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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (Si)
UNITS OF MEASUREMENT

These conversion factors include all the signif icant digits given in
t he conversion tables in the ASTM Metric Practice Guide (E 380),
which has been approved for use by the Department of Defense.
Converte d values should be rounded to have the same precision as
the original (see E 380).

f t.’f ultiply By To obtain

inch 25.4w millimeter
foot 0.3048* meter
knot 0.5144444 meter/second
foot 3 /second 0.02831685 meter 3 /second
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REMOTE SENSING OF ACCUMULATED FRAZIL AND
BRASH ICE IN THE ST. LAWRENCE RIVER

by

Arnold M. Dean, Jr.

BACKGROUND major ity of the winter , in addition to the normal loss
caused by the ice cover. Although t h e  reac h composes

The work described in this report was performed in only 14% of the river length! Irons Ogdeuhurg to the

the Ogden Island area of the In tcrnat ional Rapids of Long Sault Dam, sonic 33 ’)~ to 58% of the total hiead

the SL Lawrence River. This area extends some 9.5 differential was lost in the study area during the 1975-76

km from Pinetree Point (just below Iroquois . Ontario, season. This appears to be typ ical.

Canada) to the Murphy Is lands (at Morrisburg. Ontario). Consequent ly. the formation of th te ice cover in t h is

T he fi irtisation and contro l of the ice cover in this area requires careful control of the f low throug h thte

reach have presented problems to power generation darn. Variable weat h er conditions . high watet  ve hoet ti es

since t h e  construction of ’ the facilities of the St. Law- and large frazil generation combitie to make th u s a for-

rence Power Project. The consideratIon of extended midable task. I)uring and aft er formation. frai.il and

or year-round operation of the St. Lawrence Seaway underturned brash ice become at tac h ed to the underside

has also brought the Ogden Island area to t h e  attention of the ice cover. Field data indicate that thus accutlIUla-

of navigation off icials.4 lion causes a typical 20-30~ constriction in the cross

Control ling the generation and accutoti lation of section of the ch annels around Ogden Island. To ahlevi .

fra,iI and brash ice in this reach! is the ultimate goal of ate t h e  resu lt imi i~ head loss at t h e  duwnstreat o power

those concerned , as this affects both navi gation and plant. oper:t t ittns personnel increase the flow t h rough

power generation. To accomp lish this goal an initial tlle da m du ring warn i periods in an a m tempt to reduce

ice cover must be formed as quicUy as possible. and ~ue ;mttachued ice. ( :ireful cnntr o l must be exe rcised.

those charac teristics which enhance subsurface ice ac- s itic e an esces sive increase in ti le flow ch anges the slope

cumulation titus! he identif ied and minimized. The of t lie water in t h e  I orehav atid may collapse I he tee

I or mat but of an ice cover is particularly important ci ‘vet.  Conversel y, large aniouli is of It :1/Il . it heft in

sil ice it e t e:lt lv reduces the potential for ice productioti place, m a y  enhance janilullig during breakup. T h e con-

from an open reach in t h e  St. Lawren ce River. Depend- trohler necd.s to know the culit igiirat ion and amount of

ing upon t t ue weal her conditions of t he season , heat ice in the forebay in order to weight t h ese a lte rnai ives

ht i~ ge l eaku hat ions i 11(1 i cat e t hat t in every area l unit of Navi g:u t ion lit ri ntlgl I such gte it ansoit ills of ice will he

s i l t ace C t i (ill cl iv crc d th u to ugh t lie winter , bet wee ii 10 inipe (fed and chan itel mn:m tnt en alice c an heLl ‘inc II nsa It ’

;ill(h 2 c iihtc it l i t  S of ice will he t’ornied. Fie ld meas- Tug boat operators on I lie Illinois Rivel h ive I ~~ 0l let h

II ECI net II Ii ave ~l lOW it thi at t lie porosity of ace uoiulate d t hat lie :icct mu ula Inull of fra,il and hm ,u s i  I C III lIt e cli .uiu

f ra ,il us 41.)- ~( I . I Ien cc t he voltiiite ~icc(i pied by tr azih tiel hu:is m c i  eased resist ami c e to the poiltl where little

is im botit twic e t Im e v IhlilIle of ice plild icCIl . iii ac imt iiui- no Io rsvam d progress could he m.ide at full p ssei )

ha ted Ii m,il LI  ti i fit he bet WCCI1 I 7 an 11 50 v Ill utile t n c  II nits Icehie a king tugs (ill I he St. I aw re m ice Rivet at Bea u t  ta rio its .

pe r tw i t  iii l ij i t ’Ii suIt .l~~L’ m ica. Qutehec, have been nea rts capsized hs .u sin ac ing tm a i i l

hhe ec ulll lt ltics ui ice co ntrol are s len i l ca n t .  5111CC t i i ,iss a t tached to shie d Ice broken a u . u % 0 111 t i le c&h ge of

Ii ut lust head ~m i t he dalli i’ e q l u i \ .ileot t o 1IV CI ~~t i  the clu:mllne h. ’
\ tWr (iI C i t C t C %  lusl per u s .  f IlL’ t ica il h is s due to tr .u ,ih In order I ’  deal & 1t1 I l t 1 t Ia i t ~~’l~ wut l t  t he se  lie

‘rash cc ~i t ta c hit ’d lneiie;ilIu t h e  c l is t r  iii t h e  Ogden lenis , bas ic t h:m t .u lu tist he o bt a m ned. ice iccuuIliu i lat IItii 11,11’

Islatid urea may var s helweer t I lo ll 4 f t  t hum tnog h t i t  t he te rns defined , am i d t h e  chi:ir: icIt ’ t t s iucs  i t  uL& ullfluh;it loli

- 
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investigated. It also is important t o  determine t h e  and measure thie depth o f reflecting discontinuit ies toriver ’s flow regime. since t here appears to he a hinut- wit h in a few centimeters , depending upon the electro-ing velocity above whichu frazil cannot attach. Furth- magnetic parameters of the iticiiuni being probed. Theer, son ic flow patterns tend to enhance the accumula- system can he considered as the electromagnetic equiva-tion of frazil under t h e  ice sheet wh ile ot h ers tend to lent of it rarine sonar. Real-time profile data may heentrain the ice. displayed grap h ica lly on a stnipchart recorder and/orManual sounding has been the only’ nietlio d that recorded on magnetic tape l’or subseque nt processinghas previousl y been available to accomplish a wide- and playbac k. The echo or reflection front t i e  air/ice ,sprea d mapping of ice accu m ulation as required in the ice/trazil and ice/water inter faces is r’corded , and t h estudy area. During this past year a radar ice thickness travel time to the surfaces is measured. Once the ye-profilometer , developed by Geophysical Survey Sys- locity of propagation within the ice is known , eitherterns, Inc., was tested by CRREI. under various cir- f r o m a knowledge of the electrical properties or fromcunustances to determine applicability t’or frazil ice de- direct mecha nicah calibrat ion by nieasurentent of icetec rion and ice thickness measuren-setits in fresh waler. illickness . the trave l time cat i be converted directl y toThe results of the field work were encouraging. Such layer thicknesses. 6
an Instrument used in a remote sensing role was The system is composed of a control unit , an an-shown to be a definite advantage for investigating a tenna’transcejver unit . a graphic recorder and a mag-lange or relatively inaccesstble area. netic tape recorder. Figure 1 shows the control unit

and the magnet ic tape recorder. The control unit is
housed in a cubic metal case approximately 30 cni onOBJECTIVES 
a side , and contains all the control electronics , includ-
big the low-frequency sigiial processing circuits , con-The objectives of this work were as follows: tro l dials and a Ilionitor oscilloscope. Weighing aboutI. To produce a contour map of frazil ice accumu- 13 kg. t he control unit is powe red h~ a 1 2-V batterylation in the International Rapids of the St. Lawrence and draws about 1.5 A. The magnetic tape recorderRiver from Pinetree Point to the Murph y Islands. stores the returned signal on frequency-modu lated2. To evaluate the radar system as a remote sensing (FM) tape. Figure 2 shows t h e  antenna-transceiversystem for th e  detection of frazil ice accuntulation, unit, Th is unit is rugged. weighs abost t 32 kg. and3. To analyze the accumu lation pattern of the conta ins an antenna for transmission and reception ,frazil ice. 
a transmitter, and the h~ght’freque ncy compoltents of
the receiver, Titus . t h e  cab le connecting t h e  antenna
to the control unit carries only audio signals whichPROFILING SYSTEM are less susceptible to degradation. The graph ic re-
cor der, which is shown in Figure 3. weighs about 3 1The radar profI lonseter combines, in a broadbanded kg. an d is an intensity -modulated recorder usitug mmml-pulse. frequencies which have thie capability of pene- ti- layered paper. 6

tration th rough water and frequencies which give good During the past w ith er CRREL bias tirade exten s iveresolution. In single-frequency systems , these are op use of’ the profiler svsten m for ground rnonitoniitg ofposing characteristics: i.e. syste m s w it lu good resolution tnaz ih accun rulatio mi. The work in the Ogden Is land aleacannot penetrate a wet sur face, and systen is that can mar ks t Ime first time thiat the system W as u sed to n~untt I b rsee through water cannot resolve less than a meter or f razil accumulation remotely .so. While t h e  system is still in a developmental stage
for this application , t he profiler is commercially avai l-
able. Its radiated average power ot mtput of 5 rnW ~5 APPROACH
centered at 100 MHz with a 3-dh band width of 100
MHz. The antenna is pulsed at a rate of 50 kHi and E)a~ wete  col lected in tIle stud y are a b~ Ihilee nieth-htas a pulse width of 3 ns. The manufacturer iii the iids: airh,orne radar profiling, surf ace radar profilingprofiler, Geophysical Survey Syste ins. Inc.. pre f’ers to ant i m n  h a  I son n diii ii. But hi ma d a I pr~ t i Ii h g  an LI lila 0 iu.uquote a performance figure which is the ratio of the soi imiditigs were acconiphshed du ring t h e  per iod Iniilitnruni dete ctab le signal to t he peak voltage o u t  of F’ehruarv I~ 76. and nialuual sunu nidj l lgc wer e :iIsi’ Lu kci it h e  transmitter. ‘I’his is stated to he 100 dh for the dtirillg 10.1.3 Febrt iar~ . I ~.tz mic hi , II M;treh and I i’~ \larcl iutility antenna used in th is st tmo ly 5 1976.

The equipment functions as an echo sounding sys- The airhortte data colleciiun coIlt igii taIi~in call betern usin g electromagnetic pulses and is able to detect seen iti the sketch of f i gure 4. Th~ da t a  arc oc tioe d alid 
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Figure 1. Profiler s,vstem ‘S contro l unit (left) and magnetic tape recorder.
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recorded on magnet ic tape front the helicopter and later fligh t  line, airspeed amid approxulnafci al t i fu de. T hetransferr ed front t ime magnetic tape to t h e  graphic re- second individua l opera ted flue radar set and tape te-corder in a v~hu~Ie on the hank, corder , kept a tape fog (t h e location of particul ar dataLongitudinal flight pat terns were followed for both on t Ire tape) and guided the pilot w it h liruc altitude ad-t h e nort h and so ut h chanmiels around Ogden Island. as jus t miients . Thie third individual located reg istrationsh own in Figure 5. Each channel had  a center fligh t  hires , entere d henchutrark dat- a into the co l lected dataapproximatel y along its thmalweg. T h e renramning fonmr by means of a pushibutton , amid started at ud stopped t hefligh t  hi uues divided the chuam uitel equall y between banks, data cuhleclitin,
Th ese sets of litres tend ed t (i parallel eac h other above Portions of tile data were prinf ed tr ill c u l t t h e  groumud-and be low the island. Ten lines of flight traversin g t h e based grap h ic rcccu ude r during airborne data cob l cc t iur mmchannel above and below Ogden Island were plan ned, Iii ctls~ure eqtii pm r)cuu t operati ntt , ca libration , etc : th us , -Because of inclement weather only the eight shuowm i was done aft er t ime euutlpktioli of a ta pe. T he  em tl i rein Figure 5 were flown. These flight lines ate lettered tape was trot inrmiicch iatcl ~ t rattst ~ rrc d simuce th ie guaphicA.A , B-B, etc. recorder operated at :u i t mucl t slower speed If ian t h eTIre numbered traverse hines on Figu re 5 are reg is- magluetic tape recorder. Data collection wit h the mag-tra t iom u lines that were located along ttce flight path to netic tape recorder a long flight litres Iunik only as kingensure proper longitudinal registration of the radar as flue flight time. and there would uucce ssau - ily havedata. The registration lines were identified during been a hot t leneck at t h e  pniultouut it thue entire ta pe hadflight by tI re alignment of prominent terrain or m an- beemr printed during the dat a collection t iumie . Spiutnrade features . To minimize fligh t  speed Variation s ch ec ks appeared to provide adequate indicators of t h eclime to wind, etc. . amid to faci litate the mdei itific atiom i quality of flue data. T~uis type of check was possiblent benclrmarks for registratiomi lines, t hte directiomi of since tire tape log allowed one to select parlicular por-flight for a channel was the same: i.e. all data were tit ’umiS of the data for review.ta ken ciumb ug downstrea m in t h e  muort f t c hu a mrm ieh and all Surface radar profIling, com iducted iii t h is Si uu, l~data were taken going upstream in the 51)11th cbianireh. mainl y In compare tire airborire and surfa ce data , wasThue equipnrent shown in Figure 1 w :us carried in uccomphishu ed by pulling thue am ite uu na-t r iu ui sce uv el - he-Ole Huiglles 500 h elicopter during airbomie data collec- hind an airhoat or by pulling the alrl e lrbia’ Iralus cL’ise rtion. \ 1 2-V automobile batter y supplied tire power by hand f~ r short distances. Whu en thu e ailhoat t rr eth rodfor t h e  cquui pmnent. The antenna-transceiver tiluit was was used, t Ire radar set and the magmr etic ta pe reci u rdersf umr g sonic 10 ni hehosv the helicopter wit h a 4-poumit were placed in the airhoat in ami iuus uila ted box. Rur usriv li ’ ru rope suspension connected to the cargo h ook were limited by tire length of blue ex lem ided cable, t mr thisit the hue h ico pter (sec cover plrotograp h). Time signal case, 60 ni. iland Iowimrg was used to obtain a muchand r u s s e t  cable connecting tire antenna-transceiver slower and tiiore controlled ant e nu ra- mramu s cei ve r li ve-witlr t h e  ci lIt hr/ i l  Ohi O was taped to one of the ropes nient. Spot (Ilurnmiio v ibug) mrieasuret rren Is are blu nt iiimer -a ut c b ! ‘ ud  a nomu hoc king connector at about tire same pretable with h u e  sys le rn. since tliet~ are s , u T u t n u I S  re f lect -bevel as (hue cargo brook. T he relnailicler of’ the cable big media wi t hu it i  the ice itself. Wi lhi a mllov ilug reco rd .th en \vent Into the aircraft ia a wtndow port. TIme o~ue can diffeterilj aie between reflections t b t u b i t  localnuuulocku lhg c uln rtect o r  was reinforced wit h a wrapping diseontimiu imics au th t hose front siul  face sof solder. Tit e p roced nrc u sed hr  man uial sot u nd ing iii t Iris- 

Tb iu~ .11 1,/ i ret ’ it tell t gave I Ire connect n it  ache quat e nrc- St tidy involved drib bu rg t hioughi t I re st I rfa cc ice amid I hic m uc h a m rtc , u h st , i1nihu t~ nluu le sti hl al low imug time pmloi to drop penet rat imig Ibue fr;u,il or shuish ice heneatll in c f c ’Ier t i t i t t c ’ti ic . i i lbcuumla-I rarrSce tv e r in case ofa n emnergcnIc~ . it s t luckomcss. Tluer~ were two l iuelbtt ’ uls used h I  cid er-ib te anfe nlt a Wc ’t~ h it  ptoved sufficie nt t’or stable up- n mmm re tire trai i l thui c k i t ess . Oiw mii~t Ii,rd euuu p lo~e~h a uodi , u t t u ’ t t  and dala c’dlecuion at tlm g hut speeds of 40 to 60 to push down Ihurunu u g h r the tra,i l  at id to  t ec h t h e  ~i m~ rcmlik mr u ’ r t . T h uG’ t’uo mit of the anb et un ri  was oriented witim the beh inw. T he ofht er nt eliuo d used a t e a S  pu’uiul e il pi net i ” r u b  lit b lue btehclr pbe l .  and u t data coliectm srn sp~~ds that hral t l n rc- rs d uu wt u th t r ou u gh u bile tua ,i l. arid t b uen usiii .t hu u i u t  41) kmu u k il l ic t i tat i/ul i  st ,u\ ~cl i r bm c ’. D~ s tu irned flab ami d r ’ iuhi e c h hi .uc k tup to bIt e hottin t u ~f t Irespee ch 0% .t s  se lect cut ;is .i c 1) 111 111 ‘lIt isi’ he I W eehu slower f r:u / ii. lIhe ISSi , Ii tel hinds ate comri pared i it Table I -pcedc f / n I  m um/ic .mcciu rale dat a c uible c iuu ’ ni and b ui gite r
s~~t ’ i ’ u ~ f i t  ~‘ I I I  a ~ s t a him hut ‘t t h~ am 1 u t I  . Data rcd m mctiom r a nil in terpretatj omr

l-ugn mre 6 us a flt ’s~ ch art of t i re dat a  red uichuli l t  a n t  uuu-
~ o(ihing met lind he rp rem a tm o n proced uuie h it i t i a lls the ub:ut , u Iii ci ’ l lec t eub .l i i i  ‘l ie ,  t i u ’ m t f r o r r u  .u ue i i 5  ‘Ilt i !  l u ’ i b u i l .  ed a puho l s t u ’ r t ’ ,h and assnct, i le c h w t t bu  S/ r If l e  hu,cal io it . u ri c1 ,ure th uo ’ m tmoth I tom ’  i’ l l / em pv’ ls l ’ hm Teh T Ito’ 1111,/I umt a r l uh ,u t l t c ’il th e 
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Table I. Comparison of two methods of manual ice thickness measurement along a test section.

Test location
(proceeding Total ice
Upstream -- - SurJ ~c-e ice thick ij ess

relative distance ’s thickness (in.)
in Jt) (in. )  Rod Plate C’urmn,nents

0-00 20 1 18 70
0-10 18 118 75
0-20 18 118 78 Signilicamit
0-30 16-18 12 5 93 under ttmrned
0-40 15-18 118 75 sheet ice
0-50 18 118 78 encoum itered
0-60 17 1 21 87 wit lrin the
0-70 17 II 8 80 frazil
0-80 IS 1 20 85
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l Igu re’ 5 (~ ‘mzO ‘ur .s i/rail-Ph ~‘fl I/it’ iiua,r / r ,  ‘P/i f/li u t u . thic kness c/ala.

hi rmhr t ed ‘nIl on t h m ~ grap Iu m~ lc cui r th~ r fo r  u t us h i e c b u i lt tO lc ’g uslra t iomi hi t ues on the strip char ts ,itG ’ divided u l i t t i
the s m r ’ r t a l s t u emi g i h i  amid l u - - i lt ’o1 ’b Time data a re Ihien Cir m u V e m mie m i t im i c r e mm i ents t om t r a m m s t e r m i b t g  ice th i ick iues s
uno dif it’d h~ ., sme tu ; / l  . isc r_ i f ut t l !  l u / ’ t sc ’ red/i cbmilmi t tnm i iu u c ’. dat a Iii thte mm r ap . where h it s sj i t i t ’ r c t c ’ h t ’ t l c - c’ S\ steIn

com m rp utc r  proerarli w hm uchi i e i ) ’ u  ~ uu ’ h% i u , uu iu ’ t i s  ( re f le c — bIa s beer, em mi p hoved (I ug . 5) .  Tht u’ t t t t e r s a l s  n u t  ked
thism r ) n/’t \t ’ m u t ime da ta ,  I - t u t t f u c ’ r  nr ’ d i t uca rmo i m  us imc c on m— belwe emi t ime t e g u s l la mi i lmr  lint’S i/m i t h e  ~t iu I n  L h t , u I t s  l ie
pim si me t h h~ Ot t ’ l r a i ms ic mt m ~. m l r r u u r , ’ ro umt t t u e  _ . u c ’olnpuiler Im uc r ite d on t Ire imualr . a m m d t h e  cc bluud Lrtcs s us rh~ rr b ’ ,iIl’
pr u s ~ran1 su/ g t ’t’ s t t ’ b  h~ (RRI  I lii ,ill u’~ I.ilc tim u ’ S t i l l  f t f c r i ed f r i r t t l  the si t mp ehu./i bs uI these mtb ~ t ’i iIs Ii’ Ilti ’
bet u _ u t mir tu s ~m ss iu emmlecl st l lbi  i t t ’ t e l  Itt /I in st ,uhrhr l i,t th ut’ f1im ~h t t lu rid ’s ,rt u lime 1t tJ 1 ) . ( \ pin lu t u tu i /f  tIll.’ ult .m ~r .11 thu .

,u iu t ’r rit t (Ih ui s f n n i / C t a l b t  tO t s nut ,itaIl,uI ~It’ at t h u e t i tn ic  the p(nim it u t  t im e d a t a  leducti  ut u us sbi ’ i tuu ti I m e uu u e  7
ub . r i .u t rout t ins so / I l k  use t i ’ u e u t u u ~ c i f ) .  h h i c  i e g u s r t . m u t ’ m t  ( ‘ ‘ l t t u ’ u i r s  a~e t i temm c l la tOt t  br u nt f lu e i l: u la p i’ ml ih s , ‘ m m  hue
l i t ies ire iii cm t r ut chmc , i t eu f 0t h t h~ s t m m p  nut r amtd patalle l mtt r m p as ~hi i rwmt  i t t  Figure ~ It \s ,us ti~iut id t hr at h u e  ~~~‘ u k
hl m g itm iuuue s a n t ’ pmi sti ’d mog ct im t ’t f / r h  onr u p .ut u s i’ t i - I )us . li lt bite m uta j i So as Ibto te - u ’ t t s e l u i e m/t  Is 11c r i ’ m utted ‘ l u  al t

cm l t l t imhmml t mds  ui’ ‘‘ m iih mmm e& h su ’ t h at time t I l t ’! ace s  Gai l  he c’ mmha tge d L’ ui b r ~ hcciiu use ~I t i l t ’ ‘ ‘ l r ~~e s r u m / n . I t ie f Ina l
m ectig m uiie d m Imi c ea si bo lim e uf us t a l I t  ~~~ h~ t sSt’dlu t ime t ’ / ’ m t h u r t i t  mura l) Is shui ~wtt  mu I glut  -

I
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RESU LTS Data collected on the surface by nuamiual operation
ol’ the utility an t enn a could be inter preted niucim more

Tire tinished contour map of the study are a (Fig. easil y than those obtained frotn the air using time sar mie
9) us drawn in contour intervals of I ft and includes equipment. This can be seen in Figures hO amid ii ,
an average 1 2 to 20 in, of sh eet ice. The lack of Con- whicir are strip ch arts showing a surface profi le and an
tours in areas retlects portions of strip cha rts which aerial pr ofile of tire same survey line. Air operation in-
were not uirte rpreta ble and areas where no flight lin es trodu ces reflection noise into tire data ; likewise , more
existed. Factors coirt rihutmimg to t’rai.il and brash ice energy is coupled into the ice when the antenna is in
accumnulatioir about Ogdemi Island may be observed physical contact wit Im time surface.
with the mirap. For instamrce , the restriction at tire Table I lists the manual soundings, also made along
lower (eastern) end of the north channel clearly m im i- t his line, for both the pole depth technique amid the
ates the accu mntmlat ion beneath the ice cover , Further , plate depth technique. Note that t he thicknesse s by
the subsurface Clark Island Shoal initiates time accun mu- plate nreast mren retr t were consistent ly smaller thair those
hati orm 1mm the sout h cham rrueh . Tin s is immformnati un by the pole measurement. The particle bonds within
which shiocild inlluence ftiture commsi dt’rations imu ch ats- the t ’razil were quite degeirerate d near time bottom in
mid nrodilIcation, this area , so that t h e  plate appeared to conipac at b r

Fromrr the tligimt patterns described previously it can dislodge some of tire frazil hef’ore the mass could be
be seen th at som mie areas . such as t h at directly below felt. Siuice tire river current was strong beneat h (lie
Ogden island, were Itrissed because time f light paths ice , tire f low differe mrt ia l at ti me frazi l/ ice im rterfa ce set
were too far apart. Lcrmrg itudinal flight paths noririally dip dis timrct vihratio mrs in tire pole as it exteirded hevommd
produced imrterpre tab le data , butt tram ts ver se fligh t  pat hs tIme t ’razi l mirass , Therefore , the pole techni que appeared
did trot produ ce such data. No tirmmm t’xp lamrat iomi fc rr to  give time better mireasure irrent ,
this may he givemr other thrair possible u mtis a dj ustm rr emut Aitirougim st rc rt rg retur irs and mr iim m imn uimr mmois e were
of t h e  graphic recorder and control ummit whem i t h e  received wimile defecting frazil t irickm iess iii sum face
fimial strip ch arts were miracle for mime tra llsvems,.- tlighu ts. operation , a low signal to noise ratio was observed iii
Ch anging tire printing density was often mrecessa i~ to  airborne operations usimrg time utility amr t em it ma , T hut’
brimig out i n t e r f a c e s  whemi signal smr e ru gt Im was w ,’ak . weat iter and ice coms ditiuilis contr ibuted to make poom

Aircraft ccn m ut rol and stahi lit~ were adequate i ii c il muditi ons for ci it mp h imm g tIre cmi eug \ froimr tire ante utmia-
data rmc qu i s itiomi at flight speeds of4 () to (O knots. transcei ver unit i immo t h e  ice. Sim ice prec ip imatiom i durimig
Whe mr co llecting data at 40 km iui t s using the pi ocedii ie t h e  surve y period varied hetweemi rai mm amm d wet smmi lw .
m e n  m ioned prt’vi~uiisl > . ver tical deviat ott so as t uir im nr rt’ t hu e ice surface was ofte n ptmthhled so-i tim so a bt ’t . The
thra mm 1,3 iii , averagimrg about 0.(r nr. The pu hurl . l oOt , bt~ttonr 2 ft of time f ’ra,il was dege mue rate cl amid exh ibited
pc’ rsi’tsnel mtr the aircraft attd cl ime assist aim t ott t hue air elect rom mragmret icall y degraded I’m a,.il /oo abem imri em fac e -

bati k were sut ’tlcien t to per l ’o r mut the airhormre data T he ant e mrmra was , as t rrent io imed . imot des igmmed iii aeri a l
ciii teem iou opera Ii / ill soI m cmi tht t’ hem mciii n a r ks to - e nd operat iOli -
avai lable , Lines If  Ii 1gb i iii a cim a u rumel sot’ it’ f lown ihi Rellectioirs amid br/ris e os-crc scu sm it i ng wi ti m aerial
one direction s i r I hm ai c (/ns isteml t Ii igi m t speed atud I t ’ ca - prof lhumig t h at ito adequ ate data evaluat i d umu t i  ‘old he
tm ,r mm accuracy could he m r t a mtuta i m i e oi .  miracle fro m time strip c im att  nit sIlt ’. () t O~ a t t e l  s igmial

I3et mci rmii ar ks sohu mc bi so et e  fiji on mime ce c u’ r i ld u r u r t  averag im m g till (lie t’o m m rp u ute i and t i mm i im tg t h e  dleiusbl ~ of
he scemi from the a i r :  three u / h i l t s  ooe~ ’ trie d am uc h all tire stri p c hart was mire ice t l t ic k m me s s c t lmmsis t el t l I ~
hi ’ s h. Ih t is was c’spectahi~ t rue wi me ll i c c ’ hail , u c c u mmm tt i— interpretable. It us c’ s tu t t t ated t h at ahunt it 50’7 of the
ba ted h / I  to rt m l (lit’ co se r , iS 5%.us hhh ~ t as t ’ in ilk’ c h t , mtt — data were a ct mi a hiv rc’cu uvt ’ rc ’tf f m m ’ b b l  mIte 5 b h p  chart ,
nel s about Ugdemm Island. I ,,Ild iliarks , Il t c t e t / i l e .  .-\I bt ’r d a m ke m mi t rg t he m m r ter f a c e s thtat cotm hd he se em m . ~rm ue —

so t’~t’ used as hemt t’i m l m l au ks hi m th is rrtl hect , t um Id i bht t ’t h)uti ,ite t hi t’se m nte t t ac t ’s into t ime I ra/ I l  W a t c h

— 
Amrhoat opera lto im i m m l ht i ’~ m It -a Was u i b t S j I t sL i t ’ t t ’ i ~ - buimimid at ~ . Ats exam im p ie of bi l ms can he scemu 1 mm I g l u t

Because of time ridges nit t hic ’ a c cuui mmm iha ied ice t ’ uyt ’t , 12. ‘l Ime dark so iv\ h u e s  at t ime tu~1, of time Sh ri l l t ’ i t j l t

tIme o e hu i t- ii ~ am m cl at im bu tle of tIm e a mut d mht la —m ra uu s cet oe i  ate ti lt ’ a / u / I c e  ‘itid t c c ’ oo , m tc ’t i t r t e rt ’ac c ’s as rccomd cd
um mu m t’ould not ho’ contro l led, This gas ’ c’ mim u me h m a h te du rin g a m mhi , u r ’ e  ulat ,i Cohlt’ cb t omt . T ue 5% . lVl l iesS e u i t l t e s

h , m la in pmls m th u rn  and t i m ice Iim i c’kiress, In mt t’as where rout flui ctuatiomm s in almitmide of time a ircraf t . m tu ’ t tm /nh
h u e  su i t f , mc e  was suruoohh in i ’tth v slightly rolling. ade— su mt a ce c hi c - I .  l’ltc ’ vert ical ch i s t a m m ce below lite d rmt k

~~~~ data wL’ te  , i ht a umred . It oo .ms tumid t hat mI me wao~ line represem mis about 5 m u of t t a i u l . The itomi-
radar sd itid t he reco rdet rcqu itt et l  mnstulati , im i am id ,i ’mi tal di s ta mtce hets s c’c mt the s e t  mi t -al bit ie be hu ’ s o t im e
ime a t i t l g  V . b l d m l  i l b ) t’ l , m le t h at be t l u pc tabu u t ds  below I) ‘U. mimar ke r Jiemi aum d the oct tu c,m h line mmt t m mt ecliaiel ~ t i l  l b s

II
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F~ ure 10. Air br r r nc p rofile of ’ a test section: a. Approximate/v 2 
~ 

(If sheet I , . . I ’. Sur ~ CC lie ,

~ Fra zil/ water :ntcrf a ( ’e: d, Test sectio,t

right is abirui t 400 nu, Sirtc’e in this study the thickness Croumnd truth data verified tin s characteristic. —

of time ha u l hencat ir time surface was being measured, Tir e error in the aerial data iii coirrparisihmr with spot
time reso lution in the vertical scale is ttot such th at cirecks by sounding durmt rg t Ire s u u no ,-v period us hetweent

,ulu accuratel y nreasure tIme sh eet ice th ic kness. 7~ arid I 5~~; this, however. may he dime t o  posit iolmal
These interfaces , t hen, appear together. Time t ’ra,ih/ error. Variations as high as 400’:; exist itt comniparison
water mumm erf ’ace has been accentt mated on tlm is chart with ground data ta ken two weeks our citirer side of tire
for ease of interpretation . Time vertical lines are the Survey period (refer t u m App. A amid Table II). I- mg m it - e
beire hirrarks mric,rtioned earlier. The inverted V’s with- 13 , however , shows t irat the Iread between Iroquoms
in the fraiil are radar “hits” on an ice sheet that was and Morrisburg changed t’rottm 3 .5 ft to 2.0 ft d mm r mm mg t ue
ut rderturm med during the formation of this ice mass.
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I ’,gurc ’ /1 .  Surtij ee rat/ar proj i/ c oj a  It ’s! see (umn : a. SurJ izce icc ’ (appr imx. 5 ims /5 in. tltit ’k). lr, S/n et ut’ tar-
gets to ll/i in j ra : il,

mmuu rmut l m of February. Even umiore sigitif icam mthv , flow imu- CONCLUSIONS
cTe,mse ui from 5O,O~X) to 280,0t)() ft~ - s dot m u g  time
sam m m e per mun h. This indicates m i tat time fm aiII oo. ~s hem mmg lime r a d a m pu & r t ’ilt- m mitam m utac t u red by Geop h ysical
reduce d h~’ t ime wartt i i t mg 5’, n u t  a l / c l mulc t  e.iscd low . Siuu t c ’ \  S\ sI c r 1 1 5 , lim e , appeals tu u f it ’ ad eqt mu te h’m mit e
Such a vari am i/rml iii fu a i mh t l m m c km t c - ss uu t ui f t ’r I tuos t ’ dc’ tc ’ct iu ’t s u u t h m . m , i l  amud bmasli i t t ’ 1mm t te ’ .hu w au er,  —

c t r ci mm tts ta rtc ’cs is mr / it su i t  h r rus r r l i t , The memit ote s etu su t imi /11 th  u hat a m~d mic ’ htu ’ mt  me c ’ it rriqmn ’
the positioml jt’d t i i jc ’V 00.15 ( f l u b ’  p u ’ iu t brc ’c , u i t ~t’ i t  developed f crt t i t m~ ~‘ u ’ ~c’~ ml ,  ~r u u \  t i l t ’ suit tu cue mi t  dj t .m

mitaule qi m a te he m m c lmn ut atks . Otc’tjfi , h t,/IIs ’elsc ’ .ic ’ ctII jC\ I ~~~~~~~ a ctbt m tc /ub m uu .mp il l uct ’ ulri kmtc ’ss l Ime
us c’s tt uui.ibccf ii ’ he / 2 ” mil ,uuuc f iu ’ mhg/I tmi l t mmah .ici ’ u l ./ c \  ic — S / ’ I u u t i , l b t  u / I suui .’hi c ’ til , ’ lit s / 5  .1 Iuimi ~ t i /n m ‘I  the r.mi ltu

~l) irt . se lt’ct it mm , Res uil mi t lu ll oh  2 i f  f till’sm,’ale St m s

.nuuuu tt il cl.a i.i jiid .1,1 u _ mI , i , I r , /  am e c’uitmm h r a mo ’cI ill 
~

)m
~

_’iaI1i~’ i mi I hu u s os , it k
r - i~ S., h u e  gu ,‘mind il.it .1 5’, c’ m e u’h l ,,mrut ’d his ti ~c’ Ilie lust’ il l ,Iti l e lu l I , i t ’ o f c ’ ’. ngn c ’ ,t m r  ‘uui I ,mu ~ I’’’ ’ eu,

Si , I , / o O l C i l c ’ c’ Sc’,,si ,m\ Ih’vc ’h uq rll td ’i tt ( i ’ up u u r . m m u u m i  amid is 1101 t t ’t’ i u t t u tm lc ’t t i I~’cl , I sc i ul s u i t t .i ~i- , m t u lt ’n ei , uu ’ Slu m

~~m lh.mn u m ’ hit c l/u ’ so t hu tlmt’ t s o u ’  s u u uurnstu t uc’ , tt’cimtmm q ties as tIre u’ ih it o a nt m et u m m a. m mtt m m , ut ut ’es Si ’S u l u ’ tc ’tlcc’m t , ’ uic
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Figure /2. hmterpre ta tzrr n of the graphic recorder charts.
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Figure 13. Daily head loss on the Saint Lawrence River
between Iroquois Dam and Momthurg for the month of
February 1976.

specifIcally designed for aeria l data collection should and brash ice accumulation . These accom plishirreirts - -

be used. should be applied toward further investigations un tire
With the con /our map generated for the stud y area Ogden Island area of the Saint Lawrence River. The

(see Fig. 9) the ac~umutat ion pattern of the frazil and followin g procedures are reconiniended:
brash ice could be analyzed. I. Periodic ice thickness contours should be obtained

to evaluate the effects of signitlcant events such as a
freeze .up, a strong cold period, a strong warm period, or

RECOMMENDATIONS a noticeable change in the head loss between Iroquois
and Morrisbu rg. Such data would exhibit the move-

This project has established a capability and de. nient of ice within the study area as well as movement
ve loped a technique for the remote sensing of frazil into and out of the area. The correlation of available
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data such as water tennpera tu res , air temperatures , 6. A ground crew is required for on-site data evalua-
solar radiatmomr area of open water , and flow will tion. A faster transfer of data to graphic form is needed.
furtiner describe t ime thermnia l regime of tire area. The This can be done by obtaining a faster graphic recorder ,
t lmeoretmca l volume of braslr and frazil ice generated — a recorder whicir can run at close to the same speed
c-an then be comrrpared with tire volume attached be- at which the data were taken. Further , a storage oscil.
mneath the river ice cover. loscope could give the system a quick-look capability for

2. Detai led descriptions on the ice cover growth signal intensity and interface (frazil/water) location. If
mmr the area nrust he coupled with ice thickness measure- significant noise is still in the airborne system with a
mr ients as soom i as possib le (airboat or inelicopter) to new antenna-transceive r unit , the radar unit needs to
determine tire origin of t ine ice in the channels, i.e. to incorporate some sort of noise reduction scheme. At
determimre winet lner deposition cuccurs unraimnly during least this should include the signal averaging now imple.
imnitial growth of the sh eet or commsisten tly throughout mented by computer.
tIne seasumu , Tin s basic questi omr nrust be answered be- 7. Flight patterns need to be designed to coincide
fore an~ remedial actl omr can be att entpted. more nearly with suspected accu m ulation areas. This

3. (;~~~nd t m - u.mth data should be taken periodically will facilitate tine contour mapping and increase its
specified areas of Im rterest to supplement aerial accuracy, This does not imply that the flight pattern

dala. \lemtrbers ctf the data collection team shrould sirould be less demise in places, Rather, it requires that
decide upon a c omm mmi mc t n te c hmuiq t me and periodically areas of extreme re lief have additional flight lines.
cobr ipare tireir results Icr assur e comrsistent data. 8. The transverse flight data collection technique

4 Regist rat~m,~mr litres should be made by bench- slnould be analyied aird varied to determine what ap-
marks omm t ire he’ - suu face rath er tlman by the alignment proacim is required to obtain interpretable data. Flight
u f  features omr bIte sh ore. These surveyed Eench- line approac ln amid speed and am itenmma height above the
niarks must he tiiree-diuiiensional and at least I bfl surface of the ice shoc mhd be varied. Transverse data
squale x 1 .5 ni h ig h. Flat benchtrrar ks cannot be are not necessa ry, b u t provide comp lementary data to
located accurat e ly from tIre alt. At least two t lur ’ e  tine lomig itudimial data.
dimuiensi omial bench marks are needed alon g each regis- 9. It is t h eorized th at each type of interface has its
br a t i / i mu line wirere a longitudina l lu re oh’ flight will own characteri stic sigmra iure in tire retur m rimr g signal , an —c ross. For the sake of econotii v . bemrch marks should assumirptiomr based on wo rk done iii seismriology To
he it t  place prior to tIme s d m m v c ~ t e a m m m  comirum ig otr site , investigate t his , di gital t’iltering ca tt he used to enhance
fhue pmlot should fly toward a fixed point in periods the data reduction str as to enhamice signatures based our
cm l guuod vusib iIit~ - Otherwise, a parti c’ular ai imir uthm f reqomency c lmaracte ristic s . fIne tcc ltmii que aids in cleami-
shuould he f ’ctl hurwed , Thus faci l i tates the tr amr sf e r of imrg up tire data by igmr orimng tire spurious signals occurr ing
such a fligint h mmre to  tine map. outside the freque mm cv window associated ovitlr time

5 . Time use uuf ’ amrt en rtae desigured fom surface imtterface of imrt e m es h , Data reduction ammd i l u te bpre m at m om u
proti luing is m mo r t reco nrmemsdcd, Use of sum lace aniemr- 1mm t h e  svs t e m mm h ave mneed fc rr imurpr ovem ume nt . am id itnp le-
II at’ - such as tire in mlii y al rte m mmr a . mmii rod ute se ven e mcmn ta tioir of these teci mm ri ques would gt ea t lv faci hit abc ’
ref lee bu i l l rs amid noise iluin hire daba, Air l m t ut e mmm r a - t h is data uttan ripu ha t io m r ,
It anis ce ive r specitic a l l~ desi gmied f ’tt r aerial c hata cu ml - hO , Flow data frommr c rit ical amid c imarac be n s t Ic Iota-
lee t i  ur m t  s irutuld be used. Thu is wt ll allow tire antenna - h ours sirould he obt aimied Com rcu i rremm I I\ ovi thu comu I tt u I
t ransee uvet to be tirounted bctvveen tire ski ds of mire data i ’ll t ra i brmr lemrt amid depositiomi liii es hmo lds cau i I Ibt ’lt
ftc I ucopt er or sl urug helu rot’ it - lit e a mite ur na sir oul d he he app r u m  xi mr ma ted whit’ tr com’la med with 1 e tutu i omt m m m c i i  I al
desig ired t o  operate ~mt a pa i lucu lar dista nce ah ius e tire d~m ba . hmirainmnent and de pu’sit iomt thres h old ula ma will
s umr ta c c’, i t ’ ,  t Ime d m r ec n m v ut v s huu r um h d he s iu c h t tha i cx ’ plirvude guidamice ill decisiomrs cc ubu c er uii bu g a c h i u u t n s  re

by the irradiated beatrt c iuired to m r ni bri m rr i/ e ice at’ t t i t t m i l f a t i t l l t  l It ~ lt \  lirc ’ ul i c m ut .
pattern ) u ut  the area bet umw t ime a mute ru m ia is e h im i rttr :m ie d . I-low s c iusu ’ t s simould be u sed s v h tm clu are urn set t s i tm te  t t l
Tile tutt le tI’ Irat-e l t lrrouig iu t Ime cle pl ims 01 fr a im l c ut— mim e h’pe ill’ c li’ggultg et lc u ’ uumm tet c d w ib l t  f m ~i,il amid s l u s h
cm ’ u mmt e red is c t mus ucl t ’rcd lutng for time ehectr i r t t u t -s ,tt ( l i m It  tvill pr/thaN\ req uiuic an c’ i c c tr ur m m t lmgmue b lt - c ’u m r r t ’ tu t
tIme s~ st emub . limus , it is l tec ’t’Ssalv titih e l ii , bt la X b l r r u /e  utreter) . Sit littl e is ktt ur wmr :ih uutm t hht t’ mt u t e iaeluull u he—
mitt ’ ,mm iuounrt of e muets ’~ pc’ mte l ra t mt ug  th e icc’ or to m I t —  twc ’emu time flow regi b ltc attch bile fraii l de posul h um rn atrd
ca us e ti re sCnsilus - it~ of lire t eccmv er itt oucj e~ hut irave etr tr a lnm im emi t Iii re stui ’lds t h t ,mI detailed velua - u t ’, pru u hi h e s
a s t romu t .’ mut t er l  j ’ e  te l lec’ ni iu r r ,  Hc’ m t em a t t lo ’ m uiia dcs ii.’tu sh iu,ui ld he ot bt a imre cf , Tire tioto pm i m t i he imr clm ’se p r u r x t l h t u b \
so m l h bme l p. t i ,  time i m u tet  ta t - u’ sim um ul cl he itt btmai lh i i m t c ’ t t ’sI, 
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II - hu mg mtteet ui i g data a ue requited omm time str uct cure
amid s t re u reui u c hi a m a c ter i smm ~- s i i i thai ira,il ammd bm’ashr ice
m t  t ime shcid ~ area. ‘I huv ’se data wou ld ituclude ilc mms itv ,
p u u l u u s u hy.  pe rmt iea bu l utv . s hm c au s tm ’et mghh u amid R~i lhbuu usurnh d e - -

r e s ui mug. i . I ectr ur mmta g mu e t u~’ c uumi c 1imcm ivit ~ sh ou ld he
c imeck ed s o n r l u t i t  bIte s tc idv au-ca 10 c leb cru ni ure t h e  vari u~

tou t ,  l Int t’ a rm a u i o mm at heels thai cal ihiati uu mi cut blue ‘aj a r

pr u tt i ler. It l uullu u t s t h at Ihuese data then mreed tc r he
elate d h im biav i ga ti url r imi tp c’di ub i ehhh amid h ead liusse s .

2. In ce rhaiut areas t h e  li’ :uii I!icc ~h I t t”u’f ace cxhuib i med
a w,uo- ef c urmmt  t ua v i iu t ’  a reas ut m u~ihlv c . ’ m ms tant chmar a cb er j s t ic
f h ed huuetuc ~ - h t uoes iai :it iutmi imi tmu t h is phue muc tm m r e m uu rtr wuruld
ph / t ide iuts i~rJm t 111111 t he c h ua n ’ :uet t ’r of tIre deposit iour armd
t’ tu t raummm h temtb  bhtre shiculc f s, Data fo r sna’li air im uv eshi gah iou r
os u ni ld he imh m a it red cliii m u g  mr u rurtal c c rmrtcr u u r operati utus
lm~ umnt - nc _ u suuu g  mite tlighut lu te de m usi iv iii t h e  area mml

l u be rest - \ des cru pt iotu of Ihuc (low u’egmluie would also
he rt’c t uu ured a lu rm uui blue duu’ ec :uuumi m uf t h e  w:uv e !’ou ’ um r .
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APPENDIX A. COMPARISON OF GROUND ANI) AERIAL DATA

Tire object of tin s sec t mo mr us to provide a lrrea mr s of Tire error due to positiomma l inaccuracy is depicted un
cctnmpansoui between tI re gr dld mmtd data amid tire aerial Figure Al , w irere a typical pcsrt iomr of the contour map
data. Th ere are two fac t o r s  a f f e c t i m m g  bite compar isobu iun the south chanureh is s lnow mr. Groun d data pu rinms are
~m f t irese data, Tire first , a pcmsit im rmta l errc rr associated estimated to he at the center oh each circle . wh ich h as
with the location ctf mire grcrum ud data, is due tcr tire air arbitrary radius of IOU ft. lime soutrdi ngs at these
lack of precision imi locating tire po immts at win ch mvu a m ic ia l points arc in tire inset table , Tire aerial da ha are repre-
sc rum ndimugs were rurade. TIme seco mrd fact or con cerns mi ne sc’nted by time contou rs in time channel. Out uf tire hO
asscmtnne d change in the tee thickness which occurr ed be- poin ts . 7 circ les ca mr emuc lose tIme exact s uumrded dep t h ,
tween the timrres wlren grouurd amid aerial data were 2 circles are 2O~ higher titan time highest con hour en-
ta ken. Time how  amid head variatiom is during I h ue utr u tt ith i cbt msc d, and I circle encloses a contout which is foum-
of Febrtmary (discussed hr Results and conclusions) t u m u ues larger thu -an the soumrded depths. TIre error soc m mce
support tin s assum r rp h i o m r . assoc iated wit h tire last three circles mnrentiourec t is

Time autlror (‘eels t ltat a co m nmparis im mu betweem i tire probab ly mint positiomra l . It is assu utme d t h a t  it is due to
data ta ken fromur time air amid fromrr tire grctc mnd is alnuost the change s in tire ice thickness between the aerial and
hike comparing data from dif ferent studs’ areas. Be- gr iimm nd data c u r hhect io mi pericrds. (Frotrr this sam urphe. it
cause time f low was so variable hehwecmr the ti re t h a t  appears t irat a mmraj ority of the error niay be positioural.)
ground aumd :uerma l data were takemi . nei mh mer set of data Table Al lists t h e  radar and ground unn easuremuremums
can h)r~ve or disprove tire oth er set. Tire autiror felt which ate graphed in Figure A2. These dat-a wm ice iaketi
comnrpel led to present both sets of data , Irowever , so by three dif ’feremr l field parties of tire orga imi ia liomts immd i-
tirat time genera l order of agreement could be observed , cated . usiuig two techni ques. Tire te chr m ni quuis arc

______________

_
_______ 

‘1
Circle

Line Dote a b c

5 7 -8Feb “ 8 7 4 7 5
6 7-8Feb 4 8  4 5  48
7 7- 8Feb - 6 7 5 ( 6 ’

4, 7A 12’ i3Feb 5.5 ’ 70  7 3 ’

0 150011
L~~~~~~ u m  I

F igure ‘I I. P<tsit io, tal Crrrmr associat ed sa’hii t ime ioe at humm um f gr l lm.m uul data.
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Table Al. Frazil ice thick mress data (see text).
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Ground Measurements ( i t )

a ...N~~GR- ~~G~~R
Figure A 2. Comparison of radar n-’ irements N ~G2 — (~ G)2
and ground measurements.

=0. 36.

described in the ,4pproaclm section . Figure A2 con- The standard error of estim nrate ‘urn  aerial mmncasure-
siders tIne error f rom the ass c mmrmed change in the ice mnnents as the independent variable is
thickness that occurred between thme tiu mres that ground
and aeria l data were taken, and displays a regression — — b 1 ~,RG I ‘~analysis of the data , SG R  

= 

NA radar—ground (time of perfect agreement was
placed in Figure A2 cur ref ’ere m nce. TIme radar our = 3.28 ft
ground line, the leas t squares line assum bn iu ng the ground
data to be the indepetmdent variab le, has tire eqlmati otm: where h0 = 2.54 ari d b

~ 
= 0.70 (b0 and b 1 are foumrd

frounn tire corresponding a0 and a 1 ec,lualiomms w hmemr time
R = 4.46 + 0.36G variables are reversed).

A deviatiomi twice tire stam idard error of est imate  will
where R is radar rmreasureutt e nt and G gr unmm rd t rreasure- imnc lude about d )5 (/  of tire data. hun the case wh ere tine
tmnent. ground data are independent , this unneauns that ~)5~’~ rl’

‘Ilie groumnd on radar line, t he least squares line the radar data fall within a 4 7.ft deviatiom i. Likewise .
assturnmng the radar data tu t he tine iurdepettdct rt variable, when aerial data are considered to  he iur dc pemmdemrh . cu~ç;
has tire equation: of t he grouird data f’alls wit inimn a 6.6-ti dcviatiu m tr.

lire coeff icient n ut ’ correlation for mire data us
G=  2.54 + O.70R ,

r =  N~ R( ; — ~~(;~~R 
—il ls tenlp ting t m i  assuirue ibiat tire ground data are t ’ \~~

G2 — (VG)2 I I;V~/?2 — (~ R )2 i,~ 
—“ground truth” data: however, tIre positional error

and t he error assumcia hed with the use of two dif ferent = 0.50
rireasureumment techniques will rrot allow tints ,

Two regression Imnes can he mused to eva luate tine regardless of whic hm variable is coirs idered to be itrde -
applicability nf a first-order curve , lime deviatiorr ~f pemrdleumt.
tire two lines indicates t h at t Ime data do not readil y fit
a linear relat iotmshi p. If tire error in tire data il s e l f ’

were less, one would attennpt to tlndl a Imi gimer-order
fit.

Tine sta tmdard error of estiummate to t groumnd umreas imre-
t r ie lt ts as t h e  imm dcpendem ut variable is

— [~~R2 —a 0~~R — a 1 ~GR
N

l~)


