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THE SURVEY CO N TR OL SYSTEM FOR M E T R O P O L IT A N  TORONTO

by R . A. Smith*

Introduction
The Munic ipal ity  of  Metropo l i tan  Toronto  was c rea ted  to undertake m a jo r  public 

works p r o j e c t s  and to prov ide  Municipal s e r v i c e s  which are  the c o n c e r n  of all area  
M unic ipal i t ies . M etropo l i tan  Toronto  is c o m p o s e d  of thirteen M unic ipa l i t ies ,  the 
largest  of  these ,  in t e r m s  of population being the City of  Toronto  having a population 
of approx im ate ly  644 ,000  and the sm al lest  be ing the Village  of  Swansea with a p o p u 
lation o f  just under 10 ,000 .

The estab l ishm ent  and maintenance of a m a jo r  road sy s te m ,  the wholesa le  
supply of w ater ,  the p r o b is io n  of m a jo r  s to r m  and sanitary s e w e r s ,  reg iona l  planning, 
public housing,  h o m e s  fo r  the aged,  reg iona l  parks ,  ba s i c  education c o s t s ,  and the 
operat ion of the p o l i c e  f o r c e ,  are  all  r esp on s ib i l i t ie s  of the M etropo l i tan  Corporat ion .

A contro l  survey  to which the var ious  public  and private surveying and e n g in e e r 
ing p r o j e c t s  can be re lated  would appear  to fit into the definition of the re sp o n s ib i l i t ie s  
of the M etropo l i tan  Corp orat ion .
Purpose  of  Contro l  Survey

By a con tro l  survey ,  I mean a survey  undertaken to establ ish  a large  number of 
survey m onum ents ,  each  having known geographic  and plane coordinate  va lues .  The 
elevation of the monuments  and a s e r i e s  of  bench m arks  is a requ ired  part  of  the 
contro l  survey .  To  be e f fe c t iv e ,  the s ys te m  should be an integral  part of  a P r o v in c ia l  
or  F e d e r a l  con tro l  s y s te m .
Resp ons ib i l i ty  for  Survey

Is a con tro l  survey  rea l ly  a Munic ipal  resp o n s ib i l i t y ?
I have only to quote part  of  the text of  the O r d e r - i n -C o u n c i l  dated the 20th of 

A pr i l ,  1909 which f o r m a l l y  establ ished  the G eodet ic  Survey of Canada to answer 
this question.

"During the last four years, a triangulation has been in progress in the better settled parts of the Provinces of 
Ontario and Quebec, under the Astronomical Branch of the Department of the Interior, the object of which is to 
determine with the highest attainable accuracy, the positions of points throughout the country and the lengths 
and directions of lines which may form the basis of surveys of all purposes, topographic', engineering or cadas
tral and thereby assist in the survey work carried on by other Departments of the Dominion Government by the 
Provincial Governments and by Municipalities, private persons or corporations. The operations have also in
cluded a considerable length of lines precise levelling/ *

Thus 55 y e a r s  ago the b a s i c  pr inc ip le  was laid down that all important  surveys  
should be re lated  to con tro l  surveys  thus ensuring the coordinat ion  of  all the different  
phases  of  a p r o j e c t  and of  var iou s  p r o j e c t s  and providing each survey  point with a 
posit ive  pos i t ion  in re lat ionship  to all o thers .

The r esp on s ib i l i ty  for  the es tabl ishment  of  the sy s te m  can be shared by the 
three le ve l s  of governm ent  of  by Dominon G overnm ent  and any other leve l .  The 
s y s te m  is m o s t  e f fec t ive  if all three leve ls  of  governm ent  are involved.
H is t o r i c a l  R ea son s  for  Contro l  Surveys  in M etro

One of the m ost  important  trends of our time has been  the shift of  population
f r o m  the rural  to the urban c o m m u n it ie s .  It has been f o r e c a s t  that by 1980 about 75% 
of the population of this country wil l  be urban.  This trend to urban areas  has created  
a new challenge fo r  the land su rve yo r  with all  the com plex i ty  of  land div is ion  requ ired  
to sat isfy  the needs  of a m etropo l i tan  city .  Yet all legal  surveys  in M e tro ,  hand f r o m  
the thin fa b r i c  of  the Township  surveys  p e r f o r m e d  in 1793.

To  i l lustrate  this point fu r th er ,  I would like to make r e fe r e n c e  to a paper  p r e 
sented by R.  M. Anderson ,  O. L.  S . , at the last annual meeting of the Ontario  Land 
S u r v e y o r s .  In it he states ,  ’ ’During the s u m m e r  of 1793, G o v e rn o r  S im coe  sai led 
f r o m  his headquarters  at N ia g a ra -o n - th e  - Lake and set up his fam ous  tent home on



the shore  of  T oronto  Bay.  He brought with h im  so ld ie r s  to c reate  a de fensive  pos i t ion  
and c iv i l ian  ar t i sa n s ,  who in the next few  y e a r s  built h o u s e s ,  m i l l s ,  w h a r v e s ,  w a r e 
h o u s e s ,  even a ja i l .  He a lso  brought  with h im  Alexander  Aiken,  land s u r v e y o r .
S im c o e  instructed  Aiken to lay out a sm a l l  townsite  on the north shore  of  the bay at 
what is now the foot  o f  Sherbourne Street .  This  was done and we have the beginning 
of  the Town Plan of  Y ork .

" S i m c o e ^  f o r t ,  all  those f i r s t  h o u s e s ,  m i l l s ,  w h a rv e s ,  w are h o u se s  have long 
s ince  d isapp eared  but the posts  planted and the l ines run through the f o r e s t  by  
Alexander  Aiken are  stil l  the foundation of land ownship in the ancient townsite .  This  
is no iso la ted  instance .  The posts  planted and the landm arks  es tab l ished  in the 
or ig ina l  surveys  of  all the townships of  the p ro v in ce  as wel l  as in the o r ig ina l  surveys  
f o r  all our r e g i s t e r e d  plans m a r k  the true and unalterable  c o r n e r s  of  the lots  involved.

He goes  on to state,  nI am not c r i t i c i z in g  thepr inc ip le  . No al ternative would 
e s ca p e  other d i f f icu lt ies  even m o r e  fo rm id ab le .  The s u r v e y o r ,  even with the best  will  
in the w o r ld ,  can only es tab l ish  a l im ited  num ber  of  points on the ground.  These  
landm arks  are exposed  and vu lnerable .  It s e e m s  inevitable that a large  port ion  of 
them  will  shortly  d isappear .  A c o m p r e h e n s iv e  p r o g r a m  of continued maintenance  and 
r e p a i r ,  while re la t ive ly  not e xp ens ive ,  s e e m s  to have been beyond the v is ion  of public 
authorit ies  and only l im ited  and s p a sm o d ic  e f for ts  to save survey  fa b r i c  have e v e r  
been  m ade ,  by p rov ince  or  m unic ipa l i t ies .

’ ’Equally  grave is the p r o b le m  of o b s o l e s c e n c e .  I have no re a s o n  to suppose  
that Aiken used anything l e s s  e f fec t ive  than the n o rm a l  equipment and ski l ls  of his 
day. At the best ,  his equipment and m ethods  gave resu lts  appropriate  to the standards 
of  the p la ce s  and t im e s .  To have looked  for  quarter  inches  or  even inches  would have 
been  e c o n o m ic a l ly  out o f  r e a c h ,  even if it had been feas ib le  o th e rw ise .  How could 
Aiken have just i f ied  to the gov e rn o r  and counc i l  m oney  spent for  that p u r p o s e ?

!,Yet today, in these same b l o c k s ,  ow ners  do expect  to be told their  p ro p e r ty  
boundaries  to the quarter  inch.  The m o s t  expens ive  rea l  estate in the City of  Toronto  
is in the plan in the Town of Y o rk .  The plan shows not a single m e a s u r e m e n t .  "

M r .  Anderson  and many others  have ove r  the y e a r s  been  highly c r i t i c a l  of  both 
the p rov in ce  and the m unic ipa l i t ies  for  the lack  of survey  maintenance .  The R e g is t r y  
O ff i ce  sy s te m  was set up to perpetuate Chain of T i t le ,  but no s y s te m  was es tab l ished  
to p ro te c t  the survey  posts  governing the extent of  title.

A con tro l  s ys te m  is the m o st  e f f ic ient  method of  surveying maintenance .
M etro  Toronto

It may be in o r d e r  to in ject  here  a few  b a s ic  c o m m e n ts  concern ing  the M e t r o 
politan  Corporat ion .  It is anticipated that by 1980 the populat ion of M etropo l i tan  
T o ro n to  will  be 2 , 3 0 0 ,0 0 0  peop le .  M etropo l i tan  T oronto  c o v e r s  an area  of  about 
Z40 square m i le s  while the City of  T oronto  p ro p e r ty  has an area  of ap p rox im ate ly  
34 square m i l e s .  M etro  is situated on the north side of  Lake Ontario  and extends 
along the lake front  for  approx im ate ly  20 m i le s  and north f r o m  the lake fo r  about ten 
m i l e s .  The leve l  of  Lake Ontar io  is 245 feet  while the heights  of  land along the 
northern  l im its  of  M etropo l i tan  Toronto  have e levations  of  625 feet .  The area  is 
t r a v e r s e d  by four  m a jo r  va l leys  containing the Rouge R i v e r ,  Highland C reek ,  the 
Don R iv e r  and the Humber R iv e r .  A p p ro x im ate ly  9 per  cent of  the population of 
Canada l ives  in the M etro  area and about 11 per  cent of  the em p loym ent  fo r  the 
country  is h e r e .  The present  deve loped  area  c o v e r s  92 square m i l e s .

The ten y e a r  capital w orks  p r o g r a m  adopted by M etro  in 1963 totals  m o r e  than 
one b i l l ion  d o l la r s ,  ex c lu s ive  of  area  Munic ipal ity  expend itures ,  of  this about 36% is 
a l located  fo r  r o a d s ,  s e w e r s ,  and w ater ,  30% for  publ ic  t ransportat ion ,  28% fo r  
education and 6% for  other Munic ipal s e r v i c e s .
Roads  Department

The M etropo l i tan  G overnm ent  is r e sp o n s ib le  for  the m a jo r  reg iona l  s e r v i c e s
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while the other  Munic ipal i t ies  retain their own l o c a l  autonomy.  One of the m a jo r  
serv ices  is the es tabl ishment  and maintenance of  the network  or  a r te r ia l  roads  and 
expressw ays .  At the present  t im e ,  the Roads  Department  is r e sp o n s ib le  for  about 
347 m i les  of  m a jo r  r o a d s .  These  roads  a r e ,  o r  are  to be widened  to four or six lanes .  
F ro m  the f igu res  above it can be seen that many m o r e  m i l l ions  of do l lars  wil l  be spent 
in the next ten y e a r s ,  on the widening of exist ing and construct ion  of new roads  and 
exp ressw ays .  Current ly ,  the Roads  Department  is acquir ing  about seven m i l l ion  
dollars worth  of p r o p e r ty  a year  f o r  roads  p u r c h a s e s .

The survey  sect ion  of the Roads  Department  p rov id es  both eng ineer ing  and legal  
survey s e r v i c e s  fo r  the Department .  On large  p r o j e c t s ,  such as the Don Val ley  P a r k 
way and G ardiner  E x p re s s w a y ,  consult ing engineer ing f i r m s  prov ide  the engineering 
surveying s e r v i c e s  and the Roads D epartm ent ,  e ither  with its own staff or  by e n g a g 
ing consulting Ontario Land S u rve y o rs  c a r r i e s  out all legal  su rve ys .

There  is no centra l  surveying or mapping div is ion  in M etropo l i tan  T oronto  and 
the M etropo l i tan  Toronto  contro l  survey  was c a r r i e d  out by the Roads  Department  
staff in co o p e ra t io n  with the Department  of  Mines and T echn ica l  S urvey s ,  Ottawa.
Metro  Contro l  Survey

The contro l  survey  f o r  M etropo l i tan  Toronto  cons is ts  of  three di f ferent  surveys .  
F i r s t ,  a ve r t i c a l  con tro l  survey ,  next,  a f i r s t  o r d e r  triangulat ion survey  and thirdly,  
a hor izonta l  con tro l  t r a v e r s e  survey .

The v e r t i c a l  con tro l  survey  was undertaken because  the var ious  munic ipal  
eng ineers  and s u r v e y o r s  wanted all bench m arks  in the area re lated  to the same datum. 
The hor izonta l  coord inate  surveys  w ere  not undertaken fo r  the ba s i c  r eason s  mentioned 
but because  it was fe lt  that a b a s i c  network  was requ ired  to relate  all the var ious  c o n 
struction p r o j e c t s  being undertaken by the Roads  Department .  In the next few  y e a rs  
we anticipate a large  in c r e a s e  in the number  of bench m arks  and hor izonta l  contro l  
monuments  re lating to these b a s i c  netw orks .

It would obv ious ly  be unwise to es tab l ish  a sys te m  sat is fac tor i ly  for  the needs 
of one department  unless  it was ideal ly  suited fo r  the general  needs  of the com munity  
as a whole .  T h e r e f o r e  to obtain opt imum  value f r o m  the survey it was dec ided  to 
p e r f o r m  it at standards  acceptab le  fo r  a city contro l  survey.
Values of  H orizonta l  Contro l

It is a re la t ive ly  e asy  matter  to explain to the layman or  po l i t ic ian  the need for  
ve r t i c a l  co n tro l  and the d es irab i l i ty  of  setting bench m a r k s .  It is m o r e  d i ff icult ,  
e s p e c ia l l y  c o n s ide r in g  the cos ts  involved,  for  the layman to com pre h e n d  and appreciate  
the value of a h or izonta l  con tro l  s y s te m .  B e fo r e  pro ce e d in g  fur th er ,  I would like to 
state som e  of the va lues  of  such a sys tem .

By a coord inat ion  s y s te m  it is p o ss ib le  to e x p r e s s  the pos i t ion  of any point in a 
s imple  d i r e c t  m anner .  Once the posit ion  of a point is known, it can be loca ted  on the 
ground or  on any map or  plan and its l ocat ion  can be in co rp o ra te d  in any design.  In 
c i t ies  where  we are f o r e v e r  bui lding up, tearing down, and bulldozing out,  and chang
ing p r o p e r t y  and street  l ines ,  it is des irab le  to establ ish  a f r a m e w o r k  to which the 
pos i t ion  of  any point can be pos i t ive ly  re la ted ,  thereby enabling all the old ,  all the 
new and all  the contemplated  p r o j e c t s  to dovetai l  together .

The hor izonta l  con tro l  survey  is a y a rd s t i ck  against which all other m e a s u r e 
ments  m ay  be standardized ,  it is the permanent  survey  which adds conf idence  of  
pos i t ion  and a c c u r a c y  to the t e m p o r a r y  surveys  being undertaken day by day. It 
p ro v id e s  an e a sy  method of  ca lculat ing ,  of  indexing and of  f i l ing and adds p erm a nency  
to l o c a l  s u r v e y s .  It permanent ly  r e c o r d s  and re lates  what you are going to build,  
what you have built and what you have taken away. It p rov id es  an easy  method of 
survey  maintenance and m akes  it p o ss ib le  to r e t ra ce  a ccura te ly  old surveys  and 
r e -d e f in e  old survey  l ines and boundary c o r n e r s .  The sys te m  is permanent  because  
it is not dependent upon p r o p e r ty  l ines which are f o r e v e r  changing. It p r o v id e s  a
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s imple  d ire c t  way of e x p r e s s in g  the pos i t ion  of  any point in re lat ionship  to X and Y 
coord in ates  .

It fa c i l i ta tes  the inter  changeabil i ty  of  in form ation ,  making it p o ss ib le  to use 
other* s f ie ld  notes  etc .  without rushing to the f ie ld  to m e a s u r e  t ies  to c o m m o n  points .
It e l im inates  g r o s s  e r r o r s  whether in m easu r in g  or  plotting,  pos i t ion  is pin pointed, 
pos i t ion  is p o s i t iv e .  It u ses  the b a s i c  p r in c ip le s  of  propor t ion ing  all m e a s u r e m e n ts ,  
this is one of  the m o s t  im portant  p r in c ip le s  in lega l  survey ing .  It m akes  a lm ost  any 
point the start ing point fo r  survey  and s im p l i f ie s  the t rans fer  of  in form ation  f r o m  
the map to the ground or  f r o m  the ground to the map.  It p ro v id e s  the ground con tro l  
re q u ire d  fo r  p r o p e r  aer ia l  surveying  and mapping.

It p e r m it s  the laying out of  c o m p le x  eng ineer ing  p r o j e c t s  and a l lows you to 
build  a sm a l l  part here  and a large  sect ion  there knowing full  wel l  they wil l  fit together .  
It m akes  p o ss ib le  the advance planning of p r o j e c t s  be cau se  you know that they wil l  fit 
into the o v e r a l l  s ch e m e .  It enables  the planner to prov ide  in fo rm ation  con cern in g  one 
sm a l l  part of  a p r o j e c t .  It enables  the e x p r e s s w a y  planner for  exam ple  to prov ide  
accurate  in form ation  to adjacent subd iv iders  concern ing  r i g h t - o f - w a y  r equ irem en ts  
without sending a survey  party  to the f ie ld  to run the e x p r e s s w a y  centre  l ine .  C o 
ordinate  surveys  make it p o ss ib le  to e f fe c t iv e ly  p reca lcu la te  subdiv is ions  and other 
p r o j e c t s .  It re la tes  the underground ut i l i t ies ,  p resent ly  the lo ca t ion  of many of these 
is bur ied  in the old r e c o r d s .  Utility com pa n ies  are often r equ ired  to p lace  new s e r v i c e s  
in re lat ionship  to s treet  l ines ,  which mean expensive  surveys  c o m p a r e d  with using a 
coord inate  sys tem .

A coordinate  survey  is th e re fo re  the c o m m o n  bond which cem ents  together  the 
var ious  eng ineer ing  p r o j e c t s  and lega l  surveys  being c a r r i e d  out by both the public  
and private s e c t o r s  of  the com m unity .  It is the one thing that adds p e r m a n e n c y  and 
conf idence  in all surveys  and p r o j e c t s .
P r e c i s e  and S econdary  V e r t i c a l  Contro l

The Roads  Department  of  M etropo l i tan  Toronto  f i r s t  b e c a m e  d i r e c t ly  involved 
in contro l  surveys  in 1958 when a meeting was ca l led  by the Township  Engineer  fo r  
the Township  of  S carborou gh  to d i s cu s s  the sys tem  of bench m a r k s  which he wished 
to es tabl ish .  This meeting was attended by var ious  m e m b e r s  of  the eng ineer ing  and 
surveying staffs of  the area  M unic ipal i t ies  and each e x p r e s s e d  a f i r m  d e s i r e  to have 
all bench m arks  in the M etropo l i tan  area  re lated  to the same datum. It was also  the 
c o m m o n  fee l ing that the Geodet ic  datum would be the m o s t  d e s irab le  to use .

This would involve co n s id e rab le  expense  e s p e c ia l ly  fo r  the City of  Toronto  
which had its own sys te m  dating back  a number of  y e a rs  and all the tablets had 
e levat ions  stamped on them.  These  would all  have to be r e m o v e d ,  new tablets 
insta l led .  The Roads Department  was requested  to approach  the Department  of  Mines 
and T ech n ica l  Surveys  in Ottawa with a v iew  to engaging their  s e r v i c e s  to undertake 
the survey .  A greem en t  was reached  with the G eodet ic  Survey  of  Canada and a rep ort  
was submitted to the M etropol i tan  Counci l  request ing authority to engage the s e r v i c e s  
of  the G eodet ic  Survey D iv is ion  of  the Surveys  and Mapping B ran ch ,  Department  of 
Mines  and T e ch n ica l  Surveys .

During the su m m e r  of 1959 the Roads  Department  installed approx im ate ly  
225 new bench m ark  tablets and p ipes .  It was es t im ated  that about 4 m i le s  of  one -w a y  
city leve l l ing  could be done in one day and about 400 m i le s  in one season .  Considerable  
time was spent evaluating the m e r i t s  of  var ious  routes .  Initially the routes  w ere  laid 
out along exis t ing or future M etro  road s .  This proved  i m p r a c t i c a l  because  of  heavy 
t ra f f i c ,  and as many m i les  of  M etro  roads  are under construct ion ,  it would not be 
p o ss ib le  to c o v e r  the area  in the time al lotted by fo l lowing  these road s .  The final 
routes fo l low ed  s e ve ra l  Rai lway r ig h t s - o f - w a y  and a number  of the longer  l e s s  travel led  
s t r e e t s ,

The standard bronze bench m ark  tablets of  the G eodet ic  Survey of Canada were
Continued on Page 21
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used. The tablets  were  set f lush in so lid  co n cre te  w al ls .  Where a suitable locat ion  
could not be found f o r  a tablet,  a b ra ss  cap fitted to 5 foot  long iron  p ipe,  welded to 
an iron b a s e ,  set in co n c re te  was instal led in the ground.  During the s u m m e r  of  I960,  
a f ive man survey  party c a r r i e d  out the leve l l ing .  In no isy  areas  a whistle was used 
to signal the rod m en  when to hold or  turn the rod and when to m ove  ahead.

In 1961, a booklet  was published listing the locat ion  and e levat ion  of the bench 
marks es tab l ished .  To  su m m a riz e  the w ork  on the v e r t i c a l  con tro l  s urvey ,  I would 
like to read to you both the f o r e w o r d  and the rep or t  on the M etropo l i tan  Toronto  
levell ing survey  f r o m  this book let .  The f o r e w o r d  reads  as fo l low s :

"T h is booklet has been prepared for the information and use of surveys and engineers both Municipal and private 
working in the Municipality of Metropolitan Toronto.
"Bench marks are essential for surveying of the site o f any project before and during construction,
"During recent years the establishment of bench marks in the Metropolitan area has not kept pace with the com
munity’ s growth. A large number of bench marks in the old area have been destroyed , The levelling datums in 
the area municipalities were not related one to the other,
"On November 4, 1958 the Roads Department of the Municipality of Metropolitan Toronto was authorized by Council 
to engage the services of Geodetic Survey of Canada, Department of Mines and Technical Surveys, Ottawa, to assist 
in establishing a coordinate system  of bench marks throughout the Metropolitan Toronto area.
t!During the following year route locations were determined and over 250 bench marks, tablets and pipes were in
stalled .
"A t this time, I wish to thank all private owners who have cooperated in allowing their property and buildings to be 
used and to request all those using the tablets to show the proper courtesy and respect to these owners.
"In the Summer of 1960, after the tablets had sat for one winter, Mr. J.E. Lilly, Dominion Geodesist, dispatched a 
a survey party to carry out the levelling. That fall and winter Mr. Lilly*s staff made the least squares adjustments 
on the network. It is hoped that the major benefit to be accurate relationship between all the utilities, services and 
other municipal and private construction projects.*'

The r e p o r t  on the Metropl i tan  Toronto  level l ing  as written by M r .  J . E .  L i l ly ,  
Dominion  G e o d e s is t  reads  as fo l low s :

"T h e levelling program as requested and financed by the Municipality of Metropolitan Toronto was carried out by the 
Geodetic Survey of Canada during the 1960 field season. The actual levelling operation, under the direction of field  
supervisor Mr. G. Laflamme and assistant Mr. F. Young was started on May 2 and completed on September 15.
"In general, the actual level routes followed those suggested by the Department of Roads. The outside loop, one 
east west line and two north south lines were levelled to precise standards. Each of the six  loops formed by precise 
levelling was divided into smaller loops by one-way (secondary) levelling using precise methods. As control on the 
one-way levelling each small loop was required to close to precise standards of 0.017 VM feet, (M being the distance 
around the loops in miles). A small percentage of the original one-way levelling had to be levelled in both directions 
to bring the loop closures within the allowable limits. The complete job required 161 miles of precise levelling and 
96 miles of one-way.
"A  total of 255 new bench marks were established and some 40 old Geodetic and Public Works bench marks were 
tied in.
"A ll  new bench marks were numbered consecutively starting with 1 and prefix by the letter " T 9t, The new bench 
marks were located and installed by the Department of Roads.
"T o  give the best elevations, precise and secondary levelling were combined in one simultaneous least squares 
adjustment. Relative weighting of precise to secondary levelling was two to one. To control this adjustment, the 
elevations of four bench marks as established by the Precise L evel Net of Canada were held. The stability of these  
bench marks numbers 242G, 578F, 181, 272G were proven during the course of levelling.**

F i r s t  O rd e r  Triangulat ion
The Roads  Department  obtained the approval  of the M etropo l i tan  Counci l  to 

estab l ish  a hor izonta l  c on tro l  sys te m  in the M etropol i tan  area .  This p ro je c t  was 
started b e fo re  the bench m ark  p r o je c t  was com pleted .

Again the Roads  Department  contacted the Department  of  Mines and T echn ica l  
Surveys  and asked their ass is tance  and coop era t ion .  M r .  J . E .  L i l ly ,  Dominion 
G e o d e s is t  agreed  to c a r r y  out one s e a s o n 's  work  and establ ish  as many f i r s t  o rd er  
tr iangulation stations in M etropo l i tan  T oronto  as p o s s ib l e .

In the s u m m e r  of I960, a two man re co n n a is sa n ce  survey  party w orked  for  
two months to determ ine  the best  locat ions  for  the stations.  The network was to be 
re lated  to the exist ing triangulation stations at King City,  Uxbridge and R ichm ond  Hill ,  
all 5 to 10 m i le s  north of M etro .

A survey party of 15 men,  including a cook  came to Toronto  and were  b i l leted

Continued f r o m  Page 16 Page 21
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in tents in Sun Val ley  P a rk ,  P i c k e r in g  Township .  Unfortunately  it was a rainy ye a r  
and there  was an e p id e m ic  of co lds  and inf luenza. Later  survey  par t ies  f a re d  better  
and stayed at m o t e l s .

The entire operat ion  was under the sup erv is ion  of M r .  C . B .  M c L e l la n  and his 
ass istant  M r .  R. M a y n e . The rem ain ing  staff  w ere  t e m p o r a r y  ass is tants  em p lo ye d  
for  the s u m m e r .  The Roads  Department  contr ibuted one man and a station wagon.  
G eodet i c  Survey of  Canada supplied one tow er  truck ,  one p ick -u p  truck  and two 
station wagons .

The operat ion  was divided into s e v e r a l  phases ,  tower  e r e c t i o n ,  tower  center ing ,  
monument construct ion ,  angular m e a s u r in g ,  distance m e a s u r in g ,  leve l l in g ,  station 
d e sc r ip t io n s  and f ie ld  ca lcu lat ions .  Over  a num ber  of the s tations,  survey  tow ers  
w e re  constructed .  The to w e rs  c o n s is te d  of  independent inner and outer steel  s tructures  
about 100 feet  high. The inner tower  f o r  the theodolite  and t e l lu r o m e te r  and the outer 
tower  fo r  the men and lights .  The t o w e rs  w ere  centered  ove r  the m onuments  by 
opt ica l  plumbing.  The tower  c r e w  was n o rm a l ly  c o m p o s e d  of four  men.  A link w ire  
fence  was e r e c t e d  around the t o w e r s  to keep unauthorized individuals  f r o m  c l im bing  
them.

The c o n cre te  monuments  w ere  constructed  in two se c t io n s .  The lo w e r  sect ion  
was 2 ' 6 U square and Z1 deep. The upper  sect ion  was pyram id a l  m e asu r in g  only 
l ^ "  square at the top and it was 4 ! 6M deep set f lush with the ground.  B r a s s  tablets 
w ere  set in the top of  each  sect ion .  The M etropo l i tan  C orp ora t ion  a cqu ired  a p a r c e l  
of  land about Z51 square at each  monument site.

Where stations w ere  on the ro o fs  of high bui lding tablets  w ere  p laced  in the 
ro o f .  An aluminum tr ipod  on a wooden stand and weighted down with sand bags was 
p laced  o ver  these stations.  At the Im p er ia l  Oil  building a safety  cable  was attached 
to r o o f  r ings  and safety be lts  w ere  attached to the cable .

The angles  w ere  m e a s u r e d  at night using a Wild T3 .  Lights  w ere  set at the 
re m o te  stations.  Three  ob s e rv in g  part ies  and one light c r e w  w orked  at night,  k e e p 
ing in contact  by  tw o -w ay  ra d io s .  The light c r e w  attached c lo ck s  to stations at 
St. C la ir ,  V i c to r y  and Car l ings .  The lights at High P a rk  w ere  left  on perm anent ly .  
Some dif f iculty was e x p e r ie n c e d  at the Im per ia l  station because  the lights w ere  sh in 
ing into nearby  apartment build ings.

The d istances  w ere  m e a s u r e d  by te l lu r o m e te r  and only on two o c c a s i o n s  did 
the instruments  have to be r e p a ir e d .  When t e l lu r o m e te r s  w ere  on the t o w e r s ,  the 
1Z volt battery was connected  to the bottom  of  the tow er .  The pos i tve  to the outside 
and the negative to the inside s tructure .  The longest  distance  m e a s u r e d ,  station to 
station, in the survey was about Z9 m i les  and the shortest  about 4 m i l e s .  On the 
average  the triangulat ion sta t ions  are 5 m i le s  apart.  T w en ty - fou r  f i r s t  o r d e r  
tr iangulation stations w ere  es tab l ished  in and around M etropo l i tan  T o r o n to .  The 
Im p e r ia l  Oil  building near  the in tersec t ion  of  Avenue Road  and St. Cla ir  Avenue 
b e c a m e  the main f o ca l  point fo r  the network .  F r o m  here  the panoram a of the whole 
ci ty is laid  out be fo re  you.
Second O rd e r  T r a v e r s in g

To make any use of the network  it was n e c e s s a r y  to e s tab l ish  a large  num ber  
of con tro l  stations on the ground. The Roads  Department  wrote  to the Domin ion  
G e o d e s is t  and asked if his staff  could es tab l i sh  these stations.  We w ere  advised  that 
the T o p o g ra p h ica l  Survey sect ion  of the Department  of  Mines  and T e ch n ica l  Surveys  
would be able to es tab l ish  a network  at second  o r d e r  con tro l  points in the M etropol i tan  
a rea .  A rran g em en ts  w ere  c o m ple ted  in M arch  of  196Z fo r  a two yea r  cos t  sharing 
p r o j e c t .

The secon d  o r d e r  stations were  es tab l ished  by t ra v e r s in g  between  the f i r s t  
o r d e r  stations.  Considerat ion  was  given to running the t r a v e r s e s  along the M e t r o 
politan roads  and establ ish ing monuments  at the road in te rse c t io n s .  When a f ie ld



reconna issan ce  was m ade ,  it was found that in m o s t  c a s e s  it would not be p r a c t i c a l  
to use the routes  along M etro  r o a d s .  It was th e re fo re  dec ided  to run the t r a v e r s e s  
a c r o s s  country  along the m o st  convenient  routes  and establ ish  su rvey  m onum ents ,  so 
at least  three  fa ll  within any c i r c l e  having a 1 m ile  radius .

A f ie ld  party cons ist ing  of two and s o m e t im e s  three  f ie ld  o f f i c e r s  f r o m  the 
T opograph ica l  Survey and s e v e r a l  p a r t - t im e  assistants  was ass igned  to this p r o je c t .  
This staff  was supplemented by a number of engineer  ass istants  f r o m  the Roads 
D e p a rtm e n t .

The survey  was conducted  along the ba s i c  standards set down by the Department  
of  Mines  and T e ch n ica l  Surveys  . A paper  on this survey  was p resented  by 
M r .  L . E .  Pe lton ,  to the last annual meeting of the Ontario Land S u r v e y o r s .
M r .  Pe l ton  was in charge  of  the f ie ld  survey  and part of  his paper reads  as fo l lows :

"A  Geodimeter 4B was used for night measurements of traverse distances up to 4 miles. Tellurometers were 
used for distances over 4 miles and for a few of the shorter distances where intervening lights or other ob
stacles made light measurements difficult. Two Geodimeter distances were measured for each required length.
This was done by using a 2 foot aluminum bar mounted on a tripod at the reflector end. The first position was 
exactly 25 centimeters in front of the true station and the second 25 centimeters behind the station. These two 
readings were checked against each other and meaned to give the required distance. This gave the advantage 
of two separate readings with a minimum of work, as both the instrument and reflector were set up and only the 
prism housing at the reflector needed to be moved. This also helped to lessen the possibility of ambiguities.
An attempt was made to keep Geodimeter distances greater than 1000 feet. For distances less than 1000 feet, 
double readings were taken in both directions and meaned. For short distances of say 200 feet a calibrated 
chain was used. All Geodimeter distances to side shots were checked with rough tellurometer distances in 
order to avoid possible five meter ambiguities that occasionally turn up in the Geodimeter computations. The 
rate of progress averaged about eight angles per day and several double distances (e.g. fourteen measurements) 
per night. From preliminary computations about 95% of the Geodimeter lengths appeared to be better than 
1 : 40,000. A Wild T2 was used for angle measurements along with tribrachs which allowed the interchange of 
instrument or target without moving the tripod. Eight se ts  of horizontal angles were read for each required angle 
and a deviation of five seconds from the mean accepted. If a reading differed by more than five seconds, extra 
sets were taken until a suitable mean was obtained. One set of vertical angles was taken at each station in 
order to calculate differences in elevation . These were necessary for reducing the slope distances to horizontal 
distances at sea level. Loops were run to check the angulation and for side shots two different angles were 
read at the instrument station , using two adjacent stations for the initial sightings, in order to provide a check .
The unadjusted azimuth closures of 90% of the loops fall within three seconds times V N where N is the number
of courses between azimuth control. The remainder of the azimuth closures fall within five seconds times N ."

This p r o j e c t  r e qu ire d  c lo s e  c oop era t ion  between the re co n n a is sa n ce  c r e w ,  the 
monument c r e w ,  the man contacting the p r o p e r ty  owners  and the survey  party.

When a private  ownere  had to be contacted ,  arrangem ents  w ere  started  that 
day and in m o st  instances  im m ediate  approval  was obtained verba l ly  fo r  the setting 
of the monument on private  land. The Department  did not attempt to obtain agreem ents  
f r o m  the o w n e rs .  This  would have involved c o n s i d e r a b l y  m o r e  t ime and p o ss ib ly  the 
paying of  a sum of m oney  fo r  the pr iv i lege  of  siting the monument.  It was fe lt  the 
ow ners  would, in m o s t  c a s e s ,  be coop era t ive  and advise  the Department  when and if 
the monument had to be d isturbed .  A b i - y e a r l y  inspect ion  of the monument locat ions  
is to be made and m onuments  in areas  under construct ion  wil l  be r e fe r e n c e d .

A total of  382 c o n cre te  monuments  w ere  es tab l ished  in Metropo l i tan  T oronto  and 
40 tablets  w ere  set in s idewalks  or  on b r id g e s .  In addition, a number of r e f e r e n c e  
m onuments  w ere  set,  where it was  anticipated that the true monument might be 
d e s t ro y e d  in the near  future.

As many of the monuments  as p o ss ib le  were  set on publ ic  lands,  a number  were  
es tab l ished  on Hydro r i g h t s - o f - w a y ,  som e  on rai lway r i g h t s - o f - w a y ,  in park lands,  
on church  p r o p e r t i e s ,  at s ch o o l  lands etc .  These  locat ions  w ere  m o r e  d es irab le  as 
they w e re  l e s s  vulnerable  to destruct ion  and read i ly  a c c e s s i b l e .  On the Hydro r igh ts -  
o f -w a y  all  monuments  w ere  bur ied  1 - 1 / 2  feet  b e lo w  the ground surface  as requested  
by the H . E . P . C .  With s e v e r a l  of  the large  publ ic  o rgan izat ions ,  such as the Hydro
it was n e c e s s a r y  to enter  into f o r m a l  ag re e m e n ts .

Page 23



The f ie ld  w ork  is now com p le te d  and the two season s  w ork  is being com bined  in 
one s imultaneous area  type l e a s t - s q u a r e  adjustment.  When the P r o v in c e  d ec ides  on 
the p r o je c t i o n  s ys te m  to be used for  Ontario ,  rectangular  coord in ates  will  be ca lculated  
fo r  each  station. The M etropo l i tan  con tro l  survey  will  then f o r m  an integral  part of  
the con tro l  s ys te m  fo r  the P r o v in c e  of  Ontario .

It is important  to note that an Ontario  Land S urvey or  was ass igned  to the p r o j e c t  
each  y e a r .  Thus provid ing  the authority to use the resu lts  of  these surveys  f o r  lega l  
purpose  s .

Ontar io  Land S u rve y o rs  p e r fo r m in g  surveys  in the area f o r  G overnm ent  D e p a r t 
m ents ,  C o m m is s io n s  or  A g en c ies  can, by agree ing  upon standards of f ie ld  and o f f i ce  
p r o c e d u r e ,  great ly  in c r e a s e  the num ber  o f  monuments  with known coord inate  values  
in the next few  y e a r s .

S evera l  survey  organ izat ions  are a lready  re lating their  m a jo r  surveys  to the 
netw ork  and others  have indicated that they wil l  as soon as the in form ation  concern ing  
the monument posit ions  and their  rec tangular  coordinate  values is made publ ic .  
SUM M ARY

The fo l lowing  re qu ire m e n ts  have been  sat is f ied  by the M etropo l i tan  T oronto  
co n tro l  survey .
(a) A survey  network to c on tro l  and relate all M etro  roads  p r o j e c t s  and prov ide  

the ground contro l  f o r  a er ia l  s u rve ys .
(b) A sys te m  of monuments  es tab l ished ,  in m o s t  c a s e s ,  in perm anent  pos i t ions .
(c) A sys te m  of monuments  of  suff ic ient  density  to relate m a jo r  public  w orks

p r o j e c t s .
(d) A s ys te m  s a t is fa c tory  fo r  lega l  survey  p u r p o se s .
(e) A s ys te m  estab l ished  by a competent  governm ent  authority.
(f) A s y s te m  estab l ished  at standards of a c c u r a c y  acceptab ly  f o r  c ity con tro l  survey .
(g) A sys te m  that can eas i ly  be expanded to satisfy  the ult imate needs  of  the area .
(h) A sy s te m  which wil l  be used  im m edia te ly  by many M etropo l i tan  Departm ents

to coordinate  and co re la te  their  work .

* Supervisor of Surveys, Roads Department, Metropolitan Toronto. Condensed from Mr, Smith1 s paper presented to the 
CJ.S. Convention, Ottawa, February, 1964.

-oLs-

COMMITTEE REPORTS SOME COMMENTS ON COM PLAINTS

It was co n s id e re d  that the best  in terests  of  the m e m b e r s h ip  might be s e rv e d  if 
s om e  of  the Complaints  Committee* s p r o b le m s  w ere  made known. Some may say 
that !,this couldn*t happen to m e n or  nI wouldn !t do anything like that '1, but n ev erthe less  
it m ay be interest ing to know how te r r ib le  the other f e l l o w  is .

A typ ical  compla int  is o v e r c h a r g in g .  The cl ient  gets mad and says so to anyone 
who will  l is ten .  In actual fact  there is no overch arg in g ;  i t rs a matter  that the costs  
have gone way up and everyone  is s u r p r i s e d ,  including the S u rve y o r .  This  situation 
would be helped  if  the Surveyor  w ere  to keep his cl ient  aware of  c o s t s ,  e s p e c ia l l y  
when they go o v e r  any est imate  he may have given. Peop le  l ike to be brought in on 
things,  e s p e c ia l ly  when the bil l  is high and it*s cost ing them m oney .  An explanation 
of the p r i ce  included with the b il l  may save a complaint .  The ole area  that has no 
prev iou s  r e t ra ce m e n t  is bound to be cost ly  and the f i r s t  survey  may cos t  the earth.
The f i r s t  cl ient  has to bear  the cost  of  y e a rs  of boundary line neg lect ;  the second  
client  may apparently  get m o r e  fo r  his m oney .
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Another c o m m o n  complaint  is the same boundary line in two d i f ferent  p la ce s .  
This is par t i cu lar ly  hard fo r  either  neighbour to understand,  and in the case  of 
over lapp ing  deeds can lead to d i s t r e s s  and lo s s  of  harm ony .  As long as both surveys


