TC-1

9113 - ROADS

Table of Contents

.01 Purpose
.02 Objectives
.03 Authority
.04 Responsibility
- .05 References —
.06 Policy -
.07 Scope of Road Program

.l Road Program Management
.11 Identification of Roads
A. Map Identification
B. Field Identification
.12 Route Numbers
.13 Inventory
.14 Federal Agencies
A. BLM-Forest Service (USFS)
Relationship
B. BLM-Federal Highway
Administration (FHWA) Relationship
.15 Use of Bureau Funds on
Non-Bureau Controlied Roads
.16 Functional Classification
A. Collector Roads
B. Local Roads .
C. Resource Roads
.17 Average Daily Traffic (ADT)
.18 Sufficiency Analysis

-2 Road Standards )
.21 Development of Geometric
Standards
.22 Relationship Between Standards
and Design Element Values
.23 Geometric Standards
.24 Loadings
.25 Structure Widths
.26 Vertical Clearance
.27 Horizontal Clearance
= .28 Traffic Control Signs <=
.29 Easement Widths

BLM MANUAL
Supersedes Rel. 5-1 8¢

.3 Road Project Planning

.31 Route Analysis
A. Management Requirements
B. Road Standards
C. Feasible Route Locations
D. Route Selection Review
E. Field Review
F. Report

.32 Environmental Analysis

.33 Route Selection

.34 Design Narrative

.35 Programming

. o4 Design

.41 Design Technology
42 Designer Qualifications
A. Approved Road Design Courses
B. Prequalification for Road
Design Course Attendance
C. Computer Design
43 Design Coordination and Reviews
A. Environmental Reviews
B. Technical Reviews
44 Surveys and Investigations
A. Aerial Surveys (Reserved)
B. Ground Surveys
C. Soil Surveys and Material Site
Investigations
45 Design Guidelines
A. Design Speed
B. Horizontal Alinement
C. Vertical Alinement
D. Superelevation of Curves
E. Cross Section Elements
F. Earthwork Design
G. Aggregate Surfacing and
Pavements (Reserved)
H. Drainage Elements
I. Cattleguards
J. Signs and Markers

Rel. 9-247
6/7/85



TC-2

9113 - ROADS

46 Specifications, Drawings, and
Cost Estimates
A. Specifications
B. Drawings
C. Cost Estimates
47 Permits

.5 Construction
51 Staking
.52 Signing
.53 Inspections

lllustrations

1. Precision Requirements for Road
Surveys

2, Maximum Curvature and
Recommended Superelevation Rates
3. Minimum Sight Distance

4, Crest Vertical Curves Based on
Minimum Stopping Sight Distance

5. Sag Vertical Curves Based on Minimum

Stopping Sight Distance

6. Sight Distance Provided by Lateral
Clearance and Curve Combinations

7. Crest Vertical Curves Based on
Minimum Meeting Sight Distance

8. Minimum Superelevation Runoff
Lengths

9. Spacing for Drainage Laterals

BLM MANUAL
Supersedes Rel. 5-186

.6 Maintenance b
.61 Maintenance Managemecnt
A. Maintenance Levels

Glossary of Terms

Handbooks

H-9113-1 - Guidelines for Determination
of Curve Widening

H-9113-2 - Inventory and Maintenance
(Reserved)

Appendices

I. BLM-FHWA Interagency Agreement,
Emergency Relief Administration

2. Federal Highway Administration's
FAHPM, Transmittal 291

3. BLM-FHWA Interagency Agreement,
FHWA Engineering Services

4. BLM-FS Interagency Agreement, Road
Use and Maintenance s
5. BLM-Federal Highway Administration
Interagency Agreeement, Road Program

Review .

6. BLM Policy Statement for

Transportation Management Associated

with Onshore Energy/Mineral Lease Areas

7. BLM-FHWA Highway Safety Program
Agreement —

6/7/85



0!

9113 - ROADS

.01 Purpose. This Manual Section

provides for: The inventory, functional

classification, sufficiency analyses, and
== establishment of maintenance levels on

==> E. Surface Transportation Assistance
Act of 1982. —

.04 Responsibility. (See also Manual

the Bureau's roads for incorporation into == Sections 9100.0%, 9101.04, 9103.04,

the Bureau Planning System and the
Transportation Facilities Management
Plan; Bureau road standards; and
guidelines for road project planning,
design, construction, maintenance, and
record keeping activities.

.02 Objectives. The objectives are to:

A. Provide adequate information for
Bureau planning and operations.

B. Provide coordination with other
organizations.

C. Provide safe and adequate BLM
roads for users.

D. Protect scenic, cultural, and
historic values and conserve resources.

E. Ensure that designs, construction
and maintenance activities, and
recordkeeping for road projects meet
BLM needs and are performed in
an acceptable manner. :

.03 Authority. (See also Manual Sections
9100.03, 9101.3, 9103.03, 9104.3, and
9110.04.) The authority for providing
road facilities is contained in the Federal
Land Policy and Management Act of 1976
(FLPMA), as amended. Authorities
affecting planning, design, construction,
and maintenance of roads include:

A. Federal Highway Act of 1962, as
amended.

B. Highway Beautification Act of
1965.

C. Highway Safety Act of 1966, as
amended.

D. Surface Transportation Act of
1978.

BLM MANUAL
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9104.04, and 9110.04.) State Directors
may issue supplemental Manual Sections
on responsibilities as appropriate.

A. The Chief, Division of Engineering
(Headquarters Office), commensurate
with the above-cited Manual Sections, is
responsible for:

l. Providing overall leadership and
guidance for the road program.

2. Establishing Bureauwide road
standards.

3. Developing Bureauwide systems
for road inventory, road classification,
sufficiency analysis, maintenance levels,
and project recordkeeping.

4. Coordinating with other Bureau
divisions and offices to ensure
cooperation between the road program
and other programs.

5. Coordinating with other Federal
agencies, national interest groups, and
road associations to ensure that Bureau
interests are represented and that the
Bureau is kept abreast of the newest
developments in road-related activities.

B. The Chief, Division of Engineering .
= Systems (Service Center), commensurate <=

with the above-cited Manual Sections, is
responsible for:

I. Providing computer capability
==p for inventory retention, designing roads, <=
training in computer survey, and design
applications.

2. Providing guidance for
road-program tasks when directed by
Headquarters Officials.

Rel. 9-247
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3. Providing technical expertise to l. Ensuring that an | “ '
State Offices, when requested, for road interdisciplinary route selection team
project designs and reviews. reviews each route proposal.

4. Encouraging Bureau personnel 2, Selecting the location of a new
to keep abreast of the technical or relocated road, using the route analysis
'state-of-the-art' in road construction and report and Environmental Analysis.
maintenance activities by attending
technical meetings and training courses, E. The Chief, Division of Operations;
reviewing appropriate technical journals, == or Chief, Branch of Engineering; or Area <=
and by distributing technical information Engineer (District Office), commensurate
for Field use. with previously cited Manual Sections, is

‘ responsible for:
5. Monitoring road construction

and maintenance project plans on an I. Accomplishing assigned road
informal basis and making suggestions to program tasks in the District in a timely
the originating State's Chief, Branch of manner and in conformity with this
Engineering, on changes required to Manual Section.
comply with Bureau procedures and/or
technically acceptable methods. 2. Accomplishing inventory work,
condition surveys, designs, design reviews,
C. The Chief, Branch of Engineering and assigning construction inspection
(State Office), is, commensurate with the tasks only to those personnel who have
cited Manual Sections, responsible for: completed the required training and are o
otherwise qualified. oo

l. Providing overall guidance and N
leadership for the road program in the 3. Recommending training for
State and ensuring that planning, design, District personnel to ensure road design
construction, maintenance, and and construction inspection capabilities
recordkeeping are performed in a timely meet the District needs.
manner and in accordance with the '
requirements of this Manual Section. 4. Coordinating with county road

. officials, State Departments of

2. Ensuring that personnel Transportation local officials, and other
assigned to road design and construction appropriate officials to ensure District
inspection duties receive training and are - road program interests are represented.

otherwise qualified.
5. Coordinating with planning

3. Ensuring all road designs are specialists to ensure road inventories and
reviewed and approved before sufficiency analyses are accomplished in a
construction work begins. timely manner for Bureau Planning

System input.
4. Coordinating with State

Highway Departments, Federal Highway o 6. Coordinating and reviewing

Administration Regional and Division with District safety coordinator(s) and/or

officials, and various other organizations Ranger, as appropriate, on the assessment

as necessary to ensure that the statewide and identification of reportable vehicle

Bureau road program interests are accident locations occurring on BLM

represented. roads within their respective jurisdiction
(Appendix 7). -

D. The District Manager is
responsible for:

BLM MANUAL Rel. 9-247
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F. The Chief, Division of Resources
(District Office), or if there is no Chief,
Division of Resources, the appropriate

Division Chief, has responsi-
bility for:

I. Assigning staff resource
specialists to the route selection review
team, as may be appropriate. :

2. Providing timely resource
information to the appropriate Chief or
engineer, cited in .04E concerning
proposed route alinements.

==» .05 References. (See references in

Manual Sections 9100 and 9110.) -

.06 Policy. It is Bureau policy that:

A. Bureau roads must be designed to
an appropriate standard no higher than
necessary to accommodate their intended
functions adequately (timber hauling,
administrative access, public travel%; and
design, construction, and inaintenance
activities must be consistent with
national policies for safety, esthetics,
protection and preservation of cultural, .
historic, and scenic values, and
accessibility for the physically
handicapped.

B. Bureau roads are for use,
development, protection, and
administration of public lands and
resources, and, though administered by a
public agency, "and generally open to use
by the general public," are not public
roads. Bureau roads are subject to rules
and regulations of the Secretary of the
Interior, and, although public use is
generally allowed, roads may be closed or
use restricted to fulfill management
objectives such as protecting public
health and safety or preserving
resources. Bureau roads may also be
subject to State and other Federal

regulations as necessary to protect public
health and safety.

BLM MANUAL
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Bureau roads which no longer support a
management objective (timber sale, range
improvement, etc.) are obliterated and
revegetated. Obliterations, closures, and
use restrictions, except for emergency
reasons, are identified through the Bureau
Planning System.

C. Continuous coordination with other
agencies and public road authorities is
undertaken to assure that land use,
resources, and public interests are
represented and that Bureau road
management actions and activities are
appropriate.

D. The location, design, construction,
and maintenance of roads crossing public
lands must comply with all applicable
Federal Laws.

E. All roads controlled by the Bureau
must meet appropriate Bureau road

standards, whether or not they are
constructed by Bureau initiative.

F. All Bureau road designers must be
qualified (see .42 for requirements) and
all permanent roads constructed by
nongovernment entities across public
lands must be designed by or under the
direction of a licensed professional
engineer.

G. All Bureau roads must be
identified with appropriate route markers
and must be signed adequately for user
safety. (See Manual Section 9131.)

H. The location, design, construction,
and maintenance of roads crossing public
lands must consider and protect
endangered species of plants and animals
on the Federal List of Endangered
Species.

I. Roads crossing public lands must be
located, designed, constructed, and

maintained so as to protect and preserve
natural, historic, cultural, and scenic
values.
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J. The acquisition of easements for
existing roads may not be initiated until a
route analysis per .31 has been completed
and has determined that an existing
facility is sufficient for Bureau needs or,
if new construction or reconstruction is
required, until an approved design has
been developed to a point where the
actual easement can be dimensioned.
(See Manual Section 2130 et seq.,for
requirements.)

K. Bureau roads should be inspected
both at regular intervals and immediately
after events such as severe storms to
determine emergency actions or priority
maintenance needs. The top priority is to
protect the users, reduce hazards, and

prevent further deterioration of the
facility.

= L. The Bureau will manage the
development and use of transportation
facilities in energy/mineral resource
development areas through the
designation of access routes, corridors, or
areas of avoidance; prescribed standards
of construction and maintenance;
restoration and protection of the
environment, and provide for the
maximum utilization by other resource
users in a compatible and safe manner
(see Appendix 6). / -

BLM MANUAL
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.07 Scope of Road Program. The L
management of public lands and resources
is affected by continually changing social,
economic, and political needs. As
management objectives change, road
needs also change. An effective program
to provide a road system needed to
support these changing management
objectives must be predicated on current
needs and must allocate limited resources
by the most efficient method. A current
inventory of facilities and a method of
measuring their adequacy is basic to
managing a road system. The Bureau
Planning System identifies needed
alterations of the existing system (such as
construction of new facilities,
improvements, easement acquisitions,
obliteration of unneeded facilities,
nonemergency road closures, and use
restrictions). The Transportation System
Management Plan (TSMP) (see Manual
Section 9110) then establishes priorities
and allocates resources necessary to
implement planning system decisions in
the most efficient manner.

s
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.l Road Program Management. The
management of the road program requires
data collection, information
dissemination, and inter- and intra-Bureau
coordination to determine the need to
construct, improve, maintain, acquire,
transfer jurisdiction, restrict use, or close
and obliterate certain roads.

Coordination is particularly important,
since almost all Bureau roads affect or
are affected by resource management
decisions or by road management
decisions made by other organizations.

.11 Identification of Roads. The
District Engineer, in consultation with the
Area Manager and area staff, determines
which roads are the responsibility of the
Bureau. Begin with the existing Bureau
transportation plan map and wilderness
inventory data. Through coordination
with the State Highway Department,
county road departments, other Federal
agencies, private owners, and any other
organizations that are responsible for
roads, identify all roads and categorize
them by type of jurisdiction. Inform
management of any jurisdictional conflict
so immediate steps may be taken to
resolve the conflict. Include the Access
and Transportation Rights-of-Way
(ATROW) specialist in the determination
of road jurisdictions.

A. Map Identification. Use a map,
or map overlays, to show all roads and
road jurisdictions within a resource area.
Identify each travelway that appears to
have been repeatedly used by vehicles on
the map and assign it a number (refer to
.12 for route numbers).

BLM MANUAL
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B. Field Identification. All Bureau
roads included in the Bureau
Transportation System Management Plan
(TSMP) are identified with route
markers. (See Manual Section 9131.) A
road inventoried as part of the planning
process must be identified with route
markers as soon as it is included in the
TSMP as a BLM road.

.12 Route Numbers. Use the same
route number throughout the length of the
route. Do not duplicate route numbers
within the State. The State Office may
assign blocks of numbers to each District
to assure that no duplication occurs. If
desired, route numbers may be the same
as project numbers, providing that
assignments conform with Manual Section
1321.12C. Numbers are assigned by the
area or District in which the route
originates and are continued into the
other resource areas or Districts if the
route crosses a boundary. As Bureau
roads and Bureau jurisdictional boundaries
often change, a BLM administrative
boundary linked logical system of
assigning numbers may not be valid at a
later date.

.13 Inventory. If the Bureau appears
to have an interest in a road or segment
of a road, complete an inventory of the
physical and legal elements of the road.

Rel. 9-247
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.14 Federal Agencies.

A. BLM-Forest Service (USFS)
Relationship. An agreement between
BLM and the Forest Service provides
procedures for granting and acquiring -
property rights by each agency from the
other necessary for road use,
construction, improvement, maintenance,
and transferring jurisdiction of roads.
(See Appendix 4.)

B. BLM-Federal Highway
Administration (FHWA) Relationship.
FHWA has certain responsibilities in

administering Bureau road programs. The
most common joint responsibilities are

=¥ found in 23 U.S.C. 101, 125, 214, 308, and
402. These relate to Public Land G

Development Roads and Trails (PLDR&T)
construction, Emergency Relief Federally
Owned (ERFO) maintenance funds,
providing FHWA technical expertise as
cost reimbursed engineering services and
highway safety. (See Appendices |

=p through 3, 5, and 7.) —

.15 Use of Bureau Funds on
Non-Bureau Controlled Roads.
Appropriated Bureau funds may not be
used to construct, improve, or maintain
roads not owned or controlled by the

= Bureau, or otherwise authorized. Pa—

.16 Functional Classification. The
method and terminology recommended by
the National Highway Functional
Classification Study of 1968 provides
guidelines for classifying Bureau roads.
The Bureau has added resource roads as a
category in addition to those identified in
the 1968 study (as recommended by an
interagency task group study on
low-volume road standards, 1976-77). As
Bureau roads are predominately low
volume and are generally extensions of, or
connectors to State or county systems, an
"arterial" category does not apply to
Bureau roads. Classify Bureau roads as
follows:

BLM MANUAL
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A. Collector Roads. These Bureau
roads normally provide primary access to
large blocks of land, and connect with or
are extensions of a public road system.
Collector roads accommodate mixed
traffic and serve many uses. They
generally receive the highest volume of
traffic of all the roads in the Bureau road
system. User cost, safety, comfort, and
travel time are primary road management
considerations. Collector roads usually

- require application of the highest

standards used by the Bureau. As a
result, they have the potential for
creating substantial environmental
impacts and often require complex
mitigation procedures.

B. Local Roads. These Bureau
roads normally serve a smaller area than
collectors, and connect to collectors or
public road systems. Local roads receive
lower volumes, carry fewer traffic types,
and generally serve fewer uses. User
cost, comfort, and travel time are
secondary to construction and
maintenance cost considerations. Low
volume local roads in mountainous
terrain, where operating speed is reduced
by effort of terrain, may be single lane
roads with turnouts. Environmental
impacts are reduced as steeper grades,
sharper curves, and lower design speeds
than would be permissible on collector
roads are allowable.

C. Resource Roads. These Bureau
roads normally are spur roads that provide
point access and connect to local or
collector roads. They carry very low
volume and accommodate only one or two
types of use. Use restrictions are applied
to prevent conflicts between users
needing the road and users attracted to
the road. The location and design of
these roads are governed by
environmental compatibility and
minimizing Bureau costs, with minimal
consideration for user cost, comfort, or
travel time.

6/7/85

N



9113 - ROADS

.17 Average Daily Traffic (ADT). For
Bureau purposes, the average daily traffic
(ADT) is defined as the annual traffic
divided either by 365 or by the actual
number of days the road is open to
traffic. The amount of traffic is
determined by the number of vehicles
passing a point, regardless of direction of
travel. ADT provides some criteria for
geometric design standards and is used for
justifications and in the design of
structural elements. ADT is used as one
of the factors in determining functional

= classification (see .16). In establishing

ADT, consider Seasonal Average Daily
Traffic (SADT). SADT, such as during
hunting season, may necessiate a higher
geometric design standard for the road
and a seasonally adjusted higher level of

maintenance. Functional classification e

then determines the appropriate
geometric standards (see .23).

.18 Sufficiency Analysis. Bureau
roads are analyzed during the detailed
road inventories process to determine if
they are safe and adequate. These
analyses are subjective, but they provide
a system for determining Bureauwide
needs and for determining priority of
needs between Bureau jurisdictions.
These analyses do not replace public
response, resource needs, and national
priorities in the determination of project
priority. Utilize standards from .2 in
determining the sufficiency of existing
roads.

BLM MANUAL 6/7/85
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.2 Road Standards. Standards are values AASHTO geometric standards for
established to ensure adequate uniformity low-volume, low-speed, single-lane, and
and quality of all roads constructed on unpaved roads are not applicable to all of
lands administered by the Bureau. These the Bureau's roads; hence, coordination e
standards are applied to all Bureau or between Headquarters Office, Field
non-Bureau initiated road construction, Offices, and other Federal agencies
and are also used to determine the continue to be the best source of
sufficiency of existing roads. (See .18.) information for the development of

realistic standards.
.21 Development of Geometric

=p Standards. The American Association of .22 Relationship Between Standards
State Highway and Transportation and Design Element Values. The value for
Officials (AASHTO) "Policy on Geometric curve radii, vertical curve lengths, sight
Design of Highways and Streets" contains distances, superelevation rates and runoff
a section addressing 'Special Purpose - lengths are closely related to design
Roads', including recreation and resource speed. The designer must utilize design
development roads, that may be element values appropriate to the
applicable to some of the Bureau's roads. standard. See .45 for design guidelines.

GEOMETRIC STANDARDS FOR BUREAU ROADS

FUNCTIONAL EST 20 YR. TERRAIN DESIGN TRAVELWAY MAXIMUM
| __CLASSIFICATION ADT SPEED WIDTH GRADE
PREF. MiN, PREF. MIN. PREF. NAX.
ILEVEL & ROLLING] 3O 8
Resource Less than 20 * 14 * 10
Mountainous 15 * |14 * 8 16
Level & Rolling | 40 30|20 201 6 10
Less than 100
Mountainous 20 15114 1218 15
Local
Level & Rolli 4 201 6 ]
More than T5 evel & Rolling | 50 0]24 . 0
Mountainous | 30 15| 24 201 8 14
50 . 150 | Level & Roling | 50 30|24 201 6 8
Mountainous 30 20 |20 20] 8 12
Collector
Level & Rolling | 50 40 | 24 201 6 8

More than 100

Mountainous | 30 20|24 | 208 12

NOTE: Design speeds and surtace widths chosen are limited to values shown, except that greater widths
ore allowed when oversize traffic justifies wider widths, Maximum acceptable grade must never
be exceeded and maximum preferred grade should be exceeded only when preterred volue s
not teasible.
X It preterred design speed and travelway width are not teasible for specitic resource roads,
alternate values are determined by the Chiet, Branch ot Engineering (State Otfice!,

BLM MANUAL Rel. 9-247
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23 Geometric Standards. Design
speeds, travelway widths, and maximum
grades for various combinations of
estimated average daily traffic (ADT),
functional classification, (see .16), and

== terrain types are shown on the chart for

.26 Vertical Clearance. Overhead
vertical clearance must be a minimum of
16 feet from the travelway elevation.
(See .45E8.)

.27 Horizontal Clearance. A

'‘Geometric Standards For Bureau Roads'. == horizontal clearance of & feet from edge

.24 Loadings. Design roads and

structures for H-20 loadings, as specified =p

by the American Association of State
Highway and Transportation Officials.
Designs with heavier loadings may be used
if they are compatible with adjacent
roads that could be affected by
overweight traffic generated on
Bureau-controlled roads.

.25 Structure Widths. Bridges,
culverts, tunnels, cattleguards, and other
structures must have a minimum
curb-to-curb or rail-to-rail width
(whichever is less) of 14 feet for single
lane roads and 24 feet for double lane
roads, but in all cases not less than the
nominal width of the adjacent travelway
as measured at right angles to the
travelway centerline.

BLM MANUAL
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of roadway is recommended. (See .45E8.)

.28 Traffic Control Signs. Signs and <=
markers placed on or adjacent to the
roadway to regulate, inform, or guide
vehicle occupants must conform to the
requirements of Manual Section 9131 and
the Federal Highway Administration's

Manual of Uniform Traffic Control
Devices.

.29 Easement Widths. The width of
easements for Bureau roads is limited to
the minumum width necessary for
construction and maintenance operations,
and for user safety. A minimum width of
50 feet or the width of construction plus gf“ .
10 feet on each side (whichever is e
greater) is generally required. Maintain
uniform widths through varying
ownerships or legal subdivisions whenever
possible, rather than allowing frequent
width changes.

6/7/85
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.3 Road Project Planning. Road project
planning ensures that the project provides
safe and adequate service to the user and
is compatible with environmental values.
Perform road project planning in a
manner similar to facility planning (see
Manual Section 9101). In addition to the
general facility planning requirements,
consider the following specific
requirements.

.31 Route Analysis. Perform a route
analysis to identify all feasible routes
that satisfy the required road function. In
cases where an existing road could be
acquired, the existing road is an
alternative and is assessed with other
feasible routes. This ensures that the
selected route best meets management
needs and is not a short-term solution.
Individuals knowledgeable in the design of
bridges and major culverts may need
route analysis information.

A. Management Requirements.
Identify the anticipated type and volume
of road traffic. Include traffic that may
be attracted to the road just because it is
there (i.e., many casual users may be
attracted as sightseers when a road is
constructed). Identify the functional
classification of the road (see .16) and
specific locations (areas or points) that
the road must serve. Map any areas that
the road must not penetrate because of
withdrawals or reservations, and identify
any other special considerations or
constraints on selection of feasible routes.

B. Road Standards. The District
Engineer or Engineering Staff Specialist
recommends appropriate road standards
(see .2), for the concurrence of the
District Manager.

BLM MANUAL
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C. Feasible Route Locations. Plot
all feasible route locations (those that
meet management requirements and the
appropriate road standards) on a
topographic map. Make route locations as
wide as possible, as this gives the designer
the greatest freedom in selecting the
alinement to ensure free traffic flow and
relative economy of construction.

D. Route Selection Review. An
interdisciplinary team determines the
most desirable route locations or portions
thereof, and analyzes these locations to
develop data for the Field review.
Document the reasons for eliminating the
less desirable feasible route locations (or
portions thereof) from further
consideration in the analysis report.

E. Field Review. Perform an
in~depth Field review for each feasible
location not eliminated by the office
review. Prior to Field review, affected
private land must be identified and
appropriate permission secured to
perform any needed survey work, soil
borings, etc. For each feasible location,
consider environmental impacts, resource
value impacts, user cost, safety,
construction and maintenance costs,
acquisition costs (if applicable),
suitability of soil and geology for
construction, and any other factors
relevant to choosing the best locations. If
an existing road is to be acquired,
consider improvement constructon costs
necessary to meet appropriate road
standards.

F. Report. Upon completing the
Field review, the team prepares a report
for management. (See Manual Section
9101.4.)

‘Relo 9"247
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.32 Environmental Analysis (EA).
Prepare an EA for the alternative
locations. Determine the need for an
Environmental Statement (ES).

.33 Route Selection. The District
Manager, using the route analysis report
and the EA, selects the location. If the
route analysis report or the EA addresses
special problems, the selection decision
may include specific mitigation
requirements or limitations that must be
addressed in the design.

BI.M MANUAL
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.34 Design Narrative. Prepare a
design narrative to communicate project
requirements to the designer. The design
narrative includes a recap of management
requirements, road standard selection,
any mitigation identified in the EA, and
the route analysis report and selection
decision. Include a map showing the
selected location (including any
restrictions identified by management or
in the EA) and a copy of the EA.
Members of the route analysis team sign
the design narrative for concurrence and
it is then approved by the District
Manager. Forward an informational copy
of the approved design narrative to the
State Office Branch of Engineering.

.35 Programming. A programming
action plan is completed to provide

information regarding allocation of people
and funds to complete the project. Refer
to Manual Section 9101.6 for guidance. £

Rel. 9-247
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.4 Design. Design work, whether
"in-house," by another agency, or by an
architectural and engineering firm,
commences when project planning (route
analysis and selection, environmental
analysis, design narrative, and action
plan) is complete and the project has been
programmed and funded in an approved
Annual Work Plan. Work on non-Bureau
road designs should normally not begin
until the preliminary location has been
approved and the road stipulations have
been provided to the applicant.

.41 Design Technology. This
subsection provides requirements and
recommendations to be used in the design
of Bureau roads. It does not supply
technical know-how or a cookbook
procedure for road design. References
are cited for technical and procedural
information. Design offices should
acquire cited references for their
technical libraries.

.42 Designer Qualifications. Any road
designer assigned lead responsibility for
the design of any road must have a
working knowledge of highway
engineering principles and procedures, and
have satisfactorily completed a college or
other Bureau approved road design
course. The Chief, Branch of
Engineering, State Office, is responsible
and accountable for the technical
correctness of all road designs done
"in-house" in the respective State, and
determines designer qualifications. All
"in-house" designs must receive an
independent technical review by a
qualified road designer. The Chief,
Branch of Engineering, reviews and
determines the procedures and
organizational level for such reviews.
Roads designed by non-Bureau personnel
are approved for technical correctness by
a qualified registered engineer or another
agency's design chief, and are reviewed
by the Chief, Branch of Engineering,
State Office, or qualified District

BLM MANUAL

engineering personnel, to assure that the
design meets the appropriate Bureau road
standards.

A. Approved Road Design
Courses. Satisfactory completion of the
following are acceptable for qualifying
BLM road design personnel:

l. U.S. Forest Service Basic
and Advanced Road Design Courses.

2. University Level
Engineering Curriculum Road Design
Courses.

3. Certain Bureau of Land
Management Training Courses relating to
road design.

4. Other Courses approved by
the Chief, Division of Engineering
(Headquarters Office).

B. Prequalification for Road
Design Course Attendance.
Prequalifications for road design course
attendance include knowledge of algebra,
analytic geometry, trigonometry,
surveying, hydrology, hydraulics, soil
mechanics, and contract administration.
Most college courses have prerequisites,
and courses offered by other agencies and
the Bureau may also require prequal-
ifications. Applicants for courses should
be prepared to provide evidence of
completion of prerequisites or should be
able to pass satisfactorily a prequalifica-

tion test given by the Service Center
Division of Engineering.

C. Computer Design. Computer
assisted design is encouraged. Designers
are required to use the RDS (U.S. Forest
Service computerized road design system)
for computer assisted design. Access to
the RDS programs is through the
engineering computer application
specialists at the Service Center. See
Manual Section 9107 for policies and
procedures for engineering computer
applications.
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43 Design Coordination and
Reviews. Road and bridge design should
include ongoing coordination and partial
review during the design process to
eliminate any surprises when the final
plans and specifications are distributed.
Open communication between the road
and bridge designers, resource specialists,
and other support specialists about areas
of interest affected by the road design
contributes to better design. Consult
watershed and visual management
specialists for advice on mitigating
erosion and visual scars caused by road
construction. Consult fisheries biologists
for stream crossings, recreation
specialists for vista turnouts, foresters
and range conservationists about slopes or
clearing widths.

A. Environmental Reviews.
Environmental reviews are coordinated
with interested resource specialists during
the course of design. Briefings on’
proposed alinements, typical sections, and
design features for mitigation of
environmental impacts are recom-
mended. An appropriate time for such
review is at the conclusion of the
earthwork design phase. Computerized
plots of plan and profile sheets, cross
section plots, and mass diagrams can be
helpful, as can computerized perspective
plots of areas of major concern. The need
for and intensity of such reviews vary
with each project; however, reviews
should be held to identify and resolve
problems at an early date, and to ensure
that the final product is substantially
acceptable to all who have an interest.

B. Technical Reviews. Technical
reviews are undertaken during the course
of the design. There is no hard and fast
rule on timing of reviews. Points at
which review may be useful include:
on-the-ground review of staked "P"-line
centerline; review of proposed horizontal
and vertical alinement plots; review of
proposed typical sections;

BLM MANUAL
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review of mass diagram and cross section
plots; review of proposed drainage
methods; review of proposed signs,
markers, delineators, guardrails, etc.;
review of solutions to uncommon design
problems; final review of plans and
specifications with an "on-the-ground"
walkthrough.

A4 Surveys and Investigations. The type,
accuracy requirements, and intensity of
surveys and materials investigations is
determined by the functional
classification of the proposed road, land
ownership, and the type of construction.
Surveys and investigations supply data to
the designer; therefore, the designer must
work closely with the survey crew and
soils/materials investigation crews to
assure that the obtained data are
pertinent. The designer directs the
centerline survey and the location of
soils/materials investigations by flagging
on-the-ground locations or by plotting the VAR
proposed design alinement on large-scale L
topographic maps or aerial photos.

A. Aerial Surveys. (Reserved).

B. Ground Surveys. Ground
surveys for road design are governed by
the following guidelines:

l. Permission to Survey. The
Bureau is required to obtain permission to
survey or to investigate materials on
lands not owned by the United States
Government or not controlled by the
Bureau of Land Management. Notify
permittees and lessees whose operations
might be affected by or which could
affect survey or investigation work.
Contact the District ATROW specialist
and furnish information as necessary to
obtain timely required permission or
easements, or to notify concerned
parties. Entry to commence such work
occurs after the ATROW specialist has
notified the designer that permission has
been received and/or notices have been
sent. :
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2. Precision of Surveys. The
accuracy requirements of road surveys as
shown in Illustration 1| must meet the
following precision classes:

a. Collector Roads.
Traverses, level circuits, and
cross sections require precision class B.

b. Local Roads. Traverses
not requiring easements are done to
precision class C; easements require
precision class B. Level circuits require
precision class C, and cross sections
require precision class D.

¢. Resource Roads.
Traverses not requiring easements are to
precision class E; easements require
precision class B. Level circuits require
precision class E, and cross sections
require precision class F.

3. Stationing. Stations are set
continuously along centerline surveys at
maximum 100-foot intervals, at all
tangent and curve control points, at all
fence or utility crossings, and at all
breaks in ground profile where the
centerline ground varies more. than | foot
vertically from a straight line connecting
the above points. Stations should also be
set along curves at a maximum of 100
feet or 4° of central arc, whichever is less.

4. Topographic Survey. Survey
existing man-made features (buildings,
fences, utilities, existing road, etc.) and
natural features (rock outcrops, streams,
swamps, lakes, trees, and cacti to be
preserved, etc.) that require special
design considerations or that may affect
construction operations. Show these
features on the construction drawings.

BLM MANUAL
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5. Section Corner and
Boundary Ties. All road centerline
traverse surveys must be tied to the
Public Land survey system, using the
same precision required for the traverse.
Ties should be made each time the
centerline traverse crosses a section line
or boundary line (ownership, withdrawal,
reservation, etc.). If all of the traverse is
within one section, a tie should be made
near each end of the centerline traverse.

6. Establishing Bearings.
Astronomical observations are used to
establish bearings on centerline traverses
requiring easements. Establish bearings
on other surveys by astronomical
observation or by turning an angle from a
known bearing, such as cadastral survey
lines or other road survey centerlines.
The basis of observed or calculated
bearings is shown in the survey notes and
on the construction drawings.

7. Bridges and Major Culverts.
(See Manual Section 9112.)

8. Survey Notes. Survey notes
are kept in a bound book using the format
required by the RDS handbook.

C. Soil Surveys and Material Site
Investigations. Soils surveys and material

site investigations furnish necessary
information on the types of soils and
physical limits of the various soils or
materials that will be encountered on a
project. The extent of survey and
sampling and testing work required
depends on the type and size of the
project and the character of the soils.

Rel. 9-247
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I. Soil Surveys. A soil survey
includes a soils profile made along the
proposed centerline. Establish a trial
profile grade line and conduct an
investigation to determine the soil
horizons and limits by examining exposed
soils, and using auger borings or test holes
at sufficiently close intervals and of
sufficient depth to identify changes in soil
types. Visual classification is sufficient
for lower standard roads that will not
carry heavy loadings. Roads being
designed for heavy loads, high volumes, or
paving require more thorough and
accurate sampling and testing to
determine structural values. Extensive
testing is advisable for projects with large
earthwork volumes. Use AASHTO
classification, sampling, and testing
procedures for road soil surveys.

2. Materials Site Investiga-
tions. Designated materials sites are
sampled and tested to determine if the
volume and character of the material is
adequate and if the material can meet the
required specifications. Use AASHTO

- sampling and testing procedures for
material site investigations.

3. Commercial Material
Sources. Manufactured aggregates,
ready-mix concrete, and other materials
may be available from commercial
sources. Sampling and testing for design
purposes is unneccessary if the supplier
furnishes required information and
certification.

BLM MANUAL
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45 Design Guidelines. Design
guidelines reflect the Bureau philosophy
for road design. Bureau roads are
designed and constructed primarily to
support the protection, development, use,
and administration of public lands and
resources, while the primary purpose for
most non-Bureau roads and highways is to
move traffic rapidly and economically
from point to point. Bureau roads must
ensure the safety of the user, but should
respect the natural setting of the area.
Designers of Bureau roads must be
sensitive to national policy emphasizing
safety, esthetics, protection and
preservation of historic and cultural
values, and accessability for the
physically handicapped. Designers of
Bureau roads must routinely incorporate
these considerations in their designs.

A. Design Speed. Design speed
determines the maximum degree of road

curvature and minimum safe stopping,
meeting, passing, or intersection sight
distances. The design speed selected
should be consistent with the anticipated
speed users will drive on the constructed
road. For example, in flat, open terrain
where relatively straight alinement may
induce drivers to travel relatively fast,
low design speeds are unsafe.

I. Maximum Degree of
Curvature. The maximum degree of
curvature is determined by design speed,
surface type, and the maximum
superelevation rate. Using the maximum
superelevation rate chosen by the
designer (see .45D), and the surface type
of the proposed road, the maximum
allowable curvature for various design
speeds is determined using the rates
shown in Illustration 2.

Rel. 9-247
6/7/85
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2. Sight Distances. Sight
distances are those lengths of road the
driver must be able to see to execute
safely various vehicle operations. Sight
distance requirements affect vertical
curvature and may affect horizontal
alinement by requiring easier curves to
avoid sight obstructions due to terrain,
vegetation, or manmade features. The
designer may be required to adjust the
horizontal or vertical curvature, the
typical cross section, or to remove
vegetation or manmade features to attain
the required sight distances. Sight
distance calculations are based on an eye
height of 3.75 feet, and object height of
0.5 feet, and an opposing vehicle height of
4.50 feet. Driver perception and reaction
time of 2.5 seconds is used. Since
research has not determined if braking
distance is affected by surface type
variations under differing weather
conditions, no adjustment is made for
surface type. Friction factors for braking
distance assume wet pavement
conditions. Illustration 3 provides
minimum safe stopping, meeting, passing,
and intersection sight distance design
values for Bureau roads.

B. Horizontal Alinement.
Alinement for higher standard roads
should be as direct as possible with few
curves and more than minimum sight
distances. Coordinate horizontal
alinement with vertical alinement to
ensure user safety and comfort. Lower
standard road designs should maintain a
high quality alinement, but cost
consideration may require that values
normally required for higher standard
road designs be lessened for construction
economy. Accepted practices for good
alinement design include the following:

l. Terrain. Fit the terrain.

BLM MANUAL
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2. Curve Length. Avoid short
curves that provide the illusion of an
angle. In open areas with long sight
distances, the minimum curve length
should be 500 feet for a 5 degree central
angle. Where sight distance is limited,
choose curves that appear to flow rather
than curves that appear abrupt.

3. Reverse Curves. Avoid
reverse curves separated by a short
tangent. Where terrain dictates reverse
curves, a tangent between curves of
sufficient length to provide
superelevation runoff without overlap is
required.

4, Broken Back Curves.
Broken back curves (two curves in same
direction separated by a short tangent)
should not be used. Substitute a longer

curve or a compound curve.

5. Curves on Fill. If a curve
must be placed on {fill, keep it as flat as
possible.

6. Compound Curves.
Compound curves may be used to fit the
alinement closer to the natural contour,
or to avoid the use of broken back
curves. Compound curves should be
limited to three separate curves, with the
center curve being the sharpest, but not
over 50% sharper than adjacent curves.

7. Tangents. Long tangents,
over one mile long, should be avoided,
unless the road is a "section line" road.

8. Alinement. Consistent
alinement is safer and is more
esthetically pleasing. Sharp curves at the
end of long tangents, or a sharp curve
among easy curves is hazardous. Where a
sharp curve must be used, it should be
approached by successively sharper curves
from both directions.
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C. Vertical Alinement. Controls
on vertical alinement include maximum
grade requirements for the applicable
road standard (see.23) and the vertical
curve length requirements for minimum
sight distances.

l. Vertical Curves. Vertical
curves must be long enough to provide
minimum stopping sight distance
throughout the road length and to provide
a road that is safe, comfortable, pleasing
in appearance, and adequately drained.
Vertical curves longer than required for
minimum sight distance should be used to
reduce earthwork volume or to provide a
better visual appearance.

a. Stopping Sight Distance
(SSD). Minimum stopping sight distance
must be met for the entire length of all
roads. Use Illustration 4 for determining
the minimum vertical curve length for
crest vertical curves, Illustration 5 for
determining minimum vertical curve
length for sag vertical curves, and
Hlustration 6 for determining the
minimum lateral clearance to the inside
of horizontal curves.

b. Passing Sight Distance
(PSD). Minimum passing sight distance
should be met at regular intervals on
two-lane roads. Higher-volume roads
require more frequent passing
opportunities than lower-volume roads.
Construction costs are a major factor in
determining passing sight distance needs.

Cc. Meeting Sight Distance
(MSD). Minimum meeting sight distance
must be met over the entire length of all
single-lane road sections. Meeting sight
distance is calculated as the sum of the
opposing stopping sight distances.
Distance adjustment for grades may be
ignored since such adjustments tend to
cancel one another. Vertical curves
provide safe stopping sight distances.
(See Illustration 7 for determining crest
vertical curve lengths.)

BLM MANUAL
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However, safe meeting sight distance may

require that lateral clearance on the
inside of horizontal curves be lengthened,
or that a double-lane section be used and
the lateral clearance provide minimum
stopping sight distance.

2. Recommended Practices.
Recommended practices for providing a
desirable vertical alinement are as
follows:

a. Coordinate vertical
alinement and horizontal alinement to
ensure a smooth flowing, safe,
comfortable, and esthetically pleasing
road.

b. Provide a "grass roots"
grade requiring minimum earthwork. This
limits costs, reduces erosion, and is more
environmentally acceptable.

Cc. Provide a smooth
vertical alinement with gradual changes
consistent with class of road and
character of terrain. Avoid an alinement
with abrupt transitions.

d. Avoid grades less than
0.5 percent due to difficulty in providing
drainage of side ditches.

e. Reduce grades around
sharp curves, at intersections, at
turnouts, and at turnarounds.

f. Avoid roller coaster,
hidden-dip, and broken back grade lines,

even though they may reduce earthwork
quantities (not applicable for very low-
cost roads).

g. When possible, avoid

locating a vertical curve within a
horizontal curve.

Rel. 9-247
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D. Superelevation of Curves. The
selection of a maximum superelevation
rate should depend on several factors:
frequency and amount of ice and snow;
amount and type of roadside development;
and number of slow-moving vehicles.
Illustration 2 provides recommended
maximum superelevation rates for various
design speeds. The minimum
superelevation rate for any curve is not
less than the normal crown rate for
adjacent tangent sections. Superelevation
is required on all roads with a design
speed of 20 mph or greater. Bureau roads
with design speeds of 20 mph or less do
not require it. See Illustration 8 for
runoff lengths for various superelevation
rates and design speeds. One-third of this
runoff occurs on the curve and two-thirds
on the tangent. Increase runoff lengths
where necessary to provide for better
drainage or esthetics.

E. Cross Section Elements. The
designer must determine the typical cross
section(s). Changes in terrain, materials,
visual resources, and vegetation may
justify changing the typical cross section.
Elements of the cross section include
subgrade width, roadway crown or cross
slope, side ditches, cut and {ill slopes,
widenings, and turnouts.

l. Subgrade Width. The
subgrade width normally is equal to the
travelway width plus twice the taper
width of surfacing materials. For an
earthen road, the travelway width is equal
to the subgrade width. Extra widening for
shoulder area may be provided where
estimated ADT is over 400, or where
special considerations justify a shoulder
area. The taper of the surfacing material
on surfaced roads provides a "usable"
shoulder area if the tapered slope is 4:1 or
flatter.

BLM MANUAL
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The taper slope ratio should be
approximately the same as the slope ratio
selected for the flattest fills or side ditch
inslope, but should never be steeper than
3:1. A taper slope ratio flatter than 4:l
may be provided if justified, but it should
not be common practice. Select the total
subgrade width to the nearest even 2 feet.

a. Considerations for
designing the subgrade width include the
following:

(1) Changes in subgrade
soil support values may require a change
of the surfacing thickness, resulting in a
change in taper and subgrade width.

(2) Using curbs may
affect subgrade width.

(3) In areas with steep
side slopes, the typical section may be
narrowed by reducing the side ditch or by
forming the side ditch in the surfacing
course. This may be done only if the
surfacing material can be protected from
saturation and if the ditch shape and
dimensions are such that user safety is
not compromised.

2. Road Crown. The road
should be crowned to ensure proper
drainage. All double-lane roads except
insloped or outsloped roads must have a
centerline or shoulderline crown. (See
.45E3.) Place shoulderline crowns with
the downstream shoulder highest in order
to prevent erosion of fills. Recommended
slopes are as follows:

Earth Surface ................... .03-.05 ft./ft.

Aggregate Surface............. .02-.04 ft./ft.

Paved Surface.................... .02-.03 ft./ft.
6/7/85
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3. Insloped or Outsloped
Roads. A local road with a design speed
of 20 mph or less may be insloped or
outsloped for sections where the grade
does not exceed 6%. (An insloped or
outsloped road is a road without side
ditches and superelevated curves.)
Insloping or outsloping roads are not
recommended unless the subgrade
materials are resistant to erosion and
traffic volume is extremely low. The
slope across the roadway is the same as
for normal crowns (see .45E2).

4. Cut and Fill Slopes. Cut and
fill slopes provide: a structurally stable
road, a safe recovery area for errant
vehicles, minimum erosion susceptibility,
and maximum revegetation possibility.
Slopes steeper than 2:! in level and rolling
terrain or 1 1/2:1 in mountainous terrain
must not be used. If the steepest
allowable slopes do not intersect with the
natural terrain within a reasonable
distance, make adjustments in the
alinement and/or grade, or provide
retaining walls. Fills with heights less
than the depth of the side ditch are
designed and staked as a cut section to
ensure continuty of the side ditch.

a. The following slopes are
suggested for use on Bureau roads. Where
rock excavation is encountered, cut slopes
may be steeper since weathered slopes
should remain stable. Cut slopes may be
steeper than recommended to reduce
resource, environmental, or visual
impacts; however, the angle of repose of
the exposed material must not be
exceeded.

b. Fill widening a minimum
of 2 feet is recommended where the slope
is 2:1 or steeper. Fill widening must be
integrated with the normal embankment.
Widening for curves and/or guardrails is
determined independently of fill widening,
and does not supersede fill widening
requirements (see .45E9). Fill widening
does not require widening of surfacing
courses.

BLM MANUAL
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RECOMMENDED EARTH SLOPES FOR

BUREAU ROADS
. i ]
Height of Cut or | Level and Rolling |  Mountainous
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‘In clayey or silty soils subject to erosion. maximum
slope should be limited to 2:1 or less, depending on
stability of the soils.

c. Slopes can be sculptured
to provide a more natural appearance.
Sculpturing is recommended for major
roads through areas of high visual
quality. Consult with visual management
specialist on the advisability of slope
sculpturing. Sculpturing methods include:

(1) Flattening slope at
cut-to-fill transitions;

(2) Laying back
cutslopes where a cut intersects a natural
drainage to provide a more natural
appearance;

(3) Accenting natural
ridges intersected by cuts with a steeper
cut slope and wider rounding of
intersection;

(4) Creating diversity in
long cuts by flattening slopes to create
false draws;

(5) Providing benches in
rock cuts to accent natural strata;

(6) Leaving planting
pockets in rock slopes; ,

(7) Leaving unhazardous
rock outcroppings to add variety; and

(8) Varying slopes to
save specimen trees, rock outcrops, or
other items of visual interest, provided
they do not constitute a roadside hazard.
Rel. 9-247
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d. The intersection of cut
and fill slopes with natural ground should
be rounded to improve intergration with
the natural topography. Slopes are
normally rounded for approximately 5
feet on each side of the intersection
between the construction slope and
natural ground.

e. Slope treatments include
revegetation and other landscaping
techniques used to stabilize slopes and
retard erosion. Use serrated slopes,
topsoil, mulch, and jute matting if local
conditions justify them. Revegetation
with native grass and wildflower species
is preferred. Other landscape treatments
such as tree and shrub plantings or
selected thinning of adjacent vegetation
can mitigate the impact of the
construction in areas of high visual
quality. The degree of treatment is
scaled to the location and purpose of the
road. Landscape treatments should be
coordinated with a landscape architect.

5. Daylight Sections.
Daylighting of cuts is recommended if the
disturbed slope area is not excessive. To
daylight a slope, use a ratio of
approximately 100:1 beginning at the
bottom of the side ditch. (Note: The RDS
program starts daylight sections at the
shoulder point, so if RDS is used for
Bureau road designs, consult the
engineering computer application
specialists 