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W ith  increased costs o f  ope ra tio n  and th e  im p e ra tiv e  necessity  th a t  ch a rt 
m akers keep abreast o f  la te s t n a v ig a tio n a l m ethods, h yd ro g ra p h ic  services 
th ro u g h o u t th e  w o rld  are fac ing  a d ilem m a. Should th e y  con tinue  to  p roduce 
n a u tic a l cha rts  b y  th e  classical m e th o d  o f  eng rav ing  o r shou ld  th e y  adop t 
some o th e r m e thod  o f equal accuracy, m ore econom ica l in  la b o r and  e qu ipm en t, 
and so s im p le  in  ope ra tion  as to  overcom e th e  pre jud ices o f  conse rva tive  a d m i­
n is tra to rs  and  techn ic ians responsib le  fo r  th is  v i ta l  service to  th e  m arin e r?

F ro m  th e  s ta r t i t  should  be m ade clear th a t  eng rav ing , w h e th e r on copper 
o r glass, produces a n a u tic a l c h a rt w h ich , in  a d d itio n  to  be ing  a n a v ig a tio n a l 
to o l, is  also a w o rk  o f a rt. The  sharpness and clearness o f its  lines and  th e  perfec­
t io n  o f  th e  h yd ro g ra p h ic  and to p o g ra p h ic  d e ta il i t  p o rtra y s  canno t be m a tched  
b y  a n y  o th e r m e thod . Y e t, we shou ld  ask w h e th e r th e  cost o f  e ng rav ing  is 
ju s t if ie d  w hen  one considers th a t ,  u n lik e  a m ap , a n a u tic a l c h a rt is c o n s ta n tly  
u n de r re v is io n  fo r  m a x im u m  usefulness. A re  th e re  o th e r m ethods adap tab le  
to  m a x im u m  p ro d u c tio n  and ra p id  expansion  ? Can th e y  be used u n iv e rs a lly , 
even b y  a n e w ly  created service o f  l im ite d  means anxious to  m ake  a record  
o f  p ro d u c tio n  in  o rder to  o b ta in  increased a p p ro p iia tio n s  fo r  expansion  and  so 
b e tte r  serve th e  m a rin e r ? I  pe rso n a lly  do n o t be lieve  in  t r y in g  to  achieve 
an im poss ib le  p e rfec tion , p a r t ic u la r ly  in  these tim e s , i f  su b s titu te  m ethods are 
ava ila b le  w h ic h  are m ore  econom ica l and have g rea te r e la s tic ity  o f  ope ra tion .

A lth o u g h  th e  U .S . N a v y  H y d ro g ra p h ic  O ffice had  g re a tly  acce lerated 
n a u tic a l c h a rt eng rav ing  b y  th e  in tro d u c t io n  o f  th e  p a n to g ra ve r in v e n te d  b y  
M r. Jo h n  H . La rra b ee ，fo rm e r C h ie f E ng in e e r o f  th e  H y d ro g ra p h ic  O ffice, and 
M r. T . P e te r Lam pe  o f th e  same o rg a n iza tio n , i t  w o u ld  have been a p h ys ica l 
im p o s s ib ility  to  increase p ro d u c tio n  to  m eet th e  g re a tly  expanded needs o f  th e  
pas t te n  years i f  we had to  re ly  e xc lu s ive ly  on tra d it io n a l m ethods. N a u tic a l 
c h a rt engravers  canno t be ob ta ined  th ro u g h  a c iv i l  service reg is te r. T h e y  have 
to  be tra in e d  a t g rea t expense b y  th e  g ove rnm en t e m p lo y in g  th e m , as th e  
app ren ticesh ip  pe riod  fo r  p ro fic ie n c y  in  th e  a r t  is n o rm a lly  a b o u t f iv e  years.

R e a liz in g  th is , th e  U .S . N a v y  H y d ro g ra p h ic  O ffice deve loped and  adop ted  
new  m ethods w h ich , beyond  d o u b t, have been in s tru m e n ta l in  v a s tly  increasing  
o u r p ro d u c tio n . A lth o u g h  n o t a ll o f  these m ethods are e n tire ly  o r ig in a l, th e y  
are presented b r ie f ly  in  th is  a rt ic le  fo r  th e  b e n e fit o f  a t least a fe w  o f th e  m em bres 
o f  th e  In te rn a t io n a l H y d ro g ra p h ic  B u re a u , and in  th e  hope th a t  o th e r services 
w il l  p u b lis h  m a te r ia l o f  s im ila r n a tu re . O n ly  in  th is  m anner w il l  th e  m em bres 
o f  th e  B u re a u  p r o f i t  b y  th e  know ledge  o f  o th e r services th ro u g h o u t th e  w o rld  
w h ic h  are d e v o tin g  th e ir  energies to  th e  same cause.

T H E  D U C O  M E T H O D .

I n  l ie u  o f  copper o r pape r (m e ta l o r lin e n  backed) a piece o f  z inc  o r a lu ­
m in u m , sprayed  w ith  a t least th re e  coats o f  a h ig h  —  q u a lity  o il p a in t,  is used 
in  th e  fo llo w in g  m anner to  p roduce a c h a rt o r ig in a l.

T }ie  f i r s t  step  consists in  m a k in g  f i lm  pos itives  on  a re la t iv e ly  s tab le  f i lm , 
such as topo-base, o f  th e  va rious  h y d ro g ra p h ic  sheets o r e x is tin g  n a u tic a l 
cha rts  selected as c o m p ila tio n  sources. The  f i lm  pos itives  are m ade to  th e



scale o f th e  c h a rt to  be produced. T he  same procedure is fo llow ed  in  th e  
case o f  th e  topog raph ic  m a te ria l ava ila b le  fo r  th e  area. T opograph ic  m a te ria l 
(p a r t ic u la r ly  th a t  com p iled  b y  p h o to g ra m m e tric  m ethods) is spec ia lly  m en tioned , 
as th e  resu lts  o f  such surveys are o fte n  igno red  b y  th e  n a u tic a l cartographer. 
W ith  th e  a d ve n t o f rada r i t  is m a n d a to ry  fo r  h yd ro g rap h ic  o rgan iza tions to  
im p ro ve  th e  to p o g ra p h ic  d e ta il on n a u tic a l charts  as a v i ta l  a id  to  th e  m a rine r.

The second step is to  d raw  an accura te  p ro je c tio n  on a stab le  tra n sp a re n t 
p las tic . These p lastics are m a n u fa c tu re d  in  d iffe re n t th icknesses and degrees 
o f o p a c ity . M a jo r h o rizo n ta l co n tro l fo r  th e  area is th e n  a ccu ra te ly  p lo tte d  
in  o rde r to  assist in  p o s itio n in g  th e  h yd ro g ra p h ic  and topog raph ic  charts  to  
be used in  th e  co m p ila tio n . T h is  p la s tic  base is th e n  sprayed w ith  an adhesive 
so lu tion . T h is  should  be done in  a w e ll - v e n tila te d  space, exercis ing p roper 
p re cau tion  as th e  so lu tion  is in fla m m a b le .

The n e x t step invo lves  th e  m a k in g  o f  a m osaic on th e  p la s tic  tra n sp a re n t 
base, u t i l iz in g  th e  f i lm  positives m en tioned  in  th e  f i r s t  step above, b y  m a tch in g  
th e  va rious  h yd ro g rap h ic  and to p o g ra p h ic  pieces in to  a com posite o f  th e  f in a l 
ch a rt. Care has to  be exercised th a t  th e  pieces are accu ra te ly  f i t t e d  in  accor­
dance w ith  th e  p ro je c tio n  and h o rizo n ta l co n tro l appearing  on th e  p las tic  base. 
M in o r d is to rt io n s  can be com pensated b y  c u tt in g  th e  f i lm  pos itives in to  sm a lle r 
pieces and d is tr ib u t in g  th e  e rro r p ro p o r tio n a lly . T he  mosaic is th e n  sent to  
th e  pho to g ra p h ic  g a lle ry  w here a f i lm  nega tive  is made b y  con tac t in  a p r in t in g  
fram e. I n  th e  m eantim e th e  D uco p la te  has been sensitized w ith  a s tandard  
b lue  p r in t  so lu tio n .

The  neg a tive  made b y  con tac t is th e n  p r in te d  on th e  sensitized Duco 
p la te , p ro d u c in g  a clear b lue -line  p r in t  on. th e  p la te  th a t  serves as an accurate 
and stab le  guide fo r  d ra ft in g  o f th e  f in a l o r ig in a l. I f  th e  c h a rt o r m ap is in  
various colors re q u ir in g  separate o rig in a ls , a separate b lue -line  p r in t  is made 
fo r  each co lo r to  be processed.

The fo llo w in g  procedure is used in  d ra w in g  th e  c h a rt o rig in a l. Borders 
and scales are d raw n , fo llow ed  b y  th e  coastline , dra inage, p la n im e try , co n to u r 
lines and fa th o m  curves, u t i l iz in g  re g u la r b la c k  In d ia  in k . D ra ft in g  and ru lin g  
pens have to  be sharpened a t m ore fre q n e n t in te rv a ls  th a n  is custom ary, due 
to  th e  d u llin g  a c tio n  o f th e  enam elled surface.

N o m e n tio n  has been made th u s  fa r  o f  th e  le tte r in g  and soundings w h ich  
are such an im p o rta n t p a r t o f  a n a u tic a l c h a rt and w here a m a jo r saving in  
t im e  and m oney can be accom plished. H a n d  le tte r in g  is, o f  course, pa ins­
ta k in g , tim e-consum ing , co s tly  and n e ve r u n ifo rm . I n  lie u  o f  hand  le tte r in g , 
a ll geographic names, t it le s , notes, convers ion  and t id a l tab les, as w e ll as sound­
in g  and o th e r figu res , are set in  ty p e  and  p r in te d  on one o f tw o  m edium s : a 
specia lly  coated w h ite  paper w ith  adhesive on th e  back  ; o r cellophane to  w h ich  
beeswax is app lied  a fte r th e  ty p e  im press ion  is d ry . The  process o f a p p ly in g  
th is  m a te r ia l to  th e  ch a rt o r ig in a l is  ca lled  s tic k -u p  w o rk .

T yp e se ttin g  fo r  p r in t in g  on these m edium s can be done b y  a casting m achine 
o r b y  th e  s tanda rd  hand set m e thod . T he  s ty le  o f  ty p e  can m a tch  e ith e r th e  
rom anized le tte r in g  used in  engrav ing , o r some o th e r s ty le  selected b y  th e  
in d iv id u a l service. In, th is  connection , I  should  l ik e  to  in v ite  a tte n tio n  to  th e  
fa c t th a t  rom an  le tte r in g , a lthough  b e a u tifu l in  m a n y  respects, is n o t th e  m ost 
p ra c tic a l fro m  a lith o g ra p h ic  s ta n d p o in t. A f te r  a fe w  p r in tin g s  th e  im age on 
th e  p la te  has a tendency  to  th ic k e n  w ith  th e  re s u lt th a t  some le tte rs  f i l l  up . 
T im e  consum ed in  d ra w in g  new  names on th e  lith o g ra p h ic  p la te  is increased 
due to  th e  serifs o f  ro m a n -typ e  le tte r in g . I t  is , the re fo re , m y  b e lie f th a t  fo r 
low e r cost, le g ib il i ty ,  and ease o f  o p e ra tion , cons idera tion  should be g iven  
b y  h yd ro g rap h ic  services to  th e  a d o p tio n  o f b lo c k  le tte r in g  on new  charts , a 
procedure w h ich  is be ing  fo llow ed  to  a la rge  e x te n t on ae ronau tica l charts  
and m odern  topog raph ic  maps. P r in t in g  o f th e  ty p e  fo r  s tick -u p  w o rk  is



done e ith e r w ith  a s tandard  ty p e  press, o r b e tte r  s t i l l  w ith  one th a t  w i l l  p roduce 
a sharp b la c k  im pression on th e  obverse and reverse sides w hen cellophane is 
used.

T he  same press is u ti l iz e d  fo r  th e  p r in t in g  o f  cuts p o r tra y in g  such sym bols 
as buoys, beacons, m angrove, p a lm  trees, tra ils , ra ilroads , subm arine  cables, 
c u rre n t a rrow s, etc. I t  can th u s  be rea lized  w h a t added saving  in  cost m a y  
be ach ieved b y  u t i l iz in g  such a s im p le  procedure in  lie u  o f  th e  d ra ft in g  o f each 
in tr ic a te  sym bo l and d e ta il sepa ra te ly .

T he  n e x t to  th e  la s t step in  th e  p re p a ra tio n  o f th e  c h a rt o r ig in a l is the  
a p p lic a tio n  o f th e  names, sym bols, soundings and o th e r d a ta  set in  ty p e . F o r 
such s tic k -u p  w o rk  app ren tice  d ra ftsm e n  o r personnel o f  lesser s k ill are u tiliz e d . 
A  sharp k n ife  is used in  c u tt in g  and a p p ly in g  th e  ty p e  w h e th e r p r in te d  on 
cellophane o r adhesive-backed paper.

A f te r  th e  c h a rt o rig in a l is com p le ted  i t  is covered w ith  a v e ry  th in  sheet 
o f  tra n s p a re n t cellophane in  o rde r to  p ro te c t th e  surface w h ile  unde rgo ing  
re v is io n  and e d itin g . A l l  co rrections are in d ica te d  on th e  cellophane.

T H E  PLASTIC M E TH O D .

F o r n a u tic a l charts  th is  m e thod  is  essen tia lly  th e  same as th e  one described 
above, excep t fo r  th e  fa c t th a t  a sheet o f  p la s tic  is used in  l ie u  o f  th e  D uco 
p la te . T h is  p la s tic  is m an u fa c tu re d  in  va rious  degrees o f o p a c ity , its  p r in c ip a l 
cha rac te ris tics  be ing  s ta b il ity  and f le x ib i l i t y .

The  U .S . N a v y  H yd ro g ra p h ic  O ffice has u t il iz e d  p lastics  in  n a u tic a l and 
ae ronau tica l c h a rt co n s tru c tio n  and re p ro d u c tio n  w o rk  fo r  a n u m b e r o f  years, 
h a v in g  been p a r t ly  in s tru m e n ta l fo r  th e  fin a l deve lopm ent o f  th is  m a te r ia l fo r  
d ra ft in g  purposes. In  l ie u  o f re g u la r In d ia  in k , special in ks  m a n u fa c tu re d  
in  va rious  colors can. now  be p rocu red  fo r  d ra ft in g  on p lastics. H o w e ve r, i f  
opaque w h ite  p la s tic  is used, d ra ftsm e n  p re fe r to  use b la ck  In d ia  in k  to  w h ich  
a fe w  drops o f  g lycerine  have been added. T he  procedures fo r  d ra ft in g  and 
s tic k in g  u p  le tte r in g , soundings, sym bols, e tc . are id e n tic a l to  those described 
fo r  th e  D uco p la te .

As a m a tte r  o f  added insurance, a facs im ile  b la ck -lin e  p r in t  on p la s tic  can 
be o b ta ined  fro m  th e  nega tive , a copy w h ic h  w il l  be sharp in  a ll respects and 
possess a ll th e  qu a lit ie s  o f a p e rm anen t o r ig in a l.

USE OF T H E  ENGRAVED COPPER PLATE.

I t  is n o t th e  in te n tio n  o f th e  w r ite r  to  advocate  th e  com plete  abandonm ent 
o f  th e  copper eng rav ing  process. On. th e  c o n tra ry , services w ho have used 
th is  process are urged  to  preserve these irrep laceab le  ho ld ings on w h ich  h y d ro - 
g raph ic  su rveyors , cartographers, and  a r t is t ic  engravers have recorded fo r 
p o s te r ity  th e ir  e ffo rts  in  ch a rtin g  th e  coasts and oceans o f th e  w o rld . M ore 
m odern  and less co s tly  procedures, how ever, can be used o r com bined w ith  
e x is tin g  m ethods to  p e rm it m a x im u m  u t i l iz a t io n  o f  o p e ra ting  funds.

W e are a ll fa m ilia r  w ith  th e  t im e  and expense consumed in  m a k in g  e x te n ­
sive erasures on copper in  o rde r to  b r in g  these p la tes u p  to  date  w ith  th e  la te s t 
in fo rm a tio n . E ach  tim e  th is  is done th e  p la te  is w eakened. I f ,  ins tead  o f  
go ing  th ro u g h  such a laborious process, we w ere to  com bine d ra ft in g  w ith  hand 
eng rav ing  we w o u ld  n o t o n ly  exped ite  th e  d e liv e ry  o f m a te ria l to  th e  m a rin e r, 
b u t p e rfo rm  th e  w o rk  a t a fra c tio n  o f  th e  fo rm e r cost.

L e t us suppose th a t  new  in fo rm a tion , has been rece ived a ffe c tin g  as m uch  
as tw e n ty - f iv e  pe rcen t o f th e  to ta l area o f th e  c h a rt. I n  l ie u  o f  erasing and 
re -eng rav ing  th e  o r ig in a l p la te  o r p a tc h in g  i t  w ith  a section o f a th in  p la te  
co n ta in in g  th e  new  da ta , th e  fo llo w in g  procedure  is  recom m ended.



The f i r s t  step is to  procure the  th in n e s t cellophane available, using a sheet 
about 1 2  b y  18 inches, and tre a t one side w ith  l iq u id  paraffin . N ex t, place 
th e  cellophane w ax side up on the  source docum ent, w h ich  contains the  new 
in fo rm a tio n  and w h ich  is to  the  same scale as the  p la te , and outline  the  boundaries 
o f th e  revised area. Th is is done b y  scoring w ith  a d ry  p o in t so th a t the  o u t­
lin e d  area fa lls  free fro m  the  m ain  cellophane sheet.

The copper p la te  is now  readied fo r in k in g  and the  impression paper prepared 
fo r the  usual b lack  and w h ite  copper p la te  p rin t- N ex t, place the  cu t-ou t 
piece o f cellophane w ax-down over the  iu ke d -in  copper p la te  in  the  exact position 
in  w h ich  i t  appeared on the  source m a te ria l. B urn ish  the waxed sheet to  
p reven t the  trac ing  from  slipp ing w h ile  th e  p la te  trave ls  th rough  the  p la te  press. 
A fte r  p r in tin g , l i f t  the  impression ca re fu lly  from  the  p la te . The cellophane 
adhering to  the  p la te  can be rem oved b y  washing w ith  the  same prepara­
tio n  used to  clean the  surplus in k  fro m  th e  p la te .

A fte r the  copper p la te  impression has d ried , the  b lank  areas are ready fo r 
d ra ftin g  the  new in fo rm a tio n  d ire c tly  on the  paper, w h ich  then  bccomes a 
chart o rig ina l fo r pho to lithog raph ic  rep roduction .

O ther methods and m ateria ls th a t are e ithe r in  use or in  the experim ental 
stage also offer m any possib ilities to  the  ch a rt m aker.

In  order to  describe b e tte r the  methods b r ie f ly  ou tlined  in  th is  a rtic le , 
the  U.S, N a v y  H ydrograph ic  Office has in  p repara tion  a m anual o u tlin in g  the  
above-m entioned methods in  great de ta il. In  a dd ition  to  step-by-step proce­
dures, the  m anual w il l  also conta in  chem ical form ulas used in  the lithog raph ic  
processes, as w e ll as samples o f the  various mediums used, inclusive o f a l is t 
o f the  p rin c ip a l U n ited  States firm s  engaged in  the  m anufacture and d is tr ib u tio n  
o f the  products mentioned. Suffic ient copies o f th is  m anual w il l  be fu rn ished 
to  the  In te rn a tio n a l H ydrograph ic  Bureau fo r d is tr ib u tio n  to  the  various 
States Members.
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