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DEPARTMENT OF THE INTERIOR
GENERAL LAND OFFICE

WASHINGTON, June 16, 1919.

GENTLEMEN: It has been deemed advisable to publish advance
sheets of gix chapters of a new edition of the Manual of Surveying
Instructions, as follows: (I) Regulations Imposed by Law; (II)
Instruments and Methods; (III) System of Rectangular Surveys;
(IV) Corner Monuments; (V) Restoration of Lost Corners; and,
(VI)Resurveys. These advance sheets will immediately supersede
the related provisions of the Manual of 1902, except as may be found
impmcticable in the case of surveys alrea.dy in process of execution,
or in the instance of returns of surveys now in course of prepmtlon,
otherwise the provisionsof the Manual of 1902 will remain in full force
and effect.

Every member of the surveying service is requested to report to
the undersigned any typographical errors which may be detected,
to the end that the same may be removed from the completed
edition.

Very respectfully,
CLAY TALLMAN,
. Commissioner.
. To the SURVEYING SERVICE OF THE GENERAL LAND OFFICE.
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CHAPTER 1.
REGULATIONS IMPOSED BY LAW.

mmucnomm

" 1. The survey of the _public lands of the United States is insep-
rably associated with questions relating to the acquisition and dis-
woeal of proprietary title to the lands which have been added to the
rea included in the original thirteen States. The term ‘ public
lomain” has been applied broadly to the entire aforementioned
wrea in so far as the lands have been subject to survey and disposal
>y the United States, and of interest herein may be mentioned the
-wenty-nine States and'the District of Alaska surveyed orin progress
>f survey under the United States rectangular system, as follows:

Alabama.—Included in the territory of the original thirteen

3tates, and admitted into the Union December 14, 1819 (3 Stat.,
308); surveys practically completed and ongmal records transferred
to the Secretary of State at Montgomery.
- Arizona.—Included in the lands ceded by Menco in 1848, and
the Gadsden purchase, in 1853, and admitted into the Umon Feb-
ruary 14, 1912 (36 8tat., 557 and 37 Stat., 1728); surveys in progrees;
United Statea Surveyor General at Phoemx -

Arkansas.—Acquired under the Louisiana Purchxse in 1803, and
admitted into the Union June 15, 1836 (5 Stat., 50); surveys practi-
cally completed and original mcords transien'ed to the Commissioner
of State Lands at Little Rock.

California.—Ceded by Mexico, in 1848, and admitted inta the
Union September 9, 1850 (9 Stat., 452); surveys in progress; United
States Surveyor General at San Franmsco

Colorado.—Acquired largely under the Louisiana Purchase, in
1803, but including additional land, title to which was quieted
through treaty with Spain, in 1819, with other lands annexed with
Texas, in 1845, and lands ceded by Mexico, in 1848, and admitted i into
the Union August 1, 1876 (18 Stat., 474, and 19 Stat., 665), surveys
in progrees; United States Survevor General at Denve.r .

Florids.—Ceded by Spain in 1819, and admitted into the Umon
March 3, 1845 (6 Stat., 742); surveys practically completed and
original records tnpaien'ed to the Commissioner of Agriculture at

1
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Idaho.—Acquired with the Oregon Territory, title to which wa,
established in 1846, and admitted into the Union July 3, 1890 (2
Stat., 215); surveys in progress; Umted States Surveyor General &
Bome ‘

Illinois.—Included in the territory of the original thirteen Sta
and admitted into the Union December 3, 1818 (3 Stat., 536); sur
“veys practically completed and original records tra.nsferred to
‘Auditor-of State at Springfield. ‘

"~ Indiand.—Included in the territory of the original fhirteen Sta
and admitted into the Union December 11, 1816 (3 Stat., 399); s
veys practically completed and original records tmnsferred to
* Auditor of State at Indianapolis. :

- Iowa.—Acquired under the Louisiana Purchase, in 1803, and ad
" mitted into the Union December 28, 1846 (9 Stat., 117); survey
practically completed and original records trsnsferred to the S
retary ‘of 'State st Des Moines.

*" Kansas.—Acquired under the Louisiana Purchase in 1803, an(
with lands annexed with Texas, in 1845, and admitted into th
Union January 29, 1861 (12 Stat., 126), surveys practically com
‘pleted and original records transferred to the Audm)r of State and
Register of State Lands at Topeka.

" Louisiana.—Included in the Louisiana Purchase, in' 1803, and
‘boundary extended to include additional lands, title to which' was
‘quieted through treaty with Spain in 1819, and admitted into the
Union ‘April 30, 1812 (2 Stat., 701); surveys practically completed
‘and original’ recotds’ transferred to the Reg:ster of State Lands ai
Baton Rouge.

" Mickigan.—Included in the territory of the original thirteen
States and adinitted into the Union January 26, 1837 (5 Stat., 144):
surveys practically completed and original records transferred: to the
Commiissioner of State Land Office at Lansing.

Mintesota.—Included in the territory of the original thirteen
States, and with lands acquired under the Louisiana Purchase, in
1803, and admitted into the Union May 11, 1858 (11 Stat., 285);
surveys practically completed and original records tramfm'red to
the Secretary of State at St. Paul.

- Mississippi.—Included in-the territory of the original thirteen
States and admitted into the Union December 10, 1817 (3 -Stat,.,
472); surveys practically completed and original records transfeued
to the Commissioner of State Lands at Jackson.
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Missouri.—Aequired under the Louisiana Purchase, in 1803; and
admitted into the Union August 10, 1821 (8 Stat., 645, and 3 Stat.,
Appendix II); surveys practically completed and. original recosds
transferred to the Secretary of State at Jefferson City..

Montana.—Acquired underthelmmanahtdxmm 1808, and
mththeOregonTerntory title to which was established in 1848,
and admitted into the Union November 8, 1889:(25 Stat., 676, and
26 Stat., 1651); surveysin ptogres United Statee: Surveyor General
at Helem

Nebracl:a—Aeqmred underthel:onishml’nrchm m1803 -and
sdmitted into the Union Maxch 1, 1867 (14 Stat., 391, and 14 Btat.,
820); surveys practieally completed and original ndords .uanafured
to the Commissioner of Public' Lands and Buildings at Lincoln.

Nevada.—Ceded by Mexico in 1848 and admitted inte the Union

October 13,1864 (13 Stat., 30, and 13 Stat,, 749); surveys in progress;
United States Surveyor Genersl at Reno.
,  New Mextco.—Included with lands annexed with. Tam, in- 1845
'with lands ceded by Mexico, in 1848, and the Gadsden Purchase, in
1863, and admitted into the Union January 6, 1912 (38 Stat., 667,
and 37 Stat., 1723); surveys.in progrees; United States Surveyor
General at Sana Fe.

Northabota—Includedmthetemtmyofﬂleongma.l thirteen
States, and with lands aequired under the Louisiana Purchase, in
1803, and admitted into the Union Navember 2, 1889 (25, Stat., 676,
and 28 Stat., 1648); surveys practically completed and original rec-
ordsmdenedwthesmEmeeratBummk

.Oklahoma.—Acquired under the Louigiana Purchase, in 1803, and
with lands annexed with Texas, in 1845, and ad;mtted into the
Union November 16, 1907 (34 Stat., 267, and 85 Stat., 2160); surveys
practically completed and original records filed . with the Commis-
sioner of the Genersl Land Office at - Washington, D. C.

Ohio.—Included in the territory .of the original thirteen Stﬁtee,
and admitted into the Union April 80, 1802 (2 Stat., 173); surveys

practically completed and original records transferred to the Auditor
of State at Columbus,

Oregon.—Included in the Oregon Territory, title to which was
established in 1846, and admitted into the Union Febnmry, 14,
1859 (11 Stat., 883), surveys in progress; United States Surveyor
General at Port.hnd. ,

South Dakota.—Included in the territory of the originsl thxrteen
States, and with lands acquired under the Louisiana Purchase, i in_
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and admitted into:the Union November 2, 1889 (25 Stat., 676
.26 Stat.; 1549); surveys in pn:lgmss Umted Sm Survneym
at Huron.

Utah.—Ceded by - Memcom 1848 andadmmdmtorﬂm Umol

! January 4, 1896 (28 Stat., 107,.and 29 Stit., 876); surveysin p!ogres
United States Surveyor Genoral at Salt Lake City.. . ..

Washington.—Inéluded “in the Oregon Territory, title to whid
"was establishied in 1848, and admitted into the Union November 11
1889 (25 Stat., 676, and 26 Stat., 1552); surveys in progrees; Unite
States Sm'veyor General strOlympia o

Wisconsin.—Included in the tefritory of the ongma.l thlmen

" States, and admitted into' the Union Muay: 29, 1848 (9- Stat., 233)
surveys practically completed and driginal: reeords msferred t
- the Commissioners of Public Lands at Madison.

Wymymg ~Included with' lahds’ acquired under the Lomemn
Purchase in 1803, with lands annexed with Texas, in 1845, ‘wi{
lands included “in the Oregon Territory, title to: which was estal
lished in 1846, and with lands ‘ceded ‘by Mexico, in 1848, .an
admitted into the Union July 10, 1890 (26 :8tat., 222); surveys i
pprogress; United States Surveyor Geneéral htCheyenne

Dastrict of Alaska.—Ceded by Russia in 1867; sutvoys in pmgres
Umted States Surveyor General at Junean. - -

. 2.-After the admission of the States intoithe Union the Umfa
Sf.ates continued to hold title to the unappropriated -lands and t
administer its public-land laws with' teference thereto, and itis e
pressly provided; as one of the conditions set forth i the variot
ensbling acts, that the title to unappropnauad lands within th
State shall remain in the United States. ' Thelands in the Territ:
ries not appropriated by competent authority before they wer
acquired -are ‘in’ the first instance the exclusive property of th
United States, to be disposed of to such persons, at siuch time
in-mich modes, and*by #uch titles as the Government may deer
most advantageous to the public. Congress alone has the- powe
derived from Article IV, section 3, of the Constitution, of dispoein
of the public domain and mhng all needful rules é.nd regu}ahon
in respect thereto.

8. Under thetaws of the United States the navigable waters hav
always been and shall forever remain common highways, and beloy
mean high water the same are not subject to survey and disposi
‘This reservation mcludes all tidewater streams, and other importar
permanent bodies of water whose natural and niormsal condition s
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the date of the admission of a State into the Umm msnehm»to
clasdaify the same as mv:gtble water... . -

l.l‘hewtotmappmndlhrchz 1849(9842:(. 352),
gradted ;to the State. of Louisiana all the swamp and: overflowed
lands within the limits of the State for the purpose of aiding'in the
reclamation of said lands, and -the act. of Congress approved Sep-
tember 28, 1850 (9-Stat., 519), extended the grant-tothe other public
Jand States then in the Union. The grant was also extendcd to:the
States of Minnesota. and Oreg:n by the. act cf Congrees. approved
March 12, 1860 (12 Stats., 3). Thé provisione of the aforementioned
grants apply to the zone situated below the ‘uplands-wherein. the
lands are of such & character that without the construction of suit-
able levees and artificial drainage systems. the same would be wet
and unfit for agricultural purposes. The swamp-land grants apply

_to all swamp and ovetflowed latids withiti the beneficiary States

 which were unappropriated at the dates 8f the acts of Congress and

whose character at that time would bring them within the provi-

-sions of eaid grants. A notable exception to the swamp-land laws
is found in the Arkansas Compromise Act approved April 29, 1808
(80 Stat., 387), by virtue of which, all right, title, and interest to
the remaining unappropriated swamp and overflewed lands within
the State of Arkansas reverted to the United States.

5. Tt comes within the province.of the Department of the Inte-
rior to consider and determine what are public lands, what lands
have been surveyed, what are to.be surveyed, what have been dis-
poeed of, what remain to be digposed of, and what are reserved, and
it is a well-settlad principle of law that the United States, through
the Department of the Interior, has the right to extend the surveys
a8 may be necesary to include lands omitted from earlier surveys.
It is an important duty of the surveyor in thefield to discriminate
between what are and what are not public lands of the Unitdd
States: and to sybdivide the- fdfmer inwcovdmm&thorqzuh-
ﬂons lmpoued by law. e

3

' LAWS nm.nme ‘10’ sunvnys )

6. The rectangular surveying aystam is baped upen existing lsw

and was devised with the object of marking upon the ground and

fixing for all time legal subdivisions for purpases of description and

disposal of the public domain under.the gpnergl land lawa of the
United States.

?. The rectangular aystam of sqrvey of the pubhc lands- was mws
gurated by a committee appointed by the Contmental Congress.
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On thie.7th of May, 1784, this committee reported ‘‘An ordinance
for ascertaining the mode of locating and disposing-of lands in the
western-territory, and. for ether purposes therein mentioned.”’ .The
erdinance as finally pased on the 20th of May, 1785, provided fa
townships 6: miles squsre;, contaiwing 36 sections of 1 mile square
The first public surveys were made under this ordinance. The
townslrips, 6 miles square, were-laid out in ranges extending north:
ward from the Ohio River, thé townships being numbered fron
south tp north; and the ranges from east to west. The region em-
braced by the surveys under this law forms a part of the State of
-Ohio. - In these initial surveys only the exterior lines of the town:
ships were surveyed, but the plats were marked by sabdivision
into sections-of 1 mile square, and mile corners were established on

65|42}
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the township lines. = The sections were numbered from 1.to 36, and
thesurveyuwetemdeunderﬂmdn‘echonoftheGeognphcof
the United States. . . -

The act of Congnees approrved. May 18, 17986, provxded for the
appomtment of a surveyor general and directed the survey of the
lands northwest of the Ohio River and above the mouth of the Ken-
tucky River, “in which the titles of the Indian tribes have been
extinguished.”” Under this law it was provided that “the sections
shall be numbered, respectively, beginning with thé number ‘one
in ‘the northeast section and proceeding west and east alternately
through-the township, with progressive numbers till the thirty-sixth
be completed.” This method of numbering sections, as shown by
l:he accompa.nymg dngram is still i in use. -

>
»
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-~ The ‘act of Congress approved Msy 10, 1800, required -tlie *‘ town-
shipbwestofﬁleMushngum which * * * gare directed to be
®old in quarter townships, to be subdivided into half sectiens~of
‘three hundred and twenty acres each, a3 nearly as may be, by run-
ing parallel lines through the same from east to west and from séuth
to north at the-distance of one mile from each other, and marking
.corners at the distance of each half mile on the lines running from
‘east to west and at the distance of each mile on those running frem
'south to north. * * *  And the interior lines of townships inter-
sected by the Muskingum, and of all the :townships lying east of
that river, which have not heen heretofere actuslly subdivided into
sections shall also be run.and marked.  * * * ‘And in all cases
where the ‘iexterior lines of the townships thus to be subdivided into
sections or half sections shall exceed, or shall'not extend, six miles,
the excess or deficiency .shall be specially noted and added to or
deducted from the western-and northern rgnges ¢f sections or half
sections in such townships, according as-the error may be in run-
'ning the lines from east to west or from south to north.”

The act of Congrees appreved February 11; 1805, divects the sub-
divisien of the public.Jands into quarter sections and provides that
:all’ the corners marked in the piblic surveys:shall be established
s the proper. corners of sections,: er subdivisions of sections, which
.they. were.interided to designate,-and that corners of hslf and quar-
ter sections not marked shall be placed as nearly. as possible ‘‘ equi-
-distant - frem -those’ two corners which stand on the same-line.”
‘This act further provides that ‘‘The beundary- lines ‘actually run
and marked . * * * ghall be established as the.proper houndary
:lines of 'the sections er subdivisions for which they were intended;
.and"the length of such lines as returned by: *  *..* the survey-
.ors % % % ghgllbeheld and considered ds the true length thereof,
and 'the beundary- lines which shall not have been actually run-and
matked as aforesaid shall be ascertained by running straight lines
.from the established corners to the opposite .corresponding corners;
-butin these portions of the fracticnal townships where no such oppo-
gite of correspoading.corners have been.:or can:be fixed; the said
bolundary lines shall be ascertdined by ranning from the established
cerners due north and south ¢r east and west lin¢s, as the case may
be, to the * * * external boundary oisuehfrachonalmwn-
dﬁp"‘.l R

: The m,d‘()ongve- :p'pmwat Apnl -2B,: 181& pmnded Thot
there shall be established in the Department of the Treasury an
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office to be denominsated the General Land Office, the chief offk
of which shall be called the Commissioner of the General La
Otfice, whose duty it ‘shall be, under the direction of the head
the department, to superintend, execute, and perform all such «
and things touching or respecting the public lands of the Unit
States, and other lands patented or granted by the United Stat
a8 have heretofore been directed by law to be done or performed
-the office of the Secretary of State, of the Secretary and Register
the Treasury, and of the Secretary of War, or which shall hereaft
by law be assigned to the eaid office.”

The act of Congrees approved April 24, 1820, pmv:deafo: the sl
of public lands in half-quarter sections, and requires that ‘“in ever
case of the division of a quarter section the line for the divist
thereof shall run north and south * * * and fractional section
containing: one hundred and sixty acres and upward, shall, in li
manner, as nearly as practicable, be subdivided into balf-quart
sections, under such rules and regulations as may be prescribed }
the Secretary of the Treasury; but fractional sections containil
less than one hundred and sixty acres shall not be divided.”

- ‘The act of Congress approved May 29, 1830 (secs. 2412, 2413, §
-8.), provides for the fimre and imprisonment of any person obstructiz
thesurvey of the public lands, and for the protection of surveyars, it
the discharge of their official duties, by the United States mamhs/,

with sufficient force, whenever necessary.

The act of Congress approved April 5, 1832, directed the sub
division of the public lands into quarter quarters; that in every cas
of the division of a half-quarter section the dividing line ehould ru
east and west; and that fractional sections should be stubdivide
under rules and regulations prescribed. by the Secretary of tb
Treasury. Under the latter provision the Secretary directed th
fractional sections containing lées than 160 acres, or-the residuss
portion of a fractional section, after the subdivision into as mar
quarter-quartes-sections a8 it is susceptible of, may be.subdivide
into lots, each containing the quantity of a quarter-quarter secti
as nearly as practicable, by so laying down the line of subdivisia
that they shall be 20 chains wide, which distancee are to be marke
on the plat of subdivision, mmalaothemotthequm qmrtu
and residuary fractions.

The last two acts above mentioned provided that the corners ad
‘contents of hnlf-quareer and qnut.erqnm sections should be asce

™



REGULATIONS IMPOSED BY LAW. 9

ined, as nearly as possible, in the manner and on the principles
rected and prescribed in the act of Congrees approved February
» 1805.
The act of Congress approved July 4, 1836, provided for the re-
ganization of the General Land Office, and that the executive
1ties of said office ““shall be subject to the supervision and control
the Commissioner of the General Land Office under the direction
the, President of the United States.”” The repealing clause is,
That such provisions of the act of the twenty-fifth of April, in the
2ar one thousand eight hundred and twelve, entitled ‘An act for
1e establishment of a General Land Office in the Department of
1e Treasury,” and of all acts amendatory thereof, as are incon-
stent with the provisions of this act, be, and the same are hereby,
W K

From the wording of this act it would appear that the control of
1e General Land Office was removed from the Treasury Depart-
ient, and that the commissioner reported directly to the President;
at, a8 a matter of fact, the Secretary of the Treasury still had
1pervisory control, for the act of Congress approved March 3, 1849,
y which the Department of the Interior was established, provided,
That the Secretary of the Interior shall perform all the duties in
slat.wn to the General Land Office, of supervision and appeal, now

by the Secretary of the Treasury * * *” By this
ct the General Land Office was transferred to the Department of
he Interior, where it still remains.

8. The following comprises so much of the general laws relating to
ae survey of the public domain as it is deemed necessary to incor-
orate in this valume, reference being made by chapter and section
> the codification of the Publie Land Laws, prepared pursuant to
cts of Congress approved March 3, 1879, and June 16, 1880, and by
sction number to the Revised Statutes of the United States.

Ske: 32, ‘The Commisgioner of the General Land Office shall per-
form, under the direction of the Secretary of the
D“t’”.d Com. Intenor, all executive duties appertaining to the

surveymg and sale of the public lands of the

ited States or in anywise respecting such public lands; and,

lso, such as relate to private claims of lands, and the issuing of

atents for all grants of land under the authority of the Govern-
pent. (R. S, 453.)
66465°—19—-2, |
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8xc. 61. The Commissioner, under the direction of the Secred

. ¢ com of the Interior, is authorized to enforce and cx

ower 0 " into execution every part of the public land i

ﬁli::;;sw ™K not otherwise apeclany provided for. (R..
2478.)

Sec. 77. There shall be appointed by the Pregident, by and w

the adviee and consent of the Benate, a surve,

ho‘:v“‘;‘:g“;m general for the States and Territories herein nam

pointed. - embracing, respectively, oné surveying distri

- namely: Louigiana, Florida, Minnesota, Kans

California, Nevada, Oregon, Nebraska and Iowa, Dakota, Colorsd

New Mexico, Idaho, Washington, Montana, Uta.h Wyoming Arizon

(R.8.,2209.)

Szc 83. Every surveyor general wl:nle in the dmcharge of

- Residence of sur- duties of his office, shall reside in the district
veyor general. which he is appointed. (R. 8. 22¥4.) '

Sxc. 84. Every surveyor general shall, before entering on tl

© duties of his office, execute and: deliver to tl
Bond of surveyor Recretary of the Interior & bond, with good a1
keneral. sufficient - security, for the penal sum éf- thin
thousand dollars, conditioned for the faithful disbursement,
cording to law, of all public money plaeed-in his hahds, and fi
the faithful performance of the duties of his office; and 'the Pred
dent has discretionary authotity to require a new bond and additins
security, under the direction of the Secretary of the Interior, forth
lawful disbursement of public moreys: (R. 8., 2215, 2216.)

SEc. 85. The commiseion of each surveyor general shall cease as
expire in four years from the date thereof; unle
sooner vacated by’ death redignaﬁon er remov
from office. - (R. 8.,2217.)

SEc. 86. Every surveyor general, except where the Prédident 80

Continuance of CAUse otherwise to determine, is authotized to co
duties  and bond tinue in the uninterrupted discharge of his regul
after expiration of official duties after the ‘day ‘6f expiration of b
commission. ‘cothmission and until a sew commission isissued
him for the same office, or until the day when a successot enters up
the duties of such office; and the existing official bond of any offic
so acting shall be deemed good and sufficierit and'in force until ti
date of the approval of the new bond to be given by him, if recos
missioned, or otherwise, for the additional time he mayso contint

‘Duration of office.
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Beially to act, pursuant to the authority of this section. (R. 8.,
22.)
‘Skc. 87. Whenever the surveys and records of any surveying dis-
Transfer of papers WiCt are completed the surveyor general thereof
d discontinuance shall be required to deliver over to the secretary
office in case of of state of the respective States, including such
mpleted surveys. gyrveys, or tosuch other officeras may be authorized
receive them, all the field notes, maps, records, and other papers
)pertaining to land titles within the same; and the office of surveyor
meral in every mchdmtﬂctshnllthereaﬂerceaseand be discon:
nued. : (R.8,,2218.)
Sec. 88. In al.leasesof discontinuance, asprovided in the preced-
‘ing section, the authority, powers, and duties of
D"°’““°"c°£‘ the surveyor general in relation to the survey, re-
oo m cass o} survey, or subdivision of the lands therein, and all
scantinuance. matters and things conneeted: therewitli, shall be
- vested in and devolved upon the Qommmioner of
mGeneralLandOﬁce (R. 8., 2219.) -
Sec.. 89. Under. the authority and direction of the Cm
- - gioner of the General Land Office any deputy
Pros -access “to - gurveyor or other agent of the United States shall
‘:‘:& mm, have free access to any such ‘field notes, maps,
d condition of Yecords, and other papers for the purpose of
ch'deltvery. - takin g extracts therefrom: or making copies
thereof without charge of any kind; but ne transfer
sueh public records shall be made to the authoritiésof any State
itil such State has provided by law for the reception and safe-
eping of such public records, and for the allowanee of free access
ereto by the authorities of the United States. (R. 8., 2220, 2221.)
BEo. 99. First. The public lands shall be. divided by north and
Rules Ol&l"ey ‘south lines run according to the true meridisn, sxd
TURYEITN R by others crossing them at right-angles, so s to
rm townships of six miles square, unless where thd line of an In-
anlreservation, or of tracts of land heretofere surveyed or pat-
ted, .or the eourse of navigable rivers, may render this impracti-
ble; and in that case this rule must be departed from no further
an such particulsr circumstances require.
Second. The corners of the townships must be. marked with pro-
sesive numbers from the beginning; each distance.of a mile between
ch corners must be also distinetly marked with mm-ka dlfferent
»m those of the corners. v



12 MANUAL OF SURVEYING INSTRUOTIONS.

Third. The township shall be sabdivided into sections, contail
as nearly as may be, six hundred and forty acres each, by rum
through the same, each way, parallel lines at the end of every
mijes!; and by making acotner on each of ‘such lines at the en
every mile. The sections shall: be numbered, respectively, be
ning with the number one in the neftheast section, and procee
west and east alternately through the township mth progres
fumbers till the thirty-six be eompleted.

Fourth. The deputy surveyors, respectively, shall cause to
marked on a tree near each corner established in the manner.
scribed, and within the section, the number of such section,
over it the number of the township within which such sectiona
be; and the deputy surveyors shall carefully note, in their respett
field books, the names of thé corner troes marked and the num
so made.

‘Rifth. Wheretheemenorlmeaofthstouahipswhmhmy
subdivided into sections or half sections. exceed, or do not exte
gix miles, the excess or deficiency shall be specislly noted, and add
t0.or deducted from the western and northern ranges of sections
half sections in such townshipes, acedrding as the error may be
rurining the lines from east to west, or from south to:north; thea
tions and half sections bounded on the northern axd western lio
of much u)wnshlps shall be sold as icontaining only the quantit
‘expreesed in the returns and plats, respechel,y, and all othes'
containing the complete legal quantity.

Sixth. All lines shiall be plainly marked upon trees, and measu
with chains, containing two- perchee of gixteen and one-balf
each, subdivided into twenty-five equallinks; and the chain shall
ad}ustedtoasta.ndard to be kept for that purpase.? = -

" Seventh. Every surveyor shall note in his’ ﬁeld book the %
situations of all mines, salt licks, salt springs, and mill seats whi
comse to his knowledge; all water ‘courses over which the lin‘ehen
may pass; and aleo the quality of the Jands. . .-

- Eighth. Theee field books:shall .be returned to the moyprg
eral, who shall cause therefrom a description of the wbde landss

1 Authority for the establishment of section lines at lnu ot 1 mile is foi
in the act of Congress appmved May 10, 1800, previously quo!

2Thb superior results obtained by the use of modern Steél’ rxbbon tdpes, o
trast with the obsolete link:cimin, have:led to'thé abandonment of the ls
_exoept that the “chain umit,” which is peculiarly adapted tolmd surveying,!
always been employed. ) e
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veyed to be made out and transmiitted 4o the officers who may
superintend the sales. He shall also cause a fair plat to be made
of the townshipe and fractional parts:of townships contained in the
landas, ' describing the subdivisions thereod, and the marks of the
comers.  This plat shall .be reedrded in:books to be kept for that
purpose; and a copy thereof shall be kept open at the surveyor
general’s office for public information, and other copies shall be
ment to the places of the dale and .to the General Land Office. (Acta
ofMaylG 1796, and May 10, 1800, and R. S., 2395.) : . -

Sio. 190 Thebumdmiuandcenﬁmtsdthemu&lmhﬂf

Boundaries ' ana 9ections, and quarter sections of the public lands
- ootitetits: of - plblh plmllbeuoartamedmeonfwmiﬁywx&thefollow-
hnb. M as0er-  ing principles: :

: . FiutAllthecomersmke&mthemeys
umdbytbomeyugenmalshﬁ&beuhbliﬂ:ednthepmper
.cormers of sections, or subdivisions of sections,:which they were
Jutended to designate; and the corners of half and quarter sections,
not-marked ronithe surveys, shall- be placed as neasly as pomble
equidistant from two corners which stand on the same line, -

Betond. Thé: boundiry lines, -actually run and marked in.the
wurveys returned by the sirveyor general, ehall be established as
the proper boundary Hues of the sections or subdivisions for which
they-ware inténded, and the. length'of such lines 8s returned shall be
held and considered:as.the frue length thereof. . And the boundary
lines which hive not been actually run and marked shall be ascer-
tained by running straight lines from the.established corners to-the
opposite corresponding corners; but in €hose portions of the fractional
townships, where no such: opposite correspending corners have been
-otean be'fixed, the boundary linesshall be-ascertained by running
‘front the established carners due neeth and. south or east and west
lined, s ithe ichse may. be;:to the: water course, Indian boundary
line, ar other extermetl boundsry ofisuch fractional township. ...

-Third ! Each-sectish orsubdivision of section; therontents whepeof
have been returded; by the surveyor general, shall;'be held. and
considered as dontaining thie exaetiquantity expressod in swch return;
and the halfmections'and quarter sectioms, the contents whereof
shatl nothavelbeen thug returned,:shalkbe hedd and considered as
cotaining the one-half or the ohefburth! :part, ‘respectively, of the
- retudhed ~ostitents -of the section of wHicltthey may make pan
(Aanweb. 1};.3805, and R.‘ fmm)

[R T N . DR T u
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Sec. 101. In every case of the division of a quarter section the
line for the division thereof shall run north and
. fl‘h‘:;’_qz:r':’“‘@x south, and the cornersand contents of half-quarter
tions, how run. sections which may . thereafter be sold shall be
ascertained in the manner and on the principles
directed and prescribed by the section preceding, and fractional
sections containing one hundred and sixty acres or upwards shall in
like manner, as nearly as practicable, be subdivided . imto hali-
quarter sections, under such rules and regulations as may be pre
scribed by the Secretary of the Interior, and in every case of a division
of a half-quarter seetion, the line for the divisien thereof shall run
east and west, and the corners and centents of quarter-quarter sec
tions, which may thereafter be sold, shall be ascertained, as nearly
a8 may be, in the manner and on the principles directed and pre
scribed by the section preceding; and fractional seetions containing
fewer or more than one hundred and sixty acres shall in like manner,
as nearly as may be practicable, be subdivided into quartér-quarter
sections, under such rules and regulations as:may be pmncnbed by
the Secretary of the Interior. (R. 8., 2397.) .. :
Sxc. 108. The public surveys shall oxtend over all mnsnl hndu,
and all subdividing of surveyed landsinto lots les
uf‘s‘::‘:‘:;‘:‘ E::» than one hindred and sixty acres may be.done by
mineral lands. county:and ldeal surveyars ‘at the:expense of
claimants; but nothing in this section contained
ahallrequuethemrveyoiwasteormelulandn. (R 8., 2406.)
Slc 118. Each surveyor general, when thereunto duly uﬂhmmd
. by law, shall cause all confirmed.  private. land
Surveyors general claims within - his distnict to be aceurately: gur-
Aoy Brive veyed, and shall transmit plats nad field: notes
confirmed, ete. thereof to the Conimissioner of the Genemil Land
: Office for his approval. When publicstion of such
surveys is authorized by law, the prooi thereof, together with- any
objections propesly filed, and. all evidence submitted either in sup-
port of or in opposition. to $he approval of any suoh-mey;dmlim
be transmitted to said Commissioner. (R. 8., 2447.) . “
8kc. 120. Every person who in any manner, byilnmt er force,
. interrupts, hinders, or prevents the surveying of
m‘;:"‘m;myi:m the public lands, or of any private land -claim
. Mchhsebemmm‘ybemnﬁmedbythe
mswes by the persons authiorized. to. sarvey the same, in
ty with the instructions of the Commissioner of the Gen-
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aral Land Office, shall be fined not less than fifty dollars, nor more
than three thousand dollars, and be imprisoned not less than one nor
more than threeyears. (R. S , 2412))

-8Ec. 121. Whenever tlw Pmndent is satisfied that forcible oppo-

on of gition has been offered, onshkelytobeoﬂaed

Protact. Sur- {5 any surveyor er deputy surveyor in the dis-
m:y marshal of charge of his duties in surveying the public lands,

o it imay be lawful for the President to order the
marshal of the State or district, by himself or deputy, to attend such
meyw or deputy:surveyor with sufficient force to protect such
officer in the execution of his duty, and to remove force dlonld any
be offered. (R. 8.,12418.)

9. More recent legistation ‘has braught sbout (a) provision for the
appointment of & United States Surveyor General for the District
of Alaska;(b) authority for the purchase of durable monuments, to be
employed in plsce of native material 4o mark public land corners;
(c) pemalty for the destruction of momuments of the public land
surveys; (d) sutherity for necessary resurveys;.and (¢) change.of
survey system from contract to direct with authority for the em-
ployment of a permanent corps of United States surveyors; all as
indicated by the follawmg quotations imm the Umwd Statea
Statutes: . ‘

The act of Oongress appmed sz 17 1884, providing a civil

. government for Alasks provides ‘‘That the said
'of';{g"gmm District of Alaska is hereby. created a land dis-
Alasks, 4 .- triet, * * *. and the marshal provided forby

L this act shall betex officio surveyor general of said
district.!’ (23 8tat., 24, sec. 8.)  The aet. of Congress approved
July 24,1897, amends the act approved May.17, 1884, and provides
“Thas.there.shall.be appointed by the Prendent, by and with the
advice.and consent of the Senate, a surveyor general for the District
of Alsskn, embeacing onesurveying distriet.!’ (30 Stat., 215, sec. 2.)
. - The st of Congress approved May 27, 1908, provided ‘‘for the
© o purchase of metal monuments to be used for
mP“'“h”;.“m" public land survey cornerswherever practicable. "’
i, - (35.8tat., 847.) This autherity was amplified by
the act of (Jongress appaoved Jume 25, 1910, making appropriation
for sundry givil expenses fon:the fiscal year ended June 30,.1911,
and. has been:continmed from year to year to ther present time.
The:aet apprived July.l, 1918, .provided, under -*‘Surveying the
Public Lands,” as follows:
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“That the sum of not exceeding 10 per centum of the amoun|
hereby appropriated may be expended by the Commissioner of the
General Land Office, with the approval of the Secretary of the
Interior, for the purchase of metal or other equally durable monu-
ments to be used for public land survey eomen wheu'ever pmtn-
cable: * ¥ %7 (40 Stat., 668.) :

The act of Congress approved March' 4, lmiemhtled “An act fo

Pensity for the Codify, revise, and amend the penal laws of the
destruction of sur- United States,”’ provides punishment for offemses
.vey monuments. agamstthoopeatwnof thournymgmvweof thd
Government, as follows: -

‘“Whoever shall willfully deatroy, defn.ce change, or remove w
another place any section corner, quarter-section cormez, or meander
post, on any Government line of survey, or shall willfully cut down
any: witness tree or 'aiy.tree blazed to mark the line of a Government
survey, or shall willfully deface; change, or remeve any monument
or bench mark of any. Goveenment survey, shall be fined' not mor«
than $250, or imprisoned. net more tlnn nxmmths or both ” (3&
Btat., 1088, sec: 57.) . .

: 'l‘heactofﬂongtasappaovedms 1909 enhﬂed “had
duthorizing: the necessary resurvey of public
m‘};‘;‘;;“’ of pub- lands,” as amended by joint resolution approved
- - Jame 25,1910, provides:as follows:
.. »“Thatvﬂ:e Secretary of the Interior'may, in his discretion, cause
to bomade, as he may deem wise undeér the rectangular system now
provided by law, sueh:resurveys or retracements of the surveys ol
publiclands as, after full investigation;, he may deem essential t¢
properly. mark the boundaries of the public lants remaining undis
‘posed of : Provided, That. no such resurvey.or rétracement shall be &
executed as to;impair the bona fide righta.or claims of asy: claimnant,
entryman, or.ovner of lands affected by such resurvey.orretracement:
Provided further;. That not:te exceed 20 per: contum . -of -the total
annual appropriation for surveys ind resurveys of the publie lands
shall be used . for ‘the resuxveys and metrwémenta authonzed here
by:.’" (85 Btat.; 846, and 86 Stat.,:884.) :
- The:aeb of Gongnen approved Sephmber&l, 19]8 entitled “An
act enthorizing. the resurvey or retrucemens: pf lands heretofare re-
turned as surveyed public lands of the United States under certain
conditions’’, provides authority for the resurvey by the Govers
-ment - of - townships beretofore held to be. inéligible-for resurvey
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under existing mgulmons of the Department of the Interior by
reason of disposals in excees of ﬁfty per eent-um of the total drea
thereof. The act provides: -
¢ That upon the spphetmon of the .owners oi three«fourﬂm of the
privately owned lands in any township covered by public-land
surveys, more than fifty per eemtum ofrthe area of which townships
is privately owned, .accompanied by a deposit with the United
States sprveyor general for the proper State, or if there: be.no sur-
veyor general of such State, then with the Cemmissioner of the
Gemeral Land Office, of the proportionate estimated cost, inclusive
of the neceasary (office). werk, of the resurvey or retracement of all
the privately ewned lands in said township, the Commissioner of
the General Land Office, subject to the supemsory authority of the
Secretary of the Interior, shall be authorized in his discretion to
cause to be made a resurvey or retracement of the lines of said
township and, to set permanent corners and monuments in accerd-
ance with the laws and regulations governing surveys and resuryveys
of .public lands; that the, sum so deposited shall be held by the
purveyor general or commissioner when.ex officio surveyor general
snd may be.expended in payment of the cost of such survey, in-
cluding field and office work, and any excess over the cost. of sych
survey and the expenses jncident.tihereto shall be repaid. pro rata
to the persons making said deposits or their legal representatives;
that the propoxtionate cost of the field and -office work for the re-
survey or retracement of any public lands in such township shall
be peid from the current appropristion for the survey and resurvey
of public lspds, in addition to the portion of such appropriation
otherwise allowed by law for, resurveys and retracements; that
siznilar sesurveys and retracements may:be made on the applica-
tiom, accompenied by the requisite deposit, of any court of compe-
tent jurisdiction, the returns of such resurvey or retzacement.to he
submitted to the court; that the Secrefary of the Interior igauthor-
ized %o make,all neceseary rules and regulations to- carry this act
into full force and effect.”’.(40 Stat., 965.) ..
The.act of Congress approved June 25, 1910 (36 Stat 703 740),
making appropriation for sundry clvﬂ expenses
ml, o . for, the fiscal year ended June 30, 1911, provided,
nnder ‘‘Surveying the Public Lands’’: ‘' The sur-
vm nul muxveyq to be made by such competent suryveyors as the
Secretary of the Interiormayselect, * * *.”” Thisprovisionof law
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brought'to a close the contract system which had theretofore be
adhered to since the beginning of the public land surveys,
the authority for the employment of a permancnt corps of Uni
States surveyors has boen continued from year to year to the p!
ent time. The following comprises that part of the act of Con
approved July 1, 1918, under ‘‘Surveying the Public Lands,” §
latingdirectly to the administrative control of the surveying servic
. “For surveys and resurveys of public lands, under the supervisi
of the Commissioner of the General Land Office and direction of t|
Secretary of the Interior, * * * The surveys and resurve|
provided for in this appropriation to be made by such compe!
surveyors as the Becretary of the Interior may solect., *ow &
(AO Stat 668. ) C
' {

GENERAL RULES.

m. From the foregomg synopeis of Congremonal legalat:on 1t‘
evident— -

"First. That the boundaries of the public lands eehbhshed ai
returned by the duly appointed surveyors, when approved by t
surveyors general and accepted by the' Commieaidner of the Geneﬂ
Land Office, are unchangeable. o

‘Becond. That the original township, section, and quarter-sechd
corners established by thé surveyors must stand as the true come
whieh they were intended to represent whéther in the place sho‘i
’by the field notes or not.

" Third. ‘That quarter-quarter-section corners not established in t|
‘process of the original survey shall be placed-on the line connectii
the section and quarter-section coiners, and midway between ther
except oit the last half mile of settion lines closing on the north at
west boundaries 6f the’ wwndﬁp oron other hnes between fraction
orh‘teguldrsectﬁms Cor Cor e

‘Fourth. mehecemfuhesofamm secuonm wbeatuigm
running flom the tuartérsection-corner on onte bouhdary of the se
tion to the corresponding’ corner 'on the opposite section line. - '

'Fifth. Thatin a fractional section where no opposite correspondin
quarter-sectibn cornerhas been or cah be established, the center lin
of such section must be run from thé proper quarter-section corn¢
asnearly in a cardinal direction to the meanderline, reservationd
other boundary of such fractwna! section a8’ due parallelim wiﬁ
section lines will permit. [
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ixth, That lost or obliterated coznurs of the approved suryeys
3t be restored to their original locations wheneve it is possible to
so. Actions or decisions by surveyors which may result in
ngesofboundmesofpawnmdhndatnddmuxbwmtbmof
nerslnp in eonnoenon therewith are subject to review bv the

' THE MANUAL.

1. V,a!iom: regions of the United States have been syrveyed
lex. diffepent sets of instructiops issued at periods rauging from
5 to the present time. The earliest rules were given to purveyors
znanuscript or in printed cireulars. - Regulatibns more in detail,
»roving the system for greater 8ccuracy, permanency. and ‘uni-
nity, wexe issued in book form.in edmons of ]8&5, 1881,. 1800,
4 and 1802, =
*he Manusl of Surveying lnstzucnona has been mn revi-ed with
iew to hamnonizing the printed instructipns furnished to the sur-
rors with recent legislation and current surveying practice, The
» of iron-post corner monuments adds much to the permgnency
he eyidence of the surveys, but this calls for little change in rules
rept.ta outline the standard practice. A growing neceesity for
arveys toidentify and restore origingl surveys actually made, but
rly monumented, or tg supersede grossly erroneous or fraudulent
zinal surveys—*‘to: properly mark the bouadaries:of the pmblic
d remaining undisposed of ’—has demanded a fyll discuegion of
+ subject in this reyision of the Manual. The change-fzom the
itract system to the present system upder which: the public-land
veys are executed by a permanent.gorps of syrvayors-employed
the General Land Office has involyed dmngeun the administea-
e control without departing from previgus techuical precedure,
1 hereafter throughout the Manual all reference to administmtive
estions wil] he found to be stated in general terms.in order 4o svaid
ifusing that matter with the purely technical subjects; ;. Modern
veying practice has beem introduced into the publicriand surveys
far as legally consistent,and efficient, which hag prampted # eather
| instructive treatment of the subjects;of meastrements with lang
el tapes, stadia method snd. triangulstiops, and field obsetyations
the determination of .time, latitude -and .asimuth, to fford
matility on the part of the surveyar in.adopting wmethads beet
ted .o, the ever-ehsngmg condmow nnde; which hu wark must
accomplished. . . Ll

RIS PR
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- The instructions contained in this Manual are to bé obeervei
every surveyor engaged in the execution of the public-land surv
All other surveyors; including those who have at times been
ployed in the mrveying‘sei'vice of the General Land Office, ax
bear in mind that in their private capacities they are acting w
somewhat different rules of law from those governing ongmal
veys, and surveyors should discriminate between the provisior
the statute which-eontrol original surveys and those which sppt
the retracemerit of lines thst have been oﬁcully esubhdled

appmrved '

. THE STANDARD FIELD TABLES.

12. There has been published by the Generat Tand Office, it
shape of & pocket field book, a compendium of tables and
entitled “Standard Field Tables.” The volume embraces the
peculiarly usefu} to surveyors engaged in subdividing the pd
lands. The Standard Field Tables afe issued as & stipplemed
the Manual, and ax such t.heformerm apa.rtof the Inttes, vm]u
tents as follows' .

1. Umudlmwmmn,unmotm,expanaionotuwelu
and conversion tables; chains to feet and feet to chains.
Reduction in latitude to south boundary of township, and¢

rections for convergéney within & township. -

. Traverse table, for the comctlon of random lmes

Traverse tables. = -

Correction of error in stadia wire interval

Stadia coefficients, vertical rod. :

. Natural sines and cosines. =~ -

-Natural tangents and cotangents. - '

Logarithmic sines, ‘cosines, tangenta and cotangenta

Logarithms of humbers. -

. Coavergency etmendians and thﬂ'erences of ls.titnde andk
“tude. - -

12. Anmnthseﬂhetnngeﬂtmthepamnel S

13. mmmt.mgentwthepsulle’l AR

14. Azimuths of the secant. T i

15: Oﬂaetaﬁmthemnttﬂthe parallel D

:16. ' Lengths of ares of the earth’s surface. =* - Ce

17. Apparent time of sunrise-and sunset. ‘- :

'18: Conversion tables, degrees to time, and time wdegmau

19. Sidereal conversions, and reductions to the local'mean tin

upper culmination of Polaris.

®

HoeRXNanke

o
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20. Mean refractions in zenith distance.

21. Coefficients to apply to mean refractions for variations in ba-
rometer and temperature.

22. Coefficients for computing errors in azimuth due to small errors
in declination or latitude.

23. Mean refractions in polar distance.

24. Trigonometric formulas for the solution of plane triangles.

25. Trigonometric formulas for the solution of stadia measurements,
observations for time, latitude and azimuth, and problems
in convergency.

WSOFTHESUNANDPOIARIS,ANDTABLBOFAZI-

MUTHS OF POLARIS.

18. The above title has been given to a second supplement to the
Manual which is published each year, a convenience which serves
to supply the surveyors with all necessary data relating to the daily
positions of the sun and Polaris without requiring frequent revision
of the text of the Manual or the Standard Field Tables. As asupple-
ment to the Manual the data contained in the Ephemeris will be
adopted in preference to that contained in other publications over
which the General Land Office has no control either as to accuracy
or fitness for use in the public-land surveys.






CHAPTER 1II. .
INSTRUMENTS AND METHODS.

MEASUREMENTS.

14. The la.w prescribes the chain as the unit of linear measure for
16 survey of the public lands, and all returns of measurements are
» be made in true horizontal distances, in miles, chains and linka
he chain unit is known as the invention of Edmund Gunter, an
nghish -astronomer of 'the seventéenth cetitury, and is especully
mvenient in computing areas in tbe unit of aaee, one ‘acre bemg
lu;l 10 16 squm chains.- -

IR Unw:ql‘lmw mml ‘. .
1 cham—lOO links.
=60 feet.
RTINS . 1mile=80 chains.
’ ==, 280£eet.

Umts oj area,,

Lo lommmaqumchmn.
REI - =43;560 square féet. -
’ laqnmmﬂe-smamee KR

15. Each surveyor will be prov1ded w1th ‘a st.s,ndard snd an
sortment of 1,2, 5 or 8-chain steel tapes. The stapdard tape will
) employed ior compa.nson with the ‘field tapes, in order that errors
the latter may ‘be noted and corrected Before chammen are
trusted with thelf actual duties they should be mstructed by the
ief of party, anq required to measure over one or more. trml lines of
vel an mountamous surface, to secure accuragy a.nd umfortmty
results,| " o
16. It gs essenﬁal to the record of a survey o state bneﬂy at the
)ginning of the field notes, with every set of returns, the general
anner of making measurements in the survey, and as topographical
23
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Fig.l.
Reduction from the slope to the horizontal.
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Fig.2.

Reduction for difference of elevation.
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21. By a skillful use of the long steel tape on the slope, with .cor-
rect determinations of the- vertical angle, and proper reduetions
Fom the slope to the true horizontal -distance, the surveyor obtains
me of the most rapid and reliable methods of measurement. It.is
msential to make all reductions for distance as the work progresses,
but the additional information regarding the amount of the ascents
ind descents is readily obtainable from the record| at the c0nven-
ence of the surveyor. AR .

STADIA MEASUBEMENTS

22. Under proper sa.feguaxds the stadia method of measurement
\ffords & useful and reliable means of overcoming the difficulties of
»btaining correct distances across water and over precipitous slopes
hat can not be reached with the tape. It is required that the wire
nterval or ratio be determined in the field by frequent tests under
vorking conditions in comparison with steel tape measurement,
olving the formula given in the Standard Field Tables (p. 221) for
he value of the wire ratio with the horizontal distance known. The
ecord of the stadia tests should be given in the field notes. It is
usential to accurate sfadm work that rods of approved construction
»e used, together with'two targets and a properly adjusted rod level
o secure true vertical readings; the readings at all times must be
estricted to suitable atmospheric conditions and to distances per-
nitting exact bisections of the targets. Possible criticism of the use
f the stadia method is found in the failure to observe proper details
nd not in the reliability of the method if skillfully followed.

23. It is desirable to state briefly at the beginning of the'feld
1otes, with every set of returns, the general plan of making stadia
neasurements. The following pa.ragmphs ‘are ‘illustrative of the
‘hargcter of such recordt -

“All stadia measurements are made with 'ﬁxed stadis wires with a
atio of 1 : 1324+, a5 exhibited by the testd shown in the field notes;
he focal constant of the instrument is 1. 2 Hinks; the rod “used is a
tandard Philadelphia level rod graduated to feet and eqnipped with
wo targets and 4 rod level‘ all rewdihgs are madewith a verhcal
M R L) v

% A1l stadia mensurements ire mide with fixed stadia ‘wires wrﬂl a
atig of 1 : 100+, 44 exhibited by the tests shown in the fiéld notes;
he focal constant of the instrameht is 1. 2 links; the rod used is a
tandard Troy lével rod graduated to feet and equipped with two
argets and a rod level; all readings are made with a vertical rod.”



30 MANUAL OF SURVEYING INSTRUCTIONS.

24. Notation used in stadia measurements:
Hor. dist.: The true horizontal distance from the center of the
strument to the rod.
Diff. elev.: The true vertical distance from the height of the ins
ment to the center paint between the two target
: the rod.
“p”: Vertical rod reading.
“p”; OQObserved vertical angle.
“K”: The wire interval or ratio.
“c”: Distance from the center of the instrument to the ob
glass.
7 Distance from the plane of the cross-wires to the object gl
Hor. dist.=XK r cos? v{(c+f) cos ».
Diff. elev.=K r } sin 2v+(c+f) sin ».

£ PRI S
HMor: dist.

fig3

25. In Table 6, Standard Field Tables, the natural funct
“coe?v” and “} sin 20” are tabulated by intervals of 2’
angles from 0° 0/ to 28° (’; these values become natural
of the rod reading in the use of the vertical rod. In the samf
are tabulated the natural products ‘“(c+f) cosv” and “‘(c+f)
for three values of ‘‘(c-+/f)” which may be considered as e:
in either the link or foot unit as convenient.

‘26. In public-land surveying it is convenient to have fixed
wires with & ratio of 1:132, so that the sum of two rod
feet will be equivalent to a ratio of 1:66, or a reduced dis
chains; it is also convenient to reduce the error in the wire i
to the error in 10 chains, and to eliminate the error by appl
the reduced distance the proper correction taken from th
of proportional parts (Ts.ble 5, Standard Field Tables).
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27. Example of test of stadia wire interval, the approximate
tio being 1:132, and the focal constant 1.2 links:

FieM record.
l(aaaxmm:'t of base by steel
pe and clinometer.
- Ve 1rod Final field notes.
D True .
i e | e
Chains. Keet. June 11, 1911, T make the follow-
-4 3. 3.888 6.992 ||  ing test of the stadia wire inter-
-14° 8.00 7.908 6.998 vﬁ:
+71° 2.20 2.180 7.002 Horizontal length
—_— 6.995 of base «14.066 chs.
tal base - 14.066 7.003 Mean of 10 rod
cal constant - 012 ‘7"% v:aglunp ol- 6.99R51t.
udia base = 14.054 chs. 6.985 of test - —0° 40/
" . 7.001 K=132.551
¢ =927, 564 {t. 6.998 onm error in . l Iis.
sanrod reading = ’ c-.-_onsa ) T
efficient for 0° 40’ ==0.9999; All corrections to be added to
001 X 6.9985 - . 0007 the distances given by the
stadia.
reos?e - 6.9978
927. -
- aga'm-“‘
asured base =14, 0686 chs.
% mean rod reading.
W
1 =" o1 14. 008 chs.
'or in 14.00R chs. by stadia = (.058 chs.
'or in 10.00 chs. by stadia = 0.041chs.

!8. The error of the wire interval having been determined for &
tance of 10 chains, the proportional error for any distance from 1
20 chains may be taken from Table 5, S8tandard Field Tables,
18 eliminating all complex stepe from the ordinary reductions
field observations. . :
imphasis is placed upon the necessity for the above tests for
urate stadis work, and attention is divected to the probability
t successive tests will show- slightly incressing or decreasing
ues of the wire interval. - It is-not considered necessary to record
the official field notes any but the basic elements of stadia obser-
ions, omitting the deétsils of the reductions. :

'9. The following example of record, with reductions added, is
pted to the instrument showing the above test of the wire inter-
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]
Field record. Final field notes. |
Chains. | N.0° 08’ W., bet. secs. 15and 16. |
Descend gradually over mountainou
.| . land. |
12:60 Rim of capon, bears NW. and SE
precipitous t of 1701t.
Stadia toleft of creek: 3. 19um1
3.2121t., —26°
Stad&torlglgbankofcreek 3.448 and
Stadia to htrlm of canon: 4914and
. 4.895ft.,
3.194 |
3.212 i
"o 6. 4060, 7976+=5, 100
Error + .021 ‘
(c+fHcos v + .01 - \
12,60 +5.14 chs. | ~17.74 | Left bank of creek, 62 Iks. wide, cours
6. 4060, 4018=2. 574 chs. ’ |
Dif!. elev. ‘A'Mt.
' 3.448 °
3.432
G.SSK)XO 8324=B, 727
Error 4 .024 1
(c+f)cosv + 011 .
12.60 +.'»76 chs, -18. 36 Right bhank of creek; predpltmsascenl
5.14 chs, of 225 ft. to rim of canan. )
Width of creek =0.62 chs. -
4.914 ' '
4,896
9. 809X0. 9925=9, 735
Error + .040
(c+f) cos v .mz
12.60 = +9.79 ‘chs. | =22.30 |'Rim of ‘canon, bears NW ‘and SE.
e - :ase. grgdually,
9swxoosea-o 847chs o v |
o +x7o It. o ‘
Diff. elev. =226 ft. i .

L "
XA SRR S AL IR PLLE S




_..INSTRUMENTS AND METHODS. . - 33

peration becomes very simple. It should also he noted that in
omputing the difference of elevation no cotrection has been made
ir the height of the instrument above the ground, nor for the mean
eight of the rod reading; these corrections are compensating and
rdinarily may be neglected, but in precise reductions must be
»nsidered. Therefore, in ordinary work in computing differences
! elevation by the stadia method it is permissible to neglect the
eight of the instrument above the ground, the mean height of the
W readmg the error in the wn'e interval, and the term “(c-+f)
nv’

81. Many surveyors prefer the conventional stadis wire ratio 1:100
merally adopted.in miscellaneous surveying practice, using a rod
mduated to feet. “With an instrument so fitted for public-land
irveys, in which the chain unit of horizontal distance is stipulated
y ls.w, the reduction is simplified by ascertaining the logarithm of

” , rod in feet and horizontal distance in chains, accomplishing

1e reduction of “ K r cos? v”’ by loga.nthmlc functions.
82. Example of test of stadia wire interval, the approximate ratio
eing 1:100, and the focal constant 1.2 links:

Field record.
leasorement of ‘base-. by steet v . ‘
tape and clinometer. ertic?n gr@ Final field notes.
Meoan True
srtical m horizontal
Chains, Chains. Feet.
-3 6.40 6. 386 chs. 9. 516 July 7, 1915, I made the tolltg:vlv:‘:{
~ 44° 2.70 2.692 9. 518 test of the stsd.h ini 8
128 5.20 5.082 9.522 Horilo.ntn
—_ 9. 519 length of base=14.160 chs.
Total base = 14.160 9.621 Mean of ten rod
9,513 read = 9. 5200 ft
+/) e .012 a.521 . - Vertical angle of
o ' : 9.524 test =+1°54'
h‘f“‘ bi?‘ = 14.148 chs. g a1 : : -98.193
“ -933,768 It. 520 tog Korod in fect
iean rod - 9. 5200 -
vefficient for 194" = 0.9989; ?ﬁd ances
0.0011%9. 5300 = - 0105 chains - 0.172587
7 COS? Do 9. 5095
i x;:‘: L T :
-l I . -
’u—l, R19544 . uu“}/
¢ 5—0. 172537 ’ | . Of
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88. The following examplé of record, with reductions added, |
adapted to the instrument showing the above-test of the mu
t.ervsl ratio 1:98.198 and focal constant l 2 links.

J
Fleldrecord. , Final field notes. !
Chaine. | North, bet. secs. 31 and 36.
' o gver l’evehmd.
14.20 | Commence ascent of 40 ft.

baseo(

| g, %Kt +16% 40 |

24.50 mammm 05" W. anda.q

- E., amdl to top.

1og£ - 0.172537 L ‘ o !
"84T = 0.927956 o {
“ com16° 0= 3- S350 ' : w

'1.063245 ’ ' !
nat '6%’ cos? r=11. 568 . . |
(c+f)cos vm  .012 .
14.20 + 11.58 chs. 25.78 | Top of cliff; thence aver level mese. |
log K =1.992081 )
8,472  =0.927988
“0.2748 ==9.430017
2. 359084

DIff. elev.=228 {t.

" Mo bluft 40

Clft  =188%

84. Most of the General Land Office surveying instruments a
equipped with fixed stadia wires of the ratio 1:132, which has bes
found well adapted to all practical purposes for which used, an
enables the use of standard double target level rods graduated i
feet. A few instruments have been provided with fixed stadia win
of the ratio 1:100, at special request, but rods graduated to linl
can not be furnished except upon special order, and are not pu
chased because they are useless except for the one purpose. Su
veyors can not expect to accomplish the best results where the
graduate their own rods to suit a particular instrument or persont
equation.
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In authorizing the use of the stadia method in the public-land
urveys it is not eontemplated that the same will be made a sub-
titute for steel tape measurement where the latter is practieable,
ut rather that the stadis method may be used as an expedient where
atural obstacles are encountered over which the:distance may be
aore accurately measured by the stadia than otherwise, provuled
hat every aafeguard is duly observed.

TRIANGULATIONS,

86. In making all triangulations for the purpose of obtaining
neasurements across water or over precipitous slopes, the surveyor
s expected to exercise his best judgment in the selection of the
neasured base, and he is required to adopt the best possible geo-
netric proportions of the sides and angles of the triangle. A com-
rlete record of the measurement of the base, the detexmination of
he angles, the location and direction of the sides, and any other
msential details of the problem will be required in the field notes,
iogether with a small diagram to graphically represent the triangu-
iation, but it is not considered necessary to include in the official
feld notes the process of the solution. The method of triangulation
at all times must bé sufficiently refined to produce reliable results,
and when Recessary to determine the value of an angle of a triangle
with a precision of less than the least reading of the mtmment the
method of repetitions will be employed.

86. Inits simplest form the method of repeating an angle consista
in sighting upon a station, A, with the vernier of thehorizontal cir-
~le set at zero; the angle is then turned to the second station, B; the
lower clamp is now loogened and the telescope again set upon station
A with the lower tangent motion without disturbing the angle first
turned, after which the upper clamp is loosened and the angle turned
a second time to station B. The angle is thus ‘‘repeated” two,
three, or more times, and finally the multiple angle is read, which,
when divided by the repeating factor, gives a value for the angle
much closer than the least reading of the instrument. For example,
assume an instrument reading to single minutes of arc, and that a
certain angle has been repeated five times with a resulting reading
of 124° 32’; this gives a value of 24° 54/ 24/ for the angle, which if
skillfully déne is unquestionsbly closer than a single reading. In
surveys which may require even greater precision both verniers are
read and the angle is repeated as nearly as practicable to one com-
plete turn of 360°, when both verniers are again read. The observer
then reverses the telescope, and duplicates the process by turnip-
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the angle in the oppoeite direetion, to eliminate instrumental
and finally takes a mean of the resulting four resdings, which is
vided by the proper factor. It is.occesionally necessary in publi

mer method is of more genersl use, md wﬂl be found dependsb
and quickly executed. - . )

87. The base lines for trmngulanons a.te to be carefully m
even to tenths of links if necessary, and the sum of the angles sho
be balanced to 180°, or redetermmed if the dlsagreanent is found t
exceed 1/ of are. .

88. The following ‘examples; with the reductions added, are ﬂ
signed to illustrate the form of record of cnanguhtmns ‘best -sui
for the official field notes: - - e
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b) Fleld record.

Final fleld notes.

—Stadia wire rstlo, 1:132.551;

e+f)-l.2 1ks.

Atthemmnder t 57.30 chs.bet.secs.

16and 17, a Island bears

N18°41’W,a tona ockintho
9.827 8. 82° 08’ W., stadi:
. 839 thjs pol.nt.9827 and .80 ft., level
—_— measured lmpmctleable, trom E:‘;.ﬁ
19,666 ﬂag on rock
mi.gg. & w 22’ ftlh cél:cuked by
¢ 012 readingo e solar, an angles
— checked by deflection: !
Base=19.76 Length of base =19.76 chs.
. From meaunder cor. toisland=33.54 chs,
An.gkc.
1
3 03
67 46
180° 00
ist.=19.7¢ 8in 67° 46’
B e
;19.76 - 1,295787
sin 67° 46’ ‘= 9.966447 (| At the above point on Indian Island from
— which the meander cor. at 51 mchs. bet.
. 1. 262234 soa. 16 and 17, bears 8° 41’ E
sin 33° 03’ -9, 730092 dist.; I
i : Setaltmeswne,%xmxﬂm. mms inthe
.54 - 1.526542 ground gmeanderoor in sec.
It by e 53,54 oh "“‘“Lﬁ‘n‘mc&? "n"&é"i‘:“l’éﬁ“‘“ﬁ
. . =33.54 ohs, am. e
v 3 d.tst TeTNR43 W 8%
Aﬁbbdsnm,wns. ,bea.rs 4}' w.,
38 ]ks. dist., mkd. T67 NR43 W 88
AMCBT.
f Fleld record. Final field notes.
Chains

5th Guide Meridian West, throu T.
and 21

R b
n over NW. slope, .
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() Field record, con.

Final field notes

Atd= §%"’—°'- 18° 09407(—02"

« =210 g1 (-0
“ 0_240 17 gor 0g'20"'(~09")
~ Ror o (—20")
A 117
Dist, ..m.m"“gw e
log 16. —1.218658
‘ gmso'oe'u"; —9.908188
S 1.20006
“ o 18000/ 38" 9. 493710
“«  BLe T =17I5838
+20.80
.2

79.72

The south shore of urana sraxe,
N.62°E.and 8.48° W,

28 {ns, in the groun,
cor. of frac. see-.lsand'xs,wm:

cap mkd.
<

AISMCI%B .
pine. c,'mm 'runn’z‘i*‘%

'BT.
aatﬁmsuhtionwrosaam

North, 5192 chs.

Thenoﬂhshorgotlake,buus 82l
and N. 75° W,
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89: In practical field work trisngulations are made only to 6ver-
me physical diffieulties of measurement, and under the conditions
nerally presented a right-angled triangle is likely to be less desir-
le than an oblique triangle as the latter may be selected to fit the
st topography’!or the base line. A stadis'bdée may likewise be
perior to & measured base as, for exainple, i extremety rough
»untainous regions where possibly no obstruction would interfere
th a good stadia determination even though a steel tape measure-
mt of the eameé base imight be almost impossible, ‘or involve
»at delay and expense. Under some conditions a double triangu-
ion by independent HBases may be highly desirdble, one result
acheck upon the other, whereby the mean of the two would be
setter value than either result alone. True efficiency demands a
oice of ‘the best methods to suit the peculiar conditions encoun-
‘ed iny each eireumstafice, and- this-must be left to the ]udgment
the surveyor.

The subject of ineasuvements is incomplete without'a suggestion
at each siurveyor should devise a system of signals by means of
rich numbers and directions may be readily comminicated from
e member of'a party to another; such sighals'will be found espe-

dly- useful in tong steel tape and ltadis. meaaurements and
angulanons

mwmmmummmmwmmwmmm

10. The direction!of all lives of the public land surveys will be
termined with referéhoe to the true'meridian:as'defined by the
isofthe earth!srotatioh. No departure fron thisrule isauthorized.
ginning with the Manual of 1890 the wee of the magnetic needle
8 prohibited excopt in subdividing shd meandering, and then
ly in loeafities free: from- local ‘attraction and with the use of
tably comstructed needle: instruments. The Manual of 1894
fuired that all sureeys.of the' public linds of the United States,
bracing all classed of lines, bé made with reference to'the true
ridian,. - mdnpendeﬂtly of the magnetic needle,. &nd *this- pro-
ition: against the use of 'the magnetic needle was even' more
mounced in:thié Manual of 1902. In the modern instruments the
igth'of the ifeedle and stherdetails relating to its construction are
rificed in' favor of the ‘vastly more nnportant details of design of
) transit and solar sttachmeént, and it is not ‘presumed that the
-dleof Vben!odem sélar tramnt wil gwe results even a8 rehuble

-
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as those of a well-constructed needle compass. Many years'

of the solar transit and of the solar compass have proven that
paratively few localities are free from some local magnetic attracti
The needie has some value as a check and for approximate ref
purposes under certain conditions, which need not be discussed i
the Manual, but the use of the needle as a means of detennmmg
direction of lines of the public-land surveys is now: unq
prohibited. . |

41. Each surveyor will be supplied with one or more X
of approved construction suited to the conditions to be encoun
in his field work, It is considered desirable toinclude in the
of every survey, at the beginning of the first book of field notes
every set of returns, a description of the instrument used and
general method by which the azimuth determinations were
plished. The following paragraphs suggest the form of record
be made:

“Survey commenced August 1, 1915, and executed with a B
‘Rocky Mountain Favorite’ solar transit No. 9936, 1915 mod
with U-shaped standards, 43-inch horizontal - circle, 4-mch v
tical circle, and improved Smith solar attachment; all
determinations are accomplished with the solar attachment ex
the special observations upon Polaris and the sun for meridian u
which to test the solar apparatus as stated in the field notes.

Survey commenced July 28, 1909, and executed with & Young
Sons mountain transit, No. 8070, 1907 model; the instrument
equipped with.a full vertical circle and the Smith solar
unless otherwise specified all azimuth determinations are
plished with the solar attachment.” -

‘“‘Survey commenced May 7, 1006, and exacuted with a Burt
compass made by W. & L. E. Gm:ley 1905 model; unless oth:
specified all azimuth determinations are accomplished with
solar compass. The Polaris ohservations in camp are made with.
Keuffel & Esser mountain transit No. 9699, 1903 model.”

42. The proper superviging officer will carefully examine J
instruments to see: that they are in first-class condition for fiel
work, but the burden ¢f the final test is placed upon the mrvey{
who uses the instrument, a8 in every case the approval of an instr(
ment will be made conditional upon satisfactery field test, ﬂl
record of which will be stated in the field notes.

43. The record of the field test of the instrument should emhnq
a comprehensive statement of fact as to date, locality, and cond

o
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n of the instrumental adjustments. The data relative to the
lependent observations for meridian should be included in the
ord, and the functions of apparent time, latitude and sun’s
climation will always be given in connection with the meridional
ts of solar instruments. Various forms of record will be found
connection with the examples of observations and reductions
‘en on the following pages.
k4. When a transit without solar attachment is employed, Polaris
servations, or direct altitude observations upon the sun, necessary
execute the work in accordance with existing law and the require-
mts of these instructions will be insisted upon. Observations
on Polaris, or direct altitude observations upon the sun, at fre-
ent intervals, will be necessary to secure accuracy in the pro-
ition of transit reference lines, when solar apparatus is not used.
@ method of transferring the azimuth determined by the meri-
»nal ohservations to the surveyed lines will distinctly appear in the
1d notes.
45. Surveyors using instruments with solar apparatus will be re-
ired to make azimuth observations on Polaris, or direct altitude
servations upon the sun, at the beginning of every survey, to test
8 accuracy of the solar apparatus, and subsequent tests will be
juired at least at the beginning of the subdivision of every town-
ip. :
$6. A test at the conclusion of a survey is neceesary in order to
ove.dhe continued proper projection of transit lines or the con-
wed satisfactory adjustment of the solar apparatus during the
rvey. A book of field notes of the survey of standard lines, or
township exteriors, will therefore show preliminary and final azi-
ath observations for the projection of transit lines, or preliminary
d final observations and tests for the adjustment of the solar appa-
tus, and intermediate tests to comply with the requirements of
e preceding paragraphs. The satisfactory condition of the solar
paratus at the conclusion of the subdivision of a township exe-
ted with the solar apparatus may, if so desired, be shown by spe-
fic reference to the next succeeding test preliminary to commenc-
g the subdivision of another township included in the same series
books of subdivisional notes. A careful surveyor will make a
ficient number of tests to satisfy himself at all times of the accu-
cy of his alinement, but it is not intended to burden the surveyor
- the field notes with superfluous evidence in this particular
atter.

55465°—19——4 .



42 MANUAL OF SURVEYING INSTRUCTIONS.

GENERAL STATEMENT, TIME, LATITUDE AND AZIMUTH.

47. When considering the following treatment of field methods
determination of time, latitude and azimuth, the surveyor shal
bear in mind that a small error, either in assumed latitude ora
muth, produces only a slight effect in time, and when all are
known the order of sequence in their determination should be ti
of time, latitude and azimuth. Time may be readily determis
by the surveyor with an error not to exceed 10 seconds, while ki
tude and azimuth are readily determined with an error not to.exca
1/ 00”/; the stated limits of error are not unreasonable where aay
the methods herein described and authorized are employed
errors in assumed longitude may be noglected in the de
of time, latitude and azimuth. .

The following methods are limited to observations upon the
and the north star, Polaris, and are arranged to facilitate the s
veyor’s work under all conditions encountered in the field, witha
involving more than an elementary understanding of astrenomis
technology. The tables and formulas published in the Stands
Field Tables, and the complete daily ephemeris of the sun
Polaris and the tables of azimuths of Polaris, published in
‘‘Ephemeris,’’ are deaigned primarily for the convenience of
public-land surveyors in the field, thus encouraging a general
of spproved modern methods, consistent at all times with the o
veyor’s clear understanding of underlying principles involved.

All reference to tables and formulas, or to the daily functiras:
the sun or Polaris, that follow herein, relate to the above suppl
ments to the Manual, and when necessary to use conventional not
tion in the demonstrations that follow, the same agrees with th
shown in detail in the Standard Field Tables.

With relation to the subject of records of observations as the sa
should appear in the official field notes of a survey, it must!
granted that it is absolutely necessary to state all of the special bu
functions of an observation, but it is quite unnecessary to inclui
the process of reduction, except in unusual cases; thus the fi¢
notes should be complete in every respect, and it is the purpose
ingist upon this requirement without involving that which is une
sential to the record. In general also, no attempt is warranted b
which the surveyor may endeavor to make his results by analytic
reduction appear to be more accurate than justified by the refin
ments of the observation upen which a determination is based; bt
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good practice not to discard the various small elements, fractions
ecimal parts of the record value of a function until the result is
rtained, whereupon the insignificant figures may be disposed of.
ANALYTICAL NOTATION, DECLINATION AND REFRACTION.
» 7%4: The symbol for approximation; this symbol signifies in-
dity, but it is used in a relation representing an inequality
‘h approaches equality. .
2Zenith

Fig.4.
8 "poleqenltluun" triangle as viewed from outside of the celestial sphere.

9. v: Observed vertical angle; in altitude observations on the sun,
reductions to the sun’s center both vertically and horizontally,
vell as instrumental errors, are eliminated by taking direct and
ersed observations on the opponte limbs of the sun, and the mean
erved vertical angle to the sun’s center will be designated v in the
ation. - In single observations the vertical reduction to the sun’s
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Example of vertical reduction to the sun’s center.

Field record. | Final field notes.
Sun’s lower limb -25° 200 0 \ Mar. lf{ “mo I mal
Reduction tosun’scenter | = +16’ 6" . o] P“mpmh
Bun’s center, vl =25° 36" 6~ t%';snn’slowu-
3. st y; to
serve the sun’s
-25° 36/ 6" versal of the
Refraction. . = . —2/ o onaccount of clond
Parallax = + ¢ ¥ ‘Watch time of obsa
’ T ore aar 14 i vation, -3h &n [}
. h . =25° 34’ 14 &e
¢ 2% 487 0 rved vertioal i
90° o 0 bzs-gyov
i ncted‘totheauﬂ
centors25° 3¢/ 6.
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‘5%: ¢: Phi: Latitude of the station of observation.

58. \: Lambda: Longitude of the station-6f observation.

84. 3: Delta: Declination of the sun or Polaris; to be taken from
he Ephemeris for the date of observation; the declination of the
un is to be corrected in hourly difference to the longitude of the
tation and to the time of observation; north declinations are treated
s positive and south declinations as negative; a northerly hourly
notion is treated as posmve and a southerly hourly motion is treated
8 negatlve, in the use of the solar attachment the declination of
he sun is to be corrected for refraction in polar distance, always
orth.

Examples of computation of the sun’s declination.

(a) Itis desired to compute the value of the sun’s declination for
he above altitude observation upon the sun for time and azimuth.
ongitudeof the station of observation, 5" 8= W.; apparent time of
bservation, 3% 42® p. m.: .
declination of the sun at Greenwich apparent noon ~

Mar. 18, 1910 . =1°11 3’ S.
difference in time from Greemch apparent noon

to apparent time of: observatlon

For longitude = 5t 8=
For time, p. m.=+3 42

8.838= 8h 50m
Jourly difference in declination=+59//.28
difference in declination from Greenwich apparent
noen to apparent time of observatwn

8.8359.28=528"7 : : =  &43’N.
l‘modeclinationott«hesun e : 1° 27207 8.

. (b) It ig desired to . prepare, by computation, a table of hourly
leclinations of the sun, corrected for refraction in polar distance,
or use with the solar attachment, .for a date March 14, 1912, and for
, station in latitude 33° 10/ N., and longitude 72 472 W,
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2° 33/ 287.6 S. =Declination of the sun at Greenwich
noon, Mar. 14, 1912.
Difference in time from Greenwich apparent
to 7 a. m., local app. time:
For longitude = ™47
For time, 8. m., 12872 0® =(-) 5§ 0
2.780 = 2847
Hourly difference in declinations=+59"7.2,
2/ 44”5 N.=Difference in declination from Greenwich appares
noon to 7 a. m., local apparent time: 2.7859.21
1647.5.

2° 30/ 44”7.1 S. =True declination of the sun, 7 a. m. loca.lappu*
- time.
Local apparent time. lmetlon. Refraction.

2°30 47 8. | 41" N.| 228
2 30 14 148 2 8%
2 29 45 1 22 2283
2 2B 48 0 58 3.
2 27 47 0 47 3270
2 26 48 0 43 2 2 3
2 25 49 0 41 3 25 8
2 24 50 0 3 2 24 7
2 28 51 0 47 228 4
2 2 53 0 58 221 &
2 21 58 122 2 203
2 21 28 148 21938
2 20 5 24 2181

(c) It is desired to prepare, by computation, a table of h
declinations of the sun, corrected for refraction in polar distance, i
use with the solar attachment, for a date August 12, 1912, and for
station in latitude 47° 10’ N., and longitude 72 24= W.
15° 1 6 N.=Declination of the sun at Greenwich apparent nod

Aug. 12, 1912.
Difference in time from Greenwich apparent noonl
6 a. m., local app. time:
For long1tnde= ™ 24m
For timea.m.,
12868 0m=(—)8 0
1.48= 1b 24m
Hourly difference in declination=—45".1.
1/ 3” 8.=Difference in declination from Greenwich appars
noon to 6 a. m., local apparent time: 1.4 X45.1 =6
15° ¢/ 3 N.=True declination of the sun, 6 a. m., local appars

. _—==a time.
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. Y e True dec] " Declination
Local apparent time. r Mlina— R&.’;‘f’ Sotting.
15° ¢ 3”N.| & 20°N.| 15° 3 32N
14 59 40 2 22 15 2 2
.14 59 18 1 48 15 1 4
14 58 1 9 14 59 42
14 57 48 0 52 14 58 40
14 57 3 0 42 14 57 45
14 56 18 0 39 14 56 57
14 55 33 0 37 14 56 10
14 54 48 0 39 14 55 27
14 54 3 0 42 14 54 45
14 53 18 0 52 14 54 10
14 52 33 1 9 14 53 42
14 51 48 1 40 14 53 34
14 51 28 2 22 14 53 48
14 61 3 3 14 54 32

1) A graphic method for ascertaining the changing declinations
he sun, corrected for refraction in polar distance, for use with the
i attachment, is obtained by the use of a diagram constructed on
1s-section paper for each date, as follows:
‘he horizontal lines may be used to represent each hour of the day,
! the vertical lines may represent intervals of 1/ in declination. It
onvenient to use the right-hand side of the sheet to represent N.,
. the left-hand side of the sheet to represent 8., or to have N.
linations increase numerically to the right-hand side of the sheet,
. 8. declinations increase numerically to the left-hand side of
sheet. The vertical lines are numbered to suit the range of
lination of the sun for the date. Two points are marked on the
yram to agree with the true declination of the sun; the first point
narked with the argument of declination agreeing with the
lination of the sun taken from the Ephemeris for Greenwich
rarent noon and with the argument of time agreeing with the local
warent time corresponding to Greenwich noon; the second point is
‘ked agreeing with the proper declination and time 10 hours later;
straight line determined by the two points agrees with thesun’s
3 declination for the date for the local apparent time. The proper
actions in polar distance are then scaled from the straight line
he N. for each tabulated refraction, a. m. and p. m., taken from
le 23, Standard Field Tables, appropriate to the latitude of
ervation and declination of the sun; the locus of the latter
nts is a smooth curve representing graphically the declinations
he sun, eorrected for refraction in polar distance, for use with the
ir attachment. The scale of the refractions must equal the scale
he intervals of 1’ in declination, and the refractions are laid off
ag or parallel to the horizontal lines and not normal to the line of~
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true declination. At any time throughout the day the pm
declination for use with the solar attachment is obtained by refera
to the curve at the point corresponding to the time of observati
To obtain any true value of the sun’s declination for use in|
reduction of altitude observations reference may be made to thestnj
line of true declination at the point corresponding to the tim(
observation.

The advantage of the diagram method is found in the practi
elimination of errors of computation, and the ease with whichi
checked, together with the fact that in the use of the diagram sd
values are obtained at any time without any process of interpolst

The following diagrams have been prepared to illustrate
method:

DIAGRAM OF THR SUN’S DECLINATIONS.
Date, Mar. 20, 1912.
Station: Lat.=37° 30/ N.
Long.=7"30= W.
Greenwich noon=0° 11/ 14/ 8,=4% 30 a. m.
Diff. 108, 4-593”= 09 53 N.
: 0° 01/ 21 8.=2830™ p. m.

"Fig.5.
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DIAGRAM OF THE SUN’S DECLINATICNS.

Date, Sept. 23, 1913,
Station: Lat.=47° 3(/ N.
Long.=6h 18m W,
Greenwich noon=0° 03’ 55/ N.=542m 3, m,
Diff. 10n, ~585”= 9 45 8.
0° 05 50 §8.=3" 42m p. m.

g:aomqmmgm,‘_

& W N -

PM.6
Fig.G.

58. A: Azimuth angle from the true meridian to Polaris, or to the
un’s center; in the following analytical examples A is referred to
he north point unless otherwise noted, and the reductions are sym-
netrical either east or west of the meridian; all determinations for
zimuth imply the recording of horizontal angles from a fixed refer-
mce point to Polaris or to the sun, or that a point has been marked
»n the ground to define the direction of observation; the mean
10rizontal angle in the first case, or the mean point in direction in
the second instance, being used.
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In the first of the foregoing examples of the relative use of v,
and ¢, is shown the record of certain observed horizontal
from a fixed reference point to the sun’s limbs, and now for the
pose of clearly stating the use of the notation A, the final reducti
of that observation is here anticipated, in which the following
is obtained:
Sun’s azimuth. ‘
Referred to the N. pomt A=N. 114° 07/ 28"/ W.
Referred to the S. point, A=8. 65°52"32” W.
Recorded mean horizontal

angle from flag S. to the

sun SW.................= =8. 064°32/20” W.
True bearing of flag......... =8. 1°00 02” W.

In general in altitude observations upon the sun it is conveni
to record horizontal angles from a fixed reference point to the
limbs; this method is preferable in view of the rapid motion of
sun and the advantage of minimizing the period of the observati
In observations upon Polaris the same method is often conveni
and at other times it may be more convenient to mark points
the ground to define the direction of observation, taking & pro
mean of the several points to define the true line of sight to Po

Underadverse conditions an altitude observation upon the
for azimuth may fail in the reversal of the transit on account
clouds or error in reading one of the angles of a series of o
tions, in which case it may be deeirable to reduce the single o
tion upon the sun’s limbs to equivalent corrected readings to

sun’s center. In single observations on the sun, the reduction
/

the sun’s center in azimuth =%, a refinement in the value of
sin’s semi-idiameter is had by referring to the Ephemens for the
of observation.

An example of reduction to the sun’s center in both vertlea.l
horizontal nngles follows ’

.
R
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Field record. 0 Final fleld notes.
Vertical letosun's 250 " Mar. 18, 1910, T make an altitude observa-
. lower lim! 25° 20’ 00 tion_upon the sun for azimuth,
s soml-dhmew! l the sun’s lower and right limbs only
iction to center -+!6’06"v lextli lt:ob&m the m&u rsnd
m| reversal t on
o center, o g ¢ Gt tdsbmuﬁo 3h42m
== paren! of 0 oR,.
Ogserved votﬁeal angle to sun’s f(’;w
l’s rlght llmbﬂ?W =053° 00’ 00"’ limb, 26° 20’ 00" , to the me':
to sun’s cen- center=25° 36 06",
w 0;}“""“1 horizogtst}, nnglg vtvo %‘;n;'o' rgl’n,t
mb from °
j%v e =179 = 1784" | corrected to the sun’s center=-64° 42/ 06,
, angle from flag 8. to
n’leouur Wa‘ -04 42/ OO
—_——

8. Tables of mean refractions both in zenith and polar distance
ear in the Standaed Field Tables, arranged to meet the require-
ats of field use; see Tables 20 and 23. A table of coefficients.to
ly fo mean refractions in zenith or polar distance for variations
atmospheric pressure and temperature to obtain true valuee of
actions is given to meet occasional necessity for its use, see
le 21. In the absence of a barometric instrument to determiné
atmospheric pressure, the argument ‘‘approximate elevatiop
ve sea level” may usually be safely substituted. The differ-
8 between the true and the tabulated refractions are generally
land negligible excepting for the combined effect of low appar-
altitude of obeervation with great elevation above sea level or
remes of temperature. The following example of reduction
strates the method to be employed in all reductions from the
ulated refractions: ,
Bbulated refraction =6’ 457==6/.75; elevation above sea level
0,000 feet, for which elevation the coefficient is 0.70; tempera-
eat the time of observation =82° F.; for which temperature the
flicient is 0.94; true refraction =0.70X0.94X6/.75==4" 44=4/26//

. TIME..

'1. The element of time enters into all azimuth determimtions
such an extent that the surveyor should be sble to arvive at the
ict apparent time of all cbservations upon the sun and the exact
al mean time of all observations upon Polaris. The sun’s decline-
o varies with the apparent time and the longitude west from
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Greenwich, and enters directly into all observations upon the{
for azimuth; thus the apparent time and longitude should be knd
to a degree of accuracy commensurate with the refinement neces
in computing the sun’s declination. The azimuth of Polaris va
with the local mean time of observation, which must be known|
degree of accuracy consistent with the result wanted in the dé
mination of the true meridian. In observations upon Polaris
elongation precision in local mean time is unnecessary, but inh
angle observations upon ‘Polaris it will be noted that at uppe
lower culmination, in latitude 40° for example, Polaris varies I
azimuth in about 2.5 minutes of time; this interval of time sld
increases toward elongation and in the latter position more f
30 minutes of time are required for a change of 1/ in azimuth.

§8. Conversion of standard time into local mean time: watch re
ing o+ watch errer in standard. time by comparison. 4 correction
longitude; the correction for longitude is additive east and &
tractive west of the standard meridian of the time belt; the ¢
version table “degmees to time” (Table 18, Standard Field Tah]
is convenient in this reduction.

Example of conversion of standard time into ]ocal mean hi
longitude 77° 014 877.5 W.:

Watch time of observation ] =6t 26= 40= p.
Watch slow of 75th meridian standard time by

comparison with a standard clock - =t 4] 298
Correction for longitude of station St

-(77° OF 3777.5 W.=5= 08= 06.5%) = —gm (g
Local mean, time of observation . =6 19m 56° p.|

69. Conversion. of apparent time into local mean time: appan
time of observation i: the equation of time;:the equation of tim
to be taken from the Ephemeris for the da.te of observation and d
rected for the longitude and time of observation, .convenies
interpolated as the interval from Greenwich noon to the time
observation; the watch error in local mean time is then found
taking the difference between the watch reading at the epoch of {
observation and the redueed. local mean time of observation.

Example of conversion of- appmttlma into Jocal mean u
longitude’ 77° 01’ 37”.5 W t

Loty
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ir. 18, 1910, apparent time of altitude observa-

tion upon sun =3h 42= 11° p.m.
juation of time, Greenwich ap-

parent noon +8% 23.4*

terpolation for longitude of station

52 08™ W., and time of observation
3h 42m p m,, 8 50 after Green-
wich mnoon, or 8.83/24 of change

(17.64°) in 24 hours = —6.5°

juation of time +48= 16.9* 8= 17°
cal mean time of observation =3h 50m 28¢
atch time of observation =3h 57m 53s
atch fast of local mean time - = 7= 258

TIME IN ITS RELATION 70 POLARIS OBSERVATIONS.

60. Polaris, a star of the second magnitude, occupies a position
the northern heavens a little more than 1° from a line defined by
e axis of the earth’s rotation, and on account of its brightness and
oximity to the polar axis it ranks to the surveyor as the most useful
rcumpolar star. It will be assumed that the surveyor has learned
w to identify the north star among its associates in the clear starlit
avens, especially with reference to the ‘‘pointers’’ in the con-
sllation of the ‘‘Great Bear,”” which is popularly called the “ Dip-
x.”” Polaris (« Urszy Minaris) is nearly on a line (or great circle)
stermined by the pole and the star ‘5 Cassiopeise,’’ and both stars
e located in the same direction from the pole. The same line (or
eat circle) passes near the star * { Ursse Majoris’’ (another star of
e ‘¢ Dipper”’), but the latter star is located on.the opposite side of
o pole. The surveyor may note the relative position of the three
ars aforementioned, if it is a clear night, and this will qive an im-
ediate indication of the approximate position of Polans in its di-
mal circle at such time of observation. The novice should secure
’ld demonstration in these details from an experienced obeerver.
he three stars named are all of about the same brightnees. In-
ructions will follow (sec. 99) regarding the positive identification
' Polaris by iastrumental methods during the twilight period, be-
re the star is visible to the naked eye, and the same process may
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* Kk + 4

H
¥ '
{Srorﬂogm'rudcs § *‘-""'o
2 3 4 S5 ;

‘% Polaris
True North ﬁolc

' NAKED-EYE IDENTIFICATION OF POLARIS,

oy IO About noon March 33rd, o
. . About 6 a. m. June 22nd. .

About midnight September 22nd

‘" About 6 p. m. December 22nd. ' -
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mployed for verification of nigls observations, if there should
oy doubt as in case the neighboring constellations are obscured
louds.

ikillful surveyor can readily observe Polaris at sunset or sunrise
out artificial illumination, and with a very.clear atmosphere
perform the observation when the sun is as much as 20 or 30
ites above the horizon. At any time that Polaxis is visible any
of the various methods of Polaris observation for meridian,
erly followed, is superior to any form of observation upon the
for the same purpose. - In general, in public-land surveying,
»est of all practices is found in the proper use of a solar instru-
;adjusted to the true meridian as established by Polaris obser-

m.
laris has a diurnal circle about the earth’s polar axis similar to
iurnal circle of other stars, though Polaris has the smallest circle
y naked-eye star. The daily circuit of Polaris is covered in one
eal day of 24 gidereal hours, or an equivalent of 23 hours 56
ites 4.09 seconds of mean solar time. In its diurnal circle Polaris
28 the meridian twice, once at upper. culmination, or above the
axis, and once at lower culmination, er below the polar axis.
e direction of the apparent motion of Polans is suggested by the

ving diagram:

F‘ g 7 R . v

e poinﬁngs of the avrows on the above tircle indicate the direc-
f the apparent motion of Polaris in its diurnal path, while the
ings of the arrows on the lines tangent to the circle show the
tion of travel at the epochs of culmination and elongation. If
urveyor has any-doubt in regard to-the quadrant occupied by
is in it§ diurnal circle at the time of an ohservation, hie may set
ntersection of the telescope cross-wires. exactly upon the star,
without moving theinstrument, n(ne the direction of the sm'a
m a.nd compare- with tke dmgmm .

13
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The position of Polaris in its diurnal circle at any time may ¥
determined by reference to the mean time interval from upper cu
mination o any obeerved position west of the meridian, or by refe
ence to the mean time intérval from any obeerved posdition east of t
meridian Zo the succeeding upper culmination:

61. The Greenwich mean time of upper culmination of Polaris
tabulated in the Ephemeris for every day in the year, arranged §
the ordinary civil date, a. m. or p. m.

62. Local mean time of upper culmination of Polaris: the Gred
wich mean time of upper culmination of Polaris is to be taken frd
the Ephemerisfor the date of observation; the amount to be subtractl
from the Greenwich mean time of upper culmination of Pola
to obtain the local mean time of upper culmination, in which 4
argument is the longitude west from Greenwich, is obtained fro
the table of sidereal conversions without computation; see Table11
Standard Field Tables.

Example of reduction from the Greenwich mean nme of up
culmination of Polaris to the local mean time of upper
of Polaris, longitude 111° 15/ W.: |

Aug. 12, 1910, Gr. U. C. of Polaris—4" 08.3% . m. |
Red. tolong. 111° 15 W., 12 13* = — 1.2 ,

L. M. T. of U. C. of Polarig =4h 07.1™ 3. m.

68. The Greenwich mean time of elongation of Polaris, latitw
40°, is tabulated in the Ephemeris for every day in the year, arrang
for the ordinary civil date, a. m. or p. m,

64. Local mean time of elongation ef Polaris: the mean time
elongation of Polaris, Greenwich meridian, latitude 40°, is to
taken from the Ephemeris for the date of observation; the amo
to be subtracted from the mean time of elongation of Polaris, G
wich meridiard, latitude 40°, to obtain the mean time of elongau
of Polaris, local meridian, hutude 40°, in which the argument is t]
longitude west from Gneenwmh, is obtamed from the table of &id
real conversions (Table 19, Standard Field Tables) without comp
tation. The amount to apply <o the local mean time of elongati
of Polaris latitude 40° to obtain the local mean time of elongation,

Polaris at the latitude.of observation is tabulated in the Ephemey
in connection with the table of azimuths of Polaris at elongation..

Examples of reduction from the Greenwich mean time of elong
tion of Polaris, latitude 40°, to the local mean time of elongation
Polaris, latitude 64° 30/ N., and longitude 146° 30V W.:
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’ EASTERN ELONGATION.
ept. 9, 1910, Gr. E. E. of Polaris, Lat. 40°=8"19.6™ p. m.

wed. to long. 146° 30’ W., 1= 36+ =- 16
‘ed. to lat. 64° 30 N. =4 5.8
M. T. of E. E. of Polaris 8 2382 p.m.

‘WESTERN ELONGATION, SAME STATION.

ct. 16, 1910, Gr. W.E. of Polaris, lat. 40°=5" 48.5% a. m.

ed. to long. 146° 30/ W., 1= 36+ = - 18
od. to lat. 64° 30/ N. = —538
.M.T. of W. E. of Polaris =5" 41.1ma m.

85. Conversion of & mean time interval into a sidereal time inter-
I, or vice versa: The amount toapply to one time interval to obtain
w0 other time interval is found in the table of sidereal conversions
Table 19, Standard Field Tables) without computation.

Example of conversion of & mean time interval into a sidereal
me interval:

ean time hour angle of Polaris for an assumed obser-

vation in Alaska = 7» 32.6m

= 7h 32m 36°
nversion into equivalent sidereal hour angle = 4+ 1 14
dereal hour angle . = 7h 33% 50"
™ =105°
Pm= 8°1¥
500 = 12/ 30
_— =113° 27/ 30/

66. Hour angles of Polaris: & mean time hour angle of Polaris
st of the meridian is the mean time interval from the local mean
ne of the last preceding upper culmination to the local mean time
obeervation of Polaris; a mean time hour angle of Polaris east of the
tridian is the mean time interval from the local mean time of ob-
rvation to the local mean time of the next succeeding upper cul-
ination of Polaris.

The above application of the term ‘hour angle” is a departure
m conventional usage, which has been employed in order to sim-

55465°—19—— 5«
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plify the text. By this means one confusing stei) in the proli
relating to hour angles for positions of Polaris east of the meridix
avoided. Polaris crosses the meridian at lower culmination &
hour angle of 11* 58™ 02¢, and in the arrangement of the vai
examples, the observations west of the meridian have been reie
to the last preceding upper culmination, and those east of the ma
ian have been referred to the next succeeding upper culminati
thus avoiding the introduction of any hour angles exceeding 11*/
02s.

Examples of computing hour angles of Polaris; all taken ouf
longitude 117° 15/ W.:

West of ihe meridian, p. m. obsn., U. C. in p. m.

ST 10469,

L. M. T. of obsn., Feb. 18, 1911 . =5h 20.1mp
Gr. U. C. same date =3t 36.5% p. m. ‘
Red. to long. 117° 15 W.= — 1.3 =3 35.2 j
Hour angle of Polaris, west =]h 44 9=

West of the meridian, p. m. obsn., U. C. in a. m.

L. M. T. of obsn., May 14, 1911 ={+12

- h 12, 4mp
Gr. U. C. same date =10t 02.1® a. m. ‘
Red. tolong. 117° 15/ W.= —1.3 S = 10 0.8 s

Hour angie of Polaris, west ' = gr]1.6=
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West of the meridian, a. m. obsn., U. C. in p. m.

+12
1. T. of oben., Nov. 3, 1911 — 6431.6"a m.
U. C., Nov. 2 =16 43.9= p. m.
l. to long. 117° 15 W. -13 =10 42.6 p.m.
ir angle of Polaris, west = 7h49.0m

West of the meridian, a. m. obsn., U. C. in a. m.

4. T. of oben., Aug. 11, 1911 = 5205.9™ a. m.
U. C., same date =4"13.6® a. m.
L to long. 117° 15’ W. -13 =4 123 am.
ir angle of Polaris, west = (b 53.6™

e

East of the meridian, p. m. obsn., U. C. in p. m.
24

.

U. C., Dec. 20, 1911 = 7h348mp. m,
1. to long. 117° 15/ W. = -13

M. T. of U. C., Dec. 20 =7 33.5 p.m.
M. T. of obsn., same date =4 351 p.m.

ur angle of Polaris, east = 2258 4m



60 MANUAL OF SURVEYING INSTRUCTIONS.

East of the meridian, p. m. obsn., U. C. ina. m.

Gr. U. C., Sept. 2, 1911
Red. to long. 117° 15 W.

L.M.T. of U. C., Sept. 2
L. M. T. of obsn., Sept. 1

Hour angle of Polaris, east

= 2h474m 3
-13 |

{= 2 46.1 a,

+12 ‘
=6 340 p!

8 12.1m

East of the meridian, a. m. obsn., U. C. in p. m.

VA

®3

Gr. U. C., Mar. 19, 1911
Red. to long. 117° 15’ W.

L. M. T. of U. C., Mar. 19
L. M. T. of obsn., same date

Hour angle of Polaris, east
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East of the meridian, a. m. obsn., U. C. in d. m.

o

iGr, U. C., May 18, 1911 = 984648 a m.
Red. to long. 117° 15 W. = -13
L.M.T. of U. C., May 18 =9 451 a.m.
L. M. T. of oben. =4 429 a m.
Hour angle of Polaris, east = §h02.2m

87. By reference to the preceding diagram showing the direction
of motion of Polaris in its diurnal circle, Zenith

themotion at western elongation is shown
to be vertically downward, and at eastern
elongation the motion is shown to be ver-
tically upward. At the epoch of either
western or eastern elongation the motlon
of Polaris in azimuth is zero.

At the equator, if Polaris could be ob-
served, the hour angle of Polaris at elon-
ption would be 90° ¢/ 0”7=6> Om (s -
ridereal hour angle=5" 59= 1.02* mean
lime hour angle, but as stations of ob-
tervation are occupied in the higher
latitudes the hour angle of Polaris at
elongation decreases progressively. The
reason for this is found in the fact that
all vertical planes intersect at the ze-
nith, and the point of tangency of a
vertical plane with the diurnal circle of
Polaris occurs at points corresponding
to decreasing hour angles with the higher Norizon
latitudes. The ‘“‘spread” of the two ¥ia. 8—The meridian and
vertical planes intersecting Polaris at :’;;‘:}‘Jmlfme‘z’}‘gfaz
eastern and western elongation increases as viewed from inside of the
with the higher latitudes, giving in-  celestial sphere.
creasing azimuths at elongation with the more northern latitudes.
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68. Mean time hour angle of Polaris at elongation; =the siderel
hour angle in angular measure; this converted into time measur,
and this in turn converted from a sidereal time interval into a mean|
time interval gives the mean time hour angle of Polaris at elongation;

Ope t=cotan tan ¢

Example of computmg\the mean time hour angle of Polaris
elongation, April 3, 1915, in latitude 65° 0/ N. .y O0 whlch date
declination of Polaris=88° 51/ 20’/ N.: ,

=65° 0/; log tan ¢ = 0.331%27

og

3=88° 517 20’/; *‘ cotan é = 8.300630

© “ cost = 8.631857

Sidereal hour-angle C =8T7°32 417

' 87°=50 4gm

3=  gmQgs

41//= 3]

=5h . 50W 110

Reduction to mean time hour angle - voo= —~Om BT
Mean time hour angle at elongation =5 49m 14 [

ALITTUDE OBSERVATION OF THE SUN FOR.APPARENT TIME,

@9. Altitude observation of the sun for apparent time: ¢=|
angle from apparent noon in angular measure; reverse the signs
& for south declinations:

din } ({+#—8)sin§ (F—4+3)
cos § (£+¢+8) cos § (£ ~4—8) ,

70. An altitude observation of the sun for time is made by de
mining the correct altitude of the sun’s center and recording
watch' time at the epoch of observation. The following order
procedure is recommended for the elimination of instrumental
reduction to the sun’s center, a‘nd practxcal ehmmatlon of dlffe
tial refraction: - .. ..

Tan }' t=

A. M. OBSERVATION. N

"Phoroughly level the transit. :

Observe the sun’s upper limb, recording the watch time of
tion and vertical angle.

Reverse the transit.
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Observe the sun’s lower limb, recording the watch time of observa-
tion and vertical angle. -

The mean vertical angle is equivalent to the 'vertlcal angle to the
sun’s center corresponding to the mean epoch of the watch readiugs.

P. M. OBSERVATION.

- Thoroughly level the transit.

Obeerve the sun’s lower limb, recordmg the watch time of observa-
tion and vertical angle.

Reverse the transit.

Observe the sun’s upper imb, recordmg the watch time of observa-
tion and vertical angle.

The mean vertical angle is equivalent to the vertical angle to the
sun’s center corresponding to the mean epoch of the watch readings.

Example of altitude obeervatzon of the sun for apparent tlme

Final field notes.

August 24, 1909, in latitude 37° 16’ 50’/ N., and longitude 102° 12’
W., I make an altitude observation upon the sun for time, making
two observations, one each with the teleseope in direct and reversed
pomhons, observing opposite limbs of the sun:

Mean observed vertical angle =19°39 30"
Mean watch time of observation= 4% 56™ 04* p. m.

t

Watch slow of local mean time = 0™ 56°
Pield record.
- . Sun’s .
Telescope. limbs. Watch time. | Vertical angle.
HE
Mreet.................. ST B 4n55m22 | 10° 33 00
Leversed...........ceeeeeeeeseenennn. G| 44| 19 460
@8I - - - .eeienenireniiereaianes 4h56mMs | 19° 39’30"-0
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True vertical angle=h=19°37/
Zenith distance =¢=70°23/ f
Sun’s declination =3=11°05'N.

= T0°2% e =70°2%
=37 17 =3717
(+4)=107°40 (£ —)=33¢
8= 11°05 (+) $=110¥ |,
' 4 values= ‘
(E+o+5)=118%45 59°22/30”7 22°05/30/ (¢ —¢-+3)=44°1V
(£ +9)=107°40/ i (+—¢)=33°0¢
5= 11 05 (4) _ 3=1105 (
(C+o—8)= 96°35 . 48°17/30” 11°00'S0” (¢ —¢—38)=22°V |
log sin }(¢+¢—8)= 9. 873054
“ gin }(¢—p+8)= 9. 575291

“ cos }(¢+d+8)=9. 707073 9. 448345 :
“ cos }(5—¢—2)="0. 991834 |
i

9.699007 9. 699007
73° —oaj
“ tan? §¢ = 9.749338 41/
“ tan §t = 9. 874669 247 —
3=36°50742” =T73°41/24" t—4n54n

Apparent time of observation =4%54m46* p. m.
Equation of time +2 14

Local mean time of observation=4257%00* p. m.
Watch time of observation =456 04 p. m.

Watch slow of local mean time == 0™56°

MERIDIAN OBSERVATION OF THE SUN FOR APPARENT NOON.

71. Meridian observation of the sun for apparent noon.—With {
telescope in the meridian elevated to the sun’s altitude, the vl
times of transit of the sun’s west and east limbs are noted, the m¢
of which is the watch time of apparent noon; if the observation
for either limb the reduction to the sun’s center is accomplished
adding or subtracting 68 seconds; a refinement in the amount of
time is had by referring to the Ephemeris for the time of the m!
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-diameter passing the meridian for the date of observation; the
ng for the approximate altitude of the sun’s center is:
v9490° —¢ 43

OBSERVING PROGRAM.
stermine the meridian by the best means at hand and compute
Jdtitude setting for the sun.
vel the transit, place the instrument in the meridian, and ele-
the telescope to the altitude of the sun’s center.
ite the watch time of the sun’s west limb tangent to the vertical

te the watch time of the sun’s east limb tangent to the vertical

.ke the mean of the readings for the watch time of apparent

. from which to compute the watch error local mean time.

:ample of meridian obeervation of the sun for apparent noon:
Final field notes.

lgnst 14, 1909, in latitude 37° 16/ N., and longitude 102° 16’ W,

. the telescopein the meridian and elevated to the sun’s altxtude,
serve the sun’s transit for time, noting the watch time of transit
ch limb:

»an watch time of apparent noon=12t 00= 27¢
atch slow of Jocal mean time = 4= 06
Field record.
Setting: 90° 00’
¢ % (—)37°1¢/ N.
& » (+)14° 2% N.

v 67° 09
€ Watch time of transit, W. limb  =11* 59 22¢
- Watch time of transit, E. limb =12 01 32

‘Watch time of apparent noon =124 00= 27¢
Apparent noon =122 00®= 00*
Equation of time= + 4 83

Local mean time of apparent noon=12 04 33
Watch slow of local mean time = 4™ 06

ae above form of meridian observation of the sun for apparent
1isby far the most convenient reliable method of time observation.
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. TIME FROM THE SOLAR ATTACHMENT. :
72. Seveml of the approved forms of solar apparatus, inc
principally the Smith solar attachment and the Burt solar co
have a graduated arc or circle mounted normal to the polar
indicate the apparent time of observation. The reading of
arc is most conveniently checked by comparison with the
form of meridian observation of the sun for apparent mno
error in the reading of the time arc or hour circle may be
by adjusting the circle, or allowed for as an index error. . - The)
of the hour circle may then be safely accepted as giving
. apparent time for use in. computing or taking out required d
tions of the sun for the various forms of solar observations. A
. peading of the hour circle may be safely accepted to indicate apf
time at.whick mement the ‘watch reading may be noted,
watch emor local mean time determined as shown in the pi
example of conversion of apparent time into local mean time;
rgsult derived for the watch error local mean time may: then be s
used in observations on Polaris at elongation, but for obeervst
upon Polaris by the hour angle method the time should be determi
by one of the more refined methods already given. . |
' LATITUDE. o -
78. It is absolutely necessary in the cperation of any &blar atit
ment to employ the correct latitude of the station, and in geners
altitude ohservations upon the sun for azimuth or time the latit
must be well determined. In the public-land surveying prac
all determinations of either time or latitude are an important
of the program of operations only so far as these functions fin
enter into the establishment of the ' true meridian; all classe
observations given in the Manual have been arrdnged to facili
the performance of solar instruments, and for this purpose a defi
knowledge of the true latitude is hlghly important. No lacl
reasonable pregision should be allowed in the acpepted latitt
The various forms of observations for latitude are very simple a
considerable series should be taken in every group of surveys,
reduced to the township boundaries for companson untll a8
factory mean has been obtained.
MERIDIAN ALTITUDE OBSERVATION OF THE SUN FOR LATITUD

74. Meridian altitude observation of the sun for latitude. —Rev
t.he sign of 8 for south declinations:

»=90°+d—h

=
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+The following oheerving program is recommended:
¢‘Thoroughly level the transit and place the telesoopem the mend
pelevated to themmsappmnmtealt:tude at noon. -
Pheerve the altitude of the sun’s lower limb with the sun ahshtly
pt of the meridian. =~
JReverse tho transit. i
Obeerve the altitude of the sun’s upper limb with the sun slightly
got of the meridian.

e the mean observed vertical angle for the altitude of the

's center at apparent noon. '
fhe following is an example of meridian altitude observation of
p sun for latitude:
’ Final field mta
October 5, 1909, in approximate latitude 37° 20/ N, and longltnde
row,Il ma.kea.mndlmalhtudeoboemtwnoftheaunior
fitude, observing the altitude of the sun’s lower limb with the
Jescope in direct position, reversing the transit and observing the
a’supper limb:
s Apparent time of observauon, noon=12" 00= 00*
Mean observed altitude ==47°.59 45/
Reduced latitude - - ' ¢ =37°19.8 N.
Field record.
Setting: . 90° 00/

—)87° 20/ N.

47° 58/
Lower limb 47° 42/
, Upper imb = 48° 14/
- Q- Observed alt., lower limb, tel. dir.=47° 43/ 00

—o Observed alt., upperlimb, tel. rev.=48° 16* 30/

- . - . e -

Mean observed altitude, v =47° 59’ 45"/
Refraction -0 52
Parallax + 0 06
h=47° b8’ 59/
6= 4 41 42 8.

¢=37° 19/.3 N.=90°—5—h=37 19 19
90° 00/ 00
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75. The above-described observation is conveniently coml
with the meridian obeervation of the sun for time, by obes
simultaneously the sun’s lower and west limbs, recording the v
time and the vertical angle and reversing the transit in the ini
of about 2 minutes, and then observing simultaneously the(
upper and east limbs. The settings for the approximate alti
of the sun’s lower and upper limbs, respectively, are:

v7490° —¢p+5F16” ‘
“Example of meridian observation of the sun for time and lad‘
Final field notes. |

June 8, 1910, in approximate latitude 38° 54/ N., and long
77° 01/.6 W., I make a meridian observation of the sun for tin
latitude, observing simultaneously the altitude of the sun’s|
limb and the transit of the sun’s west limb, reversing the teld
and observing simultanecusly the altitude of the sun’s upper
and the transit of the sun’s east limb:

Mean observed altitude =73° 55’ 80”7
Reduced latitude =38° 53/.7 N.

Mean watch time of observation=12% 06™ 40*
Watch fast of local mean time = 7™ 58

"Field record.
Setting: 90° 00/
o= (—)88°54N.
5= (+)22°4¥N.
R - 73° 5%
Lower limb 73° 39
Upper limb 74° 11/

!

\

- —

Position of telescope. Position of sun, Watch ﬁ?m Obser™

mj
Direct..........cconnnne... q- 122 5= 37| 74
Reversed......occveeennnn 'b 12 07 42 74 6
) 1 TN DN 12 06= 40= i
B3 :Y AT R -
) 2T 211 S PP, -
S esecnn - 73
== 22° 49" 0073 90+ 8. .. et eeeteaaaaan =113

$=38° 537 Nemm@0°+8~R - . ..., = 38°
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Watch time of apparent noon. ..... =122 06" 40
Apparent noon.....=12" 00= 00* '
Equation of time..= —1 18

Local mean time of apparent noon.=11 58 42
Watch fast of local mean time..... = ™ 58

The known latitude of the above station is 38° 53/ 40”/, but it can
t be assumed that any one altitude observation of the sun will
ways give a result so close to the true latitude. In general a better
termination of the latitude by this method is possible only by
sking a series of observations on successive days, or by combining
e result with Polaris observations for latitude.

For the purpose of a test as to the accuracy of the above time
servation, the same watch was compared with a Western Union
legraph clock as follows:

75th meridian time of compa.nson =12t 00= 00°
Correction for longitude 77° 1.6’...= .—08 06
‘Local mean time of comparison. . .=11" 51m §4s °
Watch time of comparison. ....... =11 59 56
Watch fast of local mean time..... = 8o 020 .

ALTITUDE OBSERVATION OF POLARIS’ FOR LATITUDE.

16. Altitude observation of Polaris at upper culmination for latitude:
=h+5—90°

Altitude observation of Polaris at lower culmination for latitude:
e mean time hour angle of Polaris at lower culmination is 11
ars 58 minutes 2 seconds:

¢=h+90°—5
The settings for the approximate a.ltxtude of Polaris at upper and
fer culminations, respectively, are .

v (90°—8) :
the following program is recommended in altitude observations
Polaris at culmination for latitude.

Jompute the local mean time and watch time of culmination.
Thoroughly level the transit.

\bout four minutes before culmination observe the altitude of
laris with the telescope in direct position.
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Reverse the transit and observe the altitude of Polaris,

Again level the transit.

Observe the altitude of Polaris with the teleucope in the reve
position.

Reverse the transit to the direct position of the telescope andy
observe the altitude of Polaris.

Take the mean observed altitude to use in the reduction.

Example of altitude observation of Polaris at lower culmim
Final field notes.

‘June 19, 1910, in approximate latitude 38° 54’ N., and longi
77° 016 W., I make an altitude observation on Polaris at}
culmination for latitude, making four observations, two eachi
the telescope in direct and reversed positions:

Watch fast of 75th meridian ‘

standard time by comparison = 0= 2¢ |
Mean watch time of observation = Te 44 37*)
Mean observed vertical angle = 37° 44 OO0
Reduced latitude = 38° 53’ 4 N. |
Field record. . !
Setting: 90° 00/
5788° 4Y
90° -5 1° 1V
) $7%38° 54/
v3<37° 4% =¢—(90°—3)
Gr. U. C. of Polaris, June 19, 1910 = T39.7m 1
Reduction to longitude 77° 1.6’ W. = —08
Reduction to lower culmination =411 58.0
™ 36.9% §
L.M.T. of L. C. of Polaris, June 19 = Thggm5ey
Watch fast of 75th meridian standard time by
comparison with & Western Union telegraph ’
clock =+ 0 24!
Correction for longitude 77° 01.6 W. =+ 8 06

Computed watch time of lower culmination = 7h 45=2¢'p
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 Telesoope. Watch Vertical

. besmacanss ™ 40m 140 37° 42' 307
o P 7 43 45 37 44 30
rsed. .. iiiiiiiiiiiiiiiian. 7 46 39 87 45 30
2N 7 48 &0 37 4 30
). T TN ™4 30| 37° M’ 00
WCUIOD. .o e epecienees -1 15

A=37° 42’ 45"’
249" 207 O0°—8 L. iieaiiiiaaenaas =1 10 40
M DR B (A ) B =38° 53’ 25"

AZIMUTH.

THE SOLAR ATTACHMENT.

' The solar attachment to the engineer’s transit has been
zned for instrumentally setting off the sides of the ‘‘ pole-zenith-
> triangle in agreement with their angular values at the station
time of observation. The sun’s image may be brought into the
of collimation of an auxiliary telescope by orientation of the
sit to the position where the instrumental parts are made parallel
1e respective sides of the celestial triangle, whereupon the verti-
plane of the ‘‘pole-zenith” arc of the solar attachment will
cide with the true meridian. Skillfully handled, the solar at-
ment will give at once close approximations ta the true meridian
paring favorably for accuracy with direct observations. The
wntage in the proper use of the solar attachment is found in its
1 and close determinations of the meridian in heavy . timber,
e undergrowth, and strong wind, in low swamp or on high
ntain ascents, and under nearly all other difficult physical
itions encountered in the field, avoiding in its proper use accumu-
re errors incident to the prolongation and deflection of transit
s, and deviations in the azimuth of latitudinal lines. Several
nious instrumients have been devised for this purpose, but the
th solar attachment, invented by Benjamin H. Smith, of Colo-
, in 1880, has given the moat general satisfaction of any solar
;ument in meeting the special requirements of the surveying
ice of the General Land Office wherein it has been developed
state of efficiency which has fully warranted the adoption of
model -as & standard instrument for use in the public-land
‘eys.
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Owing to the different details in the design of the Smith sok
attachment as constructed by various instrument makers it -
impossible to discuss fully the test and adjustment of each witha
giving a complete description of the several models, and this wodl
lead away. from the purpose of the Manual. The standard mode
embracing the most recent improvements, is therefore selected §
description, and discussion of the theory, adjustment and use of t!
Smith solar attachment. The supervising officers will furnish ti
surveyors with suitable instructions relative to the test and adju
ment of any other special instruments supplied to them, pubhdu
in circular form as deemed expedient.

DESCRIPTION.

78. The working parts of the Smith solar attachment
five fundamental features, each performing its own distincti
function. The principles involved have been adapted to vari
types of construction, and the efficiency of the different
related directly to the perfection which may be attained in
a proper adjustment in the field, the stability of the adj
when made, and the compactness of the design, considering
tion to the working parts and proper distribution of weight.
five fundamental working parts consist of:

1. An suxiliary telescope whose line of collimation is the
axis of the solar attachment; the telescope may be revolved in
lar bearings which are securely mounted on a vertical imb.

2. The vertical limb is mounted on a horizontal axis and
graduated latitude arc in its vertical plane.

3. A plane mirror at the objective end of the auxiliary
with an axis normal to the line of collimation, and an arm 1
to a graduated declination arc.

4. An hour circle on the auxiliary telescope mounted
the line of collimation.

5. A set of equatorial wires parallel to the axis of the reﬂector‘

In all the forms of construction of the Smith solar attachmen
auxiliary telescope is mounted in a vertical plane parallel to
transit telescope. Thus, if the instrument is in proper adj
and oriented to the true meridian, the polar axis of the solar
ment may bé made parallel to the earth’s polar axis by setting
the true latitude of the station. The sun’s rays are brought intot
auxiliary telescope by means of the mirror, due allowance bei
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made for the sun’s declination north or south of the equator, but{
bring the sun’s image into the auxiliary telescope the latter musth
revolved in-its collar bearings until the reading-of the hour cird
agrees with the sun’s apparent time. When the auxiliary telescof
is thus revolved the sun’s image will traverse the field of the ey
piece parallel to the equatorial wires with the limbs of the disk td
gent tothesame. If the transitis turned in azimuth the sun’simy
will immediately depart from the equatorial wires, except at nol
when the image will follow the equatorial wires whether the tran
be turned slightly in azimuth or the auxiliary telescope be revols
in hour angle. At apparent noon the declination arc is in a v
tical plane and at thistime an absolute determination may be mi
of the correctness of the reading of this arc. |
' In the modern construction the solar attachment is mour
upon the east standard of a regular light mountain model full eq
meer’s transit, the horizontal circle of which has a diameter ofl
inches, with a vertical circle of 4 inches diameter. The horizal
distance between the vertical planes of the ttansit and auxiliary
scopes is a trifle less than 4 inches. The auxiliary telescope ha
focal length of 43 inches and a magnifying power of about 10 diy
eters. The latitude arc has a radius of 3 inches, and the declinsi
arc has a radius of 33 inches. Upon the latter arc the gradusty
read the true declination and, as the mirror needs to be turned o
5°to correspond to a changeof 10° in the sun’s declination, thegrs{
ations are made in one-half space, i. e., aninterval of 10° on the(
as graduated occupies a segment of only 5°. At zero declinai
the plane of the mirror is at 45° to the line of sight of the auxili
telescope. Both telescopes are fitted with the necessary col
glass shades for observing the sun. The base plate of the solsf
‘mounted upon three foot posts, adjustable by means of oppesi
capstan nuts. This three-point base forms a right-angled triand
with one side horizontal and one side vertical, thereby permiti
adjustment in either of two directions: (¢) One about a horizc
‘axis, and (b) one about a vertical axis. Suitable capstan nuts{
also placed at one end of the auxiliary telescope to provide forl
proper adjustment with respect to the axis of the latitude arc. |

Good solar work must depend first of all upon the proper adjt
‘mentof the transit upon which it is mounted, with great care in k¢
ing every working part cleaned, suitably oiled to work smoothly, #
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vtected from adverse weather and injury. The same precautions
e due the solar attachment. It will give very efficient meridional
rformance if properly adjusted and operated; nothing less can be
nceded.
Before starting in with the adjustments it should be determined
st the auxiliary telescope revolves smoothly in its collar bearings,
ither too tight nor too loose; that there is free and smooth motion
the latitude and declination arcs; that the clamps are positive and
8 tangent motions smooth and free in either direction; that the
e-piece i carefully focused upon the cross wires; and that ‘the
jective is carefully focused upon any quite distant object, then
mred in this position. The eye-piece turns freely and has a pin-
lich travels in & guide slot; this pin is not a clamp. The objective
1y be moved by first loosening, then pushing the screw, which will
found to travel in a guide slot near the lower (or left hand) collar
aring,

ADJUSTMENT.
19. The field adjustments of the solar attachment should be con-
lered in the following order:
1. The equatorial wires must be made parallel to the axis of the
lector.
Y. The tine of sight of the auxiliary telescope must lie in its true
ming axis.
). The polar axis, or line of sight of the auxiliary telescope, must
normal to the axis of the latitude arc, describe a true vertical
we when turning on said axis, and sa.id vertical plane must be
tallel to the vertical plane of the transit telescope.
L. The latitude arc should read zero when the auxiliary telescope
horizontal.
J. The declination arc should at all times read the true declina-
n of the sun plus the refraction in polar distance.
). The hour circle should read the sun’s apparent time.
There are two or more methods of testing each and every adjust-
mt, but those stated below are without doubt the simplest, and
wt rapid and reliable of all field methods. The true meridian
»uld be established by Polaris or other independent observation,
on which to test the solar, but otherwise it plays only a small part
the adjustments of the solar attachment. The true latitude of the
tion must be definitely known. There should be a clear view to a

p



76 MANUAL OF S8URVEYING INSTRUCTIONS.

distant object in the horizon, but if an object less than a mile &
must be utilized due allowance may be made for the horizontal
tance between the vertical planes of the transit and auxiliary
scopes.

1. The equatorial wires.—8et up the instrument as in & reg
solar observation, setting off the known latitude. .declination
apparent time, and bring the sun’s image accurately between
equatorial wires by orienting the transit approximately to the n
dian, in which position .the instrument should be clamped.
fig.9.) Turn the auxiliary telescope in hour angle, causing they
image to travel across the field from side to side. If the image fol
the equatorial wires accurately the latter are parallel to the sy
the reflector as required. - If the sun’s image departs materially
the equatorial wires, the capstan screws which hold the diaph
should be loosened and the reticle may be rotated until the e
torial wires are made to agree with the path of the sun’s image &
the field, then return each capstan screw to a proper seat.

2. Collimation of the auxiliary telescope.—Swing the mirror to
a direct view through the auxiliary telescope. (See fig. 10.)
the line of sight on a distant point and clamp the instrum
Revolve the auxiliary telescope 12 hours in hour angle. If the
of gight remains fixed on the distant point it agrees with the tur
axis as required. If after revolution, the line of sight appears {
above or below; or to the right or left, of the distant point, one
of the differences should be taken up with the capstan screws w
control the diaphragm. The test should be repeated until the au
ary telescope is in perfect collimation. :

8. The polar axis.—Carefully level the transit and then sighi
main telescope to the distant point and clamp the instrument;:
toward the same point with the auxiliary telescope, and place
striding level on the latitude axis. (See fig. 10.) .The striding]
should be reversed to see if there is any error in the level itself,
if so take the mean position for the true indication of the level
the latitude axis is not horizontal it may be made so by adjusting
lower pair of capstan nuts on the base frame of the solar attachm
If the line of sight of the auxiliary telescope is not parallel to
of the main telescope it may be made parallel by means of the
hand upper pair of capstan nuts on the base frame of the solar.
fulfilling the foregoing conditions turn the transit 180° in azimuth
reverse both telescopes so as to sight again to the same distant ob,
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failure in the adjustments of the solar attachment a difference of
much as 30’/ from previous tests should be discovered in the nx
observation, the new error will generally be found in one of
placee: (a) The auxiliary telescope may be out of collimation;
vernier of the latitude arc may have become loose and shifted;
the vernier of the declination arc may have become loose a.nd
Any slight error in the other adjustments, or in the de
the established meridian, will not appear in the noon test of {
declination arc.

6. The hour circle—A few minutes before apparent noon sst
instrument in the established meridian. Level the transit andy
the instrument with the main telescope in the meridian and
to the sun’s altitude. Set your watch to read 12 o’clock
sun’s center crosses the vertical wire of the main telescope, = 4
convenient time thereafter set off the proper readings on the A i
and declination arcs, and with the instrument in the meridfsf#
the sun’s image to the center of the field of the auxiliary ¢
and observe the watch time. "If the reading of the hour circle
with the watch it is in adjustment; if not, it may be made to
apparent time by.loosening the set screw which holds the hour ¢
in position and shifting the circle until the reading agrees withi
watch, care being taken not to move the auxiliary telescope in
angle until after the set screw is again seated. The test may
be repeated as often as desirable.

* ‘vsk. .

80. Before using the solar attachment the latitude of tha
and the sun’s declination (properly corrected for refraction ing
distance) must be known and accurately set off on the reepel
arcs. The instrument is carefully leveled and the apparent.
set off on the hour circle. The transit is then oriented to the
dian, The plates are generally first set at zero and the sun’s
brought into the field of the solar telescope before setting the I
clamp; thereupon the sun’s image is brought accurately be
the equatorial wires with the lower tangent motion; this gives
solar meridian. The transit may then be used for any normal
tion. The solar meridian may be tested as many times as may
desirable by mmply setting the plates back to zero and turging
auxiliary telescope in hour angle to the apparent time;<3his b
the sun’s image again to the center of the field. Thesun’s decH
tion is constantly changing at a very slow rate, so that it is neces
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duction the instrument has been extensively used in publicd
surveying; the solar compass has given genaral satisfaction.an
still used to some extent in the public-land surveys, but in re
yeara it.has been largely superseded by the more cemplete in
ment already described: The Burt solar apparatus is designed
mounting upon an open-sight compess, commonly used in
early public-land surveys. A polar axis is fitted in line with
terrestrial sights when the plate verniers are set at zero. Th
clination of the polar axis is controlled.by a latitude arc monnte
the same vertical plane. Normal to the polar axis there is a re
ing arm upon which is mounted a declination arc and two solar|
of collimation, one for north declination of the sun, and one fors
declination. Each line of collimation consists of a lens and &
plate or disk mounted upon opposite ends of the revolving |
parallel equatorial lines are drawn upon each disk symmetrical’
the axis of the opposite lens. Two adjustments are peculiar t
Burt solar compass, which are here given for the surveyor’s refer
in the field; these adjustments should be made when the sun iswi
an hour of the meridian.

(1) To make the solar lines of collimation parallel. —The decling
arm will be detached and replaced by an auxiliary frame upon v
the arm will be laid. Set the latitude and declination arcs apy
nnawly ‘correct for the hour, date and station, and bring the ¢
image upon either disk as in an orientation to the meridian. .
turn the.arm over, without reversing from'end to end, and see i
sun’s image again cames between the equatorial lines; if not, &
the disk for half the difference and repeat the test until satisfacl
When this has been accomplished, reverse the arm from end to
for the purpose of adjusting.the second . disk with respect to
opposite lens. Remove the auxiliary frame and at&ch the ded
tion arm in place.

(2) To set the vernier of the declination are.—Set the decling
vernier to read appronmat_ely zero, and bring the sun’s image t
either disk as in an orientation to the meridian, changing the el
tion of the polar axis as may be necessary to bring the solar lir
collimation upon the sun. With the sun’s image accurately betw
the equatorial lines, clamp all other motions and reverse the decl
tion arm on the polar axis, thus bringing into use the seeond
of collimation. Noteif the image of the sun'is now squarely betv
the second pair of equatorial lines; if not, correct half the di
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e by movement of the tangent screw of the declimation arc,
in orient in azimuth to bring the sun’s image accurately between
equatorial lines, clamp and reverse as before, repeating the test
1 satisfactory. When the lines of collimation have thus heen
le truly at right angles to the polar axis, the vernier may be shifted
2ad gero in this position.
he general test of the Burt solar compass, by comparing its mdlc&-
8, resulting from solar observations made during a. m. and p. m.
18, with the true meridian determined by independent method,
milar to the test of the Smith solar attachment except in respect
10 test of the latitude arc. No provision is made for independent
stment of the latitude arc, and in the operation of the Burt
tcompass the latitude is used asgiven by the instrument resulting
1 & meridian observation on the sun. In this respect therefore
noon observation with the Burt solar compass differs from the
10bgervation with the Smith solar attachment.
xample of noon observation with the Burt solar compass, in lati-
»38° 53/ 40’/ N., and longtitude 77° 01. ¢/ W.:
May 6, 1910: At this station I set off 16° 26/ N., on the decl. arc;
, at apparent noon, observe the sun on the meridian; the result-
latitude is 38° 54’ N.”
OR8 IN AZIMUTH, DUE TO SMALL ERRORS IN DECLINATION OR
LATITUDE.

3. It may frequently happen with a solar tmmnt, espeuslly at
beginning of & new survey or with an instrument insufficiently
, that the first meridional trials are made with slight errors
he settings of the latitude and declination arcs, resulting in small
18 in azimuth. This may be particularly true with a solar
ipass prior to a determination of the instrumental latitude. The
ection of such errors has been provided for in Table 22, Standard
ld Tables, which may be applied to resulta of gingle observations
a considerable certainty, but not sa well to a series of observations
n ordinary line wark owing to the changing values (for hours from
n) of the carrection coefficients: The explanation with the table
% a key to the direction of the azrimuth errors on account of small
s in setting . the latitude and declination arcs.

‘orexample, at 9240 a. m., app. t., ata station in latitude assumed
e 46° 20 N., a test was made with a solar transit whereby the trial
ication was found to fall 0° 0 west of the true meridian. Sub-
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sequent determinations of the true latitude of the station and
correctness of the vernier of the declination arc showed
actual latitude of the station was 46° 21.5 N., and that the
of the declination arc had an index error which gave
0°-00V.5 8. of the calculated declination (i. e. reading 15° 195
for a calculated declination of 15° 20/ N.). Thus in the test
latitude arc wasset 1.5 8. of the correct latitude of the station, !
the declination arc was actually set /.5 N. of the value that
have been set had the index error been known.

Table 22 is entered to obtain the correction coefficients:

I |
Hours from noon. !
Latitude. | _ i r
: Tiom, | P20, Bhem, |
_ { i iy
45° 00 2.81 2.55 | 2.00 | l
46 31.5 |............ 2,62 liiieeeiennn. Declination  coeffi- '
50 00 311 2.81 I 2.20 ‘ cient. !
L3 2.45 .10 ! 141
46 315 |-...oo...... 216 [ | Latitude coefficient
50 2.69 2.31 | |
i

The corrections are then applied as follows:
Indication of solarin test =S8.0° 05’.0 W.
Correction for declination = 0 01.3 E.=(2.62X0.5)
Correction for latitude = 0 03.2E.=(2.16X1.5)

Corrected indication of solar=S8.0° 00/.5 W.

‘The above corrections will often serve to explain the appsl
errors of the solar, but these are not intended for use in line W
and can not be accepted in lieu of satisfactory subsequent 4
based on correct values. l

In the above connection it should be explained that it iz
deemed desirable to burden the official record with evidence
correction for index errors found in the verniers of the latitude!
declination arcs, other than to state, when such are determined, t
the same are forthwith removed or are allowed for in subeequ

observations.
POLARIS AT ELONGATION.

84. The surveyor having thoroughly considered the theory 4
“se of the solar instrument in its relation to the public-land surve
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bly mastered its operation, his attention is now directed
approved methods of observation to establish the true meridian
which to make comparisons of the indications of the solar
tus as a neceesary test of such an instrument, or without a
instrument, the establishment of the true meridian from which
ject transit lines and to test the calculated course thereof.
the various independent methods of observation to establish
e meridian, the simplest and most reliable is found in the
ation upon Polaris at eastern or, western elongation.
uth of Polaris at elongation:

_coss .
] Zenith . . L. i

-y

g

. /
diooe Dl
oLl
/f : "
, '!\:,'!\'Iﬂl/ TR
. 5 e fry S TP
b .f);'fmlx-',.,v]‘,rr:"x ‘
abs Toglor b b v e
Otsverving
[

. i S
- i
-k

Ilcrldia.n and vertical planes tangent to the diumal cirele of Polaris as \ fewed

from outside of the celestm sphm ‘ .
R o '



88 MANUAL OF SURVEYING INSTRUCTIONS.

Example of computing the azimuth of Polaris at elongation, ( :
ber 20, 1910, in latitude 46° 20’ N., on which date the declinati 1
Polaris=88° 49" 48”” N.:

log cos $=8.310033
¢ cos ¢=9.839140

¢ gin A=8.470893

-t
A= Arzimuth of Polaris at elongation==1° 41’ 41/, _
856. A table of azimuths of Polaris at elongation for latitudes |
25° to 70° N., appears in the Ephemeris, arguments: declinati
Polaris, and latitude of station.
Example in the use of the table of azimuths of Polaris at elong:
same date and station as above, showing the method of interpols

Declination.
Latitude. 88° 49’ 40"’ 88° 40’ 48/ 88° 49’ 50’’.
Azimuths at elongation.
46° 00/ 1° 41 15" 1° 41’ 04" 1% 41’01
46 20 1 41 42
47 00 1 43 08 1 42 57 1 42 54

By interpolation in the table the required azimuth of P«
at elongation is therefore found to be 1° 41/ 42,

86. An observation upon Polaris at elongation for azimuth
gists in marking upon the ground a point to define the true li
sight to Polaris at the epoch of elongation, from which to lay o
true meridian. An equivalent process iz to determine the
horizontal angle by deflection from a fixed reference point to P
at the epoch of elongation, by whxch to determine the true by
of the reference point.

POLARIS AT ELONGATION, OBSERVING PROGRAM “a.”

87. Select the observing station and make suitable provisi
mark the line defining the direction of Polaris at elongatior
flag point should be from 5 to 10 chains N. of the transit point
should be cleared of all obstruction before dark. Determin
local mean and watch time of elongation of Polaris, provide sui
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umination for both the transit and flag point, and have every-
ing in readiness as much as 15 minutes before the time of elonga-
o,

Thoroughly level the transit.

About six minutes before elongation, with the telescope in direct
ition, bisect Polaris, note the watch time, and mark the direction
tight.

leverse the transit, bisect Polaris, note the watch time, and mark
vdirection of sight.

\gain level the transit.

Tith the telescope in the reverse position bisect Polaris, note the
ich time, and mark the direction of sight.

leverse the transit to the direct position of the telescope, bisect
aris, note the watch time, and mark the direction of sight.

ly daylight determine the mean (a) of the first and fourth sights,
| (b) the mean of the second and third sights; then take the mean
points ““a’! and ‘b’ to define the true direction of Polaris
Jlongation.

he mean of the four watch readings may be taken as the watch
e of observation, which if within four or five minutes of correct
¢h time of elongation, the mean position of Polaris during the
rvation will be within 17 or 2’/ of true elongation. The proper
leof the azimuth of Polaris at elongation having been taken from
lable is then used to lay off the true meridian to the east for west-
elongation or to the west for eastern elongation.

10 above program practically eliminates instrumental errors
beervation. In laying off the azimuth of Polaris, the angle may
iid off directly, if desired, checked by the method of repetitions,
corrected if necessary; or the azimuth angle may be laid off by
natural tangent method; this should then be checked by reading
sagle on the plates.

xample of observat.l.on of Polaris at elongation, observing pm-

[Pl

. a
55465°—19——7

(N
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pointshould not be nearer to the transit than 5 chains distant. Detd
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s the local mean and watch time of elongation of Polaris, pro-
suitable illumination for both the transit and flag point, and
reverything in readiness as much as 10 minutes before the time
ongation.

woroughly level the transit.

wut 6 minutes before elongation with the transit in direct
ion, read and note the deflection angle from the reference point
laris, noting also the watch time of observation.

werse the transit and read and note the deflection angle from
eference point to Polaris, noting also the watch time of observa-

ain level the transit.

ith the transit in the reverse position again read and note the
ction angle from the reference point to Polaris and note the
h time of observation.

werse the transit to the direct position and again read and note
leflection angle from the reference point to Polaris, and note
vatch time of observation.

the position of Polaris remains within about 0° 00’ 01/ of true
pation for a period of about five or six minutes either side of the
of exact elongation, the observation may be considered satis-
ry if all of the watch readings fall within the stated period.

ie mean of the four horizontal deflection angles may be taken
hich must be applied the value of the azimuth of Polaris at
ption taken from the table, to obtain the true bearing of the
ence flag, from which the true meridian may be laid off, or the
may be used as a reference point. .

reforence point in any direction may be used in the above
10d; the direction of the deflection from the reference point to
ris should always be clearly stated. The insignificant figures
# final result may be discarded if the value of the bearing angle
not enter into another determination that demands great pre-
0. In the example below the true meridian may be laid off by
rately measuring a distance from the reference point, at right
e to the line of sight, found by multiplying the distance from
instrument to the reference point (660 ft.) by the tangent of the
ing angle (nat tan 0° 00’ 44/=0.00021) which gives 0.14 ft.
tlaying off the true meridian the angle from the reference point
"be checked by the method of repetitions.
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Example of observation of Polaris at elongation, observing pg
mm ¢ ‘b ’) ) 1

Field record. ! Final field notes. |
l’ - 1
Apr.1,1911, Or. W.E. Apn) 1, 1911, in camp st theq
ot Polaris, lat, 40 =6h 46.1m p. m. o(TBS 5and 6 N., Rs. 56 5
Red.eolunglm"m’W - 11 57 Prin. Mer., Maonts
¢ ¢ lat. 46°13’ N. - — 1.0 mlaht‘ded&'m'N.,and
C — tude 104° 3%
L M.T.of W.E.of Polaris. ~644.0=pm. || p.m,lm.¢, Tobesrve Pa
Watch slow of L. M. T. = —2.9 18 at western elungstmn, m
C - — ing four observations, twoel
‘Watch time of W. E =@b 41, 1= p. m. wnth the telescope in
and reversed positians,
o B g driven ety i
Watch | Deflection 8 ven y
time. ° angle. goun X 10 chs. N, m}
Azimuth of Po- |
° 41’ 00" laris at west-
6b 37m 22 | 1°41’ 00"
{6 2 40 | 143 || gn elnga
|8 43 14 | 14000 Mea?dellec- -
|6 %5 30| 19OD J Thionangle = 1 40|
.| 6b 41m 26s | 1° 40’ 30"’
- g True E |
- umrbk&mng =N.0® 00’ 44"1

Declination of Polaris=83°49’ 58" N,

i
Declination. | !

Latitude. | 88°49 50°/ | 88° 49’ 58" | 88° 49/ 60""

Azimath.

46° 00/ 1°41°01'"] 1°40° 507 | 1°40° 47"
46 13 1 41 14 |
47 00 1 25 1 42 42 1 42 39 : -

|
u

89. Both of the above observing programs require the surveyort
compute in advance the correct watch time of elongation, and inf{
conducting the observation the minimum period is consumed in th
observing program; every opportunity is also thus afforded for ¥
versals to eliminate instrumental errors and otherwise to introdud
creditable refinement. However, should the watch error be unknow1
the obgervation may be conducted by following the motion of Polari
in azimuth during an ample period preceding elongation to insun
that the epoch of the vertical motion of Polaris in its diurnal circle

RS
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ero metion in azimuth, is taking place, when the surveyor marks
direction of gight thus defined.

ke rate of horizontal motion for the hour preceding elongaﬁon
dly .diminishes, the eliange in azimuth being to the west for
lern elongation, or to the east for eastern elongation, when Polaris
follow the vertical cross-wire, after which the motion is reversed
n accelerating rate. This suggests a third, but less refined, ob-

' POLARIS AT ELONGATION, OBSERVING PROGRAM “C.”

. Select ‘the observing station and make suitable provision to
ttheTine deﬁning the direction of Polaris at elongation; provide
blé llumination for both the transit and flag point, and have
thing in teadiness aa much as an hour before the time of elonga-

oroughly level the transit.
iect Polaris and note that the motion of the star carries it away
the vertical wire in the proper direction. As long as this motion
cernible continue the bisection of Polaris by the tangent move-
. When it can not be discerned in a period of several minutes
:he least lateral motion is taking place mark the direction of
upon the ground. ’
rerse and level the transit.
in bisect Polaris and mark the direction of sight updn th‘e
d.
ify the position of Polaris in its diurnal circle by again bisect-
o star and without changing the tangent motion note the move-
of Polaris; the motion should still be neaily vertical, with'a
ly discernible movement in-the opposite horizontal direction.
dayhght determine the mean of the sights, and establish the
ian by properly laymg off the correct azimuth as described
erving program “‘a.’

AZIMUTH OF POLARIS AT ANY HOUR ANGLE.

While no more reliable method is at the command of the sur-
for the establishment of the true meridian than the observa-
pon Polaris at elongation, yet the epoch of elongation may
at & very inconvenient time and should Polaris be obscured
uds at the time of elongation the observation must fail. The
angle’’ method admits of observation upon Polaris for azi
it any time that the star is visible; the precise watch ege”
aean time must be known, but if thishas been determ”
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the hour angle method becomesat once. the most convenient.
possible accuracy of the result compares favorably in every
with the refinement to be obtained in an cbservation at elongat

The determination of the watch error loeal mean time and the
culation of hour angles having been fully ‘treated .on prewious pt
it remains only to state that the record of the time ebservation ah
appear in the field notee with the record of all observations 1
Polaris for azimuth by the hour angle method, as the asin
observation is incomplete without the time determipation. 1
the meridian observation of the sun for apparent noen, and the
of the azimuth tables contained in the Ephemeris, the entire pr
becomes so simple and yet so highly refined that the surveyoreh
early become thoroughly familiar with the hour angle method.

92. Azimuth of Polaris at any hour angle.—‘‘t” =sidereal |
angle in angular measure; in hour angles exceeding 90° the fum
““—sin ¢ cos t” becomes poritive by virtue of the cosine of an
between 90° and 270° being treated as negative in analytical re
tions: .

sin ¢

cos ¢ tan §—sin ¢ cos ¢

Example of computing the azimuth of Polaris, February 23,1
at a mean time hour angle of 2k 37.4™, in latitude 33° 20/ N
which date the declination of Polaris=88° 50/ 08” N.:
Mean time hour angle =2b37 4m

: v =2n37mqs b =30°
_ 37m = 9°15’ ‘

Red. to sidereal hour angle= +26° 50% = 12/ 30"
Sidereal hour angle - =2h37m50s =39°27/30” .

logcos¢p = 9.921940 logsing =9.739975
“ tans = 1.691944 ¢ cost . =9, 887666
“ cos ¢ tan 5= 1.613884 ¢‘ gin ¢ cos £=9. 627641
b e . ooy,
nat cos ¢ tan §=41. 104 nats'm¢cog;=0. 424
natmn¢eost=0.424(-—) . L
log sin ¢ =9, 803127
Algebraic m1m=40,680 440680  ==1.609381 -
| mE=—mm ———n
“tand | =8.193746

e
Agimuth of Pohm at tbovvo hour n.ngle An-0° 5Y a2
o “

Tan 4

P [ 3
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)8. A table of azimuths of Polaris at all hour atigles, for latitudes
m 30° to 50° N., appears in the Ephemeris, arguments: declina-
n of Polaris, mean time hour angle, and latitude of station. For
er than the latitudes given in the table the surveyor will be
uired to solve the above equation.

ixample in the use of the table of azimuths of Polaris at any
ir angle, same date, hour angle and station as above, showing
- method of interpolation:

*Declination. Latitude.

%

50’ 0’ | 88° 50 08| 88° 50’ 10 32° 00 33° 20 34° 0

" Mean time hour angles. Azimuths of Polaris.
“gn s4.7m'| 25 85.1m | 2n 35.2m 52.2 531 535
B . .4 ' 83.7 :
. 4Ll a5 | 4e 5.0 549 5. 3

T -

iy interpolation in the table the required azimuth of Polaris is
refore found to be 02 537.7=00° 53/ 42/..
4. Example of computing the azimuth of Polaris, Sept. 11, 1911,
mean time hour angle of 72 25.1%, in latitude 42° 54/ N., on which
» the declination of Polaris=88° 49’ 54/ N.: =
\n tme hour angle .............. =7k 25.1m ™ =105°

. ==7h 25m 06* 260  6°30/
[uctlon to sidereal hourangle cim 41m130 190 = - 47 457

preal hour 80gle. ....nnoncen.. =72 260 19 =111° 34 45"/
cos ¢ =9.864833 logsin ¢ =9. 832969
tand  °  =1.690496  cost =9.565596
cosétand: o =1.65320' ¢ singcost  ==9.398565
cos ¢ tan =m natain.ﬁcosvt =W
sin ¢ cosd e 260(+) logein t . =9.968441
ebraicsum . =36 36.169  “ 36.169 . =1.558337
S “tan A - =8.410104
—

smuth of Polaris at above hour angle, A .. .. . =1°28/22
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95. Example in the use of the table of azimuths of Pelaris atm
hour angle, same date, hour angle and station as above:

Declination. : . lattde. 1 ngn?d
88° 49 50 | 88° 49’ 54'/| 88° 49’ 60"/ 42° 00’ 42° 54 B iy
: e
Mean time hour angles. A.!,hpﬂp.o(,l’ohds. -
75 15.7= 7= 15.1m 7h 14,2m 88'.6 89'.9 91’5
25.1 88. 4
29.3 28.8 28.0 86. 6 87. 8 89, 4

By interpolation in the table the required azimuth of Po
therefore found to be 88/.4=1° 28’ 24”7, ‘

96. An observation upon Polaris for azimuth by the hour
method consists in marking upon the ground & point to define
true line of sight to Polaris at any convenient epoch, the watch
local mean time being known, from which line to lay off the
meridian, An equivalent. process is.to determine the trus
zontal angle by deflection from a fixed referepce point.to Polari
any convenient epoch, the watch error local mean time being kng
by which to determine the true bearing of the reference point.

HOUR ANGLE OBSERVATION OF POLARIS, OBSERVING PROGRAM “‘a.”

97. Select the observing station and make suitable provision
mark the line defining the direction of Polaris; the flag point
be from 5 to 10 chains north of the transit point; prmnde sui
illumination for both the transit and flag point. :

_ Thoroughly level the transit.

With the telescope in the direct poeltlon, bisect Polaris, note
watch time, and mark the direction of sight.

- Reverse the transit, bisect Polaris, note the watch.time,
mark the direction of sight. ‘

Again level the transit.

With the telescope in the reverse position bisect Polaris, note
watch time, and mark the direction of sight. j
-Reverse the transit to thé direct position of the telescope, bi
Polaris, note the watch time, and mark the direction of sight. |

-By daylight determine the mean (a) of the first and fourth sight
and. (b) of the recond and third sights; then take the mean !

[
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'POLARIS AT SUNSET: OR BUNRIBE., ..

99. Polaris is conveniently observed for azimuth by the
angle method at sunset or sunrise without artificial illuminati
The preparation for the observation consists in ‘computing in adv:
the approximate settings in azimuth and altitude in order to
Polaris, and the plan contemplates an approximate ref
meridian: With the time of sunset or sunrise assumed as the ti
observation, the hour angle ‘“t’’ and azimuth ‘A’ are asce!
in order to find the position of Polaris in azimuth; the positio
altitude is found by the following appronmatxon, the positive
being used for hour angles less than 6 hours and the negative
for hour angles exceeding 6 hours:

VP70 cost

Example of computation of the position of Polaris at sunset,
6, 1911, at a station in latitude 47° 2¢/ N.., and longitude 102°4(/
From ‘the Ephemeris the declination of the sun is found to
16° 18’ N., and by entering Table 17, of the Standard Field Ta
the apparent time of sinset is found to be 7" 5= p- m.

Assumed time of oben., May 6, 1911: ="' 15m
Gr.U. C. of Polaris, May 6 = 10433 5mq, m. +12 ‘
Red. to long. 102° 40/ W. . -1 = 10 32.4 a
Assumed hour angle of Po- o

laris west of the meridian = 842, 6™
Hour angle, angular measure = 130° 3%/ .
Azimuth of Polaris, W. AR = 1°177
Latitude of station =47° 20/ _
70/ cos t=T0 cos 130° 3% = 46(—) -

- v746° 34/ o i
Example of computation of the position of Polaris at sunset, N
6, 1911, at a station in latitude 47° 20’ N., and longitude 102° 4¢
From the Ephemeris the declination of the sun is found to
15° 44/ 8., and by entering Table 17, of the Standard Field Tal

e
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apparent time eof sunrise is found to.be.7* 12™ a. m., or of sunset

8= p. m. .
U. C. of Poldris, Nev. 6, 1911 =10 28,2 p_m.
l. to long. 102° 40/ W. . = 11 - .
1. T. of U. C. of Polaris ' =100 27.1m p. m.
mmed time of observation =4 48 p.m,
imed hour angle of Polaris east of the meridian= 5 39.1=
r angle, angular measure =84° 46/
nuth of Polaris, E. o > 1°:43/
tude of station =47° 20/ =
08 ¢=70 cos 84° 46/ = 08 (+)

o 470 26/

cample of computation of the position of Polaris at sunrise,
smber 7, 1911, and same station as above:

o
med time of obsn., Nov. 7, 1911 ={ +1; 12% 8. m.
. T. of U. C. of Polaris, Nov. 6 = 10 27.1p.m.
med hourangle of Polaris west of the meridian= . gt 44.9= -

: angle, angular measure = 131° 14/

wth of Pohris, w. ‘ e 1° 116’

mde of station =47°20/" ——

o8 t="70 cos 131°14’= 46(-) i

v54$46°34”

us. at the above station in latitude 47° 20 N., and longitude .
40’ W., to observe Polaris by the daylight method an approxi-

meridian should be established with the solar before sunset, ..
to find Polaris the following angles are sat off:
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The above ‘‘settings” are merely approximations, but sufficies
close, however, to bring Polaris reasonably near the center of
field of the telescope where the star will be found in plain vi
the telescope should be focused upon a distant object, otherw
though Polaris may be practically at the center of the field, it mi
be out of focus and therefore not observable during daylight. W
Polaris has been found the above settings have answered i
purpose and the observation may proceed in accordance with eil
obeerving program ‘““a” or “b” of the hour angle method, the{
reductions to be based upon the precise details of the observal
During the reversals of the transit the settings should be maded
time. The daylight hour angle method is particularly desirablq
cause the observation, including all instrumental work, markin
points upon the gmound etc., is accomplished without artificial i
mination, and sunset is usually a convenient time to devote toi
field duty.

To recapitulate, the following general program will be found |
adapted to the requirements of public-land surveying practlce,
will be used most extensively:

Time: By meridian observation of the sun for apparent nod

Latitude: By meridian altitude observatior of the sun. {

Azimuth, true meridian upon which to test the solar apparatf
By hour angle observation on Polaris at sunset. |

Azimuth, on line: By the solar transit properly . adjusted tot
true meridian. .

ALTITUDE OBSERVATION OF THE SUN FOR AZIMUTH.

00. While the methods of observation upon Polaris for azim
are unquestionably the most desirable in their relation to the the
and practice of public-land surveying, yet a very efficient alternal
is found in direct altitude observations upon the sun for azimt
with a number of equations at the disposal of the surveyor to suit
convenience. During the shorter days of the year and even q
often at any season the surveyor finds himself at a loss for time:
suitable daylight hours in which to make the required tests of
solar attachment; conditions obtain making the required ¢
imposaible if limited to a Polaris meridian in camp, without inv
ing unreasonable delay. It is in such cases that a direct altit
observation upon the sun for azimuth, on the actual line of
survey, finds its most useful application. Presuming the surve

™
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tork: with s standard insttument‘.with solar attachment, the
racy of its adjustments can, by this method, be readily tested
ork on line at any syitable morning or afternoon hour, without
eciable loss of time. Under working copditions any line deter-
«d with the solar attachment may be used for reference pur-
3, while vértical and horizontal anglee are recorded to the sun
ftain' the necessary data for computing the true bearing of the
lished solar line. A series of three altitude observations upon
un, each’' with the telescope in direct and reversed positions,
eqmred to guard against error; these are readily made in 10
! mitvites, while the reductions may be made in the evehing
sut 1@ of time from the Yine work.
her difficulties in the nature of temporary disability of the solar
hment, and cloudy nights preventing Polaris observations,
her‘adverse conditions may sometimes obtain, during which
ds, even for a few days, if the surveyor i familiar 'with the
od of direct altitude observation upon the, sun for meridian,
w thus establish his lines and possibly realize a saving of the
8 time of his party until the trouble is, removed. .To the sur-
i who have used this method little more needs to be said in its.
, but to-those mnfamiliar with it the suggestion is made to
ice the observations and reductions nntil proficiency is attained,
mits apphcatlon the teward will come- many times during am,
ige season’s work.
ferring to the description of the. ;ta.ndard mstrument. adopted
1 General Land Office it will be noted that it is equipped with
| vertical circle, a colored glass shade in the dust shutter of
ye-piece, and a prismatic eye-piece; these are essential to rapid
weurate altitude observations upon the sun.
L. An altitude observation of the sun for azimuth consists in
imultaneous determination of the frue vertical and horizontal
8 to the sun’s center, the horizontal angle being referred to a
point. With the true vertical angle to the sun’s center, the
nation of the sun, and the latitude of the station all known, ‘one
v followinlg  equations is entered and a calculation made of the
ath of the sun’s center at the epoch of observation, as referred
e ttue meriqinn' the relation between the sun’s calculated
ith and the recorded angle o the sun’s center g1ves the true
ng of the fixed reference point, " :
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102, Altitude observation of the sun for azimuth.—Reverse the
of ““8” for south declinations: )

= [ce 3 CFe+3)sin} (F+e—3) ‘

Tand 4= o T t—¢—0) ain § F—6F9) ‘

The spherical angles “¢”, “¢”, and *‘’’ appear in this eqq
combined as in the formula for the reduction ofanslntudeahq
tion of the sun for apparent time, and when it is desired ton
for both time and azimuth, the above equation for azimuth is,
preferred to any that follow.

108. Altitude observation of the sun for azimuth.—For south &
ations the function “‘sin 5"’ becomes negative by virtue of
of a negative angle being treated as negative in analytical
tions: If the algebraic sign of the result is positive the azimu
is referred to the north point, but if negative, the azimu
referred to the south point:

gin §

Cos A= =cegcosh tan $ tan b

The above equation i8 very convenient in reducing fc;r ar
only. ‘

104. Altitude observation of the sun for asimuth.—To man|
veyors the following equation is familiarly expressed direc
terms of the spherical triangle *‘ pole-zenith-sun:”” Reverse th
of ¢“8” for south declinations:

Pole to zenith =90°—¢= colat.;
Poletosun =90°—3= codecl.;
Zenith to sun =90°—h = coalt.;
8=} sum of the three sides:

sin 8 sin (S—codecl.)
Cos § A= / sin celat. sin coalt.

OBSERVING PROGRA l(, MORNING,

105. Thoroughly level the transit.

With the telescope in direct position observe and record the
zontal deflection angle from a fixed reference point to the sun'
limb, and the vertical angle to the sun ’8 upper limb; theee obr
tions must bemmultaneous, at the epoch of which the sun wills
asindicated; note the watch time at the epoch of the observm

Reverse the transit.
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)bserve and record the horizontal deflection angle from the fixed
mence point to the sun’s left limb, and the vertical angle to the
’s lower limb; these observations must be simultaneous, at the
ch of which the sun will appear as indicated; note the watch

e at the epoch of the observation: P

he mean observed vertical and horizontal angles, and the mean
ch time are to be used in the reduction; this program constitutes
complete altitude observation, which is repeated until a series
bree complete direct and reversed obeervations are made.

OBSERVING PROGRAM, AFTERNOON.

08. In the afternoon the program is modified only as to the order
thich the sun’s limbs are observed, which is as follows:

irst observation, telescope direct, observe the sun’s right and
orlimbs: G-

scond observation, telescope reversed, observe the sun's left and
er limbe: ~f5

)7. By the above observing programs the horizontal and ver-
| angles in the direct positions of the telescope will be found of
1t the same numerical values as in the reversed position of the
icope, by reason of the sun pasging in a direction that will carry
xroes the field of the telescope during the time taken in the re-
al and second setting. Differential refraction is therefore prac-
Iz eliminated, and it is desirable that the corresponding angles
he direct and reversed positions of the telescope be about the
¢ rather than as far apart as would result in any other observing
he ‘most suitable hour for this observation is when the sun is
ing rapidly in altitude as compared with a relatively small
ige in azimuth. When the sun has been brought into about the
er position in the field of the telescope the observer by lateral
ion of the horizontal tangent screw on the plates keeps the vertical
‘tangent to the sun’s right or left limb while the upper or lower
1 of the sun by the direction of its motion gradually approaches
wrizontal wire; it the epoch of proper tangency of the two limbs
o two wires the observation is completed by calling *“time’’ and
ping all motion until the angles are recorded. It is very helpful

namistanttoreadtheumeandtoenwrallrecords
55465°—19——8 -

b

-~
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e following reductions are made to obtain the true vertical
8 of the above observations:

1st obsn. 2nd oben. 8rd oben.

v =29°5¢/80”  80°5% 15”7  32°5¢ 15”7
Refraction = —1 40 -1 36 -1 28
Parallax = 4 8 4+ 8 + 8

b =20°54 587  30°50/ 477  32° 57/ 55’

e following exami)les of reduction are all by the equation:
gin &
08 ¢=9. 900674 log sin 5§=9. 486493(+) log tan $=9. 881708

% h=9. 937897 “ tan h=9.759970
" 9.838571 9.838671  log 9. 641678
log  9.647922  nat(—)  .43821

> nat (+) .44455

(—) . 43821

cos A=(+) .00634

'A=True bearing of sun

.Angle from sun to flag
True bearing of flag

=N. 89° 38’ 12” E.
=(+)0 20 45

=N. 89° 58’ 57/ E.

% ¢=9. 900674 log sin §=9. 486493(+ ) log tan ¢ =9. 881708

» h=9. 933763 ‘‘ tan h=9. 776132
9. 834437 9. 834437 log 9. 657840
log 9.652058  nat(—) .45482
nat(+) . 44880 (4) .44880
 cos A=(—) .00602
A=True bearing of sun =S. 89° 3¢ 19/ E.
Angle from sun to flag =(+)0 22 15
=S. 90° 01/ 84 E.

True bearipg of flag

=N. 89° 58’ 26”7 E.
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:..Jag co3 ¢=9. 900674 log sin 5=9, 486493(+-) log tan ¢=9. 881/
‘“ cos h=9. 923762 “ tan h=9.8

9.824436 - " 9. 824436 log 9
' log  9.662057 nat (=) .
nat (+).45926 +) .4
cos A=(—) .
A=True bearing of sun =S, 88° 00’ 52"/ E.
' Angle from sun to flag ‘=(+) 2 00 30
True bearing of flag ~ =S. 90° 01/ 22/ E.
’ =N. 89° 58’ 38”7 E.

The particular convenience of the above equation is noted in
fact that the functions ‘““cos ¢”, ‘“tan ¢, and ‘‘sin 8"’ are
throughout the entire reduction, the function ‘“A” being the
variable.

109. The. third of the above series is sele¢ted for an exam
reduction by the equation: . ] .

__ /sin 8 sin (8 —codecl.)

Cos § 4= sin-eolat. sin coalt.
90°—¢—90°—37° 17/ 307”7 '+ =52° 427 30/ =colat.
90°—5=00°—17° 51/ 04”/(+)=72 08 56 =codecl.
90°—h=90°—32° 57/ 55 =57 02 05 =coalt.

2 S=181° 5%’ 814/.

S= 90° 56" 45/
cudecl =90°—5= 72 08 56

S—codecl.= 18° 47/ 49”

“\

log sin § = 9. 999941

‘¢ sin (S—codecl.)= ¢ 9.508146
u-. ¢ gin colat. =9. 900674 - - 9.508087
i sin coalt. =9. 923762

e . 9.824436  9.824436.

“ cos? 34 = 9. 683651

“ocos 34 = | 9.841825 .

34 . = 45°'59” 357

A=True bearing of sun =N. 91° 59 10"/ E.
Angle from sun to flag =(—)2 00 30

True bearing of flag =N. 89° 58’ 40 E.
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Che above equation is as good as any for the rednction of one obeer-
tion, but the reduction_becomes laborious for a series of three
servations.

L10. The third of the above series is also selected for an example
reduction by the equation:

- jC08 3 ({+o+d)an § (F+o—3
T A U o)

h= 32° 57’ 55/
t= 57° 02’ 05"/ §£=57° 02/ 06’/
¢=37 17 30 =37 17 30
t+o= 9M°197 37/ F—¢=19° 44/ 35/
&= 17 51 04 (+) 5=17 51 04 (+)
&+ o+85=112° 10/ 39/ F—o+48=37° 3% 39/
K+o+8)= 56° 05 207 (s —¢+38)=18° 47/ 50”7
t+o= 94° 1% 35/ T—¢=19° 44 35"/
8= 17 51 04 (+) - 8=17 651 04 (4)
$+e—8=76°28/3817 . . t—¢p—8== 1°5¥ 31”7
(s +o—8)= 38° 14715 }E—¢=8)= 0° 56’ 45
3 1
log cos ¥(3+¢-+38)= . 9. 746561

“ gin §($+o—8)= 9. 791636

9. 638197
“ cos (¢ —¢—38)=9. 909041 .
“ gin §(f—¢-+3)=9. 508152

9.508093  9.508083

log tan2 3A=  0.030104
“ tan 34=  0.015062

JA= 45°5Y 347
A—'l‘me bearing of sun =N 91° 6¢ 08" E.
e Anglefrommntoﬂag=( )2 00 80

Tnmbeanngoiﬂag =N. 89° 58’ 38” E.

IS
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111, 'The above equation is as good as any for the reduction of
observation, but the reduction becemes laborious for a'series of
observations. However, the advantage in using the above equati
is found when it becomes desirable to rednee the observations
both time and azimuth.

Let it be required to reduce the third observation of t.he abov
series for time, making the reduction by the'follow'lngequaﬁm:

___ [sin 3($+¢—3) sin (¢ —¢+9)
Tan } "‘\/cos j(F+¢+5) cos (s —¢—38)

"log sin }(F+¢—8)= 9.791636
« gin }(t—p+8)= 9. 508152
- 9.209788
“ cos §(¢+¢+8)=9. 746561 {

“ o8 (i —¢—5)=0. 999941 ° _
R 9.746502  9.746502
tan?jt = X

“ tan 3: = ’ 9. 776643

R % 4

¢

=30° 52/ 34*
=61° 45’ 08"/ =Ab Q7™ 01*

Apparent time of observation - -a‘l‘. 52'." 50°a.'m. /
Equation of time o= 48 05

Local mean time of observation==7" 592 04* a. m.
Watch time of observatiori - = =7 -52. 54 ° ‘

Watch slowof . m.t. = ¢=10°

112. Example of direct altitude observation of the sun for azim
sun south declination:..

Final ﬁeld nots.

March 18, 1910, at a transit point in Washington, D. G, in lati
38°53/ 40/ N., and longitude 77°01/.6 W., at 3" 422 p. m_, app. t,
make a series of three altitude observations upon the sun for azimutl
each with the telescope in direct and reversed positions, observis
opposite limbs of the sun, and reading the horizontal deflecti
angle from a flag pole about 20 chs. to the 8., SW. to the sun:
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G| moemors | s | | Ve | By ek g
...| Direct....... 9 3mp0m5es [ 25°20 | €5°00°  toBW.
-| Reversed.... + |3 88 48 25"31 64 45
Mean .|.ccceennenn. 3b 57m53s | 25° 28 90 | 64° 52’ 307 4 ¢
..| Direct....... 9 4h0Im 43 | 24°28° 65° 56" ¢
...| Reversed.... +l 40 10|24 au 8 36 ««
b.¥ 2%, o ORI IR 24° 36’ 00’/ | 83° 467 00" *¢ ¢
.- Duect....'... q- 4% 06m 58 | 23° 44’ 66° 44’ “ o«
.| Reversed....| - L5407 30| B &7 68 26 “ o
u.m., ....... POt IR 23° 50 30" | 66° 35°00" ¢ ¢

By 1st obsn. flag bears S. 1° 007 02”7 W.
“2nd ¢ ¢ “ 8.1 0020 W.
“3rd ¢ ¢ 8.0 59 50 W.

Mean true. bearing of flag=S. 1° 00 04”” W._

Field record.

e declination of the sun for the mean period of the three obser-
ms=1° 02/ 16 8.
e following reductions are made to obtain the true vertical
as of the above observations:
- 1st oben. 2nd oben. - 3rd oben.
v=25° 25’ 30"/ 24° 36/ 00"/ .23° 50’ 80/
Refraction= —2 00 -2 06 -2 10
Parallax= + 08 + 08 + 08

_h=25° 23/ 38”7 24° 34/ 027 23° 48/ 28

===
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118. The first of the above series is selected for an exampl
reduction by the equation:

. [ 3G FeTe) sn §ETo-0)
Tan 34 \/ j(f—o—2) sin §(§ —6+9)

h= 25° 23’ 38"
= 64° 36/ 22 | p=64° 3¢/ 2
=138 53 40 . $=38 53 40
t+6=103° 30”. 02" C T p—e=25° 42/ 4
3= 1 02 16 (-) 5=1 02 164
o+ =102° 27/ 467 L f—pt8=24° 40/ %"
3¢ +o+8)= 51° 13/ 53/ $(E—o+8)=12° 20/ 13
¢t+9=103° 30 02/ t—9=25° 42/ &'
= 1 02 16 (=) _ s=1 02 16|
r+o—3=104° 32/ 18”7 T ——8=26° 44/ 58"
3(+o—8)= 52° 16/ 09 i(s‘—¢—3)=13° 22 %
log cos 3(¢+e+8)= " 9.796697
‘“ gin }(¢+o—8)= 9. 898118

' 9. 694815
“ oos }(f —d—8)=0.988058 - - o
“ gin }(f —-+8)=9. 329724

9.317782 . 9.317782

logtan? }§ A = - 0.377033
“ tan 3 A = 0.188516

A = 57° 03 44~
A=True bearing of sun=N. 114° 07/ 28"/ W.
Anglé from sun to flag=(+)64 52 30

True bearing of flag=N. 178° 59/ 58”7 W.
=S. 1°00Kr02” W.
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114, Let it also be required to reduce the first pbservation of the
bove series for time, making the reduction. by the following equa-
on:

_ [ 3G Te=3) em (T —e13)
Tan } t—.—:J cos }(¢+¢+8) cos §(¢—¢—5)

log sin ¥(§ +¢—8)== 9. 898118
44 gin §(F—@+8)= 9. 329724
) 9.227842

“ cos§(s+o+38)= 9.796697
“ cos §(t—op—3)= 9.988058
, . 9.784755  9.78475b
log tan 2 § 4= 9. 443087

“tan } te 9.721544
} =270 4¢/ 207

t=55° 82/ 58//=38h 49m 12+
A.ppltemttmeofobm =8h 42 12% p. m.
Equation of time = 48 17
Local mean time of obsn.=3" 50 29* p. m.
Watch time of obsn.. =3 57 53
Watchfastof . m.t. = 7m 248 240
$th meridian time of comparison with a Western
Union telegraph clock  ==4® 30™ 00* p. m,
Correction for longitude = —08 06
L.M.T.of comparison =4 21 b4
Watch time of comparison=4 29 20
Watch fastof 1. m. ¢ = 7m2

116. The second obeervation of thaabovosenesupelected for an
xample of rednct:on by the equation:
gind -
Cos A—m—m¢tanh
*w¢-9.801149 log in $m=8,257958 (~) log tan ¢=9.906733
*¢ cos h=9, 958790 - ¢ tan h =9, 660053
9.849039 . - 9.840839 . - log . 9.566786
log . .8.408019 - - nat (—~)  .86880
mu(-.-) 08559 .- . (=) - ,02660
: < cos A=(—) .39439
Ac-’l‘mebea.ringofmn ==8. 66° 46/ 20”7 W. R
‘Angle from sun to flag=(—)6b 46 00
Frué bearing of flag:'==S. 1°® 00 30~ W.
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116. The thitd observation of the above series isaeleemddhr
example of reduction by the equation:: :

. «_ /8in 8 sin (§—codecl.)
L O A=y colat, s coalt, -
90° —¢p=+90°—88° 53/ 40”7 = 51° 06/ 20’ ==calat.
90°—3==9¢°—-1 02 16 (—)= 81 02 16 ==codecl.
90°—h=90°—23 48 28 = 66 11 32 —coalt

W 28=208° 20’08”, e
o T 8=104° 10/ 04
codecl =90°—5=-91 02 186
: e
-~ . 8—codecl,= 13° 07/ 48”
logsin§ = 9. 986585

“ sm(S—eadecl) = o .B66%M-
} : 9342919

13 gmcolat " C =g 891‘149
« mnqodt =9. 961376 e

' . 9.852525 9852525'1 o

R, ,ogc&az,l_' ~9,490394
o Wi 9745107
, . L §A= I 56° 12357

A=True bearing'of sun ' = N.112° 25’ 10”” W.
" Angle from sun to flag=' (+) 66 85 00

- i True bearing of flag = NQ”?,:%)%',%: S

EQUAL ALTITUDE OBSERVATIONS OF THE SUN FOR MERIDIAN.
- 117, 'The ‘true meridian may be establishéd' by the method
‘eqial dltithde observations of the sun. The observation 4s not w
‘adapted to line werk, but it poesesses a certain usefalness in can
in that the surveyor may thus determine the:true meridian by !
sun with mere approximations as'to time and latitude.

“Fhe_fixation of the true meridian by this method depends up
the theory ithat the-sun’s center:.at equal:altitndés oecupies sy
metrical positions-in azimuth ékst and west .of the meridian
the morning 4nd in the afternoqn escept forithe-¢orrection nec

w
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to be applied due te the change in the sun’s declination in
oterval between the a. m. and p. m. observations:

43"+ Correction in azimuth in minutes of angular measure to be
ed to the. mean position in azimuth to obtain the true south
; the correction is to be applied to the east with a northerly
y change in declination, or to the weet with a southerly honrly

3e.
3 Changemdechnatmnofthesunﬁomthea m. to the p. m.
vation, expressed in minutes of angular measure.
+¥4)”: The sum of the hour angles from apparent noon, or the
watch time from the a. m. to the p. m. observa’aon, expressed
zgular measure.
- T dAy= R

S T L7 cosgeing(btt)
B lymmetrymf .the equal altitude.observation is maintained
bserving opposite limbs in azimuth im the a. m. and p. m
tationa, meonnechonvnhthemhmbmvomalmgle
»th observatiohs. .

th “3ds” and “§{t,+1)" ealculated, tbe co-putaﬁon can be
uded by.applying to ‘‘3d3” the declination coeffi¢ient obtained
uering Table 22 of thé Standard Field Tables, which gives
uentsiormpnﬁngermm:mmmuﬁhduetomllmin
nation, argnments: ‘¢’ and ‘“§(t;+t;).”’ :
8., Anequaldtitudeobsarntmnotthemnhruimuth consists
ading. the horizontal deflection angles from a fixed referénce
i%0.0ppdsite right or left limbs of the sun in . m, and p. . m.
ations simultaneously. with the same upper-or lower limb
¢ epoch. of equsal vertical angle in both ohservations, from the
d of which 'a calculation is made of the bearing of the reference
i-a8 referred to the true meridian. ' To guard against ersor the
wyor is required to make a series of three equal altitude ohser-
ns, taking the reésulting mean. The most suitable a.- m. and
. heuri for. this obsefvation obtain when the sun is meving
lly.tn altitude as compared withs a relatively small chingem
uth,

MM il-ml OBSERVATIONS OF THE SUN, OBSEIVM ‘PROGRAM .

Sele?t the obsemng sf.atxon, or transit point, a.nd a reference
pﬁef?rsbly to the south, and not Rearer than 5 or 10 chams
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Thoroughly level the transit for the a. m. observation.

Observe and record the horizontal deflection angle from the {
ndetencoponuothomnanghhlmb and the verticel angle ta
sun’s lower limb; these observitions must be simultarieous, af
opochofvhich/thomwﬂllppwumdxcated mtathov

hmeattheepod:oftheobaervsﬁon q- - -

Thoroughly level the transit for the p. m. observation.

With the same vertical angle sét off for the p. m. observa.tmni
the sun’s left limb until the sun’s lower limb becomes
indicated, recording the watch time and horwonta! deflection

from the reference point: R

The above program constitutes one observstlon. A series of 1
observations are taken by three successive a. m. settings at inte
of about four or five minutes of time: -In- thé p m. tho eatt!l
of coyrse made in the imverse: order. - - .

‘Qonsider each 'equal altitade obsérvation uepuataly and sull
the lesser horizontal angle from the greater and divide by twou

'The mean of: tive thrée half-differences is then taken to deted
the horizontal angle: from the refereiice point to an uncorrectidi
point, thnanglétobeappliedmadxmﬁontoequhzethel
point betireen thee twio cbeerved positions of the sun. ,

Compute the differential azimuth.cofrection due to the chui
the sun’s declination from the mean period of the a. m. to thei
period of the p. m. observations, and apply this:angle to thei
of the half-differences as stated above; 'the differential agimutl
rection is o be applied to the east when the hourly change i
sun's.declimation i&dortheu'ly or to.the west whea the hourly ¢
in the sun’s .declination is southerly;:the computed resultant
indicwtes the beﬁng of the rdmnce point mfemd to the
meridian.

The oonectsppuvnttmesof the observaﬁomdo not need |
hwwn as the fuirction ““ }(t;~}ty) ’ equalsone-half the time in!l
and mirutes, by the surveyor’s: watch, from thea. m. to the |
observation.

The gqual altitude observation may.be modified by taking 8]
observation, one day followed by an a. m. observation the
which case the funcuons “3d 8" and “§(t,+£,) " are to be comp
for the period from the p. m. to thé 4. m. observation; and the d

N g -
4"
F
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Field record.
The hourly change in the sun’s declination=44" 3 N.
~

2
< .
’46‘ — . o

| __Hor o

Hor. ang. 8. m.=4 a. m.4+z=A4+z
Hor. ang. p. m.=A p. m.—z=A4+2dAs~x
Hor. ang. a. m. —Hor. ang. p. m.=2r—2dA4;

-Hor. ang. a. m. ;hor ang. p. m. +dds

z=
The following computatxon is made to obtain the
azimuth correction for the above series:
3 do=}X5.08X44.3==112"; log }d6=2.049218
¢=38° 53/ 40 N.; log cos ¢.  =9.891149 -
} (4+t;)=2" 32 42 -

=38° 10/ 80/
log sin 3(t,44) =9.791034 -
9682183  9.682183
log d A5=2.367035

d Aa-—leferentml azimuth correction= 2337/

— 3/ 53[[

differe
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. The following reduction to obtain' the valwe of the-differ
azimuth correction for the above series is made wi!h' thie ure

le 22 of the Standard Field Tables:
¥(t1+4), or hours from noon.

Latitude. — = — T

2h 2b 33m 31:‘

35° 00’ 2.44 2.05 s |-
38 b4 | 16 )

40 00 2.61 ‘219 -ty g5

Declination coefficient =-2i6 .
d A;=2.16X} d5=2.16X112" =242"

d As=differential agimuth correctionr=4’ 02’/

small difference (09”) in the computation 6f “d“4s” in'the
vcesses of reduction ia due to the error in adopting & coefficient
ed by linear interpolation in Table 22 of the Standard Field
1, the tabular interval of which is large. Ordinarily the equal
lo method -would be used when thelatitudé of the station is
tain, and the slight error in using the declination coefficient
by linear interpolation from Table 22 is small enough to be
ible.

. The second a. m. and p. m. observations of the sbcvo series
lected for an example of reduction to the sun’s center and
computdtion of the’ sun’s ‘azimuth, and true beating of the
y the equation:

T, L0 St

sin &
C°°A=cm—m¢m" SR
Vert.lca.l angle to sun’s lower limb= =49° 0% 00"
Reduction to sun’s center =4 15647
Refraction o : =— 497 -
Parallax - =+ - 087 .-

Sun’s center, & =49°20/11" .
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Declination of the sun at Greenwich apparent noon =15° 34/ 37"
Diff. in time to a. m. obamn.: ..
For longitude = 5"08=
For time, 8. m. =—2 33

2.58 2 = 2g5m -
Diff. in declination to app. t. of a. m. oben.:

2.58X44” 3=114"/ =
Sun’e-decl. a. m. obsn. = 15° 3¢/ 3V

Diff.to p.m.obsn.,already computed(2 X112/ =224"")=
Sun’s decl. p. m. oben. =

a.m. obsn. P.-m. oban.
log cos ¢=9.891149 log sin 5=9. 428856(+) log sin 5=9. 431
“ cos h=9.813092 . ‘
~ 9.705141 9. 705141
“tan ¢ =9.906733 log - 9. 724735 log A
“tanh =0.065991 mat(+) .53064 -  pat(4) .

log = 9.972724

nat (—) .93918 (=) .93918 (<) .99
—_——
cosA = (=) .40859: (=) .
A=true bearing of sun =S, 65° 53/ 027 E. - . 66° 00’41
Horizontal angle from
flag to sun’s right and
left limbs = 66°29 30” to SE. 64° 38’ 00"ty
Reduction to sun’s cen- : ‘ '
i ) ww (D
cos 49° 20/

Hor. ang. tosun’s center == 66°63'54”t08E 65°02’24”t0
Sun’s azimuth as com-

{
puted above =S, 65° 53’ 02 E. 8. 66° 00/ 47" W-}

True bearing of flag =8, 1°00'52” W. 8. 0°58 23" W,
Mean true bearing of flag =S. 0° 59 87/ W. (

The discrepancy between the a. m. and p. m. results sugge

syswmi{tmmental error otdmanly eliminated by taking di
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dreversed obeervations, which in this instance is of opposite effect
s. m. and p. m. hours and apparently eliminated in the mean
ult.
123. One additional fact should be noted relative to the several
luctions of the above equal altitude observations:
By above direct computation, A p. m. =66° 00’ 47/

A a. m, =65° 53/ 02"/

Difference=2dAs = 7/ 45”7
! dAs = %537

is value for dd4s (3/53”) agrees with same function as first
ted. '

{84, Upon concluding the subject of azimuth determinations it
1be of interest to note that the weighted mean of a large number
fbeervations gives a value of 8. 0° 59 25/ W. for the azimuth of
1line from the Washington, D. C., transit point to the flag pole here-
we described. A comparison of the methods and results of the va-
s observations as given on the preceding pages suggests that the
'!yor should seldom be without means by which accurately to
#rmine time, latitude and azimuth at any place ia the field,
rever remote, and should doubt arise as to his'results a ‘‘cheek”
independent method is nearly always available and & certain
He as to the accuracy of the determinations. It might be added
#a careful surveyor will not fail to surrowrid his methods with
Ruate verification to insure the aceumcy requiredm theereeutum
ke public-land surveys. ‘

THE TRUE PARALLEL OF LATITUDE.

. The base lires and standard parallels of the rectangular
are established on the true parallel of latitude; the random
Rudinal township boundary lines are also projected on the same
; this eurve is defined by & plane at right angles to the earth’s
axis cutting the earth’s;eurface on a amall circle. At every
kt on the true parallel the curve bears due east and west, the
%ction of the line being at right anglea to the meridian at every
Int along the line. Two points at a distance of 20 chains apart on
p same parallel of latitude may be said to define the direction of
tcurve at either point, without appreciable error, but the projec-
o of a line so defined i in e1t.her direction, easterly or westerly,
. 55465°—19———9
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would describe a great circle of the earth gradually departing
erly from the true parallel. The great circle tangent to the
at any origin or reference point along the parallel is known as(
“tangent to the parallel,’’ and it is coincident with the true lati
curve only at the point of origin. The rate of the change of
azimuth of the tangent is a function of the latitude on the
surface. The azimuth of the tangent varies directly as the
from the origin, and the offset distance from the tangent t
parallel varies as the square of the distance from the point of
gency. - A great circle connecting two distant points on the
latitude curve has the same angle with the meridian at both
and the azimuth of such a line at the two points of intersection
function of one-half the distance between the points.
There are three general methods of establishing a true paralj
latitude which may be employed independently to arrive at
same result: (1) The solar method; (2) the tangent method;
(3) the secant method.

somn METHOD.

126. The solar instruments are capable of following -the
parallel of latitude without substantial offsets. If such an i
ment, in good adjustment, is employed, the true meridian
determined by observation with the solar at each transit point
turn of 90° in either direction then defines the tme pam.llel

parallel of latitude. The locus of the resultmg line is a
of points epch one at right angles to the true meridian at the
vious station. However, during a ‘period each day the solar is
available, and during this time, also whenever the sun ina;
obscured by clouds, or on aceount of & disturbance of the
ments of the solar attachment; and whenever an.instrumemt wi
solar attachment is employed, reference must be made to a
line from which to establish the true latitude curve by ane
following methods. ‘

TANGENT METHOD.

127, The tangent method of determination of the true lai
curve consists in establishing the true meridian at the pol
beginning, from which a horizontal deflection angle of 90° is
to the east or west, as may be required, and the projection of
thus determined is called the tangent. The tangent is proj

~
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miles in a straight line, and as the measurements are completed {
each corner point, proper offsets are measured north from the tange
to the parallel, upon which line the corners are established.

In Table 12, Standard Field Tables, are given the bearing ang
or azimuths of the tangent to the parallel, referred.te the true
point, tabulated for any degree of latitude from 25° to 70° N., fort
end of each mile from 1 to 6 miles. At the point of begmmngt
tangent bears east or west, but as the projection. of the tnngsnt
continued the deviation to the south increases in accordance wi
rules already stated.

In Table 13, Standard Field Tables, are ahown the various offs
from the tangent north to the parallel, tabulated for any degree
latitude from 25° to 70° N., for each half mile from } to 6 miles.

The accompanymg dmgram illustrates the establishment of
standard parallel in latitude 45° 34/.5 N, by the tangent metl
(SeeFig. 14.) Theformofnecordisshownmthespeclmen field noi

Objection to the use of the tangent method in a timbered coun
is found owing to the'requirement that all blazing is to be made
the true surveyed lines. ~Also, all measurements to items of top
raphy entered in the field notes are to be referred to the true est
lished lines. 'These objections:to the tangent method, on accous!
the increasing distance from the tangent to the parallel, are lary
removed in the secant method .

SECANT METHOD

128. The designated secant is a great cirdle which cuts any t
parallel of latitude at the first and fifth mile corners, and is tangen
an imaginary latitude curve at the third mile point. From f
point of beginning to the third mile corner the secant has a not
easterly or northwesterly bearing; atthe third mile corner the sec
bears east or west; and from the third to the sixth mile corners!
secant has a southeaster]y or southwesterly bearing, respective
depending upon the direction of projection, east or west. From |
point of beginning to the first mile corner and fxom the fifth to
sixth mile corners the secant lies south of the true parallel, and fr
the first to the fifth mile corners the secant lies porth of the t
parallel.” It will thus be seen that the sécant method is a m
modification of the tangent method, so arranged that the minim
offsets can be made from the projected transit line to the establish
true parallel of latitude.
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The secant method of determination of the true latitude curve
sists in establishing the true meridian at a point south of the
ning corner a measured distance taken from the table, from
meridian the proper horizontal deflection a.ngie, a8 taken from
table, is turned to the northeast or northwest to define the
The secant is projected 8 miles in a stratight line, and as the
ments are completed for each corner pdint, proper offsets are
ured, north or south, from the secant, ﬁo tlie pmllel upon
parallel the corners are established.

In Table 14, Standard Field Tables, are gwen the bearing
azimuths of the secant, referred to the true N. point for the fi
miles, and the same symmetrical bearing angles or azimuths
to the true 8. point for the last 3 miles, tabulated for any d
latitude from 25° to 70° N., for the end of each mile from 0
miles.

In Table 15, Standard Field Tables, are ehown the various
from the secant to the parallel, tabulated for any degree of
from 25° to 70° N., for each half mile from 0 to 6 miles.

The accompanymg diagram illustrates the establishment
standard parallel in latitude 45° 34’.5 N. by the secant
(SeeFig.15.) The formofrecordmshownmthesysclmen field

The secant method is recommended for its sn’nphc)ty of ex
and proximity to the true latitude curve, as;all measurements
cutting by this method are substantially on the true parallel.

CONVERGENCY OF MERIDJANS.

129. The linear amount of the convergenéy of two meridians
function of their distance apart, of the lengthjof the meridian be
two reference parallels, of the latitude, and of the spheroidal
of the earth’s surface.

The following equation is convenient rthe analytical
tation of the linear amount of the conve ency on the
two meridians any distance apart, and any leigth. The co!
for convergency in any closed figure is prop6rtlom1 to the ares, {
may be computed from an equivalent }'ecba.ngulal area:

m)\ ”: Measurement along the parallel.

‘““ing”: Measurement along the meridian. )
“a”: Equatorial radius of the earth=-3963, 3 miles,
“g”.  TFactor of eccentricity, log e-8 915 2515
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#":. Linear smount of the convergency on the parallel, of two
- meridians distance apart ‘“‘my,” and length “mg’’ along

]

' me me'Mim: “'d"l’k"’i (‘mx”’ l‘m" md '“aﬂ w be
| expressed in the same linear unit: .

'| dmy="2T% a5 ¢/ T—eTsin? &

Rmple of computation of the convergency of two meridians 24
e long and 24 miles apart in a mean latitude of 43° 207:

nat 1 o= _ 1. 0000000 -
» loge =8.915 2515 -
¥ AR =8.915 2515
b “ gin 43° 20/ =9. 836 477
» N 1 &6 =9.836 477
» ‘ T rra arm
“ e*sin? ¢ =T7.503 457 o
R nat ¢ ¢ ¢ = 0. 0031875
t “ (1—etsin?g)y = " 0.9968125
Tog “ “ «“ 9,998 614 '

- ———— ]
“ Y1 'en‘_sn_nz" =9, 999 307
. % tan 43° 20/ =9.974 720

~ o ow o~ w

“o24 ==]. 380 211
LN :==1.380 211
o 80* =1. 903 090

. ‘ product =4, 637 539

i o 3963. 3 ' =3.598 057

] O dmy =1.039 482

' nat - ¢ -+ 10.9517  chs.

L ]

:: convergency, measured on the parallel, of two meridians. 24
ks apart and 24 miles long, in a.mean latitude of 43° 20, is there-
)found to be 10.95 chains. The. convergency of the east and west
mdaries of a regular township in the same latitude would be
ul to one-sixteenth of the convergency of the east and west
mdaries of the quadfangle as computed above, or 68:44 links,
ich agrees with the valueé taken from Table 11 of the Standard
d Tables.

This factor is Intrcduced here for the purpcse of conversion from the unit cx-’
sed in miles to the it expressed in‘chains,

y

e
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180. In Table 11, Standard Field Tables, are tabulated the lindy
amounts of the convergency of meridians, 6 miles long and 6 mild
apart, for each degree of latitude from 25° to 70° N., together wif
the angle of convergency of the same meridians. These amountsd
linear convergency are at once the proper corrections to apply 1
the north boundary of a regular township in the computation of th
cloging error around a towmnship, or other computation by which
theoretical length of & north or south boundary of a township is eo
pared with the length of the opposite boundary; the tabulated lin
amounts of convergency are equal to double the amounts of t.he off
from a tangent to the parallel at 6 miles for the smne
Simple interpolation may be made for any intermediate lati
and the amount of the convergency for a fractional township or ol
figure may be taken in proportion to the tabulated convergency
the fractional area is to 36 square miles.

The tabulated angle of convergency represents at once the de
tion in azimuth of the tangent from the parallel at 8 miles; and
14, Y, 34, and %, of the tabulated angles of convergency repre
at once the amounts of the correction in the bearing of meridi
section lines to compensate for convergency within a township.

In the same table are given the differences of longitude for 6 mil
in both angular and time measure, also the differences of latitud
for 1 or 6 miles, in angular measure, in the various tabulated latitud

181. In the plan of subdivision of townships the meridional sects
lines are established parallel to the east boundary or other govern
line; this neceesitates a slight correction on account of the ang
convergency of meridians. Meridional section lines west of
governing line are deflected to the left of the bearing of the governi
line the amount shown in the second part of Table 2, Standard
Tables, which is entered under two arguments: (1) Latitude, and (
dutmceﬁomthegovermnghne Meridional section lines east
governing boundary are given the same amount of conechnnl
bearing, but the deflection is made to the right.

i LENGTHS OF ARCS OF THE FARTH'S SURFACE.

182, All computations involving a difference of latitude for
given measurement along s meridian or the converse calculation, |
other computations involving a difference of longitude for a giv
measurement along & parallel or a similar converse calculatmn, 8
readily accomplished by the use of the values given in Table 1
Standard Field Tables; this table gives the lengths in miles ai

™
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nal part of a mile of one degree of longitude measured on the
lel, and the lengths in miles of one degree of latitude measured
1e meridian, for any latitude from 25° to 70° N.
e above tabulated values may be reduced to miles and chains,
chains or feet, as convenient. In taking out lengths of degrees
igitude measured on the parallel an exact linear interpolation
be made, and in taking out lengths of degrees of latitude meas-
on.the meridian the value should be taken out for the mean
ion in latitude of that portion of the meridian whose length it
sired to compute. ‘
3. The first part of Table 2, Standard Field Tables, has been
ged for the reference of the latitude of any point within a town-
to the south boundary, the only argument being the miles and
8 distant from the south boundary. Thus with the use of this
all observations for latitude within a township may be reduced
e south boundary; and conversely, given the latitude of the
boundary of a township, the latitude of any station within the
ship may readily be obtained by applying the difference given
e table for the known distance north.






' CHAPTER IIL
SYSTEM OF RECTANGULAR SURVEYS.

GENERAL SCHEME.

4. In the preceding chapters there has been outlined the 8ys-
of nomenclature and procedure relatmg, in general terms, to the
%y of the public domain. .1t is confidently assumed that the
ed States surveyor has become impressed with the purpose of
sk and the stability and dignity which should be attached to a

80 great and important, commensurate with its broad founda-
in law and science.

r the purpose of disposal of the pubhc domain the law provides,
mneral terms, for its description, subdivision and identification
nformity with the following general scheme:

« The township, 6 miles square, containing 36 sections, each 1
square.

. The numbering of the townships meridionally intoa range and
idinally into a tier, from which the necessity at once appears
1e selection of independent initial points, each to serve as an
1 for the extension of surveyssynchronously needed in somewhat
ly separated localities, to provide for which, principal or gov-
g meridians and base lines have been established, to which
t be related the surveys executed in each of such localities.

. The establishment of guide meridians and correction lines or
lard parallels at intervals sufficiently near each other to main-
a practical workable adherence to the legal definition of the
ary unit, the township 6 miles square, and at the same time to
te to & minimum the number of corners required.

1. The placing of fractlonal sections on the north and west bound-
of the township.

1. The subdivision of the tow-nslnps into 36 sectlons by running
lel lines through the township from south to north and from
0 west at distances of 1 mile.

1. Theinflexible declamtxon of the integrity of the corners marked
1e public surveys as the proper legal corners of the sections

"the subdivisions of the sections which they were intended to

) ’ 131 :
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designate, together with the equally important provisions (a)
the boundary lines actually run and marked shall be and re
the proper boundary lines of the sections or subdivisions for w
they were intended; (b) that the length of such lines as retw
by the surveyors shall be held as the true length thereof; an
that the sections shall ‘be subdivided by running straight
from the established quarter-section gorners to the opposite e
lished quarter-section corners.

185. The townships will be numbered to the north or south
mencing with number 1 at the base line, and with range numbk
the east or west beginning with number 1 at the principal meri

The 86 sections into which, a township is subdivided are numl
commencing with number 1 in the northeast section of the town
proceeding thence west to section 6, thence south to section 7, th
east to section 12, and so on, alternately, to number 38 in thea
east section. In the case of fractional townships, the sectiom
bear the same numbers they would have had if the townships
full, that is to say the section numbers should be employed %
are the proper section numbers relating to the sides which an
governing boundaries, leaving any deficiency to fall on the opy
sides. :

136. The specimen field notes will serve to illustrate the me
of running lines to form quadrangles 24 miles square; the m¢
of running the exterior lines of townships; and the method of
dividing regular townships. The methods here presented
designed to insure a full compliance with every practicable req
ment, meaning and intent of the surveying laws.

1387. By the terms of the original law and by general pra
" section lines are surveyed from south to north and from east to"
in order uniformly to place excess or deficiency of measuremer
the north and west sides of the townships. For convenience
exterior lines on which subdivisions are based are called the goy
ing boundaries. In unusual cases the north and west bound
may be employed to govern the subdivision of a township, ar
extreme cases an irregular township may be without even 4 si
governing boundary. v ‘
INITIAL POINTS.

138. Initial points from which the lines of the public survey
to be extended will be established whenever necessary, under
special instructions as may be prescribed in each case by the (

~
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joner of the General Land Office. The initial points are to be
ted with a view to their control of extensive agricultural areas
in reasonable geographical limitations. Upon the establish-
tof an initial point, the position of the point in latitude and longi-
is to be determined by accurate field astronomical methods.

ring the period since the organization of the system of rectan-
'surveys numbered and locally named principal meridians and
lines have been established as shown by the accompanying
mr exhibit. These bases and meridians may be found by
ining the large wall map of the United States published by the
ral Land Office; they are also shown upon the various official
ymaps, and upon a special map entitled ‘‘ United States, Showing
tipal Meridians, Base Lines and Areas Governed Thereby.”

D. The latitudes and longitudes given in the following table are
1 upon the best obtainable information, but in some cases the
e shown are only approximately correct owing to the fact that
r of the initial points were fixed in position and the surveys
from largely completed before the same importance was at-
d to the matter of accurate latitudes and longitudes as at the
nt time. It may also be noted; by way of explanation, that
nt-day facilities for accurate field astronomical determinations
not available to the early surveyors. It is not expected that
alues of the latitudes given in the table will be used as the
of the calculation of the latitude of an unknown station, in lieu
field determination thereof, except as an approximate value
satisfy all requirements. The codrdinates of the earliest sur-
in Ohio can not be conveniently tabulated, but they are shown
the maps as stated above.

PRINCIPAL MERIDIAN.

0. This line shall conform to the true meridian and will be
ided from the initial monument, either north or south, or in
directions, as the conditions may require; regular quarter-
»n and section corners will be established alternately at inter-
of 40 chains, and regular township corners at intervals of 480
18; meander corners will be established at the intersection of
ine with all meanderable bodies of water.

1. In the survey of the principal meridian and the other
lard lines (base lines, standard parallels and guide meridians),
nafter described, two independent sets of measurements will

-~
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remployed, unless subdivisional closings thereon are provided in
) same assignment with the standard line, in which case the clos-
p will furnish a satisfactory verification of the length of the lines
@ surveyed. Where such closings are not mbaxixadedunngthe
xgress of the same survey, the proper supervising officer will. pro-
le suitable instructions for the employment of a second set of
iinmen, or for the duplication of the measurement by the one set
thainmen. In either case, where two independent sets of measure-
nts are employed, the distance to.the mean point, and
fo between the measureinents to each corner established, be
wn in the field notes; a form of record is given in the speclmen
ﬂ notes.
#2. Should the difference between the two sets of measurements
ay standard line, as above provided, exceed 20 links per 80 chajns,
yrequired that the line be remeasured to reduce the difference,
final measurement of the line only to be shown in the field notes.
uld the successive independent tests of the alinement of any
idard line, or the average tests of the solar attachment employed
fhe projection thereof, indicate that the line has deflected from
true cardinal course to exceed 3’ 00/, the necessary correctibns
be made to reduce the deviation in azimuth, the-field notes of
:true line only being shown. Every reasonable effort will be
ised to insure the accuracy of both the alinement and the meas-
ent of the standard lines, and the stated discrepancies are the
fimum that will be allowed in new surveys; oorrecnv)e steps will

+

l'eqmred where the differences are beyond t.he maxlmum (.
-

. From the initial monument the base line will be exbeniled
and west on & true parallel of latitude; upon the true line stand-
| quarter-section and section corners will be established alter-
ely at intervals of 40 chains, and standard township corners at
ervals of 480 chains; meander corners will be established at the
ersection of the line with all meanderable bodies of water.
he manner of making the measurement of the base line and the
mracy of both the alinement and measurement will be the same
required in the survey of the principal meridian. Any one of the
thods heretofore set forth for the determination of the alinement
the true latitude curve may be used as existing conditions may
[uire and the detailed process will be fully stated in the field notes.



186 MAXUAL:OF SURVEYING INSTRUCTIONS.



SYSTEM OF RECTANGULAR SURVEYS. 137

ection line should be established to which a local name may be
m, e. g., “Fifth Auxiliary Standard Parallel North,” or ‘‘Cedar
sk Correction Line,” etc., and the same will be run, inall respects,
a regular standard pa.tallel

GUIPE MERIDIANS.

8. Guide meridians are extended north from the base line,
tandard parallels, at intervals of 24 miles east and west from
principal meridian, in the manner prescribed for running the
cipal meridian. Under all conditions the guide meridians
be terminated at the points of their intersections with the stand-
parallels; the guide meridian is to be projected on the true meri-
1and the fractional measurement is to be placed in the last half
. At the true point of intersection of the guide meridian with
standard parallel a closing township corner is to be established;
parallel will be retraced between the first standard corners east
west of the point for the closing corner, in order to determine
exact alinement of the line closed upon, and the distance will
measured and recorded to the nearest corner on said standard
llel.

£7. When existing conditions require that such guide meridians
i be run south from the base or correction lines, they will be ini-
3d at the theoretical point for the closing corner of the guide
idian, which will be calculated on the basis of the survey of the
i from south to north initiated at the proper standard township
ler. At the theoretical point of intersection a cloging township
rer will be established.

18. Where guide meridians have been placed at intervals ex-
ling the distance of 24 miles, and new governing lines are re-
ted in order to limit the errors of the old or to control new sur-
3, & new guidé meridian will be established, and a local name
r be assigned to the same, e. g., ‘“ Twelfth Auxiliary Guide Merid-
West,’’ or “Grass Valley Guide Meridian,”” etc. These auxiliary
ie meridians will be surveyed in all respects like regular guide
idians.

49. The above scheme covers the controlling lines contemplated
ler the rectangular system, and results regularly in the survey of
drangles bounded on the north and south by true parallels of
tude, and on the east and west by true meridians, 24 miles apart.

» exception may now be noted which will be found to d
55465°—19——10
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from former practice, that is, where a guide meridian is ca
fofward at a time when thcertainty exists as to how the exteriot
subdivisional surveys to the east may close upon it, the corners:
the same will be marked only for the durveys to the west.

TOWNSHIP EXTERIORS.

REGULAR ORDER.

* 150. The controlling factors to be recognized in the establishi
of new township boundary lines are found in the relation of 1
lines to the new subdivisional surveys which are to be exea
The south and east boundaries are normally the governing lin
the subdivisional surveys. Defective conditions which ma;
found in previously established exteriors can not be elimin
where subdivisional lines have been initiated from or closed 1
an old boundary, but the errors of the former surveys are not
incorporated into the new, and where the previously establi
south and east boundaries can not on that account be used to go
the subdivision of the adjoining township, other controlling !
known as the sectional correction line and the sectional g
meridian, hereinafter described, will be employed as expedient
new meridional township exterior is normally the governing bot
ary of the fownship tg the west, and a new latitudinal town
exterior is normally the gaverning boundary of the township to
north; any new boundary should therefore be established with
consideration for its control upon the subdivisional surveys th
after to be executed.

151. Whenever practicable the township exteriors will be
veyed successively through a quadrangle in ranges of townsh
beginning with the townships on the south. The meridional bou
aries of the townships will have precedence in the order of sur
and will be run from south to north on true meridians; quar
section and section corners will be established alternately at inter
of 40 chains, and meander corners at the intersection of the line %
all meanderable bodies of water; a temporary township corner 1
be set at a distance of 480 chains, pending a determination of
controlling factor upon which its final position will be govemn
whereupon the temporary ppint will be replaced by a perman
corner in proper latitudinal position. The latitudinal towns
boundary will be run first as a random line, setting tempon
cornérs, on a cardinal course, from the old toward the new meridio
boundary, and corrected back on a true line if ideal conditions:

- “
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found to obtain. Where both meridional boundaries are new lini
or where both have been previously established, the random laf
tudinal boundary will be run from east to west. . In either case
defective conditions are not encountered, the randem line will
corrected back on a true line, upon which will be established re
lar quarter-section and section corners at intervals ‘of 40 chai
alternately, counting from the ‘east, and meander corners at §
intersection of the true line with all meanderable bodiés of wa
The bearing of the tine line will be calculated on the basis of
falling-of the random, and the fractional measurement will be plag
in theé west half mile. A meridional township exterior will
terminated at the point of its intersection with a standard pars
placing the excess or deficiency in measurement in thie northe
most hglf mile. At the point of intersection of the meridic
boundary with a standard parallel a closing township corner wi
established; the parallel will be retraced between-the first stan
corners east and west of the point for the closing corner, in ordeg
determine the exact alinement of the line closed upon, and
distancé will be measured and recorded to the nearest-corner on
standard parallel.

152, In order to complete the exteriors of & townshlp it will of
remain to establish a meridional Boundary between previously est
lished township corners; such boundaries will be run _from south
north on random lines, with temporary corners set at intervaly
40 chams and, if defective conditions are not encountered,
random' will be corrected to a true line; by this plan the exces
deficiency of measurement will be placed in the north Balf mile
required by law, and double eets of corners will be avmded wh
unnecessary.

158. The temporary, pomts on any random extenor‘ will be
placed by permanent corners, in proper position, when the final
line adjustments for the latter have been fully determined; ¢
true line will be properly blazed through timber,.and distances
important items of topography will be adjusted to comect
line measurements.

154. The field notes will embrace & full and cemplel:e record
the manner in which the township exteriors are run and establishe
The notes will show how the alinement of the random latitudin
curve was determined, the direction of the projection, the amou
of th&ﬁlhngnmthmjwth of the objective township ¢ comer andt
calculated return course or true line.

-
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IRREGULAR ORDER "AN!?‘ PARTIAL SURVEYS. ~

'165. As the remaining unsurveyed public lands are found to con-
lin less and less extensive areas surveyable under the law it becomes
bcessary to depart from the ideal procedure in order more directly
) reach the areas authorized for survey. The many possible com-
tions are entirely too numerous to state in detail, but where an
E—ular order appears to be necessary such departure from the
order of survey will be specifically outlined in-the written
ial instructions. Such departure should always be based on the
hnap]e of accomplishing, by whatever plan, the same relation of
‘e township boundary to another as would have resulted from
gular establishment under ideal conditions.

Tn authorizing surveys to be executed it will not usua.lly be pro-
'ded that exteriors are to be carried forward until the township is
be subdivided ; thus where causes operate to prevent the establish-
ent of the boundaries in full it is not imperative that the survey of
e exterior lines be completed; under such conditions it may be
tind necessary to run section lines as offsets to township exteriors
id such section lines will be rum either on cardinal courses or
lel to the governing boundaries of such townships, or even

! blished when subdividing, as existing conditions may require.

- GENERAL EXCEPTIONS.

158. The above rules accord with former practice, except that in
rtain instances the random latitudinal boundaries will be run
ym west to east, instead of invariably from east to west, as here-
fore required. It is also deemed advisable to incorporate other
‘ceptions which will lessen the difficulties of subdivisional sufveys
squent[y experienced in the past.

It is especially desirable that the alinement of a new latitudinal
undary (which becomes the governing south boundary of the
wnship to the north) shall not depart more than 14/ from the true
rdinal course; therefore the random line, run upon the cardinal
urse, may be made the true line where the falling would require
correction exceeding 14/ of arc. Where the random lstitudinal
andary thus closes on a new meridional exterior the' temporary )
wnship corner may be adjusted to the latitude of thej opposite
wnship corner; but where both meridional boundaries have been
eviously surveyed a closing township corner will be estabhahed,
the point of intersection of the random latitudinal linely

i
"o

s i
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ridional boundary, or its projection to the narth or south as the
e may be. Likewise, where & meridional boundary is run as a
dom, the random will be made the true line if the adjustment for
ing plus the usual correction to secure parallelism of the meridi-

Fig.29.
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A wmagemassvann o $18. direction of the meridional lines.of a subdivie
survey on account of convergency of meridians, also the 14’ limit of the
r ¢ safety mne »

I ,ubdlvimona.l lines (on account of convergency of meridians)
puld result in calculated bearings (in'the northernmost miles of
t1atter lines) in excess of 14/ from cardinal. This margin for the
pement of the random and true meridional lines of the subdivi-
nal survey calls for a governing east boundary whose bearing will-
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fall within certain extremes suited to the latitude of the to
as for example (see second part of Table 2, Standard Field Tabl

Latitude 25° N.
1st Mi. Mer. Subdv. N. 0° 14 E. 5th Mi. Mer. Subdv. N. 0° 14/ |
Corr. for Conv. +00 Corr. for Conv. —02
E. bdy. may be N.0°14’E. E. bdy. may be N, 0° ]2’]
Latitude 70° N.
1st Mi. Mer. Subdv. N. 0° 14/ E, 5th Mi. Mer. Subdv. N. 0° 14/}
Corr. for Conv. +02 Corr. for Conv. —10

P — —_—
E.bdy.maybe N.0°16¢ E. E. bdy. may be N. 0° 04’
, AL —_—

It will be noted that the above text in reference to the 14/ limni
exteriors applies only to the establishment of new boun
A previously established boundary every part of which is wi
of cardinal will not be considered defective in alinement. E:
the case of new exteriors, where the surveyor who establishes
line is also to subdivide the township of which such exterior
governing boundary, the margin of 14/ may be exceeded to a i
extent if the surveyor is satisfied that existing conditions favor
ing within the 21/ limit in the subdivisional survey. Thus it wi
seen that the purpose of the 14/ limit is merely to facilitate the
lishment of all subdivisional lines within the prescribed d
limit of 21/ from cardinal.

157, Another general exception may be noted where unce
exists as to how unsurveyed exteriors and subdivisional lines
close upon the newly established boundaries, in which case the ¢
ners thereon may be marked only for the townships of which |
new exteriors control the subdivisions.

COMPLETION OF PARTIALLY SUBVEY:ED EXTERIORS,

158. Where the end portions of a township exterior have
previously surveyed and closed upon, the fractional
middle part will be completed by random and true line, with
offset regardless of the deviation from cardinal; the fractional
urements will be placed as a general rule in the north and
half miles, thereby permitting the subdivisional lines to be e
as usual from the south to the north and frem the east to the
In the case of & fractional part of an exterior remaining unsurvey

'?
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ier end of the line, the boundary will be completed by random
initiated at the previously established terminal monument,
will be projected on a cardinal course in the direction of the
ive township corner. The random will be corrected to a
ine where the calculated bearing of any subdivisional line,
ed by such exterior, comes within 14/ from cardinal, and the
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1l measurement will be placed generally in the north or
alf miles. However, should irregularity be developed, or
tbeence of & previously established objective township corner,
ttially surveyed exteriors will be completed on cardinal
I beginning as above; and in either case the fractional meas-
tts will generally be placed in the north and west half miles.

N
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RETRACEMENTS BEFORE SUBDIVIDING,

150. If any part or all of the boundaries of a township w
is to be subdivided have been previously surveyed, and the pro
supervising officer has reason to question the accuracy of any po
of such exteriors, or the condition of the corner monuments there
the fact will be stated in the written special instructions, and
surveyor will be authorized and required, as a condition prece
to beginning the subdivisional survey of such township, to ret
such boundaries in order to determine the true alinement and len,
of the lines, to rebuild any corners found to be in a poor condi
and otherwise to accomplish the following purposes:

(a) To locate all material errors, (b) to test every line as to
alterations may be required, and (c) to determine all data neces
for the computation of the areas of all fractional lots.

160. All data obtained in the retracements will be embodie
the field notes and shown upon the plat of the survey,
retracement results are in substantial agreement with the reca
the original survey, in which case & general statement to that e
may be made in the field notes, and the original record may be
mitted to govern the data to be placed upon the plat. -

RECTANGULAR LIMITS.

161. Before approaching the subject of ‘‘subdivision of townsh
it is necessary to consider the requirement of law relative to re
gular surveys, wherein the square mile, or section, is the
subdivision. The normal township will include 36 sections in
25 of which are returned as containing 640 acres each; 10 section
the north and west boundaries) each contain regular aliquot
totaling 480 acres with 4 additional fractional lots in each se
each lot containing 40 acres plus or minus definite differences t
deterniined in the survey; and, section 6 containing -regular ali
parts totaling 360 acres with 7 additional fractional lots each
taining 40 acres plus or minus' eertain definite differences t|
determined in the purvey, all as contemplated by law. The{
mentioned aliquot varts,of 640 acres may be termed ‘‘regular or|
subdivisions of a section,”’ as.a quarter sectmn, a half-guarter sec
or & quarter-quarter section, the legal minimym of which, for pu.r]
of disposal under the general land laws, is 40 acres.

162. In the administration of the surveying laws it- has ]
" necessary to establish a definite relation between rectangul
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{(square miles of 640 acres, or aliquot parts thereof), as contemp
by law, and the resulting-unit of subdivision consequent upon
practical application of surveying theory to the marking out
the lines on the earth’s surface, wherein the ideal section
allowed to give way to one which may be termed ‘‘regular.” §
relation, as applied to the boundaries of a section, has been p!
at the following limits:

(a) For alinement, not to exceed 21/ from cardinal in any
(b) for measurement, the distance between regular corners to
normal arcording to the plan of survey, with certain allo
adjustments not to exceed 25 links in 40 chains; and (c) for cl
not to ex¢eed 50 links in either latitude or departure. ’

Township extetiors, or portions thereof, will be considered
fective when they do not qualify within the above imits. Itis
necessary, in order to subdivide a township regularly, to consid
fourth limit, as follows:

(d) For position, the corresponding section corners upon the
posite boundaries of the township to be so located that they ms|
connected by tme lines whlch will not deviate more than, 21/
cardinal.

A prev:oualy estabﬁahed exterior will not be oonmdered
fective if the above limits are satisfied, and 8 subdivisional
may proceed in safety if the rectangular limits (in such subdivisi
survey) are not exceeded. On the other hand, if the condi
relating to the previously. established governing boundaries ;are
that the feeta.ngular limits have already been exceeded or that
danger pdint is likely to be reached at an early stage in the
visional durvey, the necessary corrective steps w1l1 be taken
subdividing, as hereinsafter described.

RECTIFICATION OF DEFECTIVE EXTERIORS BEFORE SUBDIVIDING
METHOD OF ESTABLISHING NEW GOVERNING BOUNDARJES “WH|
THE PREVIOUSLY SURVEYED nmmons ARE FOUND TO' BE
FECTIVE,

163, Where subdivisional lines have been initiated from or
upon an exterior prior to the subdivision of one of the adjoi
townships, its alinement can not legally be changed. A def
boundary not so closed upon may be obliterated, after conn
the old with the new monuments, whereupon a new boundary !
be projected in accordance with regular methods. If a legal ol
of any character such as mineral, forest-homestead, small-hold

Sy

L
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railroad or canal right-of-way, reservoir site, etc., has been connec
with any corner on an exterior which may be subject to rectificati
the fact will be specifically stated in the written special instructid
and in case such exterior is found to be defective the surveyorw
accurately connect the old corner by course and distance with
new monument. Such old corners will not be destroyed, but
letters “W P (gignifying ‘ witness point”) will be distinctly ad
to the original markings. A complete record of the connection fi
the new to the old monument, a description of the latter a
accessories, and the new markings, will be included in the
notes, and the position of the old monument will be shown on
plat of the survey.

164. If a boundary is defective in measurement or position an
not subject to rectification, the location of the original corners
not be changed, but the marks thereon, and the marks upon
poeition of the accessories, may be appropriately altered to st
only for the sections of the previously established surveys.
corners to ¢ontrol the surveys of the adjoining township may ¢
be established on the old line, but at regular distances of 40 an
chains. Where new corners are placed on an oblique extenor i
whose bearing departs more than 1° from cardinal) the same w
8o located for measurement that the oblique distance multip
by the cosine or sine of the bearing angle, as the case may be,
result in cardinal equivalents of 40 and 80 chains.

165. Where .subdivisional lines have been initiated from
closed upon one side of a portion of a township boundary pric
the subdivision of the township on the opposite side, while o
the remaining portion of the same such conditions do not interf
said remaining portion may be obliterated, if found defe
whereupon a new line will be projected in accordance with reg
methods.

166.. The position of the new exteriors, or of new corners
defective township boundaries must be established by an aci
rerunning of such lines; the data acquired in surveying subdivisi
lines cloeing upon defective exteriors can not be accepted in
of such retracement or resurvey. .

167. Instances will occur both in closing subdivisional &
upon regular exteriors and in the retracement of defective bou
aries not subject to rectification where it will be developed that
original monuments have become lost or obliterated, or where 8

.- . |
H |

gl
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corners may be identified in an advanced state of deterioration.
such exterior corners will be reestablished and remonumented
their correct original positions in strict accordance with the
visions of Chapters IV and V, and a complete record thereof will
embodied in the field notes.

168. The south, boundary of a township is regularly the gov
ing latitudinal boundary and will be used as such unless defecti
in alinement; if defective in measurement, and not subject to
tification, the position of the original corners will not be
but the marks thereon and the accessories will be appropri
altered to stand only for the sections of the township to the
new corners of two sections and quarter-section corners common
the sections of the township to the north will be established at
ular intervals of 40 chains, counting from the east, and the ex
or deficiency in measurement placed in the west half mile. If{
south boundary is defective in alinement, a sectlonal correcti
line will be required.

169. The east boundary of a township is regularly the govern
meridional boundary and will be used as such unless defective
alinement; if defective in measurement, and not subject :to rect
cation, the position of the original corners will not be changed, b
the marks thereon and the accessories will be appropriately alte
to stand only for the sections of the township to the east; newa
ners of two sections and quarter-section corners common to the
tions of the township to the west will be established at regulari
vals of 40 chains, counting from the south. If the east boun
defective in alinement a sectional guide meridian will be requi

170. New west and north boundaries of a township become
governing meridional and latitudinal boundaries of the
to the west and north, respectively, and are required to be pro
established as such. , '

171. New east and south boundaries of a township become
closing meridional and latitudinal boundaries of the townships
the east and south, respectively, and where by peculiar
the ideal plan must be modified and doubt exists as to how
veyed lings may close upon same, the corners thereon may be
lished common only to the sections of the township of whlch
new lines are the governing boundaries. The corners appro]
to the sections upon the opposite side will be duly established

ing corners at the time of the survey of the subdivisionsl li
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' townshipe to the north or west, respectively. ' Closing section
ners will be established when subdividing and the distance meas-
1 to an original corner; new quarter-section corners, common to
sections of the township which is being subdivided, will be
ted on' the-old line at'the mean distances between the closing
fion corners, orat 40 chains from one direction, depending upon
fplan of the subdivision of the section. Where such previously
lished north and west boundaries are defective in alinement,
in measurement or-position, no changes are required, and
tion lines of the township which is being subdivided will be
regularly to the origirial corners; the resulting fractional
ents will be placed uniformly in the north and west half

The diagrams which accompany the text illustrate the guid-
inciples involved in the method of establishing new govern-
undaries where the previously surveyed exteriors are found
defective. Each diagram illustrates a simple condition affect-
e boundary only, and the examples are taken only from the
order of procedure. Combinations of two or more of the
defective conditions are best solved by an analysis of the
ex problem into its several parts of simple defective condi-
The same statement is apphcable to the solution of complex
ive conditions encountered in the establishment of township
Kiors under an irregular order of procedure. The surveyor will

to exercise skill and judgment in dealing with similar
{ptoblems, but where extraordinary conditions are encountered
Fh will not admit of analysis and solution in harmony with the
iples herein set forth he will report the facts to the proper
Evim’.ng officer for his counsel. v

i
;LBS OF LATITUDES AND DEPARTURES AND CLOSING ERRORS.

4. Upon the completion of the survey of one or more township
wiors closing the figure of either a full or fractional township, &
e of latitudes and departires and closing errors will be prepared,
due allowance for convergency of meridians will be intro-
ed. The closing errors will furnish an 1mmed1ate guide to the
jracy of the lines included in the table and, in case the limit of
E (v} of the perimeter, in either latitude or departure) is ex-
will serve to show what additional retracements or other
eetive steps, may be Decessary in order to perfect the survey,
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before leaving the field. The table of latitudes and departures
closing errors, including every part of any closed figure em!
township exteriors, based upon final field determination af
necessary retracements and final true lines have been comple!
will be incorporated in the field notes of the survey. The
subject of ‘‘limits of closure” will be amplified hereinafter.

SUBDIVISION OF TOWNSHIPS.

REGULAR BOUNDARIES.

175. The boundaries of a township will be considered
satisfactory governing limits from which to control the subdivisk
survey when the calculated position of the latter lines may be
retically projected from said boundaries without invading the
zone 1in respect to rectangular limits as previously described. '
danger zone has already been placed at theoretical bea.rings exc
ing 14/ from cardinal, and the corresponding zone in r
lengths of lines may be placed at theoretical adjustments exces
33 links per mile.

176. The direction of the east boundary may qualify any!
within the goveming limits set forth under the subject of “town
exteriors,”” and where this bounda.ry is broken in alinement,
otherwise within the governing limits, its mean course wil
adopted when considering the control upon the direction of
meridional subdivisional lines.

177. The subdivision of a township may proceed in the no
order, where the above conditions are satisfied, as follows:

The meridional section lines will be initiated at the regu}
established section corners on the south boundary of the town
and will be run from south to north parallel to the governing'
boundary, or, in case the east boundary is within limits, but
been found by retracement to be imperfect in alinement, the ms
ional section lines will be run parallel to the mean course of such
boundary. Regular quarter-section and section corners
established alternately at intervalsof 40 chains, as farasthe n
most interior section corner. The last miles of the meridional
lines will be continued as random lines, each successive line

un parallel to the true east boundary of the section to whi
2elongs; a temporary quarter-section corner will be set at 40

“dhe distances will be measured to the points of intersection of

iom lines with thie north boundary of the township, and
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flings of the random lines east or west of the objective section
imers will be noted. The randoms will then be corrected to true
nes by returning to accomplish the required markings between the
ktion corners, including the permanent establishment of the
arter-section corners on the trué lines at distances of 40 chains
sm the south, thus placing the fractional measurementsin the north
¥f miles. The bearings of the true lines will be calculated on the
iz of the fallings of the randems (see Table 3, Standard Field
fbles). Where the north boundary of the townshipis a base line or
jpdard parallel, the last miles of the meridional séction lines will
tinued &8 true lines parallel to the east boundary of the town-
, setting permanent quarter-section corners at 40 chains from
south and cloeing section corners at the points of intersection
e several lines with the base or standard or correction line, where
distances will be measured to the nearest corners on said line.
adjustment of the bearing of all meridional section lines on
t of convergency of meridians has already been oxph.med in
r II.
8. The latitudinal section lines, excevpt in the west range of
ions, will normally be run from. west to east on random lines
to the south boundaries of the respective sections, setting
quarter-section corners at 40 chains; the distances will be
msured to the points of intersection of the random lines with the
rth and south lines passing through the objective section corners,
!t.he fallings of the random lines north or south of said corners will
. Each random will be:corrected to a ttue line by returning
plish the tequired markings between the section corners,
ding the permanent establishment ‘of quarter-section corners
mid-points on the true lines. The bearings of the true lines
be calculated on the basis of the fallings of the randoms (see
le 8, Standard Field Tables). In the west range of sections the
om latitudinal section Hnes will be run from east to west, parallel
‘the south boundaries of the respective sections, and on the true
the permsment quarter-section corners will be established at
from the east, thmphcmg thé fncﬁond meanmmenum
P west half miles.
179. Meander corners will be eatabhshed at the points of inter-
ption of the several true lines with all meanderable bodies of water.
i180. The meridional section lines will have precedence in'the
der of execution, and these will be surveyed successively, begh;_
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ning with the first meridional section line counting from the
A meridional section line ‘will not be continued beyond a secti
corner until after the connecting latitudinal section line has
surveyed, and in the case-of the fifth meridional section line,
latitudinal section lines: connecting east and west will be
before . continuing with -the . meridional :line. ‘beyond a
corngr. The successivée. meridional lines may be talken up at
eonvemience: of the murveyor at.any time in order as previ
stated; but none. will be carried beyond uncompleted sections to
east. The field notes will be compiled in ranges of sbctions
ning with the easternmoet, and the west two ranges will be com
by altemstmg with the adjoining east.and . west sections. 1T
specimen field notes exemplify the usual order of survey and {
prescribed method of arranging the field notes.

181. Thus, to recapitulate, the subdivisional survey will be o
menced at the corner of sections 35 and 36, én the south boundary
the township, and the line. between sections 35 and 36 will be1
parallel to the east boundary of the township, or to the mean con
thereof, if it is imperfect in alinement, but within limits, estabt
ing the quarter-section correr at 40 chains, and at 80 chains, -the cat
of sections 25, 26, 35 and 36. From the last-named corner, a rand
line will be run eastward, without blazing, parallel to the sa
boundary of section 36, to its intersection with the east boundag

_the township, placing at 40 chains fram the peint of beginning, aj
for temporary. quarter-section corner. If the random line inters
said township boundary exactly at the corner of sections 25 and
it will be blazed back and.establishéd 2a the true line, the permas
quarter-section corner. béing established thereon, midway betw
the initial and terminal section cormers. If the random intems
said township boundary to the north or sonth of said corner,
falling will be carefully measured, and from the data thus o
the true return course will he calculated, and the true kine
and eetablished, and the position of the quartersection
determined, as directed above. The meridional section line
be continued on the same plan, likewise the successive iati
section lines except that each random will be run parallel to the
squth, boundary of the section to which it belengs. After ba
established the west and north boundaries of section 12, the
< between sections 1 and 2 will be projected northward, on a
e, parallel to the east boundary of the ‘township,; or to its
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pe, a8 the case may be, setting a post for temporary quarter-sec-
‘corner at 40 chains, to its intersection with-the north boundary
he township. If the random intersects said north boundary
By at the corner of sections 1 and 2, it will be blazed back and
Jished as the true line, the quarter-section corner being estab-
j permanently in its original temporary position, and the frac-

Jmeasurement thrown into that portion of the line between the

T A O A O B
_- _J_'_-I_.L.'._I. __|_'_. vJ_‘%-_,._..l_‘_
6-—-60--5--44--4-—33—~3--22-—2— -/ === -

58 43 32 —2/. 10 —
57 8 42 9 3 10 20 119 12
&5 4/ 30 9 8 ——-‘

54 17 40 16 29 15 8 14 7 13

49 37— 26 /5 72—

46 35 24 ~ /3 2 —

45 32 3¢ 33 23 34 .2 35 / 36

#0.—The numbers on the section lines indicate the normal order or sub-
: divisfon and arrangement of the field notes.

et quarter-section corner and the north boundary of the
. If, however,said random intersects the north boundary
Pwhship, to the east or west of the corner of sections 1 and 2,
ng will be carefully measured, and from the data thus’
3 the true return course will be calculated and the true line
Rod, the permanent quarter-section corner being placed upon
i a,t 40 chains from the initial corner of the random line,
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thereby throwing the fractional measurement in that portion l
between the quarter-section corner and the north boundary of
township. When the north boundary of a township is a base
or standard parallel, the line between sections 1 and 2 will be
a8 a true line parallel to the east boundary of the township, or t
mean course, as the case may be; the quarter-section corner wil
placed at 40 chains, and a closing corner will be established at
point of intersection with such base or standard line; and in such¢
the distance from said closing corner, to the nearest standard ca
on such base or standard line, will be carefully measured and no
The successive ranges of sections proceeding from east to west
be surveyed in the same manner; then after having established
west and north boundaries of section 32, a random line
initiated at the corner of sections 29, 30, 31 and 32, which wil
projected westward parallel to the south boundary of the towng
setting a temporary quarter-section corner at 40 chains, to ani
section with the west boundary of the fownship, where the
will be measured and the bearing of the true line calculated,
upon the line between sections 30 and 31 will be per
marked between the section corners, and the quarter-section
thereon will be established at 40 chains from the east, thereby pla
the fractional measurement in the west half mile as required by
The survey of the west two ranges of sections will be contin
the same plan, and the random line between sections 6 and 7
run westward parallel to the true line between sections 7 an
the random will be corrected to a true linc and the fractional mess
ment placed in the west half mile; finally the random line be
sections 5 and 6 will be run northward parallel to the true
between sections 4 and 5; the random will be corrected to a true!
and the fractional measurement placed in the north half mile.
It may well be noted again that the meridional section lines
surveyed as true lines for 5 miles, i. e., the lines are survg
and permanently monumented in the first instance without I
adjustment. Every means is placed at the disposal of the
by which he is expected to accomplish accurate results, and
system of survey provides amply for the adjustment of all reasons
elosingerrors. Thus, a slight error in the alinement of the meridio
" section lines is taken up in the measurement of the latitudinal ki
which, in order to come within the rectangular limit, must
within 50 links of 80 chains in length, except in the west range
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ions where the convergency of the meridional lines is regularly
wided for; the accumulated error in alinement for the 5 miles of
meridional line is taken up in the sixth mile, which is run
dom and true; here the true line must be within 21/ of cardinal
rder to come within the rectangular limit. The slight, ordinary
B in the measurement of the meridional section lines are taken
y the adjustment of the bearings of the latitudinal section lines
h, in order to come within the rectangular limit, must be within
cardinal; the accumulated error in measurement in running
is placed in the last fractional half mile; here the meridional
e will be checked by a calculated closing around the last
, and the latitudinal error must not exceed 50 links (or g}y)
jer to come within the usual limits of closure. The accuracy of
pbdivisional survey will everywhere be tested by the usual
for limits of closure, hereinafter described. The surveyor
discriminate carefully between the limits for subdivision
ts of closure and note with due respect that whereas the -
may admit of differences as great as 50 links in any one section,
rmer are controlled by the limit of rectangularity and will be
ed if the accumulative error is greater than 3}/ in alinement,
ks per mile in measurement. The accumulative error must
pe guarded against and avoided, and the order of survey is
,ed with a view to furnishing continuous checks upon the
v of all lines.
Any random subdivisional line may be run for distance only
» the objective section corner is in sight, but the bearing will
rorded, and the usual rules for running random and true lines
2 duly observed in every otherrespect. The random latitudinal
lines, except in the west range of sections, will normally
from west to east, thus always closing upon a previously
shed section corner; but when under the exigencies of the field
in order to economize the time of his party, the surveyor may
project the random from east to west (always parallel to the
boundary of the section), a temporary section corner (if the
ent corner has not already been established) will be set at
s, and the true point for the section corner will be determined
al at the 80-chain point on the meridional section line, where-
the connection of the random latitudinal line and the perma-
parking of the true line will be completed as regularly provided.
gples of the authorized rules for running subdivisional lines will
pund in the specimen field notes.
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IRREGULAR BOUNDARIES.

183, Where either of the governing boundaries of a township
disqualified as a controlling line upon which to initiate a subdi
gional survey, the necessary retratements and resurveys or al
tions will be accomplished before subdividing as previa
explained under the subject of township exteriors; thus may
assured every possible pro®ision for a correct subdivisional
except as either the south or the east boundary may be defecti
alinement and not subject to rectification.

SECTIONAL GUIDE MERIDIAN.

184. If the east boundary of the township is defective in
ment, and can not be rectified, and the north boundary is thus
defective in position, the first meridional section line will be
jected on a true meridian to an intersection with the north bo
of the township where a closing section corner will be establi
and the distance measured to the nearest regular corner. Thei
mediate quarter-section and section corners will be establi
alternately at regular intervals of 40 chains, counting from the
unless the south boundary of the township is itself defecti
alinement. - Where the north boundary is not defective in
(nor within the danger zone) with reference to the section
on the south boundary (by reason of the errors in the alinem
the east boundary being compensating), the first meridional
line will be projected 5 miles as a true line on a béaring calcu
intersect the objective section corner on the north boundary, an
last mile will be run as a random line on the same course and
rected to a true line ‘after the falling has been measured.
remaining meridional section Imes will be run parallel to the
first established, in the usual manner, to.closing section corn
the last mile or random and true as the case may be. e]

‘The fractional measurements of thé latitudinal section lin
the first range of sections will be placed in the east half mile; 4
where, unless the south boundary is defective in alinement,
latitudinal section lines will be run m the usual manner.

- BBOTIONAL' CORRECTION LINE.

185. If the south boundary of the township is defective in al
ment, and can not be rectified, and the west boundary is thus
defective in position, a sectional correction line will be surq
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Fig.4l.

Fin.42.
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as a permanent line on a true latitudinal:curve initiated at the fi
regular section corner on the east boundary and projected to
intersection with the west boundary of the township where a closi
section corner will be established and the distance measured tot
nearest regular corner. The intermediate quarter-section and s
tion corners will be marked as temporary points at regular interv
of 40 chains, alternately, counting from the east. Where the w
boundary is not defective in position (nor within the danger za
with reference to the seetion corners on the east boundary (by rex
of the errorsin alinement of the south boundary being compensatit
the first latitudinal section line will be projected 5 miles as s |
manent line on a bearing calculated to intersect the objective sect
corner on the west boundary; temporary quarter-section and sect
corners will be inarked at regular intervals of 40 chains, alterngt
counting from the east.

The section corners on the sectional correction line will be est
lished at the several points of intersection of the meridional
lines alined in the normal manner. Thereafter the quarter.
corners on the sectional correction line will be established at
usual mid-point positions except in the east and west range
sections. The quarter-section corner between sections 25 and
will be established at 40 chains from the west if the east boundar
defective in alinement; otherwise it will be fixed at the usual
point position. The quarter-section corner between sections 301
31 will be placed at 40 chains from the east, and if the sectional
rection line has not been terminated at a closing section corner on
west boundary of the township (as previously provided), the |
between sections 30 and 31 will be run random and true in the nor
manner. The quarter-section corners on the meridional sec
lines in the south tier of sections will be permanently establishe
40 chains south from the corners on the sectional correetion !
The balance of the subdivisional lines will be continued from
sectional correction line in the usual manner.

186. Where the south part of the east boundary, or the east |
of the south boundary, is regular, and the balance of the exteri
found to be defective in alinement and not subject to rectificat
the subdivisional survey will be made regular as far ag possi

’@e initial point for the sectional guide meridian, or for the secti(
~ection line, will be determined by existing conditions, and
‘ivisional survey continued in harmony with the princi
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!

continued 28 a sectional guide meridian if the north part of the
boundary is defective in alinement and the north boundary
thereby made defective in position, but if the north boundary is
defective in position (nor within the danger zone) the first meridio:
section line should be continued on a course calculated to in
the objective section corner on the north boundary. The same p!
ciple would be observed- if the west part of the south bound
defective in alinement and the west boundary is not defective
position (nor within the danger zone), but if the west bounda.
thus made defective in poeition the sectional correction line sh
be established on the true latitudinal curve.

Under the provisions of the above paragraph it will be seen
the maximum number of normal sections are to be secured where
condition of the governing boundaries warrants a combination of
several general plans of subdivisional surveys. The sections adj
ing the east boundary may be considered regular to the full e:
of their conformity with the usual rectangular limits, and w!
such agreement obtains the quarter-section corners on the latitudi
section lines will be placed at the normal mid-point position.
sectlons ad]mmng the south boundsry of- the township can not

already outlined. Thus the first méridional section line would%

chains in length, and the sections are otherwise in conformity
the usual rectangular limits; certain exceptions to this rigid req
ment will be noted under the subject of ‘‘fragmentary subdi visio
187. The field notes of subdivisional surveys embracing exthe
sectional guide meridian, a sectional correction line, or other g
erning sec¢tion line, will be compiled in the same regular or
heretofore described, but appropriate explanatory remarks will'
added md;catwe of the method and order of procedure. s

CLOSING SECTION LINES.

188. In the event of defective north or west bou:nda.nes, not 8l
ject to rectification, where the subdivisional lines can not, be ¢
nected with the previously established exterior section : corng
regularly by random and true lines not exceeding 21/ from cardi
and at the same time not deviating more than 21/ from a line paral
to the opposite (regular) boundary of the section, the normal p«
tions of the randoms will be made the true lines; a closing sect
corner will then be established at the point of intersection of {

e T
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section line with the original boundary, and the distance will
measured to the nearest original corner. The quarter-section
ners on the closing section lines will be placed uniformly at 40
from the south or east as the case may be. If not already
plished, the defective boundaries of the township will be
as may be necessary, and the marks upon the original corners ap]
priately altered as previously provided under the subject of
cation of defective exteriors, whereupon new quarter-section
ners, common to the sections of the township which is being
vided, will be established on the original defective boundari
the mean distance between. the :closing section corners, or at
chains from one direction, "depending upon the plan of the suh
vision of the section to which a particular quarter-section cor
belongs.’

189. Corners of two sections on the governing south or east bo
daries of a township will not be established as closing aeq
corners, but at regular distances by measurement on said bounds
as already provided under the subject of rectification of defect
exteriors before subdividing; thereafter the position of said con
will control the subdivisional survey.

190. Where g section is invaded by-a State or reservation or gl‘
boundary, or by a private claim of any description, such as min
claims, forest-homestead claims, small-holding claims, etc., wi
boundaries are at variance with the lines of legal subdivision,
distance on the township boundary or section line to the poin
intersection with the irregular boundary will be carefully measui
likewise the exact bearing of the irregular boundary will be de
mined ad the distance will be measured to the nearest
such uregula.r‘boundary ‘Where a private claim is located enti
within {he limits of a section, a connection will be made
regular corner on one of the boundaries of the section to a corn
the claim, and the bearing and length of the connecting line wi
carefully’ debermmed In the latter case a commecting traverse
will be redorded, if one is run, but it will also be reduced to
equivalent|direct course and distance, all of which will be sta:
the field nbtes, and the course and length of the direct conn
line will b; shown upon the plat of the survey.

191. If g survey is to be concluded upon an megular boun
at variance with the lines of legal subdivision, or if the survey
—wnﬁnugd on a blank line to aequire a definite location upon

NS
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kiite irregular boundary, but without monumenting the rec-
lular survey between such irregular boundaries, a closing town-
or section corner, as the case may be, will be required at the
of intersection of the regular with the irregular line. On the
lehand, if the survey is not to be so concluded, but is to be con-
for the purpose of establishing a full complement of section
uarter-section corners for the control of the subdivision of a
mm so invaded by a private claim, no closing corner will be

2. In everycuewhereacloeingtowmbiporsectioncomeris
established upon a standard parallel, State, reservation, grant,
boundary, or upon an irregular section line or exterior, the
sed upon (if the latter was not established by the surveyor
s the closing line, or if not already retraced by him), will be
dod between the first corners to the right and left of the point
s cloeing corner, in order to determine the exact alinement of
ne closed upon, to the end that the closing corner may be
ished at the precise point of intersection of the two lines. The
ce from the closing corner to the nearest corner on the line
d upon will always be measured and recorded.

SUBDIVISION OF SECTIONS.

. The acts of Congress approved February 11, 1805, and April
, contain the fundamental provisions for the subdivision of
pns into quarter sections and quarter-quarter sections; the prin-
recognized by law have already been stated in Chapter 1.
fsections are not subdivided in the field by the United States
pyors unless provision therefor is specifically mentioned in the
jon special instructions, but certain subdivision-of-section lines
. ys protracted upon the official plats, and the local surveyor

may be employed by entrymen to run said lines in the field is-
belled to correlate the conditions as found upon the ground
those shown upon the approved plat. The United States sur-
is required to so establish the official monuments that a
jer foundation is laid for the subdivision of the section, whereby
ally surveyed lines may be identified and the subdivision
section controlled as contemplated by law.

The rectangular system provides for the unit of disposal
the general land lawa, broadly, the quarter-quarter section of
, upon & plan in which the square mlle, or section of 640

ke
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acres, is the unit of subdivision; while the unit of survey is the tc
ship of 36 sections. All'agricultural entries are based upan desct
tions in accordance’ with .legal subdivigions shown. upon the
cial plat. The plats :are ¢onstructed in harmony with the off
field notes -returned by the surveyor. The land included i
entry is identified on the ground by fixed. monumepta-establis
by the.surveyor. - A United States land patent grants-to the ed
man a title of ownership to. astract defined by certain fixed
ments on the ground and related by description and outline
official plat.. The function of the United States surveyeor has
fulfilled when he has properly executed and monumented his sus
and returned .an official record thereof in:the shape of ¢omy
detailed field notes and a plat. : The function:of the local survd
begins when he is empleyed as an.expert ¢o identify the lands+
have. passed into private ownership; this may be a simple.ora
complex :problem, - depending largely upon the condition of
original monuments as affected principally by the lapse of times
the execution of the official survey. . The work of the local survi
usually:includes the subdivision of the section, already: mentit
a3 the official unit of subdivision, into the fractional parts ¢
upon the approved plat. In this capacity the local surveyoris
forming a function contemplated by ls;'w,' and he can not propd
serve his client or the public unless he is. familiar with the
requirements concerning the sublelslon of sections, In thee
that.the original mopuments have become lost. the surveyor
not hope effectively to recover said corners. without a full und
standing of the record concerning their original «establishment,
can- the surveyor hope legally:to restore.the.same until he
mastered not oply the ‘principles ol}served in the execution of;
original survey, but the principles upon which. the cou,rta hat
jurisdiction gver, such matters have based tbe;r r:uh.nga, oo
195. The, General Land Office assumes no contiol or di eck
over the acts of local and county surveyors in the, matters of 8
division .of. sections snd reestahhshment of lostcomers of origd
surveys where, the hnds have. passed into private owners
nor . wﬂl it issue. msmwuons in such cases, It fd.laws
general rule that disputes, ansmg from uncertain or erroneous :
tion of corers, originally established by the United States; ‘ :
be settled by the proper . local authorities or by amicable adjust
and the office. desu:es that the ryles cantyolling, the acts.of m
surveying service be uwered by all other surveyors as me
k
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ory and explanatory of the principles which should prevail in
maing such duties.

o subject of restoration of lost corners will be treated.in a
chapter, ‘as the purpose here is to outline the principles con-
ug the subdivision of sections, which will be recognized alike
@ General Land Office surveying service and by all local sur-
8. : i '

SUBDI’VISION BY PROTRACTION.

3 Upon the plat of all regular sections the boundaries of the
&r sections are shown by broken straight lines connecting the
ite quarter-section corners. The sections bordering the north
rest boundaries of a normal township, excepting section 6,
rther subdivided by protraction into parts containing two regu-
li-quarter sections and four lots, the latter containing the frac-
areas resulting from the plan of subdivision of normal town-
the lines of the half-quarter sections are protracted from three
12 chains distant from the line connecting the opposite
reection corners, two of said distances counting on thé oppo-
ction lines and one counting on the line between the fractional
reections; the lines subdividing the fractional half-quarter
8 into the fractional lots are protracted from mid-paints on
posite boundaries of the fractional quarter section. The two
tsixteenth-section corners on the boundaries of the fractional
rest quarter of section 6 are similarly fixed at points 20 chains
t north and west from the center of the section, from which
lines are protracted to corresponding points on the west and
boundaries of the section, resulting in subdivisions containing
galar quarter-quarter section and ‘three fractional lots. The
edl lots herein described will be numbered in a regular series
sively from east to west or from north to south, in each sec-
As section 6 borders on both the north and west boundaries
township, the fractional lots in the same will be numbered
mcing with No. 1 in the northeast, thence progressively west
4in the northwest, and south to No. 7 in the southwest frac-
quarter-quarter section.:

rymen are allowed, under the law, to acquire title to any
r quarter-quarter section, but-as such subdivisions are aliquot:
o quarter sections based upon mid-point protraction, it is not
g_mry to indicate these lines upon the ofﬁci,sl plat.

Sie o

“
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197. Sections which are invadéd by meanderable bodies of ws
or by approved claims at variance with the regular legal subdivisid
arp subdivided by protraction into regular and fractienal
mybenecessa.rytoformasmtablebmior the entry of the p
lands remaining undisposed of, and to descnbo the latter separsi
and apart from the segregated ardas. .

The meander line of a body. of water and the boundary line
private chumg are platted in accordance with lines run or con
tiéns made in the field; theréupon the sections so invaded are
diyided as nearly as poesible in .conformity with the umfonn p
a.lready outlined. The subdivision-of-section lines are te
atithe meander line or claim boundary, as the case may be, but
position: of the subdivision-of-section Hnes is -controlled pre
as though the secfion had been completed regularly ‘In the
of a section whose boundary lines are in part within the limits

meanderable body of water, or within the boundaries of a prig}
claim, the said fractional section lines are, fof the purpos
uniformity, completed in theory, and the protracted positi
the: subdivision-of-section lmea is controlled by the theoret!

mts 80 determined. ;

198. In the subdivision.of fmctional sections as many reg
paris should be secured as possible, except to avoid thus cres!
poarly shaped fractional lots. Skill and judgment must be exerd
to.accomplish a subdivision which embraces simplicity of plat
as well as a form to each and every lot that will prove to be equit:
to the entryman. In the case of fractional lots along* the north
westboundmeaof—swwmlnp and in other similar-cases whe
lot has a fiill fiormal width of 20 chains in one direction, it is §
erally advisable to avoid areas of lees than 10 or more than 50 ad
but in the instance of fractional lots along a meander line or o
m'aguh\r broken boundary, where the width of the lot in both d
m)nsma.y be conmderably less than 20 chains, resulting in tract
mdre compact form, it is generally better to avoid an area of
than 5 or more than 45 acres. The purpose of the aforestated i
is to ereate fractional lots of dimensions that will facilitate all ent
being made in a form that is optional with the entryman; an
hetlence to this practice will greatly reduce the necessity for the ¢

strdetion of supplemental- plats : ‘mow frequently demanded fcr

“sthpr purpose. Extrqme lengths or narrow widthsshould bes ave id
longgr duectlon should extendaback from a mea.nder ne

5'3‘.50'* .1',‘....“’ . - -
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1 boundary rather than along the same. It is inconsistent that
‘tional lot lie partly in two sections, and it is generally better,
+ consistent with other rules, to avoid fractional lots extending
one into another fractional quarter section.
). To secure a uniform system for numbenng lots of fractional
ns, mc_lud.mg those above specified, imagine the section
ed by parallel latitudinal lines into tiers, numbered from
to south; then, beginning with the eastern lot of the north
call it No. 1, and continue the numbering west through the
then east in the second, west in the third, east in the fourth
#e., until all fractional lots have been numbered. A lot ex-
g nort.h and south through two, or part of two tiers, will be.
eredmthetlerconmnmgmgreatera:ea Incaseanyueru
ut numbered lots, the numbering will b2 continued in the
tier to the south. Thm method of numbering will apply to
art of a section. A section that has been partly surveyed at
it times should have no duplication of lot numbers.
.. When, by reason of irregular surveys or from qther causes,
ngth of a townslnp from south to north exceeds the regular.
1 of 480 chains, or the width from east to west exceeds 480
3, tosuch an extent as torequire two or more tiers. of lots along,
wth boundary, or two or more ranges of lots along the west
lary, as the case may be, the entire north or weet portions of
:ctions beyond the regular legal subdivisions usually provided
80 sectioms, will be suitably lotted, and to each lot will be
od a proper number. Certain exceptions to this rule will be
in Chapter VII, in the instance of townships which possess
nal dimemsions in one or both directions. :
. If the first meridional section line of a townshlp has been
lshed 88 a sectional guide meridian, or the first latitudinal
b line has- heen. established as a sectional correction line,
wal lots will reeult along the east or south boundary of the
hip,. g8 existing conditions. may necessitate. Thus, where
“the east or south boundaries of a township are defective in
nent (and not subject to rectification before subdividing) the
18 bordering such defective boundaries will be subdivided by
wtion in.accordance with rules similar to those which operate
ard, to sectiong bordering. the north and west boundariee of &
dtownship. Qther examples of subdivision of sections will be
| under the general subject of ‘‘fragmentary subdivision.”
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SUBDIVISION BY SBURVEY.

202. The rules for subdivision of sections by actual survey in
field are based upon the laws governing the survey of the publicla
When cases arise which are not covered by these rules, and
advice of the General Land Office in the matter is desired, thele
of inquiry should, in every instance, contain a description of
particular tract or corner, with reference to township, range:
section of the public surveys, to enable the office to consult
record; also a diagram showing conditions found, giving dists
in chains and links and not in feet.

208. Preliminary to subdivision it is essential to know thea:
boundaries of the section, as it can not be subdivided legallyu
the section corners and quarter-section corners have either t
found or restored by proper methods, and the resulting course
distances determined by survey. The practice of entering a sec
to survey a tract from only one or two corners, and those peﬂ
unréliable, is unlawful.

204. The order of procedure is: First, identify or reestabli
boundary corners; next, fix the lines of quarter sections; then,
smaller tracts by equitable and proportionate division, accof
to the following rules: ‘

205. Subdivision of sections into quarter sectioms.—Under
provisions of the act of Congress approved February 11, 1805,
course to be pursued in the subdivision of sections into quart
tions is to run straight lines from the established official quﬁ
section corners to the opposite corresponding corners. The
intersection of the lines thus run will be the corner common !
several quarter sections, or, in other words, the legal center o
section.

Upon the lines closing on the north and weet boundaries'
regular township the quarter-section corners are established by
United States surveyors at 40 chains to the north or west of the
interior section corners, and the excess or deficiency in the
ment is thrown into the half mile next to the township or nns'%
as the case may be.

Where there are double sets of section corners on wwndlml
range lines the quarter-section corners for the sections south of
township lines and east of the range lines have not always
established in the field by the United States surveyors, buti
dividing such sections said quarter-section corners should
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as to suit the calculations of the areas of the quarter sections
ng the township boundaries as expressed upon the official
dopting proportionate measurements where the new measure-
of the north or west boundariee of the section differ from the
1 measurements.

Subdiviston of fractional sections.—The law provides that
opposite corresponding quarter-section corners have not been
not be fixed, the subdivision-of-section lines should be ascer-

by running from the established corners north, south, east
; lines, as the case may be, to the water course, reservation
r other boundary of such fractional section, as represented
he official plat. In this the law presumes the section lines
sd and marked in the field by the United States surveyors to
north and south or east and west lines, but this is not usually
e. Hence, in order to carry out the spirit of the law, it will
essary in running the subdivisional lines through fractional
s to adopt mean courses, where the section lines are not due
¢ to run the subdivision-of-section lines parallel to the east,
west or north boundary of the section, as conditions may
, where there is no opposite section line. (See sec. 197.)

Subdivision of quarter sections into quarter-quarter sections.—

inary to the subdivision of quarter sections, the quarter-
r- or sixteenth-section corners will be established at points
y between the section and quarter-section corners, and
m the quarter-section corners and the center of the sec-
xcept on the last half mile of the lines closing on irregular
wries, where they should be placed at 20 chains, proportionate
)ement, counting from the regular quarter-section corner.
" quarter-quarter- or sixteenth-section corners having been
shed as directed above, the center lines of the quarter section
y run straight between opposite corresponding quarter-quarter-
senth-section corners on the quarter-section boundaries. The
ction of the lines thus run will determine the legal center of &
reection.

. Subdivision of fractional quarter sections.—The subdivisional
rf fractional quarter sections will be run from properly estab-
quarter-quarter- or sixteenth-section corners, with courses gov-
by the conditions represented upon the official plat, to the

ter-course or reservation w]nch renders such tracts frac
Seesec.197.) . .

-
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By “proportionate measurement '’ is meant a measurement
the same ratio to that recorded in the original field notes as:
gth of the line by re-measurement bears to its length as given
ecord. Reasonable discrepancies between former and new
ements may generally beexpected. Errors may occurthrough
auses and should be as carefully avoided in re-measurements
riginal surveys. Instead of the old practice of “‘adjusting
in” to suit the former measure, the distance obtained by
se method is compared with that of the record, and the
3 or surplus is computed by proportion, producing the samé’
18 more reliable manner. For examplé: The length of the -
n the quarter-section corner on the west boundary of section
north line of the township, by the United States surveyor’s-
ment was reported as 43.40 chains, and by the county sur-
measurement was found to be 42.90 chains; then the distance
the quarter-quarter- or sixteenth-section corner should be-
north of the quarter-section corner would be determined by
ion as follows: As 43.40 chains, the official measurement of
le distance, is to 42.90 chains, the county surveyor’s measure--
the same distance, so is 20 chains, original measurement, to
uing by the county surveyor’s ineasurement, showing that’
ortionate measurement in this case the quarter-quarter-or-
h-section corner should be set at 19.77 chains north of the :
section corner, instead of 20 ehains north of said corner, as
ted on the official plat. In this manner the discrepancies
1original and new measurements are equitably distributed.
By way of recapitulation it should be emphasized that when -
m have acquired title to certain legal subdivisions they have .
the owners of the identical ground area represented by the :
bdivisions upon the official plat. It is & matter of expert or-
il procedure to mark out the legal subdivisions called for in :
t, and entrymen are advised that a competent surveyor
e employed. The surveyor must necessarily identify the .
»oundaries and: locate the legal center of the section in orderto
ne the boundaries of a quarter section. Then, if the boun-
f quarter-quarter sections, or fractional lots, are to be deter-
m the ground, the boundaries of the quarter section must be
«d, and the sixteenth:section corners thereon should. be fixed
dance ‘with the proportionsl distances represented upon the
d ‘plat, thereupon the legal center of the quarter section

-
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may be duly located. _ Thus will be produced in the field the fy
represented upon the plat, every part of the former in true pro
tion to the latter, where the elements of absolute distance and
have given away to corresponding propertional units as definec
fixed monuments established in the original survey.

FRAGMENTARY SUBDIVISION OF TOWNSHIPS.

211. In the preceding articles covering the subject of subdivi
of townships every sssumption was based upon initiating the
divisional survey upon regularly established exteriors, or, W
necessary, a sectional guide meridian or a sectional correction !
or both, were to be established, upon which rested the contn
the subdivision of the township. The subdivision of every!
township may always be governed by the aforestated rules, butn
other factors operate in determining the method and order ofi
cedure to be adopted in the instance of fractional townships #
have no linear south or east boundary, or in the case of contin
with the survey of partially subdivided townships, where one or
of the previously established section lines may be found to
fective in respect to the rectangular limit, or where partially
veyed sections, or sections comtaining outlying areas protracte
surveyed, are to be. completed. The surveyor can not hop
master the subject of fragmentary subdivision of townships
he has become thoroughly familiar with every question relatir
the subdivision. of sections, nor is it possible to give in the Ma
an example of every intricate problem which may be encount
in the field; thus the following discuseion deals primarily with
principles, which must be considered in the field, operstin
control the surveyor’s method and order of procedure. It is posi
hewever, that cases may arise so complex in their character {
pm'duce'a feeling of doubt relative to the proper solution of the
lem; in which case the surveyor will at once communicate with
proper superviging. officer, submitting information, by letter|
diagram, of the exact condition as found by him, and the neces
instructions will be forwarded as soon as practicable. - |

o 'FRACTIONAL TOWNSHIPS. |

212, Where by reason of the presence of a large meand
body of water, impassable objects, a State or reservation or g
boundary, or for other similar reagons a township is made fracti
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and is without a full linear south or east boundary, and it has be
found advisable to run section lines as offsets to the township &
teriors, the fractional section lines southand east of said controlli
lines will be projected opposite to the usual direction; the fraction
measurements on said lines and the resulting fractional lots will |
placed against the irregular boundary. If similar conditions obts
throughout the north or west part of a fractional township no depe
ure from the regular order of subdivision becomes necessary; ml
such cases the fractional measurements on the exterior and su
visional lines, and the resulting fractional lots, will be placed to
north and weet against the irregular boundary.

218. Where on account of impassable objects or for other
no part of the south boundary of a township can be
established, the subdivision thereof may proceed from north
south and from east to west, thereby throwing all fractional
Srements and areas against the west boundary and the meand
stream or other boundary limiting the township on the south; if
east boundary is without regular section corners and the n
boundary has been run eastwardly as a true line, with
corners at regular intervals of 80 chains, the subdivision of
township may be made-from west to east, in which case the ff
tional measurements and areas will be thrown against the i
east boundary; on the other hand, if the north boundary of
is fractional, a sectional guide meridian will be initiated at
easternmost regular section corner on the north boundary of
townalnp, which will be projected to the south to take the p!
a governing east boundary, thus the subdivisional survey woul
Pprojected from north to south and from east to west, with
measurements, and resulting fractional lots, on the east, south
west boundaries of the township. The accompanying diagrams
illustrative of the principles which operate to control the sul
sion of partial townships.

214. A very considerable class of surveys now coming before |
General Land Office embraces the continuation of the subdivisia
survey of townships previously subdivided in part only, frequen
including the completion of partially surveyed sections or of 8
tions containing outlying areas protracted as surveyed. If defecti
conditions are encountered in the previously established surve|
the problems concerning the procedure to be adopted multiy
rapidly and require the greatest skill on the part of the survey

b
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In the comstruction of new township plats the former practi
showing certain outlying areas of sections pretracted-es surv
has been abandoned as unsatisfactory and inconsistent with
surveying laws.

' - RETRACEMENTS.

215. Practically all frigmentary surveys requnLe more or le
tracement of the original surveys in order to identify the initis
closing lines; such retracements will always be accompanied b
restoration of all lost corners adjacent to the sections embraci
whole orin part, the areas to be included in the extension su
in-so-far as the section or subdivision-of-section lines controllit
new areas may depend upon the position of the previously:
lished carners. The surveyor will often be required, in order
termine properly the position of & lost corner, to retrace addi
lines which are not the boundaries of sections containing th
areas to be surveyed, but no reestablishments on such lines:
quired. The theoretical position of a lost corner may be atva
with an unofficial corner established by local survey, accepte
recognized by the owners of the private lands affected ; thus
trouble between landowners is avoided if the reestablishmen
confined strictly to those corners which control the position:
section boundaries or the subdivision-of-section lines affectir
public lands to be surveyed. A general exception to the fon
rule will be made in the case of identified original corners
are adopted as a basis from which to control the reestablish
bordering the public land sections; such original corners, if n
good state of preservation, will be reconstructed in first-class
a complete record of which will be embodied in the field note:
restorations of lost corners will be made in strict accordanc
the provisions of Chapter V of the Manual. In the instance
fective conditions contained in the previously established lin
ceeding the rectangular limit, even though all original cornel
be fully jdentified and in a good state of preservation, the nec
retracements of the section boundaries will be made in order
termine the factors entering into the closing error and to f
suitable data for the calculation of the areas of the resulting fra
lots embraced in the extension survey. |
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COMPLETION OF PARTIALLY SURVEYED SECTIONS.

218. Many assignments for fragmentary surveys require the co
pletion of thé survey of portions of boundaries of sections heretof
unsurveyed, id which sections are contained areas fixed in posit
by less than the tegular complement of corners usually establial
for the identification of the -legal subdivisions of the section.
the completion of such partially surveyed sections, the surve
will be expected to give full consideration to the manner of |
tecting acquired rights based upon the former approved plats.

The following ten principles are distinctly applicable to thes
ject: :

1st. The legal procedure governing the subdivision of ¢
normal section into -quarter sections is based broadly on
?rinciple that the partition. lines may be definitely fixed
our opposite quarter-section corners established on its bou
aries; the intersection of the true center lines thus control
is the legal point for the interior quarter-eection corner ¢
section. ,

2d. The legal procedure governing the subdivision of
quarter sections into quarter-quarter sections is based b
on the same principle of controlling lines projected. bet
opposite sixteenth-section corners of the quarter section,
latter corners established at mid-points on the true lines bou
ing the quarter section: the intersection of the true ce
lines of the quarter section is the legal point for the inte
sixteenth-section corner of such regular quarter section.

3d. The legal procedure governing the subdivision of secti
containing dractional lots into their component regular quar
quarter sections and fractional lots is based on thesame pncl;ﬁ
with the simple modification that the sixteenth-section
on the boundaries of such quarter sections are the
established at distances conformable to the proportions shc
on the official plat. ,

4th. The fact that the full complement of four section con
of the section and all of the four opposite quarter-section con
has not been established in an accepted survey does not im]

- the validity of any areas shown upon the approved plat, !

the legal procedure to be adopted in the exténsion of the bou
aries of such sections must be such as to fix, within reasons
limits, the remaining quarter-section corners in a posif
which will protect the integrity of the original areas by ¢
trolling center lines connecting the old and new quarter-sect
corners.

5th. In the rectangular system the section is recognized
the unit of subdivision, and in-proceeding with the extent
of fragmentary surveys first consideration must necessarily

RN
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-

iven to the completion of the survey of fractional sectid

o invasion of the original unit is tolerable if any porm;j
such unit has been surveyed, or if outlying-areas have
shown protracted as surveyed. A .

6th. *Reasonakle limits’ for the fixation of the rer
quarter-section corners of a section in a position which

rotect the integrity of the original areas of such section
Be considered such as for alinement when not to exceed
from a cardinal cqurse, and for measurement when not to ex
26 links from 40 chains where the opposite portion of the sec
boundary is shown as 40 chains, or in *)mpornon 28 a Hmi
difference when the oqg:ite portion of the section is mor
less than 40 chains. 'This concession a8 to limits is mad
the interest of simplicity, where by such conceesion recta
larity of both the old and new surveys may be maintaine
so harmonized. -

7th. The position of the new quarter-section corner whi
to be established on the new opposite boundary of a fracti
section will be controlled from one direction only if the
ogfoei‘w distance has been made to count from one dire
only, and the controlling measurement will be made to ha
nize with the length of the opposite portion of tlie section
if the old ogposit,e distance been made to count from
directions the position of the new quarter-section cornes
be controlled from the two directions and the port
lengths of the two portions of the new line will wmq
harmonize with the proportional ,lengltha of the two pa
the old 'opg)site boundary, all'as indirated by the dist
and areas shown on the original approved plat.

8th. The underlying principles governing the rectan
surveying system are equally applicable to the complets
the survey of fractional sections, and given a condition i
original survey which in all its various elements is “‘w
limits” within the meaning of the rectangular surveys
simple. plan of continu;i;f in the same manner and ord
would have been adopted in the original survey, if the ;
had not been discontinued, will accomplish usually i«
simplest form the completion of the survey of fractional sect !
this becomes the first duty of the survmr before procet
with the survey of additional sections, so that should irregul \
be developed, no invasion of partially surveyed sectiont:
result from the irregularities of other sections. It follow:
principle, when irregularity is developed, that the sun’
will be best prepared to determine the propér method of su
adapted to_procure simplicity of correction of existing in
larities and an egrly resumption of regularity, when he
E;ses_lon_ of full data concerning the conditions & all tin

es limiting the fragmentary surveys and upon which |

new lines are to be initiated or closed, his Knowl :
based upon' the results of actual retracement of such irreg’



” EPSTEM: OF RECTANGULAR ‘SURVEXS..

1938

HEZ3 DUV

; !
¢ ]
B N
!
" I
= -4
I
g i
| 1
4 o !
P T T T T T T T T T IR
'3 [ N
'3 . | N
t g X §
E § @ ____ % Shown as
I : § régular.
Y I ' ;
- '
. (2000) | (froc) N ;
ARandem ond true.
-~ (2000) : (Froc) 'r (wm/-i;;(_zm/
I I X
| 3, ; 2 [} i
3 SN RUNL B R
' s 80 :"~ -—,'Il—. -——- ‘,‘-?"‘
= : e
Y ] 4 3 6
oy '
I I
! : :
eb—- --rr--‘--*’%\m\MW
3 N : ?
! N , ‘
gg ' N She '
> - own as
¥ 8o T—_--’"_-§ reguldr _
e N :
1 N L
! N '
(2000) | _(frac) § L
bwndn.z ol’ section out of Ilmitsinmemrement souﬁfem quarter protracted
P Ehqn‘veyed..lhdaoet!ontobeeomplei:ed -



MANUAL OF SURVEYING INSTRUCTIONS.

194

ll.l.'..'lll

W []
- v
R
- Lem e \b§§§§§§§
I“I-Io|| | .
HR 1 . " ©
w~ L) ._ * “ " x
B [ R it
}I “ .M
8 " 2
[ 11d " 009
YN

b - - - (]
|J|l|1|®§§§§ﬁ§§§§
| \ |
Tole bt
L R
N ' ! 1 s
S TS R MU
4 , M)
~ N ”
SR i 3
S 1
~ )
. 0009 n [ i
Yiss0M

“Egst boundary of section out of limits in alinement; southeast quarter proi
as surveyed; and section to be completed.



.SYSTEM OF RECEANGULAR.BURVEYS:. J8b6

old lines. Tt must be granted that a skillful exercise of judg-
ment by the surveyor based upon his knowledge of the facta 1s
far more desirable than to restrict him to the application. of
empirical rules devised to cover possible, buf innumerable
combinations of i larity.
9th. The completion of the survey of the partially surveyed
sections will be made as nearly as possible in accordance with
the regular rules for subdividing when the original lines are
found to be within limits, otherwise, such sections will be
wmpleted by surveying all lines in such a manner that each
jd every section (excepting in cases of unavoidable hiatus or
wverlap) shall have four regular boundaries without offsets,
with four governing section corners and four controlling quarter-
xction corners in such positions as to maintain the integrit"l'{f
the fractional areas already shown m;lgon the original plat. e
nbdivision thereof may then be e by connecting the oppo-
quarter-section corners in the regular manner;wi reeult.mg
cations agreeable to the legal subdivisions shown upon the
wiginal plat. Ifanhiatusoroverlapisunavoidable, the position
¥ the new quarter-section corner or corners will be carefully
letermined _for latitude on a meridional line or for departure
in & latitudinal line on the same plan as would have resulted
i the regular survey of a new boundary extending in full from
the one or two directions which control the position of the new
Juarter-section corner or corners.
" 10th. Adjoining sections must be considered separately
rhen p the new quarter-section corners, and the new
wmer need not be common to the four quarters of the two
W omixtlgl;ections unless the theoretical position for each section
within 25 links of a common point in which case the differ-
mce may be adjusted in such a manner as to secure maximum
7. Let it be assumed that adjacent to two established section
y the meridional line of which is out of limits in measurement,
tlying regular quarter section has been protracted:as surveyed;
‘to complete the section the new section lines will be extended
the previously established section corners, patallel to the
tite established boundaries, or mean course thereof, to a mutual
®ection. The quarter-section corner on the new latitudinal
on line would be established regularly at the maan point, and
'dordinarily be marked to control the subdivision of two sections.
he new meridional boundary one or two quarter-section corners
be required ; one marked to control the subdivision of the section
¥ consideration will be established at 40 chains from the original
ion corner; the same quartersection eorner would be marked to
%l the subdivision of the adjoining section if the fractional
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lssurement is to be thrown in the same direction in the two sec-
s, otherwise an additional quarter-section corner marked to
ntrol the subdivision of the adjoining section would ordinarily
)placed at 40 chains from the new section corner. Again, let the
me condition be assumed with the exception that the latitudinal
etion line instead of the meridional line is found to be defective in
msurement, Then, to complete the section, the new meridional
Je would be surveyed as in regular subdivision, parallel to the
posite meridional line, or mean course thereof, ordinarily with
prter-section and section corners of maximum control at 40 and
tehains, respectively. The new latitudinal section line would then
testablished on a true line between the seetion corners, and one or
© quarter-section corners will be established as required; one
ked to control the subdivision of the section under consideration
H be estabjlished at 40 chains from the original section corner; the
ve quartar-section corner would be marked to control the sub-
rigion of the adjoining section if the fractional measurement is
be thrown in the same direction in both sections, otherwise an
fitional quarter-section corner marked to control the subdivision
the adjoining section would ordinarily be placed at 40 chains from
e new section corner.

218. Let another assumption be made that adjacent to two estab-
bed section lines, the meridional line of which is out of limits in
hement, an outlying regular quarter section has been protracted
surveyed; then to complete the section, the new meridional line
Il be projected as a sectional guide meridian, in accordance with
? usual rules, ordinarily with quarter-section and section corners
Jaximum control at 40 and 80 chains, respectively. The new
fitudinal ‘section line would then be established on a true line
tween the section corners, with one or two quarter-section corners
required; one marked to control the subdivision of the section
Mer consideration will be required at 40 chains from the original
etion corner; the same quarter-section corner would be marked
‘control the subdivision of the adjoining section if the fractional
sasurement is to be thrown in the same direction in both sections;
herwise an additional quarter-section corner marked to control
esubdivigion of the adjoining section ‘will ordinarily be established
140 chains from the new section corner. On the other hand, if
1 same conditions be assumed with the exception that the original
Wiudinal section line instead of the meridional line is found to be
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defective in alinement, then tlye new latitudinal section li
have to be. -established as-a-seetional -correction-line, exa
accordance ‘with the rules already gwen for running suct
ordinarily with sectign corner of maximum "control at its
section with the new meridional section line, and quarter-
corner of maximum control at mid-point. On the new me
section line one or two quarter-section corners may be re
one marked to control the #ubdivision of the section under
eration will be established at 40 chains from the original
corner; the same. quarter-section corner may be marked to
the subdivigion of the adjoining section if the fractional n
ment is to He placed in the same direction in the two secti
if the fractional measurement is to be thrown in the opposite d
in the adjoining section an additional quarter-section corner
to control the subdivision of that section would ordinarily
quired at 40 chains from the new section corner. .

219. Maqy cases will arise in the field mvol\rmg comb
of two or more of the above simple examples, in which
the surveyor is advised to prepare a diagram illustrating 1
ditions found in the original survey, whereupon the new
linee may be shown with alinement in accordance with t}
rules for subdividing townships, noting that the new secti
are to be initiated at the previously established original
corners, and that the length of the meridional boundary will
both upon the regularity of the length of the opposite origina’
ional section line and upon the alinement of the previous
lished latitudinal section line; thereupon th¢ surveyor may
show upon his diagram the poeltion of the necessary quartes
corners on ;the new secuon lmes, all in conformlty w1t.h -the
rules already stated. :

220, Other instances will be found where half sections an
upon the original approved plat protracted as surveyed, -
cases where only the opposite section line has not been ests
and in othér cases where parts of the adjacent as well as the «
section lmes have net been established. In case orly one
line remains to be established, it will be located upon the t
connecting the original section corners, regardless of beari
new opposite_ quarter-section carner marked to contral the
vision of the stated section will be placed at mid-poirit, re,
‘of the length of the Dew section line; the poamon of the «
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section corner marked to control the subdivision of the adj
section will depend upon the plan of subdividing the rem
public land. Partially surveyed section lines will be com
by extension, the alinement of the same being governed
usual rules for regular subdivision; the latitudinal or meri
position of the remaining section line (opposite to the half ¢
protracted as surveyed) will usually be controlled by the p
of the nearest original section corner, and the alinement of th
will depend upon the usual rules for regular subdivision; tk
opposite quarter-section corner marked to control the subd
of the section containing such half section protracted as sw
will be placed at mid-point in every case; the position of the q
section corner marked to control the subdivision of the ad;
section will depend upon the manner of subdividing the rem
public land.

221. Various other examples will be found where fractional
a8 along the north or west boundary of a township, are shown
the original approved plat protracted as surveyed. In al
instances the same rules, heretofore stated, may be applied, w-
gingle exception that a calculation must be made, based up
areas shown upon the original plat, of the theoretical lengths
linesnot established in the originalsurvey. Such calculated dis
will then control instead of the usual regular lengths of sectio
a8 heretofore assumed; also, if such calculated distances coun
two directions, and irregularities are developed, the calcul
must again be resolved into proportional distances to agree
actual measurements between the controll.mg points.

222, On the accompanying diagrams are shown various ex
ated examples of the manner of completing the survey of irr
sections containing outlying areas protracted as surveyed, sh
the application of the means necessary for the protection
integrity of such areas. It is recognized that the general prin
above set forth will not always permit the complete establisl
and appropriate marking of all corners at the first determinat
their locations, by reason of the fact that only the bringing up
new surveys to be closed upon the completed units will de
the appropriate markings of the finished corner, but this nee
impair the surveyor’s confidence in his knowledge of necessar;
cedure in the initiatory work, to be recognized and applied a
priately when the new surveys are brought up to their closings

N - - )
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8. A distinctly different class of partislly surveyed sections is
d along erroneous meander lines shown upon approved plats of
ional townships. Such sections are never subject to completion
pt as definitely authorized in the written special instructions
shed to the surveyor, as the approved plat must be held to
sent correctly a true meanderable body of water until proven
rwise to the satisfaction of the Department of the aterior, as
mted in Chapter I. Numerous instarices are on récord, how-
, where the evidence submitted to the Department is con-
ve that surveyors have erroneeusly classified overflowed lands
eanderable, or where the recorded meander line does not and
r did conform to the mean high-water elevation of an actual
derable body of water, thus erroneously omitting considerable
tof land. The questions of title to such areas are extremely
cate, and it is the practice of the General Land Office not to
rany extension of such original surveys until the procedure has
definitely authorized by the Secretary of the Interior. The
rying problems arise only when the extension of the original
1y beyond the meander line shown upen the approved plat has
duly authorized.

e reestablishment of the ongmsl meander line with a suitable
ment at each angle point is a usual accompaniment of the
e class of surveys, the purpose being to segregate definitely the
iously surveyed areas from the unsurveyed public lands; it is
rapproprisate to consider the surveying questions thus involved
; with other problems relating to the reestablishment of broken
daries, where the subject will be found in sec. 380,Chaptér V. The
step in the field is to complete the partially surveyed sections
the procedure in prictically every instance will be eontrolled
he rules already outlined in respect to the completion of the
ay of sections containing outlying areas protraCted 88 surveyed;
ems unnecessary to repeat the  governing pnncxples in such
ly related cases.

BUBDIVISION OF FRACTIONAL SECTIONS RESULTING FROM
FRAGMENTARY SURVEYS.

'4. The one best test of the fitness of a proposed method incident
1e completion of partially surveyed sections will-be found in
ting the section for subdivision by protraction; thereupon the
Iar rules for subdivision of sections should be applicable. Thus
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Fiq.65 (West half)

Example showing the completion of partially surveyed section:,msubd"uj
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the position of the new quarter-section corners, established to
trol the subdivigion of a particular section in question, must be ¢
a3 to permit the center lines from eaid points to the opposite orig
quarter-section corners to be connected in strict harmony with
conditions represented upon the original approved plat, disreg
ing the effect upon the subdivision of the newly surveyed pu
land. Likewise the lines connecting the sixteenth-section cod
on the opposite boundaries of a quarter section must conform to
conditions represented upon the original plat. When the sa
vision-of-section lines are thus platted the section may be consid
satisfactory if the integrity of the original aréas is in no wsvau
When the subdivision-of-section lines are platted as suggested,
permanent conditions affecting the new areas may be considere
should be harmonized with the following additional rules:
1st. The new areas should be complementary to the original
by the extension of the subdivision-of-section lines as already
tracted upon the original plat, except as poorly shaped lots, o
of too great or too little area, would result in vmlanon of the ref
rules for subdivision of sections.
2d. The same meridjonal limit may be perm:twd in the inf
of regularity and simplicity of platting, as is ordinarily alle
latitudinal section lines; i. e., a section may be considered re
whose boundary lines are all for alinement when not to exce
from a cardinal course, and for measurement when not to exce
links from 40 chains between the section ahd quarter-section
Such regular sections may be subdivided into regular quarte
tions and quarter-quarter sections as far as possible. . A se
having three regular boundary lines may be subdivided in ac
ance with the usual rules for subdividing sectionswdlong the
and west boundaries of & normal township: A section having
adjacent regular boundary lines may be subdivided similarly
manner in which section 6 of & normal:township is treated.
other sections should be, treated as irregular, with subdivisic
section lines protracted to mid-points én the boundaries of
quarter sections, -except as a etlcnhtedf proportienal positio
a sixteenth-section corner is made necessary by reason of condi
relating to the complementary area shown upon the ongmal ,
3d. All'mew fractional lots will be numbered-beginming wi
next higher number in the series of the same sectioh already .
upon the previously approved plat, and proceed.mg in the

3
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r in which fractional Jots are normally numbered. The new
smay begin with No. 1in case the fractional parts of the original
are not designated by lot number.

PLETING THE SUBDIVISION OF A PARTIAL TOWNSHIP RI'SUL‘HNG
FROM FRAGMENTARY SURVEYS.

5. After the partially surveyed sections have been fully
pleted the surveyor may proceed with the subdivision of the
ining portions of tﬁe township. Every condition répresents
urate problem, and few specific rules would serve any purpose
iiding the surveyor to a definite procedure. If no irregularities
© be found in the previously establighed lines the new survey
proceed normally, but if defective conditions are encountered
irregularities are not to be extended into unsurveyed sections
farther than necessary to incorporate the resulting fractional
mrements into suitable fractional lots: adjoining the former
eys. Preference should be given to extending all surveys from
h to north and from east to west, but if a better control is
lable by reversing the procedure in one or both directions,
‘resulting in a simpler and better stirvey in respeet ito mini-
ng the number of extra corners as well as fractional Iota such
mal of procedure ig fylly warrated. The principle relating to
rolling codrdingte measurements in two directions at right
es, as along the south and east boundaries of & township, may
pplied to the subdivisional lines best buited to control, the new
eys to be executed; and, if the selectled bases are defectwe in
ement, in whole or in part, the new: section 'lines may serve
function of a sectxonal guide meridian or a sedtional correction
as vequired. The corners from which the new surveys are to
nitisted and controlled in latitude and’ departure will be termed
iers of four sections, or of two sections a8 appropriate,.and where
terminal lines can not be connected regularly with the pre-
rly established section corners by random and true line not
eeding 21/ from cardinal, a élosing section eorner; ‘will be
iblisied in full accord with thé principle relating to the estab-
ment of cloging section corners on the north or west boundaries
\ township whers, the latter lines are found to be defective in
wurement. The fractional measurements of the closmg section
s will be placed adjacent to the old surveys, and theidistance
a the closmg aectlon corner to the nearest ongmal cdner will

,..-,u. . -
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Fig. 66" (West half)
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be measured; the original lines forming the boundary of the k
to be surveyed will be retraced, as already provided, and the m
upon the original corners will be appropriately modified as n¢
sary; new quarter-section corners marked to control the subdivi
of the new sections will be established on the original lines at 1
points between the closing section corners, or at 40 chains from
direction, according to the manner in which a new section is t
subdivided.

There are generally two or more ways in which a fragmen
subdivision may be executed, but a careful study of a sketch
representing existing conditions will generally reveal the sy
ority of one method over another, and objectionable results sh
be avoided as far as existing conditions relating to the ori
surveys will permit.

MEANDERING.

226. All navigable bodies of water and other important ri
and lakes (as hereinafter described) are to be segregated from
public lands at mean high-water elevation. The traverse of
margin of a permanent natural body of water is termed a mea
line.

The running of meander lines has always been authorized i
survey of public lands fronting on large streams and other bodi
water, but the mere fact that an irregular or sinuous line mus
run, as in case of a reservation boundary, does not entitle it t
called a meander line except where it closely follows the bank
stream or lake. The legal riparian rights connected with mea
lines do not apply in case of other irregular lines, as the latte!
strict boundaries. :

Mean high-water mark has been defined in a State decisior
Towa, 370) in substance as follows: High-water mark in the M
sippi River is to be determined from the river bed; and that.
is river bed which the river occupies long enough to wrest it !
vegetation. In another case (14 Penn. St., 59) a bank is define
the continuous margin where vegetation ceases, and the shore it
sandy space between it and low-water mark.

Numerous decisions in the United. States Supreme Court
many of the State courts assert the principle that meander !
are not ‘boundaries defining the area of ownership of tracts adja
to waters. The general rule is well set forth (10 Iowa, 549

\ksaying that in & navigable stream, as the Des Moines River in I
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vater mark is the boundary line. When by action of the
the river bed changes, high-water mark changes and owner-
fadjoining land progresses with it.
nder lines will not be established at the aegmptwn line
en upland and swamp or overflowed land, but at. the ordinary
mter mark of the actual margin of the river or lake on which
wamp or overflowed lands berder.
Pmctwallyallmlandbod&enoiwatetptaathmughan
| cycle of changes from mean low water to flood stages,
n the extremes of which will be found mean high water.
ions of broken topagraphy, especially where bodies of water
unded by sharply sloping lands, the horizontal distance
n the margine of the various water elevations is compara-
slight, and the surveyor will not experience much difficulty
ermining the horizontal position of mean high-water level
pproximate accuracy; but in level regions, or in any locality
the meanderable bodies of water are bordered by relatively
ds, the horizontal distance between the successive levels is
ely great. The surveyor will find the most reliable indica-
{ mean h:gh-mtm elevation in the evidence made by the
1action at its various stages, which will generally be found
urked in the soil, and in timbered localities 8 very certain
tion of the.locus. of the 'varjous important water levels will be
in the belting of the native forest species. .
1 high-water elevation will be found at the margin of the
eupied by the water for the greater partion of each average
it this level a definite egcarpment in the soil will generally
eable, at the top of which is the true position for the surveyor
the meander line. A pronounced eecarpment, the result of
lion of stoxm and flood waters, will often be found above the
nl water level, and separated from the latter by the storm
1beach; another less evident escarpment will often be found
average low-water level, especially of lakes, the lower escarp-
sing separated from the principal escarpment by the normal
orshore. While these questions properly belong to the realm
ogy, they shonld not be overlooked in the survey of a meander

re nptive forest -trees are found in.' abundance bor&ering
1of water, thage trees showing evidence of having grown under
ble site conditions will be found aecuxately belted along




214 MANUAL OF SURVEYING TNSTRUCTIONS.

contour lines; thus a certain class of mixed varieties common t
particular region will be found only on the lands seldom if ¢
overflowed; another group of forest species will be found on f
lands wh1ch are inundated only a small portion of the growing sea
each year, and indicate the area which should be included in |
classification of the uplande; other varieties of native forest ti
will be found only within the zone of swamp and overflowed laz
All timber growth normally ceases at the margin of permanent wa

228, At every point where either standard, township or sect
lines intersect the bank of a navigable stream, or any meanden
body of water, corners at such intersections will be establishec
the time of running these lines. Such monuments are ealled m¢
der corners. In the survey of lands bordering on tide waters, me
der corners may be temporarily set at the intersection of the:
veyed lines with the margin of mean high tide, but no monur
should be placed in a position exposed to the beating of waves:
the action of ice in severe weather. In all such cases a wit
corner on the line surveyed, at a secure point near the true p
for the meander corner, will be established. The croesing dists
between meander corners on the same line will be ascertained
ttianguhtion or direct measurement, and the full particulars wil
given in the field notes.

229. Inasmuch-as it is not practwable in public-land survey
meander in such a way as to follow and reproduce all the mit
windings of the high-water line, the United States Supreme C
has given the principles governing the use and purpose of meande
shores -in its decision in a noted case (R. R. Co. ». Schurmei
Wallace, 286-287) as follows:

‘‘Meander lines are run in surveying fractional portions of
public lands bordering on navigable rivers, not as boundarie
the tract, but for the purpose of defining the sinuceities of the bs
of the stream, and as the means of ascertaining the quantity of |
in the fraction subject to-sale, which is to be paid for by the]
chaser. In preparing the official plat from the field notes, the m¢
der line is represented as the border line of the stream, and show
a demonstration that the water-course, and not the meander lin
actually run on the land, is the boundary.”

280. The surveyor will commence the meander line at ont
the meander corners, follow the bank or shore line, and detern
the true bearing and measure the exact length of each course, f
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beginning to the next meander corner. All meander courses
to be taken or counted from the true meridiap and will be de-

ed with precision; ‘‘transit angles” showing only the amount
e deviation from the preceding .course are not acceptable in
notes of meanders. For convenience the courses of meander
should be adjusted to. the exact quarter degree; meander
are not strict boundariea and this method will give approxi-
agreement with the minute sinucsities of .mean high-water
ion. Again, for convenience .of platting and computation,

eyor is required to adopt turning points at distances of whole
, or multiples of ten links, with odd links only in the final

where the surveyor finds it impoesible to carry his meander
mean high-water mark, his notes should state the distance
and the obstacles which justify the deviation. A table
itudes and departures of the meander courses should be com-
before leaving the vicinity, and if misclosure is found, indi-
etror in measurement or in reading courses, the lines should

streams flowing into a river, lake or meanderable bayou
noted, and the width at their mouths stated; also, the posi-
l, size and depth of springs, whether the water be pure or min-
also, the heads and mouths of all bayous, all rapids and bars,
pbe noted, with intersections to the upper and lower ends of the
i, to establish their exact situation. The elevation of the
ks of lakes and streams, the height:of falls ‘and cascades, and
dength and fall of rapids, will be recorded in the field ‘notes.
he field notes of meanders will show the corners from which the
inders commenced and upon which they closed, and will
ibit the meanders of each fractional section separately; following,
lcompoeing & part of such notes, will be given a description of the
¥ning land, soil and timber, and the depth of inundation to
ch the bottom land is subject. The utmost care will be taken
a8 no object of topography, or change therein, without giving a
licular description thereof in its proper place in the notes of the
RIVERS.

81. Proceeding downstream, the bank on the left hand is termed
left bank and that on the right hand the right bank. These
ns will be universally used to distinguish the two banks of a

K
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river or stream. Navigable rivers and bayous, as well as all ri
not embraced in the class denomimated ‘‘navigable,” the ri
angle width of which is 3 chains and upwards, will be m
dered on both banks, at the ordinary mean high-water mark
taking the general courses and distances of their sinuceities. Ri
not classed as navigable will not be meandered above the |
where the average right-angle width is less than 3 chains, ex
that streams which are less-than 3 chains wide and which &
deep, swift and dangerous as to be impassable may be meands
where good agricultural lands along the banks require theusq
tion into fractional lots for the benefit of settlers.

Shallow fresh-water streams, without any well-defined chann
permanent banks, will not be meandered. - Tidewater stre
whether more or less than 3 chains wide, should be meander
ordinary high-water mark, as far as tidewater extends.-

 LAKES.

282. The meanders of all lakes of the area of 25 acres ang
wards, will be commenced at a meander corner and continue
abave directed for navigable streams; from said .carner, the co
and distances of the entire margin of the same, and the intersec
wath all meander corners established thereon, will be noted.

In the case of lakes which are found toe be located entirely w
-the. boundaries of a section, a quarter-section line, if one c
the lake, will be run from one of the quarter-section corners,
‘theoretical course to conmect with the opposite quarter-s¢
corner, to the margin of the lake, and the distance will be meas
then at the point thus determined a ‘‘special meander corner'|
be-established. . If a meanderable lake is found to be loeste
tirely within a quarter pection, an ‘‘auxiliary meander corner
be established at some. suitable point on its margin, and a
ing line will be run fromsaid monument to a regular corner
pection boundary. A connecting traverse line will be record
one is run, but it will also be reduced to the equivalent direct
necting course and distance, all of which will be stated in the
notes, and the course and length of the direct connecting line wi
be shown on the plat of the survey. -

_The meander line of a lake lying within the interior of & se
will be initiated at the established special or auxiliary mes
corner, as the case may be, and continued around the margin o
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hal lake at its mean high-water level, to a closing at the point
an All proceedings are to be fully entered in the. ﬁeld

rl-\ﬁcm.l lakes and reservoirs are not to be segmgated from the
Bic lands, unless specially provided in the instructions, but the
)poamon and extent of such bodies of water will be determmed
:eﬁeld and shown on the plat.

ISLANDS.

p In the progress of the regular surveys every island above the
p high-water elevation of any meanderable body of water, ex-
only thoseislands which may have formed in navigable bodies
after the date of the admission of a State into the Union, will
fefinitely located by triangulation or direct measurement or
Lmitsble process, and, will be meandered and shown upon the
plat. oo
i the survey of the mainland fronting on any non-navigable
of water, any island opposite thereto, above mean high-water
ion, is subject to survey. Also, even though the United
may have parted with its title to the adjoining mainland, an
in any meandered body of water, navigable or non-navigable,
Eor proven to have been in existence at the date of the admis-
a State into the Union, and at the date of the survey of the
d, if omitted from said original survey, remains public land
le United States, and as such the island is subject to survey.
ke survey of islande not shown upon the original approved.plats
bdivided townships is authorized by the Department only upon
receipt of formal application, and subject to the approval thereof.
iwoof of the time of the formation of such islande is often more or
'dificult, and it is the practice of the Department to make &
ful examination of the history of an island in relation to the
ttion of its legal ownership before approving the. application for .
urvey.
ny township boundary or section line ‘which .will mtersect an
d will be extended as nearly in accordance with the plan of
lar surveys as conditions will permit, and the usual township,
ion, quarter-section and meander corners will be.established
heisland. If an island falls in two sections only, the line be-
®n those. particular sections should be established in its proper
wetical position based upon suitable sights and.calculations,
55465°—19——15
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If an island falls entirely in one section, and is large enough
subdivided (over 50 acres in area), a suitable gight or calcu
will be made to locate on the margin of the island an inters:
with the theoretical pogition' of any suitable subdivision-of-a
line, and at the point thus determined a “special meander cc
will be established. In the case of an island falling entirely i
section and found to be too small to be subdivided, an “‘aus
meander corner” will be established at any suitable point
margin, which will be accurately connected with any regula
ner on the mainland. ‘The direct course and length of the cor
ing line will be given in the field notes, together with all ¢
measurements, triangulations and traverse lines upon whic
calculation may be based. The course and length of the direc
necting line will be shown on the plat.

The meander line of an island will be surveyed in harmony
principles and rules heretofore stated; all township and section
crossing the island will be shown on the plat; and, if the isls
large enough to be subdivided, the subdivision will be accompl
by the protraction of suitable subdivision-of-section lines in
correct theoretical position.

Agricultural upland within the limits of swamp and overf
lands should be so classified and shown upon the plat accordi
but such land will not be meandered as an island.

LIMITS OF CLOSURE.

284. Under the general subjects of “township exteriors’
“subdivision of townships” certain definite limits were presc
beyond which previously established surveys are classed as
fective,” or in the case of new surveys corrective steps are req:
Such limits constitute the standard of accuracy of the United £
rectangular surveys, and, for convenience, have been various
ferred to as the “rectangular limit,”” “limit for the control ol
surveys,”’ “limit relating to defective exteriors and section
“limits for subdivision,” etc., each expression having been fa
to suit the descriptive exigency of the text. A more genen
quirement known as the ‘‘limit of closure” will be applied as1
of the accuracy of the alinement and measurement of all clase
lines embraced in any closed figure incident to the public-land
veys, and corrective steps will be required wherever this test
closes an error beyond the allowable limit,  *
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e ‘‘error of closure” of a survey may be defined, in general
, a8 the ratio of the’length of the line representing the equiva-
of the errors in latitude and departure (as found by a table of
des and departures) to the length of the perimeter of the figure
ituting the survey; but, with due regard for the controlling
inate governing lines of a rectangular survey, pronounced
in latitude will not be permitted to offset gross error in
ure, or vice versa, and, in order to be consistent with this
ntal theory, a double test must be applied in place of the
expressed in general terms. The ‘‘limit .of closure” fixed for
United States rectangular surveys may be expressed by the
jon ;44 provided that the limit of closure in neither latitude
departure exceeds yiy, and where a survey qualifies under the
limit the former is bound to be satisfied; thus an accumulative
of 12} links per mile of perimeter, in either latitude or departure,
not be exceeded in an acceptable survey. The limit of closure
us expressed may be applied to various specific conditions as
tofore stated. .
o latitudes and departures of & normal section shall each close
in 50 links; of a normal range or tier of sections, within 175
fs; and of a normal township, within 300 links. . The boundaries
fractional section including irregular claim lines or meanders,
e meanders of an island or lake in the interior of a section, should
pe within a limit to be determined by the fraction 4} when the
br in either latitude or departure is considered separately; the
rule will be applied to all broken or irregular boundaries.
Erveyors are required to compute all doubtful closings while in
»field in the immediate vicinity of a particular line, or series of
, in question, and to accomplish all necessary corrective work
concluding a survey. '

MARKING LINES BETWEEN CORNERS.

,!35. The marking of a survey upon the ground in such a manner
to fix forever the position of the legal lines in relation to the
rth’s surface is the final step in the field work, and is accomplished
three ways, which, if well executed, will individually or collec-
rely furnish the means of the identification of the survey at even
mote future dates. Careful attention to these details is one of the
st important phases of the surveyor’s field work. (a) The regular
mers of the public-land surveys are marked by fixed monuments
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of specified character as described in Chapter IV; (b) the relation
the officially surveyed lines to natural topographical features
recorded in much detail as hereinafter outlined, and again exe
plified in the specimen field notes; and, (¢) the locus of the le
lines, wherever living timber is encountered, is plainly marl
upon the forest trees, which is accomplished by the proces
“blazing” and by ‘hack” marks.

A “blaze” is an ax mark which is made upon a tree trunk at
breast height, in which a flat scar is left upon the tree surface.
bark and a very small amount of the live wood tissue are remoy
leaving a smooth surface which forever brands the tree. The
of the blaze depends somewhat upon the size of the tree, b
nevermadelargerthanthesuﬁaceofanaxblade a blaze 5
inches in height and from 2 to 4 inches in width is ample to
my tree.

A “hack” is also an ax mark which is made upon a tree
about breast height, in which a horizontal notch is cut into
surface of the tree. The notch is made *V-shaped,”’ and is
through the bark and well into the wood. Two hacks are cu}
order to distinguish those made in the survey from accidental m:
resulting from other causes; a vertical section of the comp
official hack mark resembles a ““double-V” () extending &

tree from 2 to 6 inches in length, depending upon the dismets
the tree. The “hack” and ‘“‘blaze” marks are equally perman
but so different in character that one mark should never be mista
for the other.

The marking of trees along the surveyed lines was required
law as positively as the erection of monuments, by the act of 17
which is still in force. All lines on which are to be established
legal corners will be marked after this method, viz: Those t
which may be intersected by the line will have two hacks or
cut on each of the sides facing the line, without any other m
whatever. These are called sight trees or line trees. A suf
number of other trees standing within 50 links of the line, on it
side of it, will be blazed on two sides quartering toward the line;
order to render the line conspicuous, and readily to be traced
either direction, the blazes to be opposite each other coincid
in direction with the line where the trees stand very near it, and
approach nearer each other toward the line the fa.rther the line pes
from the blazed trees.
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Due care will ever be taken to have the lines so well marked as to
ueadily followed, and to cut the blazes plainly enough to leave
le scars as long as the trees stand. This can be accom-
ed by blazing just thmugh the bark into the live wood tissue.
trees 2 inches or more in diameter occur along a line, the
\uired blazes will. not be omitted. Where trees have branches
ing to the ground, the blazes will be amitted unlees it is neges-
to remove the branches.to permit sighting.
ines are also to be marked by cutting away enough of the \mder-
to facilitate correct sighting of instruments. ' Where lines
deep wooded valleys, by sighting over the tops, the usual
ing of trees in the low ground. when accessible will be performed,
settlers may find their proper limits of land and timber without
ial survey. The undergrowth will be especially well cut along
lines within distances of 5 chains of corner monuments and within
of arteries of travel, to enable other surveyors and settlers
te the survey readily, but the cutting of the undergrowth
be omitted in deep untraveled ravines unless necessary for
te sighting or measurement.
e trees and blazing will be marked only with reference to the
lished true line, and where lines are run by the ‘‘random and
¥’ line method, the marking of line trees and the blazing will be
suplished by retuming over the line after all corrections or ad-
fents to the final linearedefinitely known. A sufficient number
pmporary stakes should be set along a random line to render it
erally unnecessary to rerun the true line instrumentally merely
lhe purpose of blazing the line through timber, as this can usually
accomplished by properly. estimating the distancefrom the
Iporary stakes, but intersections with line trees will be made with
tision, and distances thereto accurately measured.

' SUMMARY OF OBJECTS TO BE NOTED, AND SKETCHES.

b

28. The field notes and plat of a survey are designed to furnish
jonly. a technical record of the procedure, but also of equal im-
tance a report upon the character of the land, soil and timber
rersed by the survey, and a detailed schedule of the topographical
wres along every line, with accurate connections showing the
tion of. the rectangular surveys to other surveys, to natural
wtsand to unprovements A triple purpose is thus served: (a)
technical procedure is made & matter of official record; (b)
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general information relating to a region is gathered; and, (c)
“calls”” of the field notes and tho representations of the pla
respect to objects along the surveyed lines furnish important
dence by which the locus of the survey becomes practically
changeable as contemplated by law.

The specimen field notes and plats are intended to standar
the form of record, and many special matters relating to these
jects are brought together in Chapters VIII and IX, but b
concluding the ‘special questions concerning rectangular sur
it is deemed expedient to outline the technical and topograpt
features which are to be carefully observed and recorded in
field during the progress of the public-land surveys:—

- 1. The precise course and length of every line run, notin
necessary offsets therefrom, with the reason for making them,
method employed.

2. The kind and diameter of all bearing trees, with the co
and distance of the same from their respective corners, and
markings; all bearing objects and marks thereon, if any; and
precise relative position of witness corners to the true corners. ‘

8. The kind of material of which corners are constructed. t
dimensions and markings, depth set in the ground, and t
accessories.

4. Trees on line. The name, diameter and dlstance on line tJ
trees which it intersects, and their markings.

5. Intersections by line of land objects. The distance at ¥l
the line intersects the boundary lines of every reservation,
site, or private claim, noting the exact bearing of such boum
lines, and the precise distance to the nearest boundary corner;
center line of every railroad, cansl, ditch, electric transmission j
or other right-of-way acress public lands, noting the width o
right-of-way and the precise bearing of the center line; the ch
from one character of land to another, with the approximate bes
of the line of demarcation, and the estimated height in feet of
ascents and descents over the principal slopes typifying the to
raphy of the country traversed, with the direction of eaid slo
the distance to and the direction of the principal ridges, s
divides, rim rock, precipitous cliffs, etc.; the distance to where
line enters or leaves heavy or scattering timber, with the appr
mate bearing of the margin of all heavy timber, and the distd
to where the line enters or leaves dense undergrowth.

N
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Intersections by line of water objects. All unmeandered
8, creeks and smaller water-courses which the line crosses; ‘the
nce measured on the true line to the center of the same in the
of the smaller streams, and to both banks in the case ofthe
rstreams, the course downstream at points of intersection, and
widths on line, if only the center is noted. All intermittent
r-courses, such as ravines, gulches, arroyos, draws, dry-drains, etc.
The land’s surface; whether level, rolling, broken, hilly or
itainous. :

The soil; whether rocky, stony, gravelly, sandy, loam, clay,
and also whether first, second, third or fourth rate.

[imber; the several kinds of timber and undergrowth, in the
in which they predominate.

Bottom lands to be described as upland or swamp and over-
1, a8 contradistinguished under the law, noting the extent and
ximate position of the latter, and depth of overflow at sea-
periods. The segregation of lands fit for cultivation without
ial drainage, from the swamp and overflowed lands, where the
are subject to selection by the States, is always accomplished
al subdivision, and any smallest legal subdivision is classified
upland or all swamp and overflowed land accordihgly as more
1alf of the same may be of the character of the one or of the
class of lands; bottom lands will be classified with special
eration to these matters.

Springs of water, whether fresh, saline, or mineral, with the
of the stream flowing therefrom. The location of all streams,
s, or water-holes, which because of their environment may
med to be of value in connection with the utilization of public
g lands, and which may be designated as public watering
, will be specially noted.

Lakes and ponds, describing their banks, tributaries and out-
d whether the water is pure or stagnant, deep or shallow.
Improvements; towns and villages; post offices; Indian occu-
; houses or cabins, fields, or other improvements, with owner’s
mineral claims; mill-sites; United States mineral monuments,
1 other official monuments not belonging to the system of
gular surveys; will be located by bearing and distance or by
wting bearings from given points.

Joal banks or beds, all ore bodies, with particular description
same a8 to quality and extent; all mining surface improve-



224 MANUAL OF SURVEYING INSTRUCTIONS.

ments and underground workings; and salt licks. All reliabl
formation that can be obtained respgcting these objects, wh
they be on the line or not, will appear in the general descrij

15. Roads and trails, with their directions, whence and wh

16. Rapids, cataracts, cascades, or falls of water, in their ap]
mate position and estimated height of their fall in feet.

17. Stone quarries and ledges of rockn, with the kind of stone
afford.

18. Natural curiosities, petnfact.lons, fomls, organic remains
also all archaeological remains, such as cliff. dwell.mss, mo
fortifications, or objects of like nature.

19. The general average of the magnetic dechnatlon in: the
ship, with maximum known range of local attraction and
variations, will be stated in the general description, and the g
average for the township, subject to local attraction, will be &
upon the plat.

20. General dacnptwn —The above information will be sun
ized by townships in a general description which will be mad
concluding part of the field notes of every survey. The ge
description will be made to embrace many more comprehensit
tails in regard to the characteristics of the region than is feasil
cover as an intimate part of the technical record of the surve
follows:—

Land.—A general outline of the dmmage and topogrsphxca
tures of the township and approximate range of elevation abov
level.

Soil ——The Pprevailing and characteristic soil types. (See !I
reference to soil classification, Chap. VII.)

Tiémber.—The predominant forest species, age, size, condition

Evidence of mineral.—All known bodies of mineral, and |
whose formation suggests mmeraLbeanng charactenstws, espec
with reference to lands of volcanic or igneous origin, will bel
by appropriate legal subdivision, with brief description of the!
eral indications. On the other hand, if the surveyor finds n¢
parent indication of mineral deposits, a report to that effect wi
embodied in the general description.

Watering places.—The areas embracing all st.rea.ms,
water holes as may be of special value as public watering P]‘
in connection with the utilization of public grazing lands, ¥i
listed by appropriate legal subdivision, with brief description o!
nature of such water supply.
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dtlement.—The extent of the settlement at the time of the survey.
wdustry.—The industrial possibilities of the township, especially
» the adaptability of the region to agricultural pursuits, stock
ng, lumbering, mining, or other profitable enterprise.
recial.—All exceptional steps in the technical procees of the
ey, and other special matters required in paragraphs Nos. 1 to
aclusive, of the above summary, not otherwise suitably recorded
be reported in the general description.
addition to the field notes the surveyors are required to prepare,
» work progresses, an outline diagram showing the course and
th of all established lines with connections, and a topographical
th embracing all features usually shown upon the completed
al township plat. These maps will be made to scale, drawn in
il only, if desired, and will be kept up with the progress of the
work. The interiors of the sections will be fully completed;
opographical features will be sketched with care while in the
of the surveyor, and the position within the section of the
us details which are to be shown on the completed plat will be
od with an accuracy commensurate with their relative impor-
%, ‘The design of the specimen township plat will be followed
ly in the preparation of the outline diagram and topographical
h plat, except that it will generally be desirable to employ
warate sheet for each of the two purposes. These maps will
form the basis of the official plat, the ultimate purpose of
h is a true and complete graphic representation of the public
1surveyed.
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.CHAPTER 1IV.
CORNER MONUMENTS.
THE LEGAL SIGNIFICANCE OF A CORNER MONUMENT.

}7. It is one of the fundamental principles of the surveying laws
isbeolute permanency be attached to the public-land surveys
n the lines have been officially established. The ‘“survey” em-
%8 certain definite technical procedure, heretofore described,
the marking of certain fixed points, as will be described in this
ster, though the establishment of & survey may not be termed
npleted >’ until the field notes and plat and every detail of the
nical operation constituting the survey have been finally ac-
ed by the Commissioner of the General Land Office, all as con-
plated by law.. The law provides that the original corners
blished during the process of the survey shall forever remain
1in position, even to disregarding technical errors in the execu-
of the survey—where discrepancies may have passed undetected
t to the acceptance of the survey and the opening of the lands
itry—and, as an aid to the matter of permanency, the Congress
ides for the purchase of durable material for the corner monu-
is, also a penalty for the defacing of any marks relating to the
sof the survey. If it were possible to carry out the full intent
1e surveying laws .in regard to the aforementioned particulars,
most intricate of all technical and legal problems relating to sur-
+—the questions pertaining to the reestablishment of lost cor-

—would be avoided.
te courts attach major importance to authentic evidence relating
e ongmal position of an official corner monument, such evidence
g given far greater weight than the technical record relating to
ings and lengths of lines, and it is assumed in the first instance
.the original corners shall serve every necessary purpose for the
itification of the survey delineated upon the official approved
, and of the lands which have passed into private ownership.
legal significance of the original monuments, as thus briefly
ined, makes it mandatory upon the surveyor to exercise con-
227 -
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stant diligence in the workmanlike construction of lasting col
and alertness in skillfully connecting the same with natural ol
or improvements, to the end that the greatest possible permar
may be secured for the public-land surveys. ‘

288. Accordingly, if a surveyor is cilled upon to alter the
dition of a previously established point, the utmost regard s
be shown for the evidence of the original location of the monul
and the corner will be carefully reconstructed by such addi
eans as may be appropriate, without destroying the evidence |
served to identify its legal position. A complete record will b¢
of the description of the old monument as identified, and all 4
tions and additions thereto. ‘

289. Regulation monuments are employed to mark perman
the position of the quarter-section, section, township and mej
corners, appropriate to the subdivision of the public lands, g
scribed in Chapter ITI; also at such sixteenth-section corners s
requirements of the written special instructions or the exigené
the survey of fractional sections may demand; also at all angle}
along an irregular boundary line, and at intermediate inte
40 and 80 chains along such limiting boundary. A more ex
discussion of the subject of ‘‘angle points” and other monumer
be established upon irregular boundaries will be found in Chapter

240. The position of every corner monument will be *‘eviden
by the best of such accessories as may be available, and whe
corner point itself can not be marked in the usual mannﬁ
appropriate ‘‘witness corner” will be established. A “wi
meander corner” will be established upon secure ground wh
the intersection of a surveyed line with the mean high-mtd
vation of & meanderable body of water falls at & point Where
monument would be liable to destruction.

241. The field notes relating to the establishrent of 8
monument will be introduced into the technical record of the
at the logical place in the record where the true position for
corner is indicated as having been attained. The record of
monument itself will embrace a description of: :

(a) The corner material, including its dimensions, in the“j
of length and diameter of an iron post; or length, width and b
of a stone; or the breast height diameter of a tree; (3) the d
set in the ground, with mention of additional support if
(c) the significance of its position; (d) the markings upon the ™
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; and (¢) the nature of the accessories, including character,
pogition and markings.
CORNER MATERIAL.

). The General Land Office has adopted a model iron post for
menting the public-land surveys, which will be generally
unless exceptional circumstances warrant a departure from
ule. This practice is deemed so important that the surveyor
.suthorized to exercise an option in the matter, but he may
he question to the proper supervising officer, who may grant
gty for the use of other suitable material, provided the reasons
parting from the general rule are sufficient, in which case a
tatement of the facts will be given in the field notes, in the
of an explanation as to why the model iron posts were not
yed.

rmodel iron post is made from commercial iron pipe, from 1 to
@8 in diameter, which is cut into lengths of about 36 inches;
W of the pipe is split for a distance of about 4 or 5 inches, and
ohalves are spread (when heated) to form flanges or foot plates,
itangles to the axis of the pipe; a brass cap is securely riveted
ropposite end of the pipe; and finally the pipe is filled with
te. Unlessotherwise provided in the written special instruc-
the iron posts will be employed as follows: 3-inch, for standard
osing township corners, corners of one, two or four townships,
irequired for mile corners and angle points of special bound-
rveys; 2-inch, for standard and closing section corners, and
sof one, two or four sections; and, 1-inch, for quarter-sec-
ad meander corners, and as required for miscellaneous angle
, sixteenth-section corners and corners of special tract surveys.
tness corners are to be of thesamemenswould be used for
ie corner.

., The caps of the iron posts are to be suitably and plnmly
d with steel dies at the time when used; the posts will be
the ground about three-fourths of their length; and earth and
if the latter is at hand, will be tamped into the excavation
» the post a solid anchorage.

. Durable native stone may be substituted for the model iron
f the procedure has been duly authorized, but no stone will
wd which measures less than 20 inches in length, or less than
es in either of its minor dimensions, or less than 1,000 cubic
1in volume. A stone sheuld always be selected with regard
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to its durability when exposed to the usual weathering inﬂuq
Stone will not be used as a corner monument where its position
among large quantities of loose surface stone or slide rock. ‘

245. A stone will be suitably and legibly marked with a
chisel or punch with such letters, figures, grooves or notchJ
may be required, and will be set firmly in the ground about
fourths of its length ‘

246. Both iron post and stone monuments will -always
the usual depth in the ground unless it is impossible to co
the excavation, in which case the monument will be plan
deep as conditions will perlmt and the necessary support
secured by a stone mound.

247. Where the corner point falls upon solid surface rock
venting excavation, a cross (X ) will be cut at the exact corner
and, if feasible, the monument will be erected in the same
supported by a large stone mound of broad base, so well cons
that it will possess thorough stability.

248. Where the corner point falls exactly at the position oce
by a sound living tree, which is too large to be removed, th
will be appropriately marked for the corner.

WITNESS CORNERS.

. 249. Where the true point for a corner falls within a road
such a place as to interfere with travel, a marked (X) stone
deposited in the ground at the true corner point and a witness
will be established at some suitable point, prefetably on a sur
line, outside of the roadway.

250. Where the true point for a corner falls upon insecure
or in an inaccessible place, such as within an unmeandered
lake or pond, or in a marsh, or upon a precipitous slope or
witness corner will be established at some suitable point, pref
on a surveyed hne where the monument may be pe!
constructed.

251. The surveyor will be expected to exercise his best ju
in selecting the position for a witness corner, with & view to
ing a definite and convenient connection from the witness
the true point for the monument, for use in subsequent surv
recover the legal position of the true corner. Extra effort
exerted to accomplish the permanent establishment of a mon
at its true corner point, wherever this is feasible, in order to
as much as possible the confusion to settlers and others caus(
witness corners.
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'. Only one witness corner will be established in each instance,
1e same will be placed upon any one of the surveyed lines lead-
a corner, if a suitable place, within a distance of 10 chains, is
ble, but if there is no secure place to be found on a surveyed
ithin the stated limiting distance, the witnees corner may be
din any direction within a distance of 5 chains. On the other
if there is no suitable place within the latter radius, one or
legal subdivisions will be _eliminated from the survey as pro-
in Chapter VII.
. All of the lines of a survey will be completed in the regular
i, if the true point for a corner is accessible, but where the
oint can not be attained, a line connecting therewith may be
ed as surveyed if the same has been completed by the pro-
1 and measurement of a suitable offset or traverse, resulting
losed figure which approaches the true point for a monument
the limit prescribed for the establishment of witness corners.
. The field notes will show every detail of the relation of a
s corner to the true point for a monument, and the direct con-
3 course and distance will be shown upon the plat of the survey.

MARKING CORNERS.

. All classes of corner monuments are to be marked in accord-
ith a system hereinafter described which has been devised to
1 a ready identification of the character and position of the
aent which bears the marks. Capitallettersand Arabic figures
ployed to mark iron post and tree corners, while upon stone
3 certain additional marks termed ‘‘notches” and ‘‘grooves”
ployed to convey the same information, but to lessen the labor
at to the marking process. The letters and figures upon a
1ent are designed to relate to the township, range and sec-
» which the corner belongs; the notches and grooves upon a
nonument relate—in the case of an exterior corner—to the
. number of miles from the monument to the adjoining town-
yrners, and—in the case of a subdivisional corner—to the nor-
mmber of miles from the monument to the township boundary
18 hereinafter described, thus furnishing the means of ascer-
: the appropriate section numbers.

. A1l markings should be accomplished neatly, distinctly and
y; and the marks are to be carefully arranged. An assort-
»f steel dies, chisels, punches and timber scribes, in perfect
ion for use, should always be at hand.
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267, A witness corner and its acceesories will be constructed -
marked gimilarly to a regular corner for which it stands, with
additional letters “W C” to signify ‘ witnees corner.’’

258. The following schedule is an index of the ordinary mark
common to all classes of corners and accessories: —

Marks. To indicate. ’ Marks. To indicate.
AMC Auxiliary meander cor- R Range.
zer. S Section.
AP Angle point. _ S South.
B O Bearing object. © 8¢ Standard corner.
BT  Bearing tree. " SE Southeast.
C Center. SM C Special meander cor
CC  Closing cormer. sw Southwest.
E East. T Township.
M "Mile. TR Tract.
M C-  Meander corner. w West.
N North. : W C  Witness corner.
NE°  Northeast. WP  Witness point.
NW ° Northwest. 1  Quarter section.
PL Public land (umsur- .4 . Sixteenth section.
veyed).

MARKS ON IRON POGST MONUMENTS. -

259. The markings upon the brass cap of an iron post should aly
be made to read from the south side of the monument, and all:
posts will be marked with the year number at the date When e
lished.

260. Standard township corners are to be marked *S C” and
township on the north half, and the ranges and sections in the pr
quadrants as for examp]e

. SC
T25N
$36|s 3l
: 1916

261. Closing township corners are to be marked ““C C” on the]
from which the closing line approaches the monument, with
township (or range) on the same half, and the ranges (or to
and sections in the proper quadrants; also (as far as known at
time) the township, range and section, or the initials or abbre'
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pof the State, reservation, grant or private claim, upon which
p ownship exterior closes; as for example:

15N RITE T24N TN -
| §36 T24N| RITE RI20W
si[se 336 oo —cc uTAH S22 _cc
WE|RIBE ) 5 S5

T24N Ri6El T23n TION
lgfa 1916 1916

. Corners common to four townships are to be marked with the
ips on the north and south halves, the ranges on the east and
halves, and the sections in the four quadrants; as for example:

T23N
RITE| RISE
$36|S31

S| Se6

T22N

1916

R

i

. Corners common to o townships only are to be marked with
townshxp (or range) comimon to both on the propet half, and the
(or townshipe) and sections in the proper quadrants; also (as
sknown at the time) the township, range and section \rpon the
ite half; as for example: .

T3IN - . .
; TIaS
st R7w T2 - - . RIW|Rew '
S 3§ ‘Rsv't s3e|su -~ .
Silgg C “TIBSRIWS|
TzZN 1916
1916 Lo

. Corners referring to ome tawnslnp only are to be marked w1th
ie'Alwnslnp, range and section in. the particular quadrant which is
ed; also (as far as known-at the time) the township, range
section upon the opposite part; as for example: :

TN REW: . T 23N o T | TN
sk v TEwRew G Ta4NsR43E

o 1916 1916
55485°—19—16
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285. Standard section corners are to be marked “S C” and
township and range on the north half, and the sections in the prc
quadrants; as for example:

sC

T25N | RI7E
$35]|536
1916

268, Closing section corners are to be marked *C C” and
township and range on the half from which the closing line approa
the monument, and the sections in the proper quadrants; als
far as known at the time) the township, range and section, or
initials or abbreviation of the State, reservation, grant or pri
claim, upon which the section line closes, with the exception
in the case of an interior closing section corner, the township
range numbers will not be repeated; as for example:

T25N RI7E TRA48 TI4N
S35 . "526)S25
52[s1 thulnsw si6
T24N|RI7E cc
c : :
916 e 916

267. Corners common to four sections are to be marked: (4)
an exterior, with the township (or range) common to -the adjol
townships, the ranges (or townships) upon the opposite sidesf
exterior, and the sections; and (b) a subdivisional corner, with
township, range and sections; all appropriately set forth as foll

T25N T26N RITE ' T25N RI
RI7E|RISE 535|s536 s23|s2
s2]si S26|52%
: T25N 1916
1916

1916

288, Section corners common to two sections only are to be ma
withthetownahlpandmngeonthehalffacmgthesechomw'l
the corner belongs, and the sections in the proper quadrants;:
(as far as known at the time) the township, range and section U
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pposite half, except that in the case of an interior corner, the
ship and range numbers will not be repeated; as for example:

4S | TI4S . T2IN|RITW TI4S |R20W

snz' ssllsaz snolsu'
RIBE

so| e

17€ .

T26N RI7TW S14
s7 " S6 1916
1916 1916 ,

B. Section corners referring to one section only are to be marked
the township, range and section in the particular quadrant
h is concerned; also (if known at the time) the section upon
pposite part; as for example: B '

S0 T 27N s28

aN ‘RIEW TEIN

w . sn RE3W

516 $20 S$34
1916 1916 1916

0. Standard quarter-section corners are to be marked “S C }”
he section, all on the north half; as for example:.

s¢
$s36
1916

1. Quarter-section corners of maximum control are to be marked
n a meridional line, “}” on the north, and the sections on the
and west halves; and, (b) on a latitudinal line, ‘‘}” on the
.and the sections on the north and south halves; as for example:

¢
s13|sie ' 3 L
528
1916 1916

2. Quarter-section corners of minimum control are to be marked
and the section, all on the half toward the particular section
h is concerned; as for example:

sie
isie is7?
sS4 1916
1916 1916

>~
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278. Meander corners are to be marked “M C” on the half to
the meanderable body of water, and the additional marks (a),
standard parallel or other line controlling surveys to one side |
with the township, range and section toward the surveyed
(b) on an exterior, with the township (or range) common ti
adjoining townships, the ranges (or townships) upon the o W}
gides of the exterior, and the sections; and, (c) on a subdi
line, with the township, range and sections; all sppropmte]
forth as follows:

T25N ‘
RI7E MC T24N

$33 Si13|s18 RITE|R!

mc : RI7E | RIBE s13 51
. T24N ‘
1916 1916 iglcsl
T23N ‘

P MC

MC 3 RITW 526[s

|

¥ 22N T25N ‘n

1916 1916

274, The interior quarter-section and all sizteenth-section cor
when required by the written special instructions, are to be ma
in accordance with the scheme shown in the following diagram
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5. Sixteenth-section corners of minimum control are to be marked

a key letter (N, E, 8 or W), to indicate the position of the
ment, and ‘“y” and the section, all on the half toward the
cular section which is concerned; as for example:

!

1'
n

£

Key

S
53
1916
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276. Special meander corners are to be marked in accordance v
the following scheme:

Key letters (N, E, S, W or C) will be used in pairs to indi
the position of the subdivision - of - section line. |

I—-W—C—l

[—-UD——G—-Z

|—u—ﬂ-—z —I

w—C—¢t
Key
The marks “S M € will be placed on-the half toward the m
derable body of water, and the section on the oppomte half, as
example:

sSMmC SMC . 4
w . (4

s|x

. i |

w (4 SMC

1916 : 1916 1916

" s smc/s sMc/s
N N , [ c . : s

30/sMC 30 30

1916 . 1916 1916

277. Auziliary meander corners will be marked “A M C” and
township, range and section; as for example:
AMC
T64N RITW
S29

278. Closing subdivision - of - section corners are to be marked
accordance with the following scheme:

Key letters (N, E, 8, W or C) will be used in palrs to indic
the position of the subdlvmon of - section line.

rw-—. c—:—l
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marks ““C C” and the section will be placed on the half from
the closing line approaches the monument.
s marks “B I R” indicate ‘Blackfeet Indian Reservation. ”)

PL PL/ccC
< ¢ szac
——
cc|szs :

28 BIR
- 1916
: . BIR
: 1816
PL fec PL/cC
> “szs " 5/_52 s
28 - !eir : ale

1916 1916
. . , .
. Markings for miscellaneous angle points along irregular
aries: )
T27R For “‘angle point No.4” on the
s13 ;:’: boundary of the ““Blackfeet In-
RITW dian Reservation,” falling on
1916 surveyed land. -

For “‘angle point” on the south

AP
Ti2s rRgow Poundary of section 33, super-
$33 seding an old standard corner on .
1916 a defective line, not subject to
) rectification.
TIENR7E For ‘“angle point No. 2” on

AP 2 the boundary of a private claim -
S4 |1Ra7  (“Tract No. 37 ") falling on sur-
1916 veyed land,

For “‘angle point No. 12” on o
areestablished meander line; tha = * -
marks ““A P” and the serial i
number will be placed on the
half toward the land omitted

‘- from the original survey. - '
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280. Markings for intermediate corners along irregular bounds
139 M For “139th mile corner” on
N MEX the boundary line between the
TeExas States of “New Mexico and
1916  Texas.”

BIR For "‘Sd ‘mile corner” on the

pL boundary of the ‘‘Blackfeet In-

M dian Reservation,” falling on
1916 unsurveyed land.

T25N For “13th mile corner” on the
BIR\ pi7w boundary of the “Blackfeet In-
I3M\ s25 dian- Reservation,” falling on
1916. . surveyed land.

MARKS ON STONE MONUMENTS.

281. Where a stone monument is established the Ietters, fig
and grooves will be cut on the exposed faces.orsides of the s
but not on its top ot end; the notches will be cut upon the exj
vertical edges. Grboves are employed where the faces of a |
are oriented to the cardinal directions, and notches where the ve!
edges are turned to the cardinal points. All mavks will be |
from 1 to 1% inches in size, andmllbeplsin!yandpermsm
chiseled into the stone.

282. Standard tounship corners (oriented with the faces
cardinal directions) are to be marked ‘S C” on the north face,
the township on the same face, and the ranges on the ad;omms‘
as for example: |

.‘SC25NonN.‘, o
: 18 E “ E, and ‘
17 E “ W. face.

288. Closing township corners (oriented with the faces
cardinal directions) are to be marked ‘“C C” and with six (or
grooves on the face from which the cloging line ‘app
monument—the grogves to indicate the mormal number of
(or fractional parts) from the monument to the adjoining to

w
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mer—with the towaship (or range) on the same face, and the
nges (or townshipe) on the adjoining faces; also the initials or
breviation of the State, reservation, grant or private claim, on
e face toward such irregular tract as may be closed upon; as for
ample: : :
20NonN,,
COlZOWnngroovea(onhnebetweensecﬁons
b and 32) on E.,

19N on8, and
UTAH * W. face.

Corners common to four tounships (oriented with the edges to
 cardinal points) are to be marked with the townships pn the
and southweat faces, and the ranges on the southeapt and

est faces; as for example:

23 N on NE,,

18 E “ SE., .
} 2N “ 8W.,and
I 17 E ¢ NW. face.
t

I85. -Comers common to two townships only (oriented with the
s to the cardinal directions) are to be marked with the town-
ip (or range) common to both-on the face toward the townekips,
ithera.naep(ortowmhxps)onthead;ommghoes, uforaxsmple

3 Non N,
2N “ 8, and ‘
7W“Wface'

286 Corners fefemng ‘to one -townsitp only (ariented with. the
s to the cardinad points) are to bie miarked with the township
d range on thomcewwand thopamculnwwnship,abfor
mmp)e.
- 23N7WonNWfacb v
287, Standerd mtm oomm (amnted mth the faces to the car-
nal directions) are to be.marked ‘S C”: on the north face, and
ith from one to five grooves on the east and, west faces, the grooves

Coa e



242 MANUAL OF SURVEYING INSTRUCTIONS.

toindicate, respectively, the number of miles from the monumen
the adjoining (regular) township corner; as for example:
' S8ConN,,
1 groove on E., and
5 grooves on W. face (standard corner of ¢
tions 35 and 36).
888, Closing section corners (oriented with the faces to the cardi
directions) are to-be marked ““C C” and with from one to six groo
on the face from which the closing line approaches the monume
and from one to five grooves on each of the adjoining faces—
grooves to indicate the number of miles (or fractional parts) fr
the monument to each of the three (regular) township bound:
lines in the same directions, respectively—also the initials
abbrevistion of the State, reservation, grant or private claim,
the face toward such irregular tract as may be closed upon; as
example:
2 grooveson E.,
CCand6 . “ “ 8,and
4 * “ W.face (on line between
' tions 2 and 3 clos
on a standard P
, : allel).
289. -Corners common to four sections (oriented with the
the cardinal points) are to be marked (a) on an exterior, with
one to five notches each on two opposite edges, north and south ot
meridional line, and east and west on a latitudinal line, esch}
indicate, respectively, the number of miles from the monument
the adjoining (regular) township corner; and (b) a subdivisio!
corner, with from one to five notches on the east and south edg
each to indicate, respectively, the number of miles from the mof
ment to the (vegular) east and south township boundary lines; ¢
subdivisional section corners of a fractional township will be
with reference to the theoretical position-of normal east and
boundaries, whether surveyed or not; as for example:
- -2 notches on N. and 4 notches on 8. edge (for corner of #
tions 7, 12, 13 &nd 18 on'a range line).
- 2mnotches on E. and 4 notches on W. edge (for corner of 2
tions 2, 3, 84 and 35 on a township line).
2 notches on E. and 4 notches on 8. edge (for corner of &
tions 10, 11, 14 and 15 of a subdivisional survey).
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. Section corners common to two sections only.(oriented with
tdges to the cardinal points) are to be marked with the sectionson
toward the particular sections to which. the corner belongs

B12 ‘¢ N'W. face (for corner of sections 12 and 13 on the east

boundary of a township).

11 on NE., and -

§10 ‘“ N'W. face (for corner of sections 10 and 11 of a subdivi-
sional survey running north from the mon-
ument).

Section corners referring to one section only (oriented with

dges to the cardinal points) are to be marked with the section

e face toward the particular section which is concerned; as for

8 17 on NW. face (for southeast corner of sectioh 17).

: Standard quarter-section corners (oriented with the faces to
g al directions) are to be marked ““S C }” on the north face.
Quarter-section corners of mazimum control (oriented with the
o the cardinal directions) are to be marked (a) on a meridional
“1” on the west face; and (b) on a lat:tudma] line, ‘1" on the
face.
‘Quarter-section corners of minimum control (onented with the
1o the cardinal directions) are to be marked ‘“}” and thé sec-
sll on the face toward the particular section which is con-
od; as for example:
S 4 on 8. face (for quarter-section corner on the north boundary
. of section 4).

Meander corners (oriented with the faces to the cardinal
) are to be marked “M C” on the face toward the mean-
ble body of water, and with from one to six grooves on each of
pther faces, each to indicate the number of miles (or fractional
i8) from the monument to the (regular) township boundary lme
he same direction, respectively; ds for example:

MConN,,
6 grooves *“ E.,
4 ¢ “ 8., and
8 ¢ ‘ W face (for meander corner of fractional sections

13 and 18, on the south sideof a meander-
able body of water). P
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296. Special and auziliary meander corners (oriented with the|
to the cardinal directions) are to be marked “S M C” or “A N
as the case may be, on the face toward the meanderable bo
water, and the section on the oppoeite face; as for example:

SMConN, and

819 ‘8. face (for special meander corner on a merid
subdivision-of-section line in sectiol
on the south side of a mea.nderable
of water).

820 onE., and |

AMC ““ W. face (for auxiliary meander corner in secti
on the east side of a meanderable b:l
water). !

MARKS ON TREE MONUMENTS." ‘

297. Where the true point for a corner is found to fall in the
tion oceupied by asound living tree, which is too large to be rem¢
the tree will be made the monument. A tree will be remov
is too small to be marked, and & witness corner will be establ
in preference to marking an unsound tree, if the latter can n1
removed.

298. The species of the tree and its diameter, breast helght
be noted, where a tree is to be made a monument, and the 8
priate marks will be made upon the trunk of the tree immedi
above the root crown. A series of marks to be made upon  p
lar side of a tree will be scribed in a vertical line reading down

299. In the case of certain trees, including the aspen, beecﬁ
locust (smooth, thin and permanently barked from sapling to
turity), the marks may be made preferably by scribing well mtJ
bark and cambium (or live wood tissue) without blazing; the &
thus made will remain and be visible as long as the tree is
on the other hand, in the case of practically all rough barked
the marks should be scribed into a smooth, narrow, vertical b
specially prepared by removing just enough of the outer gro
expose a flat surface of the live wood tissue immediately
neath the bark; the marks thus made will remain as long as the
issound, but the blaze and marks will be covered by a gradual «1
growth, showmg an outward scar for many years. In regions
ject to heavy snowfall it is desirable to make a small addit
blaze at a height of 6 or 8 feet above the ground, which will &
to attract attention to the tree during the winter season. The ¢
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blazes should be smoothed off gradually without making a
cut into the cambium. The lower end of the blaze upon
fich the marks are placed should be about 6 inches above the root
wn, and its length should be just sufficient to take the marks.
The practice relating to the manner of marking trees, a8 above
flined, is designed to cause the least possible injury to the tree,
enabling a rapid ovelgrowth also, to place the marks in a position
pre they will remain on the stump if the trunk shouid be re-
wed. Various practices have obtained in the past in different
plities, some of which are objectionable by causing unnecessary
toa tree, or on account of the marks being placed in a position
there is danger of their removal with the trunk in case the
is cut down.
. The above theory apphes equallv to the marking of bearing
and the surveyor is advised, when making retracements, re-
ys, etc., not to remove the overgrowth on a tree monument or
ging tree unless it is absolutely necessary to do so in order to
ify positively the particular tree. In the case of trees which
been blazed before marking, the number of rings contained in
ergrowth (or its equivalent on the adjoining section of the
will furnish an exact count of the number of years (one annual
§ for each growing seasom) from the date of original marking to
te when uncovered. After an old blaze has been uncovered,
itions are favorable for the decaying process to set in, and the
pyor should adopt additional means to evidence the position
corxner.
P1. Standard wwmlup corners are to be marked 8 C” and the
mehip on the north side, and the ranges and sections on the east
kwest sidee; as for example:

] 8CT25N onN,,
: RI18ES3I ¢“ E, and
b R17 E S 38 “ W.side.

ip (or range) on the side from which the closing line ap-
the monument, and the rangee (or townships) and sections
the adjoining sidee; also the initials or abbreviation of the State,
prvation, grant or private claim, on the side toward any irregular
ct which may be closed upon; as for example:
R1BES6onE,
CCT24N ¢ 8., and .
R17ES1 “ W, side. ’

&C(odng tounship corners are to be marked *“C C” and the
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808. Corners common to four townships are to be marked with 1
township and section on the northeast and southwest sides, and 1
range and section on the southeast and northwest gides; as for
ample:

T 23N S3l1on NE,,
RI1SBES 6 ¢« SE,,
T22NS 1 ¢ SW,, and
R17E S 386 ¢ NW, side.

804. Corners common.to two townships only are to be marked y
the township, range and aactmnonthe sides toward thepanm
townslnpa, a8 for example:

T2NR7WS8 1on8W,, and
T3INR7WS36 “ NW. side. '

805. Corners referring to one township only are to be marked w
the township, range, and section on the side toward the partic‘
township which is concerned; as for example: !

) T23 NR7 WS 36 on NW. side. _

'808. Standard section corners are to be marked “S C” and
township and range on the north side, and the sections on thei
md west gidee; as for example: , {

SOT2NR17Eon N, 1

886 ‘“E., and {
|

{

83 W». side.

807. Closing section corners are to be marked “C C” and
township and range on the side from which the closing line approat
the monument, and the sections on the adjoining sides; also!
initials or abbreviation of the State, reservation, grant or pri¥
claim on the side toward any irregular tract which may be clo
upon; as for example: i

81 onE,,
OC'I,‘24NR17E“S and ‘
82 * W.side.

808. Corners common to Jfour sections are to be marked (2) on
exterior, with the township (or townships), ranges (or range) !
sections; and (b) a subdivisional corner, with the township,
and section; all appropriately set forth as follows:

T2 N8 7onNE,, 1

R18ES18 “ SE.,

R17ESI3 “ 8W., and 1
812 ¢ NW. side,
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) T 26 N S 36 on NE.,
] R17ES 1 “ 8E., :
T25N8 2 “ 8W., and

835 “ NW. side.

T 25 N8 24 on NE.,

R17ES2 “ 8E.,
826 “ SW., and
823 “ NW. side.

. Section corners common lo two sections only are to be marked
the township and section and the range and section on the
toward the particular sections to which the corner belongs;

example
T148811 on NE,, and

R 20 W 810 ¢ NW. side.
0. Section corners referring to one section only are to be marked
the township, range and section on the side toward the par-
section which is concerned; as for example:

T 27 NR 16 W 8 17 on NW. side.

1. Standard quarter-section corners are to be marked “S C }”
the section, all on the north side; as for example:
8 C 1836 on N. side.
. Quarter-section corners of mazimum control are to be marked
on a meridional line, ““4” and the section on the west side, and
section on the east side; and () on a latitudinal line, “}” and
section on the north side, and the section on the south side; as
xample: ‘ '
i S18on E., and
] : 1813 “ W.side.
4821 on N., and
828 ¢« 8. side.

}18. Quarter-section corners of minimum control are to be marked
" and the section, all on the side toward the particular section
ich is concerned; as for example:

18 7 on E. side (for quarter-section corner on the west boundary
' of section 7).
}14. Meander corners are to be marked ‘‘M C” on the side toward
» meanderable body of water, and the additional marks (a) on a
odard parallel or other line controlling surveys to one side only,
th the township, range and section on the side toward the syp-
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veyed land; (b) on an exterior, with the township (or range) con

to the adjoining townships on the side opposite the meande

body of water, and the ranges (or townships) and the sectio

the adjoining sides; and, (c)-on a subdivisional line, with the {

ship and range on the sgide apposite the meanderable body of v
and the sections on the adjoining mides; as for example:

M Con E., 'and

T 25 N R 17 E 8 83 “ NW: side (for meander corner

< standard parallel, ¢

west side of & mea

able body of water)

T 24N on N,, |
RI18ES18 “ E, ‘
MC “ 8§, and ‘ ‘

R17E 813 “ W. side (for mea.nder corner on @ rang
on the north gide of a meand
~ body of water). 1
T23 NS3onN, ) )
MC “EB,- / : ‘
T22NS 2“8.,md S t
RI7TW “ W, e(iormeunderoomeronatowJ
.line, on the west side of a#

derable body of water).
: |
|
1

. . s23 N,
TBNRIE “ E,
82 “ 8, and

\
‘M C ¥ W side (for meander corner on &
. tudinal section line,
-east. side of a meandq
_body of water). ‘
on N '
[ E ‘
" T4NR “ S, and' '
e “ W. side (iormeandércomeronam i
section line, on the south i
- a meanderable body of wal
815. Speaal and auanlwry meandér corners are to be m
“S M C” or “A' M C”;as the case may be, on -the side to
-meanderable bedy of. water and: the section ‘on' t.he oppollw‘

as ior example e

mwmg
oogeoo
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MOonE,and

4 W, side (for specisl meandet corner on & lautudmal
subdivision-of-section line in section 14,
on the west gide of a meandemble body

of water).

M C on N, and

9 “ 8. gide (for auxiliary mesnder corner in sechon 9,
on the south side of a meanderable body
of water).

CORNER ACCESSORIES. Sy

+ The purpose of a corner accessory is to evidence the position
original monument. A connection is made from the monu-
to fixed matural or artificial objects in its immediate vicim'ty,
by the former may be relocated from the latter, thus in the
of the destruction or removal of the corner monument, its
1 pomuon may be identified as long as any part of the acces-
remains in evidence. The accessories consist of three general
, one or more of which are to be employed at each and every
established in the public-land surveys, preference being
to the same in the order of their permanency conditional
he character of the ground in the locality of the monument,
ows:
) Bearing trees, or other natural ob]ects such as notable cliffs
nlders; permanent improvements; and memorials; (b) mound
e; and (c) pits.
. The surveyor can not perform any more important service
mection with his official duties than to employ whatever
may be necessary permanently and accurately to evidence
ation of the legal corners established in his survey, and where
ual accessories, or combinations of the same, can not be ems«
|, such- other means should be adopted as will best serve the
e :
, The accessories for witness corners will be the same as though
mer were established at its true point, but the marks upon
aring trees or other objects will be preceded by the letters
" and the section number will be made to agree with the
1in which the tree or object actually stands.
55465°—19——17 '
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BEARING TREES, BEARING OBJECTS, AND MEMORIALS,

-819. Bearing trees, or other natural objects, are to be sel
for marking when the same are available within a distance
chains of the corner monument, and where the regular quota,
inafter described, is not available, one tree or object will be m
in each section affording such accessory. A full description
tree or object will be embodied in the field notes as a parto
record of the corner monument. One tree, or object, will be
in each section cornering at the monument, when available, an
true course and horizontal distance from the exact corner
the center vertical axis of the tree at its root crown, or to the
(X) upon a marked object, will be carefully determined
recorded with the description of the tree, or object, and its
The species of a tree and its diameter, at breast height, wi
recorded; and, in the case of a cliff or bowlder, the descripti
embrace such essential details as may be necessary to servei
ready identification.

320. The marks upon a bearing tree will be made upon th
facing the corner and will be scribed in the manner already ou
for marking tree corner monuments. The marks will embrac
information suggested in the schedule hereinafter given, with
letters and figures as may be appropriate for a particular corne!
will include the letters ‘B T”; a tree will always be marked to
with the section in which it stands, and will be marked in & v
line reading downward, ending in the letters “B T” at the
end of the blaze approximately 6 inches above the root cro

821. There is a great difference in the longevity of trees,
theirrate of decay, etc.; trees should therefore be selected, if
with a view to the length of their probable life, their soun
favorable site conditions and size. Sound trees from 6 to 8 1i
in diameter, of the most hardy species, favorably located, are
preferred for marking. Trees less than 4 inches in diamete
not be selected for marking if larger trees are available,
generally better to avoid marking fully matured trees, ape(J
those showing signs of decay. Trees less than 4 inches in
if no better trees are available, will be marked with thd::g
“B T” only. The species, size and exact position of the
trees are of vital importance, as this data will generally serv
identify a bearing tree without uncovering the marks, or eve
identify two or more stumps after all evidence of the marks

disappeared.
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22, Generally only one tree will be marked in-eaeh section at
wticular corner, but in certain instances, hereinafter described,
trees are required in a section. In such cases it is better to
ot trees of different epecies, or of widely different size, direction
istance, if the trees are of the same species, in order that confusion
‘beavoided in the future identification of a remaining tree where
companion tree has disappeared.
'8. A croes (X) and the letters ‘B O” and the section number
be chiseled intp a bearing object, if it is of rock formation,
the record should be such as to enable another surveyor to’
mine where the marks will be found.
4. A connection to any permanent artificial object or improve-
t may be included in this general class of corner accessories.
field notes should be explicit in describing such objects, and
Id indicate the exact point to which a connection is made, as
thwest corner of foundation of Smith’s house,” ‘‘center of
h’s well,”” ““pipe of Smith’s windmill,” etc. No marks will be
» upon private property.
5. In every case whereit is impossible to make a single connec-
to a bearing tree or other bearing object, as above described,
where a mound of stone or pits are impracticable, a suitable
orial will be deposited at the base of the monument. A memo-
nay consist of any durable article which will serve to identify
ocation of the corner in case the monument is destroyed. Such
les as glassware, stoneware, & marked (X) stone, a charred
s, & quart of charcoal, or pieces of metal will constitute a suit-
memorial. A full description of such articles will be emhodied
e field notes wherever they are employed as a corner accessory.
' MOUND OF STONE.

8. Where native stone is available and the surface of the
1d is favorable, a mound of stone will be employed as an ac-
ry to & corner monument, provided that a full quota of trees or
t bearing objects can not be utilized. A mound of stone erected-
corner accessory will be built as stably as pessible, will consist
ot fewer than five stones, and will be not less than 2 feet
and 14 feet high. In stony ground the size of the mound will
ufficiently increased to make it conspicuous. The position of
mound will be as shown in the schedule hereinafter stated, and
aearest point on its base will be separated about 6 inches distant
. the monument. The field notes will show the size and posi-
of the mound.
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827. Where it is necessary to support a monument in a
mound, no additional mound will be employed as an accessory;
if bearing trees or other objects are not available, a marked
stone or other memorial will be deposited at the base of the m%
ment.

PITS. .

828. Where the full quota of trees or other bearing objects
unavailable for marking, the position of the monument will,
certain favorable conditions, be evidenced by pits. No pits
be dug in a roadway, or where the ground is overflowed for any
siderable period, or upon steep slopes, or where the earth will
or in a loose or light soil, or where there is no native sod, or
suitable stone for a mound is at hand.

A firm soil covered with a healthy native sod is most fa
for & permanent pit. Under such conditions the pits will grad
£ill with a material slightly different from the original soil, and
species of vegetation will generally take the place of the

: these characteristics, under favorable conditioms,
possible to identify the original location of the pits after the
of many years. ' '

829, All pits will be dug 18 inches square and 12 inches d
with the nearest side 3 feet' distant from the corner m
oriented with a square side (and not a corner) towards the
ment, arranged as shown in the schedule hereinafter given;
earth removed will be scattered in such a way that it will not
fill the pits. A description of the pits will be embodied in
field notes, and will include, in evety instance, a statement of
size and position; this is particularly important in view of
fact that the practice herein outlined differs materially (in the inl
est of simplicity) from that set forth in earlier editions of the M;

ARRANGEMENT AND MARKING OF CORNER ACCESSORIES.

880. Standard tounship corners.
Standard section corners. .
Two bearing trees, one in each section north of the
parallel, each marked “SC” and the township, range and section
T25NRISES31SCBT.
Mound of stone, north of corner,
* Three pits, one each on line north, east and west.
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B1. Closing towmship corners.

Closing section corners.
'wo bearing trees, one in each section to the right and left of the
ing line, each marked “C C” and the township, range and
tion; as

T24NRI1SES6CCBT.
lound of stome, on the closing line.
bree pits, one on the closing line and one each to the right and
on the line closed upon.
2. Corners common to four townships.
pur bearing trees, one in each section, each marked with the
mhip, range and section; as
T2NR17TES1BT.

bund of stone, south of corner, .
wr pits, one each on line north, east, south and west.
Corners common to two townships only. .
wo bearing trees, one in each section cornering at the monument,’
imarked with the township, range and section; as

| T2NR7WS1BT.

d of stone, on the line between the two townships cornering
monument. )

pits, one ‘each’ on the three lines connecting at the
mment.
WU. Corners referring to one township only.
¥o bearing trees, both in the township cornering at the monument,
nnaxked with the township, range and section; as

T23NR19WS36BT.

ound of stone, in the township cornering at the monument, at
from cardinal direction at the monument.
pits, one each on the two lines connecting at the monument.
85. Corners common to Jour sections.
wr bearing trees, one in each section, each marked with the
uhip, range and sectiorn; as '
T26NR17ES885BT.

ound of btone, west of corner.

our pits, one in each section northeast, southeast, southwest and

lhwest.

88. Section corners common to two sections only.

%o bearing trees, one in each section cornering at the monument,

hmarked with the tewnship, range and section; as
T4SR17ES12BT.
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Mound of stone, on the line between the two sections cornerir
the monument.

Two pits, one in each section at 45° from cardinal direction ai
monument.

" 887. Section corners referring to one section only.

Two bearing trees, both in the section cornering at the monum
each marked with the township, range and section; as.

T27NR16WS17BT.

Mound of stone, in the section cornering at the monument, at
from cardinal direction at the monument.

Two pits, one 3 feet and one 6 feet distant, both in the section
nering at the monument, at 45° from cardinal direction at the m:
ment.

888. Standard quarter-section corners.

Two bearing trees, both north of the standard parallel, each ma
““1” and “‘S C” and the section; as

$S36SCBT.

Mound of stone, north of corner.

Two pits, one each on line east and west.

8839. Quarter-section corners of maximum controc.

Two bearing trees, one in each section, each marked ‘‘}’’ and
section; as

}816BT. )

Mound of stone: (a) On a meridional line, west of cormer; :
(b) on a latitudinal line, north of carner.

Two pits, one in each direction on the line passing through
monument.

840. Quarter-section corners of minimum control.

Two bearing trees, both in the particular section which is
cerned, each marked ‘}” and the section; as

v $18S7BT.

Mound of stone, in the particular section which is concerned,
cardinal direction from the monument.

Two pits, one in each direction on the line passing through
monument.

841. Meander corners.

Two bearing trees: (a) On a standard pamllel or other line *
trolling surveys to one side only, both in the particular sec
which is concerned: and () on all other lines, one in each seq
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he right and left of the line; all mked “M C* and with the
nship, range and section; as -
T2NRMESS2MOBT.

ound of stone, on the surveyed line on'the opposite side of the
wument from the meanderable body of water. :
wo pits, one 3 feet and one 6 feet distant, on the surveyed line
he opposite side of the monument from the meanderable body
rater.
12, The interior quarter-section and all mteenth—sectwn corners,
n required by the written special instructions.
vo bearing trees, marked (with letters and figures ending in

T”) a8 shown in the following diagram: -
ound of stone, in a cardinal direction from the: monument a8
m (wath aymbol “ & ") in the following diagram:
vo pits, in a cardinal direction from the monument, 88 shown
1 symbol ““0"),in the following diagram: -
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843, Sixteenth-section corners of minimum control. : |

Two bearing trees, both in the particular section which is ¢
cerned, each marked with a key letter (N, E, 8 or W) to indic
the position of the monument, and “f%’’ and the section; as

\ £,

NA4SI8BT

S

I

Key

0 I

|
|
|
\
|
|
Mound of stone, in the particular section which i is concemedl
a cardinal direction from the monument. 1
Two pits, one in each direction on the secnon'lme passing throJ
the monument.
844, Special and auriliary neander corners. = !
Two bearing trees, each marked “S M C” or “A M C,” as the c
may be, and the section; as i
S14SMCBT,or |
S14AMCBT.

Mound of stone, on the opposite mde of the monument fmm 1
meanderable body of water. |

Two pits, one 3 feet and one 6 feet distant, on the opposite sidq
the monument from the meanderable body of water.

845. Closing subdwwmt-of-sectwn corners.

Two bearing ‘trées, both in the particular section which is q
cerned, each marked “C C’’ and the section; as

S9CCBT.

Mound of stone, on the closing line.

Three pits, one on the closing line and one each to the right a
left on the line clesed upon.

846, Miscellaneous angle points along irreqular boundaries.

(a) Two bearing trees, where the monuments are less than 1 m|
apart, one on each side of the boundary; and (b) four bearing tre(
where the monuments are 1 mile or more apart, two on each side
the boundary; each marked ‘“A P’ and s serial or section numbe

e
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oth, also the initials or abbreviation of the State, reservation,
&, private claim or public land, as appropriate; as
AP2TR37BT,and
APS14BT (for ‘‘angle point No. 2"’ on the boundary
of a private claim “Tract No. 37" fall-
ing on surveyed land).
sund of stone, on the medial line between the boundary lines
mecting at the monument, and in the direction toward the S:ate,
wation, grant or private claim.
Io pits, one in each direction on the lines intersecting st the
t.
. Intermediate corners along srregular boundaries.
Two bearing trees, where the monuments are less than 1 mile
one on each side of the boundary; and (b) four bearing trees,
the monuments are 1 mile or more apart, two on each side of
;s each marked with the number of the mile or half-
corner and the letter “M” (to indicate ‘‘mile corner’), and
initials or abbreviation of the State, reservation, grant, private
or public land, as appropriate; as
M COLO BT, and
M OKLA BT (for “‘47th mile” corner on the boundary
line between the States of ‘Colorado”
and ‘“Oklahoma”).
Lmd of stone, on a line at right angles to the boundary, and in
ﬁon toward the State, reservation, grant or private claim.
pits, one in each direction on the boundary.

N






. CHAPTER V.
RESTORATION OF LOST CORNERS.
IDENTIFICATION OF EXISTENT CORNERS.

8. It is the purpose of this chapter of the Manual to outline
guiding principles:which are to be observed in the identification
existent corners, and thereafter to set forth the particular rules
are to be apphed in the recovery of the position of lost corners
inally established in the execution of ‘the Umted States rec-
lar surveys. ’
surveyors, whether employed by the United States or not,
cautioned to note the differénce between the regulations per-
ing to the establishment of the original surveys of the public
and those relating to the subsequent identification of said
ial surveys and the replacement of missing monuments thereof.
the extension of the rectangular surveys it devolves upon the
ited States surveyor to identify the initial lines of his group and
replace all lost corners thereof. On the other hand in the sub-
ion of sections and in the location of property lines generally,
falls to the county or other local surveyor to identify the official
ers, and where 4 required corner is missing the local surveyor
be called upon to recover the point. Thus it will be seen that
1 as well as United States surveyors are constantly called upon
search for existing evidence of original monuments, and in this
brk the surveyors will be guided by the same general methods.
Lould the search for & monument result in failure, the appropriate
rative surveying process to be observed by elther surveyor will
based upon the same rulés as hereinafter outlined. The text
it follows draws no distinction between the dutles of the two
asses of surveyors.
349, The terms ‘“corner” and ‘‘monuiment” are used largely in
1e same sense, though a distinction should be noted to clarify the
tbject matter of this chapter. The term ‘‘corner” is employed
1denote a point determined by the surveying process, whereas the
monument” is the physical structure erected for the purpose of
arking the corner point upon the earth’s surface.

259 ‘f‘
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860. An existent corner is one whose position can be identi
by comparing the evidence of the monument or its accessori
the ground, with the record contained in the field notes of
original survey, or where the point can be determined oth
by suitable testimony.

8561. The process of agam bringing to hght q:e,phyncal evide
of an original monument is founded on the principle of intellig
search for the calls of the field notes of the originsl survey, g
by the controlling influence of known points. The prob
incident to the search are vastly simplified whenever a retrace

monument should cover the zone surrounding one, two, threg
four temporary pomta as may be determined by eonnoctwna '
known corners in one, two, three or four directions, a
the number of pomte wlnch will ultimately control the relocs)
in case the corner in question should be declared lost.

852. The character of the original monument is the most imj
tant factor in regard to its lasting qualities, and the search sh
be directed to an examination for such evidence as may reasona
be expected to remain. The evidence is bound to range
that which is least conclusive to that which is unquestmnsble, ‘
the requisite support of corroborative evidence is mnecessary
direct proportion to the uncertainty of any feature regarding vl
authenticity there may be danger of dispute.

A stone, wooden post, tree corner, deposit corner, and, the mod
iron post monument are all subject to more or less deteriom
changes through various influences, depending upon the chs
of the original monument, its local site conditions, and the lnpse
time, and all such factors should be: taken into consideration wh
comparing the particular evidence in question with the descripti
contained in the original field notes.

8568. If the evidence of the monument is not fully concluswey )
surveyor s attention will be directed at once to the record scct
sories; this step is 8o generally necessary that it should be considers
simultaneously with the search for the monument; in fact, in the
broader significance the accessories are a part of the monument-

The underlying principles relating to the identification of
corner accessories, subject to the changes which may be expected
the period intervening after the date of the original survey, b
slready been fully outlined in Chapter IV, It will suffice to
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he evidence of the accessories should agree with the record
ined in the field notes of the original survey, subject only to
changes as may reasonably be expected.

. In case of material disagreement between the particular
nce in question and the record calls, the process of elimina-
of those features regarding which there may be doubt, after
1g due allowance for natural changes, will serve a most useful
e, a8 follows:

The character and dimensions of the monument in evidence
1 not be widely different from the record;

The markings in evidence should not be inconsistent with
cord; and,

The nature of the accessories in evidence, including size,
m and markings, should not be greatly at variance with the
L '

ertain measure of allowance for ordinary discrepancies should
into the consideration of the evidence of & monument and its
ories, and no definite rule can be laid down as to what shall be
ent evidence in such cases. Much must be left to the skill,
y and good judgment of the surveyor in the performance of
ork, ever bearing in mind the relation of one monument to
er, and the relation of all to the recorded natural objects and
of topography.

' A corner will not be considered as loet if its position can be
wred satisfactorily by means of the testimony and acts of wit-
1 having positive knowledge of the precise location of the
al monument. The expert testimony of surveyors who may
identified the original monument prior to its destruction and
1pon recorded new acceesories or connections, etc., is by far
nost reliable, though landowners are often able to furnish
ble testimony. The greatest care is neceesary in erder to
lish the bona fide character of the record intervening after the
wction of an original monument. Full inquiry may often
to bring to light various records relating to the original corners,
aemoranda of private markings, etc., and the surveyor should
use of all such sources of information. The matter of boundary
tes should be carefully looked into in 8o far as ad verse claimants
base their contentions upon evidence of the original survey,
{ such disputes bave resulted in a boundary suit, the record
wony and the court’s decision should be carefully axm'?,._
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relative to any information which may shed light upon the poe
of an original monument.

The testimony of individuals may relate to knowledge of the
inal monument or the accessories, prior to their destruction,
any other marks fixing the locus of the original survey, and the 1
of such testimony may be weighted in proportion to its comxplet
and agreement with the calls of the field notes of the original su
also upon the steps taken to preserve the location of the ori
marks. All such evidence should be put to the severest pos
tests by confirmation relating to. known original corners and
calls of the original field notes, particularly to line trees, bl
lines and items of topography.

It is impossible to outline a-definite rule for the acceptan
non-acceptance of the testimeny of individuals. Corroborative
dence becomes necessary in direct proportion to the uncertain:
the particular statements-advanced by the individual who test
It will be well for the surveyor io bear in mind that confli
statements and contrary views of interested parties are innt:ﬁ
boundary disputes.

856.. In those cases where witness corners were estabhahed i1
original survey, the true point for the corner will be controlle
such witness corner, when the latter can be identified, by refer
to the record in accordance with the general plan of the sur
The usual diligent search will be made for witaess corners, but w
the same can not be identified the pogition of the true point fo:
corner will usually be of major importance, rather than the g
for the witness corner, and in such instances the surveyor will
ceed directly to the re-determination of the true corner posif
adopting the particular methods which should govern the cas
hand. Should it-become necessary to restore a lost witness cq
the general principles hereinafter outlined will be observed.

..857. In the absence of an original monument, a line tree, or a |
nite connection to natural objects, or to improvements, which
be ‘identified, may each fix a point of the original survey
both: latitude and departure. The mean poeition of a blazed ]
when idéntified as the original line, may sometimes help to £
meridionabline for departure, or alatitudinal line for latitude. O
calls of the original field notesin relation to variousitemsof topo
phy may assist materially in the recovery of the locus of the orig
survey. Such evidence may be developed in an infinite vari
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sy be only such as to disprove other questionable features,
may guide the surveyor in a general way in arriving at the
liate vicinity of a line or corner, or in its best phases may be
as to fix the position of a line or corner beyond any doubt.
3. A certain measure of allowance should be made for ordinary
jpancies in the calls relating to items of topography. Such
mces should be considered more particularly in the aggregate,
vhen they are found to be corroborative an average may be
ed to control the final adjustment, which will be governed
y by the evidences nearest the particular corner in question,
3 the greatest weight to those features which agree most har-
»usly with the record, and to such items as afford definite con-
m. A careful analysis will generally reveal the merits of au-
ic evidences as opposed to unreliable features bearing re-
lance to the calls of the field notee, and in this matter the sur-
' will find an opportunity to exercise his skill to the fullest
ity.
). It is & matter of utmost importance to determine where an
ified call of the original field notes shall operate to control for
latitude and departure, or for either codrdinate by. itself, and
y 88 to the necessity for applying the rules for proportionate
wrement where the -distance between the identified points is
derable. .

RESTORATION OF LOST CORNERS.

0. A lost corner is a point of a survey whose position can not
stermined, beyond reasonable doubt, either from original traces
m other reliable evidence relating to the position of the original
ment, and whose restoration on the éarth’s surface can be
nplished only by mesans of a stitable surveying process with
snce to inter-dependent existent corners.

1. The surveyor is not prepared to consider the restoration of
t corner until he has exhausted every other means of identifying
riginal position, and at this stage of his work he should have
mined upon an approximate position of the original monument
1 upon his findings resulting from retracements leading from
m corners to the lost corner, from one, two, three or four direc-
1in accordance with the plan of the original survey. The prin-
s of proportionate measurement, which most nearly harmonizes
eying practice with the legal and equitable considerations
Ived in controversies concerning lost land boundaries, enters

-
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into the problem at this stage, and this plan of reloeating a |
corner will always be employed unless outweighed to the contr
by physical evidence of the original survey. In cases where !
relocated corner can not be made to harmonize with all the ¢
of the original field notes, due to unexplained dlscrepmc& wh
is made apparent by the retracement, the surveyor is required
determine which calls will be given major control, and those wh
must be subordinated.:

862. The preliminary retracements furnish the only posd
means of atriving at the discrepancies of the courses and distar
of the original survey as compated with those derived in the prog
of re-running the lines, and the whole problem of proportionate mi
urement is one involving the adjustment of said discrepancies. 1
restoration cf the lost cornérs can not proceed until the retracem
of the original survey has been completed: The retracement 1
be based upon the courses and distances returned in the field n(
of the original survey, or the equivalent by calculation, initis
and closed upon known original corners. Temporary stakes!
future use in the relocation of all lost cormers may be set w]
making the retracements.

868. As has been observed, existing ongma.l corners can noi
disturbed; consequently discrepancies between the new and !
original record measurements of the line connecting the identi
original corners will not in any manner affect measurements bey:
gaid corners, but the differences will be distributed proportions
within the several intervals embraced in the line in questlon |

864, A proportionate measurement is one resplting in eoncotd
relation between all parts of an original record length of a line §
the new diatances given to the several parts ag determined by
re-measurement, in such a manner that the new distance ngq
any part of a line shall bear the same relation to the original rec
length of that part of the line as the new measurement of the wh
linebeustotheongmslrecordlengthofmdhne The ordin
field problem consists. in. distributing. the excess or deficiel
determined by comparing the new messurement with the req
distance between two original existent monuments, in such a m
ner that the amount of excess or deficiency given to each inter
ghall bear the same proportion to the wholg difference as the rec
length of the interval bears to the whole record distance. Al
having applied the proportionate difference to the record length
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4 interval the sum of the adjusted lengths will equal the new
smrement of the whole distance.
}65. The term “single proportionate measurement’’ is applied
) new measurement made on a single line to determine the posi-
nthereon for restoring a lost corner, for example, a quarter-section
wr on line between two original section cormers. The term
tuble proportionate messurement’’ is employed to signify new
surements made between four original corners on intersecting
lidional and latitudinal lines for the purpose of fixing by relation
th ¥ines the position of & lost corner, for example, a corner
imon to four sections or four townships.
It will almost invariably happenthatdiampmmmllbe
between the new measurements and the original measure-
recorded in the field notes. When these differences occur the
or will gemerally be required to adopt a . proportionate
nt based upon a process conforming: to -the. methéd
bved in the original survey. The principle of the preponder-
9 of one line over another of less importance is recognized, in
to determine upon. the procedure relative to single or double
ionate measurement, or other rule to be sadopted in order
it the control and st the same time harmonize the restorative
tss with the method. followed in the original survey. ' Thus
Mard parallels will be glven precedence over other.township
triors, and the latter will be given precedence over subdivisional
irsec’aon corners will be relocated befomthopoumono!lost
rer-section corners can be detnrmmod

PBIMARY METHODS.
(a) DOUBLE PROPORTIONATE HEABW“EN’I‘

#7. Themethod of double proportionate measurementis generally
licable to the restoration of lost corners of four townships and of
/interior corners of four sections. It is the best example of the
{c principle that monuments north and south should control the
tudinal -position of a lost corner, and monuments east and’ west
nld control the longitudinal position of a lost corner, upon & plan
vhich- the influence of one identified original corner is balanced
the control of & corresponding original corner upon the opposite
8 of 8. particular nissing corner which is to be restored, each
atified original corner being given & controlling weight mvem!y
Iportional. te its: distance from the lost corner.

55485°—19——18 i
«
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868. In order to restore a lost corner of four townships whei
of the connecting lines have been established in the field, a ret
ment will first be made between the nearest identified ori
corners on the metidional line, north and south of the missing co
upon which line a temporary stake will be placed at the p:
proportionate distance. This will' determine the latitude of
lost corner. Next, the nearest original corners-an the latitudina
will be connected and a point thereon will be determined by
portionate measurement in a similar manner, independent o
temporary stake on the meridional line. The second: temp
point will determine the position of the lost corner in- depat
Then through the first temporary stake run a line east or west,
through the second temporary stake a line north or south, ‘as rel
situations may determine. ‘The intersection of the two lines las
will define the position of the restored corner: by ‘““‘double p!!
tionate measurement.’’

869. In the accompanying diagram the points “A,” “B,”
and “D” (on the small scale) represent four original corners;
(on the large scale) “E” represents the proportional point bet
“A” and ‘“B,”’ for measurement only, and similarly, ‘F” repre
the proportional point between ‘C” and “D.” The point '
satisfies the first control for latitude, and the second contro
d . : . |
870. The plan of double proportionate measurement wil
applied to-the restoration of lost corners of four townships whet
the lines therefrom have been run. Lost interior corners of
sections, where all the lines therefrom have been run, will als
reestablished by double proportionate  measurement, after
relocating the required lost section corners on the township exter
When a number of corners of four sections, and the interme
quarter-section corners, are missing on all sides of the one 80!
to be reestablished, the entire distance must; of course, b€
measured .hetween the nearest identified corners' both north.
south, and east and west; in accordance with the rule laid dow

871. Where one of the connecting linies has not been establil
in one direction from the missing township or. gection eorner,
record distance to the rearest identified corner in .the opp
direction will prevail in lieu of & proportional measurement. Tl
in the same diagram, if the latitudinal line in: the directiol
the point“D” had not been established in the original aurvey,
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position of the point “F” in departure would have been d
mined by reference to the record distance from the point *
whereupon the point X" would have been fixed by cardinal of
from the points “E” and “F” as before. Again, in rare instar
where the intersecting lines have been ongmally establishe
only two of the directions, the record distances to the nearest i
tified corners on the two lines will control the position of the 1
porary points from which the cardinal offsets are to be made

(b) SINGLE PBOPOB‘HONATE MEASUREMENT,

872. The method of single proportionate measurement is ge
ally applicable to the restoration of lost corners on standard para
and dther lines established with reference to definite alinemer
one direction only. Intermediate corners on townshlp extel
and other controlling boundary lines are to be included in this ¢

878. In order to restore a lost corner by single proportiol
measurement, a retracement will be made connecting the nes
identified regular corners upon the particular line in question,
record of which shows no deflection in alinement; & temporary sf
will be set on the preliminaty line at the original record dista:
the total distance will be measured, also the falling at the objec
corner. The temporary stake will then be adjusted for the :
portional part of the difference between the record distance |
the re-measurement, also for its proportional part of the falL‘;
Thus the adjusted position will fall on the true line connecting’
nearest identified corners, and at the same proportional intel
from either a8 existed in the original survey. Any number of
points, on the same straight line, may be recovered by the s
plan, setting a temporary corner for each at the time when-mak
the retracement. On the retracement of an east and west line,
proper adjustments to secure the true 'latitudinal curve should
allowed for as outlined in Chapter II.

874. Lost standard corners will be restored to their origi
positions on a base line, standard parallel or correction line,
single proportionate measurement on the line connecting the neal
identified original standard corners on opposite sides of the miss
corner or corners, as the case may be. The term “original stand:
corners” will be understood to designate standard township, sect
and quarter-section corners, meander corners terminating |
survey of a standard parallel, and closing corners in those ca
where they were originally established during the survey of
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wd parallel as corners from which. to project surveys to the
No other meander or closing corners along a standard par-
rill control the restoration of lost standard corners.
. All lost exterior section and quarter-section corners will be
W by single proportionate measurement between the nearest
fied corners on opposite sides of the missing corner, north and
on a meridional line, or east and west on a latitudinal line,
he township corners have been identified or relocated. An
tion to this rule will be noted in the case of any exterior the
of which shows irregularities in alinement between the ter-
township corners. (See sec. 380.)
. All lost interior quarter-section corners will be restored by
proportionate measurement between the adjoining section
3, after the section corners have been identified or relocated.
. Lost meander corners, originally established on & line pro-
acroes the meanderable body of water and marked upon the
te side thereof will be relocated by single proportionate
rement,. after the section or quarter-section corners upon the
te sides of the missing meander corner have been duly
fied or ‘relocated.

(c) CLOSING CORNERS,

« In order to reestablish a lost closing corner on a standard
¢l or other contrelling boundary, the line closed upon will be
»d, beginning at the corner on the standard parallel or other
].lmg boundary from which the connecting measurement was
ally mady, itself properly identified or relocated; a temporary
will be set at the original record connecting distance, and the
listance and falling will be noted at the next regular corner on
iposite side of the missing closing corner. The temporary stake
1en be adjusted as in single proportionate measurement, i. e.,
osing corner will be reestablished on the triie line closed upon
. proper proportional interval between the nearest regular cor-
o the right and left. An identified closing corner not actually
d in the line closed upon will determine the direction of the
g line, but not its legal terminus; the latter is bound to fall at
ue point of intersection of the two lines. The position of &
ed cloeing corner should be verified by a retracement of the
vhose terminus it was designed to mark. (See sec. 884.)
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SEOONDARY METHODS.

879. The following methods involve special applications of
general rules of proportionate measurement for adoption in unu
cases where the ordinary control can not be obtained. '

(d) BROKEN BOUNDARIES.
880. In order to restore one or more lost corners on a broke
irregular township exterior, or other controlling boundary, a retz

Closing error of
retracement

8

A Fig. 68.

ment will be initiated at the nearest identified original corner on
boundary, following out the record courses and distances, or |
equivalent by calculation, setting a temporary stake for each miay
corner or angle point, until the next identified original corner |
been attained, where a final temporary stake will be set at the rec(
distance of the last course of theretracement. The cloging error w
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be determined for course and distance from the last temporary
to the objective original corner, and ea¢ch temporary stake will
ifter be adjusted on the bearing of the cloging error, a propor-
amount of the length of the cloeing error equal to the propor-
| part of the distance of the temporary stake from ‘tlie initial
of the retracement, i. e., the particular distance to be measured
y temporary stake, on the bearing of the closing error, is to the
1 length of the closing error as-the.distance of the particular
wary stake.from.the initial original cormer is to the whole
1 of the retracement. Angle points and intermediate corners
e treated alike. - : .
. (€) ORIGINAL CONYROL.

l. Where a line has been terminated with reference to a meas-
mt in one direction only, a lost eorner will be restored by refer-
to the original record bearing and distance, counting from the
st regular corner, the latter having been duly identified or
ed. Examples will be found where lines have been discon-
d at the intersection with large meanderable bodies of
, or at the border of what was classed as impassable ground.

JEX CORRECTION FOR AVERAGE ERROR IN ALINEMENT AND MEASUREMENT.

.. In unusual cases- where a retracement-has been made of
+ miles of the original lines, between identified original corners,
there has been developed a definite surplus or deficiency in
urement, or & definite variation in- alinement, characterizing
riginal survey, it will be proper to make allowance for such
ige ‘‘index error.” Such adjustment will be taken care of
natically in all cases where.there exists a suitable basis for
srtional measurement, but in any case where such control is
ng, an index error, if conclusive, will be made use of by
ying the determined correction to the record courses and dis-
w, If there is not conclusive evidence of such index error the
d courses and distances will be allowed to prevail.

SPECTAL CABES.

8. Examples of special cases could be set forth almost indefi-
y, but without bringing out important new principles. In
1 respects the treatment of a large number of special examples
d serve to confuse the subject by seeming to warrant certain
adure a8 a genergl rule which in fact would not be proper were
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the conditions altered; the latter ocour in an imfinite wvarie
Ample provision has been made.for the: United States surveyer
call upon a supervising officer for advice in difficult cases, and wh
necessary the latter is in a position to direct the surveyor to proc
with additional retracements in order to develop any data wh
should be considered before a  decision is remdered:: - In .trials
boundary suite the court will generally consider many additio
questions besides those concerned in the technical problem, and
such instances an academic study of hypothetical examples mi
serve to cloud the real issue. It would be beyond:the purpoet
the Manual to invade the realm of non-technical: matter wk
attempting to lay down the general principles involved in
restoration of lost corners. . . 4

384. In all unusual mstances, where on a.ccount of m&mi
distortion, or through extensive obliteration reeulta.ng in gr
distances between existing corners, or otherwise, the evidence (
survey can'not be identified with sufficient certainty to enabl
suitable application of the various rules relating to the restorat
of lost corners, the surveyor is again advised to report the facts
the proper supervising officer. In the same connection, it is imy
tant that the surveyor should not be confused with the notion t
he is required, or has any authority, to revetrt to.the primeiy
relating to the establishment of original surveys as.an alternative
such cases. The methods incident to resurveys, as outlined in
next chapter, are designed to rectify unusual conditions which
widely at variance with the tepresentatiom of the ongmal apprm
plat and field notes.

(9) MISCELLANEDUS CONTBOL.

885. It will be apparent to the experienced surveyor that act
field conditions do not always furnish the basis for the applicat
of the rules heretofore set forth, and while developmg a congist|
theory to apply in unusual cases the surveyor will at-once note t|
the first considerstion relates to a more or less arbitrary limitatiox
the control to be adopted. No definite rule can be laid down, exc
that there should be the closest possible adherence to the basic exa
ples already given in the text. The methods heretofore outlin
readily harmonize surveying practice with legal decisions concerni
the restoration of lost corners. A strictly consistent mathemati
recovery of a lost corner, not based upon-any known legal decisi(
may be obtained by allowing every known corner within a reas(

HL
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adius to enter into the control, each original corner being given
ght inversely proportional to its distance from the missing
, and though the principle will lead to the same result in
cases as by the methods previously outlined, it will yield a
ydifferent result under other regular circumstances. For the
reason a miscellaneous control hased upon such mathematical
ple will not be adopted except as specifically approved by
'oper supervising officer after due consideration of the facts
ard to the applicability of the method in the absence of a
le basis for a regular control.

. Having thus safeguarded the apphcatlon of the followmg
d, the problem in the field will be developed by a series of re-
ients each beginning at an accepted corner, thence following
e record courses and distances, each retracement terminating
mporary stake in the vicinity of the objective lost corner.
take will be given a weight inversely proportional to the dis-
from the accepted corner to which it is related. The several
rary stakes will then be combined; the first two to be resolved
point on the line between them, dividing the whole distance
vo parts that will make the interval from either stake inversely
tional to the weights previously assigned, and the latter point
8 given their combined weights. The last point will then be
ited with the third temporary stake on a similar plan. Three
‘e original corners will thus exercise their influence upon the
ssultant position for the corner which is to be restored. The
will be the same no matter what the order of connecting the
rary stakes may be, but the omission of any element of the
1 or the introduction of an additional original corner will alter
18l position. The field of influence should accordingly be
«d with a view to obtaining a resultant balanced position which
t be materially changed by the introduction of other known
1of control.






CHAPTER VI.
RESURVEYS,
JURISDICTION.

$§7. Certain important considerations are involved in the execu-
1 of Government resurveys of an. entirely different character
1 those relating strictly to the making of original surveys; these
sderations present matters not referred to in Chapter V., There
itwofold object of a resurvey: First, the adequate protection of
ting rights acquired under the original survey in the matter of
irlocation on the earth’s surface, and, second, the proper marking
he boundaries of the remaining public lands.

88. As already noted in Chapter I, the Congress has authorized,
fer certain conditiong, the re-marking of the public-land surveys.
¢ acts relating to resurveys contemplate a restoration of the
ners of the original surveys in those townships, (a) where the
iteration of the original monuments or other evidence of the
ition of the original lines has become 8o advanced that the land
imdaries can be identified only through extensive retracements
experienced surveyors of the General Land Office, and (b) where
dinvestigation shows that conditions on the ground disagree with
‘representations upon the original plat to such an extent that the
d boundaries can not be identified positively in one position to
texclusion of another, in consequence of which said plat should
disqualified as a basis for the disposal of remaining public land.
ile the Government may initiate a resurvey in the absence of any
plication therefor, as a rule, the steps preliminary to the authori-
ion of a regurvey will be taken by the settlers interested in the
d, through a showing of facts made to the proper supervising
cer, getting forth the existing conditions with respect to the
gmal survey and status of ownership of the lands.!

1 See current circular governing applications for resurveys.

o5 Y
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889. The surveyor is advised to bear in mind the fact
localities where resurveys are necessary the occasion for
dlsputes is ever present; he should accordmgly exercise the gres
care in his technical work in the field and in the record thereol
that the result of the resurvey shall relieve existing d1ﬂiculh1
far as possible without introducing new complications. As
case of original surveys, the records of all resurveys must form
enduring basis upon which depends the security of the title t
lands acquired thereunder, and the field notes should be so prep¢
that under the test of the_ closest posgible scrutiny at all q
present and future, the record can be regarded as conclusive in
matter of the location of such rights.

890. The General Land Office has exclusive jurisdiction «
all matters pertaining to surveys and resurveys affecting the pu
lands; as between private owners of lands the title to which
passed out of the United States, final determination in the ma
of fixing the position of disputed land boundaries rests with the k
court of competent jurisdiction. The rules of procedure laid d¢
by the General Land Office to guide its surveyors in the re-mark
of lines of previous surveys are intended to be in harmony with
leading court decisions in suits involving boundary disputes, |
said rules should be so applied that the courts may, with secur
accept without question the boundaries thus determined in s0
ag they represent the true location of a particular tract intent
to be conveyed by a patent. Government resurveys are unc
taken only by duly appointed United States surveyors act
under the authority of the Secretary of the Interior through
Commissioner of the General Land Office and under the immedi
direction of subordinate supervising officers.

LIMIT OF AUTHORITY OF SURVEYOR.

891. There are certain questions of a purely judicial nat
involved in resurveys of every description where the decision
to be reserved to the General Land Office, particularly those relat
to compliance with the general laws in respect to the entry of t
public lands. Thus it comes within the realm of the surveyi
process to identify and mark out on the ground the various lef
subdivisions of the public domain, but it is a judicial questi
beyond the function of the surveyor to determine whether or I
@d lands have been duly earned under a certain entry.
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ey process the surveyor will determine whether or not
embraced within a claim as occupied have been correctly
in position to the original survey, and where the demon-
of this questiont' may be one involving more or less uncer-
, as i8 often the case, the surveyor will examine and weigh
idence relating strictly to the surveying problem involved,
will interpret the evidence in respect to its effect upon the
in which the resurvey shall be executed looking to the
tion of the valid rights acquired under the original survey.
eyor has no authority to enter into any agreements looking
exchange of one subdivision for another, or to bind the General
N Office in this particular.

‘} BONA FIDE RIGHTS OF CLAIMANTS.

R. In order to carry out the provisions of the laws relating to
veys, the surveyor should understand fully the meaning of
words “‘bona fide rights” and under what circumstances it will
beld that such rights have been impaired by a resurvey.. In
iconnection attention is again directed to the clause contained
the act of March 3, 1909 (35 Stat., 845), as amended by joint
t:tion approved June 25, 1910 (36 Stat., 884), which reads as
8.
‘That no such resurvey or retracement shall be so executed as to

eir the bona fide rights or claims of any claimant, entryman, or
er of lands affected by such resurvey or retracement.”

be rights of claimants are to be given similar protection under
provisions of the act of September 21, 1918 (40 Stat., 965).
33. It will be understood that bona fide rights are those acquired
ood faith under the law. Rights of this character can be affected
3 resurvey only in the matter of POSITION or LOCATION on the
h’s surface, and the surveyor will be concerned only with the
tion as to whether lands covered by such rights have been
ally LocATED in good faith. Other questions of good faith, such
riority of occupation, possession, continuous residence, value
nprovements, and cultivation, when considered apart from the
ition of the position of the original survey, do not in any manner
't the problem of resurvey.

is evident that the resurvey must afford adequate protection
»na fide rights vested in both improved and unimproved lands.
he final determination of the true pogition of all lands, whether

r
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improved or unimproved, in the absence of original corners,
necessity for more or less flexibility of method must be recogni:
as the value of both of these classes of lands may be vitally affe:
by an arbitrary process of resurvey which ig rigid in its applicat
Unimproved lands, however, where no apparent attempt has t
made on the part of the owner to identify the same under t
ariginal deecriptions (and where the inherent value of the land
question is the same), are not necsssarily affected in the same man:
and such unimproved lands may be adjusted. to a position for
by the surveyor to be conformable to adjoining or near-by tra
where all may be held to qualify under the rule of acceptable 1
tion.

394. The question arises whether the technical rules for
restoration of lost corners are to be rigidly applied in all cases reg:
less of their effect on the position of improvements, or whether
position of all improvements is to be accepted without quest
regardless of the relation or irrelation of such improvements to
existing evidence of the original survey and to the descripi
contained in the entry. Manifestly these opposite extremes
equally unacceptable. Somewhere between them, therefore, 1
be found the basis for a determination. of the question as to w]
lands so improved are to be regarded as having been LOCATED
good faith or otherwise. It is clear that no definite specific sei
rules can be laid down in advance for the determination of t
question, This is a problem the solution of which must be fou
on the ground by the surveyor; it is upon his judgment primar
that the responsibility for a determination of the question of &
faith as to LOCATION must rest. The surveyor may err in his ju
ment, but once this question is settled to his own eatisfaction, {
procedure to be adopted in the matter of the application of resurv
rules is no longer in doubt.

898. ‘It may be held generally that an entryman has located |
lands in good faith (referred to herein as an acceptable location
a claim or of a local point), when it is evident that his interpretati
of the record of the original survey as related to the nearest existi
corners at'the time the lands were located (as defined by his fencin
culture, or other improvements) is indicative of such a degree
care and diligence upon his part, or that of his surveyor, in the asce
tainment of hi& boundaries, as might be expeeted in the cxercise
ordinary intelligence under existing conditions. From this
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ws that lack of goad faith is not necessarily chargeable against
entryman if he has not located himself according to a rigid appli-
ion of the rules laid down for the restaration of lost corners, where
plicated conditions involve a double set of corners, both of
ich may be regarded as authentic; or where the nearest existing
ers in one or more directions are an excessive distance away;
are improperly related to each other to an extraordinary degree:
where all evidences of the original survey which had been adopted
the entryman.as & basis for his location have.been lost before the
ey is undertaken. Furthermore, the extent of recognition
en by neighbering claimants to & local point used for the control
the loeation of claims very. often carries with it the necessity for
considezation by the surveyor of its influence in the matter of

acceptability of such locations under the foregoing rule of good

306. In cases involving extensive obliteration at the date of
try, the entryman or his successors in interest may be charged with
knowledge that the.hboundaries of the claim will probably be
ject to more or less adjustment in the event of a resurvey, and
t in the process of fixing the boundaries of groups of claims a
eral control applied to all must be favored as far as possible in
interest of equal fairness to all and of simplicity of resurvey.
ven in the presence of extensive obliteration of the original survey,
claim which manifestly shows that no attempt has been made to
te the same in some manner to the original survey can not gener-
y be regarded as having been located in good faith.
397, Cases will arise where it may be evident that lands have
OCOUPIED in good faith, but whose boundaries as occupied are
hearly in disagreement with the demonstrated position of the legal
kbdivisions called for in the description. Obviously the rule of
pod faith as to location can not apply, and relief must be sought
hrough the process of amended entry (act of Feb. 24, 1909, 35 Stat.,
45) to cover the legal subdivisions actually earned, rather than
brough an alteration of the position of established lines. This.is a
nocess of adjudication rather than one of resurvey. A case of this
tharacter should be regarded as an ‘‘erroneous location,” in pre-
lisely the same manner as would obtain if the queation of resurvey
vere not involved. ‘ ,
898. The recognition of the principle that the restoration of a cor-
ter may be influenced by the position of one or more existing claimg »
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warrants, within suitable limits, the acceptance of an unofficial d
mination, in the manner hereinafter stated, which would not n
sarily agree with that resulting from a rigid application of arbi
rules laid down for the restoration of lost corners. |

GENERAL FIELD METHODS. ‘

899. There are two recognized methods of making Govern
‘resurveys—DEPENDENT and INDEPENDENT—and in general,
field condition that may arise can be taken care of by the ap
tion of one or the other method.

400. The DEPENDENT resurvey-is designed to accomplish are
“tion of what purports to be the original conditions according t
record, based, first, upon identified existing corners of the ori
survey and other recognized and acceptable points of control,
second, upon the restoration of missing corners by proportionater
urement in harmony with the record of the original survey.
type of resurvey isapplicable to those cases showing fairly concot
relation between conditions on the ground and the record of the
nal survey. Titles, areas and descriptions should remain !
Jutely unchanged in the typical dependent resurvey.
. 401. The INDEPENDENT resurvey provides methodsadapted to
siderable areas of public land where the original survey can n¢
identified with any degree of certainty in accordance with the x(
sentations of the approved plat and field notes, and where the
vailing conditions' are such that strictly restorative processes, v
applied as an inflexible rule between existing monuments or ado
corner positions, are either inadequate or lead to unsatisfactor]
sults. This type of resurvey provides for the segregation of i
vidual tricts when necessary, or & conformation of individual t
to the subdivisions of the resurvey if suitable. These processet
found to be more flexible in their application than those of
strictly dependent type, but at the same time they duly protec
private rights which have been acquired upon the basis of the o!
nalapproved survey and plat. With respect to the identification
description of the public landsinvolved, the independent type o
survey supersedes the record of the original survey. This wil
made apparent by the representations of the approved resurvey p

402. The basic principle, with respect to the protection of b
fide rights, involved in one type of resurvey is identical with
of-the other type, whether dependent or independent; they areb
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be regarded as a demonstration, on the part of the General Land
ice, in the light of the best evidence available, by means of the
pal subdivisions of a dependent resurvey or by the tract segrega-
ns of an independent resurvey, of the origimal position of entered
patented legal subdivisions or lots included in the original de-
ription when related to the original survey.
08. The necessity for both types of resurvey is encountered in
e field; the applicability of one or the other method is altogether
question depending upon local conditions, such as extent of oblit-
ntion, relative harmony of identified and recognized points, and
ent of disposals by the Government. These questions should not
judged in advance of a comprehensive field examination.
404. In general, a preliminary field examination will be required
d asuthorized before the resurvey is to be undertaken.
he purpose of an investigation is to develop the extent of the
literation of the evidence of the original survey, the extent of
htlement, the agricultural possibilities of the township, and any
her information from which the necessity for, and the propriety
the proposed resurvey may be determined.
A second purpose to be subserved by an investigation is the
pembling of sufficient data concerning the local survey conditions
D pemnt a proper type selection; and with this end in view the
kamining surveyor should investigate and report upon the relative
isition of the evidence of the original survey; the degree to which
entified points are concordant or the reverse; the extent to which
pbrners discordantly related have been made the basis of claim
ications; the presence of one or more systems of unofficial local
veys which have been recognized and adopted by the claimants
fixing their boundaries; and the degree to which conflicts are to
Be antmpated

The proper supervising officer will provide the examining
Lurveyor with suitable instructions in which the scope of the exam-
ination will be indicated and attention will be directed to the par-
ticular considerations which should receive attention. During the
progress of the investigation interested parties should be informed,
tpon inquiry, that the work then in progress is merely preliminary
and only for the purpose of gaining information, and that if resurvey
is ultimately authorized all valid rights will then be protected as
required by law.
| b5465°—19—19 ' o
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4086. The examiner’s report should contain definite recommen
tions concerning the type of resurvey which, in his judgment, sho
properly be applied in view of the prevailing conditions.

When the report and recommendations of the examiner, w
those of the supervising officer, have been received by the Gene
Land Office, the situation will be considered, the appropriate t)
of resurvey will bie determined, and the preparation of special instn
tions for the resurvey. will be authorized.

407. The special instructions, which must of necessity be ba
largely upon the data provided by the examination, will indic:
the scope of the work, and, regardless of whether the lands are to
dependently or independently resurveyed, the necessary retra
ments will be made to fix the outboundaries of the township
townships deeignated for resurvey. With the limiting boundar
once restored 80 as to protect under the rules already laid down !
existing property rights in the adjoining lands not to be resurveye
the plan of procedure outlined in the instructions should, unc
the known conditions, produce satisfactory results, and adheren
thereto is expected. 1f, however, unforeseen conditions are dev
oped in the progress of the resurvey, which may apparently rend
the special instructions mapphcable or likely to produce incc
sistent or unsatisfactory results, it is of the utmost importance th
the surveyor suspend further monumentation of the corners; al
after such additional retracement and investigation as may be neci
sary to a proper understanding of the situation, he should report
facts to the proper supervising officer and request further instruction

408. During the progress of the resurvey the surveyor shoul
advise all interested parties, as occasion and opportunity may offe
that the resurvey is not to be regarded as official or binding upon t!
United States until duly accepted by the Commissioner of the Ge!
eral Land Office, as provided by law, and that no contemplate
alteration in the position of improvements or claim boundari
should be made in advance of the official acceptance of the resurve)

THE DEPENDENT RESURVEY.

-GENERAL CONTROL.

409. A dependent resurvey is an official re-marking of the origint
lines upon a plan whereby existing evidence of the original surve;
is given primary control over the position of the lines to be reestab
lished. A certain amount of flexibility (as hereinafter described
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owable in the dependent resurvey when necessary for the
tection of bona fide rights of claimants, particularly in those
where no objection is found to adopting a point acceptably
rated under the rule of good faith already laid down, when only
ightly at variance with the theoretical position of the same.
410. In theory the process consists, first, in the retracement and
pstablishment of the township exteriors; second, the identifica~
m of all existing interior corners or other evidence of the original
ey; and, third, the determination, by a suitable field procedure,
the theoretical position of all missing corners as indicated by a
interpretation of the record of the original survey in relation
such existing evidence. The actual field process may be varied
some extent in order to meet local conditions or to suit the con-
ience of the surveyor, but the theoretical position finally deter-
ined must be identical with that which would result from a strict
jplication of the principles of proportional measurement. When
is has been accomplished, attention should be given to the adop-

, &8 an integral part of the resurvey system, of corner positions
;l:rm.i.ned by the evidences, of whatever character, of acceptable

tm location. Such evidences may, for convenience, be termed
llateral evidence” as distinguished from direct evidence of the
tiginal survey.

1411, The process of the dependent resurvey differs in scope from
fat applied for the usual restoration of one or more lost corners,
pd the rules governing a resurvey bring into consideration in a
kre comprehensive manner the position of recognized land bound-
fies, in the absence of evidence of the original corners. The sur-
eyor has noted the detailed imstructions set forth in Chapter V
wking to the identification of existing evidence of the original
urvey and the application of the rules of proportionate measurement
o the determination of the theoretical position of lost corners.
These rules will be applied in the dependent resurvey generally
vith respect to the township as a unit, wherein the means of identi-
leation of each and every existent corner will be exhausted and the
theoretical position determined for each lost corner. The former
we to be considered as fixed points (except in most unusual
tases) and may be monumented at any time; the latter will be
tbjected to the possible influence of points which may afterwards
be determined to be acceptably located under the same rule of good
faith, and will be marked only as temporary points until this ques-
tion has been disposed of.

g
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412. A complete retracement of the original survey will be maui
based upon known corners, it being assumed that the exter|
boundaries of the township to be resurveyed have been identif|
or restored under the rules already laid down in Chapter V, a:
under those relating to the acceptability of a local paint or cla:
location. It is not usually possible to follow the method and or
of procedure shown in the record of the original survey (owing|
missing corners), but the complete system of lines will be run out |
preliminary retracement, usually beginning with the meridion
lines between known corners, followed by the latitudinal lin
between known corners, noting the intersections with the s
meridional lines. The surveyor must be supplied with a compli
copy of the record of the original survey, and temporary referen
stakes may be set on the meridional lines at the record measureme
for each corner point.

418. The preliminary retracements will lead at once to 1
identification of the prominent evidence of the original survey a
8 trial calculation will follow as to the latitudinal and longitudii
adjustments at each misging corner, to suit the proportions whi
may be derived when based upon these known corners. A eecq
and more exhaustive search will then follow within the zone of {
probable location of each missing corner for the more obscure e
dence of the original survey. At this stage of his field work -
surveyor should exhaust every possible means of identifying {
existent corners of the original survey. In many respects, 1
surveyor will be compelled to devise his own methods.as the act
field conditions seem to warrant, and his skill and judgment a
surveyor should function to the fullest capacity.

If additional evidences of the original survey are found by t
process, a second trial calculation will then be made a8 to the 1s
tudinal and longitudinal adjustments of the temporary referer
stakes previously set at each missing corner, to suit the proportio:
measurements derived from all of the known original cornen
exactly as outlined in Chapter V. These calculated adjustme:
will determine the theoretical location of each lost corner w
reference to all existing evidence of the original survey.

In the absence of other considerations, the theoretical points tt
determined by proportionate measurement, based upon existi
original corners, are fixed to a mathematical certainty, and wh
these points have been determined, the evidence of the origii
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zvey and the record thereof have served their primary purpose.
hen, and not until that time, is the surveyor prepared to consider
he weight of such collateral evidence as may be available.

414. The question now to be determined is whether the position
Ithe lands claimed, occupied or improved is to be adopted under
he rule of good faith as to location, and whether, if so adopted, the
hims thus acceptably located can all be properly protected by the
lependent plan of resurvey. If the position of any claim fails to
ify under the said rule of good faith it may be disregarded as to

der the same rule, they may be adopted as the determining factor
the position of the missing corner or corners; and if the claims
in such concordant relation to each other and to the identified
ideneces of the original survey as to receive full protection by the
pendent plan of resurvey, the surveyor may proceed with ful
ce of the adequacy of the plan. Otherwise, the question of
er processes analogous to those of an independent resurvey (as
reinafter explained) must be considered.
If two or more claims are aeceptably located, but are discordantly
1o each other to a considerable degree (by virtue of irregu-
ities in the original survey), it will be clear that the general plan
dependent resurvey may not afford protection to such claims;
hereupon the influence thereof must be rejected in favor of the
theoretical point previously determined by proportional measure-
ment. In this case, as before stated, some other process must be
adopted to pratect the acceptably located claims.

416. These acceptably located points for the missing corners will
receive all the authority and significance of an identified original
corner, and when the influence thereof on the dependent plan of
resurvey has been combined with that of the existing original corners
previously identified, the latitudinal and longitudinal adjustments
of the temporary points on the meridional lines may be made
accordingly. .

416. Incases of distortion, if the distorted lines are to be adopted
in the plan of dependent resurvey, it should be remembered that the
lengths of lines, when subject to double proportion, are comparable
only when reduced to cardinal equivalents or to equivalents along
the.direct lines between the nearest existing corners.

rd
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417. Many situations will arise where it will be manifest to the
surveyor that it is better to accept a position based upon loca
improvements rather than to disturb satisfactory existing condi
tions. The surveyor will endeavor to avoid disturbing the posi
tion of locally recognized lines when such action may adversel
affect improvements, and at the same time extreme caution wil
be exercised in the matter of adopting local pointa of control, whid
when accepted must be given, as above stated, a significance simila
to that of an original corner and be allowed to function on an equxlm
therewith. The acceptance of duly quahﬁed and locally recognize
points of control should aid materially in obtaining simplicity ¢
resurvey and avoid the need for special metes-and-bounds survey
(as hereinafter described), which would differ only slightly in posi
tion from the regular lines of the resurvey. In this manner a flexi
bility will be introduced in the application of a dependent resurvey
at least to the point of protecting satisfactory local adjustments.

418. The surveyor should fully understand that the field ¢
influence to be exercised by any acceptable location must be re
stricted to that already covered in a larger way by the existin|
evidences of the original survey, and that the adjustive proces
is of more or less local application. In this connection, it shouk
be noted that the record of the original survey can not be abandone
in favor of an tndiscriminate adoption of property corners, all or {
portion of which fail to qualify asaforestated, noris it to be assumel
that because a large number or all of the claims within a townshi]
are consistently related among themselves to an arbitrary systen
of control which is itself altogether unrelated to the original survey
that such system is necessarily to be adopted as the basisof a depend
ent resurvey.

419. Thus where bona fide rights, as defined hereinbefore, ar¢
found to have been definitely established with reference to th¢
location of lands the position of which can not otherwise be fully
demonstrated by existing evidence of the original eurvey, the
surveyor engaged in the resurvey will reject the theoretical point
determined by the primary control in{avor of a near-by duly qualified
corresponding point, the position of which has been agreed upor
by the adjoining property owners. Such a point may be
as the best available evidence of the true position for a corner; 8
previously stated its acceptance by the surveyor confers upon the
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nt a significance similar to that of an original corner position,
1 thus avoids disturbing satisfactory local adjustments. Chief
ong this class of evidence forming the basis of the recognized
ition of land boundaries are recorded monuments established
local surveyors, duly agreed upon by the interested property
ners; the position of boundary fences determined in the same
nner; and the center lines of public roads and drainage or irriga-
1 ditches, when intended to be located on the subdivisional
'8 of the public-land surveys. The local record in these cases,
en available, may furnish the connecting link to the previously
ntified evidence of the original survey, but even in the absence
v conclusive record, if a point qualifies as above outlined, the
sumption is strong that its podition bears satisfactory relation
‘he original survey and that its correctness can not be success-
y disputed. Points which actually qualify as aforestated may
accepted as the best available ev1dence of the true position of
original survey

20. The techmcal record of the resurvey should clearly set
h the reasons for the acceptance of a local point, where unofficial
erminations of the above character do not represent actual marks
he original survey. Such recognized and acceptable local marks
|- be preserved, and deecribed in the record of the resurvey. New
numents will be established as required, in addition to, but with-
destroying the evidence of, the local marks.

BEEB’I‘ABHBEHEN‘I‘ OF TRUE LINES.

21. Asalready stated, with the combined control of the depend-
resurvey fully determined, the final calculation will be made
o the latitudinal and longitudinal adjustments of the temporary
yrence stakes previously set at the remaining missing corners.
8 final calculations will be based upon the known position of the
ners of the general control as thus adopted, upon the plan of
portionate measurement, all as provided in Chapter V. The
ult of this process balances in regular proportion the differences
ween the measurements shown in the record of the original sur-
r and those derived in the retracement. Thus the true lines of
1 dependent resurvey are finally determined through the influ-
e exercised by the identified existent corners of the original

vey and every other identified call of the record themd"

{
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such other collateral evidence of the position of recognized la
boundaries as may be properly adopted for such influence.

422. The field procedure incident to the running and measu
ment of the true lines of the dependent resurvey will conform
the requirements of Chapter II, while the marking of lines betwe
corners and the notation of objects to be recorded will conform
the provisions of Chapter III, and the monumentation of the sury
will comply with Chapter IV. The technical record of the res
vey will be broadened to show the relationship between the origil
survey and its reestablished lines.

428. The field note deecription of an identified or accepted corz
will be introduced into the technical record of the resurvey at t
place in the true line notes where the position for the cormer is in
cated as having been attained. The record will embrace:

(a) A complete deocription of the remaining evidence of the ori|
nal monument;

(b) A complete description of the new monument;

(c) A complete description of the original accegsories as ldenuﬁn

(d) A complete description of the new acceasories; :

(¢) A concise statement relating to the recovery of a comer basy
upon identified line. trees, blazed lines, items of laopognphy,
other calls of the field notes of the ariginal survey, in the absen
of evidence of the monument or its accessories; and,

(f) A statement of fact relating to the relocation of an, obhtenﬂ
monument; or a statement of the determining features leading
the acceptance of a recognized local corner.

424. General titles (in addition to the regular page heading) wi
be inserted in the field notes of dependent resurveys tp indicate i
character of the resurvey, the technical record of which follow
Such titles will be inserted in the body of the field notes, as appr
pm.te and will show the name of the original surveyor and the ye
in which the original survey was executed; as, for example:

¢ Reestablishment of the surveys executed by John B Smitt
U. 8. Surveyor, in 1842,”
and additional memoranda will be added as appropriate, explan:
tory of the method of control adopted in the reltomtwn of one 0
more lost corners.

425, In addition to the usual showing of data upon the townshi]
plat, the plat of a dependent resurvey should carry a memorandur
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the information of the public to the effect (modified as special
umstances may warrant) that—

“This plat of the resurvey of T.——, R. ——, delineates a retrace-
reestabhshment of the lines oi the ongmal survey as shown
the plat a.p%r; (date), in their true original position
available evidence of the position of the orig-
corners, all differences between the measurements shown on
original plat and those derived in the retracement have been
ibuted p mpomonall{ between accepted corners in accordance
jth surveying: rules' reference will be made to the original plat
the showing of the areas and more detailed descriptions of the
ous smaller subdivisions.”

ITIONAL METHODS FOR THE PROTECTION OF BONA FIDE RIGHTS.,

428. Referring to those cases where locally recognized corners
e discordantly related to the original survey, it will be apparent
t such corners can be employed only for the determination of
e boundaries of claims where bona fide rights have been duly
blished which would otherwise be impaired by the resurvey
der the same rule of good faith in the matter of location. Cases
this kind are found to be decidedly exceptional in the townships
ere dependent resurveys have been made, and such situations will
given particular attention in the preliminary examination and
ial instructions. In those instances when encountered, provi-
jon will be made in the special instructions for a ‘‘metes-and-
unds” survey, as hereinafter outlined under the general subject
““‘independent” resurveys, unless an amendment of entry in con-
rmity with the lines of the resurvey will answer the particular
uirements of the situation. In either case the surveyor will
note the Manual text relating to metes-and-bounds surveys and
amendment of entries (see secs. 434 to 452, inclusive).

EXAMPLE.

427. A hypothetical example of a dependent resurvey follows in
the text, wherein a showing of typical conditions will be presented.
In this connection it will be observed that the application of the
rules for the execution of a dependent resurvey is generally made
with respect to the township as a unit. In this hypothetical case
it is presumed that a sufficient number of original corners can be
identified to enable the restoration of the township exteriors resulting
in & satisfactory closure. Upon retracement of the interior lines,
'some evidence of the original survey is developed,
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recognized and acceptable corners. All claims are found to
conformable.

The surveyor will proceed with the complete retracement of 1
interior section lines. In this process he will employ instrumex
methods and make the measurements as provided in Chapter |
He will be guided by the suggestions given in Chapter V- in regs
to the search for evidence of the original survey, and beyond tl
he will devise his own methods in the search as the actual fi¢
conditions seem to warrant. Temporary reference stakes will |
set where the original corners are not at once identified (thou
the use of local reference points will be unobjectionable). It
be assumed that a single system of reference stakes has been emplq
ed, as this scheme lends itself more readily to theoretical discussia
aswell as pmctlcal utility in the field, and allows the utmost freedq
a8 to the order in which the retracements are made.

Having completed the reestablishment of the township exteno
and the retracement of the interior lines, the surveyor will be co1
cerned with the two primary considerations, heretofore disc
which it is his duty to harmonize: First, the restoration of what t}
record purports to be original conditions; and, second, the protectiq
of the bona fide rights of claimants in the matter of location. Th
first requirement must be fulfilled with reference to the evideng
of the original survey, and the dlscovery and identification of ac
original corners is paramount, bearing in mind that the developmen
of a single additional original corner adds manifest conclumveneq
to the work. These identified points when combined with thos:
acceptably located constitute the general control. The secont
item, which does not directly affect the technical procedure, ha
been fully discussed hereinbefore.

KEY TO DIAGRAM, FIG. 69,

A. Identified original corner. !
B. Intarsection of center lines of public crossroads, intended to be located at saction
corner and generally so recognized; accepted as best available evidence of corner.

C and D. Identified original corners.

E. Corner established by local surveyor; record shows proper application of the
method of deuble proportionate measurement; generally recognized as correct posi-
tion of corner; accepted on an equality with an identified original corner.

F-M, inclusive. Identified original corners.

"N, Same as B.

O. Identified original corner.

P. Intersection of mean position of meridional and latitudinal blazed lines through
virgin timber; age count on overgrowth qualifies for date of original survey.

Q. Restored corner based upon control furnished by latitudinal position of blazed
1ine as above and fixed in departure by d.lstanoe to original line tree.

R. Identified original corner, N



v cmipioyed Yor generol conrrol.
+ Theoretical position.

Fig.69.
X. Identified original corner. ‘
a. Duly restored by double porportionate measurement and thereafter employed
general control on an equality with an identified original corner.
1-n, inclusive. Theoretical true line position, duly restored by single proportionate
urement,

L
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METHOD.

After completing all retracements and having determined upon
general control to be adopted, as indicated in the disgram and acc
panying key, the true lines of the dependent resurvey, beginnimn,
the southeast corner of the township, will be reestablished as follc

SINGLE PROPORTIONATE MEASUREMENT..

Lines: A-B, B-a, A-C, C-D, D-E, E-F, F-G, G-H, H-I, =
J-K, K-L, L-M, and M-I.

DOUBLE PROPORTIONATE MEASUREMENT.

Section corners: 1, {-N and b-F; 2, {-N and c-S; 3, O-P and d-
4, C-Qand b-F; 5, C-Qand ¢-8;6,0-Q and N-U;7,C-Qand d-X
g8 and b-F; 9, U-n and d-X; 10, U-n and Q-G; 11, D-L and b-
12, D-L and V-i; 13, D-L and W-j; 14, D-L and d-X; 15, D-L s
Q-G; 16, h-X and b-F; 17, h-X and V-i; 18, h-X and W—j;
X-M and Q-G.

INTERIOR QUARTER-SECTION CORNERS.

All missing interior quarter-section corners by single proportion:
measurement on line between the adjoining section corners as abc
determined.

FIELD DATA.

The retracements develop the following data in regard to t
relative position of certain points of control and the temporary stak:

Beginning at f, North, 40.00 chains, set temporary stake; 80
chains, set temporary stake; 120.00 chains, set temporary stak
160.00 chains, set temporary stake; 200.00 chains, set tempora
stake; 241.20 chains, fall 90 links W. of N; meridional excess f~N
1.20 chains==40 links per 80.00 chains.

Beginning at b, West, 40.00 chains, set temporary stake; 80
chains, fall 20 links N. of temporary stake previously set; record
original survey shows length of line 80.22 chains; continue wes
etc., to F; latitudinal deficiency b-F=84 links=14 links per 80.(
chains.

Beginning at 2 (temporary stake), East, 40.00 chains, set temp
rary stake; 80.82 chains, fall 44 links S. of ¢; record of original su
vey shows length of line 79.90 chains; run west from temporary stak
at 2 on similar plan; latitudinal excess c-S=66 links=22 links p¢
80.00 chains.

CALCULATIONS.

The adjustments of the temporary stakes to true line positior

and the determination of the bearings and lengths of the reestal

lished true lines, are “ a8 follows:
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BETWEEN SECTIONS 25 AND 36.

BETWEEN SECTIONS 24 AND 25.

¢torandom line.................
Retracement c-2 (reversed)

Adjustment at 2 temporary to .
true. u
True line €-2...c.c.covvvivnnnnnnn N. 89° 45’ W.| 80.12

Adjustment from 80.00 ch. point |..............

on random to c.

A?]ustmnt at 2 temporary to |............. ...
rue.

N SO, 1.24 ... ... L6821
Adjustment at } sec. cor. (mean). ! .62 .7

THE INDEPENDENT RESURVEY.

428. An independent resurvey is an official re-subdnvmon of th
public lands distinct from the original survey which it is designe
to supersede. The independent resurvey is accomplished by thre
distinct steps:

(a) The reestablishment of the outboundaries of the lands subjec
to resurvey, following the method of a dependent resurvey;
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(b) The segregation of lands embraced in any valid claim where
e initial steps have been taken looking to the dispoeal of the title
the United States based upon the former approved plat; and,

(c) New exterior, subdivisional and meander lines as necessary,
tablished upon a new regular plan, which, for every purpose of
entification and description of the public lands involved, becomes
e prevailing survey.

REESTABLISHMENT OF OUTBOUNDARIES.

429. The limiting boundaries of the lands subject to independent
must agree with the previously established and identified
ior or subdivisional lines of the approved original surveys. In
to qualify as a suitable limiting boundary as aforementioned,
of the accepted established surveys will be selected which
be conclusively identified (by existing original or properly re-
corners) in one position to the exclusion of all others and
ich by its known position adequately protects all rights (located
faith as hereinbefore defined) based upon any township plat
subdivisions of the public lands adjacent to said boundary.
outboundaries of the lands to be resurveyed by the independent
nrust necessarily be retraced and reestablished in their true
1 position. The lands upon one side of such outboundary are
re-subdivided upon a new plan, while upon the opposite side of
th line the original subdivisions are to be strictly maintained and
E:i the original conditions are to be disturbed.
. The outboundaries are generally selected along the locus of
) previously established township exteriors where the existing
gives positive proof of the location of the original survey,
i where conditions on the ground are harmoniously related to the
krd of said original survey. In special cases certain section lines
iy fully qualify as suitable lines to mark the limit of the inde-
edent resurvey; such section lines will then be duly retraced and
stablished in their true original position. Particular attention
ll be given to this very important subject at the time when the
i examination is made with a view to maintaining the original
Ney as far as consistent.
181. In those cases where a proper limiting boundary can not be
wred without involving the necessity for the inclusion in the
up of a greater number of townships than administratively prac-
tble to execute in one assignment, the necessity may arise for the

-
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extension of tract segregations (as hereinafter outlined) into a tow
ship ungrouped for resurvey. In such cases, under spec|
authority of the General Land Office, any tract found to exte
across such group outboundary will be segregated in full, whet]
or not the tract was originally described as in the township tol
resurveyed, and the necessary steps will thereupan be taken by |
General Land Office in the matter of suspension of the lands in
adjoining township from further disposal and of additional invel
gations with a view to a resurvey of all or & portion of the &
adjoining township. (See second rule, sec. 445.)

482. The special instructions will show specifically what 114
have been selected to limit the independent resurvey, and the
veyor engaged in the execution of such resurvey will proceed vj
the retracement and reestablishment of said outboundaries as a
dition precedent to beginning the independent resurvey. \

438. Where the new lines of the independent resurvey are nol
be initiated or closed upon the restored original corners of the r¢
tablished outboundaries of the independent resurvey, said restol
corners will be marked only with reference to the township, rai
and section to which they will thenceforth relate, and new
corners of minimum control will be established as necessary togov
the lines of the independent resurvey, all as provided in sec. 1
Chapter III. During the preliminary stages of the resurvey thi
will often be more or less doubt as to whether an old corner will ret{
its former control or will have to be altered, and until this unc
tainty has been removed the marking of a corner and its accessor
should be deferred. The monumentation will follow the final det
mination of the future significance of each point. Where an ¢
point is to be perpetuated merely to control the former alineme!
but not the corner of a subdivision, its future significance will be tt
of an ““angle point” only and the monument and 1taacceesonesw
be marked accordingly.

METES-AND—BOUNDS SURVEY OF'PRIVAVTE CLAIMS.

484. After the reestablishment of the outboundaries of the lan
subject to independent resurvey has been accomplished in accol
ance with the requirements of the special instructions, the surveyo!
attention will be directed to the segregation or marking out of all du
entered, selected, reserved (in certain cases), granted, or patent!
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whosee description may be hased upon the former approved plat,
‘hich can not be conformed to the lines of the regurvey.

i« A status diagram will be furnished to the surveyor showing
\tented lands, valid entries, achool sections, and other land
s, and all pther digposals, reservations, or selections of lands
3 pesition and description are based upon the original survey
ilat, and whoee boundaries can not legally be disturbed. +In
"case the various tracts shown upon the status diagram will
otected either by individual ‘‘metes-and-bounds” survey ar
e assignment of appropriate subdivigions of the resurvey in
the latter lines (new section lines, or ceater linea of sections
arter sections) are found to coincide or approximately agree
the boundaries of said tracts. :

8. Xt is not to be understood that the metes-and-bounds survey
vate claims must be completed before beginning the projection
8 new lines of the independent resurvey, It has merely been
ied logical to consider the subject of the tract segregations in
nce of the questjon of the establishment of new lines. The:fact
it surveyors will find it expedient to carry both branches of the
ey alang together in the locality of the camp or other field head-
ters.

7. The juﬁsdiction of the General Land Qtﬁce, the limit of,the
ority of the surveyor, and the bona fide nghts of claimants,
re enteref or patented lands are involved, remain absolutely the
» whether the resurvey is to be made upon the dependent o
pefiaent plan. Thus where the independent type of resurvey
been adopted a3 more feasible, identified corners of the original
ey in the immediate vicinity of lands to be segregated will be
lloyed for the control of the location of such lands, The question
he good faith of the entryman will in every case be fully con-
red, a8 previously outlined in this chapter, and where the evi-
ce of the original survey is so obliterated that a charge of a lack
ovod faith can not be brought against an entryman whose claim
ndaries may differ from a theoretical location determined by
e flgid surveying rules, the position of the improvements is to be
wrded 2s'the best available evidence of the original position of
claim, afid the same will be employed as far as consistent for the
trot of the location of the boundaries of such claim.

#8. Where there is sufficient evidence of the original survey, the

ntification of the areas to be segregated, resulting from the sub- .
. 55408913020,
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division of the original sections, will proceed in sccordance with:
provisions of Chapters I1I and V, and every corner or angle p~
of each tract as thus located will be marked upon the ground.

489. Where the surveyor can mot point out, by suitable ide
fication of the original surveys, the definite location of an ex
based upon the former approved plat, the claimant or owner of s
lands will be consulted as to the position of his boundary lines. *
boundaries of the private claim, so determined, will be fixed!|
between the private and public lands, subject to the official accy
ance of the resurvey. Where dispute is encountered in regard
the adjustment of the line between adjoining patented tracts, e
acceptably Jocated under the rules already laid down, which |
not be reconciled or suitably disposed of by surveying process,
tracts will be surveyed in conflict, as hereinafter provided, and
shown on the resurvey plat; the questions ariging out of such conf
will be given administrative review with the field notes of
resurvey. :

440. The owner of an unidentified claim will be called upor
indicate the boundary lines thereof if possible, and in this conn
tion, should occasion arise, the surveyor will explain the manne;
adjusting differences between adjoining claims and what will ¢
stitute an acceptable location of a claim. The latter condit
demands a form agreeing with the original entry, approximat
regular boundaries, an area not widely inconsistent with that sha
upon the original plat, and a location as nearly correct as may
expected from the existing evidence of the original survey, withs
overlapping into an adjoining township not subject to resurv
except as provided in sec. 431. In every case where the o
boundaries of the lands subject to ““independent resurvey” ha
been reestablished by the “dependent” or “restorative” plan, 1
subdivisions of a tract situated and originally described as along
upon' the opposite sides of such outboundary must agree with t
line reestablished and harmonize in relative position.

441. In the execution of an independent resurvey, therefo
the identity of each tract to be segregated therein or indicat
by conformation to the lines of the resurvey, whether patent
or unpatented, must be maintained, and the surveyor will mot
allowed to change materially the configuration of a tract as sho
by its original description in order to indemnify the owner thers
against deficiencies in area, to eliminate conflicts between entri(
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r any -other purpose. If improvements have been located in
faith, the segregation survey should be so executed, or the
ormation to the lines of the resurvey so indicated, as to cover
early as possible these improvements and at the same time
itain substantiaily the form of the entry as originally desmbed
leparture from this rule will be allowed.
2, The question of amendment of entries for the purpose of
itting ‘adjustments in terms of the resarvey involving lands
included within the original tract is a matter for the adjudica-
of the General Land Office after the resurvey has been accepted
the plats thereof filed in the local land office.
8. " In case of absentee owners an attempt should be made: to
blish ‘communication, if necessary, in order that the elaimant
- point out the lands subjett to a metes-and-bounds survey. - If
owmner can not be found and there is no visible indication, such
. boundary fence, of the location of the limits of a claim, the
reyor will exercise the alternative: of locating the claim from
néarest original point of control or from a point of & neighboring
m, or of assigning to the entered or patented lands the appropri-
subdivisions of the resurvey, all subject to the principles here-
sfore set forth. ‘The' coiitrolling factors in such locations will be
sd upen- the individual' and neighborhood improvements: (such
ruildings, wells, springs of water, cultivated lands, public roads,
»e8, corners of recognized private surveys, etc.) which may indi-
» the evident mtentlon of the entryman or patentee 28 to the
ition of hia land.- '
44. Each non-con!ormable valid claim in a township will be
en a serial tract number, commencing with No. 37 in the smallest
nbered and ‘entered section of thé original plat, prdgressing
ough the tewnship in the order in which lots and sections are
mbered. A tract number will be used but once in a township,
1-# any tract lies partly in two or more townships subject to
urvey the number applied to the tract in the first township
urveyed will not be used for other tracts in the adjoining town-

p- . ,
145. The following rules will be observed in the execution of the
ites-and-bounds survey of all specially designated tracts:

Ist. Each claim, acceptably located, but at variance with the lines
the resurvey; will be surveyed and monumented at each angle
int. ’

s
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2d. Where & portion of a claim is originally deecribed as in a tow
ship not subject to reesurvey, such portion of the claim will not
surveyed by metes and bounds, provided the limiting boundary
found to qualify as set forth in sec. 429. The portion of the clal
mginﬂlydescubedasmthewwmhptobemurveyed-hmt
ordinarily be defined in a position (either by segregation or con
mation to the lines of the resurvey) which is properly related to t
identified or restored corners on the limiting boundary. (8
sec. 431.)

3d. Where the bmmdmeeoi & claim are unacoeptably loeated:
pointed out by the claimant, the surveyor will preceed with a proj
survey -of the tract in accordance with rules already stated whi
will result in a suitable relation to the original survey, and the corn
of the tract as thus located will be monumented. If the claima
protests against such location, the surveyor will request that the pi
test be'made in writing (to be submitted with the retums of the
survey), and will therenpon make an accurate connection with t
corners of the claim as unacceptably located, to be made the subj¢
of a complete report by the surveyer in his field notes, reviewi
the facts with reference to the question of location. As a furth
protection to an entryman thus unacceptably located see sec. 4
_ 4th. Where, through a compliance by the surveyor with the genej
rules above laid down, the metes-and-bounds segregation of a clai
(or the conformation thereof to the lines of the resurvey) within t|
field of an independent resurvey (or the related subdivisigns with
the field of a dependent resurvey) fails to cover any or-all of il
lands, occupied, improved or elaimed by the .entryman, jpatent
or present owner, and the latter indicates & desire toamend h
entry, a full report will be made by the surveyer in his field note
describing therein the subdivisions actually occmpied and sought |
be acquired under the amended entry, but which ase not covers
by the txact as surveyed, all logking to the protection of the title
the lands actually earned.!.
. 5th. Whereit so happensﬂubtbe.regw qm-qwmsecm
embraced within a claim fall in approximately the same position !
the regular quarter-quarter sections of the resurvey, sand the entr
man or patentee indicates & desire to conform his-claim ite the r
survey, and no apparent objection is fownd by the surveyor, tl
facts will be stated in the.field notes, and the claim will be s ind

1 8ee current circular relating to amendment of entries,
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fapon the resurvey plat. Under this circumstance the metes-

-bounds survey of the tract will be omitted. However, where
any tract whose original descyiption includes any fractional lot, or
where aay part.of & {ract falls upen any fractional lot of the resurvey,
bhe tracts will be. segregated as & whole by metes-and-bounds survey,
even t.houghpome or all of the lines of the tract may coincide with
subdivisional lines ef the. resurvey.
6th. Camflicting tracts, each acgeptably located, will be surveyed
and monumented, and conflict shown upon the resurvey plat.
Each intersection of cpnﬂmtmg boundaries will be determined
upon the ground and recorded in the field notes.
7th. The angle pointa of a tract will be designated by senal num-
bers beginning with No. 1 at the northeast corner, and proceeding
the claim, running westerly from theinitial corner, An angle
lpomt may be common 1o one, twa, three or four tracts, and will be
jmonumented and marked as provided in Chapter IV; as for example:

AP -4 AP 3 - "T26N RITE T26N RITE
3. e 8»14-‘ . YO
T1AP 2 - oo AP 1 |AP 2 l'SM
TR 45| TR 46 T™ 38| TR 37 TR37
1919 1919 1918

- 8th. No accessories will be required with the monuments at the
angle ‘points of ‘the ‘metes-and-bounds survey. -

446. The peoper sypervising officer will furpish the surveyor
with an abstzact of the valid entries, selections, reservations, patents,
, and grants, based pon the original plat, of any township (or portion

, thereof) subject to resurvey, and the said resurvey can not be re-
. gatded as complete until each and every claim’ described in said
, abatract of entries (and shown on the status diagram) as in the town-
dnp to be resurveyed has received full protection in the matter
. of location. . Aside from those disposals described as in the township
to be resurveyed there will also be furnished to the surveyor, as a
matter of miormatxon, the status of all claims in the adjacent sec-
tions of all adjoining townships ungrouped for resurvey. The
abstract will be included with the other data to accompany the writ-
teh specm’I ‘instructions providing for a resurvey.
. 447.The field notes of the metes-and-bounds survey of each
~ valid clsim will be preceded by a copy of the abstract of entry
thereof, A brief statement will then follow in ecch 1nstanoe (or
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with suitable reference), concerning the principal factors controlling
the location of the particular tract, and whether or not the claimant
was consulted, or communicated with, in the matter of the identifi-
cation of the boundaries of his claim. The statement should be
clear as to whether the location of a ¢laim, sliown either as a tract
segregation or a8 conforming to the lines of the resurvey, wad
controlled by improvements alone, or by one or more identified
corners of the original survey, nearby or remotely located, or by its
relation to adjoining tracts. In ease all of the tract segregations
within a township can be covered by one general statement, the same!
should appear at the beginning of the field notes of the metes-and-
bounds surveys. The field notes should be made to account for'
each and every tract shown upon the status diagram. |
448, All claims should be accounted for on the resurvey plat,
and all will be shown either as segregated tracts or as conforming to!
the lines of the resurvey, as the case may be, with outline indicated!
by heavy black lines. An exception to this rule will be.made in/
those rare cases where all the claims within a township have been!
conformed to the lines of the resurvey under their original description,'
in which event a statement may be made on the margin of the platl
that— : T
“ All claims originally described as in this township are intended to
conform to the lines of the resurvey under their original description.” ‘
449, As a further safeguard that the returns of independent .
resurveys may be conclusive in the matter of the significance of |
the tract segregations, the plats thereof will show a statement that— .
¢ All tract segregations shown hereon represent the position and '
form of said tracts under the original description as referred to the !
original survey, located a8 such on the ground according to the best |
available evidence of their true position.”” - o
450. The above statement will be modified if ons or more of all
the claims shown on the status diagram are conformed to the lines of
the resurvey, either under the'original description or by different
legal subdivisions, as follows: ' SR
“ All tract segregations shown hereon and all other claims shown to '
conform to the lines of the resurvey, whether by the original or new '
legal subdivisions, represent the position and form of said tracts un- -
der the original description as referred to the original survey, located |

as such on the ground according to the best available evideace of
their true position.”
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81. The projection and measurement of the limes of the metes-
d-bounds survey and the technical record in respect to the same
11 conform to the usual practice in regular surveys.. While the
wping of 'impomnt;itaml of topography and valuable permanent
provements will be given attention with regard to this feature of
sresurvey plat, yet it will be apparent that the amount of dats to
)shown in conneetion with the metes-and-bounds surveys makes
imposaible, .at-the usual scale, to show objeets of little relative
iportanece. This class of memoranda taken during the progress of
work will aet be required in the field notes of metes-and-bounds

. Atleast oneangle point of eack tractsurvey will be defimitely
ected with one of the regiilar corners of the resurvey, and where
of claims are intersected by lines of the resurvey a connection
1 be made from the point of intersection to the nearest claim eor-
and recorded in the field nates of the regular section line. :The
.will.be considered a satiafactory connection to all adjoining
located within the interior of either section. Where an ex-

establishment of closing cornerson the regularline when entering
leaving public land will confarm to the genetal practloe in. this
t 48 provided in se¢. 191, Chapter III. o ! R

THE PROJEUHON OF NEW LINES.

458. The peculiar conditions of the situation wh1ch necessitate
independent resurvey render it impossible to formulate general
nles suited to all cdses. Experience has demonstrated the neces-
ity for giving deliberate attention to the unique problems of subdi-
rision which are to be found in each definite example. The general
ractice is to secure a surveyor’s repott of the actual conditions
wvolvéd in & particular independent resurvey, upon consideration
f which there may be devised the best plan for a re-subdivision of
he vacant public lands, and the latter will be set forth in the special
nstructions. The pomibility of placing the regular lines of the
ndependent resurvey 8o as to obthin maximum agreement with the
eition of the boundaries of conformable claims-‘will be fully con-
idered with & view to eliminating or reducing the necessity ‘for
kract segregations, if possible, where this can be dccomplished in
larmony with the rules previously dutlited. 'The 'examiners

rd
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recommendations in these matters should be explicit and responsi
40 his apecisl advantdges in the opportunity of working eut the tec
mical problem while an the:ground.

464. A problem imvelving the resubdivision of vacant pub
laads, as in an independent resurvey, should be approached in t
same way as pmeticslly all prohlems in fragmentary subdivisic
though the independont resurvey mey at times invelve the re-su

-division of a group of many townships whevein all conditions, exce
poerhaps with melation to the tract segregation :surveys, mmy
-comparatively reguiar. Fisst attention will be given to completi:
the new township exteriors which are to be independentky rest
veyed after having reestablishied the outboundasies ‘of thegroup .
- the dépendentplan. The mew exteriops'will be<carriod forward a1
campleted in harmony with the rules set fovth in-Chapter 1H 1
the ‘establishment of originsl eurveys. The new.sectién lines w:
be Tun out and marked as in regular or. fragmentary subdivision
-shesituation mey be-and new.meander lines will be run as.require
The new exterior and-subdivisional -lines will usually be extend:
acrens smadl blooks of sract segregation surveys, noting connectiol
a8 previoualy stated, and in such cases the new -lines and corne
will ke fully aneinanented .regardloss of the fact that some -poin
-will 4all within' the tract segpegstion. surveys. ' The latter ‘poin
are required in their usual:function to determine the: pubdiwisi
of the public lands affected.

456. A general exception to tlie rule of bxtending the lines .
‘the independent resurvey:across the tract segregations vill-be mac
.in those townships er portions thereof so densely covered by priva
claims that the remaining parcels of public lands may be as well
better identified and -described for expediency with reference
isolated tract numbers. In such cases closing corers will be r
quired on the regular lines when entering or leaving public lam
The regular lines may or may noti.be extended as blank lingsscra
the tract segregations, accerding to the plan: of running the ze
section linas of the resurvey. Where this mathod is employed
will ba necessary to assign tract numbers to the vacant parcels (
.public land and to mark the angle points thereof accordingly. Whe
& parcel of vacaat public land is to be identified on thig plan, suc
vacant tracts will be surveyed by mates and beunds in accordaag
with the usual rules. Rare cases may sarise where it will be deeme
.expedient to segregate by metes-and-bounds survey certain quarte
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puarter pections of vacant lands in accerdance with the system of
the original survey as indicated by adjoining tract segregations for
the purpose of affording a better basis of .disposal or for amendment
of entries. Such segregations will not be made unlees it is con-
clusively shown by the surveyor that the fractional lots and regular
quarter-quarter sections of the regurvey. are inadequate as a basis
of disposal under existing conditions of occupancy on the part of
tlexs or of entrymen who may propose to amend. The speeial
instructions, will be made as explicit as poesible in theee details,
hich will be determined upon when the plan of the resurvey is
er consideration by the supervising officer.

458. Whnreauoctwnofthemzrveymmvadedbypamnud
t segregations, but not by unpatented entries or selections, the
lotting of the public lands will be carried out in accordance with
the usual plan ef lotting within fractional sections .as outlined in
Chapter III. The numbering of the fractional lots will begm with
the,number next: lnghe: than the highest number employed in the

possible confusion which might arise from a duplication in the use

of the same lot numbers.

) 457. A departure from the usual rule for lotting is necessary in
order to provide suitable descriptions within unpatented entries and
selections where such tract segregations may be subject to relin-
quishment or cancellation, also in other cases, to facilitate a subdi-
vision of isolated tracts of public lands surveyed by metes and

| bounds. Two methods have been found available, each one better

| suited to particular situations. Neither method involves any change
in the instructions for the field procedure heretofore laid down. The
discussion of the merits of the two methods and the examples of
their use are better adapted to the text of Chapter IX, where the

. subject will be found in connection with other details to be shown

upon the resurvey plats.

468. The general requirements of Chapters II, III and IV will
be fully observed in every respect throughout the execution of the
independent resurvey and in the technical record thereof. General
titles (in addition to the regular page heading) will be inserted in
. the field notes to indicate clearly the character of the independent
resurvey, the technical record of which follows; such titles will be

4
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inserted in the body of the field notés, as appropriate, and will show
the full significance of all linies; -as for example:

(a) ‘‘Metes-and-bounds survey of private claims as ongmarlly lo-
cated in accordance with the survey executed by John B: Smth :

" U. 8. Surveyor, in 1842;” and:

{(b) *‘ Independent resurvey, superseding the survay exeeuted by \
John.B. Smith, U. 8. Surveyor, in 1842.”

4569. All monuments of the original survey, not otherwise re- |
ported upon, when traces thereof-have beem found, will be con-
nected by course-and distance with s corner of theqesurvey, and .
such connection and a description of the traces of the original corner .
a8 identified will be:recorded in the field notes of the resurvey. A :
nseless monument will be destroyed after the point is found to be
no longer needed for the survey of a claim of any kind whose loca-
tion may in any wRy depemd upon such monument. - (See sec. 163,
Chapter I11.) - !
- 460, Further exempliﬁeamn 'of the approved practices ineident |
to: the successive field steps and preparation-of the field notes and :
resurvey plats will be found in thé chapters that follow.

Ke)
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