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Aerial photographs have been used in Maine in the fol-
lowing types of highway location studies: (a) prelim-
inary cost estimates for portions of the Interstate
System, (b) detailed study of proposed route locations,
and (c) relocation studies for secondary roads. The
Interstate route studies included soils, rock excava-
tion, gravel sources and haul distance, and drainage
conditions; changes in P-line were made to avoid peat
or muck. The detailed study of a proposed route in-
cluded the preparation of large scale engineering-soil
strip-maps. The relocation studies for secondary roads
included information regarding soils, gravel sources
and drainage.

@ THE AIRPHOTO Interpretation Project at the University of Maine is fi-
nanced jointly by the Maine State Highway Commission and the U. S. Bureau
of Public Roads. The function of this proJject is to provide information
on solls, drainage and other natural and cultural features which might be
useful in all phases of highway engineering from preliminary planning to
construction operations.

Engineering soils, drainage and materials maps have been prepared for
an area of approximately 3,500 sq mi. These maps were made by gquadrangles,
an area of approximately 200 sq mi, at a scale of 2 in., = 1 mi. Precedence
was given to the areas where most construction was anticipated. These
maps are especially useful in the preliminary planning phases of location
studies and the preparation of cost estimates.

In addition to these maps, a number of strip studies, using photo
interpretation techniques, were accomplished. The main subject of this
paper is a discussion of various types of photo strip studies and their
applications in highway engineering.

TYPES OF STRIP STUDIES

Approximately 300 linear miles of new location and relocation strip
studies were completed during the past year. Areas covered by these pro-
Jects are shown in Figure 1. Individual projects varied in length from
3 mi to over 100 mi. In practically all cases, aerial photography was
flown specifically for the State Highway Commission. Photo scales ranged
from l:S,hOO to 1:20,000 depending on the type of study desired. Most of
the photography was taken in the spring after snow had disappeared and
before new foliage was developed. Photos taken in fall after deciduous
foliage has been shed are also acceptable. The seasonal aspect is of
special significance in Maine because at least 90 percent of the areas
studied to date were in densely wooded wilderness sites where terrain in-
terpretation from summer photography is difficult because surficial fea-
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tures are often masked by the forest
canopy .

These studies covered proposed
routes of the Interstate Highway
System as well as a number of high-
way relocations. The type of data
and methods of presentation of the
information varied somewhat for in-
dividual projects. The four major
types of strip studies which were
made include (a) engineering soils,
(b) drainage, (c) gravel haul, and
() highway relocation and recon-
struction.

ENGINEERING SOILS STRIP

The Main Reconnaissance Engi-
neering Solls Classification System
was devised by the authors specifi-
cally for engineers. While this
system is based on a geological ap-
proach, the nomenclature is given
in engineering terminology. This
system reduces the number of soil
units to a minimum, yet provides
Figure 1. Airphoto strip studies the information required by local

completed in 1957. highway engineers. The eight map
units listed below are tailored for
Maine terrain and climatic conditions and are adaptable to airphoto inter-
pretation techniques which require a minimum amount of field checking.
Figures 10-18 are stereograms that illustrate these soil units:

R—Rock, ledge within 5 ft of the surface.

BG—Boulder Granular, glacial till having a sandy or gravelly matrix.
B--Boulder, glacial till having a silty or clayey matrix.
G—Granular, sand or gravel.

F—Fines, silt or clay.

S—Swamp, surficial peat less than 3 ft thick.
P—Peat, surficial peat more than 3 ft thick.
W—Water, generally more than 2 ft deep.

For preliminary planning soils studies, 1:20,000 scale photography
was used. In most cases a single 3-mi wide strip centered on a prelimi-
nary line was provided for delineating soils areas. Occasionally two or
three parallel strips were flown where more widely separated alternate
routes were to be studied. The minimum size area delineated was approxi-
mately 5 acres in extent except for such elongated forms as esker ridges
and narrow valley swamps.

In addition to soils delineation, annotations were made on the photos
emphasizing significant terrain features such as deep bogs, extensive rock
outcrops, steep slopes and other obstacles which should be avoided. Anno-
tations depicting favorable terrain conditions were also indicated.

Figure 2 is an uncontrolled mosalc showing a 5-mi segment of the pro-



posed 110-mi section of the In-
terstate Highway System between
Orono and Houlton, Maine. The
soils information was trans-
ferred directly from the air-
photos to a profile which had
been prepared by photogramme-
tric methods. The P-line and
Stationing were placed on the
photos used for soils interpre-
tation to facilitate the pro-
cedure of transferring soils
data to the profile sheet as
shown in Figure 3. With the
engineer and the interpreter
working together, the grade

line was often adjusted to take
advantage of terrain character-
istics. For example, other
conditions permitting, cuts

were frequently increased at
locations where ledge probably
would not be encountered, es-
pecially where good granular
excavation was anticipated. In
areas where rock outcrops were
numerous, the grade line was ad-
Jjusted to minimize the amount of
rock excavation. In addition to
adjusting the grade line, the
preliminary horizontal alignment
was modified to avoid difficult
terrain and also to take advan-
tage of favorable construction
areas. This information was
used for the preparation of a
preliminary estimate of cost of
the Interstate Highway System.

Another more detailed en-
gineering soils strip study was
made of a 30-mi portion of the
Interstate Highway System in a
more advanced planning stage.
Airphotos for this study were
taken in spring at a scale of
1:5,400. A private photogram-
metric concern was engaged to
prepare topographic maps of a
3,200-ft wide strip at a scale
1l in. = 200 ft and a contour in-
terval of 5 ft. For this pro-
Jject the soils information was
transferred from the photos to
the topographic sheet, thus en-
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Figure 3. Profile with engineering soils and drainage annotations.

abling the location engineer to evaluate the engineering and economic as-
pects of a number of possible road lines within the 3,200-ft wide strip.
After detailed analyses of a number of possible lines were made, a cen-
terline was selected and photogrammetric methods were used to determine
cross-sections.

With large scale photography of this type the interpreter can de-
lineate small problem areas such as rock outcrops and swamps less than
one-tenth acre in extent. In boulder-strewn glacial deposits, even in
wooded areas, it is often possible to measure individual boulders for
the purpose of estimating the amount of ledge-sized boulders (larger than
1 cu yd) contained in the deposit. Areas where seepage, settlement and
frost action might occur were also annotated on the photos.

The detailed engineering soils map and annotated photos were then
provided to field geologists for detailed soils investigation. Suggested
probe and drill hole locations were pinpointed on the photos to assist
the geologist in determining actual soil type boundaries. Additional ex-
plorations were made at the discretion of the geoclogist in order to ob-
tain an adequate soils profile. After an evaluation was made of the field
investigation and laboratory analysis of the samples, the soils map was
modified and extended to include detailed information on critical areas.
Frequently the field work was expedited by trails and access roads indi-
cated on the photos. By following this procedure, a maximum amount of
soils and terrain data was obtained with the minimum expenditure of man-
power, time and money.

DRAINAGE STRIP STUDIES

In Maine, as elsewhere, the design of drainage structures in relo-
cation projects is often based on observations of the past performance of
existing structures not far distant from the proposed new location. If
the existing structure proved adequate over a long period of years a com-
parable design for the nearby location is used. However, for most of the
proposed Interstate Highway System and many major highway relocations,
this method of design cannot be employed because often no existing nearby



structures are available for
evaluation. U. S. Geological
Survey topographic sheets hav-
ing a scale of 1 in. = 1 mi and
a contour interval of 20 ft are
often inadequate for determin-
ing watershed areas, especially
small watersheds less than 1,000
acres in extent. 1In addition,
many quadrangle sheets in Maine
were compiled over 20 years ago
and some are of pre-World War I
vintage. Because of these in-
adequacies, highway engineers
have recently exhibited consid-
erable interest in photohydro-
logical studies.

The suitability of photog-
raphy for drainage interpreta-
tion studies is dependent prin-
cipally on scale and season of
photography. In densely wooded
areas the seasonal aspect 1is
probably of prime importance.
In summer photography many
drainageways and minor relief
breaks are hidden by the for-
est canopy. In these cases the
interpretation of vegetation
provides the only clue to the
existence of a drainageway.

Due to climatic conditions in
Maine, photography taken dur-
ing the spring break-up period
Just after the snow has disap-
peared is excellent for drain-
age interpretation purposes.
During this period every little
drainageway and depression is
filled with water and the photo
patterns are very easy to in-
terpret. Even in dense forests
containing 75 percent conifer-
ous trees there are enough can-
opy breaks formed by the leaf-
less deciduous trees to permit
the interpreter to see a suffi-
cient amount of the earth's
surface so that even small
drainageways can be traced.

For preliminary reconnais-
sance drainage surveys, photog-
raphy having a scale of 1:20,000
is adequate. Figure 4 is an un-
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Figure 4. Uncontrolled mosaic of drain-
age delineations. Watershed areas were
obtained directly from the photos.
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controlled mosaic of a drainage study made slong a portion of the proposed
Interstate Highway System. Many smaller drainageways and minor ridge lines
delineated on the original 1:20,000 photos were omitted in this illustra-
tion for reproduction purposes. Drainage strip studies of this type were
made of approximately 240 linear miles of the Interstate Highway System

in Maine.

Area, slope and cover type information for each individual watershed
was provided to the highway engineer who calculated the preliminary drain-
age structure sizes. This information was then transferred to the profile
using the same procedure described previously (see Fig. 3). In addition,
information on nearby drainage structures, the existence of water storage
areas in individual watersheds, possible seepage areas and similar hydro-
logical data were noted on the profile sheet. This information was used
for the preparation of preliminary cost estimates.

For more detailed drainage studies, photography having a scale of
1:5,000 to 1:10,000 is preferred. In densely wooded areas, especially on
relatively flat terrain, small drainsgeways are difficult to identify on
1:20,000 photography. Ridge lines can also be plotted more accurately on
large scale photography.

GRAVEL HAUL STRIP

Another type of airphoto strip study made in connection with the In-~
terstate Highway System was an analysis of the availability and accessibil-
ity of granular materials along & 110-mi section. Much of the proposed
route was located in a wilderness area several miles from existing roads.
The purpose of the study was to provide a basis for estimating the amount
of overhaul which could be anticipated at various portions of this large
project. In Maine, the maximum free haul distance is 2 mi.

An engineering soils strip study of this area was completed previous-
ly. Granular deposits delineated on these photos were rapidly restudied
to obtain the "big picture” over the entire length of the 110-mi section.
The section was then subdivided into 8 projects to facilitate study of
shorter sections for analysis purposes. Arbitrary separation points be-
tween projects were based on an evaluation of a number of factors includ-
ing (a) major stream crossings; (b) number, spacing and location of poten-
tial gravel deposits in the particular area; (c) location of towns and
major highway crossings where entrance lanes would probably be required;
and (d) general characteristics of the terrain.

Figure 5 is an uncontrolled mosaic of a 5-mi section showing the pre-
liminary line, stationing and possible access routes from the delineated
deposit to the project. Figure 6, a stereogram detail of a portion of
Figure 5, illustrates the type of information which is presented in the
gravel haul report.

As seen in Table 1, the haul distance was indicated by the road types
described, as follows:

1. Two-lane - paved or all-weather gravel roads permitting two-way
traffic, no improvements required.

2. One-lane - narrow, gravel-surfaced roads such as country lanes
and main haul logging roads which may have turnouts at irregular intervals,
probably very soft and inoperable during the spring break-up period, im-
provements to varying degrees should be expected.



3. Unimproved - single lane
roads, either dirt or with a thin
gravel surfacing, considerable im-
provements even for one-way traf-
fic are definitely required.

4. Road Required - access
road from deposit to project non-
existent or the need for a more
direct route is indicated. For
construction through wooded areas
the letter "W" is appended to the
distance, and "C" is added if the
area 1is cleared or brush covered.
Where streams must be crossed,
the letter "B" plus the width of
the stream in feet is tabulated.

Volume estimates (as shown
in the table) are for areas des-
ignated on the original photog-
raphy. Where long continuous
eskers were found near the pre-
liminary line, select 2,000- to
3,000-ft portions of the deposit
were outlined and the volume was
appended with a "+" sign, mean-
ing that additional materials
could be obtained by extending
the indicated boundaries. In
cases where the distance between
deposits was rather long a num-
ber of access roads to the pro-
Jject were plotted, especially if
a large amount of material was
available. In plotting proposed
access routes, downhill hauls
were chosen and unfavorable ter-
rain was avoided where possible.
Existing roads were utilized
where feasible. In Figures 5
and 6, note that suggested routes
cross the narrowest portions of
the extensive swampy area found
between the deposits and the pre-
liminary line.

A brief description of each
project was also included in the
gravel haul report. The type of
information presented is illus-
trated by the following quote
from the actual report pertaining
to the area shown in Figure 5.

"Project 4. Canadian Pacif-
ic R.R.-Medway (Station 2047 to

35

GRAVEL ROAD
DIRT ROAD

ROAD REQUIRED
DEPOSIT NUMBER

Figure
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gravel haul study.
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Figure 6. Stereogram of a portion of the area shown in Figure 5.

TABLE 1
GRAVEL HAUL DATA SHEET

Haul Distance (Miles)

Deposit Volume Access at Improved New*

Number Cubic Yards Station 2-Lane l-Lane Dirt Road Total

26 300,000+ 2435 - 0.5 -- -- 0.5

26A n 2466 - 1.2 0.6 - 1.8

26B n 2495 - 1.9 0.8 —— 2.7

26¢C " 2539 - 1.9 0.9 0.1Ww 2.9

27 200,000+ 2516 - - - 0.TW 0.7
B 30!

28 200,000+ 2618 -- — 1.9 0.2w 2.1
B 30"

28A " 2635 -- s 2.2 0.1W 2.3
B 30

288 " 2682 | == - 3.3 0.1W 3.4

28c n 2702 e -- 3.7 0.1Ww 3.8

*¥'W" indicates wooded land. "B" is length of bridge required.

2813). There are no public roads of any type in this 14.5-mi section ex-
cept in the immediate vicinity of Medway. A l-Lane main haul logging road
which is operable about 11 months per year crosses the preliminary line at
several points. In the area immediately north of the railroad there are
numerous secondary logging roads and sled trails which are generally too
winding to be of much value as access roads. A logging camp, located at
Station 2103, 2800 ft left of centerline, is the only building within a
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mile of the preliminary line in the 25-mi section between Howland and Med-
way. The most promising development possibility appears to be Deposit 26
located at the midpoint of the project. Because of the probable dearth of
granular materials between Stations 2400 and 2800, a number of access roads
are indicated from Deposits 26 and 28 to various points on the project.

In several instances it would be necessary to span the East Branch of
Medunkeunk Stream which is about 30 ft wide. Most feasible crossings are
at Stations 2516, 2618, and 2635. At other points it would be necessary
to traverse swampy terrain varying in width from 250 to 1,000 ft. Deposit
29 1.

Approximately 90 deposits located in the vicinity of the centerline
of this 110-mi section of the Interstate Highway System were described in
the gravel haul report. An analysis of this information indicated that
less than 20 percent of the total mileage would probably incur overhaul
charges. This information was incorporated in preliminary cost estimates.

In addition to the gravel haul analysis a number of gravel prospect
spot studies were completed during the past year. These studies, not
shown in Figure 1, usually covered an area of approximately 100 sq mi
centered on a construction project located in a quadrangle where materials
maps have not been prepared to date. Any available photography, having
scales ranging from 1:3,600 to 1:70,000 was used for interpretation. Con-
siderable photo coverage of Maine is already in the possession of the
State Highway Commission and the University of Maine Photo Interpretation
Project. Figures 7 and 8 are reductions of photos having original scales
of 1:70,000 and 1:40,000 respectively, showing extensive gravel deposits
on single photos covering vast areas.
Very small scale photos of this type
are useful for reconnaissance stud-
ies of extensive areas. Multiple
coverage at scales of 1:20,000 and
1:5,000 are ideal for interpretation
purposes.

Potential granular deposits were
delineated on the photos and suggest-
ed spots for field checks were pin-
pointed. Access to potential depos-

Figure 7. Esker system in  the ‘ W
Penobscot Valley, Maine. It is ; 4 ;
estimated that over 30,000,000 cu

LI MILE |

yd of granular materials appear in Figure 8. Vertical photo of ex-
this vertical photo which covers tensive kame fields in Western
approximately 80 sq mi. Maine.
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its was plotted on the photos. 1In areas devoid of easily recognizable
cultural features, conspicuous natural features such as rock outcrops,
local forest clearings, and creeks were annotated on the photos. Dis-
tances and compass bearings were also indicated for the convenience of
the field checkers. Identification numbers were assigned to each poten-
tial deposit on both the photography and a U.S.G.S. topographic sheet.

The annotated photos and maps were furnished to the field geologists
who determined actual field conditions. Volume estimates were prepared
and samples taken for laboratory tests. This information was made avail-
able to bidders.

RELOCATION AND RECONSTRUCTION STRIPS

Terrain analyses were made of six proposed relocation projects sched-
uled by the State Highway Secondary Division. These strip studies varied
in length from 3 to 25 mi. Several of the longer strips were flown for
the Highway Commission at a scale of 1:12,000. For the shorter studies
the best available photography was used.

These studies required close cooperation between the secondary high-
way engineer and the interpreter. Because of his many years experience
in observing the behavior of a particular stretch of road, the engineer
was intimately acquainted with practically every bad curve, dip, frost
boil and excessive grade for the entire length of the proposed construc-
tion project. He was also well informed on future planning which might
influence relocation, traffic counts, local needs and similar important
information which cannot be gleaned from the photos by the interpreter.
Consequently, the first stage of relocation studies consisted of the en-
gineer's "going over" the entire length of the project with the inter-
preter. The engineer indicated general segments of the road where re-
location or improvements of one type or another was anticipated. These
locations were noted on the -photos by the interpreter. Pertinent informa-
tion directly or indirectly affecting the location of the new road was
noted directly on the photo. For example, “Feeder road will be relocated
in five years so that PC cannot be north of this point," or "Centerline
should not be more than 1,000 ft east of this intersection.”

After the interpreter was thoroughly briefed by the engineer, soils
areas were delineated in & band of varying width which would amply cover
any possible relocation line. Conspicuous natural features such as swamps
and rock outcrops were annotated. Significant cultural features such as
houses, stores, cemeteries, schools, churches, gas stations, feeder roads
and trails were traced directly from the photograph, using the central
portion of the photo to minimize distortion. Strip tracings were made in
k- to 6-mi long sections, or 20 to 30 in. per drawing at a scale of 1:12,-
000. After the tracing of features for the entire strip was completed,
the project was subdivided into shorter sections to facilitate analysis.
Depending on terrain and road characteristics, the subsections varied in
length from 2,000 to 15,000 ft.

The photos were then restudied in detail to analyze natural and cul-
turual features and an evaluation of each subsection was made. Instead of
plotting a suggested preliminary line and perhaps one or two alternates,

a "recommended band for detailed study"™ was outlined on the tracing. The
intent of this approach was to bound a strip which offered the least con-
struction difficulties by avoiding, where possible, unfavorable terrain.



39

BRANCH
POND

STOREY” PALERMO

CHURCH \‘

CEMETERY ¢

BG . / ﬁ§
! . . > R
R [ s . 4R ¢
| .;ojL B \.V
! ABANDONED any Zop 0.
vy~ B TO GRAVEL OI:'OIG)EEP HouSE outeros /g " R
] PIT | T MILES N 430 oAS
61 TN gSTATION
4
B
/RN
R-ROCK
BG-GRANULAR DRIFT
BZBOULDER cLAY ROUTE 3 RELOCATION
G-SAND OR GRAVEL RECOMMENDED BANDS B-| —— — PALERMO AREA
S~-SWAMP 8-2 -
P~-PEAT BOG SPOT ELEVATIONS ——s2s L_4000"' NOVEMBER (957
Figure 9. Secondary highway rclocation study showing recommended bands

for detail study.

The width of the recommended band ranged from 50 to over 500 ft, depcnd-
ing principally on the length of the cut-off, terrain conditions and the
location of cultural features. This allowed the location enginecr con-
siderable leeway in plotting various grade-alignment design combinations
to meet the road requirements, still keeping within the recommended band.
Alternate bands were given if feasible. In instances where the improve-
ment amounted to a simple road widening, a single line was indicated in
lieu of a band. Spot elevations at major topographic breaks within the
recommended band were pinpointed on the tracing. Locations of existing
gravel pits and also potential deposits werc annotated. The cngineer was
prcvided with ozalid prints, transparent overlays and overlapping ailrphotos.

A brief verbal description of each subsection was included in reloca-
ticn study reports. To illustrate, the following is quoted from a report
describing the subsection shown in Figure 9. "Two recommended bands for
detail study are indicated at the Palermo cut-off. The first, labeled
B-1, consists of a series of three widenings and one 2,500-ft cut-off lo-
cated 300 ft south of the main village. This band traverses two granular
soils areas which may yield suitable borrow. Band B-2, a wide sweeping
curve located 1,000 ft south of the village, would require 8,000 £t of
new construction, of which 400 ft is through a shallow swamp and about
3,C00 £t is over ledge terrain. The southern edge of the band skirts a
very deep bog and the northern boundary is limited by a cemetery. Based
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Figures 10, 11 and 12. Stereograms of several glacial landforms.
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Figures 13, 14 and 15. Stereograms of glacial, water-lain and wind-
blown deposits.



Figures 16, 17 and Stereograms of fine-grained mari and lacustrine
deposits and ledge terrain.
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on terrair considerations only, the northern portion of Band B-2 is pre-
ferred. A wash plain containing an operable pit is located less than 2 mi
from the west end of the project (Photos SHC-2, 115610 # 38, 39, and 40)."

CONCLUSION

Airproto interpretation techniques are especially useful for highway
engineerirg terrain studies in wilderness areas where little or no detailed
informaticn on geology or soils is available. In Maine, time-consuming and
expensive field reconnaissance surveys were reduced to a minimum by the in-
telligent use of aerial photography. Detailed field investigation and lab-
oratory testing is still required to obtain information for final design
purposes, especially in critical areas. The Maine State Highway Commission
has successfully employed airphoto interpretation techniques for obtaining
a variety of information valuable in various phases of highway engineering.
The four types of strip studies described in this paper are only a few of
many possible applications of this field. It is highly probable that more
intensive and specialized photo interpretation studies will be made in the
near future in Maine as well as throughout the nation.
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