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GOLD PLACER MINING 

Placer Evaluation and Dredge Selection 

ABSTRACT 

This  r e p o r t  deals  with the f a c t o r s  which should be considered i n  evaluat- 
ing a p lacer  depos i t  and se l ec t ing  a dredging system f o r  mineral recovery. 
Overall  dredging f e a s i b i l i t y  and the  design of dredging systems a re  reviewed. 
Excavation methods, each with i t s  advantages and disadvantages,  a r e  compared. 

Di rec t  operat ing cos t s ,  both o r i g i n a l  and updated, of gold dredges with 
bucket c a p a c i t i e s  of 6 t o  18 cubic f e e t  a r e  included. Costs vary with digging 
depth, changes i n  environmental condi t ions ,  and physical  c h a r a c t e r i s t i c s  of 
the p l ace r ,  a l l  of which a f f e c t  excavation r a t e  and recovery. The cos t s ,  
updated with appropriate  indexes, should be  used only as  guidel ines  t o  evalu- 
a t e  p o t e n t i a l  dredging pro jec ts  with s imi l a r  c h a r a c t e r i s t i c s .  The r e l a t i o n  of 
d i r e c t  dredging c o s t s  t o  annual production i s  graphica l ly  i l l u s t r a t e d  by a 
family of curved envelopes t h a t  span dredge s i z e s  from 2-112 t o  18 cubic f ee t .  
A curve f i t t e d  t o  the  da t a  expresses the r e l a t i o n  of d i r e c t  cos t s  to  annual 
production f o r  151 dredge-years. 

IrnRODUCTI ON 

A t  p resent  dredge mining i n  t h i s  country i s  a t  a low l e v e l .  The l a s t  
gold dredge i n  Ca l i fo rn i a  stopped opera t ing  i n  October 1968. Gold dredging i n  
t he  adjacent  S t a t e s  had already ceased because of increas ing  operating cos t s ,  
decreasing p l ace r  va lues ,  and the f ixed  p r i c e  of gold.3 Two gold dredges and 
one platinum dredge were s t i l l  operat ing i n  Alaska i n  September 1969. 

'Consultant,  Marine Minerals Technology Center ,  BureauofMines, Tiburon, Ca l i f .  
ti in in^ engineer ,  Denver Off ice of Mineral Resources, Bureau of Xines, Denver, 

Colo. 
3 ~ o l d ' s  pos i t i on  a s  a monetary metal changed i n  March 1968 when a two-tier 

p r i c e  system was es tab l i shed  by a seven-nation "Gold Pool" (Belgium, West 
Germany, I t a l y ,  The Netherlands, Switzer land,  United Kingdom, and United 
S t a t e s ) .  I n t e rna t iona l  monetary t r ansac t ions  remained a t  the o f f i c i a l  
p r i c e  of $35 per  ounce; purchases and s a l e s  by the "Gold Pool" countr ies  i n  
the p r i v a t e  market were terminated; and a f l o a t i n g  p r i c e  fo r  a l l  pr ivate  
t r ansac t ions  began. As a r e s u l t  the f r e e  p r i c e  i n  the  United S ta tes  aver- 
aged approximately 16 percent h igher  than t h e  $35 monetary p r i ce  through 
December 1969. A decided drop i n  the p r i c e  of gold began i n  June 1969; the 
December average was approximately S35.60. 



Because of the increasing na t iona l  requirements f o r  gold the Bureau of 
Mines i n  1966 i n i t i a t e d  a Heavy Metals s tudy  t o  inves t iga te  and appraise  
po ten t i a l  gold-bearing depos i t s  t h a t  might cont r ibu te  t o  domestic gold produc- 
t ion. Emphasis was given t o  l a r g e  depos i t s  which would permit b e  economies 
of large-scale  production methods. 

This repor t  i s  focused on p l ace r  mining by dredging. I t  br ings together  
the old and proven dredging concepts wi th  newer and more cur ren t  techniques 
in t eg ra t ing  these ideas with a c t u a l  c o s t  experience standardized to  1967. L t  
provides da ta  concerning cu r ren t  a p p l i c a t i o n  and iden t i f i ca t ion  of the na tu ra l  
and unchangeable environmental condi t ions  t o  be considered i n  s e l e c t i n g  a sys- 
tem. Like any mineral depos i t ,  a p l ace r  depos i t  should be evaluated on the  
b a s i s  of the  most p r a c t i c a l  and e f f i c i e n t  system sui ted t o  it.  The r i s k  
involved can be reduced by a thorough explora t ion  program balanced with a 
sound engineering study. There a r e  no cu r ren t  publ icat ions t h a t  descr ibe  
modern design and operat ion of dredges. Charles Jan in ' s  "Gold Dredging i n  the 
United S ta t e s "  ( E ) ~  i s  an  exce l l en t  genera l  reference although wr i t t en  50 
years  ago. Peele ' s  Mining Engineers ' Handbook (2) i s  another general r e f e r -  
ence of considerable value. Two of t he  more cu r r en t  papers t h a t  cover fore ign  
gold dredging a r e  McFarland's paper on dredging i n  the Yukon, Canada (g), and 
O 'Nei l l ' s  paper on dredging i n  Colombia and Bol iv ia ,  South America (28).  The 
bibliography i n  t h i s  r epo r t  was prepared pr imar i ly  as  a source of r e z r e n c e s  
f o r  p lacer  explorat ion and dredging. 

HISTORY OF EQUIPXXT DEVELOPMENT 

The f i r s t  f l oa t ing  bucket- l ine dredges were developed i n  Europe during 
the 16th century t o  excavate harbors .  Over time t h e i r  design and e f f i c i ency  
improved. Their adaptat ion t o  p l ace r  mining began i n  New Zealand i n  1882 when 
gold-saving equipment was added behind the excavators. The f i r s t  successful  
dredging operat ion i n  the  United S t a t e s  s t a r t e d  a t  Bannock, Mont., i n  1895. 
The dredge design incorporated the  bucket- l ine equipment already found success- 
f u l  i n  the  Eastern United S ta t e s .  To i t  was added a washing and t r e a t i n g  sys- 
tem s imi l a r  to  t h a t  used i n  New Zealand. The f i r s t  gold dredge t o  operate  i n  
Cal i forn ia  was a New Zealand type a t  Orov i l i e  i n  1898. Not v e r s c t i l e  enough 
t o  opera te  under the var ied  and o f t e n  rugged dredging condit ions i n  Cal i forn ia ,  
it  was soon discarded and a v a r i a t i o n  c a l l e d  the Cal i forn ia  type was developed 
a f t e r  the Montana design. 

The California-type dredge, because of  t he  need to  dig i n  gravel contain- 
ing l a r g e  boulders and i n  cemented, c layey ,  o r  t i g h t l y  compacted formations, 
was s t rongly  b u i l t  and was equipped wi th  spuds, heavy v e r t i c a l  movable p i l e s ,  
to hold the  dredge f i rmly i n  place.  I t  had sho r t  t a i l  s l u i ces  and r e l a t i v e l y  
long s tackers  t o  dispose of overs ize  g rave l ,  u sua l ly  plus 5/8 inch. The New 
Zealand dredges, which were l i g h t e r  i n  cons t ruc t ion ,  were designed primari ly  
t o  excavate s o f t e r  formations. They used headl ines  instead of spuds because 
of the  e a s i e r  digging and because there  were no high banks ahead to  hinder  
t h e i r  use. Often long s l u i c e s  were used t o  dispose of the waste. Ln 

4Underlined numbers i n  parentheses r e f e r  t o  items i n  the bibliography preced- 
ing the appendix. 



C a l i f o r n i a  s t a c k e r s  combined wi th  s l u i c e s  were found more p r a c t i c a l .  The 
C a l i f o r n i a  dredge produced more yardage and opera ted  more e f f i c i e n t l y  con- 
s i d e r i n g  a l l  types of format ions .  Long s t a c k e r s  f o r  g r a v e l  d i s p o s a l  made i t  
p o s s i b l e  t o  dredge r e l a t i v e l y  deep p l a c e r s  and t o  work a g a i n s t  high banks n o t  
p o s s i b l e  wi th  a  h e a d l i n e  system. 

' A f t e r  a  very s u c c e s s f u l  and p r o f i t a b l e  pe r iod  of mining from 1895 t o  1942, 
most go ld -p lacer  o p e r a t i o n s  i n  t h e  United S t a t e s  were c losed  down by Govern- 
ment Order L-208 i s sued  dur ing  World War 11. The dredging i n d u s t r y  continued 
t o  produce war-needed s c h e e l i t e  i n  Montana ( g j ,  p la t inum i n  Alaska, and 
columbium i n  Idaho. Some go ld  dredging o p e r a t i o n s  were resumed a f t e r  t h e  war, 
bu t  most remained c losed  because of t h e  widening gap between mining c o s t s  and 
t h e  f i x e d  p r i c e  of gold.  The l a s t  gold  dredge of t h e  more than 60 opera t ing  
i n  C a l i f o r n i a  i n  t h e  1930's  was s h u t  down on October 1, 1968 ( 2 7 ) .  I t s  ea r -  
l i e r  v e r s i o n  i s  shown i n  f i g u r e  l. I n  September 1969, two g o l d d r e d g e s  and 
one p la t inum dredge were o p e r a t i n g  i n  Alaska.  One gold  dredge was on Bear 
Creek, Hogatzu River ,  and t h e  o t h e r  on t h e  Ungalik River ,  and the  platinum 
dredge was i n  che Goodnews Bay d i s t r i c t .  

DREDGING SYSTEMS 
(r 

Dredging systems a r e  c l a s s i f i e d  a s  h y d r a u l i c  o r  mechanical depending on 
t h e  method of d igg ing ;  both a r e  capab le  of l a r g e  product ion.  A f l o a t i n g  
dredge c o n s i s t s  of a  suppor t ing h u l l  wi th  a  mining-control  system, excavat ing 
and l i f t i n g  mechanism, b e n e f i c i a t i o n  c i r c u i t s ,  and waste-disposal  systems a l l  
designed t o  work a s  a  u n i t  t o  d i g ,  c l a s s i f y ,  r ecover  v a l u e s ,  and dispose  of 
waste.  Design and o p e r a t i o n  of a  dredge w i l l  n o t  be d i scussed  except a s  they 
i n f l u e n c e  t h e  choice  of system. 

Hydraul ic  System 

Hydraul ic  dredging systems, whether t h e  l i f t i n g  f o r c e  i s  suc t ion ,  s u c t i o n  
wi th  h y d r o j e t  a s s i s t a n c e ,  o r  e n t i r e l y  h y d r o j e t ,  have been used much l e s s  i n  
p l a c e r  mining than mechanical  systems. However, i n  d igg ing  opera t ions  where 
mineral  recovery i s  n o t  t h e  o b j e c t i v e ,  t h e  h y d r a u l i c  o r  s u c t i o n  dredge has 
g r e a t e r  c a p a c i t y  pe r  d o l l a r  of i n v e s t e d  c a p i t a l  than  any mechanical system 
because t h e  hydrau l ic  system b o t h  excavates  and t r a n s p o r t s .  Thus t h e  hydrau- 
l i c  dredge i s  s u p e r i o r  when t h e  dredged m a t e r i a l  must be  noved some d i s t a n c e  
t o  t h e  p o i n t  of process ing.  Because i t  i s  much more economical t o  t r e a t  the  
p l a c e r  g r a v e l s  aboard t h e  dredge t h e  h y d r a u l i c  systems w i t h  t h e i r  inheren t  
dewate r ing  problems a r e  a t  a  d i sadvan tage .  

Hydrau l ic  d igging i s  b e s t  s u i t e d  t o  r e l a t i v e l y  smal l - s i ze  loose  m a t e r i a l .  
I t  h a s  t h e  advantages over mechanical  systems i n  such ground when the m a t e r i a l  
must be t r a n s p o r t e d  from t h e  dredge whether by p i p e l i n e  o r  barge,  I n  easy 
d igg ing ,  excavat ion by h y d r a u l i c  systems h a s  reached depths  of about 225 f e e t ,  
bu t  excava t ion  f o r  mineral  r ecovery  t o  d a t e  h a s  been much l e s s ,  only about 
one-quar ter  of t h a t  depth .  I n  t h e  same way a s  equi?ment developments bene- 
f i t e d  open-pit  mining,  h y d r a u l i c  n i n i n g  dredges  have b e n e f i t e d  g r e a t l y  from 
t h e  developments brought about by t h e  need t o  s o l v e  c i v i l - e n g i n e e r i n g  problems. 
The mounting i n t e r e s t  around t h e  world i n  o f f s h o r e  mining has  s ~ u r r e d  resea rch  
and development of h y d r a u l i c  dredging equipment cons iderab ly .  





Even with e f f i c i e n t l y  designed u n i t s  and powerful pumps, the s i z e  of the 
gold t h a t  can be captured by hydraul ic  dredging i s  l imited.  The a b i l i t y  of a  
hydraul ic  system t o  pick up ma te r i a l  i n  l a rge  p a r t  depends upon intake and 
t r a n s p o r t  v e l o c i t i e s  t ha t  must be increased r e l a t i v e  t o  s p e c i f i c  grav i ty  and 
s i z e  of the  p a r t i c l e s .  I f  the  gold occurs a s  nuggets, e spec i a l ly  la rge  nug- 
g e t s ,  the  ve loc i ty  required f o r  captur ing  the gold can cause excessive abra- 
s i o n . i n  the er.tire system. In  addi t ion ,  higher v e l o c i t i e s  require  more horse- 
power. On the other  hand, when the  f l a k e  s i z e  of the  gold i s  very f ine ,  
h igher  v e l o c i t i e s  make gold recovery very d i f f i c u l t  during dewatering. 

The digging power of hydraul ic  systems has been g r e a t l y  increased with 
undewa te r  cu t t i ng  heads. One disadvantage of a  cut terhead i s  t ha t  i t  must be 
designed with e i t h e r  r i gh t -  o r  left-hand cu t t i ng  r o t a t i o n ,  which r e s u l t s  i n  
Less e f f i c i e n t  digging when the dredge i s  swung i n  one d i r ec t ion ,  espec ia l ly  
i n  tough formations. As digging becomes more d i f f i c u l t  and the cut terhead i s  
swung across  the face  i n  t h e  direction so  t h a t  i t s  blades a r e  cu t t i ng  from the 
o l d  face  t o  the  new, the cu t te rhead  t r i e s  t o  climb onto and r ide  the scarp. 
This  produces considerable impact s t r e s s  through the power-delivery system and 
reduces the  capaci ty of the  c u t t e r .  Davis and McKay i n  a  c r ed i t ab l e  up-to- 
d a t e  paper on po ten t i a l  dredge app l i ca t ions  (55) d iscuss  t h i s  d i f f i c u l t y .  
Because hydraul ic  dredges, even wi th  cu t te rheads ,  d i g  l e s s  e f f e c t i v e l y  than 
mechanical dredges, gold p a r t i c l e s  trapped i n  bedrock crev ices  a r e  more d i f f i -  
c u l t  t o  recover.  Disadvantages include-- 

1. High wear when endeavoring t o  capture large-nugget gold. 

2. Dewatering problems when t ry ing  t o  capture smal l - f rac t ion  gold. 

3. Less digging capac i ty  when swinging i n  one d i r ec t ion .  

4 .  Less hard digging a b i l i t y  e spec i a l ly  where needed on bedrock. 

5. Rela t ive ly  low power e f f i c i e n c y  because of the l a r g e  volume of the 
water  t h a t  must a l so  be t ranspor ted .  

6. The problem of moving and mining around sunken logs,  bedrock pin- 
nac l e s ,  and oversize mater ial .  The l a t t e r  tends t o  c o l l e c t  along the face, 
i n t e r f e r i n g  with good bedrock cleanup, o f t e n  so v i t a l  i n  gold placers.  

7. Loss of some mater ia l  l e f t  a s  a  r idge on the bottom each time the 
dredge i s  stepped forward t o  s t a r t  a  new c u t .  

8. Detrimental e f f e c t  i n  t he  t r e a t i n g  plant  caused by mud-ladened water 
pumped o f f  the bottom of the  pond. 

9. Fluctuat ions in  t he  feed t o  the t r e a t i n g  p lan t .  

The pr inc ipa l  uses of hydrau l i c  dredges have been f o r  nonmining jobs such 
a s  i n  digging,  deepening, reshapicg ,  and maintaining harbors ,  r i v e r s ,  reser -  
v o i r s ,  and cana ls ;  i n  bui ld ing  dazls and levees ;  and i n  l a n d f i l l  and reclama- 
t i o n  p ro j ec t s .  Hydraulic systems i n  mining have been used to  produce sand and 



gravel (39, z), t o  mine marine s h e l l  depos i t s  fo r  cement and aggregate (z), 
t o  reclaim m i l l  t a i l i n g s  f o r  add i t i ona l  mineral recovery (42), t o  recover coal  
from streams (9, and t o  mine depos i t s  containing diamonds (40) and minerals 
of t i n  (35, E), tungsten (s), columbium-tantalum, t i tanium (34), monazite 
(37), and r a r e  ea r th s .  An i n t e r e s t i n g  example of everyday dredge mining i n  
t h i s  country i s  the of fshore  s h e l l  indus t ry ,  concentrated mainly along the  
gulf coas t  although some i s  being done of f  Cal i forn ia  and the mid-east coast .  
Dredging the  buried reef  depos i t s  of dead oys t e r she l l s  i s  a simple and inex- 
pensive method of mining, and barging the s h e l l s  t o  coas ta l  market a reas  i s  an 

. inexpensive and f l e x i b l e  method of t ranspor ta t ion .  From Texas t o  F lor ida ,  an 
average of 25 small hydraul ic  cu t te rhead  dredges have been recovering an aver- 
age of over 25 mi l l i on  cubic yards of s h e l l  annually over the l a s t  5 years.  
Using suc t ion  pumps up t o  18 inches i n  s i z e ,  a few of which a r e  equipped t o  go 
a s  deep a s  50 f e e t ,  these  dredges a r e  t h e  prime suppl ie rs  of high-grade c a l -  
cium carbonate f o r  a number of cement and lime p lan ts  along the coas t ,  and of 
roadstone and aggregate t o  c o a s t a l  areas  t h a t  lack stone. 

In  recent  years  hydraul ic  systems have been used t o  s t r i p  unconsolidated 
overburden--(I) o f t e n  more cheaply, (2) o f t e n  with considerably l e s s  e f f o r t ,  
and (3) of t e n  a s  the only l o g i c a l  method when the mater ia l  t o  be s t r ipped  i s  
water s a tu ra t ed  o r  l i e s  wholly under water--from ore,  coa l ,  and aggregate 
depos i t s  i n  North and South America and Europe i n  preparat ion f o r  conventional 
open-pit mining systems. Dredge s t r i p p i n g  i s  not  new. I t  was f i r s t  t r i e d  i n  
1914 (61) when a method cheaper than s team-shov~l  s t r i pp ing  had t o  be found t o  
uncove ra  marginal iron-ore depos i t  on the  Xesabi Range. S t r ipp ing  overburden 
from offshore t i n . d e p o s i t s  has been done using both hydraul ic  (2) and bucket- 
l i n e  systems (=). 

Some examples of how hydraul ic  dredges have performed mine s t r i pp ing  seem 
i n  order. I n  Surinam (formerly Dutch Guiana) a 24-inch cutterhead dredge was 
used t o  s t r i p  the overlying s i l t ,  sand, and c l a y  from a 2,200- by 4,000-foot 
bauxi te  o r e  body a t  an average two-shift  r a t e  of about 300,000 cubic yards per  
month and pumped a maximum of about 2 mi les  t o  the spo i l  a r ea  (2). On the 
Steep Rock i ron  range i n  Ontario,  Canada, a l a rge  r i v e r  was diverted,  a l a r g e  
l ake  drained, and up t o  400 f e e t  of overburden removed from three ore  bodies 
laying beneath Steep Rock Lake. The A and G ,  o r  Hogarth and Roberts, o r e  
bodies were together  s t r i pped  of about 106 mi l l i on  cubic yards of s i l t  up t o  
300 f e e t  t h i ck  with two 900-ton cu t te rhead  dredges (55, 72) .  A t  the  C ,  o r  
Caland, ore  body 162 mi l l i on  cubic  yards of s i l t ,  sand, gravel,  and c l a y  over- 
burden were s t r ipped  by two 36-inch hydraul ic  dredges and pumped a maximum of 
about 6 miles  aga ins t  s t a t i c  heads t o t a l i n g  about 780' f e e t  (65, 67). Again a 
r i v e r  was d iver ted  and a lake drained a t  the Black Lake pro jec t  i n  Quebec, 
Canada, where 35 mi l l ion  cubic yards of s i l t ,  sand, gravel ,  and g l a c i a l  till 
were s t r ipped  from atop an asbes tos  depos i t  by a 30-inch hydraulic dredge and 
pumped over 3 miles  aga ins t  a s t a t i c  head of 200 f e e t  (55, 64). About 15 m i l -  
l i o n  cubic yards of muskeg, s i l t ,  and c l a y  w i l l  be s t r ipped from an a rea  3,700 
by 2,000 f e e t  t o  expose n icke l  o r e  depos i t  i n  northern Xanitoba (2). I n  
Scotland the National Coal Board s t r i pped  up t o  40 f e e t  of peat and sand cover 
to expose four  coal  seams across  some 270 acres  with a hydraulic dredge t h a t  
averaged 90,000 cubic yards per  week (54). Two general papers tha t  cover 
hydraul ic  dredging developments a r e  by Kaufmann (73) and Giroux (2). The 



proceedings of the f i r s t  World Dredging Conference, he ld  i n  New York i n  1967 
(89), cover a v a r i e t y  of technica l  subjec ts  pr imar i ly  on hydraul ic  dredging. 

Mechanical Continuous System 

, ~ i g g i n g  systems on continuous mechanical dredges can be a bucket-ladder, 
ro t a ry -cu t t e r ,  o r  bucket-wheel excavator,  each with advantages pecul ia r  t o  
s p e c i f i c  s i t ua t ions .  The bucket-ladder or  bucket- l ine dredge has been the 
t r a d i t i o n a l  placer-mining t o o l ,  and i s  s t i l l  the  most f l e x i b l e  method where 
dredging condit ions vary. Placer  dredges, r a t ed  according t o  bucket s i z e ,  
have ranged from 1-112 t o  20 cubic  f e e t ,  although l a r g e r  equipment has been 
used i n  harbor work. Lines of 34- and 54-cubic-foot buckets on the dredge 
Corozal were used i n  digging the  Panama Canal i n  1913-15 ( 5 7 ) .  Excavation 
equipment cons i s t s  of a cha in  of tandem digging buckets t h z  t r a v e l  continu- 
ously around a t r u s s  o r  p l a t e -g i rde r  ladder,  scooping a load as  they a r e  
forced aga ins t  the mining face  while pivot ing around the  lower tumbler, and 
then dumping as  they p ivot  around the  upper tumbler. The ladder  i s  r a i s ed  o r  
lowered a s  required by a l a r g e  ho i s t i ng  winch through a system of cables  and 
sheaves. Before the development of the deep digging dredges, t he  maximum 
angle of the ladder when i n  i t s  lowest digging pos i t i on  was usua l ly  45" below 
the  hor izonta l .  During the l a s t  few years i n  Malaysia, 18-cubic-foot dredges 
digging from 130 t o  158 f e e t  below water l e v e l  have o f t en  been operat ing a t  
angles of 55" and sometimes more. A t  i t s  upper pos i t i on  the ladder  i n c l i n e s  
about 15" below the ho r i zon ta l .  Figure 2 i s  a s i d e  e l eva t ion  of the 18-cubic- 
f o o t  Yuba Manufacturing Div is ion ,  Yuba Indus t r ies ,  Inc . ,  No. 110 dredge t h a t  
was designed t o  dig 85 f e e t  below water leve l .  

Compared with any hydrau l i c  system the bucket- l ine dredge i s  more e f f i -  
c i e n t  i n  capturing values t h a t  l i e  on bedrock or  i n  scooping up the mater ia l  
which sloughs or  f a l l s  from the  underwater face. I t  i s  more e f f i c i e n t  when 
digging i n  hard formations, because i t s  heavy ladder  can be made t o  r e s t  on 
the  buckets providing them wi th  more r ipping force. Bucket s i z e  and speed can 
be var ied  with formation changes i n  the deposi t  according t o  the volume of 
mater ia l  t h a t  can be processed through the gold-saving p lan t .  Most bucket- 
l i n e  dredges used i n  p lacer ing  have compact gravity-system processing p l an t s  
mounted on the same h u l l  a s  t h e  excavating equipment. The waste s tacking u n i t ,  
a l s o  mounted on the same h u l l ,  combines with o ther  dredge funct ions t o  make 
the dredge a complete and e f f i c i e n t  mining uni t .  The advantages of an in t e -  
g r a l  waste d i s t r i b u t i n g  system t r a i l i n g  behind the excavator become read i ly  
apparent because up t o  10,000 cubic  yards of oversize waste must be disposed 
of each day on a l a rge  dredge. To assure a high percentage of running time, 
dredge components must be designed f o r  long l i f e  and r e l a t i v e l y  easy and quick 
replacement of par t s .  Dredging experience has shown t h a t  nos t  p a r t s  need t o  
be l a r g e r  and heavier than t h e o r e t i c a l  engineering designs ind ica t e ,  and the  
simpler t h e i r  design, the l e s s  t h e i r  replacement and i n s t a l l a t i o n  cos t s .  

Summing up, the advantages of the bucket-line dredge as  compared to  the 
hydraul ic  dredge a r e  a s  fol lows:  

1. I t  l i f t s  only payload ma te r i a l ,  whereas a hydraul ic  svstem expends 
considerable  energy l i f t i n g  water .  





2. I t  loses fewer f i n e s ,  which conta in  most of the f i n e  or  small f rac-  
t i on  gold. 

3. I t  can d ig  more campact mater ia l s .  

4 .  I t  can clean bedrock more e f f i c i e n t l y .  

5 .  I t  allows more p o s i t i v e  con t ro l  of the  mining pa t te rn .  

6. I t  has a simpler waste d isposa l  system as  canpared t o  a hydraul ic  
system with an onshore t reatment  plant .  

7. I t  requires l e s s  horsepower. 

The disadvantages with r e spec t  t o  hydraul ic  systems a r e  as  follows: 

1. I t  requires more i n i t i a l  investment c a p i t a l  per  u n i t  of capaci ty.  

2. I t  requires  a secondary pumping system i f  t h e  excavated mater ia l  must 
be t r ans fe r r ed  to  a t r e a t i n g  p l a n t  d i s t a n t  from the  dredge. 

The main and i n t e r r e l a t e d  reasons why bucket capac i ty  has  not  increased 
during the l a s t  ha l f  century a r e  c) as  follows: 

1. Larger placer  depos i t s ,  which could j u s t i f y  the  added expense of 
l a r g e r  equipment, have no t  been found. 

2.  Treatment-plant capac i ty  and recovery need t o  be be t t e r ed  t o  deal 
with the more complex t reatment  problems, which have developed as  placer  
values have decreased. 

3 ,  New equipment development has  been re ta rded  by the  lower cos t  of 
ava i lab le  secondhand equipment. 

To da te  a bucket-wheel excavator  has  not been used a s  p a r t  of a mining 
dredge, bu t  conceivably i f  i n t e g r a l l y  designed i n t o  the t o t a l  u n i t  i t  could 
have d i s t i n c t  advantages. Bucket-wheel cont ro l  would be s i m i l a r  t o  t h a t  of a 
bucket l i n e ,  i t s  ladder  maneuvered v e r t i c a l l y  by a winch-cable-sheave system. 
~ t s  outstanding advantage on land,  t o  discharge d i r e c t l y  onto i t s  ladder  con- 
veyor, cannot be f u l l y  u t i l i z e d  t o  d ig  undewater.  un less  the  diameter of t he  
bucket wheel i s  s u f f i c i e n t l y  l a r g e  with respec t  to  the depth of the  gravel  and 
poss ib ly  unless the bucket t r a n s f e r  and conveying systems a r e  modified. The 
bucket wheel would seem t o  have i t s  g r e a t e s t  promise on a hydraul ic  dredge t o  
rep lace  the  cutterhead. With hydraul ic  l i f t  and t r anspor t  i t  should compare 
favorably with the bucket- l ine system. Capable of working i n  e i t h e r  d i r ec t ion ,  
i t  could overcame the  weakness of t he  cu t te rhead ,  which can opera te  e f f i -  
c i e n t l y  i n  only one d i r e c t i o n ,  and i n  tough formations i t  should increase 
output .  



Mechanical Repet i t ive  System 

Repet i t ive  mechanical excavators  such a s  shovels, d rag l ines ,  and clam- 
s h e l l s  have a p lace  i n  p l ace r  mining pr imari ly  i n  small operat ions where the 
conditions a r e  l e s s  favorable  f o r  continuousmachines. The p r inc ipa l  disadvan- 
tage of r e p e t i t i v e  digging i s  l a c k  of mining control .  A dual clamshell  
mounted on a ship-type h u l l  was used to  mine offshore t i n  depos i t s  i n  Thailand, 
but a f t e r  9 years  i t  was replaced by a much more e f f i c i e n t  bucket-line dredge. 
Even i n  i t s  b e s t  year ,  1962, i t  proved more expensive and l e s s  e f f i c i e n t  than 
i ts  replacement. I n  t h a t  year  it  recovered only 65 percent  of the yardage 
ava i lab le  on the sea  bottom while  t he  bucket l i n e  made nea r ly  complete recov- 
ery. Working undewa te r ,  p a r t i c u l a r l y  where condit ions a r e  not uniform, the 
operator  of a r e p e t i t i v e  excavator  i s  unable t o  see how well  h i s  excavator i s  
performing o r  how t o  r e p o s i t i o n  h i s  excavator f o r  maximum recovery. 

Onshore p lacer  depos i t s  have been exploi ted using d rag l ine  excavators, 
shovels, and clamshel ls .  T rea t ing  p lan ts ,  separa te  from the excavating equip- 
ment, can be e i t h e r  f l o a t e d  on a pond o r  placed onshore, bu t  i n  almost every 
instance the t r e a t i n g  p l a n t  is portable .  The onshore d r a g l i n e  excavator feed- 
ing a f l oa t ing  t reatment  p l an t  w a s  very popular i n  Ca l i fo rn i a  during the 
depression a f t e r  t he  p r i c e  of gold was increased t o  $35 per  ounce (23). I t  
was reported t h a t  aver  150 of t hese  dragl ine  dredges were operat ing i n  gold- 
bearing grave ls  i n  t he  United S t a t e s  during the l a t e  1930's. Their  pr inc ipa l  
drawback was a general  i ne f f i c i ency .  

Advantages of a d rag l ine  excavator operat ion a r e  a s  follows: 

1. Less setup and moving time, f a c t o r s  p a r t i c u l a r l y  s u i t a b l e  t o  mining 
small and sca t t e r ed  p lacers .  

2. More u t i l i t y  i n  narrow, shallow, o r  bouldery depos i t s .  

3. Ready a d a p t a b i l i t y  t o  i r r e g u l a r  depos i t s  where the  va r i ab l e  length of 
c a s t  can be advantageous. 

4. More a d a p t a b i l i t y  t o  i r r e g u l a r  and s teep  topography. 

5 .  Generally advantageous t o  the smaller miner because of lower c a p i t a l  
cos t s  and the  p o s s i b i l i t y  of buying used equipment, 

Disadvantages a r e  a s  follows: 

1. Ine f f i c i ency  i n  gold recovery introduced by surges i n  feed. 

2. Higher u n i t  opera t ing  c o s t s  than f o r  continuous systems. 

3. More d i f f i c u l t  t o  f u l l y  recover the gravel  because of l e s s  cont ro l  i n  
bucket pos i t ion ing ,  e s p e c i a l l y  a s  depth increases-the maximum depth of e f f i -  
c i en t  digging with a d rag l ine  i s  approximately 60 feet .  



power shovels, because of their relatively low capital cost and proven 
design as an excavating tool, were often mounted on floating dredges to mecha- 
nize placer operations between 1890 and 1910. Primarily because of their 
relatively low and intermittent capacity to supply the treating plant, their 
high energy consumption per unit of capacity, and their lack of control to 
effectively clean up bottom gravel, shovels havk not proven successful. In 
the 1930's G. E. Becker and H. H. Hopkins of San Francisco, Calif., invented 
and patented a modified.shove1 excavator (86) which, mounted on a floating 
hull, had its bucket at the end of a pivoting flume instead of a conventional 
dipper stick. Moving vertically, the bucket emptied its load at its elevated 
position into the tilted flume from where it was sluiced to the trommel. One 
of the first units was worked in Alaska and reported very successful. The 
Yuba Manufacturing Co. then obtained the manufacturing rights and an operation 
was started on Butte Creek, Tehama County, Calif. It proved unsuccessful 
because intermittent feed to the hopper and screen adversely affected the 
treating system, which in turn resulted in poor recovery and high operating 
costs. The power shovel, however, does have distinct advantages in tight and 
bouldery formations where its greater digging capabilities can be put to maxi- 
mum use. 

DEPOSIT APPRAISAL 

The functioning and capacity of a dredging system must be keyed to the 
environmental and natural conditions of climate, water availability, location, 
and the physical and geologic characteristics of the deposit. The investiga- 
tion of a placer deposit should be made by or be in charge of an experienced 
person or organization famixiar with how these factors affect placer evalua- 
tion and successful dredging. In sampling to determine gold content the engi- 
neer must be aware of the differences between his calculated content, the 
actual content, and that recoverable. While the engineer strives to achieve 
an estimate approaching the actual content, his appraisal must consider the 
recoverable, for on this depends the success of the dredging that follows. 

Most dredging companies do not contract exploration drilling. They have 
found that they get more accurate results and can better determine depths of 
values and types of formation if they can keep drilling crews under direct 
supervision. The experience and judgment of the engineer on the job is 
extremely important. 

Preliminary holes should be sampled very carefully to determine the lat- 
eral and vertical distribution of the gold, whether the gold occurs in wide or 
narrow channels and whether distribution is fairly uniform or in irregular pay 
streaks. Ground that shows a spotty or irregular gold distribution will obvi- 
ously need more tests than ground yielding fairly uniform samples. Where sam- 
pling discloses a channel or narrow belt having a higher value than that of 
the whole, its outline should be determined as closely as econoaically purpose- 
ful. Rows of holes normal to the channel best do this job. It might prove 
desirable to concentrate later mining only within it and avoid working the 
whole deposit. Usually it is feasible to segregate certain parts of a prop- 
erty and eliminate low-grade areas. When a tract is large and the time for 
examination is limited, tests to confirm the results of preliminary 



prospecting may be concentrated i n  an a rea  la rge  enough t o  
a b i l i t y  of purchasing the  property and i n s t a l l i n g  a t  l e a s t  

determine the  advis- 
one dredge. 

Properly obtained samples from adequately spaced s h a f t s  give the most - 
accurate  r e s u l t s ,  b u t  t he  technique i s  so  slow and c o s t l y  t h a t  i t  is usua l ly  
used only t o  check t h e  r e s u l t s , o f  s p e c i f i c  churn-dr i l l  samples and t o  give 
addi t iona l  d e t a i l s  on s t r a t i f i c a t i o n  and gold d i s t r i b u t i o n  throughout the 
depth of the placer .  S h a f t  s ink ing  i s  bes t  appl ied t o  t e r r aces  o r  benches 
above the  stream beds o r  t o  l a r g e  l eve l  depos i t s  where heavy flows of under- 
ground water w i l l  no t  cause trouble.  

The use of the churn d r i l l  f o r  placer  evaluat ion was f i r s t  t r i e d  i n  1898 
a t  the Boise Basin opera t ion  of t h e  Boston and Idaho Gold Dredging Co. (2) and 
has been a standard p l ace r  sampling too l  s ince  t h a t  time; it i s  the quickest  
and cheapest method, and the  bes t  t o  use i n  water-saturated gravel.  A s  a gen- 
e r a l  caut ion,  any sample from a ho le  not cased a s  i t  progresses i s  subjec t  to  
considerable doubt. A method using noncirculat ing water,  churn d r i l l i n g  i s  
the  technique of d r iv ing  heavy d r i l l  casing t o  bedrock c a r e f u l l y  recovering 
the  mater ial  from wi th in  on predetermined i n t e r v a l s ,  usua l ly  1 t o  2 f e e t ,  o r  
a t  formation changes by a b a i l e r  o f t e n  ca l l ed  a sand pump. Water, normally 
supplied by t h a t  i n  t he  formation, sometimes must be added t o  increase f l u i d -  
i t y  f o r  bai l ing.  Much of the time a heavy churn or  cable b i t  i s  necessary to  
break o r  churn up the  "core" of ma te r i a l  s tanding wi th in  the casing and some- 
times the  la rge  ma te r i a l  ahead of t h e  casing. Resul ts  can be erroneous even 
with constant  care.  The ob jec t  i s  t o  obta in  a l l  of the core  mater ial  repre- 
s en ta t ive  of the ou t s ide  diameter of the cas ing  and the depth in t e rva l  t h a t  i s  
being tested.  Ingene ra l ,  t h e  t i g h t e r  the formation the b e t t e r  the  sampling 
r e s u l t s .  A c a r e l e s s  d r i l l e r  ( I )  may neglect  t o  keep the casing shoe s l i g h t l y  
ahead of the b i t  o r  b a i l  and thus recover more mater ia l  from a caving hole  
below the  shoe than is r ep resen ta t ive ;  (2) may d r ive  the casing too f a r  ahead 
i n  loose ground so  t h a t  it becomes plugged and subsequently forces  the under- 
ly ing  mater ial  out  i n t o  the  wal l s  such t h a t  l e s s  mater ia l  i s  recovered than is  
representa t ive ;  (3) may neglec t  i f  i n  very loose, water-saturated and running 
ground t o  purposely d r i v e  t h e  cas ing  f a r t h e r  ahead of the b i t  than usual t o  
reach f i rmer ground and thus prevent taking a sample tha t  is excessive and not 
representa t ive ;  (4) may not  follow d r iv ing  with ba i l i ng  i f  i n  f i n e  loose 
ground where the b i t  can pound t h e  core  down and out  of t he  casing so t h a t  the  
sample is l e s s  than r ep resen ta t ive ;  and (5) may not  d r i l l  a few f e e t  i n t o  bed- 
rock t o  recover the  gold on bedrock and t o  make sure t h a t  the casing is  not 
r e s t i n g  on a boulder. Sometimes t h e  b i t  can s t r i k e  a f r a c t u r e  i n  bedrock con- 
t a in ing  gold t h a t  should be  kept s epa ra t e  from the gold i n  the gravel. f n  
bouldery ground where t h e  b i t  might force  the boulders downward and outward, 
the sample may be l e s s  than r ep resen ta t ive ,  desp i t e  a l l  precautions. Knowing 
t h e  exact depth of t he  cas ing  shoe r e l a t i v e  t o  t he  top of the core within the  
casing a t  a l l  times, and t h e  volume of the  sample co l lec ted  with respec t  t o  
i t s  theo re t i ca l  in-place volume is  a must i n  any a l l u v i a l  d r i l l i n g  project .  
Possibly two of t he  b e t t e r  papers t h a t  cover the assignment of various compen- 
s a t ion  f a c t o r s  f o r  core-value ca l cu la t ions ,  i n  one case a s a fe ty  allowance f o r  
excess sample ma te r i a l  and i n  the  o the r  f o r  an an t ic ipa ted  l o s s  of gold 
because of i t s  s e t t l i n g  t o  the L o t t o s  of the  hole ,  a r e  by Jackson and Knaebel 



(2) and Avery (2). Avery f i r s t  suggested t h a t  compensation be based on 
in-place measurements of co re  r i s e  r a t h e r  than on a r b i t r a r y  f ac to r s .  

I n  frozen ground i n  Alaska and the  Yukon Terr i tory ,  Canada, explora t ion  
engineers of ten d r i l l  t h e i r  ho le s  uncased, except fo r  s e t t i n g  one length of 
casing t o  sea l  ovt sur face  water ,  and claim r e s u l t s  t o  be more r e l i a b l e  than 
fr- cased holes d r i l l e d  i n  unfrozen ground. Advantages of d r i l l i n g  i n  frozen 
ground are- 

1. The mechanics of d r i l l i n g  without casing a re  considerably l e s s  
involved . 

2. There i s  l e s s  s loughing s o  there  i s  l e s s  chance of inadvertent  s a l t -  
ing of samples. 

3. 1n-place'sample volumes can be determined more co r r ec t ly .  

Pa t ty  repor t s  t h a t  an experienced d r i l l e r  can put down a hole  i n  frozen ground 
a s  smooth as  a r i f l e  bore with minor rave l ing  only i f  the  hole  i n t e r s e c t s  
gravel  t h a t  was dry when f rozen  (2). Sample r e l i a b i l i t y  i s  repor ted ly  
increased i n  "open-hole" d r i l l i n g  because water-displacement measurements can 
be made t o  cor rec t  f o r  v a r i a t i o n s  of in-place "core" volumes, a po in t  some- 
times of considerable controversy when i n  unfrozen ground. Engineers unfamil- 
i a r  with frozen ground might be  r e l u c t a n t  t o  d r i l l  without casing,  but  open- 
ho le  d r i l l i n g  i s  standard procedure by engineers experienced i n  northern 
p lacers .  

Mechanized panning equipment i s  ava i lab le  t o  concentrate the heavy min- 
e r a l s  i n  the samples. For a s i n g l e  d r i l l  operat ion,  one man s k i l l e d  i n  the  
use of t he  pan can o f t en  eva lua t e  probable recovery and keep up with the  d r i l l .  
Total  o r  ac tua l  gold content  w i l l  a l s o  requi re  checking the  gold content  of 
the t a i l i n g s .  Normal procedure is  t o  eva lua te  explorat ion r e s u l t s  u t i l i z i n g  
low-cost gravi ty-concentrat ion techniques comparable t o  those used on a dredge. 

I t  should be remembered t h a t  gold p lacers  as a whole a r e  nonuniformly 
d i s t r i bu ted  Low-grade depos i t s  and t h a t  25-cent gravel,  o r  gravel  t h a t  aver- 
ages 25 cents worth of gold ( a t  $35 per ounce) per cubic yard contains by 
weight j u s t  1 pa r t  gold i n  about  6.5 mi l l i on  pa r t s  waste. Churn d r i l l i n g  i s  
no t  an  exact procedure and t h e r e  a r e  no mathematical processes t o  p rec i se ly  
determine the ac tua l  gold con ten t  of most placers  from churn d r i l l i n g  r e s u l t s .  
~ l t h o u g h  la rge  bulk samples from s h a f t  s inking w i l l  give more accurate  r e s u l t s ,  
they a r e  slower and c o s t l i e r  t o  obta in .  I t  i s  recomended, however, t h a t  a 
s h a f t  be sunk occasional ly i f  ground water does not prohib i t  it  both t o  check 
d r i l l - h o l e  r e s u l t s  and t o  examine the  grave l ,  p a r t i c u l a r l y  the s i z e  and number 
of boulders ,  and bedrock i n  p lace .  Sinking should go a few f e e t  i n t o  bedrock 
t o  determine the depth of weathering and the  gold i t  might contain.  Even then, 
p l ace r  estimates from sample va lues  should be considered a s  est imates .  

Case h i s t o r i e s  t ha t  po in t  up the  sometimes incons is ten t  r e s u l t s  of p lacer  
va lues ,  when tes ted  by both churn d r i l l i n g  and shaf t  s inking,  a r e  covered i n  a 
two-part paper wr i t t en  by C .  W .  Gardner (1-9. The methods a r e  compared 



agains t  one another and aga ins t  ac tua l  recovery by dredging. Two other  papers, 
one by Hutton (i) and t h e  o the r  by Smith (z), s imi l a r ly  cover the problems i n  
p lacer  sampling and t h e i r  r e l a t i o n  to  dredge recovery. Smith's paper, i f  con- 
s idered on the b a s i s  of modern dredge t r ea t ing  systems, e spec i a l ly  i n  washing 
and jigging, i s  thought t o  be Qne of the b e t t e r  papers f o r  evaluat ing placers ,  
f o r  i t  a l so  covers the condi t ions  t h a t  e f f e c t  ul t imate recovery. 

The proper l oca t ion  of h o l e s  and the in t e rva l  a t  which samples should be 
taken can be determined only a f t e r  a preliminary study of the ground has been 
completed. There a r e  no hard and f a s t  ru l e s  t o  follow. Some areas  have been 
considered s u f f i c i e n t l y  prospected with one d r i l l  hole  t o  as  much a s  10 acres ,  
while i n  other a reas  the engineer  has not been f u l l y  s a t i s f i e d  with one hole  
t o  an acre.  

A s  par t  of the  p lacer  a p p r a i s a l ,  the engineer must be aware of the follow- 
ing operat ional  problems t h a t  can a f f e c t  gold recovery, bu t  which can be over- 
come o r  grea t ly  reduced i f  f u l l y  understood and planned fo r :  

1. Gold l e f t  i n  depress ions  and crevices  i n  bedrock. 

2. Gold l e f t  as  a r e s u l t  of a poor mining pat tern.  

3 .  Cold l o s t  because of a caving bank. 

4. Gold l o s t  due t o  h igh  dens i ty  of muddy water i n  the pond, which, 
together  with the turbulence set up by the digging ac t ion ,  hinders s e t t l i n g  
and permits some f ine  gold t o  be  ca r r i ed  away from the face. 
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5. Gold l o s t  because of ma te r i a l  dropping from the bucket as  i t  moves up 
the ladder.  

6. Gold l o s t  i n  the t r e a t i n g  p lan t  when not washed f r e e  of the overs ize  
or  when i t  adher,es t o  clay.  

7. Gold l o s t  as  an occas iona l  nugget too la rge  t o  go through the screen. 

8. Some coated gold l o s t  i f  mercury i s  used i n  conjunction with tables .  

More or  l e s s  i n  the order  of importance, evaluat ion of a dredging pros- 
pect should consider:  

1. Value, charac te r ,  and d i s t r i b u t i o n  of gold. 

2. Physical c h a r a c t e r i s t i c s  of the  formation. 

3. Character and contour of bedrock. 

4. Ava i l ab i l i t y  of water and problems inherent  i n  stream operations.  

5. Topography. 



6. Power. 

7. Labor. 

8. Land acquis i t ion .  

9. Adverse cl imate.  

10. Local and na t iona l  regula t ions .  

Value, Character ,  and Dis t r ibu t ion  of Gold 

To repea t ,  gold values assigned t o  a deposi t  should be based on t h a t  
recoverable by the mining and t r e a t i n g  methods to  be used. The gold wrst  be 
f r e e  t o  be e f f ec t ive ly  processed i n  modern gravi ty  concentrat ing equipment. 
The s i z e  and occurrence of the  gold p a r t i c l e s  and other  minerals  t o  be recov- 
ered should be noted i n  any engineering evaluation. I f  the  p a r t i c l e s  a r e  
coated o r  rus ty ,  a b a l l  m i l l  i n  s e r i e s  ahead of the amalgamator i s  needed t o  
pol ish the  gold p a r t i c l e s ,  o r  a modern j igging system i s  necessary. Extremely 
f i n e  f laky  p a r t i c l e s  can a f f e c t  the design of the j i g  system. Processing time 
can increase  as  the f l a k e  s i z e  of t he  gold decreases,  which could mean an 
enlarged gold saving c i r c u i t  o r  a decrease i n  the production r a t e .  P i l o t  
evaluacion becomes more c r i t i c a l  a s  t he  s i z e  of the gold f l akes  decreases.  

Physical  Cha rac t e r i s t i c s  of Formation 

Gold dredging i s  most app l i cab le  to  l a rge ,  f la t - ly ing  depos i t s .  Dredging 
i s  most appl icable  on sur face  grades up t o  2 percent although the re  have been 
i so l a t ed  instances where grades up t o  6 percent have been t raversed  (26). The 
quant i ty  of mater ial  i n  a depos i t  o r  i n  a group of deposi ts  t o  be dredged 
inf luences not only the  capac i ty  of t he  dredge t o  be se lec ted ,  bu t  whether t he  
dredge should be portable .  As t h e  s i z e  of a deposit  decreases ,  p o r t a b i l i t y  
should increase.  The i n i t i a l  c a p i t a l  cos t  of portable  equipment, however, i s  
somewhat higher than f o r  nouportable  equipment. A 6-cubic-foot-capacity por t -  
ab l e  dredge has been dismantled i n  30 t o  35 days and reassembled i n  40 t o  
45 days. This type of dredge, i f  used on some of the Cal i forn ia  proper t ies  
during the  193O1s, would have been more p ro f i t ab l e  than the  shore-mounted 
d rag l ine  dredge a c t u a l l y  used. 

The depth, charac te r ,  and quan t i t y  of gravel to be mined inf luences  the 
shape and s i z e  of the  buckets which i n  turn  influences the design and capac i ty  
of t he  processing equipment. Depths t h a t  should be determined a r e  those from 
water o r  pond leve l ,  whether n a t u r a l  or  developed, t o  bedrock and from water 
l eve l  t o  the  ground sur face .  Within c e r t a i n  ranges, bucket capac i ty  i s  
increased as  the thickness of the  ma te r i a l  from water l eve l  t o  bedrock 
increases .  The r e l a t i o n  of bucket capac i ty  to  digging depth i s  genera l ly  as  
follows: 



There a re  near l i n e a l  r e l a t i onsh ips  between the above maximum and minimum 
digging depths and t h e i r  r e spec t ive  bucket s i ze s .  As the  dredging depth 
increases  the ladder des ign  must be changed t o  support the  increased weight of 
the  buckets and the  increased s t r a i n  of digging. The maximum digging depth to 
da t e  has been 162 f e e t .  Future depth w i l l  be increased a s  demand and designs 
take advantage of the me ta l lu rg i ca l  improvements i n  l ightweight  metals. Also, 
a catenaryless  bucket- l ine design should extend digging depths.  The shape of 
the  bucket i s  a l s o  inf luenced by the charac te r  of the bank above water level .  
Where a bank s tands  f i rm  and i t  must be dug t o  the top o r  t o  a predetermined 
she l f  height ,  t he  face  of each bucket i s  a t  a high angle and a l l  mater ial  i n  
excess of i t s  n a t u r a l  repose i n  the bucket w i l l  s p i l l  ou t  onto and over the 
s i d e  of the ladder .  This  can  reduce recovery. 

Bucket capaci ty,  
cubic  f e e t  

3 

A high bank can reduce digging depth which i n  turn  can reduce c a p i t a l  
equipment cos t  by reason of a sho r t e r  ladder.  X high bank, however, requires  
a longer s tacker  and t a i l  s l u i c e s .  Bank height  depends upon the type of 
ground, the ' thickness  r a t i o  of t h a t  above water to  the t o t a l  being worked, and 
the length and d r a f t  of the  h u l l .  Water depth must be s u f f i c i e n t  t o  insure 
maneuverability and t o  preclude shoaling of t he  s t e r n  of the  h u l l  on the 
r e j e c t s .  The optimum bank i s  one i n  which the upper p a r t  of a high bank 
s p a l l s  r e l a t i v e l y  e a s i l y  and continuously a s  it i s  undercut by the buckets, 
while the ladder  i s  w e l l  below the top. Usually i f  the bank is  over 15 to  
20 f e e t  high, monitoring t o  a 15- to  20-foot shelf  some 25 f e e t  ahead of the 
main digging face  i s  required.  Banks a s  high as  50 f e e t  above pond leve l  have 
been handled t h i s  way to  keep them from caving i n  l a rge  chunks onto the ladder. 
Serious accidents ,  however, have been caused by a caving bank. I n  the deep 
digging operat ions a t  Hamonton, Cal i f . ,  i n t e rmi t t en t  36-foot banks were moni- 
tored ahead of the  ladder  (g), but  t h i s  was i n  t a i l i n g s  of a previous opera- 
t i on  r a the r  than i n  v i r g i n  ground and the prsblems of waste d isposa l  i n  
regards t o  swell  were no t  present.  I n  frozen gravel ,  records t e l l  of broken 
ladders  and near swamping of t he  dredge by waves i n i t i a t e d  by l a r g e  caves of 
frozen bank. An i n t e r e s t i n g  r eve r sa l  of t h i s  s i t u a t i o n  developed a t  an oper- 
a t i o n  near Fairbanks where a high bank of n a t u r s l l y  thawed s i l t y  overburden 
had t o  be p a r t i a l l y  f rozen  by piping a r e f r i g e r a n t  through a system of v e r t i -  
c a l  holes  d r i l l e d  i n  the bank so a s  t o  keep i t  out  of the pond (2). 

Depth below water  
l e v e l ,  f e e t  

C30 

Bank height  should a l s o  be considered on the bas is  of c l ay  content.  With 
high quan t i t i e s  of c l ay ,  bank he ight  should be limited. As the s loping p i l e  
of f i n e s  from the  t a i l  s l u i c e s  bui ld  up on the bottom of the pond behind the 
dredge, the superimposed weight of the overlying oversize can s l i d e  the 



whole p i l e  forward and downward on mud slickened shear planes toward the  s t e r n  
of the dredge. Excessive amounts of f i n e s ,  together with heavy amounts of 
c l ay  slime, can worsen t h i s  condi t ion .  Large amounts of f i n e s ,  usua l ly  from a 
t h i ck  layer  of overburden, can  a l s o  s l i d e  forward on the  bottom of the  pond t o  
crowd the  digging l ine .  There have been instances where i t  was found t h a t  the  
buckets were bringing up some ma te r i a l  t h a t  had already been put  through the 
t r e a t i n g  p l an t ,  a problem pr imar i ly  one of deeper digging dredges. Length of 
h u l l  should be s u f f i c i e n t  t o  i n su re  t h a t  digging i s  forward of the na tu ra l  toe 
of the t a i l s .  S l ides  onto t h e  s t e m  can be more ser ious than a caving bank 
ahead. 

Bucket design i s  a l s o  inf luenced by the s i z e  of the  boulders  and the  
cohesiveness of  the formation. Buckets of standard design can jam and become 
damaged i f  boulders l a r g e r  than t h e  p i t c h  become wedged between them as they 
s t r a i g h t e n  out when leaving the  lower tumbler. Large boulders cramped between 
buckets can t ea r  off o r  damage bucket l i p s ,  t ea r  or  crush the  hoods, o r  cause 
o ther  t rouble.  Special  rock buckets have been developed by increas ing  the  
bucket p i t c h  or  the d i s t a n c e  between buckets,  and s e t t i n g  the  c u t t i n g  o r  lead- 
ing  edge of the l i p  below o r  lower than i t s  normal pos i t ion .  This a l s o  allows 
e a s i e r  dumping. On a dredge i n  T r i n i t y  County, Ca l i f . ,  l a r g e  boulders were 
handled with 12-cubic-foot capac i ty  buckets which had the  bucket p i t ch  of a 
standard 18-cubic-foot bucket l i n e .  Yuba b u i l t  several  dredges of var ious  
capac i t i e s  using t h i s  design. The e x t r a  cos t  t o  move or  n ine  around oversize 
boulders o r  t o  handle them aboard a dredge can become an important f a c t o r  i n  
near marginal deposi ts .  Large su r f ace  boulders a re  u sua l ly  broken wi th  
explosives.  

When lenses o r  i s l ands  of cemented gravels  a r e  encountered, i t  i s  o f t en  
b e t t e r  t o  grind through these  i f  poss ib l e ,  ra ther  than break them up by b l a s t -  
ing. I n  addi t ion t o  the  e x t r a  c o s t ,  b l a s t i n g  of ten breaks such rock t o  a s i z e  
too l a r g e  t o  be handled by t h e  buckets ,  but too small f o r  the  buckets t o  break 
them down fur ther .  I f  t h e  cemented grave ls  a r e  too t h i c k  o r  too  l a rge  t o  
gr ind through, they must be bypassed. I f  extensive, they might r u l e  out  
dredging a l toge ther .  Large boulders  wi th in  the cemented mass can complicate 
the problem even more. 

I n  permafrost a reas  f rozen  ground i s  generally thawed p r i o r  t o  dredging. 
Cold-water thawing, the most economical method fo r  la rge  s c a l e  thawing because 
a r t i f i c i a l  hea t  i s  not suppl ied  t o  the  ground (s), was f i r s t  t r i e d  about 
1915-17 i n  both Alaska and Yukon by a number of experimenters (45). Thawing 
i s  accomplished by c i r c u l a t i n g  water from 40' to  55' F through a system or' 
d r i v e  poin ts  driven t o  bedrock. Steam thawing i n  the United S t a t e s  was d is -  
continued because of i t s  cost--only high-grade deposi ts  could s tand the 
expense--but reportedly i s  s t i l l  being done i n  the U.S.S.R. The deepest 
gravel  thawed has been 110 f e e t ,  accomplished through c h u m - d r i l l  ho les  (49). 
About two summers a r e  i d e a l  t o  thaw and properly season the gravel  i n  Alaska, 
but  a t  some mines i n  shallow g rave l  i t  was comon to  dredge the same season 
the  ground was thawed. This ,  however, was not the general p rac t i ce .  A system 
of na tu ra l ly  cnawing 1 2  t o  20 f e e t  of gravel  was developed by s t r i p p i n g  off 
the  overlying barren muck, and allowing three  seasons f c r  the thaw t o  pene- 
t r a t e  2 t o  3 f e e t  of bedrock (2). The general ru le  of thumb near  Fairbanks 



i s  t h a t  each foo t  of depth r equ i r e s  1.25 t o  1.50 days t o  thaw (49).  Unti l  
recent  years  when dredges were s t a r t e d  l a t e  i n  the  season, s t e ~ t h a w i n g  was 
sometimes used to  break up an  average of 4 t o  5 f e e t  of seasonal  surface f r o s t  
j u s t  ahead of the  dredge e), which l a t e r  i n  the summer was discontinued when 
s o l a r  thawing could take over. 

Clay content a l s o  a f f e c t s  t he  design of the bucket a s  wel l  a s  t h a t  of the 
t r e a t i n g  plant .  Clay i s  o f t e n  found a s  bar ren  overburden o r  a s  lenses  o r  
l aye r s  w i th in  the  depos i t .  Disseminated throughout the depos i t ,  i t  causes the 
l e a s t  t rouble.  To f a c i l i t a t e  dumping clayey mater ia l ,  some buckets have holes 
a t  the  back of t h e i r  hoods t o  r e l i e v e  the p a r t i a l  vacuum as  they dump. In  
addi t ion ,  high-pressure water  j e t s  can be applied t o  c u t  between the c lay  and 
back of the bucket. Operators o f t en  f ind  t h a t  when i n  c lay ,  smaller  bucket 
loads,  which a r e  e a s i e r  t o  empty, ac tua l ly  increase  digging r a t e .  Some mechan- 
i c a l  c l a y  ex t r ac to r s  t r iggered  by the t r a v e l  of t he  bucket l i n e  a r e  used i n  
Malaysia t o  p u l l  the  c l ay  f r ee .  Some c lays  a r e  ca l l ed  "gold robbers." Sl id-  
ing along with the  f i n e s  i n  t h e  screen or  r o l l i n g  across  the t ab l e s  o r  j i g s ,  
small b a l l s  of c l ay  can p i ck  up the  gold p a r t i c l e s  which a r e  consequently l o s t  
a s  t a i l i n g s .  Most c l ay  must be  d i s in t eg ra t ed  o r  s l u r r i e d  p r i o r  t o  tab l ing  or  
j igging using e i t h e r  a harrnner m i l l  o r  a log washer. The problem becomes more 
acute  i f  t he  c l a y  i s  from f a l s e  bedrock l aye r s  o r  from the  bottom of a deposi t  
where the  gold i s  r i c h e s t .  A s  t h e  s i z e  of the  gold f lakes  decreases ,  a more 
complete job of s lur ry ing  becomes necessary. Sometimes the  c l a y  can be par- 
t i a l l y  broken down before  i t  i s  sen t  t o  the hammer m i l l  o r  log washer with 
thrashing chains,  high-pressure j e t s  of water,  or  puddle knives placed within 
the revolving screen. Other t imes, mater ia l s  such as  s eashe l l s  occurring 
n a t u r a l l y  wi th in  the c l ay  can h e l p  break it down. I n  extreme condit ions,  some 
clayey formations cannot be dredged prof i tab ly .  Often the  upper she l l -p la te  
a rea  o r  in take  end of t he  sc reen  has been used e f f e c t i v e l y  a s  a gr inding m i l l .  
I n  one case  very hard angular  blocks of g r a n i t e  were added and re ta ined  within 
the t r m e l  as  an a i d  i n  scrubbing. The Olson patented lower she l l -p l a t e  area 
a t  the d ischarge  end of t h e  screen  was a l s o  used f o r  an add i t i ona l  washing 
and screening area. 

Redredging placer  ground can be economical when one o r  more of the  follow- 
ing hold: 

1. Undisturbed p lacer  ground remains a t  depth, possibly even an enriched 
bedrock zone, t h a t  can be reached with deeper digging equipment. 

2. S u f f i c i e n t  gold remains i n  previously dredged gravel  t h a t  can be 
recovered with improved t r e a t i n g  equipment. 

3 .  Gravel and c l ay  m a t e r i a l  loosened and broken down by previous opera- 
t i on  can increase  product iv i ty  and lower operat ing cos t s  of redredging. 
Because of e a s i e r  digging, l a r g e r  dredges can o f t en  be used. 

Character  and Contour of Bedrock 

The cha rac t e r  of bedrock and the manner i n  which gold i s  concentrated or  
trapped the re  can a f f e c t  not  on ly  the design of the buckets but a l so  t h a t  of 



many of t h e  dredge components. Bedrock t h a t  i s  s o f t  o r  so f r a c t u r e d  and 
weathered t h a t  i t  can  e a s i l y  be dug o f f e r s  a  d i s t i n c t  advantage toward maximum 
recovery.  S i m i l a r l y ,  recovery i s  b e t t e r  i f  bedrock is  f l a t .  Where the  bed- 
rock is hard ,  blocky, and uneven, a  h e a v i e r  l a d d e r ,  heav ie r  spuds,  s t u r d i e r  
des ign  of t h e  d r i v i n g  mechanism, and heavy wear p l a t e s  placed on t h e  bottom of 
t h e  l a d d e r  where i t  r i d e s  t h e  bucke t s  a r e  then u s u a l l y  necessary .  Change i n  
b u c k e t  d e s i g n  i s  toward smal le r  and h e a v i e r  c o n s t r u c t i o n  wi th  decreased capac- 
i t y .  Smal ler  buckets  provide g r e a t e r  d i g g i n g  c a p a b i l i t y  wi th  lower energy 
requirements  because t h e  l i p  a l t e r n a t e l y  wedges, compresses, and s h e a r s  t h e  
rock loose .  I t  i s  common p r a c t i c e  t o  d i g  112 t o  I f o o t  of bedrock,  b u t  i n  one 
extreme s i t u a t i o n  i t  was repor ted  (47) t h a t  10 f e e t  of blocky and s labby  bed- 
rock was removed t o  recover  t h e  gold .  Knowledge of t h e  f r a c t u r e  p a t t e r n  on 
bedrock,  i t s  con tour ,  and i t s  s l o p e  may i n f l u e n c e  t h e  d i r e c t i o n  and p a t t e r n  of 
dredging a s  w e l l  a s  t h e  h e i g h t  of t h e  pond l e v e l  and t h e  bank. Mining slows 
down and recovery drops  a s  bedrock becomes more i r r e g u l a r .  The f i n a l  swing of 
t h e  l a d d e r  a c r o s s  t h e  bottom i s  slowed down de2ending upon t h e  i r r e g u l a r i t y  of 
bedrock and t h e  d i f f i c u l t y  of c leanup ,  t h e  va lue  of i t s  go ld ,  and t h e  amount 
of m a t e r i a l  t h a t  h a s  sloughed from t h e  f a c e  and has  s p i l l e d  from t h e  buckets .  
B l a s t i n g  channels  through hidden p r o t r u s i o n s  of hard  bedrock f o r  t h e  necessa ry  
depth  t o  f l o a t  t h e  dredge has  caused c o s t l y  d e l a y s .  This  happened a t  one 
f o r e i g n  o p e r a t i o n  i n  shallow g r a v e l  where p rospec t  h o l e s  had been d r i l l e d  on 
100-foot  c e n t e r s .  B l a s t i n g  through b u r i e d  d i k e s  of hard  rock was one of t h e  
causes  t h a t  c l o s e d  down a  9-cubic-foot o p e r a t i o n  i n  F e a t h e r v i l l e ,  Idaho. Bur- 
i e d  f a u l t  escarpments have a l s o  been t h e  source  of c o s t l y  de lays .  

A v a i l a b i l i t y  of Water and P r o b l e m  I n h e r e n t  i n  Stream Operat ions  

The q u a n t i t y  of water  r e q u i r e d  v a r i e s  wi th  t h e  s i z e  and type of dredge 
and w i t h  t h e  c h a r a c t e r  of t h e  fo rmat ion  t o  be  dredged and t r e a t e d .  The f r e s h  
wate r  t h a t  r u n s  i n t o  t h e  dredging pond does no t  n e c e s s a r i l y  i n d i c a t e  t h e  quan- 
t i t y  of w a t e r  needed i n  the  o p e r a t i o n ,  because t h e  wa te r  from t h s  dredge pond 
i s  c o n s t a n t l y  reused.  Dredges of t h e  9-cubic-foot c l a s s  o f t e n  use about 
75 g a l l o n s  of water  pe r  minute and t h o s e  i n  t h e  18-cubic-foot c l a s s  about 
150 g a l l o n s  p e r  minute.  Th i s ,  however, depends on the  c o n d i t i o n s  mentioned 
p rev ious ly .  

Of primary importance i n  t h e  recovery system i s  the  c o n d i t i m  of t h e  
a water-- the  c l e a n e r ,  t h e  b e t t e r .  Heavy c l a y  sediments a r e  d e t r i m m t a l  t o  most 

t r e a t i n g  systems. Slimes a r e  mos t ly  a  product  of t h e  t r e a t i n g  p l a n t  bu t  con- 
s i d e r a b l e  amounts can come from t h e  d igg ing  o p e r a t i o n ,  e s p e c i a l l y  i n  d e p o s i t s  
w i t h  t h i c k  l a y e r s  of f i n e  overburden. I f  t h e  wa te r  becomes too  contaminated 

. with  c l a y ,  i t  i s  u s u a l l y  cycled t o  a  s e t t l i n g  pond f o r  c l a r i f i c a t i o n .  I n  
Malaysia where muddy water c o n d i t i o n s  have been severe ,  t h e  t r e a t i n g  water  i s  

& taken o f f  t h e  top  of t h e  pond where i t  i s  c l e a r e s t .  I n  t h e  ponds of t h e  deep 
d igg ing  d redges  a t  Hamnonton, C a l i f . ,  a l though l i t t l e  c l a y  was p r e s e n t ,  t h e  
accumulation of sediments was so  g r e a t  t h a t  a  pump had t o  be  s e t  t o  remove t h e  
th ickened s ludge  o f f  t h e  bottom of t h e  pond. The pump s u c t i o n  was dropped 
overboard a t  t h e  bow of t h e  dredge,  where i t  d i d  not i n t e r f e r e  wi th  o p e r a t i o n s ,  
t o  a  dep th  of a t  l e a s t  90 f e e t .  The s l u d g e  was pumped through a  l i n e  f i x e d  t o  
t h e  s t a c k e r  t o  d i s c h a r g e  i t  a t  some d i s t a n c e  t o  t h e  r e a r  on t h e  rock t a i l i n g s  
p i l e  where t h e  water  could f i l t e r  back t o  the  pond. 



Dredging i n  r i v e r s  r equ i r e s  modifications i n  the design of the dredge 
h u l l  as  wel l  a s  i n  the  design of the  dredging pat tern.  River dredging requires 
t ha t :  

1. The h u l l  be en large4  t o  assure  more freeboard-as much a s  5 f e e t  i s  
sometimes necessary. 

2. The h u l l  be c u t  back on the bottom a t  the bow and the s t e m  t o  allow 
swi f t  water t o  flow e a s i l y  under t he  bow and out again a t  the s te rn .  

3.  The dimensions of t h e  h u l l  be properly balanced f o r  s t a b i l i t y  when 
maneuvering i n  rap id  water. 

4 .  Headlines be used t o  hold the  dredge i n  i t s  digging pos i t i on  i n  
waters  t h a t  a r e  swi f t  o r  sub jec t  t o  rapid r i s e s .  

5 .  The course of dredging be upstream. 

6 .  Care be exercised t o  see  t h a t  logs o r  other f l o a t i n g  mater ia l s  do not 
damage the h u l l  i n  r ap id  waters .  

7. Side l ines  be a s  high a s  poss ib le  t o  prevent entanglement with f l oa t -  
ing debr i s .  

I£ the r i v e r  i s  navigable ,  arrangements must be ready t o  al law o ther  boats t o  
pass.  I f  the cu r r en t  i s  not s w i f t ,  passing can be accomplished by dropping 
the s ide l ines .  Most dredge h u l l s  have a v e r t i c a l  bow wall  s e t  square with the 
deck t o  increase bow support under the forward gantry, which i n  t u r n  supports 
most of the digging ladder.  I n  swif t  water,  however, a beveled o r  raked bow 
wall  w i l l  minimize the he igh t  of the "p i l i ng  up" e f f e c t  of the water and i t s  
f r o n t a l  or  downstream t h r u s t ,  and the s t r a i n  on the shore l ines .  Rake a t  the 
corners  of t he  s t e m ,  i n  add i t i on  t o  t h a t  across  the s t e m ,  w i l l  permit the  
flow t o  be displaced i n t o  t h e  law-pressure zone a s t e rn  t o  l e s sen  i t s  down- 
stream pul l .  

Topography 

The surface of a depos i t  should be mapped and contoured. This i s  most 
important with respec t  t o  bedrock contours t o  obtain maxinun recovery. Sur- 
face  contours w i l l  a s s i s t  when p l o t t i n g  the  course of the dredge t o  make sure 
t h a t  a l l  of the gold-bearing grave l  i s  reached. I n  a South American pro jec t  
the  undredged yardage l o s t  because of inadequate planning might have been the 
d i f f e r ence  between l o s s  and p r o f i t .  I f  the placer  i s  shallow, a contaur map 
of bedrock can be c r i t i c a l  i n  cha r t i ng  the dredge course. Contours of the 
sur face  a r e  needed t o  determine where dams should be placed t o  make ponds suf- 
f i c i e n t l y  deep t o  dredge and t o  advance upgrade. 

Power - 
I f  publ ic  power i s  economically ava i l ab l e  i t  can be t ransmit ted aboard 

the dredge by the standard f l e x i b l e  power cable  espec ia l ly  designed fo r  dredge 



service.  When not ava i l ab l e ,  then t h e  type and locat ion of the genera t ing  
p lan t  must be determined. For a small  operat ion i t  may be more economical t o  
generate  power aboard the dredge wi th  a d i e se l - e l ec t r i c  s e t  or  i n  some cases  
use d i e s e l  power d i r e c t .  The dec i s ion  w i l l  depend upon the needs, economics, 
and time t o  complete mining. I f  t he  p ro j ec t  requires  a la rge  dredge o r  more 
than.one small dredge, the generat ing p l an t  should be onshore and c e n t r a l l y  
located.  I n  each of the above cases  t he  one thing tha t  must be kept i n  mind 
i s  dredge e f f i c i ency  and operat ing time. The object  i s  to  provide enough 
power t o  cover the unusual condi t ions  so a s  not t o  overload the equipment. 
Demand power loads w i l l  vary p r imar i ly  a s  the  d i f f i c u l t y  i n  digging v a r i e s .  

Labor - 
As a mining u n i t ,  the labor  requi red  t o  operate a dredge i n  terms of 

yards excavated i s  no doubt the  l e a s t  of a l l  types of mining. A dredge i s  a 
completely mechanized, large-volume, self-contained,  mine-mill u n i t  t h a t  d i g s ,  
t r e a t s ,  and b a c k f i l l s  i t s  waste i n  a mat te r  of minutes. Dredging crews a r e  
u sua l ly  t h e  minimum e s s e n t i a l  t o  main ta in  an e f f i c i e n t  operation and i t  seldom 
pays t o  t r y  t o  reduce labor  c o s t s  by f u r t h e r  reducing the crew. The percent-  
age of labor  cos t s  i n  unit-dredging c o s t s  bears  t h i s  out. Overal l ,  a s  dredge 
s i z e  and production increase ,  the r a t i o  of d i r e c t  labor cos t s  t o  t o t a l  d i r e c t  
c o s t s  decreases.  S ta ted  d i f f e r e n t l y ,  the  more a dredge has produced and t h e  
lower i t s  d i r e c t  cos t s ,  the lower i n  t u r n  has been the percentage of labor  i n  
those cos t s .  While the r a t i o  of labor  t o  t o t a l  cos t s  increased f o r  a l l  
dredges during 1930-60, the  amount of increase  varied depending upon the  s ize--  
the smaller  the dredge, the g r e a t e r  the  change; the la rger  the dredge, the  
l e s s  the  change. I n  1930, t h e  average r a t i o s  of labor t o  t o t a l  c o s t  going 
from the  3-112-cubic-foot s i z e  t o  t h e  18-cubic-foot s i z e  were about 42 and 
28 percent .  By 1960 these averages had increased t o  about 65 and 43 percent .  

The smaller  dredges r equ i r e  a crew of three  per  shif t - -a  winchman-dredge 
master combination, an o i l e r ,  and a shoreman. As the  dredge s i z e  increases  
more men a r e  required, but  even f o r  t h e  l a r g e s t  dredge the number need seldom 
exceed f i v e  t o  s i x  men per  s h i f t ,  c o n s i s t i n g  of a dredge master who is  on c a l l  
24 hours,  a winchman, two o i l e r s ,  a spare  man fo r  j i g  a t t en t ion ,  and one o r  
two shoremen. Additional he lp  must be provided for  swing-shift d u t i e s  so a s  
not  t o  work the men more than 40 o r  48 hours per week. However, i n  Alaska and 
i s o l a t e d  short-season areas ,  it i s  customary t o  work 12-hour s h i f t s .  A r e p a i r  
crew i s  required when more than one dredge i s  operated. The r e p a i r  crew can 
s t a r t  with one man who has a combination of s k i l l s  a s  an e l e c t r i c i a n ,  sur-  
veyor,  and welder, and be increased when necessary. i n  many single-dredge 
operat ions i t  has been the p r a c t i c e  t o  use  the regular crews on overtime t o  
make almost a l l  r epa i r s ,  l a rge  and smal l ,  whether of maintenance o r  emergency. 
Usually the  dredge master i s  busy wi th  surveying and l imited o f f i c e  work. 

Generally,  the bes t  dredge crews a r e  those t rained on the job. However, 
i t  i s  wel l  t o  s t a r t  with an experienced winchman i f  possible ,  bu t  t h a t  i s  not  
necessary f o r  the smaller operat ions.  I t  has been found tha t  men who have 
b u i l t  dredges usua l ly  become e f f i c i e n t  workers on a dredge. I n  the pas t  i t  
was customary t o  look fo r  an a l e r t ,  mechanically or iented man and deveiop him 
i n t o  a winchman and possibly i n t o  a dredge master, and occasional ly i n t o  a 



superintendent.  With a l imi ted  
companies t h a t  have fewer Labor 

crew, labor turnover should be minimal, and 
problems have the b e t t e r  opera t ing  records.  

Land Acquisi t ion 

Where the economics d i c t a t e ,  i t  i s  usua l ly  b e t t e r  to  mine the land on a 
roya l ty  bas is  f o r  the cos t  of the  land i n  e f f e c t  i s  paid f o r  a s  t h e  p ro j ec t  
proceeds. This u sua l ly  s u i t s  the operator  with small working c a p i t a l .  The 
usual roya l ty  i s  L O  percent ,  bu t  i f  high values a r e  present ,  the  landowner may 
want h i s  roya l ty  paid on a s l i d i n g  s c a l e  proprt ional  t o  the  gross recovered. 
Prospecting p lacer  ground under an opt ion t o  buy i f  s u f f i c i e n t  values a r e  
found can prove t o  be the  b e s t  plan t o  follow i f  there i s  reason t o  suspect 
t h a t  the  deposi t  might conta in  higher  than average values.  Mining on claims 
i s  i n  order i f  a properly secured con t r ac t  i s  negotiated. I t  i s  assumed t h a t  
ca re  w i l l  be taken t o  i n su re  t h a t  the claims a r e  v a l i d  and negotiable.  

Adverse Climate 

Climate can determine the  length  of the working season, the number of 
yards produced per  season, and the r e t u r n  on invested cap i t a l .  I n  general ,  
the minimum gold content  of a p lacer  must increase a s  the  working season 
decreases.  Cold weather may r equ i r e  t h a t  the dredge, except f o r  the  ladder ,  
be completely closed i n  and heated ( f i g .  3) .  To prevent the ladder  from freez-  
ing,  steam pipes can be placed under i t s  pan. Steam d i r ec t ed  i n t o  the  hopper 
w i l l  keep the gravel  f r ee .  Operating c o s t s  increase because of these  heat ing 
c o s t s  and the need t o  f requent ly  remove the i c e  t h a t  forms on the digging lad- 
de r ,  h u l l ,  and s tacker .  The s t acke r  i s  the most vulnerable  place on the  
dredge and heat ing i t  begins before  i t  does on any other  dredge component. 
Freezing of s p i l l  ma te r i a l  and i c e  buildup on the  head pul ley  and underside of 
t he  b e l t  requi re  prompt and s teady  a t t en t ion .  O'Neil l ' s  paper (SO) is  one of 
the  b e t t e r  accounts of a r c t i c  dredging conditions.  

Some operat ions i n  Alaska, Canada, and the Northwestern S t a t e s  a r e  usu- 
a l l y  suspended i n  severe cold weather. Operations i n  Alaska and the  Yukon 
Te r r i t o ry  a r e  normally down f o r  a t  l e a s t  5 months. In  most pa r t s  of i n t e r i o r  
Alaska the average temperature by the middle of Apri l  i s  usual ly above freez-  
ing;but the i c e  and winter  f r o s t  a r e  not  o f t en  thawed u n t i l  the middle of Xay. 
The season can be increased by a s  much a s  2 months by removing the  2-112 t o  
5 f e e t  of pond i c e  and the  l a s t  w in te r ' s  f r o s t  ahead of the dredge (50). Oper- 
a t i o n s  i n  Xontana o r  equal ly  co ld  a reas  c lose  down f o r  a p p r o x i m a t e l y ~  month. 

Suspension of operat ions during cold periods a l so  increases  year ly  oper- 
a t i n g  cos t s ,  but experience has shown i t  t o  be l e s s  cos t ly  than running. Some 
companies, l i k e  the  Goodnews Bay Mining Company of Platinum, Alaska., which 
shu t s  down fo r  about 5 months, have proven t h a t  preventat ive maintenance a f t e r  
closedown i n  the f a l l  and before r e s t a r t i n g  i n  the spring y ie lds  a much higher  
t rouble-free period of operat ion.  Goodnews Bay has compiled a 97-percent run- 
ning time f o r  i t s  7-month operat ing period. One advantage of winter  downtime 
i s  t h a t  dredges can be moved i n  l a r g e r  sec t ions  on s leds ;  t h i s  reduces the  
cos t  of dismantling and e rec t ion  compared with r a i l  or  t ruck f r e igh t  cos ts .  
The Fairbanks Department of U.S. Smelting, Refining and Xining Co. d id  t h i s  on 



FIGURE 3. - A 3-Cubic-Foot Dredge Equipped for Winter Operation With Heating System 
and Enclosure. 

several occasions in the Fairbanks area. Ludwig's (g) account of how a 1,200- 
ton dredge was sledded across 7 miles of frozen ground in three sections, the 
largest weighing 680 tons, by 18 large diesel tractors over grades up to 
11 percent is fascinathg reading. 

To have a good crew return when dredging is restarted, some special 
G arrangements may be necessary. In Montana one com9any during downtime kept 

part of its crew on maintenance while the rest took their annual paid vacation. 

Local and National ~egulations" 

State mining laws, fish and game laws, and Federal regulations and tax 
statutes should be investigated. In addition, all existing or prospective 

:In foreign countries, other factors to be considered would be taxes, duties, 
and stability of the Government. These items again are legal matters and 
suitable advice should be obtained. This generally should come from attor- 
neys experienced in the country, as well as attorneys who have foreign 
practice. Often excellent advice is available from domestic banks having 
foreign branches. 



l e g i s l a t i o n  governing po l lu t ion  of streams and r e s t o r a t i o n  of land sur faces  
should be f u l l y  understood and evaluated from the viewpoint both of c o s t  and 
publ ic  r e l a t i ons .  This i s  genera l ly  a t a s k  t h a t  requi res  l e g a l  advice. 

The .importance of p lacer  depos i t s  a s  a primary source of gold w i l l  i n  
some cases  cause land-use c o n f f i c t s  t h a t  must be equi tably resolved. 
Romanowitz and Cruickshank (g) go i n t o  the  problems of sur face  d is turbance  
and f u t u r e  dredging. I n  sane a reas ,  e s p e c i a l l y  i n  a g r i c u l t u r a l  land, t he  
exposure of rocks and gravel  i n  t he  waste p i l e s  has caused ser ious  object ions.  
I n ' C a l i f o r n i a ,  the " reso i l ing  dredge" was developed, which reversed the  d i s -  
posal methods and made poss ib le  a g r i c u l t u r a l  reuse of t he  lands. The New 
Zealand-type dredge, by v i r t u e  of i t s  n a t u r a l  disposal  methods, l e f t  the  
dredged areas  i n  a condi t ion  somewhat s i m i l a r  t o  predredging. This dredge has 
been used with a l imi ted  bank where the  formation consis ted of mostly f i n e s  
with gravel  s i z e s  genera l ly  l imi ted  t o  l e s s  than l-inch diameter. Where 
coarse grave ls  were encountered, t he  Ca l i fo rn i a  dredge i s  t he  more p r a c t i c a l .  
When dredging i n  t h e  United S t a t e s  i s  renewed, most of the operat ions w i l l  
have t o  use the r e s o i l i n g  type i n  order  t o  conform where S t a t e  laws a r e  more 
s t r i n g e n t  on the use of land resources.  The added cos t  of operat ing the  
reso i l ing- type  dredge i s  of no r e a l  consequence t o  the  p r o f i t a b l e  opera t ion ,  
bu t  t h e i r  c a p i t a l  c o s t s  i n  many cases  w i l l  be  as  much a s  20 percent more. 

DETEbtlINING SUITABLE DREDGE SIZE 

After  the p lacer  depos i t  i s  properly prospected the miner has  a reason- 
ab le  knowledge of the  volume and grade of the  placer  together  with infonnat ion 
on i t 3  geometry, formation, and the d i s t r i b u t i o n  of values by s i z e  and loca- 
t i o n  a s  wel l  a s  information on bedrock topography, surface topography, water 
supply, and a hos t  of o ther  infonnat ion t h a t  i s  per t inent  t o  fu tu re  decis ions.  

I f  the  r e s u l t s  a r e  genera l ly  favorable  and suggest t he  p robab i l i t y  of a 
p r o f i t a b l e  operat ion,  then the next  s t e p  i s  t o  t e s t  t h a t  t h e s i s  by a cos t  
ana lys i s  t o  determine the optimum type and s i z e  dredge. I t  i s  bes t  no t  t o  
assume t h a t  a dredge of standard design w i l l  s u i t  a l l  deposi ts .  In  general ,  
i f  the  ground i s  deep, i f  the  gravel  i s  not' cemented, and i f  the property is 
l a rge ,  the l a rge r  the dredge the  lower the  u n i t  cos t  of mining. I f  the  ground 
is shallow, 30 f e e t  o r  l e s s ,  a l a r g e  dredge w i l l  have d i f f i c u l t y  or  cannot 
operate .  With a h u l l  depth of 10 t o  12 f e e t  the pond beneath the dredge can 
cause f l o t a t i o n  trouble.  For the same reason,  i f  the ground i s  shallow, t he  
s lope  of bedrock becomes a very important f a c t o r  i n  pond depth and thereby i n  
the  s i z e  of the dredge. In  one,shallow r e l a t i v e l y  high value dredging opera- 
t i o n  i n  the Western United S t a t e s ,  52 inches of placer  mater ial  was being 
excavated with a 3-cubic-foot dredge t h a t  drew 50 inches of water. Coarse 
grave l  t h a t  contained l i t t l e  f i n e s ,  a good waste-disposal system, and c a r e f u l  
advance made dredging possible.  High-surface gradients  might requi re  addi- 
t i o n a l  bedrock t o  be dug o r  pond dams t o  be b u i l t .  I f  the ground i s  t i g h t l y  
cemented the  buckets should not  be too l a r g e ,  bu t  should be smaller and 
s t rongly  b u i l t .  Emphasis should be given t o  a smaller bucket l i n e  such a s  a 
9-cubic-foot l i n e  designed f o r  hard digging and equipped with ex t r a  horsepower. 
Where boulders a r e  present and rock-type buckets a r e  necessary, bucket s i z e  
might a c t u a l l y  have t o  be increased over  t h a t  f i r s t  an t ic ipa ted .  Larger 



buckets i n  t h i s  case  designed with a longer than normal p i t ch  and running a t  a 
somewhat reduced bucket speed w i l l  possibly not  ma te r i a l l y  change the  produc- 
t ion  r a t e  o r  t he  need t o  redesign the  capac i ty  of the  t r e a t i n g  p lan t .  

The c a p i t a l  and operat ing c o s t s  of continuous mechanical dredges should 
be compared with those of hydraul ic  o r  other  types t h a t  have t h e i r  t r e a t i n g  
plants  s epa ra t e  from the excavator and which have lower c a p i t a l  cos t s  b u t  
higher opera t ing  cos ts .  The study should appra ise  the purchase of used 
dredges ava i l ab l e  a t  lower c o s t s ,  even though they may be somewhat l e s s  
e f f i c i e n t .  

S i ze  and type of h u l l ,  whether standard o r  portable ,  f o r  a proposed 
dredging p ro j ec t  requi re  considerable  study. The judgment of a q u a l i f i e d  
engineer experienced i n  dredging w i l l  be p a r t i c u l a r l y  valuable.  

DREDGE CAPACITY 

The estimated annual capac i ty  of a dredge i n  cubic yards of bank i s  
C f s  ' D ,  where C equals bucket capaci ty i n  cubic f e e t ;  f  equals  aver- 

27 
age estimated f i l l  f a c t o r ;  s equals  average estimated swell  f ac to r ;  S equals  
average bucket-line speed i n  buckets per minute; M equals estimated average 
minutes of running time per day; and D equals estimated days of opera t ion  per  
year. 

The f i l l  f a c t o r  might drop t o  a s  low a s  0.50 when dredging a flowing sand 
and the ladder  is  elevated.  Usual l i m i t s  a r e  0.75 t o  1.25, the l a t t e r  being 
heaped loads when digging i n  cohesive clay. When est imating dredge capac i ty  
i n  new ground, a un i ty  f i l l  f a c t o r  might be the  bes t  t o  use u n t i l  experience 
i s  gained. The swell  f a c t o r ,  t he  rec iproca l  of one plus the  decimal equiva- 
l e n t  of percent  swell ,  can vary  from 0.72 fo r  a c lay  and gravel  mixture t o  
0.89 for  a loose sand. I n  new ground an average of 0.80 might be used f o r  a 
25-percent swell  u n t i l  more experience i s  gained. 

m e  running time of a dredge i s  the time when gravel  i s  being dug and 
t reated.  The yea r ly  average based on a t h ree - sh i f t ,  round-the-clock ope ra t ion  
w i l l  vary a s  the time required f o r  moving ahead, greasing and o i l i n g ,  r e p a i r -  
ing and cleanup, recovery from power f a i l u r e s ,  and the  more unusual d i s rup-  
t ions  brought on by adverse weather and water condi t ions c u t t i n g  i n t o  opera t -  
ing time. A placer  dredge i s  u sua l ly  shut  down f o r  cleanup, the c o l l e c t i n g  of 
concentrates ,  once each week. Taking advantage of t h i s  5 t o  8 hours of down- 
time, r e p a i r s  a r e  made t o  keep the  dredge operat ing as  continuously a s  pos- 
s i b l e  between cleanup days. For many dredges, digging i s  hard and i t  r equ i r e s  
a l l  the e f f o r t  t h a t  t he  dredge i s  capable of producing. Running under t hese  
conditions usua l ly  requi res  a general  overhauling every 3 o r  4 years  not  pos- 
s ib l e  during regular  cleanup days. Actual yearlong digging time has ranged 
from 75 percent  o r  l e s s  when digging condit ions a r e  d i f f i c u l t  t o  about 93 per- 
cent when digging condit ions a r e  very  favorable.  The aim of most p r o j e c t s  i s  
to  a t t a i n  a yearly average of approximately 21.5 digging hours per day, o r  
approximately 90 percent  of a v a i l a b l e  time. However, dredges have been c a l l e d  
upon to d i g  ground so d i f f i c u l t  t h a t  a running time of 18 hours per day was 



considered sa t i s f ac to ry .  A s  repor ted  e a r l i e r ,  dredging i n  the  f a r  nor th  
r equ i r e s  t h a t  the dredge be put  i n  top opera t ing  condit ion during the down 
months t o  minimize r e p a i r  time during t h e  7- t o  8-month operating season. 
Breakdowns t h a t  requi re  more than a few hours of r e p a i r  time are  i n to l e rab le .  
P a t t y  (5J r epo r t s  t h a t  meticuLous preseason ca re  has r e su l t ed  i n  some dredges 
compiling running times of a s  much a s  99 percent excepting cleanup time. 
Winter weather condit ions permit t ing,  a dredge normally operates 365 days per  
year with downtime only on Christmas and Independence Days and then dredges 
c l o s e  down f o r  only two of t he  th ree  s h i f t s .  Design capaci ty of a gold-saving 
c i r c u i t  depends upon the estimated percentage of f i nes  a t  t heo re t i ca l  capac i ty  
of t h e  excavator with an added s a f e t y  allowance, the percentage of b lacks  
wi th in  the  heavy por t ion ,  and t h e  s i z e  of the gold p a r t i c l e s .  

The s t r e s s  t o  minimize downtime increases  with the s i ze  of the dredge. 
~ o t  on ly  a r e  t h e i r  d i r e c t  and i n d i r e c t  c o s t s  higher ,  e spec i a l ly  cap i t a l - cos t  
recovery, bu t  t he  l a r g e r  dredges a r e  o f t e n  working i n  lower grade gravel .  

There have been cases  where an opera tor  mistakenly thought he was exceed- 
ing the  r a t ed  capac i ty  of h i s  dredge when digging i n  very sandy o r  loamy over- 
burden, but  a c t u a l l y  a l a rge  percentage of the  mater ial  was sloughing i n t o  the  
pond and not going through the  dredge. When i n  some clayey formations where 
dumping i s  not  a problem, heaped buckets can  g rea t ly  boost dredge output ,  bu t  
where a c l a y  seam i s  s t i cky ,  decreased bucket Loads t h a t  lessen a dumping 
problem can i n  e f f e c t  maximize a drop i n  output.  Any time when digging is 
tough and power i s  i n s u f f i c i e n t ,  ou tput  w i l l  drop. Digging should slow down 
when cross ing  a high-grade s t r e a k  o r  channel t o  make su re  t ha t  the t r e a t i n g  
p l an t  can make maximum recovery. 

Bucket speed w i l l  d e f i n i t e l y  vary  a s  the c h a r a c t e r i s t i c s  of the formation 
vary. High-speed bucket l i n e s  with buckets  up to  9-cubic-foot capac i ty  w i l l  
t r a v e l  from 28 t o  40 buckets per minute. For high-speed l i n e s  of l a r g e r  buck- 
e t s  t h i s  becomes 28 t o  35 buckets o r  more per  minute. Often when bucket 
speeds a re  increased smoother running condi t ions  r e su l t .  

I n  determining operat ing e f f i c i e n c y ,  therefore,  the following condit ions 
a r e  t o  be considered: 

1. Lost time t o  s e rv i ce  and r e p a i r .  

2. Lost time t o  maneuver dredge. 

3.  Lost output when buckets no t  f i l l e d  t o  capacity.  

4. Lost time due t o  condi t ions  beyond cont ro l  such as weather, acc idents ,  
and power f a i l u r e s .  

When formations can be dug without undue d i f f i c u l t i e s ,  the productive 
capac i ty  f o r  var ious s i z e  buckets gene ra l ly  considered standard a re  a s  follows: 



Bucket c a p a c i t y ,  I Monthly p roduc t ion ,  

Dredges wi th  54-cubic-foot buckets  have been used f o r  harbor  excavat ions  bu t  
have n o t  been adapted t o  p l a c e r i n g .  The monthly product ion e s t i m a t e s  shown 
f o r  t h i s  s i z e  dredge a r e  be l i eved  conserva t ive .  Product ion w i l l  vary  from 
t h a t  shown above when v a r i a t i o n s  a r e  necessa ry  t o  meet s p e c i a l  d igging 
cond i t ions .  

cub ic  f e e t  - 

3 

The above monthly product ion averages  p l o t t e d  a g a i n s t  bucket s i z e s  
according t o  l i n e  speeds i n  f i g u r e  4 show a  nonpropor t ional  r e l a t i o n s h i p  i n  
t h e  form of r e l a t i v e l y  smooth and somewhat s i m i l a r  '5"  shaped curves.  The 
averages  used a r e  j u s t  t h a t ,  averages ,  and s p e c i f i c  r e l a t i o n s h i p s  can d i f f e r .  
Monthly p roduc t ion  per  cub ic  f o o t  o f  bucket c a p a c i t y  i n c r e a s e s  almost propor- 
t i o n a t e l y  w i t h  bucket  s i z e  up t o  t h e  9- t o  10-cubic-foot c l a s s .  The maximum 
product ion p e r  u n i t  of c a p a c i t y  occurs  a t  abcut  t h e  10-cubic-foot s i z e  on t h e  
slow-speed curve and a t  about t h e  9-cubic-foot s i z e  on the  high-speed curve.  
Beyond t h e s e ,  t h e  r a t e  of change decreases .  Th i s  decreas ing  r a t e  is  i n  some 
cons iderab le  p a r t  due t o  t h e  g r e a t e r  depth  a: which dredges  equipped wi th  
l a r g e r  buckets  o p e r a t e .  Slower r e l a t i v e  l i n e  speeds and longer  p i t c h  d i s -  
tances  t h a t  come w i t h  h e a v i e r  and l a r g e r  buckets  runn ing  on longer  and more 
ponderous l a d d e r s ,  which must be  supported on l a r g e r  and l e s s  maneuverable 
h u l l s ,  i n  p a r t  exemplify t h e  sequence i n  des ign  problems t h a t  o v e r a l l  have t h e  
d e c e l e r a t i n g  e f f e c t  on product ion a s  dredge s i z e  exceeds t h e  9- t o  10-cubic- 
f o o t  c l a s s .  

cub ic  ya rds  
Slow speed 1 High speed 

60.000 1 85.000 

I n  o p e r a t i o n ,  t h e  deeper  d igging dredges have n o t  produced a s  much i n  
p ropor t ion  t o  t h e i r  bucket  c a p a c i t y  a s  have t h e  s m a l l e r  s i z e  dredges working 
i n  shal lower  dep ths  mainly because t h e  opera to r  does n o t  have t h e  c o n t r o l  he  
does a t  t h e  shal lower  d e p t h ,  h i s  l i n e  speeds a r e  u s u a l l y  s lower ,  i t  t akes  
longer t o  r a i s e  t h e  l a d d e r ,  and downtime t o  s e r v i c e  and r e p a i r  i s  longer.  
Other t h i n g s  be ing  e q u a l ,  the  deeper d igging dredge h a s  produced l e s s  pe r  
cubic f o o t  of i t s  c a p a c i t y  because of the  inc reased  l a g  time b e f o r e  cor rec -  
t i o n s  can be  made f o r  p a r t i a l l y  f i l l e d  buckets .  As more modern e l e c t r i c a l  
c o n t r o l s  t ake  over  t h e  r e s p o n s i b i l i t y  of keeping t h e  buckets  f u l l ,  the  e f f e c t  
of l a g  t ime w i l l  l e s s e n .  

The approximate percentage i n c r e a s e  i n  p roduc t ion  t h a t  comes wi th  the 
change i n  l i n e  speeds i s  shown by t h e  upper curve i n  f i g u r e  3 .  This  curve 
i n d i c a t e s  t h a t  wi th  p r e s e n t  dredging technoiogy f a s t e r  l i n e  speeds produce the  
g r ? a t e r  g a i n  f o r  t h e  middle-s ize  dredges .  Th is  c u r v e  toge ther  wi th  t h e  lower 



two points  up the d i f f i c u l t i e s  i n  
l i n e a l l y  sca l ing  production with 
bucket capaci ty and a t  the same time 
designing f o r  grea te r  depth. 

ging. In  s t i l l  another case where 
F ~ G U R E  4. - General Relatm of Average Monthly management's policy was high yardage, 

Production to Size and Speed of the  dredging crew under pressure t o  
Bucket Line and Approximate Per- produce did not go t o  bedrock, espe- 
centage Effect of Speed Change. c i a l l y  the crew on the th i rd  o r  

One of the i n i t i a l  adaptat ions 
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to  automation was the use of e lec-  
t r i c a l  s ide l ine  winch cont ro ls  eakly 
i n  the  1930's (2). As more auto- 
matic and precise  cont ro ls  can be 
b u i l t  i n to  dredge systems, production, 
e spec i a l ly  f o r  the la rger  dredges, 
w i l l  increase.  

Experience has proven t h a t  the  
dredge with 9- to  10-cubic-foot buck- 
e t s  i s  general ly  the most economical 
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9-cubic-foot bucket dredge i s  digging 
t o  125 f e e t ,  but i t s  e f f ic iency  i s  
probably l e s s  than i f  l a rge r  buckets 
were,used. Care must be taken t o  be 
sure t h a t  demand fo r  increased pro- 
duct ion does not r e s u l t  i n  decreased 
recovery. In  one case where the  oper- 
a t i o n  was under good management, the  
dec is ion  was made t o  g rea t ly  increase  
the  yardage with the accepted l o s s  of 
approximately 5 percent i n  gold recov- 
ery. The end r e s u l t  was an annual 
increase  i n  the  t o t a l  ounces of gold 
produced a t  lower u n i t  operat ing 
cos t s .  Opposite t o  t h i s  i s  the case  
of a la rge  dredge t h a t  was digging i n  
a clayey formation. The dredge was 
averaging about l25,OOO cubic yards 
weekly, bu t  without the expected 
recovery. When the yardage was cu t  
t o  90,000 cubic yards, the losses  
were reduced. The manager explained 
t h a t  he was mining for  gold and not  
t ry ing  to  make highOyardage records.  
Maximum yardage t h a t  can be e f f i -  

,, c i e n t l y  t r ea t ed  with minimum l o s s  i s  



graveyard shift. Later, when the same area was redug in crossing to an 
unmined section, it was found that approximately 3 feet above bedrock had not 

f been dug. Gold recovery on this second pass equaled that on the first. In 
some foreign dredging fields, inefficient equipment first used and lack of 
attention to mining patterns have warranted redredging a second and sometimes 
a third time. 

PRI NC IPAL TREATING PLANT SY STENS 

Once aboard the dredge, the dredged material is classified, its valuable 
portion recovered, and its waste portion disposed in a coordinated recovery- 
disposal system designed to handle the capacity of the digging system. Also 
on board are the dredging-support equipment of the spuds, winches, and con- 
trols, and the water-supply systems. The recovery equipment consists of a 
hopper, revolving screen, distributor systems, and gold-saving equipment. 

The first bucket-line dredges used deck-type shaking screens, some single 
and others double in tandem. These were inefficient and were soon replaced by 
inclined revolving screens or trommels that have the dual capacity of sizing 
and attrition scrubbing. They break down cemented or compacted material and 
scrub the gold-bearing fines from the oversize. The perforated plates on the 
revolving screen are either manganese steel cast with tapered holes or 
abrasive-resistsnt, low-manganese, high-carbon steel with drilled tapered 
holes. The cast-manganese steel has proven most economical with coarse gravel 
and boulders which cause it to work harden. With coarse sand and fine gravel 
where work hardness is not developed, the cast-manganese plates wear very fast 
and have proved uneconomical as compared to alloy-steel plates. Yuba Manufac- 
turing Co. df Benicia, Calif., supplied most of these plates to the dredging 
industry. 

Holes are tapered from 114 inch to 3/16 inch in 318-inch plate but in the 
more generally used 314-inch plate they tapered from 314 to 5/8 inch, outside 
to inside. When in sand and fine gravel in which the minerals to be recovered 
are less than 118 inch, the screen with smaller holes is generally used. For 
subsequent selective concentration based on particle size, a tromel with 
graduated hole sizes, increasing downslope, is often used. On dredges where 
the hales in the trommel are all of the larger size, the materials are dis- 
tributed from one bulk collection point to the usual jigging system. 

To trap the occasional nugget that is larger than the standard-size hole, 
a set of wider slotted holes is added at the lower end of the tromel. The 
treating system for this limited area is usually either tables with coarse 
riffles, cocoa matting with expanded metal, or a heavy-media system. 

Clayey placer material must be broken up to free the entrapped gold 
before concentration. This is a serious problem in any placer operation and 
one that requires more research. 

From the tromel the undersized must be unifornly delivered to the con- 
centrating units. Dewatering, accomplished by dewatering cones or hydrocy- 
clones, is almost always necessary. Ths hydrocyclone has greater capacity, is 



f a r  more e f f i c i e n t ,  and r e q u i r e s  l e s s  space.  Various combinations of j i g  c i r -  
c l ~ i t s  and a u x i l i a r y  equipment a r e  used t o  t r e a t  t h e  undersize.  The old-  
fashioned s tandard  gold-saving t a b l e s  wich Hungarian r i f f l e s  and mercury have 
been rep laced  t o  a l a r g e  e x t e n t  w i t h  j i g g i n g  s y s t m  because of t h e  i n e f f i -  
c i cncy  of t h e  former method, e s p e c i a l l y  i n  t h e  recovery of f i n e  gold and t h a t  
which r e s i s t s  amalgamation. For a smal l  one-dredge projecl: i t  may s t i l l  bc 
economic t o  u s e  t h e  o ld  system, but  t h e  d e c i s i o n  should be based on a d e t a i l e d  
s tudy .  A r i f f l e  h a s  c e r t a i n  l i m i t a t i o n s  a s  a gold-saving device.  A r i f f l e  
system, t o  accomplish i t s  primary duty  o f  recovery,  must be on the  proper 
s l o p e  t o  f i r s t  accomplish t r a n s p o r t .  R i f f l e  d e s i g n  must entrap t h e  gold  par-  
z i c l e s  i n  a c u r r e n t  of water  s w i f t  enough t o  t r a n s p o r t  a l l  s i z e s  of m a t e r i a l  
i n  t h e  feed y e t  slow enough t o  permit  c a p t u r e  of t h e  gold. Of r i f f l e s  i n  gen- 
e r a l  i t  might be  s a i d  t h a t  the  des ign  of t h e  r i f f l e  is no t  so important a s  a r e  
t h e  adjus tments  of f eed ,  water ,  and s l o p e  w i t h  r e s p e c t  t o  t h e  des ign i n  ques- 
t i o n .  Often r e q u i r e d  t o  t r e a t  volumes l a r g e r  t h a n  i t s  designed capac i ty ,  
recovery on a r i f f l e  drops  a s  h igher  v e l o c i t y  a long  wi th  excess ive  tu rbu lence  
lowers t h e  chances of c a p t u r e ,  e s p e c i a l l y  t h e  f i n e - p a r t i c l e ,  coated,  r u s t y ,  o r  
r z f r a c t o r y  gold.  I n c r e a s i n g  t h e  exposure time by lengthening t h e  r i f f l e d  sur -  
fac* has l i m i t e d  a p p l i c a t i o n  on dredges.  One i d e a  of inc reas ing  r i f f l e  l e n g t h  
was t r i e d  i n  1914 when a long gold s l u i c e  was mounted on a separate  h u l l  towed 
behind the  dredge (110). An enlarged t r e a t i n g  p l a n t  mounted on a s e p a r a t e  
h u l l  i s  p r e s e n t l y  recover ing  i l m e n i t e  i n  F l o r i d a  (34) .  

Much of t h e  c r e d i t  of improved dredge recovery over the  l a s t  55 y e a r s  
belongs t a  t h e  e v o l u t i o n  of j i g s .  J i g  improvement i n  t h e  way of b e t t e r  recov- 
e r y  and l a r g e r  c a p a c i t y  has  been one of t h e  more important reasons why dredg- 
iig, has  been a b l e  t o  move i n t o  lower g rade  g r a v e l s .  One of t h e  e a r l i e s t ,  
l a r g e - s c a l e  j i g  t e s t s  on a gold drcdge was by J .  W. S e i l l  aboard t h e  3-1/2- 
cub ic - foo t  Yosemite Dredging and Xining Co. So.2 dredge i n  C a l i f o r n i a  i n  1914 
(I&). The success  of t h e s e  t e s t s  was n o t  s o  much i n  t h e  way of b e t t e r  recov- 
e r y  bu t  i n  t h e  a d a p t a t i o n  of heavy and cumbersome m i l l i n g  equipment t o  a 
d e s i g n  t h a t  could  conform t o  the  l i m i t e d  space aboard a dredge. Pollowing 
i h e s e  t e s t s ,  t h e  Xatomas Consolidated Co., l a t e r  Natomas Co., i n  1915 made 
subsequent t e s t s  and used modified Nei l1  j i g s  w i t h  Hardinge m i l l s  t o  g r i n d  t h e  
concencra te  on i t s  No. 7 dredge (105). I n  b o t h  c a s e s  t h e  j i g s  were i n s t a l l e d  
a f c e r  the  r i f f  l a s  t o  save some of t h e  go ld  n o m a l l y  l o s t  i n  the  t a i l i n g s .  
Hsr tz- type j i g s ,  a plunger-type,  were i n s t a l l e d  on t h e  P a c i f i c  Tin Consoli-  
d a t e d  Corp. No. 2 dredge t o  recover  c a s s i t e r i t e  soon a f t e r  i t  was s e n t  t o  
>!alaya i n  1923 (43). T h i s  r e b u i l t  dredge was formerly  the  Dawson No. 5 of 
Yukon Gold Co., t h e  predecessor  of P a c i f i c  Tin.  I n  1932 the Bulolo Gold 
Dredging Co. made a s u c c e s s f u l  B e n d i l a r i  j i g  ( a  diaphragm j i g )  i n s t a l l a t i o n  
3tloard a dredge i n  New Guinea where j i g s  handlsd t h e  t o t a l  output of t h e  
dredge 1 1 0 8 ) .  P l a c e r  Development Ltd. eng ineers  designed a new j i g ,  pa ten ted  
i t  i n  1936, and made an arrangement wi th  Pan-American Engineering Corp'. f o r  
man~;facturing; r i g h t s .  S e v e r a l  dredges i n  New Guinea and Colombia were l a t e r  
equipped wich t h i s  newer j i g ,  t h e r e a f t e r  c a l l e d  t h e  Pan-American Placer  J i g .  
X:inufacturing r i g h t s  were l a t e r  so ld  t o  Dorr-Oliver wi th  Placer  Development 
r e t a i n i n g  t h e  r i g n t  t o  u s e  t h e  j i g .  I n  1936 and 1937 F i sher  and Baumhoff i n  
Idaho and Yuba Consol idated Goldf ie lds  i n  C a l i f o r n i a  made t h e i r  i n i t i a l  j i g  
i n s t a l l a t i o n s  aboard t h e i r  dredges.  The j i g  designed by Yuba Xanuiacturing 
D i v L s i o n ,  Yuba Conso l ida ted  I n d u s t r i e s ,  Inc . ,  i n  1948 i s  c u r r e n t l y  being b u i l t  



in Great Britain and is being used mostly on tin dredges. This jig was found 

f to be one of the more practical dredge jigs until the advent of the circular 
Cleaveland-IHC jig. 

Jigs (1) can handle relatively large-volume feeds in relatively compact 
space; (2) can better capture fine-particle gold by reason of quieter action 
on,top of the jig bed; (3) can better capture coated, rusty, and refractoh 
gold, which resists amalgamation when mercury is used in riffles; (4) can bet- 
ter handle large amounts of black sands, which in a rifile can pack the spaces 
to hinder gold settling, because forced-water pulsations through ths jig bed 
keep the bed open and "live;" ( 5 1  can better handle linited surges in the feed, 
which in a riffle can overload and suppress its required action; (6) can be 
adjusted to more readily meet changing conditions; and (7 )  require less but a 
controlled supply of water. The advantages of better recovery are based on 
the condition that the volume and pressure of the water be properly controlled. 
Jigging has its limitations too, and trapping all of the finest particle gold 
is still not economically possible. 

Currently most concentrating units are composed of primary or rougher-jig 
circuits followed by secondary and tertiary circuits. The primary jigs are 
arranged in parallel banks or flowlines of one to four cells in series. The 
number of cells in a flowline is a point of much discussion, but for most gold 
operations two cells are adequate. This is especially so if sufficient flow- 
lines are used to handle the screened materials on an approximate 12-112 cubic 
yards per hour per flowline basis. The flowsheet c the 18-cubic-foot Yuba 
Consolidated Dredge No. 21 is shown in figure 5. 

The concentrates from the secondary system are often treated in a ball- 
mill amalgamator. If some of the gold is not amalgamable, the tails are fur- 
ther jigged in a small scavenger cell. Usually after the last jigging, the 
scavenger concentrate is put over a small section of tables with standard 
Hungarian riffles or cocoa matting overlain with expanded metal. 

Recently a circular jig has been patented and placed in tin, gold, and 
diamond-placer operations. Previously, circular jigs used in onshore treating 
plants were not practical on floating dredges as they required steady and firm 
foundations. The new Cleaveland-IHC jig was designed by Lorman Cleaveland 
when he was president of Pacific Tin Consolidate? Corpora=ion of Kew York, a 
companv now engaged in dredging tin in Malaysia. Interestingly, this company 
with others started the first bucket-line dredging operation for diamonds and 
byproduct gold in Brazil. Possibly this type of jig will someday replace the 
standard square-shaped pulsating.jigs because of its greazer efficiency and 
capacity, lessening the number required and conserving deck 'and height space. 
The jig is fed at the center with the overflow at the periphery. As the feed 
moves toward the perimeter, its radial velocity drops, increasing the recovery 
tine, a basic aim in any gravity-concentrator design. Radial arms help to 
move the larger gravels toward the perimeter. 
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COST OF DREDGING 

I n  t h e  s e c t i o n  t h a t  immediately f o l l o w s ,  s p e c i f i c  c o s t  d a t a  f o r  dredge 
o p e r a t i o n s  considered r e p r e s e n t a t i v e  i n  t h e  i n d u s t r y  have been updated and 
l i s t e d .  Following t h i s  i s  a  Sec t ion  on g e n e r a l  c o s t  d a t a  t h a t  c o r r e l a t e s  oper- 
a t i n g  c o s t s  t o  anpual p roduc t ion  according t o  bucket  s i z e .  These c o s t s  cover 
dredge o p e r a t i o n s  i n  t h e  Western S t a t e s .  Cost  of dredging i n  s u b a r c t i c  a r e a s ,  
inc lud ing  t h a t  f o r  s t r i p p i n g  and thawing, can be two t o  t h r e e  t imes h igher  

(L5, 48, 2, 77). One of the  most r e c e n t  account ings  of Yukon gold dredging 
c o s t s  i s  McFarland's paper  (48). 

S p e c i f i c  Ccst  Data 

Publ ished dredging c o s t s  a r e  pre-1939. While some of  t h e  c o s t s  t h a t  f o l -  
low o v e r l a p  t h i s  e a r l i e r  p e r i o d ,  most cover  l a t e r  p e r i o d s  through 1962. To 
i l l u s t r a t e  what c u r r e n t  dredging c o s t s  might be a t  v a r i o u s  product ion r a t e s ,  
t h e  s p e c i f i c  examples of dredging c o s t s  t h a t  fo l low,  which exemplify good 
dredging o p e r a t i o n s ,  were updated t o  1967. Updating t o  a  s t andard  base year  
u s i n g  y e a r l y  indexes o f  l a b o r  and c o m o d i t i e s  p rov ides  a n  approximate and 
p r a c t i c a l  means of comparing y e a r l y  c o s t s .  Except f o r  one,  a l l  o p e r a t i o n s  had 
standard-speed bucket  l i n e s .  As exp la ined  throughout t h i s  r e p o r t ,  dredging 
c o s t s  depend upon a  gr.eat number of c o n d i t i o n s ,  the  most important  being dig-  
g ing  c o n d i t i o n s .  Another i s  whether a  dredge i s  o p e r a t i n g  a lone  o r  i s  p a r t  of 
a  f l e e t  t h a t  can s h a r e  s e r v i c e  c o s t s .  The most d i f f i c u l t  t o  a s s e s s  i s  manage- 
ment. Over 50 yea r s  ago,  J a n i n  (20, p. 55) made a  s t a t e m e n t  concerning dredg- 
ing c o s t s  r e l a t i v e  t o  d igg ing  conditions t h a t  i s  a s  t r u e  today a s  i t  was then,  
b u t  which assumes more importance today a s  t h e  a l lowable  margins i n  opera t ing  
c o s t s  l e s s e n .  "Dredging c o s t s  vary  i n  d i f f e r s n t  d i s t r i c t s  according t o  condi-  
t i o n s  encountered and methods a f  c a l c u l a t i o n  employed, and even i n  t h e  same 
d i s t r i c t  and under the  same management dredges  of s i m i l a r  s i z s  and des ign o r  
t h e  same dredge i n  d i f f e r e n t  p a r t s  of t h e  same p roper ty  w i l l  show a  wide d i f -  
f e rence  i n  o p e r a t i n g  c o s t  owing t o  t h e  c h a r a c t e r  of t h e  ground dug." While 
t h e  use  o f  ''wide" does n o t  r e f l e c t  l a r g s  monetary v a r i a t i o n s  i n  u n i t  c o s t s ,  
p o s s i b l y  o n l y  a  few c e n t s ,  percentage v a r i a t i o n s  may be l a r g e .  

The 1967 c a p i t a l - c o s t  e s t i a a t e s  i n  t h e  s ? e c i f i c  e x a q l e s  t h a t  ic- ,aw a r e  
a 25-percent i n c r e a s e  over  those  of 1960. The c a p i c a l - c o s t  e s t i m a t a s ,  f .0 .b .  
San F r a n c i s c o ,  i n c l u d e  o n s i t e  e r e c t i o n  b u t  no t  a ? ? l i c a S l e  s a l e s  t zxes .  Unless 
o t h e r w i s e  noted,  the  dredges  a r e  s tandard s t e e l - h u l l  and s q e r s t r u c t u r 2  des ign,  
e l e c t r i c a l l y  d r i v e n  by power d e l i v e r e d  from snore .  Dreags housing,  normally a  
wood-irams, s h e e t - s t e e l  s t r u c t u r e ,  i s  inc luded .  Ca?ita! c c s t s  inc lude  j i g  
t r e a t i n g  systems on a l l  s i z e  dredges .  I n  t h e  a c t u a l  s p e c i f i c  opera t ing-cos t  
t a b u l a t i o n s  t h a t  fo l low,  however, only  t h e  18-cubic-foot  dredges  were equipped 
w i t h  j i g s ;  t h e  o t h e r s  had s t a n d a r d  gold sav ing  t a b l e s  w i t h  Hungarian-type 
r i f f l e s .  

The o p e r a t i n g  c o s t s  i n c l u d e  those  f o r  l a b o r ,  m a t e r i a l s ,  power, g e n e r a l ,  
and misce l l aneous .  I n  a l l  instances these  were d i r e c t  i i e l d  o p e r a t i o n  c o s t s  
on ly .  To r e f l e c t  the  f l u c t u a t i n g  v a l u s  of t h e  d o l l a r  i n  t e r n s  of what was 
thkn be ing  purchased,  whether l a b o r ,  s u p p l i e s ,  o r  power, t h e  y e a r l y  u n i t  c o s t s  
werc s t a n d a r d i z e d  by p r i c e  indexes  t o  t h e i r  1967 e q u i v a l e n t s .  L h i l e  t h i s  



became i n c r e a s i n g l y  important a s  t h e  upda t ing  p e r i o d  spanned longer i n t e r v a l s  
of t ime because of the  genera l  i n f l a t i o n a r y  t r e n d ,  i t  a l s o  became important  
cven when updat ing c o s t s  f o r  r e l a t i v e l y  s h o r t  spans  i f  they occurred a t  peaks 
and lows i n  t h e  economy. The indexes  l i s t e d  i n  t h e  appendix used t o  update 
were (112-4) a s  follows:,  

Table A-1.--Index based on metal  mining product ion workers'  average 
weekly ea rn ings ,  f o r  l a b o r  c o s t s .  

Table  A-2.--Comodity wholesale  p r i c e  index of i n d u s t r i a l  commodities, 
f o r  m a t e r i a l  c o s t s .  

Table  A-3.--Commodity wholesale  p r i c e  index of f u e l s  and r e l a t e d  p roduc t s  
and power, f o r  power c o s t s .  

Table A-4.--Comodity wholesale  p r i c e  indax o f  a l l  couunodities, f o r  gen- 
e r a l  and miscel laneous  c o s t s .  

An index i s  a r a t i o ,  mean, o r  f a c t o r  d e r i v e d  from a s e r i e s  of observa- 
t i o n s  and used as an i n d i c a t o r  o r  measure of a c e r t a i n  condi t ion.  The d i s -  
crepancy of us ing  most c o s t  indexes i s  t h a t  they  must n e c e s s a r i l y  be averages  
from v a r i o u s  i n d u s t r i e s  taken a s  a group s o  they  l o s e  some i d e n t i t y  f o r  t h e  
i n d i v i d u a l s  wi th in  the  group. The c o s t s  i n  an i n d u s t r y  being updated, the re -  
f o r e ,  may n o t  e x a c t l y  be r e p r e s e n t e d  by t h e  average ,  b u t  f o r  l a c k  of more spe- 
c i f i c  c o s t s  i t  i s  the  b e s t  means p o s s i b l e .  

I t  was ev iden t  i n  analyzing t h e  o r i g i n a l  d a t a  t h a t  the  l abor  r a t e s  i n  t h e  
dredging i n d u s t r y  a f t e r  World War 11 even a f t e r  un ion iz ing  i n  1947 somewhat 
lagged behind t h e  n a t i o n a l  t r end .  While o f t e n  p e c u l i a r  t o  the  more i s o l a t e d  
l o c a l e s  where t h e  dredges opera ted ,  t h i s  l a g  t o  some considerable  p a r t  was 
because the  unions recognized t h e  need of c o n t i n u i n g  employment i n  an i n d u s t r y  
i n  which t h e  margin of p r o f i t  was narrowing. T h i s  s i t u a t i o n  was advantageous 
f o r  a n  indus t ry ,where  t h e  p r i c e  o f  i t s  product  was c o n t r o l l e d  a s  was gold  
p r i o r  t o  March 1968. A f t s r  workers of t h e  d redg ing  i n d u s t r y  i n  C a l i f o r n i a  
acqu i red  union represenca t ion  i n  1947, wage r a t e s  inc reased  annual ly  from 
5 t o  10 c e n t s  per  hour. The wage r a t e s  i n  October 1968 when t h e  l a s t  dredge 
stopped were <s follows : 

Descr ip t ion  d o l l a r s  j Yaxi=im rider of nen requ i red  1 wag' e r  hour i 6-cu-f t  dradge jl3-cu-it dredge 

Xechanic, e l e c t r i c i a n ,  and cleanup-crew r a t e s  a r e  no t  shown. 

Dredgemasrer. ........ 
Winchman. ............ 
O i l e r . . . . . . .  ......... 

I Sand p l a n t  opera to r . .  I 2.42 

Shoreman-extra... . . . .  2.24 6 6 
Welder, apprent ice .  .. 
Jigman ............... I 4 ............. R e t o r t e r  i 2.54 .. I 1 

i 740 

2 Per  month. 
o 

1 1 1 
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The number of employees r e q u i r e d  i s  based on a 7-day-per-week o p e r a t i o n  
wi th  employees working 48 hours  pe r  week wi th  time and one-half over 40 hours .  
Normal f r i n g e  b e n e f i t s  a r e  i n  a d d i t i o n  t o  these  r a t e s .  The pension fund of 
$0.36 p e r  hour paid  by t h e  dredge companies f a r  exceeds t h a t  paid  a t  metal  
mines. 

The appended l a b o r  index  was cons t ruc ted  p r i m a r i l y  from the  annual aver-  
age gr,ss weekly ea rn ings  i n  the  induscry considered most a l l i e d  t o  dredging,  
metal  mining,  a s  con ta ined  i n  t h e  Department o f  Commerce's Business S t a t i s t i c s ,  
1967 c). This  t a b u l a t i o n ,  however, began i n  1939 so  p a r t  of t h e  index,  
1930-38, had t o  be developed from r a t h e r  meager sources  of hour ly  wage r a t e s  
pa id  i n  t h e  dredging i n d u s t r y  dur ing  t h a t  per iod.  The index was b u i l t  on t h e  
base  of t h e  3-year average metal-mining g r o s s  weekly earnings  dur ing 1957-59, 
t h e  base  years  used i n  t h e  power and commodity indexes.  With t h i s  3-year 
average s e t  equal  t o  100, t h e  annual labor- index f a c t o r s  were t h e  products  of 
100 t imes t h e  q u o t i e n t s  of t h e  annual weekly average over . the 3-year base  aver-  
age.  The u n i t - l a b o r  c o s t ,  i n  c e n t s  per  cubic  yard,  f o r  any year  can be 
updated t o  t h a t  f o r  any o t h e r  y e a r  by mul t ip ly ing  i t  by t h e  r a t i o  of t h e  new 
t o  t h e  o l d e r  index f a c t o r .  Weekly ea rn ings  from o t h e r  i n d u s t r i e s ,  which v a r -  
i e d  d u r i n g  t h e  depress ion ,  could  not be used t o  develop t h e  1930-39 p o r t i o n  of 
t h e  index.  From both pub l i shed  (15, 25, 96) and unpublished sources ,  t h e  f o l -  
lowing h o u r l y  r a t e s  were p a i d  through t h e  1930's  f o r  t h e  t h r e e  general  l a b o r  
c l a s s i f i c a t i o n s  of winchmsn, o i l e r ,  and shoreman-extra. To o b t a i n  an average 
hour ly  l a b o r  r a t e ,  t h e  d i s t r i b u t i o n  of men ac ross  the  t h r e e  above s c a l e s  f o r  
an average 14-man crew was 3 ,  6 ,  5 .  

Labor index f a c t o r s  based on  40-hour ea rn ings  a t  t h e  above r a t e s  d iv ided  
by t h e  1957-59 base average,  progressed from 23.0 t o  26.9 through the  y e a r s  
1939-38. 

Shoreman-extra. ......... 
~ v e r a ~ e l  ........... 

Some e r r o r s  develop i n  upda t ing  from an index based on r a t i o s  of t h e  
average weekly ea rn ings  i n  t h e  meta l  mining i n d u s t r y  because the  average 
weekly hours  worked v a r i e d .  The metal  mining average i n  1967 was 42.1 hours  
whereas t h e  1930-38 weekly e a r n i n g s  a r e  based on 4C hours  and che years  a f t e r  
1338, excluding war y e a r s  of 1942-45 when most of t h e  dredges were n o t  working, 
ranged from t h e  1952 high o f  43.8 hours t o  t h e  1958 low of 38.6 hours. The 
maximum e r r o r  i n  t h e  updated l a b o r  c o s t  f o r  the  high hours of 43.8 is  about 
5 p e r c e n t ,  o r  t h e  l abor  c o s t s  i n  t h e  1952 updated uni t -dredging c o s t s  a r e  
5 pe rcen t  too  low. The maxinun e r r o r  i r .  t h e  updated l a b o r  c o s t  f o r  t h e  low 
hours  of 38.6 i s  about 10 p e r c e n t ,  o r  t h e  l abor  c o s t s  i n  t h e  1958 updated u n i t -  
dredging c o s t s  a r e  10 p e r c e n t  t o o  h igh .  I n  terms of a t o t a l  uni t -dredging 
c o s t  of 1 4 ' c e n t s  per cub ic  yard of which t h e  l abor  c o s t  amounts t o  an average 
o f  58 p e r c e n t ,  the  maxim- minus e r r o r  w i l l  amounc t o  3 percent  of t n e  t o t a l  
u n i t  c o s t  and the  maximum ? l u s  e r r o r  w i l l  amounr t o  6 pe rcen t .  The s t r a i g h t  

.52 1 .53 1 .56 1 -56 

.56& ( .575 1 .607 1 .672 
1Based on 3 winchmen, 6 o i l e r s ,  and 5 shoremen-extras. 



time and overtime labor  c o s t s  of dredging r ega rd le s s  of the r a t e s  paid o r  t he  hours 
worked a re  incremental i n  t he  u n i r d r e d g i n g  c o s t s  and f o r  purposes of updating do 
not have to  be considered. The use of the index-factor  r a t i o s  i n  updating is only a 
t oo l  t o  s tandardize labor  c o s t s  t o  a base year  t o  f r e e  them of do l l a r  f l uc tua t ions .  

The cos t  d a t a  ove ra l l  indica ted  a t rend towards grea ter  e f f ic iency  i n  the fnduu- 
t r y  a s  a whole most not iceably  a f t e r  World War 11. This probably resul ted from the  
general  updating of equipment on some of t he  o lde r  dredges, pa r t i cu l a r ly  the  conver- 
s ion  to  j i g s  t h a t  began i n  1936-37 and continued a f t e r  the  war. An average 1967- 
equiva lent  decrease of about 0.12 cen t  per cubic  yard per  year was found t o  have 
developed i n  the  operat ing c o s t s  of 11 dredges, which worked each i n  one a rea  a t  
about the  same depth through continuous opera t ing  per iods  of 5 t o  20 years. The 
opera t ing  spans fo r  these dredges were s taggered through the period 1934-64, i r r egu-  
l a r l y  overlapping each o ther .  Going back, when the  1967 equivalent operating c o s t s  
f o r  each of t he  11 dredges were f i r s t  p lo t t ed  aga ins t  production, decreasing c o s t  
wi th  increasing production was evident .  To compare t h e  cos t s  through a span of 
years ,  they were  therefore  f i r s t  cor rec ted  t o  a base production equal t o  the  average 
f o r  t h e  span covered; o r ,  the annual c o s t s  were weighted by the r a t i o  of the produc- 
t i o n  of the year i n  ques t ion  over the  span average. With the cos t s  standardized a s  
wel l  a s  could be f o r  d o l l a r  and production v a r i a t i o n s ,  cos t s  aga ins t  years were then 
p l o t t e d  for  each dredge, and the  average change i n  c o s t  per cubic yard per year  was 
determined from the slope of the  c o s t  regress ions .  The supposition i s  tha t  t h e  aver- 
age s lope  was a measure o f  t he  change i n  c o s t  brought about primari ly by increased 
e f f i c i e n c y  i n  the design and use of equipment r e s u l t i n g  i n  higher dredge productiv- 
i t y .  Considerable v a r i a t i o n s  were seen i n  the  d a t a  used t o  canpute the s lopes,  
which indiv idual ly  var ied  from 0.05 t o  0.40 cen t  per  cubic yard per year. 

The following s p e c i f i c  c o s t  records,  o t h e r  than t h a t  fo rone ,  a re  fordredges  wi th  
standard-speed, 6- t o  18-cubic-foot bucket l i n e s .  Operating conditions a r e  provided 
a s  wel l  a s  poss ib le  t o  expla in  the  r e s u l t i n g  d i f f e rences  i n  cos ts .  Changing digging 
condi t ions  have been the  main cause i n  changing c o s t s .  Not included a re  deprecia- 
t i o n ,  general  overhead, i n t e r e s t ,  r oya l ty ,  and a r e t u r n  on invested cap i t a l .  While 
dredge depreciation f o r  t a x  purposes can be s e t  up f o r  a LO-year s t r a igh t - l i ne  
per iod ,  recovery of c a p i t a l  investment from dredging re turns  i s  of ten  s e t  up f o r  
longer periods depending on the  s i z e  of the  depos i t  o r  deposi ts  t o  be mined and t h e  . 

long-range plans of the  company. Again, the updated c o s t s  a re  approximate and 
because they a r e  i so l a t ed  examples f o r  s p e c i f i c  years  they could not be adjusted t o  
r e f l e c t  the general  change i n  p roduc t iv i ty  t h a t  took place i n  the  industry. 

Table 1 contains da t a  of one 6-cubic-foot po r t ab le  dredge. This was the f i r s t  
of many of t h i s  type and capac i ty  b u i l t  by Yuba Nanufacturing Co. The dredge worked 
i n  s i x  d i f f e r e n t  loca t ions  i n  Xontana, Ca l i fo rn i a ,  and Souch Korea. The f i r s t  opera- 
t i on ,  i n  Xontana, covered 448 days. I t  was then moved t o  the example 2 s i t e  i n  Cal i -  
f o r n i a ,  los ing  only 83 days moving time, where i t  worked 1,398 days. Again i t  was 
moved t o  another s i t e  i n  C a l i f o r n i a  150 miles away where i t  worked in t e rmi t t en t ly  
(examples 3 and 4) w e t  a 12-year period (delay due t o  World War 11) fo r  1,532 days. 
I t  was moved again t o  another proper ty  (example 5) where the formations and condi- 
t i o n s  were tough, which r e su l t ed  i n  increased c o s t s .  I t s  maxirrmm monthly production 
was i n  Ju ly  1942 when it dug 205,527 cubic yards  f o r  a da i ly  average of 6,630. , 

Afte r  the  l a s t  operat ion i t  was moved t o  South Korea and worked two known proper t ies .  
This 6-cubic-foot dredge proved popular f o r  i t s  capac i ty  f i t t e d  many proper t ies ,  i t s  
c a p i t a l  c o s t  was camparatively lw, and i t s  s i z e  and construct ion permitted w v i n g  
with l imi ted  cos t .  





Table 2 contains  c o s t  d a t a  for.8-cubic-foot dredging operations.  I t  pro- 
vides a comparison between dredges,operat ing i n  s imi la r  d i f f i c u l t  digging for-  
mations but a t  d i f f e r e n t  digging depths. I n  e a s i e r  digging ground, cos t s  
would have been lower. These were s t u r d i l y - b u i l t  early-day dredges t h a t  had 
t h e i r  7- and 7-112-cubic-foot buckets replaced with 8- and 8-112-cubic-foot 
buckets when the dredges were modernized. The Goodnews Bay Mining Co. dredge, 
which was recovering platinum-group metals and byproduct gold i n  1968, was a 
s tandard nonportable 8-cubic-foot dredge. Another dredge of t h i s  s i z e ,  bu t  a 
por tab le  type, was e spec i a l ly  designed t o  opera te  under extreme bouldery con- 
d i t i o n s  i n  a gold p lacer  i n  Colombia, South America. I t  had a sec t iona l ized  
pontoon h u l l  fastened with b o l t s  t h a t  stood up well  under tough digging 
condit ions.  

Cost data  per ta in ing  t o  9-cubic-foot-size dredges a r e  i n  tab le  3. The 
dredge i n  example 1 was opera t ing  i n  a very t i g h t  and bouldery formation while  
the dredge i n  example 2 was operat ing i n  a f i n e  gravel  and loose sandy forma- 
t i o n  and a t  a s l i g h t l y  deeper digging depth. 

The 9-cubic-foot-bucket capac i ty  dredge has made outstanding records 
which have proven i t  to  be the most economical s i z e  to use between digging 
depths of approximately 30 and 80 f ee t .  Under c e r t a i n  condit ions,  mainly 
favorable  digging formations, bucket capaci ty was o f t en  increased to  10 cubic 
f e e t  t o  increase yardage and decrease operat ing cos t .  

Table 4 shows operat ing c o s t s  on three  LO-cubic-foot dredges. These made 
up a three-dredge pro jec t  i n  which two dredges worked i n  adjacent areas  while 
the o ther  operated about 15 miles  d i s t a n t .  The formations were s imi la r  and 
c lassed  as  easy digging and washing. Location was i n  the upper San Joaquin 
Valley, Cal i fornia .  Dredges i n  examples 1 and 2 were equipped with normal- 
speed ac-powered bucket l i n e s  while  the t h i r d  dredge was equipped with a high- 
speed dc-powered bucket l i n e  using Ward Leonard cont ro ls  f o r  digging and 
swinging and ac motors f o r  o the r  powered equipment. 

The general expenses and miscellaneous c o s t s  were not evenly divided a s  
the dredge described i n  example 1 bore about ha l f  of these charges; the  
remainder of the charges was equal ly divided between :he o ther  two dredges. 
However, t h i s  does not seem to  be r e f l ec t ed  a s  much i n  the cos ts  as would be 
supposed. This operat ion had good, experienced managenent and more than one 
dredge i n  an organizat ion t o  c a r r y  the overhead cos t s .  

Table 5 contains  opera t ing  da t a  of an 18-cubic-foot dredge i n  1949 and 
1962. Example 1 presents  c o s t  d a t a  of a dredge operat ing i n  t i gh t  clayey for-  
mation, which was d i f f i c u l t  t o  d ig .  Digging depth was approximately 80 f e e t  
below water level .  The c l a y  i n  t he  formation requirad t h a t  the pond water be 
changed frequent ly f o r  b e t t e r  treatment.  The digging r a t e  had been reduced 
from about 5-112 mi l l ion  cubic yards i n  p r i o r  years  to  increase recovery. 
Example 2 presents  da t a  again of the same dredge, bu t  i t  had been moved t o  a 
new loca t ion  where i t  was digging 105 f e e t  below water leve l  i n  an eas i ly  dug 
formation. 
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With only one exception i n  the  United States-in Cal i forn ia ,  the  l a r g e s t  
bucket capaci ty dredge used i n  gold p l ace r  mining operat ions was 18 cubic  f e e t .  
For digging depths of over 75 f e e t ,  t h i s  capac i ty  dredge has proved t o  be most 
economical. The maximum depth t h i s  s i z e  dredge has dug i n  Ca l i fo rn i a  gold 
p lacers  was 124 f e e t  below water l e v e l .  Reports have been made over t he  l a s t  
severa l  years t ha t  such a dredge w i l l  be digging t o  162 f e e t  i n  the  U.S.S.R. 

Generalized Rela t ions  Between Direc t  Costs and Production 

In  f igu re  6 i s  p lo t t ed  a family of curved envelopes t h a t  gene ra l i ze  the  
r e l a t i onsh ip  between d i r e c t  dredging c o s t s  f o r  standard-speed bucket l i n e s  and 
the annual cubic yards produced according t o  bucket s ize .  The d a t a  c o n s i s t  of 
151 dredge years grouped i n  f i v e  bucket-s ize ranges of 2-1/2 t o  3.112; 6; 7 t o  
7-112; 8 to  10; and 15 t o  18 cubic f e e t .  The choice of ranges, while  i n  p a r t  
a mat te r  of the da t a  ava i l ab l e ,  was t o  s implify t h e i r  p resenta t ion  by c l a s s e s  
of s imi l a r  po ten t i a l .  Their  years  of opera t ion  a r e  sca t te red  through the  

Numbers w~?kinenvelopl ore bucket sizes In cube feet 

FIGURE 6. - Envelopes of Direct Operating Costs Versus Annual Production tor Var~ous 
Size Dredges W ~ t h  Standard Speed Bucket Lines. 



period of 1930-66, a l l  ope ra t ing  c o s t s  updated to 1967 by the same index sys- 
tems covered previously. The c o s t s  do not include overhead and administrat ion,  
equipment depreciat ion,  roya l ty ,  o r  taxes.  While improvements i n  dredge capac- 
i t y  had some improving e f f e c t s  on the  mean c o s t s  of individual  o r  group opera- 
t i ons ,  these were probably minor with respec t  t o  the  la rger  cos t  f l uc tua t ions  
brought about by wide v a r i a t i o n s  of good t o  d i f f i c u l t  digging condit ions,  of 
e f f i c i e n t  t o  l e s s  e f f i c i e n t  equipment design and u t i l i z a t i o n ,  and of good to  
l e s s  than good management-. The dredges were not a l l  up-to-date equipment; 
maw were a s  much a s  30 years  o l d  and most through the 1930's and 1940's incor- 
porated various s tages  of dredge improvements. 

The s i z e  of each envelope is  a measure of the span of i t s  da t a ,  which 
r e f l e c t s  the range of opera t ing  condit ions under which the dredges worked-in 
general ,  the more d a t a  t he  l a r g e r  the envelope. This does not hold f o r  the 
8- t o  10-cubic-foot s i z e ,  which conta ins  60 da t a  points  a s  compared t o  50 f o r  
t he  l a r g e r  15- t o  18-cubic-foot s i z e .  Not a l l  of the  da t a  l i e  within t h e i r  
respec t ive  envelopes e i t h e r  although a maximum l i m i t  of 10 percent ou ts ide  
each envelope was a prees tab l i shed  aim. The d i s t r i b u t i o n  of points  i n  and 
around the 15- to  18-cubic-foot envelope, the envelope with the widest ou ts ide  
d ispers ion ,  i s  shown i n  t h e  upper right-hand comer  of f igure  4. Of i t s  50 
poin ts ,  s i x  o r  12 percent  l i e  ou t s ide  r e f l e c t i n g  s t i l l  wider va r i a t i ons  i n  
cos t .  Lying outs ide t h e i r  r e spec t ive  envelopes a r e  1 2  percent,  seven of 60, 
i n  the  8- t o  10-cubic-foot s i z e ;  5 percent ,  one of 19, i n  the 6-cubic-foot 
s i z e ;  and none i n  e i t h e r  the  7- t o  7-112- o r  the 2-1/20 t o  3-112-cubic-foot 
s i z e s .  Altogether, 9 percent ,  or  14 of the 131 ? o i n t s ,  l i e  outs ide envelopes. 

Each envelope takes on the  general  trend of i t s  da ta  and lays s ick le-  
shaped i n  echelon with those on each s ide .  Some l i b e r t y  was taken t o  make the  
s ides  of each envelope symmetrical, but  where an extreme point  was included, 
the  envelope was l a i d  ou t  so  t h a t  i t  would not  i nd ica t e  a more extreme possi- 
b i l i t y .  As might be suspected,  some port ions i n  the  higher cos t ,  lower produc- 
t i o n  areas  of each a r e  overlapped by the lower c o s t ,  higher  production a reas  
of the  next small'er s i z e .  Overlapping i s  i r r e g u l a r ,  again ind ica t ive  of the 
g r e a t  va r i e ty  of condi t ions  t h a t  a£ fec ted  c o s t s .  

The trends through the  envelopes, whether taken together o r  ind iv idua l ly ,  
show t h a t  production c o s t s  become l e s s  dispersed a s  production increases.  
Within each envelope the  t rend  i s  toward s t s epe r  c o s t  gradients  as  production 
decreases and f l a t t e r  g rad ien t s  a s  production increases .  Going from Left  t o  
r i g h t  a general p a t t e r n  develops where the envelopes trend from a cost-  
o r i en t ed  d i r ec t ion  t o  more of a production-oriented d i rec t ion .  The envelope 
of the smallest  s i z e  dredges i n d i c a t e s  a r e l a t i v e l y  wide possible  va r i a t i on  i n  
cos t  through a l imited range i n  production while t h a t  of the l a rges t  i nd ica t e s  
a more l imited v a r i a t i o n  i n  c o s t  r e l a t i v e  t o  a wider range of production. 

There appears an incons is tency  where the low-cost end of the 8- t o  
10-cubic-foot envelope d i p s  lower than the 15- t o  18-cubic-foot envelope, even 
a t  i t s  low-cost end. The poin ts  t h a t  a f f e c t  t h i s  low can be seen c lus te red  
below the minus-3-standard-deviation l i n e  (lower dashed l i n e j  on f igure  7. 
The d i f fe rence  i n  tne minimum c o s t s  f o r  these two s i z e  ranges i s  not a f a c t o r  
of a s l i g h t l y  la rger  sample f o r  the smaller s i z e  range but r e f l e c t s  the cos t  



FIGURE 7.  - Least Squares Fit of Direct Costs Versus Annual Production for A i l  Dredge 
Data Regardless of Bucket Size. 

increment of d igging deeper  wi th  t h e  l a r g e r  s i z e s .  As previously  n o t d ,  when 
working i n  g r a v e l  no deeper  than 80 f e e t ,  the  9- t o  10-cubic-foot dredge h a s  a 

6 h i s t o r y  of being the  most economical s i z e  t o  use .  The e f f e c t  of depth--124 
versus  80 f e e t  a t  Hamonton, Calif .--on d redg ing  c o s t s  were f i r s t  r e p o r t e d  i n  
1940 by Romanowitz (g), 'The u n i t  o p e r a t i n g  c o s t s  of these  deep-digging 
dredges  a r e  h i g h e r  than  t h o s e  of shal lower  d redges ,  due t o  t h e  smal le r  yardage 
and h igher  c o s t  of replacements." I n  1941 i t  was genera l i zed  t h a t  t h e  u n i t  
c o s t s  f o r  deep-diggiag dredges  averaged about 1 c e n t  more per cubic  yard t h a n  

$ t h a t  f o r  shal lower  dredges  i n  the same f i e l d  o p e r a t i n g  ucder s i m i l a r  condi-  
t i o n s  (z), and i n  1948 t h e  d i f f e r e n c e  i n  o p e r a t i n g  c o s t  betwesn 12:- and 



80-foot-deep dredges w a s  es t imated t o  range from 15 t o  20 percent (66).  The 
l a t t e r  15- t o  20-percent d i f f e r ence  between 80 and 124 f e e t ,  however  con- 
ta ined  the f ac to r  of tougher digging beginning a t  90 f e e t  where the  dredges 
were operating. The axes through the high production ends of both the 8- t o  
10- and the 15- t o  18-cubic-foot envelopes i n  f i gu re  6 show t h a t  the  average 
f o r  the  smaller s i z e  i s  about 1 cent  per  cubic yard l e s s  than the average f o r  
&e la rger .  There i s  no doubt t h a t  the envelope da ta  cover a wider range i n  
operat ing condit ions than  t h a t  e a r l i e r  reported,  but t he  da t a  points  t h a t  
shaped the high-production end of the  l a r g e s t  envelope represented an average 
of 95 f e e t  a s  aga ins t  t h e  above-cited 124 f ee t .  

To develop some o v e r a l l  t rend tha t  might b e t t e r  p i c tu re  operating cos t s  
a s  an e f f e c t  of annual production regard less  of how o r  what cont ro l led  the 
amount of production a s  bucket s i z e ,  digging condit ions,  management, e t c . ,  a 
number of curves were f i t t e d  t o  a l l  of the da t a  taken together .  The bes t  f i t  
( f i g .  7) was the  l e a s t  involved,  a f i r s t -degree  polynomial with the general 

form of y = a. + , where y equals c o s t s  i n  cents  per cubic  yard and x equals 

production i n  cubic yards.  A s  expected from the shapes of the  individual  
emelopes ,  the d i s t r i b u t i o n  of the  da ta  was not normal about the general curve. 
Clus te rs  of po in ts ,  about one- f i f th  of the  t o t a l ,  l i e  ou t s ide  the approximate 
3-standard-deviation l i n e s .  These outs ide points  a r e  v a l i d  and i n  p a r t  
account fo r  the end shapes of the  envelopes. The 3-standard-deviation l i n e s  
were ca lcu la ted  from an approximate formula based on normally d i s t r i bu ted  data.  
The cost-production equacion a s  noted i n  f i gu re  7, therefore ,  has l imi ted  mean- 
ing  fo r  cos t  es t imation.  I f  t h e  plus-3-standard-deviation i s  thought of a s  an 
upper l i m i t  of c o s t s ,  i t  would conta in  a l l  but  6 percent of the da ta  and would 
seem t o  be a s a f e  es t imator .  Going back t o  the e a r l i e r  statements i n  t h i s  
r epo r t  t ha t  deposi t -evaluat ion and dredge- feas ib i l i ty  appra isa l s  should be 
l e f t  t o  those competent, t h e  r e l a t i o n s  i n  f igures  6 and 7 should take on mote 
meaning. 

The success of any dredging pro jec t  r e s t s  u l t imate ly  with the nature of 
the  deposi t  t o  be mined. Seldom a r e  condit ions c o q l e t e l y  favorable. A suc- 
cess fu l  dredge opera t ion  begins with an adequate explorat ion program. The 
cos t  t o  properly eva lua t e  a p l ace r  i s  small with respect  t o  the cos t  of a 
dredge, espec ia l ly  i f  dredging l a t e r  proves an unfortunate choice. Choosing 
dredge equipment should b e  l e f t  t o  those competent f o r  t h e r e  i s  no standard 
dredge. Getting maximum recovery, f i r s t  from the ground and then i n  the  
t r e a t i n g  p l an t ,  r equ i r e s  continuous e f f o r t .  The more complicated the recovery 
problems, the more capable must be the  dredgemen. A low-grade placer  contain- 
i ng  a high-specif ic-gravi ty,  high-value metal such as gold means an extremely 
low metal-to-waste r a t i o ,  volume-wise. Add t o  t h i s  the usua l ly  small--some- 
times extremely small--gold-part ic le  s i z e ,  i t s  tendency t o  c o l l e c t  where dig- 
ging condit ions a r e  o f t e n  most d i f f i c u l t ,  and i t s  recovery on bas i ca l ly  simple 
g rav i ty  equipment t h a t  must handle l a rge  volumes continuously with l i t t l e  down- 
time, and an apprec ia t ion  of gold dredging develops. 
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bucket-line dredge i s  t he  t r a d i t i o n a l  gold-placer tool .  I t  was devel- 
oped f o r  gold placers .  Capable of cont inuously mining and t r ea t ing  l w - v a l u e  
placer  mater ia l  a t  a u n i t  c o s t  lower than t h a t  f o r  any other  type of mining, 
the bucket-line dredge i s  a completely mechanized, large-volume, s e l f -  
contained, coordinated mine-mill u n i t  t h a t  d igs ,  t r e a t s ,  and b a c k f i l l s  i t s  
waste i n  a matter  of minutes. A f l e x i b l e  system, the bucket-line dredge has 
qua l i f i ed  t o  mine other  types of onshore and of fshore  placer  and bulk-product 
deposi ts  and t o  s t r i p  the  waste t h a t  o v e r l i e s  them. 

a old p lacers  a r e  seldom easy t o  dig.  The digging mechanism on a spud- 
equipped, bucket- l ine dredge i s  a rugged b u t  r e l a t i v e l y  simple piece of 
machinery t h a t  evolved f r a n  many successes  and f a i l u r e s .  I t  has the a b i l i t y  
t o  run almost continuously under d i f f i c u l t  digging condit ions,  sometimes 
requi r ing  a l l  the e f f o r t  i t  i s  capable of producing. I t  is the bes t  and some- 
times the  only system t h a t  can d i g  i n  extremely tough c lays ,  cemented g rave l s ,  
oversized boulders and buried timber deb r i s ,  and most important i n  hard,  o f t e n  
blocky, and i r r e g u l a r  bedrock, on o r  i n  which t h e  gold i s  of ten concentrated.  
Digging equal ly  well  i n  both swing d i r e c t i o n s ,  the bucket ladder has  d i s t i n c t  
advantages over cutterhead hydraul ic  systems t h a t  inherent ly  dig l e s s  e f f ec -  
t i v e l y  i n  one d i rec t ion .  The t r e a t i n g  p l a n t  aboard a bucket-line dredge i s  a 
compact g rav i ty  m i l l  matched t o  the  capac i ty  of i t s  digging system and t h e  
na ture  of the placer .being worked. Not confronted with dewatering problems of 
the magnitude encountered on hydraul ic  dredges, i t  i s  b u i l t  t o  work e f f i -  
c i e n t l y  i n  l imited space. Progress i n  dredge-developed gravi ty equipment has  
played an important pa r t  i n  keeping gc ld  dredges working while operat ing c o s t s  
rose ,  p l ace r  values dropped, and the  p r i c e  of t h e i r  product stayed the  same. 

Hydraulic dredging, a l s o  a continuous system t h a t  can develop a good min- 
ing pa t t e rn ,  i s  p a r t i c u l a r l y  adaptable  t o  t he  more e a s i l y  dug bulk depos i t s  
and to the more e a s i l y  dug and evenly d i s t r i b u t e d  p lacer  deposi ts  of lower 
spec i f i c  g rav i ty  minerals t h a t  do not r equ i r e  s t r i n g e n t  cleanup of bedrock t o  
make dredging successful .  Improved digging and depth c a p a b i l i t i e s  developed 
s ince  World War I1 have come about pr imar i ly  from b e t t e r  designs t o  handle 
bigger and more d i f f i c u l t  earth-rnoving jobs.  The pr inc ipa l  advantage of t h e  
hydraul ic  system, i t s  b u i l t - i n  f a c i l i t y  t o  t r a n s p o r t  tha mined mater ial  t o  an 
off-dredge recovery or  co l l ec t ion  s i t e ,  u s u a l l y  becomes a disadvantage when 
the recovery s i t e  i s  aboard the dredge. Dewatering a la rge  volume of va r i ab l e -  
s i z e  placer  mater ia l  from a r e l a t i v e l y  high-veloci ty  stream i n  l imited space 
and ye t  not lose  i t s  small-fract ion gold i s  d i f f i c u l t .  

Some of the  fu ture  of dredging w i l l  l i e  i n  overburden s t r ipp ing  and 
marine mining. Dredging unconsolidated overburden from mineral depos i t s  can 
o f t en  be done more cheaply and wi th  cons iderable  l e s s  e f f o r t  i f  the ma te r i a l  
to  be s t r ipped  i s  water sa tura ted  o r  l i e s  wholly under water. The outs tanding  
ef f ic iency  records s e t  by l a r g e  d rag l ine  equipment i n  most dry formations can  
hardly be touched by dredges. However, because of these records there has  
been a tendency to  use dragl ine  equipment i n  s t r i p p i n g  and mining underwater 
formations t h a t  o f t en  could have been done more e f f i c i e n t l y  with dredges. Too, 
there have been other  cases where dry formations could have been ponded, 
s t r ipped ,  and mined more e f f i c i e n t l y  with dredges.  I n  saturated depos i t s ,  
e spec i a l ly  i n  ag r i cu l tu ra l  o r  low-lying c o a s t a l  a r eas ,  some problems can 



develop when the water table is lowered to prepare for dry stripping. A low- 
ered fresh-water table might complicate nearby agricultural use of the land, 
might increase the cost of potable water, and in sane instances can initiate 
its replacement with salt or brackish water. 

Mounting interest in offshore mining has accelerated new thinking in 
dredge developments, primarily in hydraulic designs. This could be the system 
with the most promise to someday reach many of the unconsolidated mineral 
deposits on the continental shelf. The First World Dredging Conference (89) 
held in New York in May 1967 brought to light the world-wide interest in new 
dredging ideas, applications, and developments keyed primarily to marine use. 
Similarly, the Offshore Technological Conference held in Houston in May 1969 
is an example of the national effort to pool present engineering knowledge on 
the development and recovery of marine resources. The growing awareness of 
the importance of one nation's position in the sea-dredging industry and the 
emphasis needed to keep abreast with world-wide dredging research is outlined 
in a current paper (59). 

Although the use of bucket-line dredges has slowed, as gold dredging has 
in North America since World War 11, these machines will always have an appli- 
cation- in mining. New bucket-line developments in depth, capacity, and recov- 
ery, which are bound to take place if the system is to continue, will come in 
such forms as enlarged bucket capacities, faster line speeds, better support 
of the bucket chain, continued improvements in the use of more sophisticated 
electric-control gear, conversion to strong light-metal alloys, and improve- 
ments in scrubbing and treating efficiency especially in the treatment of 
clayey materials. New approaches that combine the rugged mechanical capabili- 
ties of a bucket-wheel digging sys tan and the efficient transport capabilities 
of either the hydraulic or modern bucket-chain system should develop more 
versatile machines. 
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APPENDIX 

TABLE A-1. - Index based on metal mining production workers' 
average weekly earnings 

Index number 
104.5 
113.1 
115.4 
119.5 
120.7 
124.6 
129.5 
136.0 
139.2 

Year - 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 

Index number I1 Year I Index number ll Year 
23.0 11 1940 1 30.2 11 1950 

s of dredge workers; 1938-67 g 
index based on average weekly earnings of metal mining production workers 
(112, p. 78; 113, p. 221). 

1939 

TABLE A-2. - Commodity wholesale p r i ce  index of i n d u s t r i a l  commodities 

29.0 11 1949 1 62.1 I I 

Year l lndex number ll Year l Index number 11 Year 
1930 1 48.1 11 1940 1 46.8 11 1950 

11930-38 index based on average veekly earn in  

Index number Year Index number 
' 101.3 

101.3 
100.8 
100.8 
100.7 
101.2 
102.5 
104.7 
106.3 



- 
Year - 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 

TABLE A-3. - ~ o r k o d i t y  wholesale p r i ce  index of f u e l s  and 
r e l a t e d  products and power 

:ndex number I1 Year I 1ndex number 11 Year 
58.2 11 1940 1 53.2 11 1950 

Index numberll Year l ~ n d e x  number 
90.2 11 1959 1 98.7 

Year 1 ~ n d e x  number 11 Year 1 Index number 
1930 1 47.3 11 1940 I 43.0 

TABLE A-4. - Commodity wholesale p r i c e  index 
of a l l  commodities 

Year 1 Index number (1 Year l1ndex number 
1950 I 86.8 11 1959 1 100.6 
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