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MANUAL OF INSTRUCTIONS FCR SURVEYS AND INVESTIGATIONS

iP ae

GENERAL

1,0
° Responsibility. The Road Commission organization

has developed to the status where more realization of the possi-~
bilities in the field of surveys and plans is appreciated by the
individuels comprising its personnel, The service to be rendered
the Territory by the Road Commission is largely depentent upon
provisions made when plans are prepared. Errors in establishing
proper standerds and vractical routing become disadvantages borne
by the settlers who have faith in the future of Alaska as well as
the trevelins public. To correct these errors in planning is
sometimes impossible but always an economic loss,

We cannot overlook the opportunity given us in this
expanded highway program of the Territory to more correctly
anticipate the future as well as the present recuirements of high-
way service and to justify the responsibility placed upon us by
making our efforts in surveys and finel plans produce the best
results, Our organization is fortunate in having personnel trained
in the practice and theory of the profession, Funds ere available
for an extensive program of recruitment of recent graduates and it
is our rosponsibility to train new personnel so that they will
become a vital part of ovr expanding organization, Thercfore, it
is essential that a comprehensive manual of instructions should be
available so that all activitics of the Alaska Road Commissionwill
work to one com-on result,

It is evident that one person or a few persons cannot
exert perfect control or give all the necessary instructions in
view of the increasingly complex nature of conditions we are called
upon to meet. Coordinated effort must extend throughout the organi-
zation, Each one must analyze his own problems from a standpoint
of their relstion to the general workability of the cntire system
as wel’? as their applicetion to the immediate assignment. This
eall for assistance, loyalty, patience and endeavor is made regard-
less of position and authority,

1.1 Statuof Organization, The Rond Comission has been
resolved into a number of departinental activitics, coordinated
through administrative control, so thet specialized duties sre con~
ducive to a

comprehensive
whole, Bach district office, with an

organization for -mginecring, Construction, Maintenance and other
functions, complete within the district, has as one of its principal
corps sn cngineering force which prosecutes surveys, investigations
and preparation of preliminary plans.
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1.2 Purpose ofSurvey. One of the funiamental operations
in road building is the location survey which becomes, through
construction, 2 permanent momment, A satisfactory survey, complete
in 011 details, will be proof of an endeavor well executed.

The purpose of the survey must be carefully considered,
It cannot be efficiently and economically executed without all con-
corned having a clear concention of what the result should portray,
First there should be a reconnaissance supplying informetion for
determination of the routing and practicability of the proposed
undertaking; secondly a preliminsry study of comparative costs and
standards; third and finally a locstion survey embodying all the
essentials for construction plans, The importance of the proposed
project should be the concern of the Locating Engineer, Th: service
it will render and the treffic it will carry ere governing factors
in determining alignment, grades and stardards to be used, The
above determinations originate at Hesdauarters, However, if these
values are civen cereful consideration by the Locator, the type of
survey he should perform is clearly outlined,

In order thet the Locator may define and assign to each
member of his narty 2 particuloer duty, the District Hngineer must
instruct him in the requirements for each project, whether for
Force-Account or Contract. The District Engincer must delegate
authority for supervision and outline methods of procedure as
well as the essential route and standard cf work to be executed,
Upon the District Offices and Juneau Headquerters rests the
responsibility of conveying administrative desires to the Locator,
defining standards consistent with the Ronzd Commission's volicics,
and approving the final layouts for the construction plans,
A system of coordinated effort from all concerned throughout
the steps of making a loestion and preprring finel plens will
produce a well-engincersd project.

1.2 Economy inSurvey Costs, Heving defined the purpose
for which the survey is intended end the results for which the plans
must provide, the next conecrn is obtaining data f‘or dosign by the
most cfficient and economical mothod, Organization and orderly con-
duct of survey follows general principles which uniform practice
has demonstrated to be sound, Originality in applying general
practices is desired when it promotes economy and efficiency and
broadens the capabilities of the ficld personnel, Certsin phases
of our work require increasing sttention to terrain, ground con-
ditions, potential farming creas, proverty developments, etc, These
ell complicate working uniformity in plans for our vast Territory
with its widely varicd topographic and climatic conditions end per-
manently frogen ground. Survey and plan work should be performed
by methods which will obtein at minimum expense the desired results
consistent with adopted standards, Survey cost within cach district
should be comparable with those of similar -uality inprivate
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practice and in other organizations within the area, Camp operations
on surveys are as much a part of the Locator's responsibility as
other phases 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,

1.4 Purpose ofManual, The intention of these instructions
is to bring about uniformityof gethods and results, to establish
standard requirements, 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 ultimite result to be obtained is
the final location where the roadway may be efficiently and economi-
eally built,

It is obvious that this instruction cannot direct in detail
each of the operations involved in the study, The instructions are

= not intended to solve 211 field and office »roblems 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 satisfactorily the duties of
these positions. It is a vart 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 proncr hendling of
a survey requires a high quality of leadership on the part of the
Locating Enginecr in cherge, The suecess of the survey depends, in
large part, on how well the work is planned. The survey shovld be
based on a thoroughly planned system; complete organization of the
party including its maintenance and transportation; end accurate
knowledge of the information desired, The Locator should assemble

_
all supporting maps 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 charge,

1.6 Locating Engineers! Qualifications: The Locating
_
Engineer must be fitted by education and experience to represent the

« Alaska Road Commission ereditably in the discharge of administrative,
| Supervisory, and technical duties, He is required to direct sub-
ordinates in technical work, perform personnel duties and assume

: authority
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 the abilities of cach of his subor-
dinates, He must familisrize 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 lead
to advancement with the Road Commission,

The Locator must devote sufficient tine to the main loca-
tion of the survey so thet it will be placed in the optimum position
with the least expense ond detail. Thorough reconnaissance vromotes
the confidence of the party in the Loestor's ebility which is re-
flected in the character of the work performed and the enthusiasm
with which it is accomplished,

The projection should have the Locator's personal atten=
tion which is necessary for a setisfactory design. He must be fs-
miliar with all projection and not overload himself with details
thet can be performed by subcrdinates,

As a responsible officer of the Alaska Road Commission,
the Locator holds a position of trust and prestige that demands

' good public relations, judgnent and tact in addition to technical
and administrative ability. To carry out these essentials, he must
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, meuntsinous, frozen, swampy
_and brushy, heavily timbered oropen, will determine the methods
necossery.to secure the final location. The loestion may involve
all the steps including reconnaissance, or mayeliminate some of
the prelininsry steps,

In open country, valleys, «nd along existing roadweys,
controls sre easily discernible and the engineer can readily indi-
cate points determining the alignment, On this cless of survey,
the work ean be accomplished with a smaller number of men in the
survey party then is necessary on more difficult locetions. it is,
of course, apparent that the greatest economy effected and the
least delay is occasioned when one survey accomplishes our objective,
Therefore, the District Engineer should give thorough consideration
to all classes of survey befors making the decision as to how to
proceed with the work,

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

1.8 Authorization for Survey. !n engineering work order

1.9 Designation ofFovte. 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 Roadway Cross Sections. The proposed
project will be reviewed by lieadquarters and the roadway cross
section determined by the Chief Engineer,

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, vatented ground, etc,, sll ties should be meade 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,

Second, when the location traverses sublic domain no
right of way should be obtained from the Lend Office until construc-
tion has been completed and the "as-built drawings" completed, Then
the right of wayshall be established and application for same made
to the Land Office hy Headquarters, However, complete ties should
be made to all BLY survey corners at the time the loc-tion survey is
run,

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

and borrow pits
% is certain that

ations,

it
s

Si

2.2 Care and fdiustment of Instruments, All nersons using
survey instruments will be responsible for their eare and condition,
Csses for instruments should be used when transporting them to and
from vork by motor vehicles. Then they should be placec in the
hicle to receive the minimum vibration,

Survey instruments will be kept in adjustment et ell times
and checked daily when in use, The checking and possible adjustments
should not require more than a few minutes of a competent 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 end much wested time. If an
instrument should give unduc annoyance the matter should promptly be
reported so repairs or replacement can be made,

2.3 SurveyNotes. Not enovgh emphasis can be placed on
note keeping. Completion of adequate plans and the speed in which
they are prepared dependlargely upon accuracy and clearness of the©field notes submitted, Each recorder will be held accounteble for
legibility, nestness and preservation of any field data, Notes should
not be crowded on a page and ample spaee should be used to detail all
topography, Al]. notes shall be original and any office copies thereof
should be carefully marked, All transit notes should begin at the
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bottom of the page with stationing carried forward up the page.
All other notes except those containing sketches of roadside topography
should begin at the top of the page with stationing carricd forward
down the page, Loose 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 prceject and

phase of survey so that when filed no difficulty will be experienced
in identifying or finding any portion or type of records which they
cover,

2.4 Meridian Determination. All] surveys shall be referred
to true merician and cheeked by magnetic bearings at each transit
point, True meridian mey be determined by scolar observations at least
every ten (10) miles, All data relative to meridien determinations
shall be entered in the field book opposite that portion of line where
observation is taken, Ties shall also be made to USC and GS trisngula-
tion stations wherever possible for cetermination of true bearing,

2.5 Goordinateinate Plotting. The use of coorcinates for plot
ting end calculating preliminary and location traverses shall be
standard practice. These coordinate notes shall be made a part of all
permanent records,

RECON AISSANCE SURVEY

3.0 ReconnaissanceSurvey. When a general investigation
of a route is authorized, 2 reconneissance should be made by the
District Engineer, Locating Engineer and a representative 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 2 thorough study and investigation of the
proposed route prior to the more detailed survey work,

The reconnaissance should be intensive and thorough end the
resulting information sufficient to meke a decision where a

possiblechoice of routes presents itself.
Great importance is attached to the reconnaissance investi-~

gation and the economy and specd of the later surveying work will be
proportionate to the knowledge the Locating Engineer has acquired of
the existing conditions.

3.1 ReconnaissanceData, The informetion obtained on the
reconnaissance survey should include the generel rise and fall of the
country; possible governing and maximum grades which mey be obtained
by use of compass, by pacing, scaling or estimating from oveilable
maps3 cross sections taken sufficiently often to determine the general
slope of the side hills; classification of materials; drainage;glacialand snow conditions; character of clearing; development of

. country; service to communitiss, cte. This informotion should be
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acquired by usual methods employed in reconnaissance work, including
the study of U, 3, Geologiesl Survey maps when available,

The data obtained frow the reconnaissance survoy should
indicate the general location of the route and established controls,
L11 information should be furnished for the determination of
standards of alignment, grade ond typical roadway section,

3.2 ReconnaissanceRevort. The reconnaissance report should
be a complete record, with cost estinates, meps and vhotogr:
appended, of all collected information usoful in administrative
circles and in the conduct of future surveys. It should conclude with
a discussion of economic factors anda brief summary of compzrisons
and recommendations,

h

The following topical outline is supplicd as to subject
matter covered in a preliminary report, The outline may be rearranged
to present topics in whatever sequence is most edventagcous in the
development of the psrticulcr project,
I ~ INTRCDUCTION

1, Subject or designation

2. Origin of investigation

s, Authorization or request

b. Necessity for survey or progrem

TI —~ PROCEDURE OF RECONTAISSACE

1. When made

2. Personnel - authorities consulted
3. Method

&. Plans - Meps

b. Field Investigation

ec. Other sources of information

Tit + DESCRIPTION OF ROUTING AND ALTERMATS,

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

2. Conditions, vegotation, soils, areinage, obstacles
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3, Road Standard Practice; alignment, grade, width,
type, right-of-way problems

4. Estimated Costs + Construction

5, Meintenance Costs

6, Construction facilities, source of supply, labor
market, vorking conditions

IV SUE CONCLUSIONS AND RECOMMENDATIONS

Vo MAPS, PROFILES, CHARTS AND PHOTOCRAPHS

PRELIM

preliminary surveys, the Locator should be well informed by maps, date.
end instructions emansting from the crevious route or roconnaissance
study, He should be familisr with the aroa or be given time to
make an intelligent study so that the entire ocrty will not be delayed
in the field initiating the survey, It should be his endeavor to
place the line as elose as nossible to the final location,

inarySurveys. Before sterting 2 party on

The organization and method of procedure will be determined
in the district office, Ordincrily, the personnel will inelude:
Locating Engineer, Chief of rarty, Instrumentman, Cheinnen, Stakeman,
Levelman, Rodman, fxenen, Cock <n’ Tractor Operstor, Prelimincry
lines shovld be marked "P" endslternates nerked Pl, F2, ete,
Survey stationing

should be from south to north ond west to east
where possible .

4.1 Staking. On prelimincry surveys the base line should
be tangent courses and angle points. A series of

short tangents can
be used

approxinetin1 the curve when it is apparentthet a curve will be
required, Stakes|will be_ol at 100~-foot station and intermediate
stations ot “all prominent ‘breaks “in profile which will facilitate
taking profile levels snd topography for projections,

The accuracy in prelimincry base lines should be equal to
thet used on final location in order that caleulsted traverses will
check and an identical coordinate system will apply to both preliminary
and location data. Transit points on tangents and angle points should
be set by reversing or double centering, This methed insures accuracy
by providing a constant check on the adjustment of the instrument.
With ordinary care, chaining should not exeesd the allowable error
of one foot in five thousand, Sle‘pe chaining in broken country is
quickand accurate and should be cormon practice where the topogrephy
warrants, ,

If the preliminary is exrefully chained, it can be used with
reliability in later running out the fincl loestions, Chainmen and

8



stakenen should be particularly csuticoned not to skip 2 station andChAES,

thereby throw the mapping into error before the level party detects
:the error in staking,

4.2 BenchLevels. Independent line 7f beneh levels shall
be run, based on U. 5, Comst nd ‘sodetie Survey deta, end permanent
bench marks shall be placed st intervals of epprexinatcly 1,000',
Benchesshould be established oat 211 ovisting bridges un] st proposed
bridge loestions, The recormende? verty for this ohase of the work is
one Llevelman and one rodman, The lovelnan should be capable of keening
notes 28 woll as running instrument. Bonch merks should be set upon
some permanent object and in a wey which will insure thoir remoining
undisturbed during future construction. They shovlc be nevberet
consecutively and fully deseribed as to location, distance fron
centerline, ete, <All bench marks should be chec'-ed by a complete
circuit with allowable errors enual to the square root cof the distance
in miles times .05 of o foot, Erech bench mark should be a turning
point, keeping ell notes in a senrrate book, % is seretines desirsble
on long surveys for the roéman to keep 2 peg tock noting 11 turns
as the levels proceed, The profile slevetions shrill be tekenon all
prelininery stetions and at permanent breaks along the profile, recorcing
stations of transit points accurstely, When running profiles levels,
checks shouldbe made on bench marks and corrected to agree with the
profile notes, The ellownble error on

bench
levels which have been

“previously checked sh
old

not be more then .1 of a foot for 1,00C' inter-
vals, In many eczses, the profile level Linc can serve as a check on the
bench levels, in which case the dceree of necurney for bench level
survey must be mainta

inod.
The Locator should

eke
an offort to have

the level computetions checked each night so thet ean accumulated error
will not result,

4.3 Prolininaryry Mapping. Prelininery lines should be plottedby cacrdineates, Heaps ‘should be mode on hard shell manils recommended
in 4.R.0, Hemorandun No, 68 covering paper requiranents, Vor king naps
shoulc be in lengths convenientfor handling in field and office, All
drafting necessary for and during the prelininary..survey chall be done
by a competent nember of the party. When the accuracy of scaling
consistent with the accurncy of the notes and of prejection permits
use of the sesle 1" = 100', this seale should be used on working maps
so that they mey contain all of the project's loestion and closing
line, sn¢ the controlling topography for use throughout the location
steges, With care in necuracy snd nertness, such maps enn be traced
on the final leyout shects without duplicating the drafting. The
scale of 1" = 20! should be used for brides sites. It may be used
rarely when the survey is in p-rticvlarly rough ecountry requiring short
rafiuses or neny trial orojection lines, This sesle nay be advantaceous
in rough country to permit reconstruction of prelininery cross sections
from irreguler contours,

.
4e4 Contours. Contours can be plotted on the elignment vhere

the tepography indicates extensive study, The common method of taking
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contours is by hand level, rod and tepe, locating the contours on
the ground, If contours are plottec from slopes or cross section notes,
care must be exercised in recorcing notes to indicate essential breaks
or changes in contours which are not on uniform slopes. In irregular
country, the most reliable results sre secured by plotting contours
in the field whereby they may be accurately joined and peculiar
features properly located, Unles« this is done, the finished contour
map should be taken into the field and visually checked, The
tevographer should be experienced in knowledge of what constitutes
controlling contour feetures,

4.5 Cross Section Method of Projection. Complete cross
sections from the preliminary line showing all breaks in the ground
surface are often necessary in connection «ith contour plotting or
in lieu of contour projection, When used for projection in lien of
contours, the proposed road templet is superimposed on each cross
section on some predetermined trial grade line. It is preforable
that location notes be offset from base line at a point spotted on
the projection map, The alignncnt projection is adjusted to pass
through these points as nearly as possible, By trial with revised
grade and alignment, the final vrojection is accomplished, When both
contours and cross scctions are plotted, a trial nrojection of contour
projection is 2 check on the cross section plates for minor adjustments,
Inaccuracy in preliminary cross sections and contovrs in difficult
country leads to incorrect projections and subsequent revision of the
located line. Emphasis should be made on taking cross sections at
right angles to the conterline as many errors are 2ffeeted by cereless~
ness in taking cross sections,

4.6 Approval of the Projection, Close supervision by the
District Engincer or his assistant is necessary during vroiectionof
the final location, The projection should be reviewed on the ground
and approved before the final line is staked, Review of the mrojection
by representatives from Headquarters as well as the district office is
anticipated on practically 211 projects, The dosign that is approved
before location is staked should be free from costly Line revisions.
Headguaerters will cooperate with the districts in the solution of
important problems that aris: «nd should be kept informed on progress
of the survey in order that they may be svailable vhen the proicetionis ready for review, The bast result: are obtained when projection
and design is done by the Loesting ingincer in the field where it.
can be reviewed and checked on the sround, This is gencrally not
possible on most of our romote projects, The District Engineer
should by ficld review acquaint himself «ith details which later
study in design requires, If the design is handled in the district
office, the Loenting Sngimeer should have tentative projection of
alignment and grado indicated on proliminary plens and profiles and
supporting dats for controlling features,
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4.7 Outline of Preliminary Report.

1,

2.

3

Description of Project

(a)

(a)
(b)

(c
( eed

Location and relation to Comunity System or
Moin Highway System, with reference to a vicinity
mep,
Keonomie importance, mineral, agriculturc develop--
ment, ete,

(b)

Seenic value or recreation development,
Length and termini; recommended width of roadway
maximum curvature ond grades; datum used,

(e)
(a)

Histor

Date Preliminery Investigations requested.
Dato Prelininsary Investigstions or Reconnaissance
Survey reported; with estim-tes,
Date of location,
Brief history of previous construction (if survey
is relocation),

General Cheracteristics of Proposed York Difficulties
f.*
AD7

(b)

(c}

(2)

(ce)

Distancefrom rail point
point, transportation fa
Cisaring and Grubbing,(i) Virgin: heavy; light; second growth; approximate

eaereage of cach,ii) Recommemled method of handling.
Exeavation,(i) Classification; ledge rock; boulders, gravel

deposits, permafrost; muskeg or tundra;
quantities of each probe‘ble“waste: select
borrow; overhaul,

Q
O

fe be ce
‘.

D
or sucply
rates: cost,

(ii) Subgradc donditions.jii) Recommended eonstructio procedures equipment
required, etc.

Structures,
(i) Bridges; recommended type and length; material

or aggregates available, ctc.; probable costs.
(ii) Culverts; recommended type and size; matericl

corrugated metal, timber, ctc,
Surfacing.(i) Recommended type, plant mix; prime and seal;

erushed grevelj or pit run gravel, ete.
(ii) Metoricl — source of supply.fae *

a siii) Recommendec method of handling end equipment
required,
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4. Conclusion

(a) Peculiar features oncountercd on survey; alignment,
grade, topography, etc.; how handled,

(b) Peculiar situations to be encountered on construction
and suggested methods cf handling,

N taExhibits

(a) Vicinity Map.
(b) Photographs,

LOCATION SURVEYS

5.0 to be staked. The location survey will be
considered complete when the projectionslignment is staked on the
ground, adjusted in detail, end cross sectioned. Staking location and
projection shovld precede preprration of finel plans just prior to
construction, The projcetion is essentially a trial line, subject
to revisions which the location will disclose, The stokes sare
necessary for review of the projection by construction forces or
prospective bidders,

Reloestion surveys for reconstruction of existing roads, and
pioneer surveys when terrein and brush contitions permit, should be
fully fiel¢d~located, ineludingstaking cf curves, If the
Locating Engineer exercises care end judgment, few office vrojected
lines will be required during the pericd of finel office Jesign, and
most of the leected line will become the final line without further
revision,

5.1 Location Survey
Perky.

The personnel for a location
surveyshall include the Locating Engineer, chief of party,instrument~
man, two chainmen, a levelmean, stakxenon, rodman, computer caartenen, and
necesse y axemen,

5.2 Description of Located Lines. Loentec lines shall be
marked with the letter "L" and any alternate lines shell be identified
by the letters "A, B, C," ete, The use of the letter "0 shall be
reserved for identifiestion of office nrojections, On the loertion
surveys, the stxtioning, where possible, is to increase from the south
to north, or from west to east,

5.3 Methodof Staking, The projected line shall not be
stcked by offsets fromthe prelininary line, but by « continuous transit
line based on traverses of ealeuletcd and seslod ties to the

|

prelininery Line, By this means the staked line will pass through or
follow at a desired distance from the control yoints noted on the
projection, It should accordingly fit the ground, except where
inaceuracics in preliminary dati sre discovered, At such places, it
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Will have to be adjusted by revisions «nd these revisions should be
mede by the location party as they become evident. Minor inequalities
in fitting the ground may_be mde by grade changos rather than changes
inalignment, It is not to be expected that a projection can be mde
which would not be subject to some advantageous changes curing location,
The method of running in « projection and reaching 2 final adjustment
on the ground will depend upon the individual practice of the Locating
Engineer. Al] locations should be accomplished by a skilled chief
of party who is qualified to apply the calculated projection notes
and traverses in the field. He must follow the accuracy with which
the centerline fits the ground and meke revisions or adjustments in
the field 2s the survey proceeds, It is necessary that profile levels
be carried close on the transit party so that elevations and cross
section control can readily be determined, The complete elignment
and curve data notes sre made up 1s the survey progresses, In order
to elininete frequent backing up and re-running courses or curves,
the chief of party must also investigate the accuracy of the projection
ahead of the survey crow,

The Loesting Engineer depends upon the accuracy of the
prelininery data to the extent thet the projection can be run by a
qualified instrumentman and survey verty and not be subject to
numerous reacjustments requiring his constant attention to the party,
To do this, he should review their designed alignment by a "projection-
in-nand" inspection of the ground and, if necessary, heve important
control point data or cross sections checked from the preliminary
line, Traverses of preliminery and finel line heing on a common
coordinate system are easily caleulated and measured, Sketches of
the traverse and pre-calculated location and alignment notes can
be checked by the transit party. At each field tie, the caleulnted
relation of the located line to the preliminery line is checked ond
proper change substituted in the traverse notes of the succeeding
course to bring it back to the celeulated position,

5.4 Closure and Allowable Error. Closures from the location
survey to the preliminary line shall be made at frequent intervals.
Allowsble error of closures is 1' in 50CO' of loested centerline.

5.5 Centerline Staves, The centerline of the lécations
survey shall be merked by stakes approximately 1 x 2 at lesst 14" long,
driven at 100 foot stations on tangents, 50 fect apart on curves un.to 16 degrees, and 25 feet apart on curves ereater than 16 degrees,
Where the location follows a traveled road, a nail with a small piece of
rec cloth tied to it shall be driven on centerline and the steke placed
on an offset where it is least liable to be Cisturbed with the offset
distance to the centerline marked on the side opposite the station number,

N
Y.

5.6 Trensit Points, Transit points shall be marked by the
center tacks in 2 x 2 hubs driven flush with the ground. Where the
point falls on-rock or en obstruction that prevents driving « hub, it
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should be indelibly marke, as by a chisel cut in rock, Mcrk the
beginning of curves as fr, C. with the direction of the curve right or
left, The end cf the curves should bemarked P,T, The intersection
of semi-tangent shall be markcd P,I, and points on tanrent marked P.0.T,
and points on curves P,C,G, On Long tangents, transit points should
be got at not more than 1, 000' intervals,

5.7 Reference Foints, Reference points must be placed so
that the present centerline can be reliably replaced if lost or oblitera-
ted, Beginning snd end of curve points, intersection of tangents and
all transit points on tengents should be referenced, Oeessionally it will
be more convenient to leave a point on tangent nesr the point °

of eurve
rather then the curve point if the latter is difficult to reference,
Reference points should be set with permanent hubs end markers or by
“nails and washers in adjacent permanent trees, building, poles, ete. A
single reference line with accurate measurement to the nearest reference
hud anda long sight to the distant reference point beyond the precise
angular deflection is one of the quickest methods for referencing the
original hub, ‘The distance tc the second hub need only be approximate
to locate the reference point, plscing the reference linc with hubs on
opposite sides of centerline with angle deflection and distances will also
prove convenient, P.i.'s snd points on semi-tangents outside the area,
of disturbance from the construction are usually cffeetive, In difficult
country, more points or more reference lines should be nleced in case
loss of reference points would couse difficulty in re-traacing the line
between the remaining ties,

5.8 Poporranhy. Tenogrephy shall consist of ties to vrop-
erty and lend lines and corners cnd to all man-made cbhjects such as
‘houses, buildings, fences, gates, power poles, power lines, trees,.
culverts, bricges, ditches, railroad tracks, end all utilities within
or near the proposed right—cf-way, Similor ties should be made to
prominent natural features such es streans, water courses, bluff end
eliff lines and base lines cof hills or mountains, Generally speaking,
objects 600! each side of the centerline shovld be sufficient,
Topegraply shouldbe taken in conjunction with the centerline survey
except in special cases such as bridge site surveys snd chennel changes,
The topography notes should be madean integrel part of the transit notes,
Topography is often taken on the preliminery survey elthough any or all of
it may be referenced to the final locstion if desirable. he use of
identical coordinate system on

prelininery
and ell Loentioon surveys

_ Will make it possible to apply preliminary topography ties to the located
centerline,

5.9 Proverty Lines and Section Corners, The station and
direction of all intersection property section Lines shall be extended
and the names of all property owners, section numbers end township

- numbers recorded, Ties shall be meade to these cornere and sny other
nonunents to insure their definite location for the purpose of pre=
pering right-of-way descriptions, These ties shall be made by accurate
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chaining end measured angles in reference to the centerline of the
loeation, noting of steticns where such lines intercept the centerline,

mo All noted improvements slong the course of the survey shall be located
ond deseribec, The station of intersection, width, direction and ties
of improvement of all intersecting roads shall be determined, This is
elso truce in the case of entrances to property, such as nermanent drive~
ways, All cross drainoces shall also be noted and recomendations nade
for replacement,

5,0 Streams ond Weter Courses, The width, distonce and
meanderings of intersecting streams or creeks for a distance of 600!
each side cf centerline shall be teken, The Loe»ting Engineer must
use his judgement as to what this distance shall be, bearing in mind
that the object of taking it is to obtein all of the date which might
have influence on the planning and size of the structurc. A separate
A.R.C, form number for bridse crossings shall be completed with all
the pertinent information by the Locating Engineer,

6,1 ExistingStructures. Special attention shall be given
to existing structures, such es bridges, culverts,reta4ning walls, ete,
Special sketches shall be made of same, and entere’ in notebook to-
gether with a description of the material, serviceability anf general
condition, together with elevations of decks, flew lines, and high water,

6.2 RailroadCrossings, When railrcod tracks are intersected,
complete detcilsof thevicinityshould be enthered, Station and angle
of intersection, the railroad stationing or milesge or mile, sligment
and profile for at least 500' in each direction, track layout, railroad
right-of-way, station ground and ell important cetails., Railroad

. erossing sites are generally features requiring special attention and
| report. In every. case, an casement must be obtained, requiring an

accurate plot of the crossing.

6.32 Levels, Profile elevetions of the centerline are to
be taken at each station and at all definite ground bresks, recording
to the nearest tenth cf 2. foot, Leeation levels sre to be checked on
bench narks established 2s yreviously provide’ and the elevaticn of
these beneh narks edopted where a difference is found, If the error
exceeds the ellowable moxinum, loeation levels shall be. run and new
elevations established, If any bench marks set curing bench level
survey will be interfered with by construction operstions, permanent
bench mrks shall be re-set during location and properly deseribed,
Great crre should be taken in transferring bench marks, Use the new
bench mark as o turning point from which to cheek the maximum bench
mark,

6.4 CrossSections. The staked location shall be completely
cross sectioned, On the basis of these cross seetions snd a detailed
Study of the ground, the elignnent end grade are adjustec to final.
design and grade quantities can be seeurately computed. It is
portant that sufficient sections end resdings be taken to reproduce
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the ground line in all directions over the ares that may be usec
during construction, ond should take in probable slides, borrow or

widening, Readings at small bresks in the ground line of rough
country complicates the notes ond delays field and office progress
and should be averaged, However, diserstion must be used so that all
low drainage points ere shown correctly, and so that any cverceing will
not result in incorrect earthwork commutation, . In arees where office
line changes ere anticipated, narticulsrly where the roadway section
is wide, or the drainage problen intricate, it is esrecioally important
that cross sections be taken cxactly at right angles to the center~
line. Special emphasis must be placed on this phase of the work,

5,5 Miseelleneous Cross Section Data, At ercssings of
waterways, readings up ond down the stream should be extended 2
sufficicnt distance to obtain data for designing structures and
establishing proper grade lines for the flow of water, Elevotions
should be obtainca at each end of openings which are elready in place,
High water mark elevation should be taken and mey be marked on the
ground by a stake on some permenent object,

At all intersecting roads, cross sections shovld be extend~
ed for a distance of 500! or nore sc as to furnish infornetion for
the esteblishing of grades and connections at such points, 4b rail-
road crossings, cross sections should be teken very fully as to
detail, Top of rail elevatio: and

ered
rates in both directions

should be cbteainecd, During the process of tekins loestion cross
section data for some topography items may be noted to supplenentnotes taken separately under tonogranhy, Rendings at fence lines
can be clearly marked and irreguler diteh mork can be indicated,

6.6 Gross Section Methods, In open and rolling country,
cross sections are usually taken with the Engineer's level, rod and tape
et the time the nrofile levels are obirinod. Resdines beyond the
scope of the

instrument
can be extended by hand level rethod,

In rooky oer bushy country, much tine will be scved by
taking cross seetions as 2 separete opercntion after tho centopline
has beenrun, In place of the “ngineer's level, the hand level or cross
sectioning devices suchas the Rhodes sre nay be used, all reccings
being booked in relation‘to centerline anc inte elevetion
previously reducec, The Rhodes are is an ment with a sirple
arrangement of scales combined with an are no a steff with
which vertical and horizentel “cistances fron

a
ioint of known cleva-

tion to sny other point ean be readily dete 41, The principleof its operation is that of measuring slope angles am slope cdis-
tanees, Its edvantages over a transit are that it is lighter, more
portable and eliminates calculetions,

3Original methods may be cerefully employed to advantage
. Such as running an auxiliarytemporary base line for the levels a
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the foot or over a cliff lowering by 2 line the weighted end of a
tape to «ccessible points for slope chaining, ete.

6.7 SloneStakes, The setting cf slope stc-kes for con-
struction is a construction engineering item and shall not be dene
under survey and plan authorization unless specifically ordered and

approved by the conginecringwork order. Cases ney erise where the
erarie Line of Loention is ot subicct to change and construetion
slonc stakes may be efficiently set at the tine the location is
_evoss scetione?, This procedure will not be used unless spocifical-
ly authorized.

6.8 TransitNotes. Transit notes shall be recorded as a
separate set ofnotes ond as shown on samples which heve been cistrib-
uted to the District Engineering Divisions

6.9 Field Conputat Fiel* cormutaticns of instrunent-
5nen should be checked by 2 sceond member of the party. Certain con-

putations, such 1s triensulations end slope measuring recuctions
should be preserved for checking by the ficle office. Such conpute-~
tions sholl be submitted with the field notes.

tes, Teperraphy notes will be nade a
‘s shown on the samples cistributed to thead

7,0 Tonogranky|
part of the transit notes =

District Sngineering Divisions.

as shown in the
n the eclumns on

7.1 LovelNotes Level notes showld be:
level note forn distributed in the following order
the left hand oage,

ie
ny

Stationing from ton to bottor of nage,
Plus rods, - (Turns«nd benches)
Height of Instrwient.
Minus recs, (Turns, benches end orcfile)
Hlevabions alongprofileet

Blevetions of benches.

Bench marks -re always to be deserihet ss turning noints
and should be fully deserib:¢ in level notes. (sco Sample Pre

4

appenied}

7.2 GrossSectic
snhess

‘then cross section notes are
taken with on Engineer's level -t the tine orePile levels ore taken, cross
sections should be recerded in the level bock, When cross sectisns
are taken as « seosrste operation, °s with hand level readines from
centerline clevations, it mey be sdvantageous to keen a separate
sheet of cross section notes.

The left hand page should contain stetioning ond center-
line elevations. This nethod is perticulerly applice

(1
(2
(3
(4
(5
(6



many intermediate plusses are expected, and stationing must be made

up as the work progresses to evoid crowding the notes,

On the right hand page of level or cross section notes, the
cross sections shall be entered in the form of a fraction, the numera-
tor designating the rod reading, vertical distance or elevation, the
denominstor the distance from centerline, Leave sufficient room from
each section so that elevation reductions can be entered sbove 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 faemiliar~
ize thenselves with details and methods of construction, the units in
which quantities are estimated, 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 required for an estimate. Often
items are overlooked in preparing estimates, because location data
did not present the necessery Informetion, The Locating Engineer or
his chicf of party is cxpected to take all notes concerning construction
data, such as clearing and prubbing, classification of material, drain
age and other miscellancous data, Notes of this cheractor may be kept
separately, properly indexed, or may be recorded in a uniform manner
in one of the sets of notes of levels, topography, or cross sections,

Clesring and grubbing is often included in the grading cost,
and it may easily reach such dimensions that a separate item shouldtherefore be made, In all events, such notes should be made regarding
this class of work to allow an estimate to cover the cost. Make
particular note of grubbing or stump removal where it will affect em.
bankment or excavation quantities. Type of clearing shovid specify
kind, density and size betwoon

Limiting
stations,

7.4 Classificetion of }Materials. Proper classification of
materials is especially important in determining excavation end embank-
ment slopes, probable swoll, subsidence and the unit cost of cxca-
vation, However, field sampling of soils and the detailed classifi-
cetion of scil types are proporly functions of the Materiels Branch
and should not be attempted by the Loesting Engincer. Only such general
notes as may be made from observations during the progress of the
location survey should be made by the loemtion party.

7.5 Tostisting Moterials. On all projects involving portionsof the roadway crossing muskeg,swamps or glacial conditions
or other types of ground where the roadway is liable to subside or
have excessive settlement end where shvinkogo factors are unusually
large and uncertain, the project survey shall include, in cooperationwith the Materials Engineer, complete soundings 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 notcd in the
preliminary report. In all such cases, comolctc information should
be incorporeted on tho profile and noted on the plans as to com-

prehensive soll classifications so that they can be reviewed by the
Headquarters office before any construction work is started,

It is necessary that all materials be tested, nd test
holes drilled where all major structures on the project arc con—

templated,

7.6 Drainege. A proper drainage sytem should be earc-
fully worked out. The position, sizo and condition of the cxisting
culverts, and other structures should be noted, including actcs
as to whether they are to be replaced by lorgcr sizes or shall be
extended, Location, kind «nd size of new eulverts or structures
shall be ghown as well as neccessary outlet and inlet ditches,
Elevations of high water of streems or rivers shell be noted and
inquiries made as to previous floods sand conditions of the strooms.

Comprehensive notes shall be taken and maps or sketches
prepared on special situations such as ditches, chennel changes,
slide trentmonts,

eheciet
conditions, surface ditching, ond drain-

age and developed area In the latter cases, drainage will control
reletion of gradc to theadjacent land, and may at times docide
subgrade treatment cue to existence of und ained subsoils, In
the design of pipes, culverts, channel changes, protection work

ete. consideration shovld be given to their loestion for practi-
cability, economy, snd future widening of the roadway.

7.7 Dreinage Areas, Tn determining the size and type of
drainage structure, the Locating Engineer should obtain all data
and observetions evailable. He shovld confer with the District
Engineer, in cooperation with the bridge section et Headquarters
where large structures are involved, Tebles showing reletion be-
tween character enc quantity of rainfall, drsimge area, and size
of opening should not be relied upon without verifying the con-
ditions in the ficld, Existing structures or cvlverts often
furnish important deta for design, and an aceurate loe-tion of all
such drainage structures must be meade Curing the locetion survey.
High weter cross sections should be taken at pointe near the proposed
structure, Drainage areas may be obtained from maps, if available,
or by traverse made by sacing, and tho use of a compass or such cther
means, Hech district should compile o drainego and run-off mop for all
new projects and file same for their future use,

n¢ walls, riprep
or Similcr construction becomed nocessery, careful exominatinn of
found-tions should be made end reported with sufficient data te
make a close estimate, Considerstion should be sive
widening of resdway in lesign of such permenent structurcs, Loente

arty of
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source of materials for such structvres, and deseribe or sample the
quality of same.

7.9 Misece Lancous Date, Location of rock, send and
gravel deposit quarrics and pits suitable for road building material
should be handled with the assistance of the Materials Section,

$.0 SpecialSurveys. Special surveys may be recuired
te furnish special and deteiled information in adéition to or aside
fron that obtained on the locetion survey, These nay include
surveys for rights-of-way, railroad and highway intersections, re-
construction data ond detailed bridge site data, Proper instruc-
tions will be issued in cases vhere special surveys cre required,
The Loesting Engineer and tho District Engineer should call

- attention to the necessity for such surveys,

&.1. LargeStructures. Small structures up to 25' spans
can generally be selected from the standerd designs for small
structures. Lrrge strnuetures, culverts under highway fills or short
span bridges with exceptionsl1 height will be special designs pre-
pered by the Bricge Section -t Hoadauarters, Loe.tion at such sites
must be mode as soon as vrecticable during the survey of the project
in order thet the Briige Section may have site plons in time to de-~

ign the structures,0.

when surveys for lerge structures ere not authorized as a
separate project, the regular loeation survey on a project will
establish the line and grede at all bridges end orevide for the
approaches thereto, Site plans for the proposed structure shall be
prepared in accordence with instructions issued by the Bridge Design
Branch and shall show -11 the data necessary for the Bridge Depnart-
ment to determine 2 preliminary design of the structurc, The plan
and profile shall give all the loention data for elignment, grade,
profile roadway sections, etc, The site plans shall be mate to
scale suitable for showing essentinl Actails

of a proliminery nature,
Contours shell be shown at 5! intervals on steepslopes end 2!
intervals in flat country. 411 the pertinentdata for structure
information must be filled out on ARG Form No, 124 (Revised Jamoary
2, 1951) for brides surveys,

8.2 TypicalFieldNo The following typicel field notes
nay be obtained either “from“the trict Offices or from the“Head.
quarters Office: -

79, "Typical Transit Notes atJ-G8i-80, "Typical
JHGRHW81, "Typical
JmCEN—S2, "Typical Bench Lowel“Notes"
J-CE"-83, "Tyoical xX-Section Hotes (1)"
J-CE"-84, "Typienl X-Section Hotes (2)"
Ghi=85, "Typical Profile Lovel Uctes"


