Subarctic Alaska

DESIGN IMPROVEMENTS FOR
MINE ACLCESS ROADS

hy Nils I. Johansen and Nicasio Lozano

ANY KIND OF DEVELOPMENT muist
include some sart of fransportation sys-
tem. Historical examples are the land and
water trails to the Klondike gold fialds,
and the riverboat tratfic on the Yukon
and Tanana rivers to support mining ven-
tures and the growing towns in intarior
Alaska. Construction of access roads in
permafrost regions of the Arctic and suh-
arctic is necessary for the development
and exlraction of mineral resources and
for reaching remaote population centers.
Reliable access Lo a mining property is
vary impartant for a successful operation.

Permafrost was both a help and hin-
drance to the early placer miners: the
presence of frozen ground made drifl
mining of frozen placer deposits possible,
but surface disturbances would turn the
foundations for access roads or railroads
into seemingly bottomless bogs in some
areas. The annual spring breakup com-
pounded the probiems,

Low-cost unsurfaced development
roads, common in the Arctic and sub
arctic,’ are subject Lo the same thaw deg-
radation that causes some of tha worst
highway maintenance problems in Alaska.
tn sections of the Alaska Highway that
overlie ice-rich silt, differential settle-
ments of as much as b feet have vecurred
where embankments have been piaced
over warm permafrost (30°F).% In fact,
when the Alcan Highway wus constructed
during World War 1, the ice-rich sail that
turned to jeliy when it thawed was called
“Bull’s liver sitl."”

Permafrast engineering has progressed
since the Alcan was built. Many studies
have shown there are ways to maintain
the underlying permafrost by incorperat-
ing insulation in the roadfilt and to mini-

mize the embankment thickness hy ad-
justing the depth of grave! and insulation
to that appropriate to the focal climate
and anticipated axle loads. 'n Alaszka, re-
scarchers are also studying culver( design,
so that roads crossing drainage areas for
streams ancd seascnal runoff can handle
the heavy traffic associated with mining
and other resource development.

DRAIN DESIGN

Crass drainage in Alaska is designed ac-
cording to specifications in the Hydraulics
Manual of the Alaska Department of Trans-
portation and Public Facilities (DOTPRF}.
A concentrated flow of water during
spring breakup and summer rains can
wash outroads with poorly designed drain-
age systems. Because of the tack of field
data during the construction of the North
Slope haul road (Dalton Highway}, two
methods were used to determine flood dis-
charges; the method showing the largest
discharge was then used for selecting the
size of the culvert to he used. The first
methed, the area constant drainage meth-
od, assumad a flood peak south of the
Brooks Range of 0.33 m® per second per
km? of tributary drainage area, and a
flood peak north of the Brooks Range of
0.22 m*® per second per km? of tributary
drainage area. The second method was
based on a Bureau of Land Management
method which estimated a 10-year and
25-year recurrence interval flood.

Roadway floading and jcing are major
problems in  Alaska, especially during
spring breakup. In the fall, drainage chan-
nels can become progressively covered
with surface icings. ice develops from
natural factors and human activities. The
natural factars are {1} an abundance of

ground water in the supra-permafrost
layer or annual frost zone of the soil,
generally resulting from rainy weather
prior to freeze-up; (2) low air temperatures
and Iittle snow during the first half of the
winter; {3} proximity ol the permafrost
table to the ground surface; and {4} sub-
stantial snow depth accumulation during
the latter part of the winter. Human ac-
tivities that affect icing come from the
construction of highways, railroads, air
fields, structures, and other works that
alter the natural surface hydrology.?

The Alaska Department of Transporta
tion presently uses several methads of
thawing culverts where icing and flooding
are problems: hot water hoilers, steam
generators, oil-fired barrel stoves, electri-
cal heat tape, solar-assisted thawing de-
vices {experimental}, and, in the Kuparuk
field, polyethylene is used to cover the
inlet and outlat of culverts and is removed
before spring brealup.*

FILTRATION DIKES

Studiss made during the construction
of access roads al Thule Ajr Base in Green-
land described the use of coarse rock fill,
consisting of cobbles and boulders, under
the culverts. 1t was reported that water
flowed through the fill the greater part of
the time. In Juty, the flow measured ap-
proximately 100 c¢fs, with no water run-
ning through the culvert.® Also, adssp fill
of highly permeable material provided a
satisfactory crossing under the road for
an old stream hed or shallow valley having
no surface flow,

Carey?® reports that filtration dikes are
being used in the Soviet Union but net in
North  America, Russian investigators
have suggested that filtration dikes could
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be used in many cases where small briclges
or cutverts are now specified. Alse, Russian
experienca indicates that these dikes
neilther create nor agaravate icing, as might
be supposed, because they do not disrupt
natural conditions as bridges and culverts
do.® Filtration dikes do not alter the
cross section available for near-surface

ground water flow and they serve as insu-

lators, reducing the penetration of sea-
sonal frost. It 1s reported that pore spaces
within a filtration dike remain ice-free
through the winter. Any water approach-
ing the dike freezes at or near its face,
which is cold, while its interior remains
above freezing. Thus, during the spring,
ice melts more rapidly on the face of a
dike than within a culvert; hence, water
flow across the right of way can begin
earlier. Filtration dikes are claimed to be
suitable for use across normally dry roads
or across permanent streams where dis-
charge is generally small.

At Thule Air Base, it has been found
that roadway and airfield embankments
constructed of very coarse rocks permit-
ted water passage for only a few years. As
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thermal eguilibrium was established in
the embankment, ice filled Lhe coarse fill
poares and did not thaw during the brief
summer season. Thus, the fitls became
dams to percolating water.?s This may
limit use of the dikes to warmer suharc-
tic regions untess the fill is redesigned for
a colder environment.

The other probtem facing this type of
design is that the rapid and turbulent
flow through very coarse material could
lead to erosion of fine-grained materials
in the aoriginal ground, This problem
could be avoided if geofabric materials
were used as part of the fill,

THE STUDY

The purpose of this study is to find a
method to mitigate the problems of jcing,
upstream ponding, and downstream con-
centrated flow. Research was carried out
at an experimental mine, the Sitver Fox
Mine, owned hy the School of Mineral
Engineering, Universily of Alaska-Fair-
banks. Located about 20 miles narth of
Fairbanks, the mine is reached via a 2.2-
mile access road from the Elliott Highway.

Originally, the Silver Fox Road was a trail
following a ridgeline to the mine. Gradual-
ly the trail was improved to become a
road, Before the university purchased the
property, the road was maintained inter-
mittently. |1 was not plowed during winter
months and the mine was not accessible
until the road dried aut in the spring. tn
aarly summer the road was repaired and
the mine became accessible for a few
months untit winter snow again prohibited
ACCess.

The surficial deposit of the mine area
tonsists of fine-grained (silt to fine sand},
light brown soil, 1 to 3 feet thick. The
soil is of uniform texture and is ganeralty
covered by a layer of moss. Below this
fing-grained soil is a layer of coarser tex-
tured soil, 3 to 5 inches thick. This lower
formation decomposes into sandy soil.
The bedrock is composed of metamorphic
and volcanic intrusive rocks,

Inftial Conditions

The first phase of this research focussed
on a thorough investigation of the existing
road conditions and on gathering climatic
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data in the mine area. Since the closest
reporting station, Fairbanks International
Airport, is 20 miles south and 1200 feet
lower in elavation, it was necessary to ob-
tain site-specific temperature and precipi-
tation data.

Present Conditions

Alangwith the present rescarch project,
an appropriations bill passed by the Alas-
ka State Legislature set aside funds for
DOTPF to undertake a major upgrade of
the Silver Fox Road, constructing a road
loop around the mine portal for improved
access and upgrading the existing road
from the Elliott Highway to the mine.

Work by DOTPF was coordinated with
this project; actual impravement of the
road commenced on 21 May 1285 and was
essentially completed in late July 1985.
Upgrading included clearing trees and
shrubs on both sides of the road for a
50-foot right of way. The road was sur-
faced with grave! excavated from the
area.

The access road presents a totalty dif-
ferent picture. A wide {18-fcot), elevated,
and gravel-surfaced road now exists.
Drainage ditches as deep as 6 feet in places
were dug along the sides of the roadbed
to assure adequate drainage. Culverts were
installed at selected locations to facilitate
crass drainage.

road surface

--]'[- o

tguully cxcavaled
fill material

18 in.cmp

thermislor string

weathered bedrock
{schist)

After a field study was made of the
road improvements, two culverts were in-
stalled and instrumented with thermistors
in early August 1985 so ground tempera-
tures could he manitored throughout the
year. The test site consists of a control
culvert at station B0+00 and an experi-
mental cross-drainage design at station
82+00. The control culvert is a corrugated
mezal pipa {cmp} b4 feet long and 1B
inches in diameter, The road surface is 25
feet wide and the total embankment
width is 30 feet. The culvert was buried 3
feet helow the road surface and, where il
extended beyond the embankment, it was
covered by loose dirt. This culvert was
expected to remain dry, except during
spring breakup and summer rains.

Tha experimental culvert at station
92+00 is a cmp 24 inches in diameter and
34 feet long. The base of the embankment
is 34 feet wide. The culvert was buried 3
feet below the road surface, aver highly
weaathered bedrock, and serves as a cross-
drainage passage for a small spring.

A French drain was constructed direct-
ly above the culvert. The drain was 2 by 3
by 32 feet and consisted of “'sewer rock”
enveloped by geofabric {Typar 3401}, In
the Fairbanks area, sewer rock is used in
septic tank installation and its size varies
from 2 to B inches in diameter. The geo-
fabric was used mainly to minimize piping
and erosion of fine malerials from the
sides of the French drain when turbulent
flow occurs. It also serves as a capillary
break near the surface of the road.” At
the control culvert at station 80t00, the
sandy gravel used for road fill was placed
above the culvert. At both stations the

Two views of the
control culvert at
station B0+00:
cross section (topl
and longitudinat
section {bottom}.
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top part of the embankment {2 feet thick)
along the road consisted of sandy gravel
{A-1) excavated nearby especially for road
surfacing.

Both cuiverts were monitored with 5
strings of thermistars.Each string consisted
of 23 thermistors spaced at G-, 12-, 24-,
and B0-inch intervals. These thermistors
were assemhbled and calibrated to read to
a tenth of & degree Celsius. These were
read periodically using an BOB0A true
RMS multimeter.

Two hourly temperature recorders were
placed at the site, one on a nartheast-facing
siope and the other one en a southwest-
facing stope. Two thermomaeaters, used to
measure the maximum and minimum
temperatures between the periodic read-
ings, were placed on each side of the
embankment near the culverts. These
thermometers monitored the temperature
differences between the shaded and non-
shaded sides of the road. The snow depth
was monitored with snow pales through-
out the winter. The field study included
monitoring the change in temperature of
the embankment with respect to time.
Measurements weare taken periodically
from weekty to daily readings during
spring breakup in May at 1, 2, 3.7, 4.5,
and 6.5 feet deep at the culvert at station
BO+00, and at 1,2, 4,5, and 7 feet at the
culvert at station 92+00.

RESULTS

The freezing and thawing indexes at the
study site from July 1985 to June 1986

were
helow:
® Freezing index 2570°C (4627°F) degree
days

® Thawing index 1247°C (2245 F} degree
days

tecorded and are summarized

The mean freezing indax for Fairbanks
is BBO0'F degree days and the design
treezing index is 6500°F degree days. The
mean thawing indax for the same arca is
3000°F degree days and the design thaw-
ing index is 3500 F degree days.?

The thermistor strings located at both
stations were monitored from 19 October
1985 to 1 July 1986. Culvert icing devel-

oped first at station 92+00. This contrib-
uted to the migration of the channel
flow away from and higher than the ori-
ginal -channel. The culvert at station
80+00 remained free of ice and open until
mid-Decemher, when ice started to build
up from the outlet toward the inlet.

leing continued building up at the inlet
of both culverts. At station 92 HJQ where
water continued to flow from a spring,
the icing grew faster, reaching a maximum
height of 7.2 feet on 10 April. The thick-
ness of ice over the road surface at that
time varied from 1 to 2 feet, with the
greatest thickness beiny at the inlet side.
In the previous year {1985}, the icing that
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hegan in early April was caused by cnow
mett; the patural spring froze that winter
and hence the maximum ice thickness
was anly 10 inches in the ditch.

In contrasl, the 1986 icing caontinued
o huild until 10 April and at station
B0+00 reached a maximum thickness of
4.2 feet. On 16 Aprit it was noted that
the spring was flowing under the show
and zlong the edge of the ice mass at sta-
tion 92400, The flow continued through
the cut slope into the drainage ditch. The
flow of water developed a channel through
the snow all along the drainage ditch,
reached the culvert at station 80100, and
continued flowing alony the drainage
diteh. The runoff from melting snow began
ahout 20 Aprit and lasted for a few hours
during the day. The flow usually started
after 2 pm when the air temperature rose
above freezing.

The snow melted faster on the cut
slopes and slower beyand the cut siopes.
Snow outside the right of way had melted
completely by 6 May, but the ice on the
infet of the culverts and ditches persisted
longer. After the snow was gone, seepaye
from melting ground ice appeared in the
cuts and cantribited to the runoff. By 17
May, the flow of water at stalion 80+00
had formed a large pond at the culvart
inlet.

On 23 May, the water from the spring
flowed across the French drain above the
test culvert at station 92+00, This flow of
water contributed to the accelerated melt-
ing of the ice within the culvert. Five days
later, water was noted flowing through
the culvert, while the culvert at station
B0+00 was still completely filled with ice.

On 1 June & washout of the berm was
noted at the inlet of the culvert at station
8000, due to heavy precipitation on the
previous day. The same runoff flowed
thraugh the culvert at station 92+00, but
the culvert at station 80+00 was still full
of ice, even though the iniet portion was
no longer blocked by ice. The culvert at
station BO+00 was ice free by 22 June and
another heavy precipitation flow went
through this culvert in tate June.

ISOTHERMAL DISTRIBUTION IN
THE ROAD EMBANKMENT

The isothermal distribution in the em-
hankments at the tast culvert and at the
controt culvert varied significantly from
time to time. The freezing front at station
80+00 advanced downward faster than at
the test culvert at station 92+00. This
might have heen due to the eanergy given
off by the flowing water from the spring.
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At both cutverts, the coldest part of the
amhankment was at the centerlina. This
developed a trough-like isotherm, colder
at the center and warmer at the shoulders
of the road due to the insulating effect of
snow and ice.

During breakup, the coldest isotherms
were found at the center of the embank-
ment. |t appears that the thawing front
approached from every direction, inciud-
ing from the bottom. The isclherm dis-
tribution for 1 May shows that the coldest
temperature at station 92+00 is greater
than —2°C while at station 80+00 it is
greater than —4°C. By the end of June,
the thawing front at both culverts had
reached down to 7 feel.

COMPARISON OF CENTERLINE
THERMISTORS

The comparison of the temperature of
thermistor string no. 1 al a depth of 1 foot
indicates that the temperature at station
52400 remained colder from QOctober Lo
mid-December than at station B0+00.
From mid-December to the first week of
January, the temperatures were similar.
After that period, the ground temperature
at stalion 92400 remained warmer than
at the contro! culvert. This appears to be
the resull of energy released from ice for-
mation. The rpad surface ahove the cul-
verl at station 22+00 was covered by 1 to
2 feet of ice, and the thawing frant reached
1 foot deep & few days earlier than at sta-
tion 80+00. The differences in centerline
temperature at the two stations at a depth
of 2 feet followed the same pattern as in
string na. 1. Prior to spring breakup,
the difference in ternperature between
the stations became greater. The tem-
perature at station 92100 at a depth of 2
feet rose above 0°C about a week earlier
than at station 80+00.

The ice in the test culvert thawed much
faster than the ice in the control cutvert
at station B0+00. This was attributed to
flow through the French drain. The tem-
perature at the centerline and at the cul-
vert-soil contact at statien 82100 reached
0'C two weeks earlier than at station
80+00. The string of thermistors at sta-
tion 92+00 was 0.25 feet deeper than at
station 80+00. Also, the culvert at sta-
tion BOHO0 was filled by ice prior to
spring breakup.

CONCLUSION

It appears that the coarse material in
the test culvert installation remained ice
free except at the inlet shoulder. The cen-
ter did not remain above freezing as

reported by Carey,” but it adjusted to the
surroundings as the air temperature
changed. In general, this layer of coarse
racks remained warmer than at 80+00 at
the same depth, where local material was
used.

The culvert at station BOtOO was
plugged by ice until mid June. Water began
flowing across the French drain atstation
92+00 on 23 May, as soon as the ice barrier
on the left shoulder was gone. This fur-
ther contributed to faster melting of the
ice inside the culvert, The design used here
appears to accelerate thawing of the em-
bankment, contributing to earlier flow of
water gcross an embankment. This de-
sign could decreasc the length of time a
stream  is impounded along roadways.
With the elevated embankment and deep
drainage ditches, the gravel-surfaced road
remained accessible all year round. During
the thawing period, Lhe deepest rut was
ohserved to be less than 0.5 inches at
places where meltwater reached Lhe road
surface.
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