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FO R EWORD

This stud y was conducted as one of the sub-studies to the Long Range Spoil Stud y .
Thi s invest i gation centers on the dev elopment  of  .i more effect ive dred ging p lant that  wil l
be able to operate at acceptable costs when emp loyed over  long haul dist ance.  The over-
all stud y was conceived and in i t i a t ed  by the former  Phi la deI~t h ia  Dis t r i c t  Eng ineer , Bri g.
General W. W. W a t k i n , who had been directed to such an effort  by the  Chief of Eng ineers.
The Pro lect Manager k r  the Suh -&ud y w as  Mr. Adol p h Mohr , P .E .  who had assistance
from Mr. Lewi s  Caccesc , P .E .

The “Long Ran ge Spoil Di sposal St ud y ” consist s of seven part s which are l isted
below. Part I wh ich  is “General Data  on the Delaware R ive r ” con t a i n s  detai le d bac k-
ground data which is per t inen t to t h i s  rep ort .  Th i s  report  is Part IV of the overa l l  stud y.

The stud y is div i ded as fol lows:

PART I - G E N E R A L  D A T A  ON TI lE DEl . A ’~A R F  R I \ ’ E R f u r n i s h e s  the  in format ion
and data on the Delaware R i v e r  wh ich  is pert i nent to the  en t i r e  stud y.

P A R T  II - SUB-STUDY 1, SHORT R A N G E  ~ )LI ’TION e v a l u a t e s  the r ema in ing  dis-
posal area capac i ty  in te rms of i t s  r e m a i n i n g  li fe , and to r ecommend any f u r t h e r  desirable
and acceptable dispo sal area d e v e l o p m e n t s .

P A R T  I I I  - SUB-STUDY 2, N A T U R E , SOURCE , AND C A U S E  OF THE SHOAL de-
velops in depth the basic data as to the  na tu re  of the l)e laware R i v er  shoals , t he i r  sources .
and their  cau ses. It is hoped t h a t  t h i s  k n o w l e d ge may reveal new concept s for the  be t te r
contro l of shoal s~

PART IV - SU B -STUDY 3. I ) E VELOP M ENT OF N F ~ D R E D G I N G  E Q U I P M E N T
AND TECHN I QI E i den t i f i e s  the best in dred gin ‘ r l ari and dred g ing techni que f o r  Dela-
ware River  dred ging ma intenance  task s now and in t he  fu tu re .

PART V - SUB-STtJDY 1, PUMPING T }IR OI ’Gll LONG l iN E S  examines  the mer i t s
of t ranspor t ing  dred ged mate r i a l s  man mi l e s  th roug h p ipe l ines .

PART VI SUB-STUDY S . I N - R I V E R  T R A I N I N G  ~ORK determines the p oten t i a l
of t r a in ing  works for control of shoa l ing .  It  i nvo lves  considerable model t e s t i n g .

PART V II  - SUB-STUDY 6. DE 1.A~~AR E R I V E R  ANCHOR AGES consider s the effect

~ man-made anchorage on shoa l ing problems and th e m e r i t s  of a l t e rna te  solut ions.

_  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ _
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SU MMA RY

This report has looked at the evolution of the exis t ing dred ging practice emp loyed
on the Delaware River  by the Philadel p hia Dis t r ic t  of the Corp s of Eng ineers.  The ex i s t i ng

dred ging practic e is based on f ind ing  di sposal areas w i t h i n  about S miles  of the shoal

areas. The need for modif icat ion on the pre sent method is foreseen because the a v a i l a b i l i t y
of such dispo sal areas is di sappear ing. Wi th  the apparent requirement  of long hau l  d is tances.
the hopper dred ge system , present l y used , would become very costl y. Thi s  report suggest s

dred ging equi pment  to cope wi th  the  f u t u r e  problems.  The conclusions drawn in the  report
are not to be interpreted as the op t imum system However , the scheme tha t  is pre sented
does represen t the best sy stem for long hau l s  on the Delaware R iver  w i t h i n  present  kno wl-

ed ge and experience. It is the  Dis t r i c t ’ s i n t e n t i o n  to con t i nue  expe r imen t s , i n v e s t i gate
new ideas and methods , and improve both ex i s t ing  dred ging techni ques as well as those of

the fu tu re .
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I. INTRODUCTION

BA~~~GROUND
The Delaware River , and particular - Since the shoaling occurs primaril y

ly the Phil adelp hia Port Area , supports a at specific locations, disposal areas for
major port comp lex . Over 100,000,000 tons the dredged spoil in these vicini t ies  are
of waterborne commerce move each year of key importance. The supp l y of di spo sal
throug h th e Port of Philadel phi a. This areas in these critical areas is severel y
commerce rel ies , in large part , on the l imited becau se of past use of the mo st
man-made 40 foot channel  from the na tura l  desi rable areas and the p hy si cal develop-
deep water  in Delaware Bay to Fair le ss, men to f  the remaining areas. Plate I shows
Pa. The U.S. Steel P lan t loc at ed at Fair- the mo~a si gnif icant  shoaling areas of
le ss, Pa. is dependent upon waterborne the r iver  and the related disposal areas.
ore and is 133 miles upstream of the

REA SON FOR ThIS STUDYpoint  at which the Delaware Rive r  jo ins
the At lan t i c  Ocean. It is  interest ing that  Since shoal i ng occ urs at specific
the man-m~~ e 40 foo t channel rep laces the locat ions the avai lable  disposal areas
natura l  controlling depths of 17 feet to wi th in  the range of economical dred ge haul
Philadel phia and then 3 feet to Fai rless have bee n , or are being, consumed. In the
which existed in the earl y 19th Cen tu ry .  Delaware River , where hopper dred ges

pump to overflow onl y ,  the li mi t  of economi-
Maintenance of the 40 foot deep cal hopper dred ge hau l genera l l y is S to 7

channel require s constant  dred ging.  Over miles .  It can he noted tha t  th is  5 to 7 mile
10 ,000,000 cubic yards of mater ia l  are l i m i t  exceeds by f ar  the  normal capab i l i t y
dred ged annual ly o u t o f  the Delaware R iver  of a p i pe li ne dred ge. Accept ing  that  all
and i ts  t r ibutar ies  to suppor t commerce . disposal areas w i t h i n  a S to 7 mi le  r ad ius
7 ,000 ,000 to8 ,000 ,000 are dred ged from the from the  r e p e t i t t v  shoal areas wi l l  one
40 foot chazi~el and associated anchorage day he consumed , it the n fo l low s  that  the
and p laced ashore each and every year .  A dred ged m ate r i a l  must  he t ransported
characteri stic of the dred ging i n the Dela- greater  distances to ar r ive  at areas where
ware Rive r  is that , for the most part , the disposal area capac i ty  may he developed.
shoaling and the subsequent dred gi ng It is evident  th at  the closest location
takes p lace in repetiti ve loc ations and at where a prac t ica l l y l imi t less  potent ial  for
reasonabl y predictable rates . the  disposal of dred ged mater ia l  exists  is

the  low land areas which surround Delaware
Th e most si gn i f ican t  shoal ing areas Bay and in disposal ar eas which may be

are: Marcus Hook , Pa.; Phil adel phia , P a.; created in the waters of Delaware Bay it-
and New Castle , Del aware. These areas self. This indicates that  dred ged material
represen t the majori ty of the dred ging re- may have to be hauled up to 50 miles at

.5— phia. It is apparent that any better ap-
quired to ma in t a in  the Port of Philadel- 

~ 
date in the future.

pro aches to the dred ging and spoil di s- OF STUDY
posal problems in these areas will have
relevance to the dred ging work in the en- The object of this stud y is to cx-

I amine  present dred ging technology for thetire r iver.  
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purpose of select ing,  improv ing,  or con- nel under the fu tu re  s i tuat ion where dre dged
ceiving better equi pment and techn i que material  wi l l  need to be transported long
for ma in ta in ing  the Delaware River Chan- distances (23-50 miles).

II. CHANGES IN DREDGING TECHNIQUES

RECENT DREDGING E~~~ERIENCE or capture  because of i t s  f lu id  na ture .
A lso . it  created deceptive doubl e bottoms

In 1954 the Corps of Eng i neers he- on f a thom ete r  rolls.
came more s t r ingent  in dredgin g techn i ques.
Since that  t ime  there has been a pa r t i cu l a r -  In  March 1963 the Sump Rehandle r
l y stead~’ increase in the consumpt ion of system of dr edging was supp l ant ed by the
disposal areas. It was in 1934 tha t  the direct  p u m p  out hopper dred ge. (Fi g. 2~
Sump Rehand l in g  system , seen in F in .  I . I n the la t ter  techni que the  hoppe r dred ge
of channel  dredg ing was ins t i t u ted .  This  ob ta ins  i t s  load w h i l e  pump i n g  onl y to
system emp hasized the pos i t ive  re tent ion  overf low.  The dred ge then transport s the
and disposal  ashore of all inr t icles which  load to an appropr ia te  locat ion where i t

were p icked up in the dredging proce ss. pump s  i t s  m a t e r i a l  in to  a p i pe l ine  which
Hopper dred ges unloaded the i r  haul  in t o  t e r m i n a t e s  in t he  disposal  area. . By t h i s
the Sump Rehand ler which was a vessel method each p art icle  tha t  has been dred ged
designed to store and p u m p  the  m i x t u r e  reaches the  dispo sal area. This  t e c h n i que
ashore. Similar  emp hasis  to prevent the is an improvement  over the Sump R ehandl er
loss of f ines was placed on cont rac tor  t echn i que in t ha t  the i n t e r m e d i a t e  Sump
and pr iva te  dred g ing o per ation in the r ive r .  R eh a n d l e r  has been e l i m i n a t e d  w h i l e  the
For examp le , enclosed r e h a n d l i n g  basins characteri s t ic  of r e t en t ion  of a l l  f ines  and
became obli gatory for r ehand l in g .  The othe r eas i l y suspended p a r t i c l e s  is sus-
s t r i ngen t  practices were in s t i t u t ed  be- t a m ed.
cause the prior dred g ing practice , which
permi t ted  hopp er dred ges to p imp beyond The e f f i c a c y  of a dred g i ng sy stem
ov erflow , rehand l ing  of dred ged ma t e r i a l  which  e mp hasi zes the  po s i t i v e  r e t en t ion
in open waters and free dump ing.  were and dispo sal of all dred ged pa r t i c l e s  is
compounding the maintenance dred g ing presented in the publ ica t io n “The Direct
problem . The f ine grained material s which  Pump Out System ” , issued by the Phi la -
form the shoal s were f requent l y be ing  re- del p hia Dist r ic t  of the North A t l a n t i c  Di-
turned as a colloidal suspension for sub- vis ion in March of 1964. Per t inent  quo ta -
sequent fl occing.  shoaling and redred g ing.  t i ons  theref rom are:
In addi t ion,  the f ine  ag i t a t e d ~arcicles
were creating massive clouds of li ght BOTTOM DUMPiNG
wei g ht mater ia l  wh ich  was suspended
along the ri ver bottom as a layer  of “ f l u f f ” . “Prior  to December 1934 , removal
Thi s mater ia l  was de t r imenta l  and danger-  was accomp lished by hyd rau l i ca l l y  dred g-
ous to navi gat ion and f r u s t r a t i n g  to dred ge ing mater ia l  in to  hoppers , h a u l i n g  it to deep
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Fi g. 1. Sump Rehand ling System.

water e i ther  adjacent  to the channel , or to f iner  ma te r i a l s  so re tu rned , plus  those re-
the sea , or previousl y excavated rehand l ing  s u I t i n g  from free dumping .  formed sh i f t ing
basins close to disposal areas and then shoals of li ght m ate r ia l  and caused the re-
dump ing the spoil through doors in the hot- cording of a Liver of “ f l u f f ’ ’  or ‘‘double
torn of the hoppers. The rehand l ing  basins bot tom ” by echo sounders. The s h i f t i n g
were 150 feet long and 500 feet in wid th  shoals were de t r imen ta l  to navi gation and
and were excavated to a dept h of ~~S feet. d i f f i c u l t  to remove. It was also noted t h a t ,
From these rehandl ing  basins , a p ipe l ine  on the average , there was dred ged each
dred ge pumped the material  in to  the near- ye ar  three t imes  the est imated amount of
by disposal areas. ’’ shoal ma te r i a l  en te r ing  the es tuary  wi thou t

a corresp onding improvement in the condi-
“The bottom mater ia l  comprising t ion  of the channel .  The year 1951 may be

recurring shoals in the lower portion of the used as an examp le of th is  type  of opera-
Delaware River is a li ght silt , about 1266 tmon.  A total  of 25 ,600,000 bin yards were
grams per l i ter  in densi ty ,  wi th  appr oximate-  dred ged dur ing 1951 by use of hopper
l y 90 per cent by wei ght of the solid grains dred ges. Of t h i s  total ,  14 , 300,000 were free
f i n e r  than .06 mm in diameter.  The reten- dumped in the  estuary and the balance was
(ion of such material in rehandl ing  basins dumped into rehand l ing  basins. Of the
presented a prob lem. As much of the finer 11, 300,000 yard s dumped for rehand l ing,
material  was carried away by r iver  currents  onl y, 3 ,900,000 yards (52%) actual l y were
and thus  returned to the channel , onl y the p lace d ashore , 5,400 ,000 yards (48%) were
coarser material was actuall y removed. The returned to the es tuary  as a loss from the
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Fi g. 2. i) ’r e c z  Pum r Out System

rehand l i ng  process. In ot her words . ~ of  m i l l i o n  y ards  b eing dred ged annu a l l y. Oh-
the to ta l  ma t er i a l  dred ged w a s  p e rmi t t ed  v i ou s lv . the Sump R e hand l e r  ~v s t e m , w i t h
to re main  in the  e s t u a r y :  1 1.300 , 000 y ards  i t s  pos i t i v e  re ten t i on  fea ture , reduced th e
by free d u m p ing  an d ~~. 100 , 000 y ards  by r e— dred c ing e f f o r t  one -ha l f  and ,  at  the sant e’
h a n d l i n g  loss. ’’ t i me . pro duced a be t te r  c h a n n e l . ’’

“ I t  was obv ious  tha t  bot t om NATURE OF DELAWARE RIVER SHO AL I r’4G
du mp ing t n t , ) r e h an d l i n g  bas ins  wa s  f l : t

e f f e c t i ng .i pe rm anen t  removal  ~f dred ged An u n d e r s t a n d i n g  of the n a t u ; e  of
m a t e r i a l ,  It  mus t  be not eel , h a w e v e r . t h a t  the  m a t e r i a l  dred ged i ti t he Delaware  Ri ~er
the method of r e ’han-i l  ing  spoil by dump-  and the local shoa l ing  process is of v a lue
ing into open water  basins h i s  mer i t  when in c o n c e i v i n g  dred g ing p l a n t s  and dred g ing
the m at er i a l is heavy and consists of rel a ’ t echn i que s .  A lmos t  one hal f of the main-
ti vel y coarse g ra ins  tha t  readil y ser ’lc  ten ance dre dt  in g  in the  I) elaware R i v e r
after  dump ing and are not si g n i f i c a n t l y  is clone at ~Iarcus  Hoo k Range.  D eta i led
affected by p r e v a i l i n g  current s .  Prior to  sam p l in g  of t h i s  shoal was done by Phi J , i -
sump r ehand l ing ,  22 Flopper Dred ge mon ths  del p hia D i s t r i c t  in  1967. The samp les we re
per year together w i t h  fu l l  t ime use of anal y~ e l  in the Sout h A t l an t i c  Div i s ion
several  p i pel ine dre dges were necess.ir Laborator y of the Corps of Eng ineers .
to handle  nea r ly  25 m i l l i o n  ya r d s  bein g
dred ged an n u a l l y. Subsequent  to th e sys- Thi s t e s t i n g  program revealed tha t
tern ’s i n i t i a t i o n , onl y 10 hopper dred ge approx imate l y l0’~ of the soli ds in the
months  per ye ar  were needed to handle  7.5 shoa l were organic when measure d by

4
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weight. The 90?~ of inert matter remaining cur repetitivel y at specific l ocations in
was composed of pa r t ic les  wh ich had a the Delaware River .  The hulk of the main S
size where 99% of the m passed the 200 tenan ce dred g ing mater ia l  encountered
mesh screen and approximate l y ~~~ were in the Delaware  River  e x h i b i t s  the same
f iner  than .00 1 mi l l ime te r s  in size. The charac ter i s t ics .
gradation curve of one of these samp les
is shown in Fi gure ~~ . These analyses

manifest the  na ture  of the material to be In  the foregoing lies the exp lanat ion
dred ged. The 10~ of organi c ma te r i a l s  con- as to wh y i t  has bee-n found beneficial to

tri bute more than 10°~ of the volume of emp has iz e  p o s i t i v e  r e t e n t i o n  of particles
each shoal because the organics have .i which are dredged; to avoid ag itation

lesser specific g r a v i t y  than the iner t  mat-  dred g ing: to l i m i t  hopper dre dg ing to over-
ter. The set t l ing rates of the organic  ma- f low onl y:  to enclose rehand l ing  basins;
teria l s and of the iner t  mat te rs , because and to insist  on enclosed disposal areas
of their  f ineness , are o bviousl y extremel y w i t h  f i rm wa ste-  weir controls.  It is be-
slow. Thi s f ine  material  is gene ra l l y  r i d -  l ieved tha t  the dred g ing process wi l l , b y
il y transported b y the m o v i n g  water  u n t i l  ag i t a t i o n , break down th e floc or aggre .
i t  arrives at a loca t ion  where the r iver  has gat ion of par t ic les  and wi l l  resuspend the
environmental  characterist ics of p H , cur- f ine par t ic les  to renew the cycle of sus-
rent , etc. suppor t ing  f loccu la t ion  which  pension . fl occ ing .  and shoal ing whenever
causes the se t t l ing  for  shoa l ing .  These par t ic les  are p e r m i t t e d  to re-enter the
character is t ic s explain  wh y the shoals oc- wa te rway .
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A nother  si g n i f i c a n t  c i i a r a c t e r i  s I t e  in dred g ing in  t he l)~ I aware ’  R i v e r. ‘l ’iii s
ot 5110.11 in g  in the-  Delaware-  R i v e r  i s  ib at  is  sub si  ant i ate - .i by t i l e  I) e’l.l wa re -  l)r ed gi ng •

t here ’ i s  a i t u l l  p o i n t  in tile’ l)ela ware- R i v e r  hi s iorv .  In t he  ve,lrs pr ior  to Sum p R e -
near  th e’ lower  e’nd of  A r t i f i c i a l  I s l and  h .indl  e-r an .t y e r ac e ’  i i i  ~, ,00() , 0 ) ( )  cu b i c
,ibout  ~2 lii i Ic ’ s .l tX )\ e  tile’ iitou th esi t h e  y a r d s  ~lf mate r i a l  we-re ’ b e i n g  d r e i i L ’ e d  ,i n-

r ive r , see ’ p l at e  1), U e ’lo w t l t i  s p0111t for  i i u , i I l ~’ f rom t h i s  h a r r i e r  are a w h i c h  is

son~ dist ance , bell e’ve’d to he at l e a s  to  know 11 as Li s ton  Rant~e-. Si nce’ t he- ‘~U in p

mile ’  i i . k l t  t o r n  tI  ,s’d t ide  c u r r e n t s plc- Re ’h _ in d le ’r . or p o s i t i v e  r e ’ i e n t  i on  i t a s  b e e n
•io i i t i i l . l te  o v e r  e b b  t i d e -  c I t r i c  I l l s ,  Sinc e ’  i i i  Vo g Lie ’ . no s i i o . i l in c  i _ i ke ’s p 1_ ice - l i t  t i l l s

151st of f l l , l l c r i . l l  i t  t r . t n s p c l r l  i s  c a r r i e ’ ,l . ir e,1 and no d r e - d g i i c  t s  r e q u i r e d. A more ’
along th e  h ot t orn . i h i s  .lr ea h e t w e - e ’ i :  m i l e  d e ’t . i i ! e d  d e s c r i p t i o n  , i t  t he -  n a t u r e -  of t i le ’

‘2 .in i l i t t l e -  i i  lo rn i s au e t t e c l i V e ’  h . t r r ie r  shoal t i t j t e ’ r i . i l  and t h e  ~h o _ ì l t i t ~ p r o c e s s e s
to the t r . i i iSp~3r i  of 5~ s ! l , I 5  t O  D e l a ware ’ l~ .i% i s  c e i i t t _ i i i i e ’ d  i i i  the ’ r e p o r t  out ‘~u h  St udy
or t he’ ~~ a. ( i l l l s  - l ue ’ n t l v . I c l t , i t i . ~t 1 e l f  \~~. 2 w h i c h  d I s c u s s e s t h ~~s~ m a t t e r s  i i i

sho al m , i t e ’ r i . i l  r e s u l t s  i n  i n e r t l y  •t re - c b s -  in ore ’ de’ t a i l ,  I lk ’ f o r e - g o i n g  • i i s e ’ u s s i o i t  oil

h u t i o t i  of p _ t r I l l _ L’s il t i l e  \~ ,t~~~-~~\ \ , I \  t i l e -  c’ h . i r _ ic i e r  , ind n a t u r e  e l f  t i l e ’  sii , ’ ,tl i n c

~~‘i ~ t ! ’ l \  h r ’~~. l r i n c  in  .1 r e I ’ e ’ l l t i \ e  5110.11 i n . I t e r i a l , t h e  s i i e h i l i t l c j ’~~i l e ’ ’ ss . .ut d t h ~
_ 4 1  _ ln 1 i s  no t  .111 i t e - c t i \  i l l e ’ i h , ld f o r  • i r e ’ IL t r l i  t e c h n i q u e  I s  te l  e s t . i l ’ l i s i l  t i l e ’

r ( ’ l i l t l \  i n c  t t l . i t e r I , l l  t i l l i~’ r i t l.t it lt , i i I l I i l ’, i e ’ s i r a h i i j t i  a t i . l  ne- e d fo r  i n s i s t i n g  u i _ i t
th ~ ci . i t e ’ rci i i  - r i l e  ci f e e t  I \ u i i e ’ s s  of t i t i  f u r  u re -  c I r e - J ~: t n g  p l a n t  f o r  t i l e -  Del accar e

il .i t ur .tl  f l t , c ~ h a r r i e r  i t t  t ’ l i  I l l t l , l t i i i i  t i l e  R i v e r  b~ c e l u i c e i c e - ~i c l i i  t i l e  h , i sj s t h , i t  l is t .

ot ‘ t~ I t  l i - s  do ii ti s i  (.1111 t~ he ’- t i e ’  ,i t , l t i  o n d r i d  in  s u c h  as  p u t i p  t i l c

iou  ~ r t i I I e ’ i . i l  I ,-_ l . t i i d . a t t 1 l  t h e  1.1 .  t h u in t o  l i c i p p e r s  b~~y~~i ij  e ’ v e r f l o w  w i l l  he- N’~-
I r e L ’ I I I _ me t h ~~l~ v, i t ic h  a i  i t _ l i e -  ls t iu  i i i  f i t t e d  , i t ld .  scc’ e l i i e i . t i t . i t  I l l . t l ( ’ r i , l l  onc e ’

l i i i  i~ -~ i t l i e u  e-. ip t u r e  , i i i i di s r e~ s-.- li ‘ ‘ l c e e i  s i t _ i l l  be , i l s 1~ e,~~~~J e l f  i tt  .1 ‘ Os l i  l i e -

I r e I ’ ’ .l nt.i t e r i a l . ar e  — — l i , 1 1 I 1 1 C .Iil t t . t e ’ i e ’ t — , i t l a l l i i e - t ’ .

I I I .  CONSIDERATIONS IN A CONCEPT FOR
• DELAWARE RIVER MAINTENANCE DREDGING

- ‘ In V i e W  e l f  t i l e -  f o r e ~~ei 11g.  u t 1  s 5 t L t i i ~ he pe r m i t t e d .  l iii s pr e l i l l hit t oii c x i  st s  to
is , i e - s i c ui e ’d t o  p r o l t I c i ’ t h e ’  be s t  c ’ , , i i c -~’pt t \ o l e i  t h ~ t u r b i e h i c  - p o u l u t i o n . t ile’ cr e’ , i l l o fl

fo r eir e -d gi ng ri t e  s i i o ,u l  i t i a u e - r i . i l  s i l l  t u e  of ile ’ \’. SC ’ , i t t  c- red shel .ll s . i i tel  t u e  ei e cr a , i . i -

De ’ I . iuc . t r e  R ive ’r  whe n n e a r h v  ~S to  10 t i o n  C l i  t u e  r i v e r  c a u s e d  b~’ t h& -  t i t l e -  g r an t ed
mi I e s 1  shore’ di spos_ i t . Ir e -as .ire 110 l o n c e ’r  n i . i i e - r t . u l  s w h i c h  are-  p u m p e d  ov e ’r lx ;ard in
_i v a i l a h l e’ ,tnel d redged  m at e -r i . i l  ma~ h a u  e- the ’ o u t ’r t l o w .
to  he t r a n s p o r t e d  2S t o  51) m i l e s  p r i t l r  ( i i

dispo s .t l .  o b v i o u s l y ,  a c e l i l , l i u l o n  Of . i t lV  lNl l lAI . i-1\ ’ -~Ll A’l lON
, l r e - , i i - i ti t ’ sche n ic ’  is u t _ it  p u m p i n g  b e y o n d
, o v c r l i o w . ,i ’, i s  fr e q u e n t l y  • l e l i l e ’  t~~l i nc r e a s e -  I n  .ipproat.’h i uic  t i l t s  de -ve lo 1’me ’n t
t u e  q u a n t i t y  of s o l i d s  i n  .i load .  cc i l l  not tb1 most  k n ow l e d g e_ ih l e  dre ei g i n ,c p e r s o n n e l
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Fig. -I. Endle s (‘h.,i rr ILIc k~~ r I)re’ dgt- .

in the D i s t r i c t  we -r e . tsse’mble ’d to s uc g e st  e t c. The f o l l o w i n g  appro a ches  a l so  were

and appra i se  the  possi hi l i t  ic -s of ,ii I su:-  cons i I c - red:

gested s c h e m e s .  l it e en d l e s s  cit .l i l)  hue ’ke’ t
as a ma: lun e to o b t a i n  un c i i l  ut C d  shoal  I )  A sche me- w h e r e by the hucke- t
ma t e r i a l  ccas e x t e n s i v e -  lv  c e ’ i l s i e i e r e - l. wou Id bi t e ’ i t l t o  t i l e  c u t  and p u l l  i t s e l f
(F i gure  t )  l’ro p u l s i e l t t  I f  a i t  c I l c h l C s s  c h _ t i u i  a long sucit as e x i s t s  in  t re ’nch di g g in c

hucke -t  o v e r  the  I • l t i c  (5 , 001) f t .  1 sb _ i l l  ow m a c h i  c’s ,

shoals  ‘ 2 -  1 fe e’t ) w h i c h  ,ir e- e - n c o u u t t e ’r e d
in m a i n t e n an c e  d r e d c i n g  w .t s  r h c  m a j o r  : 2 )  i s e  of w a l k i n g  spuds  or some-

co nsider ,i t ion. I t  was ant  ie ’i p at  e l  t h a t  t h e  t i l i ng s i m i l a r  to the ’  t r acks  on a hul l  dozer .
wor ki ng hue ke- t s w o u l d  d e v e l o p  a hi g hi
ho r i zon ta l  force ’ on t h e ’  self  prop e l h i  ( ~) ( s e  of spud barges ahead and
dred ge m a k i n g  such  elpe ’ r~lt ion unr e a l  tsr ic.  alt of t he- dre d ge so t hat the dred ge would
There was a general  : e li i cer n  t i i , i t  i i u l i i l t i Z  nle) v e- by p u l l i n g  aga ins i  the  spud barge ,
the endless  c h a i n  ( i r e - l i c e  on a Si s ie i t l  Of
anchors  would i-c - u n w i e l d y sinc e there  1) [s e  of a c l amshe l l  buck et
w o u l d  be ma i iy  move ment s of anchors  as dre d ge.
sha ll ow shoals  are - t e l  he’ r ent e )v ci! r .t i her

- ‘ 
tha n de c-p b a n k s  to be cu t .  O t h e r  concerns  Af te r  cons ide ra t ion , t he above
we- re’ t ha t  the ch~itt n c i  wou l d  ix’ blocked scheme s we-r e l a rge l y d i scarded  and the
b y ancho rs , and the - re ’ wou l , i  ix’ .1 t endency op i n i on p reva i l -e l t h a t  t h e  eie ’ve lopment of

for the  dred ge’ t o  get d i s p l aced in  tile cu t  .t s e l l  p r o p e l l e d  h y d r a u l i c  dred ge de —
by i t s  own di gg ing  or by c u r r e n t s , w i n d s , si gned e s p e c i a l ly  for  t h e  De laware  River
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problem o f f e red  the most  pr o m i s e  at t he’ programs ~ ii ich spend m i l l i o n s  of do l la r s
t ime .  The e f f i c i e n cy  of such a d r e d g e , a n n u a l l y .  In each i n s t ance intere’sted cx-
des p ite the pro jec ted  l o n g  h a u l  d i s t anc e s , pert  chemist s from these’ ch en t i ca l  f i rms
w o u l d  he re la ted  a lmost  d i r e c t l y to the  uc e’re i n v o l v e d .  T e s t s  ~ c’fe performed on
de n s i t y  elf m i x t u r e s  to he hau l e ’ ei. I t  cc~is sa mp les i n the  l . ibor ato r v  .ini1 on the dre d ge’
recognized t h a t  cu r ren t  hopper  dre dg in g i t s e l f .  The contmon c o n c l u s i o n  of a l l  the-
t echn i qu es when p untp ing  to o v e r f l o w  onl y a f o r e m e n t i o n e d  cu as  t h a t  t h e  i n n a t e- d e n s i t y
pro vide m i x t u r e s  w h i c h  are about  eli t e h .i l t  e ’t the - d re-d ged m i x t u r e  e-xeeeded t h a t  den-
shoal m a t e r i a l  and one h a l f  w.iR r. W i i i i  s i t i  at c u h i c h  c h e n t i c a l  agent s or c- at a u -  st 5
th i s in mind m a n y  m e t h o d s  anci d e c  I C C 5  c o u l d  he’ ci f e - e ’i i ce ’ . In  o t h e r  u t )  re ls t h e  c on—
were t_ o n side-rcel I or imp rov i  nc de ’n st  I ies  c-I us i on cc as t h a t  c h e m i c a l  p r ec iu s  i t  an t s ,
of d redged e f f l u e n t ,  floe c u l . i t  i t t  g agent s . or ion exchan g e’ d id

not e’f ’le’ r an i  e x p e c tat i o n  of success, l iti s

• c o n  I i  no s s i m i l a r  in ce  st i  ga t i o n  s perfo rmed(,ravi t i  Pre -cip i i  at iott - Si u ci tes cu e-re - itt ,iele - 
‘ ‘ - 

_ 

‘ -- 
- 

- - -- , . • by t h e  P h i l  aele I p hi .i I) i  st r i c t  in I 9~8,
t o e ie ’ ter l f l i t t e t h e  e - f f i c a c y  of i m p r e l v u i l c
d e n s i t i e s  of d r e d g e d  lel ,tcls hi’ l e r m i t t t n  c - - - -

- 
- - i ly d r o e - lo n e- — E n g i n e e r s  ,isSoei ate’ d cvi u t

mat  e’ri al s to set t le ’  - I t cc ,i s b ut t e 1 for the ’ - ‘ -
- ‘ ii vdra u  l ie  dred g i n g  o r e ’ra uuo n  s h ave .11cc .uv

fine mat e-ri .J s e n c o u n t e r e d m t  l i e- t )e-l~iuc .ire-
- - - , soug ht a nte ’an s to se-p _ irate ’  th e -  so l i i  s fro mR i v e r  t h .it in  ~~me- i n s t a n c e s  t h e  top l/ ~ . - -

- - th e - ccat er in a dred ged u t  u x t u r c - , Con su de- r~i-elf .0 ho ’ p er  lel ad of m a t e r i a l  V , O u l e i  c l e a r  -
- ‘ ‘ - I U out h a s  f r e q u e n t l y  been gi cen to the-  eap.1-up d ue- t e l  s e ’ t t l i u t  of s o l u d s  i l l  au S- h o u r  , - ‘ ‘ 

- 
- ‘ -

- - - - - - b i l m u  i’ of a c e n t r i f u g e ’  in  _ i e e o m p lm sin nt z t h i m
r c-n od cc hi l  e- i n  110 sI ins tance -s  l i t t l e ’  i f  ‘

• ‘ - Suc h consi  , l d r , i t  i ons  hav e ,il cc ac s conc l  ude’dany se ~ le ’rt ien e ’c ’e- urr ed . 5c r ) z n ,c ol 
‘ , 

-

- , t i t a t  r i te - masse’ s of n t a t e - r i a l  h a n d l e d  in adre ’ d ged mat e ’r i_ il u s  u _ il  lv e’ n e-o u u t i  c - r e e l  i n  , , -
- - dre’ d g m ng pt’ oi~ ess I ‘~1 . d (~~~) gal I o n s  P e’r nit n.mai nt e’ n .inc- e dre d g in c on lv 0cc u r r e d  cc ite- n , ‘ - .

• ‘ 
- - 

- f r o n t  one  ~0 p u i i t p  1 make ’ sue Ii ,i S ep  ~i r a —
it had .t d e n s i r  V of about  1 0( 1( 1 g r .ui t l s I t e n  

, ,  ‘ , - 
‘ i i t l I l  I u i t p r a e - t i e ’ab l c’ - I h e ’  si ~‘.e’ of e -qu i  r~~’~°or less. E f f i c i e n t l u -  dre d g e d  m a t e - r u  al s i i e lu le i  

-
- ,itid ,tillO u t it  elf c - i l  e r  cc r c-e ]u i red i dl at t .11 it

c u s to n t , i r i  lv  e X c e e d  t i t i  s e i e u i s i  t~ - A pp e ’ n c l i X  
‘

‘ ‘ t he- sep a r .it i ci n of a f ine -  uz r a i n e d  su spen d  e dcovers the’  el et  _ u I s of i i i i s s tudy  • I t  cu _ i s
- ‘ mud f ro n t  l i e ’  ci .ii e r— i l )  uel m i x t u r e  h e’ceuite- sce nc l uei e- e i t i i  at t h i i s  eo t l c e’pt e l f  f e - r s  ito

• - - ‘ ‘ ‘ - i n t o l e r a b l e - .p r o m i s e  f e l r  in t p ro  c i t t  g i l l  n e h ’ n .si t i e - s .

Chemic al Preci p it a t i o n  - .-~ se r u e - s  o f f i e l d  Th e- e f f  i c e-  of F ng i ne ’e -r in g R e s ear c h
t r ips  to  dred ge’s and i n v e - s t i  g a t u o n s  we -re at Ok l .ihoma Sta te  I ‘ n ive ’ r si ty  h a s  done’
m .tde- b y Dow Ch en t i c  .tl Co , ,  Roii  01 j ilL1 CO il side ’ral l l  e’ ccork wi ru  l i ve i r o c l one ’  Scp~i-
l l a a s  ( i ’mpanv  , Dre ’cu Ch em i e . t l  ( ‘ o _ and rat  ors .  l i t e ’ l ly e l roc Ie ne’ e’ mp lov s hi g h
R u t g e r s  ( n i  v e r s i i  

~ 
cc i t h  .i v i e w  t occ  ,ire i s acce’l c - ra t i on  f orce - s to achieve  se’ a ra t i on

.ie e’eI e’rat in g  t h e’ sesh men t a t i o n  of eire’d ge’d of he ’ u e-rti g e-neou s m i x t u r e s  as happ en s in
m i x t u r e ’ s  k’ c h e m i c a l  prec i p it .in t s, floe — c en t r i fuge’ s .  H i gh c ’ff i eie- n c i  es are c la imed
c u l a t i n g  a g e n t s  or ion c ’xchange.  The’ for t h e- Il y drocl one Separator. In vi ecu of
suhj e ’ct  was  .ipp roci che ( 1 c u i t h  consi dc’r ah lc - t h i s . corre -spondence was  conducted w i t h
e n t h u  s iasm h~ e- ,ie h e l f  the’ se p a r t i c i p a n t s  Ok lahom a  State I n i  v e r s i i v  to determine-
since the y  reco gni ze i l  the  gre.tt he ’ncf i t s  the ’ app l i c a h i l i t i  elf t h e  Il ydroclone to  the
resulting from improvement in dred ging d r e d g i n g  process
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Considera t ion of t h e i r  i n fo rm a t ion  j ec tu ra l  r e a s o n s  to exp lai n the l imi ta t ion
confirmed t h a t  the  h l y droc lone Separa tor  of the moder n large and hi g h powered
did not offer  a pract ical  device for separa- elre’dge ~ U 11t~ when working  in mud.  Among
t ing solids from wa te r  in dred ged mix tu re ’  them .ire c a v i t a t i o n , l i mited effect iveness
aboard a dred ge, It was evi d ent tha t , as of gas ejectors , excess pump size ’ and
in the centrifuge , the mass of materi al to power which overwhelm .ic-ailable mud

he handled is so great as to make such an supp ly and therefore demand mixing water ,
approach i m p r a c t i c a l .  d rag size and confi guration , the general

geom etry  of the ’ assc ’mhlagc , and th e ef-
C on s i d t ’ r a u t e l n  of European  M ethods  — Se-i- f i c i ency  of the ’ e l r .c gtender .  In  o r d e r  to eval-
er.il d i s cus s ions  wer e ’ h e l d  w i th  BOS EN uate ’ th e se m a t t e r s  an exper imen ta l  d r e d ge-
K A I . I S . and a vis i t to Europe was  made’ (F i gure I ~) was assembled. D e t a i l s  of t i l l  S

by Mr .  Adol p h M oit r of the  Ph i l ade l ph ia  dred ge and the  t e s t i ng  t h er e w i t h  .er e ’ con-
D i s t r i c t  to de term ine ’  wh at t echn i ques and t am ed in A ppendi x C. This exper im enta l
k n o w l e d ge was  e x i s t i n g  e l sewhere  which  dred ge demon str . i t e ’d t h a t  1200 gram I i t c - r
mi ght he’ app l i cab le  to our probl ems.  In mi x t u r e s  we’re re’I i .chl p umpe- d fro m the ’
general , kno w led ge’ cuas  oht ainee l hut flO I) el ,iw .ire Ri er with ,i submerged 12 ’ ’ pump
techni ques or equi pment specifical ly el i mount ed  on a drag hc’ad.
rected towards .i probl em s i m i l a r  to the
De laware  R i v e r  Probl em was  uncovered .
A more dc -t al l ee l  re ; r or t  on the European Ev .i l u at ion of Dreel g i ng Se-it emes — T h e

vis i t  is conta ined  in  Ap p e n d i x  B. most  p r e h ahl e’ sc h emes by w h i c h  D e l aware
Ri c e r  un ,ii i tt  en . m e  e’ ci re’dg i ng mig ht be p er-

Ef fec t  el f  Submerged P u m p  and Rd .a t e’el fo rmed w i t h  marc-r i  .il eli sp (lsJJ 2~ mile -s

M a t t e r s  - [lopper Dred ge ’s work ing  in the  a w a y  cc c’re’ i d e n t i f i e-d and e v a l u a t e d . These

Delaware  R i v e r . and Pump in g  to o v e r f l o w  s c h e m e s  are -  e e l f i  siele red to he:

o n ly ,  produc e’ drc ’d gc’e i m i x t u r e s  b etwee n
I I SO and 121)1) g r a m s -  l i t e r  den su ty - From I - ( on t r . u c t e v  Oper at ed  I 3uck e’t

work done by I ehi gh I ii v e r s i  t y  .m e1 Fr , ink -  ~~t’el gt’ & Scow

1 in Institute in th - ir I . ibor . ttorv t e s t i n g
with a (Y ‘ moe1 cl pump i i  w a s  c o n c l u d e d  2, ( o n  c-e ’nt ion al Ilopp er Dr edge

t h a t  den s i t  ic’ s is h i gh as 1-1(X) g r a r n s i l i t e ’ r  -
- - ~~. Speci al  D el aw are  R i v e r  P l an t

should he- at 1_l i nahl e. 1 he’ reasons for the’ - -w i t h separate l.o ading.  Trans-
di sp ,e ri  t r  h. iv e’ never been adequa t e l y  id en— -p o r t i n g ,  and U nload ing  Pl an t .

i li ed , In the l a rge  hopp er ci reel ge s. wo rk—
ing in mud , a c h a r a c t e r i s t i c  event is t h a t
the large d r ed ge’ pu mp e , t n n ot  su stai n the Contr .icto r Op erated Bucket  Dred~ c an d
c o n t i n u o u s  p u m p ing of a heav y  m i x t u r e .  Scow - A f requen t  method of removal and
The pump w i l l  ‘‘choke ’’ and a rai sing of di spos.lI of ma te’ r ia l  which  requi res  .m long
the drags  is  r equ i re d  to ,tl low more wa l er haul  i s  for dred ging contractors  to load

~~ to enter ,  in oth ci’ in s t ances r ra te ’ r i a l  lus t  the ma te r i a l  in to  scows ~~~‘ clam shel l or
cannot  he p u l l e d  fro m the  bottom at “den- cli pp er dred ge and to then tr an~~ ort the

sit ies ’’ , wh ich  ap p roach t h e  “in si tu ’’ mat e-r i ,uI to the’ cii ~~o saI locat io n, The
dens i t y  There h , iv e ’  he-en var ious  con- l i m i t a t i o n s  on these’ operat ions are:

1 ’
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1. It is a hi g it co st me thod ,  Cur— to eli C I I  let cc on l y  w i t h  di rc’c’t ~*i itip ou t
rentl y ( 1968) t h e  work to remove- 200 , 000 die dgc s, Iran ,~~ei u .s an ci p I . icc s th e’ ma-
cubic ya rds  f io i t i  the Schuvlkil I Ri c- er and i e ’r i  .d behind b ,mn k s ashore’ at .i e-o st of
to di _spo se of i t  mile ’s  ,icc .my ce) s t S  S 1. 06 SO -~ ‘~ c r  cu hie ’ V .ird of bo i t o  tO eIt -n s i  t y

per c u b i c ’ v ,m rel bin m e a s u r e m e n t .  l_ onge ’r m.m t c ’ni  a! - ‘l’h i s  cc .es t h e -  a v e r ag e ’  co st f o r

ha uls c c i i  I cos t  more’. (i 2-i ~ , ),)( )  cubic  y ar els in Cale ’nd ,ir \‘ear
l e t(1 S in w h i c h  the -  .i\e ’ rag c’ otl e way h a u l

2. The- r e’ ar e’ .m l so  s i g t t i t i c .m n t  losse s 
~ .mnc c’ w.is ~ m i l e ’ s .  T h i s  w a s  a t y p i c a l

in the ’ dump ing 1 n o e ’ e - ,ss . .15 done ’ by e’On y e - a r . T h i s  e e l  St mu St he’ In c re - .use ’d bs’
t r ac to r s .  The’ dred g e d  ln.l t c-ri a! i s u su .mI l y $~~e. per  eu hie \ .ird for  di ~~~~~~~ .tre ’a
du mp e d  e)il the ’  ri u-er be i t t e m for  re ’h _ u i e i l i t t g t i t a i n t e ’n anc e  - wit ie’h i n c l u d e’s e e l ~ - I s of
by p u m p i n g  In te l  a d i sp o s a l  .ire ’ a w i t h  a h . i nk ing .  rea l c s l j te ’, r i pe’ l i n e’ i t i s i a l l . i -
p i p e l i n e ’  d re dge’ . llo cc e’ve- r , the ’ efle ’ct s o f t i o t i s , ete - .
such losses are re’l .ited to the’ l o c at i o n
of t h e  d ump ing a re. ! . Thi s w ou l  ci he’
cl ement  of i m p o r t  ,mn ce in  dump in g it t  t he  The’ ,dlo cc c o s t  s are- ito p ress i  Vc ’I \

[)el aware  l~av or Dcl au .mre R i v e r .  It wo ul d low’ id  pe r f o r m i n g  d red g i n g  w o r k  - I low-

he of l i t t l e  consequence in du m p i ng at se.m . eve -f . i t  can he’ noted t h a t  the ’ k e y  t o  those’

low c o s t s  t he’ .thili t i’ to n l , i i n t , i i f l  t h i s —
3 , Re l i an ce’ ot t t h i s  ly : c’ of op e r a -  p osal  are.is re- I a t i v e l v close ’ to t h e  shoal s

lio n I S  o f con cern becau se’ of the  lack  .‘~ i t h a t  .mn .mve- r , i c e ~ mi l e ’  elit e  w,ly haul
e l f  co mp e - t i  ( ion - A ll b u c k e t  .tflei sd elc\ cc .is .echi ie ’c ’ e’ ch ,  Forc’se’ e’i ng thu _ i t  a ~ mil t ’
etred g it i g in  the I’)e’la w .mre R i  ve-r i s  done by ht . m u l  w i l l  soon net longe r he ’ p os s ib l e and
one dred g i n g  ce lm p a n y  w i t h o u t  c om p c t i i  ion ,  .t 2s m i l e -  O fld cc .cy hau l  becomes ne ce s s a r y

t he- SO . ~~i u u t i t  co st pe’ r e-u hi e- y a rd  w i l l
Convent iona l  [lopper E)re’d ge’s - h opper  exceesl $1 .00 ; -e - r  cubi c y a r d  because’ of
dr ed g ing  in the ’ De ’la w’ .ere R i v e r  pump ing  the aelehi t i e t n a l  h a u l i n g  cii .‘~~ ance’.

IV . SPECIAL DELAWARE RIVER PLANT
WITH SEPARATE LOADING, TRANSPORTING ,

A ND UNLOADING PLANT

Thi s p lant is envisioned is incor-  DE S( ’R I P T I O N

por a t ing  a l l  t he kno wl edge ga ined  from the
exper imenta l  dred ge and would he desi gned This  scheme u t i l i z e s  one new type
and si~ cd p ar t i cu la r l y  for Delaware  River  dred ge , a fl eet of barge s pushed (-iv t ugs ,

~~ maintenance .  Thi s scheme is di scusse d one special unloading u n i t  at a d i s t an t
below in considerable detai l since- it i s  di spos .ml .tr e- .i , and two motor tender s .  The
believed to he p romis ing  for dec’elopmcnt se l l -p r o p e l l e d  dred ge woul d operate in the
for t he  De la war e  R i v e ’r .  Fi gure S i s  an dred gin g  are ,e and pump materi al  from the
art is t ’ s concept of t h e  en t i re  ope ra t ion ,  sho al in to  hopper harges al ong i t s  sides.
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The barges would be pushed by tugs to a thedge is shown in Fi gure 6. This  dred ge
disposal area in  the Delaware Bay where wo ul d be of cat am ar an desi gn with a pro-
they would be hy draulicall y unloaded and pulsion sy stem similar  to that  inst alled
then returned. This operating cycle con- in modern ferries or four vertical shaft *
sist s of dred ging,  un load ing  and two haul- Voith- Schneider propel lers  or four out-
ing phases, or a total of four phases. To board motor type (in wells) propellers.
assure max imum con t inu i t y  of operations , Two dragarm s would be in s t a l l ed  at the
all comp onents  should be sized to result center l ine  of the dred ge , one p o i n t i n g
in 100 percent  operat ing t ime  when the  fore , the  other  aft . The trail in g dragarm
mean one way hau l ing  di stance of 25 mil es would be used for dred ging ,  whi le  the ’
an t i c i pated for th e fu tu r e  between dred g ing forward drag ar m would be in the raised
area and di sposal s i te  exis ts .  Assuming  posit ion.  This  arrangem ent avoids tu rn ing
t hat  ~ tug-barge  team proceeds at a mean at the end of each cut . The desi gn and
speed of ei ght s ta tu te  miles per hour  si ze of the two dred ging assembl ages
(sev en kno t s ) , t h i s  di stance would require would reflect on the best confi gura t ion
a t ravel  t ime of three hours , Thi s time found in the testing program described
interval  c o n s t i t u t e s  the durat ion of one in Appendix  C. Each dragarm is to be
p hase. r ig id  th roug hout i t s  l e n g t h  wi th  t he  dred ge

pump adjacent  to the drag head with the
Since th i s  scheme is  desi gned so1e- dr iv ing  motor at the u pper end of the l ad-

ly  f o r  the Delaware River , there  are sim- der. Both dred ge pump s  would d ischarge
pl i f i c a t i o n s  which  can be of bene f i t .  For into a common short piece of c- er t ica l  p i pe
ins tance , all p l an t  would he desi gned to a and branch from there to the d i s t r i b u t i o n
one compartment  s tandard.  There would be p i pe on each side of the barge. It is en-
three ei gh t - h o ur sh i f t s  for seven-day oper- c- i sioned that  the sys tem wi l l  work wi thou t
an on. Because it wil l  he l imi ted  to river any valves , b y i n s t a l l i ng  a control f lap  in
opera t ions , th i s dred ge would not  requ ire  t he  ‘Y” connect ion into  the  vert ical  p i pe.
per sonnel licensed for ocean navi gation The flow into  the barges would he con-
and it would not be equi pped wi th  qu ar ters  trol led by rais ing or lower in g  the  dist ribu-
or mess f a c i l i t i e s .  This  p lan t wou ld  be t ion  p i pes. That is , if  f low into one barge
desi gned to t h e  sam e s t a n d a r d s  as con- is desired , the  d i s t r i b u t i o n  pipe on the
t ractor ’ s p l a n t .  other side will  be rai sed u n t i l  i t s  ou t f low

ceases.
All eq ui pment would  he indu stry or

m a n u f a c t u r e r ’s standard as fa r  as possible.  Each dragarm hoist should be e-
This would includ e material  hand l ing  and qui pped w i t h  a drag controller .  The con-
je t t ing  wat er pump s. all dred ge p i p ing tro l ler  would hold the drag head in the po-
( w h i c h  should be specified by outs ide  s it ion in or on th e shoal at which  best
dia meter ) ,  and tugs required. The desi gn production is at ta ined.  *

of the dred ge , the unloading unit , and the
barges would be special . HOPPER BARGES

SPECIAL DREDGE The hopper barge s would be alike
A sk etch , o u t l i n i n g  the  special and have ne i ther  power nor an assi gned

12 
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crew. They would  have  one hopper of i n s t a l l a t i o n  in Hol land .  However , one
trap ezpodal cross section wi thou t  di s- si g n i f i c . i n t d i f f e r e n c e  be tween  the  proposed
t r i b u t i o n , bo t tom dump ing  or overf low i n s t a l l a t i o n  and t h a t  obse rved  in Hol land
systems.  (The d i s t r i bu t i on  pipes sus- would he- t he- absence of a concen t r a t i n g
pended fro m the dre’d ge .tre be l ie -ved to hop pe ’r  on t u e  u n l o . i d i n g  barge- . H ee aus e  of
su f f i ce . )  Barges wh i ch are ’ s t and ing  by the f i n e n e s s  of the ’ m a t e r i a l  encountered  in
the  dred ge’, wo uld  be secured to anchored  l)e’ l .uw ar e R i c e r  \ l . t in ten . in e-e- an d the  re la-
buo y s  to ac’oi d the  it , it t d in g el f  an c h e ln s  on t i c  c l v  short  di schar e t e l ine ’ i t  i s  cons ide r e d
the  b a rg e s .  t hat t i t i s  hopper  i s  u n n e c e s sa ry  .itl d t h e -

i t t . i t  e n  i , i l  m t ta ~ lie ’ pu l l p ee i  c i i  re-ct I y m i l l et t ik -

I s)~ e~ s_ i l  .i re ,l.
t \ l .O A D I N G  t ’N I T

I I  ( 5

Th e’ u n l o a d i n g  u n i t  woui  ci e ’ I l s i  St

a barge ~e X i  s t i n g  \ l e e o n t n g  h L t r ce - ” 1 I l ie ’ t t I ~~ s \ i c l U l ) bc’st 1cc ’ e f ’ t h e  p u s h e r
co u l d  he u t i  I i  ,ed for  t h i s  p u r p o  s e )  Pc n i t i , i  

t vp e .  ‘I he-s w o u l d  p i c k  u p the’ Io ,ided barge- s
ne-nt  l~ moo red in  a s h e l t e r e d a r e . e l f  f the ’ 

I ~e e i t i  t lie - ekc g e ’  .ind o r , !  t t e . i r b y  an c i m o r , t L’e .
di spo sal area ,  It w o u l d  he- e d lu i ;  p eel w i t h  ,in d e!e I i c - er t I l e - nt t O one ’ side of t i le ’  u n l o a d -

h ydraul ic  hopper  un lo ad ing  f .ie m i t~ - T hu t  
t t  e’ bar ge .  ‘I h e r e a f t e r , t he-v we ulel  p ick  up

I . icil  i t  would  consi st of .1 51 ti~ le’ m . i t  en a! ei t ip t  v lc , ir ~ e-s an - i re t  urn t i te- t o to the  dred ge
h a n d l i n g  pump,  p l u s  .i st .in dh p u n t p ,  whi  c-li 

d r  a n e - a r k  ane ’ hor . i g e- . It  i s  he- I id- y e- cl t h at
wi l l p ump the  s ; - o t l  f rom the ’ barge ’s t h r o u g h l ie  m u i r  s e r v i  ce ’  e l f  h. iu l  I t Ig the ’ b.irge- s cait
t he  un l o , i din e~ arm ( r c - ach ing  in te l  t h e ’  I to r r e ’r be st - 1 l t . t i t t e  J bc c o n r r , l c - n .
b ar g e ’ s’) t h r oug h su bmerge d and shore ;- i j  -

in i n t o  the ’  di spet s.uI .ire’ ,i. ‘\ cc ate’ r c’t t I t t i r  1 I’ I
s’, stem would he Ins t  iii I ~d tel .li ci i n di s-

lod g ing  the  m , i t  en ,el i n  the ’ ho p e r  h i n g e ’ s . 1 k t R i t e , :  t e n d e r s  w o u l d  b n t t t g pe ’~
I t  w o u l d  con si st of .c j — t t i n g  p u n t ; ’  I t i n t i m  sh— _ e l t l l t c ’ I  to . imic i t r e l l t )  t h e -  dre dge- and  t h e -  un~
i n g  wate ’r  to a s ing le’ j e t  t i  t t i r  n o V A e -  m e l u i t t e -  I i 1 1 111 li c i r e t e  , i t t e i  i t . ~it~I l e’ t i t e -  hopp e r barge s
on the  un load ing  arm, Thi s n oi ,’lc’ wou l~! in  the -  n i t  c c l  t h e s e  uni t s ,  These  ,ire
he so ins ta l le ’d  t h a t  i t s  st re am c o u l d  be c - n c  st i t ie d as c r , i l t  of about  60 fce - t in
d i i r d ( ’t l ,’ di si elew .ivs and fore - .me 1 ,i f t , The - i u t h  w i t h  se- y e-r aT i t u ndre d horsc’pocv e’r.
d i schar g e ’  f rom the ’ j e t t i n g  pump w o u l d

a l so  he used  to pr ime the  u n l o a d i n g  p u m p .  ( ( \Ih ~(~\ l- \~l ‘ l / l N G
The hoppe r  barges w o u l d  he m oored t e l

the sheltered side of the l a rge r  unloa d ing The d red ge  pump si / e  can he a r r i v e d
barge. Their  h a n d l i n g  w o u ld  he f . t c i l i t a t e d  a t  b y . i s s e im i n g  ‘, OOO , OOO cubi c y ards  of
by a series of de) I p h i n s  ( i n  l i ne  cci th  the ’  t i ta te ’r i al  w h i c h  .i ‘ra ge ’ s 1290 grams , I i t e ’r
side of the -  uni o,’,dm ng barge ) connected cc i II  he’ re ’n to ve -d a n n u a l l y ,  and t h a t  i t  w i l l  *

w i t h  a w a l k w a y  ,und a cabl e h a u l i n g  sys-  be ’ dred ged w i t h  an average m ix tu re ’  elensi t
tem. I he l a t t e r  w o u l d  pul l  t he  hoppe r  of I r s gr . ints  l i t e r  f l o w i n g  ,it 10 feet/ se-c.
barges alongside the un load ing  barge and The dred ge w i l l  op erate  ~,0O0 hours per
contro l t he  advance  of the  hopper harg e ’ s ve .ir .  Then,  the ’ annua l  e f f l u e n t  vo lume =

under  the ’ un load ing  arms.  l ’ qu i pm ent  of ~,ooo , ooo 5 ( 1290 - 1 ( M ) ) ) ) ’ )  1 l ”~ - 1000) -
• th i s  type’  was observed at a Bos c-n K a l i s  1 1 ,600 ,000 cub ic  yards
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The required dredge pump size becomes wi d th  and the m a x i m u m  width  of the dred ge-
• barge team.

(11 ,600,000 x 27) , (7 ,000 x 3,600 x 10) =

1.24 square feet or 16 inches in diameter.
• Several combinat ions  of barge num-

- hers , sizes and shapes indicate  that twel ve
There exi sts no preci se method to - -iek nt ica l  barges of 2 500 cubic yards capa-determine the si ze of the unloading pumps. , 

- 
-c i t y  ea ch , opera t ing  in pairs , seems to be

They should , ho wever , he larger than the - 
- -the opt imum l i  so lu t ion .

dredge pumps  because :

a. The mater ia l  in the barges has W i t h  th i s barge size , it  woul d  take
set t le d out , requi r ing  some di lut ion w ater  the  dre ’d,ge and the  unloading u n i t  three
for the heavier par t  of the load , thu s in- hours to load and unload a barge pair
creasing the volume to be handled. res pe ’ctivel~,. The mean r u n n i n g  t ime was

al so assumed wi th  three hours in the fore-
b. The barges have to be cleaned going. If t h i s  running  time was never ex-

wi th  water , thus  increas ing  the volume to ceeded , only four barge pairs or ei ght
be han dled and decreasing the effect ive barge s would be re quired. However , si nce
pump ing t ime. runn in g  t imes c’ary wi th  the l oading condi-

tio n of the  barges , t he direction of the-  cur-
c. Barges have to be shi f ted  one re nt and the weather , two more barge pairs

at a time , thus  reducing the e f fec t i ve  are added to provide a ”buf fe r , ’’ increasing
pump ing time , the  total n u m b e r  of barge pairs to six ,

tha t  is t we - l ce barges. This arrangement
d. The mater ia l  handling pumps would  also permi t a th i rd  hired tug to join

have to be primed wi th  water , thus  increas- operat ions when h a u l i n g  distances appre-
ing the volume to be handled and de- ciabl y exceed the  2 S-mil e mean d is tance
creasing the e f fec t ive  pump ing t ime ,  between dred g ing area and disposal site

discussed in the  In t roduc t ion .  Conversel y,
one t u g  and f e w e r  barge’ s would be used

Because of the foregoing, it is he- when hau l ing  dis tances  become appreciabl y
lieved advisable to make the unloading  shorter.
pumps one size larger than the  dred ge pumps
and size the j e t t i n g  pump somewhat larger It is be l ieved  that  the barge size es-
than the difference in capacity between t abh i shed  in the foregoing is the m a x i m u m
the dred ge pumps and the un l oad ing  pumps . the dred ge can effect ivel y ha ndle. This

imp lies that  an average barge t ravel ing
speed lower than the ei g ht st a tu te  miles

The size and n u m b e r  of the hopper per hour assumed in the foregoing, or a
barges depends on the q u a n t i t y  dred ged six or f ive-day work week would require

T per hour , the haul ing t ime , the  largest  barge more and smal ler  barges of larger total
size the dred ge can e f fec t ive l y p ropel , and capac i t y .  In th is  case , the dred ge would
the maximum permissi bl e w - i d thof  the barge. load two barge pairs for each tug to tran s-

• The latter depends on the m a x i m u m  hopper port.
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EQ I ’ I P M E N T  AND UNIT M A T E R I A L  COST Based on an ac-erage yearl y
(Based on 1968 cost levels)  sa lary  of $8 , 000 , the  yearl y j r rsonnel

cost is $584 ,000
Assume the procurement costs for

the equi pment described in the foregoing as Fuc ’ I Cost $ 100 , 000
follows:  ( I t  is assumed that  barg ing of
loaded tugs  wi l l  be obtained by contrac t  Tug Renta l  330 days  $ 858 ,000

- 
‘ 

- (2 tugs  x $1300 each)ar rangemen t .  The cost of t h i s  service has
- ‘ ‘ ‘ Assume al l  o ther  ye ’ar lc ’ cost sbeen e s t ima ted  in consu l ta t ion  wi th  corn- 

- - 
-

suc h .is r ep . t t r . m a i n tenance ’ , small  tool s,merc ia l  tug operators)
e t c .  to  a m o u n t  to  SO0 , OdO

Twelve  hopper bar ge-s S !,~ O0 ,U0 ()

One Specia l  Dred ge 3, S00 ,000 The ne’t t o t a l  y e . t r l ;  cost is S2 . i 1
~, 000

One special Un load in g  un i t
and p i p ing (A ssume  m o d i f i e d  A l l o w i n g  10 per c e n t

Moorin g Barge M B - i )  500,000 c on t in g enc ie ’ s 2~~ , u ) ~)

Two motor  tenders  400 , 000

‘r ota l  Procurement  Cost S~
) , 200 ,0O0 l ot al y e ’ar l c  L o s t  ~~5 S2 , ~~~ 4 ,  0 I ) )

Based on an economic l i f e  of
t h i r t y  ye’ .irs for t h i s  equi pment , t h e  e a r l y  13 i5e  ~ ~~ ~ ~~~~ V produc t ion of
( s t r a i ght t in e)  ,c ncorti z ’ation cost is —

, ) )  ) , du ) e-u hi c v. ird s  ‘f i t t  s i t u  rn , i t c - r i , i l
S 3(Y ,00() t he- u n i t  cost  cvi t h m ii i 5 SC lie-til e- , k t f l ou n t  5 10

S2 .~~ ~, I ) )  )90 , r g ) ( )  c ub i c - y . irds . or
A s s u m e  these personn e l  requi re - - ~~~~ , 3 

~~~~~ 
c u b i c - ~‘ar ci w i t h o u t  l i - .p e c s , i l  ,i rc’ .i

me ’n t s  (1 he’ f a c t o r  1.6 accounts  h e i r  seven— cost s at id h.c s~,-~1 on a 2~ n t i l e  h . iul ,
eia~’ op er .im ion .inel v,t e-at ion) :

Twel ve  hopper barges
~‘~o p e r s o n n e l  I t  is of i n t e r e s t  to no te ,  t h , i t  t h i s

One special  dred ge’ u n i t  cost ap p r o x i n t . i t e ’ l v  e q u a l s t i i .i t  I or
1 x 3 s h i f t s  x 6 men x 1.6 2~

) m e n  the  COMBER r e h a n d l i n g  E ) e l a w . i r e  R i v e r
(
~ne  special  un loa d ing  u t l i t  m a t e r i a l  on ,in .lverage 3 m i l e  h a u l .  The

I x 3 s h i f t s  x 3 men x 1.6 lS men new sys tem o u t l i t t e d  above would ohc ’ious-
Two motor  tender s l y result in a lesser un i t  cost if per m a n e n t l y

2 x 3 sh i ft s x 2 men x 1.6 20 men emp loyed on such short  hau l s .  It is  as-

Su pervis ion , a d m i n i s t r a t i o n , su med tha t  on l S barges and one ‘ug
and repair  cre cc q men would he r ee luire -d in t h i s  case. ‘rhis

would reduce th e un i t  cost to $0.2~
) per

men cubic  yard w i t h o u t  disposal  area costs.

•
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V. CONCLUSIONS

From e x a m i n a t i o n  of a l l  work done - dred ge is  $16 , 000 ,000; .i s a v i n g  in invest-
on th i s  Sut ~Stud y throug h ~l Decemhe’ r ment of S~’ .800 ,00O.
1968 the fo l lowing  conc lus ions  are it ia~~e’:

~~. [his inc - e s t i gat ion has con-
cluded t h a t  the  best present conception of

1. If the re -  Is  an~ d e c i s i o n  in the ’ improve- cl p la nt for Dc ’I awar e R i v e r  m a i n t e —
near fu tu re  to produc e- .t new dre-d g ing pl an t  nanc e work is a se l f -propel led  hy d r a u l i c
for Del aw are  R i v e r  the  p lan t  should he of d red ge w i t h  separ ate loading, t r a n s p o r t i n g
the nature ’ descri bed in  th i s  r eport , n ame l v .  and unloading  un i t s .  It  is not contended
the p lant  shoul d  he ct f the self prop elled that  t h i s  concept ion  can not he in t p roved
h ydrau l i c  dred ge t y p e ;  it should have sub- upon t h roug h f u r t h e r  kno w- l e-d ge , expe r-
merged pump s;  the ’ di gg ing,  t r a n s p o r t i n g ,  ience ’ . and i m a g i n a t i o n .  For e x a m p le , the
and un load ing  u n i t s  should be s epa r a t e ;  .idv. int ~iges of loading w i t h  an end less
and f a c i l i t i e s  for f u r n i s h i n g  of suh s i s r en e- e- cha in  bucke t , or .i c lamshel l  b u c ket .  ,ire

and quar ters  wi l l  not he’ r e q u i r e d .  Such s i g n i f i c , i n t .  Sue-h m . ichine ’s can best gath c ’r
plant  should produce dre dg i n g  and d isposal . m a ter ia l  at i t s  ‘ ‘ in  s it u ’’ d e n s i t y .  The
even w i t h  20-2 6 mi le  hau l s , .tt a u n i t  pric e- pr obl e- m of ad c ’anci n g such machine ’ s occ ’r

• i n the general  are.i of w-hat is done- w i t h  a cu t  of r e - l a t i v e l y  shallow - d e p t i l  at a suf-
present p l an t  for a mile -  ha u l .  I i c i e n t  r , i t  e t o  , i t t a i n  r e q u i r e d  d r e d c t n g

r a t e s  ha s  not been reso lved .  A l t h o u g h the
St ud ie ’s in connect ion  wi th  t h i s  report  did

2. Si g n i f i c a n t  b e n e f i t s  can  he not f i n d  a se l lu t i o n  to  t h i s  problem it  n eve r -

achie ved from dred g ing p lant  sp ec ia l?~ dc-  t h & ’Te ’ss is beh iec-e ’d such an i n q u i r y  should
si gned for the Delaw are  Ri v e ’r .  From t h i s  he c o n t i n u e d  as the  a d v a n t a g e s  of a self
it fo l lows th , it  w h e n  r equ i reme nt s e x i s t  p rope l l ed  m e c h a n i c a l  d r e d g e -  for dred ging
for anot her hopper dredge ’  in th e Corps of mu d siio, ils mi ght he’ si g n i f i c a n t .
Eng i neers , t h at it  w i l l  he adv . in t . i g eous  te l
make the ’ Comber  av , i i l ah l e  for those  r e -  , A c  onc lus io n  of t h i s  studs ’
qu i r em en t s ;  and ,i ne w- sp e c i a l  P lan t  he ’ was  t h a t  the ’ l i m i t a t i o n  on h y d r a u l i c  dred g—
const ructed  for m a i n t e n a n c e  d r e d g m t l g  in ing e l f  mud at ‘‘in s i t u ’’ d e n s i t y  f r e q u e n t l y
the Delaware R iver .  ‘l’hi s should provid e  i s  t he’ rheolog ical  p r ope r t i e s  of t he  mud ,
b e n ef i t s  of . tppr ox im~i tc)  y $Si ~o) , 000 per The’ mud w i l l  onl v a r r ive ’  at the - dra g 11 .1

~ear  in n l a in t cn anc e  dre ’d g ing cost on the ’ r , lte wh ich  depends on i t s  v i s c o s i t y .  Re-e-
Delaware  R i v e r ;  i t  also w i l l  make another  og n i t i o n  of t h i s  fac tor  suggest s tha t  f u r —
hopper dred ge’ av , i i l ah l e  for work for an ti ter i n q u i r y  i n to  means of a f f e c t i n g  t h e
approximate  i n v e s t m e n t  of $~ ,200 , 000 for rhe ’olog ic al  prope rt i e s  of n lud ,ire ’ war-
new Delaware  R i v e r  dre’d g in g p la nt , where-  r a n t e d  and shou ld  he i n c e s t  i gat e ’d in the
as , the approx imate  cost of a new hoppe r future ’ ,

I 
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APPENDIX A

GRAVITY PR EC IPITATION

OF FINE GRAINED

HYDRA ULICALLY DREDGED MATERIALS

FROM T H E D E L A W A R E R I VE R
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LIST OF IL L USTRATIONS

Page

P l a t e  1 Delaware  R i v e - r , Major  Shoals Back of Book

Fi gure 3 Gradat  ion Curve . Marc us Hook 6

F i g u r e  Consol ida t ion  of Hoppe r I.oad .
Range :  Cherry I s l and , Star  l 69÷000- i~ 4+000

F i g u r e  8 Consolidation of Hopper Load .

Range:  Marcus Hook , Si t: l 26-4-000- l 30-f-00() 3-a

l i r e  ( : o n sd l l i d a t ion  of h opp er  I ce ,td -

Rang e: Deepwat er  Po in t , St ar 190+000- l°~~’ l u e l  4- .1

I - m~~~re 10 Cot i so l ida t ion  of Hopper Load .
Range:  New Cas t le . Sta: 226-~-000-23~~+ X ) O S. ,1

F i g u r e  11 ( onso l ida t  ion of Hoppc - r Load .
Range :  Ne w C a s t l e . Sta: 22&~-00O-2~~~i- O( }I )  (~~a

F i gei e 12 Conso l ida t ion  of Hopper Load .
Range:  Marcus  Hook, Sta ;  120+000-12 ~~0(~)
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PURPOSE hydrau l i ca l l y into a hopper bin , a loaded
hoppe r dred ge was allowed to hold the

The purpose of th is  stud y was to de- load for about seven to ten hours whi le  it
termine the set t l ing characteristics of the lay idle to take on fuel , water , supp li es,
f ine grain and li g ht wei g ht shoal material  etc. These tests  began on 2 February 1967
which is dred ged in the Delaware River  and ended on 26 Apri l  1967 after  several
hy draul ical l y and pumpe d into the hoppers separate loads were samp led.
of hopper dred ges or scows. Such informa-
tion is required to determine whether  set’- The tests consisted of samp ling of
ding in hoppers is a techni que which the hoppe r load throug hout its vert ical
will  produce signif icant  amount of e f f lu -  each hour that i t  lay idle , and determinin g
ent reasonabl y free from fines in a reason- the depth in the hopper at which the den-
able amount  of t ime. Such a charac te r i s t i c  si ty matched that  of the river water .  The
wo uld permit dra in in g of the innocuous ra te  of consol idat ion of the  hopper load
supernat ant  li quid so tha t  it need not be was de te rmined  for the  seven to t en -hour
hauled to a disposal location , period.

METHOD OF TESTING RESULTS OF TE STIN G

In an effort  to determine the rate of The fo l lowing  table  shows the per-
consolidation of dred ged materia l  pumped t inen t  de ta i l s  of the tests:

TABLE

In s i t u  Average  P u mp ing  c -y .  Slurry
Load Location Densi ty  Dens i ty  of Time to per pump
No. Dred ge of Shoal of Shoal G- ’L Load G/L Load m i n u t e

1 GOETHAL S Ch err y Is. 1290 1048 18 2’”9
2. COMBER Marcus Hook 12”0 1059 12
3. COMBER Deepwt . Pt .  1300 1110 16 211
4. COMBER N ew Castle 1300 1123 14 236
5. COMBER New Castle 1300 1104 13 255
6. COMBER M arcus Hook 12T’O 1134 25 135

The attached Figures 7 throug h 12 sities were 1060 grams or less. This oc-
show the test ing data for each hopper load curred in loads Nos . 1 & 2. Loads 3, 4.
tes ted.  Fi gure 3. Page 5 of th e main tex t ,  5 & 6 which  were be t te r  loads did not re-
shows a samp le gradat ion curve of shoal lease any si g n i f i c a n t  amount  of free water
material ,  in an 8-hour period.

CONCLUSIONS This  tes t ing  conf i rmed resu l t s  of
s imi la r  t e s t ing  made in 194~’ from which

Si gn i f ican t  amount  of free water was i! was conc luded  tha t  g r a v i t a t i o n a l  set-
onl y released in period s up to 8-hours t l i n g  of h y d r a u l i c a l l y  dred ged f i n e  grained
when the loads in the hoppers consisted m a t e r i a l  in dred ge b ins or scows is not
of low densit ies:  tha t  is where the den- economical l y feas ib le .
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BEPORT ON TRIP TO HOLLAN D

1. General :

During a recent v a c a t i o n  in  Eu rope , I v i o i t e d  Bos En Kali:, a Dutch
dredging  conc ern, for one week to ‘~~arn  about their operat ior .s with a
v i e w  to f u r t h e r  the “ L cr ~- R a r .~-’ :- L -~r c sal J~t ud y ” p r e o c r I t l y u n d e r  way  in
th i s Di st ri ct. I was  met by Mr. Pas toors , Man ager  Dredge T e c h n i c a l
Department , who ‘,‘e- i w i t h  me dai l y. v e n a l  i nc l o s u r es  d e p i c t i ng dredg-
ing p l an t  an e q u : r - m e n t  are  at t a r h e l.

I t i n er a : ’ y :

il ember l~’~ ’? — A r : ’ i v ~’u i n  i~.m:t ‘~~ ‘ . r : m  F - r l l a r i a )  h y  p 1 aro~ an d  o a r
m et  b y  Mr . Pastoors  it l~~~-C h ou r : . We rc • ‘u~’ i - d  to -  n y  h t e l

h i s  car.  F rj ~~:’ t.o n i s  1ea’.’i :~ - , I ‘ . t l i i c o i t h e  “L c r.~- ifl~~ ’O L i ;
~ :al

o t u  iv ” in g e n e ra l  aro i t h e  new e~ uiTno’ro and tec’hn i ~~~~ er~v i  n i o n ’~d in  t h i s
s tud y i n  p ~r-t i c ul a r .  I aloe  ~ v~ - hi m 0110 ~cE cac h o: c u r  d r a f t s or.

‘ei~t i n ~ C o n c e p t s , ” “ C~~’:1’-i i on  Cyi G, “ an~ ‘ D r t i m - c r r  2e: si t ’; .  “ ‘fe- t h e n
e ot a l 1 i sh e d  an i t i r l e r a r v  f o r  a sev on -da~ p e r i o d  w h i o h  wo b e l i e v e d  w o u l d
a id  me rr~~st .  Mr.  iThs t c o r ~- t h c ,~~ht i t  bes t  t o  h a v e  t he r h i e f t  of  t r . ~~’I r  d o—
s i• -: ano  t h e i r  r e se a r~~ . -I a:’ me r ~t s  rev~~eo o ur  -m i t t s  an d ~‘ iv e  me t h e i r
f i r s t  imp r e s o io r .s of t hen: pni cr o my le .~v i r ~~. I ask ’~i h i n ,  to k~~ep
c o n t en t s  of t h e  d r a f t s  c o r , t i ~~erO ia l .

— M t  Mi - :srr . ~~n ’ e i~~ , Te , ’~ rna , a n d  W ar d  h. t h e  o f —
f i  c-c o f  F- - s  E r .  Ka ’r i  t o  d i s c - u e - s c-~ ’.’ era l  p r o b l e m  a r ea: ~n t i ~~ n ’~w e q u i p m e n t
ar ,d t e~~h n i a u ° c -  e r v i s i o r o ’E .  ~ aw r o s e a r ch  :a : ’ i l it i e :  at Fns  Fr , F a l i O .
V i s i t L ’ - i  r nev dr ea~-~ h ’ - i r~’ oc -n : t  r’u~~t ed at I I E C  I I U S t C  p I a n t )  i n  I at e
a f t ’ rr :-n r . .

14 ~b -j  t ic-oh, l ’r ’; - V i c - i t e i  P-- s  Fri K i l t s ’ i re~~t i r ~~ an d r u n q i n ~ f ac il i -
t i e s  at V i r k e v e e n .  • TIO t. S j~ t he’ e lan  shown i r  t h e  l i t ~~r ’ a t u r t -  we h a v e
fr o m  t h em .  Howev ~’r- , l a t e ot  :r r -e.i~~’~ - i U l ~ to oi~ t o  I c - I . fe ’ ’t  i s  rio t :h-~ wn.
I n s p e c t ed  t h e i r  exp e r i m e r  t al • i r  ~~E . - - - i d s  and o t h e r  con ! o ne n t  s n ea r  t t~~I r
off i ce i n  ev c ’ r . i r r A

~iJ S- ’r  t - - rn b ’ r  l 2 t~
’
~ — V~ oi t ed tne h y d r a u l i c  l abora to ry  ‘To Voor st ” at

• En~~e l o r 1  :n  N o r t h  E1 o l l ar i - ~ . ( T i i i b  l a b o r a t o r y  is sr r n ~ lar t o WES , work s on
s i m i l a r  assi~ iments bu t  is m a r c -  dredge o r i e n t a t e d .

16 September  1967 - V i si t’~d off ice  of Boa Er K a l i s  to ob t a in  coments
j from Messr .. Hartog and Andr ’~a ’  on un t h r ee  dt a f t s  g i v l  rr to them on first

day of visi t .
‘ 17 Septemb ’~r 1967 - P a r t i c i p a t e d  in boat  t o u r  through harbor t o  see

* 

plan t in general and small barge unloader  in  p a r t i c u l a r .

•
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18 Sept~ nber 1967 - Visited various p lan t, ~iiployed to dig sand in
North Sea , transport and rehandle it and unload it hydraulically near
Amsterdan. In this conn ection was aboard :

Hopper Dredge SEAWAY
Plain Suction Dredge SLOTFPDIJK
Endless Chain Buck et Dredg e ASI~
Hyd raulic Unloading Plant ZAAN
Cutterhead Dredge MARK
U n l o a d i n g  Pl an t Ay~~ ersto l

19 Septemb er 1967 — B a I  :- ,nrr ary d i scuss ion  at o f f i c e  of Box Th Ka l i s .
Lef t  at noon to h o a r d  I’ m fc  r l~-mna n y .

~~~. Results  and Ccrner t s :

a. Personnel at  P c r  En Kali . s rr r - i : ; t a i n i  ~ha c u r  c on t e mp l a t ed tes ts
w i t h  a smaller  s u c t i on  aa :emb lag e, l a rge r  s u c t i o n  p i p e s  and lower  dredge
pumps will result in a denser ffi ’ . -r,t. However’, th e gain will be nominal.
The only way to dredge maintenance silt at r;oar irisitu density is with a

• mechanical dred ge. Because of the ~uant it ies involved , th i s  d redge should
be of t h e  endless  cha i r .  b u c k e t t y p e .

b. They bel i ev e t h a t  our - c b j r~~t i c - n s  t -  a b ur k e t  d redge;  namel y,  po 1—

l u t i o n , ancho r w i r ”r  i n c - L -~n n ’ -  r d  r c ° r  m a n e u v e r - a b i l i t y  a re  used b y us
as convenien t exc uc- 1-s tc di  r ’ i o ~ ‘ b i n  ip e of p lan t  because  we know so
little about it .

c. Acco rdir:~- to ‘ h’r , ~ rr  ~‘r - v -r p e r a t ed b u c k e t  dredg e (bucket s j u s t
f i l l e d )  is n c t  “ d i r ~~i o n ” ‘bar ,  a - ‘. .c - i o n  d r ’-d~- ’ - . Fu rtheiii c-re , a modern
dredge has i t - - s i x  :r i ~~.’ w ~i :~ , c i r E  o f f  t h e  vee r- el th rough  v e r t i c a l , ad—
j u s t  able  we l l s  w i t h  f a i  r l e a der :  an d t o t  t n m .  Th is  arrangement p er m i t s
t h e  passi .;~ of ve s s’-’lo i n  t r e  r ’ t i a ’ e v i c i n i t y  of t he  dredge.  As to
rr an e uv e r abj l i  v , •~, ey f r , l  ha’ w i t i. r roll er oper a t ion  (moving away from
pass ing  v e t - e e l  to h - -.’~ - s l a — -k w i r ’ ~~s ‘ .n~~~ -r  i t ) ,  work i n busy wa te r-ways  is
possible. As p roo f ‘ hey c i t e t b ’  :‘~~ -, r r - t e r  w i d e  w a t er ~~~ay between R o tt e r d ar r .
and the  sea w h i c h  has b~~to dre d ~”-d w i t h  a bucke t  dre dge  at an ave rage  f r e —
quen cy of pass in ~~ v ’~:a~~l: of one In se” cn  m i r u t  es.

d. I poin ted c -u t  t h a t  their vessels are frequently shallow d ra f t  or
• th e i r  channels over dred ged to ga in  ma t erial , which  p erm i ts the foregoing

mode of operation. However, the Delaware River with a nominal 40— foot
channel handles v essel s with nearly this draft. Ther efore, wires on the
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bottom , al tho ugh slack , are dangerous. They acknowledge this fact , but
• . be l ieve  i ts  ser iousness  should be - - v a l u a t e d  because of the expected gain ,

which is dredging mater ia l  at 1300 ~trams per l i t e r  in l ieu of 1150 and
thus t ranspor t ing roughly half  the amount- of ma te r i a l .

e. Their  ma te r i a l  handl ing  pu mF o- dev e l o p  heads ui t o 150 ps i , howeve r ,
120 psi is cons idered  a bet ter f i~tur’ - - t o  rc’~ uce wear. They don ’t have
pumps close t o~,r-~ther .  In “OPPO” we a :ouna -u  100 ps i  as E~’act :caI max imumto u t i l i z e  stan iar  ~urr.ps o f good e f f : c - i -o r i cy . i io w - :v - - r , w - ‘ mr :n e d  two
pumps each  in  - ‘~~ :tat :n to incr~-a o- - station s: ac:n i t .

f. dos En K a l i s  m a i n t a i ns elaborat :-  n- :- a rch  fä r E. l it es f-o r a ;  r ’ a v a t e
c o n c er n .  P- search sn dred ge i n s t r ur n e nt a t i  on a~~on- - is  r ” - c - e f l t iy p of

f : I l  t i m e )  by -or , - on~~inoet - , tw o  t - c h n i  c l a n s  and tw . n e l l - er a .  Ins t r -m - e n t
m a i n t e n a nc e  is - -r f - o rrt - -i h y a separate dot a r tn :• -n t .  Th is  obse rva t ion  ( es—
p - - ’i a l l y the de-~r i-e of success at. tam ed) I- -a is t o  the  I ’or ~c 1usi n tha t we
sh :u~ d review -our r equ i remen t s  and resource :.  A: a r esu l t , we shou ld
e i t h e r  e l i m i n a to  fo rmal res earch s t ud i e s  (as a s i d e l i n e  f-o r one or ’ tw .
pe rsonnel) or e s t ab l i sh  a d e p a r t m e n t  - - x c i u s i v e l ~,’ char ~:ed w i t h  t h i s  taos. .

g. I noted t h a t  they d~ si~~ t h e i r  plant  for o n y  one purpose , that
the des ign is very d e t a i l e d  and em; h a s i s  is  on s i m p l i c i t y .  T1:e r- ou lt i n g
equipmen t is very f u n c t i o n a l  and ef ’ ” ic i en t  b u t  n ot  n-s- s ’ c oa r i l y “beauti-

- . ful. ” However , t h i s  term is r e l a t i ve .  I f-~urid beaut :, in  ti. - e f f i c i e n c y  of
th i s  p lan t , the  f ac t  tha t  all - - q u i t  mon t wo rked  an-i t h e i r  a c i l i t y  to load
a f300 cub ic  yard hopp er ’  in a hu~~l sl:~-tht l y :rnal] . ’ -r t h an  t I • a t  o f  the
COMBER. (Dredge  SEAWAY , i es iCned  t o  a one compartm-;ri t standard.)

h. In regar d to m a in t en a n c e , t i - - i  r s tandards  d i  f f - - -r from ours. ~‘th i le
operating rooms are so oi ’ - a r ; t u a ’ E -e -r sonn el  t ak~- - t i. - :  r shoc o f f  p r i o r  to
enter ing ,  the hull and deck s had - t i e  i n i t i a l  gray c -s a t i n g  wh i ch  is , in
par t , corroded or cov~ red wi  :a n d .  Th- - - r .a in~ - ;n a n o e  of  t h e i r  engine
room s and m a c h i n er y  is on a r a t ’  w i t ! ,  our: .  by avoi 1in ~ a ny t h i n g  in opera-
t io n and ma in t enance  t h a t  is n o t  ah:o lutely  n ecessary ,  the y manage to
opera te  w :t h  a m i n i m u m  of p - - -~ sOfln i- I .  For ins~ ari os , t h i -  ! kp p ’ - r  I r ’ - d g e  SEA-
WAY operate s f i v e  or s ix  day s a w eek w i t h  a c:’- -w of  tiP men w o r k i n g  12-
hour sh i f t s  a day (with f o u r  hour s  - \“-rtim ’ - ).

i. T h e i r  sand !:and1:n ~ o r t - r a t i - : n , V i n k - ~v oen  R s t r , r l a r ; , :s of
par t :cu l ar m t - r e s t  to us , sin ce i~ ha : all ‘ a ’-  f - a t - ~r - -s  - f — ou r two m o at
likely sch emes  for the f u t ur e . Her- - t h ’ -y c I i ~t o a r .  i wit h ~w: spec ,a  dr ’ ige s
in to  barges , pull them to a hy d rau i :c un l~-a d ;n ~c- l an t  ar ;d  t r a t ; :f -  r t  t u e
sand through a p i p e l i nt -  c o n t a i n i n g  several b o o s t -  r a ’ a t  io n s .  Tb . - ins ’ al-
la t io n ope ra tes beyo nd th ’-  c ap ac i ty for w E i c ;  i t  was desi~~ri e- i t o- r i :,“ a r s

I
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ago and i s  b e i n g  charmg,ed . For t h i s  reasc’n , one or t h e  o ther  component
is  a c t i n g  as a “b o t t l e r ec’k” on t h e  o p - o r a t i o n . Fxamp le: After’ a second
dredg e was addos , t he r e  is O W  a s hor t  age of barges.  ) They also , l i k e  we ,
labor u n d e r ’  t h e  n - a c e r s s i 1 ’, - C- ’ t : a \ i n ~c ~c m i s c  ex i s tin g  equi pmen t .  ~Ex a r op l e :
Booster ’  r amp s d i f ’ f e r ’  an ~cme a r e  el e~ t r - i c a l l y and some d iese l  d r i v e r . )
H c-w ever , the  o p e r a t i c - r i  of  c-ti -:t h ~- v C t .  icr componen t works s u r p r i s i n g l y  smc 0th

-an -r  cC N er, t .

Fbi. f c i l o wi n ~ n a s t  i c i L t’ . r l ’ s  for  t h e  i n s t a l l  a t i o n :

Over’ , - . ‘ iL  ‘, .:‘i s t c : ’  hou r c’tp a el t ’. — iSo psi nrec :,00
at ‘-ash - ‘tr~cl’.: h oc  m l ’ ; ’  r amp — Booster stati on s of 2 , 11C C ? , iLx, and

I , 7Cc — HF — Abeve Si p ot - rer~ - - - ~~~~ a b s o l u t e  so l ia  conn eet t l’at ion — 18
r o ot per O C - s O n i  a V e m- t~~~( ft ;cr;t v elocit y — 0- ~c 45 ps i  a t  sue t lot  s i d e  of
boos er r tm p o — Newer 0’ to. ’~ ~

i’ t m  r u  ‘ t i n t  r euce r  • V ~F E~T-F_PK~ f i E i  lred~ e~
to LI  t e l  h o l i  a w e t  e n l i ; . o a t r . 

~~~
‘ -

~ pumps  t 1 t  i s i L  - down dc ’edg i n ~ la 1

~. : h ’ ’ , i -s me , ’’-- I t :  i r , ~- h € r I u  n : - , ‘ r o t ;  T h an  a’ do.  l h r i r  t n , K i r ~-
a~ - : -e ’ i :  a : t f :  r- c, :-c - It  m a ; , c- o— r - -~-~~~, 

- , ‘ - c : f : :-: at  I c - a r t  m m .  ‘n ’ :e  t o r

T ::r , r ra 4 r ’ ’ f - - ~hs ; c— -”i or - a ~~m , - - o  r -m- - - n - - n has t o  c o r e  1st c-f a
l’ ; r r a t . i C I r ,  0 :  c c - i c - I .  ari d p:- ’- ’- : ’ ’ , p e  ‘- - e t c .  h i :  v i ew was  c o n f i r m e c  by  •

r~el ~t ‘h e i r  l a b o r — i t o - r i , ‘ 1- - t’cc- r c t . ” it. c - h : n  rn — - s ri  t ”~~t c - , b a ne ; ! on c~.r
expe- r i er c’s- at WE’S, wh ” sr -  n - o i ’ - i I - ~ r o t c’ ,r - e r -s u l  t o - i i i  nc - I  a. ~~~~~ . T o t ’ —

a l a r o r a t o r ~ nc :- m a c i l  i ’sr r w i ~~1 , -t r - -~~ i ; - ~- r n ’, F v-o ’o g i v e r , bel l. er r~ s u ] t S .

T h , ~~ r , a i m t : - i n  t }. a ’ l i .us ’ m r : n t c - r r r r - c p  — ‘ u t sn’, L i- - gros s ~‘on Ii—
ter) is ir e sg ed  b y “~ i~~Lr , ” j t  t r t o  t t -  d r a~ Is ea o over’ ‘h ~- wl ,o1 ’- a r o r ,

Uk’- a L’-c v~ h o i s t . . / \ i ’ b c  •~-r ~L c-pi r, ior : is int ’ei ti vo-i ,, c i ’  - r , o ne  of
c u r  t r-c ’c: ,-te ~~~‘ ‘ ; •— ‘~ -,- r  r ’ - - r n o r ,  b e l i e v e  t h a t  li~~r t  m a t e r i a l  ic  dredged
l i k e  h t - a ’ .~. n - - n - i - ~I b~ do t c-r~~ i m ~~ on  a h i g h  ve locity ws er s t i e s  ar c-a i d
t h e  : ‘~~h c - :  p~~n m n s e t f - r  oen i ’ :- : r~~ b c - ’ ’p ,  rrn t r-r ’ia l ~r i r :  p a t h . 2 - m n a r ;  we

‘0 m ’ ’ -, i o-:’; c u r  t i ,j n k i ;~~.

k .  I t .  m”- ~~’ m  : t~ o u r  t i re d r - of t : , i n ’- , had : h s er . comments after ’ a
n - • f - ”•. A i s i i t  i c r ,n i  - --r - r’ ’-r . ’rs nsa ’, b ’- ~I O’W: T-d r5 b \  mail.

lb” F r ’ - : ~’ ~~~.
- -:ar.o” ~~t : - :

c i )  Loi -
~
‘ ‘ ‘: t- ’ :c- ’ : -  ‘ - s r  os- i C I ,  in  l o- r :p-:l. ; i t  . ‘— h - ~’” 1 would ~~~~ ad —

Ser i a l  5” :~~-e  in Sc’ t ’-r e 1 is t e  ets  rt fo r  good mur e ’ i ’ ;E ra —
b i l L 1.. A t p l i c - l ’r :  - ‘ l i p  f o r  fn , r ’  V o i t r - — : o h r i , i d ’ - r  p r op e l l er e .
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- ‘ E i ; p p m s r o f  :‘- a: : l i r ~~ s, i ’  :r i i : ;  coa l  a: ’ea s h o u l d  be at l eas t
iLO c a n . ’ ya rds  t : r e m - ; ’ - -  t i, - ’ i’. -a  of a i r ’  e n t e r i n g  the  p i p e l i n e  w i t h

he :oa t.~~r~~aI .

1I~ Long d~~sc! ar 5:0 l i n ~ be :‘-:sv -de d  w i t ’i water  i n l e t s  at
sev~ r —a , r laces to c lea r ’  I ~r , - - r , s - c :  i o n s  ,r ,  -case of n lu~ •ccn1 = ’.

( 5 ’t T i 0  oa:’ m- - . t  ; a r t i c l e  S i Z o  for  i-; fl~ I -in ’- ’ di  so::ar 0t~ , assume d b y
us as 2 — i  I::!. ,s , s :;-co:ls b~ :‘ - - .m i , ’ ’: :  ~~ ab o u t  1 i r I m u .

4 ’ The r s-’,’;- t - o u r ;  1 r’ - - ! , a r : : i  r: ,: , u i t  s h o u l d  be ‘ hr r u 5 -i. a fl -a ’-
1: ,~ :oble (r:a , ie  a ~~ I’. A . ) or : L - -  s; of the ‘,‘ - n s a  i’u~ p ly o: cwn .

C~ tomo u m L- rs  I

( 1)  See Faraara; :, a.

( t )  T i c y  :v-c ;~~i a : r ’r~ c :e ’c so :’

so :’: r o i r s t e  I ou ‘:.a - ‘a -  m a , - a l : .’;~- r ’ar~~-- , l~~r:~ :a u  on~
a - ,c ,or i r asn t , a : , ’: I- : ‘:, - to i _ s  o- -~r f-ss rr. an m : v — - 0 t , a a : : :n  ve ry

- - m m  “2- a r : e ’ a  ~~- ‘ s ’ - m t s ” :r’af . h- - S i l a S  0: - n  “ -san: , t a - - v
:‘- : c- : oi ’ ro p ’, ’ r or ’ m~c- - a , s i r , ’e ‘a ’ :r ’ s - - - Lx~~~’,’ :‘- ‘ i - r s :~~n t o o  sx ! ’- n -
a ~ a ~ n ~~i ‘1~ 2 C )  u~ ca ~~

, Lh-’-nse j ,  m - ’,’ e s t a  .a : s -  0 : -a ’ : la ’’ :’ s m - a ; - : ’  ( a l :o
‘ ::.m . : c a l i y  l’ s: ‘ r;: ’:x :‘:.er- v t ’  on : t ab l e  ‘sot -  rwavs  e :\ , .  :. Th- ~~- Con —

fu l l y  a~or- -e w o t : ,  :- m ’ v o e , -,:.

or ’  co s an -  b m , _ - -a - :- a o : - ,r -, ,:‘ - ‘ os lo  -: 0, ‘as
a : - a ’ a:, l a m ’ : .  :s- ’o’ ar -  , b - a :‘- , “ - :‘- ‘ as : ~ ~~ sin : - - :05 oV -

‘m a n  t u e  :-~~ -h I r -  -no ’ ii. Th o s  - - - a : :  ‘s  ‘i c -  ‘ : ;~~ ; t ‘ o a t  our L~ p’s r dr ’-- ’d~oe:
ar C:’- q i — -m . ’l ’ ,- m , ’ ‘b.- r:os - ‘- , ~al • l , : ,  t :  i :~ i r - s r ~t a a :0 m : : ’ - n ’c- .
!‘xa’o. ’: 0-Till mm: -: awa:’- R.v- :’ at. l z- : two  2 i~- i ; ’ . i:’ - - n ’ nc ass-nt-

b l ies a r r r ’ x : n s a ’ ’-l y II ~er o- :,’ of t a c’, -cle t , p ’ . i I ’  a lso ‘ - n o s  t o  ex-

t - C  
~~~i’ s- - n t  o f  t :~~- Lroe ) d O e S  n - t  r- - : : i l t  in  a h , 0 t h r’ cos t  n — s r  cub c yars

~ : l a m n  au ’s ,Tic:. - - re- I - oc r .  :v~- t - - -mo a- , : m o n t  m ’ - r f c - rns . m ’: fur - ’t i o n  nea r ly

aa ’- .~~~~~~~’ T;.~~~
:a:’

s

’

~
i.:5

~~~~., ::  u’:m ;L ’ 1:1: - to i:el p us fo r  ti:cse

( 1 )  A~ a r- ~a ,sr, ent  f o r  t i - - j r  v i s i t  to us two y-’ars ago.
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(2)  Thei r a s s o c i a t i o n  w i t h  us is a s t a t u s  s~mbol .

~) They co n s i d e r  us a p o t e n t i a l  cus tomer , s i n c e  they  inter t d t o
hand le  c o n s u l t i n g  and d e s i g n  work i t .  t he  f u t u r e , in a d d i t i o n  to drr -d g i r ig
work.

They feel t h a t  t h e  e x p a a r — i o r ~ i n t o  design corn ’:  as a n a t u r a l
development , s i nc e  cuc - t om’--r s sci t h e  s i r e , d i v e r s i t y  and e f f i c i e n c y  of
t h e i r  p l a n t .  At p r ” - : en t , ts k :e~, ope :’a’ e a p p r o x i m a t e l y SOC dredges , i n c l u d i n g
12 hopper  dredges.

o. Mr. Fastoor ’  - does n o t  or: ~“m ’s ta r : -d  why we have  to grow o re-pr - -a
samples of dredged m a t e r i a l  to d e t er o s in e  its ag r i cu l t u r a l  v a l u e . I-ic m ain—
t ai r . s t h a t  a chc -n --’ c-al analysis of this mat erial shculd cornple tcly s u f f i ce
to det exTn ine t h i s  value arm -S also the typ e and amount of additives neces-
sary to en h ance i’ . As c-roof , he c i t  es t h e  ~~ t c h  lan d  r ec l ama t ion  works .
In these  p ro j  ec t s , soil sarm :T l ea  a re  ana l yzed as o u t l i n e d  above , w h i l e
t h e r e  is s t i l l  sea ‘,vs~t em - o v - m’ t l ;ccr . .  The results  h a v e  h- - e n  s a t i s f a c t o r y

~~~~~ 
L~.

- -  A . it. I~t0flF P . C .

I



A P P E N D I X  C

R E P O RT ON D R E D G I N G
E X P E R I M E N T S  P E R F OR M E D

I N  T H E  D E LA W A R E  R I V E R

•

~

- ~~—~~~~~~ - — - ‘- ,,
- ---- - - p - - -

’

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 

-- - 

I;
,

~~~~~~
‘
~~~~~~~~~~~

‘ ,,~~~ ~~~~~~~~~~~~ ‘~~~~~~~~~~~~ ‘- ‘ -‘~~‘ ~LLTI .,, 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



- - — - - - ‘
~~~~~~~~~~ 

— - - -------------- ‘ — -- —---
~~~~~~~------- 

- - - -,

T A B L E  OF CO N T E N T S

Page

FOREWORD

SUMMARY

1, INTRODUCTION 1-c

1. Purpose and scope 1c
2. Back ground 1c

~, Need to chan c e  dred g ing method 2-c
a i .  Si g n i f i c a n c e  of Mater ia l  dens i ty  2-c
S . Test ing  Program 2- c

II .  E X P E R I M E N T A L  D R E D G E  3-c

1. Components  of E x p e r i m e n t a l  Dred ge 3-c
2. I n s t r u m e n t a t i o n  on Expe r imen t a l  Dred ge “-c
3, Operat ion of Exp er imen ta l  Dred ge 8-c

-i, Performance  of Expe r imen ta l  Dred ge 16-c

I l l .  WATER P U M P I N G  TESTS 20-c

1. Hy d r a u l i c  charac te r i s t ic s  20-c
2. Bear ing  performanc e 21-c

IV. DREDGING TESTS 23-c

I .  E f f ec t  of dred ge p u m p  e leva t i on  
2. E f f ec t  of suc t ion  pi pe si ze 23-c
3. Effec t  of drag head bottom opening size 24-c
4. Effec t  of water  inl et  doors 2- i-c
5. Effec t  of shape of pump i nlet 24-c
6. E f f e c t  of speed over bott om 25-c

Effec t  of dred ge pump speed and power 26-c
8. Effec t  of gas remov al system 26-c
9. E ffec t  of force feeding drag hea d 2 - c

10, E f f ec t  of drag head width  2~ -c
11. Ef fec t  of dredge pump si ze 28-c
12. Comparison wi th  hopper dred ge COMB ER in several areas 28-c

V. EFFECTS AND ANALYSES OF MUD DREDGED 29-c

1. Type of f low wh i le dred ging 29- c
2. Fr ic t ion  head and p i pe size 30-c
3. Viscosi ty  and Reynold s  number  30- c
4. Dred ge pump e f f i c i ency  31-c

• 5. In s i tu  densi y grad ient  32-c
6. Material  p i c k - u p depth 33-c

Gas in mud 33-c

4 VI. DI SCUSSION A N D  CONC LUSIONS 34~~

;
— 

- ~~~~~~~~~ 
- -

-._~~~~_~~ _ _.- ~~~--‘-‘ ~~~~~~~~~~~~~~~~~



V - “

~~~~~~~~ 

LIST OF I L L U S T R A T I O N S

Figures Page

13 - General arr angement of Experimental Dredge 4-c

14 - Dred ging ladder on port side of Experimental Dre dge 5-c

15 - Cross- section of drag head at lower end of dred ging ladder 6-c

4 16-25 - Various p hotograp hs of Experiment al Dred ge and its component s 9-c thr u 13-c

26 - Typical test dat a sheet for one day of operation 15-c

27 - Density determination sheet for disp lacement met hod 17-c

28 - Dredge pump performance curve while  handling water 19-c

29 - Grap h showing speed over bottom versus eff luent  veloc i y 19-c

30 - Gradation curves for mud handled 32-c

I

1

— —-—.-— - - -—-—— — — ‘. .- — -- _,____._ -_‘_‘,_ - - - ... , ——-— ‘— - _-‘r--—- -

_____

~~__ _...L&,a~ —’ ‘ T h T  
- - -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-- ‘---—‘- ——-— — - -



- - ~~~~~~~ -~~~~~~~~~~~~~~~~~ - ~~~~~~~~ - -- —‘- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~

FOR EWORD

The dr e d g i ng ex p er im en t s di scu ~scd in  h i .i ppend ix  w i-r e p e r f o r m e d  is P- 1~ 
of .in 

•

i n v e st i i~at i on  ~. e d e t e r m i n e  th e  hi - st  ~l r t - d g t n ~ rr ~’th od  ,ifR-r close—in ~l i sp o s ~~l ,ir - .is in t h e
Delaware R i v e r  are dep let ed. Thi s inve st g . i t  ion wa s  made in i-onnec  ion ~ oh the third sub
si udv ef a total of six , w hi ch  corn pr i  s -  t h e  ia- ( ’r a l l  ‘l on g R.in~m u Spoil I ) i - p o ~- .il ~r udv ’ ‘ in
the Delaware R i v e r .  The ove r . i I l  st u d y  ~i . t s  conc e i~~ - i  a n d i n i t i a t e d  by thi-  f o r m e r  I ) ist r iit
E n g i n e e r , Bri ~ a d i i - r  ( ; ( -n er. t l ‘1. 5- ‘X ar kin . who had b een d i t i - c r c - ,1 t o  s u ,  h .in i - f l e a  by  t h e
( h i d  of En~ i neers.

The Pro je L - r \~.I n . i o u r  f o r  ~u h ‘-~ ii~O~ I I I  d i r t t I R - ’ -. t-  dr t - ~I g t n g  x p r t : r t & - i i t s  w as  \tr. -\hd :’Fr
\ loh ~ . P. F..  who 0 r r 5 i \  cJ t h e  e x p e r i m e n t s . ~h - s i  ~-n -J t h e  e q u i p m e n t  - — u i  i v i  si-d t h e  t u - u  s ,

and wro t &’ t h i s  r e p o r t ,  l ie ~‘, .is  .t ’~— i s r u d  ‘~it Ir t h t -  r e p o r t  h~ M r .  l~~ -~~~i s  ( a c ~~ - - ~t- . R E ,

S U M M A R Y

T h i s  report  d i scu sses  .i s i - r u - s  of pr er o i \ 1 -  d r & - -~ s t r r o es p i - r i m i - u t s  ~ -r f o r m e d  t-s s t -n—
t i a l l v  in t he  m a i n t e n a n c e  mud of t h c -  l) i-I , i~~ar i- R i ’ -r i i i  l ’ - o ~ , In  p a r t i c u l a r . it evalu-
at e s the e f  t t - c t s  of d r e d g e  pump let-at ion . rat -h  id ,- on f t~ ’ ir ir ion s, groun d speed. a s  re ’
m ov a l  s s t e m s , and drr - i~ t- pump Si  , - . In  h -  -

~~ .i~ u.n io n. m a j o r  emp h a s i s  wa s  p l.i ~ d en
h i g h  e f f l u e n t  d e n s i t y .

The r epo r t  cont’Iu d c - s  t h u r  t h e  ‘~ e i u i ,  to n cori ’~. & nt - t a! d r - - t i t - s  i s  l i mi ted by t h e
suc t ion  l i f t  o f t h e i r  dR -d im t N u I t t P s  ~ li t ii t h -  ~t r -~ g - i i i t ~ ~~, t s  p i t t  r - ~t n e a r  the  d r ag head i n
the exper iment. the suction l i m i t  at ion w a s  O\ t - r&  errs -  and  N ’r t orman ,  i m p r o v e d .  ‘Ph i- cx -
p t - r imi ’ n t s  showed t h a t  .i d r v . l u w - p u t t i p  . id iacc - nt  t o  i t s  -~r . t s }u  id i s  i ’ r a t  n eal  and a d v a n t a —  I
g e oU s .
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I. INTRODU CTION

1. Purpose and Scope: The r enui nd i - r of the dred ging mater i l  is

li nt- and nu t -d i u r i i  gr i int -d sand,  w i t h  ot -

l’he purp ose of th i  S St ud v i s  to d - - e-a s iona l b o u l d e r s  and d i -h r i  s.
ter mine the  a r r ang emen t  of drt- dge c s s r pe-
ne n ts and mode of opi-r .11 ion that w i l l ~~~

- -

suI t  i n the  h i g h e s t  e f f l u e n t  dens i t y on Th e hu lk of the r -q u i r e d  m a in t e -

dred g ing a s s i cn m e n s i i i  the Delaware  R iv e r . na nci- dred g ing work has been and i s

The srud ~’ i i -  1 itn it & ’ d to  hy d r a u l i c  dred g ing pr t - si- u t  I V  . i icoi l i!’! l  sh -d by I - S . A r n n v
and a r r a n g e m e n t s  emp loy ing  one dred ge or ps of F n g in e - r s ’ hopper  Jr s i  g i -  s .

pump of convent ion a l  des i gn .  I t  us essen-  Prior t o  I ~~ 1 , 1  p r oce dur i -  was  fob es el

r i . i I  Iv  emp ir ica l , and p I aces m ajor  emp has i s  in  w h i c h  t h e  hopper  dred gt . -s  h , i ul i ’ d t hi ,-
on p rac t i c a l  s o l u t i o n s  ra the r  t h a n  t he or e - t  i .  d r e d ge d n iat c- r i ,ll to  a r ea s  .idj ,it i ’ri t i t )

ca l cons idera t  i o ns . s h i nt - di spos,il ci  i s  and d u m p i - d  th u
spoi l  on t hi - b o t t o m  of r u l i a n d l i n g  b . i s i n s .

2. Back ground -~ pi p t - l i  ne - l r c -J  i -  t h en  reh and led t hi-
t i - r i _ i l . ~‘cu m p i n g  i t  i n t o  u- i r k  : spos . u i

Dred g ing  r e q u i r e m e n t s  in t h c  l )  .~. ar ~ .i s . i - I t t 5  .u h i g h  e r c e n t . l g - i f  
- l i n t ,

ware  Riv &-r arc- undoubt e d !  v s i m i l a r  to m r n~ 
I ~ t. .l~ ’t d t ilt. - r e - h a n d  Ii F t c  .in i ni t u -n  1 to t i ,

o ther  w a t e r w a y s  r e q u i r i n g  r u l ~ - t i t i v e  ma n-  t i n t s  I .  t i ns  1i sf t i  mdt ‘ i l  s . s  r e -c t

i t - na nc e .  There fore , new d r e d g i n g  d e i e l s i -  t i c  l \  m t ~i L  in t l t ire ‘ I r o n )  s ‘ I i i

me n t s  d e s c r i b e d  here ar c- I x - l i e v i  - I t s ’  hi ~~ 
di U ‘ u t  i t ’  ‘h - - - . l i t he i s ’  ti . i ’ i s n  . 1  i . :

genera l i n t e r e s t .  ~ “ s - I  i s  i t 1 r ~~ r t t i r (  c i , - t i l t ,  it c i  U

sic n’- r i ’ :  it i n N  - l u r e  s h n .u - :‘ i t

The Del a ware Ri er -.rr ‘I c ’  r the b u t  r - - I i  - 1i : s , ~ , ‘ r r ’I ’,r  - i i  h i  d u I ’  -

Port s f  }‘hila,1e1 1’hi,j . w h i c h  is .1 - l i s t  I c  . i i k i r i t e  t h i s  ts s n - h rrs ’ tr . ‘hi i ts ~~ 1~c

d r a f t  por t 1(X) m i l e s  i n l a n d .  This  i s  oni- I r isig i fic t i t  hn i iuc- in t hu  l ) s - I i s a r i  R i v c - r

of t he foremost  deep dra f t  ports in t h e  was  c h , i t um c -I  Es sr tssti i u n i p i t i ~’ ~ ,is  di  ~ ni-

I n u r e d  S ta t e s ,  ‘Pile n a t u r a l  d e p t h  in  ~~~~ 
t i n n e d a t t - ~ t f l s U  i , t i l e  n i , i t  n . h  was  P U m N I

p ort i s  l f e - i - f .  Thi,- c h a n t t c - h  l i i - - a co n— f r o m  t h e  hisi Prc r d r i - d g c - s  n t i s  I t t -  ho~’p -rs

s i s m e n t  shoahi ng r.Ite. part  i c u l a r l i  ni h~ 
of , u  ‘ ‘ r e b t . . - i i  i e ’~’~ s - ! l . i  e o n i u r t e d  hop-

i n t e n s e l y  deve l o l ’e l i r s - i .t bo uc  ~~~ t i t le -i -  N’~ 
lr e- s lg  , -‘ it ii i u ’ n  pu mp ed  t imc ma-

f rom r h c -  ocean. teri .i l t h r o u ’ r , ,
~ 

I i i u- s  r i  con l in t - I
di sh’ o s_il i re - . , .ii sr - I h i  iro ced ure w i

A ppro x ima t i r l y  ,~~ l)O , ) ) (})  I cubic  y a r d s  e lf -ct  u ye in g e t t  t n g  .i i l  i nc  1 g e l  p art i t . t - s

of in s i tu  m a t e r i a l  arc removed f rom th i -  ashor e ,i n ei was i n s t r u m e n t a l  i n  appr c- t  iabl~
Delaware Rive r  a n n u a l l y be tween I ’ h i l a —  r cdu c u n g  ma in tc ’n . l nce  d r e d g i n g  r e q u i r e —

elcl ph ia  and the Sea. More than  Q0 ’~ of t h i s  ru i N s. In 1)6 ~ . u s -  ‘‘ ri’ h . i n s ih  i-r i - c - s i - i - I ’ ’

m ate r i . i l  i s  gaseous m a i n te n an cc ’  s i l t  ‘~ t t i i  W.~s e l i m i n a t e d  and r h i -  hopper dred ges

• ave rage in s i t u  .m e1 p a r t i c l e  d e r i s i  t i e s  s i were provided w i t h  r hc- c a p a h i l i r  v to pump

I 2~) ( )  gr 1 and 2 ( sS t )  gr /  I res s- i t  u~ -I ~ - I t  di r i - ct !  i n t o  c o n I u n c - d  dispos. il  .lr - a s  on

is so l in t ’  t hat almost  , mll  of i t  ‘i i i  p u s s  shore  t h r o u g h  p i pe ! in c ’s . This  sv sui -m is
t h r o u g h  a N o . d )( ) siev e  ( 0Jh ) 2~

) ’ ‘ s i S t i  n g s  I . in op t - r at  ion t o i . m i  an si  i s  s.tr i s f a c t o r v ,

_ _  - - -
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3. Need to Change Dred g in g Metho d: mater ia ls .  As a resul t , pump ing beyond
overflow is l imi ted  in the  I) e laware R i v e r

Increasing l y in tens ive  land use .1- -and will probabl y nor h’~m permitted in the
long portions of t he  Delaware River where future.  Other a ttem pt s to increase the hop-
shoaling is most prevalent ,  has made it per dens i ty ,  such as gravi ty, c e n t r i fu g e .
very d i f f i c u l t  to procure new near by dis-  or chemical  preci p itation ,  have proved

pos al areas. It is , therefore , expecte d t h a t  im p r a c t i c a l .  Therefore , t h e  hi ghest .mr -
when these disposal areas are dep lete d . ta m able dred ge pump e f f l u e n t  d ens i t y  is
dred ged mate r ia l  wi l l  have to he hau led  of paramount  impor t .mnce .  In v ie w of t h i s ,
to the Delaware Bay, a distance of 25 w i t i s  imp or tant  to  dred ge a hig h d e n s i t y
50 miles , where disposal areas are obtain-  i n i t i a l l y ,  for e f f i c i e n c y  w i l l  he r e l a t e d
able for many years to come. As a result , directl y to th e density delivered into the

a stud y was ini t ia ted in the Philadel phia dredge.
Distr ict  of the  I .S. Army Corps of Eng i-
neers to develop a concept for the best 5 . Test ing Program:

dred g ing equi pment for use in the fu t ure
Because of the  impor tance  of dred gewhen nearb y (S to 10 miles)  shore disposal

areas are no longer avai lable .  This  inve st -  pump e f f luen t  dens i t y ,  a test ing program
was conducted to determine the  dred ge

i gat ion is in progress and is consider ing
various dred ging and disposal schemes. component  arrangement  and mode cf oper-

a t ion  t h a t  w i l l  resu l t  in t he  hi ght -s i  prac-
t i c a l  e f f l u e n t  d e n s i t y .  Tes t ing  was per-

4. Significance of Material Density: -

formed in mud and s.ind , w i t h  emp hasis

The economy of hy d r a u l i c  m ate r i . i I  p r i m a r i l y  on mud , since t h i s  mater i a l  us

hand l ing  is largel y de te rmined  by sol id mos t f r e q u e n t l y encountered in rn a in re n . mnce

flow r a te  or dens i ty .  In hopper dred g ing .  dred g ing in the  Del aw are  R i v e r .

solid f low r a te  is th e more im p or t an t  en-
Th eore t  ic.i l ana ly ses  i nd i ca t e  t h a tte non when the ma te r i a l  t ransport  r .s short .  -

dre d ge p u m p s  should he able to handle
• wh i l e  dens i ty  is the over - r id ing  c r i t e r t i ) n

most ma in tenance  mud s rn t h e i r  in s i tuwhen the t ransport  d is tance  is long. This
is obvious when con sider ing t h a t  .m hoppe r 

s tate o t ap p r o x i m a t e l y I ~00 gr I d ens i t y .
Howe ver , desp ite al l  e f fo r t s , the average

load of 1150 gr I dens i ty  m a t e r i a l  cont .i ins
dred ge pump e f f l u e n t  d e n s i t y  of hopper

onl y h a l f  a load of 1300 gr - l hot toni den-
su t ~’ mate r i a l , the ot her ha l f  consis t ing of and pipeline dred ges seldom exceeds

1151) g r / I .  There may be numerous cx-
added water .

p la n . tt io n s for t h i s  d i f ference  hut none
are proved because prototype dred ging  and

In hopper dred g ing operat ions . the model t e s t i ng  cannot be adequa te l y  re—
densi ty  of the hopper mix tu re  is f r e q u e n t l y  l ated .  Prototype t e s t ing  on F~ ard a dred ge
increased over the dred ge pump e f f luen t  would he most e x p e n s i v e  and could not oh-
dens i ty  by pump ing beyond ove r f low.  This ta m the accur. icy re qu ired (or t ’st pur-
method of increasing the q u a n t i t y  of solids poses. M od el  m ci - u  in g su f fe r s  from the in-
in a load is e f f e c t i v e , hut causes t u r b i d i t y  a b i l i t y  to test  in und i s tu rbed  prototype ma-
and pol lut ion and creates new and scat- ter la l and to scale  down the atmosp her e,
rered shoals composed of f ine  grain e d the  p a r t i c l e  si te . and other variables. For
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thi s reason , model r e s u l t s  are at best  i ’quip m e nr , ‘I’ he re -st ass -m b l a g e  i s  r e —

q u a l i t a t i v e , hut  not qu an t  it  . i t i ’, t’ . fe r r ed  to ,is the ’ ‘ ‘ Expe riment .ml l)red gc- ’

In t h e  tC st s tha t  f o l l o w e d . t hi ’ efi I uc ’nt
I n v iew  of t h i s  it w as  decided to d c -n i - i t  ues obtained wi re t-om p.tr ed w i t h

co nduct  .t i - erie - s of expe r imen t s  in the c- _ it - li o t h e r  and wit  ii t host’ obr ,i ined by the
Delaware R i v e r  u t i l i z i n g  Corps owned f l o p p e r  E)r ed ge ( ‘ M R E R  in the  same area.

II. EXPERIMENTAL  DREDGE

1. Components of E x p e r i m e n t a l  Dred ge: spoil  f r om n i lit- d n i  ic in i: adder
t o t he (‘ .iri ~o lLirg i- .

liii,’ co mp o n e n t s  of the Expenimcn t .i l

Dred ge consis ted of the large Mooring f - A f e n d e r  w i -  c o n s t r u c t e d
Barge ( M B — I ) . the  1200 liP l’ug SAN 1, 1 ‘IS - f r o m  . m v a m  I . ihl i -  m t i , i t  c ’ri ,i l ,it ts i

and the small  Cargo R a n g e  ~0. The ir ar— t t is t  a i l e d  at the  sr c -r n  of t hi
rangement  is ou t l ined  on Fi gure  1 ~.. The \t R- I to  ,ic~- sstii rtio5ia te t hi- s . i

MB~ I was used becau se ’ i t  t on st i t u t e d  a of ~h -  i - I N  1, 1 ‘IS.
large working p la t fo r m and u s  e q u i p p e - l
wi t h ~, — ISO KW die set g c-rt c r a t o r s .  It w . is i: ‘l i i i -  i b I s ,’ r u n  s i t  t t ic  m o o r i u i c
modif ied  as fol lows ton the t e s t s , -c inc hs ’ ’ -, cc as .il t i - r c ’ d  and I a i r -

• I c - , r d c - r s  i n s t a l l e d  to  p e r m i t

a. A dred g ing  ladder  v;as .idded i-It t t t  in c  cit  t hi’ ( a r g o  Rar g -

to i t s  port s i i  i- . 
,i o n g  t h i ’ st , irbo ar d  sick’ i l

t h e  l I l t - I .

h. A I a d d e r  hoist  da v i  t cia s di’—
si gned. u t i l i z i n g  e x i s t i n g  e’ - ii . -\ p l .rt l ort u w.is ad si ed to the

qui pment . .ini1 i n s t a l l e d ,  i - i s le  ~s f  t hi ’ MB- I ahead of th-
i n c - I ‘i t i c  l adde r  and an echo

c. The con t ro l s  and e-a hle ’ a’ - ssiiiflsli n i n  st.i l Ii ’d.

rangeinent of an exi s tt fl g

mooring w i n c h  were . t l t c’ r e l ‘l’he dni ’dging l.idder was de s i gned

to se rve  ,ls a d r a g  ho i s t .  .ts a t r u s s , c o n s i s t  t n g  of three  12 ’’ p i pes
wi t h t r ess  h r . i c m n g ,  I t  was h inge  connected

d. The controls anti power leads at i t s  f o r w a r d  i ntl on the port side of the

of one of t he  150 K W 1u sd MR-I t o  permit  r a i s i n g  and lower ing  and
generator s wert- altered ts ~ si d e w ay s  e l n i f t s 0 i t s  a f t e r  t ’nd . A  used
dr ive  the  dred ge pump.  COMBER ’ s Ambrose d ra g he ad wa s in-

s t a l l e d a t i t s  a f t e r  end,  s ince it was a v a i l -
e. A d ischarge  f l u m e  across the  able anti s u i t a b l e  for t hi- p lanned  changes.

deck of the M B - I  w ,ts con- ‘1 Morr i s  M.m chine , Type 12 CK pump was

• struc t ed from e x i s t i n g  20 ’’ purch a sed  because:
p i p ing to I earl  t h e  dred ge .m . It  c o i i l d  event  u,t Ii v be ur i l —
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ized as a rep lacement on the kat e  eff luent  samp ling and
Dred ge MER RITT should it mater ial  volume measurements .
become sur plus.

2. Ins t rumenta t ion on Exper imenta l  Dred ge:
b. Its power requirement matched

the power output  of the exis t -  The fol lowing l is ts  the test data
ing diesel generators. collected and the method and components

emp loyed to obtain them. It can be seen
c. Its  size is onl y sli gh t l y small-  tha t  maj or emp hasis is placed on dens i ty .

er than that  of projected con-
ceptions. a. Dred ge Pump e ff luent  d e n s i t y

f r o m d i s p la cement and volume:
A used pump motor and controls A small  sea connection was

were pur ch ased and overhauled. The motor instal led in the bottom of the
matched the existing generator electr icall y Cargo Barge near i ts  center ,
(150 HP , 440 Volts , AC) and provided the and p rovided wi th  a stop cock ,
desi gn speed range for the dred ge pump a t ransparent  ver t i ca l  p i pe and
(350-450 rpm ) but was of open construction, a scale to read the barge draf t
It was mounted on the forward end of the (See Fi gure 22 , Bottom). An
ladder and enclosed in a sheet metal  box. 18” piece of 3” p i pe was

• A Y-connect ion with a control f lap  was ins ta l l ed  ver t ical l y on three
installed near the motor box to direct the legs at the center  of the  cargo
dred ge spoil overboard or into the Cargo box to read the e leva t ion  of
Barge. The ladder with hinge housing, the “bin water ”, and the
drag head , and installed dred ge pu mp and loaded cargo box. (See Fi gure
pump motor was procured by contract . 22, To p)
After del ivery,  it was mounted on the
MB-I by Government force. All other work h . Dred ge Pumps ef f luent  den-
was also performed by Government labor. s i ty  from samp ling : An ap-

proximate one-p int  metal con-
The following modifications were ta m er was hinge-connected

made to the Cargo Barge 40 for the tests: to a 5’ handle to permit samp-

l ing from the eff luent  dis-
a. The fore and aft sides of the charge . (See Fi gure 23, Top

cargo box , which had been re- Left)  A samp le was taken
moved , were restored. every 15 seconds. These were

combined in a bucket and the
b. Three sluice gates were in- average dred ge pump eff luent

stalled in both sides of the densi ty was determined.
cargo box to permit drainin g
and f lushing  of the dred ged c. Dred ge pump motor amperage:
spoil. An amp. meter was installed

at the control stand on deck
c. A walkway was insta l led of the M R - I .  (See Fi gure 17,

across the cargo box to faci l-  Bottom)

7-c
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d. Dred ge Pump motor vol t agi ’ :  j .  Drag dep th  indicator :  Boards
The gener ator vo l tage was were ins ta l led  on one side of
obtained from an e x i s t i n g  gage the cable lead ing  to the  drag
at the diesel ge nera tor .  hois t .  They went’ pa in ted  whi t e

and prov ided w i t h  red s tenci led
e. Dred ge pump and motor speed: dep th  fi gures . A whi te  pa in t

A mechanical tachometer was mark on the wire rope m di-
connected to the l ine  shaft I the drag depth .cater
near the d r i v i n g  motor.

k .  Dred g ing s ta t ions :  The’ start-
f .  Discharge pressure: A ~‘ ‘ ing  and stopp ing po in t s  u I  the ’

pre ssure gage was ins ta l !e d  t e s t  r u n s  w i r e  d e t e rmine d  by
at the  control s tand anti con— tne~mn s of a sex tan t  and se x-
nected to the  discharge elbow ta nt chants.  These p o in t s
o f th e d r e d ge pump (See Fi gure coinc ided  w i t h  t he’ s t a r t i n g
1’~’, Bottom). The t u b i n g  W, i5  anti end ing  of the ma te r i a l
purged wi th  gas from an oxygen d i scha r ge  in to  the cargo box.
bott le .

1. Pumping  t ime:  This t ime was
g. In take  pressure :  A mercu r y  de termined  w i t h  a stop watch .

manometer  was i n s t a l l e d  dt It  s t a r ted  and stopped w i t h
the co ntrol s tand anti con- t he ma te r i a l  d ischarge in to
nected to the in tak e  side of the car g o box.
the dred ge pump (Se c Fi gure
I~’. Bottom ). The t u b i n g  w .u s ~ . Operation of E x p er i m e n t a l  Dred ge:
purged wi th  oxygen .

The E x p e r i m e n t a l  Dred ge wa s  f i r s t
h. Drag tens ion:  The s u p p o r t i n g  used in October 196 . It was operated in

beam for the upper drag hois t  t h r e e  subseque nt t e s t  per iods :  20 Nov (- ‘U’

block was hinge connet-t c d to  J a n  68 . 6 May (-s8 to I May (iR . and
to the davi t  and ba l anc e d  a- l~) Aug 68 to 6 Sep (d~.
gainst  a spring . I t s  inboard
end was extended by an in- A p r imary  purpose of the ’ t e s t i n g  w.is
dicator  arm which moved over to determine the ’ si gn i f i c a n c e  of the  d c -

a tide gage board , thus  dis- ments of t he  dred g ing process over which
p lay ing drag tension in t e rms  there  is a control .  This was clone’ b y a l t e r -
of re la t ive  numbers.  The in- ing onl y tha t  va r iab le  which was being
dicator arm was later extended . tes ted w h i l e  other  cont ro l lable  var iables
(See Fi gure 17 , lop) remained cons tan t .  The v. ir iahle s  tested

were dred ge pump locatio n , suction pi pe
Bottom sounder: An echo si ze , drag head bottom opening size , top
sounder was ins ta l led  on a in le t  doors on drag hea ds , shape’ of pump
platform immediatel y ahead of in le t ,  dredg ng speed over bottom , dred ge

• the  dred g ing ladder to deter- pump speed , gas removal  sy s tem , force
mine  the water depth.  feeding drag head , drag head widt h , a n d
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— ( ‘ t i re s - s r - v .  -, i i  i~s~r r ‘.5,1< ’ ‘ - I  i’ ,i r s ~,
- ‘. I s s ’ w I n g  ~t rr ’ Ig s n g  i .~s i—

s t i r .  \s ’r s- I r s - l u ,  i’uins ’ i n s t . t i i e ’ d .sit , ’r - i’ r , i i r -l ~ sr - s r  the

________ 

~~~~~~~~~ ‘ ~~~~ ~~ ~~~~~~~~ ~~ 

t , s I i . i t ~h~’:~st. ( h r  tss ~”’,l . r . s s ’ .(’sl t-o n n r s s l

- - b urg ,- ’-. ns’rm ,iI i s i n d  i ‘‘ n .in,t v . , - r r ’  non used in t he cx—
I r r - r s n s r r r i .  l ’ l~ r s s r r - us -

~~
- r ig ht -.1 -r ~ , I r s  -l ~~~ssg i.i ddc r

r .u r rs.ui ts is ’vs - , - r , - ,I u s s  t’simpi s~ w- ,uner s r s , u s ~Is o v e r —

- — : bs’ . i rd  s s , ~ h .irgr- .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~i- i - r g s i r e I f ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

5, t - ’p 1,- i t  - ‘, ic-~s ‘i - v . , - r s’nd s i t dre dging i.sslder sh ow ing
- - sIr edg,’ pump. - I r ,i~ Is ,- ,i,I inst Is,rw .trd .. ~I, of dragarin
- ho i s t ,

hIs ’ nno m is - i t  — V s, ~ of si r.sga:m hi’, r s upr’’rn - Note hi ti Red
hu’rs,.srn s.iI ssip~~s’ rt i-re .un on tsp w i th  drag t ension in-
d is s t i n g  ~‘I. I , ‘ ngnh s- i  in d is .0 m g  rod was later

- ext  <‘fl~Ii’ s l ,

• I - ‘t’ r ig ht — I s ’ i i s .ird ‘. i i w s ’ f  s s rn t rs ’I stand . t - o n s i s t i f l g  Of
_
f 

- 

~~~~~~~~~~~~~~~~~~~~~~~ 

,hr. <g .<tm ho ist  c ,’ ntrs ’ I ’. and come
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- — to p  left - Aft vii’v.- s r i  pa rtia l ly lowered sired ging ladder

.su’,~ l~ m i  con t ro l  st ,u nd. Not e ’ : I. \~~t m  t t i ng  wit h i-ontroI fl ap
— ,~ ‘ to overboar d ( l e f t )  and s-argsr h.irgc (ri~ ht); 2. Rojs e

hoists to actuate cor’ rs’I fl.ij’ l<’vt ’ r ~. Five gallon oil
— - - drum on top of motor box. -u . ( s’nnectio n between 12”

d ~~ 
discharge pLpe and 20” flume.

- , lop r m~ hn - lnho ,srd v i e w  sr i  dred ge pump motor box. l.adder
I - 

swive l and hinge are h~ Is’w man .snsI 20” discharge
flume s t a r t s  s iv i r  man. 

-‘ 
-~ _.. • Itot tom - A lt v iew ol raised dr -smg he.isl w i th  pipe instal led

, to simsi).ute performance w ithout drag head. Forward
- . pipe en d connects deect l y is ’ dred ge rsimp .

Fi i r ur e l’~

-

Three views of drag head with p la in  pi pe installed. Pipe
is similar to , hut longer than pipe shown on bottom of

“~~~~ Fi~ ure 18 , , to avoid possible effect of dra ghead
— while dred ging. The purpose of this attachment was

tsr eva luate the effect of drag head area and width.
5

Figure 19
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three views of d rag he~~ with funnel inlet inst ~~led. This
attac hme nt has the same length as that shown in pre-
ceding in cl osu re. I ts main purpo se was to eval uat e

di ectI~ dred ge 
w idth. Attachment conn ect s

Fi gure 20

~~W’,’:: ~~~~
--

~~~~~~~~

~~~~~~~~~~~~~~ 
_

_ _

Three views of draghead with “ scoo p plate ” installed.
The t hree ath’w anshi p rows of grat e openings aft of
the scoop we re blanked off . The purpose of this at-
tac hment was to eval uate th e “front entrance prin-

Fi gure 21
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i_ op left - View s’f ( argo Barge center showing met hod of
me asu rs n~ t he u nt i t l e d  capacity prior to b a l ing.  ~ .sr e r

-~~~--~~~~~~~~~~~~d 
l~ott~~~~le

1
f~ \ s c v . o~ ~~ 

~ r nd
e::~r l h d

- s-. - — - ol measurin g the mud vs’lume ,if tc r l o aj s n 5. Note cs n-
— s is re ncy of 1200 gr I mud r ’~ rt fell on wa lkway whi le

Cargo Barge W a S  moved under discharge flume is-

~~ “~~ equalize surface - i load.
Ts’p r ig ht - V s ,-ss of plastic rube connu, cre d to s-en ter s ’t

- 

‘ ha ge bottom to show light and loaded d ra f t s .

Fi gure 22

_ _ _  
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~~~~ . ~~~~~~~~~~~~~~~~~~ ~~~ l ’ Isrer - v i e w s - -i C ar go  Ba rg e ’ u t t e r  it  w i —  f i l l ed  ‘.s i i  bout

- - ~~ ‘‘( ~
1w~,1— , . v e - r I l ’ss w i th  ~~ s r s I  c ” n t u l n s n g  a hig h pi ’ r ~~rnt .uge of

— 
, ~~

- ,. - —‘ — s it s ) i t , ) the li g ht mist ut ,. s in t op of the set t led ‘.ssl id
s i  rune I 

n i  ~~l t 
I 

on thi
r -

~ 
‘ . - - - 

~, 
s - a t e r l m n r -  ‘n fs ’ rw.,rd hulkI,, - el sti d level  “ I se t t led

..— • ~
‘ 

~~c ’ . - 
— 

— —s l i d ’ ., Lat te r  ,uns, ’smni tsr  . lpprs ’xm macs-Iv -~ C I  - - i  et t l ue nt
— ~~

“- - ‘ - 
~~~~~~~~~~~~~~~~~~~~ 

- 
- pumped. s,.-11 ~.) — s I s d  s cs ’uld he- wa lked  urn immediatel y,

Figur e 2- C

~~~~~~~~~~~~~~1w~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~

s _ ’

Top left - \ ‘ iew sri starboard sid e show i ng Cargo Barge
be ing emptied of mater ia l  by pump ing wa te r  on nor and

.~~ ,____ ~~~~- - - hot s t i ng it fore and ill -
-~~ - 

- 1”p right - View of t ugs ’ Barge fro m Mooring Barge.

• 

— 

~~~~~~~~~~ ~~~~~~~
Figur e 2S
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pump i m pe l le r  site - . The primary m e a s u re -  charge overboard , startin g t h e

of e f f e c t i v e n e s s  of ea ch  change was t he’ dred ge p u mp an d commencing
d e n s i t y  pumpe d.  the  low e-r ing of t h e  dred g ing

ladder .

A water  pump i ng tes t  w.is p e r f o r m e d - - -R e s u m i t t g t hcdcsi red dred g i n g
i mmedia te l y alter each r e s t  change to ve ’r - - -

- - - 
s~ e c s i  , oht .ii iii n g  bor t  om u ec h o

ifv the  s t a b i l i t y  of t he  test  e q u i p m e n t .  A - -
- . 

- soui tdit ig s at 2,0-second i n t e r —
200-hour w ater  pumping  test  was also per- -

- - - - v a t s , l owering i s le drag head
1orn ~i d to ascert am the pr a -t ica l- r i l i t  v s r f  -

- 
- to  the  b o t tom ,1n~i dred g i n g

the t e s t  e Q u i p m e n t .  - - - -overbo ar d  u n t i l  c o n s l i t  i on ’,

- 
were s i a h t l i z e d .

It  c u s t o t n a r i l v  r e q u i r e d  a day to is -

ce r t a i n  the e f f e c t s  c u t a ~
- . ir i ah tc ,  A t ~-p t c . I l . -

- - 
- CI .  ~ i op p in g  the dr e d g e -  p u tnp

r est d.i v started by d i s c u s s i n g  the  eo n-  - -
- 

- 
-  i t i u r t l l e ’ n t . l r i t y  to . i dj  u s t  t he  con-

t emp l a t e d  tests w i t h  the’ tug c . i p t i i t t .  -i he - - - -
- - -  t ro l I t a p  to d i s c harge  sr suil

eq u i p m e n t  was ! i i b r i c , i t t - i w h i l e  in t r , i n ~ t t
- -  , ie r s r s s  t he’ d e c -k sri  t he- \ll~’ If r o m the- .inchorage’ to t h -  i c - s t  . ir e,i .  I hc - :  -

- -  i n t o  t i l e- ( ar g o R ir  ge . ob —a s er i e s  of approx mm.u c l v  ~~~ en t e s t  r u n s  - - 
- 

-
-  t . l t t l t t t g  two se-~ t ,iili readings

w ,i s pert ormed .  \I ost  t e s t s  we ’re rti . i sit at - 
- - 

t s r  d e t e r m i ne  the -  s t . i r t  i ng  p o in tva r ious  cr c-i d’. s r c c - r  t he- !, sr tt ss t tt st s .1 1J’.s -
- -  oh t h e -  t e s t  run , and s t a r t i n g  a ‘

o f the st  gn i  f i c a n c e  sri sp i e d  - ( )n t h  - 
-

-  stor  w a t t  Ii to  d e t e r m i n e -  t h et u rn p ourn t ’y  t s r  the . in chor , i ~ m - . i’l imi s ansi  - - 
ru t i ng  i i  me-

p rep ara t i on s  were made- tc ’r  th e  n e - s t  d ar t - 
-

-\ t y p i c a l  te st r u n  u r t i s i  s le s i  ‘f t he’ t .  l ) r t s l g i n t g  m . i t e ’ r i . i l  i n t o  the-
f o l l o w i n g  t . i sks  in ch ’ sr t tsrlsi ,- i , i i  ~‘ L r -  c , i r c ’ s ’ l ’ s r r t  u n t i l  ne’ .ir s r v t - r t i s ’\e -

I - r  tls ’cc cs .is n sl rm. i l  lv  r e- . i eh e - d

.i. Rc- .is ic i t t c  t h u  e q u i p m e n t  t ot  f r i - i  ec c - ti t s ’u r  i tt - I ‘‘i s i t e - n  m m —
th e  l i s t . t n c l u s l t n g  s t s r ’ . i t t c U t , - .. f l u ’ i r i , - b r  - i s i t i t .  t h i sira g

t he ’ s l u i s t -  g a t e s  in t h e  s t i e s  i i  n s l t r  s u i t s e r e t i hi  m a t e r i a l
s r I  t he- , u r g s r  box ans i  p t i t 1t p i r i~ i t  ‘.s t i e  g t -  .ins i th e i n s t r u n t e - n t s
ss’ m -  w at t ’r  i n t o  i t  - then dr a in— .i n I s s i n t r o l l :  1 t h i  . i r . i g  hot st .

i ng t he- w ,mt e’r t i l l  t o  ~s s  
- bi’ Isrvu l i i  t t ,  s ’ r , i r  r s’l’’- c t r t t s i  the i n —

the  o c e - r f t s r c c  v~h t 5  It v,.i’-. the - sr runs -nt s and r i  s i r ’ I , - d t h i - i r
dat urn e l e v a r m  on. Fl-i t -  re ’m. i it r t - ,i . i  ii —. uwi .i sl it j she er id en—
i ng s it  e r  in  the ’ car gs r bOX (i s , .,l to I t i l l  ‘I ’ . rhe ii  nc’.
c’ l i m i n a t e ’d the ’  t f I s t s  s r i  th e ‘ ‘I t h i  I r e s i g n  l’~~~P i n t a k e
s i ’  k c a m  k r  ansi sm .iII  am o u n t ’ .  i t t  I t  -.s it .h r g e -  t ii St  r um en t a t  ion
s r f  rn .tt c - r t a l  l e f t  f rom th e  pre ’ s i r , -  J ’ u r g i - - l  wu h  u r ~~’~ ~t -n  prior
c - t o n s  lo.isl, i i i  eat  h r t  . u i m n , i . ‘\n e f f o r t  was

to t e a - i  t i t t  se sI,it,i in t l
b , “i i  o w i n g  s l ow n  to r ea d t he It g ht the <. s. ho .ind me ch anic a l  dep t h

d r a f t  sr i  t he ( at g u s  I~,cr gi- , i d-  so u mis it  n g s at the’ s.im -  t ime ’ .
• JUS t tfl g the’ e ont rol ii ~~ to  ii  ‘.- The’ m a t e r i a l  samp i er col ke’rcd
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TEST D A T A  OBTAINED WITH E X P E R I M E N T ’s !. I )RE [X~E ON 22 4u.~
Parameter to be tested:  Dra91head’~14’d/% (

‘
/~i,ine/i~is&//ed i)

Test conditions: �~a,’?1e o~’day ~ e~~re excepi ~~r draqp~oe ir,/e,4

f 

Cihr~r,y Island Chr,s ’fi~a Chsr’y Is/and
,Qanqe Riv~~v RaM9e

Test number

t Recorder ,Wat Cos~e/
Dragtende r 

_________ ________ _________ _________ _______ _________ _________

Dred g ing s tr i on’ . ~ ‘~“1” ~7~ * ~~~ /7/”  /0k’ S’* 220 / # 50L’~ /7/ #3”() /70 1-200
/7/ 1- 2~~O 17;’ -’ 34u~’ /73 ’r’-3b0 21- ~~

- 10 2 *‘i’OO 741S0O /72*700
/~~~e) = 22~~0 235D =1400 3110 ~ 25-’OO

itde  directio n 
~ L00D ~J O  5~LO~~p ~~~~~ £14~~~ ~ tAc/ <  E88

(Ebb, Flood, Slack )

Pump ing time (m m ) ~~~‘ ~~~~
‘ 1/. 3~~- b -56  ~~~ 5’O ~~~- 0 

- 
/.c.(O 4.~~0

0.0 0.0 ,) 0 2.25 0-0 7 ne cho~~ c/

Ground speed ( f t  s ec)  3 05’ 5:0 g- 
~~ 4~1~ 3. ~~~~~~ 2. q~ 3.42 8. 92~

Water depth from 4q47 ~~~~~~~ 4$’ 4’? ~~~~~ 3939 313k’ ,s~i-~~g54/ 43  4,5 41qjcis 
~ 7f7

echo sounder (ft) 
__________ _________ __________ __________ __________ __________ __________

Drag de pth fro m **‘~‘~
‘ “~~ 4~~ 4~~ ~~ ~~ 5! ~5 ags~ a’~ 4~ ’4i~~4 2 4 ~1’ 

J-
~ 4’e .V’ 4~~

’ 4i*’~~,

mec h. indic ator ( f t )  
_________ ________ 

.5/ 52525252

Drag tension from 74 75 7.7 7.’ 65 65 6,5 73 zc Mr 7~ 75 7575 74 7:373 z’T e’~ ~c
mech. indic ator (f t ) 

_________ _________ 
6-5 

_________ _________ _________ _________

Pressure (Ibs ) Out let 41 41 39 3535 44 232525 ’26  3 9 2 7 3 2 3 0  35 3w 32. 40 39
Pressure ( Hg) Inlet 275 24~~ 2~~ 2S 30 2~ ,9 /4i5 24,52b 26 29~,24 23 2i-5 33~~343 2*’24

22S 210 22.5 r,s u’s’O 250 160150 175140 560 rac 225 /50 540 200 210 22rCurrent (Am p) /20

Vol tage (vøl t )  4~50

400 400 450 405 4/5420410 / ~JQ4,2c44’O ‘f254~~~~4IO 425s43o4Z5 /I~~4IOPump spe ed (rpm) 425 
________

Cargo barge draft 22 7/~~ 22~~~ 22 V2 22* 22 ~/q- 22~i_ 22 ~/~-li ght (‘~ _________ ________ ________ _________ _________ ________ _________

C argo barge draft 
~~~ 

_ _ _ _  

47 ~~~~ ~~~~~ 
,
~~

, 44 ~~~loaded (‘~ _________ _________ _________ _________ _________ _________ _________

Cargo barge wei ght 247 / 236.! 24~.5 244~4 237,5 247 / 2 33-4
lo aded (LT) 

_________ _________ _________ _________ _________ _________ _________

Cargo barge wei ght
lig hc (LT) 1/1. 0 / 0 q 7  ~~~~ /10.3 iI 0.~3 ioq.o 

______

Wei ght dred ged (IT) /3~ / /26. 4 / 3 95 /34~ / / 27 2 /3t / /23/
Depth of load - 36~~~~* ~~~~~~~ 3~~

_ 7g,- 3~~-54~- 36-6* ’- 36-7*4~ S6- FO~~~
~6” - meas urement (” ) . 17 * “26’/S ‘ 2 ~~’/e’ = 30¾- =29 1/9 .2g’ 4 =25 -~/~

Vo lume of load (cy) /50.5 /4~/. / / 5 .3.3 /6 6.4 /6/ . 4~ /52. 6 /37.f
Pressure at bin iVt~ used, because he a’qngi ice (,, /aC row) d~

g
~ ,ui~id

bottom ( water) from ‘/,e ~e meoss 
________ ~~~ r’e COn: is 1~ nr~Iy - ~ /jg474~ 

________

Effluent dens ity from /20S ,,q~ /210 /090 1050. ? / 204-  ,‘/ q5~disp lacement _(g r/ lt) 
___________ __________ ___________ ___________ __________ __________ ___________

Effluent density from ,,76 //B ’7 / 200 /070 1/04 /220 /1q4
• 

samp ling (g r/ lt ) 
__________ _________ __________ __________ __________ _________ __________

Effluen t density from
hy drost ._head_(gr / lt) 

__________ _________ __________ __________ _________ _________ __________

) i i giire
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di se l i ar g e  samp le -s .tt I s—se- c- — most r e p r e - s - m t t  .it m c  ~
- of t ite ’

cind inte rvals ci t i r ing t h i s  samn e ’ ~ir e ’d g m n ~ i t t  i he- De’l.iwarc River.
p e r  it ’ s1 - The V We~r t’ ,. om hi ml usi

in .i bucket. b. .-~ lmo st o m l t ’ — h . I I f  cii t he ’  s ir e ’ si gm n g
w h i c h  i s  dc i ii ,.- i t s  t h e ’  De’ l . lwa re -

stop ping the  dre dge p u m p  an d R i v e r  is  p e r form e d  in t h i s  v i -
th e  s top w a t c h  whe’n the  ma- c i n i t v _
teri .il le’vel in the c 5iri~o box
came’ near t he ’ top sr i  t lie box c . l ’h i s r.i r lgc’ h a t i  no r b e e n
and o b t a i n i n g  t w o  St x t a n i  dre d ge d for sc-v -r , i  I m o n t h s
re-a di n I Z S  t s ~ det erm in e ’  the ’ t i n —  and , t her el ore’ , had .m
ish m n g  r o in t  sri t he’ t e st  r un .  sec e r a l  fe e t  t h i c k ,

g . R a i s i n g  th e  dr ag. t rn r  and 51 t r w ’  si . The’ lloppe’r Dre d ge ~~~M~~FR
ing t he  ug t o  read t he I s .lsi e’ si cc- .ms sc i t t - i  ul ed s,r dred ge at
draft of c he’ ( .ir  go hLi r ge ’ ansi \1.trc ’ us I look , so .i re’ ,isiv c ow —
the e Ic ’, it  ion cii t ht mat erm ,iI P .ir Ison bet We’e’m l t 5 - s t  sir ed gin ~
le’ct ’l in he- c a r s ~ r bsrx - at i d pr odu c -t io n c i r e ’ d i m n g  ~ould

be t l ia s l e  .

h. F m i l p t v i n g  t h e  c argo box isv
open ing  the  thr ee  s lu ice ’  g . s t c -  s Thc t h i r d  set of t e s t s iv.ls s t a r t e d  .it
in t ’ .ic h s m s l e ’  of i t  .mei p u m p in g  \ l . i r s ,u s  I l oo k .  I t  cc- .is no t  ps s s i H t -  to  r e ’ac’h
w.i t t ’ r S ’ s top s r i  t he  i m i a t c ’ r m . s l .  t h e  bo t to t n  it  . i l l  t i n R - s , s in c e ’  th e ’  ( ( f l ~FR
l)ur ng t h i s  m m  me’ t hr c o l u m n  ha d rrc ’ v i c iu s i  ~

- remo v e d the ’ sho,i I l i l a t er i a l
r t ’ p r e - s e m l l  in g  t h i t s  t si r u m m  on cci t h i n  re’,ic -h sr i  t ilt F~~pe’ ri muc ’n taI I)rc’d gt’.

t he ’ d a t a  shee t i s r r  t h i s  d.iv For t h i s  re , I son .  .in i to s l e ’ t ( ’ r f lh i m ie -  the ’  e~i~
cc , ks  co mp l e t e - s i .  ‘

I ’h,i’ i~~ . t h f e c t  of ch . im ig e ’s  i t i  b o t t on t  t t t a t e - r i a l s , t e - s t
sien s it i t’s s-cr c ~i( r t ’ r t t t i  i t t - i si r t ’ s lg i  ng w. i s  conduc- t e d  in Wi In ~ingt  on
hs w c i i h i  fig the s.i t l t  p ie’ s ,lmi s i I ha rbor , ( he ’r r I s l a n s i  . ini1 ‘l’i n i c’un i R an s~e-
f rot h Io,id e o m p  ut .it ions .insl in the- Dc .i ware ’ R i  Vt r .if l d in the ’ Se’ h u v l —

- 
5 

cc e r r -  e n t e r e d  t o g e t h e r w i t  hi k i l l  R i v e r . Subse q u e n t  iv .  the’ COMDF R
t he’ cen tp u t ed grou n d sp t - t  si - slre ’dg eel i s o  and thr ee ’ t e’st loads in  he-se
Fi gure - .~~

‘ w.i pr e ’p.ir e ,i tsr aid .1 re , is  t s r  oht .i in .i re’adv cornp .iri son,

in t he ’ dt ’nst v sie’I r - r m in , i t  ion
- 

r ~l °ui the ’ sit s~si ,~s, (‘flte ’tl t i .  I ‘t - r  I orn l.ince ’ of E x  pe ’rm me n ta l  l)re’d ge’
met hod. -\ I so a l l  obse ’rv.i t mons  - -l’he f o l l o w i n g  It  s ts  some of th e  ob—.incl thoug h t s  th a t  occurr ed 

-
- set c i i  i on s mad e- tn re i~,tr d to the ’ tes t  e q u i p ’dur ing the  t e st  r u n  crc’ m,irke’ sl

t u e -n t -
on t he ’ hack of the ’ d .it ,t s h e e t ,

.i. It  would have ’ been des i rableThe f i r s t  and sr -e - ,rmid set of te s t s

were performed essent i.1I IV .11 M a re -us  ~~~~ 
to have a longer dred g ing

because” la dder .  It f requent l y ‘V.1 5 not
• pos s ihk to dred ge the c’ha n’

.1 - ‘rh~ m a t e r m  .iI in t h m  s r a ng e’  i s  ne’ I bot tom ( ‘l ice  tive Iv near
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high tide- , The e’x isti ng ladder went . i c i t i e ’  ve -d in this manner

reache s tel 4 i _ 2  hc’l e)s’ the’ 11.15’ h. iv e-  be ’e’n mii i sle’ . i d i ng
waterline (with Amnhrose drag- since t he’ 16 fe- c t ver d cal
h ead) when inc l ined  to i~ s - . d i s c h a rg e  he’i ght above’ the

The absolute  m a x i m u m  dept h  w a t e r l i n e ’  t m i m g l l t  also he re-
was S4 feet below the  w a t e r -  quire’ d s~n a p ro to tYp e  dred ge.
l ine , because t h e n  the  20 ’’
f lume across the’ deck of the’ d. When a choke- si condition oe-.

M B— I came’ in  con tac t  w i t h  the -  c- u r r - l  - the’  lo l l  o w i n g  t h r e e’
port t r ip od l e g .  ( St-i ~’ Fi gur e ’ st e - 1 5  we’re t ake -n  tsr rel i c ’  ye’

18 , Top ) i t .  F i r s t  the ’ drag h u , i - i was
rai s - d  about  one’ foo i . I t  t h i s

h . The con t ro l  il .ip in t he’ 12’ did not rest ore f l o w , t he’ drag—
Y - f i t t i n g  near the motor box head was rai se’d about  four
l e a ked  ma t e r i a l  t h r o u g h the ’ f t - c t  to  have ’  i i  su r rounded  1w
overboard discharge l i n e  when water .  The’ l .isi . i l t e rn a t i ’ s  e-
it was a d j u s t e d  to  d i scharge  .Is to st e~p the’ dr .d ge’ p urn p
in to  the  (~.ir~~o B arge. This  to pe r m i t  t i l e -  mu ud c o l u m n  in
f i t t ing could have been .i- t he’ discharge ’ p i p to lb
voided and a l l  spo i ld i s ch . irg e ’ d hac k w .ird s an si t h - r e ’h v  clear
th roug h t he 20 ’ - f l u m e. The th e ’  s y s t e m .

discharge  in t o  the  ( argo
Barge ’ could st i l l  have ’ h e- en c- ‘[he- ‘ ‘ sa ti tp l t t t g ’  w e-  i g h i n g ’
se lect i’s-c’ b y m o v i ng  t h i s  .itid ‘ ‘d i s p l ac e-m e -nt  -c’omp ut a-

barge w i t h  the w i n c h e s  unde ’ r t i on ’’ me’t boil s cc e -r c -  i n  rca

the  end of the - d ischarge ’  f l u m e ’  ,i hl c -L gr e- e -m n e ’nt cc he -t i  t he sur-
s-hen desired.  Fore - and a f t  t . i c e -  of the ’ Io.ide ’d spoi l  cc .i s

movemen t of this barge’ w,is level, In l2(~
) G I . mud t h i s

s tandard  procedu re d u r i n g  w.i s often not the- case, c.ius-
washo u t .  t r i g  the ’ ‘‘di sp l accrne ’n I -corn -

p u t a t i o n ’ ‘ met hod to read too

c. Whe’n t he ’ dred ge’ pump w.i -s l ig ht . ~t Ic ’tn pt s to slC ’te rfl lm ne

c herked .ind no d i scha rge ’  i n to  the ’ u n f i l l e d  c’ap .lctt  v f r o m  t he’
t he’ ( argo Barge occu r red  the ’ bar ge corners se-re onl y par-

sr ’s t ’rb o ,i rs i  discharge ’ kep t  t i a l l y s I l c c c s  sf u l ,

lc . ik ing.  This imp l i e s  th a t  a
lower static discharge lif t I .  The performance sr f  the Fx-

would ha ’s - c - m a i n t a i n e d  the p e ’r im cnta l  l)re - sl ge i s  consi-
(low ant i t hu s  g ive ’ n b e t t e r  tiered so suc - c-e ’ss fu l  that  it *

resul ts .  There was s ix  feet W.IS &i ( ’Cided to r e ta in  all  corn-
ver t ica l  di stance between the t  p onents  f o r  possible fut ure
ove rboard anti the’ b.ir ge dis- t e s t i n g .  That is . i t  w i l l  onl y
charge (Se-c ’ Fi gure’ 18, Top he’ d i s m a n t l e d a s t a r  .is neces-

• le f t ) .  H owev er , an impro ve ’ ’ sarv to .iI 1ow t he’ ‘s- , i r t o  us co rn—
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t’s,tntp ghown thus c~ are irom sj aea street st 8 May wt’it s(slc - -1 Marcu s Hcrok Range)
• Points ahown thug o are fr,rrn tiata sshect of ‘1.5’s ( s-r est aisl e st Marcu s Hook Range )

Point s shown ehun x are fr -rn data sheet oC Its ‘1.5 r,rr5 rs t aisle of Marcug Hook Range)
Poin tg sh--im thus ~ are Cr -s-s st ats  sheet ‘C 21 Aug 5 w e s - t  aisle of Cherry 1st . Range)

All s iaea tpken unsler identical conditions .

4 
Fig . 29. Grap h showing speed ove r bottom versus eff lue nt v el ocrt y.
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ponent s to perform the i r  nor- dre ’d g in g  ladd er , s- h ich  s-i l l
mal  f u n c t i o n s . By far  t he  he’ pe rmanen t  b y stowed in i t s
largest sing let  i t em is the raised posit ion on the MB-i .

III. WATER PUMPING TESTS

These’ test s were performed to docu- se lected . AII W i t s r t e s t s  l i s t e d  were run
ment thc ’ h ydraul ic  charac ter i s t ics  of the  w i t h  the  Ambrose drag he’ad . t he ’ ~~i~~

r 1w-
co mpon ents  and to e s t ab l i sh  the  s u f f i -  pe l te r  r u n n i n g  at ~~~~~ rpm , and the Fxperi -
cit-ncr of the type ’  and l u b r i c a t i o n  method mental Dred ge’ se-c-urcd to  the ’ dock unless
of the’ dred ge pumr and line sha ft  hea r ings  o t h e r w i s e  s t a ted .

1. H y d r a u l i c  Charac te r i s t i c s :  ( P u m p  immerse d up to d ischarge  t l . i nge )

Pump near m otor . 1 i ’ ’  s u c t i o n  p ip t ’ , p um p i n g  i n t o  c .Irgo her x

9.5 ’’ H g v , l cuum - 20~ amps - I l / I  ~r (~

Pump near center . 12’’  su c t i o n  p ipe . pump in g i n t e r  e . l r g o  box

9 1, ’~ Hg v a c u u m  - 202 amps - 11 21 (~~
‘

P ump near  cen te r . I i ’ s u c t i o n  pipe ’ . p u m p i n g  i n t o  cargo box

‘ S ’ ’  H g v a c u u m  - 2 0S amps  - 11 ~2 f )  (s~’

Pump near center .  16’’ s u c t i o n  pip e . pu mp i ng  i n t s r  c a rg s r  box

- 4 , S ’’ H g  ‘ a c u u n i  - 210 atttps — I l / 2 , 67

Pum p near cen ter . 12’’ suc t i o n  p i pe . pump in g overboard

12, 0 ’’ H g vacuum - 2 1S amps - I l  21 6

Pump near  center , 16’’ suct ion  p i pe. pump ing overboard

, 0 ’’ H g v a c u u m  - 218 amps - 11 2 (-s ’

Pump  near  drag head . 16” suct ion pi pe f u l l y  o irn . pump ing overboard

4 0 ’ ’  H g vacuum - 218 amps - 12 1 *

P u m p  near drag head . 16 ’’ s uc t i o n p i pe ~ I open , pumping  overboard
I

8.0’’ Hg v a c u u m  - 216 .i rn p s  12 m (r *

20-c
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Pump near dra :head , 16” suction p i pe 1/2 Open , pumping overboard

16.0” Hg vacuum - 207 amps - 12/4/67 *

Pump near drag head , 16” sucrion pi pe 1/3 ope n , pump ing overboard

24.0” Jig vacuum - 185 amps - 12/4/67 *

(6 This 16” pi pe was one foot long and extended from end of drag-
head to  i i ” pump f lang e.  I t s  drag head end was par t ia l l y blanked
to achieve a par t ia l l y ope n pi pe. Thi s  pi pe s tub  was rep laced by
a 30” to 14” cone at the end of December 196”)

Pump near drag head , 14” suc tion pi pe ‘ long wi th  funnel  end in-
st alled at pump flange , pump ing i n to  cargo box

L5 ’’ H g vacuum - 200 amps - 1S .0 psi d ischarge pressure -
18 c . f t . sec f low rar e - Exper imenta l  Dred ge in t rans i t  -8 ‘22 -68

Same as previous en t ry .  except  32” impe l l e r

4.4” H g vacuum - 180 amps - 13.5 psi discharge pressure -

16 c.ft ” sec f low rat e - Exper imen ta l  Dred ge in t r ans i t  - 9 - 3 / 6 8

(Vacuum changed to 3. ~“ H g when E x p e r i m e n t a l  dred ge was
stopped in water)

2. Bearing performance: (Pump immersed back to back to seal again st leakage from
28 feet)  the inside and the outside. The space be-

tween the two seals was fi l led with grease.
The dred ge pump shaf t  is in a hori-

zontal plane in the usual ins ta l la t ion .  It  is  .

- , - The dred ge pump s tu f f ing  box was
suppor t ed in the bearing housing by two  - . - -f i l l ed  w i t h  a spring loaded grease cup in
radial  and one thrust  bearing, which are . -

- ‘ , , l ieu of the convent ional water purge to
designed to d i p  into a shallow oil sump . - ‘ .

simp lif y the ins ta l la t ion.
while operating. The dred ge pump and the
bearings are inclined up to 50° and are
under water in t h i s  ins ta l la t ion .  In v iew Babbitced pillow blocks werechosen
of th i s  the bearing housing was fil led corn- for the l ine shaft bearings. They were pro-
pl et el y w i t h  oil under a hy drostatic head vided with  individual  3/8” tub ings iead ing
hi gher than the outside water pressure. to a central  lubricating station at the mo-
This was accomplished by mounting a tor box. A steel thrust  collar was installed
live-gallon oil drum on top of the motor ad j acent to and on the upper side of the
box and connecc in$ it to the pump bearing uppermost p il low bloc k to carry the thrust
with a 3/8” tub ing .  The shaft seals con- component of the shaft wei g ht when the

• 
- sisted of pairs of rubber closures , mounted ladder is in the lowered position.

4 
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B y May of 1968 it had been ascer- hea t ing  dur ing  the test,  It was found that
ta m ed that  the foregoing feat ures were sat- the dred ge pump hear in g housing ( in  the
isfacr ory on t het est  ins ta l la t ion.  However , wa t e r )d id  not become more than hand-wa rm.
the approximate 70 hour s total r unn in g  The~ level in the ’  5-gallon expansion t ank
time up to t h i s  t ime had consisted of short indicated that  the oil in the  bearin g hous-
dred ging and washout cycles. It was there- ing did not foam and that  the seals were
fore decided to perfor m a 200-hour wafer  t i ght .  The oil in the ’  housing remained
pump ing test , consisting of e s sen t i a l ly  8- clean. The dred ge pump s t u f f i n g  box and
hour running  period s, to evaluate  the l ine  shaf t  bear ing s  also did not overhe at ,
pract icabi l i ty  of these features  for .i pro- e v e n  when lubr ica ted  onl y once ,i d a y .  The
duct ion ins ta l la t ion.  This water  pump ing uppermost  and lowermost line shaft  hear-
test was performed during May, June  and ings  were remov e d  and inspected for ws ar
Jul y 1968. The dred ge pump was adjus ted  a f t e r  100 and 200 hours of pump i ng water
to absorb 200 amps at 450 vo l t s , which  re- w i t h  the fol lowin g resul ts .  The d iameters
suited in i~5 to 380 rpm. of the new shaft  ( w i t h o u t  pa in t )  and hear-

ings  s-crc 3. -i 3 - i ’’ 0.1). and 3 ,44 5’ ’  i .D.
The bearings were checked for over- r e s p e c t i v e l y .

Af t e r  100 hrs . A f t e r  200 hrs .
Pump ing  T ime  Pump ing Time

Dia meter ~ shaf t  in way ~ hea r ings  3. - 4~~2”

Diameter  of uppermost  ~‘ ~~‘ I l~
hear ing (out of water )

Diameter  of lowermost ~~- H ’ ’  
~~- i-1 ”

hearing ( in  water )  ~~~~~~~ 

~.46 0’’

The lubr i ca t ing  arrangement for the The habbitted pill ow blocks used as
dred ge pump bearing is the first  such in-  l ine  shaf t  and th rus t  bearings have proven
stal lat ion to our knowled ge. It performed sa t i s fac tor y  for the test.  They are also be-
satisfactoril y during the test and i s  also lieved satisfactory for a permanent  instal-
believed satisfactory, for a permanent in- la t ion , provided they are au tomat ica l l y and

• stallat  ion . con t inua l l y greased.
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IV. DREDGING TESTS

The fol lowing outl ines:  The type of in s t a l l ed  in three  locations on the dred g-
tests made in essentiall y chronolog ical ing ladder where shown on Fi gure 2. Al l
order. - The structural modi f ica t ions  re- test s were made at Marcus Hook Range .
quired and the mode of operat ions to per- dred g ing against  the current s- it h stead y
form these tests. - The’ mmm e ’d i a t e  t es t  re-  p ropuls ion  power , w i t h  the  pump control ler
su it s .  set .it the  same’ m e d i u m  speed s e t t i ng  and

w i t h o u t  .1 gas r emov .ib sy stem.
1, Ff fe - of Dred ge Pump Elev ation:

These are the  more impor t an t  t e s t

For these tes ts , the dred ge pump was d a t a ~

Dred ge pump located near - I’ n i t s  M o t o r  Center  Drag he ’ad

Av. d red ge’ pump e f f l u e n t  d e n s i t y  (gr  1) 11 16  1130 1190
As’ . dred ge pump e f f l u e n t  v e l o c i t y

in 12 ” pipe ) f t ’s e -e )  IS  13 8
Av .  12 ’O gr . ’ I i n s i t u  f low rate ( f t  ‘see) 6 ,0 4 9  4.4
A v.  speed ove r  bottom ft ~e 2~ 2 2. 2.
A c . pressure ’ at pump in le t  ( ‘ ‘ H g) 10 ~‘ac. Atmos p her ic  2,2 press.
Av.  pressure at pump out le t  ( p s i )  ? 35
As- . motor current  ( aiiip ’.) 185 185 175
Av .  pump s p e e d  ( r p m )  ~~~S 385 400
Tendency for pump to choke ’  Frequent l y In f r equen t ly  none
Date of test  I I / I  ~~- (~~

‘ 11/20 6” 12 6 67

These observat ions were made ’:

a. When the  pump was m o u n t e d  denser w i t h  the pump near the
near the motor and the center . drag head.
the re was e i ther  a hi gh flow
rate or a choked pump .  When c. The dragtender  could control
the pump was mounted  near th e  dred g ing process better
the drag head. the  dens i t y  and when the  pump was near the
f low ra te were rather easi ly drag hea d.
controlled by the degree of
immersion oft  hedrag h ead  into 2. Effect  of suction pipe size :
the bottom. However , the hi g h These test s were made while the
flow densities were onl y a- dred ge pump was  installed near the center
chieved wi th  low flow rates. o~ t h e  ladder. 12” , I I ” and 16” suct ion

l ines  we ’re separatel y ins ta l led  between
h. The material  was appreciabl y the d rag head and the  14” pump suction

2~-c 
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f lange .  A l l  C e’ st s were’ per formed under  in drag head bottom openings in th is  in-

the ’  same- c om id i t ion s ou t l i ned  in the ’ pre- st a l l a t ion  have l i t t l e  e f fec t  whi le  dred g ing
v m ous  t e s t ,  mu d.

The’ r e su l t s  for the 14 ’’ l ine are’ i .  Ef fec t  of water  in le t  doors:
shown in the  center  co lumn  of the tab le  in
the  foregoing t e s t ,  The tes t  r e s u l t s  w i t h  The value of wat er  in le t  opening s
the 12” a nd 16’’ l i n e s  we ’re ’ so close ’ th a t  was  t e s ted  whi le  the ’ dred ge’ pump was in -
they  arc not separate l y l i s t ed ,  s ta l led  ne-ar the cen t s, r er f t h e ’  ladder.  Hop-

pe t’ dred ges c ust o t t i ar i  lv operat e - w i t h  some
Thi s  test demons t ra ted  t ha t  a near  openings on top of the i r  drag heads open .

l00”~ change in the suction p i pe area in Si nce ’ th ~ ex is t ing two 9’’x20” open ings
t h i s  i n s t a l l a t i o n  had no me asure-abl e ci- in the Ambrose drag head were considered
Icct on the dred ge ’ p ump e f f l u e n t  d e n s i t y  too large for the t e s t  i n s t a l l a t i o n , -a 5”
and f low rate  whi le  dred g ing mud . d i a m e t e r  hole ’  wa.s burned in the  doe) r of

each opening  (See Fi gure 3). Al l  t e s t  con-
3. Ef fec t  of drag head bot tom o p e n i n g  si/c ’: d i t i o n s  ~ ere the same as those ou t l ined

- f o r  the  f i r s t  set of tests.These t e s t s  we -r e made ’ whi le ’  the
dred ge pump was m n s t , i i k - d  n e a r  ih ~ c e n t e r  - - -

Opening err c los ing these hole’ s did
of th e - ladder and n e -a r  t he- d r ag he ’ad . 1 he- - -  -

- - - not mii a~~- .1 me- .isu rah le- di f fe ’r ence  mn t h e ’
sm /c ’ of t h e -  bo t tom open ing  w .is changed - -

- - - - - dred ge -  pu m p e’f f l ue -n t  dens i t  v and other
by b l a n k i n g  o f f  up to f i v e  of the ’  s ix a- - 

- - 
-

- - . dat .i co l lec ted .  I- err this reason. the’se
thw art ship ro ws  of gra te  open ings.  That - -

- - - op e n i n g s  s’ere’ kept  closed f o r  all sub-
is. the drag head w i d t h  a l w a y s  rcm .iined

- - s e q u e n t  t e s t s ,
t he ’ s.ItiIe- w h i l e  i t s  l e n g t h  w as  a l t e r e d.  A l l
t st  her t e s t  c o n d i t i o n s  s-c-re- i d e n t i c a l  t o
those’ out l i ne d  for the ’ f i r s t  set Of t e s t s ,  W a t e r  inlet doors have I i t t k -  I u s t i  fi-

cat  ion in theory , since’ the- v oppose at-

Te st da ta  co l lec ted  for t he’ f u l l y t e m p t s  to  se-al t he  dr ag head s ag a ins t  the
opt- n d ra g head at the - t w o  pump Oc at ions  e n t r y  of d i l u t i n g  w a ie r .  In p r ae - t i  cc- , t lie-v
t r - s t ed are’ l i s t ed  in  the’ second and t h i r d  ‘‘ s tea dy ’’ the -  drc’d g ing process isv re’—
co lumn of t h e  table  sh ow n  in Para. l\ ’ , 1. d u c i n g  the’ t end ency  to choke at the cx —
The t e s t  r e su l t s  w i t h  the pa r t i a l l y open p e-ns e- of a somewhat more d i l u t e d  load.
gra te ’  a r - .is were t he same. In v iew of t h i s ,

a pla in  p i pe ent r ance  was tes ted.  Thi s  This  tes t  demons t ra ted  tha t  water
was accomp l ished  by e x t e n d i n g  an ap- in l e t  openings on drags had no apprec i-
p r ox ima te  ‘ -foot lo ng I i ’ ’  p i pe f rom the  able a f fec t  on product ion in t h i s instal-
pump f l a n g e -  a f t ,  t hus  by-pas s ing the drag-  lat ion when w o rk ing  in mu d .
head (See- Fi gure 6 , Bot tom ) .  R e s u l t s
were aga in  the  same~ however , somewhat  S . E f fec t  of shape of pump in l e t :
more f requent  drag hois t  a d j u s t m e n t s  we-re ’

requ i red .  Fi gure 3 shows the burned off for-
ward part of the Ambrose drag hea d. wh ich

• This  test demon s t ra ted  tha t  changes h .id been rep laced by a pla te .  The dred ge

2- i- c
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pump i ntake p ipe led from thi s p late to blage in mud.
the pump. Sinc e this pi pe inlet was h y-
draulicall y poor , it was decided to alter 6. Effect of speed over bottom:
it while the pump was near the drag head
and determine the effect of these altera- No changes to the equi pment were
tions. This was accomp lished by sub- required for this test. Speed change was
st i tu t in g  the ini t ial  one foot long 16” obtained by chang ing the power output
pi pe with a 30” x 14 ’’  cone and then in- of the tu g and by u t i l i z ing  the r iver cur-
s ta l l in g  two-foot and one-foot long 14” rent . In th is  manner average speeds over
p i pe sections in the cone. (See Fi gure 3) the  bottom from about 1 to 10 f t / sec  were
A l t  test conditions were the same as those achieved. This range covers most practi-
o u t l i n e d  for the first set of rests. cal dred g ing applicat ions.  Durin g the slow-

est speeds the dred g ing assembl y moved
Neither  of these alterations caused against  the current wi th  just  enoug h pro-

a measurable change in performance. The pulsion power to retain steerage. The
cone entrance was used for all subsequent hi ghest speeds were a t ta ined by movin g
tests except as noted. w i t h  the current  at ful l  pr opulsion power.

Tests were con ducted at Marcu s h ook
Obviousl y, the cone inle t  was hv - Range on 9 and 16 Ma y 1968 and Cherr ~

draulica ll y better  than the other inlet  con- Island Range on 2 1 Augus t  1968 , w i t h  the
nections. The fact that  th is  inlet  did not pump control ler  set for fu l l  speed and wi th -
result in a hi gher dred ge pump e f f l u e n t  out a gas removal system.
densi ty or flow rate indicates that  it was These are the more important  test
not a contro lling factor for this assem— data:

Speed ove r bottom t f t  see) I S 9

As’ . Dred ge pamp eff luent  den si ty  ( g r i l )  1 190 1200 1200

Av . Dred ge pump e f f l u e n t  velocit y in 12’ p i pe ( f t  see) 6 H 20

Av. 12”0 gr - 1 in s i tu  f low rate ( f t / s e c )  3.3 7.6 11,6

Av. Pressure at pump inle t  ( “Hg ) 3 5 33 30

Av. Pressure at pum p out le t  (psi )  2 ,S 40 40

Av. Motor current (amps) 180 200 220

Av. Pump speed (rpm) 410 410 410

Observing these tests indicates that : overthe bottom. This is shown
on Fi gur e 1~’.

a. Dred ge pump effluent flow
rates are approximatel y b. lncreasesinf lowrateac h ie ved
linearl y related to the speed in this manner are si gnifi cant.
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They do not reduce the f low drag head at  M a r c u s  Hook Range at d i f f e r -
dens i t y ;  in fac t , the d e n s i t y  en t  speeds over the bot tom.
te nds to increase wi th  hi g her
speed over the bottom. Re - The’ r e s u l t i n g  test  data  was essen-
cause of th i s  f i n d i n g ,  a l l  t i a l l y  t he’ — a t t i c  .ts tha t  l i s t e d  in the- pre ’-
subsequent tests were- per - ced ing  p a ragrap h. H owever , the  f low rate ,
formed at hi gh and low speeds d e n s i t y .  and ease of control  appeared
over t he bo t tom. somewhat  improved at the hi g her pump

c. The pressures . amps . an d
rpms l i s t e d  above were d i f -  It had been expected that  the f lo w
f i c u l t  t o ascer ta in  he ’cause rat e ’ would  he a p p r o x i m a t e ly  l i nea r l y re-
t he- r e l a t i v e l y smal l  d i f f e r -  l . i t c l  to  the pow er ou t pu t  of the dred g ing
e’nccs bet we e - n  t h e m  were o f t en  i n s t a l l a t i o n .  This  w a s  not the case,  It in -
ou t w e i g hed by the  data sca t - dicate s t h a t  pump speed and power was
r er .  not a c o n t r o l l i ng  f a c t o r  f o r  the  assemblage ’

be ing  t e s t ed  when p u n t p i n g  mud.
d. L a m i n a r  f low p r e \ a i  lcd f r o t n

t he ’ d i sch . ir ge  f lume -  eve- t i  at -

- 
- 8. L ffe ’ct  of as re-m ov ,il svs em :

the  h ig he st t l o w r , u t e -  ,is long
as the ’ d e n s i t y  re - t i i , i i n e - d ne . I r  

-~ si mp le- e’a re m o v a l  syst e m  con—
1200 gr 1. si s ted of v e n t i n g  th e  dr ed ge’ pump i n t a k e

to t hi.’ at mer sp he- re .  l ’his w, i s po~;s i hIt ’
The dred g ing  process  

- 

was  since t h e  p re ssure  at  t h i s  po n t  was  at
easier to co nt r d 1  .i t  hig her .i l I t  ime-s more l  h a n  .i t  t iiosp bt e r  ic See Fi gure -
s peeds d y e r  the bo t tom.  ) - -J~) , It \vas .1 eo m lip l i she’d by c o n n e c t i n g  t he

- 
t op  0 lw c- o ne -  at the- d r e d g e -  p u m p  in l e t

f . The- ‘‘ drag t e n s i o n ” decreased ~.. - -

- - te l t he 1_ s t r u e t u r . i l ‘t p’— .iho~ e it ~ it h a
w i t h increased speed e)ve ’r th e - - ,  - - - - -

- pipe- as  S11 s \\ ii on i - i c  l i r e -  iS , 1 he I
bot tom to the point ~ he -r e ’ t he  - -

- pipe -  had .1 b l i n d  I , i t t ~ i n s t a l l ed  at the ’
hoi st cable bec ame- s lack  at - -

- . - i i i id dk-  of chic ’ dredgi ng ladder. The’ \- e- nt
a bout 0 f t i  se-c. This  is  i t -  - ., -

- - - ~ as comp le’ te ’d by e-onnect  i ng a — l ine- to
t r i bu t e d  to the ’  p l a n i n g  e f f e c t .. - - -

- 
t he  12 l ine ’  f rom below the ’ b l i n d  f l a n g e

of the ’  dred gi ng l a s h s l c r  i n  t h e  -
t O  a p o mm i t  t ie - ar  the- motor  box.

w a t e r .

Thi s gas vent was t r i ed  at least
Effect  of dred ge p u m p  speed and power: -on cc- at M arcu s  h ook . Cherry Is land and

No change s to the equi pment  we-re ’ T in i cum R ang es . in W i l m i n g t o n  Harbo r .
required for t h i s  t e s t .  I t was accomp lished and in the ’ Schu l k i l l  R iver  p i pe

by kee p i ng the d red ge’ p u m p  control ler  on connec t ion  from the ’ evc - of the  dred ge’ pump
the lowe st s e t t i n g  ( 2 , 2 6  rpm , 1(r S amps )  to the i ’ p i pe connect ion  at the cone s-as

and then the hi g he’st s e t t i ng  ( 4 10 rp ti t . 2(X ) al so t r i e d  w h i l e  at M arcus  h ook t y ’’

a mps ) in consecu t ive  te st runs .  Test s were consis te d of press ing  a h and  over the  end
• conducted w i t h  the dred ge pump near the ’  of the 2 ’’  pi pe for about two minute’ s to

26-c
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see if gas under pressure would accumu- 6. except tha t  the a verage flow density
late below the hand whi le  dred g ing. Thi s was  sli g h t l y lowe ’r  a n d a v c ’r a g e d  1185 gr/ l .
gas a c c u m u l a t i o n  was onl y si g n i f i c a n t  in When the doors on top of the drag hea d were
the  Schuy lki ll R iver .  It occurred in gushes opened a f t e r  the ’ test , it was found t h a t  the
and bu rned wi th  a red f lame about 3 fee t a f t  c-nd of t he  drag head was packed ful l  of
long. The f lame died out a f ter  a f e w  s t i f f  mud ,
seconds because e i the r  the  f low of gas
stopped m o m e n t a r i l y  or became great  This  t e~~ is one ’ of several tests
eno ug h to drive ’  ~t er  ,i he ’ad of i t  and cx- per f orme d on other  d red ge s , al l  of wh ich
t i n g u i s h  t h e  f l ame ,  Performance  in the  were desi gned to force mat e r ia l  i n t o  the
S c h u v i k i l l  R i v e r  improved somewhat  when drag head by v i r t ue of the forward motion
t h i s  s imple  gas removal system w~s in o f the vessel None ’ of t h e - s e -  tests s-.e re
use ,  su c c e s s f u l ,

Poor dred ge pump e f f l u e n t  dens i t i e s
were achieved in the  S c h u v ik i l l  R ive r  

- 10. E f f e c t  of dr. ig he.id w i d t h :10- 5  gr / l) .  It is b e l i e v e - e l  tha t  .i s i g n i f i —
cant l i m i t i n g  fac tor  was the pre sence ’ of

- 
- - Two drag head a t t a c h m e n t s  ~ere’ madegas , as the gas r e m o v a l  s~ s tem in use -

only released a por t ion  of the entrapp ed for t h i s  test , Th e -v are shown on Fi gures
15. 19 and 20 , The p lain pipe in le t  showngas .
on Fi gure  19 dif ie ’rs from t h e  p la in  p i pe ’

For du t a i l s  on gas in mud , see Para , t r i ed  e a r l i e r  in  tha t  i t  prot ruded approx i-

v — m ate ’lv  (ct ti r f e e t  our at the drag head. This
w.es done- to avoid  (or , at l e a s t  m i n i m i z e )

- an v c - f t  ee-t  of t he- re- I .~ i v e lv  large drag hit _ -ad .
9. Effec t  of force fe e d ing  d rag he ’ad:  - 

, ,  -Rot hi , i t t  achm i-  nt s were ’ made- of I pip e-
- and c o n n e c t e d  d i r e c t l y to t h~ pump f l ange .

Force feed ing  of the  draghe ’a 51  was  - -

- - , The ’ drag he.id ( w i t h  t w o  . t h w a r t s h i p  row’s
a t tem pted isv using the  fo rward  n i o t ion  of - -- 

- - of gr ate’ ope ’n ings open ) toge ther  w i th  these
the ’  dred ge to scoo p m a t e r n a l  in to  t h e ’  -a t t a c h m e n t s  c o n s t i t u t e d  three ’  drag head
dra ghead .  An 18’’ l e e - p  sc oop pl .it e- cx -  w i d t h s  of ~‘ - 5’’ . ~‘ - 0 ’’ and i ’ - 2 ’ ’ , Tests
te n d i n g  Over the  whole  w i d t h  of the  7 fe - c t  -

- . - we ’re conducted  :n mud at Cherry Is land
5 inches wide eir ag head was i n s t a l l e d  -

- - - Range at var ious  speeds over t he  bottom ,
v e r t i c a l l y  below the ladder in the  h or i — - -- 

- - - - with  the dred ge pump ins ta l led  near the
zont aI  pos i t ion  (See Figure ’ s iS and 2 1) .  -

- drag head and opera t ing at fu l l  speed.
The three row s of gr a te’  o penings a f t  of the
scoop p l ate s-c-re - b lanked off .  Tests were -

- - Test res u l t s  were essen t ia l l y the
made p r i n c i p a l l y  at Marcus Hook , at var- -

- 
- 

- same as those- recorded in Paragrap h IV,
m ous s~e-eds over the  b o t t o m  and w i t h  the - 6. l iowe-ver , t he  3 feet wide funne l  shaped
dr ed ge  pump i n s t . t l l e d  near the  dra g head - -i n t a k e  pipe was somewh.it easier to con-
oper a t ing  at f u l l  speed . trol  t han  the  othe’ r two w i d t h s .  Af t e r  each

of the th ree  w i d t h s  t e s te d it  was found tha t
Te st r e s u l t s  we-r e p r a c t i c a l l y the the ’  a f t  end of the Ambrose drag head was

s,lme - as t hose’ r e -corded in Paragrap h IV. packed fu l l  of s t i f f  mud.
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These t e s t s  demons t ra te  that  a l t e r -  of the  low dred ge pump eff ic iency of the
ing the w i d t h  of the  drag did not si g n i l i -  smaller impel ler  computed in Paragrap h
cal l y a l ter  product ion in t h i s  asse’nih l.ig e ’ V . - i ’
when workin g in mud.

12 . Compar ison  wi t  Ii I lopper I)red ge COM-
11. E f f e c t  of dred ge pump s i t e - :  BER m i t  se v e r a l  .lreas:

The’ dred ge pump use -e l w a s  about the ’ Test loads were dred ged by the ’
smal les t  con imn e- r c ia l l y  av a i l . i h l  e- p~ rnp fo r  COM BER in seve ’rj l  .lre ’ .is s-lie-re- the Ex-
i ts  site ’ , The’ 2,~ - inch  i m pel ler  be ing  used pe r imen ta l  Dred ge’ had worked to ob ta in
was th e ’la rg c- s t  t ha t  would  f i t  in t h s  pum p .  compara t ive  p roduc t ion  da ta .  l’he- Exper i -
Thw’ purpose of t h i s  t e s t  was to as cer ta it i  men ta l  Dred ge ev,is o perated at v . ir ious
t h e -  p e -r form.inc e of .1 sm al ler  pump b~ tes t- sp eeds over thc bot tom , w i t h  the dred ge-
i t i g  a smal le r  i m p e l l e r .  A smaller pump has pump inst alled near the’ drag he’ad and op-
se ’v e-r. i l obvious  a d v a n t a g e s  in the  exposed c r a t i n g  at f u l l  spe ed. The’ te st el,it .i  col-
loc .it ion ne.l r the dra g hea d atid shou ld  he lect e- d are s i m i l a r  to those l is t ed in the
possible because a pressure he ad ex i s t s tab le ’  of Paragr ap h IV , 6, w i t h  the excep-
at al l  t imes  at i t s  i n t a k e -  s ide ,  t m o n  of the ’ d r e d g e -  p ump e f f l u e n t  d e n s i t i e s

w h i c h  are l i s t e d  below ’ . The test  runs  w i t h
The’ f o r e g o i n g  w,ls li  scusse- d s- it  hi the ( (PSI I3E R we ’re ’ p e r f o r m e d  under  the ’

the pump m a n u f a ,- t ure - r and .i ~
‘‘  impe Ik- r s t r i c t  c o n t r o l  e lf  t he’ l)rcd ge’ Ma St e r  to a-

s-as chosen  for the ’ test ’ To i n s t a l l  t h i s  ch ie- ~ e the ’ be st r e - s u I t .  The’ COM B E R  did
i m p e l l e r , it  w a s  nece ’ss .lrv to burn  the - in -  r i ot  r et am .il I dre d ge p u m p  e - ff  lu e - n t  pumpe d
t a ke cone- o f f  the ’ 1 l 2~ plate ’ .it the -  dra ghe -ad since ’ ~t b y —pas s  C X  m s t . s w h i c h  ove r f l o w s

and weld it  up . Iga i t i  a f t e r  t h e  i m p e l  le ’ r I ( ) ‘
~ o I 67 of the ’ l i g h t e r  p art e)f t he  ,lrei ge

c hange ’  was  m.ide ( F i g u r e  ~~~ Tests were  p u m p  e f f l u e n t  .ini some’ ove -r il ow- us un-

ma, le’ in mud at ( h - r r v  I s l a n d  R , itt ,ge - at var-  .t vo id . ib l e ’  a f t e r  the - hoppers  .I re- f i  !le ’d .
ious sp e e d s  ove r t h e -  b o t t  om. while- the-

- - pump was i n s t  il It ’d ne-ar the ’ el r a , :h e ’ .t- l and . . -

- 
I he ’ f o l l o w i m i g  .ire - t h e  r e - s u I t s  oh—

operat ing at full spe c’ I 
t

1 , - s t  r e s u l t s  showed no not ice-ab le- .i, M.ircus look Range- . we- St si s h e - :

change in f low d e n s i t y  b e t w e e n  t h e -  two  Th i s  was the ’ ( OM B E R ’ s rc’gul,i r assi gn-

i m p e l l e r s  t e s t e d  - ‘I’he ’ r e s u l t s  i t  ii t h e  m e n  t f rom l) e ’ce’mhe-r 1 )6” to Augus t  1968
impe lle r are’ I ~st esh  in P ar agra  ph IV.  ( . T h e  (e ’xce pt  for two  mon ths ) ,  The are- a was

- ‘ r e s u l t s  with the 2,2’’ impeller arc- s i m i l a r ,  chosen for a comparison test because it
how -c- ve ’~ . the  p u m p  speed  was 16 r pm hi g h e r . i s  the most pre ’velant shoal in the Delaware
the cur ren t  20 amps l o w e r , t he ’ d i s c h a r g e ’  R i  e r ,  I ike ’ most s i l t  shoals , it  d e t e r io ra t e s
pressure S p si low-cr and the dred ge’ pump w h i l e -  be ing dredg e -el . t hat is , p rog res s i ve l y
ve loc i ty  2 , , 5 ft ‘~e-c lower , lo ser d r e d ge pimp e ’ff luent  dens i t i e s  are

ob tam ne- i .  Tow-arch the ’ end elf the assi gn—
F:sse’n t i a l l v  the s.l m e’ dred ge’ pump me ’nt , t he- I - xpe ’r in ie ’nta l  I)reel ge a c h i e v e d  an

densi t y was  obtained w i t h  bot h impe l l e r s . t ve-r . tge  f low dens i t y  of I I S O  gr I and the
This  is not considered conclus i ve  because COMBER 1130 gr  I ,
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h. Wi lm ing t o n  Harbor , centerline: both achieve-i e f f luent  densi ty of approxi-
This area was chosen for a test, because matel y 1075 gr / l .
dred ging in thi s area resul ts  in li ght den-
si ty  dredge pump effluent.The Experiment- d. Tin icum is land , inside Buoy 4T:
al Dredge and the COMBER both achieved l ’his area was chosen for a test because
a dred ge pump effluent density of appr oxi- it was known that the- bottom material had
mat el y 1100 gr/l. a high percentage of tine sand. The Exper-

imenta l  Dred ge achieved a dredge pump
e f f l u en t  dens i ty  of I iOO gr 1 wh i l e  the

c. S c h u y l k i l l  Ri ’,’er , centerl ine ’ : This COMBER a t t a i n e d  I l(X) g r I , The’ Expe r-
ar ea  was  c hosen , because i t s  shoal is im en t a l  Dred ge’ hiad the ’ 3 foot wide f u n n e l
k n o w n  to c o n t a i n  a large amount of gas. shape d inlet  p i pe ins ta l l ed  in the’  drag head
Th~- Fx pe ’ r im enta l  Dred ge’ and the COMBER for t h i s  te st.

I

V .  EFFECTS A N D  A N A L Y S E S

OF M UD DREDGED

The fo l lowing  computes and dis-  lv expressed as Ve loc i t y  x 1)iameter/
cusses the  more impo rt ant eng inee r in g  k i n e m a t i c  v i s c o s i n y .  For open flumes a

data resultin g from dredging viscous mud . value- of four  times the ’ h y drau l i c  r ad ius  is
It exp la ins  some of the p henomena exper -  subs t i tu t ed  for the ’  d iam u ’i e’r. The h y drau l ic
ienced . ra d ius  is the ’  c ros s - s e c t ion  of the  area eif

t h e’ (low stream the ~e’tte d perimeter.
1. Type of f low w h i l e  dred g ing :

It  was observed t h a t  the ’  f low pa t t e rn
The flow pa t te rn  dur ing  dred g ing is of the spoil issuing from the 2 0 ’  f lume in-

nor mal l y tu rbu len t . It  was also t u r b u l e n t  to the cargo box was laminar .  This is shown
dur ing  the exper ime nts  when h a n d l i n g  a on Fi gure 2 2 , ,  Since the ’ d ischarge area at
li ght d e n s i t y  e f f l u e n t . However , l amina r  th i s  point  is a p p r o x i m a t e l y equal  to t he  a-
f lo w was  ev ident  in t h i s  i n s t a l l a t i o n  when  rca of the  12” p i pe. the veloci ty must also
handl ing  approx imate l y  1200 gr!l mud from be the same . Thie ’ v iscos i ty  of the spoil is
Marcus Hook and Cherry Island ranges. not known , hut obviousl y it  is the same
The following anal ysis verifies that this throug hout the system. Then , the Reynolds
f low pattern prevailed throug hout the sys- numbers for the two cross-sections con-
t em w i t h  the pump near the drag head. A sidered d i f f e r s  onl y by the value “4 x hy-
comparison of the Reynolds numbers for draulic radius ”. In case of the 20” flume ,
the flow from the 20’’ flume and the flow t f l  this value is 4 xO.785/2 approx. 1.6 feet.
the 12’’ pip ing  ve r i f i e s  th i s .  The Reynolds In t h i s  equat ion 0.785 i s the cross-section
number is a criterion for the type- of flow of the flow stream and 2 its wetted pen-
in a conduit. Flow is laminar below a value meter. In case of the 12’’ pipe, the term
of 2100 . The Reynolds number is frequent- ‘‘ I x h y drau l ic  radius ” equals  i t s  diameter
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on 1.Ofoot. Since this value is smaller than grap h V , 2 , ,  It indi cates t hat , eve ry th ing
the 1.6 feet above , the’ Reynolds number  else ’ being equal , a larger system must

of the 12’’ p ipe is also smaller than the’ result in a lowe r friction head , since- the

Reynolds number for the flow in the flume’ . term ‘‘ pi pe diameter squar -d’’ appe.irs in

Fit s proves  that the flow pa t t e rn  in the  t he’ ~1e- nomin at or .  Conversel . as sumin g  e~-
12 ’’ pipe’ was laminar , qual heads and velocities in the two pump-

ing systems which d i f f e r  onI ~ in p i pe s it e
the large ’r sys tem w i l l  r e su l t  in a hi gher

2. F r i c t ion  head and p i pe size ’, dr ed ge pump e f f l u e n t  dens i ty  because of
the ’ red uced head loss prov ided  ,i supp l~

The f o l l o w i n g  . t v e ’r a g e  v a l u e s  we-re of mud r e m a i n s  avai lable , .
attained whi le  d r e d g in g  w i t h  the  pump neat
the ’ drag head at f u l l  i-tamp speed (near  - i l O
rpm) and aver age- s~ se- i s  over the bot tom Turbulent  flow’ p reva i led  while ’  drt -d g-
(ne- .lr S ft/see) at the west side of Marcus ing sand with the ’ Experimental I)redge’. With
Hook and Cherry Island Ranges: this t y pe’ flow , t he’ Darcv-We’ish .ich f o r m u l . i

is app li c.ihle in  d e - t t ’ r m i n u r i g  t lie’ f r i c t i o n
Fl ow v e loc i ty  in 12 ’’ p ipe he’acl. This formula has the - p i pe sh i . imete ’r

1 ~ ft  sec ( f rom Fi g. 29) ( t o  the ’ f i r s t  powe ’r) in t he ’ d cnom i i in . i to r .  Ii
Pressure at pump discharge is of i mit c-re’ st t el n o n e -  t hi at cinde r the -se’ con-

40 psi (from data sheets) d i m  I O n S  tile’ t o t a l  hR . t l  v. .1’-. sl i g li t I l~ s’-, ari d
St at is discharge head the- dre - sh ,ge p ump e -f f I ut-nt de n  s i t  .n e r age- el

66 feet (from measurement) 1 -~0() ,gr I - 1’ his is at t r ibu t e - i  tel t he’ re’ Ia -

Specific gravity of mud ii ve’I y low v i  se-os it of t h -  sand- w a t e r  mix -
1,2 (from data sheets) t ure- Ihluld led.

- ‘ 
2, Vt  scositv and Re ’% -ne l ld s number :

Then: The s t a t i c  discharge ’  head ~~ x - -

1 . 2 - 2 , 2 , 1  29 psi and , based on a l e n g t h
of d ischarge  line ’ of 6 fee t ( a c tua l  l e n g t h  The- s e - I l  know - n Darc y - W e- i s h a ch  for-

used because of l aminar  f low ) ,  the f n i c t i e i n mul .i  i s  on l~ .ipp l i c ah l e  for t u r b u l e n t  f l o w .

head in 100 feet  of pi pe’ (40-29) ~ ~ 
H oweve r , s u b s t i t u t i n g  64 R e y n o l d s  n u m b e r

100~~’5 = 3.1 feet of water , or 2 , 4 -  1.2 - 28.2 ,  for the ’  f r i c t i o n  f ac to r  conver ts  t h i s  f o r m u l a

feet of mud .  Thi s f r i c t i o n  he-ad is  u n u s u a l -  no a form of the ’ I l agen - Po i se -v i l l e  f o rmul a

l y hi gh for work in the Delaware River  for which  is app licable- for laminar  f low and

the flow veloc i t y  involved.  I t i s  a t t r i b u t e d  re ’.t~l s

to the  extreme l y hig h v i s c o s i t y  of the  1200
g r / l  m i x t u r e  handled and the r e l a t ive l y Fr ic t ion head — ~2 x L x : x V

small  p i pe su e’ used in the  e x p e r i m e n t .  g X D2

~ here : L Eq u i v a l e n t  l e n g t h
— Kinemat i c  v i s c o s i t y

This si g n t t i c . i n c e -  of the pipe s m / c -  V - - Velo c i ty
becomes obvious  when  considering th g Gravitation .il acceleration
H agen- Poise -v m l h e f o r m u l a  c i ted  in }‘.Ir .1- D — Pi pe- ii iameter

_________________________________ ____________
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Since Paragrap h V . 1 es tabl ished 3S psi = Measured  discharge ’  head
that  l aminar  f low prevai led whi le  dred g ing  , -

- ~) H g - Meas ured i n t a k e  head
mud , thi s formula  can be rearranged and

• solved for k i n e m a t i c  v iscos i ty  us ing the -#5 0 vol ts  Measured vol tage  (3-p hase

dredge pump e f f l u e n t  ve loc i ty  and f r i c t i on  A .C.)

head stated in Paragrap h V . 2. 180 amps = Measured  cur ren t

-10 f t .  = Measured p u m p  discharge be-
Then: K i n e m a t i c  v i s c o s i t y  low w a t e r l i n e

28. 2, x 2 , 2 . 1 ( 1  x 1 x I ~2 x 100 x 1 2 ,  4-1 f t .  Measured pump in t ake -  below

0Y)218 f t .  s qua red  se-c w a t e r l i n e

2 ’) , ~, cm squared sec 1.2 Computed dred ge pump ef-
f l u e n t  specif ic  g r a v i t y

-\ l t h o u g h it is real ized that  the mud ~) S  i t ~se-c = Com puted dred ge pump ef-

dred ged is a n o n - N e w t o n i a n  f lu id  w i t h  i ts  f luen t  v e l o c i t y

viscosi ty chang ing w i t h  shear rate , th is
k i n e m a t i c  v iscosi ty  is many t imes  t h a t
normall y encountered by hopper dred ges Based on these  da ta :

dred g ing much in the Delawa re  River .  Th i s

• can be used to de termine  the  R ey no lds  Thie to ta l  pump he -ad (Discharge  head -

numbe r, which  is 
- Out s ide head of wa t e r )  - (En t r ance  loss)

( S t a t i c  head bet ween measu r ing  po in t s )
Ve loc i t y  x Pi pe’ d iame te r  k i n e m a t i c  = (35 x 2 , 2 , 1 - 10) t ~~~~~ 

- 2, ’) x 1.13) ÷ ( - ~ x
v i s c o s i t Y  1.2 - - R I  f t .  of s-ater . or 52 1.2 =

13 x I 0, 0218 f t .  of mud (neg l e c t i n g v e l o c i t y  head due no
v e l o c i t y  increase- i n  dred ge’ pump )

- - 5%

The pump output pow-er 9.S x
I t  is  g e n e r a l l y  accepted tha t  f low - i s  0, ’”85 x 62.4 x 1, 2  x ~2 , ,  2 , -  S S i )  -

~~
-
~ HP

laminar  below a Reynolds  number  of 2 , 100 . ( w . l t e r  horsepower )
This  conf i rms  the’  f i n d i n g  in the ’  fo regoing
tha t  flow- throug hout the ’  expe r imen t  was Where :  0, 85 Pipe ’ area in feet
l a m i n a r  when a mud m i x t u r e  of 1200 gr I squared . 62 .4 = D ens i t y  of water  in lbs .  f t

d ens i t y  was pumped. cube d , 43 , 2, to ta l  pump head , and 550
- Cons tan t .

1. Dred ge pump e f f i c i e n c y :  The pump inpu t  power equal s essen-
t i a l l y the  out put power of t he  d r i v i n g  motor

The fo l l owing  is based on the per - 1. ’3 x 450 x 180 x 0.9 x 0.8/746
formance of the 32’’ impel ler , si nce i t s  lIP (Motor horsepower )
operating speed agrees with that of Fi gure

28. Then , the fo l lowing  test data app lies Where: 0.9 = Motor efficiency, 0,8
wh i le dred g ing 1200 gr ’l mud w i t h  the Power factor , and 1. ”3 and “-16 are con-

• dredge pump near the draghead : stants.
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GRADATION CURVES Nov , 68
ar cr,., .,. ,..-, EM Ir~~O.z~,SO~ }

~~, ~O. -~~ - - -~~~~-~~~ ~ W d  h~T ~t uj  ; i , i n n , - J .

The’ ir e - i c e -  p u m p  e f f i c i e - i l C y  iii pe’r ‘ . Iti si t i de i s i \ , - r , u d i e t t

cent 100 x Po w - er  out put  l’ow-er i n p u t
100 x i - i ‘l 4 ~ 

- - 33 ’~, FIR - i r e - I L - i n c  . l r - .ns i n  W i l m i n g t o n
h arbor and ( ‘ h c - — r ~ I sl . ind R .in g e - arc wi thin

Based on the i ’ ‘ i m p e l l e r  .ini t h e -  I - ~ r ) ~) f e - c t of ~- .ie h ot h e r  and e o n t  am e-s s - n —
da ta  in the - center  column of the  t . ih lc  in  ia l  IV the -  same t y p e -  of mud ~~- e - h - t c u re - 2 , )
Paragraph I\ ’ . 6. t he ’ t o ta l  p u m p  he a d  50 , i)  Y e- i , an .t pp t e e i  .ibl - eh i f fe ’ r e ’n e e - in dred ge
f t .  elf mud , t he wa t er  horse ’pow e’r - (19. -I h IP , p u m p  c - l i  I u e - n t  d e - n s i t  V w a s  n ote -i  in  these ’
the  melt or horsepower 150 h I P  - and t he- t w o  .lr e- .ls . To i t t v c - s t  t g a t e  the-  c , lu se -  fo r  the-
e f f i c i e n c y  -16 ’~, i t f f e - r c - ne e- . .in i t~~- o b t a i n  .e tv i -ie - .iI i n s i t u

The tot al pump head s computed a— d e n s i t y  gr ad me-nt  tor the ’ mud d r e d g e - i ,  hot -

boc’e are near the shut -off  heads. since ’ any  t i e -  and b iarpoon s i mp le’s we’re I lht a in ed by
at tempt  to increase them by l ower in g  t h e  .i survey I .iunch f rom hot ii , ire -a s  and .tl se’
drag head would stop the f l ow.  These heads from ~I ar c u s I I o ok .  I ’he ’ samp les we -r e - t ak e n
are appreciabl y lower than  the shut -off  at , a bove- , and b c- low the- houn e - e- - h.ie- k
heads es tabl i shed  by th e pump m anufac -  de ’pths of the ’  echo sound er .  The’ samp l i n g
turer for water .  I ocat i o t t  s w 1 -re- dc-i e r mi ii nc-e l by sex
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readings and the samp les were secured b y sand bottom dred ged wi th  the  Experimental
experienced personnel near low slack Dred ge with2 000 g r - l , the ’ volume of the in
wat~ r .Subsequenc l y , the densitie s of these s i tu  densi ty  solids pumped 120 (1400 -

• samp les were determined.  1000 ) / (2000 - 1000) = 48 c.y.

- - This  q u a n t i t y  can he used to comnute theA n a l v t i n g  the  resu l t s , it was found - 
. -

- - ave -r age cut depth , which  isth at the ’ v e r t i c a l  d i st ance  bet ween samp les
of 1020 and 1280 grf I d e n s i t y  was  3.0 feet 18 x 2 600 x 4 - 0,72 fe -ct  or C) inches ,
in W i l m i n g t o n  h h . i r b o r  a n I  e. S feet  at Cherry
Islan d Range ’ , F rom t h i s  it  was concluded A l t h o u g h anY c o m b i n a t i o n  of mud

:h.u wi th  an . ivrra ge Jr.ng head immersion and sand is pelssihle ’ , e x perience ’ i n d i c a t e s
of t so  f e e - I ~~ee- drag de’pt h minus water  t hat  m a i n t e n a n c e  shoals  are u s u a l l y muds

depth on Figure 26) dred ge pump e f f l u e ’n t  of 12 (X ) to 1300 gr I .ini S. in ds  of 1900 to
d e n s i t y  of 1200 gr I tt t .i v he considered in 2000 g r / l  d ens i t y  r e s p e c t i v e - I s - .
situ dens i ty .  That i s . e s sen t i a l l y  no di lu-
t ion wat er Wa s added to the mud dred ged. ~~ - Gas in mud:

6. Material  p ick-up depth: It  is custe)mar%’ to look at dred ge
spoil . ts a so l i d-wa t e ’ r m i x t u r e ,  A l t h o u g h

i~ it i s assumed that the 3—feet wide thi s is re ’a h i  s i t e  for s .uid-water m i x t  ur es ,
draghead attachment discussed in Para- in leads to errors in dred g ing mud.  h ere
grap h IV , 10 is the e f fec t i v e ’  drag head gas  i s  pre -~~e’nt in v . n rv ing  amount s , w h i c h
width and 1200 gr i ’ l mud was dred ged may appreciabl y .iffe’ct the - proce ss. In
without dilution water, an acerag e hick-  o ther  words , mud mus t  he t r e a t e d  as a
ness of the mud layer picked up h y t h e  Ex - so l id -wate r -gas  m i x t u r e .  P a r a g r a p h IV . 8

perimental  Dred ge can be computed.  This  indicates  t h a t  Schuy l k i l l  R i v e r  mud con-
thickness = Quantity of material  dred ged / ta m ed appreciabl y more ga s t h a n  the-  muds
Length of cut x Drag head width .  Then , for encountered in the ot her ,ire - .ls . But . e’v-cn
very slow and high speeds over the ground in those ’ areas where -  g.i s wa s not liber ated
w i t h  cut lengths  of 800 feet and 4000 feet i t  was present .ini af fec ted  the operat ion
re spect ivel y , the relat ive l im i t s  of the cut adverse ly  when the pump was  not ad jacent
dept h range in mud seem to be approxi -  to the drag head.  This  becomes obvious

at el y as fol lows:  when it  is realized that  the volume of gas
in a conventional dred ge pump installat ion

= For 800 feet travel: has expanded about six t imes  from what it

165 x 27/ 800 x 3 = 1.75 feet or 
was at the bottom. This fi gure is based on
the fact  that  d redg ing  is an i sothermal

— 21 inches max. cut depth (approx.) pt’ocess and therefore’ changes in gas
volumes are inversel y proportional to

For 4000 feet travel: changes in absolut e pressure. The latter

156 x 2” 4000 x 3 0.35 feet or 
are about (-15/1.13) + 30 “0 inches H g at
the r iver  bottom and 30 - 18 12 inches

1 inches m m .  cut depth  (approx. ) H g at the inlet  of the dred ge pump when
• the pump is located near the water l ine .  The

A ssuming the in situ density of the si gnificanc e of this gas expansion is con-

33-c



-

firmed by the fact that the Exper imenta l  Dred ge at Marcus Hook and the
Dredge could perform well at Marcus Hook gas content of a 1200 gr/ 1 samp le
without a gas removal system . whi le  the was determined as being -I.5°~ by
COMBER ’ s dred ge pump ef f luen t  dens i ty  volume and at atmosp heric pres-
dropped 100 gr / 1  when its gas removal  sy s- sure.
t em was shut  off in the same area.

The fo l lowin g  wasdone  to de te rmine  b. Mud samp les from the  Schuy l k i l l
the amount and type of gas pre sent  in the River , Marc us Hook , Chi erry
mud: Island and W i l m i n g t o n  Harb o r

were anal yzed by ’ ’ in frar ed  spec”
a, An i n s t r u m e n t  used to measure trosc opv ’ to de termine  the  t y p e

en t ra ined  .eir in concrete -  known  of gases they  conta in .  It  was de’-
as “P ress-l r- Me -t er ” and made t ermined tha t  the  gases from all
by Concrete Spec i a l t i e s Co., samp les we ’re m i x t u r e ’s of carbon
Spokane , Wash. ,  was f i l l e d  w i t h  d iox ide  and methane.  No ot her
e f f luen t  from the  E x p e r i m e n t a l  gases were ’ detected.

VI.  DISCUSSION AND CONCLUSIONS

The main objective of the tests dis -  2. Inc reas ing  the speed ov er  the hot-
cussed in the foregoing was to d e t e r m i n e -  tom up to I )  f t / s e - c- caused ,i pronounced
the e f fec t s  of dred ge pump e f f l u e n t  d e ’n s i t y  increase in flow - rate ’ w i t h o u t  ans’ adverse’
and f low rate b y changes to . .in~1 rearrange ’-  i-f lee - i on ir e-d i ce pump e ’ff luen t  d e n s i t y .  The ’
ments  of, the major  components  of .i con- e f f l u e n t  ve l o c i r  ic- s were - 2~

) and 13 ft se- c
ventional hydraulic dred ging sys t em and at 1( 1 .ini (1 f t /  se- c ground speeds . respe ’c-
its mode of operation . The f o l l o w i n g  sum- t i v e - I v ,  ~ f t ,  sec ground spec-i is  ave r , t g e - d
marizes and br ief l y discusses the ’ more im- b y the  COMBER in t h e  l)elaw- are R i v e r a nd
portant conclusions  reached whi le  ire ’d g- is  t he p r a c t i c a l  l i m i t  he -cause of the’ avai l -
ing ma in tenance  mud.  ~h Ie propulsion power and length  of the

sh oa l s , The’ in cre ’ .ise’ i n e f f l u e - o t  r.i n c’
1. From all the variable s tested achieved in this manner is attribut ed to the

lowering of the dred ge pump was the onl y greater supp l y of mud for  t he- drag .in the
alterat ion of equi pment  which caused a pro- hi gher speed.
nounced increase in dredge pump effluent

densities. With the pump ad jacen t  to the 3. All  oth e r ~.ir ia hIe s  teste d were
draghead, a maximum average dre -dge pump I .irge lv ine’ l f e cn ive -  on t h e  tes t  install at ion.

effluent density of I 200gr/l was a t ta ined .  This  dif f e ’red from conve ntional mnstalla-

This increase in dred ge pump e f f l u e n t  den- t i on s (dred ge pump ne-ar the wa te r l ine )

• sit y is a t t r i b u t e d  to the smaller v o l u m e - t h e  wh~~’e the  suc t ion  l i f t  . ilone usual l y l i m i t s

gas in the mud occup ies near the bot t om. the  dred g ing process. T h i s  l a t t e r  l i m i t  is
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extended by using a gas removal system. 6. From all the drag head configur-
Lowering the dredge pump to the drag head at ions t r ied , it was concluded that  the
furt her extends thi s l imit  wi th  a resul t ing shape of drag heads , while  dred g ing mud ,
increase in flow density u n t i l  the dred g ing is of l i t t l e  consequence , as long as no part
process is res t r ic ted by other l im i t s .  These of i t s  p er imeter  extends  upward into  the
new l imi t s  are the total pump hea d, an d ‘or d i l u t i n g  water.
the ina b i l i t y  of the in s i tu  mater ia l  to f low
to the drag wi thou t  d i l u t i o n  wate r .  7. It is believed th is  stud y exhausts

the dred g ing system. That is , the best den”
-~~. From the  foregoing, it i s  con- si t ie ’s and f low rates possible from the corn-

eluded t h a t  it is advantageous to have the ponent s of .i h y drau l i c  dred ging system was
e lr cdc e - pump adjacent to the drag hea d , obta in ed.  Changes in equi pment beyond
si nce’ under th is  condi t ion , the ef f l uent pump location caused no var ia t ion .  The
densi t ies  a t ta ined were ’ a lways equivalent  dens i t i es  at t a ined agreed wi th  the upper
to, or better than , those being produced by and li g hter  part  of the shoal mater ial  and
hopper dred ge in the Delaware R ive r .  This  so consequent l y no d i lu t ion  water was
is especial l y si gn i f i can t  when cons ider ing  added. To dred ge t he lower and denser
that  the lat ter  have larger pump in g ins ta l -  part of the ’ shoal mater ia l  wi thou t , or w i t h

= lat ions and are equi pped w i t h  gas r emova l  less d i l u t i o n  water than now required , will
systems, both of which tend to produce- a onl y be achieved by devia t ion  f rom the
denser effl uent . In addition , the dred ge present convent ional  ss tem.  These devia-
pump near the drag hea d produced a steadier t ions  may consis t  of chang ing major  com-
and more easily controlled flow when com- ponent s of the ’  convent iona l  sy s tem,  such
pared with pumps mounted in conventional as placing two dred ge pumps in series , or
fashion. of abandoning the h ydrau l i c  sY s t em alto-

gether  in favor of a mechanic al  55-stem
5. The dred ging la dder of the  F.x- such as a bucket  chain.

pe rime n tal Dredge , w i t h  the  dred ge pump
near the drag head and the lubr ica t ing  ar- 8. The Exper imenta l  Dred ge per-
rangement  chosen for the dred ge pump and formed excep t i ona l l y  well whi le  dredg ing
l ine  shaft bearings performed sat i s fac tor -  s-and . (1400 gr/ 1 versus 1100 gr/1 custo-
il y in all  respects. A s imi l a r  i n s t a l l a t i on  man l y .it t a ined).  However , the purpose of
should perf orm well on an actual  dred ge , the  s tudy l im i t ed  the evaluat ion essent i-
even when working cont inuousl y. a l l y  to the  performance in mud.
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