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Terrain analysis for the 
Trans-Alaska Pipeline 

The Trans-Alaska Pipeline crosses 
mountains, an earthquake zone, 
and treacherous permafrost. 
Design restrictions for a hot oil 
pipe li ne across permafrost terrain 
required more detailed 
geotechnical information than 
had ever been needed for 
previous Alaska projects. Special, 
detailed attention shou ld be given 
to the " natural surroundings" 
of this project because it is just 
this environment that has made 
it unique and has created the 
eng ineering challenges that had 
to be overcome. 

RAYMOND A. KREIG 
R&M Consul tan ts, Inc. 
Fai rbanks, Alaska 

THE TRANS-ALAS KA PIPELI NE (TAPS) is 
the largest and most expensive private 
construction project in history. It crosses 
800 mi (1 ,287 km) of vari ed and adverse 
terrain including three major mountain 
ranges and 590 mi (949 km ) of perma­
frost. Because of the permafros t, the 
pipeline is held above ground fo r much 
of its length on piles, thousands of 
them. 

Before proj ect design was poss ible, 
specific geotechnical parameters such as 

soil and bed rock types, ground wa ter 
occurrence, permafros t, and other envi­
ronmental conditions had to be deter­
mined. Normally, experience from pre­
vious enginee ring projects and geologic 
mapping in the area of a new construc­
tion job coul d be utili zed, but thi s in fo r­
mation was not ava il able fo r most of the 
TAPS route which crosses large unin­
habited and und eveloped areas, particu­
larly north of the Yukon River. 

Such in vest iga ti ons, usua lly based on 
soil borin gs, are a pa rt of just about 
eve ry engineering project and there has 
been litt le change in the basic ap proach 
to them in a long time. Traditiona lly, 
the inform atio n obtained from a so il 
boring is considered in a site-spec ifi c 
manner- little is done to eva luate devia­
ti ons fro m other in fo rmation obtained 
in the sa me genera l land fo rm . But the 
tens of thousa nds of borings tha t would 
be required on an 800-mi (1,287-km) 
pipeline made this technique too costly. 
The very hi gh cos ts, vast a rea to be 
investiga ted, and the poorly kn own and 
adverse character of the geologic mate­
ri als on this ro ute fo rced a change of 
thinking that resulted in a new approach 
to such invest iga ti ons. 

Airphoto analysis 

There is significa nce in the fact that 
this is the larges t engineering project to 
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Ice masses frequently have no surface indication in na tural, undisturbed terrain. This photo 
shows a 20-ft (6. 1-m) cut slope in glacial till on the Arctic Slope about 85 mi (7 36.8 km) south of 
Prudhoe Bay. 
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use th e landform-airphoto approach fo r 
terrain in ves tigation. Airphoto analysis 
identifi ed the major geologic units 
(l andforms) along the route. However, 
there was a problem: while aeri al 
ph otograph y, co nventiona lly used , 
could reli ably tell fo r the majority of th e 
pipelin e route where thaw unstable 
permafrost requiring elevated systems 
was present, in many geologic se ttings 
there are no surface indicators of where 
permafrost begins or ends. To predict 
conditions in these areas the ra nge of 
physica l pro perties ex pected in each land­
fo rm was defin ed during field inves tiga­
tions which included many soil borings . 

Landform analysis, in 
conjunction with a data bank of 
field and laboratory soil 
information, assisted project 
design and construction 
planning. Very expensive delays 
due to geotechnical surprises 
were minimized as a result. 

Terrain Unit Maps were prepared on 
a photo mosa ic base at a sca le of 
I: 12,000 to show th e land form units 
expected in a 2-mi (3.2-km) wide strip 
along the project route in additi on to 
locations of soil borin gs (see Fi g. I). 
This document served as a basis fo r 
designing the pipeline and fo r deter­
mining constructi on techniques to be 
used in each land fo rm unit along the 
route. It was also useful in locating 
materials sources. 

In addition lo the aerial mapping of 
landforms on the Terrain Unit Maps. a 
profile of geotechnica l conditions ex­
pected to a depth of 50 ft (15 m) along 
the pipeline centerline was prepared. 
Landform units are shown on this 

Fig. 1. A typical terrain unit map prepared during 
the preconstruction terrain evaluation of the 
Trans-Alaska Pipeline route from airphoto 
interpretation. It shows all borings, surficiat soil 
types, landform units expected along centerline 
to a depth of 50 ft (15. 2 m), permafrost 
occurrence, and groundwater conditions along 
pipeline corridor 2 mi (3.2 km) wide. The 
landform approach to terrain analysis is based 
on the premise that each tand/orm is formed by 
a single geologic process or a combination of 
processes that commonly function together. 
Therefore, each landform has a characteristic 
range of soil properties and presents similar 
geotechnical problems. 
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Fig. 2. Comparison of moisture content and thaw 
settlement for landforms on a typical Terrain Unit 
Map as taken from data bank summaries. The 
use of the computer data bank in optimizing 
engineering design is illustrated by these thaw 
strain distributions for selected common 
landforms. Thaw strain, which is the percentage 
of settlement in a column of frozen soil upon 
thaw, is indicated on the horizontal axis. The 
vertical axis indicates the percentile of samples 
tested from each landform. Thus, the curves can 
be used to determine for each landform at any 
given confidence level what thaw strain must be 
designed for. 

profil e because borings were not spaced 
close enough to allow co rrela tion of 
individua l soil strata . Permafros t, sur­
face soil types, and groundwater cond i­
tions expected are also indica ted. 

This profile was used as a geologic 
reference by the design group and 
others for many purposes such as the 
dete rmination of pipeline constru ction 
method and the est imation of soil resis­
tivity for corrosion protection design. It 
was distributed to contractors for bid­
ding purposes, and to governm ent agen­
cies and consultants who were reviewing 
the project. 

Computer data bank 

Since there were not enough soil 
borings to allow designs based on site­
specific interpretations, a computer­
based data bank was set up. It stored 
geotechnical information resulting from 
field investigations and laboratory tests 
of over 34,000 samples from 3,500 soil 
borings. Information stored in the IBM 
360-40 computer not only applied to 
specific locations along the route but 
included tabulations of engineering geo­
logic interpretations of conditions be-
tween borings where no field data were 
ava il a ble. New information was contin­
ually added to th e bank as field and 
office studi es progressed. Data were 
readi ly retrieved from the computer and 
quickly distributed , resulting in sub­
stantial savi ngs of time and labor. Slow 

and error-prone retyping of data tables 
each tim e new information became 
available was avoided. 

Both the landform in wh ich each field 
observation or boring was made and the 
soil or other environmental properties 
encountered were incorpora ted into the 
data bank. Thus, summaries could be 
prepared for a quantitative picture of 
the natural variation in critical soil char­
acteristics for each landform. 

Such data bank summari es were 
useful for many purposes including the 
comparison of cond itions in different 
landforms (Table 1) and th e a ll ocation 
of exploration expenditures. For exam­
ple, th e number of boreholes made 
during fi eld progra ms was usually 
limited due to high costs and difficult 
access problems. T he drilling progra m 
was more efficiently planned usi ng the 
known va riability of different landfo rm s 
so that few holes were drilled in the 
uniform landforms and more holes were 
programmed for hi ghly va riabl e land­
forms. Had th e drillin g program been 
predica ted on uni fo rm spacing without 
regard to landform, exploration expen­
ditures wou ld have been used ineffi-
ciently. Once the properti es of a land­
form were fai rly well known, prelimi­
nary soil studi es in new areas such as 
reroutes were done from airphotos and 
quantitative estim ates of ex pected soi l 
conditions were made from previously 
developed data bank summ aries . 

The data bank was particularly useful 
in assessing soil cond itions whi ch have 
no surface ex press ion. For example, it 
was not possibl e to determine th e distri­
bution of all ice masses along the route 
without drillin g an excessive number of 
test holes. Data bank summaries were 

used to estimate the percentage of 
massive ice (by volume) in landforms 
that could be identified from airphoto 
analysis of topography, vegetation, and 
drainage pattern. 

Only 8% of the soils in landform Css, 
retransported silt (see stereo photo), 
have ground ice contents low enough to 
have less than 10% thaw strain. There­
fore, it is unlikely that a dri lling 
program in Css would be successful in 
delineating sizable thaw-stable areas. 

Use in construction planning 

One of the most important applica­
tions of the data bank was its use in 
computerized construction planning 

There is too much helter-skelter 
gathering of data from borings 
and field observations in many 
geotechnical studies without 
subsequent analysis of the 
information obtained to 
determine natural geologic 
variation. 

where input of soil conditions was 
required. For instance, a preliminary 
estimate of the amou nt of excavated 
material suitable for use as embank­
ment on a mile-by-mile basis was 
prepared for the en tire route . This was 
done by adding the geometry of units in 
the landform profile, and the final 
grading eleva tions and cut slope config­
urations to the data base thus making 
it possible to compute the volume of 
earthwork for each landform encoun­
tered in the cuts. The proportion of this 
excavated material suitable for embank-

Table 1. Comparison of data bank summaries of Soil Type, Permafrost, and Embank-
ment Suitability for landforms on a typical Terrain Unit Map (Figure 1 ). Figures 
represent percent of soils in each landform in given class. (*) Soils considered usable 
for embankment if containing less than 5% fines (silt + clay) in summer or less than 
12% fines in winter. 

LANDFORM 

Generalized Soil Description Unified Soil Class C Css Elu Fp-c Fp-r Fpa-c 

Peat & Organics Pl 0.9 7.7 

High Plastic ity Organic Soils OH 1.0 1.8 

Low Plasticity Organic Soils OL 2.8 10.3 4.1 0 .2 22 .9 

High Plast1c1ty Sills MH 0.3 

Low Plasticity Silts ML 19.7 82.8 100.0 54.8 0.8 59.6 

Low Plas!1city Silly Clays ML-CL 0.9 
Low Plasticity Clays CL 0.9 

Sa ndy Clays & Silts SM.SC.SM-SC 46 .2 2.8 26.2 6.3 3.6 

Sands with 6-12% lines SP-SM.SW-SM. 
SP-SC.SW-SC 2.0 11.8 6.2 4.4 

Clean Sands SW.SP 0.7 1.9 12.4 

Gravelly Clays & Sills GM.GC.GM-GC 16.0 0.1 14.7 

Gravels with 6-12% fines GP-GC.GW-GC. 
GP-GM,GW-GM 3.7 0.2 21.6 

Clean Gravels GW,GP 5.6 1.0 37.5 

Permafrost (% of Landform with Frozen Soils) 62 95 0 64 54 99 

Ground Ice Content Massive Ice ( 100% ice) 0.5 2.0 0 0 0 0 

Soil + Ice (50% ice) 3.3 3.4 0 1.1 0.5 15.5 

Suitability for Summer Construction 35 0 10 0 80 0 

Embankment* Winter Construction 10 0 0 0 50 0 



In many geo technica l investiga­
ti ons there is too much helter-skelter 
ga thering of data from fi eld obse rva­
ti ons and test borings and a lack of 
analysis effo rt co rrelating the so il 
in fo rm ati on obtained to determine 
natu ral geologic vari a ti on. This ca n 
result in geotechnica l surpri ses en­
countered during constructi on that 
fo rce costly and time consuming 
delays whil e the project des ign is 
changed to refl ect new conditions. 

The pipeline route th ro ugh the 
Little Tonsina Vall ey crosses unfroz­
en. gra nular alluvial fans (Ffg) and 
outwash deposits (G Fo) suitable fo r 
a standard buried pipe design. It also 
crosses a 4-mi (6 .4-km) secti on of 
sporadica lly frozen, silty glacial till s 
a nd lac ustrin e (lake) depos it s 
(G + L). Where frozen, these depos its 
require that the pipe be eleva ted on 
pilings and that special constructi on 
techniques be utili zed to pro tect the 
surface vege tation and prevent the 
thaw of ground ice. The use of thi s 
mode of constructi on cos ts a grea t 
dea l more than th at of the standa rd 
burial techniqu es. Because th e Little 
Tonsina area is loca ted at the 
southern limit of permafrost oc­
currence, ground tempera tures a re 
nea r freezing and permafrost distri ­
bution is erratic and sensiti ve to 
minor vari ations in terra in condi­
tions: ground wa ter movement, soil 
type, vegetation, topogra phy, etc. 

Therefore, the soil borings planned 

Fig. 3. Little Tonsina Valley lies at the 
southernmost limit of permafrost occurrence 
making the area extremely sensitive to all 
parameters affecting thaw conditions. 

Little Tonsina Valley 

for this area we re spaced close r than 
the norm al practice for other sections 
of the pipelin e project. Only one 
preconstructi on drilling program was 
ori ginally planned in contras t to 
normal procedures or sta rting with 
(I) wid ely spaced reconn aissance 
borin gs 2-3 mi (3.2-4.8 km) apart 
fo ll owed by (2) a detai led program 
2,000-4,000 ft (6 10- 1220 m) apart and 
where necessa ry (3) a fin al se ries as 
close as l000 ft (305 m) a pa rt. 

The results of the in iti a l fie ld 
in ves ti ga ti ons indica ted th at a small 
7,000-ft (2. 134-m) secti on of eleva ted 
pipe would be required in an appa r­
ently froze n a rea of land form G + L. 
At this point in time th e situa ti on 
appea red stra ight fo rwa rd because 
the froze n borin gs we re clustered 
toge ther and remaining terra in suita­
ble fo r buri al d id not appea r to 
contain small inclusions or froze n 
gro und. 

A primary objec ti ve or terrain 
analysis is to defi ne relati onships 
betwee n landfo rms and the charac­
teri sti cs of the materi als composing 
them. The borin gs drill ed in the 
Little Tonsina Va ll ey indica ted that 
the natu ra l va ri a ti on in soil proper­
ties within land fo rm G + L was hi gh 
and that the di st ributi on of pe rma­
fros t. whi ch was criti ca l. d id not 
corres pond with any obvious surfic ial 
landscape fea tures. 

To be sure that un known inclu ­
sions of frozen soil s we re not present 
betwee n unfrozen bo rin gs in land­
form G + Lit was necessary to estab­
li sh a geneti c relationship betwee n 
permafrost occurrence and surface 
landscape fea tures. ff this coul d not 
be done, either very close ly spaced 
borings or condemnati on of the 
entire G+ L land fo rm to eleva ted 
constructi on would be necessa ry to 
be conserva ti ve in pipe design. 

After additi onal fie ld study of 
groundwa ter movement. terra in mi ­
crofea tures, vegetat ion pattern s, and 
intensive airphoto analysis such a 
relati onship was confirm ed by addi ­
tional borings put down la ter in loca-

Granular alluvial ) 
fan (Fig) ( 

I 

(G+L) 
Silty glacial ltll and 
lac11slrinc deposits 

cl pipeline 

li ons th ought mos t like ly to con tain 
froze n soils. These locat ions tu rn ed 
out to be somewhat be tter drai ned. to 
have tall er and dense r fo res t growth . 
and to occupy the hi gher parts of the 
3 to 4-ft (0.9- 1.2 m) mi crore lief. 
Gro undwa ter move men t in the other 
areas of this land fo rm ca used stunted 
vege tati on growt h and prevented 
pe rmafrost fo rm ati on. 

It was necessa ry to specify an 
elevated mode fo r the entire section 
of reroute across land fo rm G + Las a 
result of the additi onal land fo rm -soil 
prope rty va ri a ti on stu dy. The fi nal 
results indica ted th at th e th awed so il 
a reas we re too small and / or too 
widely spaced to make below ground 
constructio n economica l. Tra nsitions 
from above to below ground con­
structi on are costly as well as tim e 
consumin g. 

Had th is approach not been taken 
and the original design used. whi ch 
had appea red sati sfac tory based on 
the initial so il s in vestiga tion with site­
spec ifi c interpretati ons. unanti ci­
pa ted frozen soils wo ul d have been 
uncovered in trench excava ti on dur­
ing constructi on. Pl acing the spread 
of pipe-lay ing equipment on standby 
ca n cost on the order of $200,000 a 
day or more whil e design changes, 
which must be approved by severa l 
state and federa l age ncies, are in 
progress and constructi on schedules 
are adjusted. 

Additi onal de lays whil e un ­
ex pected materi al req uirements are 
filled and the need fo r cos tly terrain 
restoration acti viti es- trench fillin g, 
revege tati on, etc.- point out the ne­
cessity of avoiding fi eld design 
changes due to geotechnical surprises 
if at all poss ible. ff every scrap of 
use ful in fo rma tion resu lti ng fro m 
terrain inves ti gations is used in a 
coordinated manner to determine 
natu ra l geologic variati ons th rough 
the land fo rm-d ata bank approac h, 
many of the un welcome discoveries 
during excava tion of trenches, cuts, 
and fo undati ons ca n be foretold and 
possibly avoided all toge ther. 

Fig. 4. The initial soil 
Granular outwash borings encoun tered 

terrace (GFo)   an apparently short 
 section of frozen 
 soils. 

0 

1, 

o Test boring encounteling unfrnzen soils 

• Test boring encountering frozen soils 
I 

Scale in miles 



Figura 5 

Additional soi/ 
borings located from 
land/arm-soils 
variation analysis 
disclosed erratic 
occurrance of frozen 
ground previously 
undetected. 

ment use was then obtained by calcul a t­
ing the percen tage of so ils es tim ated to 
be usa ble from each landfo rm based on 
the moisture a nd soil texture data 
gath ered from boring progra ms a nd 
stored on the data bank (Table I). 

Data ba nk summ aries were also used 
to estim ate ditching a nd pil e drilli ng 
rates in each la nd form. W hen tabul a ted 
on a mi le-by-mile basis thi s in fo rm ati o n 

Raymond A . Kreig, in a paper j ointly 
written with Richard D. Reger, pre­
sented a highly detailed description of 
the preconstruction terrain evaluation 
fo r the Trans-Alaska Pipelin e at the 
Seventh Annual Geomorphology Sy m­
posium in SUNYat Binghamton, N. Y. 
For those of you who would like 
f urther information, the paper is 

Llttle Tonslna Valley 

\ 
Granular alluvial J 

Final design: 20800 feel of elevated pi peline 

Ian (Fig) { 
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o I 
\ , _ 

Scalr.1 11 111iles t Arrow ind ic;i tes test bori ngs made during second 
phase of geolect1n1cal mvest1gation 

was used to schedu le co nstructi o n ac tiv­
ities a nd order equ ipment. T imely 
prepa ra tio n o f these co nstruction pla n­
ni ng es tim ates would not have bee n 
possible if ma nu al exa m inati o n o f a ll 
soil borings a nd fi e ld da ta had been 
required . 

Airp ho to analysis and la ndform ma p­
ping, when co mbined with a d a ta ba nk , 
ca n be very useful to enginee rs who 

published in : Geo morph ology a nd 
Engineering, Ed. , Donald R. Coates, 
360 pp. , 1976, Dowden, Hutchinson 
and R oss, Inc .. (Wiley), $27.50. A lso. 
the S ta te of A laska is compiling an 
A tlas of stereo pairs giving informa­
tion and examples of landform terrain 
analysis. Publication dates have not 
been yet set. 

Thermokarst development 
in retransported silt 
land/arm Css al Happy 
Hill, 7 mi (1 1. 3 km) 
northwest of Fairbanks. 
Massive ice networks 
occur throughout this 
entire stereo pair, but 
surface indications are 
evident only where Alaska 
Railroad cuts, bulldozer 
trails, or cleared fields 
have initiated thaw (t). 
Annual thaw settlement of 
up to 2 ft (0. 6 1 m) or 
more has required 
continual track 
maintenance for over 50 
years at this location. 

must pred ict terrain co nditions over 
la rge areas with limi ted fie ld reconnais­
sa nce. T he methods described a re a ppli ­
ca ble anywhere. not o nly to la rge 
projects in arct ic regions such as the 
Trans-Alaska Pipeline, but a lso to 
geotechnical in vestiga ti ons in tem perate 
a nd trop ica l regions. 

T he author's app recia tion is extend ed 
to Alyes ka Pipeline Se rvice Com pa ny 
for permission to publish this a rti cle. Q 
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