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/\ B S T R A C T 

rrcc i sc mcasuremcnt of distances, angles and elcvation differences 

arc ti se d to cstabl·ish a neh;ork of survry markers in the v"icinHy of the 

Manie 3 (P. Québec) dam site. The survcy markers wi ll be used as the 
rcfcrcn ce points i n future studics on crusta l deformation. A statisti

cal an alys ·is of the adjustmcnt resuHs i s used to est·irna te the ni ag n"itude 

of deforrna tion that can be detec t r.d by geodetic meas urcments . The 

hcavny \"JOOded t errain affor-d s an opportunity to examine a un·ique feature 

of a ne1v type of survey lo1ver. 

S 0 M M A I R E 

On a 6tabli un réseau de points de rep~re.dans l es en~irons du 

barn1ge Han·ic 3 (Prov"ince de Québec ) en se servant de mes ures de 

dis "Li.rnccs} d'ang"Jes et de d"iffé rcnces ci' hauteurs . Ce réseau sera 

utn i se~ pou1· des éludes futu1-cs sur 1 es déforn1ati ons de 1 a croûte 

t errest.1·0. Un e ùnalysc stô.t·istique des résultats clc l a compcnsat."ion 

a ~t~ fai Lc a fin d'csLimcr 11 ordrP de grandeur des d6formalions qui 

peuvrn·L êi.:i-c clécclécs ~i l taiu0 cle telles mc:s ures ç1éodésiques . Lli 

rr9io:1 bo·isOc a pcrmi~; d 1 cx0nrinc1· une c0ractéristiquo uri'ique d'une 

nouvel l e~ sente de tour d 1 ob se1'vatio11s géocl(~s·iriu cs. 
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I - J IHfWD UCTTOil 

Scient·ists havP l ong hcrn avmre of tlie phcno1J1cnon of indu ced seis-

micHy. Sevcra l l ar~JC' incluced cv.tLh trc111oi .. s 1·1erc knm·m to lia\·c occurcd , "~ 
..- '-" 

du r in ~1 the perfo cl 1930· 1940 0ncl scvcral smillfor sincc but thcy l arge ly ·-

escapcd the in tr.rcst of thosc \'1Lo shoulcl have bec:n most concerncrl, µo.rtly } 

becau se thcy 1·1cre 110~ con~;idL"l'·ed a scri ous threat and partly uecause scns·i - j' 
tivc instrumentilt'ion nccuc.1d for ·invest ·igat:ion 1·1as not readily ava'ilable. 

Jn the late G0 1 s and ear ly /0 1 s ~ llydro-Québec began to show an 

ÏllC l'CéJS'Îng 'intcrcst Ùl this field beCô.U SC OJ their involvernent V!Îth large 

dams an d rcservolrs on the Manicouagan - Outardes River Systems and the 

l1ames Day project, (Lebfonc_, 19ïC). 

Mee t'ings bch1ren off-icials fro1n l lydro··Québec, Earth Physic:s Branch 

(EPf3) of En ergy , M·ines and Rcsources ( EM!{ ) and the Nationa l Resea rch 

Coun cil resulted in n joint effort whi ch p1aced accellerometers in the 

dams at hv.n ic 5 and l·'ian ic 3 and esta!Jl'ished a sin gle se i sm·ic station 

(M NQ ) , ïiilh~d to Ot.ta\lêl by tele1netry , to monHor seisnric act·iv'ity at 

ba th dams. 

In 1ni d Septenlb2r of 1975 i n'Lerptet.at ion of the sci smogrv.ms from l·1NQ 

sho 1:~ eod scven\l se ·i snric even'Ls that werc ·idc:ntHied cv cntually as induced 

seismicit.y ê\Ssociatcd vJith the filïing of the Man·ic 3 reservo"ir. In 

Oc~.ober of the sù111c yev. r i ncreasc:d se·i s11ri c ùc ti vi ty \'J as noteù and l ed to 

th e prc:cliction CYi cil cart llquake on Octoher 23, v1hiclï m~asurcù ~.3 on the 

RkhLcr sca·le. V, . '· ( 'fi ..., 

lrrLc,re~;t and conccrn gc:.1era t. ed b~' tlicse c~ v ent s lcd ta ù systernatic 

stu(ly by EPB of scvera l gcophys·icnl pé1r-c:11:2 ·r1~s to c·l arify .tl1 e mechan·i sm of 

i ndttccd scis1n-icity. On the b:1s·is of tlYèSO. stuclic,s EPB decidc'd to inHüd:e 

a prn~1ré1111 of aco1:, i'l.s: nt:t:ic Cl!ld 1nicrugré!V ·ity n1c0 ùSlff<'il1 C~ nts that couhl be 

co1·rcl;;tcd 1·1ith ~·,LTdc lllC'a:;urcnit ... nts and s.i._(:otheima l _studies . I t. 1·JUs ülso 

dccidr~cl 'hilt. the StffVC'YS and ii,tpp'inÇJ Bri.lnc :i( ~J/',>1 ) or r::i1: slwulcl be ap11roach

cd Lu 11L1 !'c prc'ci'.;(' 111c:tiStffCl!1 ' '1lts thl1t 1·muld :,hmv any crust<l l dcform~t-ions 

ovcr ;: pci iud of t·i111t, (J,c/J/c•;c: .• 19'/(J) . 

11 
:: c !: of 1 O/C. 
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JI ~ PLAl~fHNG AND PR[P/\H/\TION 

The ·197G field i)rn91· c11 n of the Prfo1ary Hot·izonta1 Contrai Section of 

the Gcodetic Survey \'W.S alrnost totally committcd to strcngthen-ing tlie 

ex·isting net11orl~s in ptCjlllri1t·i on for the 1977 \'cùdju:-:trncnt of the nation

\·;idc pl'ima1'y framH"Jütk. The~ Manie 3 proposùl 110\'H!Ver~ shO\'/ed mcrit and 

ur9ency sufficient to br included in the program and w~s ass ign ed to the 

pùrLy opcratin~i -in Labrùclor - NorLher'n QuébPc . Tt vias ant ·ici patcd t ha 'L 

an üdvance party could dclivcr essc>nt'ia l equipment and be9in station 

prcpara t ion as early as lluly L V/hen the scélle control operations in 

Labrador would likely be complete. 

FIGURE 1 
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2. 1 Pr>l ·inrinarv r-cconn;tissancc - ----~ - - '--· ___ ,. _______ ... ·--
Gcocict'ic: f-ïc~'ld officc~r'S v·isHecl the i·ian·ic 3 <11-c.:i 'in l·by 1976 to 

CXi1 1:1·i11c~ t.i1r lrii·ain 0t iJv~ prnposc!d stations ili«t 1·1cl'L' 1·1iLhi111•1alkinç1 

cl'i::.ti,,•1c:". C)f' ~'1 1'0L.'.11Cl' (J""l )' 'l'Ol't' "·l ·'1011 • " • • (1 ' 1 ,(( , • /\l Ll1ou~Jh t.!ic ~1rounr.i 1-,1,1s ~. t i 11 sno1·1 

CO\'c:r~~d, lhc 1:<1rly n•con.1l1·iss<.~nc.' p1·uvidcC: t:·i'' '1d\11'tlCl' co11·;Lruct·io11 1i,:irty 

\·1'itl1 C'ILJll~Jh cl. 1xil for 1i1.:.l11li11~1 \·/;[11 )'("S;1c·r,;, '1:11 tG'.·:l~\' l'\l]iJÎl'(:j~,L'ilL.'.> ill1d 
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111011u11121'1tëlt-ion at tho sc stations. 

2. 2 Hch.10rk Dcs ;i qn _ .. ~-----· - ......_ --> -

A nuniber of fac tors 'i!ifl u2nced the~ design of the net1-.10rk. Pr-imari1y, 

cons·ider0l:ion \'10s g·ivcn to the ·irnrnecliatc u.nd surrouncJ·ing areas of suspcct

ed act'ivity, êtS prcclictcci from inforniat·i on gathcred by EPB. The·ir 'inform·

ation inclicated a concentré1tio11 of cpicenfrcs at about lat'itude 49° 50. l' 

and longitude 68° 36.7 1
• Using this as the approximate centre, stations 

were pluccd in the surrounding arca so as to attain the desired density, 

a strong gcometric f·igure, intcndsibïlity vrith udjoining stutions and 

rough sy~netry about the river and about an east-west line through the 

centre of suspcctecl acti vi ty. The resu·1 tant nehmrk ·i s shovm ·j n Fi gurc 2. 

\If\ !_Lb.NT 
?G20l4 

POSTE 

tL.-1.•, .._~le 

[ .• A !\I''"' 'if .,. i 1 l {.., 

rIGURE 2 

1 - MEf(O 1 ·r6202J 
2 ·- r:lEl'O 2 762022 
3 - Mf::l<O 3 7G2023 
4- ILE /,1ANJC 762020 
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Tlw strcngtll of the neürnrk v1as dctcrnrincd by adjustment v1ith l!/\VOC 

computer program in design 111.:.idc. The follo\'ring a p1°iori standard devia·· 

tions foi- distance mc.:.isurc111cnts \·Ji th the Geod"iir1etcrs, di rection 111easure·-

111cnts 1Fith the \·J·lld T3 thcodolitc and azimuU1 dc>t·crn1·inat"ions 1·Jitl1 the 

\·lilcj T4 uni versa·! thcodol He 1·1erc uscd for v1eight"ir19 purposcs in the 

s·imulè:ition. i\11 standard deviations are for first-01der measurcrncnts as 

der-incd by (S&J.I BJ~ancl?_. 19'/3) • 

Gcodimctcr Modcl 8 = 
. --·-

\/1 + (1.2 L 10··[1
)

2 cm 

Geodimetcr Madel 6BL \jl + ( l. 2 L 10- 4
) 

2 {3 cm 

\{i 1 d T3 0.6 arcsccs 

\/~8) 2 + (0.2 tan <;>) 2+ (l .O Sin qi ) 2 arcsecs 

wherc L = lcngth of line it1 metres; $ = lati tude of the observation station. 

Tllc s·imulation sl1011ed standard error el"lipscs 1'/ith semi -major axes 

of the or·der of G c111 and sei11i-mi11ot axes cif U1c or-der- of l. 5 cm. I11 al 1 

cases the orientation of the senri-major axes 1·rns such that an increase 

in precision of th 0 lcngt.h measure1nents 1muld do liltle to reclu ce Hs 

dimcns"ion. Th e error ell·ipses also "indicatcd that the standard crror 
. --- -

in position bet\'Jeen t\-10 stations along a 1npasurcd line ~vas of the order 

of l.5 cmt a precision that could hardly be improved on with equipment 

and teclin·iqucs nmv availab le. 

A 1n2eting of EPD and S&M personnel was held to discuss the proposed 

nctlvork and the s ü;;ul ëit. ion results. [PB i ndi cët ted tha t both the ncülDrk 

and i..l1c precisicm \·IOu"ld meet th2i1~ requfrcm2nts. 

The follü1vinq additions 1·1cr0 later made to the neü1ork: 

1) Thrcr. stat-ions "in the arca of must: probJ.blc sc"ismic act:ivity to 

prnvi de SC\'era 1 short li nes, su·i ta hl e for mcasurement by Mekometer. 

?.) /\ corn1ection by ffrst-onlrr trüvet'sc~ to tllc rx·ist ing ffr st-ordo.r 

tr·ian~JUlilt"ion alon0 U1ê St. Léll'ffcnu~ !Uvcr. 

:~) Con11c~ct·io:is to ('x·isU11s111.appinq cc1 .. ·ro·1 sU1t·io11s and c:cnccss ·i on 

l 1t1 :1 •1cii.1rü•s in tli~ ùl''' ''-
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2. 3 V ~rt i_~<~l_C01~j, ro_lJ3.Q_q:_i_iIS'~1cn_!:~ 

Precis c elevati6ns at all horizo1 tal control stations would have been 

lilOSt desirahle. The lack of access roads and heü.vy forest cover el imina

trd any possibi 1ity of reaching the stations in the eastern portion and 

111ost of the c ntn1l portion of the netl'mrk. A close examinatiün of the 

latest t1er·ia ·1 pholographs shov1ed that on·ly stations T/\QUET and POSTE 

MICOUA wc1·e accessible by vchicle and only stations VALLANT and CENTRALE 
\•1ere 1vHh -in reasonable v1alkirig distance of ground transportat-ion. 

It was decidcd that the ex i sting prec is e l eve l line along llig hway 

{389 vmulcl be re-rnn and dcnsif i ed ·in the north/south direction, extend in g 

at lcast two existing bench marks beyond the north and south li mi t s of the 

Strain Polygon. In the east/ west di rection, bench marks would be estab-

1 ished approx·imately every t\'10 kil ornetres al ong the dam access road ;:rn d -ïn 

the vkinity of the dam. 

BEi~CH M/\nK 
LOC/\TlON 

SCALC ! : 250 1 000 

FIGURE 3 

:~ 
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D/1. f/i '-..:;__ _. 
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Ptccise elcvutions 1·muld be csté.lblishecl <lt a rnaxinium of If , and a 

1ninimu1;1 of 2, horiiontal contrnl sta tion s. F·igure 3 shov·JS th e approxi

matc l océ1ti ons of the ben ch marks with r espect to th e fi rst-order hori 

zonta l control stations. 

2 .4 Pci:sonne 1_ 

The Labrador-Northern Québec sca le contro 1 party 1-JOul d be r es pon si·

bl e for all phases of the Manie (Surveys and Mapping) project except 

the Precise Vert ical Con t ro l, the Astronomie observations and the Me ko 

meter m2asurements . The crev1 v1oul d con s i st of: 2 permanent staff from 

Geodetic Survey, 10 studen ts, 2 a ircrew and 2 l abourers. 

There was very little con struction associated with the Labrador

Northern QLtébec scale contro l consequently no spearv.te con s truction cre1v 

was pl anned. Rather the emphasis was pl aced on hiring peop le that could 

use the m:as urin g instrunents. record observations and do tho station 

preparat ion when necessv.ry . Because of the extensive cutt ing and tower 

building at Manie, two construction personne l would be added. 

The Primary Ho ri zo nta 1 and \lert'ica 1 Contra 1 Sect'i ons and the Suppl e

mentary Control Section of the Geodetic Survey would provide supervisory 

and other personnel to do the µr ec ise leven ing (1 permanent, 6 ca.sual ) , 

v.stronornic observations (1 per manent, l casual) and Mekometer 1neasure

rnents (1 p2rrnanent , 2 casual ). 

2.5 Lambert Tower Trsts 

The Geodet·ic Survey f'irst tested the l.é1mhert·tü\'lcr on ·fi cld opera

tions dul"ing the 197S field sc:ason, W eD:J1cicll:- 1D?5_; S1Janoon, NJ'/5 ). The 

tests sho~cd clcarly that it w~s possible to measure angles and distances 

\'Ji th f'irst·-orc!c r acrnracy frorn the t0\·1er . /\s a sequcl to the tests it 

t'emùined frir the to1,1e.rs to be 'Le sted exl.ensively in a product'ion s·ituat ion . 

The l'bn i c project appcared to have a 11 the des i l'able fratures for co11t-

i mrit 9 U1~· invc :,t i~J ntfon. Of pc.11·t"ic ular i11tcrcst \'1.1r; the rro s1w t of 

c1:amfoi119 il un·ique fc;1.ture of t!to Lambert i'.Y:.'l:r, thc1t of s1h1g"ir1~1 the 

nsscmhlC'd t nH and sccuring it 1:h ile bc"in q lwld ercct 011 the sttitfon by 

<1 ile: l -ïco11ti:r. 
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III .. rffL[) orrn/\TIONS 

Durinçi the l ast 1·1cek "in June~ four men ·1cft L' /\nse-au-Clah'e, 

Labrador, en i·oute to Otl.ü1·1a /llull \'Jhe rc tlwy loaded to 1.·n·r parts and 

othci· E:quip1ncnt for the ll an ic projcct. !\ f ·iflh man joincd the party in 

13a ·j e-Comeau. 

The ùdvance party orga:ri zed the equi pment and to·.-1cr storoge arc~as 

at the M2.i1ic ca111p, began stu.tion prcparotion v.t "f'/\QUET and POSTE MICOU/\ 

and mode prcparations for th e later nrr-ival of the remaincler of the crew. 

E·i9ht men plus equ·ipment and 'instrun1ents arTived at Baie--Comeau by 

air from Schefforv'ille on July 13. lhey 1·1cre met by the adv an ce party 

witl1 Dept. vehiclcs for transport ta Manie 3. The helicopter and crew 

also arrived at Manie on the 13tl1. 

The h·i l ï s sel ected from contout· lilé.qJs at the: pl un ning stage 1·1 crc 

examined closely to determine thcir suitability for stations. In making 

a final choice of hill and site, the governing factors were: _ 

1) The verification of intervisibility bctween adjacent stations, 

2) The sizc of the trees and the density of the tree cover that 

had ta be removed, 

3) .The condition (non -fractured) and accessibility of bedrock, and 

to a limited extent, 

r~) ThC' acccssib ·ility by motor v0hicle or lwlicopter . 

Th·i s \·1as by fai' the rnost arduous tincl l:"imo con sum i ng ph Rse of the . 

proj cct . Bcfore cquiprncnt for tov1e1· constn1ct·ion c.rncJ monument ·instétl l a

tion could Ge moved in~ it \'laS nccessary to cl o extensive clearing of 

Lr C'cs ùnd u1 1dcrbrush at 7 s·ites, con s ·i der-ahlc cll:dl'ing at 3 0U1 c:r sH2s 

ancl a rn i 11 i111il·1 a111ou:1t at thrcc oth2rs. 

l o protcct rotor hléicl'..>S and flué<l.s, hC'l icoptc1' pacb 11erP btrilt ;it 

9 ~téltiow; . 
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3.21 Towrr Construction 
·-~ ___ .,. - ~---·---

Obsorving towers were uscd at 9 stations. Tower heights were chosen 

to give i'lt lcnst 5 inctres clearùnce abovc l ocal trees and the in terven ing 

terra'in. The clioicc of t01·1er type v1as bas cd on condit"ions at the site 

or on Uw clistanœ that the to1·10.r mater"iétl had to be carTied by ho.l 'icopter. 

Lambe1·t towers were used wherc bedro ck was ncar the surface, where 

there were no space li1nitations and where hcight requirements did not 

exceed 18 inetres . 

The use of the Bilby t01,1er 1·1as not rcsti'icted by condit ion s at any 

site but since the Bilby/Lambert weight ratio is approximate ly 3 (for 

an 18 metrc tower), it was economica lly advantageous to keep the Bilby 

towers as ncar as possible to ground transportation. 

A wooden tower was used at station ILE MANIC as thn height required 

\lias on·ly 8 rnetres a.nd the constru~tion tiinc c·lcmcnt ~·1Js conside10.biy 

lc ss compared to that of 1novin9 a t01·1er from another stol-ion where 

obsevation s were completed. 

3.22 Sl'inginq Tov1er naterial by H_elicopter. 

Eight towers were slung by helicoptcr into station sites. The 

B il by toh1er parts vwre bundl ed together 1·1ithout asscmb lys the wooden 

tov;er 1vas par·tly é1Ssc1nbled before transport'ing and the Lambe)'t tol',1ers 

were slung as single asscmbled units. 

The hilzords 'invoï ved vri th spott i ng tl1e Lombcrt 'c0i1er over the 

stt1tion vnd secur'ing 'it as H \'." s lieing he.ld l>y the hclicopter, 1verc 

a source of mucf1 conccrn. !\lot of pla111-i-in 9, experi1nentatfon and 

fobl'icatfon v:cre nccessary to dc~vc1 lop techniques, proccdures and special 

equipment lo accor.ipl·ish this ta~,k in a st1fc, cff·icicnt 1:1J.nner . /\ 

dctailcd dcscr·iption of the slingfog operat'ions is included 'in (.'J1Ja1:son, 

:l.97(i). 

3.23 Plun1hinq the To\·lf~i~s --- --~ ... _ .... - --- - ----

Spc,ci<:·1c0re1 .. ·i.îs t0kr.n to cns11re Uw.t 11lu1Jihin'.J 1:i''.. prccisc and 

frt~que nt. Upt i cc1 l pl :rn :nds \'!Gr(' .11c;r,d for ; hi~. 11;ffposc. Pl u111bù1u 1·1t1s 

cl1c'cked f'drh dily 1111til H v.'ëtS cC'r~t'i'În tl:.:it l.11c·i·c 1·1as nu :wad1wl 111ovo111cnL 

S1il1s1•qt1t·i1i. 11ltirnb ·i1 9 \",•'; !~~,~ :1·t.,i': 1.11L l.iul ncvc:i' lr'','., il1 ,:n evo1·y Si'ccind 
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obscrving pcriod. 

To vc i -· ry tlie'ir accLwacy, thr~ plumrnets 1·1c!'r co1111nred against cach 

othcr by p1ui11 in 1 tl-10 l3·ïihy tov1ers Lhcn test·inq the rcsults against the 

linc 'intci~secLion 111ethoc w;fr1g T3 Llieodo'lites. Jn bath cases therc \'las 

no substùnt:ial v<:iriil.tilin ·in centci-i11~ bchu:·cn the plu111111cts or T3 ' s. 

Sprciùl cquipn1ent and techniques 1·1erc dcveloped ·in order that an 

ob~,rrvo.t'ion c1·e1·1 of ü.ro could µlurnb the Lambert tc11·1er rap·idly and 

accurately 1·1Hh hio opt'icù·I plurnmets offset f\ 'om the stat'ion. Detaïls 

are ava ïl ab le 'in (Swarw on., 19?6). 

3.24 Nonumentation 

At all stations except VALLANT, bronze tablets wcrc cemented i nto 

"dr-ill hales in bedrocv for station 111arkers. At most stat'ions it \'Jas 

1wcessary to c'Jear él\'1ay soil to a depth of a few centimetres to a metre. 

J\t V/\LU\i·:T~ bcdrock '.1::.s sti L!~:k .?.t e. d2pth of 3 mctn~s from the 

surface. A rnetal cyl"ind r icul form GO cm in cl"iameter, 3 metres i n depth 

v1as used to hol cl a pourcrJ concrcte 111onument. Re·i nfo1·c i ng rads, set i nto 

ddll holes~ attached tlw concretc to the bedrock. f\ bronze tablct v1as 

set ·in the u11 r er surface as a stut'ion marker. 

Preparëtt.ion of the 10 main sto.tions \'.'aS co!llplctcd on /l,ugus t lüth. 

The 1·1EKO stut'ions, t\-10 traverse sto.tions n.nd one secondary station v1ere 

p1·eparcà \·Jhilc obscrvatfon par-t'i2s \'iere at l'lork on the main netv1ork. 

T\-:o cxisting stations, llJCllOLAS and 1·1/\NICOU/\G/Hl, ncar Gaif' ·~ Comeau 

\·/er-e pr-eparccJ nfter 1neasui cmeni..s ·j n the mai 11 net\·1ork \'lcre comp·I etecl. 

IV - ocsrnvrnc; 

/\11 dfrrction ë1nd d·istance rncasui-ements and the astninomical 

ubscrvat ion r; \'.'C!l'C tctken ùuring a 3 11eck pcriocl IJeginn"ing August 13th. 

Fr·cc is e 'levcl l insi \•!l s doiw dur'ing il Ir \'JCck period bcginn·in'] c1uly 29th 

The follm·1in~J L a sumlllary of the angle and distance lllC!dStircmcnts takcn 

·in the Str0 ·in Pol ygon: 

fi • l " ·1' ' . "" 1 i· 0 ' < • " t 1 J ,· C' -I - 1·1 ,. '"'" ;..!.... 1 .\ _ • , 1 ._) c 1 1 L, .. , \· • , ... 1. .... 1 

\Ji th c-1 c· 11rinot C)'.Cf'jil:ion , Gcc1 .l·!:'1:!::cr <inrl T3 1'1''<1c:u1'C'l~ c11 '!.~; cr.11fnn·1 C'd 

tu ·i ii·s(.·C•t·'( '\ S!'i~Cii-.ic(1l.io11s 11~. ·1i1ül dm·:1 in (,r:t·; u,,,.,1:t.d.~ ~u1n). ll1C' 

·1;:1. 11 din·c:ir, ,.~ lt rw'1itc 1 11 lhc· li11c~ Ln l\l 11- lilCü~i:\ ,:::J CUHiU\LL 
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Di stilncc 

Direction 

Lap'li.1ce 
(Azimuth , Latitude 
and Lon0itude ) 
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Ins tnrn1c' tlt 

Geod imeter f·1ode l 

Geod·imeter Mode l 

r~ekometer ME3000 

\,Jil d T3 

\<li 1 d T4 

Number of 

Measurements 

8 17 

6BL 13 

5 

56 

l 

comprise only 18 (vs 24) sets as windy conditions at that station slowed 

t he observations to the extent that the t hfrd rneasurernent \'Jas spread over 

the same period as measurernr:. nts 3 and 4 at the other stat i ons. As such, 

th e effect of the meteorfog ·i ca 1 conditions on eùch direction shoul d be 

the same. Th e a pr1:01?i standard d~VÎél ticns of these lines l:êi.ve been 

i ncreased according to the number of sets. 

The f·i i·s t two angl c rneasurements at ONGLET on the directions to 

Vt1LL/\NT, MOYEU and TAQUET 1vere reje cted because the instrume nt support 

pipe was not adjusted pro pe rly. Strong winds caus ed the pipe to vibrate 

against the ou ter towers consequently it was extremely ~ifficult to 

po'int the ins t i·ume nt properly. TvJO ndditional measurements were taken~ 

at all station s involved , to replace the first and second • 

. 4.? t·1ekometer 11easurements 

Four rneasurcments v;ere ta ken on each of the ,(hekorneler l i nes. A 

measurernent cons·isted of IJ determino.tions \vith the instrument atone end 

of the linc and 4 detc:rminat ions \.Yitll 'instrument at the othel' end. The 

/rL:~urnQte r 1·1as Lioved from one end to the other for successive determi na-:

ti ons. 

The 1·1ck01ncter lws an i nhere nt crrnr of O. 2 mm ::!.. 3 ppm \vhen used on 

standai·cl bascl incs . Hm·1cver, 1vh en qrnund po'inLs êll'C emp l oyed, ccnterfog 

. c·iTur rcclucc~s lilc quality of the ohscrvat·ions. /\ssuming a 1 mm ccntc:ring 

Cl'l'Ol', an c;stimirl.cd accui·acy 1•1ou l d Li e in the ordr'l' of l .S 111111 ± 3 ppm 

(t '<'nkm, :JD?ù). ·r lli s ·is Uw cr"itcr·ion tliat 1·ws sprcifiecl for· the 

· i nlr~\ nal ccn1·;·j~,i.cncy or p;1d1 rneasurt~111·:11t. 
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Jt shoul d bo notcd lht>t the Mekorneter mei1sLirernents at ILE MAN IC 

\:Jcrc not tal~en from the tovicr as the l -ït1es 1vcre open u. t ground 1 eve l. 

S Landard Cit:~odct·i c Survey of Cill!ada specifi cations, proccdures ùnd 

field checks for first-order detcrminations were followed. 

4.4 IJrecise L.evels 

Check lin es run o • • .. • c • • • • • • t • " • t> • • • • • • • t t t ., r • • • • 
ï (63;9 km ) 

l~e1·J bench lllùrks establ ·j shed ...............•. , . • . 11 · 

Kms of l cvcll i ng ett•'"'••••• •••O•o •• • •e•••,,••• • •• 80.05 

Gravity stations ·t i e d i 11 e 11 t • ID • t f e I> .. 1 &o t' 0 ( f> Cl 0 • t 1 • t 3 

Horizontal control stations tied in ............. 2 

Measurernen t<; ~ proccclut· r~s arid fi e 1 d checks conformr.cl to standard 

pro.ctice for Special Order levclling as g·iven in (Sf..f.1 Branch_, 1973 ). 

In addition to the foregoing measurements, a min i mum of 6 simultan

eou s rcciprocëtl zenith di stances 1·.1ere measured at each end of each 1 ine. 

Ten distances and 14 directions werc measured to connect the Strain 

ro·1y~ o11 to existfog rnarping contro l in the area and to the exist in g 

first ·ordc1· trianaulation on the north shore of the St. Lawrence River. 

V - FIELD COMl'UTf\TIONS 

lh2 cornpu tat'ic.ms dc:ne in the field are those associatcd 1vith data 

reduct'ion and the cletection of sub-standard inPasurements ünd blunders. 

Prncc:dures, fornJL1lae and forrns involved ai·e cxplained in deta il ·in 

Port / tinci /\pj;e11clh E of (C0oâctù: Sur-1>cy of Canac?.a., 1971:). 

rot~ the l.oi·hontal 1,1castffc:r.211ts, a su1rnnary of tr-iangle nrisclosurcs 

ètncl é.rn0·1e vs kn9Lh co11s·istcncy checks ·is ~riv en ·in /\ppcnd·ix /\. 

\11 - l~rnucno:~ f\IW H/\UilL F~G OF FirLn RF.l URl·:S 

Proccdtwc, for t!:2 llhcive, ap1;licablc to dirc;cL"ion <'.nd distctnce 

'''L'·1' 11n·1'·:11L; i:·l'l~ clt·~ i'ly l'7.plilht(d ü1 a SL•l. of ·in:;:·i·uct ions cnl'itlcd 
1'r'·,·1,r·11 c1•1\'("" 1rn.- 11 ·'lcn .;,,,, 1··:l. ~d f'c•: U''I" 11 

,J '° 1 '"' • - -.' '- I ' 1 j ( I 1 j 1 f 1 ~ I 1 ~ 1 1 • l. 1 1 ~> • 

' ! 



\•1rHten for use 'in tlio Pt"in1élry llor·i zonta l Contrnl Scct"ion of the Geodctic 

Survey . l t dea·1 s \·Ji tll the process ·i ng of cach type of rnea~ urcment from 

the ra\1 field data sta~;e toits c~11Lry on a computer carcl as a single 

observëltion. 

Th rec computer progt~ms, LE. \![LOB (1Jci:c1'smi .. 1970), STJ\ADJ (HeatHe .. 

J 9ï3 ) and SLRCD2 (Beatlie .. .19?2) are used to prnduce a deck of computer 

cards t hat contains directions and sea- l evel distances. A fourth 

prograrn, SIGM/\ (lJealt-i:e~ 1976) adds a p1°iori- standard clev i at ions and 

observation group i dcnt ifi crs. A li s t of directions, sea-l evel distances 

and a p1?1:ori stanclëtrd deviations is sho\'m in f1ppcnd·ix B. 

A pr,iori standard clevi v.t i ons for th e Geodin1eters, T3 and T4 theo

dol ites li sted Section 2.2 (N etwork Design) were also used for purposes 

of ad justrnent. \·Jhere short lines 1·1crc 'inv o 'lved~ a factor of oc=-= 0.2 cm 

was added for uncertainty in centcring. 

For t he l,1el~ome·Ler~ the a prim'i stancloïd dev"iations \'1e1·e detcr1nined 

from t he following : 

CTc O. 1 cm 

Astronomical observati ons and prec i sc l eve l s are si rn ilarly rcdu ced 

by computrr programs. The f·i na 1 astrnnomi ca l az·irnuth, 1 at i tu de and 

l ongitude arc "incl udcd ·in the adjust111cnt i nput deck \'iith t he dfrections 

and distances. 

V 1 I -· AD~IUSTt-itNT OF 08SlRV/\TlONS 

7.1 /\ 11 Data Incluclcd -----·- ·- ------- ~-

T1,10 sc~pa1 at:c 11 freo 11 v.djust111cnls of tlir. obscrved m:iter i a l v1el'e 

cal'ricd out. 111e ffr .. t focluded a"ll the obsr.i~vat·i ons i n the Str'ui n 

Polyqo;1, ll1e co1111r.cU119 travc1 se to the cx·isLin9 f-irst-·on!r.r control at 

B<:; ! .:-l.omctlu 0.11c! the conncct; ons to the ex i s li 11~1 1011cr ··order stations 

"in tl12 vic"il1"ity of the s·~1'ain Poly~ion. Tl1C' publisilcd coord"il1atcs of the 

c::i'.,Linq sl.t1tion:, IHCilOL1ïS and i·il\i\lCOUN-~.~\N 1·.,· 1·e hc.ld fixc~u. 

f\n C'>'t:l::"in, l'ion ('f ll1C' ~·i .tlllCbrdii'CCI C(ll"t'ê('[ icin'., (f,pp(~nclix li ) '."l!O\·JS 

Lli~d ;t"Jl :;w 1·w.i',\ll\'J11r'nL< t.ikrn <ire 1,·rli 1·rilld11 th\' T0u tejcction v,\foc 
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(3. 727) foi~ a conf'idencr ·1 evel of 99%. 1·1c<1surcments taki ng t he l argcst 

standardizecl correct:ion and the corresponding rcsidua·ls are as fo'11ov1s : 

Standarclized Type of 
Corrcct-i 011 Residual Lino Measur·cments ----- --------
2.765 +l. 207 secs MOYCU-ILE M/\NIC Directfon 

2.534 -1.097 secs Tf\QLJET-VALLANT Di rection 

2.379 -0.035 mtrs 6.~ EV/\SE-ILE M/\NIC Di stance 

2,359 +0.036 mtrs 2.3 TAQUET-GUERITE Distance 

2.24 1 -0.060 secs V f\L LI\ IH ··ONGLET D·i rect ·ion 

2.219 ~ 0 ,034 mtrs 5.5 T/\QUET-MOYEU Di s t ance 

2 . 142 +0. 93~. secs Tf\QUET-MOYEU Di rect'i on 

/\n examination of the anglc-length test ratios in the fie l d check 

results u~ppend ·ix f\) shü\'IS that H \'Jas apparent 'in the field thai. there 

was considerable disagreement between angles and lengths invo lvi ng the 

above stations . The failure rate in three tr i angles cxceeds t he al l owable 

33% but the overa.ll average is v:ell belm1 Uwt at 24%. 

The l'.1oather at the time some of the abovc measure:nents we i~e taken 

vw.s very hot. Consequ.ently tlw signal 1 ·ights 1·Jere l arge and moving. Th is 

condition docsn 1 t necessar·i ly r roduce poor resul ts but observers 1·ri thout 

a 1 ot of c;:peri en ce sometirne have dîffi culty poi nt'ing cons i stent.ly on that 

type of Larget. Some reobservat:i ons \'Jere donc in t lw tl' i ung l e TAQUET -

VJl.LL!\NT-l·iOYEU under more stable conditions and lhe. results \'!ete more 

favoural>le. Hov~ever, u fc\'J adc!H·ion0·1 measurements a1'r not very effect i ve 

in dra1·1 i11u the meo.ns tmvard the better resu'i t 1·1hen a1 ·1 mcasurem2nts are 

u:.cd. 

on·ry U1c 111c0.surcm2nts in the StTo.-in 11olyqon 1·1en: c11terecl 'in tl1 e second 

adjusl1nc;1t.. Tlic cooi-dfoiltr.s for flOSlE "1JCCJL!/\~ <1S clekrnl'incd in the f'irst 

ddju.,ti.:.·1t, 1·:c~tc lir.ld t1.·cd i:nd (Jricntlli..ion 11,1s prov·idr.ci by the <tsLrnnonric 

nri11111lh fro,n POSlF l·iJCOU.t\ to Tf\f)~Jt:T. 
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a rr·iori vari ance ) of 0.972 nnd a raww of r'e lativc accuracies (95% C.R.) frn rn 

13 to 17 ppm. Th e most no table feature of bath r el at ive and point ell·ip-

se ~ is the lol'J ratio of minor axis / maj or axis. Thi s suggests that each 

1 fo e ·i s botter detcnn i ne cl in l cngth tliéln az i mu th, (clunkins , 1976). To 

substantiute th ·is assumpt i on, a secon d ndjustmcnt of the same data 1·ms 

made v1ith only the stëJndnrd dev·iation of the astronomica·1 az·imuth changed 

from 11! 131 to 0~1 l . /\s a res ult ~ the cor1iponent of the error en ·i pse 

perpend·i cul ar to thr l ·i ne 1"1as reduccd rnd·i co. lly 1·J lr ï! e the component in 

the direction of the line rcmained unchanged. 

An actjustment of l engths only was run to ascertain the contribution 

of the angle measu reme nts. A ·1ack of si gnificant change 'in the relative 

error ellipses suggests that the wcakness in orien tat ion i s nota result 

of the a7imuth being poorly r ar r ied thro ugh the net by weak angle measure

ment but rv.ther tha t dis tance deternri na i;i un by Gcudfo1cter i s more donri n-

a nt in forming the sha.pes of the triangl es, (Junk-ins, 19'16) . 

Thi s adjustrnent also po'ints out a 9c0metric v1ec~knes s in 'd1 e netvJOrk 

which allows the pos itions of the MEKO stations and ILE MANIC to shift 

4 cms 1·Jith respect to the adjacent station s 1>Jhen the angles are removec!. 

VIII - CONCLUSIONS AND RECOMM~NDATIONS 

The nehJOrk ·is a very r·i gi d structure, vJith the major axrs of the 

l'elative crror ellipses n~ fl r.ct'ing the accura cy of the az imut!J of the 

1 in es, v.·hil e the 1n"ir1or ûxes refl ect thC! élccuracy of tl1e 1 ength or ·1 ·i nes. 

For the putposc of ana ly z·in~ di~;p'lace1nents fo future crusta l dcfo r ma tion 

sturlil's, a 9S~'. leve·1 of s·ignH·icance sliould be basecl on the factor 2.45 x 

(th (~ crnnponcnt of the error el l·ipse i n the direction of the lin c:, ) 

Til (~ p1-csc·nt stat ist·ic al ano lysi s ind ·icùtcs that by geodct'ic: incthocls 

·it vmuld be rossiblc to detect hor i 1011téll crnstal clcformat ion s ·in the 

orc..1~1' or 3 c111s in th,' rnJin 11cümrk and l c111 on the li:::!kome t er l engths . 
- ----- - - ·-

A 1 c111 c:C'f'Ol'lllilt"Ïlin i11 the vcr'i.ical appC'c1!':; 1-.1cll l'Jithn the 1c1n~1c! of 
----- ---

.-------~- -

r 
1 

l 
1· 

î'. 
li 
I; 
1· 
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dcvi at ions and confidence rryio ns using the ad j us t cd values of the mcasur

ed data . It ·is rcé1sonablc to assume that the rcpctit·ion of all the 

mcasurcrncnts 1·10uld prnducc the same tesult 'if there l'tere no crus t al 

c! efonnat'ions but. unt'il this ·is done~ there i s 10 proof t hat it is so . 

From U1is point of v'ic:\'/ ·; l: ·i s extremc~ly i 111porta11t to det cnn in e the 
11 rcpeatnbil'i'Ly 11 of the mcasu·,,e1n2nts .11h·il e the tirne laps e ·js short and 

cru stal dcformat:io11s arc un likeïy to acld cornplkations. 

The r cobserv<:t'i on program shoul cl in cl ude measurement.s to strengthen 

the detc rnrînat ion or ILE t·1ANI C and the 11EIZO stations l'lith re s pect to the 

main scheme . . With.a.small amo unt of line clearing at MEKO 3, lines to 

EVASC, GUERITE and MOYEU could be measured. At MEKO 1, lines cou ld be 

opene cl to GUUUTE and 1·10YEU. A conn ect·i on bet1veen VALLA NT and ILE 1·1AIHC 

\'Joul d add strengt l1 to the netvmi~k. Un fortunate ly, an extra station, 

tower and extensive cl earing wou ld be r equi r ed as ILE MANIC is wel l 

belov.1 the stec:p bonks of the rivcre 

The reob servat'i ons shoul d not be entrusted _to i nexperi enced 

observers or done llurri ed ly. The measurcments shou·l d be ta ken on ly under 

f avourùbl e 1veathc r con di ti ons, every precaut·i on shoul d be ta ke n to en sure 

thë:lt the metcor'lo9"ical sarnp'lt~s are as representative as poss·ible, of the 

conditions along the line, nnd that the tovie r s élre plumb . 

It v;a s a9D.in apparent that first-ordei rneasui'ernent.s can be ta.ken 

: fr o111 the Lambc)' l to1·1er. It cùn in decd be trD.nsported and crected, as 

an asscrnbl cd unit, by hel'icorte)' . Th·i s, hov1eve1-, is ê1 hazardous 

opc ration. Tllose planning such an opcration should be v1ell preparc ci 

and the pilot must have extens ive sl in~Jing experiE~nce . Some cornponents 

of the to1·12r shoul d be chan~1ed to better suit the obscrvei · and clecrease 

the tfo1c rcc uired for fin e ndjusi:rn0-11L . D·i scussfon of thcsc dcf'icfoncfos 
and rcco1rnncnclat ions for ·i mjirove1ncnt D.rc covered "in (8wcm.c;on~ J .97û). 
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Tri anqlc ______ _ ... ,4,. __ 

Taquct·-Onglet 
Mo_ycu 

Taquet-Moyeu 
Va 1 ·1 ard.: 

Poste l\i coua 
Taquet-·Va ll ant 
On gle ·[: 
Moyeu-Vallant 
Val 'lant 
Ongl et-Evase 
lfo Mani c 
Moyeu-Evase 
Vallant 
11;::.i_ycu -[vase 

Il e 1·ianic 
Guer·i te-Evase 
M·iqu elon 
Gucrite-Evase 
Val l ant 
Guerite-Evase 

M·iqu e·l on 
Guer--i te-Cent ra·! e 

. Poste: Ili coua 
Gueritr-Centrale 

Poste 1·1i coua 
Va i ·1 n.nt ·-Guer i tè 

Ile i·luni c 
Meko l - Meko 3 
1·1eko ·1 
1·1eko 2 - Mcko 3 

Ile liJn·ic 
l ·lcl~o l - Meko 2 

f·i.: ko 1 
l<c l:o 2 - l~ r'ko 3 

l'osi !'! f.liwua 
V.1 1-·i 11-Gu .. ri te 
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APP[f!DIX A 

SUMMAHY OF FffLD CHECKS 

/\11~·(1 c-Lcmgtl1 ·1 est 
Misclosurcs l<. at'io l Rv.tio 2 l~ùt'io 3 ·--- - --- -------'·~--·-·-----··---

+ 0. 21 -1 0 . 81 4 + 0 . G l 9 · 0 . 3 7 9 

-0.36 -0 .735 -l.558 -l. 106 

-0.~8 +0 .613 +0.379 -0.244 

+0. 96 - 0.003 +0.586 +0.540 

-'1.77 -0.571 -1.494 -1.106 

-1.54 -1.964 - 1 .887 -0.556 

-0.82 -1.037 -0.687 -10.426 

·-0. 50 - 0.835 -1.484 ·-0.6 11 

+O. Tl -0.011 +0.174 +0.144 

-0.40 -0.417 -0.050 +0.~325 

-·O. 96 -0.209 -0 .027 ·~0.195 

+0.39 -0.492 -0.048 +0.235 

·· l. 27 -0.728 -0.0GO +0.545 

+2. 13 - 0.602 - 1.744 -0.342 

+0.84 -10 . 629 +1.392 +l.288 

+3. 96 +o . 8% +o. 090 -1. -, ~ s 

-0.98 +0.099 0.3~9 -0.~09 

·-LG3 -0. s ~) G · I 0. 'l ?. l) ·I 0. G ï 'f 

Failure !~a'Lc 
_( 33%_ a 11 m·1~c_!_L 

0.0 

33 

?2 

17 

33 

39 

38 

38 

33 

30 

27 

25 

23 

24 

27 

27 

?.S 

?4 
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STANDARD ERROR ELLIPSES 
Ellipses Based On The A Prio ri Variance Factor= 1.000 
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