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The Line and Cell methods of gravity traversing with
helicopters are descrived and compared. Flight plans using the
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The comparison of the methods suggests that, although
it may involve glightly longer total flight time to cover a four-
mile ares, the Cell method offers substantial advantages over the
Line method.
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1. INTRODUCTION

In the past, the Bureau of Mineral Resources has used
the Line method of gravity traversing with helicopters. It has
been proposed that the Line method be replaced by the Cell method.
This Record descriles and compares these two methods of gravity
traversing with helicopters.

2. FLIGHT PLANNING

The basic survey grid should be placed on a map showing
the centres of the aerial photographs. At present the Bureau of
Hineral Resources uses a seven-mile square grid. This grid spacing
was chosen because one station per 50 square miles was considered
the most ecconcmic density for a regional gravity coverage of
Australia that could be completed within a reasonable time. L
gravity survey with such a spacing would he expected to detect any
anomaly with gravity relief exceeding 5 mgal and with length
greater than 10 miles, although additional stations may be necessary
to define the ancmaly cleariy.

In plamiing a flight the following tinmes are assumeds

Landing of helicopter 1 minute
Take-off of helicovter 1 "
Flying time per mile between stations 1 n
Resdings takon by geophysicist 6
Lunck (long flight only) 30 n
Refuelling (long flight only) 30 n

The main points to remember when planning a flight ares

(a) Haximum usc must be made of the helicopter.

(b) Uhenever the hclicopter is in the air it should be
traversing.

—~
(o]
~—r

The gceophysical observer should not be traversing for
long periods, as his efficiency towards the end may
diminish very rapidly.

(a) IMlights long enough to require refuclling and lunch
time have an unproductive hour added to them.

(e) Because of (a), (c),and (d) above, it has been found that
the best type of flight arrangement consists of two
travsrses, cach of 5 to 5%-hours durztion, in a day.

(£) It is best to plan in advance for a number of flights
that have = range of clapsed times.

There should be at least one accurately lovellcd survey
station in each traverse to snsable reasonable accuracy in determining
altitudes, also -each traverse should be tied-in to adjacent
traverses on cach side (Plate 1).:



If possible, all flight planning should be completed before
the party moves into the field. The flight planning should never be
less than a week in advance of the flight; this is the minimum period
needed by the draughtsmen to preparc photographs and to check the
flight plan properly.

3. MmTHOD OF FLYING

Two methods of flying traverses have been considereds
viz. the Line method and the Cell method (Plate 1), both of which are
described below.

Line method. Traverse lines should be run cast—west to avoid
unnecessary resetting of the gravity meter, and should contain loops
of no more than seven intervals cach. (Sce Fig. 1). To facilitate
the planning of shorter flights, the operating base camps should be
placed as near as possible to the central longitude of the area to

be flown. From any one base camp, flights should be planned having
a wide range of elapsed times, e.g. from 3% to 6 hours. ilhen using
this arrangement, if the helicopter is unserviceable for part of a
days; suitable flights can be chosen to best utilise the ranzinder of
the day.

Plates 2, 3, and 4 are examples of flight-planning
maps. The Brighton Downs four-mile area (Plate 2) was flown by
one helicoptery the Mackunda four-mile area (Plates 3 and 4) has
been planned for two-helicopter operations, but has not yet been
flown.

Brighton Downs four-mile area. The following tablc shows elapsed
and flying times for this area which was flown in 1961, See also
Plate 2.

Flight No. Elapsed Time Flying Time Comments

hr min hr  nin
141 10 OC & 00 Ex Davenport Downs
142 10 00 . 6 00 Lx Dgvenvort Downs
144 € 54 3 42 Transit flight from Daven-—
’ port Dovns to Brighton
Downs
145 7 24 3 56 Flight from Brighton Downs

to Manerco H.S. and return
to Brighton Downs,

146 8 30 4 26 Ls above
147 8 54 4 54 Ex Brighton Downs
712 4 00 ]
148 _l E~ Ex Brighton Downs
4 36 3 12

Flights 141 and 142 are examples of the type of flight
which should be avoided if possitle, for the following reasons:



(a) One hour of the elapsed time is unproductive.

(b) Toward the end of a long flight the geophysicist will
become tired; therefore he will more likely to make
mistakes and his efficiency will decrease.

(¢) TFlight 141 was not tied-in to Flight 142 because there was
insufficient time to complete the area properly.

These flights would have been more effective if the
base from which they were flown had been nearer the 1410 45' meridian.

Flights 145 and 147 were tied~in together but at the
edge, not in the centre,of the area covered by the flights. The
tie-in between Flights 145 and 147 would have beenMore effective if
it had been made betveen the centre loops which are only loosely
controlled.

Flight 144 is an example of a transit flight being
planhed as a productive (although slightly too long) flight.

Mackunda four-mile area. The following table shows elapsed and flying
times as planned to conform with the flight plan on Plate 3.

Flight No. Lilapsed Time Mlying Time Comments
hr min hr min

149 3 50 2 20 Ix 0ld Cork

150 4 18 2 4z Ex 0ld Cork

151 4 38 2 56 Ex Olcd Cork

152 5 18 3 18 Ex 0ld Cork

153 6 50 3 44 Fx Old Cork

154 6 10 3 46 Ex 0ld Cork

155 3 22 2 04 Ex Middleton

156 7 52 4 18 Bx liiddleton

157 4 58 3 10 Ix #iddleton

158 4 50 3 14 Ex Middleton, transit

to Kynuna.

173 1 52 1 20 Ix 0ld Cork, transit
) to Middleton.

174 1 16 1 02 Ex 014 Cork, transit

to Middleton.

These flights were well planned, although 153 and 156
were slightly too long. Ag with the Brighton Downs area, there
was a tendency to place ties at the edge of the four-mile area
instead of at the middle of the traverse. However, this was
overcome in most cases by the traverse Flights 173 and 174 which acted
as tie-flightsy Flight 152 was only flight not adeguately tied-in
to the others.



It will be noted that the lackunda four-mile area (Plate
3), was planned for two-helicopter work (hence the two traverse
flights between 01d Cork and Middleton), whereas the Brighton Downs
four-mile area was planned for one-helicopter operation. However, the
gravity survey of the four-mile area Mackunda had to be changed to
one-helicopter operation part way through; after one helicopter became
Permanently unserviceable. The work in the Brighton Downs area was
also affected by this breakdown, vigz. one traverse had to be cut out,
and Flight 148 had to be replanned to end at the top of the four-mile
area. It must be emphasised that the alterations necessary were
only slight in spite of the major change in operations, and the time
involved in flight-planning the area carly in the survey was not
wasted,

Cell method. The idealised layout for the Cell method is illustrated
in Figure 3 of Plate 1, which shows a four-mile area divided into six
cells, each a half-degree (35 miles) square. The pesition of the main
base will depend upon the configuration of the group of four-mile areas
to be covered. Ily-camps are situzted at the centres of adjacent
blocks of four cells,

HZach cell is covered by four loopz from the sub-base
at its centre. The elapsed time for each loop being approximately
two hours, the 35-mile square can be covered in one day's flying.

The loop that includes the fly—camp will be flown either second or
third to enable the helicopter %o be refuelled at the fly-camp.

In two-helicopter operations the helicopters should
operate in adjoining cells, both for safety and to enable a continuous
block of area to be completed for computations and thuspermit quick
Telle-ups. if necessary.

in example of how this method could be applied in
practice to the Mackunda four-mile area is included (Plate 4). The
difference in flying times betwsen the Line and Cell methods is small
(32 br 02 min for the Line method and 34 hr 58 min for the Cell method),
even though the positions of the camps and the station layout were
chosen to suit the Line method, and were not those that would have
been best for the Cell method.

Because the four loops in a cell close on the same
point, it is not necessary to fly them all at the same timey; thus,
to make use of any available time, flights with elapsed times of
25 45 6, and 8 hours are possible. Another advantage of the Cell
method would be seen if a traverse were interrupted. With the
Cell method, the loops completed prior to the interruption would
not have to be re-flovwn,

Accuracy of altitudes

The low accuracy of barometric heights has caused some
concern in the previous helicopter gravity surveys, the estimated
- standard deviation being roughly 20 ft. Thig figure is made up of
errors dus to poor diurnal control and to poor barometer performance .



In the Line traverse method, the diurnal curve is measured
at the base camp, and is asaumed to be correct for the whole traverse,
which commonly extends up to 100 miles distant. This assumption
would rarely be true. With the Cell traverse method, using two
helicopters in adjacent cells, it will be possible to set up a
triangulation system with barometers at the fly-camp and at each
cell-centre. An examination of these three diurnal curves would
enable the passage of pressure fronts and the attitude of isobaric
planes to be noted and to some extent allowed for.

Erratic barometer behaviour will be more eagily detect-
able with the Cell method, owing to the repeat readings at the same
station (Cell-centre). Some cof the Askania microbarometers that are
in use suffer a type of air—-travel fatigue but it is hoped that this
will not apply to some new instruments ('Mechanisms') currently being
tried out.

With the Cell method of flying and using Mechanism
instruments and satisfactory Lskanias instruments; it is felt that
accuracies of 5 ft in altitude differences less than 500 ft are
pogsible.

Accuracy of observed gravity

An estimate of the gravity-meter drift is obtained by
comparing repeated readings at certain stations. Using the Line'
traverse method, the first repeat within the traverse is made with
an interval of one and a half hours between readings; subsequent
repeats are made at intervals of 1 hour 45 minutes between readings.
When the Cell method is used, a repeat is obtained every onc and a
half hours, at the same place (the cell-centre), and a triple repeat
is obtained at the fly-camp, thus giving much better control for
the construction of a drift curve.

Anomalous results

The results of an individual Line traverse are very hard
to analyse as they give a profile rather than areal coverage, and
therefere trends and anomalous results are difficult to assess.

With the Cell method a first assessment is somewhat casier, as any
gravity station within the area has enough other stations around it
to enable a geophysicist to assess whether a high or low gravity
value is an interesting anomaly or possibly a misreading. If a
follow-up flight is desirable; it can often be planned for and done
on the next day, thus reducing the number of long transit flights

and the re-sorting of photographs that often have to be done with the
Line traverse method.

Interrupted traversecs

Sometimes a traverse has to be interrupted for one of
several reasons including helicopter breskdowrs, instrument faults,
navigation errors, and adverse weather conditions. then this
happens on a Line traverse it may be necessary to reject all
observations made, because of lack of drift control and tics-ins.
This may commonly involve a loss of up to twe hours' flying timej;
it may possibly be as much as three and a half hours. However,
with the Cell method the lost time would usually be less than one
hour, with a maximum of one and three gquarter hours.



Radio control

Using the Line traverse method, radio control between
helicopter and bhase is guite commonly a problem as it has to Dbe
maintained over distances of up to 100 miles, and for half the
traverse time, of over 50 miles. Uzing the Cell method, the
maximun distance of the helicopter from the base radio would be
40 miles in the case of a fly-camp base or 20 miles for a cell-
centre basey thus there will be more reliable communications Nlth :
the Cell method

Safety

If the observer in a helicopter is unable to locate a
proposed station whilst on a Line traverse, the helicopter may have
to return to the main base; thereby usually wasting all the flying
time already done on that traverse. On a Cell traverse,. the observer
is less likely to lose his way, because his photographs cover an area
(the cell), rather than a thin strip as in the case of the Line
traverse. However, if the observer dces 'lose his way' then the
operator at the cell-centre base can be informed by radio to send
up a smoke signal or flare that will be readily visible for forty
miles, Thus the helicopter can return to the base with a maximum
loss of about two hours flying time, and with a chance of completing
the rest of the work in the day. '

, With two helicopters working in adjzcent cells, one could
always be called off traverse for rescue operations in the event of a
failure of the other helicopter; such an operation would be guicker
and cheaper than on Line traverses; where it is much harder, and often
impossible, to have two helicopters in reasonably close to each other.

~Ilying conditions

A1l flying personnel have found helicopter traversing to
be cztremely strenuous, and their efficiency and awareness deteriorate
rapidly on flights involving an elapsed time greater than 5 to 5%
hours. Using the Cell method and two observers per helicopter; each
cbserver need only fly two loops, and then act as the cell-centre base
operator for the other two loops,  thus giving a maximum elapsed time
of about four hours per observer. Dven if one observer had to fly
all four loops in the day, the cell-centre would provide the most
suitable stop-over for lunch, and the extra assistance available for
refuelling would allow more time for the observer to relax and recover
efficiency. Using the Line method9 it is usually impossible to
restrict all flights to less than'5 to 5n hours elapsed time, and
long flights will always be necessary.

5, CONCLUSIONS

The Cell method of gravity traversing with helicopters
appears to offer substantial advantages over the Line method from all
aspects, with the exception that the total flight time involved to
cover a four-mile arvea is slightly longer. However, considering the
extra length of 'follow-up flights' when using the Line methud, the
Cell method could be expected in practice to take about the same time
to complete a four-mile area.



PLATE 1.

F/6G.
LINE TRAVERSE METHOD ~ 6./
7
.T M/A’] \ MR .
0= o Ao ‘o\ (o] [} e} ~ 0, [} o o
\ L \M/T l\ . '/
o O n 0=— O o o . o O Qi O
Za Y . M\A’:,) ' . MR L o
Ce= ¢ \o(—-oz__o og—_o;— [ L e ———d

FIG 2

CELL TRAVERSE METHOD (4-mile mop orea divided ioto six ce/fs) £6. 3

Q

ELL CENTRE
BAS.

y
L=}

=b

% | ﬁfzicmw{ mrT)/ !

) \._<\L
T

L

MAIN R%E

CELL AND LINE METHODS, GRAVITY TRAVERSING

Geaphysical Bronch, Bureou of Minera/ Resources, Geology £ Gegphysics 665-34

70 accompary Record! /962 /734



PLATE 2.

©
“ ]
© N
° <
51 BRIGHTON DOWNS -
23°00 — ——— B R . - e e e e 23900
e O o O = e G0 O O O e = g P24 = o= e C AR Vg O="r e e 04328 7725
S A Y 934/ 4340 2339 e 4338 4337 4336 c\ 4334 4333 ﬁ 14329 ?i I
- - 1 / i i
\ . ' T .. I / . “
o Flag (i) - — _ Fla8(ii) F 148 (i) F148(i) | F148 = g
e T T 7)5 4314 235 {473, ! f l/ * ;
Sl — 0408 T Y 1/ 7 Eyr i Ty Ry - S A A0 = — = = =R 4376 N L4330 %\432; 09326 35-44
14307 | //ﬁf?&? 9310 ;_ e 4313 s ’» i ‘ s ?
y / | //, |l /,/ // \\ ! i ' i /// \‘
| / ! / |
‘ ; 7 F 146 / | i 7 ; /'/ /7% 2543
// ! // b 2 ; 70’,_,,»—»*"""“ 7
) 4 ) o, ‘ e o e T 500 |
Kﬁ 507 (4306 _&/ 7304 I A | VA %4 /TP 2377 2523 L (%/
_____________ -7 7 - - - h i ~
\\ !\ P 43502 L 3.5 42
\ " , /
\ | Y )
< / I35 4/
] /
N ,
| 4290
N 206/ Pr262 0 0 #G4 7269 . —o —Fezor | s 0
: 04, / 7 g P
Aosp -. , 4263 R .
, |
Ciz? 505 ya | 0.35-39
o aneRgo : sl 2294 4 \ |
; J0WHE % 4 429,
S O — e 5 X
4259 24 4257 or (Fryoampl 4283 &Y \
S °\4/“5 o G Q4255 ’ N
1 \ i
‘ N
| 2 ' ;\}y
3 R35-38
F 144 /058—25 s : | PR
L - ‘ i //,/ 1 \‘
4757 4252 \w2s3 /1265 4266 1267 a0r8 4269 0 2 N
i‘f L ) s 0“/’} S0 o0 "? =0 = /‘{ =223 s
| ' R . e
! : 3536
| , F 147 . y A
/ / . " (;/';4' 75
i I / 77 4779 v ays i N :
o 04299 S A NPT e o 87276 e I o 0\4\274 ; {
4750 A\ Do . . |
LT " é 7534
‘ . L \\\ ‘\
! - , : 27 4237 .
1228 2229 4230 4073 R G A - . AU G a3 — G
O—vi— e — ™ — i — . — - AR — e — e — — —— - — - g{\ ; N
4227 Xﬂ\ /o N i
e /N / \\\ /N \& 35-32
i . ;/,"/’ - N s F ” \
i \3’832/(?{_/4’//1/!44/1//7/4/4 LAKLS 7 \‘, / " 42 ’ "\ l
H / 7 ..:" ~.. - _ C/,/ \ ) / \“ (// .\)4 o l 153/
' i : T~ e O e - 84248 o= o o By P S e 7Y/ V= o=
f/ i 18 7247 424 2744 4242 9241 7239 9238
\.
o
. ‘ 70@’.?4
. . - T P
L9202 5 4207 4204 % ok o _ i 1700 e A~ 7579
‘i A e R B e (N
T 7 | N\ ;
&7 Lo S _ : | Lo 7508 |
W] s VA F 141 / | PN A
N b Vs | p | P | ] NN
.\ | e - . . s 5 K i 5 a0 | N , Sy
249 00 P2 | 2225F B A A B < AU /- E 7 |G Y1 s 2213] 54000
(’)
; 2
e} X _
o I\ S @]
) N g
0 S
. % APPROX.MILES | &
NN H —_
NS i
S 8 4 0] 8 16 24 ‘
' Pt % : % |
|
LINE METHOD FLIGHT PLAN
Geophysical Branch, Bureau of Mineral Resources, Geology and Geobhysws G 65-37

To accomparny Kecord No. 1962 /154



PLATE 3.

O -
O O
[e] M
s 2
‘ MACKUNDA =
o
22° 00 e , . ; 92000
4450 %f" ¢ 4453 4454 4455
R e e fa
| | /
i ! 4
*4460 \] /
i AAL 4.44% ) 4446 4445
. — < —_— e
i . 4447 o
/
I /’
] Ve
oo 4423 4424 4428 )
e s s A
: [/
| |/
{ ! /
:l 4420 \‘/ PIAEY
AA2l O . A
AN 4449
b ‘
' \ '§ \
! i
| N | \ |
o 4394 oo Asie B Mo Ador  44cz 4o Lo Ao 2406 440)  d4os 4409
439s = a4 N 4 l 4ac4 SR T T s e g T T e
™~ it\aqr T o ‘ N
o g
f 1 , - - N\
ll 154 A s N |
W L ‘ 1
. A 26-39 43y1 d3vo g9 4388 N a3 b 4383 : - 3 4380
43'3 - — 0= — — O=<— O~ O — 0" 4357 —eLt — — 7f‘4 ———————————— >0 ; 0t i 43y 03°
Y it 43%4 4343 4352 f N
| I ~
\ /7 :
" L
‘ ! /. |
I 43¢y ENEe 437 4372 3 - ! . e
go-3s R A VA - gl L | L4375 ksie e LB s AT
o3 1) . e .
/ N |
/ \\ ! 153 | 150
0/4367 4366 4385 _‘l«l . 43¢3 J O %58 4zs7 e i<¢3i55
/ // 4364 303 382 B o 4 5se %
// ‘/ 45‘;1,/4—{%44 ‘:45 Ag46 4347 o, , ! 4350 4351 43052 4.3‘63 43;4
/ — o - SEEEERN SO — e O e e—— - — —n
47-12 U// / > & ' ) al R2%/48
(52 cro coen N8 o e i
// /’58*15\\\ l4’9 ‘ // |
/ / . /’ l
N 4341 4339 433 4336 4338 N\ 4334 4233 a3z ‘
22900 ¢ 4342 o< 4;‘0 L s e R —— ,,CE3\7, B — o< "/ . . ,,:"r'—,:—i‘“’ ex— . 1' ~~~~~~~ 4»3 Azrg-—:—,»—:-,-,— 5 23°00
329 4325
o ]
O e}
5 5
< APPROX.MILES ¥
8, 4 0 : 5 24 )
i T T T T % }

|

LINE METHOD FLIGHT PLAN

Geophysicai Branch, Bureou of Mireral Resources, Geology and Geophysics G 65—38

Jo accerypony Kecord Ne /962 ‘134



PLATE 4.

- ©
8 ™
o &
I i
'
22° 00 — MACKUNDA B ~ B 20 Oo'
4467
446, 4465 4464 4465 4466 o
I‘i?“"' O 9 T)v'-—‘—uﬁ\--*— %
N | : |
ME_ER aass 1 _4\;4 EEEL 4456 435_7_ 4458 44659 4460 4461 ~ / l l
1 . H .
i N : i
. , : ; !
. ' 4438 4L56 4435 4454
| x 7 e
\ 4459 37 /
; .
o 1450 ‘\ H \' ‘\ /
S\ 4449 1448 . N \ /
0‘--—70\ O“ // .
" \ N \ / /
] ) . . L
N \ / /
20.5% \ L /
EREY 5 : ‘ "
ool 023 aaze . gaso o 4am H»}\giu?z__ ______ _ A4s3
; : 7 ST
e e :
| . \ | ‘
| g N /
[} : .
/ ;
5 \ - | |
' . " Y
- S b / - ¢
j ?‘ /f\ %44” a410 !
| | " |
( N \ \:
| ﬁ i \ ’
| \ ya \- ;
| ! . i a4 s
‘}},gf" L 43105 40440{1 \044(7? . %4-406 4401*‘“’*__**)0?54,*4*)3*&4*0}
i . 4395 '/ ’ tx", gt ’t/Q('arnp
\“ 4// ! t ,\
|s .. ! + * <
b \\\ o X ; N g‘
? ‘ ya | ! - :
N ) + »
RN . I 43 ; 4386 5 - s
4393 O = 2639 439c  A%89 4387 38O oAngs . o #3682 4380
!\ ’ //O‘ 4588 p & &a :deéS ,'**‘ ‘,o+w+++¢$
iy A . ¥
E \ ! / J / / \\. ;‘
‘\ | / ’/ L \ <
,\ ' // : ' / //‘ ““
. / f \ > * *
4308 l 1369 as7o | / a7 4572 4374 4375 \ > 5810 4577 R )/4579**
N 0.3 / 2 — T ‘\J—— T T O — O — 0% ——— ':r(.tiw4-Q+f+-+++-++f('~‘—’0“* s R Te AT RS 2 i A O“
o3¢ K . 576 s 1
‘ . , v Ve P |
: - - y .
; ~ | ,/ 7 / I oo
| A S S N
™~ v l" . )" , x
| 2567 =566 ‘l/' . /‘/ ’ : < : T :
o~ — ST \ Y oases 4503 y ¥ 5 5
¢ g e e 4 & — o 4357 basss
; ?\ \ Py T 0 4362 Y —— e T 135§ ? ?4555 - g
/ | ~ ‘ + + L *
[ 1 | | ! : Vg
o ' : ; il g
/ | | | ’ | : : Vi
/ ! | + + LR
' 4343 4344 | ! / L ‘ ; : 53‘(*
/ ° 4345 4346 4347 , REE 4352 +33553 4354
; ? 3 ‘f & ¢ | ? .,
. . X i ~ : + >
47 ('5;_\ l h ! | h I I . N ; e |
7 \\‘7\ + \\~ 1 ‘ ! o n (OKRK dal’fd”f(dm/- \\ «; *\‘1
- AN ! 5816\ T~ M *
\‘ 1 N ! ‘! ! I / \\ \ : *i‘*
N | N | [ / - \ t s
' ~ ) AN 45 S V4335 3 ~_ 4333 4332 t 432 |
230 0o' o2 *CL e A 1.15—59 & Y gt O N B - G Sttt YOI L Yy 23000
i 4340 4357 4329 2es
O -
o) (@]
o ©
< X
= APPROX.MILES T
8 4 0 8 16 24
— } f } t - e |

CELL METHOD FLIGHT

Geophysical Branch, Bureau of Mineral Reso@;rces, Geology and Geophysics

PLAN

G 65-39



	Front Cover
	Title Page
	Table of Contents
	Summary
	Introduction
	Flight Planning
	Method of Flying
	Comparison of the Line and Cell Methods of Traversing
	Conclusions
	List of Illustrations
	Plate 1
	Plate 2
	Plate 3
	Plate 4




