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MANUAL OF INSTRUCTIONHS FCR bURVTY AND INVESTIGATIONS

GENERAL

1.0  Responsibility. The Road Commission organization
has developed to the status where more realization of the possi-
bilities in the Tisld of surveys and plans is appreciated by the
individuels comprising its wersonnel, The service to be rendered
the Territory by the uOﬂi Commission is largely depenient upon
provisions made vhen plans are prenared. Errors in establishing
proper standerds and oractical rout“nv become disadvantages borne
by the settlers who have faith in the future of Alaska as well as
the traveling public., To correct these errors in plaﬁnlng is
sometimes impossible but always an economic loss,

We cannot overlook the opportunity given us in this
expanded highwey proszram of the Territory to more correctly
anu1c1p¢te the future as well as the present recuirements of highe
way service and to justify the responsibility placed upon us by
making our efforts in surveys and final plans produce the hest
results, Our organization is fortunate in having personnel trained

, in the practice and theory of the profession, Funds ere availshle
C : for an extensive program of recruitment of recent gradustes and it
- 3 is our ryspon31b*11t] to train new personnel so that they will
become a vital part of our expanding organization, Thercfore, it
is esscntial that a comprehensive manual of instruetions should be
available so that all activities of the Alasks Road Comrisaion will
work to one comron result,

It is evident that one nerson or a few persons cannot
excrt perfect control or give all the necessary instructions in
view of the inereasingly complex nature of conditions we are czlled

| upon to meet., Coordinated effort must extend throughout the orgeni-
: zation, FEach one must analyzc his own problems from a standpoint
: of their relstion to the genersl workability of the cntire system
as wel' as their applicztion to the immediate ossigmnment. This
call for assistance, loyalty, patience and endeavor is made regard-
less of position and authority,

1.1 Status of Organization. The Rond Comeisgion has been
resolved into a number of departmentel activitice, coordinated
through administrotive control, so thst specialized suties src con-
duc1vc to a conprehoq<1v“ wvolo Each district office, with an
organization for .Ingincering, Construction, Maintenanece and other
functions, complete wiuhln the district, has as one of its principal
corps an cngineering forece which prosecutes surveys, investigations
and prepsration of preliminary plans.
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1.2 Purposc_of Survey. One of the fundamental operations
in road building is the location survev which becomes, through
construction, o permanent monmment, A satisfactory survey, complete
in 211 details, will be proof of an endeavor well executed.

The purpose of the survey must be carefully considered,
It connot be efficiently and cconomically executed without all con-
corned having o clear conception of what the result should portray,
First there should be a reconnaissance supplying information for
determination of the routing and practicability of the proposed
undertaking; secondly a preliminsry study of comparative costs and
standards; third snd finelly a locstion survey embodying all the
essentials for construction plons, The importence of the proposed
project should be the concern of the lLocating Engineer, The service
it will render and the traffic it will carry sre governing factors
in determining alignment, grades and stardards to be used, The
above determinations originets at Hesduuarters, However, if these
values are piven cereful consideration by the Locator, the type of
survey he should perform is clearly outlined,

In order that the Locator may define and assign to each
member of his narty s particulsr duty, the District Fnginecr must
instruct him in the resuircments for ceach project, whether for
Force-Account or Contract. The District Engincer must delegste
authority for swpervision and outline methods of procedure as
well as the essential route and standard of work to be exccuted,
Upon the District Offices end Juneou Hesdquarters rosts the
responsibility of conveying administrative desires to the Locator,
defining standards consistent with the Rozd Comrission's policises,
and approving the final layouts for the construction plans,

A systen of coordinated effort from all concerned throughout
the steps of making 2 locstion and preprring finzl plans will
produce & well-engineersd projoct.

1.3 Economv in Survey Cogts, Having defined the nurpose
for which the survey is intended end the resulis for which the plans
must provide, the next concern is obtsining dats T

“or design by the
most officient and economical method, Organigzation and orderly con-
duct of sarvey follows general vrineciples which uniform practice

has demonstrated to be sound, Originality in applying gcneral
practices is desired vwhen it promotss cconomy and efficiency and
broadens the capabilities of the f£iecld persomnel, Certain phases

of our work require inereasing sttention to terrzin, ground con-
ditions, potential farming creas, property dsvelopments, cte., These
211 complicate working uniformity in plans for our vast Territory
with its widely varicd topogrsphic and climatic conditions and per-
manently frozen ground. Survey ond plan work should be performed
by methods which will obtain at minimum expensc the desired results
consistont with adopted standards, Survey cost within each district
should be comparahle with those of similar ~uality in private
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practice and in other organizations within the area, Camp operations
on surveys are zs much a part of the Locator's responsibility as
other phagses of the work, The camp should be carefully organized and
operated as economically as the rest of the survey, observing all
safety and sanitation rules of the Territory,

v 1.4 Purpose of Manual, The intention of these instructions
is to bring sbout uniformity of sgthods and results, to establish
standerd requiremsnts, and prescribe methods relative to making sur-
veys for the preparations of final plans with the minimum emount of
discrepancies, Standard recognized practice for detailed operations
of surveying shell be used, The uvltimste result to be obtained is

the final location where the roadway may be efficiently and economi-

cally built,

It is obvious that this instruction cannot direcet in detail
each of the operations involved in the study. The instructions are
© not intended to solve 2ll field and office wroblems nor are they to
. be used for the instruction of engincers in the rudiments of Highway
Engineering, It is assumed that the field engineer has the education,
experience and ability to discharge satisfeactorily the duties of
these positions. It is a part of his duty to visualize the needs
and develop the methods which will supply quickly and economically
the necessary information, '

_ 1.5 Administration of the Survey, The propor handling of

a survey requircs a high quality of leadership on the part of the
Locating Enginesr in cherge., The success of the survey depends, in
large part, on how well the work is planned., The survey should be
basced on a thoroughly plenned system; complete organization of the
party including its maintenance and transportation; =nd accurate
knowledge of the information desired. The Locator should assemble
. all supporting meps and reports to determine the methods by which

various phases of the survey can be accomplished, Inadequate plan-
ning of a survey invariably results in wasted time and expenditures
reflecting discredit on those in cherge. '

1.6 Loecating Engineers' Qualifications: The Locating
. Engineer must be fitted by education and experience to represent the
+ Alaska Road Commission creditably in the discharge of administrative,
. supervisory, and technical duties, He is required to direct sub-
. ordinates in technical work, perform personnel duties and assume
. auttority which will qualify him for further professional advance-
- ment,

{ To control all phases of the survey, he must have an

. intimate knowledge of locating methods and construction practices

- and must acquaint himself with tho abilities of cach of his subor-

- dinates. He rust familisrige himself with the experience and auali-
 fications of his personnel and train them for greater usefulness,
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He should encourage them to self-improvement which will surely lcad
to advancement with the Road Commission,

The Locator must devote sufficient time to the main loca-
tion of the survey so that it will bs placed in the optimum position
with the least expense ond detail., Thorough reconnaissancc vromotes
the confidence of the party in the Locstor's 2bility which is re-
flected in the character of the work performed snd the enthusiesm
with which it is accomplished, '

The projection should have the Locator's personal atten-
tion which is necesszry for a sstisfactory design. EHe nmust be fao-
miliar with all orecjection and not overload himself with details
that can be performed by subcrdinates,

As a responsible officer of the Alaska Road Comnission,
the Locator holds a position of trust and prestige that demands
- good public relations, iudgnent and tect in addition to technical
and administrative ability. To corry out these essentials, he nust
consider his conduct and the conduct of his subordinates so as to
avoid any reflections on the organization he is representing,

1.7 Classification of Surveys. Surveys are divided into
the following classifications for discussion in the Mamial:
Reconnaissance Surveys, Preliminary Surveys, Location Surveys, and
Special Surveys,

_ The nature of the project, whether new construction or
reconstruction, heavy or light work, mcuntzinous, frozen, swampy
~and brushy, heavily timbered or open, will determine the methods
necaessery. o secure the final location., The loestion pay involve
all the steps including reconneissance, or may eliminate some of
the preliminory steps,

In open country, valleys, ond along existing rosdwsys,
controls sre easily discernible ond the engineer can readily indi-
cate points determining the alignmment, On this closs of survey,
the work con be sccomplished with a smnller mumber of men in the
survey party thsn is necessory on more difficunlt locations., 1t is,
of course, apparent thot the greatest economy effocted and the
least delay is occasioned when one survey accomplishes our objective,
Thercfore, the Distriet Engincer should give thorough consideration
to all classes of survey befors making the deeisicon as to how to
proceed with the work,

shall be given the district by the Chief “nginecr, This order will
outline the proposed route to follow and a financial allotment to
cover wages and purchases to initiate the survey,

1.8 Authorigation for Survev. ‘n cnginezring work order

1.9 Designation of Touvte. The designation of route will
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be studied by all interested parties and final designation made by
the Chief Engineer.

2.0 Determination of TNoadway Cross Sections. The proposed
project will be reviewed by lieadquarters and the roadway cross
section determined by the Chief FEngineer,

2.1 Right of Way., Rights of :'ay shall be considered and
data collected in two different ways:

First, when the location traverses private land such as
homesteads, patented ground, cte,; 211 ties should be mede to property
lines or permanent corners with sufficient information to plot right
of way maps to be submitted by the District to Headquarters for
final action with the owners,

Seeond, when the location traverses nublic domain no
right of way chould be obtained from the Land Office until construc-
tion has been completed and the "as-built drawings! completed, Then
the right of way shall be established and application for same made
to the Land Office hy Headquarters, However, complete ties should
be made to all BLM survey corncrs at the time the loc-tion survey is
run,

Use permits such as quarries, gravel p
shall be initiated by the District Offices unles
such ereas will be required for permanent install

snd borrow pilts
t is certain that
ations,

it
5
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i

2.2 Core and fdiustment of Instrumcnts, ALl nersons using
survey instruments will be responsible for their carc and condition,
Csses for instruments should be used when transporting them to and
from work by motor vohicles. Then they should be placed in the ve-
hicle to receive the minimum vibration,

Survey instruments will be kept in adjustment at 211 times
and checked daily when in use, The checking and possible adjustments
should not require more than a few minutes of a competsnt instrument-
man's time, In addition, all measurements shall be taken in such a
way that instrumental errors will cancel, Failure to follow this
procedure may result in serious errors =nd much wasted time. If an
instrument should give unduc annoyance the matter should promptly be
reported so repairs or roplacement can be made,

2,3 Survey Motes. HNot enovgh emphasis can be placed on
note keeping, Complctlon of adequate plans =nd the speed in which .=
they are prepared depbnd largely upon accuracy and clearnsss of the
field notes submitted, Iach recorder will be held accounteble for
legibility, nentness and preservation of any field dsta, N¥otes should
not be crowded on a page and ample space should be used to detail all
topogrsphy, 411 notes shall be original and any office copies thereof
should be carefully marked, All trensit notes should begin at the
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bottom of the page with stationing carried forwerd up the page.

A1l other notes except those containing sketches of roadsidc topography
should begin at the top of the pzge with stetioning carried forward
down the page., Loosc leaf notes shall not be used on any original
survey, All notes shall be carefully indexed on the first page of

the book, On the cover, clearly marked, shall be the prcject and

phase of survey so that when filed no éifficult" will be experienced

in idontifying or finding any pOI"th*\ or tvpe of records which they
cover,

2.4 Meridian Determination., All surveys shall be referred
to true meridian and checked by mognetic bearings at easch transit
point, True meridian mey be determined by sclir observations at least
every ten (10) miles, All dato relntive to meridizn determinations
shall be entered in the field book opposite that portion of line where
observation is taken, Ties shall 21so be made to USC and GS triangula-
tion stations wherever possible for determinaticn of true bearing,

2.5 Coordinete Plotting., The use of coordinates for plot-
ting =nd calculating preliminary end location traverses shall be
stondard practice. These coordinate notes shall be made a part of all
permanent records,

RECON"ATSSANGE SURVEY

3.0 Reconnsissance Survey. When a general investigation
of a route is authorized, = reconnsissance should be made by the
District Engineer, Locating Engineer and a repressntative of the
Headquarters Survey and Road Design Branch, They should devote as much
time as may be warranted by the importance of the project and the
difficulties encountered to z thorough study and investigation of the
proposed route prior to the more detailed survey worl,

The reconnaissanecs should be intensive and thorough snd the
resulting information sufficient to meke a decision vhere = po<s1%le
choice of routes presents itself.

Great importance is attached to the reconnaissance investi-~
gation and the economy and spesd of the later surveying work will be
proportionate to the knowledge the Locating Engineer has acquired of
the existing conditions,

3.1 Reconnaissance Data, The information obtained on the
reconnaissance survey should include the gencral risc and fall of the
country; possible governing and maximum grades which mey be obtained
by use of compass, by pacing, scaling or estimating from available
maps; cross sections taken sufficiently often to determine the general
slope of the side hills; classification of materials; drainege;
glaciol and snow conditions; character of clesring; development of
. country; service to communitiss, cte. This informotion should be
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acquired by ususl methods employed in reconnaissance work, including
the study of U, 2, Geologienl Survey maps vhen aveoilable,

The data obtained frow the reconnaissance survey should
indieate the general location of the route and ecstablis hed controls,
£11 information should be furnished for th~s determination of
standards of aligmment, grade snd typicel roadwsy section,

3.2 Reconnaissance Revort. The recomnaissance report should
be a complete record, with cost estin ates, Maps and nhotographs
appended, of all collected information u%o?ul in adninistrotive
circles and in the conduct of future surveys. It should conclude with
s discussion of economic factors snd a brief summeory of compsrisons
and recommendations,

The following topiecal outline is supplicd as to subject
matter covered in a2 preliminsry report, The outline may be rearranged
to present topics in whotever sequence is most edvantsgeous in the
development of the prriticulir project,

I ~ INTRCDUCTIOW
1, Subject or designation
2. Origin of investigation
5, Authorization or reguest
b. DNecessity for survey or progr:m
IT —~ PROCEDURYE OF RECONVAISSA“CE

1. VWhen made

2. Personnel - authorities consulted

3. Method

&, Plans - Meps
b. Field Investigation
¢. Other sources of information

IIT - DESCRIFTION OF ROUTING AD ALTERNATE

1. Log of route - course, distancns, profile, slopes,
difficulties, contacts

2. Conditions, vegetation, soils, drainage, obstaclces
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3. Road Standard Practice; aligmment, grade, width,
tvpe, right-of-way problems

4. Estimated Costs ~ Construction
5. Mointenance Costs

6., Construction fecilities, source of supply, labor
market, working conditions

IV .. SUE CONCLUSIONS AND RECOMMENDATIONS
V - MAPS, PROFILES, CHARTS A¥D PHOTOGRAPHS

PRILIM

preliminary surveys, the Locator should be woll 1nforme@ by maps, date
=nd instructions emsneting from the previous route or roconnaissance
study, He should be familisr with the zren or bs g1v0n time to

make an intelligent study so that the entire oorty will not be delayed
in the field initiating the survey., It should be his endeavor to
place the line as close as possible to the final location,

inary Surveys. Before sterting 2 paorty on

The organization and metbod of procedure will be determined
in the district office, Ordinarily, the personnel will include:
Loceating Engineer, Chief of rarty, Inutrumﬁptﬂu., Chrinnen, Stakemean,
Levelman, Rodman, fxenen, Cock -nl Tractor Oper:tor, Frelimincry
lines should he marked "PU end slternates merked Pl, F2, etc,

Survey stctlonlng should be from south to north »nd west to east
where "‘"“Su.;.uq.\, .

4. Stgking. On prelimincry surveys the base line should

b= tangent courses and angle points. A series of vhort tangents can

be used apprPYquti w the curve when it is apporent thot o curve will be
recuired, Stakes w11 bae _pnl ot 100~foot gtation and interrediate
stations ot "llgpro \inent breu\s in profile which will focilitate

taking profile levels a~nd topography for projections.

The accuracy in preliminsry base lines should be equal to
thet used on final loeation in order that caleulzted traverses will
check and an identical coordinate system will apply to both preliminary
and location data. Transit noints on tangents and angle points should
be set by reversing or double centering. This method insures accurcey
by providing a constant check on the adjustrment of the instrument,

With ordinary carec, chaining should not exce:d the allowable error
of one foot in five thousand, Slope chaining in broken country is
quick and accurate and should he comron practice where the topogrephy
warrants, ’

If the prelinminary is ecrefully chained, it can be used with
relicbility in later running out the fincl locations, Chainmen and
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stwkrmen should be par tlculwrly crutioned not to skip = strtion and

(SR 55
thereby throw the rapping into error before tho level party detects
Vi < J

.

the error in staking,

4e2 Bench Levels. Independent line -7 bench levels shall
be run, hased on U, 2, Cozst rnd T2odetic Swrvey deta, ond permenent
boneh morks shall be placed ~t intervals of epproximatoly 1,000,
Bonches should be estohlished ot 21l eovisting bridges =nd ot proposed
bridge locxtions, The recormende” nerty for this phase of the work is
one levelman and one rodman, The _vvoJ an should be capable of keening
notes o8 well as running instrument., Bonch merks should be set upon
some permanent objeet and in o woy which will insure their remcoining
undisturbed during future construction. They should bo nuwibered
consecutively and fully described as to locatﬂon, distance fron
centerline, ete, A1) banch narks should be cheecl-ed by a complete
circuit with allowable errors esual to the square yoot of the distance
in miles times .05 of 2 foet, Erch bench mark should be a turning
point, keeping 21l notes in = senrrate book, t is scrotimes desirsble
on long surveys for the rodman to keep = peg tock noting 211 turns
ag the levels proceed, The profilc elevations shrll be teoken on all
prelininory stetions and at permnnsnt bresks clong the nrofile, recording
stations of transit points accurstely, When running profilc levels,
checks should be nade on beneh rarks and corrected to ngree with the
profile notes, The 2llouable error on bﬂpch levels vhich have been
“previously checlked sh 11 not bhe more then .1 of a foot for 1,000' inter-
vals. In many cises, the profile level 71no can serve as o check on the
bench levels, in vhich case the dzgree of sececurscey for bhench level
survey rmust be mainta 1nou. The Locater should n"ke en offort to have
the level computations checked each night so thot an accurwlated error
will not result,

4.3 Prelininary Mibpln{. Prelinincry lines should be pletted
by cuordinetes, Haps should be rade on hard shell manils s reconmended
in 4,R,C, Hemorandun Wo, 68 covering peper requirenents, ”Trblng naps
should be in lengths econvenient for handling in field and office, 411
drafting necessary for ond during the prelininary. survey ”hlll bp done
by a competent nember of the party. hen the dccuracy of scoling
consistent with the accurncy of the notes and of prejection pernits
use of the sesle 1" = 100!, this ecale should be used on working maps
so that they may contain all of the project's locstion and closing
line, =nd the controlling topography for use throughout the lecation
steges, With care in nccuracy rnd nentness, suveh naps can be traced
on the finnl layout shects without duplicating the drafting, The
scale of 1M » 20! should be used for bridse sites. It »ay be used
rerely when the swrvey is in p-rticvlarly rough cc unc*y requiring short
radiuses or meny trial projection lines, This segle ney be alvantageous
in rough country to permit reconstruction of vprelirincry cross sections
from irreguler contours.

' Led Conbours. Contours con be plotted on the slignment vhere
the topography indicates extensive study., Thoe cormon nethod of taking
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contours is by hand level,; rod and tepe, locating the contours on

the gronnd, If contours are plotted from slopes or cross section notes,
care must be exercised in recording notes to indicate essential breaks
or changes in contours which are not on uniform slopes. In irrsgular
country, the most relisble results sre secured by plotting contours

in the rield vhereby they may be accurstely joined and peculiar
features properly located, Unles~ this is done, the finished contour
map should be taken into the field and visually checked. The
tepographer should be experienced in knowledge of what constitutes
controlling contour festures,

L5 Cross Tection Method of Projection. Complete cross
sections from the preliminary line showing all breaks in the ground
surfece are often necessary in connection tith contour plotting or
in lieu of contour projecction, Uhen used for projection in lieun of
contours, the proposed road templet is superimposed on cach cross
section on some predetermined trial grade line. It is preferable
that location notes be offsct from basec line at a point spotted on
the projection map. The aligmmont projection is adjusted to pass
through these points as ncarly as possible, By trial with revised
grade and =lignment, the final »rojcction is sccomplished, ‘hen both
contours and cross scctions are plotted, a trial nrojection of contour
projection is z check on the cross seection plates for minor adjus tments,
Inaccuracy in preliminary cross sections and contours in difficult
country leads to incorrect projections and subsequent revision of the
located line. ZEmphasis should be meds on taking cross sections at
right angles to the conterline as meny errors cre offectsd by cereless-
ness in taking cross seetions,

446 Anpproval of the Projection., Close supervision by the
District Engineer or his assistent is necessary during »roisction of
the final location, The projection should be reviecwsd on the ground
and approved before the final line is staked. Roview of the mojection
by representrtives from Headquarters as well as the district office is
anticipated on practieally =11 projects., The design that is approved
before location is staked should bo free from costly line revisions,
Headguarters will cooperate with the districts in the solution of
important problems that arisc and should be kept informed on progress
of the survey in order that thoy may be availaklc vhen the projcction
is ready for review, The bast rosult: are obtained when projection
and design is done by the Locsting fngineer in the field where it
can be reviewed snd checked on the ground, This is gencrally not
possible on most of our romote projects, The District Engineer
should by ficld review acquaint himself --ith details vhich later
study in design rocuires, If the design is handled in the district
office, the Loenting Zrgireer should have tentative projection of
alignment and grade indicatad on preliminery plens and orofiles and
supporting dats for controlling featuras,
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4.7 Outline of Preliminary Renort.

1.

2.

3.

Descrintion of Project

(a)

(a)
(b)
{c
(

\./\/

d

Location and relation to Comunity System or

Main Highway System, with reference to a vieinity
mep.

Economie importance, mineral, agriculturc develop-
ment, ete, '

(e¢) Scenic value or recreation development,
(@) Length and termini; recommended width of roadway
mazimum curvature snd grodes; datum used,

Date Preliminery Investigations requested.

Date Preliminary Investigrtions or Reconraissance
Survey reported; with estim-tes,

Date of location,

Brief history of previous construction (if survey
is relocation).

General Choracterisilcs of Proposed York Difficulties

[
L3/

(»)

(e}

(@)

(e)

Distance from rail point

point, transportation fa

Cloaring and Grubbing,

(i) Virgin; heavy; light; second growth; approximate
acrecags of each,

ii) Recommerded method of handling.

Exeavotion,

(1) OClassification; ledge rock; boulders, gravel

deposits, permafrost; muskeg or tundra;

quantities of each prob bhle u“stn° sclect

borrow; overhaul,

[ 4
[N
-
e ©
'C.l- .
o

(11) Subgraou dgonditions,

iii) Recormended constructio procedure; ecuipment
required; ete,

Structures,

(i) Bridges; recommended type and length; materisl
or ~ggregetes availeble, ete.j; proboble costs.

(ii) Culverts; rccommended type =nd sizc; materinl
corrvgﬁt‘d metal, timber, ctec,

Surfacing.

(i) Recommended type, plant mix; prime and seal;
crushed grovel; or pit run gravel, ete.

(ii) Matorial — source of supply.

AT - 1] L]

iii) Recommended mothod of handling ~nd equipment
requirced,
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4. Conclusion

(a) Peculiar foatures cncountercd on survey; alignment,
grade, topograophy, etc.; how handled,

(b} Peculiar situntions to be encountered on construction
and suggested wethods of handling,

Nt
=i

ibits

e v

(a) Vicinity Map.
(b} Photographs,

LOCATIOE SURVEYS

5.0 Loecation te be Staked. The location survey will be
considered complete when the projection nlignment is staked on the
ground, adjusted in detail, end cross sectioned. Staking location and
projection should precede preprration of finel plans just prior to
construction, The projcetion is cssentially a trial line, subject
to revisions which the location will disclese, The stikes sre
necessary for raoview of the projection by constructican foreces or
prospective bidders,

Reloention surveys for reconstruction of sxisting roads, and
ploneer surveys when terrein and brush cnr‘vtlnns permit; should be
fully field-located, including staking of curves, IFf the
Locating Engineer exercises cave and judgment, few office »nrojected
lines will be reguired during the period of finel office design, and
most of the loeated line will become the final line without further
revision,

5.1 Location Survey P”rty The personnel for a location
survey shall include the Locating Enginecr, chief of party, instrumente
men, two chainmen, a levelmaon, stak man, rodnan, cnrputornorvf*ﬂnen, and
necess“ 7 axemen,

5,2 Description of Located Lines, Located lines shall be
marked with the letter "L" and any alternate lines shall be identified
by the letters "A, B, C,” ete. The use of the letter WO ghall be
reserved for identification of office nrojections., On the location
surveys, the stotioning, where possible, is to increase from the scuth
to nerth, or from west to east,

5.3 Mcthod of Staking, The projected linc shall not be
staked by offsets from the preliminary line, but by = continuous transit
line based on traverses of coleuleted and secled ties to the
prelinineary llne. By this means the staked line will pass through or
follow ~t a desired distance from the control noints noted on the
ProJuCtT“ﬂ It should aceordingly it the ground, except where
Inaceuracics in prelinminary data sre discovered. At such places, it
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will have to be adjusted by revisions znd these rcvisions should be
mede by the location party as they become evident., Minor inequalities
in fitting the ground may be made by grade changes rather than changes
in alienment, It is not to be expected that a projection cen be mde
which would not be subject to some advantageous changes during location,
The method of running in & projcetion and reaching 2 final adjustment
on the ground will depend upon the individual practice of the Locating
Engineer. All locations should be accomplished by a skilled chief

of perty who is guealified to 2pply the calculzted projection notes

and traverscs in the field. He must follow the accuracy with which

the centerline fits the ground and meke revisions or adjustments in

the field ns the survey proceeds. It is necessary thot profile levels
be carried close on the transit party so that elevations and cross
section control can readily be determined. The complete =zligmment

and curve datc notes cre made up as the survey progresses, In order

to elininnte fregquent backing uvp and re-running courses or curves,

the chief of party muet also investigote the cccuracy of the projection
chead of the survey crow,

The Locating fngineer devends upcn the accuracy of the
preliminery daota to the extent that the projection ean be run by a
gualified instrumentman snd survey narty and not be subject to
numerous readjustments regquiring his constant attention to the party,
To do this, he should review tigir designed aligmment by a “projection-
in-hand® inspection of the ground and, if neecessary, heove important
contrel point data or cross sections checked from the preliminary
line. Traverses of preliminsry ond final line heing on a common
coordinate system are easily ccleulated and messured, Sketches of
the traverse and pre-calculated locstion end alignment notes can
be checked by the transit party. At each field tie, the calculnted
relation of the loceted line to the preliminery line is checked ond
proper change substituted in the troverse notes of the succeeding
course to bring it back to the celeculated position, '

5.4 Closure and fllowsble Error. GClosures fron the location
survey to the preliminary line shall be made at frequent intervals,
Allowrble error of closures is 1' in 50C0' of loccted centerline,

5.5 Centerline Stoves, The centerline of the ldcations
survey shall be marked by stakes aporoximetely 1 x 2 at lesst 14" long,
driven at 100 foot stations on tongents, 50 feet apart on curves up.
to 16 degrecs, and 25 feet apart on curves greater than 16 degrees.,
Where the locction follows a traveled roed, a noil with a small piece of
red cloth tied to it shall be driven on centerline and the steoke placed
on an offset where it is lomst lioble to be disturbed with the offsct
distance to the centerline merked on the side opposite the stotion number,

1\,

5.6 Tronsit Points. Tronsit points shall be marked by the
center tacks in 2 x 2 hubs driven flush with the ground. VWhere the
point f2lls on.rock or an obstructinn that prevents driving = hub, it
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should be indelibly marked, as by a chisel cut in rock, M-rk the
beginning of curves as F, C. with the direction of the curve right or
left., The end of the curves should be marked P,T, The intersection

of gemi-tangent shall be marked P,I, and points on faongent nerked ?7.C.T,
and points on curves T, C,G, On long tlngonts, transit points should

be gsot ot not more than 1 000! intervals,

5.7 Reference Foints, Refercnce points must be placed so

that the present centerline can be reliably rpolacod if lost cr oblitera-
ted, Beginning ~nd end of curve points, intersection of tangents and

all tr¢n81t points on tengents showld be refercnced. Ocessionally it will
be nmore convenient to leave a point on tangent nesr the molnt of curve
rother then the curve point if the latter is difficult to refercnce,
Refercnce points should be sct with permeonent hubs snd markers or by
- pails and washers in adjacent permanent trees, building, poles, ete. A
single rceference line with accurate measurement to the nearest reference
hub and a long sight te the distant rcference point beyond the precise
angular dcflectWCn is one of the quickest mothods for referencing the
original hub, The distance tc the second hub need only be approximate

to locate the reference point, plrcing the reference line with hubs on
opposite sides of centerline with ongle deflection and distences will also
prove convenient, P,I.'s ond points on semi-tangents outside the area.
of disturbance from the construction are usually cffective, In difficult
country, more poéints or more reference lines should be nlaced in case
loss of reference points would couse difficulty in re-tra acing the Iine
between the remaining ties,

5.8 Topography. Topography shall consist of ties to prop-

erty and land lines and corners ond to all man-made objecets such as

-houses, buildings, Fences, gates, power poles, power lines, trees,.

L culverts, bridges, ditches, rallroad tracks, ond all utilities within

C k or near the proposed right—-f-way, Similor ties should he nade to

" prominent natural features such as streans, water courses, bluff ond

cliff lines and base lines of hills or mountains, Generally speaking,
objects 60C' each side of the centerline should be sufficient,

Topography should be taken in conjunction with the centerline survey
except in specizl cases such as bridge site surveys =nd chenncl changes,
The tOﬁuFruﬂuy notes should be mnade an integrsl part of the transit notes,
.TOpﬂgrﬁph" is often taken on the preliminary survey =lthough any or 2ll of
it ray be referenced to the final loestion if Fes1rah1 he use of
identical coordinate system on ﬁ?“]lﬁlnur" and 211 IWCrtl N surveys

- will make it possible to apply preliminery topography ties to the located ==
centerline,

5.9 Pronerty Lincs ond Section Corners, The station and
direction of all intersection property section 71ncs shall be extended
and the names of all property owners, section numbers and township

- numbers recorded, Ties shall be made to these corners and =ny other
) monuments to insure their definite location for the purpose of pre-
A pering right-of-way descriptions., These ties shall be made by accurate
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chaining and weasured angles in reference *o the centerline of the
locntion, noting of stoticns where such lines intercept the centerline,
211 noted improvements slong the course of the survey shall be located
ond described, The station of intersection, width, direcction and ties
of improvement of all intersccting roads shall be determined, This is
olso truc in the case of cntrances to property, such as nermanent drive~
ways., All cross drainoges shall also be noted and recormendations nade
for replacerent,

5.0 Streems ond Woter Courses, The width, distonce and
neanderings of intersecting streams or creeks for a disteonce of 600!
ench side cf centerline shall be tcken, The Loesting Ingineer nust
use his judgment as to what this distance shall be, bearing in mind
that the object of talting it is to obtain all of the dats which might
have influence on the planning and size of the structurc. A separate
A,R.C, form number for brifse crossings shall be completed with all
the pertinent information by the Locating Engineer,

6,1 Existing Structures. Speciasl attention shall be given
to existing structures, such as bridges, culverts, rotaining walls, ete,
Special sketeches shall be made of same, and entere” in notebook to=-
gether with a deseription of the material, serviceability and general
condition, togather with elevaticns of decks,. flcw lines, and high water,

6,2 Railrood Crossings, When railrcod tracks are intersected,
complete detrils of the vieinity should be gnthered. Station and angle
of intersection, the railroad stationing or milesge or mile, slignment
and profile for at least 500" in each direction, track laycut, railrosd
right-of-way, station ground and 211 importent details. Railroad
crossing sites are generally features requiring special attention and
report. In every case, an casement must be obteined, reguiring an
accurate plot of the ercssing,

6.2 levels, Profile s2levotions of the centerline are to
be taken ot eceh station and at 211 definite ground brecks, recording
to the nearest tenth ~f a foot, Leocation levols sre to be checked on
bench narks estoblished os previously provided and the elevation of
these bench narks adopted where a difference is found, If the error
exceeds the allowable moxinur,; lecation levels shall be run and new
elevations established, If any bench marks set during bench level
survey will be interfered with by construction operztions, permanent
bench rarks shall be re-set during locution ond pronerly deseribed,
Creat crre should be taken in transferring bench marks, Use the new
ben;h rark as o turning point from which to check the meximum bench
nark,

6.4 Cross Seetions, The staked location shall be completely
cross sectioned, On the basis of these crogs seeticons snd o detailed
study of the ground, the clignment znd grade are adjusted to final
design and grade quantities can bo cecurately computed, It is im-
portant that sufficient sections 2nd readings be taken to reproduce
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the ground line in all directions over the area that may be used

e . ﬂuriﬁg construction, and should take in probable slides, borrow or

' widening, Readings at small breocks in the ground line of rough

country complicates the notes ond delays field ond office progress
and should be averaged, Howcver, discretion imst be uscd so that all
low Hruinage points cre shown correctly, and so that any cvercoing will
not result in incorrcet earthwork co~ﬂut“t1ﬂn.. In arecs where office
line chonges ore antieipated, particulsrly wherc the roadway scetion
is wide, or the drainage PrObl“ﬁ intricate, it is especiclly important
that cross scctions be taken oxactly at right angles to the center-~
line. ©Special emphasis must be n]&co& on this phase of the work,

6,5 Miscellcneous Cross Section Data. At crossings of
waterways, readings un rnd down the stream should be axtended n
sufficient distance to obtain data for designing structures and
establishing proper grade lines for the flow of water, Rlevotions
should be obtained at each ond of openings which arc already in place,.
High water mark elevation should be token and mey be nmarked on the
ground by a stake on some permcnent object,

pR e Ly . At all intersecting rosds, cross scctions should he extend-
ed for a distance of 500' or rore sc as t0 furnish informotion for
the esteblishing of groades and connections ot such points, At rail-
road crossings, cross scetions ghould be token very fully as to
detail., Top of rail elevatin rnd groede rotes in both Airections
should be cobtained, During the nrocess of teking locntion cross
section data for some topography items may be noted to supplement
notes teken separately under topography., Rendings at fence lines

cen be clearly marked and irregulor ditch mork can be indicated,

5.6 Cross Section Mcthods., In open and rolling country,
cross sections are uvsually token with the Engineer's level, rod ond tape
ot the time the nrofile levels are obtrined, Readinss buy@nﬂ the

scope of the instrument can be extended by hand level rethod,

In rocky or bushy country, nuch tine be saved by
toking cross seetions os 2 separste operantion azt»r the cent torline
has been run, In place of the Ingineer's level, the hand lovel or cross
sectioning dsviees such as the Rhodes rre ey be used, all recdings
being booked in relﬂtlon +o centerline and true Wth elevation
previously reduced., The Rhedes arc is on jhubrl t with o simp
arrangement of scales combined with an are mounted on o staff with
which vertical nnd horizontsl distances from nt of known cleva
tion to =ny other point can be rendily deterrmined. The principle
of its opcratlcn is that of neasuring slope ang ot slope dis-
tances, Its odvantages cver o trfnﬂlt are thot it is lighter, more
portable and eliminates calculationg,

4

Originel methods mey be cerefully ov‘Woyoﬂ to ~dvantage
. such as running an quLliD v temporsry base line for the levels =
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the foot or over a cliff lowering by 2 line the weighted end of a
tape to accessible points for slope chaining, ete,

: 6.7 Slone Stokes, The setting of slope strkes for con-
S%ructinn is a construction engineering iten ond shall not be dene
under survey and plan “uthorlzqt;on unliess SDLP¢f10&13V crdered and
upﬂT“VOd by the engineering work order, Cascs noy arise vhere the
grade line of loeation is ngt subject teo change and construction
slopc gtakes may be efficiently set at the time the location is

_eross scctioned, This procedure will not be used unless spocifical-

1y authorized.

6,8 Transit Notes irmnsit notes shall be recorded as a2
separate set of nctes and =2s shown on sanples which heve been distrib-
utaed to the District Engineering Divisions

6.9 Field Computations. Field cormputations of instrunent-
men should be checked by - sceond nenber of the party. Certain com-
putations, such nas triengulations snd slope necsuring reductions
should be nreserved for checking by the field office. Such compute-

tions sh&ll he subritted with the field nctes.

tes. Teposraphy notes will be nade 2
s shovn on the samples distributed to the

7 0 Tonography
part of the transit netes

D5
District Dngineering Diviginsns,

S

a8 shown in the
n the colurms on

7.1 Level Hotes Level rntes should bs ¢
level note form ungrlbuteu in the following order
the left hand nage,

;_h “J

" N

Stationing from top to bottor of wage,
Plus rods., - (Turps ~nd benches)

Height of Instruzent.

Minus rods. {(Turns, bonches =nd nrofile)
Elevations along profile

BElevetions of :Lches.

TN ST SN ST S
ON OB~ W 0 =

— N N

Bench marks rre olways
and should be fully describrd in
o ﬁeﬁuet)

2 deseribo” ns turning points
; v !
evel notes. (sco Sample Prge

¥

7.2 Cross Secticn Motes, ‘hen cross section notes are

ken with an Engineer's level ~t the tire rrofilc levels sre teken, cross
tions should be recorded in the level bock, When cross sectisns

are taken as a gepsrste operation, ~s with hand level reedingss from
centerline elevations, it may be sdvontageous o k 2 scparate

sheet of cross section notes,

tek
sec

The lsft bund na,ﬂ .' 118 eonta otioning snd center-

line elevations, This r tienlarl 7 ible vhere




nany intermediate plusses are expected, and stationing must be made
up as the work progresses to avoid crowding the notes,

On the right hand page of level or cross section notes, the
crogs sections shall be entered in the form of a fraction, the numera-
tor designating the rod reading, vertical dluzance or eLevation, the
denoninstor the distance from centerline, Leave sufficient room from
each section so that elevation reductions can be entered shove rod

readings., Notes should plainly indicate whether rod readings are from
height of instrument or are sights above or below centerline elevation,
(See sample pages attached)

7.3 Construction Notes, Location engineers should femiliar-
ize themselves with details snd methods of construction, the units in
which quantities are estimeted, and the basis of payment as provided
for in the standard specifications so that they may have a better under-
standing of the information that is recuired for an estimste. Often
items are overlooked in preparing estimstes, because location data
did not prescnt the necessery informetion, The Locsting Engineer or
his chief of party is cxpected to take all notes concerning construction
data, such as clearing and grubbing, classification of material, drain-
age and other miscellancous data, HNotes of this character may be kept
separately, properly indexed, or may be recorded in a uniform manner
in one of the sels of notes of lovels, topography, or cross sections,

Clecring and grubbing is often ineluded in the grading cost,
and it may easily reach such dimensions that a separate item should
thercfore be made., In all cvents, such notes should be made regarding
this class of work to allow an cstimate to cover the cost, Make
particular note of grubbing or stump removal where it will affect em-
bankment or excavation quantities. Type of clearing should specify
kind, density and size betwoen limiting stations.

7.4 Glassification of Materigls. Proper classification of
materials is especially important in determining excevaticn snd embank-
ment slopes, probable swell, subsidence and the unit cost of cxca-
vation, However, field sampling of soils and the detailed classifi-
cation of scil types are propcrly functions of the Materials Branch
and should not Bc attempted by the Loceting Bngincer, 047y such general
notes as mey be made from observations during thﬂ progress of the
location survey should be made by the location party.

7.5 Tosting Materials. On all projects involving portions
of the roadway crossing muskeg, swamps or glacial conditions
or other typss of ground where the roadway is liable to subside or
have excessive settlement rnd where shrinkege factors are wmsually
large and uncortaih, the project survey shall include, in cooperation
with the Moterials Engineer, complete soundlngs and subsoil investi-
gation for the purpose of establishing the nature of the subsoil,
This is extremely important when the program survey calls for a hard
finish roadway,
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The results of these soundings should be noted in the

prellmlnﬂry repor In all such cases, complete informetion should
be incorporated on th; profile mﬂd noted on the plans as to com~
DTOhGDSLV@ s0il clessifications thot they can be reviewcd by the

He(oouﬁrtarq office before any COﬂS“rVCthﬁ work is started,

It is necessary that 211 materials be tested, : nl test
holes drilled where all major structures on the project arc con-
templated,

¢, & proper drainage system should be care-
fully worked out, The pOQLtIOI size and condition of the existing
culverts, and other structures Mhould be noted, including notes

as to whether thcy are to be replsced by lorger sizes or shall be
extended, Location, kind nnd size of new culverts or sitructures
shall be shown as well as nccessary oubtlet and inlet ditches.
Elevatidns of high water of strecems or rivers shall be noted and
inquiries made as to previous floods =nd conditicns of the streams,

COmpiuhC isive notes shall be taken and maps. or sketches
preparcd on specizl situations such as ditches, channel changes,
slide treatments, glacial conditions, surface ditching, =nd drain-
asge and developed arbas. In the latter ceages, drainage will control
relation of grade to the adjacent land, and may at times docide
subgrade treatment due to existence of undrﬂlnéd subsoils, In
the design of pipes, culv&rtu, channel changes, protection work
ete., consideration should bc given to their loecation for pr“ctl—
cability, economy, nd future widening of thse rou¢ WAV,

7.7 Dreginnge Aress, In ¢ ctorﬂlnlnv the size and type of

drainage structure, the Locating Zngineer should obtain all data

end observations available. He should confer with the District
Engineer, in cooperation with the bridge section at Hesdguarters
vhere large structures are involved, Tables showing relcotion he-
tween character =znd cuantity of rainfall, droimge area, and size

of opening should not be relisd upon w1tAout verifying the con-
ditions in the ficld, Existing structures or culverts often

furnish important deta for design, and an accurcte loestion of all
such drainngs structures must be made during the locetion survey,
HlﬁY water cross scctions should be taken at points near the proposed
structur:. Drainage areas may be obtained from maps, if availeble,
or by traverse made by oacing, and the usc of a compnss or such other
meansg. JBach district should com o drainage and run—off mop for all
new projects and file same for r future usec,

: 7.8 Holls, Rinrap, Ete, Whore retair iag r2lls, riprap
or simil-r construction becomes nocessary, carefn xxm1Aut1“n of
found-tions should be made ond reported with sufficient dote t
nake a close estimate, Considerstion should be g

widening of rosdway in Jesign of such porm




source of materials for such structivres, and describe or sample the
guality of saue.

7.9 lMisc 1.groous Datza, Locabtion of rock, sand and
grav@l deposit quurrles and pits suiteble for road huilding material
' 1 be handled with the assistance of the Materials Section.

- 8,0 Special Surveys. Special surveys may be reaquired
te furnish SpuC’ﬂl and deteiled information in adlition to or aside
fror that obtained on the location survey. These nay include

surveys for rights-of-way, railrcad and highway intersections, re-
construction data ond detailed bridge site data, FProper instruc-
ticns will be issued in cases ivhere special surveys ~re required,
: The Loc~ting Engineer snd the District Engineer should call
LI : - attention to the necessity for such surveys.

8,1 . Large Structures. Small structures up to 25' spans
can generally be sclected from the standord designs for small
structures. Lorge structures, culverits under highway f£ills or short
span bridges with exceptionnl height will be specinl designs pre-
pared by the Bridge Section ot Hendouarters., Locotion at such sites
must be mode as scon as practicable during the survey »f the project
in order that the Bridge Section may have site plens in time to de-
ign the structures.

0)

When surveys for large structures sare not authorized as a
separate project, the regular 100“t10p survey on a project will
establish the line ond grede a2t all bridges ond provide for the
approaches thor‘to 5ite plons for the prOpnsod structure shall be
prepared in accordence with instructions issued by the Bridge Design
Branch and shall show =11 the data necessary for the Bridge Depnrt-
ment to determine o prelininary design of the structure., The plan

= and profile shall give 21l the loeation data for alignment, grade,
o . profile readway sectisns, etec, The site plans shall be made to
: - gcale suitable for showing psqentlﬁl Actails of a preliminery nature.
Contours shall be shown at 5' intorvals on steep slopes ond 2!
: intervals in flat country. A1l the pertinent data for structure
. | information rust be filled out on ARG Form No. 124 (Revised January
© L 2, 1951) for bridge surveys, o

8.2 Typical Field Noteg, The following typical field notes
may be obtained either from the District Offices or from the Hc91
quarters Office:

)

J—GT‘~81 "Typical Tronsit Notes (3)"
JaiFW»SQ, "Tsmical Bench IWVOW Notes™

’ S3n m Hotes (1)7
on Hotes (2)0
Lovol Hotest




