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PREFACE 
/

Authority for the test and evaluation covered by th is rep9rt came from Project
lS7637l2D673 , “Forward Observer Vehicle (FOV) Kit ,” Task 12 , Work Unit 0001,
from Headquarters , U.S. Army Material Command , 9 January 1975 , subject: “Draft
Proposed Letter of Agreement (LOA) for a Forward Observer Vehicle (FOV) Kit. ”

The work on this project was accomplished by Glenn W. Schmeidel , Donald P.
Dere , and G.W. Bunch under the supervision of Milton Goldin , Chief , Electronics
Surveying Branch , and the direction of Carl R. Friberg, Jr., Chief , Surveying and
Engineering Division , U.S. Army Engineer Topographic Laboratories 

(USAETL).3



TEST OF MAP-READ MAGNETIC DECLINATION ACCURACY

INTRODUCTION

This report presents a comparison of magnetic and true azimuths  measured at 25 test
sites evenly spaced over an approximately 10 X 14 km area in the vicinity of Quan-

tico . Virginia. The 5 test sites were selected in undeveloped areas so that
any magnetic inf luences  cause d by m an-made structures would not bias

SCOPE the data. In order to determine the effect of man-made structures on the
local magnetic field , additional measurements were made at 4 locations in

the immediate proximity of buildings and other structures. Measurements were made
at only 2 locations in each of the  25 remote test sites , hut  mul i tp le  measurements were
required at each of the 4 lo c a t io r t s  near m an-made structures because the structures
had such a pronounced effrc t on th e  mfleas t i re mfle nts .

The need for an accurate a .’~m l I L m t h  reference for vehicular  use has been obvious for
many years. North-seeking g~ roLoInp .tsses for veh icu la r  use have been developed re-

cen t ly  in I - .urop e hut  t h e y  are bu lky ,  slow , expensive , and re—
( I II  ire a second . Ii ir ec t iol i  !\ roscope for in—motion use. A corn —

BACKGROUND pensat ed m agnet i c  f lux-gate compass , the POS-406, was also
r e L c n t l v  dcvelop ed . This in s t rumen t  has an accuracy in the  or-

der of 3 mils I -sigma. ’ Heibre t h e  POS-406 can he seriously considered as a vehicular
az imuth  re ference for hig h ae -t ’r uc v  app l i ca t ions  t 3— 5 ni i l s )  b r  ‘chicle heading  and tar-
iiet hearing it is necessary to know how wel l measured macnet i e  readings at various
points  within one map sheet .i~’ree w i t h  t i me  Pr in t ed  magnet ic  to t ru e ~orrect ii)n on the
map sheet. Mul t ip le  test sites ~sere selected in und eveloped areas to show a pattern
of small area changes in ear th  magnet ic  nor th .  W i t h i n  each test site 2 pointS. A and
B approximately  10 meters apart , were read to provide an indication of the micro-
scopic changes in the direction of the earth ’s magnetic tield. At the four locations hav-
ing buildings in near-proximity,  readings were taken at a series of points about 10 me-
ters apart. These points fo rmed an 80-meter cross centered on fo rmer POS-406 test
points. These data were collected for future use in studying changes in magnetic field
in developed areas (near man-made structures). A prerequisite for consideration of
m agnetic azimuth in developed areas is its suitabili ty in undeveloped areas. The mag-
netic a i imut h  at any point on the earth has diurnal and annual  changes which are
predictable. Tile changes for this area are taken as those measured at the magnetic
observatory , Fredericksburg, Virginia. The actual change values are plotted and dis-
tribute d as ?nagnetogra,ns, The magnetogram presents the actual azimuth changes at
ti le observatory as a base (c onstant )  value plus the instantaneous variational value
with t ime of day as one ordinate of tile plot.

‘Glenn W . Schmeidel . Platform Orientatio n System Test Program , U.S. Army l-ng ineer Topographic Laboratories,
Fort Belvoir , Virginia 22060, l.TL .0100, November 197 6 , NTIS: AD-A040 599 .
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The primar y objective was to determine the magnitude and d istr ibution of the J i f t e~ences (error l between magnetic-nort h corrected and tru e-north azimuth o\er  t~ e a r c
covered OH a single map-sheet. A secondary objective s~ a~ tPROGRAM ‘nine t h e  imm j e ~ i t i J e  of th e c ffl .ct caused by buildings and t h eOBJECTIV E man-made structures ‘wit h magnetic field.

INVESTIG ATION

The test sites related to ti m e primary objective were located at undcv e lo~--ed po i m i t s
having eas y access ( ‘ce test pla n . Append ix  Aj . The map of the Qua mmt i c ~. ~l i 1 i t a r’,

Reservation 2 was divided into 25 part s ami d two points remote t r e m f l
TEST buildings were selected in each. The first po int selected ss as Id e m:

FACI LITIES fled as the A point, the second as II. All R points were within I ‘I
meters of its associated A. The secondary-obje ctive test sites ~~~~located at stations used in the FTL , Marc h . 1 Q7~ test 3 

~~ tile POS 406. ~1 m e e
tions are sh~~wn in figures 4 throu gh and described in .\ pp en1hx C.

Test support e ( i u i p m ne n t  consisted of Surveying Ins t rument  Az i mim u t l i , (_ r
L ightwei th t  (S lA ( .~ L), M-2 a lmn i n L t  circle . T- Theodolite, and an ETL ‘c : i e l ’ .
pe rsonnel calibrat ed the M-2 a i mn i r -c circle at Pier St of the U S .  ( s e -  d i  a .:. ~ i r \  , C .
ma~zn etic center , f~r etl erj cksF s imre , Vir m~nia. The M-2 aj m inc  circ le ::nd the  S11\ i~ \~u sed to d e te r mim ine  the abs olute difference between m t a g m t . -t  m e - n e r f t  am i d t ; ~: e - m  m l
1’ r t i c - n n r ~d .~as referenced from th e SIAUL tO t ] C  \ t - 2  

~ S ’ m t i  the - : e c t h e  L
01 th c \ l -  t h i  oa cli the  SI A~. L op t u e s  ~ h i1e t i me SI ~ i L ob ject ive lens . - ~~‘n tee
th rough ti m e ’ M -2 optics (see figure I. T im e M- wa~ r . ’ad I P times a t na~ Ci ii ‘rn ,
with t i~ scope turned sli ght is t w ay  from n i e n e t i u  -m o u t h  h~ t or e  each of t I i ~ 0 r~
i f l e s  ~ cre made.  Fli~ t ime was recorded for each i i f  the r ea di n g s . The 2 ‘—  is t ’ m.
moved It ru m mit B , a mm im mnu  mu of 10 meters from i t ‘ree mint s m c a t m ~‘: and tO  t i c  t e
fro m the  S lA t  I and t ime 1 0—read in g col l e ct i on sc ln e n c e  wa s rc o ‘ i t  - J  -

..\I the locat ions Lm se ( l in t i me  PUS 406 te st (~~ c i i l m d ,mr \  • n e ~ t m s . -~ 1!fls t e st ) t i r e
d , i t . i  colicct o m m procedure was  di t ’f- ~ent .  ‘the 1—2 t h.. dol t .  ~s as ~ C i  i t  t u e
eac h ot t i m e t o u r  t e s t  sites. F our  - ( t i m i t s . I U :mle ters or less ap art . na e m ~ of th e  d ’ :  -

-

head i m m . ’s ~ crc selected for nm e as tmr e m m c m i t  - ‘ mv mu g  a t o tal  u t I onik  m m ‘aLh t oc :t ’ i ’ ’ .

m ctenst ’ ~t s~~~~ -~ m i ’ t l t c  ( Ilto \ i. r t ,  (‘ rI-s ~~~~ I ~(IJ i t  V i r ’i i S i,’ - 
~~~~~~ i t i m -  ‘ i i

5- -~~~ \ 14

1 .ti ’nn ‘~ 5 ‘ ‘ h i  y r . ‘ l ’ si ~ ~~ N s . m~~ ~‘i” t’ h m 5 ’1 , m  ‘ - - ‘ c t )  U S \ : ‘ l  I ~ nut ,
~~~

- , - i ” i h  i t ’ t - t . t t t i ,
~t Itt -I- . , i ‘t i’ ’’iflU
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2
STEPS

I. Determine north on the SIAGL.

2. Mutually sight the objective Lens

I of the SIAGL with the M2.

I 3. Adjust the M2 horizontal circle to
the correct reading.

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

---- --
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SIAGL M 2 AIMING CIRCLE

Figure I .  TRANSF ERRING REFER ENCE AZIMU TH

6
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At each point at which a magnetic azimuth reading was taken the diurnal and annual
changes in declination had to be removed so an evaluation of the earths magnetic

fIeld could be made. Prior discussions with personnel at the
DECLINATION Fredericksburg Magnetic Center had shown that their  mag-

COMPUTATION mietograms would be the only method of removing these
variations , even though it was m easured miles from the

points of interest. For each locatiom i (average of poin ts A and B) the diffe rence be-
tween magnetic azimuth and tru e azimuth is the apparent declination The magnet-
ogram (figure 2 ) presents total declination measured at the Fred ericksburg Magnetic
Center as a function of time of day. The magnetogram shows two declination curves
marked D with two horizontal and two vertical intensity curves marked H and Z.
respective ly. The 1-1 and Z curves were not used in this report other than for scale
factor determninat ion . T h e  lower D straight- l ine curv e represents the average (or base)
declination at Fredericksburg , Virginia , while the top D cum ~-e represents the instanta-
neous (or variable ) declination. The base declination at Fr edericksburg, Virgim i ia . during
the test period was measure d at 70 53 .7 ’( 140.3 mils) . This represents the distance
Dbase flU flUS Hbase which measures 100.1 millimeter s t m n m n ’l . th ereb y .  gms i ns a scale
factor of 1. 4 mils per mm .

The variable declination was determined as the di stance betwe en t ime  two I)
curves util izing the above scal e I’a ctor . This variable d ecim m i at i om i was determined for
each set of 10 compass readings and averaged over that  t ime period. Tills va ria tmon
was then added to the updated map va lue of 140.3. This sum was then subtracted
from the measured average of points A and B for each locat iom i ( see l’ah le I i

Tu e  test results of the Quantico undeveloped area (see Table I and figure 3) show
diffe rences betwe en the map value and the measure d declinations of up to 23 mik

for individual readings and approximately 8 mi l s for a one-sigm a
TEST standard deviation. The magnetic dc 1inations measured around th e

RESULTS ETL . POS -406 test stations (see figure s 4 thr ough 7) show vari-
ations from 46. 1 mil s ( figure 5) to 259 .3 n tIs (figu re 4) over tile

approximate ~0 meter cross lengths.

I)ISCUSS ION

The position A measurement s, at each division ( Table I ) ,  have appro xm m it atc ly the sante
average and standard deviation values that appear for the position B measurcnwnl ~it

the individual locations. The A re ading differs from tile 13 readi ne
DISCUSSION by as much as 8 mils i figure 3). The te .tsOfl for those d i f f . ’ren ~ s isOF’ not due to diffe rences in the variab le declination found on t u e

RESULT S magnetogram , noi ms i t  due to the in f luence  of th e SI \(  , I im i the
area. The SIAGI . was removed from time tr i m en t i m i’ l\ amid t 1i~-7
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TABLE I .  MEASURED VERSUS MAP .Kl ~AD MAGNETIC DECLINATION
QUANTICO, VIRGINIA

STA DATE TIME POSITION 4. B Mag ne togrom ERROR:

NO (june 1977) START END A B AV E Correction 
MEAS.( - )

- Map
_________ _____________ _________ _________ __1Lp t s  t-t  

___________ _______________

7 0858 0939 135 6 1 3 9 , 4 13 7 . 5  0.8 . 3 . 6

2 7 1~~~8 1048 1 5 3 . 9 1~~’.2  1 5 5 . 5  1 4  1 3 . 8

3 7 1 2 1 3  139 6 14 5 2 1 4 2 . 4 2.9 .0 .8

4 8 1932 0959 144 ’ 148 9 146.8 1.6

8 . 1042 1 108 146.4 m S l . 8  149 . 1  2 . 3  6 . 5

6 8 1203 1244 146 5 150 . 8  148.6 3.5 4 , 8

‘7 8 1340 1406 140 . ” 148.7 144 .1 4 . 1  0 . 3

8 10 1 1 5 0  1 2 1 3  1 3 3 - 4  1 3 2 . 1  132 . 7 4 .0 - t  1 . 6

7 130 1 13 2 9  12 8 . 7  1 2 5 . 3 1 2 7 .0 3.9 -11 . 2

10 13 0 9 1 3  093 7 146 .2 1 4 1 . 2  143. 7 1.0 7 . 4

11 29 102 9  1053  14 8.7 141.8  145 : o.b 4 -

12 10 10 29 m 0 5 2  1 2 5 . 5  13 3 , 3 1 2 9 . 4 3.6 - 1 4 . 5

13 10 1249  1310  146.2 1 5 1 4  148 6 4.2 4 . 3

14 16 1301 1334 141. 9 146. 1 14 1 .0 3.2 3 . 5

15 2 9 1141 1206 147 .6 144 . 9 14 r, 2 2 . 5  3 . 4

16 i S  10 27 1049 146 . 7 139.4 143.0 3.’ - 1 . 2

17 16 1042 1104 140 5 144 .1 14 2 .3 1.5  0 . 5

18 16 0910 0944 164.2 163. 4 163.8 0.3 2 3 . 2

19 13 1 200 1226  14 1.0  139 .0 140.0 3.1 .3.4

20 13 1039 1100 14 5. 1 14 2  143 .9  2 .2  1 .4

2 1  3 10 23 1060 14 2 . 0  145.5  143.7 1.9 1 . 5

22 13  1 3 1 2  1336 143.8 139.4 141.6  3. 7 . 2 . 4

23 27 1330 1 4 1 1  150.0 146.6 148.3 4.8 3 . 2

24 15 1304 1334 145 .2  143.5 144.3 4.7 - 0 . 7

25 15 1200 1224 140.7 136.8 138.7 4. 4 - 6 . 0

AVERAGE VAL UE , = 143.6 143.9 143.8 2.8 0.7

STD. DEV., t-Sigm a , = 7.8 8.0 7.5 1.3 8.0

CALCULATION EXAMPLE (statio n I):
A B A V E  = 137 .3 mils
MAP VALU E a 1403 mils
MAC. coRR: = — + 0.8

14 1.1
F RROR

9
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difference remained. Since no specific error source could be identif ied it is considered
to be due to anomaly diffe rences existing in the surface of the earth at various loca-
tions, .

The difference between the map-read declination and the measured value varies
from 17 mils below to 23 mils above the corrected 140.3-mit map-read value. The
map-read value was updated from the 1975 value of 137 mils using the 1.30 mils per
year for 2 2  years. The average measured declination value is within 3.5 mils of the
map-read value and the standard deviation fro m the map-read value is approximately
8 mils one-sigma.

Table I shows the average of the last column error minus variable declination to
he 0.7 mils. This is misleading since the low avera ge will not improve the individual
readings for target location. The low average , however , does indicate that a magnetic
compass could he used advantageously in an en route navigation system.

The difference between the measured and map-read magnetic declinations (23 mils
peak and 8 mil s . I-sigma) is:

I .  Too large for t h e  absolute target location functions which in-
CONCLUSION d ude vehicle and vehicle to target bearings of 3-5 mils each.

2. With in an acceptable value for en route naviga tion .

The changes in declination in developed areas where buildings and other man-placed
anomalies are in close proximity are much too unpre dictable for use in either target
tocatII ’n or navigation equipment init ial calibration.



APP END IX A

TEST PLAN FOR TEST OF MEASURED VERSUS MAP-READ
MAGN ETIC DECLINATION

I . OBJECTIVE. The objective of this test  is to determine the limita-
tio ns on u t i l i z i n g  the map-posted declination as the input for a mag-
netic north reference unit.

II. METHOD. The method involves measuring declination:

1. At locations in various undeveloped areas unidentifiable
on the 1:25 ,000 scale Quantico , Va., map No. V834S QUANTIFR .

2. Along the four cardina l radia l lines emanating f rom the
POS-406 (Platform Orientation System) test points established during
the tests of February 1977 .

III. TEST DETAILS. The test details include determining (1) the areas
to be tested , (2) the equipment to be used , (3) the personne l required ,
(4) the number of work days , (5) the test schedule , (6) the test pro-
cedure , (7) samp le da ta shee t , (8) data reduction technique, and
(9) reconnaissance .

A . Test Areas. The test areas will be as follows :

1. Undeveloped areas found within the northern Virginia area .

2. Former POS-406 test points.

a . ETL .
b. South Leaf Road .
c. EPG .
d. Ft. Hunt.

B. Equipment. The equ ipment will consist of the SIAGL(8urveying,
instrument , azimuth , gyr ’, Ligh twei ght), and the M-2 aiming circle.

The logistics ol the test require

I. One freshly charged 24-volt nickel-cadmium battery ‘~~
I- ~o- amp-hr capacity, each day of the test.

2. A government 4-wheel-drive vehicle each day of the test.

C. Pe.rsonnel. A minimum of two peop le , trained to

I.. Unpack SIAGL .

2. Se t -up  and read SLAGL.

16



(3). Shut -down and pack SIAGL .

(4). Set-up and read the M-2 aiming circle.

D. Length of Test. The length of test depends on the number of
declinations required in the undeveloped areas and at the POS-406
test points as follows :

1. Undeveloped Areas. Pick out 25 points evenly distributed
on the 1:25,000-scale Quantico Map . At each of these points , obtain
the declination at two M-2 locations : one 10 meters east of the SIAGL
and the second 10 meters north of the SIAGL.. The second location ‘will
add 15 minutes to the time required to obtain the first , or appr ox ima tel y
a total of 72 minutes for the two. The 25 undeveloped areas will then
take 6½ days , assuming four declinations per day.

2. POS-406 Test Points. Obtain up to four declinations 10
meters apart along each of the four cardina l directions , giving a total
of 16 decl inations at each of the test “oints. Since the first M-2
declination can be obtained within an hour and the remaining 15 dec li-
nations can be obtained with in four hours additional , the time required
for each POS-406 test points will be 5 hours , exc lud ing trave l time .
All of the 64 declinations for the four POS-406 test points can be
comp leted in 4 days .

3. Reconnaissance . The undeveloped area points should be
located in 3 days .

E. The Work Schedule. See figure Al for work schedule.

F. Test Procedure . The procedure will consist of setting
up the SIAGL and the M-2 aiming circle approximate l v  10 meters apart.
A true north-referenced azimuth w l l  then be transierred to the ain~i~~,
c ircle by optically sigh ting between the two instruments. Transfer
both the direct and reverse readings from the SLkGL. Record these
azimuths. Put a stake with orange ribbon at each H-2 point.

Move the M-2 azimuth dia l 10 mils off of the referenced
azimuth momen tar i l y ,  and return the dial to this azimuth ; read and
record the compass reading and the t ime . Repeat this 10 times .

The sequential steps involved in operating the SLAGL and
the M-2 are included in the operationa l sequence section of this test
p lan.

C. Samp le Data Sheet. See samp le data sheet section .

H . liata Reduction Technique. The oh~ ective of the data
reduction is to show the difference between the map-read dec1i r~ition
and the compass-read declination .

17
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If large differences between the map-read and the compass-read
dec lina t ion exis t, the measured area should be carefully remeasured .

The compass-read declination will be averaged along with the mag-
netogram obtained variable declination; the difference of the two columns
will then be equal to the average baseline constant declination for a
given location.

I. Reconnaissance. Locate up to 25 points in the undeveloped areas
evenly distributed on the referenced Quantico map and 500 meters away
from man-made structures (see Immunity Distance Section). The points
shall be marked with (wood) stakes and orange ribbon . These points
shall be described in terms of distances measured front at least two
land marks . Finally,  these points shall be marked approximately on a
topographic map.

18
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TEST SITES 1 2 3 4 5 6 7 8 9 10 11 12
ETL
So. Leaf
EPG
Ft. Hunt —3
Reconn.
Area I A

2 A
3 A —

4 A
5 A
6 A
7 A
8 A
9 A

10 A
I I  A
12 A

A
14 A
15 A
16 A
17 A
18 A
19 A
20 A
21 A
22 A
23 A
24 A
25 A

Figure A l .  SCHEDULED WORK DAYS
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DECLINATION TI1.~ ALLOWANCES

The time required to obtain a single average declination is estimated

as follows :

1. Bring SIACL and M—2 from car 2 minutes

2. tJ~ pack SLAGL 2

3. Set up tripod , tr ibrach and SIAGL 2

4. Level and plumb SIAGL 5

5. Freor ient  SIACL to north 3

6. Fine leve1 ar’.d set ii~ local l a t i t u d e  4

7. Che:k hor izonta l  c i rcle  record error 2

8. Self test 1

9. Set SIAGL control  to BLAS 1 1/2

~eleve1 if necessary 1

10. Repeat 9 1 1/2

11. Gyro — Sync time , (set up M-2 du r ing  this ti

1~ . ir a - . s f e r  direct  and reverse SIAGL azimuths

13. Read and record 20 compass readings 10

14. Shut  do~~ a~ d pack into vehicle __ 5

5 minut es

20



L E~ A:~ ONAL SE Q UENCE OF

~LkS’L k1N~ E~ L 1PMEN~

I. SIAG ~

1. Set up and connect  cables .

2. Deter ~ ine the cente r of the test poin t and center the SIACL t r ipod

over this pci~~: and level.

3. P reo r i en t  S IAGL reference mark to within 45 0 of t rue  no r th .

4. Fine leve . SLAGL and set in the local latitude .

5. Set se e ct o r  switch to THEO ILL~~ pos i t ion.

6. Check h o r i z o n t a l  c i r c l e  al ignment  to reference mirror (record error).

7. Set se ector switch to SELF TEST posi t ion and p roceed w i t h  self t es t .

S. Set selector switch to ELkS positior. and uncage .

9. Set bias coc.per~sa tion  and cage.

12. Set selector switch in GC position and wait until GYRO SYN C ind ica tor

I i  ~, :-~t s.

11. Uncage.

1:. When GYRO SYNC and RLA.D AZflft’Th ind ica to r s  are l i t  read a d i s t an t  azimuth

direc tly on the integral theodolite horizontal circle and micrometer dials

as show n in the Ope r a t o r  and Organiza t iona l  Maintenance Manual , TM5—6675—250—l2

paragraph 2—7 , pages 2-15 through 2—17.

13. To secure SIAGL operation :

a. Cage and set selector switch to BRAKE ON position .

b. Set selector switch to PWR OFF po sit ion approx i m a te ly  2 minutes  a f t e r

BRAKE ON.

c. Reset gyro housing to re fe rence  posit ion usin g the test selection

s~ it ch set to “SERVO ”.

21
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II. M—2 Aiming Circle

1. Set up and level the aiming circle.

2. Set the known azimu th as determined by the S1AGL to the azimuth mark on

the scales of the aim~.rt g circle.

3. Sight the aiming circle on the S1AGL with the lower motion .

4. Release the magnetic needle.

5. Center the needle with the upper motion .

6. Read the declination from the scales (to 0.5 mu ) .

INMIThU TY DiSTANCE FROM
MAGNETIC INFLUENCES

Power lines 150 meters

Railroad tracks 75

Tracked vehicles 75

Trucks , cars 50

Fences 30

Hel mets , personal eq uipment , Weapons 10
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SAMPLI-

A sample sheet is shossit ui the accompanying figure. The variable magnesograrn data wsfl be obtamed 1mm
Fredericksburg after the fact .

DECLINATION
Location: 10 meters F . ETL backyar d Date: 19 Ma 1977
Dir . AZ - AV . AZ .
Rev . AZ . 

________________ ________________ __________________

COMPASS MAGNETOGRAM BASELINE
Tn. ~ MEASURED VARIABLE CONSTAN r

______________ 
DFCUNATION OR’! INATION DECUNATION

08V 120 
______________ ________________

0816 12 1 
______________ ________________

0817 12 ! 
________________ __________________

0815 122

0818 ~ 121

0819 120
119

0820 118

0820. 5 116 
______________ ________________

082 1 f l b

0822 118
0823 1 19

0824 120
0825 114

082d ll~
114 

_________________

0828 114

0829 1 1 5

0830 I I~’

0831 I f t

TOTAL

AVERAGE

*AZ mark saute as for the original Eli. back y ard azimuth.

23

L _ _ _ _ _ _ _  -
~~
. --—

- — -----



~ _ - -~ -.-— ~~~
-_

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX B
QUAN T ICO , VA TES T SITE LOCATION S

(In UTM Coordinates~

SITE NOR THINGS EASTING
NO. (METERS ) (METERS)

1 4 , 2-77 , 288 300 ,813

2 4 , 277 ,537 293 , 775

3 4 ,277 , 785 290 , 025

4 4 , 279 ,175 2~ 2 , 9OO

5 4 , 279 , 325 279 ,050

6 4 , 273 , 450 278 , 100

7 4 , 274 , 350 284 , 813

8 4 ,275 , 175 288 , 513

9 4 , 274 ,400 296 , 225

10 4 , 274 , 975 301 ,886

11 4 , 270 ,275 - 301,450

12 4 , 270 , 813 295 , 375

13 4 , 270 ,275 288 , 675

14 4 , 270 , 425 284 ,563

15 4 , 271 , 075 279 , 038

16 4 , 265 , 750 279 , 700

17 4 , 266 , 950 282 , 938

iS 4 ,266 ,125 288 , 600

19 4 , 265 , 588 295 , 786

20 4 ,266,038 300 ,550

21 4 , 261 , 713 303 , 125

24 
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(APPENDIX B CONT)

SITE NORTHINGS 
EASTINGNO (METERs) (METERS )

22 4 ,262 ,700 295 ,125
23 4,262,600 291,013
24 4 , 262 ,425 283 , 725
25 4 , 263 , 100 279 , 735
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