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Congratulations School of Management! 

The University ofAlaska Fairbanks has attained many honors in the 
past and the recognition ofthe professional School ofManagement by 
their accredidation agency, the American Assembly ofCollegiate 
Schools ofBusiness (AACSB ), ranks among the top ofthe list. The 
School ofManagement, under the leadership oftheir dean, Dr. 
Michael Rice, submitted for approval, their undergraduate programs 
ofaccounting and business administration and their graduate Master 
ofBusiness Administration program. 

The AACSB chose to recognize and accredit all the programs. The de
gree ofthis honor can be seen in that only 265 business schools, of 
over 1300, in the United States have any accredited programs. Only 
72 business schools are accredited in all three and this is the first time 
in the history ofAACSB that all three programs have been accredited 
at once. 

This combination is an outstanding acknowledgment ofthe profes

sionalism, skill and talent ofthe School ofManagement. The School 

ofEngineering salutes Mike, the faculty and staffofSOM. 


Vincent S. Haneman, Jr., P.E. 
Dean, School of Engineering 

Post Conference Tours 

Following the national American Society for Engineering Education meeting in 
Portland, Oregon, June 23,1988, and the National Society ofProfessional En
gineers meeting in Seattle, Washington, July 21, 1988, the School ofEngineering 
hostedpost conference tours ofPermafrost and Engineering in the North -- under 
the title, "There's Cold in Them Thar Hills." 

Recognition ofT. Kinney, D. Lynch, T. McFadden, J. Zarling, and our stafffor 
the well done post conference tours is more than warranted. I also want to thank 
those who came up and attended the conference. Based upon the reception of 
these tours, we will have to do this more often. 

VSH 
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CONSTRUCTION ON PERMAFROST 

by 


Damon R Thomas 


In 1965 a "Troop Project" was initiated for construction of a 

ski lodge at Fort Wainwright, Alaska. The most desirable loca

tion--adjacent to the previously developed ski slope--was in a 

recognized permafrost area (See boring log, Figure 1 ). Mr. 

George McGee, Deputy Post Engineer, who had had some ex

perience in building on permafrost, suggested the possibility of 

supportj.ng the building foundation on "poured in place" con

crete piles. Accordingly, the Engineering Section of the Post 

Engineer's Office prepared specifications and shop drawings 

for such a support system, as well as for the structure itself. A 

few major changes to the support system drawings were ef
fected and will be noted in the following narrative ("as built" 

drawings were never prepared). 

Holes approximately 24 inches in diameter were put down to 

a depth of approximately* 35 feet, spacing as per Shop Draw-

BORING LOG 

IJS A14WY CRREL 

Figan 1. Boring Log 

ing, sheet #8. As each hole was completed, high/early concrete 

was poured to within* 12 feet of grade (maximum active zone 

was considered to be 12 feet). 

Standard gauge 12 inch steel pipe was placed approximately 

2 feet into the concrete, extended 2 feet above grade and was 

fdled with concrete. Two pieces of 1 1/2 inch rebar were placed 

in concrete to the bottom of the hole and were extended well 

into the steel pipe. Four pieces of 3/4 inch rebar were extended 

two feet out of the steel pipe to be used for tying into rebar in 
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Figan 2. Pik Delllil 

Damon Thomas, Colonel USA (Ret.) Corps ofEngineers, was Post Engineer at Fort Wainwright at the time ot the design and con

struction ofthe Fort Wainwright ski lodge. Thomas received his education at the University ofIdaho and the College ofIdaho. 
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Figurt~ 3. PlwiD ofFourulaliorr, collrlny ofS"pMJt Cowdrey oftlal Forl WGift~~~~gllt T ASC. 

foundation beams (See pile detail, Figure 2). To assure constant 
amount of the inplace material in the active zone, 55 gallon 

POL drums, with the ends removed, were welded and to a 

domed floor over the steel section. The void around the steel 

pipe, within the drums, was filled with silicone and wax-lreated 

sand and pea gravel. It was theorized that by keeping the con

crete portion of the pile below the active zone and by using steel 

pipe encased in the treated sand/gravel within that zone, jacking 

or lifting of the pile would be eliminated. The drums have suf

fered frost jacking over the years (see Figure 3) and have re

quired removal of exposed portions of the drums to prevent 

lifting of the beams. 

Thermocouples were placed at various depths as the con

crete piles were poured, and in all instances, temperatures had 

returned to under 32<>p within 72 hours from the time of the 

pour. (Monitoring of the thermocouples was continued for 

several years, and continued to register temperatures below 

freezing.) 

After all piles were in place, a gravel pad approximately two 

feet in depth was laid to support the forms for the foundation 

system. Foundation forms were placed allowing the steel pile to 

extend slightly into the pile caps. Delivery of "ready mix" con

crete was scheduled to assure uninterrupted pour of the entire 

foundation, thus eliminating the possibility of "cold joints". 

Upon completion of cure, forms were removed and the tem
porary gravel pad was removed (by hand labor) allowing an 

open space of 24 inches between the bottom of the foundation 

beams and the ground (See foundation elevatii:m, Figure 4). 

A 60' by 100' foot building was erected on this foundation, 

Figure 7 and 8. Continual monitoring over the last 21 years has 

detected no movement of the foundation. The entire north end 
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Figure 5. Fort Wainwright Ski Lodge. Photo courtesy ofStephen Cowdrey, Fort Wainwright TASC. 
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of the building is enclosed with glass panels; not a single panel the building, cutting off air circulation under the building in that 

has ever shown damage from building movement It has been area. This could cause thawing below the active zone with 
noted recently that soil has been mounded up on the east side of resultant subsidence. 
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GROUND FREEZING AND FROST HEAVE- A REVIEW 
by 

J.F. (Derick) Nixon 

ABSTRACT 

A review of methods of predicting frost depth and frost 

heave is presented. Initially, geothermal methods for predicting 

the extent of the frozen zone, and the temperatures in the freez

ing soil are reviewed. The majority of the review is devoted to 

mass transfer and heave in freezing soils. Methods of predict

ing frost effects include capillary, hydrodynamic and "discrete 

ice lens" approaches. Each approach is reviewed with par

ticular emphasis on recent developments in the "discrete ice 

lens" models. The importance of the "Segregation Potential" 

method is discussed, and a synthesis of recent data is included. 

Problems and drawbacks with the use of these methods in en

gineering practice are reviewed. 

The paper continues to review the applications of these 

methods in solving practical engineering problems. Applica

tions include the prediction of frost heave beneath buried 

chilled pipelines. The importance of soil stratigraphy and struc

ture in controlling ice lensing processes is underlined, with pic

tures of the excavated frost bulbs from the Calgary frost heave 

test facility used to illustrate these effects. 

Future research requirements are reviewed, including frozen 

soil permeability, the effects of soil structure and stress history, 

and multi-dimensional effects on frost heave parameters. 

INTRODUCTION 

Seasonal freezing occurs beneath roads, airstrips, buried 

utility lines and seasonal ice surfaces in northern climates. In 

addition, long term freezing can occur beneath chilled 

pipelines, cryogenic storage tanks and year-round ice surfaces. 

Where fine grained soils and groundwater are also present, frost 

heave may cause vertical movement and distortion to the soil 

and any structure in contact with the soil. Frost heave is often 

accompanied by visible ice lensing in fine grained soils al

though some heave may occur in coarser grained soils without 

J, F. (Derick) Nixon is currently wtthNuon . · Geotech Ltd. zn· 

significant visible excess ice. Soils in this category would in

clude a range of silty sands, sandy silts, saline soils and finer 

soils under much higher pressures. Frost effects in freezing 

soils have continued to challenge and frustrate engineers over 

the years, and the problem has received extensive attention with 

varying amounts of success by many different researchers and 

practitioners. 

This paper does not attempt to review the complete history 

and development of the topic of frost heave research, as this 

would likely fill more than one ~olume on the subject. Rather, 

some recent developments in the area are reviewed, that allow 

some practical engineering calculations to be carried out, while 

still embracing some of the complicated physical processes in

volved with freezing soils. The state-of-the-art in geothermal 

simulation is reviewed initially, but only insofar as it is neces

sary as a prelude or background for frost heave and mass trans

fer processes. The primary thrust of the paper is to provide an 

appreciation of the currently available practical methods of 

predicting frost heave and ice lensing in soils. 

GEOTHERMAL ANALYSIS 

Prior to 1970, analytical methods for calculations of freezing 

and thawing in soils were confined to relatively simple 

geometries of 1-D freezing and thawing such as the classical 

Stefan and Neumann solutions, and approximate solutions for 

radial phase change around pipes buried at great depth. These 
are well reviewed by Carslaw and Jaegar (4), and later sum

marized by Nixon and McRoberts (38), Lunardini (29), Dept. of 

U.S. Army (49), and Harlan and Nixon (12). The construction 

of the Trans-Alaska pipeline system with its attendant problems 

of permafrost thawing brought a renewed interest and impetus 

in the area of geothermal analysis. 

Numerical models were introduced that subdivided the 

region into a number of fmite elements, or finite difference 

nodes (Figure 1), and these procedures were capable of han

ca1gary, canada. Dr. Nixon has had 18 years of.continuous experience. 
in the areas ofpermafrost engineering, pipeline design, northern foundations frost heave and geothermal analysls, and has been proJect 

director for many large northern field investigations and design studies. 
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Figure 1. Geothermal Modelling in Two Dimensions 

dling different material properties, latent of phase change, vari

able boundary conditions, etc. Lachenbruch (25) described a 2

D numerical model used to obtain preliminary thaw 

calculations for that projecL The development of the EPR ther

mal simulator was later described by Jahns et al (20), and this 

employed a 2-D fmite element approach to model temperatures 
and phase change in permafrost soils. Gold et al (8) describe a 

2-D finite difference procedure used to solve illustrative 
problems of freezing and thawing around buried pipes. Hwang 

et al (19) outlined another 2-D finite element procedure used for 
a variety of thermal problems. Ho et al (13) describe both 1-D 

and 2-D finite element procedures for solving heat transfer 

problems beneath roads. Nixon (39) later outlined the HAL 2

D simulator which extends the method of Ho et al (13) to hand

le arbitrary time step size, convection options and a radial 

co-ordinate option. 
Most soils with some proportion of fme particles possess 

some unfrozen water content, Wu, at temperatures below 0°C. 
This gradual change of water to ice over a range of negative 

temperatures can be incorporated using an apparent heat 

capacity term. 

For a soil with thermal conductivity, K, volumetric heat 

capacity, Co, and unfrozen water content, Wu, the variation of 

temperature, T, with depth, x, and time, t, can be written as 

aT a [ aT]
Co = -a; K (1) a;- -Ls dWu/dt (1) 
at 

Where: 
Ls =the volumetric latent heat of soil if all pore water were 

to change phase; and 

Wu =the fraction of the total water content remaining 

unfrozen. 

This type of equation has been solved with a variety of 

numerical methods (Goodrich 9, and Harlan and Nixon 12) and 
will not be dealt with further. It has been generalized to multi

dimensional situations, radial co-ordinates and extended to ac
count for convective heat transfer terms (Nixon 35). An 

extensive data base for the thermal parameters K, Co, and Wu is 

available through the published literature for a wide variety of 

soils (Smith 46, Goodrich 9 and Harlan and Nixon 12). 

At the present time with the extensive background of thermal 

parameters available, few routine projects involving geothennal 

analysis will require any measurement of thermal properties. In 

the author's experience, exceptions to this have included such 

materials as volcanic ash, wood chips, granular materials 

having different mineralogy, saline soils or some new or novel 

insulating material. 

The available geothermal programs together with others not 

mentioned have a variety of capabilities and options, but in 

themselves do not handle any mass flow or frost heave. They 

basically account for the freezing of in-situ pore water, usually 

employing some apparent heat capacity function to handle the 

non-linear phase change from water to ice. Recently, Nixon 

(35) described the modification of a thermal program to predict 

frost heave using the Segregation Potential method described 

later. However, before applying such a method for the solution 

to practical engineering problems, it is necessary to track the 
development of frost modeling, and to assess currently avail

able theories or procedures for this interesting and challenging 

problem. 

FROST HEAVE ANALYSIS 

CAPillary Mo<lel 
Early efforts at understanding the frost heave problem 

centered around the "so called" capillary model. According to 

this theory, when ice attempts to penetrate into small pore 
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spaces, capillary suctions develop due to the curvature of the 

ice-water interface, and water is attracted towards the ice front. 

The theory may explain the presence of a depressed pore water 

condition adjacent to an advancing ice front in a porous 

medium, but is not capable of predicting the amount or rate of 

frost heave. Rather, it predicts a potential for frost heave, that 

increases in finer grained soils. A description of this theory can 

be found in many places, including Penner (43). 

Hydrodynamic Model 

Over the last two decades, it has become apparent that frost 

heave processes are driven by the formation of ice lenses in 

soils at temperatures less than 0°C. Although ice is free to form 

in the larger pore spaces at some temperature very close to 0°C, 

ice lenses and the source of the high heaving pressures that can 

be measured in freezing soils must form at some temperature 

below 0°C. Hoekstra (14) showed pictures ofa clay soil frozen 

under different overburden pressure conditions, where the fmal 

and largest ice lens was located some distance behind the freez

ing isotherm. By knowing the temperature at the front of the ice 

lens, it was found that each atmosphere of pressure caused an 

additional reduction in temperature at the final ice lens ofabout 

0.08°C. Later experiments by Loch and Miller (28), Loch and 

Kay (27), Loch (26), Penner and Goodrich (44), Konrad and 

Morgenstern (21), and others have demonstrated that ice lenses 

grow at some temperatures below 0°C, and that the temperature 

of the lens, Tt, below 0°C is related to the overburden pressure. 

Clearly, if ice lenses form at some distance behind the 0°C 

isotherm, and pore ice is present in the soil between the front of 

the active lens and the freezing isotherm, then water flow must 

be taking place through frozen soil, at least at temperatures 
close to 0°C. This implies that there is a finite measurable 

hydraulic conductivity (permeability) in this zone of frozen soil, 

and that a water pressure gradient must exist in this area. 
Miller (30, 31 and in several other publications) has 

described this zone of soil between the freezing isotherm and 

the front of an active ice lens as the "frozen fringe," and has 
referred to the process of water flow through frozen soil to the 

ice lens as "secondary frost heave." Harlan {11) formulated the 
coupled heat and mass transfer problem for a freezing soil 

column by making an analogy between the flow of water in un

saturated soils under water content gradients, and the flow of 

water in partly frozen soils where the liquid water content 

varied because of temperature gradients. At the time, however, 

little data on the phase change composition or permeability for 

different frozen soils were available to carry out any evaluation 

to the utility of the approach. This formulation became known 

among soil scientists as the hydrodynamic model, and was later 

treated in more detail by Taylor and Luthin ( 48) and Guymon et 

al (10). None of these models incorporated the extremely im

portant effects of overburden pressure in any satisfactory way, 

and appeared to be more suited to studying water infiltration 
and migration rates during surface freezing of soils for applica

tion in agronomy. 

These hydrodynamic formulations have devoted con

siderable attention to the coupling of the heat and mass transfer 

that occurs in the frozen soil. This author's experience indi

cates that the effect of moisture migration in frozen soils is 

generally so slow, that the effects of moisture on heat transfer 

can be safely ignored, except at the frost line and at the front of 

an active ice lens. Therefore, in the author's opinion, the heat 

and mass transfer can be effectively decoupled to a very large 

extent. This allows us to focus attention on the mass transfer 
problem in frozen soil, assuming the temperature fields have 

been predicted by a thermal analysis, that accounted for the in

creased latent heat due to water arrival at the frost line. 

Assuming water flows according to Darcy's law in frozen 

soils, the velocity of water flow, v, can be written as 

k(T) oPw 
v = (2) 

Where: 

k{'l) =the temperature-dependent permeability; 


"(w =the unit weight of water; and 


Pw =the pore water pressure. 


The well-known Clapeyron equation relates the temperature, 

T, to the difference between ice and water pressures in a frozen 

soil, i.e. 

1.09 Pi - Pw = -~T (3) 
Where: 

~ =a constant derived from thermodynamics having a value 
of 1.22 x 106 PafC; and 

1.09 arises from the density difference between ice and water. 
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H we assume the ice is close to aunospheric pressure for the 

moment, some approximations of mass flux in freezing soils 

can be obtained, i.e. 

aPw aT 
= P- (4) 

ax ax 
and 

k(T) dT 
v= p (5) 

"(w ax 

Clearly then, the velocity of water through a frozen soil ele

ment should be proportional to the temperature gradient, a ther

modynamic constant, and the permeability of the frozen soil. A 

more general formulation as used in the various hydrodynamic 

models, would study the rate of ice buildup within each element 

by determining the rate of change in water velocity through a 

soil element, by taking the derivative of equation (5), i.e. 

a av a rK(T) aT ]
-(Vol)= -=P--- (6)

at ax ax yw ax 

This equation has been used by Nixon (37) to study the rate 

of thermally induced heave in frozen soils in a 2-D geometry 

beneath a buried pipeline, for example. Depending on the 

temperature field, equation ( 6) may be simplified and integrated 

to obtain the rate ofheave in a zone of frozen soil. The equation 

is also useful for interpreting the results of field or lab measure

ments of heave rate in frozen soils. 

The major variable in any discussion ofmass transfer models 

in frozen soil is the frozen soil permeability, and its dependency 

on temperature. The fll"St direct measurements of this parameter 

were made by Burt and Williams (2). However, it is generally 

accepted that these values were 1-2 orders of magnitude too 

high (Smith 46),1ikely due to soil consolidation and non-steady 

moisture flow conditions during transient periods of the test. 

Later measurements by Perfect and Williams (45), Horiguchi 

and Miller (18), Oliphant et al (42), Smith (47), Yoneyama et al 

(51), and others have provided a data base as shown in Figure 2. 

Interpretations can be made from frost heave tests and soil 

column freezing tests such as Penner and Goodrich (44), Kon

rad (24), Ohrai and Yamamoto (41) to obtain other data as 

shown in Figure 2. This synthesis indicates permeabilities in 

Horlt•ctu a Miller (1110)- (4-IJIJ 

I I 
rfect a WlllloiH (11101- Cdtor siltt too• 

I I 
l'etiMf a ._.,tch, 1110- Celtorr slltr cte, .. -..

Figure 2. Permeability ofFrozen Soil 

the range of 10-8 to 10-9 em/sec for fine grained soils at a 

temperature of -0.1°C. These values fall by 1.5 orders of mag

nitude when temperature is lowered to -1°C. Further tempera

ture reductions bring about concurrent reductions in 

permeability, albeit at a slower rate. 

Re-interpretation of the data of Smith (47) by Nixon (36), 

and earlier studies by Gilpin (5, 6) suggest that the hydraulic 

conductivity can be represented by a power law in the form 

k(T) =ko (-T1)-a 

Data for several silt soils, particularly those ofHoriguchi and 

Miller (17) suggest that a bi-linear relationship may be neces

sary to describe the sudden drop in permeability between 0 and 

-0.1°C, and perhaps a different power law below this tempera

ture. This approach has been used by Holden et al (16) for ex

ample when providing numerical solutions to Miller's frost 

heave formulation. 

In order to examine the relative importance of the per

meability function in mass transfer in freezing soils, a linear 

temperature profile can be introduced into equation (6) to obtain 
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~(Vol) =!._ :.:_ !!:_ =!._ ~-/"!) (7) 
at Yw ax ax Yw or \a;' 

This implies that the rate of volume increase in frozen soil 

will be related to the gradient in penneability with temperature. 

Equation (7) can be used when interpreting hydraulic conduc

tivity values from soil columns where a linear temperature 

gradient has been established. This procedure, when used by 

Nixon (37) to study moisture flow rates in pennafrost beneath a 

pipeline, indicated that the rates of frost heave induced by 

temperature gradient in "warm" frozen ground are quite small, 

and unlikely to cause significant movement or distress to any 
structure founded on the frozen ground. 

Equations ( 4) to (7) do not account for the pressure in the ice 

phase of the frozen soil. This becomes important when a dis

crete ice lens forms in the frozen soil, and simple statics dictate 

that the pressure in the ice must equal the overburden pressure. 

The constraint imposed by equation (3) must be introduced 

when studying mass transfer of processes in the critical frozen 

fringe area of a freezing soil. 

Secondazy Heave 
A hydrodynamic formulation that accounts for overburden 

pressure is described by Miller (31) and practical solutions were 
later presented by O'Neill and Miller (40), The term, "secon

dary heave" was used by Miller (30) to describe the process of 

ice lenses forming behind a frozen fringe during unsteady freez

ing. A more revealing simplification of Miller's formulation is 

I 

Temperature -ve -Pressure - +VI 

CURRENT ICE LENS 

OVERBURDEN 
STRESS 

=Po+ 'YlC 

Figure 3. Stresses in the Freezing Fringes 
(Modifiedfrom Miller and Koslow) 

described by Miller and Koslow (32), who, among other things, 

theoretically predict that the heave rate and water migration 

rate to the frost front should be linearly related to the 

temperature gradient in the frozen soil. An important addi

tion to the hydrodynamic theory offered by Miller is the par

titioning of stresses between pore ice and pore water phases in 
the frozen soil. It is known that ice lenses grow in a rhythmic 

fashion behind an advancing front. The theories described 
above are capable of predicting the ice and pore water pressure 

profiles in the fringe zone ahead of the active ice lens. 
However, a criterion for fonnation of a new ice lens is neces

sary to explain the rhythmic or periodic formation of a lens at 
some point ahead of the latest or active lens. 

Figure 3 shows an expanded plot of pressure profiles in the 

frozen fringe modified from Miller and Koslow (32). Miller 

(31) has proposed that a new ice lens will form when the effec

tive intergranular stress (or difference between the overburden 

Po and neutral pore stress components) becomes zero, i.e. 

Pn=Po (8) 

Now, Miller (31) has borrowed from the unsaturated soil 
mechanics concepts of Bishop and Donald (1) proposing a 

stress partitioning between the ice pore water pressure com

ponents of the overall neutral pore pressure, i.e. 

Pn = XPw + (1-X)Pi (9) 
Where: 

X=a stress partition factor that depends on the unfrozen 

water content. 

It is zero when the liquid water content is zero, and unity for 

soil saturated fully with water, and has the form 

x=Wum (10) 
Where: 


m has varied from 1.5 (Holden et al, 16) to 3 (Miller and 


Koslow32). 


So far, little or no data are available on this parameter, and 

hopefully future sensitivity studies of the hydrodynamic model 
will indicate only a weak dependency on the exponent in equa-
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X 

tion (10). It should be noted here that the relative importance of 

the partition function can be assessed by combining equations 

(3) and (9) to obtain 

Pn =(1 + 0.09x)Pi. + Px T (11) 

For typical values ofWu = 0.5, X= 0.125, and T= -0.2°C, it 

is estimated that the conditions for a new ice lens require that 

the pressure in the ice, Pi, must exceed the overburden pressure 

by alx>ut 30 kPa. This rather modest pressure is in the same 

order of magnitude as the "separation pressure" discussed by 

Gilpin (6), and the "internal" pressures in frozen soil measured 

by Williams and Wood (50). 

The most realistic predictions of a practical nature offered 
to-date of the "so called" hydrodynamic models are those of 

Holden et al (16). Heave predictions have been made for a 

hypothetical soil column in the laboratory, illustrating 

reasonable values for predicted heave, that depend on overbur

den pressure. However, Holden et al (16) and Holden (15) em

phasize that results from their model rely heavily on the 
magnitude and nature of the frozen soil permeability-negative 

temperature relationship. As Smith (46) points out, current un

derstanding of mass transfer processes "offer no immediate 
prospect for solving important practical problems of construc

tion in cold regions." 

Because of this major deficiency in the cold regions litera

ture, and because of the continuing requirement to offer practi
cal, approximate, but reasonably reliable frost heave 

predictions, engineers have turned to semi-empirical proce

dures that can provide estimates to a reasonable level of con

fidence, and predict the dependency on major variables 
involved in freezing soils. 

SeifCption Potential apd Discrete Ice Lens Approaches 

Due to the extreme sensitivity of predicted heave rate to 

hydraulic conductivity and other poorly defmed variables, inter

est was turned towards establishing a more practical method of 
predicting heave, that would require less detailed knowledge of 

the complex processes taking place in the frozen soil behind the 
freezing front Konrad and Morgenstern (21, 22, 23 and other 

publications) describe a method for frost heave prediction 

which although based on reasonable physical principles, allows 

a simpler and more practical procedure for evaluating and 

TEMPERATURE ( •c) 
WATER FLOW AND ICE 

Tf I O"CI LENS LOCATION 

tcold side T • Ts -, 
FROZEN SOIL 

Frost 
depth 

ICE LENS 

+ FROZEN FRINGE :y·{:; _1vff :·... '\.•. 

\.water flux •0.09ni 

t 
UNFROZEN

Vu 

Gu= Thermal gradient in unfrozen soil 
Gf =Thermal gradient in frozen soil Vu • Pore water flow in unfrozen soil 

Gtt • Thermo I gradient in frozen fringe Vff • Pore water flow in fringe when 
frost line is advancing 

Gf > Gtt for ice lens growl h 

vff = Vu +0.09 nx 


after Gilpin I 19801 

Figure 4. Temperature and Water Flow to Discrete Ice Lens 

predicting frost heave. They argue that at the time of formation 

of the final ice lens in a freezing soil, the flow of water, v, to the 

growing ice lens is proportional to the thermal gradient, Gr, in 

the frozen soil. The temperature distribution is shown in Figure 

4. 
The constant of proportionality is termed the "Segregation 

Potential," SP, in the following 

v=SPGr 

The derivation of this equation relies on similar principles to 

those involved with equation (5). The permeability of the 
frozen fringe is considered to be an average value, which does 

not change through the freezing process. The parameter, SP is 

dependent on pressure, as given by 

SP =SPo exp (-aP) (12) 

Where: 


SPo and a are constants for a soil; and 


P = the effective overburden pressure. 


The SP parameter was also considered to be dependent on 

the rate of cooling of the fringe, dT/dt At low rates of cooling 
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under field heaving conditions, however, the dependency of SP 
on the rate of cooling is not considered appreciable. The 

parameter, SP, can be determined from a relatively straight for

ward step-temperature freezing test, that can be carried out at 

different overburden pressures. A synthesis of available data 

for the SP parameter at different pressures is given in Figure 5. 

These data have been collected from the writer's experience, 

together with data presented by Konrad and Morgenstern 
(1983). The range Of thiS parameter appears to be 0-70 X 10-5 

mm2/sec°C for a range of silty sands, sandy silts and tills, and 
from 50-200 x10-5 mm2/sec°C for a wide range of clays and 

clayey silts for a reasonable range of pressures encountered in 
engineering practice. It is seen that the pressure dependency as 

embodied in the parameter, a, is much stronger for silts and 
coarser grained soils than for clays. 

According to Konrad and Morgenstern (23), the heave, h, 

under field conditions can be predicted from 

dh!dt =1.09 SP Gt + 0.09n dX/dt (13) 
Where: 

X =frost depth; and 

n =porosity, reduced to account for the percentage of 

in-situ pore water that will not freeze. 

~·r---------------------------------------------------------------------~ 

Figure 5. Summary ofDatafor SP Parameter 

The thermal gradient in the frozen soil, Gr, and the rate of ad

vance of the in-situ frost-front, dX/dt, can be obtained from a 

thermal simulation. In simple 1-D situations, they may bees

timated from approximate hand calculations. For 2-D situa

tions, such as beneath a chilled pipeline, it is necessary to com

bine equation (13) with a 2-D geothermal simulator (Nixon 35). 

Figure 6 shows a comparison between prediction and obser

vation for the Calgary frost heave test facility that operated con

tinuously for 12 years in a highly frost susceptible silty clay soil. 

Prediction was carried out employing the writer's thermal/frost 

heave simulator, using SP frost heave data measured by the 

writer on undisturbed and remoulded samples of the Calgary 

soil (Nixon 34). The prediction appears remarkably good for 

the frrst 8 years or so. After this time, poor temperature control 

of the buried pipe sections at the site allowed some thawback, 

and prevented further comparison. Other comparisons with 

buried pipe sections such as the Joint Canada-France facility at 

Caen, France have been carried out, with reasonable agreement 

between prediction and observation (Nixon 35). 

Konrad and Morgenstern (23) do not provide an explanation 

for the initial expulsion of water that occurs during freezing 

tests, particularly at higher overburden loads. This 

phenomenon is quite common during the early, more rapid rates 

of frost advance experienced in frost heave tests as shown in 

Figure 7. This phenomenon has also been noted by Loch and 

Kay (27), and by the writer during many routine freezing tests. 

The rate of total heave, however, during this test phase remains 

positive, and is apparently related to the thermal gradient in the 

frozen zone. A closer examination of the mass balance at the 
freezing fringe provides the explanation for the phenomenon. 
A study by Gilpin (6) predicted early water expulsion during the 

freezing of a hypothetical soil column. Following the mass 

balance outlined by Gilpin, the frozen fringe is assumed to be 

imcompressible, and transmits water from the unfrozen soil at 

approximately 0°C, to the active ice lens. A mass balance at 

the advancing frost front would provide 

Vff =Vu + 0.09 n dX/dt (14) 

This says that the flow of water to the ice lens, vrr, will be 
greater than the externally measured water velocity through the 

unfrozen soil, vu, due to the pore water expansion of water 
freezing in the advancing frozen fringe. Clearly, it is the pore 
water velocity in the frozen fringe, vrr, that is driven by the ther

mal gradient in the fringe, Grr. If the SP parameter is rigorous-
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Figure 7. Frost Heave Test with Early Pore Water Expulsion 

ly defined as the ratio of pore water velocity to the gradient 

within the frozen fringe, i.e. 

SP* =vffiGtr (15) 

then several conceptual difficulties with the current Segregation 

Potential method will be avoided . 

As the heave rate, dh/dt, is related only to the water arriving 

at the ice lens, and no expansion of the soil matrix within the 

frozen fringe is taking place, then 

dh/dt =1.09 Vff =1.09 SP* Gtr (16) 

Rearranging equation (14), it can be seen that during early 

period of rapid frost advance in a frost heave test, the externally 

measured pore water velocity, vu, may be negative, even though 

frost heave and water migration to the active ice lens is con

tinually taking place. It is suggested, therefore, that in order to 

resolve this conceptual difficulty during transient freezing, that 

SP should not be defined as the pore water velocity in unfrozen 

soil, vu, to the overall gradient in the frozen soil, Gr. Rather, it 

should be defmed based on equation (16). This definition 

prevents problems of apparently negative SP values being ob

served during the early periods of a frost heave test, and in fact 

will provide a more constant SP parameter for the entire freez

ing test. 

Equation (16) must be changed, however, as it involves a 

parameter, Gff, that cannot be reasonably measured in a test. 

Referring again to the work of Gilpin {6, 7), the heat flow in the 

frozen soil involves two different gradients, Grand Gff that con

trol the rate of heave. 

kf Gt'- kf Gtr =L h/1.09 =L Vff (17) 
Where: 


kr = thermal conductivity of frozen soil and fringe; and 


L = latent heat of water. 


Combining (16) and (17) to eliminate the unknown Gff, the 

heave rate can be related to the more easily measurable gradient 

in the frozen soil, i.e. 
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b/1.09 

SP* = (18) 


Gr - Lb/1.09kr 


This provides a somewhat larger value of SP than that ob

tained from the Konrad-Morgenstern defmition. However, 

frost heave is now predicted under field conditions from 

db/dt =1.09 SP* Gr/(1 + L.SP*Ikr) (19) 

This equation does not involve any pore water expansion 

term, and relates the total heave rate directly to the thermal 

gradient in the frozen soil. During early periods of rapid frost 

advance, equation (19) effectively results in expulsion of pore 

water, as observed in many tests. In addition, the procedure 

outlined by equations (18) and (19) allows a more reasonable 

interpretation and subsequent frost heave prediction for low 

frost- susceptible soils such as silty sands and sandy silts with 

low SP values. Such soils may exhibit pore water expulsion 

through the entire test, but still frost heave to some extent. 

ICE LENSING, SOIL STRUCTURE AND STRESSES 
UNDER FIELD CONDITIONS 

When considering ice lensing and heat flow around a buried 

pipe under field conditions, the heat flow and stress state are 

clearly 2, or even 3, dimensional in nature. Intuitively, because 

heat flow is radial in form, it would be expected that ice lenses 

would form at right angles to the direction of heat flow in a cir

cumferential pattern around the cold source (pipe). Indeed, this 

has been borne out by the writer's experience in observing the 

pattern of ice lenses formed around a model pipe, operated at 

-3°C in a reconstituted, uniform soil. 

Early in 1986, the operation of the full-scale Calgary frost 

heave facility was discontinued, and two of the frost bulbs were 

excavated. Figure 8 shows a photo mosaic from Carlson and 

Nixon (3) showing the position of the pipe, frost bulb and soil 

statigraphy at the Deep Burial test section. The soil is a glacial 

lake basin material, which has interlayered strata of higher and 

lower silt content. Close examination of the ice lenses indicated 

that the lenses tended to be oriented parallel to the initially 

horizontal soil stratigraphy, rather than circumferentially ar

,5 .4 .3 .2 .I 0 

Figure 8. Ice Lensing in a Frost Bulb at the Calgary Test Facility 
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strong influence of pre-freezing soil structure on the final lens 

configuration. 

Another issue not yet resolved is the effects of confinement 

and horizontal stress state, when interpreting frost heave tests 

and applying them to the field condition. Currently. most frost 

heave tests are carried out in a one-dimensional, laterally con

fmed cell. Therefore, all of the frost heave is consttained to 

occur in a vertical direction. In a field 2 or 3 dimensional freez

ing situation, the degree ofhorizontal confinement is reduced in 

at least one, if not two, of the horizontal directions. It is not 

clear at this time what the effects of the more compliant 

horizontal stress condition during freezing may be. Nixon et al 

(39) carried out field freezing tests using circular plates em

bedded in the ground at the Calgary test facility and elsewhere. 

Preliminary analysis of this data indicates that the apparent SP 

frost heave parameter from this test is somewhat less than that 

predicted from 1-D confmed freezing tests. It may be that 

freezing under conditions more closely related to a constant 

horizontal stress, than to conditions of no lateral sttain may 

provide lower overall frost heave rates. At the moment. it ap

pears mildly conservative to ignore these effects, and apply the 

Segregation Potential values obtained directly from consttained 

frost heave tests. Triaxial frost heave tests are currently being 

carried out by the writer to investigate this effect. 

FUTURE RESEARCH REQUIREMENTS 

Future research should concentrate in the following areas. 

[i] Scientific testing to obtain fundamental parameters such 

as the hydraulic conductivity of frozen soil, and its dependency 

on temperature. 

[ii] Effects of pre-freezing soil structure and stratigraphy on 

the ice lensing observed in the field. 

[iii] The dependency of frost heave parameters such as SP on 

the horizontal stress state. 

[iv] Correlation of SP with basic soil index properties. 

[v] The effects of soil stress history and soil moisture con

tent on frost heave parameters such as SP. 
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FRAZIL ICE IN RIVERS AND STREAMS 

by 

S.F.Daly 

ABSTRACT 

Frazil ice, formed in turbulent, supercooled water, is the 

predominant type of ice found in most rivers and streams. 

Formed initially under highly dynamic conditions, frazil ice 

evolves through several stages that can vary widely in length 

scales, time scales, and material properties. First appearing as 

small disk-like crystals ranging from 20 microns to several mil

limeters in size, and well distributed ~ghout the depth of 

flow, frazil subsequently evolves into anchor ice, floes, ice 

pans, ice floes, and large, stable ice covers that may be many 

meters thick and many kilometers in length. Each stage in this 

evolution presents its own hazards and difficulties for the U$e of 

rivers in cold regions. The problems presented by frazil include 

freeze-up of all types of water intakes and blockage of entire 

river channels, which can disrupt navigation and cause sudden 

and widespread flooding. Frazil ice researchers have sought to 

understand the physics of frazil ice formation and evolution, 

and describe quantitatively its interaction with the hydraulic 

regime ofrivers and streams. The goals offrazil ice research are 

an increased understanding of a widespread geophysical 

phenomenon and an efficient means of controlling and alleviat

ing the harmful effects of frazil ice in nature. Perhaps due to the 

interdisciplinary approach required, the difficulty ofwinter time 

field measurements under quickly changing and often hazard

ous conditions, and the difficulty in conducting laboratory ex

periments, progress on all fronts has been slow. Analogy with 

industrial crystallization has provided a means of quantitative 

description of the earliest, dynamic stages of frazil evolution, 

although the formation of frazil occurs under far more complex 

conditions than found in industrial crystallizers. The subsequent 

evolution of frazil is resistant to analogy; detailed, precise 

measurements requiring the development of new instrumenta

tion and techniques and the formulation of theory remain to be 

accomplished. Demand for the control of frazil ice in rivers and 

streams is strong, however, necessitating empirical approaches 

with a large reliance on field experience and experiment. 

NOMENCLATURE 

~P •••••••••••••••heat capacity of fluid 


Et ................rate of energy transfer by collision 


G ................. crystal growth rate 


h .................. heat transfer coefficient 


L ................. latent heat of ice 


Mx..•............mass of ice 


~.................total number of crystals 


Nx••••••••••••••••seeding rate 


NT ............... rate of crystal formation by secondary 


nucleation 


n .......•.......... crystal population density 


Q* ............... environmental heat transfer 


R .....•.......... .region of fluid 


r .................. crystal radius 


Sn................crystals formed per unit of collison energy 


Tm•••......••.••.ice/water equilibrium temperature 


Tb ................ bu1k fluid temperature 


t .................. time 


Ve •••••••••••••••convective velocity 


p ................. density of fluid 


Pi ................density of ice 


INTRODUCTION 

Frazil ice is formed in turbulent supercooled water. It is 

found in lakes and oceans and is the predominant type of ice 

formed in rivers and streams. Characterized by a disk shape 

during its initial formation, frazil evolves through several stages 

that can vary widely in length scales, time scales, and material 

properties. Each stage in this evolution presents its own hazards 

and difficulties. Frazil in rivers and streams can cause flooding, 

blockage of water supply intakes, disruption of navigation, and 

S.F. Daly is a Research Hydraulic Engineer with the U.S. Cold Regions Research and Engineering Laboratory. This article was 
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interference with the operation of hydraulic structures and 

facilities, leading to severe economic consequences. Because 

of the economic importance of these problems, frazil ice has 

been the subject of many papers, including review papers 

(Michel 1971 , Osterkamp 1978, Ashton 1978, Martin 1981, 

Ashton 1983, and Tsang 1984). 

The purpose of this paper is not to provide a broad overview 

of the research on frazil ice, but rather to concentrate on those 

areas of frazil research with which the author is most familiar 

and which seem to be the most promising in developing new 

knowledge. These include the development of a rigorous for

mulation of frazil ice dynamics, including numerical modeling, 

the development of new techniques and instrumentation for 

laboratory and field studies, and the development of ice control 

structures to control and suppress the formation of frazil. 

THE EVOLUTION OF FRAZIL ICE 

The evolution of frazil ice follows a progression whose 

broad outlines are well known, but only now has a quantitative 

understanding begun to emerge. There are many ways to 

describe this evolution but for the sake of clarity and brevity, 

three, rather general, stages offrazil evolution will be identified. 

The first is the dynamic, non-equilibrium stage, characterized 

by supercooled water temperature, turbulent flow, rapid growth 

of disk shaped crystals, and the creation of new crystals by 

Seed Crystals 

Secondary Nucleation 

Fragments 
FrazH Discs 

Fraz~ Floes 

Anchor Ice 

secondary nucleation. The length scales of the ice associated 

with this stage (Figure 1) range from several microns to perhaps 

a few centimeters. This stage may last for a relatively short 

time, and occurs during very cold periods when maximum heat 

loss from the open water surface occurs. Typical sequences and 

locations are described by Michel (1971). Associated with this 

stage is the freeze-up of water intakes by active frazil, that is, 

frazil actively growing in the supercooled water. 

The second stage is the evolution and transport stage. This 

stage follows the fll'St in time, and results from the rapid forma

tion and production of the first stage. This stage is characterized 

by water more or less at the equilibrium temperature, and frazil 

in the form of floes, anchor ice, and floes. The length scales of 

the ice associated with this stage (Figure 1) range from several 

millimeters to many meters. The frazil at this stage is in motion, 

moving under the influence of the river or stream, generally at 

the surface. The ice may travel long distances and move for 

many days. After cold nights, it is typical to see slush, formed 

from frazil floes, moving along at the water surface of northern 

rivers and streams. This slush may eventually form large 

moving floes through a variety of processes described by 

Osterkamp and Gosink (1982). 

The third stage is characterized by stationary, floating ice 

covers that may be quite large and last for the entire winter 

season. These ice covers are formed by a variety of 

Surface Ice Floes 
Length 

Stable Ice Covers { • Thickness .,. Width } 
I I I I I I I 

10-8 10 ·5 10"" 10-3 10"2 10"1 10° 101 102 103 10 4 

I I I I !,llm mm em meter 

Figure 1. Length Scales ofFrazillce. 
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mechanisms, depending on the fonn of the frazil ice when it ar

rives at the stationary ice cover, and the hydraulic conditions at 

the leading edge of the stationary cover. These floating covers 

may raise stages and cause flooding, cause excessive head loss 
that can disrupt power production, and interfere with naviga

tion. However, an intact floating ice cover will always prevent 

the excessive heat loss associated with the first stage of frazil 

growth, and therefore will suppress the fonnation of frazil. 

Frazil production only occurs on rivers prior to the fonnation of 

a stable ice cover, after its breakup, or at locations where ice 

covers cannot be fonned due to the hydraulic conditions. 

Therefore, a successful strategy to prevent frazil fonnation is to 

foster the formation of an intact ice cover as quickly as possible 

in reaches where frazil is produced by the use of ice control 

structures. 

FRAZIL ICE DYNAMICS 

The initial fonnation of frazil ice in rivers and streams is 

governed by the interaction of the fluid turbulence, surface heat 

loss, and the physics of ice production. Frazil ice dynamics 

describe the interaction of seeding, secondary nucleation, and 

crystal growth that occurs during this stage of frazil formation. 

This stage has been comprehensively described (Daly 1984), 

reproduced in the laboratory (Ettema 1984, Tsang and Hanley 
1985, for example) and has been modeled numerically (Mercier 
1984). 

For a long time, the origin of frazil ice in nature was debated. 

Spontaneous nucleation of ice, either by heterogeneous or 

homogeneous nucleation, was thought responsible for the ul

timate origin of frazil. However, this did not agree with known 

experimental data on freezing (Dorsey 1948), given the very 

small degree ofsupercooling reported in nature. Generally, it is 

now agreed that seed crystals, introduced from outside the 

water body, are necessary to start the formation of frazil. 

Osterkamp (1977) has proposed a mass exchange across the 

air/water interface by bubbles bursting, splashing, wind spray, 

and evaporation as the mechanism providing seed crystals when 

an obvious source is not present. 

Secondary nucleation results, irrespective of its mechanism, 

only because of the presence of ice crystals in the supercooled 
fluid. Based on the work described by Daly (1984), we can as

sume that the mechanism producing new crystals is the collision 

of the "parent" crystals. The rate that new crystals are formed 

per unit volume, NT, can be represented as 

NT =<&t + Ea + ~ + •••)Sn (1) 

Where:. 
Et =the rate of energy transfer by each mechanism of col

lision; and 

Sn =the number of crystals produced per unit of collision 

energy. 

Collisions between crystals can be caused by fluid shear and 

buoyancy. Crystals can also collide with solid boundaries. 

Daly (1984) estimated the energy transfer of these three 

mechanisms, and found them to be highly non-linear with frazil 

crystal size. Mercier (1984) modeled the secondary nucleation 

for collisions between frazil crystals and was able to reproduce 

laboratory experiments with an optimized value of Sn of 4 x 

1017 nuclei per joule of collision energy. 

Frazil crystals grow as thin disks because the growth rates 

in the two different crystallographic directions are apparently 

limited by two different mechanisms. The a-axis growth ap

pears to be limited only by the rate of heat transfer from the 

disk; the c-axis growth is limited by the intrinsic crystalline 
kinetics detennined by a surface nucleation mechanism. The a

axis growth rate can be represented by 

h 
G = - <Tm-Tb) (2) 

PIL 

Where: 

G = the growth rate; 

h =the heat transfer coefficient; 

Tm =the ice/water interface temperature; 

Tb =the bulk temperature of the water; 

Pi = the desity of ice; and 

L =the latent heat of ice. 

Expressions for h were developed by Daly (1984), and 

depend on the crystal size relative to the turbulent dissipative 

length scale of the fluid. If the crystal is much smaller than the 
dissipative length scale, the heat transfer rate will approach that 

for pure diffusion from a disk. If the crystal is larger, the heat 

transfer rate will be independent of the crystal size. For very 
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small crystals. the small radius of curvature will be an addition

al constraint on growth and will be sensitive to impurities in the 

water (Frost. 1986). 

Given expressions for the growth rate. secondary nucleation 

rate. and rate of introduction of seed crystals. a rigorous deter

mination of the population balance can be developed. Let n(r) 

be the population density of crystals of size r in a region R. The 

total number of crystals. N. is then 

N=JR ndr (3) 

and higher moments of n defme the total length. surface area. 

and volume of crystals. The number continuity equation can be 

written 

an a a . . 
- +- -(hn) + V(Ven) =NT+ NI (4) 

at PIL ()r 

Where 

Ve = the convective velocity through the region of interest; 

and. 
NI = the seeding rate. 

A heat balance can be written: 

~ + V(Ve9) = ~[.:_ M1 + V(VeMJ+~ (S)
at pCp at ] pCp 

Where 

9= (fm- Tb); 

M1 =the mass of ice (determined by the third moment of n); 

Q* = the heat loss rate; 

Cp = the heat capacity of water; and 

p = density of the water. 

Writing the equations in this form emphasizes the dynamic 

way that they interact To determine e and n uniquely. both 

equations must be solved simultaneously. and the boundary 

conditions and initial conditions of eand n must be known. Dif

ficulties arise because eand n are dimensionally incompatible. 

Simplified forms of these equations are used to predict the 

steady state performance of mixed suspension. mixed product 

removal (MSMPR) industrial crystallizers with success. 

Mercier (1984) developed a general comprehensive model 

of the reactive transport of suspended particles in a turbulent 

fluid. For a particular application of this model. he extended 

the work of Daly (1984) and developed a dynamic model of 

frazil ice growth. Our discussion of Mercier•s model will be 

strictly limited to its application to frazil ice. but the scope of 

the model is much wider. and it uses very sophisticated ap

proaches to model the dynamic size distribution of the 

suspended particles. 

In his general reactive transport model. Mercier included 

separate sub-models for the effects of seeding. secondary 

nucleation. crystal growth. and flocculation. To model the floc

culation of frazil crystals. a general coagulation equation was 

employed with turbulent shear and differential rising con

sidered as collision mechanisms. The collision efficiency was 

determined based on theoretical considerations. A zero dimen

sional model was developed initially. This model assumes that 

the frazil formation occurs in a well mixed region without 

gradients of any parameter or variable. The initial seeding rate. 

NI. and the number of crystals produced per collision. Sn. were 

optimized based on the laboratory results of Michel (1963) . 

Without modifying these parameters Mercier was able to close

ly reproduce the data of both Michel and Carstens (1966). 

Mercier also modeled the cases of vertical mixing with une

qual transport ofheat and mass in the vertical direction. and ver

tical distributions of the turbulent kinetic energy. the energy 

dissipation rate. and vertical eddy diffusivity. He found that 

compared to the zero dimensional case. vertical mixing delays 

the peak in maximum supercooling and causes it to be larger in 

magnitude. Mercier determined the crystal size distributions 

and profiles of mass concentrations at various times and depths. 

His simulations are by far the most complete to date. 

FLOCCULATION AND TRANSPORT 

The flocculation of frazil ice is not understood: sintering is 

one mechanism used to explain flocculation. Sintering ap

parently results from the tendency of crystals to minimize their 

surface energy. Martin {1981) states that for disks of thickness 

of the order of 1-10 J.UD. the time for bonds to form is fast. per
haps in the order of 10-2 seconds. Mercier (1984). in his simula

tions. reasonably assumed that turbulent shear and differential 

rising were the two mechanisms causing collisions of crystals 

for sintering. 
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Descriptions of floes in streams (Osterkamp and Gosink 

1982) and the observations by the author suggest that floes are 

initally formed by several, to several hundred, frazil disks. The 

bonds between the floes are initially very weak. A group of 

floes will often collapse when removed from the water. At this 

point, floes on the water surface resemble slush. Large floes, 

called frazil pebbles, were described by Chacho, Lawson and 

Brockett ( 1986). Frazil pebbles range in length from less than 5 

mm to greater than 150 mm. Grains composing the frazil peb

bles do not possess a preferred c-axis orientation, but appear to 

show alignment related to grain size and shape. This may imply 

that these pebbles are not formed by collisions due to turbulent 

shear, which would presumably result in randomly oriented 

grains, but probably result from differential rising or a deposi

tional mechanism, such as might occur during the formation of 

anchor ice. The round shape of the pebbles may result from 
mechanical abrasion, indicative of the long distance they may 

have traveled on the Tanana River before they were observed. 

Flocculated frazil ice can be transported long distances 

(Cunningham and Calkins 1984, Deck and Gooch 1981, 

Osterkamp and Gosink 1982). Traveling at the water surface, 

the floes can be subjected to high rates of heat loss, mechanical 

buffeting, turbulent shear and repeated transport through rapids 

and waterfalls. The floes may freeze to form floes, pans, and 

other larger units that can be quite large, with a dimension cor

responding to the width of the open area of the river or stream. 

The type and shape of floating, moving ice on a river will, in 

general, reflect the history of that ice. As this history will vary 

along a stream, and at a single location with time, and can vary 

widely from river to river, there is as yet no substitute for direct 

observation and study. The mechanical properties of floating, 

moving frazil ice are largely unknown. 

There has been little quantitative study ofanchor ice. Anchor 

ice is formed initially by the deposition of suspended frazil crys

tals. Once deposited the heat transfer rate from the anchor ice is 

very much greater than that for the suspended frazil. The impor

tance of anchor ice as a sink of suspended crystals and as a 

source of latent heat in an overall stream crystal balance or heat 

balance will be inversely proportional to the hydraulic radius of 

the stream. Anchor ice may be the dominant form of frazil 

produced in shallow streams. 

STATIONARY FLOATING ICE COVERS 

The fonnation of stationary covers has been well described 

(Ashton 1978, Michel 1971). However, the formation of ice 

covers from frazil slush is not well understood. A classic 

problem is the formation of a "hanging dam" by the deposition 

offrazil ice under an existing ice cover (Beltaos and Dean 1981, 

Shen, Ruggles and Batson 1984). These dams may be quite 

large, with thickness up to 10 m. Apparently the fonnation of 

these hanging dams reflects the stream hydrography. In the St. 

Lawrence River, for example, the thickest portions of the hang

ing dam are found at the deepest sections of the stream cross 

section. 

INSTRUMENTATION 

The development of laboratory instrumentation has con

centrated on finding a precise means of controlling, monitoring 

and measuring laboratory experiments. In the laboratory, frazil 

ice has been generated in turbulence jars (Muller 1978), stirred 

tanks (Tsang and Hanley 1985), circular flumes (Carstens 

1966), and outdoor flumes (Michel 1963). Generally, water 

temperature has been the only parameter measured. Recently at 

USA CRREL, experiments were conducted in a large flume lo

cated in a coldroom (Daly, Wuebben and Zabilansky 1985). A 

crystal imaging system was used (Daly and Colbeck 1986) to 

measure size distributions of frazil crystals suspended in the 

flow of the flume. The system used a microscope with a large 

depth of field and a fiber optic strobe light. Images were 

recorded and analyzed on 35 mm slides. An example is shown 

in Figure 2. 

Progress has been made in detecting, observing and collect

ing frazil ice in rivers and streams. Two promising techniques 

for remotely detecting frazil deposits under an ice cover are 

magnetic induction (MI) and ground penetrating radar (GPR). 

Magnetic induction is a non-contact method of measuring 

ground electrical conductivity. It has been successfully used to 

locate and map large deposits of deposited frazil in the Tanana 

River, near Fairbanks, Alaska (Arcone et al. 1987). The ground 

penetrating radar (GPR) that has been used is an impulse type 

radar, in which impulses are emitted at a repetition rate of 5 

MHz. The received echoes are compiled into scans that are dis

played (Arcone et al. 1986). Interpretation of the radar data for 

detection of frazil ice can be uncertain due to the high water 
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content of the frazil deposits, which are difficult to penetrate 

(Arcone, Delaney and Perham 1986). However, the convenient 

application of helicopter mounting of the radar and recent ad

vances in data automation makes GPR attractive for surveying 

large areas. 

Collection of frazil in the field is difficult due to the two

phase nature of frazil deposits. A variety of means were tried on 

the Tanana River (Lawson et al. 1986), including a special frazil 

sampler (Brockett and Sellmann 1987) and a freeze probe tech

nique (Chacho, Brockett and Lawson 1987). The frazil sampler 

can extract undisturbed columns of frazil slush up to 15 feet in 

depth. This sampler is related to a frazil sampler originally 

developed for work in the Antarctic (Rand 1982). The freeze 

probe is a thin tube that is driven through the slush deposits. 

CO:z gas is blown down the tube, freezing a column of ice about 

the tube 3 to 4 inches in diameter, which can then be extracted 

and studied. Video cameras, originally developed for 

boreholes have also been deployed through the ice (Chacho et 

al. 1986). On the Tanana River, immense amounts of frazil ice 

were seen in transport. 

CONTROL OF FRAZIL ICE 

Generally, the problems associated with frazil ice result 

from the production of ice in quantities sufficient to cause 

blockage ofa portion of a channel, or at a location at which in

takes are located. In both cases the obvious and attractive solu

tion is to suppress the production of frazil sufficiently to 

relieve the problem. The existence of stationary floating ice 

covers is always sufficient to end the production of frazil. 

Therefore, the best solution to control frazil ice is the early 

promotion of a stationary ice cover throughout the river 

reaches where frazil ice production occurs. 

The use of booms and a control dam have been quite effec

tive in controlling frazil production in the St. Lawrence River. 

A very effective boom is deployed yearly on the Allegheny 

River near Oil City, Pennsylvania (Deck and Gooch 1984). 

This boom captures frazil that arrive largely in the form of ice 

floes and prevents a large blockage from forming downstream. 

However, booms can operate only where flow velocities are 

low to moderate, and ice in the form of relatively well formed 

floes can be expected. A permanent structure is planned for 

Oil Creek, a major tributary (Deck and Gooch 1981) of the Al

legheny River. This structure will capture frazil that arrives lar

gely in the form ofslush by creating a large, slow velocity reach 

upstream of the structure. This will promote the formation of a 

permanent ice cover upstream of the structure, and should 

greatly reduce the contribution of the tributary frazil to the 

blockage on the Allegheny River. 

Cheaper solutions than large, permanent structures are 

sought for locations not suitable for booms. The use ofnets, fen

ces or screens, which would be deployed across the stream, are 

under consideration (Perham 1981, Perham 1986, Foltyn 1986, 

Earickson and Zufelt 1986). To date, while laboratory and field 

experimental results have been encouraging, none have yet 

been deployed as permanent solutions. 
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There bas, as yet, been no systematic way ofdetennining the 

efficiency ofany frazil control structures. In areas where booms 

have been installed, the prevention offlooding and maintenance 

of intake discharges testifies to their success. Efficiency can be 

detennined in two ways, the capture efficiency and suppression 

efficiency. Capture refers to the ability of the structure to retain 

the frazil that arrives within the reach of the stream under its in

fluence. Suppression refers to the ability of the structure to sup

press the upstream production of frazil. High capture efficiency 

should imply high suppression efficiency, dependent, ofcourse, 

on the upstream hydraulic conditions. This suggests the care 

that must be taken in siting these structures. For the present, 

reliable siting of ice control structures must depend on the in

sight ofexperienced field engineers. 

SUMMARY 

This paper bas presented a selective overview of the research 

into frazil ice. As can be seen, the development of theory, in

strumentation, and control structures has not proceeded on a 

parallel course for all stages of frazil evolution. The earliest, 

dynamic stage offrazil formation is probably the best described, 

yet there has as yet been no application of this theory to a prac

tical situation. A fundamental understanding of frazil formation 

could lead to means of disrupting the formation, such as by ar

tificial seedings, modification of the fluid turbulence, etc. The 

development of instrumentation, again, has increased our 

ability to view and sample frazil, but as yet has not provided 

much benefit for the design and siting of ice control structures. 

To date, the successful use of ice control structures relies heavi

ly on the insight of experienced field engineers. Theory or in

strumentation bas not made their job easier, but the potential is 

large. A major task now is the synthesis of existing theory and 

instrumentation for application in ice control. 
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HEAT LOSS IN MULTI-STORY BUILDINGS DUE TO OPEN 

WINDOWS 


by 

Scott Oelfke 


ABSTRACT 

Cold air inflltrating into buildings through cracks around 
windows and in walls can be a major source of heat loss in the 

winter months. Open windows will cause proportionately 

greater losses due to the large openings they make in the build
ing exterior. Heat losses in three multi-story buildings on the 

University of Alaska Fairbanks campus were analyzed by ob

serving the number of open windows during the period of study. 

A simple computer program was developed to calculate pres
sure differences across building openings. Resultant heat losses 

were found to be a significant fraction of the heating load, and 

can be attributed to the needs of the occupants to maintain an 

acceptable level of thermal comfort in their rooms. 

INTRODUCTION 

High levels of inflltration in buildings are a concern at near

ly any latitude. But the problem can become acute at high 
latitudes when very cold air inflltrating into buildings provides a 

long term source of heat loss. The extent which inhabitants are 
likely to increase infiltration rates by opening windows in sub

freezing temperatures is difficult to quantify due to changing 

conditions of temperature, air change and odor production in 

buildings. Given arctic weather, open windows are not general

ly a problem in Fairbanks, but in the case of multi-story build

ings, decreasing air change from natural ventilation in the upper 
stories is likely to put an added burden on the buildings heating 

and ventilating system. Ifthe system is incapable ofmaintaining 
an adequate building environment, occupants may resort to 

using outside air for ventilation even if it increases heat loss. 
This is especially true if the occupants pay a fixed rent and do 

not bear heating costs. The focus of this paper is to estimate the 
contribution occupants make to heat loss in three multi-story 

buildings by opening windows and determine whether their ac
tions have a bearing on long term heating load. 

METHOD OF INVESTIGATION 

Inflltration is usually found by determining the amount of 

open area in the building exterior due to cracks around windows 

and doors, calculating the pressure differences across these 

openings and using an empirical equation to fmd air flow rate. 

The contribution open windows are likely to make to building 

infiltration mtes is more difficult to analyze since the extent 

windows are left open depends on such variable factors as out

side tempemtures and internal building conditions. In a case 
study to determine the effect open windows have on building 
infiltration, observations were made of the upper dormitory 

complex at the University of Alaska Fairbanks. The complex 

provides living accommodations for approximately seven 
hundred and fifty students in double and single rooms, and is 

actually three buildings connected by a common lobby area 
where the residents enter and exit Except for height, all three 

buildings are nearly identical in dimension and internal layout 
and because of their uniformity lend themselves well to inflltra

frable 1. 
!PERCENTAGE OF OPEN WINDOWS 
I Floor Skarland Bartlett Moore 

1 - - - • 
2 14 2 9 
3 54 3 13 

4 32 8 12 
5 - 18 22 
6 - 20 27 
7 - 22 [8] •• 
8 - 27 [8] 

* The ground floors of all buildings are used as common 

recreation areas and are not considered in the analysis. 

** The upper two stories in Moore Hall are usedfor short-term 
stays by guests ofthe University. Many ofthese rooms remain 

empty for extended periods of time. 

Scott Oelflce is a geological engineering student at the University ofAlaska Fairbanks. This article was written as a term paper for 

CE 603, Arctic Engineering. 
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Figure I. Typictll Floor Plan for Upper Dorm Compkx. 

tion analysis. Floor plans for the three buildings are given in 


Figure 1. 


During the study, the area of infiltration was measured by 


physically counting open windows in the complex. The num


bers of open windows at varying outside temperatures were 


recorded on a floor by floor basis for each building so any cor


relation to building height would be found. A total of sixty-nine 


· data points collected from 10/4/87 to 11/16187 when the outside 

temperature varied between 570p and _gap are used in the 

analysis. The percentages of open windows are given by floor 

and by building in Tables 1 and 2. 

I Table2. 


!PERCENTAGE OF OPEN WINDOWS BY BUILDING 


I Building % 


I 
Skarland 20 

Bartlett 42 

Moore 38 

28 

The windows in Moore and 

Skarland pivot outward from the 

top of the frame and provide an 

area of approximately 2.4 ft2 

when fully open. The windows in 

Bartlett pivot from the center and 

give a similar amount of area 

when fully open. Since it was not 

always possible to determine the 

degree the windows were ex

tended, all windows are taken to 

be open halfway. Also, because 

the window configuration 

prevents air from entering normal 

to the plane of the wall, the 

remaining area is reduced by one 

half leaving an equivalent open 

area of 0.6 rr per open window. 

This method is arbitrary and has 

no known basis in theory, but its 

intent is to give an area of in

filtration that can be used with 

confidence in calculating heat 

loss. 

The pressure gradient between inside and outside air is as

sumed to be a function of both wind and thermal buoyancy ef

fects.1 Wind pressures cause infiltration due to overpressures 

on windward sides and exfiltration due to underpressures on 

leeward sides ofbuildings. The pressure differential due to wind 

can be described by equation (1): 

pCpVw2 
Pw= (1)

2gc 

Where: 

Pw = pressure differential due to wind (Pa) 

p = density of air (Kg/m3
) 

Cp = wind pressure coefficient 

Vw =wind velocity (m/sec) 

gc =dimensionless constant 

The wind pressure coefficient is introduced to account for 

overpressures and underpressures on the building facade. Table 

3 gives approximate values of wind pressure coefficients for a 

rectangular building with normal and quartering winds.1 Coef-
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1987.2 

ficients due to a normal wind are used to calculate wind pres

sures from an average 5 mph wind in Fairbanks in October 

Thermal or 'stack' effects are the result of temperature dif

ferences between inside and outside air. 3 As wann inside air 

rises it leaves a vacuum in the lower floors causing infiltration 

of cold denser outside air. This movement also causes higher 

pressures in the upper floors and subsequent exfiltration at the 

top ofthe building. Stack effects become more significant as the 

height of the building increases and the outside temperature 

decreases. The actual stack pressure can be calculated using the 

equation:4 

CdPobg [~-~]Ps = (2) 
Rage To Ti 

Where: 

Ps = pressure difference due to stack effect 

Cd = draft coefficient 

Po = outside pressure (psia) 

h = height above neutral pressure level (ft) 

g = local acceleration due to gravity (ft/sec~ 
Ra = gas constant of air (ft-lbr/lbm-R) 

gc =constant (lbm-ft/lb f-sec2
) 

To = outside temperature (R) 

Ti = inside temperature (R) 

The draft coefficient is a measure of the extent which floors, 

walls and other partitions inhibit the upward flow ofair. During 

a study of three highrise buildings, an ASHRAE task force 

found that the draft coefficient varied between 0.63 and 0.82. 3 

The more conservative value of 0.63 is used to calculate stack 

pressures in the complex. The neutral pressure level is the point 

where inside and outside pressures are equal. This point is es

timated as forty-five feet in Moore and Bartlett Halls by noting 

that the number of open windows increases significantly above 

the fourth floor and attributing this to exfiltration above forty

five feet A neutral pressure level of twenty feet is estimated for 

Skarland Hall. 

The total flow rate across an opening can be estimated using 

the general expression: 1 

Q=C Apn (3) 
Where: 

Q = volumetric flow rate 

C = flow coefficient 

A= cross sectional area of opening 

P = pressure difference across an opening 

n = exponent whose value depends on the type of flow in 

the opening (suggested values: 0.4 to 1.0) 1 

A comparable empirical equation has been given by Croome 

and Roberts (1975) for flow in openings due to wind:5 

Q = 0.827 A .,05 (4) 

Where: 

Q =flow rate (m3/sec) 

A=area(~) 
P = pressure difference across opening (Pa) 

The general equation for volumetric flow rate (3) is used to 

estimate infiltration in the complex. A number of simplifying 

assumptions are made in the analysis. The total pressure dif

ference across openings is calculated by adding the heads due to 

stack and wind pressures and neglecting building pressuriza

tion. Pressure changes across openings are less than the sum due 

to stack and wind pressures combined? But the low average 

wind velocities in Fairbanks cause the pressure head due to 

wind to be small, and the total pressure does not change sig

nificantly when wind pressures are added directly. The Univer

sity Physical Plant does attempt to maintain positive static in the 

buildings. But the level is a matter of conjecture since it is ap

parent that infiltration is occuring in the lower stories. Open 

windows will of course change the pressure distribution in the 

buildings, but for the sake of simplicity this model assumes no 

large openings in the building facade. A FORTRAN computer 

program is used to calculate a range of probable infiltration 

rates assuming an exponential value of0.4 and flow coefficients 

of 0.4 to 0.8. One half of the total volumetric flow rate in the 

buildings is used to calculate heat loss. This simplified model of 

Table3. 

PRESSURE COEFFICIENTS FOR A RECTANGULAR 

BUU..DING 
Building Normal Quartering 

Wall Wind Wind 

Windward 0.95 0.70 

Sides -0.40 

Leeward -0.15 -0.50 
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pressure distribution within the complex is known to be only a 

gross approximation of true conditions. But since little ex

perimental work has been done on these buildings, a simple 

model using conservative values for flow, draft and wind pres

sure coefficients would be appropriate. 

RESULTS 

In order to fmd the area of infiltration in the building ex

terior, a plot of open windows as a function ofoutside tempera

ture was curve fitted using a personal computer and GRAPHER 

software. An inverted plot is shown in Figure 2. Exponential 

regression gives the best fit for the data, and the resulting equa

tion multiplied by the area per open window gives the equation 

for infiltration area: 

tJ. =e0.0264T *40.5 (S) 

Where: 

tJ. = area of infiltration (ft2) 

• 

• 
• 

• 
•-•• 

• 

T =outside temperature ~ 

From the viewpoint of energy conservation, a curve plotted 

above and to the left of the one shown is preferable. Heat loss 

would be reduced as residents begin closing windows at higher 

temperatures. The optimum situation would be to have no win

dows open whenever the outside temperature drops enough so it 

becomes necessary to heat the building. For a variety of 

reasons, not the least of which is human psychology, it is un

likely that all windows in a building housing seven hundred and 

fifty people will be closed no matter how low the temperature. 

But the relative position of this curve can be used as an indirect 

indicator of the ability of the HV AC system to maintain an ac

ceptable building environment Equation (5) which describes 

this curve is used in the computer simulations to calculate the 

flow rates at varying building pressures and outside tempera

tures. 
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Pressure gradients calculated across building ~able4. 
walls indicate that rooms above the neutral pressure rRESSURE DIFFERENCES BY FLOOR (IN. WA 1ER)* 
level are almost totally dependent on mechanical 

ventilation to maintain acceptable levels of air I Smph Wmd quality when windows are closed and wind velocities 

are low, Table 4 gives calculated pressure differen

ces in Bartlett at a temperature of 3<fF and wind 

velocities of 5 and 20 mph. 1 0.0376 0.0359 
Notice that exfiltration is likely in the top three 2 0.0295 0.0275 

stories. This is in agreement with other studies show 3 0.0215 0.0195 

ing that inftltration is nearly negligible above the 4 0.0134 0.0115 

neutral pressure level in multi-story buildings.5 The 5 0.0054 0.0034 

6 	 -0.0026 -0.0046 results of the computer simulations show that Moore 
7 	 -0.0107 -0.0126 and Bartlett Halls are strongly stack dependent at 
8 	 -0.0187 -0.0207 temperatures below 4<fF and wind velocities less 

than 5 mph. Skarland Hall, having fewer stories, is 
* Negative sign indicates exfiltration. less stack dependent. But at the low wind velocities 

usually encountered in Fairbanks, the stack effect 

dominates during the winter months. 

A qualitative measure of stack dependency can be observed 

in the data by noting the distribution of open windows and in

side temperatures by floor. Typically fifty percent of windows 

are open on the top floor even when the outside temperature 

drops into the single digits, and the top two floors accounted for 

nearly fifty percent of the open windows in the buildings. In

door temperatures taken in building hallways are given in Table 

5. Subsequent spot checks of hallway temperatures in Skarland 

show a temperature drop of up to 3<>p. Accordingly, the 

temperatures given are taken to be accurate to within +/- 3<>p 

over the course of the study. 

The general increase in temperature with building height 

caused by hot air rising into the upper stories is apparent in 

Table 5. Temperatures above 7-t>F exceed the comfort limits for 

sedentary adults wearing clothing with an insulating value of 

l.OClo. 6 

Flow rates due to inftltration or exftltration on each floor are 

added to fmd whole building flow rates. Whole building flow 

rates at 10<>p intervals are given in Table 6. 

One half of these flow rates were used to estimate heat loss 

in the complex using the equation: 

Q=mCpaT (6) 
Where: 

20mph Wmd 

0.0359 * 0.0585 0.0268 0.0326 
0.0279 * 0.0505 0.0187 0.0236 
0.0199 * 0.0424 0.0107 0.0166 
0.0118 * 0.0344 0.0026 0.0085 
0.0038 * 0.0264 -0.0054 0.0005 

-0.0042 * 0.0183 -0.0134 -0.0075 
-0.0123 * 0.0103 -0.0215 -0.0156 
-0.0203 * 0.0020 -0.0295 -0.0236 

Q = heat loss (BTu/hr) 

m =mass flow rate (1b/hr) 

Cp = specific heat of air 

(BTU/lbOp} 

aT= temperature difference between 

indoor and outdoor air (Op) 

Heat loss in BTU/hour is plotted as a function of temperature 

. in Figures 3 to 5. The curves show heat loss reaching a maxi

mum between 10<>p and 20<>p due to the combined effects of 

low outside temperature and large inftltration area. Losses may 

h;ble5. 
MPERATURE CF) BY FLOOR 

I Floor Skarland* Bartlett** Moore*** 

1 63 63 
2 74 70 70 
3 79 72 74 
4 77 75 75 
5 76 76 
6 77 77 
7 77 
8 75 

Measurement taken 10126187* 
** 	 Measurement taken 11/4187 

Measurement taken 11116187~·· 
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Table6. 
!vOLUMETRIC FLOW RATES FOR WIND VELOCITY OF 5 MPH (m3/sec)* 

TEMPERATURE ("F)
Building -10 0 10 20 30 40 50 60 

Bartlett 1.23 1.56 1.90 2.27 2.69 3.09 3.39 3.36 

Moore 1.10 1.34 1.63 1.96 2.31 2.66 2.92 2.93 

Skarland 0.49 0.60 0.72 0.87 1.02. 1.17 1.28 1.30 

reach 3.0 x 105 BTU/hour for the total complex if a flow coeffi CONCLUSION 
cient of 0.8 and an indoor temperature of 7Q0p are assumed. If The extent which heat loss may occur through open windows 
these assumptions are correct, heat losses could approach may be surprising given these buildings geographic location. 
15 - 30% of the heating load over the long term. But the problem of open windows is an old one at the University 
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and in the past has caused damage due to frozen pipes as well as should be evaluated to obtain an improved model. But the 


waste due to excessive heat loss. Certainly a detailed appraisal results in this paper may cause a moments reflection on the 


of the building HVAC system is needed. Older systems that desirability of human engineering buildings. This is preferably 


were once sufficient may over time become inadequate for done before the building is infested with hundreds of people 


building needs? Indoor temperatures on the upper floors in par who try to subvert a fully engineered heating system by "warm


ticular seem too high. But it would be wrong to assume that all ing up the whole outdoors." 


the blame lies with the building's heating and ventilating sys
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USE OF WOOD FIBER IN LIGHTWEIGHT EMBANKMENTS FOR 

NORTHERN APPLICATIONS 


by 

Robert J. McMahon 


INTRODUCTION 

Traditional methods ofroadway construction are undergoing 

close scrutiny by various highway agencies in the United States. 

The State of Alaska has concentrated on problems relating to 

cold region phenomena such as permafrost characteristics, ther

mal insulation material research, and cold weather construction 

techniques. Many theories and proposals exist concerning the 

thermal degradation ofice rich permafrost and the resulting dif
ferential settlement of embankments. The solution was thought 

to be easily stated but difficult to practice: preserve the thennal 

regime of the existing conditions. Recently attention has turned 

to the nature of permafrost as an engineering material. The idea 

of plastic deformation of permafrost, while not new. is now 

regarded as an important characteristic to be studied and incor

porated as a design parameter. Plastic flow of soft soil strata 

such as clay deposits and slope failure areas has fostered 

designs consisting of lightweight fills in the state ofWashington 

and in Norway. Wood fiber has been used for applications re

quiring lightweight fills with surprising success. Wood fiber 

used as a fill for embankment material may present a unique en

gineering solution to arctic construction problems that is practi

cal, economic, and durable. 

Use of wood and more particularly wood fiber and "chips" in 

embankment construction is not new. Cities such as Aberdeen 

and Hoquiam, Washington are largely built on landfills con

structed with sawdust or woodwaste from the nearby pulp 

mills.1 Whole timbers have been used as a stabilizing course 

and as pilings in roadway embankments by Scandinavian En

gineers as early as 1900. A National Board of Roads was 

created in Sweden around the middle of the 19th Century which 

issued technical instructions dealing with construction of em

bankments over soft soils. Brushwood, piles, and timber gril
lages were commonly used to increase the bearing capacity of 

the unstable soils? 

Modern use of wood fiber as an engineering material on the 

major highway systems of the United States has been limited. 

Current use of wood fiber embankments has been primarily as a 

lightweight fill over soft soil conditions and in slide failures. 

The state of Washington has constructed 22 wood fiber fills of 

varying material sizes and species. Six fills were constructed 

over soft soils with 16 constructed as landslide corrections. The 

state of Alaska has constructed one wood fiber fill to try and 

solve the problem of differential settlement due to thermal 

degradation of ice rich permafrost The idea is to utilize both the 

thennal qualities and the light weight characteristics of wood 

fiber. 

Northern regions have unique problems in embankment con

struction mainly related to ice rich permafrost. Traditionally, 

when ice rich permafrost was encountered, two methods were 

available-keep it frozen or keep it thawed. Designs to reduce 

or eliminate settlement dealt mostly with protecting the thermal 

regime and enhancing structural strength. Recently research has 

focused on the nature ofpermafrost as a structural material. Per

mafrost is known to be viscoelastic and "creep" under load with 

time. These deformations are non-recoverable and are tempera

ture related. In areas of discontinuous permafrost, frozen soils 

have temperatures at or near the melting point. It is near this 

temperature range that plastic flow is the greatest. 

THE PROBLEM IN DETAIL 

Areas of discontinuous permafrost present some of the most 

complex problems to overcome in embankment construction. 

When permafrost is present in this region the exact location and 

extent of potentially harmful areas is hard to predict with areas 

occurring where it would be least expected. Additionally, the 

permafrost in this region is at or near the melting point making 

the permafrost "soft". Viscoelastic flow or "creep" adds to the 

existing problem of thermal degradation, another potential 

problem of settlement due to the static surcharge of the embank-

Robert McMahon is a civil engineer from the Univeristy ofUtah, who now worksfor the State qJAlaska Department ofTransporta

tion. This article was written as a term paper for CE 603, Arctic Engineering. CE 603 is one of the requirements for professional 

registration in the State ofAlaska. 
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ments themselves. Flow of the permafrost occurs when the ice 

crystal structure is broken down and then reoriented. Creep of 

permafrost is known to be dependent on stress, duration of load

ing, and temperature. Near the melting point viscoelastic flow 

of the pennafrost begins to influence settlement and may be the 

greatest detrimental effect in warm permafrost areas. With the 

idea of creep taken into account, embankment settlement be

comes a two fold problem: one of deterioration of the thennal 

regime of the soil strata which relates to melting, and one of 

loading and loading temperature which relates to plastic flow of 

the pennafrosl Research and design relating to the preservation 

of the thermal regime is well documented. The use of ther

mosyphons for artificially lowering soil temperatures has been 

known for more than 30 years and work well when properly in

stalled and maintained. Insulation materials such as closed cell 

extruded polystyrene board incorporated in the embankment 

sections have proven to work in a variety of applications. Un

fortunately these solutions do not account for the flow charac

teristics of pennafrost. 

The State of Alaska Department of Transportation has been 

monitoring both the thermal characteristics and displacements 

of a section embankment built over an area of ice rich per

mafrost since initial construction in 1975. The embankment was 

constructed over a known area of ice rich permafrost and closed 

cell polystyrene insulation was placed in the embankment cross 

section in the original construction. Survey data collected over 

the ten year period showed settlement of the original embank

ment occurring at the rate of 11.75 inches a year. Stabilization 

benns constructed at the base uplifted at a rate of 2. 75 inches 

per year. Temperature recordings showed the pennafrost to be 

at an average temperature close to 0.4°C at a depth of ap

proximately 27 feet in the undisturbed forest areas near the site. 

The subsurface temperature profile indicated the maximum 

freeze and thaw depths were both approximately 18 feet, and 

that embankment and foundation soils below that depth had 

remained frozen.6 It was believed that plastic flow was the 

main cause of the large settlements in this section. 

ENGINEERING CHARACTERISTICS OF WOOD 

FIBER 


Realistic engineering properties for wood fiber fills are dif

ficult to establish. The non homogeneous nature of the materials 

makes analysis hard to correlate between different fills and 

within the same fill if a variety of species are used. The unit 

weight of dry sawdust has been found to be 20 pcf with a field 

wet unit weight of 40 to 60 pcf.2 Strength values have been 

much more difficult to obtain. Typically, wood fiber will con

tinue to gain strength with increased compression. Triaxial 
shear tests have indicated equivalent friction angles of 2SO for 

sawdust with a maximum size of 1(1. inch. Dutch cone tests 

taken on the Raymond fill area in Washington have indicated 

equivalent friction angles of 38° for sawdust with a large por

tion of interlocking fibers. Plate bearing tests from the same fill 

area have indicated the modulus of elasticity at 1000 to 4000 

psi. Wood chips from planers and log chippers were found to 

have low strengths due to the unifonnity of the particle size and 

resultant poor fiber interlock. The equivalent friction angle of 

wood chips was 28°.2 The engineering properties of wood 

fibers vary considerably which indicates that more research 

needs to be done. 

ADVANTAGESIDISADVANTAGES 

The use of wood fiber for embankment fill in ice rich per

mafrost is advantageous for four reasons. First, the relative low 

density reduces the weight of the embankment from 1/3 to l{l 

that ofconventional borrow fills. This reduces the forcing stress 

on the viscoelastic pennafrost. Case studies have shown the 

wood fiber fills to be effective in slide areas in both the state of 

Washington and in Norway where the bearing capacity of the 

underlying strata required a light bearing pressure. Second, 

wood fiber is more thennally resistive than conventional fills. 

Gravels with some sand and silts have resistive values of 22.8 

BTU/Hr.in.ft.F, while sawdust generally has resistive values in 

the order of 2.22 BTU/ Hr.in.ft.F. Saturation would bring the 

two values closer together, but wood would most likely be the 

more resistive. A third advantage of wood fiber fills is the ease 

of procurement and construction. For most areas, excluding far 

north tundra and high altitudes above the tree line, wood fiber is 

readily available close to the construction site. Wood also has 

good weatherability characteristics and may be stockpiled for 

use at later dates. Where lumber mills are not present, wood 

chipping techniques are well known and suited for remote 

operations. Placement and haul of the wood fiber may be done 

using the same equipment used in conventional borrow em

bankment, eliminating the need for special expertise or equip

ment. The fourth advantage to wood fiber fills is cost. 

Traditional methods of preserving the thennal regime, while 

functional, are not that cost effective. Insulation board currently 

priced at approximately $0.50 a board foot becomes a very ex

pensive solution when considering fills of any length or depth. 

Thennosyphons are costly to install and require maintenance 

for proper operation. Cost of wood fills have generally been 
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$4.00 to $5.00 /cy in place in the state ofWashington while con
ventional borrow fills (without any material source problems 
such as blasting) have been $2.00 to $3.00/cy in place. In the 
State of Alaska case study, cost of the wood chips was substan
tially higher at $30.00 /cy, but this is attributed to contractors 
being unfamiliar with the material as an embankment and is ex
pected to come down in cost as use increases. 

Disadvantages to using wood fiber as a fill material in em
bankments are leachates, spontaneous combustion of the wood 
fiber, and short tenn settlement of the embankment after con
struction. Decay of the wood fiber does not seem to present a 
serious problem in use as embankments. Decay of wood is 
known to be caused by microorganisms, mainly molds and 
fungi with some yeast and bacterial action also present All of 
the decaying mechanisms are slowed greatly with a reduction in 
temperature and available oxygen. Changes in strength proper
ties from microbial attack-most notably bending modulus and 
structural shear-have been related to reductions in the specific 
gravity of wood structural shapes1 • Extrapolation of this test 
data cannot meaningfully be made to wood fiber embankments. 
Embankment fills generally rely on bearing capacity only and 
are not expected to be affected by small changes in specific 
gravity. 

Spontaneous combustion of wood fiber stockpiles poses 
some problem when using green timber for generation of the 
fibers. Combustion occurs when oxidation and evaporation of 

ROCK CRUSHER 

the moisture through the large surface area of the fibers, 
together with imposed pressure, increases the temperature 
which then increases the evaporation resulting in an increasing 
cycle. As temperatures increase and approach 9<fF the reaction 
shifts from biological to chemical in nature. The possibility of 
combustion can be reduced by selection of aged deadwood for 
production of the wood fibers. Mixing and "turning over" of the 
stockpiles to promote air flow throughout the fibers cools hot 
spots and helps keep the reactions from progressing into the 
chemical stages. Additionally, sufficient lag times should be al
lowed for fibers to age (2-4 weeks), before being incorporated 
into fills. 

Leachates present the most serious problem in wood fiber 
embankment construction. Potential pollution of ground water 
flow from leached toxins does exist but with forethought in 
design, has not become a problem in prior applications. Wood
waste leachates vary widely from species to species and from 
bark to heartwood of the same species. Cedar is one of the most 
harmful species because of the acidic PH and tropolones which 
are toxic at low concentrations1

• The majority of extractions 
from wood are composed ofphenolic compounds in the form of 
tannins which contribute acidity and coloring to the leachate. 
Toxicity of the leachate results from two factors, the acidity of 
the leachate and specific organic compounds such as the 
tropolones. Potential environmental effects of wood fiber 
leachates include; depletion of the available dissolved oxygen 
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in the receiving waters, depression of the ground water PH, con
tamination ofreceiving waters with toxins, and aesthetic effects 
such as undesirable odors and colors. Methods to control or 
reduce potential water quality contamination consist of three 
approaches; flow reduction, treatment of the leachate, and 
material control. Flow reduction may be accomplished by 
buried drains or ditching to intercept any ground water or sur
face infiltration (see fig. 1) . Capping techniques and permeable 
gravel blankets beneath the wood fill also have been used in the 
Washington studies. British Columbia, Canada successfully 
utilized a polyethylene wrap to reduce both the water flow and 
oxygen flow to a wood fill. The amount ofpollutants in a given 
mass is fixed and a given amount of pollutants will leach out 
over time and be assimilated by receiving waters, but reduction 
in flow may reduce concentration levels at the receiving waters 
to acceptable levels. Leachate treatment is not a desirable alter
native because of the cost involved in the treatment of the 
leachate once it is collected. Filtration and aeration has proven 
to be effective in treatment and biological stabilization but addi
tional treatment is necessary to remove toxins. Material control 
is the most desirable method of leachate control. Species selec
tion provides a way to avoid undesirable leachate characteris
tics. Obtaining homogeneous fills make this approach difficult 
but a wide range of species have acceptable leachate charac
teristics. Pre-treatment of the wood fiber through washing prior 
to placement is also an alternative. 

CONSTRUCTION 

One of the outstanding characteristics of wood fiber is the 
workable nature of the material and ease of construction. 
Procurement, storage, and haul of the fiber are well understood 
and practiced activities common in the in the wood industry. 
Embankment construction with wood fibers follows general 
principles of standard embankment construction with a few ex
ceptions. Compactive efforts during placement differ from 
traditional construction because of the compressibility and 
resilience of the wood fibers as compared to soil embankments. 
Wood commonly will compress 15% to 20% oforiginal volume 
when placed under dead loads of wearing courses. Placement 
operations utilize much the same equipment used in traditional 
construction with exception of compactive equipment which 
has been found to be ineffective in consolidation of the wood 
fibers. Consolidation of the fibers is best accomplished by 
simple walking of crawler tractors throughout the fill as the lifts 
of2 to 3 feet are placed. Once the fill is in place; short term set
tlement due to the compressibility of the material will be en

countered. It is recommended that fills of wood fiber be sur
charged with an asphalt treated base and left to stabilize for 2 to 
8 months before placement of the surface wearing course . 

Measures to reduce air flow to the wood fibers must also be a 
concern in the design and construction of the fiber embank
ments. As noted reduction of the available oxygen greatly 
retards microbial decay. Where possible polyethylene barriers 
may be used with the benefits of both a moisture barrier and an 
air flow barrier which have proven to work quite well in case 
studies in Canada. The existence of methane gas within the fill 
confirmed the barriers effectiveness. Another possible method 
to reduce decay is chemical treatment of the wood. Preservation 
of this type becomes costly in large scale operations and may in
troduce additional leachate problems to deal with. 

Leachate problems for the most part can be dealt with with 
modifications of the embankment itself and to the drainage sys
tem surrounding the embankment area. Some of the design 
modifications include; paving the embankments all the way out 
to the shoulders and asphalt treatment of the side slopes to 
reduce runoff infiltration, provision for interceptor ditches with 
aeration ponds to collect any leachate for treatment, and proper 
selection and preparation of the wood fibers prior to placement. 

CONCLUSIONS 

The application of wood fibers to roadway embankments 
may provide a convenient solution to the most perplexing 
problem northern engineers face. Prior case studies have 
yielded excellent results in the State of Washington when used 
for soft soil conditions. Much work needs to be done in the areas 
of further defining both wood fiber and permafrost engineering 
properties. Important values need to be established for the vis
coelastic properties of permafrost as well as engineering proper
ties of the wood fibers such as compressibility values as in 
clays, and reliable values for the modulus of elasticities of 
various fiber sizes and species. Only time will tell how long the 
design life of wood fiber fills will be and for that matter if they 
have been effective in the treatment of viscoelastic permafrost. 
The indications are however that wood will be used as a road 
building material for quite sometime to come. 
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A SHORT IDSTORY OF ENGINEERING EDUCATION IN ALASKA 

by 

AI Paulson, Charles Sargent, P.E. and James Tiedemann, P.E. 

The story of engineering education in Alaska begins once 

upon a time, when Anchorage was a tent city established for 

building the Alaska Railroad and Judge Wickersham was 

Alaska's delegate to Congress. A bill written by Wickersham in 

1915 gave Alaska a land-grant college. Ironically, 

Wickersham's opponent in the bitter 1914 Alaska congressional 

election became the founding president of the Alaska Agricul

tural College and School of Mines. Judge Charles Bunnell as

sumed his presidential duties in December of 1921. 

The intervening six years between passage of Wickersham's 

bill and Bunnell's appointment were spent overcoming substan

tial political and fmancial problems. A single building (Old 

Main) was built on College Hill in 1918, but the next territorial 

legislature appropriated no funds for the college. Several years 

later, funding was provided to complete construction and hire 

faculty. 

Bunnell labored for nine months to develop a faculty and 

curricula, and to prepare the myriad details that make a campus 

work. The Alaska Agricultural College and School of Mines 

opened on September 18, 1922. The first six students to enroll 

were greeted by the college's six faculty members, President 

Bunnell and his secretary. Six late arrivals doubled enrollment 

for the frrst semester. 

Shaky funding continued to plague the college, which nar

rowly avoided bankruptcy on numerous occasions. Bunnell fre

quently solved financial emergencies with his own money. Yet, 

throughout these difficult years, the college continued to grow. 

Dedklllion Cerawrri.sfor the Alasb Agrkultul'lllColkge tuUl Sclwol ofMiMI _, lteld irrfrorrt ofOld Main orr September 3, 1922. Pltoto coflrlley ofthe 

Cluuks BurrrreU Colkctiorr irr the Alasb Polar Regiorr1 DepL ofthe RtumU~orrUbrary. 

AI Paulson is Editor for the Institute ofNorthern Engineering. Charles Sargent is Dean Emeritus ofthe School ofEngineering and 

James Tiedemann is Professor Emeritus ofthe School ofEngineering, all at the University ofAlaska Fairbanks. 
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Civil engineering played an important role in these early 

years. While none of the first twelve students were engineering 

majors, a civil engineering cmriculum did appear in the frrst 

catalog. By 1925, an addition had doubled the size ofOld Main, 

the college had hired two professors of "civil engineering and 

mathematics," and four students had enrolled in civil engineer

ing. 

Walter Kuban was the frrst graduate of the CE program in 

1931. This was an eventful year for the college. Enrollment in 

civil engineering rose to 31, and construction began on the gym

nasium, now known as Signers' Hall. Recruitment began for 

another professor of civil engineering and mathematics. The 

individual who was hired turned out to have a lasting impact on 

the campus: William Elmhurst Duckering. 

Duckering joined the faculty in 1932. He soon became the 

head of the department of civil engineering and mathematics. 

While Duckering remained department head until his death in 

1950, he also became the dean of faculty, and later, dean of the 

university. His contributions to the success of the school were 

substantial and enduring. A grateful university named its new 

engineering building after him a decade after his death. 

The mid-1930s were a time of growth and optimism at the 

college, which had expanded to eighteen faculty teaching 150 

students. Duckering became the Dean of Faculty, and Helen 

Linck became the frrst woman at the college to graduate with a 

bachelor's degree in civil engineering. Bowing to pressure from 

the trustees, faculty and alumni, the territorial legislature 

changed the name of the Alaska Agricultural College and 

School of Mines to the University of Alaska. 

A fifth year was added to the engineering program in 1938, 

which made it possible to earn a bachelor of civil engineering 

degree. A four-year student, however, could obtain a bachelor 

of science in civil engineering. 

By 1940, the university had awarded 28 degrees in civil en

gineering. The same year, the department was accredited by the 

Engineering Council for Professional Development (ECPD). 

Then the moose nuggets hit the fan. War erupted in the Pacific, 

and the university immediately suffered on several fronts. 
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The first assault came from an unexpected quarter--the U.S. 

Army. The advent of war caught the military with a dearth of 

facilities in Alaska. The Army concluded that the university 

campus could provide the critically needed facilities. While 

some Army officials wanted to completely commandeer the 

campus, President Bunnell persuaded General S.B. Buckner 

(commanderof the Alaska Defense Command) to accept a com

promise. The second assault came from the resignations of 

faculty members who volunteered for military service or the 

Civilian War Service. 

The Army took over 70 percent of the campus facilities, but 

the university was permitted to operate at a reduced level. As 

drastic as this reduction was, the university fared much better 

than nearby Fairbanks. Prior to the onset of hostilities, about 95 

percent of the people in Fairbanks worked for a single gold

mining company. Considered a "nonessential" activity by the 

federal government, all gold mining in Alaska ceased; at least 

the University of Alaska was still open for business. 

In spite of the war, some new courses in electrical engineer

ing were taught by a part-time instructor from the physics 

department Enrollment reached a war-time low of 67 students 

in the 1943-44 academic year; the university muddled along as 

best it could. Unfortunately, the university's problems did not 

disappear after the war ended. 

Thanks to the GI Bill, enrollment skyrocketed to 373 in 

1946. The territorial legislature, however, failed to appropriate 

the necessary revenues, so university funds were frozen in 

1947. The university survived by borrowing money from in

dividuals and private companies in the Fairbanks community. 

At the age of 70 and in ill health, President Bunnell retired. 

Dr. Terris Moore assumed the helm and presided over four 

years of dramatic construction and expansion at the university. 

In 1950, civil engineering and mathematics became separate 

departments. A department of electrical engineering appeared 

within a year. 

Dr. Ernest Patty became the university's third president in 

1953. Patty had been one of the six original faculty at the col

lege, and he served as dean of the college from 1925 to 1935. 

Under Patty's presidential leadership, construction and expan

sion continued throughout the 1950s. 

Engineering grew too. Galen Hansen and Aaron Downing 

graduated with the frrst degrees in electrical engineering earned 

at the University of Alaska. The electrical engineering depart

ment received its ECPD accreditation the following year. Two 

future deans--Charles Behlke and Charles Sargent--served as 

heads of the civil engineering department and then temporarily 

left the University of Alaska to pursue graduate degrees. 

The last two years of the decade were a time of dramatic 

change in engineering education in Alaska. A chemical en

gineering program was add,·J, and the fifth year B.C.E. degree 

was abandoned. Then the departments of civil, electrical and 

chemical engineering were loosely organized into the "Division 
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of Engineering." Other than the School of Mines, this was the 

firSt time that departments had been consolidated into a group
ing since the university began. 

A new program in engineering management was started in 

1958 to give engineers who would be in executive or 

managerial positions a background in management principles. 

The intent of this master's program was to provide about the 

equivalent ofa bachelor's degree in industrial engineering. Of
fered in both Fairbanks and Anchorage, the course has become 

one of the most popular graduate programs in engineering at the 
University of Alaska. 

The 1950s were also a time of political change. The univer

sity hosted the Alaska Constitutional Convention (which con

vened in 1955); Alaska became a state four years later. 

Statehood provided a more favorable political and financial en
vironment for the university. 

The new state government was able to provide greater fund
ing for the university than could the territorial govemmenL 

Federal funds also became available with statehood. The pace 
ofevolution at the university accelerated. 

A new president. William R. Wood, began to reorganize the 

university in 1961 to reflect the expanded academic, research 

and public service activities that blossomed in the favorable 

political climate. Wood divided the academic programs into six 

colleges to gather all of the related basic sciences and profes

sional studies into one college. The College of Mathematics, 
Physical Sciences and Engineering included the departments of 

mathematics, chemistry, physics, civil engineering, electrical 

engineering, chemical engineering and engineering manage

menL Charles Sargent became dean of the college, and Elbert 
Rice became head of the civil engineering departmenL Con

struction of engineering's present home--the Duckering Build

ing--began in 1961 as well. 

By 1965, the second phase of the Duckering Building was 
completed, engineering research was consolidated into a new 

organization called the Arctic Environmental Engineering 

Laboratory. and the university catalog contained UAF's firSt 

four-year curriculum in mechanical engineering. But the ME 
program existed on paper only. There were no faculty and no 

students. Within several years, the mechanical engineering 

program had actually become a department with Dr. Eb Rice as 

head in addition to his duties as head of the civil engineering 

departmenL He had only one mechanical engineer to help teach 

the ME courses. 
After a fair amount of turnover in the one full-time ME posi

tion, Rice recruited James Tiedemann, who was seeking a sab

batical from aerospace engineering at the University of Kansas. 
Because of a school-age daughter, Tiedemann was seeking an 

exotic and faraway land that spoke English. 

Although Tiedemann planned to be another "one-year 

wonder," he extended his leave from Kansas for an extra year 

when Rice could not fmd a replacemenL Mechanical engineer

ing produced its firSt graduate, Jerry Alborn, and--somewhere 

along the way--Tiedemann rediscovered an old Alaskan 

proverb. "You spend the firSt year wondering why anyone 
would want to live here, and the second year wondering why 
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you don't want to go home." While Tiedemann returned to Kan

sas after two years, the Great Land eventually lured him back. 

In 1961, Charles Behlke became the dean of the College of 

Mathematics, Physical Sciences and Engineering, Charles Sar

gent became the executive director for planning and operations 

for the statewide university and Dr. F. Lawerence Bennett came 

to the university as the head of engineering management. The 

next year, engineering research was reorganized as the Institute 

of Arctic Environmental Engineering. 

This was also a time of transition for the university 

statewide. Prior to 1968, university construction was limited to 

the original campus at Fairbanks. Thereafter, the statewide ad

ministration began to expand the campuses at Anchorage and 

Juneau. 

By the early 1970s, enrollment at the Fairbanks campus 

topped 3,000 and statewide enrollment reached more than 

10,000. That was the good news. The bad news was that the In

stitute of Arctic Environmental Engineering and the curriculum 

in chemical engineering quietly died. President Wood retired, 

and his replacement--Or. Robert Hyatt--began a sweeping reor

ganization of the statewide university system. Hyatt believed 

that the time had come to abandon the regional system, and that 

greater attention should be given to higher education in rural 

Alaska. A master's degree program in arctic engineering was 

begun in the late 1970s to train engineers who had to deal with 

the unique challenges of design, construction and operations in 

the cold regions of the world. The School of Engineering was 

established as the parent organization of the departments of 

civil, mechanical and electrical engineering. 

About this time, a book written by Eb Rice was published, a 

book destined to become a classic in arctic engineering./JJ4i1d:. 

in~ in the North compiled more than 20 years ofengineering ex

perience in cold climates. 

As Max Brewer said in his forward to the 1975 edition, "Eb 

Rice has attempted to bridge the gap between theory and practi

cal, down-to-earth engineering for construction in the 

Northland. In fact, he does bridge the gap for those serious 

workers who are not so locked into preconceived notions and 

temperate climate thinking that they can no longer ask, 'Is there 

a better way?' Because there is." 

Articles by Rice that had appeared in the Northern Engineer 

over the years provided the nucleus for the original edition. The 

original text of Buildin~ in the North was modified slightly in 

December 1982 to reflect current costs, data and practices of the 

time. While parts of the text are now a bit dated, the volume is 

still used as a textbook for courses in arctic engineering at the 

University of Alaska, and at universities in Washington and 

Texas. Video tapes of his lectures are still used to help satisfy ··11 

requirements to become a registered professional engineer in 

Alaska. Rice's work was rich with wit, humor and concern for 

the individual. 

Rice took great delight in assuming any side of a discussion

-even both sides at the same time--to promote thought. He was 

an educator who will be remembered. Eb Rice continues to 

slimulate yet another generation of young engineers through his 

writings and videotaped lectures. He has left a rich legacy to 

Alaskans and all peoples of the North. His death in 1982 was a 

loss to all who knew him and a loss to all who work in the 

Arctic. 

Several other engineering faculty also pioneered the use of 

video tapes to provide educational opportunities to Alaskans in 

remote areas and to engineers as far away as Japan. This effort 

has expanded to offering courses for credit in engineering 

management by satellite to students across the entire country 

through a new organization called the National Technological 

University (NTU). UAF is one of 22 major universities provid

ing courses to the National Technological University. UAF's 

videotaped engineering courses are now distributed nationally 

as noncredit telecourses through AMCEE, the Association of 

Media-based Continuing Education for Engineers. 

AMCEE and NTU share a satellite network, and UAF's 

School of Engineering operates its own seven-meter satellite 

dish, which allows two-way communications over the 

AMCEE/NTU satellite network. This has enabled Alaskans to 

participate in a wide range of high tech seminars, teleconferen

ces and professional-development courses in the company of 

leading engineers from industry, major universities and govern

ment service from throughout the country. Technology is rapid

ly expanding, and it is fitting to use high technology to keep 

Alaskan engineers abreast of the very latest technological ad

vances. 

The 1980s began with the retirement of Charles Behlke as 

the dean of engineering, and Vincent Haneman took over. 

Throughout this decade, the School of Engineering has 

provided dramatically increasing educational opportunities for 

both undergraduate and graduate students at the UAF campus. 
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The key to improving graduate education was improving the 

opportunities for hands-on research. This process began with 

the establishment of the Engineering Experiment Station (EES). 

Unfortunately, absolutely no university funds were initially 

available for EES, 80 it got off tO a rather slow start. The pace of 

research began to accelerate when the Institute of Water 

Resources moved to the School of Engineering and merged 

with EES to form the Institute of Northern Engineering. This 

union spawned an extraordinarily rich and dynamic interdis

ciplinary environment for both research and graduate training. 

The Institute ofNorthern Engineering conducts research and 

educational programs dedicated to solving engineering and 

water-related problems of Alaska and other northern regions. 

INE is comprised of three divisions: the Water Research Center; 

TM 1outltNSt comer oflite ji11e-•tory tuhlitiolf to tlte Ducbri116 Buil4ilfg, 
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the Engineering Research Center; and the Transportation 

Research Center. 
With total grants and contracts exceeding $1.5 million, the 

Institute ofNorthern Engineering generates most of its research 

support from outside sources. 
Through joint appointments and projects, staff engineers of 

the Engineering Research Center and the Transportation 

Research Center are involved in a variety of academic programs 
including accredited undergraduate programs in civil, mechani

cal and electrical engineering, and graduate programs in civil, 

electrical, mechanical and arctic engineering, environmental 

quality engineering, environmental quality science, engineering 

management and science management The School of En-
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gineering is in a strong position to offer future engineers and ap

plied scientists an education rich in northern-oriented ex
perience. 

Faculty of the Water Research Center are involved in a 

variety of academic departments including geosciences, civil 

and environmental quality engineering, chemistry, marine 

sciences, wildlife and fisheries, mathematics, history, land 

resources and agricultural sciences. Staff members are also in

volved in activities with other research units including the 

Geophysical Institute, Institute of Marine Science, Cooperative 

Extensive Service and Cooperative Fishery Research Unit. 

A graduate program related to engineering or water resour

ces is usually based on a solid grounding in a major through an 

academic department or an individually designed interdiscipli

nary major (e.g., hydrology), with an opportunity for training in 

a variety of fields. INE provides funds, equipment, research su

pervision, and laboratory and office space to qualified students. 

Each graduate student has an academic program directed by a 

home department and graduate committee, yet carries out the 

bu1k of the research program through INE. Therefore, prospec

tive graduate students apply for admission through specific 

programs such as electrical engineering, civil engineering, 

mechanical engineering, environmental quality science, en

vironmental quality engineering, marine sciences, geology and 

geophysics, wildlife and fisheries, or others. 

Graduate students benefit from daily work in a multidiscipli
nary environment. Informal daily contacts and seminars on 

Friday afternoons provide a unique cross-fertilization of ideas, 

and techniques of research and analysis among graduate stu

dents of the many disciplines represented at INE. 

INE shares laboratories and field sites with other university 

and government groups, which broadens the students' exposure 

to new disciplines and ideas, and stimulates the development of 

interpersonal skills. Students benefit from the fact that en

gineering has more microcomputers per person than any other 

group on campus. This provides unprecedented access to data 

handling, word processing and drafting. Additional computers 

are available for process control of experiments. INE also has a 

Hewlett-Packard 9845 computer with plotter and digitizer, a 

VAX 11n30 computer and free unlimited access to a VAX 

8800. 

Thus, the School of Engineering at the University of Alaska 

Fairbanks together with its research arm--the Institute of Nor

them Engineering--provides a rich environment of academic 

and research excellence. The faculty and alumni of the en

gineering programs at the University of Alaska have repeatedly 

proven that they are uniquely qualified to tackle the difficult 

problems facing Alaskans and all peoples of the North. 

Graduates continue to provide leadership through employment 

by local, state and federal agencies, native corporations, and 

private industry throughout Alaska, Canada and the Pacific 

Northwest. The engineering programs at the University of Alas

ka could provide no greater legacy. 
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BACK OF THE BOOK 

MEETINGS 

Healthy Buildings '88 - CIB Conference in 
Stockholm, Sweden- September 5-8, 1988 

Basic knowledge is now available from 
many researchers and international conferen
ces concerning human reactions to the indoor 
climate. The Healthy Buildings '88 Con
ference will focus on the technical solutions 
and functional requirements contributing to 
Healthy Buildings for people to work and live 
in. The main objective is to give architects, 
consultants, real-estate owners, and manufac
turers of building materials, recommendations 
on choice of materials and choice of systems 
and how to combine materials and sys
tems.the National Institute of Environmental 
Medicine.Healthy Buildings '88 is organized 
by the Swedish council for Building 
Research, on behalf of CIB, in cooperation 
with theNational Institute of Environmental 
Medicine. The conference is sponsored by 
the World Health Organization. 

For further information contact: The 

Swedish Council for Building Research; S:t 

Goransgatan 66; S- 11233 STOCKHOLM, 

SWEDEN; +46-8-540640. 


******** 
Third Annual Meeting - BIOQUAL '88

Burlington, Ontario- October 18- 21, 1988 


The third annual meeting ofBIOQUAL will 
feature plenary sessions with presentations by 
international experts in the field ofbiotechnol
ogy. Workshops will deal with technical is
sues related to biomonitoring, biodegradation 
and bio-process engineering. Workshops will 
~o discuss business concerns about regula
nons, protecting proprietary information, and 
funding of new technology. 

For more information contact Jean Stafford; 
Wastewater Technology Centre; P.O. Box 
5050; Burlington, Ontario, L7R 4A6; or call 
Stephanie Hunt at (819)953-5363. 

******** 
ASME International Pipeline Seminar, 

Pipeline Safety/Leak Detection- Sponsored 
by the Petroleum Division ofASME- Hous
ton, Texas- October 20- 21, 1988 

Features an introduction to leak detection 
concepts; pipeline monitoring for leak detec
tion and prevention; pipeline failure contin
gency planning; pipeline safety regulations; 
and hands-on demonstration ofpipeline 
monitoring and leak detection hardware and 
software. 

For more information contact the Petroleum 
Division of the American Society of Mechani
cal Engineers; P.O. Box 59489; Dallas, 
Texas, 75229; (214)437-0094. 

******** 

Computer-Aided Design and Fabrication in 
Marine Systems - Sponsored by the Mas
sachusetts Institute ofTechnology
Cambridge, Massachusetts - October 24 - 26, 
1988 

Computers are vastly improving our ability 
to design ships, and large marine systems 
with maximum efficiency. Automated 
marine fabrication, an area of rapidly expand
ing research, uses computers and robots for 
manufacturing activities, reducing the need 
for high-cost human labor. Revolutionary 
composite materials, which have been used 
with great success in the aerospace industry, 
promise to have valuable applications in 
marine structures that ocean engineers are 
beginning to investigate. 

For more information contact Elizabeth 
Tayntor at (617) 253-704113461. 

******** 
11th International Symposium on Was

tewater Treatment -Montreal, Quebec 
November 21 - 22, 1988 

This symposium is addressed to scientists, 
engineers, technicians, plant operators, and 
students involved in the fields of research, 
design, operation and management of was
tewater treatment plants.The principal objec
tive of this symposium is to promote the trans
fer and exchange of research and technologies 
related to municipal and industrial wastewater 
treatment. 

For more information contact Mr. Andre 
Champoux; Technology Transfer and Train
ing Division (EP); Conservation and Protec
tion; Environment Canada; 12th Floor, Palace 
Vincent Massey; Hull, Quebec Canada; KIA 
OH3; (819) 953-1199. 

N01ED 
TNE editor, Cindy Owen and husband, 


David, have a new addition to their family, 

Steven Charles. Congratulations and hurry 

back! 


******** 
The U.S. Fish & Wildlife Service has 

released that area finalists have been an
nounced in the national Talee Pridl! in 
America awards program. Two repre
sentatives from Alaska have received national 
recognition in the Take Pride in America cam
paign, Dr. James R. Scott and Recreational 
Equipment, Inc. (REI). Dr. Scott is a 
veterinarian with Arctic Animal Hospital in 
Anchorage, Alaska. Both of the finalists were 
nominated by the Fish and Wildlife Service as 
outstanding volunteers for stewardship of 
public lands and resources. All national 
finalists have been invited to Washington, 

D.C. for the Take Pride in America awards 

ceremony this summer. 


******** 
The U.S. Fish and Wildlife Service has 


joined other U.S. Government agencies in 

making their telephone lines accessible to 

people with hearing impail:ments. 


The number to call for TTY access 
telephones at the U.S. Fish and Wildlife Ser
vice in Anchorage is 1-800-478-3501, the call 
is toll-free. If in Anchorage the number to 
call is 786-3328. 

******** 

PUBLICATIONS 
Cutter Information Corp. of Arlington, MA 

has just released the second edition of the 
Residential Buildin& Desim & Construction 
workbook. This 420 page report is a com

. prehensive source ofhands-on information on 
building methods, techniques, materials, and 
issues confronting the residential building in
dustry. The book is written for builders, ar
chitects, teachers, trainers, utility and govern
ment program managers, and others whose 
business requires employing the latest and 
most energy-efficient building technology. 
Residential Buildin& Desim & consuuction 
is written by Ned Nisson, editor of the Energy 
Design UpdateTM newsletter and is part of 
the Advanced Building Technology series, 
published by Cutter Information Corp. For 
more information contact Cutter Information 
Corp.; 1100 Massachusetts Avenue; Ar
lington, MA 02174; USA; (617) 648-8700. 

******** 
Gulf Publishing Company has released the 

second edition to Volume 1: Inwm!in& 
Machjnexy Reliability of the four volume 
series, Practical Machinery Management for 
Process Plants. Volume 1: Inwm!in& 
Machinery Reliability contains even more 
state-of-the-art techniques for process plant 
managers and maintenance engineers. Pack
ed with practical suggestions that are easily 
transplanted into cost savings, this newly 
revised second edition focuses on equipment 
selection, startup and post-startup. The 
author, Heinz P. Bloch, P.E., is a licensed con
sulting engineer with offices in Baytown, 
Texas. He retired from Exxon Chemical 
Company in 1986 with 24 years of service 
credit. For more information contact Gulf 
Publishing Company; Book Division; Dept. 
E9; P.O. Box 2608; Houston, Texas 77252
2608; (713) 520-4444. 
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