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Honorary Members:

31 MARCH, S. Edgar ...crcevernennne
24 Alexanderia Ave, Bridgewater, N. S.

20 CHURCH, James A. H. ...ccooevrerenee.
........................ P. O. Box 58, Lawrencetown,
Annapolis County, N. S.

9 PIERS, E. O. Temple ..cooeeevrrrrcrrnennes
... 92 Birmingham Street, Halifax, N. S.

Honorary Life Members:

101 BOUTILIER, Peter G. ..vevrvenene
.................... P. O. Box 370, Yarmouth, N. S.

107 CREIGHTON, C. S. .o 601
Stanstead Avenue, Montreal 16, P. Q.

127 CRICHTON, Gordon L. ...,
............ 145 Glen Avenue, Ottawa, Ontario.

150 FOSTER, Edward S. ...,
.................................................. Liverpool, N. S.

90 MORRISON, William P. ...overvvvrnee
............ 1335 Edward Street, Halifax, N. S.

52 MacGILLIVRAY, Andrew .......o...
............ 40 Chestnut Street, Halifax, N. S.

51 MacKENZIE, John E. ... R. R. No. 2,
Marion Bridge, Cape Breton Co, N. S.

MEMBERSHIP

61 ADAMS, Eldon, P. O. Box 814, 54 Prince Street, Sydney, N. S.
— Private Practice.

68 AHERN, Lt. Col. Philip C,, (P. Eng.), P. O. Box 981, Halifax.
— Downie, Baker and Ahemn, Consulting Engineers.

74 ALEXANDER, Brian R., (Forester), Hantsport, N. S.

— Chief Forester, Minas Basin Pulp and Power.

AMERO, Roy C., 1318 Trenton Avenue, Ottawa, Ontario.

AMIRAULT, Alvinie E., Upper West Pubnico, Yarmouth Co., N. S.

ARCHIBALD, Joseph F,, 2 Faulkner Street, Dartmouth, N. S.

— Surveyor, Dept. of Lands and Forests, N. S.

200 ARSCOTIT, David D., P. O. Box 130, Glovertown, Newfoundland.
— Canada Department of Public Works.

21 BALL, Col. Spencer, (P. Eng.), 4860 Pine Hill Drive, Halifax, N. S.
— Consulting Engineer and Land Surveyor.

178 BANKS, A. T, P. O. Box 47, Kingston, Nova Scotia,

260 BARRY, A. T, 2 Rodney Terrace, Dartmouth, N. S.
~ Surveyor, City of Dartmouth.

108 BATES, George T., 10 Seymour Street, Halifax, N. S.
— Private Practice.

170 BLACKETT, V. C, (N.B.LS., P. Eng), 97 McBeath Avenue, Moncton, N. B.
— Consulting Engineer and Land Surveyor.

S8R

2



114

101

166
81
248

76

85
92

18

70
286

192

284
135
174

128
204

89

20

230

168
203

95
184

234

106

BOEHK, Ermnest F., 309 Fuller Terrace, Halifax, N. S.

— Surveyor, Dept. of Lands and Forests, Nova Scotia.

BOUTILIER, Lionel E. (MLS.), 200 Ness Avenue, St. James, Winnipeg 12,
Manitoba. — Surveyor, City of Winnipeg.

BOUTILIER, Peter G., P. O. Box 370, Yarmouth, N. S.

— Honorary Life Member

BOYLAN, Curtis M., New Ross, Lunenburg County, N. S.

BOYLAN, Gerald B., (address unknown).

BRACEY, Colin H., (B.CL.S.), c/o Legal Surveys, British Columbia Hydro
P. O. Box 500, Victoria, British Columbia.

— Staff Surveyor, Public Power Utility, B. C. Hydro.

BROWN, John V., Topographic Survey, Surveys and Mapping Branch, Dept. of
Mines and Technical Surveys, Ottawa, Ontario.

BURGESS, Robert H., (Forester), 32 Queen Street, Truro, N. S.
— Director of Forestry, Dept. of Lands and Forests, N. S.
BUSHELL, Norris L., Hazel Hill, Guysborough County, N. S.

BYERS, J. W., 11 Lucknow Street, Halifax, N. S.

— Engineer, Nova Scotia Power Commission.

CAMERON, Hoyes A., Bridgeville, Pictou County, N. S.

— Surveyor, Dept. of Lands and Forests, Nova Scotia.

CAMERON, John B., (address unknown)

CAMERON, Robert G, R. R. No. 2, New Glasgow.

— Surveyor, Private Practice.

CAMPBELL, Charles A., (P. Eng.), 312 Newlands Avenue, Sydney, N. S.
— City Engineer, City of Sydney, N. S.

CAMPBELL, Michael Bernard, 1 Princess St., Glace Bay, N. S.
CAREY, Roger P., 122 Main Street, Westphal, N. S,

CARLIN, Cyril B., Hillsboro, Albert County, New Brunswick.

— Student, University of New Brunswick (Survey Engineering)
CHAMBERS, William E., 322 Terrace Street, New Glasgow, N, S.
CHIASSON, Ephrem, P. O. Box 47, Kenogami, P. Q.

CHISHOLM, A. F, (P. Eng.), 19 Ralph Devlin Drive, Halifax, N. S.
— Professor of Engineering, Dalhousie University, Halifax.
CHISHOLM, J. Ronald, 18 Fairview Street, Antigonish, N. S.

— Surveyor, Dept. of Lands and Forests, Nova Scotia,

CHURCH, James A. H., P. O. Box 58, Lawrencetown, Annapolis Co., N. S.
— Chief Instructor, N. S. Land Survey Institute. Honorary Member.
CLARK, Orrin A, 106 Sambro Road, Spryfield, N. S.

— Surveyor, Private Practice.

COLLINGS, Allan F., 2427 Lockhart Avenue, Montreal 16, P. Q.

COMEAU, Ernest J., Meteghan, Digby County, N. S.
— Surveyor, Private Practice.

COMEAU, John H., 2458 Kolader Avenue, Ottawa, Ontario.
COMEAU, Victor J., Meteghan, Dighy County.
— Department of Highways, Nova Scotia.

COOLEN, W, C., 6 Armada Drive, Rockingham, N. S.
— General Manager, Atlantic Coast Well Drilling Company Limited.

COSSITT, Murray F., (P. Eng.), 428 Atlantic Street, Sydney, N. S.
— Retired, former City Engineer, City of Sydney.
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CRANDALL, Allan C., (N.BL.S.), P. O. Box 111, Moncton, N. B.

Hughes Surveys Limited.

CRANDALL, David W., (M.L.S.), 122 Oakview Avenue, Winnipeg 15, Manitoba.
Legal Surveys, Dept. of Public Works, Province of Manitoba.

CRAWLEY, Edmund A, (P. Eng.), R. R. No. 1, Chester, Lunenburg Co., N. S.
— Retired

CREIGHTON, C. S., (P. Eng.), 601 Stanstead Avenue, Montreal 16, P. Q.

— Retired. Honorary Life Member.

CREIGHTON, Dr. G. W. 1., (Forester), 60 Norwood Street, Halifax, N. S.

— Deputy Minister, Dept. of Lands and Forests.

CRICHTON, Gordon L., 145 Glen Avenue, Ottawa, Ontario.

— Retired. Honorary Life Member.

CROOKER, David L., South Brookfield, Queens County, N. S.

— Surveyor, Nova Scotia, Dept. of Lands and Forests.

CROOKER, William S., Port Wallis, Halifax County, N. S.

CROOKER, William S., Jr., 37 Desmond Avenue, Halifax, N. S.

CROWELL, Seymour C.,, P. O. Box 279, Yarmouth, N. S.

Resident Engineer, N. S. Dept. of Highways.

CURRIE, H. D. G., Room 606, 151 Front Street West, Toronto, Ontario.

— Regional Land Surveyor, Canadian National Railways.

DECHMAN, Arthur M., (P. Eng.), Bridgewater, N. S.

— Contractor.

DICKIE, Reginald E., P. O. Box 15, Brooklyn, Queens Co., N. S.

— Chief Surveyor, Bowaters Mersey Paper Company Limited.

DIGOUT, A. V., c/o Nova Scotia Power Commission, Mulgrave, N. S.
DOANE, H. W. L, (P. Eng.), 4 Birchdale Avenue, Halifax, N. S.

— Manager, Standard Paving Maritimes Limited.

DOIG, J. F., P. O. Box 44, Lawrencetown, Annapohs Co., N. S.

— Survey Instmctor, N. S. Land Survey Institute.

DONALDSON, John S., (Forester), General Manager, Halifax Power and Pulp
Company Limited.

DONOVAN, R. J., 501 Barrington Street, Halifax, Nova Scotia.

— Land Surveyor, Private Practice.

DOUGLAS, Charles M,, P. O. Box 181, Hantsport, N. S.

— Minas Basin Pulp and Power.

DRYSDALE, Evans G, Lands and Surveys Department, Castries, St. Lucia,
T, W. I. — Staff Surveyor

DUMARESQ, J. Philip, (P. Eng.) (Architect), 89 College Street, Halifax, N. S.
— J. Philip Dumaresq and Associates, Architects, Engineers and Planners.
DUNBAR, John Arthur, Spencer’s Island, Cumberland Co., N. S.

— Instrument Man. Nova Scotia Department of Highways.

DUNBRACK, Roy A,, 52% London Street, Halifax, N. S.

— Chief Surveyor, City of Halifax.

DUNBRACK, Stewart S., Canadian Hydrographic Service, Dept. of Mines and
Technical Surveys, Ralston Building, Halifax, N. S.

DUNN, Charles, 123 Herring Cove Road, Armdale, N. S.

— Land Surveyor. Private Practice.

DYER, F. Bern, 42 Redwater Drive, Rexdale, Ontario.
— General Construction Superintendent, Memorial Gardens Association Can-
ada Limited.
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ELDRIDGE, Donald L., (N.B.L.S.) (Forester), 209 Pleasant Street, Truro, N. S.
— Chief Forester, George Eddy Company Limited.

EDDY, Norman Roger, (NB.LS.) (Forester), Forestry D1v1510n, George Eddy
Company Limited, Truro, N. S.

ELLIOTT, Lewis Eugene, New Ross, Lunenburg County, Nova Scotia.
FERGUSON, Murdock A., (Forester), Cleveland, Richmond Co., N. S.
FEETHAM, Luke Robert, 108 Sunnybrae Avenue, Halifax, N. S.

— Nova Scotia Light and Power Company Limited.

FISKE, John R., (P. Eng.), 706 Royal Pine Avenue, Halifax, N. S.

— Stevens and Fiske, Contractors and Consulting Engineers.

FOSTER, Arthur M., Bridgetown, Annapolis Co., Nova Scotia.

~— Land Surveyor, Private Practice.

FOSTER, Edward S., Liverpool, N. S.

Retired. Honorary Life Member.

FOSTER, William H., Legal Surveys, Surveys and Mapping Branch, Depart-
ment of Mines and Technical Surveys.

FRASER, John A, 19 Catherine Street, Glace Bay, Nova Scotia.
FRECKLETON, A. C, Apt. 5, Maplehurst Drive, Dartmouth, N. S.

GALLON, H. A, (Forester), 49 Normandy Avenue, Truro, N. S.

~— Canada Creosoting Company Limited, Truro, N. S.

GARRAWAY, Francis A., P. O. Box 592, Nassau, Bahamas, British West Indies.
— Land Surveyor, Crown Lands Office, Nassau, Bahamas.

GAUDET, Victor J.

GIFFIN, Ronald S., (P. Eng.), 11 Shenbrooke Drive, Rockingham, N. S.
GILLMORE, Duncan B. (ALS.), 9%675-102A Avenue, Edmonton, ‘Alberta,
GILMORE, Arthur Claude, (N.B.L.S.), 1762 Robie Street, Halifax, N. S.

— Canada, Department of Northern Affairs.

GOPAUL, Danie! R., P. O. Box 592, Nassau, Bahamas, British West Indies.
GOUGH, Robert Edwin, 18 Towerview Drive, Armdale, N. S.

— Surveyor, Municipality of the County of Halifax.

GRANT, Allison B., c/o Survey Branch, Dept. of Lands and Mines, Fredericton,

N. B. — Surveyor, Dept. of Mines and Technical Surveys, Surveys and Map-
ping Branch, Canada.

GRANT, H. J. A., (Forester), 394 Main Street, Yarmouth, N. S.

— Regional Forester, Dept. of Lands and Forests, N. S.

GRAY, F. Lyndon, (Forester), P. O. Box 526, Liverpool, N. S.

~— District Forester, Dept. of Lands and Forests, N. S.

HALE, J. Roy, P. O. Box 306, Church Street, Westville, N. S.

— Nova Scotia, Department of Highways.

HALE, Ralph, (Forester), P. O. Box 90, Sherbrooke, Guys. Co., N. S.
— Forester, Department of Lands and Forests, N. S.

HAMM, Beverley J., (P. Eng.), 13 Stanford Street, Halifax, N. S.

— Engineering, Nova Scotia, Department of Highways.

HARLING, Ellsworth O., 38 Villa Avenue, Charlottetown, P. E. I.
HARRINGTON, Noel R., P. O. Box 305, Middleton, Annapolis Co., N. S.
— Surveyor, Department of Lands and Forests, N. S,

HARRIS, A. C., 256 Almon Street, Halifax, N. S.

HARRISON, V. P, 31 Marlborough Avenue, Halifax, N. S. — Retired.
HARVEY, Leonard M., (P. Eng.), P. O. Box 99, Baddeck, Vict. Co., N. S.
— Self employed, Land Surveyor and Civil Engmeer
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HATHERLEY, Robin C,, c/o Geophysical Service International, (Dhofer crew),
P. O. Box 35084 Airlawn Station, Dallas 35, Texas, U. S. A.

HATT, Frederick E., 691 Main Street, Moncton, N. B.

HAVILL, Robert Bruce, 25 Stonehaven Road, Armdale, N. S.

— Contractor, R. B. Havill Limited.

HEBB, Errol B., 15 Walnut Street, Bridgewater, N. S.

— Land Surveyor, Private Practice.

HILCHIE, Glen M., (P. Eng.), 315 Dutch Village Road, Halifax, N. S.

HILTZ, David Russell, 130 Empire Street, Bridgewater, N. S.

HOLLINGUM, Edward George, 37 Deacon Street, Halifax, N. S.

— Nova Scotia, Department of Highways.

HUDSON, David W. W., (N.B.L.S.) (Forester), Fraser Companies Limited, Ed-
munston, New Brunswick.

HUGHES, Gerald D., (N.B.LS.) (Forester), P. O. Box 127, Lancaster, N. B.
— Hughes Surveys Limited, Land Surveying and Forest Engineering.

HUNT, Robert L., P. O. Box 107, Brooklyn, Queens Co., N. S.

— Surveyor, Bowaters Mersey Paper Company Limited.

HUNTER, Leamond, c/o Canadian Hydrographic Service, Surveys and Mapping
Branch, Dept. of Mines and Technical Surveys, Ottawa.

HUSKINS, Lyman Everett, Milton Queens Co., N. S.

- Stevens and Fiske, Contractors and Consulting Engineers.

“INGARFIELD, J. Allan, P. O. Box 46, Armdale, N. S.

— Land Surveyor, Private Practice.

JEFFERSON, Glen E., 48 Gateway Road, Clayton Park Subdivision, Rocking-
ham, N. S. — Canada, Dept. of Fisheries.

JOHNSON, Melbourne Lewis, 170 Willow Street, Truro, N. S.

JOHNSTON, Victor W. E,, (P. Eng.), Bel-Ayr Park, Dartmouth, N. S.

— Engineer, National Harbours Board.

JOSEPH, Neiff, c/o Q.N.S. & L. Railway, Engineering Department, Sept-Iles,
Quebec.

KEEN, Chester A., 12 Vienna Street, Halifax, N. S.

— Resident Engineer, Nova Scotia Department of Highways.

KEEN, Emerson C., Waverley, Halifax Co., N. S.

— Assistant Division Engineer, Nova Scotia Department of Highways.
KELLY, James F., (P. Eng.), 8 Cartaret Street, Halifax, N. S.

— Technical Engineer, Dept. of National Defence (Navy).

KENDALL, Ralph, 122 Charlotte Street, Sydney, N. S.

— Land Surveyor, Private Practice.

KILLAM, George, c/o Killam Brothers, Yarmouth, N. S.

KING, Graeme H., c/o Canadian Hydrographic Service, Surveys and Mapping
Branch, Department of Mines and Technical Surveys, Ralston Building, Hali-
fax, N. S.

LAHEY, J. Walter, (P. Eng.) 67 Crichton Avenue, Dartmouth, N. S.
— City Engineer, Dartmouth, N. S.

LAMBDON, David W., (O.L.S.), 83 Beresford Road, Rose Bay, Sydney, Australia.

LA POINTE, Pierre, (N.BLS.) (QLS.), 24 Charlotte Street, Longuelil, P. Q.
— District Land Surveyor, Dept. of Transport.

LAURENCE, W. Stewart, P. O. Box 178, Windsor, N. S.
LEMMON, C. C,, (P. Eng.), P. O. Box 151, Tatamagnuche, N. S. — Retired.

LONGSTAFF, Frank, Lodge Drive, Prince’s Lodge, Halifax Co., N. S.
— Land Surveyor, Private Practice.
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LEOPOLD, Granville Marvin, New Ross, Lunenburg Co., N. S.

— Land Surveyor, W. E. Servant, P. L. S.

LINDSAY, C. C, (QL.S.) (OL.:S.), 35 York Street, Westmount, P. Q.

— Land Surveyor and Consulting Engineer.

LOGAN, Robert A. 280 Fuller Avenue, Apt. 5, Saint Paul 3, Minn., U. S. A.
— Retired.

LYNCH, T. W. J,, 18 Dustan Street, Dartmouth, N. S.

MANUEL, Oliver H., (P. Eng.), P. O. Box 122, Lunenburg, N. S,

— Town Engineer, Lunenburg, N. S.

MARCH, J. Ruskin, 1690 Robie Street, Halifax, N. S.

— Director of Surveys, Dept. of Lands and Forests, Nova Scotia.

MARCH, S. Edgar, 24 Alexanderia Avenue, Bridgewater, N. S.

~— Honorary Member.

MARCH, Stephen E. (P. Eng.), Walnut Street, Bridgewater, N. S.

— Resident Engineer, Nova Scotia Dept. of Highways.

MARSHAILL, John William, P. O. Box 505, Middleton, N. S.

— Instrumentman, Central Mortgage and Housing Corporation, Greenwood,
N. S.

MARTELL, Herbert, 54 Coxheath Road, Coxheath, Cape Breton Co., N. S.

— Technical Officer, Nova Scotia Dept. of Highways.

MARTIN, James G., ¢/o Canadian Hydrographic Service, Surveys and Mapping
Branch, Dept. of Mines and Technical Surveys, Ottawa, Ontario.

MAXWELL, Dana A., (N.B.LS.), Baie Verte, N. B.

MELANSON, Roger F., Mill Village, Queens Co., N. S.

— Surveyor, Bowaters Mersey Paper Company Limited.

MELANSON, Russell, c/o Canadian Hydrographic Service, Surveys and Map-
ping Branch, Dept. of Mines and Technical Surveys, Ottawa, Ontario.
MELDRUM, Hazen B, (O. L. S.), 1310 Pitt Street, Cornwall, Ontario. P. O.
Box 603. — Land Surveyor, Private Practice.

MILLARD, R. E, P. O. Box 337, Liverpool, N. S.

— Superintendent of Streets and Sewers, Town of Liverpool. Editor of “The
Nova Scotian Surveyor.”

MILLER, Robert Allen, P. O. Box 172, Middleton, N. S.

— Land Surveyor, Private Practice.

MILO, Philip Murray, Granville Ferry, Annapolis Co., N. S,

MILNER, B. W,, R. R. No. 1, Lawrencetown, Annapolis Co., N. S.

MITCHELL, Kenneth Roscoe, (P. Eng.), 106 Crichton Avenue, Dartmouth, N. S.
— Engineering Service Company, Halifax, N. S.

MONPLAISIR, Ornan P., Vigie, St. Lucia, British West Indies.

MORRISCEY, William J., Lodge Drive, Prince’s Lodge, Halifax Co., N. S.
MORRISON, Roderick P., R. R. No. 2, Baddeck, Victoria Co., N. S.
MORRISON, William P., 1335 Edward Street, Halifax, N. S.

— Retired. Honorary Life Member.

MOSHER, Medford Carl, (P. Eng.), 13 Peter Lowe Avenue, Halifax, N. S.

— Nova Scotia Light and Power Company Limited.

MOSLEY, Harold G., (P. Eng.), 37 York Street, Glace Bay, N. S.

— Field Engineer, Dominion Coal Company Limited.

MURRAY, A. Howard, Earltown, Colchester Co., N. S.

— Land Surveyor, Private Practice.

MURRAY,, Robert R., (Forester), P. O. Box 696, Truro, N. S.
— Resident Manager, Scott Canadian Timberlands Limited,
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MAC ALONEY, Charles W., 59 Main Avenue, Fairview, Halifax Co., N. S.

MAC ASKILL, Donald D., (P. Eng.), 80 Melton Avenue, Halifax, N. S.
— Engineer, Nova Scotia Department of Highways.

MC COLOUGH, Reginald W., (P. Eng.), 6460 Jubilee Road, Halifax, N. S.
— Retired.

MACDONALD, Alan, (P. Eng.), 19 Sherbrooke Drive, Rockingham, N. S.
— Vice President, Almac Agencies Limited.

MACDONALD, Alan T., (P. Eng.), 25 Park Street, Kentville, N. S.
— Retired.

MCDONALD, Alex. M,, P. O. Box 186, Mahone Bay, N. S.

MACDONALD, Charles Alfred, (DLS.) (OLS.) (P.EILS.), c/o Marshall,
Macklin and Monaghan, 1480 Don Mills Road, Don Mills, Ontario.
MACDONALD, Douglas K., ¢/o Legal Surveys, Surveys and Mapping Branch,
Dept. of Mines and Technical Surveys, Ottawa, Ontario.

MACDONALD, Elmer A.

MACDONALD, John Carl, 45 Commercial Street, Dominion, N. S.

'MACDONALD, Ivan P., c/o Legal Surveys, Surveys and Mapping Branch, Dept.
of Mines and Technical Surveys, Ottawa, Ontario.

MACDONALD, Kenneth Paul
MACDONALD, Millan J., (Forester), 603 Maritime Building, New Glasgow, N.S.
— District Forester, Dept. of Lands and Forests, N. S.

MACDONALD, Roderick James, R. R. No. 1, Iona, Victoria Co., N. S.
— Surveyor, Dept. of Lands and Forests, Nova Scotia.

MACDOUGALL, Gerald F., 15 Minto Street, Amherst, N. S.

MACDOUGALL, John H., (P. Eng.), St. Francis Xavier University, Antigonish,
N. S.

MCELMON, John A., (P. Eng.), 5905 Roger’s Drive, Halifax, N. S,
— John A. McElmen and Associates, Consulting Engineers and Land Survey-
Oors.

MCGILLIVRAY, Andrew, 40 Chestnut Street, Halifax, N. S.
— Honorary Life Member.

MACINNIS, Ian, (P. Eng.), 73 Symonds Street, Dartmouth, N. S.
— Engineer, Department of Public Works of Canada.

MACKAY, Alexander C, R. R. No. 1, Egerton, Pictou Co., N. S., Supt. of Works,
Town of New Glasgow.

MACKAY, Howard W.
MCKAY, James K., P. O. Box 218, Shelburne, N. S. — Retired.

MCKENZIE, James D., Enfield, Hants Co., N, S.
— Land Surveyor, Private Practice.

MACKENZIE, John E., (P. Eng.), R. R. No. 2, Marion Bridge, Cape Breton Co.,
N. S. — Retired. Honorary Life Member.

MCKEOWN, Frederick William, P. O. Box 266, Dartmouth, N. S.
— City of Dartmouth, Engineering Department.

MACLEAN, Douglas C., 21 Glen Elm Avenue, Apt. 25, Toronto, Ontario.

MACLELILAN, Cyrus Joseph, (P. Eng.), c/o J. Philip Vaughan, 129 Hollis Street,
Halifax, N. S.

MACLEOD, Angus, Wreck Cove, Victoria Co., N. S.
MCMANUS, E. F., 11720 Edgewater Drive, Lakewood 7, Ohio, U. S. A,

MACMILLAN, Angus, (Forester), P. O. Box 576, Antigonish, N. S,
— Regional Forester, Dept. of Lands and Forests, N. S.
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MCMULLIN, Matthew, c/o Dept. of Highways, Mahone Bay, N. S.
MCNEIL, Floyd R., North Range, Digby Co., N. S.

— Surveyor, Nova Scotia Power Commission.

MACPHAIL, Colin, R. R. No. 1, Sydney, N. S. — Retired.

MACQUARRIE, Donald J., (P. Eng.), 88 Leeside Drive, Sydney, N. S.

—~— Regional Manager, Nova Scotia Department of Highways.
MACQUARRIE, Donald L., c/o Topographical Survey, Surveys and Mapping
Branch, Dept. of Mines and Technical Surveys, Ottawa.

NEWBERRY, Fredrick W., 19 Carnation Crescent, Spryfield, N. S.

— Surveyor, City of Halifax.

NICHOLSON, Gordon A, (P. Eng.), 105 Alexander Street, New Glasgow, N. S.
Resident Engineer, Nova Scotia Dept. of Highways.

NIGHTINGALE, G. H,, P. O. Box 524, Kentville, N. S.

NOEL, Francis, 130N Selkirk Avenue, Fort William, Ontario.

NOLAN, Fredrick ‘G., 5411 Spring Garden Road, Halifax, N. S.

— Nolan Brothers and Associates,

O’SULLIVAN, William Jr., (P. Eng.), 189 Portland Street, Dartmouth, N. S.
— Canada, Dept. of Northern Affairs and National Resources.

PAMENTER, Archie F,, (P. Eng.), 456 Lakeshore Road, Sarnia, Ontario.

— Imperial Oil Company Limited.

PERTUS, John W, (P. Eng.).

PHILLIPS, William C., 18 Iris Avenue, Spryfield, N. S.

— Surveyor, Nova Scotia, Dept. of Municipal Affajrs.

PHINNEY, Gerald F. (Forester), P. O. Box 799, Bridgewater, N. S.

~- District Forester, Dept. of Lands and Forests, N. S.

PIERS, E. O. Temple, Prof., (P. Eng.), 92 Birmingam Street, Halifax, N. S.
~— Land Surveyor, Private Practice. Honorary Member.

POPE, John 8., 257 Charlotte Street, Sydney, N. S.

— Land Surveyor, Private Practice.

PRICE, Jacques, (P. Eng.), P. O. Box 340, Windsor, N. S.

— Consulting Engineer and Land Surveyor, Private Practice.

RAFUSE, MacAllister D., New Ross, Lunenburg Co., N. S.

REARDON, Kenneth V., (P. Eng.), 10 Tower View Drive, Armdale, N. S.
— Eastern Engineering and Surveying Co.

REID, J. E,, 3 Westminister Avenue, Amherst, N. S.

RICE, Edward P., 39 Edward Laurie Drive, Rockingham, N. S.

— Central Mortgage and Housing Corporation.

RICHARD, Cornelius D., Londonderry, Colchester Co., N. S.

RICHMOND, Albert S., 2033 Langan Avenue, Port Coquitlam, B. C.
RIGGS, Albert O.

RITCHIE, Edward B., Liverpool, N. S.

—Surveyor, Bowaters Mersey Paper Company Limited.

ROBART, Charles H., (P. Eng.) (N.B.LS.) (P.E.LLS.), 259 Archibald Street,
Moncton, N. B. — Regional Land Surveyor, Canadian National Railways.

ROBB, Kenneth W., R. R. No. 1, Caldwell Road, Cole Harbour, Halifax Co., N. .S
— Land Surveyor, Private Practice.

ROBERTSON, Elliot M.

ROBERTSON, H. B., 27 Canary Crescent, Rockingham, N. S.
— Surveyor, Dept. of Lands and Forests, Nova Scotia.

ROBICHAUD, J. Irenee, 340 Tilbury Avenue, Apt. 1, Ottawa, Ontario.
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ROGERS, Charles D., 154 Norice Street, Ottawa 5, Ontario.

ROSS, John Frederick, 10 Tower View Drive, Armdale, N. S.

— Eastern Engineering and Surveying Company.

RUSSELL, John, (D.LS.), Digby, N. S. — Land Surveyor, Private Practice.

ROSINSKI, Otto Paul, Port Hawkesbury, Inverness Co., N. S.
— Land Surveyor, Private Practice.

RUTLEDGE, A. Blake, 364 Cabot Street, Sydney, N. S.

— Canada, Department of Transport.

RYAN, James L., (P. Eng.), 47 Russell Street, Halifax, N. S.

— Prof. of Engineering, St. Mary's University.

SALTMAN, Fred E., Mahone Bay, N. S.

SARTY, Robert F., 21 Point Pleasant Drive, Halifax, N. S.

— The Nova Scotia Power Commission, Engineering Department.
SCHOFIELD, Laurie A, 162 Oakdene Avenue, Kentville, N. S.

— Surveyor, Minas Basin Pulp and Power.

SCHOFIELD, Roy M., 11 Pleasant Street, Dartmouth, N. S.

— Director of Crown Land Records, Dept. of Lands and Forests.
SEAMONE, Douglas A., (P. Eng.), 21 MacDonald Avenue, Kentville, N. S.
— Hiltz and Seamone Company Limited.

SEMPER, Robert O., (D.L.S.) (P.EILS.), Legal Surveys, Surveys and Mapping
Branch, Dept. of Mines and Technical Surveys, Ottawa.

SERVANT, Walter E., 21 George Dauphinee Avenue, Halifax, N. S.

— Land Surveyor, Private Practice.

SHERREN, James C., (N.BLS.) (N'fld. L.S.), 114 Milner Road, Moncton, N.B.
— Sherren’s Surveys.

SINGER, Grant, Maitland, Hants Co., N, S.
SMITH, Burney Arthur, New Chester, R. R."No. 1, Ecum Secum Bridge, Guys.
Co., N. 8. — Surveyor, Dept. of Lands and Forests, N. S.

SMITH, Eric D., (N.BIL.S.), 36 Century Drive, Moncton, N. B.
— City of Moncton, Engineering Department.

SMITH, Lewis O., South Brookfield, Queens Co., N. S.
— Surveyor, Nova Scotia Power Commission.

SMITH, Thurlow M., Port Hood, Inverness Co., N. S.

— Nova Scotia, Department of Highways.

SNOOK, Walter A. G, (P. Eng.), City Planning Engineer, Bangor, Maine, U.S.A.
SNOW, Leander R., P. O. Box 183, Sydney Mines, N. S.

SNOW, Sterling G., P. O. Box 33, Sherbrooke, Guys Co., N. S.

— Forestry Division, George Eddy Company Limited.

SPENCE, Grayden D., St. Croix, Hants Co.,, N. S.

SPENCE, W. Merle, (P. Eng.), 15 Sherbrooke Drive, Rockingham, N. S.

— Private Practice, Civil Engineer and Land Surveyor.

STEWART, Valmore, (N.B.L.S.), P. O. Box 277, Campbellton, N, B.

— Surveyor, Dept. of Lands and Forests, New Brunswick.

SWANBURG, George W., P. O. Box 1026, Bridgewater, N. S.

Surveyor, Dept. of Lands and Forests, Nova Scotia.

SWANBY, Thomas Charles, (D.LS.), c/o Legal Surveys, Surveys and Mapping
Branch, Dept. of Mines and Technical Surveys, Ottawa.

TAGGART, Charles H, (D.LS.), 255 Daniel Avenue, Ottawa, Ontario.

— Retired.

TELFER, Edmund S., (Forester), Caledonia, Queens Co, N. S.
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THERIAULT, Richard J., Annapolis Royal, N. S.

— Nova Scotia Department of Highways.

THOMPSON, John Forbes, S. S. 1, Site II, 20 Maple Street, Bedford, Halifax.
Co., N. S. — Municipality of the County of Halifax.

THOMPSON, Kenneth G., 7 Roosevelt Avenue, Truro, N. S.

TREFFLER, Frank Michael, (P. Eng.), 80 Summit Street, Halifax, N. S.

— Department of Public Works of Canada.

TUPPER, Freeman, Milton, Queens County, N. S.

— Right of Way Engineer, Nova Scotia, Department of Highways.
VEILLEUX, J. L., 907 Sabatino St., Domaine Bellerive, Longueuil, P. Q.

— Canada, Department of Transport.

VERNER, Earl T., Thompson Avenue, Sydney River, N. S.

— Land Surveyor, Private Practice.

WADDEN, Melvyn H,, R. R. No. 1, Riverton, Stellarton, N. S.

— M. H. Wadden Associates.

WADE, Robert F., (P. Eng.), 10 Caroline Street, Gouverneur, New York, U.S.A.
— Sales Manager, John W. Rouse Construction Corporation.

WADGE, Ray, c¢/o Municipal Spraying and Construction Limited, P. O. Box
500, Bedford, N. S.

WAGSTAFF, Donald E., P. O. Box 35, Brooklyn, Queens Co., N. S.

— Assistant Chief Surveyor, Bowaters Mersey Paper Co. Ltd.

WATSON, W. B. Jr,, 301 MacKenzie Avenue, Inverness, N. S.

WEDLOCK, Howard K., (P. Eng.), 109 Johnstone Avenue, Dartmouth, N. S.
— Canada, Department of Northern Affairs.

WENDT, Paul, (P. Eng.), R. R. No. 1, Ellershouse, Hants Co., N. S.

— Private Practice, Consulting Engineer and Land Surveyor.

WENTZELL, Ronald G, R. R. No. 1, Pleasantville, Lunenburg Co., N. S.

— Nova Scotia, Department of Highways.

WHITBY, Elliot R., Purcell's Cove, Halifax Co., N. S.

— Surveyor, Canadian<British Engineering Consultants.

WIGHTMAN, F. C, 19 Rupert Street, Amherst, N. S.

— Land Surveyor, Private Practice.

WILHJELM, F. E,, (P. Eng) (N.BLS.), 100 Peter Street, Moncton, N. B.
— Retired.

WILLIAMS, Robert B, R. R, No. 5, Truro, N. S.

— Nova Scotia Department of Highways.

WOLFE, Brian Darrell, P. O. Box 225, Annapolis Royal, N. S.

— Nova Scotia, Department of Highways.

WUHR, Mathias, (D.LS.), c/o Legal Surveys, Surveys and Mapping Branch,
Dept. of Mines and Technical Surveys, Ottawa, Ontario.

YATES, Frank D., Baddeck, Victoria Co., N. S.

— Surveyor, Nova Scotia Power Commission.

ZUREL, Michael, (P. Eng.), c/o Department of Highways, Provincial Building,
Halifax, N. S. — Resident Engineer, Nova Scotia, Department of Highways.
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Teaching of Mathematics

It is generally accepted in all parts that the teaching of mathematics leaves
much to be desired. As professor of mathematics at the Nova Scotia Technical Col-
lege, I was in a position to verify that this is true in Nova Scotia.

Several years in succession I gave a test to the incoming class of fourth year
engineering students. The test consisted of ten problems ranging from fractions to
logarithms, all necessary to carry on mathematical calculations.

The tools of the trade
Grades ranged from 100 to zero.

Had this been a regular examination I could have failed half of the class every year.

It must be recognized that math differs from all other subjects. No amount of
hard study or intense memory work is of any value if the student cannot reason
mathematically. It differs also in that the work must be built up step by step.

The present system with a sloppy 50 or 60 pass mark is absurd.

How can men get up to fourth year engineering when they are unable to think
mathematically?

Many teachers give credit for home work which very frequently is done by
one student and copied by four or five others. Most examinations have questions
which can be answered by a student who has memorized the work, which he for-
gets next day. Some students have photographic memories and can see whole pages
of calculations which they .can copy down as if the actual page was in front of them.

Sometimes there is cheating in exams.

Under the present system the pupil is frequently promoted because the teacher
is sorry for him :and doesn’t want to make him lose his year (perhaps he has already
lost one).

Sometimes he is promoted because the teacher wants to get rid of him. If a
reasonably severe system such as outlined above were applied the slaughter would
be awful. The remedy is easy. Two changes only.

A. Make yearly promotions in grammar and high school entirely independent of
mathematics.

B. Put the teaching of math in the hands of teachers who understand the work.

The student would progress in his math just as fast or just as slow as he was
able. When he gets to the point where he is unable to go ahead, he stops. He, (or
she) is not deprived of anything. He can try to pass as many times as he wants to,
but he does not go on until he does.

The great advantage is that we, (and the boy himself) know where he stands.
At the present time the affiliated colleges take in first year engineering classes up
to say 50, and at the end of the third year pass on 10 to the Technical College. All
the time and energy and money wasted.

All the loss to the other students because of the time spent by the teacher
on impossible students.

There are also many professions where advanced math is not needed. Why hold
back a student for a subject he will not require if he has trouble with it. (If he
can do it, he can carry it on even if he does not need it.)

The same is true of the girls.

There should be no difficulty dividing the teachers. I do not think examinations
would be necessary.
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I cannot imagine anything more miserable than trying to teach a subject that
the teacher does not understand and on the other hand a person who does under-
stand math would be so delighted to get rid of the drudgery of endless English or
History papers and exams. I think the teachers could be trusted to register “math”
or ‘non-math.”

E. O. TEMPLE PIERS

Stake Pulling Problem

On May 18, 1962, I was called by Mr. L. E. DeYoung to make a survey of his
property at 158% Portland Street in Dartmouth.

He furnished me with his deed and a plan made by an engineer in the City of
Dartmouth engineering department.

The property measures about 45 ft. on Portland Street but widens out at the
back, extending back of the properties on either side.

The property is used as a taxi stand, “The Blue Bell Taxi.”

On Portland Street to the west is a lot measuring fifty (50) feet on Portland
Street and sixty (60) feet in depth, owned by a Mr. Grant, The DeYoung property
extends back of it down to the canal.

Both properties have the same neighbour to the west. The boundary is a straight
line. The Grant property is occupied by a building fronting on Portland Street the
east side being on the west boundary of the lot.

The main building on the Grant lot does not go to the rear of the lot on the
west side, but a small ell, further east, projects south over the DeYoung
boundary. I found that this west line of the Grant building produced the west line
of the DeYoung property running down to the canal. I placed the corner stake of
the DeYoung-Grant boundary on this line, sixty (60) feet from Portland Street and
several feet south of the south west corner of the building. (It was still a couple of
feet north of the rear of the ell which was on DeYoung land).

This steel stake was publicly pulled out by the tenant of the Grant property.
Mr. DeYoung brought a charge against him and the case was tried in magistrates
court. The accused was acquitted on the ground that the surveyor did not have an
“abstract of title” from Mr. DeYoung. Mr. DeYoung was urged to appeal but re-
fused to do so.

I wrote to the Crown Prosecutor, Mr. Peter O'Hearne. His reply and my answer
to him are attached.

We have here two distinct separate probiems.

It has always been understood that a surveyors stakes could not be removed
under severe penalties. If thought to be in the wrong place the person aggrieved
could bring a court action to have the stakes changed but only a judge could
determine this, not a casual passer-by.

Secondly it is not usual to require the owner to furnish an abstract of title.
This would place a heavy burden on the owner. The cost would usually be more
than the cost of the survey. When dealing with an old grant, from which many
pieces have been cut, such an abstract is necessary but not for small lots.

In the case of Mr. DeYoung, not only had a deed but a plan of the property, and
was in active business, using it as a car park for his taxis.

1 cannot remember ever having asked an owner to furnish an abstract, althougﬁ
in many cases he had had one ready.
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These two points must be settled. It is hardly necessary to say that my survey
bill has not been paid, nor has my half-day lost at the trial.

Mr. Peter O'Hearne, the Crown Prosecutor, tells me that the law 383 and 384
which provides a penalty of five (5 years for removal of surveyors stakes “lawfully
placed” depends on the “lawfully”, and that our case was weak because we did not
prove legal ownership, i.e.,, Mr. DeYoung did not have an abstract of title.

I would suggest that the Association retain Mr. George Robertson, MaclInnes,
Cooper and Robertson, to look into the case and if the present law is not adequate
to get new legislation. Where does this leave the Lands and Forests?

E. O. TEMPLE PIERS, P.LS.

P. S. — I cannot see how an abstract of title can make a survey “legal”. It is
additional evidence of ownership but it does not differ in nature from deeds and
plans. It is not like a court decision.

Two Views Airphoto Survey Scene

Photogrammetrist :

Take to the air for speed says J. M. Zarzycki, Chief Engineer, Engineering Services
Division, Canadian Aero Services Ltd., Ottawa.

The present method of stadia and level has the virtue of going back to the
Greeks, but I suggest it has finally shown its age.

There is a swifter and more accurate way.

Photogrammetry is a branch of civil engineering. It is the science of obtaining
terrain data by means of special types of photographs and their interpretation.

The layman generally blurs the distinction between photogrammetry and aerial
photography. Skill in aerial photography is basic to the photogrametric process,
but it is not the skill of making precise measurements from photographs.

Digital photogrammetry first became possible with the construction of sophis-
ticated stereo plotting instruments. These can perform precision measurements of
x, y and z co-ordinates in a stereo model.

But the economical application of photogrammetric measuring to pay quan-
tities only became possible with the marriage of the electronic co-ordinate printer
to the precise stereo plotter.

This integration of the entire photogrammetric process with high-speed electron-
ic computers and with data processing equipment is in fact a modern technological
revolution.

In parts of the United States and Europe, photogrammetry is used for pay
quantity calculation of highways and railways as standard practice. In Canada it
has been used only on a test basis for these. However, it is used extensively
for calculating open pit quantities and block pit inventories.

The process of obtaining pay quantities for highways can be divided in two
main parts—field work and office work.

First step in the field work is to flag control points for the aerial photography.
This is done during the restaking of the centre line for construction after the
clearing and grubbing.

Extra labor is negligible. It consists in placing 1x1-ft cardboard squares at
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100-ft intervals on the centreline stakes and in placing 5t long by 1ft wide wooden
crosses at 400-ft intervals outside the right-of-way.

These crosses are elevation points only and can be established with ease when
the centreline stakes are leveled. When the flagging is completed the aerial photo-
graphy is taken.

When precise photogrammetric instruments are employed the aerial photo-
graphy is flown at scales of 1 in. = 300 ft or 1 in. = 350 ft. For less precise stereo
plotters, larger scale photography is needed. Class A aerial cameras such as the
Wild RC-8 or Zeigs RMK should always be used.

Flagged points will appear on the pictures and will serve as the contro! to
adjust for tip and tilt. This control consists of the centreline stakes with their
known position and elevation and of the permanently marked elevation points.
Position of the latter is established photogrammetrically during the initial determin-
ation of the cross sections.

Office work begins with determination of the cross-sections of the original
ground. Manuscripts are prepared at a scale of 1 in. = 50 ft. showing the centre-
line of the highway as staked on the ground. Aerial negatives are printed on glass
and placed in the stereo plotting instrument and are adjusted for tip and tilt.

The operator first establishes the position of the points which will be used to
control all further measurements of the same ground as construction proceeds.
These points are pricked on stable plastic base manuscripts and their co-ordinates
are recorded on punched tape.

Cross-sections are read beginning on the centreline. The stereo plotting operator
works from the extreme left to the extreme right of the centreline He selects man-
ually the station number and he puts the measuring dot on each break along the
cross section, presses the button to record automatically the station number and x,
y, Z, co-ordinates.

Elevations are read twice and an average is taken for the computations. Data
is recorded by punched tape and typewriter. Equipment used at this stage varies
from company to company. Mine makes the measurements using the Swiss-madé
Wild A8 Autograph, equipped with a Profiloscope and coupled to an EK-3 co-ordin-
ate printer.

This is highly precise mechanical, optical and elecironic equipment valued in
excess of $40,000, The Profiloscope is the latest addition which allows the work to
be done by one man. It permits convenient viewing of manuscripts and enlarges
the cross-section so the operator is viewing it at 1 in. = 5 ft.

The first computation program transforms the x, y, and z co-ordinates obtain-
ed from the A-8 into the co-ordinate system of which one axis is identical with the
centreline of the highway. Resulting data is presented in the familiar form of sta-
tion numbers, distances to the left and right of the centreline and their cor-
responding elevations. Co-ordinates are given to 1/10 ft in elevation and position.

A second program is used for computing vertical curves, slope stake data and
design quantities classified according to type of material. Soils information for the
classifications provided from the field.

A third program produces punch cards for use in an electronic data plotter to
enable presentation of cross-sections in a graphical form.

New photography is taken for progress quantities as construction proceeds;
sometimes special photography will be needed when over-burden is removed so that
accurate cross-sectioning of the bedrock can be done.

Final earthwork quantities are computed when the grading is completed.
Photographs of finished grade at a scale of 1 in. = 300 ft or 1 in. — 350 ft are set
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up in the A-8 plotter using the permanent ground control located outside of the
cleared right-of-way and surveyed during the initial stage of the project.

Cross-sections of the finished grade are read in the same manner as previously
and at the same locations as before construction. In this phase of the project two
basic types of programs are used:—

Progress pay quantities, which is a borrow pit circulation program.
Final pay quantities, circulation program.

For progress pay quantities and for borrow pit program, calculations are es-
sentially a comparison between two surveys. Cross-sections of the ground before
construction and cross-sections of the ground at a particular stage of the con-
struction progress are compared and the differences computed.

Final pay quantities program takes into account design criteria and calculates
cut or fill on that basis. In addition to quantities, the program provides a listing
of profile grade deviations, that is, differences in elevation between final finish
grade and design profile grade; and closure difference, that is, differences in ele-
vation between the final and original survey at the farthest offset of either the
final or original surveys.

There is also a complete tabulation system which allows for the individual cal-
culation of rock and earth and earth quantities, totals between different stations
and totals between different sides of the centreline.

Computation programs are designed to use cross-sections obtained either by
photogrammetry or by ground survey methods. This feature is important because
sometimes it might be impractical to obtain aerial photography of entire areas
and hence cross-sections of some of it must be obtained by ground survey methods.

In the computation, this data must be integrated with the cross-sections obtain-
ed photogrammetrically, As a part of the overall quantity computation program, a
separate routine is introduced which in the same operation provides special cards
for electronic data plotters to provide graphical presentation of the cross-sections.

Every method of performing measurements, or any other engineering operation,
must be evaluated from the point of view of accuracy and economy. These two fact-
ors cannot be divorced from each other in any critical evaluation.

To determine the accuracy of quantities and profiles determined photc'vgram-
metrically, a comparison was made between photogrammetric and ground surveys
during construction of the Quebec Cartier Mining railway.

This comparison showed excavation quantities measured by photogrammetry
agreed within 1% with surveys performed by conventional ground methods.

In addition, to check the accuracy of profiles obtained photogrammetrically,
elevations of some 211 points were surveyed on the ground over a sevenimile long
section of the railway.

This check revealed the mean square error of the elevation obtained photo-
grammetrically was  — .12 ft; this is equivalent to 1/15,000 of the flying height.
Maximum error in elevation was .3 ft.

Distribution of errors:

80% of all points were within 1/10 ft.

* 18% of all points were between 1/10 ft and 3/10 ft and 2/10 ft.

Accuracies were achieved in a typical production project employing standard

procedure. These results therefore are indicative of the degree of accuracy which
can be expected in practical application.

Advantages of employing photogrammetry and electronic computation in high-
way engineering are:—
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1. Aerial photographs provide a rapid and indisputable record of the undis-
turbed ground and progress of construction.

2. Cross-section profiles and earthwork quantities are determined by a third
and impartial party.

3. Difficult terrain does not influence the accuracy of photogrammetric surveys
nor materially slow down their process.

4, Cross-sections obtained photogramumetrically reflect the shape of the ground
more accurately than the cross-sections surveyed on the ground.

This is particularly true in areas of large cut where survey cross-sections on the
ground are often incomplete.

5. Possibility of human error is greatly reduced because cross-section data ob-
tained in the stereo plotting instrument are punched on a tape, computations are
performed electronically and cross-sections are drawn automatically.

6. Photographs obtained at different states of construction are of great assist-
ance in observing erosion and drainage problems and will aid in anticipating future
maintenance problems.

7. Integrated photogrammetric surveys provide a flexible tool which meets
the fluctuating volume of surveys and avoids the cost of delaying the construction
progress.

The application of photogrammetry of pay quantities of gaining momentum
in Canada.

Some highway departments are seeking their own facilities and, although I
am pleased to see the method gaining acceptance, I must offer a word of caution.

Establishment of photogrammetric facility capable of providing pay quantities
is both expensive and difficult. It is not enough ta purchase stereo ploting equip-
ment and expensive electronic attachments; nor is it enough to hire technicians
however experienced.

Photogramemtry is a complex branch of engineering which requires specialized
professional training and experience. Unfortunately at the present time the pro-
fession is short of members. But those who attempt pay quantities without profes-
sional help will be disappointed and will likely condemn the method.

There are competent private firms which have been active in this field for
many years. We have been involved in research and development of quantity esti-
mating methods for some years. We know the techniques are not simply arrived at
nor are they simply applied.

Highway departments and contractors should be aware that a competent in-

dustry is available offering to them a service in keeping with the high-speed tech-
nology of our time.

How to Prevent Errors in Tunnel
Surveying

Some new techniques, based on field experience, to improve accuracy in
underground survey work.
By T. J. G. SIMMS

(Mr. Simms, who is a pro;ect engineer with a prominent consulting firm in Toronto,
has written several previous articles for Contract Record. Here, he describes some
formulae and techniques he developed for his company while they were consulting
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engineers for the Humber sewer project. These observations will be a welcome ad-
dition to the fund of knowledge on surveying, because very little has been pub-
lished up to now regarding errors in tunnel surveying.)

You may not believe it but it is quite possible to lose your way during the driv-
ing of a tunnel, especially when it has to be constructed through a curve.

However, despite numerous accounts of headings missing each other since
engineers first built tunnels in the early Hebrew, Greek and Roman times, improv-
ed techniques and instruments have practically reduced errors to those resulting
from carelessness and neglect.

The headings of the Greek tunnel of Samos missed each other by 20 feet and
had to be joined by a crosscut. But today we have examples of a closing error of
less than 1/4 in. in the China Bar tunnel on the Trans Canada Highway in B. C,,
and less than 1 in. at the end of a tunnel recently constructed by The Foundation
Co. beside the Humber Valley in West Toronto. This tunnel snaked through 15
curves along its 2-mile length.

Precision is the keyword in tunnel surveying, both in the standard of workman:
ship and the quality of the equipment used.

In the narrow confines of a tunnel a surveyor has few points of reference to
guide him and to check the continuation of the centre line. Therefore the points he
does establish and then uses to determine others must be set with extreme care
and accuracy. The following article shows the results of some of the mistakes that
can occur.

Usually a change in direction on a tunnel is made through an arc of a circle.
It is this form of curve which is considered here.

Above ground the arc is best set out by laying down convenient chord lengths
at their corresponding deflection angles. There is ample opportunity to check the
survey as layout proceeds. But underground the setting out of a curve is a more
exacting job, for two main reasons.

1. Often there is no facility to check the alignment of a heading with the sur-
face survey until the bore has been holed through. Then it is too late to make cor-
rections. Sometimes this can be overcome by sinking alignment holes along the
centre line. Then as they are encountered during tunnelling the two surveys can be
compared through them. Later during the lining of the tunnel, if this is to be done
the holes can be used as concrete chutes just as Keystone Contractors Limited did
during the construction of a 9-ft finished diameter sewer in Windsor.

2. The line of sight ahead from any permanent station is limited to the extent
of the excavation. In other words checks on the alignment of the excavation must
always depend on the continuation of the line of survey through the last station
from a backsight until the next permanent station can be established. This restric-
tion is magnified when setting out a curve.

Figure 1 shows in exaggerated form what happens if one incorrect angle is
turned when setting out the chords of an arc using each previous chord as a
backsight for producing the next chord.

Similarly Figure 2 shows the resultant error if one chord is incorrectly mea-
sured. Various mathematical expressions can be evolved for the progressive dis-
placement of the points of intersection of the chord, but they become cumbersome
and are best developed to suit a particular demand.

In Figures 1 and 2 it was assumed the curves started at the correct chainage
and on the line of their tangents. But, if the beginning of a curve (B)C.) is at the
correct chainage but is not on the centre line, ie., the line of the tangent, then a
curve parallel to the designed curve will result.

If the B.C. is on the centre line but is at the wrong chainage, for example
short of the correct B.C. then, as illustrated in Figure 3, the error of alignment will,
within the limits of the normal arc, increase around the curve to an incorrect E.C.
(end of curve) at point W.
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Because the basic features of the curves are identical the movement of the
tangents is parallel. Length ZW equals the shift of the B.C. and displacements YZ
and WY are simple trigonometrical functions of length ZW and angle —. This er-
ror emphasis that accurate chaining is as important as the accurate measurement
of angels.

Now even though the surveyors may lay out the line of a curve correctly they
will have wasted their time if when a tunnel is being concrete lined, the lining is
not bulkheaded exactly at the B.C. before cantinuing it through the curve. For
example, Figure 4 shows what happens if the concreting is allowed to continue
beyond the B.C. before the first chord forms are placed. Obviously clearance around
the forms will be lost if on one side and a sharp bend must be introduced to bring
the forms back onto line. If the error is not corrected, the resultant alignment will
be similar to that shown in Figure 3.

Checks on the centre line of excavation can be made by measuring radial off-
sets from either a tangent to the curve produced, or from a chord produced. Offsets
measured at the face of a heading are always radial because the face should be
at right angles to the centre line of the tunnel and therefore parallel to the radius
of the arc being traversed.

Figures 5 and 6 illustrate the two methods of measuring radial offsets with the
appropriate formulae. If in both of these methods, values of the offset YZ are cal-
culated for increasing values of X and then plotted in graph form, the survey crews
will have a convenient reference for checking the alignment at any time.

An alternative to this is to measure right angle offsets from a tangent produced.
But this involves two instrument settings for each offset, and in a tunnel where
most of the surveying is done near the crown it is often difficult to find room to
set off a right angle.

Another alternative is to measure the distance to the centre of the tunnel face
from the last established chord point and calculate the deflection angle for the
measured chord. Then set off this deflection angle and measure the new length to
the tunnel face. If the centre of the face is off line then the second measurement
will be different to the first. Therefore a new deflection must be calculated and the
procedure repeated until the measurement to the face and the deflection angle are
coincident. It is obvious that this would be a very tedious method if frequent checks
were required of the heading.

The designer can help the surveyor by remembering that it is easier to chain
chord lengths measuring them to fractions of a foot than it is to turn deflection
angles which include fractions of a degree. He can use Degree Curves, i.e. specify a
radius which will allow a chord or an arc of 100 ft. to subtend an integral number of
degrees at the centre of the circle.

The chord definition simplifies field work in that simple deflection angles
can be used for chords which are multiples of 1060 ft. Also the number of chords in
a curve or the chord deflection angles can be calculated quickly with little thought.
For example, if four chords are required to set out a curve limited by a chord of
100 ft. from the BC. to the EC,, ie. each chord is 25 ft. long, then the deflection
angle for each chord will be 1/8 the degree of the curve.

Because it can alter the value of a contract, contractors should not forget that for
a constant angle of intersection of the tangents, if the radius of a circular arc is
altered, then the overall length of the tunnel is altered. For example, if the radius
is increased, the length of the tunnel is decreased, for the new arc is shorter than
the summation of the old arc and the increase in length of the tangents. We all
know that the shortest distance between two points is a straight line and therefore
the further a route diverges from his, the longer must be the distance between the
end points.
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LIMITED
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Reproduction Machines
Kern Surveying Instruments
Engineering Supplies

Surve?ng and Drafting
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White & Blueprinting Machines

Instruments (1951)
LIMITED
4646 Decarie Blvd., Montreal, P.Q.
Montreal — Ottawa — Toronto
— Regina

BETTER MEASURE WITH
llll-' KIN

TAPES-RULES-PRECISION TOOLS
Send For Free Catalog

e furriy RuLe(o.or (ANADA, LT,

BARRIE,ONT.

A. E. SIMPSON LTD.

Aerial Photography, for all pur.

> poses. Photographic Mosaics for

detailed “surface” studies. Ac-

curate and economical plani.

metric or contoured maps or

7AM[W\\] plans; at all scales, to meet
lz\ your layout, planning, loeation
or other engineering needs.

1810 Laval Road Montreal 9, Que.

Nova Scotia

Land Survey Institute

Operated by
Vocational
Education Division
Department of Education
Province of Nova Scotia

The Two Year Course
Prepares One To Sit For the
Provincial Land Suryeyor’s
Certificate

Full particulars from:
J. A. H. Church, P.L.S.

Lawrencetown, Nova Scotia

For Particulars write or call:

Norman Wade

COMPANY LIMITED

Vancouver — Toronto — Montreal
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John — 213 }I\IIOHSiS St., Halifax,

Exclusive Maritime Distributors

Wild Theodolites
cand Levels

For any requirements in:
Reproduction, Drafting, Surveying
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Supplies

EASTWARD
INDUSTRIES LTD.

exclusive representatives for the
Keuffel & Esser Company of
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Canada
K & E Transits, Levels, Rods,
etc., in stock, .

293 Young Street  Halifax, N.S.

The Hughes Owens
COMPANY LIMITED
A complete line of Supplies for

the Engineer, Surveyor and
Draftsman

Ozalid and Blueprinting
165-169 Hollis St., Halifax

PHONE 6-7685

ATLANTIC AIR SURVEY COMPANY LIMITED

Serving Surveyors and Engineers in the Atlantic Provinces with

better service at more economical cost. for further information or

quotations in aerial photography, topographic mapping and other
related services, call or write with no obligation.
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