c u l l  ( .1  ildI  pc ‘ m I l (  - - I l l  C c ’tn le t  c’ t ’ i i e ’ d ’  I c- ,l, 1 y l u t ’ ( ‘ c - c u l l ’ ’  t i l l (‘ Ii  1 1 \ I t ’ l l  5 i h h  c’

l i i  ‘- c ’ i i I i ’  c ’ . i S d ’ i - - , ,\ t  i - c i t  I c ’I l S  ct i m & ’ i t ’ pi ’t ili~~c -i i ts  i t i t h u  l u s u i k  l ’ s  1 I l l l ’ t ’ S  (‘1111 be ’

. c11  I i i ’ i p a l  c c l  h t ’ c - 1~ t i i - c~ ‘ ‘I  i-~ - c ~~- m e ’ e ’uu ’u ’ t’u l l  a t  I It t ’ S , Ii ig l i l \‘ C’ l’t i l l  i b i  c ’ sc ’  1 I s  , cii’

cO lue ’ u’ . l t l C t ’ l ’I ”t ’  c ’ ’ I I c I  I I  i c u l l S  , (ha’ t N t  I’ll t I O g , l ’t ’ c ’ c i i ’ pi ’d u I t ’c ’t  i t i ti  
~ r ’- ’~ ide’d h u v

( lit ’ I u I ( e t ’  e’ t c ’ l h l  ‘I l t \ h u t ’ i d . i l ’ l ’ , l i l l c ’dt , I t  ii - qt l l I c ’ 1 15t ’ t V  t h a t  ( l i t ’

t’ t ’d i l l c ’ 1 1, 111 l i i  :11,1 111 1 t ’ii ibd’ t’ c c i -  t -1 it c u t  l e t  i l l  l I l I i i i V  (‘It st ’S  li t ’ S t I l l s  1 ‘si t  t I a I

c ’ u l c l l ’, ’ , I l  I c ’~~~i i c ’ u ’ c ’ ( h a n  c c  I I  ~ c ’ I  l i m e ’ aid I ( 1 c ’ t l l l  I c’’s I ~‘I  (lie’ f l it 01’ c i  c i t  hi

tIc’ pt’tici cu i g c u l l I uid u c’ 1(11111 1 ‘— i t  e’ -~‘ c u u i e j  i t i ot i s  , i n  c ’t  hit’ r c’Ss(’ S it - l i t’  vu ,’ Ii l u l l  u k

I l l  l I u u ’ t ’ i t d iu l ei I I i t ’e lu t e’tl t i l e ’ u ’i ’  p t ’ c ’pe’ l ’t \  bi- ’ (lie I c u si - c u t ’ I I c ’ c i l i  Can t t ’ c ’l

s t u ’ u c’ t u u ’ e’s c i i ’  o t h er  e u ’ i I  i c ’ : i I  ctom’hs . ( l i i i -  lIuo ( hi d ’~i sh o u l d  be’ g t V e l i  St  I’ c uu i g

t ’ c ’I I S  ld c’ t ’ll I i t ’l l . Ecoui onm i CS  i s  i ic ’(  ( lie’ p1’ ilu i l l  l ’Y (‘ t i l l S  i e I t ’ t’ li 1 ion  i i i  sue ’hi

(‘ 11 sc’S l in ci I hit’ bc’s I pc ’s s u h u  It, ’ l u l t u i k  pl’t i t cc’ I i oil mu s t  he’ p1’ ’’” ide’ci

7 0 .  A 1 1 11aug11 p.~’ t ’ l c ’ i ’ l l l . u t l c ’ t ’ c u t  I hi t ’  C lc i t Ii wa s  c 1 f sc ’t’c ’tid Il l ’’, i m por t  111100

in I b i s  e xpe F l  H e ’l l  I , i -U l ’V t’v s hil t ‘it’ bt ’eti macto litltltll i 1 ( V  at (hit’ 1st ‘slid -hO

s i t t ’  l u  t i c ’ t o  ~‘m I Ut’ I i  l iv d i I I’e ’ u t ’ 11cc ’ s in  t h e  s c om i  1’ pil l to i’uu in  I l it ’  a re’ 115

c ’  I’ (lie’ f i i  I c r  ci  01 hi aiicl ( l i i ’  , l l I l , l d ’e ’ui ( i - I  ‘suds u’d 1111111 r o ss .  S inct ’  (‘ t i l l —

s t rue’ I ion  . hiiwc ’ cv i ’ , a i i i  1 l’ l i lig  i l ls  i i i  dop (Ii I i’otll I to  3 fee ’ I hi ’s s

(l e ’p cus 1 t ed  d) ’i ’c’l’ t h e  c ’i l l u u’~ (c ’i’i t I’ c’ lt c h  I hits ~~F0 ‘it ’ll t ing any t v pe a f

t’d u uTlp a u’ i  sl u l i , The’ t e s t  Ii Vt’ 11 111 I I I  e’kllt ’sil —Reel t cici I it u s  c’c ’u l  s ide  red I u ’ c ’

s 1 ’ I l ! l h  I ’ ’ make ,c t i i -  11101111 i u i g f u l  c o n m p a l ’ i s u ’u i s .

- 7 1  . I I  i s  I i Ig ,~ ‘1- 1 1111 1 t h a I (hi t ’  l i l t  or  e’ I cit Ii i-v I ccl od fc i t ’  a g ly on

s m I c  ha ye ’ ‘‘pull I li5 s sma h i  e l ie icug hi  I ci e’ f It ’d ’ I I ce ’  I v Fe’ l ’s  i n  I hit ’ i- cabg radc ’

nun It’ I ’ i’s I . A l ( Iii’ same I I me , It  15 t’qua l i v  i m pe i r(  1111 1 1 h i s  t bc C ( c i t  hi
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have’ s t i f f  i C i C i l t pei ’meabil i t3 ’  i i ,  p ro v i d e ’  f t - c t’  d i i i  u i m a g , t -  ( c i  prevent the

bu i ldup of a hyd t’cus to tic head . WI t h  t he’ iuiaiiy t pt’ s ~ tid vai’iat ions  t uf

sy nt h e t i c  f i l l e r  m at e r ia l s  p r e s e n t l y  on the  marke t and 1 K W  ones being

developed continuous ly, the designer has a wide range f r o m  wh ich te )

choose to meet his particular needs. The type of sel l comprising the

beth and banks of the site should be considered along with drainage and

ground water conditions . The velocities of the current , angle of

attack , and the hydrographic cycle are other factors to consider.

However , it must also be considered from a practical view tha t the more

types of cloth that are used , the more complicated the logistics problem

becomes, The use of any mattress underlain with filter cloth will

require shuttling of mattress supply barges since it is not feasible to

use the mattress with attached filter cloth exclusively. The use of

more than one type of cloth or fabric will simply compound the problem.

CONCLUSIONS ,- - ,

-12 . From the two experimental installations of the filter cloth at

Island 40 and Hickman—Reelfoot , it was concluded that:

a . Bonding the cloth to the bottom of the malti’ess squares

does offer a satisfactory means of placing and anchoring the cloth on

the underwater subgi’ade to a depth of at least 35 feet.

b . The 1/4—inch cords sewn on top of the filter cloth as used

in Experiment No. 2 provide be tter bond ing qualities t h a n  the fiuldcd

and sewn seam of the t ypes used in Experiment No, 1 .

e. This method does not eliminate the need for grave l in

revetmenl construction , although it would probably reduce the qu~int i l v

required .
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