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I. INTRODUCTION 

' I. Proposals for the aurvey of the Irrawaddy Delta 
forests from the air were first made just after the war by 
,Mr. E. F. A. Hay, I.F.S., of the Forest Department in Burma. 
These propos:lls assumed concrete form in Ju ly  1943 with' 
the conclusion of an agreement between Mr. R. C. Kemp 
(late Chief Inspector of Civil Air Craft to the Government 
of India) and the Government of Burma, by which the 
former contracted to carry out the air photography. The 
course of the ntlgotiations between the departments con- 
cgrned have beer) fully detailed by Mr. Blanford, Conserva- 
tor  of  Forestu, in his introduction to the Burma Forest 
Bulletin embodying the reports on the work. It is chiefly 
due to Lt.-Colonel C. P. Ganter, O.B.E., R.E., then Superin- 
.tendentl, Burma Circle and to Mr. H. W. A. Watson, I.F.S., 
Conservator, Working Plans Circle, that the final project 
was accepted by the Finance Committee of the Burma 
Government. 

2. The survey was utzdertnken in the interests of the 
Burma Forest Department mlio have borne nearly the entire 
cost; its objects were :- 

(a) To provide large scale topographical maps of 
the reserved forests of the Delta Forest 
Division. 

(b) To prepare forest stock maps bv the inter- 
pretation of the forest growtG from the 
photographs. 

3. The ail* photography and preparation of unrectified 
mosaics were carried out by Mr. R.. C. Kemp, Aeronantical 
Engineer, in contract with tlle Government of Burrno. 
(See Appendix). 

The provision qf grofcltd control, the preparation of 
rectified mosaics, and the fair-mapping, were undertaken 
by No. 18 Party (Aeco-Yhot.~), Survey of India. (Major 
C. (3. Lewis, R.E., in charge). 

The stock mops are being compiled by the Burma Foreet 
Department. 



2 INTRODUCTION 

4. The cost of the air photography, amounting to 80'1, 
of the total, was paid by the Forest Department. 

The Surveyor General undertook to carry out the 
fixing of ground control ancl the fair-mapping a t  t,lle expense 
of tile Survey of India, as the survey would be available 
for the con~pilation of the Survey of India sheets on the 
one-inch and smaller scales. 'l'lle cost of the construction 
of the mosaics has been debited to the Forest Department. 

'l'he cost-rates per square mile will be found in para. 56. 
5. Tile cozcr~try zcltcler szcfmvey consists of densely 

wooded all~lvial plains, forming part of the coastal area of 
the Irrawnddy Delta. It is divided into six tilain areas by 
brancl~es of the river, and each section is intersected by in- 
numerable tidal creeks. The average height of the ground 
is not more than 2 feet above ordinary h i ~ l i  tides, wliich 
flood parts of the area, while a t  high spring tides a very 
large proportion of tlie whole cout~try is submerged. 'l'l~ere 
is a collsiderable number of villages in the area, wllose 
inhabitants are enrnaved for the most part in the fishing 

IY .B 
industry, and mere it not for the reservation of the forests, 
the mbole country mould soon be cleared and given over to 
rice cultivation. Communications within the reserves are 
entirely by water; progress on land is most laborious, espe- 
cially in tlie lower lying areas where tile ground is covered 
by aerial roots wliich imprison the foot a t  every step. Ex- 
cept on the sea-face where there are sandy beaches, the 
banks of creeks wllicll are covered a t  high water consist of 
soft mud, into which a man mill sink sometimes waist deep. 
Banks which are above I~igh water are usually firm. 

A small detached portion of the area under survey, the 
Lebyauk Reserve, consists of low unclulatirlg hills from 40 
to 160 feet high with only a small proportion of tidal 
country. 

6. A?-en s~irv~yed.-The original contract for air photo- 
q~.aplly mas for 1,000 square miles, of wliich 700 sq. miles 
mere reserved  forest)^. The non-reserved areas were included 
at the request of the Survey of India so as to leave no gaps. 

On the con~pletion of tlie pl~otograplly of the greater 
part of this programme, the results n7erc considered so satis- 
factory by the Forest ant1 Survey departments, that a fur- 
ther coneiclerable area comprising tlie Pyindaye Reserve was 
undertaken, althougli the latter had already been surveyed 
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on the 4-inch scale by the Land Records Department in 
1918-19. 

The total area photographed amounted to 1,440 sq. 
miles. 

7. No.  18 Party ( Ana-Photo) .-This party, up till now 
engaged on the magnetic survey, was reconstituted on 
1st October 1923 under its preselit designation for the 
purpose of co-operating nlitli the Royal Air Force and other 
air agencies in carrying out air-phot,o surveys. I t s  first 

nras the survey under report. 
Tile personnel of t l ~ e  party for the field work consisted 

of Major C. G. Lewis, R.E., in cllarge; Mr. L. Williams, 
Y.B.E.? Class I1 Scrvice; Mr. Muhammad Hasan, Upper 
Subordinate Service ; one clerk, two computcrs sud 32 
kl~alasis. 

8. Bonl Trn?rsl~o?-t .-The party arrived in Rangoon 
from Dehrn Diiu on tlre 19tl.1 October and spent a fortnight 
a t  Monkey Point while arrangements for tl.ansl,ort were 
lleing made. Considerable  difficult,^ was experienced in 
obtaining a suitable larrnch, most, bf tlloso available were 
either too big or too small. The "Moostary ", double 
decked paddle steamer, 115 fcet long, mas finally selected 
and hired for 3 months from n private omrner a t  a cost of 
Rs. 2,500 a nlonth, includi~lg tlie crcnr, but vitllout fuel 
and engine room stores. 'l'emporary callvas :ln(\ batten 
cabins mrere fitted on t l ~ c  top dcclr. Tllis boat ,,rovided 
living nccon~n~odntion for thc Oficer in cllarge, Mr. Mullam- 
mad Hasan, ~vith computcrs and Ichalnsis. I t  was one of 
the few paddle stcan~ers in Rangoon nrith illdependent 
paddles, the latter being a grcnt advantage for ncgot,iating 
the narrow nlintliug crcelrs of tllc Delta. A Govern- 
ment launch and l~ouscl~oat nTcl'e obtained on hire fl.oll1 tile 
Forest D~part~nicnt  for Mr. TITilliams ant1 his men, l ~ u t  were 
not So convcaicnt as the larger \)oat, as t,llerc mas 110 l i v i n ~  
room for the Ichalrtsis ; t,llc I n  t t r r  l~nd to go for  cook: 
ing and sleeping, and it nras not alnrnys easy to find n cnmp- 
ing ground. 

I n  addition tlirec niotor boats were obt,aincd from the 
Delta Division Forest Oficer, who very kindly a i t l~drew 
them from their nol.mnl morli. Scvernl saml3ans mere pilr- 
chased or Iiirecl for landing from the ~not,or boats and for 
obtaining supplies and  111nil. 

The party proceeded to the Delta early in November. 
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11. GROUND CONTROL 1 

9. Luck of  i~~fo~*n~cttio~t.-During tlie summer of 1923, 
when tllc possible nlethods of fixing points in tlie area to be 
surveyed were under consideration, very little information 
as to the nature of the country was available. Officers with 
local Irnomledge Ilad tlescriberl the grouncZ, but not )laving 
observed i t  from the point of view of survey requiremenlts, 
' were unable to clmr up  several essential points. During tile 

rainy sensorr n visit to the ground w011ld have been of little 
use, even if there had been time to undertake it. l 

10. Proposed Astrorzo)~zical observations.- Fixing 
points by wireless longitude and astronomical latitude was 
considered and some experiments were carried out in 
Mussoorie. Tile errors to n. llich t,llis alctllod is liable, espe- 
cially within such a comparatively small area, wollld have 
heen very much c ~ ~ e n t e r  than the poorest class of trjang1zla- 
tion or traversing, and t l ~ e  itlea was soon abanrloned. 

11. Proposctl llsc o f  ex1stil~g t ~ ~ i ~ i ~ ~ g ~ ~ I ~ ~ t i o ~ z . - ~ l ' l ~ e  Ara. 
kan Yoma range of' hills lies to thc west of the area, and it 
was thought that  use could bc made of the existing trian- 
gulation there (Burma Coast series) to fix points by inter- 
section in what \\ as said to he open cultivated country 
on tile nortfl ancl west fringes of the forest. With this 

'object the GO-foot observation tower and 100-foot mast's 
designed by Dr. de Graaff Hrinter were brougl~t  over from 
Dehra Dan. 

12. Tt.ic~?/gulrr/io,~ i?nl?os.qibZe.-It was found, however, 
on reaching tllc  round, that triangulation between the 
Yomas and the plalns north or wcst of the main area was 
impossible owing to the height of the trees; the knnazo 
tree rnhich form3 the main stock in the Delta forests, attains 
a height approaching 150 feet, and the cultivated country 
contained belts of it which con~pletoly cut off any view of 
the hills to the west. 'Yhe 100-foot masts were useless in  
such forests. An ex:~mination of thc main river banks 
during the first few days of reconnaiseancc sllowcd that, i n  
many places and for consitlel~al>lc d i s ta l~ce~,  trres overhang 
the water, touching its surface up  to one chain from tllc 
bank. I n  such places no tht~otlolitc station conld be prepared 
nnd i t  did not appear that trin~~gulntion up these rivers would 
be at all easy, i f  indeed possiblc. 
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I n  the meantime no better success had been met with 
in the detached Lcbyauk Reserve. This reserve lies in a 
.tangle of low rounded ridges all much the same height and 
covered with dense forest; triangulation was out of the 
pestion in t11e time available. The cultivated country 
north of the main area and surrounding the Lebyauk 
Reserve had been cadastrally surveyed about 40 years pre- 
viously, but it was iiot known whether the traverses would 
prove sufficiently accurate to base fresh work on. 

J 

!, 13. ProcccEzc~-e ccclo21ted.-At this stage, the prospects 
'of successfully dealing with the task of fixing points seemed 
poor. It appeared probal~le that the only alternative would 
(be that of traversing tllrougll dense forest, and this would 
not have \)eel1 possible in one season with the small staff 
available. A visit to tlie coast, however, threw fresh light 
on the problem. It was found that the sea face consisted of 
broad sandy beaches where accurate traversing would be a 
simple mattcr, and that a portion of i t  for about 5 miles 
from tlie south-west corner of the area uras visible from two 
of the southernli~os$ statioiis of the coast triangulation 
series. Provided that triangulatiorl could be carried up the 
main rivers, such river series couid be collnected by traver- 
ses along the sea face, and through the cultivat,ed areas to  
the north of the reserves, and the area could tllus be divided 
up into some 5 or G sections eacll enclosed by a circuit of 
fixed points. 

This procedure was actually carried out and proved to 
be accurate and rapid. 

The chart at  the end ol' this rcbl)ort, slloms how the area 
was divided 1111 1)y tlie i~lain rivors. 'l'llc largcst circuit, 
ellclosil~g al~out, 3.50 scb iliiles. was sltbtlividccl 1)y nieans of 
a subtensc travcrsc: aloiig oil(: of t l ~ c  larger crcelis. Furlher 
subdivision 1)y this method would have been possible, but 
slow, slid was not considered necessary. 

14. To facilitate tJic river work, a triangular platform 
was designed with ntljnsta\)lc legs raising i t  up  to ti feet, 
also a tripod for the tjlleodolite whose hcigllt was adjustable 
between 8 and 1.14 feet al~ove the  ground ; tlie latter to stand 
inside the platform and it~dcpendeat, from it. It  was 
thought tliat tllis could be erect(ec1 in water u p  to G or 7 feet 
deep and would ovcrcorilc t,l~c clilliculty ol' over-hanging 
trees. In  practice, however, the platform was found diffi- 
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cult to manipulate from a boat, and a judicious selection of 
stations rendered its use unnecessary. 

15. Some trouble was experienced in the initial tri. 
angles from the base Haingyi-Chauk-a-lat. The 16 mile 
ray from the latter station across the sea was interfered 
with by curvature, Chauk-a-lat being only 60 feet above 
M. S. L. To overcome this, station S F 3 had to be prepared 
about 20 feet above ground in a dead tree. The observing 
platform mas built up from the ground and did not touch 
the tree at  any point. Observing mas done a t  low tide and 
at a time of high refraction, when the distant station wae 
just visible above the horizon. 

16. Sigm-cls.-Helios were used only for the two big 
triangles, thereafter the signals used were of a uniform 
pattern and consisted of white clot11 (mzl.lnzzcl) stretched on 
a square frame and nailed diamond-wise on a pole. The 
size of the diamond varied from 1 ft .  square to 3 ft.  square 
according to the length of tllc ray and for the longer sides 
two diamonds were used, one below the other and facing at 
right angles so that one or other should always reflect the 
light. These signals could easily be seen up to 10 miles 
across water, provided the sun was in the right position. 
To ensure this it was usually arransed to observe from the 
east banks of rivers in the morning and from the west 
banks in tho evening. 

17. Barks.-The majority of tlie stations were either 
in shifting rnud or on the edge of firm banks liable to be 
washed away, where no marks mould have lasted longer than 
a season. The signal pole mas used to mark the station and 
a wooden peg was driven alongside it in case the pole should 
be blown down. ~ l b o u t  10 per~rianent mark stones, con- 
sisting of concrete osts were distributed tllrough the area 
in the vicinity of vil Y ages, and tvcrt: placed in the charge of 
the head-men. No attempt was made to preserve any of the 
other stations. 

18. Recov~~~ccissctttce n ) ~ t l  observation.-The Ywe and 
Kakayan rivers and the northern traverses mere allotted to 
Mr. Williams and the remaining rivers and the sea-face trav- 
erses were undertaken by Major Lewis and Mr. Muhammad 
Hasan ; the latter usually carried out the reconnaissance 
ahead, selecting sites for stations and clearing rays. 

The theodolites used were 6-inch and 6-inch micro- 
metore. These instruments were brought as i t  was thought 
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that latitudes might be required ; they mere 
accurate for the work actllally carried nut. 

Many of the stat,ions were several feet below high water 
line in liquid mud into which the observer sank knee or even 
waist deep. At these stations wooden pegs up to 5 feet long 
were puslied into the mud for supporting the legs of the  
instrument, and cut branches or " dack-boards " supplied a 
footing for thc observer. A closed round of angles could 
not be observed as any movement of the feet affected the 
position and level of the tl~eotlolitc. It was thus necessary, 
to read each angle separately, making the two readings 
required witl~out shifting the feet. A11 three angles of every 
triangle (wit11 a few exceptions) mere measured, as in rnany 
cases t l ~ e  for\vnrd work tlependctl on single triar~gles. The 
average triangolar error was 14 seconds, wliicll is satisfac- 
tory in view of the impossibility of nccnrate centring of 
either signal or instrument. The nverage difference in 
common sides ~v\.ns 0.7 feet per mile. 'l'lle number of sta- 
tions and intersected points fixed TV:IS 285 ancl G I respectively. 
The length of sides varied bet,ween $ mile and 4 miles, t l ~ e  
average being about 2 miles. 

Azimuths were observed a t  intervals. The average 
error accumulated through the triangulation and traverses 
was about 45 secontls. 

19. Trcrversing.-The lengths of legs along the sea- 
face varied between $ and l mile and Ifrere measul.ed with a 
600-foot or 100-foot steel tape and c\leclicd with n 66-loot 
chain; the longer tape was used for the legs 01.  bases on 
wllicli trian,rrulation depended. For 1 he tl-avcrsc along the 
Cllaunggyi Yegyaw a I O-foot suhtclnse I~ar,  exte~ldecl to 1s 
feet!, mras used, ant1 distances up to  90 chains mrcrc measured. 

20. 2 ' 1 ~ ~  1~01-lc Tuns rowpt~fr(1  on rcctanglllnr cn-ordi- 
nates, the origin 1,eing that of t l ~ c  :~djacent catlastrnl sllrvcy, 
viz. Lat,. 16" 46', Long. 9 b" .1.2' 3'LeS2". Computations mere 
kept al~reast of ol~servation so that Ihe field c11;trts could 1,e 
kept correctly plotted ; in t h i s  m y  the circuits could not he 
closed and arl justcd bcforc! computing t1.e co-ordinntcs, so 
the closing rliffcrenccs n7erc distributed afterwards 1,y 
C O ~ .  E.A. Tantlg's met,l~otl, tnliing the various circuits together 
as n whole. 

21. 'Ihc nrr?lngc cloaitt,q tl(@rcjlcc in the 4 main 
circuits was 0 .53  chain on t l ~ c  moriciinn and O . ! j G  chain on 
the perpendicular, tho  average length of a circuit heing about 
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70 miles. This compares fnvourably wit11 adjoinirlp cac\as- 
tral work, in which the closiilg differenccs in main circuits 
were frequently 2 to 3 chains. 

22. Jzcncfion ~oitll Cndirst?*crl Sn~-uey.-The stat,ions of 
the old cadastral survey mere very difficult to find and to 
identify when found. Connections were made to S of these 
stations and differences varied between + 2 . 3  ancl + 6 . 4  
chains on the meridian and - 1 . 0  ancl + 2 . 7  chains on the 
perpendicular. KO attempt was made to acljust these differ- 

.ences, the new work being accepted after internal adjustment 
described in para 20. , 

23. Points bctsed o~b CTncl~st~~ccl Stc?*uey.-In tlie 
Lehpnuk Reserve, where triangulation was not feasible, S 
points were fixed, in pairs about one mile apart, in t I ~ e  four 
corners of the reserve, by means of traverses run from 
cadastral stations in the vicinity. Corrections were applied 
to the values of the latter to reduce t,llem as ])early as possi- 
hle to t,ha terms of the new triang!~l:~tion The points fixed 
were forest reserve 11011ndary plllars. I n  the same nray 
several points were fixed on the east and west sides of the 
Kalayaik Block as the surrounding creeks were rather narrow 
for triangnlat ion. 

2%. Iclcut i$ccrtiorz. of points 012 the photos.-Except in 
the Lebyauk Reserve, no attempt was made to mark fixed 
points artificially for identification on t l ~ e  photos, as this 
would have involved consideral~le delay and extensive clear- 
ing operations in l~eavp jungle. The vicinity of natural 
features such as corners of creek junctions, indentations in 
the hanks, and large overhanging trees, facilitated tlie 
identification of tlie majority of the points. IIad the photos 
htben availal~le on the gronnd, the recognition of points mould 
have been consiclerably easier than was actually the case. It 
is very difficult to identify a point on a photograpll from 
rough sketches, even with drscriptions and measurement, 
especially as distinctive cletail mas exceptional. 'l'lle identi- 
fication some months later in recess quarters was tlius very 
much a personal matter. Approxim:itely two-thircls of the 
total numher of point9 fixed were iderltifiecl definitely, and 
of the remainder about half were redundantt, being close to 
other points, and l ~ a l f  were unplacerl. The mere fact, hom- 
ever, that these unplaced points were along n river hank wns 
of considerahlc value in locating the line of that bank. '1'11~ 
eight fixed boundary pillars in Lebyauk were marked artifi- 
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cially ; a circle of ground 24 feet in diameter, with tlie pillar 
as centre, was cleared of undergrowth and sprinkled with 
lime a week or two before photogntpliy. These rnarks 
shorved clearly on the pllotos as a white dot with a darkish 
centre. 

28. The $eltl floorlc was coa~j~leted early in February and 
the party returned to Rangoon. Office room was obtained 
in one of the military buildings a t  Monkey Point and most 
of the party were accommodated in tents there. 

26. During the field work all possible assistance was. 
furnished by the Divisional Forest Officer, Mr. A. W. Moodie, 
O.U.E., ~ 1 1 o  not oidy placed many of his staff a t  the disposal 
of the survey party, but himself accompanied tlre ODicer in 
clrnrge for several weeks during the prelimirlary reconnais- 
sance, and 1113de all nrrailgclnellts for the collectioii of fuel 
for t\rc launches and for the forwarding of mails and supplies. 

111. A111 PHOTOGRAPHY 

27. Photogr~~p?~y.-Orning to delays in the settlement 
of the contract for this work, mllich was not finally decided 
upon until the end of J ~ l y  1023, Mr. ICelnp mas not able 
to commence photography till February 1924. I t  was com- 
pleted early in April Tlie best montlls of tllc, year as 
regards calm weatlrer and visibility are probably January 
and Pol~ruary. Tlris late start en1i:lncrd tlic difficulty of 
stcady flying owing to ulifavourablc atmospheric conditions, 
and tlio excellent, nvcracpc rcsults obtained, in spite of adverse 

? conditions, are vcry satisfactory. 
Tlic nrca was covoretl by Incn!ls of vertical ldiotogrnphs. 

0l)liquc photos wcrc tried hut wcrc of no v:ilue for nlal~ping 
pilrpows, as t>lrc? narrow cl.c:ek\ overl~ung 1)p h i ~ I 1  forest 
only slrow ul) nrllcn vicwctl fro111 overl~cnd. Por t lie same 
rcasoii obliqucs could not be usccl for fixing extra points in  
Ibe interior of circ~lit~s, as all points, except those in the 
immediate foreground, werc liiclclen. 

The total 11uml)er of p1:~tcs cxposcd was 3,795. 
28. Tltc cn,)ro.os usc>cl were of the L. l3 type; and 

t,llesc \Irere prol'a\~ly ttlie most suitnl~le that \\rere avniln1)le. 
A larger platlo in conjunction wit,ll a lcns of longor focal 
lcagtll would have 11ccn an iinl)roven~ent, as this nrould havc 
given a bigger srale mit81iout incrcasir~g tllc total n~ullber of 
photos. Such a camera was not obtainable a t  tlre time. 
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I t s  use would have increased the cost of photographic ma- 
terials considerably. 

29. Scale of Photogrcq)l~y.-'l'lie " ceiling " of the 
seaplanes employed was 12,000 to 13,000 feet when fully 
loaded, but the climb above 19,000 feet was slow. Con- 
sequently i t  was necessary t o  use a 6-inch focal length lens 
to obtain the most economical scale for mapping. 'llhe 
average height maintained throughout was about 9,400 feet, 
resulting in a scale of about 3 . 4  inches to 1 mile. This scale: 
was about the smallest compatible with the proper interpre- 
tation of detail. 

30. " Strippi~~g."-The area was divided into sections 
bounded by main creeks alld the " Stripping " over these sec- 
tions was carried out systematically. Such gaps as were left 
were for the most part due to camera failures and not to faulty 
flying. Practically all gaps were covered at the first attempt. 
Coastal strips were talten coverir~g the series of control points 
along the banks of rnain rivers and tying togetl~er the ends 
of cross strips. I r k  the larger sections a central longitudinal 
strip a t  right angles to the, cross strips was also taken. When 
the final mosaic was completed, i t  was found that there were 
two gaps in the wl~ole area, one of 3 square miles in Lebynuk, 
and one of $ sq. mile in Yyindaye. 'llliese were both on the 
boundary of the forest and were due to the difficulty of locat- 
ing the latter from the air. 

31. Tilt.-The weather conditions resulted in a cer- 
tail, amount of tilt ; excessive tilts were, however, exceptional, 
arld were in many cases corrected by taking another photo 
immediately afterwards. Owing to the small number of' 
fixed points, it is not ~)ossible to make an exact determination, 
but an examination mas made of overlaps and of the errors 
in azimutl~ accumulated in strips. This investigation yielded 
tile following approximate estimate of the percentage of 
different degrees of tilt :- 

Under lo ... 56" / ,  
between 1" & 2" ... 35 "1, 

s 9 2"& 3" ... 7"/, 
,, 'do & 4O . 2: O/, 

y, 4" & so ... "1, 
over 6' . . . one photo. 

32. Mc~i?&te?zance of scc6le.-While variations in alti- 
tude occurred from clay to day, the departure of individual 
photos from the mean scale of any one strip was very small. 
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The maximum difference of height (in one strip) from the 
mean, as disclosed By an examination of about 2,000 pllotos, 
was 200 feet. Differences exceeding about 50 feet were ex- 
ceptional and occurred only in bumpy weather. 

33. The qzcolity of  t ? ~ e  photographs varied consi- 
derably. About one-half of the photos, taken under good 
conditions, could not have been improved upon ; but during 
tlie latter part of the work, when tlie meatller was hazy, some 
very poor bhotos resulted. 

AS regards togograpllical detail, however, this was 
of little consequence, as the detail consists almost solely 
of creeks, wllicl~ sl~owed up nearly as mrell as under better 
conditions of visibility. It mas found that photos taken 
near midday gave the best, results, as otherwise the minor 
creelcs wcre obscured by shndo~vs, this also suited the needs 
of stock mapping. Although i t  was a t  first thought that 
long shadows wcre desirable to facilitate the interpretation 
of forest growth, it was afterwards found that such shadows 
obscured more than tliey revealed. 
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IV. PREPARATION OF THE MOSAICS 

344. The p w t y  g-ej~~ctinecl i ) ~  Rcutgoolz till the end of 
March whilst the air photograpli~7 was being carried out. 
During this time the adjustment of tlic triangulation was 
completed, the mounting boards for tlie mosaics (mosaic- 
boards) were ~)roject,cd and plot,ted, and sucli pl~otos as were 
received from Mr. ICernp were dealt wit11 as described in 
para. 41. Tlw Otficer in charge was ~ i v e u  a flight, over the 
Delta io ordel- to locate from the alr certain fixed points 
whose iclentificatio~i 011 tlie pliotographs was in tloubt. 'I'he 
office was moved on the 4th April to Maymyo. 

35. Dal*lc g*oon~.-An out-building (record room) of 
the Maymgo office was converted for photograpliic work and 
was divided in to 3 rooms each about 7' x 14,' :-(a)  enlarg- 
ing and printing room, (b)  plate-changing and developing 
room, (c) washing room; tlie last not being a dark room. 

Each room was provided with an unlincd wooden sink 
with water laid on. 

36. 2'he e~~llrg1giug Z(cj~tc~*ga was of tlie ordinary pattern 
for simple eulargemont without rectification and had a lens 



of 9-inch focal length. The plane of the copy-board was 
fixed a t  right angles to the optical axis of the lens, t l ~ e  board 
being movable along this axis for scaling. The final ad- 
justment was made with a slow-motiol~ screw. The enlarger 
was operated by dayliglit, and to obtain uniform ligllting a 
moveable screen made of wliite cloth on a l ig l~ t  frame 6 feet 
square, mas erected outside, opposite the negative carrier. 
Tile screen was pivottecl a t  its centre and had universal 
~novenlent so as to reflect the maximum amount of light . into the lantern. During the rainy season rapid variations 
in the light made the e~tirnat~iorl of exposure -difficult, alld 
alternntivc l ig l~ t i l~a  by acetylene was provided, (dissolved 
acetylene gas in cylintlers), electricity not being available in 
Maymyo during the daytirue. 

The dark room work was carried out by two Indian 
pliotograpl~ic - assistants without special qualifications, who 
were temporarily engaged. 

37. TJtc copyi~zg cnmel.a was set up in one of the draw- 
ing rooms. 'l'lle plan 1)oarcl was fixecl against an end wall, 
and the camera secured to a stand sliding on rails. Care was 
taken to ensure the optical axis being a t  right angles to the 
plan board. Lighting was from two side windows, front 
l i ~ l l t  being cut off by means of black curtains across the 
IT-hole width of t l ~ e  room (see para. 40). The camera had a 
Dalln~eyer lens, diameter 1SN, of 12-irlch focal length, and 
took up to 10" x 12" plates. Process plates 4:" x 63" were 
used for copyilig. 

38. 'I'lic scr~tc originally selected for the published 
maps was I inches to 1 ~nile, this being one of the normal 
scales for forest 111aps. It \\las soon recognised, hocvever, that 
this scale was untluly large for tlie amount of topographical 
detail in the area ulltler survey, nlltl the reduction of the scale 
to 3-inch mas appl-oved. Both mosaics and fair slieets were 
prepared on the 3-inch scale 

39. Two contact prints of each photo were supplied 
1,y Mr. Icemp. One set was pasted by strips on to narrow 
rihancls of stiE brown paper, leaving the overlapping portions 
frce ; these ~.f:f'o*er~cc-.sl~i~),~ were put aside for reference in 
ditTerent stages of the ~\.orli. The sccond sct mas used in 
tlie preparation of the mosaic as described in para 411. 

40. Pr~pc/~.cttio)l  of Rect(ped Mosoics by slrips.-Tl~o 
metl~od employed in t,l~e preparation of the mosaics was simi- 
lar to that already u ~ e d  in India and Mesopotamia. This 
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corlsists of reducing strips of original contact prints on to a 
that can be used in the enlarging 1a11ter11 ; these 

are i hen enlarged to the correct scale in the lantern and 
fitted together to form a mosaic. The length of thc strips 
nlust Ile such that, the ratio of enlargement is not so great as 
to cause loss of definition or to exceed the covering power of 
the lens. 'pllis ratio was fixed a t  about 5 times linear dimen- 
sions. 'l'his method is only suitable wl~en  the scale of com- 
pilation is equal to, or less than, t l ~ a t  of the original photos ; 
when it is larger the scaled prints will ~ ~ s u a l l y  be obtained by 
direct enlargement from the original negatives. 

41. Reclzlci~zg t h e  stl*ips.-'l'he second set of con tact 
prints ret;.rl*ecl to in para. 39 were pinned in strips on to stout 
straw hoards 24," x 30", termed s ~ ~ - ~ ~ I - ~ o c I ~ - c ~ s .  In  older to 
conlply with the condition stated in t l ~ e  preceding para. 
these strips could not exceed 24" in lthn gth, so wcL1.e pinned 
parallel to t\lc short side of the board. 'Yhe oriwiaal strips as 

3 in the air, corresponding to the rc~ference-strips, 
were in most cases considerably longer t,llan 24" and 11:rd to be 
subdivided into sections. 'Yhe latter were selected as f a r  as 
possible with reference to fixed points, tllougll this mvas not 
essential as explained in para. 43. Eacll strip or of 
a strip was independent of the next one on t,he strip-boarrl, 
and was treated separately in the subsequent opel.ation of 
elrlarging to scale. The contact prints were carefully fittt.d 
by overlaps and where lateral tilt was apparent, error 
in azimuth, this mas partially corrected hg adjustment of the 
overlap. Ordinary pins were used for ~ e ~ u ; i ~ ~ ~  llle prints. 
The detail on the prints was then inlzed up with Cllinclsta n.lrite, 
as this sl~owed up well against t l ~ e  flat dark tone of tire forest ; 
in cult,ivatt:d areas, where the contrast mas good, tlct:lil 11 as not, 
inlted up at  this stage. 

- 

On completion of several strip-boards, they \rrere reduced 
on to half-plate negatives (termed ~t~ . ip-~~c~r l t i l :cs ) ,  t l~ese 
I~cing the largest plat,es the enlarger could take. r ~ l ~ c  scale of 
the phot,os on these negatives was ahout 0.6 i11c.h to 1 mile. 
Strip-\)oarcis were numhered serially in large fig~lres, easily 
legible on tho corl~esponding ,stlsip-~legnt~ive. After develo1,- 
ment of the negative, the coiltact prints were unpi~rned fi~om 
the strip-boards and filed. 

42. 1Mosaic-b0n~~~ls.-T'hc boards used for monnting 
the rectified mosaic (mosaic-b0ard.q) were pliot ogrrtpllio 
mw~nting boards obtaincd from the photographic: trade in 
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Rangoon. l'hey had the advantage of being large, 28" x 43;", 
and havinp a surface of soft friable paper such that a print 
could easily be removed and repasted, a necessity which fie- 
quently arose during the preparation of the mosaics. They 
proved to be very uniform in response to atmospheric condi- 
tions of humidity. 1)urability and stiffness was provided by 
a double backing of linen and brown paper. 1s bonrds were 
required for thc whole nrea. Adjoining boards were over- 
lapped and not butt-joined. The rectangular grid ancl the 
points were plotted on tlle boards, with a margin of 1 to 1+ 
inches; the margins were overlapped and secured on the 
mounting tnhle and the scaled photo strips pasted temporarily 
across the join. On completion of a common edge tlle prints 
were cut tlwough along the grid line and pasted down on their 
respective boards. 

The use of zinc sheets masconsidered, but though t l~ey  
had obvious advantages such as thinness and freedom from 
distortion, i t  was thought that theso nrould be more tllan 
counterbalanced by thc difficulty of removing photos once 
fixed. 

43. Sc((Zin9 the  stl*i~~s.-The series of fixed points form- 
ed closed perimeters round each section of the area ; these 
followed well defined lines, viz. the banks of main creeks; 
and the taking of strips of photos follotring these lines and 
thus including all the perimeter points in n cont in~~ous  stxip, 
had been a simple matter for the flying man. This was of 
very great value in the preparation of tlle mosaic, as it was 
possible to lay down an accurately placed frame strip rountl 
each section. The strip-boards had been arranged with 
reference to the fixed points ancl the scalirlg of each portion 
of strip was carried out in the enlarger by means of lengths of 
paper marked with thc distance between points as obtained 
from the plotted mosaic-hoard,s. I n  cases wllerc adjacent 
points were too far apart to he included in one strip on the strip- 
board, any two points of detail were selected for scaling, ant1 
their correct distance apart was obtained by cnlcula tion, af tor 
finding the ratio of reduction by measurerncnts bet~teen cor- 
responding tised points on the ~.efel-ence-strip ancl on [he 
mosaic-board. Errors in azimuth caused hy tilt were corrected 
by cutting the scaled stlips into ~ect~ions and slewing each 
section thronqh a sm2ll anqle. I'hotos that aerc  obviously 
t,ilted had hecn marked d u r ~ n g  pinning 11p and Kere made to  
bear a grcater share of the azimuthal error. Sudden di3- 
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of detail caused by cutking and slewing were 
lilllited to 1 chain (about O ' O U )  and the cnts were made so as 
to avoid detail as far rts possible. 

The perimeter strip l~aviilg beell laid down, the central 
lollgitudinal strip and certain selected cross strips were 

any col~veilient points of detail already i n  posi- 
tioil in the pvrirnetrr strip and uot necessarily fixcd points. 
'I'hese mere then fittcd into position thus breaking up the 
ellclosetl area into a series of rectangles. Thc latter were 
last filled in ; this was largely a mat,telm of trial in order to . 
disperse errors in lateral overlitps :i~id 1;eep the111 within thc 
limits ];lit1 clown in t l ~ c  preceding para. Tlie priilt,s were 
patted tcml>orarily in posit io~~ in 0 1 1 ~  or t,~vo places and 011 

co~nplelion ol' a niosrtic-l~onrd, the c,vc>rlapping portions were 
c ~ t  cz\lrxy and the wl~ole 1,astc.d down will1 butt-joints. 

41. As ( I  ljtclcors cf t c s l i ~ ~ g  thc ctccn~*c/ct~ of t l ~ e  mosaic, 
the lint O F  control points along the Cliauuggyi Yegyaw and 
on the ' l ' l~au~~gdu River as far as the point wl~ero the latter 
turns south, nras nlaslied, and not made use of for scaling. 
A cross strip co~~cr ing  t l ~ c  nlajori t y of t,liese points was t,lleii 
laid clown and acljnsted 011 tllc pcri~l\ct,cr photos. T l ~ c  fixecl 
point,s marlied on tllc photos ol' t l~is  ril) n ercb then prick- 
ed t l r ro~~gl) ,  anti on listing tJie strip tiucl ~ n : ~ ~ l i i l i g  paper, i t  
was found t1i:it t11c i~~ax i~ l lu rn  error in l)ositioll of any of 
t l~e poi~its was 1; cllaills (0.06") at, til~out the ccntre of t8he 
strip, ~ v l ~ i c l ~  was I 3  iliilcs in I c ~ ~ g t h .  l'liil; st,ril, l ~ ~ ~ ) ~ ) c ~ ~ e d  to 
bc1 p:trtic~rlarly 11-eo I'roiu till and cl~:inges of ;\ltitu(le ; it is 
plm\)nblo that c>lse\vhci.e grvater errors occlll.. but  i t  is 
tlloilglrt tliat 111(. iunsiln11111 error ~ I I  ~osi t io~1 allyl\.llere, m?itll 
ref(.rence to tltc gritl, hIlollIt1 1 1 0 1  c h ~ c ~ r v x l  5 ~l l~ i l , : .  

7 .  ]I/ / ( l~ ' ) )~ ' ( ' / (~/ io l l  (!/' ( / ( ~ / ( / i / . - (  )11 ~ 0 n l l l l ~ t i ~ ) ~ 1  of 1 1 a ~ t i ~ g  
tlomn, tlacll 1)ottrcl vTns c:lrel'ullp i~ll\ctl up in as tlre 
rcpro(1uctiorl of thc original i u l \ i i i~  (lid not a l \ ~ a y s  s l ~ o ~ ~  up 
sr~ficic~i fly well. Thc~ splicrical graticule lincas ~ r l ~ i c l ~  were 
to app(>:w 011 tllic map wcrc rulctl up, an(1 thc 11oard was 
tllelz c~xali~inrd for corrcctr l ( '~  of dctail 1,y two officers 
iil(lopcndcntly, :~,n:linst, tllc ~*(~l 'orcnce-st~-i~s.  ;I'hc. latter were 
kept in huntllcs c:orreslmn(ling n it,], tile l)oal.ds of the 
mosaic. Tllu inL(\rl3rcttntion of' t>l~c photos prescntecl some 
dificnlt,y in t l ~ c  cnsc of ininor water courses. Crceks less 
t,\i:i11 :\\)ant 5 yards widc n7crc us11;llly ohscurcd l ~ y  trees nnd 
could only be followed for parts of t l~e i r  courses ; wider 
crecks wcro ol'ten l~icltlcn 1)ut wcre usually given away by 
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tile fact that  a different class of tree generally grows on 
their banks. I los t  creeks luc.ancler, ancl even tllough parti- 
ally concealed c-oulcl be relicd on to i'ollo\v n regi~lar curve. 
Ally \~:rter\\.ay over a c11;1in i l l  wicllli \vas clear and con- 
spicuous. 'I'on.:~rtls thc e t l p s  of photos, sinall creelis running 
radially to the photo 1)lurnb-poilit were oftcn visible while 
ot l~ers  \Irere lritltlc~l 1 ) ~  tlie displacement ol' tlle tree canopy. 

-EG. P!lit~tltryi; t~ioscric.--'l'lle clcbcision to photograph tlie 
PyilidajC ltescrve \\-;is n ~ a d e  after the party had left the . field ; i t  was thel.clorc~ decitled to  base the  niosaic on the 
existing 4-inch n1:tps \\ llicl~ had been sur\-eyed by theodolite 
traverse. Some difflc~~lt y was experiel~ced in adjusting the 
photos as tlic 1-incll survey hacl been carried out  rapidly and 
was not of a 1ligl1 order of accuracy. 

47. 1 hc j b l l o ~ i , / g  r.egisters coicl itcc/e.z.cs were kept up :- 
(a) Ecgister of origi~lal prints received from the 

alr contractor. 
(1)) I 'articuln~~s of cach flight-A form giving the 

cletails of I~tbiglrt, time, weather conclitions, 
arcba c o ~  cared, and 1)laiil: nrgativcbh ( i f  any) 
accoml):~~iiecl each l);~tch 01 I ) I ~ I I  t s  received 
f1.0~11 t l ~ t b  air c*ol~trnctol-. 

( c )  ltegistcbr of str~p-lie gat^^ es, sllon.ing t l ~ e  serial 
n ~ ~ n l l ) t ~ ~ *  of the r~egativc: ant1 t l ~ e  ~ i l ~ m b e r s  of 
t l ~ r  inclividual pl~otos cont:ti~~ed in it. 

((1) Index to strips. i l ~ l  i ~ ~ t l e x  on the +-inch 
SC;IIH 011 \\-11 i c e 1 1  th t~ outl i l~e of each strip is 
shown to scale, l)y a long I-ectangle, adjoining 
strips 1,eing in c11fTerent colou~~s. The num- 
bers of tlre tirnt and last photos of each strip 
are cnterecl 111 t l ~ e  appropriate colour. 

(e) Indox sl~ornlng tlie mosaic-boards and the fair 
sheets. 



PREPARATION OF THE MOSAICS 17 

48. Pej*sojtjlel cijzd tiqne tccke?~ in vnvious ope?*atiolzs.- 
The preparation of the mosaic was coinrnenced a t  the end of 
April and completed a t  the e t ~ d  of August. The following 
table shows the personnel eniployed and tlie time taken in 
the various operations. 

U y  wllom carried out. 

Total 
nomber 

of 6-honr 
men-days. 

1 

2 

3 

Pasting reference strips 

l'innillg and iuli ing up 

4 

Scnlir~g stri l)s and  fit,tit~g 
to niosaic. 

strip-l~oartls. 1 do. do. 1 120% 

Three Indian 
draftsmen 

Cutking and pasting 
down n~osnic. 

C, 

44* 

;\l:tjol. Lewis and 
JLr. IIuhanimad 

Hasan 

1T:rjor Len-is :tncl 
N r .  I f r t h n ~ ~ ~ n l n t l  

Hasau 

Fsarnin:xtio~~ o detail 
against, original con tact 
prints. 

6Gt 

Ill.. 1Inllammad 
Hasan 

'LO 

18 
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49. Plro/og)*ccpl~ic nlatt.r.ic11.s.-'l'hc Following table 
slrows the  amounts of the various pl~otogrnphic: st,ores and 
clrcmicals usccl in tlio PI-epnration of tlic I-ec:tified i~~osaics  oE 
an arca of 100 square miles. I t  refers t o  a11 \\,orli done s ~ b -  
sequctit to the receipt of contact prints frorli Mr. Kemp. 

Scale of original segatives :-3.4 inches to 1 tilile. 
Scale O F  rrlosrlic: :- ... 3 inchrs to 1 nrile, 
X~imber  of air photos per 100 sq. miles :- 260 

fi0. G I o R . ~ ~  r , ~ .  )NCI// ~ICI~C)-.-O€ t h ~  1 ~ - o  copies of 
the first hntxh of contact prints receivcld, one was printed 
on matt paper i n  ordcr t o  avoid the difficulty of rcfl~ctcd 
l igl~t when cnpyinq. nut  even with the most suitable malie 
of matt payer, n certaii~ amount of detail is lost, wllereas by 

r 

Photographic materials per 100 sq. miles 
of rectified mosaic. 

. .- -- - - - --- - - 

Pnrticnlnru. Amount. 

i - -- -- - .- . . - .- - 

Process plates (: 1)lilte size) for strip-nega- 
tives ... ... ' 7 

... I 
Wellington nTa~-(l's "Ennnimo" hl~ornidr 1 610 sq. 

paper (in rolls 10 Eeot I)y 25 inches) l'c!ct,. 

Met01 ... ... . . .  

Hydroq~~inonc: . . .  . . .  

Potassi tin1 hronlide . . .  ... 

, oz. 

- a 1 7 7  

1 -. 
4 9 '  

Soclium c;rrl)or~stt,e (anl~ydrous) ... 1 4 ,, 

. .  . Sodinm sulphito. ( . d o . .  ) . . .  4 ,, 
I 

i 
Potassium rnetnl)is~~lpl~itr~ . . .  j 1 ,, 

... . . .  . .. IIY PO 
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snitable lighting, glossy paper can he used nitllout fear of 
loss of det;lil by 1-aflectcd light,. All front lig11 t is cot  out 
and only sidr., top and l~ottom light llsed for copying (sce 
para. 37). 

For t h ~  i11osaic, ploss~i P L I ) C ~  is the most suitable. It 
does not take ink q t~ i lc  so well as matt ,  but has the great 
advantage that Indian inl;, and irili prepared from water 
colollr st,iclis, comes :imay at once with n-ater and corrections 
arc tllns sini1)lifierl. After  the first batch of photos had been 
received, glossy paper was specified for botll sets of prints. 

3 1 .  For llurpo.es oE Enir-inapl,ii~g, the a1 ea surveyed, 
esccpt L c \ ) ~ n n k  lieserve, \\.as divided illto 28 slioets coverit~g 
3 minut,es of lat,it,ude and 10 illiilutes of Iongi t lldc. Traces 
\I ere lnatle from tllc mosaic-boards by 2; i~iinllte squares, 
\ ~ l ~ i c l l  ncre pnstecl on to n pro,jcctiolr of cacli slleet. The 
latter were then sent to Calcut,ta for th(3 1)repar:ltion of blue 
prints on drawills paper on 1i~liic11 t l ~ c  Pair s l l ~ e t s  \\*ert. clraan. 
'l'l~e scale of map1)ing nras the salne as that of thth mosaics, 
viz., 3 incll[ls to 1 mile, for reprodnction. P t  sl~ould bc possible 
to eli rninn tc tll is in tcrmecliate tracing PI-ocess. Bleacliing 
out caillio t be (lone satisfactorily ai  ter t,hc lnosaic has 
been prcpnred and if carried ont l~eforc., tlie difficnlties of 
fi ttinfi the scnlnd prints t30geth(~r correc~l lg arc1 gl-eatly en- 
I~nnccd ; Ii\oreovel- in the present case, all tlie tletail on 
tlio pl~otoq n7:ls roquilmcd for tlic compilation of  the stock 
mnl's. ,l~rotllt.r methotl, suggcst etl by 11 r. I<c~rlp, is tha t  
of staining tl~c. sc:~l(~il strips to a 1)lue colo111. so t l ~ n t  only 
thc inlied 1111 (letnil ( i l l  I)lacli) \\.oultl bc rc1)rodnced in 
pliotoqi-al3llr. ; t{lli* al111e:trs to  oilrr a good solll~ion. I t  has 
tlic silgllt tlisndrnntagc t l~n t  t l 1 c 1  inosnic l~onrtls ~\-o~ilt l  have 
to corrcspol~d with tllc I':lir sllr1c:ts n11t1 11 oultl thus 11r rather 
small. hiiotller disntlvnl~tngc is that they could not be sent 
to Cnlcu ttn 1)y post-:I scriolis (1 l.n\~l)acli in I3111~111a. 

0 1 1  rcwvipt of tlic tll*nn-il~g blue-prints, ihc  [air-drawing 
\\.as liroceedetl \ ~ i  tll i l l  t 1 1 ~ 1  11 olsiunl manner. The first sheet 
was l~cglln a t  tlie ciltl of' ,111ly n l ~ t l  it is cxpec:t.cd tlint tht: 
last mill he coinl~lctc~cl ant1 s ~ l l ) ~ l ~ i t t e d  for pul)licntion by the 
on tl of I)cv*t:lnl)c.i* 1!)24. 

52. kro~iJiccrl iou ?f tlcltri1.-Owing to tlle p110tog1-aliy 
llavil~g I ~ c c ~ l  tlonc s o  late in t,lie sensou, it \!as not pohs~ble 
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to examine any of the photos on the ground, for verifying 
detail. This was not a serious matter as regards detail 
within reserve boundaries which consisted solely of creeks 
and areas of grass or scrub. Outside the reserves, the only 
items of topographical detail which sliould have been verified 
on the ground were :-(a) pagodas and kyazcngs; (b) isolated 
buildings away from villages, often hidden by trees ; (c) 
distinction l)etweel~ sand and mud areas on the foreshore; 
(d) high water line in areas of gently sloping beach where 

' accretions are being formed. Tliis verification will be carried 
out later when the area is taken u p  for 1-inch topographical 
survey. 

53. iif)*. A. W. Moodie's ss)-ccy.-Durins 1922 and 
1923, wllile tlre air survey mas still being discussed, Mr. 
A. W. Bloodie, 0. H.E , I.F.S., then in charge of the Delta 
Forest Division, carried out a survey of the whole area, for 
tlie pryparation of the working plan on which Ire was en- 
gaged. He covered c~ach reserve with a grid formed by 
clearing lines through the forest, one mile apart in both 
directions; these linrs were laid out by prismatic compass 
and i~lvolved an immense amount of labour. Chain trav- 
erses were rur l  alorig all these lines and 4-incli maps were 
cornpil(~(l from the data thus ol~tained. Considering that 
tlie forest statF were quite untrainecl in survey work, the 
result,ing maps are \vonclcrfully good, and reflect great 
credit on hI  1.. Moodie's eri terprise in undertalcing so arduous 
a task. l1llese nmps mere of grcnt use in the compilation 
of the air survey slrret,~, as they not only supplied informa- 
tion as to all the c l ~ r l r  and place names within the rescrves 
1,nt also I~elpe(l in cstablisl~ing the existence of minor cross 
connections b e t \ ~ t ~ e n  maill (:reelis, in cnscs where t,hese were 
in douht on the photos. 

5B. The Fair-mnl~ping oE t l ~ e  .Lcl)y~~z~?c Rcnel*ve was 
not put in band, :ts it, will 1)e necessary to supplement tho 
mosaic l)y a considernbl(: amount of ground work before a 
map can be producc~rl. Owing to the gentle nature of the 
slope.; ant1 to thc overs ha do^\-ing of streams 11y trees, i t  mas 
irnpossil~le to Follow even thc general trend of valleys nard 
hills, ant1 t l ~ e  stcrcoscope was of no itssistancc. The ti1l:tl 
creelis arrtl :I fcbnv of t,he hrolttler fresh water streams s h o ~ ~ ~ c d  
up wcll ; a11d l)y u ~ i n g  this detail as n basis without fixing ally 

further points, tho remainder of the dctail and the contoi~l~- 
ing will bt: s~~rveyed  by planc-table txaverse (luring topogra- 



CONCLUSION 21 

phical survey. 
55. Stoclc ~?zcipping.-!L'he mosaic-boards and refer- 

ence-strips l~ave been handed over to tlie Forest Department 
for the preparation of tlie stock maps. The rectified mosaics. 
being on the same scale as t l ~ e  inaps, are proving of great 
assistance, as the limits of different classes of forest can be 
easily marked on them and subsequeritly transferred to the 
map. 

VI.  CONCLUSION 

56. l'he cost of tlre sw3vey was as follows :- 

The cost of thc pl~otograpl~y is high, as this singlc pro- 
jcct has lrad to l~enr thc whole of the initial cost of Mr. 
Kemp'mrganisation. . 

57. Rcs?slts.-It would 1)c clifficult t o  find n tract of 
country more suitable for survey by air photography, or more 
difficult to survey on the grooorl. I ts  advantages from 
the point of view of the former method are :- (a) it is flat ; 

-. 

- 

( i )  l'hotograph y-111.. I<einp's 
contracts for  1,060 sq. illiles 
-Rs. 3,7i5,000 and 380 sq. 
miles-Rs. 28,000. 

(ii) Ground control-R's. 39,327 
for 1,060 sq. miles. 

(iii) Preparation of mosaic.-Rs. 
22,886 for 1,440 sq. rniles. 

(iv) Pair-mapping-11s. 12,008 
for 1,352 sq. miles. (Ex- 
clutles Lcbyauk lteserve). 

Total 

Cost,-rate per sq. m i l ~ .  

Rs. 

210.4 

37 .1  

15 0 

10 .3  

Rs. 273.7 

-- 

S. 

18.03 

2.47 

1 . 0 6  

0 .  GO 

.S 18.25 
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(h) it is broken up into convenient sections by broad rivers; 
(c) errcll occt iur~ contr~ins cot~spic*tto~~s Fvnt t1rc1s in t l ~ e  forln of 
oreelis whicll assist thc flying 111iln in 1bstril)pil~g9J; (d) 8 

aeaplnnc cs11 ~ l i g l l t  ~\nywhert: i I I  o:tntb of 11ecessi t y  ; ( c )  t,hrre 
is practically no topogr.;~phic:nl (letail of ivl~icl~ t l ~ c  idtllltitica. 
tion reqliirea o h r o k i n ~  on the grotlntl. 

The difficlrltius of ground survey are obviolts ; h~znclrerl~ 
of n~i lol~ of tlleodolitc trnvorsing alollg the lr~rger creelis n70uld 
be required ; where subtt~nso lucht l~ocls are imposnil)]~, chain- 

' ing through d t w e  jtlnsle iilust be r~sort~ed to. l'lilne-table 
traverse, done erltircly froin boats, would I)e t~sed for the 
smaller creeks. 

It was esti~ilnterl tlizt a groutld survey by u party of 
normal strength (30 surveyors) mould 11avc taliell 2 to 4 
years and would llnvtl cost yrol):rl)ly 1:s. 500 per square mile. 
I t  wot~ld coulpuro rnost i~nf:rvot~rrtbly with air survey as 
regards accuracy of local dctnil and woi~lcl scarcely be 
superior in accuracy of positiol~. 

The disntlvantnges of the air sarvcy are :-(a,) minor 
creeks up to 3 yarcls wide nre frequently ohsc i~r~t l  l)p over- 
l~nnging t r t w  and cannot he traccld througholit their full 
length ; (b)  i t  was neltlor~~ possil)le to ytrotog~'apll the coast 
line at low title ; cotlseqi~t?rrtly t h e  low title lincb nntl utany sand 
hanks covtlrtd a t  hi yll water, \vt81.c not survc>yctl ; thin was 11ot 
of great importance a3 ttle salltl I~anliu nl-c constantly shift- 
ing. The only modern slll.vep of sirnilar scale and extent 
carriecl out 1)y t.ho St~rvcy OF Intlia in delta forests was that 
done bp No. 6 Party irk the Stcnt!ur*bcatis of Bengd in 1905 to 
1808 ; tlbis survthy t.00li several seasons too trilverse and detail 
survey ; thtvr were many casualties from wild aniinals ancl 
sickness, ancl a very large number of miuor streams were 
never surrepecl at all. 

58. The sJ;)r))cnfior~ qf nco*ctiorrs is constantly taking 
lace along the sea-Ewe of the Delta: t l ~ ~  snccessive coast 

ines are well shown up ill the photos t11r011gl1o~t the grass P 
I -  lands bortlerir~q the shore. lhere  arc s;%ntly hooks in ~ n r i -  

ous stages of formation, while elsewhere, gcr~erally midway 
hetween the  mouths of rivers, erosion is taking place, 3 4  

i~ evidenc~(1 by fort'sts of dtbad trecs standing out in the 
h sen at high titlc. Pl~otogritphy of t e coast line a t  some 

future tirne will providt* interesting data for tllc study of the 
formation ot accretions. 
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SCHEDULE* 

Mr. Kemp's Contract 

Conditions to be ful$lled as regards the air photography 
for the Survey of India. 

This contract is for the production of vertical and obli- 
que photograplls taken from aircraft suitable and necessary 
for the compilation of a 4 i~lches = 1 inile scale map of the  
area of the Irrawaddy Delta laid down in paragraph 3 under 
c:ondition~ describctd in the follonring paragraphs :- 

1. The Survey of India \\.ill bc responsible for the  
fixing of tlie trigonometrical points necessary to control the 
mosaic, the compilation of the mosaics, and the resultant 
maps on the scale of 44 incl~es  = 1 milc. 

2. 'l'he photography to be conll~leted l~etnreen the 
middle of 1)eccinber 1923 and the nlidtllc of J Ia rc l~  1924. 

3. 'l'l~c area to be covered, nbont 1,000 sqrisrc miles, 
includes the forest rcsrrves of ICpa gan-Rwinbat~ 1i. ljpinalan, 
l i i ~ l i i t ~ i ~ ~  anti unreserved nrc3as between t,he aforesaid forest 
reserves nild the forest rrserves of Lal)utkT\-(., I<alnyeik, 
I\nlnyeili ISstension, N y i n a u ~ ~ g ,  Kadonliani, I ~ ~ i n m a l \ l a  and 
llel)yank of thc Dclta Forest L)i~ision. If co;lsidcrcd advis- 
able by t!lc govc~rnment tJhc photography nlay lIc cstcncled to 
cover the ljpintlayt. Forest R'eserve, ,211 area of a\)out 300 
sqnarc miles to I)e paid for a t  a rate 110t cxceedinq Ks. 120 per 
square nlilc of r twl tan t  mosaic, pro~ided tllat hr r~nsona l~ le  
notice I~eing given to t h o  co~itractor the wor]i o'n tile exten- 
sion can be undertaken in continuation of t,lle former. 

Note.-This ~ r h e d n l r  ie nn extrnrt frclnl Mr.  kern^'^ nriplnnl r n n t r ~ c t  with 
thc Gorernment of Dnrmn. When t h ~ ~  wns d m n n  np 11 uaq rerlisccl t l ~ n t  ~t nonld not 
he nonaible to verify completelr the fnlfilmcnt of c o n ~ l i t ~ o n s   OR 8 ant1 F) or t o  enforce 
them s t ~ i c t l y .  T b e ~  wero lnld down ns des~dcrata to he aimed ~ t .  
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4. Both vertical and oblique photographs are to be 
submitted as required by tlre officer representing the Survey 
of India ancl the officer represthnting the Forest Department 
to  enable the former to compile a forest map on tlre 4-inch 
= 1 mile scale ancl the latter to compile a stock map. 

5 .  All lancl areas are to be covered by vertical photos 
including water channels of s u c l ~  I\-icltll that both banks call 
be incl~tdecl on one photo. Small gaps not lilcely to contain 
important detail luny be covered by "obliques" a t  the dis- 

~cret ion of the S u ~ v e y  reprclsentative: Both 1)anbu of all 
water channels pilotographecl must appear on one photo, so 
:\s to preclude the possibility of an overlap occurring in a 
water area only. 

6. Size of negatives, lens, etc.-Negatives should be as 
large as 7-inch x 7-inch if possilde, but the contractor may 
elect to perform tlre wlrole wol-li either.- 

(a) With a 7-inch x 7-inch negative in which 
case the lens should be 10-inch P. L. to be 
exposed a t  a height of not less than 12,000 
feet, resultat1 t scale 11ei11g about 4. -L inches 
= 1 nlile, area of ground covered 2 . 5  square 
miles ; or 

(b) IVitll a 5-irlcli x $-inch negative in whicll 
case the lens sl~ot~lcl be 6-inch k'. L. or 8-inch 
F. L. to be exposed a t  a hcigllt of not less 
than 10,000 i'tlrt or 33,000 feet respectively, 
resultant scnlfl being about 3 17 inches = 1 
mile, area of ground covered 2 square miles. 
d n  %inch 1~11s is preferable. 

7. O~er laps  110th " fonvard" and " lateral" to be 30 per 
cent. (arerage), but, not leas than 20 per cent. 

8. Departnre from the mean height a t  which each 
series of orerlaps is taken, not to exceed 1 per cent. (or 100 
feet a t  10,000 feet). 

9. Tilt,.-The photos are to he free froni tilt due to the 
incorrect setting of the camera with respect to the trim of 
the machine in its flying position. 'l'he total tilt to be within 
2 O  in the case of 75 per cent. of the photos and in no case t'o 
exceed 3". 

10. The quality of photos to be such that no cli5culty 
ia  experienced in picking out all detail necessary for a 4-inch 
scale map. 
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11. Time of day of photography.-Photography shoulcl 
be carried out a t  about the .earne time each day, t11e actual 
hour to be determined by experiment in consultation witlr 
the Survey officer. Narrow channels sl~ould not be en tirely 
obscured by cast slladonrs. 

12. Re-photography when necessary.-Re-photograpllp 
either by verticals or obliques to be carried out a t  the 
discretion of the Survey representative, if the first results are 
not satisfactory. 

13. Supplementary pllotograp11y.-Verticals on a scale a 
larger or smaller tban the normal to be taken to elucidate 
difficulties met with in the compi1:ltion of the rectified mosaic: 
at, the cliscretion of tht: Survey representative. 

14. The negatives exposed for the purposes of this 
contract become the prol7erty of the Government of Burma 

15. Copies of photos.-'1'~1e contractor sllall supply t,mo 
of every vertical pllotograpll taken (one o n  glossy and 

one on mat,t papel.), one print of  ent:l~ ol,lique phot,o as well 
as two extra prints of s11ch photos as tJlre Survey representn- 
tire may call tbr, for rnappinc purl)oses, and ~ T V O  prints of 
such photograplis as the Forest Degnrtulunt map require, and 
a rough mos:tic as conlpilecl by J1r. Kc.mp9S 13110Cographic- 
officer. 

16. The War ofice Air Survey Conlmittee s11011ld be 
consultecl as regards the latest desig~l of ca,a?1.%s : l l lc l  illstru- 
mcnts required for fligli t coiltrol 
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I. INTRODUCTION 

1. Objects of the expedition.-In April 1922 Captain 
Meade and one surveyor were detail- 

BHUTAN DETACHMENT 
Oaptain H. R. C. Meade, I.A. ed to accompany ~ a j o r  F. M. Bailey, 
Mr. Baosi Ram, sub-~sstt. C.I.E., Political Officer in Sikkim, 

Supclt. 
15 Khalassis. who was to travel through Bhutan '  

and l'ibet for the purpose of conferr- 
ing the G.C.I.E. on His Highness Sir ug fen  Wangchuk. 
K.C.S.I., the Maharaja of Bhutan, and the Sanad of 
Maharaja on the Raja 'l'rarin q near Gyantse, Tibet. 

'rhe Political Officer in Sikkim had aslied for a survey 
officer to secure a good survey of the route followed through 
the centre of Bhutan fro111 west to east, in orcler to "assist 
Bllutanese surveyors in their eventual srirvey of Bhutan 
and in selecting alignments for the future roads of the 
country". The work before t,lre detacll~~lent mas to fill as 
much as possible of the gap between Colonel R ~ d e r ' s  work 
of 1904-05, and the western edge of Major Rlorshead's ex- 
ploration of 1913. 

2. Pg*eviozbs Expto~cctio~~s.-Hitherto this tract was 
known only by the route reports of p:tst political officers and 
I n d ~ n n  esplorers :- 

(a) Mr. J .  C. White's and Mr. C. A. Boll's oficial journeys 
I'rom Chnml)i to 13ixrutanr. 'l'his is the ~ n n i n  road 
across Bhut,an nlrd was :~qain followed in 1!)22. 

(11) 14r J .  C. White's jo~trney i110111 De \ \~an~ i r i  to Gpa~zt~se, 
u p  the Lhol~rrtlc river, tllen 1 7 i ( c  the Tn La,  Yoino 
'L'so basin, Neluny anti I<xnginnr (aitlc l ~ i s  speci:ll 
report No. 1680 dated 19tth J,tlY ]!)OR). 

(c) 1\11.. C. A. Bell's journey from Hl~xnr ntlars to IIrnm-te 
1:in 'L'rn shicho L)zong autl t,lle J,inzslli Ln. 

((1) Rinzin Nilnqyl7s e~plorst~ions of lSSs-qC,, of Rastern 
Bhlitan,nad,via tllc h fo i i l a l i a r~ l~un~  La, to 'l'w (Tibet), 
where imprison~ne~\t, ended Ilis labours, v ~ i d ~  pages 
372-3'ib, volml?c?V~~I,  P;trtl 11, "Eecords 1879-1892". 

(e) L:~ms Uqyc.11 Gyntso's 1883 explorntio~l ill Tibet, 
round the Pa- Dzo 'l'so and Ynmdrol~ Tso lalies, and 
from Nangkartse, v ia  Sliabring rtllcl the Monda La, 
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down t,he Lhobrak River, vide pages 348-345 and 
354-356, volumeVII1, Part  11, "Records, 1879-1892". 

I .  DESCRIP'L'ION O F  THE COUNTRY 

3. Gene~n1.-'l'he main Himalayan divide in this area 
runs roughly east and west, and forms the political boundary 
between Tibet to the north and Sikkim, Bhutan and India 
to the south. 

Nevertheless, the upper basin of the Amo Chu (which 
emerges in Bengal as the River Torsa),called the Chombi or 
Tromo Valley, is Tibetan. It forms a wedge of Tibetan 
territory between Sikkim and Bhutan, but its southern 
boundary appears to be undemarcated. 

The main trade-route between Inclia and Tibet runs 
from ICalinlpong into the Chumbi valley, and thence into 
Tibet proper over the 'l'ang La (15,200 ft.), an extremely 
low col on the main divide, situated in longitude 89' 15' 
between the Pauhunri group (23,180 ft.) in north Sikkim 
and the Chunlolhari group (23,997 ft.) in north I3huttrn. 

Between the latter and the Lhol~rak gorge in longitude 
$)lo stretches an unbroken snow range averaging 20,000 feet 
or more. 

4. Bhutctn.- Topogrcrph#.-Like the Amo Chu, the 
rivers and n-atershecln of Bhntan run roughly north and 
south, and in the route traversed in 1922 no fewer than 8 
passes of between 11,000 and 15,000 ft .  bad to be crossed 
1)etween Yatung (Chumbi) and Bumtang, the actual capital 
of Bhutan and the permanent residence of the Maharaja. 

The valleys of Upper Bhutan, where we crossed them, 
averBqe over 7,500 ft. and are flat, open, fertile and well- 
cultidnted, with a very temperate climate. Even in mid- 
summer the only point on the journey, where a sun-hat was 
perhaps advisable for Europeans, was Wangdupotrang 
(4508 ft.). Here we crossed the Mo Chu 1);y a fine pier- 
cantilever bridge, at  a point where rock outcrops confine the 
river to a width of 80 yards. The Mo Chu is the largest 
river in Bhutan, and it3 basin drains the whole main snotv 
range between Chumolh~ri and Kulhakangri and covem 
ahou t a quarter of the whole area of Bhutan. I n  Aasam it 
is wlled the San Korr River, and joina the Brahmaputra a t  
Dhuhri. 
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The hills of Bhutan, like those of Assam, are heavily 
woodedm Hut a t  this latitude (27" 30') the passes are all  on, 
or just below, the silver-fir and rhododendron line, and it is 
easy for the surveyor to get ideal stations, with extensive 
fields of view, above vegetation. Water, and in summer the 
weather, are the chief difficulties. 

5.  Bl~zcta9z.-Inhabitants and reso~~~ces.-The Bhu- 
tanese, who look like Gurkhas without the ~ i~ - t a i l -bo th  
sexes near their hair cropped-seem a sturdier race than the 
southern Tibetans. 

Like the latter they are Buddhists, or rather Lama 
Devil-worshippers, and the numerous " Gompas " (monas- 
teries), " Chortens" and " Chungur " or hydraulic prayer- 
wheels, labour-saving devices, are a feature of the country. 

The Bhutanese language ("Drukpa") is a dialect of 
Tibetan, and the Sherpa lihalasis, who talk Tibetan as well 
as Gurlchali, were understood everywhere, rendering inter- 
preters unnecessary. 

The Bhutanese are independent, industrious and pros- 
perous, and thcir buildings (which are of stone with slab 
roofs), bridges, metal and cloth-work indicate a considerable 
degree of civilization. 

The paths we travelled by were fit for pack-animals 
throughout, but had been specially graded and widened for 
the Political Officer's visit, and bridges repaired and new 
ones constructed. 

The communications in South Bhutan are said to be 
very bad. 

For survey parties, coolies are the normal t~.ansport, and 
yaks are only available near the passes into Tibet. 

Rice is obtainable everywhere. 
1)ealings are norlnally with the "Trompons" or d i~ t~ r i c t  

officrrs, but an interpreter, duly authorised by one of the 
two Penlops to requisition transport, is imperative. 

6. South Tibet.- Topography .-The Lhol~rak Eiver 
rises in Tibet on the north-n-ester11 slopes of the northern 
Kulhakangri group (24,784 ft.) and, flowing east and then 
south round it, hreaks through the snow range in longitude 
91°, at tt point just below its junction wit11 the Kanang Chu. 
It finally enters Assam as the Manas. 

East of the Lhobralc gorge, the snow range is much 
lower, averaging 18,000 feet or even less. The gorge itself 
is so narrow and deep that the main route cannot follow the 
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river a t  a comfortaSle level. 
The Lhobrak basin, where we crossed i t  above the 

gorge, is an intermediate stage hetween the steep well. 
clothed hills of Bhutan and the rolling valleys of l'ibet, and, 
Tows excepted, has t l ~ e  less inviting characteris tics of each. 

The Lhobrak basin is inhabited by Tibetans and is part 
of Tibet to below Lhakang Dzong. Here, as in Chumbi, 
the southern boundary is ar)dernal.cated. 

After cro~sing the Uyu La, we rel~ched the lake district . of South 'l'ibet, consisting of the Pomo, Yamdrok, Pa-Dzo, 
and Trigu lalie basins. Of these, tlie Porno 'l'so (16,200 feet) 
is pro\~ably the highest lake of that size in the world. 

This area is markedly wetter alld colder than the river 
valleys. I t s  main features are bare, rounded and everywhere 
rideable hills, rambling lakes, grassy plains and low divides. 

It is in11:lbitecl by the "black tent" nomads ("Dokpas") 
who camp all the year round in yak hair tents, so closely 
woven as to be impervious to rain and snow, and tend enor- 
mous flocks, selling the wool. 

The shores of the Yamdrok 'l'so are slightly less bleak 
than the rest of this area, and here the inhabitants are of 
much the same type as in the Lhobrak and Nyang Chu 
valleys. 'l'hey live in solidly built "Dzongs" and villages, 
and are engaged largely in fishing. 

7. Sord l~  Tibet.-ltthnbitnjr t s  ancl ~~cson~ .ce s . -  Though 
too high to l)e as fertile as Bhutan, South I'il~et never ltnows 
famine or drought. I t s  pasture is, as is well known, unsur- 
passed any\\-here. 

'l'here are no trees except a few cultivated willows by 
the larger streams, and the geology of 'I'ibet is stillq largely 
unexplored. Wood and iron for buildings, bridges etc., 
are imported from Bhutan and India, and yak dung is the 
only fuel. 

Yak and donkey transport is cheap and plentiful. 
I n  South 'l'ibet, riding tats can always be hired locally 

by the day, and plane-table khalasis as well as. plane-tablers 
should always be mounted. 

"Champa", or ground harley, can always be purchased 
locally, but forms a monotonous diet. 

"Dzongp.ons" are the district officers of the administrative 
units, but their districts are so large and scattered that dealinge 
are generally mith village headmen, and a duly authorised 
representative should therefore accompany any detachment. 
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8. Geology.-There was ~nfortunat~ely no geologist 
in  the party, hut specimens were sent t9 Sir Henry Hay den 
in Central Tibet for analysis. Bhutan has plenty of lime, 
and South Tibet iron, but the only coal or graphite seen nras 
near Towa in the Uyu C l ~ u  valley. 

111. POLITICAL OFFICER'S JOURNEY 

9. The social and political aspects of the journey have 
btten dealt ~vi th  fully in the Political Officer's official reporb 
and in a paper in the " Geographical Journal" of October 
1924. 

10. Ycrtzcng to Bzcntta9zg.-The Political Officer's party, 
which included the Hon'ble Mrs. Bailey, Lady Cozens-Hardy 
and Dr. Dyer, the Civil Surgeon a t  Gangtok, crossed Bhutan 
from Yatung to Bumtang (about 140 miles) in 17  marches 
of easy length, arriving on the 20th July. 

The survey detachment double-marched 10  of these in 
.order to save time for observing a t  the hill stations. This 
procedure was impracticable in Tibet owing to the length 
of the marches. 

On arrival a t  Bumtang, the Bhutanese astrologers post- 
poned the investiture ceremony, and we halted 10 days there. 

11. Bumtang to ~Vo~zlalca?.chuwg.-From Bumtang, the 
heavy baggage and surplus personnel were sent back to 
Gangtok. I n  view of the disappointing survey results up  
to this point, and ill the hope of better weather, Mr. Bansi 
Ram also returned to Chumbi through Bhutan. 

The remainder of the party marched up the Chamka 
Chu on the 1st August, and crossed the Monlakarch~ulg La 
(17,442 ft.) into Tibet on the 7th, after camping the night 
before on the edge of a lake a t  the foot of the pass. 

12. ~Jfoulaknrchzcng La Puss.-The pass is a mere 
track 5 miles long over a glacier-covered col situated about 8 
miles East of the Southern ICulhaliangri group (24,74.0 ft.). 

It is prol~ably open only for Q months in the yea$r, and 
even then subject to blizzards. The glacier on the Bhutan 
side, where the traclc mounts it, slopes quite 4b0, and the 
slope helow ends in an ice-cliff. The gradient a t  the 'l'ihetan 
end is much milder. 

Yak transport is a necessit'y, ponies being led across. 
The advance party all suffered from snow-blindness, but 

in the Political Officer's party those who had no snow-glasses 
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improvised, with yak hair and coloured sill<, bandages over 
the eyes. 

Mountain sickness was almost universal, and was pro- 
bably due to hard exercise in the rarified atmosphere. As a 
preventive, apparently successful, some of the Sherpa khala- 
sis plugged their ears. 

1 Longc/o to Gyantse.- From Longdo, the 1 st  camp 
in Til~et,  till the Nyang Chu basin was entered over the Dap 
La (where the climate cl~anges noticeably), very bad weather 

.and low temperatures were the rule, and a t  the higher camps 
the thermometer fell to 35°F. a t  night. "Dzongpons", too, 
were very naturally anxious to expedite our progress, and 
invariably underestimated distances. Of the eight marches 
between Longdo and Talung, on five occasions the survey 
party got into camp after dark, and once (between Riutra 
and 'l'alung) not till next morning. 

From Longdo the route lay north to the south-east 
corner of the Yamdrok Tso and thence along its southern 
shore. All the rivers were in flood and unbridged, and 
several of them had to be forded after dark. 

From l'alung, the Political Officer's party passed into 
the Nyang Chu basin across the western end of tllat of the 
Pomo Tso, and reached Gyantse on the 27th August. 

14. Gynlltse to Ycrtung.-By this time some of the 
khalasis were considerably run down, ancl we halted 7 days 
at Gyantse. 

The Political Officer's party returned to Yatung by t h e  
telegraph route, vhile the survey party re-visited the Pomo 
Tso basin via the Se La and reached Yatung on the 16th 
September by the 'l'rari Chuma Chu valley and the Yu Tso, 
which is the shortest trade route between Lhasa and India, 
though the route via Gyantse is generally used. 

At  Yatung Mr. TJansi Ram rejoined the party. 
15. Bozcte Re21orts.-The Political officer made de- 

tailed route reports, and a very complete collection of birds, 
butterflies and plants, tllroughout the journey. 

IV. SURYEY.-FIELD WORK 

16. Prelinlincrry drrnngentents.-Captain Meads took 
over the equipment in  Calcutta, and the khalasis a t  Gangtok, 
before the end of May. 
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The lthalasis were S l~erpas and a fern Gurlrhas recruited 
in Darjeeling. 

For these corlditions, Sherpas are the best possible 
personnel. 

Owing to tlie deatlr of the Maharani of Bhutan, the  
departure from Y a t u ~ ~ g  (Chumbi) was postponed to the 
20th June.  

It was proposed to utilise the postponement in cornmen- 
cing a f ramemork of single triangles direct from the trinngu- a 
lation stations on the Donkya range, but on the 2nd J u n e  
Captain bleade met with an accident below the Natu La, and 
was incapacitated for a fortnigl~ t .  

'I'lie plane-ta\)ler also, who nras originally detailed, could 
not join the detachn~ent,  and Sub-Assistant Superiri telldent 
Bansi li,ani, detailed ill his stead, only arrived a t  P a t u n p  
on tllc 18tjll June. 

As explained he lo^^-, the ~vret~cl~ed weather and rapid 
marching would in any case have rendered systen~atic tri- 
angulation impossible. 

'l'he rapiditJy of the Political Officer's tour, tlie forecast 
of which was received in April 1922, the in~possibilitp of 
returning to fill in gaps in the survey, and t.he imminence 
of the monsoon made i t  certain tlrat a survey camera would 
be a valuable adjunct. 

A survey caniera mras therefore applied for, but was, 
unfortunat,ely, not available. 

Under the circnnitances, and on the adricc of Major 
E.O. Whec>ler, who has llad much experience of photo-surrey 
met,hods l~ot~lr in Canada and Indi:~, an or(/ . i~~n?.!/  j -plate 
Tropic" Sanderson Cnrnera mras privately provided on the 
way tlh rongll Calcn t,t,a. 

This campra had a Goerz Dagor Anast,ign~nt Lens of 
126 mm. (4.921 inches) focal lcr~gt,h, F. (j.8 mnsin2um 
aperture., witjh a "l<oilos" slluttcr, stopping down to F. 4,s. 

'l'l~e camera llncl a circlilnr cup-level wit,h a very inseas- 
itive buh1)le. wliicll allomled (when tested afterwards) a dis- 
levelmc~nt of 4 minutes in any direction before movirlg. 

Neither camera nor tripod had levellirle; screws. 
'l'lle camera was not fitted \vit,h collimation marlts. 
'l'he only work done before taking the field was rouglb 

rectification of the level and  parallelism of lens and plate. 
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A. Triangulation. 

17. 1astrzcments.-Captain Meade carried out the 
triangulation tllroughout, using a 6-inch Micrometer Theo- 
dolite, reading to 10 seconds of arc, single seconds being 
estimated by the observer. 

A 3-inch Vernier Theodolite reading to 1 degree (single 
minutes being estimated from the vernier scale), was also 

.carried but never used, ancl was sent back from Bumtang 
wit,li Mr. Bansi Ram. 

1s. 0bstcrcles.--Rate of Rfarch.-Reference has al- 
readv been made to the accident which prevented triangu- 
latidn from being commenced direct from the Donkya Range 
stations. 

Four days of rain and snow on the first station, Kyu 
La, resulted only in a fixing by re-section. Thereafter the 
Political Officer found i t  politically inadvisable to leave the 
survey party to its own devices, and systematic triangulation 
was in conseqnence impractical~le. 'l'he Bhutanese did not 
understand the object of camping in cliscornfort ancl bad 
meat,her, above water and fuel, ancl without visible results, 
and hat1 the Political Oficer waited for a systemrltic survey 
he would never have got through his progntrnrne. As it, 
was, sscluding the sixteen clays in halts a t  B~~mbangand  
Gyantse, 599 miles were covered in 72 days. 

19. Wentl~,~r.--The monsoon had broken, and the 
weather throughout was a t  its wrorst for survey purposes. 

I n  Bhutan, out of 181 Ilonrs of daylight spent on hill 
stations, only 27 were available for triangulation, 3.3 before 
8 A.M.  and 4 in the evening. 

On fine days aft,er 8 A.M. the clouds, hitherto banked 
in the valleys, rose and reduced visibility to a few hundred 
yards for the clay. 

I n  Tibet, though clouds were high even on fine 
mornings, they drifted and uncovered pealis throoqhout the 
day, the whole of which was available. Visibility never 
fell l~elon- four or five miles. 

The best time to triangulate in Rhntan is from mid- 
October onwards to March, and in 'l'ibet October and from 
March till the monRoon arrives in June.  Thus Jnne to 
September would be a close season for both areas. 
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The original triangulation of Tibet in 1904-05 was 
carried out largely in winter, but the intense cold and 
shortage of water must be set off against the cloudless skies 
obtaingd. 

20. Obstacles to latitude atzd nsimuth traverse.- 
Owing t o  the bad weather experienced from the time of 
leaving Bhutan until the Yamdrok Lake was reached-8 
distarlce roughly of about 80 miles-no Trigonometl.ica1 
points were visil~le and in consequence no ilzimuthal obser-" 
vations could be talren. 

'L'l~is portion of the map liad therefore to be adjusted by 
occasiorial latitudes only. 

For example, Peak KO. 2/77L (24,740 ft.), the southern 
ICulhalrangri, was uot seen after leaving Bhutan, thouph 
actr~allg v~sible froin nearly all the hill stations visited in 
South 'l'il~et. 

21. 0z~tpz~t.-But though triangulat,iorl was imprac- 
ticable, ever!. c)~aiice was talien of ol)spr~illg and obtaining 
resections. Occasionallp the weather prevented even this. 

Not a single observation nras possible f Dhungajamso 
(13,672 ft.),  fixed later as intersected point No. 291781, 
though 3 days were spent on it. This was most unfortunate, 
as i t  is probably the best and most central hill station in 
Bhutan. 

And later, in spite of a very unsatisfactory resectioiz a t  
Lnitsawa, a n d  rtstronoinical latitudes at  Longdo, 'l1soyu and 
Tows., the whole of the map hetn-een ICitipu 1i.s. and 
Sangtrongo h.s., where touch is regained wit11 Colonel 
Ryder's 199 4-05 triangulation, is i11 the air. 

'l'he following theodolite ~rorlr was clone.- 
Hill stations a t  ~ v l ~ i c h  observations were taken,. . . l b  

(of tllese one-Dl~ungajnrnso-was unfisetl and 
1 d wTercb fixed by resection). 

Astrono~nical azimuths observed.. ..................... .12 
Astrononiical latitucles. ..................................... 6 

(2  of which were used with plane-table 
~ r 2 - y ~  to o l h i n  fixings). 

Int,ersect.ed points in sheets 78E and I, an(\ 
77L and Y. ................................................ 32. 

22. Ewers.--The sources of error, due almost entirely 
to ohserving against time, liave been given in detail in the 
angle-boob. 
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d e r e  was no preliminary reconnaissance and only in 
one triang!e (Chilai La, Rela La, and Pnmo La h. s., which 
are intervisible) could the 3 angles have been observed. Bad 
weather prevented even this. 

The only checks on accuracy therefore are the compari- 
son of the computed n-ith the astrononiical azimuths. 'I'he 
lat,tei* \Irere taken whenever possible. 

On each hill station fl-om n-11ich observations were taken 
.a nlirrk was set, snrmounted by a cairn and, when obtainable, 
a pole or prayer-flag. 

23. Co~~rl>zitntio~ts.--The ' hill stations were resected 
from the Assam series of 1877-78 and Colonel Ryder's 
1904-05 series. 0 1 1  reference, the Superi~ltendc.nt, Trigono- 
metrical Snrvey, ruled that of the former none of tlie 
Bhutan-Tibet group were reliable, with the exception of Pk. 
2/77 L ( 0 t .  ) Accordingly they were not used, 
except a t  Laitsamra, where none others were available. 

Yeak 10  of Sheet 77L hacl hren fixed in 1004-05 from 
Pede h.s. rind Dola h.s., that is, from s 4-mile base 60 miles 
distant, and, n-ith its height, had afterwards been rejected 
by Sir Syclney Burrard. 

'l'his is however the real Kulhaltanyri of the 'Sibetans, 
refixed aw Plc. 19,77 L ( 2  L.,78P f t.) of t l~ is  series. With a 
c11aracterist.i~ satellite 22,600 feet high six miles north- 
west uf it, it  forms the Northtbrn Kulhaltangri group. 
Rising sheer and abrupt from a tangle of comparatively 
low hills, it  is hy its Ileight and isolation easily the most 
prominent landmark in this part of South l'ibet. 

Frorn Bhutan however i t  is hardly visible, being 
hidden by the mass of Peak 21 77L (24,740 feet), which 
lies 17 rnilew soutll-west of it. 'l'his the Bl~utanese call 
Knllrnkangri, though it is really only the southern group of 
that naule. 

This caused some confusion a t  the tirne. 
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B. Plane-Tabling 

24. 0utpzrt.-The results obtained by the detachment 
were : - 

Contours and 
form-lines Reconnaissance. 
Sq. miles. @ Sq. miles. 

(a). Mr. Bansi Ram. 
Original Survey 
sheets 78 E and I. 1168 14807 I 

Revision in sheets 
76 A and E. 2 0'7 

12875 sq. miles 

20) 
( 1 3 ) .  Capt,ain Meade. 

Original Survey 
sheets 77 K,L,O and 
P and 78 I. 1397 254.47 

Kevision in sheets 
I 
} 6618 sq. miles 

7s A and E, and 
77 D, H, K and L. 2573 

I 
104 J 

Total Original Survey. Total 9493 
sq. miles 011 
the $-inch Revisio11 ,, 2904_1 scale. 

The area shown l ~ y  "CO~I~OLITS and fo~bm-lines" is norrn:lI 
plalle-tabling or photo sllrvey from good fixings. 

The area slionrn as "reconnaissance" is sinqlc-ray nork, 
or plane-table slietcl~es not hasetl on trian~ulatioil. 

? 25. J/v. Bcorsi 12ct1t/'s u~or.X. was $-incl~ l)lrt~letabling 
1)asetl on thc 1904-05 Tilwt series nncl the A<;nln series, 
n.it811 good fisings L I I  1.ongl1011t. 

He I\-orlierl oil 1,111e 1)1*i1l ts of t,he cornpilati011 of  l x c v i o ~ ~ s  
esplol-ntions (s1wc.t 7 KE. tl-:tns-frontier), n-h ich proved 
rcl:~tirely fairly ;tcc.~ii-ate, tllouq11 3 to 5 miles o u t  as a whole, 
not being 1)ased or) tri:lngi~l:l tion. 

At Bi~mtanq, t l ~ e  t,rial~gnlntion Ilill stntioils visited up 
to that point were computed. 

On Mr. Bansi 1l.nrn9s return through ~ l l a a n ,  by a 
routc gcnernlly slightly north of tlhe outward g ~ c ,  he urns 
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able to  planetable and contour accurately a good deal OF 

western Bhutan adjoining Colonel Ryder's 1904-05 worlf, as 
well as the Cllamka Chu and Gyetsrr. Chu valleys in Eastern 
Bhutan. 

On his return journey he also mapped a good deal of 
the Mo Chu basin, which had been hitherto, omring to 
bad weather, almost entirely unsurveyed. 

The most prominent snow peaks in the Mo Chu basin 
(two of which are over 23,000 ft.) mere fixed from Mapi, 
Dhungajamso arid Kitipo, but the upper Mo Chu and Mati 
' Chu still rernain practically nnknoml~. 

26. Cctptnin iiIecccle's ?cork consists of :-Sketches 
by meails of route traverses, prismatic compass work and 
photographs, and based p:~rtly on plane-table fixings, nstro- 
nomical observations, and theodolite resections, compiled 
and acljasted in recess to the frame-work provided us 
described in I V  A. above. 

After Mr. Bansi Ram left the detachment a t  Bumtan?, 
Captain TiCIeacle had to clo t l ~ e  Plane-tabling as n-ell as  t n -  
angulation. 

Under the circutnstances, normal plr~r~e-trtblinq m-as not 
found to be feasible. 

At every point observed from, as soon as visibility 
seemed rliost favourable, a rouncl of photos was talieu. The 
rest of the time saved from observing wit11 the tlleodolite 
was spent in plane-tnl)lc sketching, witlr a proper fixing 
if obtainable, otheltwise on compass bearing, and in clino- 
111eter observation of possible photo-survey control points. - - 

A prismatic cornpass time traverse was made along tlie 
valley from Kitipil to Laitsawa (three double marches), but 
t,he latter place was founcl to be comparatively shut in 1 ) ~  
higher ground soi~thward, and the mapping of the upper 
Chamka Chu basin therefore consists of this traverse aclju~t- 
ed to the single-ray morlc from Kitipu and Laitsawn lrill 
stations. 

A rough fixing by astronomical latit,ucle mas obtained 
a t  Longdo, but from this point to Sangtrongo, where a 
proper fixirig was obtained, tlie map is merely a sltetcl~ on 
compass hearings with a route traverse as far as the Uyu La, 
atljusted in recess to the fixings a t  Longclo and Sangtron~o, 
nncl the la,tjtudes taken a t  Tsoyu and Towa. 

A subtense bar was not taken, and it is almost certain 
that the rate of march would have precluded its use, either 



FIELD WORK 

for a subtense ~.oute traverse or for a base on which to build 
the reconnaissance. 

On the other hand, a Barr and Stroud range-finder, as  
used by the 1913 Mishmi survey, would have been invalu- 
able for a traverse of this portion of the route. 

From Sangtrongo onwards all the stations were good 
fixings, by theodolite or plane-table re- sections from the 
1904-05 triarl gulation. 

The southern shore of the Yamdrok Tso is therefore 
comparatively accurate, though the sketching north east 
and east from Lhunbusho h.s. is on a single rap, and the  
work from Nyemalung plane-table fixing, owing to pouring 
rain. mras (lone on a separate sheet, and transferred and 
adjisted by trace in recess. 

The latter also applies to Pomotsongo and Se La sta- 
tions, w\rlrere, owing to the failure to recognise Kulha l ian~r i  
as Pk. 10177 (given without heigl~t) ,  fixings were not 
obtained till afterwards. 

Altogether in Captain illeacle's rvork, out of 36 plane- 
table stations, 17 were unfixed a t  a11 I)!. resection and hacl to 
be adjusted as described, 2 were latitudes only computecl out 
afterwards, and 1 7  fixings, 3 of \vhich were not obtained on 
the ground. 

The least-known area of this p:~rt  of sol~th T i h t  is tlle 
upper Lhobrak, by local reports a cl~solate s ~ ~ d  practically 
un-inhabited region. 

'J'here al-e tnro parallel snow-ranges south of the Ponlo 
'l'so, of which the -1101-therrr , averaging neal.1:~ 20,000 feet. 
and extending from the Palu La to Peal< 20 7; L, f o r n ~ s  t l ~ t l  
lnlre's southera n.atershed. '1'11e southenl t t l ~ t l  Iliqlrer is t h t ~  
nlain Himalayan range forming the Bhntna-'1 11,tt 1)oundarp. 
Betweerr these ranges are the head-waters of tl10 Trariclluma, 
Lhobralt and Konang r i ~ e r s .  

27. IJefore commencing tlie sur\-ey t lrc pl.incil>al 
point on t l ~ e  plate nrns found. 'l'he calnira mas IF\-elled 
as far as possil)l(., and three discs placed bv tl~eodolit(~ in tlit> 
same horizontal plane as the lens. 

'l'lle line joining the discs n-as marlced ancl cut in on the 
ground glass screen with the camer:l placed in its liorizon till 
position, and again n-ith t l ~ e  camera in its \-ertoical positioll. 
'l'he intersection of the 2 lines was taken as the  principal 
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point, and this mas found to  be correct when checked 
nccurntely afterwards with a " Collimator". 

The absence of levelling screws rendered i t  impossible 
to ensure absolute verticality of plate or to test tlie same. 

I n  taking the  panoramas 1 -inch overlap was allowed a t  
each edge, and no points oil tlie outcr 0 . 4  inch of plates 
were used. Each view was focussed on the ground glass 
screen, and tlre focal l e ~ ~ g t h  so found was practically cons- 
tant  bu t  shorter than the "inti nity" focus marked by the 
makers (see para 30). The orient of each photo, i.e the fea- 
t u r e  coinciding with the principal line on the $round glass 
screen, was rloted in the angle book nitlr the film or plate 
11 umber. 

Bearings ant1 Angles of elevation or depression to 3 or  
more "control points", in each photo, were taken and entered 
i n  the angle book. 

The average numbersof control-poi11 tsperphoto were :- 
Trig points ... . . . . . . 1.6 
Points to which bearings and vertical angles 

mere found by planetable and clinometer 2.8 
The level bullble mas centred for eacll plloto. 
Parlchron~:ttic plates nud film-packs were used. Owing 

to litnitation of transport only one dozen plates were taken 
and no apparatus for tlevelopirlg etc., which ~vas  car1 ied out 
In India. 

Exposures were estilr~ateci mitli a 'L '&7at l~in~" Bee Meter 
I,ut hefore the earliest prints were 1-eceivecl from India there 
were several over-exposures. 

I n  north Bl~iltan and Tibet,, wit11 tlre minimum #top 
(I?. 4.5) ant1 ch ron~n t~c  filter of tlensitg 4 times (K P ) ,  wl~ich 
\rere invariably employed for landscapes, 5 seconcls mas tllc 
11orma1 exposure for ordinary morning sunlight, 

117 Photos mere taken for rnnppinq purposes, of w1iic.h 
1.5 were Failures (including one filrrr-lmck of 12 spoilt in  
tlevclopin~). 

Ttrey were talien from 17 station$, of ml1ic11 11 were 
t riangulntetl ant1 (i plane- table rcsect,ions. The azimutlls 
ancl vertical nnglcs of the photo compilation cont1.01-points 
11 ere taliell I)p tt~eotlolitc. 01- l,y plane-table ant1 clinometelm. 

29. ~ c ~ ~ ~ r r r l . - - O n  return from the field the l ihr ' l l~a~i~ 
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were discharged a t  Gangtok, equipment was returned to 
Calcutta, and Captain Meade and Mr. Bansi Ram returned to 
Shillot~g. 

The triangulation computations and the compilation 
and adjustment of a reconnaissance map, for which the 
Political Officer in Siltl<im had asked, mere commenced in 
October as a preliminary to the photo-survey. 

A t  the end of January 1923, Captain Rfeade joined No. 
12 Party in tlle field and Mr. Bansi Ram mras transferred to 
Burma, a 

29. Compilation,fi*om Photos-In the middle of April 
the photo ehlargements were received from Dehra Dun, and 
t l ~ e  plloto-survey compilation started. 

T l ~ e  original negatives were 3.01 " x 4.06" (though the 
long side varied in a few cases owing to the shutter of the 
(lark slide not being fully drawn out) 2nd were enlarged 
2.47 times, so as to facilitate inking kc.  and to bring the 
assumc~cl focal leilgtjli of the enlargement to 12", for which 
length the Everest Yl~oto "orien t-fincler " and "heigllt-corn- 
puter" had been constructed. Altl~ough it nras assunled 
tllat all t l ~ e  Photos were on inclined plates, esact enlarge- 
nzents were made, and no attempt \\!as made to rectify to a 
vertical plane during enlargement. 

Enlargements on glossy paper, though not as good as  
matt for inking, are preferable as giving mticli clearer defi- 
nition. 

Tlle horizon line, HH' (.z;ide fig. 1) of each piloto 
was found by the vert'ical angles of not less than three con- 
trol-points in the perspective. The principal point P of the 
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plate was found by measurement from the right top and 
bottom corners of the perspective, RR', this side of the 
plate being unaffected by the incomplete witlldrawal of the 
dark slide shutter. The line PP', drawn perpendicular to 
HH', mas the principal line of the plate and p its intersec- 
tion with the llorizon line. 

30. Orienting the Photos.-Constant focal length could 
not be assumed, and both focal length and orient were found 
for each photo separately with the " orient finder " (Fig. 
I I ) ,  a celluloid plate on which are marked the horizon 
, and distance lines Sp, ivith l~oles for pricking through 
their directions and that ot' the horizontal projection of the 
principal point, p. 

Fig I I  

On a projected piece of drawing paper (the " photo 
compilation plotting chart ") all camera stations, trig. points, 
and photo-control points, or their azimuths from camtbra 
stations, were plotted, 

The horizont:~l projections of not less than three control 
points were then talten from the photo and ma1.1ted on line 
HH' of  tlre " orient-fincler", and the orient findtr mas then 
moved allout until the line pS, passed through the csnlern 
station (on the plott#ing c1lal.t) and the projections of the 
points on the line HH' \\.ere each lying on the lines joining 
the camera station 8, to the control points. 



RECESS WORK 45 

p and EH' were then pricked through, and the distance 
of Sp is the focal length of the plloto. 

Thus the focal length Sp was found separately for 
photo and averaged 11 726" for all photos, as against 

12" assumed focal length (enlarged) of the lens, 
31. Plot ling the survey .-The compilation being by 

intersection only, prominent points were identified on the 
photos taken from not less than 2 stations, inked u p  and 
numbered consecutively. For easy reference, ink of diiferent 
colours was used for different areas. 

A strip of paper was tben placed along tbe horizon' 
line of each plioto, and the horizontal projections of the prin- 
cipal point and all identified points taken. 

This strip, placed on the orient horizori line (HH' of 
fig. 11) on the plotting chart, gave the azimuths of all points 
a t  the station S, and the points were then plotted by inter- 
section of rays from 2 or more stations. 

A perspectometer might have been used for drawing the 
lakes and adjacent plains in south Tibet, but a geometrical 
construction was used throughout. 

32. Heigl~ts-Similar1 y the vertical projection of each 
point was taken off on the bock of the strip, by aligning 
its edge to the principal line (Pp in Fiq. I) of the photo. 

Heights were then read okf on the'" Height Computer" 
(Fig. 111). 

This consists of an aluminium base AB, with three 
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vertical arms, two of which, SB and PA, were fixed 13" 
(assumed focal length) apart, and tbe third, MC, fitted tcu 
slide along AB, always perpendicular to it. S had n glass 
diaphragm with cross-lines for placing S accurately over the 
station on the plotting chart, and nras the pivot of a levered 
arm SD, on which, starting a t  .S, was a scale in feet of'dcorrec- 
tions for curvature and refraction a t  the scale of t l ~ e  compila- 
tion (9"). MC also had a vertical scale of feet reading up ,  
and cio11-n from zero at  nr, S m p being parallel to AR. 

I n  measuring heights, the " 11ei~lrt computer" was sd 
)laced that S coincided with tlie stason and Sp (parallel to 
, iB) wit11 the distance line of the orient on the plotting 
chart (Fig. 11). 

'l'lre height of :my point Y (vide fig. 111) on t,he plot- 
ting chart was then read off as follows. Wit l~out  moving 
t,he fixed frame, the edge MC was aligned to X. 'Pl~e 
correction for curvature and refraction was read off by 
aligning the arm SD on X. 

Tlie vertical strill ~ v a s  placed along PA, : ~ t  distance 
S 1) (focal length) fl-0111 S, p in PA being the horizontal 
1)rojection of the principal point ancl 8 p P  being a right 
nng!e. 'L'lle edge SD is now aligned on m', tlie vertical 
ln-ojection of X on the strip. Then pm on the scale MC 
sl~ows the difference in height between the station arid X 
mithont allowing for curvature and refraction. , 

The accordance of photo heights was as follows :- 
From 2 stations From 3 atatzons 

Agreeing within 125 feet 
(half a contour) 1 2 

do. 260 feet 50 1 
do. 376 feet 3 5 1 

Orer 375 feet difference 5 7 * lo* 
33. Accurctcy of the work :-The camera was d a m a ~ e d  

a t  one of the last stations (HIUTRA) and was not tested till 
over 2 years after it had been used for survey purposes. 

With the bubble central the max. forward inclination 
of the plate mas found to be 0" $8' and the backward incli- 
nation of the lens 0" 57'. Lateral inclination of lens to plate 
was 0' 1' from left to right. 

The error in azimuth due to this is a maximum for R 

point in the extreme top corner of the plate, and for a point 
on the ~ d g e  of the plate a t  an elevation of 10" is -0288 
inches on the plate or 0" 7' 2". 

l i  of these \rere considered rrrongly identifietl 



RECESS WORli 47 

'lllle el-ror in vertical angle is a maximum for a similar 
poirlt amounts to -0113 iuclles on tlle plate 01. 0" 2' 83" 
for a p o i ~ ~ t  on the edge of tile plate a t  10" elevation. 

Tile error due to lateral i~lclination of the lens is imper- 
ceptillJe :lnd onl!~ amounts to about 0" 0' 6". 

34. Co~zdilio~~s of t h ~  Plt,olo Co~/~pi lat io~~.-Al though 
Mreat,her conditions mT?.rre adverse, most of the  area under 
survey was f'avourable to photo-survey, especial1 y the bare 

hills 111 t l ~ e  vicinity of the main snow-ranges. 
'Yhe t r ia~~gulat~ion,  on which tllr work was based, was. 

mostly exploratory, and the stations and control-points fixed 
therefrom were not accurate enough f 01. accurate photo- 
sllibvey, ei7en T V ~  111 a surrey camera 

i\loreo.rrer tht) spec~d of I he joiirney renclered it impossible 
t,o incl.ease t11e area and 1)1aecision of' t l ~ e  suryep, as in plane 
t a l ) l i n~ .  1 ) ~  t l ~ e  lnliltipliciltion of stations and T-iews. and 
coml)ellt~d rrcou~.se to a zood dtlal of long 1-ay ~t-ol-li, the 
o~ily iiiat,erial :IT-nilah!e T l ~ e  maximum distance of the 
count,l-y mapped f r o ~ l ~  the camera \V;IS 27 n~i les  across tlle 
Porno Tso :~nd  the adjoining plain, and the ~ r ~ o s t  acute inter- 
section used TTils 11". 

Under tlte conditions of rapid nrnrchin? and fl(letillg 
visib~lity e~icou~rteretl, the p11otogral)llic m:lt(.ria] 
ce~*tainlg increased the ruappi~lg outtlirn and prorirlt.s a pel.- 
manent rt1col.d. 

On the wl~olc however, the use of' 011 ~ ~ . c r ' i ~ / ~ , - ? ,  ccrql,pg-c, 
71'1f/t ,/;/~I/.Q t.11 tails n more lal,orious, esl)ensiye Rlld illaccurate 
con~l)ilat~oli ill roccJss t1la11 the use of a su~.\- t~y c a n ~ r m .  

35. A I W I  (70111,1~110(1 f r o ~ i ~  PIIO/OS.--~I']~( lllt~t\lOCl v n S  
llsc~tl to  Inal) 111ost 01' tile 1:llic district, as \I C l l l  a h  ill tile 
II~])C"' Tl-ar~ Cl~lirna Ch11, Clramka Cllii a t ~ d  rutso hasins. 

Tl~cb ~ J I O ~ O - S I I I T I ' ~  \\':IS coiilldeted nlid (nl) ta i l l  i l l  c:ldr 
rejoir~orl Ao. 1 2  l'z1.t~ a t  t l ~ r  e11(1 of' J u I  J. TIle 1,01 lll:,ll(l~,t, 
rec0l.d~ and 41 sllcachts for f:lilm-nia]~pin~ T\-(lr(J O ~ - ( . l .  to 
Ko. 5 l)~-:l\vinr: Office. 

Sc~sid(1s t l i t :  Y I I I . Y ~ S  ~ ) I I o ~ o s ,  :I conll>lete l) l lotopl~nl)l~ir  
rtlcortl of tllc n 1iole jourriey, local customs tile I,c,]jplons 
:I rid monnst,ic ] i f ( .  of J311llta11 nn(l Soiitl~ '1 ibet n as Illatl(., 
n. l l ic-11 is of etlrnologic*al interest,. 

'I1\vo I~undre I si~cll photos T\-cll.e ttiliei~, ant1 sets of tllese 
wchrc prclsented lly the Surveyor (:enera1 to th(: Royal 
Geopl.apllicn1 Socit.t,y, t l ~ e  Alpine Cl~il,, t,hc Dalai Lallla and 
the Rfnlia~.ajn of 13l1ut.an. 



GENERAL 

V I .  GENERAL 

36. Cost oJ Stct*uey.-The field work, to the end of 
Sept'ember 1922, cost Ks. 17,5001-. T l ~ e  recess work, up to 
the fair-map pin g, including the salaries of the computing 
and conlpiling sections, cost Rs. 9,000 '-. TOTAL. 
Rs. 26.500 -, g i v i n ~  a cost ratc of Rs. 2 -  79 per square mile. 

37. The Dalni Lama and the Maharaja of Bhutan have 
asked to see the maps, a ~ d  a trace was presented to the 
.latter in Bnmtang. They appear to realise that topographi- 
cal snrvey is a prelude to other forms of development. They 
welcome i t  if it is done openly, \!lit11 their permission, and if 
the rtlsults are communicated to them. 

38. Sincere thanks are due to the Political Officer for 
the excellent organisation of the tour and friendly relations 
with the inhabitants. 
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APPENDIX 

Camp and Paer names Heighte Cump and Paas name8 

Ja l ap  La  . . . 
Natn La ... 
Yatu11g camp ... 
Sharitang camp . . . 
Kyu La ... 
H a  La ... 
Damtnng camp . . . 
H a  1)zong camp ... 
Chi Lai La. ... 
Chnng NIL Na culnp . . , 
Faro camp ... 
Beln La camp ... 
Pgi Mi Tanka camp 6. ' 

Tan Li hl a Po camp . . . 
Do Ky~bng La . . . 
Lo M i  Tsnwa cnmp ... 
Pnnaku cemp . . . 
Wnng Du Potrang Dzong cnmp... 

Sam Ten Gang camp . . . 
Ritang Qompa camp . , .  

Pele Lu . . . 
Chen De BI camp . . . 
Tsung ka camp . . . 
Trong Sa ~ z o n ~ c a r n p  ... 
Yu to  La  , . .  

Gye Tsa camp . . . 
Kyi k j i  La ... 
Bumtflng camp ... 
Shapjetflng . . , 
Panesang Sempa ... 
'rssmpr ... 

14200 Wei-Tsnng 

I4300 Tsogyn 

9800 Monlakar Chung L a  

11350 Longdo 

14151 Tee 

13975 Teoyu 

10300 P e m a l ~ ~ ~ g  Tso 

9100 Drum La  

12420 Chn-Me 

9600 Town 

7750 Uyu 1.a 

11650 l ' 60  Chungsa 

8850 ~ ~ L I I I  La  

7700 Sungtrongo 

10400 Lhunbusho 

6700 Nyemalung 

5169 Tepra 

4508 H ~ u t r a  

7150 Talung 

8175 Nsmoct~e 

10950 Tug La 

8350 Pomo Teongo 

7600 Dnp La  

7225 Dnpndne 

11210 9 e  La 

9800 Pomo Tso 

11600 Pa-  Uzo Tso 

9725 Ynlndrok Tso 

9860 L i n g ~ l ~ i  La 

10860 Tang La 

12450 

Heights 

Passes n o t  visited 

Mor~da IJU 17200 1- Upper Lhobrak to Porno Too basin 

TB La 17300 1- ditlo. 

Kojn La 17400 1- ditto. 

Wepyfl La 17400 1- Upper 'rrnllchuma Chn t o  Pnnaka, Bhnteo 

Yaln 17200 1- Yu Tro h n ~ i n  to Punaka Bhntnn 

Palo LR 17600 1- Upper Trarlcbuma Chu to Pomo Too Ensin. 
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