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PREFACE.

This report is intended to be general and concise. More detailed descrip-
tions and discussions of results will be found in Volumes IV and V of the
“Records of the Survey of India, 1911-12-13 and 1912-13, respectively.”
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GENERAL REPORT

ON THE

Opeyations of the Suyvey of India

1912-1913.

PART I.
ADMINISTRATION.

1. This report deals with the operations of the Survey of India for the
survey year commencing the 1st October 1912 and ending the 30th September
1913.

2. Colonel 8. G. Burrard, C.S.I, R.E, F.R.8,, the Surveyor General,
administered the department until the 16th April when he went on leave
and Colonel T. ¥. B. Remny-Tailyour, C.8.I, R, officiated as Surveyor
General for the remainder of the year.

2

3. Lieutenant-C'olonel . J. Gordon, I.A., retired on the 23rd of Septem-
ber, and Lieutenant C. F. Nation, R.E., revervted to Military Duty with effect
from the 2und November.  Three new Imperial Officers were appointed, namely,
Licutenants . L. Almond, R.E., H. E. Roome, R.E., and H. M. McKay, R.E.

No Provincial oflicers were recruited.

4. During the yecar the Provincial Service reorganisation scheme was
sanctioned, introducing, besides other henefits, an incremental time scale of
pay combined with charge allowances and the granting of executive charges
to Provincial officers.

Two new parties were created from the 1st March, iz, No. 19 (Base
Line) and No. 20 (Cantonment ), and the six drawing offices were numbered
and all are now executive charges. The drawing offices are now No. 1
(Caleutta), No. 2 (Dehra Din), No. 3 (Mussoorie), No. 4 (Bangalore),
No. 5 (Shillong), No. ¢ (Simla).

Two of the three posts of Survey Instructor were abolished.

5. The cost of the department for the financial year ending the
31st March 1913 was Rs. 33,74,174 against an estimated cost of Rs. 37,29,520.

6. The distribution of the officers in the various oftices and parties is
shown in the accompanying list.
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PART IL

SURVEY WORK IN THE FIELD.

I.—TOPOGRAPHICAL SURVEYS.

NORTHERN CIRCLE (vide index map No. 1).

7. No. 1 Party.—This Party continued its field operations in the
Kashmir and Jammu State throughout the year. An area of 3,091 square
miles in the Panch State, the Mirpur, Riasi, and Jammu districts was
surveyed on the l-inch scale, the country varying from the low flat plains
bordering on the Gujrat district of the Punjab. to the high ranges of the
Pir Panjal. In addition, areas of 684 and 1,036 square miles on the }-inch
and 4-inch scales were revised in the open mountainous tracts of the
Gilgit and Ladakh districts respectively, hordering on those areas s‘ur\'eyed
last year. The head-quarters of the Party were retransferred from Srinagar
(Kashmir) to Mussoorie in April 1913.

8. No. 2 Party—No. 2 Party surveyed 36 1-inch sheets giving an
area of 9,245 square miles. Most of this was revision of existing 1-inch maps
in Lahore, Ferozepore, Ludhiana, Hisxar and neighbouring districts, and in
Faridkot and Maler Kotla States; also new survey in the western portions
of the Phulkian States; all plains. There was 1 sheet of revision survey in
the Siwaliks, on the border of Hoshiarpur district, which was partly hills and
partly plains, and revised on a variety of existing scales. Except for this the
country was plain and fairly open, with slight undulations and sandy outcrops
in the southern parts. No contouring or height work was attempted in the
plains, a fair number of heights indicating the general line of the country
heing subsequently ahstracted from the maps of the Irrigation Department.
Ferozepore cantonment and a few important towns were surveyed on a
slightly Jarger scale in order to secure full detail for the 1-inch maps.

A small six-inch survey of Mailer Kotla and environs was paid for by
Maler Kotla State. A man was sent to the Dera Ghizi Khan neighbourhood
to sketch in the great alterations due to the movements of the Indus, for
incorporation in the new degree sheet of that area.

9. No. s Parfy—This Party was originally intended for work in the
United Provinces in continuation of last year's programme, but was moved
into the Punjab for special surveys, required hy the Irrigation Department.
It surveyed a total area of 7,724 square miles, of which 4,960 square miles
was 1-inch revision survey, and 2,764 square miles 1-inch survey. The former
comprised parts of the districts of Ambala and IKarnal, and the latter the
castern portions of the Phulkian States, of Patiala, Nabha, and Jind. To
supply data for the new survey, a traverse section of this Party ran traverses
over an area of 6,058 square miles in the Philkian States.  With the excep-
tion of the foot hills of the Punjab, Siwiliks in the North, the country was
flat alluvium, much irrigated and generally wooded. The old 1-inch mapas
utilised for the revision survey, except for the village sites, were not of much
assistance. The new maps show a large amount of detail.

10. No. 4 Party.—This Party surveyed an area of 5,460 square miles
in the districts of Bahraich, Gondd, ILucknow, Bara Banki, Rie Bavreli,
Fatehpur, Fyzihad, Sultinpur, Partibgarh and Hardoi. The country
surveyed consisted chiefly of Hat plains, well cultivated and covered with an
abundance of artificial groves. The rivers Ganges, Gogra, Gumti and Rapti
ran through portions of the work.
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The Cantonment Section was transferred to No. 20 Party from 1st

August and the worl of this section is reported under Section IV (Canton-
ment Surveys).

11.  The Punjab Riverain Detachment.—This detachment continued the
work of traversing and laying down base lines. 319 linear and 394 square
miles of main traverse, and 3,256 linear and 808 square miles of minor traverse
were run. 13,833 theodolite stations were fixed in the area, under water
action of the rivers Sutlej, Ravi, Chenab, and Jhelum in districts Ferozepore
Lahore, Sialkot, Gujrit, and Shahpur, and 583 corners of 196 squares wero
demarcated with permanent mark-stones on both hanks of the Sutlej (districts
Moutgomery and Ferozepore), Chendh (districts Gujrit and Sialkot ), and the
Jhelum (districts Shahpur and Jhelum) to serve as hases for the future
demarcation of houndaries in the hed of these rivers. 3,496 plotted and 697
boundary = “masiris” (settlement mapping sheets) of 407 villages were
completed and 49 4-inch sheets were traced, and supplied in time to the
Settlement Officers of Ferozepore, Lahore, Siilkot, Gujrat, and Shahpar.
Besides these, 363 miscellancous traces were prepared, and all the traverse
stations marked during the season were plotted on 51 4-inch sheets. Three
4-inch riverain boundary sheets were plotted and compiled, 2 sheets finally
completed, and 4 sheets typed.

12.  The 25 acre rectangular survey was carried over the remaining tract
commanded by the Lower Bari Doab Canal in continuation of the last year's
worlkk. Fourteen thousand, six hundred and twenty seven 25 acre rectangles
were hroken. Nearly 56 per cent. of the work was tested by the tahsildirs,
naib tahsildars, and the survey officers, and 16 per cent. was checked with
theodolite traverse. 1,059 linear miles were traversed, and 3,895 theodolite
stations were fixed. This work is now completely finished.

3. The Khushib Zhel (sandy arvea) survey was suddenly taken up
during February 1913 at the special request of the Punjaib Government.
1,59(37" linear and 1,070 square miles were traversed, and 3,808 theodolite
stations laid ont. 238 dressed stones and &4 iron tubes were embodded on
certain selected stations to facilitate future survey and demarcation of fields
and houndaries. 591 plotted masanis on the scale of 12 inches to one mile
were supplied to the Settlement Ofticer, Shahpur, early in September 1913

In addition to the ahove, 604 masariz of 36 villages (scale 8 inches to
one mile) were reduced to the scale of 4 inches to one mile. ~ The boundaries
of these villages were compiled on 29 4-inch sheets showing discrepancies of
over two chains, and their traces prepared on 63 masdris for the Settlement
Ollicer, Shahpur. .

14.  With aview to assist the Settlement Officer, Dera IHamirpur and to
utilize the experience thus gained for the cadastral surveys of tahsils
Palampur, Kangra and Narpur, the Kingra work was experimentally started
during the middle of April 1913.. 637 linear and 81 square miles were
triangulated and traversed and 1,840 stations fixed with theodolite. 784
plotted masaris of 256 tikas (sub-villages) were supplied to the Settlement
Officer, Dera Iamirpur. The experiment has proved successful, and work
will be commenced in the three tahsils during next field season.

SOUTHERN CIRCLE (wvide index map No. 2).

15. No. & Party.—No. 5 Party surveyed an area of 3,690 square miles
in the Hoshangibad, Narsinghpur, Betil, Chhindwira, Nagpur, Bhandara,
Seoni and Balighat districts of the Central Provinces and triangulated an
area of 4,972 square miles in Hoshangabid, Narsinghpur, Betl, Chhindwara,
Seoni, Bhandara, Bilaghat, Nagpur and Wardha districts of the Central
Provinces and in the Amraoti district of Berar. The nature of the country
surveyed varied from the steep and wooded hills on the north of the Satpura
plateau to the Hat and undulating cultivated lands in the Nagpur plain.
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16. No. G Party.—No. 6 Party surveved an area of 3,028 square miles
in the Yeotmal, Akola and Buldana districts of Berar and in the Adilabad,
Ninder and Parbhani districts of Hyderalid and triangulated an area of
2,795 square wmiles in the Last Khandesh districts of Jombay, i'I] the
Buldana, and Akola districts of Berar and in the Parbhani and Nander
districts of Hyderabiad. The country was of an intricate nature similar to
that surveved in previous vears. The i-inch survey of Hyderabad State
was commenced and the inerease:d out-turn of the party is «due to the
rapidity of survey on this scale.

17. No. 7 Party—No. 7 Party surveyed an area of 5,017 square miles
in the Malabar, South Kanara, Salem, Coimbatore and North Aveot districts
of Madras, and in the Bangalore, Kolar and Mysore districts of Mysore, and
triangulated 4,642 square milex in the Salem, Chittoor and North and South
Arcot districts of Madras.  The country surveyed was very varied in charac-
ter. It includes the flat intricate coast, the undulating jungle-clad foot-lills
of the Western Ghits, the densely wooded, hilly conntry on both banks of the
Cauvery river and the open undulating Mysore platean.

18, No. & Party.—XNo. 8 Party <urveyed an area of 1.614 square miles
and traversed 205 linear miles in the Malabar and Madura districts of Madras
and in Travancore State.  Along the sen coast the country is covered with
dense cocoanut groves and paddy cultivation whicl ix Hooled for the greater
part of the year. On leaving the sea coast the country gradually changes in
character and is at first wndulating and densely populated and cultivated with
scrub o1 tree jungle on the low hills.  urther inland the cultivation and
inhabitants are less and the forest areas become more numerous and denser
with open grassy tops to the high hillx,  The work in such country was of
necessity slow, diffienit and expensive.

EASTERN CIRCLE (ride index map No. 3).

1. Noo 9 Party.—No 9 Party surveyed an area of 4,030 square miles
in Singhbhiim and Ranchi districts and in the Feudatory States of Ovissa.  Of
this area 1,180 square miles in the Feudatory States were surveved on the
3-ineh seale, and 30 square miles of reserved forest in Singhbhitm  district
were surveyed on the 2-inch scale; the remaining area was surveved on the
1-inch seale.  The country surveyed was mostly wooded and hilly. hut on the
Ranchi plitean, undulating and well cultivated. 253 linewr miles of forest
boundaries were traversed by theodolite within Singhbhiun district.  Tri-
angulation was carried out in distriets Hazaribagh, Monghyve, Bhagalpur and
Sautal Parganas, o ’

20. - No, 10 Party.—No. 10 Party surveved an area of 2,496 square miles
in the Myitkyina district of Upper Burma. including 24 square miles of
country heyond the Burma-China fronticr and in unadministered territory
which were sketehed; 2,700 square miles were triangulated and traversed
in the Myitkyina district and 207 linear miles of forest boundary traverse
were completed.  The country surveved vinied from the level ]')Iélill.\‘ round
Myitkyind and Talawgyi on hoth sides of the Trrawaddy which were less
than 500 feet ahove sea level, to the high hills along the Burma-China Border
some of which were over 12,000 feet high amd covered with snow duringe thl(-
winter months.  Both plains and hills were thickly wooded and it was dilficult
to get any views of the surrounding country except where ground had heen
cleared for cultivation. ' : '

) in April a (ll':lv\\:ill}_“ office. was opened in Mavmvo for the prepari-
tion of degree sheets of Burma and of special maps dealing with the Burma
frontier such as those surveyed with Political Missions, &, (

_.One Upper Subordinate and three surveyors were attached to Political
Missions during the ficld season, ' o
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21, No. 11 Party.—No. 11 Party surveyed an area of 1,960 square miles
in the Tavoy district of the Tenasscrim division of Lower Burma and tri-
angulated an area of 3,929 square miles in the same district and in the north
of the Mergui district.  The country surveyed varying from mangrove swamps
to hills rising to 6,800 feet lay hetween the sea coast and the Siamese frontier,
the greater part of it being thinly populated or entirely uninhabited. The
work also included the North and Middle Moscos Islands, which lie from
fifteen to twenty miles oft the coast.  Owing to a hot and damp climate with
an average annual rainfall of 230 inches the evergreen jungle is very dense
and often impenctrable ; this, together with scarcity of lahour, supplies, local
transport and communications made survey work slow and diflicult.

Nix Superintendents of the Burma Land Recorvds Department were
attached to the party for training in planc-tabling for two months each.

One surveyor was attached to the North Burma Exploration Survey
Detachment and another was emploved on reconnaissance work under an
ofticer of the Intelligence Branch of the Army Department.

22, N 12 Party.—No. 12 Party surveved an area of 3,374 square miles
in the Namrap, Darrang and Nowgong districts of Assam and carried out
triangulation and traversing over an arca of 4,500 square miles. The above
arca includes 43 square miles of reserved forest surveyed on the 2-inch
scale.  The country under survey consisted principally of the alluvial plains
of the lh':llllllilpllh‘;l whicl,, where not under cultivation, are covered with high
grass and scattered tree jungle interspersed with immense swamps and
“hils ™ the balance of the area consisted of hills for the most part densely
wooded.
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PART II.

Table showing progress of Topographical Surveys, 1905 to 1913,

1905-06
100607
1007-08
1008-09
1909-10
1910-11
1M1-12
1912.13

Areas completed to date

Northern l Southern

| | ;
Survey yeur, ! Seale ! Eustern |
: | Serle- | TGivele. | Circle. | Civelo, | Total.
o . R . S 77-‘7 . ’ e 7/7‘7.”7 H
T ‘
- S wiilee L Sy, wiiles. Sq. miles, Sq. miles,
Lo ; i :
- l-inchand ) 5,995 | 1,660 | 10,392 17,077
2-inch ‘ 1‘ ; : ’
o do. i 7,277 ! 7,666 8,650 23,602
i ¢ I ! ’ -
doo 14880 0 09360 12431 36913
1 | .
do. D107 12,32 \‘ 11542 0 42,025
Co e RS 12532 9386, 46101
. do. R ER | 9,218 40,017
und 13-inch } ) o
do. I AT 9115 | («)10.654 414,621

and }-inch

]
g |

l
do. } 27,240 0 13,349 11836 | 39425
‘ !
|
(
!

48212 1 79975 0 ALE9S 311,885

: Totnl  of

1-inch &

Totnl wreas included  in  topographienl< - }-inch S T90,000 T 542,800 J28,800 ¢ 1,821,600
progrimme. work |
L allotted. )
!
{ Total of ).
| 1-ineh & i i
. .. ' A-inel Py —eq ! R e ==
Approximate nreas remaining for Survey 4 | \érork ;ﬁ" b GOLTS8 T 463,520 4402 1,500,715

' H
| remnin- ! .
L ing. )

(«) The aren reported in 1911-12, wrongly included 1,628 square miles surveyed by Noo 1L Party on |-inch senle.

Note 1.—As was suggested in the note on page 12 of the General Report of

the Survey of India for 1910-11, the question of reducing the scale of
survey in certain regions has now heen considered, and the half-inch
scale has heen accepted for a larger area than was contemplated in
the original topographical programme. The exact figures showing
the areas allotted to 1-inch and }-inch surveys, respectively, are not
to hand as yet, and only the total figures for hoth scales can bhe
shewn.

The reasons for this reduction of the scale of swrvey are as
follows:—(1) to enable the completion of the survey programme
to be carried out hy 1935 if possible, (2) to reduce the cxpenses
of survey in hilly, desert or other depopulated regions, where the
one-inch scale for maps seems at present unnecessary.

NotEe 2.—The figures showing the total areas included in the topographical

programme of the circles and the areas remaining for survey arve
liable to future correction, (1) because the limits of the several
circles have not heen everywhere settled, (2) becanse in some small
areas surveys are not found up to standard and require revision.
These areas get unavoidably included hoth in the totals for the year
of actual survey and in the totals for the year in which the
revisionary survey takes place, and the figures thus hecome slightly
incorrect.




II.fGEOGRA.P.HICAL SURVEYS.

23. A large amount of exploration on the North East frontier was
curied out during 1911-12 and 1912-13.

24. The detachment under [lieutenant Lewis, R.E., with the Miri
Mission in 1911-12 surveved 2,000 square miles in the hasin of the Subansiri
and its affluents the Khru and Kamla Rivers and fixed a large numher of
peaks on the main Himalayan range.

25, In the Abor country during 1911-12 and 1912-13 a detachment
under Captain Trenchard, R.E., surveyed the whole valley of the Dihang aud
its tributaries up to Latitude 2930 (except the headwaters of the Siom
River); an area of 6,500 square miles. A large number of peaks on the main
Ilimalayan range were also fixed, including one of over 25,500 feet.

26. The detachment under Major Gunter, RE., with the Mishmi
Mission explored the Lulit River up to the neighbourhood of Rima in
1911-12 and surveyed the whole of the basin of the Dibang River and its
tributaries in 1912-13, completing an area of 8,848 square miles, and fixed a
large number of peaks on the main Himalayan range.

27. The detachment under Captain Cardew, R.L., which accompanicd
the North Burma Missions of 1911-12 and 1912-13 surveyed an arca of
10,000 square miles, nearly completing the exploration of the Irrawaddy hasin.
Surveyors also accompamed the late Captain Pritchard in both seasons, and
including their work, a total area of well over 30,000 square miles of hitherto
unexplored country has heen surveyed on the $-inch scale,
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III. - FOREST SURVEYS,

28, During the yvear 1912-13, the forest surveys have, as usual, heen
carried out by the Topographical parties of the Slfr\'e)' of India. In the
majority of cases, the surveys were executed on the scale of two inches
to the mile but in some few instances, the work was done on the one-incl;
scale. .\ considerable extent of forest houndaries was also surveved on the
scale of 4 inches to the mile. The revision of certain areas previously

surveyed on the 4-inch scale by the old Forest Survey Branch was also
effected.

Novthern Cirele.

29.  No forest surveys were carried out in this Cirele during the year
under report. '

Sonthern Cirele.

30.  Central Provinees. (Bergr Cirele).---No. 6 Party continued the
topographical survey of Berar and Hyderabad. All A and B class forests,
and C class forests over one square mile in arvea falling in the area under
survey amd in six of the sheets to be surveyed in the next and following
seasons were surveyed on the 2-inch scale. -

With the approval of the Chief Conservator of Forests, no theodolite
houndary traverses were carried out, but all the reserve bhoundaries were
surveyed by plane-table traverse on the 4-inch scale; this ensured hetter
agreement with the topographical details.  The survey of all the forests in
Yeotmal district was comnpleted and work was also done in \\kola and Buldana
Jdistricts.  The old 4-inch map of Gerumitergaon reserve in Buldana was too
innceurite to he utilised and a new 2-inch survey was commenced. The area
of forests surveyed on the Z-inch scale amounted to 5756 square miles and
the plane-table houndary surveys amounted to 9548 linear miles.

33, Madras Presidency—No. 7 Party in the course of its ovdinary
operations carried out the survey on the 2-incl scale of the Mambetta reserve
and Doddasampagai extension of Kollegil division amounting to 11-6 square
miles.  No new houndary traverses were carried out.

Eastern Cirele.
32, Bihar and Orissa —In the course of its regular operations, No. 9
Party surveyed an area of 30 square miles of protected forests, on the 2-inch
scale and 32 square miles on the 1-inch scale, i the Singhbham and Chaihasa
divisions; and theodolite traverses amounting to 253 linear miles, were run
round the houndaries of all the blocks over 1 square mile in area which have
not heen previously surveyed. The survey of all the forests in the Singhbhiun
forests division and of such forests of the Chaibasa division as fall in the
Singhbham district, has now heen completed.

33 Upper Burma (Northern Cirele)—During the year under report,
No. 10 Party surveyed the Maingna, Zigvun, Talawgyi and Kawan reserves
in the Myitkyina division, amounting to 1164 squarve miles, on the 2-inch scale
and part of the Padaung game reserve, area 27 square miles, on the 1-inch
scale. In addition to these, 207 lincar miles of bhoundary survey was
completed ronmd the Maingna, Talawgyi. Kawan, Namkwin and part of
Padaung reserves. The Conservator of Forests, Northern Circle, agreed to
the sureey of the Padaung reserve heing done on the 1-inch scale instead of
the 2-inch scale, as it is only reserved as a game sanctuary and not for timber
preservation.
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84. South Tenasserim Division ( Tenasserim Circle )—DParts of the
Heinzé and Kaleinaung reserves amounting to 212 scquare miles and the whole
of Pandin-In reserve, area 3 square miles, were snrveyed by No. 11 Party
on the 2-inch scale and their houndaries, 59} linear miles, were traversed hy
theodolite.

35.  Assam.—No. 12 Party surveyed the Darranga, Khalingduar and its
extension and Singri Hill reserves, on the 2-inch scale in course of its
ordinary operations. In addition to this, the two small reserves of Hajo and
Sildar Hill surveyed on the 1-inch scale last year, were at the special request
of the Conservator of Forests, Western Circle, resurveyed on the 2-inch scale.
The total area thus surveyed amounted to 37 square miles.  An area of some
6 square miles was also surveyed on this scale in the Upper Dehing reserve
(western block) and its houndary, 50 linear miles, traversed on the 4-inch
scale. This heing a special survey, its cost will be borne entirely by the
Forest Department. Sonaikusi and Kolahat reserves, area 44 square miles,
which were previously surveyed on the 4-inch scale hy the old Forest Survey
Branch, were revised on the 1-inch scale, as the contouring and heights were
found unreliable. The artificial boundaries only of the following reserves,
amounting to 1673 linear miles, have heen traversed on the 4-inch scale,
during the year under report:—Khalingduar Extension, Singri Hill, Jungthung,
Chelabor, Sildharampur, Laokhawa and Kaziranga.
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IV.-CANTONMENT SURVEYS.

36. No. 20 Party (Canfonment)—During the year this Party was
formed to survey cantonments and towns on large scales, and also to train
soldier surveyors who after a further training in this party, are to bhe trans-
ferred to the Military Works Department to revise and keep up to date all
cantonment plans completed by the Survey of India Department.

37. From 1st August 1913, the Cantonment Section of No. 4 DParty
was converted into this new Party, and its strength was increased by recruiting
pupil surveyors and by the transfer of a Provincial Officer and an Upper
Subordinate from other parties.

38. During the year the cantonment section and the party completed
the =urvey of Quetta Cantonment, Quetta Civil Station and Quetta Fort,
which were then inthand, and also completed an extension of 825 square
miles of the Delhi New Cantonment .\rea which was surveyed the year
previous for the Town-planning Committee, and in addition surveyed Sangor
Jantonment and its bazaavs, and also triangulated Guna.

39. The mapping of Quetta Cantonment, Quetta Civil Station and
Quetta Fort is in hand and will soon he sent for publication,

The programme for the ensuing year is the survey of Guna, Kamptee,
and Rijkot cantonments and also other additional cantonments which may he
required by the Director-General of Military Works.

Table showing out-tnrn and cost-rates of Cantonment Surveys, 191.2-1.3,

Class ] Cost-rute
N sl Out-turn. Totnl per acre.
Cantonments. ) of ' Seale. Acres. cost.  [Survey nnd REMARKS.
Survey. mapping.
! 1 ‘\ Rs. ) Rs. |
: |
Delhi ... Survey . ‘ 4'=1 Mile 3,280 ‘] 0-30
. ; |
i L T | \ . L
Quetta and Saugor Re-survoyi 16'=1 Mile 6.161 ¢ l}-22.1-l~l i 2:75 I’:l;'glt\:;}eég‘s';"lli.ﬁg
: - . - . Section of No. 4
Baugor e " . 61"=1Mile 9 ') 6:37 Party prior to the
i | | — formation of No.
; | 11,539 [ 20 Party.
i | !




V.—TRIGONOMETRICAL SURVEYS.
GEODETIC SURVEY.
(e ).—Astronomical Latitudes.

40. No. 13 Party.—As no Officer was available, no Astronomical
Latitudes were observed during the field season 1912-13.

(). —Pendulum Operations.

41.  No. 14 Party.—No. 14 Party made pendulum observations at 14
stations along a line stretching from Bhopal to Bulandshahr, thus filling in the
gap between Major Lenox-Conyngham’s work from Mussoorie to Meerut
and Captain Cowie’s ohservations in the Central Provinces. The table
annexed gives the results of the observations. These results are not compar-
able with those of previous years, as we have now begun to use a new
formulic for computing , The results at all stations are, however, heing
published in a new Professional Paper.

The stations Bhopal to Guna forin part of the “hidden chain” or belt
of high density and the existence of two other small belts is indicated by the
Hayford residuals.

42, The results of the investigation into the theory of isostatic com-
pensation appear to show that the Himalaya are not completely compensated
and further that the partial compensation beneath them extends beyond their
foot into the plain, This investigation is not yet complete.

43. Comparative ohservations between the Indian pendulums and
those of the De Filippi expedition have lately been made at Dehra Dan. The
results, when available, will give an independent determination of the value
of gravity at this, our hase station.

For Summary of results, see page 20.
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V.—TRIGONOMETRICAL SURVEYS.

TRIANGULATION ( ride index map No. 12).

44. During 1912-13 No. 15 Party was employed in extending DPrincipal
and Secondary Triangulation.

()—Principal Triaugulalion

(i)—-The Sambalpur Series. This meridional series was continaed from
Latitude 22, to which the operations of 1911-12 had carried it, and extended
southwards through Sambalpur, the Orvissa Feudatory States, and Khondmals
into Ganjam, reaching a Latitude of 19" 40", Three more figures remain still
to he ohserved hefore the series will he complete.

(b).—Secondary Triaungulation.

(ii)-=The Mawipur Series. This series was commenced. It will connect
the Assam Valley Series, in the neighbourhood of Golaghat, with the northern
end of the Manipur Meridional Series, a little to the west of THomalin.

(iii)—"The Khondwa Servies, This scries along the parallel of 22°
appmxi111;1te|.\', hetween the Khanpisura Series in the neighhourhood of
Khandwa, and the Great \re Series near Badyar, was fully completed.

(ir)o—"The Alola Sevies. X commencement was made on this meridional
series which, it is intended, shall conneet the Khandwa Secondary Series with
the Bhiv Secondary Series in Longitude 76 507,

(r).—lBombay City and Island Operations.  The triangulation commencerl
in 1911-12 to provide a basis for a large detail survey. was completed and
supplemented by precise traverse work.  About two fifths of the proposed
traverse lines still remain to he completed.

(ri)—NKashmir Secondary Operations. The triangulation commenced in
the Summer of 1912 for the purpose of forming a connection hetween the
Indian and Russian Systems of triangulation was completed in the Sunminer
of 1915.

This series vuns from Gilgit up the Hunza valley, over the Kilik pass, and
across the Taghdumbash-Pamir to the Beyik pass near which the Russian
stations are situated.

The table helow gives details regarding the work on the different series :—

SUMMARY OF PARTICULARS.

; TRIANGULATTION, ' TRAVERSE.
i

I Prixereat. SECONDARY. i
! , - - - | BoMnay Ciy,
Sambalpur. Kashnur, l Khandwa, Bombay, ;
No. of Stations observed at . 19 12 ’ 29 ' 69 '
“ e - newly fixeld s 17 20 ! ll ......
I - built I 7 20 |
Length of trinngulation completed in miles 167 a0 141 (:1(‘{-;!'1;1'/.‘} |‘
Length of triangulation remaining to be done 52 1o oo
( P
Aven of trinngulation in sq. miles 630 Lot ( D495
Y tame ! o
N ) { 20T & NG T, & Sy ' T.&ES8 T &8s 9
Iheodolite used i ;\‘_[u-rmnr. Microme. ! Micromr. | Micromr.
B o 4 No. 1403 No. 1315 | No. 1035 ¢ No, 1316
Number of trinngles observed . 19 11 a9 S8
" astronomical azimnths observed 2 |
Maximum trisngulur error 0306 yen6 378 P
Average trinngulur error 0185 g 14 I
Mean closing error in Tat. 0465 i
" Long. ' 0241 ]
height 1'9 feot |
- " " azimuth vty
- " log side, the  unit. B
heing the seventh place of decimal . 239
TRAVERSE. .
I''ee sion of reanlts Lighes! ' 1
G0,000
5 " avernge ! 1
Number of Stations ‘J(;::i_l
Total Na. of miles of chaining ? 'j.|-:|‘;1
........ 34437

Average height

of atationg nhove

wean sew level,
14,716 et

) Frnuework.i

(1) Interal
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PART IIL

TIDAL OPERATIONS.

No, 16 Party.—Ohservations were taken by means of self- registering

tide-ganges during the vear, at the stations given in the following list :—

! Date of i Date

Number

Stations. i commencement P oof closing of lﬂflyfru‘rs of REMARKS.
*of observations. | observations, | CoicrVe
‘ | tions. 1
| H T T >~
I Aden 1879 Still working 3 :
2 Yaraeli + 1 1868 1880 13, 1 * Small tide-gauge work-
2 Kuracli - {1881 Still working | 334 16 .
3 - Bombay (Apollo Bandar) .. 1 1878 B ' 35 i °
1, Bombay (Prinee’s Dock) 11888 . i 25 |
3 Mudea {1880 1800 CO10 g,
’ [ndras 1§ Restarted 1895 | Still working © 18} 28 :
6 - Kidderpore L1881 “ Y]
T i Rangoon L1880 - 3 :
| . {1880 B 1886 6, |
8. ' .
8 | Toulnein ¢ ; Restarted 1909 | 8till working 14 1o
9 : Port Blair i 1880 " 33 ‘
. | :
In addition to the above, tidal diagrams registered hy a small river
gange at Chittagong and readings of high and low water taken during day-

lloht on tide- pnles at Blnmnag,ar and  Akvab were supplied hy tlw Port
()Hicv concerned,

The 9 tidal observatories at work were inspected during the vear
and the registrations have, on the whole, been satistactory, except ab Madras,
where the passage hetween the sea and the tide- gnuge well was completely
blocked with sand and the tidal observatory stopped working from the
10th August 1913, .\ new observatory at M wlras is heing built, Tt
not reauly by the 30th of September 1913.

Tidal observations during the coming vear will be continued at all the
ahove observatories.

it was

465, In the following tables are giveo the annual and decadal percentages
of errors in the plmlutml times .tml heights of high and low water at all
the stations where observations have lmvn taken - —

Pereentage of errors in Predicted Times and Heights at open coast slations

Srom Automatic Reqgistrations.
IN TIME. Ix HEisnr.
- Nnher W 1tl)\:11—unn;nm'ﬂ Within 8 inches W |tl\n’|N, I8 uf nean
Year. stuhfm.:.} of actnals, of actuals, ] L range st \punm;
PHLW.  L.oWw. o HLOWL L W i H. W

1903 s R0 ) 02 a5
14904 6 s2 ) 99 98 a6 96
1905 .. . T 82 70 6 5 W 96 07
1006 6 89 81 a6 97 a4 29
1907 [} Sl 83 a8 94 098 a0
1008 [} Sl Sl HE a7 0y €%
109 . 6 83 86 1o 1t En 8
10910 6 St 83 98 98 95 06
1M1 6 N sl 98 09 97 . 08
1012 6 sl s o7 o8 97 | 08
Average of 10 vears 83 1 81 or 07 1 96 97
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Poreentage of  ervors in Predicted Times and Heights at riverain stations
from Aulomatic Registrations.

Ix TiMe. : Ix HEGIT.

Number \gighin 15 minutes Within s inches {Within 3% of mean
Year. | i of acluls. of actuals. range at springs.
stutions. .

- —
H.W. | L.W. HW LW LW . LW

i
1903 { 2 50 Z‘: ' 60 SN 87
1004 : 2 40 2 1.)2 i 94 05
1005 | 2 | 52 o8 o o
106 i 2 a4 o ' (34 . :)-_'_ ; 93
1907 i 2o AN N 60 - HIH HIY
1908 2 a8 i 60 a7 a2
1900 3 (i} of) [y 5 02
1910 3 a7 63 7l N i
1911 i i) [ 66 a0 80
1912 A n 5] G2 a4 1
Average of 1O yoars ) R a8 a6 T2 63 ‘ 93 g

LEVELLING OPERATIONS.

17, No. 17 Parin.—Three detachments were emploved on  levelling
operations during the past season,

42 No. 7 Lerelling Detachient was employed (o ) on the completion of
the line Savgodha-Multan, (4 ) on a revision of the old line of levels Multan-
Mahiwala T. S, (¢) on a revision of the old line Ambala-Meerut-Dell,
along the main road, (/) on new levelling from Delhi alony the road
to Muttra, (¢ ) on new levelling from Murree along the tonga road to Srinagar
(IKashmir), with Dhranch lines emanating from Srinagar to Palgam  rid
Islamabad, to the Sind Valley, towards Bandapur, towards Shupiyan.

The out-turn amounted to 629 miles, and the heights of 8 primary, and
535 secondary heneh-marks determined, ineluding 5 Prineipal stations of the
Great ‘Trigonometrieal Survey.

The line Sawgodha-Multan completes the cirenits, (1) Multan-IKhemwila-
Segra-Darva IChan-Khushab-Sargodha-Multan, 450 miles in length, and (2)
Multan-Sargodha-Lahore-Ferozepore-Murghai- Khemwila-Multan, a tength of
795 miles. the closing errors being respectively 0:095 and 0°190 of a foot.

The new line Delhi-Muttra also completes the civenit Delhi-Meerut-
Hathras-Muttra-Delhi, the closing ervor heing 0158 of a foot in a length of
272 wiles. These errors are deduced  from  differences  of  unadjusted
orthometric heights. '

9. No. 2 Levelling Detachiment was employed on new levelling on the line
(«) Comilla-Chittagong by road, (/) Brahmanbaria-Pachuria, partly by
road and partly along the railway line, crossing hy the “Tavget ” method the
Meghna, Lakhya and Dhaleswart vivers, and the Padinit or Ganges river by the
“Yertical Angles™ method, (¢) Pachuria-Bavisal, by voad ad across
country. ’

The out-turn amounted to 354 miles, and 18 primary, and 277 secondary
hench-marks were conunected, including 8 Principal stations of the Great
Trigonometrical Survey.

In addition to the above, about 35 miles of single levelling were carried
out at Darjecling in the cantonments of Takdah and Lebong, and in the
Iappy Valley landslip area. )

The line (1) Biahmanbaria-Pachuria  completes the cirenit Poradaha-
Pirvatipur-Gauhiti- Akhanra-Pacharia-Porddaha, with a  closing error of
2706 feet, accepting the orthometric values of Poradaha  ane \'l’ﬁr\':l.tlpur
as published in Great Trigonometrical Volume XIX B.  The length of the
civeuit is 824 miles.  The line (2) Comilla-Chittagong connects Parvatipur
with the tidal bench-mark at Chittagong  with an crror of 1:082 fect, m a
length of 643 miles, assuming that mean water level is 0°3 of a foot above
mean sea level.
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This shows that the greater portion of the ervor, eg., 1624 feet in line
(1). is on the line \khaura-Poradaha. and may be due to errors in the single
levelling from Piachuria to Poradaha which™ is to he rvevised by double
levelling in the coming field season, and in the river crossings.  For line (2)
the most likely places for error to have crept in, are the river crossing at
Dhubri, crossed hy the * Tide-pole” method only, which is to he repeated hy
thlo - \'m'tlic:\l Angles 7 and Target " methods, and the hill section over the
Khasi hills,

0. No. .t Legelling Detuchment was emploved on new levelling in Burma,
() from Henzada to Bassein along the left hank of the Npawun rviver, (4 )
from Pegn to Mokpalin by road and vailway, with hranch lines along the
Pegu-Sittang Canal, () from Prowe to Tanndwingyi rid Allaminyo by road.

The out-turn amounted to 310 miles.  The heights of 4 primary, and 220
secondary henclhi-marks were iletermined.

5L A section of No 17 Party laid down on the gronnd and erected pillars
on the new boundary hetween Naint Tal District and Nepal State, and also made
a survey of the above houndary together with the houndary hetween Pilibhit
District and Nepal State. the settlement of which is now under discussion.

MAGNETIC SURVEY.
52 No. 18 Party—Two detachments, cach wder a Provineial officer,
were employed on field worle: they were engaged partly on detail survey and
revision of the work of season 1901-02 and partly on revisiting repeat
stations.

The officer in  charge inspected  Barvackpore and  Toungoo  hase
stations. observed at repeat stations and subsequently carried out a prelimi-
nary magnetic survey of Ceylon. .

"During  the season the values of the magnetic clements were
determined at the following -—

T

R repeat stations,
0 old stations { revised),

e -

2 new stations in Ceylon,
3 new stations in India,
20 new detadl stations.

53, Worl during recess.—The computation of the previous season's
field work and the tabulation of the hase station results for 1912 have been
completed: the latter have for the first time been derived from the measure-
ment of all available davs instead of from only 5 quict days per month as
heretofore.  One section has heen emploved  throughont the year on the
reduction of the declination data, which will shortly be completed.

The mean values of the magnetic clements for base stations  for
1912 are as follows :—

. . |
Latitude . ‘ o
Ohservatory, & Dip. Declination. H. 1. i V. IN
Longitade. .

Dalirn Dan ' N o4 s B 225 SR B2
. Y i . :

Barruckpore N0 o0 B 040 aTaee o 22516
lss o1 30 B ;

. ‘ ‘

PLIs as 15 N : ! : .

Toungeo N 23 B cE 01 BELB] 16348
) o 20 5 B ‘ i !
i ‘ H

fy10 13 &0 N 11 - | _ | o

Kodaikanal ‘ 'N 3 a0 i\\ T a8 1 “35943 | 02616
| Piv 27 46 BY ! |

! ]
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BASE LINE OPERATIONS.

54 No. 19 Party—This party was only institnted on the lst March
1913, and since the Base Line apparatus had not yet heen received trom
England only a small amount of preliminary work in this connection has
heen possible.

In the meanwhile the officer in charge has heen occupied in preparving
further materials for marshalling the whole evidence of Indian geodesy in
relation to problems concerning the constitution of the earth’s crust.
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OFFICE WORK.

I-HEADQUARTERS OFFICES.

MAP PUBLICATION OFFICE (ride index maps at end).

55. The classes of maps, for the publication of which the Headquarters
Offices arc responsible, may be enumerated as follows:—

(«)-=Topographical maps on the scale of 1 inch=1 mile.

(b

—Topographical maps on the scale of § inch=1 mile.

(¢)—Topographical maps on the scale of } inch=1 mile.
d—Geographical maps on the one-millionth scale.

[ad
(#)--General maps on small scales,

(/') —Special maps.

-inch, and %-inch
s from the topo-

The first duty of the offices is to publish the 1-inch,
maps prepared by the field parties and cirele drawing offi
graphical surveys in progress.

56. () The map of Lwdia on the seale of 1 inwch = 1 mile.— During  the
year 152 sheets of the new map have heen rveceived for publication and 222
sheets have been published.

Al the areas surveyed up to the end of 1911-12 for the preparation
of the new one-inch map of India have heen published in the form of 1-inch
sheets with the following exceptions.—30 sheets, including an area of approxi-
mately 8090-576 square miles; of these 30 sheets 29 are undergoing puhlica-
tion and the drawing of the other is in progress. The sheets of 1912-13 will
begin to come in for publication early in 1915-14

57. Tndex maps Nos. 4, 5, and 6 at the end of this report show the
progress of the publication of the new one-inch map. and the table helow
gives the annual output of its sheets since the modern surveys were hegun :—

‘ I-INcnn SUEETR PUBLISHED.

Year. i
Northern Southern ‘ Eastern Total
Circle. Circle. | Circle. otul-
|
1905-06 . . . ;
. | :
1906-07 . . a 4 i I i 5
1907-08 ) . 16| L 2 33
1908-09 . . ‘ . 3 o o 142
1909-10 . . . T o 6o 182
| .
191011 e al “ 30 ' 25 115
191112 . 68 o a8 159
1912-13 U (TR 6 38 292
i
Total printed a0 | aug 878
PR —
Total in programme , 2,160 { 6.328
; .32
Number remaining for publication . 1,810 ‘! 5,450
| | . !
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58. One change which affects hoth the utility and appearance of the
one-inch map has heen introduced by the decision to shade the hills on sheets
of mountainous country. This adds somewhat to the labour and time required
for reproduction but a glance at the new one-inch sheets in the neighbourhood

of Srinagar, Kashmir, (c.y., sheet No. 43 —%3), will show that the change is
decidedly an improvement.

59, In addition, 29 one-inch sheets prepared from modern revenue
surveys have been received for publication, and 20 have heen published as
preliminary editions. Iour special editions of one-inch sheets showing
village boundaries have also heen published.

60. To maintain the existing stocks, or to give effect to important
changes due to the development of communications, &c., 10 modern, 4 preli-
minary and 38 old style one-inch sheets have heen reprinted.

61. (b)) The half=inch map.—So far only 2,959 square miles have been
surveyed for the preparation of $-inch maps. The whole of this survey has
heen done during the field season of 1912-13 and the sheets should be
received for publication in 1913-14.

62 (¢) The wmap of India on the seale of Linch = 1 mile, (vide /Inder
map No. 10).—This map is prepared in “degree sheets” which include 17 x1°,
or the area covered by 16 one-inch sheets.

The following table shows the progress made in publication : —

Drerer SnEETs PUNLISHED.
Years of Publication, . ] o ' i
Northern ! Southern Total
Cirele, Cirrele. | ot
i
1911-12 2 1 ! 1 4
1012-73 . . i R 1 1 3
: ;
e - e ; —
Totals . ; ) 2 i 2 "
Approximate number of degree sheets in Tndia 170 ' 140 \ 140 430

“ Only one shect, the only one then published with hills shown by Liyvers, wiis shown in the corresponding table
an page 22 of the Geneeal Report for 1911-12. I lias now been deeided to include in this tahle all degree shieels
prepared from modern surveys.

63. Tt has heen decided to show the hills on degree sheets by a combi-
nation of contours, hill shading and Iayers.  Small stocks of copies with the
hills shown hy contours and layers alone, (for scientific purposes), and with
shade and contours alone will also he printed.  Of the 9 modern degree
shects published, three ave in accordance with these decisions.

64, Pending the preparation of the new degree sheets from modern
surveys, 17 degree sheets have been prepared and published daring the year
from thie maps of old =urvevs, 194 Atlas sheets and 6 listrict maps on the
saume scale have heen reprinted including one new edition.

65, ()Y Geographical Muaps ou the owe-millionth seale-—The decision to
produce these maps in layers, to which reference was made in para. 60 of the
General Report of the departinent for 1911-120 has affeeted the output of the
sheets of the India and Adjacent Countries Series to some extent.  Fonr
new sheets have been published durving the vear, 5 old sheets have heen
reprinted and the contouring of a few of the sheets already published s
well as of the new sheets in hand is in progress.

66. One Indian sheet of the International Map of the World, scale
11,000,000 is in haml and will be published in 1914, (See paras. 61 and 62
of the General Report for 1911-12).
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67. (¢) Small scale general maps.—The engraved plates of the new
32-mile Map of India and Adjacent Countries have heen completed.  An
outline edition without hills and a layered edition are heing printed.

68. A new Railway Station Map on the scale of 32 miles to 1 inch
showing every railway station in India and a new edition of the Railway,
Road and Canal Map of [ndia on the same seale have heen published during
the year. The last Annual edition of the Railway Administration Map of
India, scale 64 miles to 1 inch, showing information up to the 1st of April
1913 was produced in May.

GY. The first sheet, *Southern Persia’, of the Southern Asia Series of
sheets on the seale of 1: 2 million has been published.  The ‘Northern Persia’
sheet is under publication and the fair drawing of the two other sheets,
(‘Afghiinistan’ and * Baluchistin’), which include parts of DPersia is in hand.
The publication of the ‘Southern Persia’ sheet marks a new departure in
the style of Indian Geographical maps.  On it the heights above and below
mean sea level have been shown by layers of colours and the hills have heen
shaded. A special experimental edition in different layer colouring and
withont shaded hills has also heen printed as opinions of scientists differ
regarding the advantage of shading hills on layered maps.

70. (/) Special Maps.—As usual avery large number of special maps
and plans, diagerams and illastrations have heen prepared for the different
departments of Government, for Army Head Quarters and for officials
throughout India, (see Part 1V).

71.  The number of maps issued during 1912-13 is considerably in excess
of previous years, (see report of the Map Record and Issue Office on page 30),
and there are other indications of a gradual hut steady increase in the use
of maps hoth for Government and private purposes in India.

72. The following departmental pamphlets have heen printed at
Caleutta this year :—

(¢) A cousideration of the contour intervals and colour scales best
suited to Indian § maps, by Captain M. (’C. Tandy, R.E.

(¢2) Notes on the Vandyke or direct zine process, compiled in
the Ihoto.-Litho. Office under the direction of Colonel
T. F. B. Renny-Tailyour, C.S.I,, R.E.

A list of the departmental publications printed at Dehra during the

year is given on page 35 in the report of the Dehra QOHice.

MAT RECORD AND ISSUE OFFICE.

73 The gross face value of the maps received from the printing offices
during the year amounted to Rs. 3,18,793.  This sum includes Rs. 14,392 and
Ru. 5,809, the fuce value of maps printed in the Engraving Office and at
Debra Dan respectively. ° °
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4. The following table shows the maps printed and received and their
face values :—

|
NUMBER OF DIFFERENT
MATS OF EACH CLASS
Cluss of maps. WECEIVED.
; Renle. L S Value,
; New New Editions.
i Publications,
- - ! - — - - - S
| -
(1) Geographical maps— i fin
() Mapy of Im]_iu = . Various 1 2 1 20,900
(] S(lll‘tlh‘l‘ll Arxin Scries . . 1:2.000000 1 1,800
(+} India and Adjacent Countries 121,000,000 | 5 4 ‘g,-,;;
IT) Topographical maps - ; '
Degre Sheets. :
cgree Sheets,
(«/) Modern ... Tineh = 4 miles » 2 4,798
() Preliminary & Provisionnl Do. R l 1:%(;()
(/) From Atlas Materinl . . . Do. ; 17 . 3,100
(ITT) 1-inch sheets- - !
(¢) Modern . o Lineh =1 mile ! 222 10 1.18.675
(#) Do. (Preliminary Editions) .. Do. 20 4 8,100
(/) Do, (Village Boundaries) ) Do. ! 4 . 1,600
i ) (2inch= 1 mile |
(IV) Ol Style Shects . -0 to ‘ CI BN 20,088
. linch= 8 miles
(V) Atlus of Tndin Series . Linch= 4 miles! ... : 521 12,542
{ 1 inch=16 miles | !
(VI) Provincinl Maps 1 \ 3o 3 1,025
(VID) District Maps . 6 3,400
(\'IIIS Administration Reporl Maps i . 20 200
(IX) Plans of Cities and Cuntonnients s Various 5o ) 10,150
(X) Trinngulation and Traverse Charts Do. 1 { 02
(XI) Index Maps Do. ) B 3 2518
(XII) Miscellaneous Mups . Do. l 263 11 60,192
Total .| ... ‘ 387 304 3,18,703
Corresponding figures for 1911-12 U :\ G611 J11 .‘:’;-H_l—

75, The total number of printed maps issued during the year was 327,311
of an aggregate value of Rs. 1,69,760. The details of the sales were as
follows :—

Niles to Number of maps. Values,

Government officials

India Offce . 2279

Departmental issnes . 71.051 !
Private individuals . 28,957 :
Arents . L 4640 ;

Totala for 1912.13 1.69,760

Corresponding totals for 1911-12 IBR, 633 1,139,250

No. I DRAWING OFFICE.

76. The Drawing Office continued its normal work of compiling and
supplying material for the engraving of all the general small scale maps of
the deparvtment and the fair drawing of such of them as ave printed hy helio-
zincography, the maintenance and correction of the record copies of all the
maps of the department and the bringing up to date of old maps which had
to he reprinted. During the year work was done on 29 sheets of the India
and Adjacent Conntries Series, on the scale of imli,mm’ on 4 sheets of the
Sonthern Asia Series, on the scale of ._,7',,7,‘-'.,.00," and on 41 sheets of the General
maps of India on various scales.
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77. The preparation of degree sheets from old atlas sheets has heen
continued and 30 such sheets have been taken in hand.

Of maps, on various scales, which had to be reprinted, 105 were worked
on during the vear.

Corrections or additions were made to 60 sheets, on various scales, which
had been drawn by parties or circles,

Of index maps, provincial and district maps, and large scale plans of
citics and cantonments, 109 have been in hand and 40 sheets of miscellaneous
specimens, symbols, &c., for departmental use were also worked on. A large
amount. of extra departmental mapping in 49 sheets has been undertaken ;
included i this were a new edition of the Postal Map of the United
Provinces, Maps of Fort William and of Tenasserim, also many maps and
plans for Census Officials, Railways, Telegraph. Educational and  other
authorities.  (See pages 42, 43.)

The examining sccetion has dealt with 637 cases during the year in
addition to a great deal of miscellaneous work.

78 The work of the ‘ollice copy’ or record section continued to he
heavy, new railways and canals and additions to main roads, and changes in
boundaries. were marked on the recovd copies of the maps of the departiment. ;
this work affected 5,069 sheets, 1,111 new record copies were examined and
filed during the vear and 23,833 coloured maps examined hefore issuc to
the public.

In addition to this normal work of the office copy section, 114 pages of
traverse data were supplied to Settlement Ofticers, Engineers and others,
attested traces of certan large scale surveys were supplied for use in court
proceedings and information regarding svstems of survey, houndaries, &c.,
were supplied to settlement, political, cantonment, departmental and other
officers.

ENGRAVING OFFICE.
79.  The new Hth edition of the 32-mile Map of India, in 12 sheets, was
completed during the year.

Corrections have heen made to the 64, 96, 128, 192 mile maps of India
and a new map on the 128-mile scale has heen published.

The engraving of the frst degree sheet, 38 N, hased upon surveys
subsequent to 1905, was practically completed and this map will be puhlisllé(l
early in 1914

Work was continued on five sheets 34, 47, 53, 83, 94 of the ‘—m,(', o0 Series
and on onc sheet of the International Map on the same scale.  [n addition,
work was put in hand on sheet 63, and plates for colour printing of sheets 47,
53, 63 of the g eale begun.

Namerous provincial, miscellaneous, and index maps have been prepared
or corrected.  Index maps for the whole of India and Adjacent Countries
will be completed in 19135, :

PHOTO.-LITHQO. OFFICE,

80 There has been an increase of hoth departmental and  extra
departmental work during the year and this has heen satisfactorily dealt with,
a comparatively small expenditure on overtime charges having been incurred,

Two hundred and fifty-two sheets in modern form  were published
including preliminary and provisional editions, new publication and l't-pl'illf
editions to replenish stock.,  Of these 233 were in colours (222 new sheets
1 preliminary sheet and 10 reprints) and the number of new 1-inch sheets
published shows an increase of 63 over 1911-12 and of 42 over any formor
yoar.
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The total number of impressions pulled exceeds that of any former year
by four lakhs.

81.  Good progress has been made and much experience gained in the
matter of printing layered maps.  Among the minor improvements in this
direction has been that obtained by etching the successive plates in relief.
Six layered maps have been printed and published during the year and three
sheets of the 32-mile layered map of India have been proved.

82, .\ few changes of importance have been made in the Photo. Branch.
The conversion of the large camera to carry the Zeiss ““ Planar” lens purchased
last year to an iron base stand has enabled that lens to be brought into use,
while the strengthening of the floor with iron girders helow the runners of
the camera stands has done away with the vibration which formerly gave
trouble. '

No changes have been made in the methods and formulie with the
exception of the introduction of a screen photogravare process which has
been found useful for certain subjects.

The installation of electric light throughout all sections of the office
now enables all hands to work at night should it at any time be found
necessary to do so.

During the year under report the Stores Section of the Office has heen
reorganised. The section is, however, working under a disadvantage owing
to the very restricted accommodation for stores.

TABULAR STATEMENT

OF OUT-TURN

OF PHOTO.-LITHO OFFICE.

[ 2 3 1 h 6 1 8
; R IO I L e
l 1 1 ! NUMBER OF MADIS PRINTED. !
! Recovered | i
Cost of Value of - in cash or ‘Numberof |- - oo = omm |
Year. i w0 out-twm at P impressions oo | Bxtra | | REMAUKS.
| offiec. (-nsf-mtn-s,‘ by ])Q"k' ©opulled, * ! Deprat: 1 depart- | Total. !
! 1odebit. i mental, al: | .
i | i ' i mental. i
— 3 i - | [ —
! I, Rs. | Ds. ‘ ' |
1910-11 L6193 LTT000 0 50603 | 1LBSRIT | 255 R B (T N
| | ; i
1911-12 COLATSGT 201384 | 20904 [1,564496 1 2686 1 1,963 | 2049
. : | : ' i !
1912-138 b 1LB1,699 0 239,940 ‘ 27,214 ‘ 1,966,408 3,606 ! 2,010 3,666

i

*This a8 in statementa of previous years only inchules lithe, impressions,
In addition, there were 31,370 half-tone pulls and 330,280 line-block pulls,
{ 60.056 and 437,820 .
{ 102,900 . and 111,300
The output of the Type Section is not included in the above statewent.
The Type Scetion published 8,408 pages or items, 1,313,465 copies, 2,603.501 impressions,
7,088 : 2,014,766

(chiefly Weather Charts).
" in 1911-12,

us against in 1910-11.

" "

T
as against { 1 in 1911-12,

4+.604 “ooor

21040755 in 1910-11.
MATHEMATICAL INSTRUMENT OFFICE.

83. During the year under report, riz., from Ist April 1912 to 31st
March 1913, there was a shrinkage in the demands made on this office,
compared with those of the preceding year, as the following table shows with
the result that against a profit of Rs. 6,204 exhibited by the Profit and Loss
statement of 1911-12, that for 1912-13 shows a loss of Rs. 7,055, which,
however, includes over Rs. 5,500 loss on the sale of unsuitable hydrometers.

Value of Instrwments issued to Pablic Opicers.

1910-11, | 1911-12. 1 1012-13.
Ra. be. Rs.
2,65, 184 3,256,631 2,81,315
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84, On the other hand, therc was a marked improvement, as the
ollowing table will show, in the value of the work done, and the Profit and
Loss %tatement shows a gain of Rs. 2,887 against the loss of R4 4,718 shown

by that for 1911-12.
Value of work done in the workshop.

! 1912-13.

1910-11. 1911-12, |
. Rx. s,
1,74.871 2,135,328

2,01,329

85. The following figures show ghe number of employés at the end of
each of the last 3 vears:—
Number of employés at the end of cacl of the last three years.

‘ 1911-12, 1912-13.

318 l S350 338

86. The following table shows the average number of employés and
their pay :—
Average wumber of employés aid their pay.

1910-11. 1911-12,
T N |

246 at Re. D856 207 at [s. 62,081 i 01 at Rs. 68,625

87. 1t may be noted that as pointed out in the previous years’ reports,
certain :,tdn(lmu charges (representing supervision, rent. interest on plants and
material, (leple('m,tyl(m clerical labour, &c.), have uot to he incurred irrespective
of the work coming to the office, and ((msequvntl\ the so-called profit and
loss in COI]nL(‘t]OIl with the working of the Mathematical [nstrument Office
depends on the demands received for instraments to be supplied, and for
work to he done.  In calculating profit and loss a percentage is allowed to
be taken as credit (25 over hook value in the case of issues and 10 in the
case of work done), and an increase of demands means an increase in the
amount of this percentage. resulting in probably a gain; and a shrinkage of
demands means a reduction in the amount of the percentage, l‘esultmo in
probably a loss, the standing charges remaining the same in both cases
Tnereased debit has arisen of late years, due to the necessity of writing (lown
prices, which nmean decrease and loss.

88 Below are given the usual comparative figures for the last three

years :—
|
1910-11. |
!
s,
Tolal issues to Public Offices as shown in the Profit 2.65.185 3.20,6:3: 2,81.315
and Loss stutements of stores.
Value of repairs {0 instruments reeciveld for vepaivs 61,156 55,941 H,452
and returned in a servicenble condition.
Value of instruments received from Government 33,128 37,228 AT.267
Ofticers when no longer required.
Rook wvalue of the stock of instruments, &ec., in 9,20,925 7,146,047 6,445,081
Scervieeable Stores.
Book value of the stock of instruments, &e., in 69371 70,460 72,452
Repairable Stores. ’
Total value of work done in the Wnrk«hop 2,01,:5:50 1,74,871
Value of instruments mennfactured in workshop 10! 61,698 61,401 71188
Serviceable Stores.
Value of instruments purchased loenlly 2,880 4,378 6,206
VYalue of instruments and manterinls obtained froul 40,844 47,148 57,647
England through the Director General of Stores.
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89. During the vear the stock of all the three stores (the Serviceable,
the Repairable and the Material Stores), was twice taken, and the discre-
pancies noticed have been adjusted.  The 2nd stock-taking of the repairable
stores, however, was done in April 1913 instead of in March.

90.  Apart from the ordinary repairs and manufactures, the following
few special works done may he mentioned — )

()

(h)

()

()

(¢)
(7)

New pattern of hrass sight rules and rectangular compasses
were made up, and were reported on favourably, More have
heen indented for the commg season.

Aluminium plane-tables were made for use during the last feld
season, hut they did not prove successtul owing to the
aluminium bracings not heing sufficiently strong to resist
sag caused by the Surveyors’ weight on the edge of the
tahle.  Several more aluminium planc-tables have been
made up for trial again during the coming season, with the
hottom  strengthened in different ways to eliminate the
above defect.  Onc has heen strengthened with Duralumin.

Two cexperimental aluminium (. T. staves were constructed to
a specification by the Superintendent of the Trigonometrical
Survey.

For the coming season, an experimental water level for use

with (. T. staves has becn constructed to a design by
Captain V. R. Cotter, LA

Some telescopic clinometers have been made up to a design
sent in by the Superintendent, Southern Circle.

Trial is being given to the skim-milk product called ‘Syrolit’, as
a substitute for chonite and ivory, for set squares and
scales.
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SPECIAL OPERATIONS.

91. The new appauratus for the compavison of standards of Tength has
arrived, and is now in process of erection.

92. A portable mast, 150 ft. high, was made and erected in the
Survey Office compound.  The mast was primarily designed to support an
electrical appavatus for the determination of air temperature at various
lieights, which is now heing mile in London, but it would also he suitable
for supporting a wireless telegraphy aerial, or to serve as a triangula-
tion signal.

93, The daily meteorological observations were continued as usual up
to Decemher 1912, From 1st January 1913 the veadings of the earth
thermometers have heen discontinued, and the readings of the barometer
and of air-temperatures are heing taken once daily, at 2 p. m. standard time,
instead of twice as heretofore.  Simultaneous readings have been taken at
Mussoorie to give data for temperature. graddient and refraction.

94 During the year under report the Scismograph has worked
satisfactorily ; a list of the earthquakes recorded in 1912-13 is published in
the Records of the Survey Department, Vol V.

95. Photographs of the sun have heen taken on 339 days, the sun
being abscared hy clouds on the remaining days.

COMPUTING OFFICE.
Geodetic work.

96. Numerous computations comprising conversion of co-ordinates
for trans-frontier degree triangulation charts; computations in connection
with Professional Paper No. 14; deduction of dynamic and orthometric
heights of levelling lines Khushih to Lalore, Amlkhis to Multan, Sargodha
to Multin, Multan to Mahiwila and Prome to Rangoon; ‘:uliustn]eht of
Bhir, Villupuram and Khandwa secondary series, reduction of latitude
observations taken by Lieutenants Almond and McKay at seven stations
between Dehra Din and Mussoorie, and the preparation of certain tables
for the Records have heen carrvied out.

97. Thirteen spirit levelling pamphlets and 27 triangulation charts
passed through press; data for 40 charts were compiled and compared.

The following publications have been printed :(—

(@) A note on the representation of Hills” by Major F. W.
Pivrie, T.A. ' )

(0)  Departmental Paper No. 1. “ A consideration of the most
snitable form of type for use on maps”, by Captain
M. O’C. Tandy, R.E. )

(¢) Departmental Paper No. 2. © A review of the boundary
symbols used on maps of various countries,” by
Captain M. O'C. Tandy, R.E.

() "~ Departmental Paper No. 3. “Extract from the new map
of Italy, scale 1:100,000”, by Luigi Giannitrapani.
(Translated from the TItalian, by Major W. M
Coldstream, R.E.). ) '

(¢) Departmental Paper No. 4.« A report on the practice of
town surveys in the United Kingdom and its applica-
tion to India™, by Major C. L. Robertson, C.M.G., R.E.
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(/) **The Thompson Stereo-plotter and its use, with notes on
the field work ™, by Lieutenant K. Mason, R.E.
() Drofessional Paper No. 14 “Formulv for Atmospheric
Refraction and  their  application  to  Terrestrial

Refraction and Geodesy 7, hy J. deGraaft Hunter, M.A.

Data from the original records were supplied to 50 officers, and a large
number of requisitions for forms were attended to.

Geographiec T ork.

98 Some topographical triangulation has heen finally adjusted and
more work of this sort isx in hand.

The 4th Edition of * Routes in the Western Himalaya and Kashmir” is
in course of preparation.
Preservation of Trigonometrical Stations.
99. 1,266 stations woere vepaired by the district officers at a cost of

Rs. 6,205-8-10. Out of 347 districts from which reports are annually due, 18
failed to make returns.

No. 2 DRAWING OFFICE.

100.  The following table shows the volume of work undertaken :—

i . | | N Jg sheots
Numher of sheefs | umber of sheets

Claxs of mups. | i hand drnwn and seut
! nd to press.
|
|
. B |
Scientific dingram Layer System, 1ingh=¢ Miles . l 1
Geographienl maps. Layer System, senle 3 |
Do. do. B . [}
Do. do. simaller seale ! E 1
Miscellancous indexes, plans and diagrams, &ec. ‘ 13 [
Levelling charts ‘ 1
Chart of Triangulation, degree chects ! 25 i 17
Extra departmental mups, pluns, indexes, &c. ] 1 : [

PHOTO.-ZINCO. SECTION.

101, 1,973 maps and diagrams were photographed during the year
against 1,550 in 1911-12,

The number of impressions pulled was 236,766 against 289,116 in
the previous year. The lithographic machine was employed throughout
the year in printing the maps of Dr. Stein's exploration, Forest maps, triangala-
tion and levelling charts. The last sheet of Dr. Stein’s maps was completed
at the end of May.

The letter-press was employed throughout the year in printing depart-
mental forms, the number of impressions pulled was 377,027 against 265,615
in the previous year.
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FOREST MAP OFFICE.

102.  The total namber of maps issued, hoth to officials and the public.
during the vear amounted to 9.607, a decrease of 846 on last vear’s total.
The gross face value of these maps wasx Rs. 17,223 and the net amount
realised from sales was Rs. 3,191, Of this amount Rs. 2,067 was recovered
by hook-debit and Rs. 1,124 by cash from sales to private individuals and
trading companies. The total sum realised from sales in the previous yvear
was Rs. 2,681, so that in actual sales there has been an increase of Rs. 510
during the year under review. ‘The number of maps and field sections
received for storage during the vear was 6,099, besides 259 computation
volumes, angle-hooks and traverse field-books and 73 triangulation and
traverse charts. '

103. The following table shows, in abstract form, the worl dealt with
by the Office :—

NUMBER OF SIEETN.

Class of map. | . _ _

\ In hind. Dru;\(’)np!:_::l:mt ! Published.
. : - S —
1-inch, 2-inch. and 4-iuch maps of Forest Surveys | 194 G2 S2
Provincial, Divisional, and District Forest maps 11 4 3
8 2 30

‘Working Plans and Miscellancous maps

Totals 216 ' 90 ' 117
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III.—CIRCLE AND LOCAL DRAWING OFFICES.
No. 3 DRAWING OFFICE (NORTHERN CIRCLE).

104. The routine work of the oflice was the final examination of 1-inch
sheets, drawn by the various parties in the cirele; and the drawing of
degree sheets.

The following were finally examined and sent for pablication
during the curvent year:—69 1-inch sheets, 3 degree sheets and one canton-
ment map.

At the end of the year under report there were 11 degree sheets
in hand, but no arrears of 1-inch drawing, of sheets which had h(,vn surveyed
in 1911-12,

No. 4 DRAWING OFFICE (SOUTHERN CIRCLE).

105, Thirty-four 1-inch sheets were veceived from field parties and out of
these thirty-three were finally examined and sent for publication and only
one sheet was with held pendmg settlement of some (lu(,stylons regarding details
an< boundaries, The only sheet reported as surveyed in 1911-12 which was

not submitted for publication hefore 30th September 1913 was 58 [

Three degree sheets were completed and sent for publication and seven
more were in hand at the close of the survey year. Twelve pupil draftsmen
were trained and assistance was given to parties to complete their current
SesON’s mapping.

106. The Photo.-Zinco. Section undertook the photographic and zinco-
graphic work required by the civele and the following is a summary of the
work done:—

Number of reproductions to full scale 1
Enlargements 121
Reductions 213
Vandyked 67

Total Ve 402

No.5 DRAWING OFFICE (EASTERN CIRCLE).

107. 'l‘h(, chief work of the oflice during the vear was the examination
of the parties’ one-inch sheets and the (h.l\vmg_r of degree sheets.

In addition to the draftsmen lent to the partics during the recess season
six draftsmen were permanently transferred to form the nucleus of a drawing
office in Maymyo attached to No. 10 Party. It is intended that in future
that office will draw all Burma degree sheets.

During the year 57 one-inch shects were submitted for publication
mcluding & sheets which were completed to margin from additional material
in this office. In addition 10 degree sheets were drawn in this oflice and
submitted for publication, three contain material from old surveys which were
completed to margin and on one sheet stump shading was executed.

One cantonment sheet was submitted to the Superintendent of the
Trigonometrical Survey

26 degree sheets are now in hand; of these seventeen cover the areas
recently surveyed in years 1911—13 by the Abor, Mishmi and Miri Mission
and Exploration parties: it is intended to publish these in dcgree sheet
form in addition to the various special provisional maps already prepared.




HI-—-CIRCLE AND LOCAL DRAWING OFFICES. 39
BIHAR AND ORISSA DRAWING OFFICE.
(Stecredard Mapping Section ).

108. The following 29 one-inch maps with a mapped area of 587940
square miles have heen submitted during the year for the publication of a
s o v O ey ¢ Ty I - L o 0
preliminary edition of each :—Nos. 64 55 72 [ 72 o' 72 mifise 72 14 i

: - " S S
10 s 1 (old No. 145 in four sections completed to margin ), 73 % 72 o
the last thirteen, /.., hll)”-, have also been submitted for the preparation of

prints for supplementary survey.

72

109. The following 35 one-inch sheets which have heen completed for
surveyed areas are being withheld until the cadastral maps of districts
Jalpaigwdi, Gayd, Palimau, Hazaribigh, Manbham and the neighbouring
districts of the United Provinces are received :—

. O oy ro . 0 ) c . D
63 g 1,134,715’ 633 5,6, 1001 G+ T2 26,8, 10, 11, 12, 15, 16 72 1,25
- G -5 H -. 1 -, B
) 9 h .
= s f2 [ T T e

110. The following 58 one-inch sheets representing an area of 9,247-36
square miles are being got reiudy for publication either of a preliminary edition
or for revision survey .—

s O . r . K ' L . (4] . T - C
65 |, 63 aay 6 e 6+ .7 64 3,605,810, 1200 1,16 G+ 1,8 2 0,7
- A -y O =n R - J -~y M
T3 e 19 e 10 e ! 3 L2 s 5607 10, 112 L 1, 16 3 0

111, The following examination, correction and colouring work has also
been completed —
(¢) 26 uncorrccted proofs of one-inch sheets have been examined
and corrected.
(h) Tiseal limits and cultivation have been coloured on 48 un-
published black prints of one-inch sheets. ’
(¢) 24 published black prints of one-inch sheets have been coloured.

112, The drawing of the following maps has also been completed in the
Standard Mapping Section :—

(¢} Darjecling Municipality oo GU-inch map.
(h) » » T I .
(¢ R . o200,
() Map of Happy Valley survey, Darjeeling e 200,
(¢) Lehong Cantonment map survey B0
) Takdah ' ” o .. -

() to (¢) were prepared for the Darjeeling Municipality and will be paid
for by that body.

(/) is being preparved for the Public Works Department, and will be paid
for by that department.
() and () are being prepared under the orders of the Surveyor Gieneral
for the Military Department, and will he paid for by the Surveyor General,






41

PART IV.

WORK FOR OTHER GOVERNMENT DEPARTMENTS.

113.  As in previous years, the Riverain Detachment of the Northern
Circle was exclusively employed on the Riverain traverse and rectangular
surveys required by the 'unjab Government (ride page 8).

114, At the request of the Maler Kotla Durbar, a 6-inch survey of
Maler Kotla and environs was carried out by No. 2 Party and the cost of this
survey, viz., Rs. 600, was horne by the above State.

The area surveyed was 10050 square niles.

115, No. 20 party (cantoument) has been organised and is at present
devoting its time to making surveys of different wmilitary cantonments
required hy the Army Department.  [ts report will be found on page 183

116. An oflicer has heen deputed to the Bombay Government to carry
out the survey of an experimental area of 200 acres in Bombay so that
experience may be gained to prepare an estimate of the time and cost of
surveving the whole city.

117.  The Mathematical Instrument Ollice suppliex and rvepairs instro-
ments for cvery Government department in India including the Army
Department.

118.  Various forest surveys were caurried out for Local Governments,
&c. (ride page 16).

119, An officer of No. 11 Party was employed in giving practical
training in topographical surveying to six superintendents of the Burma
Land Records Department in two batches for two months cach.

120. Traces of the arca surveyed by No. 11 Party as it progressed and
several copies of blue print enlargements of plane-table sections. mounted
and inked up. were supplied to the Deputy Commissioner of the Tavoy
distriet for allotting mimng concessions aud settling disputes,

121, The series of seccondary triangulation in Kashmir for the purpose
of connecting with the Russian triangulation.  was completed during the
year (ride page 21).

122, Exploration work for the Foreign and Political. and Avmy Depart-
ments was continned on the North Fast Frontier by the Abor, Mishmi
and  North  Burma  Exploration  Survey Detachments  (ride  page 15).
Captain Morshead accompanied (aptain Bailey of the Foreign and DPolitical
Department on his journey up the Tsan Po.

123, The houndary hetween Nepil and British terribory along the Sarda
River was surveyed and demarcated as described in para. 51, page 24.

124, A surveyor accompanicd the late Captain Pritchard and Captain
Waterfield on their journey from Assam to Burma through Hkamti Long.
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125.  Heights observed in Arabia by Captain Leachman of the General
Statt were reduced by the Computing Office, Dehra Dan.

126. Certain computations were done for the Commissioner of Settle-
ment and Land Records, Burma.

127. The geographical co-ordinates of a number of places in India were
supplied to the office of the Connaissance des Temps, Paris.

128, The remainder of the maps of Dr. Stein’s Explorations in Chinese
Turkestan and Western China, 1906—08, were completed and reproduced
at Dehra Dan.

129. A section of No. 6 Drawing Oftice (Simla) is employed solely on
miscellaneous work for the Military and Foreign and Political Departments,
and has turned ont a large number of maps.

130. The reproduction, for other departments, of maps, plans, and
illustrations that do not require to be vedrawn, does not interfere with the
normal work of the Survey of India and is always undertaken when asked
for. On the other hand, the amount of drawing and compilation that can
be done for extra-departmental purposes is limited, and is necessarily confined
to urgently required and important work.

131. During the year maps, plans, or illustrations were reproduced for
the following departments and offices :—

Public Works Department, Government of India.
Home Department, Government of India

Finance Department, Government of India.

General Officers Commanding, Divisions and Brigades.
The Director-General of Military Works.

The Director-Genceral of Commercial Intelligence.

The Director-General of Observatories.

The Director-General of Archweology in India.

The Director-General, Indian Medical Service.

The Director, Geological Survey of India.

The Director, Botanical Survey of India.

The Director of Land Records, Punjabh.

The Consulting Architect to the Government of India..
The Officer on Special Duty for Enquiry into Drices.
The Engineer Officers on Special Duty, Delhi.

The Chief Inspector of Mines in India.

The Indian Museum.

The Superintendents, Government Printing.

The Superintendent, ITindu and Buddhist Monuments.
The Controller of Patents and Designs.

The Great Indian Peninsula Railway.

The East Indian Railway.

The Bengal-Nagpur Railway.

The Eastern Bengal State Railway.

The Bengal and North-Western Railway.

The Karachi Extension Railway Survey.

Sanitary Commissioners.



WORK FOR OTHER GOVERNMENT DEPARTMENTS.

The Census Commissioner for India.

Chief Engineers.

Forest Department.

Police Department.

Post and Telegraph Department.

Agricultural Department.

Government Epigraphist.

The Inspector-General of Civil Hospitals.

The Military Secretary to His Excellency the Viceroy.
The Revenue and Judicial Commissioner, Baluchistan.
Linguistic Survey in India.

Civil Engineering College, Sibpur.

Gun and Shell Factory, Cossipore.

Coronation Durbar Committee.

Some work was also done for various public bodies and societies.
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