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GENERAL REPORT

ON THE

Opevations of the Surbep of India

DURING THE SURVEY YEAR

1886-87. '

PART |I.
INTRODUCTORY.

The operations of the Department that are now reported on are for the year
ending 3oth September 1837. .

2. The administration of the Department and the superintendence of the
Topographical Branch have continued in the hands of Colonel H. R. Thuil-
lier, R.E., throughout the year, and he was confirmed in the post of Surveyor
General from the 1gth February 1887, vice Colonel G. C. DePrée, deceased. The
direct supervision of the Revenue Branch and of the Trigonometrical Branch have
been carried out as before by Colonel J. Sconce, S.C., and Colonel C. T.
Haig, R.E,, respectively; and the latter officer was confirmed in the post of Deputy
Surveyor General from 1gth February 1887. The only change in the superin-
tendence of the cartographic offices at the Head Quarters has been owing to the
departure on furlough of Lieutenant-Colonel Beavan, S.C., in June 1887, when
Major Baird, R.E., was appointed temporarily as Assistant Surveyor General and
retained the post for the remainder of the year.

3. Hitherto the Survey parties have been distinguished chiefly by geographi-
cal designations taken from the name of the district or locality in which each
party was employed ; the nomenclature had therefore frequently to be changed.
As this system was found to beinconvenient and confusing, the parties now have
all been serially numbered and each party is known by its number, which will be
permanently retained. The identity of a party can thus be readily traced where-
ever it may be employed.

4. The operations which have been carried out during the year under review
are shown below : the arrangement of the parties in this list has necessarily been
made to conform to the nature of the operations in which they were employed
and therefore they do not appear in serial order :—

Statement of Field Partics and Survey Operations,

3 )
-~
$ = | Nature and locale of E t . _— | Administrative Super-
.JE: E Operations, - % Executive Ofhcers. . Scale of Survey. intendent.
Sa, Sy,
z a
Trigonomelrical Survey.
24 | Coast, Madras . .{ 11 [Mr. E.C.Ryall . . . S D. S. G. Trig.
Topographical Surveys. :
Lieutenant W. H. Pollen, }) 2”=1 mile (or reduc- Ditto Rev.
10 | South Maratha Counlry | 12 R.E. g’('m:llorl;?lli scsallii:tzg
Mr. A. M. Lawson forest survey.




2 PART I.
Statement of Field Parties and Survey Operations—continued.
5 “
° s,
% = | Natureand locale of | €% . Administrative Super-
_E.g Operations. Py g Executive Officers. Scale of Survey. intendent.
Ja, mﬂ?
z o
14 | Mirzapur . . .{ 14 |Mr. W. H. Patterson . .|2"=1mile for repro-| D.S.G. Trig.
duction and reduction
to half scale, and 16”
=1 mile (skelston
plots).
15 | Baluchistan . . .| 15 |Captain F, B. Longe, R.E. . |$”=1 mile for repro- Ditto Topo.
duction,
: Z=' mile Y for repro-| . .
16 Ditto . . .| 17 |Captain R. A. Wahab, R.E.. ;ﬂf: » duction. Ditto ditto.
- »
17 {Gujarat and Thana .| 19 |Colonel A. Pullan, S.C. . | 2”=1 mile for reduction Ditto ditto,
¢ to half scale, and 87—
mile, forest survey, for
reproduction.
18 |Himalayas . . .| 21 |Colonel H.C. B. Tanner, Bo. 4”=1 mile for reproduc- Ditto Trig.
S.C. tion and reduction to
half scale, 2”—=1 mile
for reproduction.
19 | Madura and Tinnevelly.| 22 | Colonsl W. F. Badgley, S.C. |l;_=l mile for reproduc- Ditto Topo.
on.
. . 4”=1 mile . .
21 | Nicobar Islands . .| 24 |Lieutenant-Colonel G. Stra- for repro-| Ditto Trig.
han, R.E, =1, duction.
Forest Surveys.
20 |LowerBurma = . .| 27 [Mr.H.Hérst . . . 4’;,=l mile for reproduc- Ditte Topo.
ion,
Cadastral Surveys.
2 | Bilaspur and Raipur 29 | Mr. G. B. Scott . . 16”=1 mile for reproduc- Ditto Rev.
tion.
4 |Basti . . . .| 32 |[Lieutenant-Colonel S. H. Ditto . . Ditto  ditto.
Cowan, S.C.
5 | Gorakhpur . . .| 34 |Licutenant«Colonel J. E. Ditto . . Ditto ditto.
Sandeman, S.C.
6 | Darrang and Nowgong .| 39 | Mr.E.C. Bamett Ditto . . Ditto  ditto.
7 !Akyab, Bassein and| 41 |Lieutenant-Colonel H. S.[16”=1mileand2”=1mile Ditto ditto.
Thongwa. Hutchinson, S.C. for reproduction.
Lieutenant-Colonel W, Bar- | 16”=1 mile for repro- Ditto ditto,
8 | Bengal and Orissa .| 444| ron, S.C. duction, and 50 feet
Mr. F. W. Kelly . .| =1 inch, city survey.
Traverse Surveys.
t |Punjab. . . .| 49 [Colonel F.Coddington, S.C.|2"=1 mile, compila- Ditto ditto.
tion for reduction to
half scale.
3 |Raipur . . .| 52 | Colonel W. H. Wiikins, S.C. | 16”"=1 mile (skeleton Ditto ditto.
plots).
9 | Jubbulpore and Damoh .| 53 | Mr. G. H. Cooke . . Ditto Ditto ditto.
11 | Seoni and Chhindwira .| 54 | Lieutenant-Colonel D. C. Ditto . Ditto  ditto.
Andrew.
12 | Saugor and Narsinghpur| 55 | Mr. E. J. Jackson . Ditto . . Ditto  ditto.
13 | Sambalpur . . .| 57 [Mr. A.D'Souza . . . Ditto . . Ditto ditto.
Geodetic,
22 | Central India R .| s8 Liﬁutenant S. G, Burrard,| = ... Ditto Trig.
.E.
23 Ditto . .| . Ditto . . . Ditto ditto.
Tidal and Levelling
Operations.
25 |India , . .| 62 [MajorJ. Hill, RE. . . - Ditto ditto.
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Statement of Field Parties and Survey Operations—concluded.

«
© =
82 Natg;;:fiégt:le of = g Executive Officers. Scale of Survey. Adm'?;‘sg:g::tls"pe"
Es )
El- =4
-4 o
Geographical Surveys.
Det. | Upper Burma . .| 65 Bts. CMajor J. R. Hobday, [ {”=1 mile . .| D.S. G. Topo.
Det. Ditto . 167 Colonellr.EG. Woodthorpe, | 4” and {”=1 mile . . Ditto ditto.
Trans-Himalayan Ex-
plorations.
Bhutan and Tibet .| 68 |R.N.andK.P. . . 000 el Ditto Trig.

These operations are described in detail in Part II of this Report, in the
order in which they are given above, and the following is a summary thereof.

TRIGONOMETRICAL SURVEYS.

5. These operations have been confined, as in the previous year, to one small
party, which was employed on secondary triangulation along the Madras coast.
The triangulation has been extended 170 miles in length, viz. from Madras north-
wards to a distance of 45 miles beyond Nellore. A gap of about 8o miles has been
left between this point and that where the previous season’s operations, which were
carried southwards from Cocanada, closed near Masulipatam, which could not be
completed owing to the prevalence of bad weather and to sickness during the latter
part of the season. It is expected that this portion will be completed during the
current season and the series carried southwards from Madras as far as Point
Calimere. The object of this triangulation is to furnish points as a basis for the
future operations of the Marine Survey Department, and is part of a general
scheme to complete the triangulation of the parts of the coasts of India and Burma
where the principal triangulation has not been carried.

TOPOGRAPHICAL SURVEYS.

6. To meet the demands for remunerative surveys in the Central Provinces,
it was found necessary to still further contract the topographical programme
during the year under report. During the preceding year, ten parties had been
employed exclusively on this class of operations, and they yielded an aggregate
out-turn of 19,162 square miles of topography on various scales of survey. The
Cutch Party which had completed its work in that province, and the party
employed on the Deccan surveys which have had to be postponed, were diverted
to Revenue operations. Thus, excluding No. 20 Party, the operations of which
are confined to forest surveys in Lower Burma, the topographical parties have
been reduced to eight in number, and in two of these half the establishments have
been employed on special surveys for the Forest Department in the Bombay
Presidency. On the other hand, a topographical section was added to the ca-
dastral party employed in the Akyab district, Burma, so as to complete the
topography of some parts of the hill ranges situated between the valleys to
which the cadastral survey had been restricted. In the Punjab, the party
engaged in compiling topographical maps from the village maps of the settle-
ment surveys has made original surveys of small detached portions of Native
States, intermingled with British districts, but for the larger portions of the
Native States, the topography of the old maps, though admitted to be imper-
fect, has been accepted for the new compilations, an extensive re-survey at the
present time being considered to be inadvisable.

7. Out of the eight topographical parties, five have been employed in con-
tinuation of the preceding year's work : #z., two in the Bombay Presidency, one in
Gujardt, another in the Southern Mar4tha Country (with half their establishments
only) ; one in Baluchistan, which is at the disposal of the Military Department ;
one in the Mirzapur district, and one in the Himalayas.

B 2



4 PART L

8. Of the remaining parties, one which had hitherto been employed in Raj-
putana was withdrawn therefrom, and the survey thereof postponed in order to
make a second party available for the Military programme. This party was
transferred to Baluchistan and has been engaged chiefly on special surveys on
the frontier required by the Military authorities, _but it has .also gdded to the
extension of the general survey of Baluchistan in conjunction with the party
previously engaged thereon. ~ The completion of the survey of the Mysore
State during the preceding year rendered a party available for new work,
and the Government of Madras having accepted the proposal of the Govern-
ment of India for the transfer of the topographical work remaining to be com-
pleted in that Presidency from the local Survey Department to the Imperial
Department, this party was selected on account of its local experience to under-
take the operations in Madras, and it has been employed thereon in the districts
of Madura and Tinnevelly. The work, however, has been necessarily almost
confined during this first season to triangulation, and but little has been added to
the general out-turn of topography. The eighth party has been engaged, in con-
tinuation of the survey of the Andaman Islands, in making a survey of the
Nicobar Islands, the main object of which was to meet the requirements of
navigation. The coasts have been accurately surveyed and as much topographi-
cal detail in the interiors of the islands secured as the limited time available per-
mitted, as it was considered desirable to restrict the operations to one season.

9. The aggregate results of the topographical surveys during the year
amount to 17,510 square miles, which is exclusive of forest surveys and of the
standard mapping in the Punjab, compiled from the village maps of the settle.
ment surveys. The out-turn is composed as follows :—

11,786 square miles surveyed on the 4-inch scale.

257 " " " 1-inch
5,041 » » ” 2-inch ”»
354 ” 11 ) 4'§nCh 1
72 » ” ” 6-inch ,,

FOREST SURVEYS.

10. The special skeleton survey of forest boundaries in the Belgaum dis-
trict has been continued and completed for the forest tract to which the opera-
tions were required to be extended, The maps are on the 8-inch scale and show
boundaries only, except in a few cases where large streams or made roads pass
through the tract. For general purposes, the topography of the tract will be
surveyed on the z-inch scale in the course of the topographical operations in the
Southern Maratha Country; and for forest requirements, the Forest Officers
will add such topography to the 8-inch skeleton maps as they may consider to
be necessary. The above procedure applies to the forests in the Southern
Circle of the Bombay Presidency.

In the Northern Circle, however, more elaborate operations have been
demanded by the Bombay Government. Here a complete survey in full detail on
the 8-inch scale is required of such of the forest reserves where surveys do not
exist on the 4-inch scale, and a commencement has been made in the forests
of the Thdna district. Two half parties have been employed on these forest
surveys in the Bombay Presidency.

11. Two small forests in the Gorakhpur district have been surveyed on the
8-inch scale by the cadastral survey party working in that district.

12. The survey of the forests in Lower Burma has been continued on the
4-inch scale by No. 20 Party ; but, owing to the unsettled state of the country and
the impossibility of providing police guards for all the scattered detachments in
the Prome district, the Native section of the party employed there became
quite demoralized, and it was found necessary to suspend the work in Prome and
to remove the detachment therefrom. The operations, therefore, had to be
confined to new ground in the Pegu district in which preliminary triangulation
and traversing constituted the chief work of the party, and the out-turn of final
survey has thus been very small. The failure here, however, enabled the
party employed in Upper Burma to be materially strengthened by the with-
drawals from Prome, and thus a considerable increase in the out-turn of new
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geography has been obtained. The areas of the forest surveys above referred
to are as follows :— ' '

296 square miles surveyed on the 8-inch scale.

46 ” ” 4'mCh "

CADASTRAL SURVEYS.

13. Six parties have been engaged on cadastral surveys during the year. Of
these, the operations of five parties have been continued with little change from
those on which they were engaged during the previous season: (1) The party
employed in Basti has extended 1ts yvork nortl_lward,.excluswel.y in_its own dis-
trict ; and the only thing to be specially mentioned in connection with the work
of this party is the very minute sub-division of property that has been met with,
the average size of the separate plots in which the cultivators have occupancy
rights being 027 of an acre, which is quite unprecedented for smallness, and is
about one-third of the average size of the cultivators’ plots in the adjoining
district of Gorakhpur. Close upon two _milliqn Plots have beeq surveyed, areas
calculated, and rights recorded in Basti, wh_xlg in Gorakhpur, ina con51derab!y
larger area the number is less than one million. (2) The party engag'ed' in
Gorakhpur has been specially strengthened for the purpose of its accomplishing
a larger out-turn, so that the remaining area of the district may be completed in
two seasons, that is, before November 1888, as requm;d under the condltlon_s of
the expiring settlement. The out-turn has thus been raised to l,'o48 square miles,
being 228 square miles more than was surveyed last year. This party has also
sent a detachment to resume cadastral survey operations in the Tarai district for
certain selected villages where the extension of cultivation has rendered such
operations advisable. A new departure has been taken in the cadastral work of
this detachment by the employment of the village patwdris as surveyors in place
of prolessional amins, and although.some difficulty was at first experienced in
traimning the men, the plan eventually proved quite successful and excel-
lent work was obtained. (3) In Assam, the party having completed the
area required to be cadastrally surveyed in the Kdmrip district, has moved
into. district Darrang, where it has finished the entire area set apart for
cadastral survey, the operations being confined, as in Kdmrdp, to the villages in
which the cultivation is permanent, that is, where the same lands are cultivated
year by year, in contradistinction to the villages where the cultivated lands
are changed after successive periods. (4) In Burma, the party has been
employed partly in the Akyab district, where the area for cadastral survey has
been completed, and partly in the Bassein district, in which several circles
which had been omitted from the cadastral survey of 1879—83 have now been
assigned for survey. The Thongwa district, which adjoins Bassein, has also
been assigned to this party for cadastral survey, and preliminary traversing has
been undertaken there. Besides completing the cadastral area remaining in
Akyab, the party, having been specially strengthened with a staff of topogra-
phers, has carried out a topographical survey of parts of hill-ranges lying
between the villages to which the cadastral survey was restricted, and thus has
provided for the completion of several topographical sheets. (5) In the Central
Provinces, the party which had hitherto been employed in the Bilaspur district
could not be wholly re-employed therein on account of a partial famine through
failure of the autumn crop of 1886, and one section was diverted to the adjoining
district of Raipur, where a tract intended for settlement survey by patwdris
was assigned to it. The total area surveyed in the two districts is 1,022
square miles, showing an increase of 259 square miles on the out-turn of the
previous season, and the cost-rate has been reduced from R16g-11 to R132-14
per square mile.

14. The last of the six parties which had been employed on cadastral
surveys during the previous year is the party which had carried out experimental
operations in District Mozufferpore of Bengal, and which, on the stoppage of
the Mozufferpore survey, was available for transfer elsewhere. Any large opera-
tion sufficient for the employment of the whole party in one locality was not
forthcoming, and three separate operations have been assigned, each suitable
for a section representing a third of the party.

(@) The first section was sent to Calcutta for the survey of the town, the
operations of which will be referred to hereafter.
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() The second section was despatched to the Dinagepore district for the
cadastral survey of the Sankarpur Estate at present under the Court of Wards.
The survey of this estate has presented unusual difficulties on account of the
lands composing it being much scattered ; not only are many villages in which
the estate is exclusively interested detached singly, but in villages in which the
estate is only partially interested the lands are found lying in single fields
or in groups of fields with thelands of other estates intermingled with them.

(c) The third section was despatched to Orissa for the cadastral survey of
the Government Estate of Angul, formerly a Tributary State, which was confis-
cated in 1847, and which is now for the first time being brought under survey
for settlement purposes. The main part of the work which has been effected has
been village boundary traversing, but an area of 61 square miles has also been
surveyed cadastrally, and some of the sarbardkdrs (village headmen) have been
trained for cadastral survey work to be undertaken next season.

The areas surveyed cadastrally are—

Square miles.

North-West Provinces . . . . . . . . 1,808
Assam . . . . . . . . . . 547
Burma . . . . . . . . . . 546
Central Provinces . . . . . . . . 1,022
Bengal . . . . . . . . . . 260

ToraL . 4,273

TOWN SURVEY.

15. The survey of Calcutta has been undertaken in accordance with the
representation of the Municipal Commissioners to the Government of Bengal,
that the maps of the survey of 1847—49 had become out of date on account of
the numerous changes that had occurred, and, moreover, that the maps had been
drawn on too small a scale to show the details of the town with sufficient
accuracy. The present survey is being effected on the scale of 50 feet to an
inch, which is double the scale of the former survey, and all details are being re-
presented with every possible minuteness. Besides the ordinary particulars
concerning streets and houses, the boundaries of the separate properties which pay
revenue to Government are being shown, and information is being collected to
enable a new Register of properties to be prepared for the Calcutta Collectorate,
if found to be necessary.

TRAVERSE SURVEYS,

16. The party employed in the Punjab has continued the same operations
in British districts as formerly, its field work mainly consisting of the construc-
tion of a traverse framework on which topographical maps are drawn in office
by reduction from the village maps of the settlemnent surveys, Besides this,
during the present season, small outlying portions of the territories of the Sikh
States have been surveyed, so as to render the topographical maps complete, and
where extensive tracts of these States have been met with, the survey of which
forms no part of the programme of the present operations, the portions of the
old maps of the States, surveyed in 1847—50, have been redrawn so that the new
series of standard-sized sheets may be published without blanks.

17. The traverse surveys of the Central Provinces, designed to furnish a
skeleton basis for settlement surveys by village pafwdris, have been continued in
the districts of Raipur, Sambalpur, Jubbulpore and Damoh where the operations
had been begun during the previous season, and Districts Sambalpur and Damoh
have been completed. Four other districts, »iz. Saugor, Narsinghpur, Seoni
and Chhindw4ra, have been entered upon during the season by two new parties,
which have been brought up from the Bombay Presidency, where they had
been employed on topographical surveys. In the traverse surveys in the
Central Provinces, there is besides the village boundary traverses, a complete
system of interior sub-traverses, so as to furnish conveniently-sized blocks, for
the surveys of the fields by pafwdris, and every theodolite station is marked
with a substantial stone.
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The areas which have been traversed are—

Square miles.

Punjab . . . . . . . . . . 6,085
Central Provinces . . . . . . . . 10,576
ToTAL . 16,661

——

SPECIAL OPERATIONS.

18. As only one officer could be spared for astronomical work, the tele-
graphic longitude operations were suspended, and latitude observations re-
sumed. These have been extended south of Jubbulpore on the meridian of 8o,
in continuation of the operations of 1884-85, and observations have been com-
pleted at five stations. The operations were brought to a close somewhat
early, in order to carry out a further series of experiments with the two transit in-
struments at Dehra Dun for the purpose of elucidating the curious anomalies
in the result obtained with those instruments in the determination of differential
longitudes which were referred to in the Report for 1885-86. '

19. The tidal operations have been continued as usual. Observations for
registration of tides were taken at 17 portsin India, Burma, the Andamans,
Ceylon and Aden. One new observatory has been established, while that at
Dublat was swept away by the cyclone of 29th September 1886, but fortunately
not until the 5 years' registration had been completed.

GEOGRAPHICAL SURVEYS AND EXPLORATIONS.

20. In additionsto the regular operations of the topographical parties, two
detachments, one under Captain (now Major) Hobday, which was raised to the
strength of an ordinary field party, and another under Colonel Woodthorpe, R.E.,
have been employed on geographical surveys in Upper Burma, and considerable
additions have thus been made to our imperfect knowledge of that province.
The various military expeditions for pacifying the country have afforded the
means of obtaining this additional geographical information, and every opportunity,
as far as the strength of the establishment permitted, has been availed of to send
surveyors with the various columns to acquire new geography. The area that
has been thus reconnoitred amounts to 15,284 square miles, chiefly on the }-inch
scale, and the work is all based on triangulation. Besides this, various recon-
naissances executed by military officers and soldiers attached to the force, have
been utilised and incorporated into the maps issued by this Department, so that
every means of adding to our knowledge of the geography of the country has
been taken advantage of. To Major Hobday, who has been engaged on these
operations since the first occupation of Upper Burma, the successful work that
has been accomplished is mainly due ; and it is also by his efforts, in conjunction
with Captain Dun, Deputy Assistant Quarter Master General, that the satisfactory
results of the association of the Survey Department with the Intelligence Branch of
the Quarter Master General's Department have been obtained. His Excellency the
Commander-in-Chief has been pleased to express his approval of Major Hobday’s
services, and of those serving under him. Colonel Woodthorpe accompanied the
force that proceeded from Manipur into the Chindwin Valley, and has furnished,
in conjunction with Mr. Ogle, his assistant in this as well as in previous explora-
tions on the Assam frontier, a valuable addition to our maps. He succeeded
also in carrying the triangulation from Manipur, which is in connection with the
main triangulation of India, to the neighbourhood of Mandalay, and effected a
Junction with that executed by Major Hobday, which was previously unconnected.
It will be remembered that Colonel Woodthorpe has been engaged from the field
season of 1884-85 on incessant exploration work ;—firstly, to the Bor Khampti
country, in the valley of the western branch of the Irrawaddy, on return from
which, after much exposure and hardship, he was selected to accompany the
Gilgit Mission. He had no sooner returned from this arduous expedition ‘than
he volunteered for this service in Burma. It is gratifying to record that the
services of this officer have been recognized by the award of the Companionship
of the Military Order of the Bath.

21. Of Trans-Himalayan work the report of the explorations in Nepal and
Tibet by M—H, which was mentioned at page 54 of the Annual Report
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for 1885-86, has been separately published, with a sketch map illustrating his
routes. The detailed report of explorer R. N.s work in Eastern Tibet is
still incomplete, but a summary thereof by Colonel Tanner will be found in the
appendix, accompanied by a sketch map of Bhutan, which embodies all the in-
formation available up to date regarding that country.

22. In 1880, a native of Sikhim, K. P., was sent in company with a
Chinese /dma, by the late Captain Harman, to Tibet for the purpose of exploring
the course of the Sangpo river below Gyala Sindong, the point which had been
reached by explorer G. M. N,, to the plains of India; or, failing this, to throw
marked logs of timber into the stream at the lowest point reached, in order to
solve the question of its identity with the Dihang. K. P. has returned to India
after many adventures and has given a narrative of his travels, which shows
that, owing to the delinquency of the /éma, the arrangement for casting logs into
the Sangpo was not carried out. K. P. was sold as a slave in the Pemakoi
country, from which he eventually managed to escape. He succeeded in pene-
trating to a place called Onlet, on the Sangpo, which he states is not much more
than 40 miles from the plains of India; and his account, combined with informa-
tion derived from a Mongolian /dma, who had lived for many years near Gyala
Sindong, has enabled Colonel Tanner to construct an amended chart of the course
of the Sangpo between Gyala Sindong and the point to which our knowledge of
the Dihang river extended, which will be found in the appendix. It is intended
to publish the itineraries of both K. P. and R. N, together with the information
obtained from the /dmas in a separate report. Meanwhile, a short account is
given in Part II, and in Colonel Tanner’s note in the appendix, which also
contains a résumé of the work done up to date, both in Bhutan and on the Lower

Sangpo.

HEAD-QUARTERS OFFICES.

23. The account of the work done in the various offices at the head
quarters is given in Part IIT of this Report. The number of maps published
during the year, including new editions of old maps, amounted to 315. This is
exclusive of cadastral maps, of which 3,843 have been published. The total
number of maps issued amounted to 178,398, valued at R1,36,344. The
income from map sales amounted to Rg,254.

24. The vast amount of mapping that has been thrown on the drawing
offices by the surveys and reconnaissances executed by the officers attached to
the Afghan Boundary Commission has caused great pressure on these sections.
Considerable progress has been made in the completion of these maps without
interference with the ordinary work, which was further increased by the urgent
demands for maps of Burma and Baluchistan In the Lithographic Office a
series of statistical maps has been commenced, showing the area percentage of the
principal crops grown in different districts throughout India. The Military and
Railway map, which was noticed in last year's Report, has made steady progress.
This map is in 12 sheets and will be printed in four colours. Itishoped that it
will be ready for publication during the current year. Among the maps publish-
ed by the photo-zincographic process may be mentioned a preliminary map of
Upper Burma on the 16-mile scale, compiled from the sheets on the }-inch scale,
which were prepared by Major Hobday from all available sources. These
maps are necessarily very imperfect, as the acquisition of geographical information
in Upper Burma and its accuracy must for some years be gradual and progres-
sive. It is hoped that new editions of the above maps, giving further details, will
shortly be published.

25. The processes of heliogravure have made great progress during the
year : two quarter-sheets of the Atlas of India have been engraved directly by the
aid of photography from manuscript drawings. The results that have been
obtained show that for the reproduction of line work the process is well adapted
to take the place of hand engraving for temporary purposes, such as for maps
in which the geographical information is imperfect and which are likely to be
superseded by more reliable materials. For the reproduction of maps, however,
in half tone, the process requires further development. The heliogravure pro-
cesses have also been utilised largely for the reproduction of drawings for the
Archzological Survey, in which some beautiful specimens have been produced,
and fora Technical Art Series for educational purposes. A medallion portrait of
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Her Majesty the Queen-Empress of India, reproduced by the photo-etching
process, 1s appended as a frontispiece. The use of electrotyping for duplicating
engraved copper-plates has also been largely extended during the year. The
collotype process has also made some advance and specimens of reproduction
of a water-colour drawing, printed by this process, will be found in the appendix.
These specimens also illustrate the advantages of orthochromatic photography
to which some attention has been devoted.

ESTABLISHMENT.

26. During the year the Department has sustained the loss of the services
of two officers who have been associated with it for many years. First, by the
lamented death of Colonel G. C. DePrée, S.C., late Surveyor General of India.
In February 1886, Colonel DePrée was forced by illness to take furlough to
Europe, with the intention of returning to complete his full period of service.
His health, however, prevented him from carrying out his desire, in which he was
actuated solely by loyal motives and by his devotion to the department. Deriving
no benefit from his residence in England, Colonel DePrée went to Jersey, where
he died on the 18th February 1887, a few months before he would have had to
retire from the Department, under the superannuation rules. He had spent
36 years in the service of the Indian Government, of which over 32 years had
been passed in the Survey Department. In January 1883, after 28 years’ service
in executive duties of the Topographical Branch, Colonel DePrée was appointed
Deputy Surveyor General in charge of Topographical Surveys, on the occasion
of the separation of the duties of that office from those of the Surveyor General ;
and, subsequently, on the retirement of General ]J. T. Walker, C.B., R.E., he
became Surveyor General of India. Lieutenant-Colonel T. T. Carter, R.E.,
Deputy Superintendent, 1st grade, retired on the gth January 1887, owing to ill
health, after a service of 29 years under the Indian Government, of which nearly
25 years had been spent in the Trigonometrical and Topographical Branches of
the Survey Department.

27. The resources of the Department have been severely taxed in pro-
viding officers to superintend the various field operations and in meeting all the
demands that have been made upon it. The existing strength of the Senior
Division is unquestionably insufficient to continue to bear the strain under which
the Department has been working during the past three years. The contraction
of the Topographical programme, which is a matter of much regret in view of
the completion of the entire first survey of India and of the pressing need of
surveys in Upper Burma, has afforded no relief, as the parties employed thereon
have been merely diverted to other work to meet the demands for re-settlements.
The trained agency available is so limited as to cause much anxiety for the effi-
cient execution of the surveys now in progress; this is due partly to appoint-
ments to fill existing vacancies having been withheld, partly to the expansion
of the military programme, and to the extra demands that are now made for
officers to accompany military and political expeditions. It is essential therefore
for the proper prosecution of the work that may be required from the Depart-
ment, and for the due administration thereof, that a fixed programme should be
decided on for a series of years, and that the establishments should be main-
tained at an adequate strength.

28. It is gratifying to record that the labours of the officers of the Survey
Department in Afghanistan and Upper Burma have been appreciated and
rewrrded.

In recognition of services with the Afghan Boundary Commission, Lieuten-
ant-Colonel Holdich, Majors Gore and the Hon'ble M. G. Talbot have each
received a step of brevet rank ; Sub-Surveyors Yusuf Sharif and Imam Sharif
have obtained the personal distinction of Khan Bahadur and Sub-Surveyor
Hira Sing that of Rai Bahadur. Colone! Holdich has further been awarded the
Founder’s medal of the Royal Geographical Society in London for the services
he has rendered to geographical science,

In recognition of their services in Burma, Colonel Woodthorpe, R.E., has
been appointed to be a Companion of the Order of the Bath and Major Hobday
has received a step of brevet rank.






PART II.
THE OPERATIONS OF THE SEVERAL FIELD PARTIES.

TRIGONOMETRICAL SURVEYS.

COAST TRIANGULATION.

CHINGLEPUT AND NELLORE DISTRICTS, MADRAS.

No. 24 PARTY.

29. These operations were continued during the season under the executive
Personnel charge of Mr. Ryall, their object being to
Mr. E. C. Ryall, Officiating Deputy Super- fx points of reference for the Marine Sur-
intendent, 4th grade, in charge, vey, at intervals of from 5 to 15 miles
Mr. J. Bond, Surveyor, 4th grade. along the east coast of India. Light-
houses and other permanent marks are utilized for the purpose where such are
available, and in their absence beacons are constructed in conspicuous places,
their positions being fixed by triangulation or traverse.

30. The party left recess quarters at Mussooree on the 25th November and
proceeding to Masulipatam where the stores and instruments had been deposited,
went thence by Buckingham Canal to Madras. Owing to the protraction of the
north-east monsoon, work could not be commenced until the 26th December and
then much delay was caused by the illness of both Messrs. Ryall and Bond. The
observations were further retarded by delay in obtaining the sanction of the
Conservator of Forests for felling trees for the purpose of clearing the rays be-.
tween stations required to fix the Ennur beacon.

31. The triangulation this season was arranged in three separate sections,
esach originating from sides of the principal triangulation of the Madras Coast

eries :—

(1) A series of 22 triangles, from St. Thomas' Mount to Ennur, over a
direct distance of 22 miles.

(z) From Armugham light-house, Oudali H. S., and Narsimkonda h. s.
to the coast, comprising 17 triangles, in length 45 miles.

(3) From Narsimkonda h. s. and Kistama H. S. to Ramapatnam, 41
triangles, in length 61 miles.

In all, the triangulation was extended over 170 miles of coast line north-
ward from Madras, by which nine beacons and other points on the coast were
fixed in addition to three light-houses.

32. Two traverses 74 and 4 miles in length respectively, were also run from
stations of the main series to fix beacons and marks which could not be advan-
tageously connected by triangulation.

33. A distance of about 80 miles of coast line remains between the most
northern point reached this season and the most southern point of the last sea-
son’s work ; this interval will be completed during the next season. During the
recess all computations and charts of the season’s work were completed and
brought up to date.*

*Mr. Ryall speaks favourably of Mr. Bond’s work and his endeavours to make up for the time lost
through sickness,
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TOPOGRAPHICAL SURVEYS.

SOUTH MARATHA COUNTRY, BOMBAY PRESIDENCY.

No.
34. This party, which during the

Personnel.

Lieutenant-Colonel T. T. Carter, R.E,, Deput
Superintendent, 1st grade, in charge from gtK
to 31st December 1836.

Lieutenant F. B. Longe, R.E., Officiating
Deputy Superintendent, 4th grade, in charge
up to tgth October 1%86.

Lieutenant W. H. Pollen, R.E., Officiating
Deputy Superintendent, 4th grade, in charge
from 2oth October to 8th December 1886, and
from 1st January to 6th June 1887.

Mr. A. M. Lawson, Surveyor, z2nd grade, in
temporary charge from 7th June 1887.

Mr. Kelly, Assistant Surveyor, 1st
grade.

Mr. R. R. Dickinson, Assistant Surveyor,
1st grade.

Mr.O. D. Smart, Assistant Surveyor, 2nd grade.
25 Sub-Surveyors and others.

10 PARTY.

previous season had been under the charge
of Lieutenant F. B. Longe, was at the
beginning of the field season, on the trans-
fer of Lieutenant Longe to a party in Ba.
luchistan, placed under the charge of
Lieutenant W. H. Pollen, who supervised
the operations in the field, and who on the
return of the party to its recess station,
when he was about to proceed on leave to
Europe, was relieved of the charge by Mr,
A. M. Lawson.

Mr. Lawson held charge until 21st Octo-
ber 1887, on which date Lieutenant-Colonel
H. S. Hutchinson, who had been appointed
to the party, joined and took charge.

The short incumbency of Lieutenant-Colonel T. T. Carter, v:z., from gth to
g1st December, should also be mentioned, although he was unable to take any
share in the field operations, having joined the party on return from furlough in
bad health which soon compelled him to retire from the service.

The field season extended from 16th November 1886 to 279th May 1887.

35. The party, divided into two sections, has been employed on two distinct
operations. One of these is a topographical survey on the 2-inch scale, show-
ing village boundaries, similar to the survey which has been carried on in other
parts of the Bombay Presidency ; the other is a partial survey of forests on the
8-inch scale, exhibiting, according to the specification of the Forest Department
only the boundaries of the forests, and such details (where existing) as perenniai
streams or made-roads, all other details and the delineation of the hill features
being entirely omitted. The forest survey was carried on ina tract which had
not been included in the topographical survey, and the features which have been
omitted will hereafter be surveyed on the 2-inch scale.

36. The topographical section has undertaken the completion of Sheet 205,
which had been partially surveyed by No. 11 Party during the previous season ;
also, it has completed Sheet 243, which had been left undone the same season:
and it has commenced and finished the topography of Sheets 305 and 306. The
portions of Sheets 205 and 243 consisted of difficult mountainous country
forming parts of the Western Ghéts ; Sheet 305, crossed by ranges of flat-top-
ped hills covered with thorny jungle, was also somewhat difficult for the topo-
graphers; but Sheet 306 was all open easy country. A few descriptive notes
furnished by Mr. Lawson with the aid of the official gazetteer, are printed in the
appendix, page ii.’

37. The areas surveyed on the 2-inch scale in the several districts and
States are shown in the following statement :—

Square

miles,
Kalddgi District . . . . . . 19
Belgaum ,, . . . . . . . 425
Dhirwir ,, . . . . . . . 474
Ratnégiri ,, . . . . . . . 32
Kolhipur State . . . . . . . 206
Séngli " . . . . . . . 13
S4vantvadi ,, . . . . . . . 53
Rémdurg " . . . . . . . 113
Torgal " . . . . . . . 57
) ToTAL . 1,412
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The area triangulated is 1,570 square miles of open country, which has been
accomplished by means of observations at 150 stations. The area traversed
is 1,527 square miles, of which 1,300 square miles are in advance for next season’s
detail survey. During both operations of triangulation and traversing, the
heights of 190 points have been determined.

38. The topography was surveyed as closely as the scale admits of and it
has been tested by 76'5 linear miles of check lines, but these checks are not
considered to be sufficient and several sections remain to be tested. Village
boundaries in British districts were surveyed according to the marks found on
the ground and were afterwards compared with the Revenue Survey maps. In
the case of Native States, only the State boundaries have been surveyed. During
the recess, the mapping of the 2-inch sections of Sheets 243, 305 and 306 has
been done, but the new sections of Sheet 205 consisting of intricate hill features
are still unfinished.

39. The Forest survey section has been employed in the Khanapur forests
of the Belgaum district ; and on account of the forest and village lands being
so much intermingled, the survey has necessarily comprised the cultivated lands
situated within the forests but still remaining with the villages, as well as the
forest reserves which have been exscinded. As required by the Forest Depart-
ment, the village unit has been upheld, the village boundaries being first
surveyed and then the boundaries of the included forests, and the forest
boundaries being traced from the Revenue Survey maps according to the field
“numbers” which had been transferred by Gazette Notification to Forest juris-
diction. The number of villages falling within the tract that has been surveyed
is 83, from 76 of which lands have been exscinded for forests, and while the total
area of the tract is 215 square miles, the aggregate area of the portions reserved
for forests is 154 square miles. The aggregate of the traversing of the village
and forest boundaries is 862 linear miles, fixing 8,623 theodolite stations mostly
on boundary stones and a few on stones specially embedded.

40. In the construction of the maps, the village unit has also been retained,
separate maps having been projected for each of the villages, showing both the
forest lands and the lands left for village assessment. It will be understood from
what has already been mentioned regarding the nature of the survey applied for
by the Forest Department, that the maps, which are on the 8-inch scale, are
mere skeletons showing the boundaries to which in some cases surveys of large
streams or made-roads have been added where existing, but there has been
no representation of the hill features or of the minor drainage. Copies of the
maps have been drawn for the use of the Forest Department.

41. The total cost of the party for twelve months ending 30th September is
R50,843, half of which is payable by the Government of Bombay (Forest Depart-
ment) ; and the cost-rates per square mile thus deducible are shown in the table
at page 72.

42. The party suffered a good deal from fever both in the forest tracts
and open country during the early part of the season, two cases proving fatal.
Guinea-worm was also common all over the district.

43. The recess office of the party at Poona was inspected during September
by the Deputy Surveyor General in charge of the Revenue Branch, who was
satisfied with the character of the field work and with the progress made as
regards the computations and drawing in office.*

* Mr. A. M. Lawson, who has prepared the annual report, reports favourably of Messrs. Kelly,
Dickinson and Smart, and states that the undermentioned Sub-Surveyors have done excellent work, »is.,
E{‘zullah Khan, Damodar Gopal, Govind Janardhan, Ramrao Yadho, Vitoba Nagaji and Babaji Ram

under.
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MIRZAPUR DISTRICT, NORTH-WESTERN PROVINCES.

No.

14 PARTY.

44. This party resumed field operations in the Mirzapur district on the 17th

Personnel.

Mr. W. H. Patterson, Officiating Deputy Super-
intendent, 4th grade, in charge.

Mr. L. {_ Pocock, Surveyor, 3rd grade,
» C.F.Hamer, " 4th

, C. D. Potter, ” 4th

» W. ] Cornelius, Assistant Surveyor, 1st

grade.

Mr. H. T. Kitchen, Assistant Surveyor, 1st
grade.

Mr. E. F. Berkeley, Assistant Surveyor, 2nd
grade. :

Sub-Surveyors.
Barkat Alj,

Gurdutt Sing,
and 6 others,

Azim Khan,
Prem Raj,

November 1886 under the superintendence
of Mr. W, H. Patterson who has held
charge during the entire year. Field work
was continued till the end of April, when
the party started for recess quarters at
Mussooree.

45. The out-turn of work consisted of
(a) the triangulation of 525 square miles in
sheets 198, 199 and 212; () the detail
survey on the 2-inch scale of 454 square
miles in the same sheets; (¢) the comple-
tion of the bourdary survey of seven villages
in Pargana Bijaigarh left incomplete by the

Revenue Survey Party previously employed
in the district owing to the hilly nature of the country; (&) the mapping of details
taken from the village plans of the Settlement Survey executed in 1864—68,
and based on the traverse survey of last season of 1,223 villages in sheets 168,
169, 181 and 182, comprising an area of 391 square miles; (¢) the traverse sur-
vey of 536 villages in Parganas Khera Mangraur and Naugarh, sheets 197 and
198, forming the Chakia Estate of the Maharaja of Benares, of which a cadastral
survey will be undertaken during the present season,

46. The operations under head (z) complete the triangulation required for
the 2-inch detailed survey in District Mirzapur ; under head (&), the accuracy of
the topography has been carefully tested by the examination of the field sections
from positions zz situ by the executive officer and the European assistants;
under class (¢) the work involved the setting up of the theodolite at 4,105
stations and the measuring of 860 linear miles of chain traverse. Azimuths were
observed at 13 stations to check the bearings of the traverse lines.

47. Three native soldiers were attached to the party during the field season
for training, and after being instructed in the use of the plane-table they
conjointly contributed an area of 57 square miles of 2-inch survey to the season’s
out-turn,

48. The country topographically surveyed is of the same intricate and hilly
nature as that met with in previous seasons. Most of the precipitous slopes of
the Kaimur range of hills fall within the season’s work, and the survey of these,
in addition to the intricate jungle-clad ground met with elsewhere, rendered the
work difficult and laborious. Further delay was iricurred by the health of the
establishment which was bad during the entire season; the detachments working
in the Kaimur hills were attacked with a malarious type of fever which prostrated
the surveyors for a considerable time and caused serious interruptions in the work.
The out-turn therefore is not so large as was anticipated and the cost-rates have
thus been somewhat enhanced.

49. During the recess the following maps have been completed on the 2-inch
scale :—8 sections of the standard size comprised in sheets Nos. 168, 181, 184,
185 and 200 for reproduction to scale; and 5 sections of sheets Nos. 200 and
201 for reduction to 1-inch, The fair drawing of sheets Nos. 184, 198, 199 and
212 will be completed in the Drawing Office at Calcutta.

In addition to the above the plotting of the polygons of the villages in the
Chakia Estate and the records connected with the traverses thereof were completed.
The computations of the season’s triangulation were finished and a chart of tri-
angulation for the whole district of Mirzapur prepared on the 4-inch scale. The
arrears of the general reports and records of the Khindesh and Bombay Native
States and of the Bhopal and Malwa surveys which had been entrusted
to Mr. Patterson’s supervision, have now been completed in the office of
this party.

50. The area that now remains for survey in the Mirzapur district amounts
to about 350 square miles, of which 175 square miles, comprising the Maharaja of
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16 PART II.

to be triangulated therefore devolved on Mr. Barckley.

vented in a certain tract by the unsettled state of the t
the avoidance of that neighbourhood, and the complet
fore, not accomplished, but this portion will be finished

This triangulation was connected on the north with
tains Talbot and Wahab in 1882-83. The result, however, is not very satisfac-
tory, which is owing in a great measure to the dense haze which spreads over the
country during the months of May and June and to the fact that the cairns erec-
ted as marks for observation were often knocked down by the Brahuis as soon as
erected, so that on occasions the top of the hill only could be observed to. A
few observations next season will, it is expected, perfect the work.

55. The country topographically surveyed comprises portions of the Bugti
and Marri hills, the Khetrdni hills, the Kachi near Sibi, the Bori valley and the
Luni Pathdn country in the north and the juniper forests about Zirat. Captain
Longe reports that the Marri, Bugti and Khetrdni countries are extremely intri-
cate and that great difficulties were met with in obtaining water and supplies.
To the north however the country is much less complicated, the valleys are
wider and comparatively well inhabited, and the hill ranges which run approxi-
mately east and west, are well marked and easily surveyed. ' .

56. The four native soldiers who had been attached to this party during the
previous year were sent back to military duty after a two years' course of in-
struction.  They were replaced by three other native soldiers who have been with
the party throughout the year under report. They have shown considerable ap-
titude and intelligence and are capable of performing independent surveys on
the 3-inch scale. During the recess season they have been instructed in draw-
ing, in which they have made considerable progress and during the ensuing sea-
son they will be taught geographical and route surveys.

57- The health of the party during the field season was on the whole good ;
though owing to the extremes of heat and cold always met with in this country
the season was a trying one. Captain Longe reports that during the latter part of
April and in May the heat in tents in the Marri and Bugti hills was almost unbear-
able.

58. A small detachment comprising one European Surveyor and one Sub-
Surveyor from this party and the same from No. 16 Party recessed at uettal; to
carry out any special work that might be urgently required by the military alllt or-
ities. They were employed in working out the computations of the triangulation
done by Captain Longe’s party during the field season. L f

59. During the year the drawing of the fair sheets of the 2-inc ?)urvey 0
the Khwéja Amrédn range was completed, two Sub-Surveyors he%vmgh een em-
ployed on it throughout the year. This survey was executed during the prel\(/ilous
season, but owing to the shortness of the recess that year the fair-drawing coud r}]lqt
be finished. During this recess season all the fair maps of the sheets surveyed this
year on the 1-inch scale were drawn, except those of which the survey was ?13(;]3-
cuted during the recess by the detachment which remained at Quetta. f he
fair maps have been drawn with much care and skill. The computations ot t EE
season’s triangulation were completed and the charts and general reporfts 0
Degree sheets brought up to date. A long report on the exploratlfo?s of two
Sub-Surveyors in the Registdn, mentioned in paragraph 6o, Part I1, o :Eslt ygfir s
Report, was translated by the office writer and epitomised by Mr. ahq 111115.
Captain Longe has written an interesting account of the country to;}oghrap 1c? y
surveyed, and Mr. Barckley has submitted a comprehensive report of the routes,
&c., in the area which came under triangulation. These reports have been sepa-

rinted.
ratel)gcp:. %t}ele cost-rates of this party will be found at page 72 of t_hﬁ appen-
dix. The expenditure on these trans-frontier surveys is necessarily hl% , is ex-
plained in paragraph 59, Part 11, of the last Annual Report, omeghto the (:;vy
charges for tribal escorts for the protection of the surveyors. e amount in-
curred on this account alone during the year under report was R23,759 or lmor.e
than one quarter of the whole cost of the party. The cost of carriage also 1s
dingly high. . . o
exce%ur?ng thge ensuing season sheet 23 N. W. will be tr}angulatedllagd if hmg
admits, part of sheet 23 S. E. A series of first-cliss triangles will be carnef
from Kalit to the Great Indus Series. The topography will be taken up o

Observations were pre.
ribes which necessitated
e programme was, there-
in the ensuing season.

that executed by Cap-
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TOPOGRAPHICAL SURVEYS. 17
sheets 22 2%, 23 X%, 30 =¥ and if possible of portions of sheets 22 S, W.
and 23 N, W.*
BALUCHISTAN.

NoO. 16 PARTY.

61. Owing to the demands of the military authorities for special surveys on
the frontier, the party that had been em-

Personnel, ployed for some years past in Rajputana

Captz}int R&A}Wihab';“g" Ohﬂg. Deputy Su- and Central India was transferred to Balu-
perintendent, 4th grade, in charge. 3 1 ,

ME. W. Todd, Surveyor, znd grage_ chistan, and Capte.un Wahab, R.E., who

» W.W. McNair, Surveyor, ard grade. had been temporarily attached to the Hi-

» E g’i‘}‘a"" Assistant Surveyor, 1st grade.  mgalaya Party during the absence of Colonel
» G. P. Tate, Assistant Surveyor, 2nd grade. . : ..
» B. R.Hughes, Assistant Sutveyor, znd lanner with the Tibet Mission, was placed
grade. in charge a short time prior to the party
taking the field. Lieutenant Pollen, to
whom the conduct of the party had been
Abdul Ghafar. Asgar Ali Beg. entrusted during the recess season of 1885-
ﬁ‘;‘}‘};‘;‘“egqﬁt"s'::d i];f:;;%l;khsh. 86, was transferred to the charge of the S.
Maratha, or No. 10 Party.

62. The strength of the party on taking the field is shown in the margin
above, Leaving Mussooree early in October, Sibi was reached on the 22nd,
and by the courtesy of the Manager of the North-Western Railway (Pishin
Section) the party was enabled to travel with all its equipment over the then
unopened Boldn line to Quetta, and thus the expense and loss of time which
would have been incurred in the trying march through the Boldn pass was saved.

63. The original programme of work for the party was the extension of the
general survey of Baluchistan on the %-inch scale in conjunction with No. 15
Party; but shortly after the arrival of the party at Quetta, when all preparations
had been made for carrying on the -inch work in the neighbourhood of Kaldt, a
requisition was received from the military authorities for certain special surveys
which were to take precedence of all regular work, and a few days were, there-
fore, lost in making arrangements for the new programme. This included a
detail survey, on the 6-inch scale, of about 27 square miles of country in the
neighbourhood of Quetta; a 2-inch survey of the eastern portion of the Pishin
plain and the Surkhib, Gwal and Kach valleys with the intervening hill ranges,
also the extension southwards of the 2-inch survey of the Khwdja Amrdn range
to include the Wach Dara, the southern branch of the Gwazha pass.

64. All this ground had to be triangulated and the computations worked out
before the party could commence the detail survey, and as the whole establish-
ment was not required for these preliminary operations, a certain number of the
efficient plane-tablers were employed on the 3-inch survey in Shor4rud and Shora-
wak, a part of the original programme, and this was carried out without inter-
fering with the progress of the special surveys.

65. The out-turnof topography executed during the season is as follows : —

Sub-Surveyors.

27 square miles surveyed on the 6.inch scale.
760 " " z-inch ,,
2,276 " " $-inch ,,

The 6-inch area has been surveyed in great detail, with water-leyelled
contours at vertical intervals of 50 feet in the low ground and 100 feet in the
higher hills, while the other areas have been as minutely surveyed as the scales
would admit. The necessary examinations of the field sections were made to
test the accuracy of the work.

* Captain Longe reports as follows on his Assistants ;=" Mr. Claudius is a very valuable assistant;
his knowledge of the country, the people and the work of the party generally has been of great help. Mr.
Wainwright has worked very steadily and well throughout the year. Mr. Barckley had a very !?ng and
tryin% scason and worked very cnergetically. Mr. Kitchen is a very accurate and careful surveyor.

The Sub-Surveyors are generally favourably reported on, and the following are specially brought to
notice :—Ahmed Ali Khan, Hussein Baksh and Kadar Sharif. The services of the writer F:\lc!] Mahomed
.;'ro also prominently mentioned in having translated a long report on the Nushki exploration out of office

ours.

D



18 PART 1II.

66. The triangulation for the 6-inch and 2-inch w i
Mashelak—Usda of the Baluchistan Series, both of wh(i);]l: xificl))s:if}e?; st:gs?;d?
torily identified. From this base, triangulation was extended to the crests (c:)f
the hills north of Pishin, and every opportunity was taken of fixing prominent
points considerably beyond the limits of the detail survey to the north and east.

The triangulation for the 6-inch survey was completed during November
and the computation and plotting of plane-tables by the 15th December, when
the detail survey was commenced. In addition to the triangulated points, a
number of points were fixed (and their heights determined) by tT’aversing, which
were of great assistance in the contouring,

The triangulation for the 2-inch work was completed by the same date and
the computations and plotting by the middle of January. The area triangulated
was about 910 square miles. Some difficulties were experienced owing to wet
and cloudy weather in the high hills near Kach, but the observations were
fortunately completed before the worst of the cold weather with its fogs and
snow had set in.

67. Captain Wahab has submitted an interesting report descriptive of the
country surveyed, which has been separately printed.

68. The party remained at work throughout the winter months without in-
terruption, and though the operations were occasionally delayed by snow and
intense cold in January and February, the health of the party did not in any
way suffer. The main body of the party returned to recess quarters at Mussooree
on 25th May, but three Sub-Surveyors remained in the field until the middle of
June to complete the work in the higher mountains, which could not be entered
during the winter months owing to the extreme cold. They were supervised by
Mr. Graham, who remained with the detachment that recessed at Quetta.

69. Three native soldiers were attached to this party also, for instruction in
surveying. They were taught plane-tabling during the first few months, and
were eventually able to take a share in the operations, each surveying about 40
square miles of easy ground.

70. During the recess the fair maps of the whole of the 2-inch and 6-inch
work have been drawn—the former in g sections of the standard size, the latter in
3 sections, all of which have been reproduced. The 6-inch sheets show only the
instrumental contours traced in the field, and interpolated contours based on the
hill sketching of the field sections, where, owing to the steepness of the
ground, regular contouring was impossible. In the field sections the hills
have been represented with the addition of eye contours at 10 feet vertical
intervals, but owing to the shortness of the recess, time did not permit of these
eye contours being drawn on the fair maps. These can be added if required at
any future time, but the maps in their present state are for many purposes clearer
and more useful than they would be with complete hill shading.

1. The large out-turn and excellent character of the work that has been
accomplished by Captain Wahab and his assistants is highly creditable, more es-
pecially as this was the first year the party had been employed in the country,
and most of the members were inexperienced in frontier work.

22. During the ensuing season the party will continue the general survey
of Baluchistan on the i-inch scale as far as any special requisitions that may be
made on it will admit. A first-class series of triangulation will also be carried
along the joth parallel between Dera Ghdzi Khan and Pishin, which, in conjunc-
tion with a meridional series, to be run by No. 15 Party, southward, to join the
Great Indus Series near the 27th parallel, is intended to link the stations on the
Pishin frontier with the great triangulation of India and form a final basis for
extensions that may be required in Southern Afghanistan and Baluchistan.*

* Captain Wahab reports that all his Assistants worked zealously and well, Messrs. McNair and
Graham did specially good work both in triangulation and detail survey; and to the excellent services of these
two officers Captain Wahab attributes in a great degree the successful completion of the programme, Of
the Sub-Surveyors, Abdul Ghafar and Jafar Ali worked particularly well,
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TOPOGRAPHICAL SURVEYS. 19

GUJARAT AND THANA DISTRICT, BOMBAY.

No. 17 PARTY.

3. This party, which had been under the charge of Mr. J. Newland during
the greater part of the previous year, owing
. to the paucity of available officers of the

C°l°3§1nf"25§l?r';}1§‘?,;'CE:}’;;_Y Superintet*  Senior Diviston, was at the commencement
Mr. ). Newland, Surveyor, ath grade. of the field season placed under the charge
» Gr'adf;" Rnight, Assistant Surveyor, 1st ¢ Colgnel Pullan, whose services became
Mr. g F..Norman, Assistant Surveyor, 1st available on the completion of the Cutch
ade. Topographical Survey, and the operations

Mr. C. Norman, Assistant Surveyor, 1st grade. 3 h d h
w P. ]J. Serrao, Assistant Surveyor, 3rd durmg the year under report have been

Personnel.

grade. supervised by that officer.
. Sub-Surveyors. 74. The party was divided into two
Gopal Vishnu, Balkrishna Babaji, 1 mpl ¢ 1st1
SR Bhomtar, Covind Gapat sectlloqs for e:“pfoyment on two dgtmct
Bhau Gobind, and 19 others. operations, and left recess quarters at Poona

on 18th November 1886, one section pro-
ceeding to Surat and Pélanpur to carry on the topographical survey of Gujardt
on the 2-inch scale; and the second to the Kalydn taluka to commence the sur-
veys, on the scale of 8 inches to a mile, in full detail, of the Forest Reserves in
the Thdna district required by the Bombay Government. .

75. The topographical section has completed the detail survey of 1,841
square miles on the 2-inch scale, included in sheets 86, 87, and portions of sheets
182, 187 and 190. The whole of sheets 85 and 86 consist of open sandy plains
offering no obstacles to the surveyor; the portions of sheets 182, 187 and 190
that were surveyed comprise low undulating hills thickly wooded and difficult
to delineate, and consequently the progress of the work was much slower.

76. In addition to the above, the triangulation of sheets 102 and 118 has
been executed, comprising an area of 1,085 square miles, in advance for next
season’s detail survey. The boundaries between different States and falukas in
Baroda were also traversed, aggregating 236 linear miles.

77- The topography has been surveyed as minutely as the scale would
admit and its accuracy has been tested in part by 197 linear miles of check
traverses, and elsewhere by ¢z sitx examinations made by the executive officer
and his senior assistants.

78. The Forest Survey section was exclusively employed in the Thdna
Forests under the immediate supervision of Mr. Newland. As this was the first
season of the field operations, the work was at first necessarily confined to the
preliminary triangulation and traversing and the detail survey was not com-
menced in consequence till the 15th December, when a small squad of 6 plane-
tablers was started and the remainder early in January. The character of the
survey required was a topographical survey, on the scale of 8 inches to a mile,
showing all details that the scale will admit. The work has proved to be one of
considerable labour and necessarily of slow progress.

79. The area topographically surveyed on this scale is 53 square miles com-
prising the forest reserves of 43 villages of Karjat faluka, 18 villages of Sélsette,
and 7 villages of Kaly4n, including the Khairna-Pati Reserve on the
Parsik range of hills. The work lies in 7 detached blocks and is confined to the
hills. The range varies in height from 500 to 1,300 feet above sea-level, and
though in parts it is sparsely wooded and bears but little valuable timber, still
great obstruction was met with on account of the thickness of the scrub jungle
which is mainly composed of £/4a7» and cactus. The boundaries of the forests
which run round the bases of the hills, encircling each block of forests separately,
have been surveyed by chain and theodolite traverse with offset measurements to
boundary-pillars where necessary. The survey included the determination of
contours by the water-level, differences of height having been taken at vertical
intervals of 123} feet down the spurs of the hills or at suitable distances along the
hill sides, the contour lines between the water-level marks being sketchedin. The
water-level operations are based on the heights obtained by the triangulation ; the
measurements add considerably to the cost of the work, but without them the

D2



20 PART 11,

survey would be of an inferior character, and not suitable to the requirements
of the Forest Department or of the prescribed scale.

. 80. The accuracy of the topography of each field section was tested by n
situ examinations, and with one exception, which required a partial re-survey, was
found to be highly satisfactory.

81. The triangulation for these Forest surveys covered an area of 107
square miles by means of observations at 145 stations, the total number of points
fixed being 548, the heights of which were determined. This number of heights
was supplemented by the boundary traverses, the aggregate length of which is
159 linear miles, and further determinations were obtained with the clinometer
to provide an efficient basis for the water-levelling operations. The area that has
been prepared in advance for detail survey next season is 28 square miles.

82. The section employed on these Forest surveys suffered very consider-
ably from fever. It is locally recognized that survey operations cannot be
effectively carried out in the Théna forests between” November and January,
both months inclusive, owing to the prevalence of malarious fever at that time,
yet to meet the requirements of the local Government, it had to be attempted,
and the progress of the work was in consequence much retarded by sickness.
During the current season it has been arranged to prosecute the preliminary
operations of triangulation and traversing only during these unhealthy months,
and to employ all the detail surveyors in Gujardt until the end of February, when
the major part of them will be moved into the Th4na forests, and in the three
remaining months of the field season, with the stronger force that will be em-
ployed, it is expected that a larger out-turn will be obtained.

83. The field operations were continued till 31st May, when the party re-
turned to its recess quarters at Poona. During the recess season all the fair
maps of the general survey on the 2-inch scale were prepared and those of the
forest survey on the 8-inch scale have been drawn in 21 sections, according
to the geographical lines which are ordinarily used for limiting standard sheets,
and dividing the forests into sections. In addition to the details within the
forests which were surveyed, these maps show the principal topographical
features in the immediate neighbourhood of the forests, which have been added
by enlargement from the maps of previous surveys. They are excellent speci-
mens of work and show that the survey has been carried out with much care and
skill.

84. The costs of the different operations will be found at page 72. That
of the 8-inch survey is excessive, but this is due to the operations having only
recently been undertaken and to the circumstance that the proper re-organisa-
tion of the establishment for forest work, which is being carried out by training
additional plane-tablers, has not yet been developed. These drawbacks, which
are inseparable from new operations, are being overcome. The limited period
of four months in which field operations can be carried onin the Théna forests
owing to the unhealthiness of the country, also militates greatly against a large
out-turn of forest work. This difficulty has been met by extending the forest
survey operations over the whole of the Northern Division, instead of confining
them to the Théna district, and arrangements have been made to commence,
during the ensuing season, the survey of the forests of Mélegaum where the coun-
try is healthy, par? passu with the Théna forests, whereby the field establishments
can be satisfactorily employed on the survey of forests during seven or eight
months each year. By this means, and with the experience that has now been
obtained by the field surveyors of the work necessary for this large scale, a con-
siderable increase of out-turn of forest surveys is expected with the correspond-
ing result of a much cheaper cost-rate. ) o '

85. The programme for the ensuing season is for the topographical section
to continue the general survey of Gujardt, on the 2-inch scale, in the northern
portion of the Province, and to survey the cantonment and environs of Deesa on
the 8-inch scale to meet the requirements of the Bombay military authorities;
the forest section will continue the survey of the forest reserves, on the 8-inch
scale, in the Kaly4n and Karjat falukas of the Théna collectorate ; and will com-
mence the survey of thosein Mélegaum. A detachment comprising one Europlean
and two native surveyors will be deputed to the Rajputana Agency for i\mp 0{1-.
ment on the disputed boundary between Meywar and Marwar in the Aravall
Hilis.
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TOPOGRAPHICAL SURVEYS. 21

86. The recess office of this party was inspected by the Deputy Sur-
veyor General in charge Revenue Branch, who had proceeded to Poona for the
purpose of inspecting the parties under his charge which recess there. He
reports that Colonel Pullan is to be' commended for the style of the topographical
maps that have been produced, and that credit is also due to Mr. Newland for

the excellent forest maps turned out under his immediate supervision.*

HIMALAYAS, PUNJAB.

No.

18 PARTYV.

87. This party has continued throughout the year under the charge of Colonel

Personnel.

Colonel H. C. B. Tanner, Deputy Superintend.
ent, 2nd grade, in charge.

Lieutenant J. M. Fleming, S.C., Offg. Assistant
Superintendent, 1st grade,

Mr. H. E. T. Keelan, Surveyor, 1st grade,

E.S. P. Atkinson, Surveyor, 2nd grade,
joined 12th February 1887.

Mr. W, Robert, Assistant Surveyor, 1st grade.

P. F. Prunty, Assistant Surveyor, 1st
grade.

F. E. Warde, Assistant Surveyor, 3rd
grade, up to 1st May 1887,

Mr. G. H. Powell, Assistant Surveyor, 3rd

grade.

”

Mr.

Sub-Surveyors.
Shah Nasiruddin, Janki Dass,
Sheikh Omar, ' Atma Sing,
and 14 others,

Kulu, and in the Kotgarh faksi/ of the Simla district.

Tanner. Field work was commenced on
various dates during October and No-
vember 1886, in continuation of the pre-
vious season’s operations, the nature and
scope of which were described in paragraph
249, Part II of the Administration Report
for 1885-86. The party remained in the
field till July 6th 1887.-

88. The exaggerated 2-inch detailed
survey, z.e., a survey on the g-inch scale
in open style, showing only the details
required for a 2-inch map, was completed
in the Morni State in the Kotdha faluta
of the Umballa district and was also con-
ducted in the Outer Seoraj pargana of
The Morni State, the

Shahpur Kandi taluka and a portion of the Pilampur fahsi/ of Kangra were

traversed.

Triangulation was carried on in Morni, Shahpur Kandi, Pdlampur,
Outer Seoraj and the Kotkhai ta/uta of the Simla district.

The separate areas

completed in the different localities and on the different scales are shewn

below :—

District or locality.

Description and Scale of Area in square miles

Umballa : Morni State, Kotdha faluka

Kédngra: Kulu and Outer Seoraj
Subdivisions,

Gurd4spur : Shahpur Kandi taluta {

i
{

Kéngra: Palampur faksi/ .

Simla Hill States

Simla districts: Kotgarh, Kotkhai
and neighbourhood.

Survey.

Topography, 4-inch .| 102

Triangulation . .| 157

Traversing . .| 102

Topography, 4-inch .| 146

Triangulation . .| 4oexclusive of 200 square
miles partially tri-
angulated from Prin-
cipal Stations.

Triangulation . .| 100 s

Traversing 100

Triangulation . 216

Traversing . .| 70

Topography, 2-inch .| 35

Triangulation .| s0

Triangulation . .| 120

ToTALS

Topography, 4-inch .| 24 inclusive of 8 square
miles overlap into
Hill States.
‘Topography, 4-inch .| 272
Ditto,  z-inch 35
Triangulation . 683
Traversing . .| 272

* Colonel Pullan reports that Mr. Newland’s work is excel]ent.and his industry untiring. Messrs. S.
and C. Norman have given great satisfaction both in the field and in recess. Of the Sub.Surveyors, Gopal
Vishnu, G. Bhopatkar and W, Ganesh have done very good work both with the plane-table and theodolite,

and in recess.



22 PART II.

89. The bar-subtense method of traversing, which was explained in the.
foot-notes of page 51 of the last Annual Report, was followed, and by this means
all the trijunction points of &kvjas* and mauszast in Morni, and to a great ex-
tent those of mausas and ¢ikkasi in Pdlampur were fixed in order to furnish a
frame-work for the survey of the fields by patwdris. It has now been arranged
with the Financial Commissioner of the Punjab that the Survey Department
shall, in future, fix the trijunctions of these boundaries only in such parts of the
country which are open and cultivated and where the hills are of moderate alti-
tude, omitting those which are situated in high mountainous tracts, where the
cultivation is much scattered, and where the pafwdris could not be expected to
make their village maps fit on to the fixed points.

90. The g-inch topographical sheets shew the following items :—(1) bound-
aries of kothis* and bhojas without the boundary cairns, but including all con-
tained trijunctions ; (2) all forest boundaries with their cairns; (3) limits of culti-
vation and of unreserved forest tracts; (4) main lines of communication; (5)
contour lines measured at vertical intervals of 500 feet in the lower hills and 1,000
feet in the higher mountains; (6) hill features, shown by lines at vertical intervals
of 50 feet.

91. The contours, of which goo linear miles were executed, have been laid
down with the clinometer; this instrument was used in preference to the water-
level, as it was found that owing to broken ground and to clumps of forest on the
hill slopes, continuous lines could not be carried. Owing to the absence in some
cases, and to the inferior quality in others, of the forest skayra § maps, the
surveyors have had difficulty in finding all the forest boundary marks on the
ground ; arrangements have, however, now been made by the Financial Commis-
sioner to ensure prompt and correct information being given to the surveyors in
future.

92. The cost-rates of the work during the year under report are unduly
high.  This is in a great measure due to the scattered nature of the operations
and partly to alterations in the previously arranged programme, but principally
to failure'in the work of three of the European Assistants caused by sickness,
whereby the total out-turn fell far short of expectation.

93. Three soldier surveyors have been attached to the party for training,
and during the year they have learnt plane-tabling and the use of the theodolite,
and have executed route surveys from which they have constructed a map of the
country travelled over. .

94. The Director of Settlements has attached pupils to the party for plot-
ting the 161 sheets of Morni on the 40-kadam scale (2768 inches = 1 mile).
They have also traced the Morni sheets, as an index to the operations of the
Settlement Department in that fa/uka.|

MADURA AND TINNEVELLY DISTRICTS, MADRAS.

No. 19 PARTY.

95. The Government of Madras having accepted the proposal of the Govern-
ment of India, for the transfer of the topographical work remaining to be com-
pleted in the Madras Presidency from the local Survey Department to the Sur-
vey of India Department, this party, which had just completed the survey of the

* A kothi, or in the Morni State a blioja is a collection of several village lands under a single mukia
or head man, who is responsible to Government for the revenue of the kothi; it is therefore somewhat simi-
lar to an ildka in other parts of India.

+ A mausza includes an area within convenient and generally natural limits and all the habitations
therein.

1 A tikka is a subdivision of a mausa. ] ' .

§ A shajra is a village map on which is recorded every individual holding of land in the village.

I Colonel Tanner reports favourably on Messrs. Robert, Prunty and Powell,



MADRAS SURYETY,

INDEX To THE SURVEY OPERATIONS INn MADRAS.
No. 19 PARTY.
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TOPOGRAPHICAL SURVEYS, 23

State of Mysore, was selected to undertake the work. The following are the
districts in which the incompleted portions, aggregating about 12,400 square miles,
will be surveyed on the I-inch scale:—Ganjam, Vizagapatam, Tinnevelly,
Madura, South Canara and Malabar. The survey of the forests in the last four
districts is also to be undertaken on the scale of 4 inches to the mile.

96. The districts of Madura and Tinnevelly having been selected for the
operations to be commenced in, the party proceeded thereto under the charge of
Lieutenant Jackson, R.E., from the recess quarters at Bangalore. The whole of
the computations, mapping, records, &c.,
connected with the survey of Mysore,
had been completed early in October, but

Personnel,

Lieutenant-Colonel W. F. Badgley, S.C., Offi-
ciating Deputy Superintendent, 2nd grade, in

(charge from 4th November 1886, . as the country to be operated in could not
L'g;;gﬁgsﬁée}}g;eggg‘m;h‘;-gge,?:ﬁg;f;;zg be entered with safety to health till towards
to 4th November 1386 the end of November, the party marched
Mr. £ J: James, Surveyor, 4th grade. down from Bangalore, arriving at Kardr
» R.Todd, Assistant Surveyor, 1st grade. ~ t0 the north of the Madura district, on
» T. ] ) Mills, w 2nd the 4th November and on the 18th field
'Sub.Surveyors. operations were commenced. Inthe mean-
Raghavayengar, L. Jadow. time Lieutenant Jackson was transferred to
Tiruventkatsami, l B. Dhondiba. the Upper Burma detachment at Mandalay

A Dhondiba. and Colonel Badgley took over the charge

of the party from him at Karir.

97. Asthe country to be surveyed had not been prepared in advance for the
detail survey, the operations of the whole party were almost entirely confined to
triangulation throughout the season. The triangulated area that has been com-
pleted amounts to 4,370 square miles, which 1s considerably in excess of the
area of which topographical survey is required, but it was found necessary to
extend the triangulation to this extent in order to overlap the country which had
been surveyed by the Madras Revenue Survey, so as to secure a good junc-
tion therewith and also to supply heights in parts where they were deficient.
The triangulation was based on sides of the Great Arc Series of the Great Trigo-
nometrical Survey and on the triangulation of the Palni hills executed by the
Madras Survey. Observations were taken at 57 new stations from which 691
points were fixed and the heights thereof nearly all determined. In the area
over which the detail survey is required, this triangulation furnishes on an aver-
age, about one point in every three square miles.

The country embraced by the triangulation consists of the Warasnath hills
projecting eastward into the Madura district and of a long na