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SOE Dean Search Update 

As you may recall, our last issue announced the planned retirement of 
Vincent S. Haneman, Jr., Dean of the School of Engineering (1980-1991). Dr. 
Haneman has retired, as scheduled, and we have completed our search for a new 
Dean. 

The search began early in May of this year. A total of 47 applications from 
22 states, Puerto Rico, and Greece were received for the position. The 
applicants were rated and the field was narrowed. The top eight persons were 
interviewed over the telephone. Again the applicants were rated and the top 
three candidates were brought to Fairbanks for in-person interviews. 

The final selection of Dr. Frank Williams was made by Dr. Janice Reynolds, 
University of Alaska Fairbanks Vice Chancellor for Academic Affairs, with the 
concurrence of the School of Engineering faculty and staff. Dr. Williams is an 
energetic and dynamic individual. In January 1992, Williams will take over his 
duties as Dean of the School of Engineering from Dr. John Aspnes who has 
been serving as Acting Dean since Haneman's retirement. 

Dr. Williams is currently Professor and Chairman of the Department of 
Chemical and Nuclear Engineering at the University of New Mexico. He also 
serves as coordinator and principal investigator for the University of New 
Mexico in the Waste Management Education and Research Consortium. 

Williams received an M.S. and a Ph.D. in Chemical Engineering from 
Stanford University. 

TNE would like to welcome Dr. Williams. We look forward to receiving his 
input and working with him. 

Dr. Glen Martin 

On a sad note, we are sorry to inform you of the death of Dr. Glen L. Martin 
(CH2M Hill, Denver, Colorado). Dr. Martin was a long-time member of our 
TNE Advisory Board. He passed away August 16, 1991 while attending an 
international conference in Kuala Lampur, Malaysia. Dr. Martin was a 
conscientious and appreciated critic of our magazine and we were saddened by 
his death. 
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EbRice 
by 

Hannon "Bud" Helmericks 

I often lectured to Eb's engineering class at the University of 

Alaska, and I usually took away many new ideas from the way 

he conducted his class. I would run a motion picture of some 

arctic project I was working upon, for Eb liked to show his class 

first-hand programs. And then I would sit in the back of the 

classroom while Eb discussed the work they were doing. I 

realized he wasn't speaking as a superior-the boss laying out 

the assignments-he was talk

ing as a participant in the pro

gram. Eb never talked above or 

down to his student; he had the 

ability to reduce the work to 

things all understood. He spoke 

accurately, to the point and un

derstandably. 

too, for he had that wonderful quality of remaining a student 

himself; I'm sure this was one of the real secrets of his ability to 

teach. I would watch Eb give the final instructions to his class as 

the lecture hall efficiently emptied, and it was plain to see by the 

look on each student's face that they had enjoyed the lesson. 

The last lecture I gave to Eb's class was but a few weeks 

before he died. I had inquired if there was a parking spot nearer 

Eb could sketch, and as he 

talked he often drew. It mat

tered little the medium. It could 

be dirt, or snow smoothed over 

and drawn on again with a sharp 

stick, a board or nail; a paper 

bag or the edge of a map or 

blueprint; in the classroom, it 

was chalk and eraser. In this 

way he led his class step by step 

with a series of sketches to fit 

the theme. The ability to sketch 

is a great asset to the engineer 

and teacher. Eb left nothing out 

of a completed assignment, so 

all understood and the new as-

'' '' Eb could sketch, and as he talked he often drew. 

the Duckering Building, and 

Eb said he simply parked in 

the student parking lot. The 

student parking was quite a 

ways away and a good climb 

up the steps, so I wondered as 

I made the climb, why the 

university hadn't provided 

him a spot closer to his work. 

Then I realized Eb wouldn't 

have had it any other way. He 

wouldn't have accepted a spe

cial favor. You see, Eb's kid

neys had quit working long 

ago and he was on a dialysis 

machine. It was from his wife 

Bobbie I learned later that he 

wouldn't be put on a kidney 

donor program since he felt 

he would be standing in front 

of some younger and more 

deserving person for a kidney. 
(Sketch taken from Eb's Building in the North.) 

signments were planned, sketched and understood. A vast and 

complicated lesson was but a series of parts, each leading to and 

dependent upon the other. I recall him sketching on the black

board how and where glaciers formed and moved boulders, 

small rocks or dust, and of how permafrost formed, related to 

surface programs and above all, the people. After the lecture 

there would be many questions from the students and from Eb 
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Then Eb was gone. Like 

when a giant tree falls in the 

forest, we knew how much it meant when it goes down and 

there is that aching, empty void in the sky. 

Like that phantom figure of World War II whose presence 

was announced by the note "Kilroy was here," I see Eb 

wherever I travel in Alaska or anywhere in our Arctic world

there is that happy feeling "Eb was here." The runway at Bar

row, the remodeled, earthquake damaged buildings of the 1964 
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Alaskan earthquake, the native houses along the arctic coast, 

Prudhoe Bay complexes, our excellent road system, the glacier 

filled valleys, the pioneering SS Manhattan Northwest Passage 

through Arctic ice, in the Boy Scout Troop, military mess halls, 

writing, and of course, in that marvelous natural resource of 

Arctic lands, permafrost, which he understood. I see this quiet, 

soft-spoken man, friend of wandering native hunters and 

Governors. 

Eb was a man of many facets. One of them was aviation. Eb 

and Bobbie received pilot's licenses from that master instructor, 

engineer Horace Black, at the Bush Pilot's Airport of Phillip's 

Field that the Bachner's so efficiently managed back in 1967-

68. The Rice's first airplane was a Stinson Voyager, and even

tually a Cessna 180N884A that Bobbie still has and flies. Eb 

and Bobbie quite naturally went on to become part of the Civil 

Air Patrol and Eb worked designing the new Civil Air Patrol 

hangar. They flew to the places where they wanted to go, when 

they wanted to go, and in a wonderful way their airplane almost 

became a family member. Horace Black said that Eb flew an 

airplane with the competence and skill of an engineer. During 

Eb' s last few years, the FAA limited his flying by requiring a 

second pilot in command be along just in case, and Bobbie, of 

course, was that pilot. I remarked to Bobbie that I knew she 

always was Eb' s guiding star, and she assured me that Eb surely 

always was hers. There is a oneness, a bond between man and 
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wife who fly pilot and co-pilot together through life that is 

unique, and others may not enter. 

To Eb, problems had simple solutions, people were all equal, 

and today was the best time. I'm grateful for those excellent 

dinners and the meaningful conversations shared with Eb and 

Bobbie there at their Sheep Creek home. Eb once showed me a 

pair of beautifully carved walrus tusks that a mutual Eskimo 

friend of ours had given him in Barrow for work Eb had done in 

their village, and in the comer of his trunk of memorabilia I 

noted a citation from the Governor on another project. Eb was a 

practical engineer. I'm sure the permafrost conditions about 

their home had given him both problems and solutions that he 

later taught in class. Once, at an oil man's symposium in San 

Francisco, I was studying a wall display of the effect of per

mafrost on Arctic drilling and I noted the author's name-Eb 

Rice. From the snows of the Arctic prairie to the glitter of San 

Francisco, Eb's gentle hand was there. The future is better for 

Eb' s being here. How far do the ripples spread from a pebble 

dropped into a quiet pond? Eb was a teacher, a sharer of faith 

and knowledge, and maybe the greatest tribute you can pay to a 

teacher is that you will remember him all of your life. 

ABOUT THE AUTHOR 

HARMON HELMERICKS is a well known Alaskan 

author, homesteader, master guide, and pilot. 
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Elbert "Eb" Rice 
1923-1982 

• Born April 7, 1923 in Jerome, Idaho. 

• 1942- 1945-served in Europe as a forward observer in the field artillery. 

1944-Married Roberta "Bobbie" Strohman. 

• 1948-B.S.C.E., University of Idaho. 

• 1950--M.S., Oregon State. 

• 1952-Registered Professional Engineer in Oregon. 

• 1952-Came to UAF as an Assistant Professor of Civil Engineering. 

• 1953-Registered Professional Engineer in Alaska. 

• 1955-Ph.D., Oregon State. 

• 1957- 1969-Civil Engineering Department Head, University of Alaska Fairbanks. 

• 1958-National Science Foundation Faculty Fellow. 

1964-Received award from American Society of Civil Engineers for the "best article of 1964"; later to 
be known as the Elbert F. Rice Memorial Lecture Award. 

1964-Served as member of the Governor's Advisory Board on the Alaskan Earthquake. 

1964 - 1973-Served on the National Academy of Sciences Committee on the Alaska Earthquake, 
Engineering Panel. 

• 1967-Served as member of the Governor's Advisory Board on the Fairbanks Flood. 

1968- 1970--Council President for the Boy Scouts of America; awarded the Silver Beaver Award. 

• 1973-Registered Land Surveyor in Alaska. 

• 1975-First Edition of Building in the North, a compilation of articles, originally published in THE 
NORTHERN ENGINEER, dealing with the engineering fundamentals of living in the Arctic. 

• 1981-Taped CE 603, Arctic Engineering, video class. The videotaped class, used until1989, was one 
of only three ways to satisfy the arctic engineering component of the professional engineer registration 
process in Alaska. 

• Died April 1982. 

A Memoriam written by the 12th Alaska Legislature states, "This kind and soft-spoken man had an uncanny 
ability to disseminate difficult subject matter in surprising simplicity to his students. They never ceased to 

leave the professor's classroom in awe of his exceptional and unique teaching abilities." 
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Some Thoughts on Piles in Permafrost 
by 

Branko Ladanyi 

This article is a summary of the Elbert F. Rice Memorial Lecture 

presented by the author on February 25, 1991, at the Sixth Internation

al Cold Regions Speciality Conference held at West Lebanon, N.H. 

IN1RODUCTION 

I am very proud to have been selected as the third recipient 

of the Elbert F. Rice Lectureship Award on arctic and subarctic 

engineering. This lectureship was established to carry forward 

his concept of information transfer in a clear, effective, and 

straightforward manner. 

As everyone knows, during his long and fruitful arctic en

gineering career, Professor Rice was very much concerned with 

the design of foundations in permafrost, about which he pub

lished a number of articles in this magazine in the early 1970s 

(Rice, 1972; Rice, 1973). 

While reading his articles again recently, I came to the 

conclusion that we may have gone a little further in theory since 

his writings, but we have not been able to change or improve the 

basic philosophy of pile design, which he so clearly explained 

in 1973. 

So, following his example, I have selected for the topic of 

my lecture "Some Thoughts on Piles in Permafrost," with the 

intention of showing that a proper understanding of pile be

havior is the best basis of sound design. In this lecture, I will 

address the following questions: 

• 
• 
• 

Why piles? 

What kind of piles? 

How to design a pile in permafrost: 

- On the basis of laboratory-determined 
frozen soil properties? 

- On the basis of in situ tests? 

- On the basis of pile loading tests? 

• Is it possible to predict long-term behavior of piles from 
short-term data? 

While some of these questions may seem trivial at ftrst, they 

are quite challenging when one looks more closely. So, let us 

begin. 
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WHY PILES? 

While shallow foundations are frequently used in arctic and 

subarctic construction for light buildings, all heavy loads or 

settlement-sensitive structures are usually carried on piles em

bedded in permafrost. This statement seems obvious to any 

permafrost engineer, but to be understandable to a less ex

perienced northern builder, it should be qualified by saying that: 

Use of shallow foundations in ice-rich frozen ground is pos

sible, but if special measures for protecting the structure against 

thaw settlement are not taken, catastrophic results may occur; a 

dramatic example of this is shown in Figure 1. Now, although 

the building in Figure 1 dates from the Yukon gold rush days at 

the beginning of this century, cases of this kind unfortunately 

keep occurring-both in northern Canada and in Alaska-lead

ing most often to costly litigation. So, the real question should 

probably be: Why not piles? or: Why such a resistance in 

practice against the use of piles in permafrost, when it is clear 

that, considering the cost of potential litigation, they are less 

expensive than shallow foundations? 

Another practical reason for the preference for piles is that 

they do not require open excavation, which can lead to high 

thermal disturbance of the ground. 

WHAT KIND OF PILES? 

Although, under certain favorable conditions, steel piles can 

be driven into relatively warm, floe-grained frozen soils, pile 

driving in permafrost areas is considered difficult and expensive 

because it requires special reinforced pile sections and heavy 

driving machinery. Sometimes, an apparent success in driving 

steel pile may prove to be an illusion, as shown by the famous 

"Pile Sculpture" at the University of Alaska (Fig. 2). For this 

reason, piles used in frozen soils are usually prefabricated con

crete, timber, or steel installed in predrilled boreholes. Cast in 

situ concrete piles have, until now, been used relatively rarely in 

permafrost because of possible thermal disturbance during con

crete curing, but some efforts are presently being made to bring 

them into practical use (Biggar and Sego, 1990). 
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Prefabricated piles are usually in

stalled in predrilled, oversized holes. 

The gap between the pile and the soil is 

filled with a compacted sand-water 

slurry which is allowed to freeze, either 

naturally or artificially. These "slurried 

piles" have their base bearing on 

natural ground, but their lateral shaft 

resistance is related to the strength of 

the frozen slurry. Prefabricated piles 

can also be driven into predrilled holes 

of a slightly smaller diameter, or in pre

viously heat-treated holes. In this case, 

however, the lateral shaft resistance 

will depend on the properties of the 

natural ground. 

Now, if the piles are prefabricated 

and installed into predrilled, oversized 

holes, there is no real reason why only 

smooth, straight-shaft piles-which are 

Figure 1. A ltoase i11 Daws011 City, Yllko11, wltielt luu rafferetlltiglt tluJw •ettUtrteiiU (piet111YI4U.. i111974). 

not particularly favorable for permafrost applica

tion-should be used. A little more imagination and 

engineering common sense may easily lead to the 

conclusion that another pile shape, such as cor

rugated, slightly tapered, or even "jack-proof' piles 

(Fig. 3) may have some clear advantages when com

pared to smooth, straight-shaft piles. 

I HOW TO DESIGN A PILE IN PERMAFROST 

On the Basis of Laboratory-Determined Frozen 

Soil Properties 

As in unfrozen soil mechanics, the allowable load 

for a single pile embedded in frozen soil is deter

mined by satisfying the criteria of tolerable settle

ments and safety against failure. When considering 

the latter, it is customary to use the so-called static 

pile formula, Eq. 1, which expresses the fact that the 

total pile load, Q, is carried simultaneously by the 

pile point resistance, qp, and by the sum of shear 

resistances, ta, along the pile shaft: 
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L 
Q = qp A + P l: ta AL 

0 
(1) 

Figare Z. Eb Riee displllyillg 11 steel pile diuttaged by ltalli11g bee11 dri11e11 illto ie.-ee,..llled 
g1'1111el (after Riee, 1973). 
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Figure 3. A "Jack-Proof' pile, suggested by Rice (1973). 

where A is the area of the pile base, Pis the perimeter of its 

shaft, AI.. is the thickness of individual layers, and Lis the total 

length of the pile embedded in frozen ground. Clearly, when 

Eq. 1 is applied to a pile in frozen soil, in addition to other 

factors usually considered in connection with the bearing 

capacity of piles in unfrozen soils, one must also take into 

account the fact that, because of the presence of ice in the 

ground, both the shear and adfreeze strength of frozen ground 

depend strongly upon the temperature, ice content, and applied 

strain rate. 

When creep and strength data of frozen soils surrounding the 

pile are properly expressed as functions of temperature and 

strain rate, the pile capacity can be determined by following the 

procedure described by Weaver and Morgenstern (1981 ), which 

considers both settlement and bearing capacity criteria. 
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Point Resistance 

As shown experimentally by Ladanyi and Paquin (1978) for 

frozen sand, and by Sego (1980) for ice, after a mobilization 

period, requiring a total settlement of about 30% of the base 

diameter, the point resistance of a pile in frozen soil or ice tends 

to become proportional to the penetration rate, as long as 

temperature remains constant. According to Nixon (1978), the 

relationship between the point resistance and penetration rate 

can approximately be obtained on the basis of a theory publish

ed by Ladanyi and Johnston (1974). However, in any case, for 

very slow settlement rates allowed for piles (usually less than 

1 millimeter (mm) per year), the point resistance is found to be 

very low, and it is most often neglected in design. 

Adfreeze Bond 

As mentioned previously, the design criteria for piles in

stalled in frozen soils are in many aspects similar to those used 

in unfrozen soils, but there are also some important differences. 

For example, in both types of soils, the unit shaft resistance or 

bond can be represented by the Coulomb equation 

'ta = Ca + Pn tan <l>a (2) 

where Ca and <l>a are bond shear parameters at the soil-pile 

interface, and Pn is the normal stress acting on that interface. In 

both unfrozen and frozen soils, the two parameters depend on 

the type of soil, the character of the interface, and the method of 

pile installation. The last parameter also predominately affects 

the value of the lateral ground stress Pn· 

A synthesis of published data on long-term adfreeze strength 

by Weaver and Morgenstern (1981), shows that for saturated 

frozen soils, the adfreeze strength is inversely related to the ice 

content, and directly related to the roughness of the pile. At the 

limit, the adfreeze strength of very rough piles approaches the 

shear strength of frozen soil. On the basis of the same data, the 

authors propose to relate the adfreeze strength of a frozen soil, 

ta, to the long-term strength of the same soil 'tlt, by the relation 

'ta = m 'tlt (3) 

where m characterizes the type and roughness of the pile inter

face. 

Clearly, the long-term shear strength of a frozen soil is 

composed of both frictional and cohesive components, the ftrst 

of which is often neglected in pile design, with the argument 

that lateral stress acting on the pile is usually relatively small, 
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making the frictional component negligible. This assumption is 

considered to be questionable, as will be shown later. 

As this pile design method is normally based on the highest 

possible ground temperature envelope and on the reduced long

term strength of the soil, the design is probably safe, but at the 

same time it is quite far from reality. In other words, when a pile 

designed in such a manner is loaded, it will not fail, but its 

general behavior will be quite different from that assumed in 

design. 

In normal design practice, one would expect that in order to 

get reliable information on frozen soil parameters for pile 

design, one would have to perform a series of triaxial tests with 

undisturbed or reconstituted frozen soil specimens, strictly fol

lowing geotechnical and thermal similitude requirements. This 

is, however, rarely done in permafrost pile design, but even if 

this information is available, there is still a long way to go 

toward deducing from it the corresponding design pile shaft 

shear strengths. There are several reasons for this. First, we still 

do not have a clear idea of how to transform triaxial compres

sion data into interface shear information, including pre-failure, 

failure, and post-failure conditions. And second, there is still a 

lack of data on how to extrapolate this short-term information to 

full-scale and long-term pile behavior in permafrost. 

For the flrst of the two above questions, an obvious answer is 

to perform direct shear instead of triaxial (creep or rate

controlled) tests. Unfortunately, only relatively few such tests 

have been made in the past (e.g., Sadovskiy, 1973; Roggensack 

and Morgenstern, 1978; Weaver and Morgenstern, 1981; 

Ladanyi and Theriault, 1990), although the tests on model piles 

by Parameswaran {1978; 1979; 1985) may also be included in 

this category. 

Now, what is invariably found in these tests {Ladanyi and 

Guichaoua, 1985) is that the ice bond between frozen soil and 

pile material fails in a brittle manner, so that, after a very small 

displacement, function of the interface roughness, the shear 

strength falls abruptly to its residual value, which is then mainly 

due to the residual friction; Figures 4 and 5 clearly show this 

kind of behavior. A logical solution to the problem of brittle 

bond is to make the piles systematically corrugated, so shear 

will occur in the soil and not at the pile-soil interface, or to use 

slightly tapered piles. What this does to short-term pile behavior 

under axial compressive loads, is shown in Figure 6, which is 

the result of a cold-room study of smooth, corrugated, and 2.1· 
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tapered (with "butt up") piles, installed in predrilled, slurried 

holes. As seen in Figure 6, the smooth piles failed at low stress 

in a brittle manner, loosing all their strength after a displace

ment of only about 2 mm. The shaft resistance of corrugated 

piles continued to climb up to about 2 MPa, reaching its peak at 

about 5 mm, and decreased slowly toward the residual, which, 

after 12 mm displacement, remained still at 50% of the peak 

strength. The tapered piles typically showed a small frrst peak at 

about 0.6 mm displacement, indicating a loss of ice bond as in 

the case of smooth piles, but after this, their resistance con

tinued to rise steadily without any strength loss. 

So, this kind of shaped piles seem to be quite attractive for 

axial compression loads (as also shown in the fleld by Thomas 

and Luscher, 1980). However, the main objection to the use of 

such piles is always the same; "Fine, but what about uplift 

forces due to freezing in the active layer?" The answer to this 

objection is that prefabricated piles of any selected shape can be 

made smooth and straight in their upper portion, and, anyway, 

any kind of pile should be properly protected against uplifting 

adfreeze forces in the active layer. 

A quite different and much more difficult problem is that of 

how to extrapolate short-term laboratory or fleld test results to 

the service life of the pile. The question to answer here is: 
Knowing that even a small pile settlement tends to break the 

adhesive ice bond, and bring the adfreeze strength down to its 

residual value, which is mainly frictional in character, what will 

be the ultimate long-tenn bearing capacity of the pile? In order 

to answer this question, one would need to know the shape of 

the ultimate long-term adfreeze strength envelope in the Mohr 

plot, and be able to estimate the ultimate long-term stresses 

acting on the pile shaft. 

To gain insight into these two problems, a laboratory study 

was recently carried out by Ladanyi and Theriault (1990), with 

the purpose of finding out: 

1. What fraction of shear strength of frozen soil represents the 

adfreeze strength for a given soil type and pile material? 

2. Under which conditions the adfreeze bond, once broken by 

pile driving and settlement, can be reformed by healing, 

considering the influence of normal pressure, time, and 

temperature? 

The study, which included a large number of shear tests in a 

double-shear box on frozen sand against steel and aluminium at 

-2·c. concluded that: 
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1. The adfreeze bond is essentially brittle and represents only 

a small fraction of the peak strength of frozen soil. It tends 

to increase slightly with normal pressure. 

2. At -2"C, in frozen sand, the bond once broken may heal 

completely with time, provided normal pressure exceeds 

...... 
-0 

<: 
0 
-' 

0.5 1.0 1.5 2. 0 

DISPLACEMENT, mm 

about 500 kPa. At lower pressures the healing is propor

tionally reduced and may even be completely absent. 

Design Based on In Situ Test Results 

Essentially, two kinds of in situ tests have been considered in 

connection with pile design: the Pressuremeter Test (PMI) and 

2.5 3. 0 

Cone Penetration Test (CPT). 

The PMT, which is usually per

formed in a vertical borehole, 

gives valuable information on 

creep and strength of frozen soil 

in a horizontal direction, which 

makes it particularly appropriate 

in connection with the design of 

laterally loaded piles. It has been 

successfully used to evaluate the 

results of full-scale field tests on 

laterally loaded piles (Rowley et 

al., 1975; Foriero and Ladanyi, 

1990). 

The Cone Penetration Test, 

on the other hand, also gives use

ful information on the strength of 

frozen ground and its variation 

Figure 4. Lotul-displacement clll'lleafor model pika in frozen aarul at -6•c arul at displacement rates from 0.02 to 0.1 
mmlmin,for: A. Untreated fir, B. Painted steel, and C. Concrete (After Parameswaran, 1978). 

with depth and the rate of strain. 

However, CPT's main ad

vantage is that its data can be 

easily and directly used for pile 

design in permafrost, as shown 

by Ladanyi (1982; 1985). 

1 - IcE - CoNCRETE 

2- SILTY CLAY - CoNCRETE 

3- SILTY CLAY - METAL (ICE FILM) 

4- SILTY CLAY - METAL (No ICE FILM) 

5- IcE - METAL 

-2 -1 0 

t" 
MPa 1 

___ __.2 

---.....J--
PEAK 

RESIDUAL 

1 o-, MPa 2 

Figure 5. Peak residual a4freeze &trengths between foundation materials arulfrozen soils or ice (After Sadovskiy, 1973). 
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One must admit, neverthe

less, that, as in the case of 

laboratory tests, the data ob

tained from in situ tests still lack 

a proper basis for long-term ex

trapolation. 

Design Based on In Situ Pile 

Loading Tests 

It is a generally accepted 

opinion in unfrozen soil 

mechanics that the best thing to 

do in connection with pile design 

(if economically feasible), is to 
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perform one or more full-scale pile loading tests at 

the future pile site. For that purpose, special proce- s- 0. 305 mm/min 
--- s = 0.030 mmtmin 

8 12 16 20 
Settlement. s, mm 

dures for performance and evaluation of such tests 

are given in the standards of several countries, in

cluding the ASTM Standards in the USA. How

ever, although standardized, the performance of 

pile tests and their use in pile design is not a simple 

matter even in unfrozen soils, because the effects of 

stress distribution along the pile down to the pile 

point is a time-dependent phenomenon, which is 

difficult to extrapolate to long-term pile behavior. 

Although many pile loading tests are performed in 

practice, the real design in unfrozen soils is most 

often based on an independent, effective stress ap

proach, which is not an extrapolation from pile 

loading test results. 

Similarly, for piles embedded in frozen soils, 

there does not seem to be any real reason for hoping 

Figure 6. Results of constant settlement rate tests with three types of model piles about 20mm to 
6 mm in diameter: A. Smooth, B. Tapered, 2.1', and C. Corrugated (After Ladanyi and 
Guichaoua, 1985). 

that one can somehow predict their long-term behavior by simp

ly extrapolating through time the results of short-term pile tests, 

even using an empirical extrapolation formula. In fact, in frozen 

soils, the situation with pile tests is still more complex than in 

unfrozen soils, because of the effects of ground temperature 

variations with depth and time, and because of stress redistribu

tion occurring along the pile during each load application. The 

latter effect happens because, at short-term loads, a frozen 

ground is rigid relative to the rigidity of the pile, which then 

appears temporarily more compressible. 

One way to improve on this is to exclude the point resistance 

from the test results, as was done in practice in the past (Crory, 

1963). But, even in that case, long test piles will be subject

during the test-to unknown bond stress redistribution, with a 

partial adhesive bond strength loss, showing a behavior very 

different from their long-term performance. Consequently, a 

logical conclusion may be to test, not the whole pile, but only 

short and rigid pile sections, with the purpose of determining 

the behavior of pile-soil interaction at a given displacement rate 

or time. Nevertheless, while the latter method may make more 

sense, the question still remains of how to translate this infor

mation into long-term design data. 

Some possible answers to this question, although still 

speculative and untested in the field, have been suggested in a 

12 

recent paper by Ladanyi and Theriault (1990). The main con

clusions are summarized in the following section. 

IS IT POSSIBLE TO PREDICT THE LONG-TERM 
BEHAVIOR OF PILES FROM SHORT-TERM DATA? 

During pile driving, or after large pile settlements, such as in 

a pile loading test, the adhesive portion of the adfreeze bond 

will be strongly reduced or completely destroyed; the remaining 

residual bond strength being mainly due to the residual friction, 

which depends on a largely unknown normal pressure acting 

against the pile shaft. As for the latter, it is found that, although 

relatively high lateral stresses are generated either by slurry 

refreezing around the pile, or by driving the pile directly into 

frozen ground or into a slightly undersized hole, these stresses 

will relax rapidly with time. For that reason, these stresses 

should not be considered in pile design, but only when perform

ing and evaluating the results of pile loading tests in permafrost. 

In current pile design practice for frozen soils, it is usually 

considered that long-term pile capacity can be predicted by 

extrapolating either laboratory or field creep testing information 

to the service life of the pile. However, the phenomena of stress 

redistribution along the pile and stress relaxation in frozen soil 

indicate that pile behavior in the long term may be governed by 

factors quite different from those obtained by a simple ex

trapolation of short-term data. It is postulated that the long-term 
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pile shaft capacity will depend not only on the long-term 

cohesion of frozen soil, Clt, but also on the residual friction 

angle at the pile-soil interface, cl»J.t, together with the total 

original lateral ground stress, Pn,tot. A probable long-term value 

of the shaft resistance will then be: 

'ta,lt = m Clt + Pn,tot tan cl»J.t (4) 

implying that in the long term, the frictional contribution to 

shaft resistance may not be negligibly small with respect to the 

cohesion bond, which may fall to a very small value if no 

special measures are taken to reestablish the ice bond. 

Effective lateral stresses may be considered only in those 

frozen soils which contain large quantities of unfrozen water, 

such as saline soils in offshore permafrost regions. 

In conclusion, it is hoped that some of these thoughts will 

trigger further research on the behavior of piles in permafrost, 

with a special emphasis on long-term monitoring of full-scale 

pile performance. 
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Telecommunications in Rural Alaska 
Part 1-Central Office Switching Systems 

by 

Whitham D. Reeve, P.E. 

IN1RODUCTION 

This article is the first of a four part series for telecom

munications engineers interested in the technical details of 

telecommunications systems in rural Alaska. As a consulting 

engineer for the last 14 years, I have been heavily involved with 

the evolving statewide telecommunications network. During 

that time I consulted for the state's largest telecommunications 

utilities as well as many of the smallest. I've encountered a wide 

variety of management styles, equipment, systems, and 

methods. It was not difficult to determine what worked and 

what did not, and information such as this will be included. 

Each of the first three parts of this series will cover one 

major aspect of a telecommunications network: switching 

(Part 1), transmission (Part 2), and terminal equipment (Part 3). 

Part 3 also will include some comments on administrative and 

regulatory matters as they specifically relate to the Alaska 

telecommunications network. Part 4 will cover the engineering 

details for a typical rural central office. 

It would be impossible to cover all aspects of telecom

munications in the space of a few articles. That does not present 

a problem because only certain facets of the Alaska telecom

munications industry differ from the overall industry. For the 

reader wishing to explore a certain subject further, I have in

cluded selected references. 

This particular article provides an overview of the Alaska 

telecommunications network with emphasis on central office 

switching functions and interfaces. System operation is ex

plained with attention to those details in the central office that 

affect quality of service in rural areas. 

TERMINOLOGY 

The telecommunications industry has a language of its own 

that is largely based on historical usage of the old Bell 

Telephone System.1 The terminology is sometimes regional or 

personality specific, and the use of such lingo will be avoided. 

A glossary is provided for the reader's convenience. For more 

in-depth information, the reader is referred to telecommunica

tions specific dictionaries? 

TELECOMMUNICATIONS NETWORKS 

A telecommunications network consists of transmission 

facilities, switching facilities, and terminal equipment as il

lustrated in Figure 1. The purpose of a telecommunication net

work is to carry voice and data from one place to another. The 

terminal equipment (usually telephone sets or modems; more 

generally, customer premises equipment or CPE) act as ter

mination or origin points for the calls. The transmission 

facilities connect 

the terminal equipment to the switching systems 
(called subscriber loops or lines), and 

the switching systems to each other (called trunks). 

The switching system responds to address signals from the 

terminal equipment to establish paths between different trans

mission facilities, thus providing an overall path for the call? 

SWITCHING 

The basic switching function is illustrated in Figure 2. There 

are a wide variety of switching system types and sizes in Alas

ka. This article will concentrate on modem digital central office 

switching systems with sizes of less than around 300-400 lines, 

1 See [1] for a good description of the technical and operational aspects of the Bell System up to its divestiture from AT&T. Divestiture 
began in 1982 and was completed in 1984. 

2 See [2] and [3]. 

3 For a more thorough discussion of subscriber loops, signaling, trunk transmission, and switching, see [ 4], [5], [6], and [7], respectively. 
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Fig•n 1. Btuie ekrrumts of 11 teleconurumietJtiorrs network. 

which would typically serve a community with a population of 

1,000 or less. 

Each community typically has one central office (CO) 

switching system, which is owned by a local exchange carrier 

(LEC or EC) certified by the Alaska Public Utilities Commis

sion {APUC). The COs switch local calls and provide trunk 

connections to long distance transmission facilities going to 

other communities in Alaska or in other parts of the world A 

particular EC may serve more than one community. 

In rural Alaska, COs in different communities are not con

nected directly to each other because it is not convenient or 

economical to do so. Instead, the COs are typically connected to 

a small satellite earth station, which provides the transmission 

path to another switching system owned by an interexchange 

carrier {IXC or I C). If the IC carries interstate traffic, it must be 

certified by the Federal Communications Commission (FCC). If 

the IC also carries intrastate telecommunications traffic, it must 

also be certified by the APUC. This aspect of regulation is 

discussed later. 

The IC switching system switches the calls to another CO or 

IC switching system. Thus, there are two basic functional types 

of switching systems in Alaska-the local central office, also 

called a class 5 End Office, and the long distance toll switching 

office, also called a class 4 Toll Center. 

The COs serve to connect relatively low-traffic local trans

mission paths (subscriber loops) to each other or to shared, 

high-traffic transmission paths and interconnecting means 

(trunks) handled by the Toll Center. Presently in Alaska, there 

are only two ICs (Alascom and GCI) with a total of four Toll 

Centers. There are 23 ECs with over 200 COs. The ECs and the 

communities they serve are listed as an appendix. Figure 3 
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illustrates the Alaska telecommunications switching network in 

perspective. 

All modem COs are capable of 7 -digit dialing for local calls 

using the NXX-XXXX format The local telephone number 

includes a 3-digit central office code or prefix (NXX) and a 

4-digit station number (XXXX), where N is any number 2-9 and 

X is any number 0-9. The NXX format give some central office 

codes that are interchangeable with area codes. Central office 

codes previously were of the NNX format, which were not 

interchangeable. 

At the present time, interchangeable codes are not required 

in Alaska, but, in the future they will be required Each NXX 

code provides slightly less than 10,000 telephone station num

bers. The typical rural central office requires no more than a few 

hundred, making the use of the codes very inefficient. This 

problem is compounded by the assignment of an NXX code to 

single stations, which is prevalent throughout Alascom's net

work. Changing from the NNX to the NXX format would 

provide approximately 150 additional codes. 

In small communities, some older COs-and some modem 

digital COs, too-are arranged for 3-digit (XXX) station dialing 

where the central office code and thousands digits are not dialed 

on a local call. This arrangement is used out of necessity or 

convenience, but is not recommended. The nationwide telecom

munication system works as well as it does because of stand

ardization. It is for this reason that the numbering schemes, in 
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even the smallest community, should be made compatible with 

the numbering scheme used everywhere else in the United 

States if it is economically feasible to do so. 

CO TYPES 

There are four basic CO switching systems types in Alaska: 4 

Electromechanical 

Hybrid (electromechanical/electronic) 

Analog (electronic) 

Digital (electronic) 

Only a few electromechanical systems are left. These rely on 

relay logic and an electromechanical switching matrix such as a 

crossbar, Strowger, or XY switch. 

Hybrid systems, most of which were installed in the mid-

1970s, use an electronic control and logic system with an 

electromechanical switching matrix comprised of crossreed 

switches. Both electromechanical and hybrid systems are being 

rapidly retired from the network because they are relatively 

unreliable, inflexible, and expensive to maintain. 

A fairly large number of analog electronic systems are scat

tered throughout the state. They rely on a diode switching 

matrix and electronic control logic with control programs in 
firmware (Programmable Read-Only Memory-PROM). Many 

are being replaced with the more modem software controlled 

digital switching systems. 

Digital switching systems are the most modem and, for good 

reason, account for the majority of the COs in Alaska. Digital 

COs are very reliable, inexpensive to maintain, flexible, and 

easy to upgrade to the latest software release or electronic 

technology. It is interesting that many of the COs of all types 

used in small rural communities were originally designed as 

Private Branch Exchanges (PBX) and then adapted by the 

manufacturers to rural central office service. Practically all new 

COs being installed are digital, and this article will concentrate 

on that type. 

A basic requirement for any CO in rural Alaska is robustness 

and simplicity. Specifically, it must 

Have few moving parts. 

4 Examples of each are Stromberg Carlson XY (electromechanical), Stromberg Carlson ECDO 400 (hybrid), Harris REX (analog), and 
Redcom MDX-384 (digital). 
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• 

• 

• 

Be able to withstand large voltage and frequency 
variations from the commercial power source. 

Be able to withstand very high temperatures in the 
summer and very low temperatures in the winter. 

Be repairable by persons with very little or no train
ing in telecommunications and electronics, and 
who have very little test equipment. 

Have provisions for remote administration of sub
scriber numbering and features. 

• Have no requirements for routine maintenance. 

1RAFFIC ENGINEERING 

Traffic engineering establishes the quantities of traffic sensi

tive hardware in a CO based on a statistical analysis of calls.5 

This includes lines, trunks, dual tone multifrequency (DTMF) 

and multifrequency (MF) receivers, and MF transmitters. The 

basic traffic measurement unit in the United States is the CCS, 

or Hundred-Call Second One call that lasts for 100 seconds or 

two calls that last for 50 seconds each (and so on) in the 

measurement interval provide equivalent traffic loads to the 

network of 1 CCS. The measurement interval is usually 1 hour 

so the maximum available capacity of any given single channel 

(for example, a trunk or line circuit) is 36 CCS (3,600 call 

seconds). 

Rural communities have relatively low and uncomplicated 

traffic requirements, which greatly simplifies the traffic en

gineering function. Figure 4 shows a typical traffic diagram for 

a rural CO. 

Older systems have no internal traffic data gathering means, 

so, when they are replaced or expanded, the engineer must 

estimate the traffic loads. Without more accurate information, 

Table 1 can be used as a basis for estimating the equipment 

quantities. The table was developed from data for eight COs in 

northwest Alaska, and it only applies to COs with less than 

approximately 300-400 lines. 

In a CO with a high percentage of business lines, the higher 

traffic values should be used. The Poisson table is typically used 

for most trunk calculations, although there are a number of 

other tables (for example, Neal-Wilkinson) that can be used 

with trunk groups having peaked traffic characteristics. The 

5 For a technical treatment of traffic engineering, see [8] and [9]. 
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Erlang B or Erlang C table is used for service circuit (signalling 

transmitter and receiver) calculations. 

Larger COs generally have a higher line-to-toll trunk ratio, 

and the toll CCS/Line is around 1.0. This value can be quite 

variable and will depend on the amount of business activity in 

the community as well as the proportion of long distance to 

local calls. Smaller communities will have a lower proportion 

of local calls (on a percentage basis) than larger communities. 

It should be noted that all small digital switching systems 

have nonblocking internal networks. That is, any subscriber 

may call any other subscriber without encountering congestion 

(no network paths available) in the switching system. This 

means the results of inaccurate traffic engineering, fortunately, 

has virtually no effect on system performance. The only critical 

parameter becomes the number of toll trunks required to serve 

the community. This is usually a matter of engineering judg

ment using the average numbers shown in Table 1. Fractional 

trunk quantities should always be rounded up. 

IN1ERFACES 

The electrical interfaces between the switching system itself 

and external facilities (subscriber loops and transmission sys

tems) connected to it are of great importance. Fortunately, in 
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small central offices, there are only a few basic interfaces that 

need to be considered.6 These are: 

1. Line Circuit Interfaces 

a. Regular Loop Start Lines 

b. Private Branch Exchange (PBX) Lines 

(1) Loop Start 

(2) Ground Start 

c. Coin Lines 

(1) Postpay 

(2) Prepay 

2. Trunk Interfaces 

a. Digital Trunks 

b. Analog Trunks 

(1) Loop/Reverse Battery 

(2)E&M 

(3) 2-Wire or 4-Wire 

c. Service Trunks 

(1) Recorded Announcement 

(2) Test Line 

Line circuit interfaces are used exclusively in small systems 

to connect subscriber loops to the network. During operation, 

the interface is subjected to considerable environmental abuse, 

such as lightning and induction from powerlines, and it is 

designed to be very robust. There is an almost infinite variety of 

terminal equipment that can be connected to the line side of a 

CO.Someare 

Regular telephone sets including so-called vanity 
phones and poorly designed consumer phones; 

Facsimile machines; 

Automatic answering machines; 

Security systems and dialers; 

Computer modems; 

Key telephone systems; 

PBXs; 

Radio telephone systems; 

Pagers; and 

Coin telephone sets. 

Terminal equipment will be described in greater detail in 

Part 3 of this series. All line interfaces have specific limitations. 

TABLE 1. AVERAGE BUSY SEASON BUSY HOUR 

(ABSH) TRAFFIC DATA 

Parameter 

Line Traffic 

Originating 

Terminating 

Intra-office Traffic 

Toll Trunk Traffic 

Outgoing 

Incoming 

Line: Toll Trunk Ratio 

False Attempt Factor 

Average Holding Times 

Typical Call 

DTMF Receiver 

MF Transmitter 

MFReceiver 

Blocking Probability 

Toll Trunk 

Service Circuit 

Value 

1.2 to 3.1 CCS/Line (2.1 average) 

1.2 to 3.1 CCS/Line (1.9 average) 

25% to 75% (43% average) 

0.7 to 2.2 CCS/Line (1.4 average) 

0.7 to 2.2 CCS/Line (1.3 average) 

5:1 to 14:1 (8:1 average) 

1.25 minimum 

200 seconds approximately 

10 seconds 

4 seconds 

0.8 seconds 

P.01 

B.OOl to B.005 

These are stated in terms of subscriber loop length limits for 

supervisory signals, transmission, and ringing. The loop limit 

for supervisory signals is 1 ,900 ohms, which includes ap

proximately 400 ohms for the subscriber's telephone set and 

premises wiring_? This leaves approximately 1,500 ohms for the 

outside plant portion of the subscriber's loop. 

Transmission limits are normally met by all loops that are 

within the supervisory limits. Transmission will be discussed in 

more detail in Part 2 of this article series. Ringing limits are also 

met by any loop meeting the supervisory limits. Fortunately, 

most rural COs do not come close to taxing any line circuit 

limitations. Those that do require special loop engineering and 

possibly voice frequency repeaters and loop extenders. 

The APUC requires at least one paystation (coin line) in each 

community. Coin lines require special consideration because 

6 In larger switching systems, there are a very large number of interface choices, but these are beyond the scope of this article. 

7 Some older digital line circuit cards have a loop limit of 1,200 ohms. 
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they use a different signaling protocol than regular lines. Some 

older COs are incapable of providing coin line service. All 

modem digital COs, however, have the capability of at least 

postpay coin line service. Postpay service means the paystation 

instrument does not require a coin until dialing has been com

pleted. Also the coin is not returned once it has been deposited. 

Prepay stations are rare in small rural communities because 

the COs usually do not have prepay line circuit capability. This 

is unfortunate because prepay pay stations provide superior coin 

line service. Prepay instruments require a coin deposit before 

dialing and the coins may be automatically collected or 

returned, or manually collected or returned by an operator. 

Trunk interfaces have basic design differences from the line 

interfaces mainly because the signaling and supervision re

quirements are different For example, trunks do not carry ring-

ing current (except in some special service trunks not applicable 

to small COs). Also, 2-way supervision is required on most 

trunks, and this is not available with normal line circuits. 

A typical rural switching system will have only one or two 

trunk types-toll trunks and special service trunks (for recorded 

announcements and test lines). The toll trunks provide interface 

between the local switching systems and toll transmission sys

tem, which is almost always a satellite earth station or 

microwave radio system to an earth station. Small systems use 

2-way toll trunks exclusively, which means either end can 

originate a call. 8 

Two types of trunk interfaces are available-analog and 

digital-as shown in Figure 5. Most COs in rural Alaska use the 

analog trunk interface. This is somewhat inefficient because the 

digital CO does all of its switching on a digital basis. In rural 

Analog 
Trunk 

1.544 MBPS 
Bipolar AMI 

Transmission Path 

Circuit 1-R .. x...,----\~------+-; 
L..r---......1 

Central Office 
Switching System 

Figure 5. ToU truJtlc hlterfoce•. 

Signaling Path 
Earth Station 

have been standardized and are commonly called Tl carrier or 

just T-carrier.9 

If the CO connects to an analog earth station, digital-to

analog conversion always will be required. From a transmission 

quality standpoint, it is best to do this at the earth station rather 

than make the conversion at the CO. For obvious reasons, the 

digital interface is a natural selection when a digital CO con

nects to a digital earth station. Digital interconnections are 

subject to distance limitations as shown in Table 2. The distan

ces shown are between the multiplex terminal or digital group 

(digroup) interfaces. 

When an analog trunk interface must be used, a few choices 

must be made: supervision and signaling protocols, and connec

tion make-up, which all must be selected to be compatible with 

Alaska, all subscriber signals are presented _T_A_B_L __ E_2-. ___ D,....IG __ I_T_A __ L_IN~T-E __ R...,.C::-O::-NN~E::-C,....T,....I--0:-N~D--IS:-T::-A ..... N,....C,....E~L--IMI~T::-A--T=I:-::O~N":":S:---

to the CO in an analog format from the sub-

scriber loop. The CO line circuit performs 

an analog-to-digital conversion, and the sys

tem then switches the signals to different 

paths using time division multiplexing 

{TDM) and time slot interchanging {TSI) 

techniques. The basic digital signaling rate 

is 1.544 Megabits/second (known as the 

DS1 rate). Digital interfaces using this rate 

Digroup to Digroup Interconnection 

No CO Repeater either end 

CO Repeaters each end 

CO Repeaters each end and 

Line Repeaters as required 

Maximum Length of 22 A WG Cable 

Approximately 600 feet 

Approximately 3,000 feet 

Approximately 200 miles 

8 Directionalized (1-Way) trunks are commonly used in larger systems to segregate traffic, especially when the peak traffic times in both 
directions coincide. 

9 See [10] and [11]. 
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the earth station and IC switching system. The actual choice is a 

matter of engineering arrangement between the EC and IC. 

Typically, an E&M interface is used for supervision as 

shown in Figure 6. For address signaling either multifrequency 

or dial pulse is used. Outgoing toll calls from the CO to the earth 

station should always use the multifrequency pulsing format. 

Some COs do not have multifrequency receivers, so dial puls

ing is the only method available for incoming calls. Multifre

quency signaling in both directions is preferred because it is 

simpler, faster, and more reliable. 

Type I E&M signaling, which requires two leads with a 

ground return, does not function properly with isolated power 

supplies at each end. On the other hand, Type II E&M, which 

requires four leads and no ground return, is designed for iso

lated power supplies at each end. The results of this criteria are 

summarized in Table 3. 

Type I E&M Interface 

Trunk Interface Signaling Interface 

Type II E&M Interface 

Trunk Interface Signaling Interface 

SB: ~-

~i;,~;~ tr------. cr----~ ,., 
0:---- T ~ ..L 

+ SGo------o: SG ~~~~~dl 
-48 VbC E-Lead ---- ' 

' ~: -<----1 E Relay 

Sensor : , 

The E&M interface without conditioning is not recom

mended for interconnection when the CO and earth station are 

in buildings separated by more than approximately 200 feet. 

This recommendation is based on specific experience in rural 

Alaska; longer lengths might be acceptable in a more benign 

environment. When the length criteria is exceeded, DX signal

ing is used to convert the E&M supervisory signals to a duplex 

(DX) format. The DX format is useful to over 10 miles and 

works well in areas with high powerline induction and poor 

grounding. E&M does not work at all when the cables are 

subjected to this type of environment. 

Figure 6. E&M trunk interface. 

With regard to trunk connection make-up, there are two 

basic choices: 2-Wire or 4-Wire. Toll trunk transmission 

facilities (earth stations) are inherently 4-Wire, which means 

they have separate transmit and receive paths for each circuit. 

For transmission quality reasons, it is always desirable to main-

TABLE 3. ANALOG TOLL TRUNK SIGNALING SELECTION 

Situation 

CO & Earth Station Collocated 

Same DC Power Supply 

Different DC Power Supply 

Signaling 

Type I or Type II E&M 

TypeiiE&M 

tain this 4-Wire relationship from the CO trunk circuit to the 

earth station. 

Using 2-Wire trunks in the CO and then converting to 4-

Wire at the earth station increases the chance of annoying echo 

problems due to impedance mismatch at the 2-Wire conversion 

points. With a digital switching system, there will be three 

conversion points in this case-one at the line circuit, one at the 

CO trunk circuit, and one at the earth station. The only ap

propriate place to use a 2-Wire trunk at the CO is where there 

are not enough cable 

facilities available 

between the CO and 

earth station or if the 

CO does not have 4-

Wire capability. 

The proper selec

tion of transmission 

levels at the trunk in-
CO & Earth Station Not Collocated 

Within 200 feet 

Not Within 200 feet 

Type II E&M (Type I or Type II E&M with DX signaling optional) 

Type I or Type II E&M with DX signaling (DX signaling essential) 
terface is necessary 

to ensure service 

quality and testing re-
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quirements can be met. A typical transmission level diagram is 

shown in Figure 7. Generally, the Transmission Level Point 

(TLP) at the CO trunk is fixed and adjustments to compensate 

for cable loss between the CO and earth station are made at the 

earth station. The 1LP is used throughout the telecommunica

tions industry to specify the point in a circuit at which a certain 

test tone level is expected during testing. The basic relationship 

is 

1LP = dBm- dBmO 

where, 

dBm =absolute level with respect to 1 mW (this is the 

level measured by the transmission measuring set); 

dBmO = absolute level referred to the 0 TLP; and 

1LP =transmission level point (or reference) in question. 

Sometimes Loop/Reverse Battery trunk interfaces are used 

for toll trunks. These work quite well over long distances 

(within the signaling limits of the trunk) provided DC power 

supplies for the CO and earth station are properly isolated from 

the trunk equipment and the trunks are specifically designed for 

toll type service. Loop/Reverse Battery trunk interfaces also see 

service as Direct Inward Dial {DID) trunks connected to PBXs. 

PBXs are rarely seen in rural Alaska except in the larger com

munities, so DID trunks will not be discussed further. 

Recorded announcements provide special instructions to 

callers. They are usually used to inform the caller of a mis

directed call because of 

• Problems in the network-all trunks busy (ATB); 

Vacant number dialed; 

Permanent signal or partial dial (timeout); or 

Inappropriate dialing codes used. 

A typical rural CO may or may not have any recorded 

announcements. The general recommendation is to have at least 

one recorded announcement channel to inform the caller of a 

misdialed number. A second channel can be used to inform the 

caller of all trunks busy.10 Some COs provide an all digital 

recorded announcement device which is integrated into the 
equipment shelf. Otherwise, a separate trunk (typically 2-Wire 

or 4-Wire E&M) is used to connect to an external unit. 

Recorded announcement trunks are one-way (although a two

way trunk may be used if desired). All modem recorded an

nouncement devices are solid-state. 

Test lines are essential to any CO. In most digital switching 

systems, the test lines are integral to the common control equip-

10 See Table AU in [6] for typical announcements for various incompleted call attempts. 
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ment and do not require trunk interfaces. The minimum test line 

types, and their corresponding standardized telephone numbers, 

are shown in Table 4. Although the telephone numbering 

scheme for test lines has been standardized in Alaska, not all 

COs conform to it. 

TABLE 4. TEST LINES 

Test Line Types Telephone Number 

100 Test Line, Balance NXX-1100 

102 Test Line, milliwatt NXX -1102 

103 Test Line, Supervisory NXX-1103 

Loop Around 1 (LA1) NXX -1108 

Loop Around 2 (LA2) NXX-1109 

The 100 test line (also called "silent termination") provides a 

connection to a balanced terminating impedance, which has 

very low noise associated with it (thus, the name silent termina

tion). It is used for noise level tests of a transmission facility 

such as a loop or trunk circuit. The 102 test line provides a 

1004 hertz tone at a level of exactly 1.0 milliwatt (0 dBm) at a 

0 Transmission Level Point (OTLP). This applies to the line 

circuit or zero loss trunk interface. If the trunk is at a different 

TLP, the absolute level will be adjusted accordingly. This test 

line is used to test the transmission loss in a line or trunk circuit. 

The 103 test line provides an alternating off-hook/on-hook 

supervisory signal for testing. This test line provides an initial 

burst of a milliwatt tone upon call setup. The loop around 

provides a two-way circuit for making a variety of transmission 

tests. With a loop around, the tester can make frequency 

response and other transmission tests independent of the CO. 

This is useful for trunk testing and alignment of remote, unat

tendedCOs. 

The final interface topics are bandwidth, delay distortion, 

and echo control. All small digital COs are designed to carry 

analog voice and data calls within the frequency range of 

300Hz to 3,400 Hz (nominal bandwidth of 3,100 Hz). The line 

and trunk circuit interfaces have a flat response in this 

bandwidth with very sharp band-edge filters that limit the sig-

nals to this band. The trunk transmission facilities (earth sta

tions) connected to the COs in Alaska have relatively high 

attenuation distortion in the same band when compared to CO 

line and trunk circuits.11 

Data transmission using analog modems is easily accom

modated, but the actual data speed is highly dependent on the 

modem design. Modem dial-up modems are designed to com

pensate for the high envelope delay distortion caused by sharp 

filtering and the restrictive bandwidth of the transmission 

facilities, and data speeds of 9,600 bits/second are now common 

in this type of service. 

A 9,600 bit/second modem will typically use a signaling rate 

of 2,400 baud and will have internal error correction and data 

compression features, which makes these high speeds possible. 

Modems with slower speeds of 300 to 1,200 bits/second use a 

signaling rate of 300 to 1,200 baud. These modems do not 

normally have internal error correction or data compression and 

only the slowest speed (300 bit/second) works reliably on a 

satellite circuit unless error correcting or detecting software is 

used in the terminal external to the modem. Also, older 

modems, which may work fine on a local call, may not work at 

all on a satellite circuit because of the additional transmission 

impairments inherent in this transmission method. 

The delay distortion and bandwidth limitations are only part 

of the overall problem of transmitting data over the public 

switched network in Alaska. Older satellite earth stations, and 

the inherent characteristics of satellite transmission itself, pro

vide severe limitations in many cases. The one-way delay of 

any satellite circuit (from one earth station to satellite to the 

other earth station) is 240 milliseconds minimum and the 

roundtrip delay (back to the originating earth station) is almost 

1;2 second. A double hop satellite circuit will have a roundtrip 

delay of 1 second. Many modems are not designed to compen

sate for satellite delay (but most are). 

Humans can adapt quite easily to satellite delay if the echo 

levels are very low; otherwise, it is very difficult to carry on a 

conversation. Echo suppressors or echo cancelers are required 

on all satellite circuits used for voice. While these are effective 

(echo cancelers are best), the use of 4-Wire toll trunk interfaces 

minimizes the chances of echo problems as previously ex

plained. Echo suppressors and echo cancelers are usually in-

11 This does not imply the trunk transmission facilities are inferior or not within specifications. Generally, they do meet industry standards. 
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stalled in the earth station. During data calls, echo suppressors 

and cancelers are disabled. Transmission limitations, including 

echo problems, will be discussed in more detail in Part 2. 

AUTOMATIC NUMBER IDENTIFICATION (ANI) 

Inherent to all modem CO switching systems is the ability to 

automatically identify the calling line and transmit this informa

tion to the toll center for billing on a long distance call. Indeed, 

ANI and billing is a fundamental requirement of an efficient 

public telecommunications network. There are a wide variety of 

ANI formats used throughout the United States, but only a few 

are used in Alaska due to the limited number and types of toll 

centers. The following discussion applies to COs that do not 

provide "equal access," which is discussed later. 

A few older systems use the AMR-5 Mode BANI format, 

which is considered obsolete. Most rural digital central offices 

use the so-called Bell CAMA format.12 The specific type of 

format is for Super Combined Coin and Noncoin Trunk Groups. 

This is frequently called "Table N" format, which refers to a 

particular table of signaling tone combinations in the AT&T 

"Blue Book."13 The nomenclature "super combined" refers to 

the arrangement of sending toll calls from both coin and non

coin lines over one trunk group. Combined operation is essen

tial to improving the efficiency of the very small trunk groups 

associated with rural COs. 

The basic outpulsing requirements of a super combined 

trunk group are shown in Table 5. Each digit, including KP and 

ST, is a standardized multifrequency tone pulse. The basic 

sequence after the subscriber dials the called number is as 

follows: 

(1) The CO seizes an idle toll trunk; 

(2) When the CO obtains a wink (''ready-to-receive-digits" 

signal) from the toll center, the CO outpulses the called 

number preceded by a start pulse (KP) and ended by a 

class of service pulse (ST); 

(3) Almost immediately following, the CO outpulses 

the calling number (ANI), which is preceded by a KP 

and information digit (I) and ended by an ST pulse. 

DC POWER SUPPLIES 

All rural COs require an uninterruptible power supply for 

service continuity during commercial power outages. The 

standard arrangement is a nominal -48 volt battery with redun

dant chargers. A basic block diagram is shown in Figure 8. 

Under normal conditions, the chargers provide -48 volt DC for 

system operation. When commercial power fails, the battery 

provides the necessary current. When commercial power 

returns, the chargers replenish the battery while powering the 

co. 
The DC power supply is the weak link in some rural COs, 

generally because of poor (or no) battery maintenance and poor 

TABLE 5. CO OUTPULSING FORMAT FOR SUPER COMBINED COIN AND 

NON COIN TRUNK GROUPS 

commercial power system quality. 

The solution is to use oversized 

maintenance-free (sealed gel-cell) 

batteries and the best chargers 

available. A typical DC power 

supply design for a small system 

will generally use a 72 hour initial 

battery reserve. This provides suf

ficient growth capability with an 

end-of-battery life reserve of at 

least 24 hours. If the gel-cell bat

tery does become discharged and 

CO Outpulses CO Outpulses 
Subscriber Call Type Subscriber Dials Called Number Calling Number 

Coin 
Station-Station 1+7/10D KP-7 /lOD-ST2P KP-I-7D-ST 
Operator Assistance 0 KP-ST3P KP-I-7D-ST 
Special Toll 0+7/10D KP-7 /10D-ST3P KP-I-7D-ST 

Noncoin 
Station-Station 1+7/10D KP-7 /lOD-ST KP-I-7D-ST 
Operator Assistance 0 KP-STP KP-I-7D-ST 
Special Toll 0+7/lOD KP-7 /lOD-STP KP-I-7D-ST 

,..,.._........,,.........,.........-.......... ,_----------------.......... --------------- then freezes, it will not be 
NOTE: D=Digit, KP=Starting Pulse, ST=Ending Pulse, !=Information Digit=O damaged. The typical battery is 

12 CAMA is the abbreviation for Centralized Automatic Message Accounting. 

13 Reference [12] is the Blue Book; see section 5 for toll signaling information. 
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around 310 amp-hours at the 8-hour rate for a CO with 3-5 amp 

current draw. 

Chargers must be sized to provide system operating current 

as well as charging current to a depleted battery. The charging 

current will depend on the rate at which it is desired to com

pletely recharge a dead battery. A typical time for recharge is 

24 hours. The specific design details for DC power supplies will 

be covered in Part 4 of this article series. 

MAIN DISTRIBUTION FRAME AND PROTECTION 

The Main Distribution Frame (MDF) provides a means for 

easily connecting any particular line or trunk circuit interface to 

any particular outside plant cable pair. A twisted pair jumper is 

used for this interconnection. A block diagram of a typical MDF 

is shown in Figure 9. 

The MDF almost always has outside plant protection equip

ment mounted on it. In this case, it is sometimes referred to as a 

Combined Distribution Frame (CDF). Whatever the mounting 

method, protectors are always required in a central office. The 

actual protectors used (in ascending order of cost) are 

24 

(1) Carbon block, 

(2) Solid-state, and 

(3) Gas tube. 

co 
Switching 

System 
Main 

Distributing 
Frame 

L--------iP·· 

1-----D·-

Figure 9. Main distributing Frame. 

Subscriber 
l--- Cables 

Protector 

Carbon block protectors have been successfully used for 

many years in rural Alaska. Until recently, gas tube protectors 

were preferred in areas with high lightning activity or with 

sensitive digital transmission circuits. Within the last two years, 

however, solid-state protectors have become economically 

available and are now the preferred protector where lightning or 

high sensitivity is a problem. 

GROUNDING 

Improper grounding of telecommunication systems is a 

chronic problem almost everywhere in Alaska for two reasons: 

Lack of knowledge by EC and contractor personnel; and very 

poor grounding conditions. The latter includes COs that are 

built on bedrock, permafrost, or other poorly conducting soils. 

Nevertheless, proper grounding and bonding are essential to 

reliable system operation. This is especially important in the 

lightning prone areas of Alaska or areas with high environmen

tal noise levels. 

Recognizing that it may be impossible to provide an ade

quate year-round grounding system for a CO built on per

mafrost, it is still essential that a driven rod and ring conductor 

ground be installed. In small COs, a ground rod in each comer 

of the building, with buried bare #2 (or larger) copper conductor 

bonding the rods together, is typically used. 
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Digital switching equipment and related systems are bonded 

to the CO grounding system quite differently than the older 

electromechanical systems. The bonding follows a specific set 

· of rules to eliminate any possibility of ground loops and to 

isolate noise producers from any noise receptor. This is neces

sary for noise control because digital electronic systems are 

very sensitive. Also, proper bonding of all equipment reduces 

the likelihood of electrostatic discharge problems and brings 

everything in the CO building to an equal potential, which is 

necessary for safety and noise control. The specific details of 

CO grounding and bonding will be covered in Part 4 of this 

series.14 

SPECIAL SERVICES 

Small rural COs do not normally provide the wide range of 

special services found in urban areas mainly because it is either 

not economical to provide them or there is little demand, or 

both. Special services include the 911 Emergency Service 

Bureau (ESB); time, temperature, and weather recordings; and 

operator services. 

The typical alternate to the ES B is to translate the 911 dialed 

number to the number for some centralized location in another 

community that is equipped to handle emergencies for a group 

of communities. In other words, say the centralized location 

was assigned the 7-digit number NNX-3911. A person in a 

community not equipped with an ESB would dial 911, and the 

central office switching system would translate it to NNX-3911 

and process the call as ifNNX-3911 was originally dialed. 

Operator services include operator assistance (0), local 

directory assistance (411), Repair Service Bureau (611), and 

other similar services. Long distance operator assistance is nor

mally handled by long distance operators; most rural com

munities do not have local operator assistance. 

Local directory assistance is handled through agreements 

between the EC that requires local directory assistance service 

and another EC that provides it. In this case, the local directory 

assistance number (for example, 411) is translated and routed 

over a toll trunk to the EC providing service. Anchorage 

Telephone Utility (A TU) and Fairbanks Municipal Utilities 

System (FMUS) presently provide the service for a fee related 

to the number of subscribers in each community being served. 

The issue of statewide directory assistance is discussed later. 

The Repair Service Bureau is usually centralized at the EC's 

headquarters, and is reached from a remote community by dial

ing a toll free number (INW ATS 800 number). Each com

munity usually has a local EC representative, who handles 

routine service calls. 

ADMINISTRATION AND TESTING 

Modem digital COs are remotely administered from the ECs 

headquarters via keyboard terminal and modem. Such activity 

takes into account the requirement for assignment of specific 

line circuit interface positions (line equipment) to specific sub

scribers and cable pairs, the telephone numbers and any features 

or options. The same link that is used to administer the CO is 

used to obtain alarm messages and traffic data. 

Alarm messages are provided to indicate call processing 

problems or trunk and line failures. Such messages are usually 

in a coded format, which requires an external database or table 

for lookup. The decoded alarm messages usually give enough 

information to indicate the printed wiring board on which there 

is trouble. This greatly simplifies troubleshooting and reduces 

the number of ineffective, but expensive, trips to a remote CO 

site. 

REGULATORY REQUIREMENTS 

The APUC enforces the Alaska Administrative Code re

quirements for telecommunications service quality and the 

basic business policies, including tariffs, of the ECs in Alaska.15 

These regulatory requirements adopt industry standards and 

practices from the Institute of Electrical and Electronic En

gineers (IEEE), Rural Electrification Administration (REA), 16 

and larger telecommunication operating companies such as 

GTE, AT&T, and the Bell Operating Companies. Such stand

ards and practices directly affect the design and operation of a 

CO switching system. 

14 Meanwhile, the reader can refer to [13) for information on grounding digital central offices. 

15 See 3 Alaska Administrative Code 52.200 through 3 Alaska Administrative Code 52.340. 

16 Many rural ECs receive fmancial assistance and loans from REA. One of the loan requirements is that the companies follow REA 
specifications and practices. Such documents are available from REA in Washington, D.C. 

THE NORTHERN ENGINEER, VOL. 23, NO. 1 25 



In many respects, Alaska telecommunications also is regu

lated by the FCC. One federal regulatory issue in Alaska con

cerns "equal access." Equal access refers to the ability of any IC 

to interconnect with an EC without dialing or transmission 

disadvantages as compared to another IC. The requirement for 

equal access began in the late 1970s with long distance com

petition in the contiguous 48 states and was caused by the basic 

design limitations of EC end offices and the unwillingness of 

the Bell Operating Companies to make it easy for AT&T's 

competitors. Technically, the end offices were capable of inter

connecting with more than one IC, but the subscribers had to 

d4tl more digits to access the competing IC (that is, any IC but 

the first one; the first, of course, being AT&1). Also, the 

method of interconnection provided lower transmission quality 

in many cases. 

This "unequal access" was deemed to discriminate against 

the competing IC. As a result, it became a federal requirement 

that the EC must provide equal access within two years of a 

request for interconnection by a competing IC. In almost all 

cases, this meant either completely replacing the end office 

switching system, or expensive hardware and software upgrade. 

At this point, a note concerning ANI and equal access should 

be inserted. The basic signaling requirements previously dis

cussed for transmitting the called and calling number from the 

end office to the toll center may not apply when equal access is 

provided to more than one IC. The actual signaling formats 

depend on the technical aspects of the interconnection agree

ment and will not be discussed here for lack of space. 

The issue of competition among ICs did not directly affect 

Alaska until 1982 when GCI entered the interstate market. 

However, intrastate competition was precluded by there being 

no regulations by which a competing intrastate IC, such as GCI, 

could become certified in Alaska by APUC. The APUC made 

little progress in developing the needed regulations. Eventually, 

intrastate competition became a political problem, and, helped 

by a strong lobbying effort, the Alaska legislature forced the 

issue. As a result, GCI applied for certification under the new 

regulations and received a certificate for intrastate authority in 

May 1991. With this authority, GCI is allowed to compete with 

Alascom in both the interstate and intrastate markets.17 

A number of issues remain to be resolved, however. One 

issue results from the high expense of replacing a CO switching 

system or upgrading an existing system for equal access. The 

cost burden is too great in rural areas (anywhere from $2,000 to 

$150,000 per end office), so a compromise in dialing proce

dures is necessary for a subscriber to access the IC of choice. 

The exact details of this compromise have not been worked out 

as of this writing.18 

Another issue concerns the provision of statewide directory 

assistance service. Although this is not directly related to equal 

access, it is an off-shoot of the era of telecommunications com

petition in Alaska. Presently, both FMUS and A TU provide 

directory assistance services on a contractual basis to other ECs. 

The question is whether only one company should be certified 

by APUC to provide this service or if there should be competi

tion for it. This issue also has not been resolved as of this 

writing and probably will not be for some time.19 

These and other issues will be addressed in Part 4 of this 

article series. 

TARIFFS 

Tariffs describe the basic conditions of service as well as the 

rates for the different features. All tariffs have a residential rate 

and business line rates (the latter is higher) and specify connec

tion and service fees. In addition, optional features are 

specified. These include 

• Call Forwarding 

Call Waiting 

Three-Way Conference Calling 

Last Number Redial 

Toll Denial 

Tone Dialing 

In some locations, tone dialing and possibly some other 

features are provided as a standard offering, and there are no 

extra charges for them. Not all features listed above are covered 

17 See Alaska Public Utilities Commission Docket U-86-87 for a more complete discussion of this interesting and controversial aspect of 
Alaskan telecommunications; Docket U-91-11 covers the latest certification attempt by GCI. 

18 Alaska Public Utilities Commission Docket R-90-4. 

19 Alaska Public Utilities Commission Docket R-89-2. 
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by a tariff item, but almost all digital COs have the capability of 

providing them. 

CONCLUSION 

The needs of telecommunication subscribers in rural Alaska 

can be easily accommodated by modem digital switching sys

tems, which are relatively easy to engineer, install, and main

tain. This article has explored some of the technical and 

regulatory aspects of how such systems fit into the overall 

Alaska telecommunications network. 

REFERENCES 

[1] Bell Telephone Laboratories. 1983. Engineering and Operations 
in the Bell System. Available from AT&T Customer Information 
Center, Indianapolis, IN. 

[2] Langley, G. 1982. Telephony's Dictionary. Chicago, IL: 
Telephony Publishing Corp. 

[3] IEEE Std. 100. 1988. IEEE Standard Dictionary of Electrical and 
Electronic Terms. 4th Ed. Piscataway, NJ: IEEE Standards Press. 

[4] Reeve, W.D. 1991. Subscriber Loop Signaling and Transmission 
Handbook: Analog. Piscataway, NJ: IEEE Press. 

[5] Welch, S. 1979. Signalling in Telecommunications Networks. New 
York, NY: Peter Peregrinus Ltd. 

[6] Bellcore. 1986. Notes on the BOC Intra-LATA Networks- 1986. 
TR-NPL-000275. Piscataway, NJ: Bellcore Customer Service. 

[7] Pearce, J.G. 1981. Telecommunications Switching. New York, 
NY: Plenum Press. 

[8] Bear, D. 1988. Principles ofTelecommunication TraffiC 
Engineering. IEEE Telecommunications Series 2. 3rd Ed. New 
York, NY: Peter Peregrinus Ltd. 

[9] Bellcore. 1985. Trunk Traffic Engineering Concepts and 
Applications. SR-EOP-000191. Piscataway, NJ: Bellcore 
Customer Service. 

[10] American National Standard for Telecommunications- Digital 
Hierarchy- Electrical Interfaces. 1987. ANSITI.I02-1987. 
Washington, DC: American National Standards Institute. 

[11] American National Standard for Telecommunications- Digital 
Hierarchy- Formats Specifications. 1988. ANSIT1.107-1988. 
Washington, DC: American National Standards Institute. 

[12] AT&T Network Planning Division. 1980. Notes on the Network. 
Fundamental Network Planning Section. Winston-Salem, NC. 

[13] Rural Electrification Administration. "Electrical Protection of 
Electronic Analog and Digital Central Office Equipment." 
Telecommunications Engineering and Construction Manual, 
Section810 (1983) andAddendumNo.l (1984). Washington, 
DC: Rural Electrification Administration. 

GLOSSARY 

Baud Rate- The number of discrete signal events (or symbols) 

per second. 
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Blocking Probability - The probability that the calling party 

will not be connected to the called party because no trunks are 

available. Expressed as, for example, P.01 for 1 in 100 prob

ability using the Poisson Table or B.001 for 1 in 1000 prob

ability using the Erlang B Table. 

CaD Forwarding - A call feature whereby calls can be rerouted 

automatically from one number to another. 

CaD Waiting - A feature by which a caller on an existing 

conversation will be informed by a tone when a third caller 

desires a connection. 

CCS- Abbreviation for 100 Call Seconds, which is the U.S. 

unit for telephone traffic load in a 1 hour time period. The 

maximum load on a given circuit is 36 CCS (3,600 seconds) in 

1 hour. 

Central Office - The facilities housing the switching system 

and related equipment that serves subscribers in the geographic 

area. 

Conference Calling - A feature by which a third party can be 

brought into an existing conversation. 

CPE - Abbreviation for Customer Premises Equipment, which 

is any equipment and wiring on the subscriber's side of the 

network interface device (NID). 

DX Signaling - A symmetrical and balanced signaling method 

that is identical at both ends and uses earth-battery pulsing. DX 

signaling uses the same conductors as information (for ex

ample, voice) signals. One part is used for signaling and the 

other for unwanted earth current compensation. 

E&M Signaling - A method of signaling between trunk ter

minating equipment that uses a receive (E) lead and a transmit 

(M) lead for signaling over a different path than the associated 

information (for example, voice) signals. 

Erlang B Table - A table used in traffic engineering in which it 

is assumed that blocked calls have zero holding time and are 

cleared from the system. 

Erlang C Table - A table used in traffic engineering in which it 

is assumed that blocked calls wait for service as long as neces

sary and are connected immediately when a service circuit 

becomes available. 
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Exchange - Same as central office. 

False Attempt Factor- Used in traffic engineering to account 

for call attempts that are abandoned before a connection is 

made. 

Holding Time - The length of time a resource (for example, 

path or service circuit) is busy for a call. 

Key Telephone System - A local telephone system that allows 

immediate access by all users to each other and the central 

office lines by pressing keys on their telephone instrument. 

Last Number Redial - A feature by which a subscriber can 

redial the last number by pressing one or two keys on the 

telephone. 

Line - That part of a central office used exclusively for connec

tions to subscribers. 

Off-Hook- Busy condition. 

On-Hook- Idle condition. 

Paystation - A telephone set, usually in a public place, that 

requires payment for use. 

Poisson Table - A table used in traffic engineering in which it 

is assumed that blocked calls are held in the system for the 

duration of their intended holding time. 

Private Branch Exchange - A local switching system that 

serves telephone stations and allows connection to the public 

switched telephone network through central office lines. 
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Subscriber - Any customer of a telephone system. 

Time Division Multiplexing - A method by which several lines 

or trunks can share common transmission or switching 

facilities. 

Time Slot Interchange - A method by which groups of bits 

associated with digitally encoded voice or data signals are 

switched from one time slot to another. 

TLP - Abbreviation for Transmission Level Point, which is a 

point in a transmission system evaluated by the ratio of a test 

signal's power at that point to the test signal's power at a 

reference point. 

Toll Denial - A feature by which calls on a line that terminate 

on a toll trunk are automatically blocked. 

Trunk - A shared communications channel between two 

switching systems. 

ABOUT THE AUTHOR 

WHITHAM D. REEVE is owner of Reeve Consulting En

gineers, Anchorage, Alaska. He received a B.S.E.E. from UAF 

in 1969. Reeve is a registered professional engineer in Alaska, 

Washington and the Yukon Territories. He is also senior mem

ber of IEEE, and a senior and charter member of the National 

Association of Radio and Telecommunciations Engineers. 

THE NORTHERN ENGINEER, VOL. 23, NO. 1 



APPENDIX 

LOCAL EXCHANGE CARRIERS IN ALASKA 

Local Exchange Carrier 

Anchorage Telephone Utility 

Arctic Slope Telephone Association Cooperative, Inc. 

Bettles Telephone, Inc. 

Bristol Bay Telephone Cooperative, Inc. 

Buss-Tell, Inc. 

Copper Valley Telephone Cooperative, Inc. 

Cordova Telephone Cooperative, Inc. 

Fairbanks Municipal Utilities System. Inc. 

GTE Alaska, Inc. 

Interior Telephone Co. 

City of Ketchikan 

Matanuska Telephone Association, Inc. 

Mukluk Telephone Co.,lnc. 

National Utilities, Inc. 

North Country Telephone Co. 

Nushagak Telephone Cooperative, Inc. 

OTZ Telephone Cooperative, Inc. 

Summit Telephone Co. 

Telephone Utilities of Alaska, Inc. 

Telephone Utilities of the Northland, Inc. 

United Utilities, Inc. 

Yukon Telephone Co., Inc. 
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Locations Served 
Anchorage, Bird/Indian, Girdwood, Hope, Portage 

Anaktuvuk Pass, Atkasuk, Deadhorse, Kaktovik, Nuiqsut, Point Hope, 
Point Lay, Wainwright 

Bettles, Evansville 

Ekwok, Igiugig, King Salmon, Koliganek, Levelock, Naknek, New Stuyahok 

Aniak:, Anvik, Crooked Creek, Grayling, Holy Cross, Lower Kalskag, Red Devil, 
Shageluk, Sleetmute, Stony River, Upper Kalskag 

Chistochina, Chitina, Copper Center, Gakona, Glennallen, Gulkana, Kenny Lake, 
Mentasta, Nelchina, Paxson, Tatilek, Valdez 

Cordova 

College, Fairbanks, Fox, Goldstream Valley 

Barrow, Bethel, Haines, Hyder, Klukwan, McGrath, Metlakatla, Moose Pass, 
Nome, Petersburg, Seward, Unalakleet, Wrangell 

Cold Bay, Cooper Landing, Ft. Yukon, Galena,lliamna, King Cove, Port Lions, 
Sand Point, Unalaska 

Ketchikan, Point Higgins, Mountain Point 

Anderson, Big Lake, Cantwell, Chickaloon, Chugiak:, Clear, Eagle River, Eklutna, 
Healy, Houston, Palmer, Peters Creek, Sutton, Talkeetna, Tyonek, Wasilla, 
Willow 

Brevig Mission, Council, Elim, Golovin, Koyuk, Little Diomede, St. Michael, 
Shaktoolik, Shishmaref, Stebbins, Teller, Wales, White Mountain 

Craig, Dot Lake, Hollis, Hydaburg, Skagway, Tanacross, Tetlin, Tok 

Eagle 

Aleknagik, Clarks Point, Dillingham, Ekuk, Manokotak: 

Ambler, Buckland, Candle, Chicago Creek, Deering, Kiana, Kivalina, Kobuk, 
Kotzebue, Noatak:, Noorvik, Red Dog Mine, Selawik, Shungnak: 

Chatanika, Cleary Summit 

Douglas, Ft. Wainwright, Juneau, Sterling 

Akhiok, Akutan, Allakaket, Anchor Pt., Angoon, Atka, Bartlett Cove, Birch 
Lake, Chignik, Clam Gulch, Coffman Cove, Delta Junction, Egegik, Elfm 
Cove, English Bay, False Pass, Ft. Greely, Gustavus, Halibut Cove, Homer, 
Hoonah. Hughes, Huslia, lvanof Bay, Kachemak:, Kaguyak, Kak:e, Kalifonsky, 
Kaltag, Karluk, Kasaan, Kasilof, Kenai, Klawock, Kodiak:, Kokhanok, 
Koyukuk, Lasen Bay, Meshik, Mt. Edgecumbe, Nelson Lagoon, Nenana, 
Nikiski, Nikolski, Ninilchik, Nondalton, North Kenai, North Pole, Northway, 
Nulato, Old Harbor, Ouzinkie, Pedro Bay, Pelican, Perryville, Pilot Pt., Pt. 
Baker, Port Alexander, Port Alsworth, Port Graham, Port Protection, Portage 
Creek, St. George, St. Paul, Salamatof, Seldovia, Sitka, Soldotna, Sterling, 
Tenakee Springs, Thome Bay, Womens Bay, Yakutat 

Akiachak:, Akiak:, Alakanuk, Arctic Village, Atmautluak, Beaver, Birch 
Creek, Central, Chalkyitsik, Chuathbaluk, Chefornak:, Chevak:, Circle Hot 
Springs, Eek, Emmonak, Gambell, Goodnews Bay, Hooper Bay, Kasigluk, 
Kipnuk, Kongiganek, Kotlik, Kwethluk, Kwigillingok, Lime Village, Manley 
Hot Springs, Marshall, Mekoryuk, Minto, Mountain Village, Napakiak:, 
Napaskiak:, New Chenega Bay, Newtok, Nightmute, Nikolai, Nunapitchuk, 
Oscarville, Pilot Station, Platinum, Quinhagak:, Rampart, Russian Mission, St. 
Marys, Savoonga, Scammon Bay, Sheldon Pt., Stevens Village, Takotna, 
Telida, Togiak, Toksook Bay, Tuluksak:, Tuntutuliak:, Twin Hills, Venetie 

Ruby, Tanana, Whittier 
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Lessons Learned From the Emmonak Water and Sewer Project 
by 

Greg Capito and Bernie Gajewski 

INTRODUCTION 

In November 1990, the finishing touches were put on a water 

and sewer project in Emmonak, Alaska that took nearly eight 

years and $10 million to complete. This remote Eskimo com

munity is located in western Alaska at the mouth of the Yukon 

River. Since the early 1970s, residents have successfully 

operated a central laundromat facility (EPA, 1980), but an 

upgrade to piped household water and sewer was desired. 

The motivation for this project came from the 650 residents 

who were hauling "honey bucket" waste, and recognition of a 

growing public health problem that could in part be traced to 

inadequate sewage collection and disposal methods. 

This paper summarizes the technical, fiscal, and political 

lessons learned from the Emmonak experience (see Table 1). 

PROJECT DEVELOPMENT 

Community interest was galvanized in 1983 when the Alas

ka Legislature appropriated $1.8 million for the project. How

ever, as the community quickly learned, obtaining this seed 

money was not enough. Assistance was needed to help plan the 

massive project and the Public Health Service (PHS) agreed to 

provide a cost estimate and conceptual design for piped com

munity water and sewer in Emmonak. In the summer of 1983, 

this engineering feasibility study was completed and presented 

to the community (PHS, 1983). The estimated capital and 

operational costs for several alternatives, together with a phased 

project schedule, became the blueprint which the community 

was to follow for the next seven years. 

With the report in hand, the community was anxious to 

proceed. About this time, the Alaska Legislature appropriated 

additional funds to continue the project through the state's 

Village Safe Water (VSW) program. VSW dispatched en

gineers to help the community select a firm to design the im

provements. A two-step selection process outlined in ASCE 

Circular #45 was followed and a short list of three firms 

developed. The firms were invited to the community and inter

viewed by the City Council and VSW. This approach was 
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important because it demonstrated to community leaders that a 

systematic selection process based on technical qualifications 

was used. 

Coffman Engineers of Anchorage, Alaska was selected and 

hired by the community. The design, which began early in 

1985, was difficult due to: 1) poor drainage and soil conditions 

caused by discontinuous permafrost; 2) spring flooding and ice 

floes in the community; 3) seasonal variation in water quality 

from the source of supply, the Yukon River; and 4) high 

electricity and fuel costs. After extensive geotechnical inves

tigations, the designers determined that an above-ground cir

culating water and vacuum sewer system with a lagoon would 

be the most cost effective way to overcome these difficult 

conditions (Coffman Engineers, 1985). The key to reducing 

operation and maintenance costs was utilizing waste heat from 

electrical generators that provided power to the community. 

The ability and willingness of the design team to explain techni

cal details, listen to community suggestions, and then make 

changes was significant. In fact, the community's water plant 

operator became a part of the plan review team. 

The City Council agreed to visit the village of Noorvik in the 

northwest Arctic and inspect the only vacuum sewer system 

operating in Alaska. The design team hoped to provide com

munity leaders with a better idea of the scope and operational 

characteristics of the proposed Emmonak project. As the reality 

of the project began to sink in, the community began to grapple 

with user fee charges of $50 per household per month. 

Numerous discussions convinced them that even with the use of 

waste heat, fixed operational costs required the adoption and 

enforcement of user fee ordinances. 

Concurrently, VSW consolidated available funds from 

several sources. The objective was to place all future project 

money into a single bank account and hire a CPA firm to 

consolidate management and ensure accountability. 

After dozens of plan review meetings during the winter and 

spring of 1985, a working relationship evolved between the 

city, Coffman Engineers, VSW, and PHS. The role of each 

group emerged as follows: 
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TABLE 1. REMOTE VILLAGE PROJECT GUIDELINES 

PLANNING 

• Community has functioning city government 

• Motivation for project established within community 

• Broad-based community support for improvements 

• Experienced project mentor selected by community 

• Detailed engineering feasibility study completed and 
alternatives discussed 

• Visit city where desired service is already established 

• Level of service commensurate with city's management 
capability 

• Level of service consistent with ability/willingness to pay 

• House to house survey conducted 

• Commercial and institutional water users identified 

• Community mentally prepared for "long haul" project 

• Community retains decision making authority during 
project 

DESIGN 

• Screening and selection process following ASCE 
guidelines 

• Firm selected by community 

• 
• 

• 
• 
• 
• 

Design review meetings as required in the community 

Designer able and willing to explain technical concepts 
to community 

Designer integrates community ideas into project 

Extensive geotechnical work completed 

Waste heat design by mechanical engineers 

Permits obtained 

CONSTRUCTION 

• Construction superintendent selected from outside 
community 

• Material takeoff, procurement, and construction 
management by professionals 

• Inspector on-site where materials are manufactured 

• Local work force utilized 

• Job descriptions written 

• Chain of command agreed to 

NOTE: Bold print indicates a crucial step in the process. 
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• Wage scales, working hours, hiring and firing policy 
established by city 

• Phased construction scheduled as required 

• Specialty contractors hired 

• Weekly meetings between superintendent and crews 

• Superintendent briefs city council monthly 

• Crews limited to work on water/sewer project 

• Final inspections/punch lists prepared 

FUNDING 

• Consolidate all project funds into single bank account 

• CPA fmn manages project account, payroll, workman's 
compensation 

• Invoices paid by CPA after approval by engineer 

• Authority to draw on account limited 

• Commingling of project and city general funds avoided 

• Continued support for funding until project complete 

OPERATION, MAINTENANCE & MANAGEMENT 

• Ordinances for user fees, cutotT and service connection 
policies adopted and enforced 

• Separate city account established for user charges 

• Management of facility by city manager 

• Plant operator supervised by city manager 

• Operator(s) selected from crew on basis of qualifications/ 
attitude 

• "Over the shoulder" training provided in the plant 

• State certification of plant operator required 

• Accurate as-builts/O&M manual in plant 

• City council briefed monthly on facility O&M 

POLITICS 

• Consistent city council support throughout project 

• City council willing to "bite the bullet" and make decisions 

• Local political interference in facility operations avoided 

• State legislators informed of project's problems/ progress 

• Consistent support of funding agencies throughout project 
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» The city would own and operate the systems; making all 

major decisions regarding the project. 

» Coffman Engineers would be responsible for all en

gineering and construction management work. 

» VSW would be the "parent" of the project-oversee the 

consultants' work, advise the city, consolidate and 

secure funds, and arbitrate disputes. 

» PHS would be a major funding source and provide 

technical review of design and construction inspection 

services. 

This relationship was tested as the project moved forward 

into construction. 

CONSTRUCTION 

The logistical problems associated with ordering and ship

ping thousands of feet of arctic pipe, vacuum toilets, plumbing 

fixtures, and hundreds of other items to a remote location were 

horrendous. In addition, it became apparent that an on-site 

inspector was needed at the manufacturer because, once the 

materials were loaded onto the barge in Seattle, there was little 

the city could do to ensure quality control. Coffman Engineers, 

under a separate contract, was retained to handle all material 

takeoff and procurement. 

The community insisted on utilizing the local work force. 

However, the difficulty of mobilizing, training, and supervising 

40 to 50 laborers quickly surfaced. The organization of four 

construction crews, hiring and firing practices, wage scales, and 

working hours were hammered out between the city, the con

sultant, and VSW. Written guidelines were developed by the 

city and then modified as needed. The thorniest issues were 

hiring and firing practices, and authority and control over city 

employees. Considerable time was spent balancing construction 

deadlines, crew productivity, and the workers' subsistence life

style. When tensions surfaced, face-to-face meetings were 

called quickly to identify the problems and solutions. Com

munications developed during the design process were crucial 

to avoiding delays during construction. Early on, the city was 

persuaded that work on electrical controls, bolted steel tank 

erection, and other technical work should be completed by 

specialty contractors. 

The pace of construction accelerated during 1986 and 1987, 

but because of a decrease in funding, the city and Coffman 

Engineers ended their contractual relationship. It is significant 
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to note that the flrm made this move to obligate a larger propor

tion of the diminishing budget to actual construction activities. 

The VSW Program was assigned construction management 

responsibilities for the duration of the project. 

This major shift in responsibilities would have been disrup

tive; however, Coffman Engineers' construction superintendent 

agreed to work for the city. Because the city was truly in charge, 

the question of facility ownership, which characterizes some 

bush projects, never materialized. On the other hand, local 

desires often collided with engineering feasibility and these 

issues had to be resolved. 

The patience, diligence and tenacity of the City Council and 

Emmonak residents was remarkable. For example, while homes 

on the east side of town were hooked up in the summer of 1987, 

others on the far west end had to wait until the summer of 1990. 

Phasing the project was required due to the short construction 

season, erratic barge schedules, and the availability of construc

tion funds appropriated on a yearly basis from the Alaska Legis

lature. Dramatic changes in the price of Alaskan crude oil had a 

profound effect on the size of the state's capital budget, and thus 

the amount of money available for this project and its construc

tion schedule. 

The timing associated with state funding also complicated 

construction activities because appropriations were not avail

able until July or August of each year. Long-lead items such as 

arctic pipe needed to be purchased months earlier. Contribu

tions by PHS helped stabilize the project budget. 

FACILITY MANAGEMENT 

From the project's inception in 1983, the city was counseled 

to address the problem of operating, maintaining, and managing 

a piped utility system. Aside from the adoption of user fee 

ordinances and disconnection policies, the city continued the 

practice of hooking up and charging large industrial users such 

as the elementary and high schools for water and sewer service. 

Also several stores, apartment houses, and businesses were 

connected and charged for the service. 

Users seem to have made water and sewer service a priority 

in their household budgets which confirmed earlier house to 

house surveys concerning ability and willingness to pay. In 

addition, the City adopted a 1% sales tax and set up a reserve 

account to cover operational problems such as pump failures 

and other emergencies, and to defray residential user charges. 
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IMide the 75 gpm wat11r ll'llatment plant. 

City MaMger Ed Glotfelty talking with WTP operator 
Dominique Hunt. 

Three main lines are sltO'WII. Tlteltiglt turd low pre88ure water 
li1111s lie 011 the oiiJside and the 11acuum sii'Wer line lies in the 
middle. 
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FiiUJl inspectio" team: Left to right, PHS E"gineen Coolidge ami 
H ei,tzman; Project Superinte,de"t Eddy, Mayor Larry Luja,, 
ami City Manager Ed Glotfelty. 

The two outer mai11/i,es co,sist of 4" HDPE carrier pipe with 
heat trace, 3 "foam i11sulatio" all co11ered with a 16 gauge CMP 
jacket. 

A house seniee li"e exte,di11g from the arctic junctio" box. 
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TABLE 2. EMMONAK WATER AND SEWER 

PROJECT FACT SHEET 

Current Population 

Design Population 

Water Source 

Water Treatment 

Water Storage 

Service Connections 

650 

1000 

Yukon River 

Coagulation, flocculation, 
sedimentation, filtration, 
chlorination, and backwash. 

200,000 gallon bolted steel tank, 
4" of insulation supported on insu
lated pad with thennosyphons. 

165 Residential 
3 Commercial 
1 Elementary School 
1 High School 

Piping 5 miles arctic HDPE mainline, 
2.5 miles of above-ground service 
lines. 

Electrical Equipment AVEC 480 Y /277 V 
3 phase power, 100 kw emergency 
generator as backup. 

Heating Skid mounted waste heat module 
captures heat from AVEC plant. 
Four heat exchangers utilized. 
Backup boilers. 

Sewer Grey water sumps, vacuum toilets, 
collection mains, vacuum collection 
station, force main, sewage lagoon. 
1~20 inch Hg vacuum maintained. 

Total Capital Cost $10,280,000 

Cost Breakdown 25.1% Labor 
17.7% Planning & Design 
46.5% Materials & Equipment 

9.7% Freight 

Residential User Fee $50 per family per month 
plus 1% sales tax. 

Operator training began during construction and several 

members of the crew were subsequently screened for the job of 

water plant operator. Intensive "over the shoulder" training was 

provided by VSW in the Emmonak water plant to cover water 

chemistry and treatment, vacuum pumps, controls, safety, and 

record keeping. In addition, the primary operator was required 

to take the state certification exam. 
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Because of the phased nature of the project, the system on 

the east side of town was operating at the same time construc

tion was underway on the west side. Problems discovered on the 

east side resulted in practical changes in design and installation 

methods on the west end by the superintendent. 

During January and February of 1989, extremely low 

temperatures were recorded in the Yukon Delta. This was fol

lowed by spring flooding and ice floes in the community. Only 

minor damage was reported in Emmonak and service disruption 

was limited. Having the construction crew and superintendent 

on-site expedited restoration of service. 

THE FUTURE 

Operating, maintaining, and managing this complex system 

through the next decade will challenge the resolve and resource

fulness of the residents of Emmonak. While technical assistance 

is available from VSW and PHS, no state or federal operational 

subsidies are available. As a result, the city will have to con

tinue the management practices developed over the past seven 

years if reliable service to 650 residents is to continue. 

REFERENCES 

American Society of Civil Engineers (ASCE). 1981. "A guide for 
the engagement of engineering services." New York, NY. 54 p. 

Coffman Engineers, Inc. 1985. Preliminary Design Report, Em
monak Water and Sewer Project. Anchorage, AK. 59 p. 

U.S. Environmental Protection Agency (EPA). 1980. Alaska Vil
lage Demonstration Project. Final Project. Corvallis, OR. 55 p. 

U.S. Public Health Service (PHS). 1983. Conceptual Design and 
Cost Study for Piped Community Water and Sewer Service. 
Prepared for the City of Emmonak. Anchorage, AK. 34 p. 

ABOUT THE AUTHORS 

GREG CAPITO is Chief of Alaska's Village Safe Water Pro

gram and has held this position for seven years. 

BERNIE GAJEWSKI, a senior engineer for the VSW Pro

gram, has worked on sanitation projects in the Peace Corps, for 

the U.S. Army, and the Public Health Service. 

Technical details of this project are summarized in the "Final 

Report, Emmonak Water and Sewer Project" dated February 

1991. Copies of this fmal report are available from the Alaska 

Department of Environmental Conservation in either 

Anchorage or Juneau. 

35 



NORTHLAND 
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INENOTES 

Dr. Ron Johnson, Head and Prof. of 
Mechanical Engineering, has submitted a 
proposal for continuation funding to the 
Alaska Sea Grant College Program. The 
project looks at "Attaining Suitable Water 
Supplies for Salmon Hatcheries." 

Dr. John Zarling, Prof. of Mechanical 
Engineering, and Dr. Jonah Lee, Assoc. 
Prof. of Mechanical Engineering are on 
sabbatical. Zarling is using his six-month 
sabbatical to conduct research. One of his 
research projects involves the use of verti
cally oriented heat pumps for household 
heating and will include a test home in the 
Fairbanks area. The project is funded by 
the National Rural Electric Cooperative 
Association, Chugach Electric in 
Anchorage, and Golden Valley Electric 
Association in Fairbanks. 

Dr. Lee will spend his one year sabbati
cal at Texas A&M University teaching and 
conducting research. Lee will join on
going research in the area of experimental 
solid mechanics. His teaching respon
sibilities will include assisting in the 
development and instruction of courses in 
computer aided design. 

Dr. Debendra Das, Assoc. Prof. of 
Mechanical Engineering, is continuing 
work on a project funded by Rheem 
Manufacturing Company, Fort Smith, 
Arkansas. The project is entitled, "Testing 
of Gas Fired Heaters to Eliminate Icing 
Problems." 

Dr. Terry McFadden, Assoc. Prof. of 
Mechanical Engineering, has received 
funding from the Alaska Permafrost Tech
nology Foundation to study the stabiliza
tion of foundations suffering permafrost 
degradation. 

Dr. Elisha Baker, Assoc. Prof. of En
gineering and Science Management, will 
present "Education Without Catastrophe" 
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Construction in Cold Regions 
A Guide for Planners, Engineers, Contractors, and Managers 

Construction in Cold Regions: A 
Guide for Planners, Engineers, Con
tractors, and Managers, by Terry T. 
McFadden, P.E. and F. Lawrence Ben
nett, P.E., was recently published by 
John Wiley & Sons, Inc. McFadden and 
Bennett are faculty members in the 
University of Alaska Fairbanks School 
of Engineering. The 615 page text 
covers nearly all aspects of cold regions 
engineering, emphasizing its unique 
aspects. 

Construction in Cold Regions 
begins with a series of case studies that 
illustrate both successes and failures in 
actual projects throughout the northern 
cold regions of the world. Other chapters 
focus on foundation construction; road, 
airfield, and ice construction; buildings, 
vapor barriers, and insulation; equip
ment performance; history of cold 
regions construction; and management 
and legal aspects of cold regions en
gineering. 

The authors feel there has long been a 
need for a comprehensive text that intro
duces the practitioner to a broad 
spectrum of problem areas to be con
sidered when working in cold regions. 

to the American Society of Engineering 
Management 12th annual meeting in Chat
tanooga, Tennessee, Oct. 21-23, 1991. 

Dr. James W. Cote, Jr. will join our 
electrical engineering faculty in January 
1992. Cote received an M.S. in Electrical 
Engineering from the University of 
Southern California, Los Angeles and a · 
Ph.D. in Electrical Engineering, with em
phasis in application of artificial intel
ligence to power systems, from the 

In this text, McFadden and Bennett 
have tried to provide a broader look at 
the overall problems faced by engineers, 
contractors, and builders with practical 
solutions clearly in mind; the aim was to 
keep the text both informative and 
readable for all members of this profes
sion. 

Ben C. Gerwick, Jr.--one the United 
States' foremost and well respected en
gineers specializing in arctic and off
shore engineering problems and 
member of the U.S. Arctic Research 
Commission-said in his review of 
Construction in Cold Regions, "I 
couldn't put it down. It's an outstanding 
piece of work and will be one of the 
most valuable of your entire series, since 
I know of no other book which treats this 
subject so well, at least not in U.S.litera
ture." 

Orders for Construction in Cold 
Regions: A Guide for Planners, En
gineers, Contractors, and Managers can 
be placed by writing to John Wiley & 
Sons, Inc., Attn: Order Department, Dis
tribution Center, 1 Wiley Drive, Some
rset, NJ 08875-1272. 

University of Washington, Seattle. Dr. 
Cote's dissertation was entitled, "Steady 
State and Dynamic Voltage Security of 
3lectric Power Systems." 

Prof. Dave Spell, Acting Head and 
Asst. Prof. of Electrical Engineering, has 
been appointed by Alaska Gov. Walter J. 
Hickel to the Board of Registration for 
Architects, Engineers, and Land Sur
veyors. The four year appointment is to 

continued to next page 
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Geosynthetics Used Under 
Roads to Bridge Voids 

Research being conducted by Dr. 
Thomas Kinney, Assoc. Prof. of Civil 
Engineering at UAF, has resulted in a 
design technique for suspending a road 
over a void using only a geosynthetic 
for support. Geosynthetics used in this 
application are plastic materials resem
bling fabric or netting. These materials 
have been used to reinforce earth struc
tures for over ten years but this is the 
frrst time they have been used to com
pletely support a road over a total void. 

In interior Alaska, when the ice rich 
permafrost thaws, a hole develops. If 
nothing is done, the road soon becomes 
impassable. In the Interior, holes fre
quently develop at the rate of several 
inches per month and constant main
tenance is required to keep the roads 
passable. The usual method of main
tenance is to continuously fill the holes. 
Painting the surface white, installing 
refrigeration systems, and terrain 
modification have all been attempted 
but the problems seem to persist. Now 
we have a new technique. 

The research has included analytical 
studies, laboratory studies, and full
scale field tests. One of the full-scale 
field tests has been left in place for 
demonstration purposes. The public is 
welcome to crawl inside an eight-foot 
wide void under a road supported by a 
geogrid to see for themselves. The re
search has demonstrated that pavement 
over the voids will last longer than 
pavement on silt subgrade. + 

INENotes 
(cont. from previous page) 

the board responsible for professional 
licensing in Alaska. The board reviews ap
plications, administers exams, and hears 
complaints. Prof. Spell is the frrst of our 
faculty to be appointed to this board. 

Dr. Charlie Mayer, Asst. Prof. of 
Electrical Engineering, and Dave Spell 
have been elected to the level of Senior 
Member in IEEE (Institute of Electric and 

Alaska Space Grant Program 

The University of Alaska Fairbanks 
(UAF) has been designated as a Space 
Grant University by the National 
Aeronautics and Space Administration 
(NASA). The main objectives of the 
NASA Space Grant College and Fellow
ship Program are to (1) establish a national 
network of universities with interests and 
capabilities in aeronautics, space, and re
lated fields; (2) encourage cooperative 
programs among universities, aerospace 
industry, and federal, state, and local 
governments; (3) encourage interdiscipli
nary training, research, and public-service 
programs related to aerospace; (4) recruit 
and train professionals for careers in 
aerospace science and technology; and (5) 
promote a strong science, mathematics, 
and technology education base from 
elementary through university levels. 
Based on its existing aerospace-related 
capabilities, UAF was one of only 37 in
stitutions nationwide that was eligible to 
receive the Space Grant College designa
tion when Phase I of the program was 
originally announced in 1989. 

The program office for the Alaska 
Space Grant Program will be established 
at the Geophysical Institute at UAF. The 
director will be Joe Hawkins, Asst. Prof. 
of Electrical Engineering. Annual funding 
for the program will be $250,000, 

Electronics Engineers). IEEE is the 
world's largest technical professional or
ganization with over 300,000 members 
worldwide. Fewer than 8% of the mem
bership have attained the grade of Senior 
Member. Election is made by an interna
tional committee and is based on sig
nificant contributions to the field. Mayer's 
main area of interest is telecommunica
tions, including antennas, propagation, 
and microwave/millimeter wave systems. 
Spell's areas of interest are computer 
design, digital signal processing, VLSI 
design, and intelligent instrumentation. 

provided by a $150,000 annual grant from 
NASA and matching funds of $100,000 
from industrial affiliates and the Univer
sity. The Alaska Space Grant Program will 
support a broad spectrum of activities to 
enhance the aerospace capabilities at UAF 
through grants for research, curriculum 
development, graduate student fellow
ships, and aerospace scholarships. The 
majority of the funding is dedicated to 
graduated stipends and scholarships for 
students involved in on-going research 
and projects. 

The Poker Flat Research Range, which 
is operated by UAF, is the only university
operated sounding rocket range in the 
world. One of the specific objectives of the 
Alaska Space Grant Program will be to 
better integrate this unique aerospace 
resource into the academic program at 
UAF. This will be done through a student 
rocket program, in which students from 
aerospace-related disciplines will be in
volved in the design, construction, and 
flight testing of sounding rocket payloads 
which will be launched from the Poker 
Flat facility. 

The frrst industrial affiliate of this pro
gram will be the Lockheed Space Sciences 
Laboratory in Palo Alto, CA. As an in
dustrial affiliate, Lockheed will provide 
summer internships for UAF students, and 
Lockheed personnel will collaborate with 
UAF faculty on cooperative research 
projects and sounding rocket payloads.+ 

Dr. Mayer has also recently presented 
two papers. The first, entitled "Fade 
Prediction and Simulation for a Low 
Elevation Angle Ku-Band Satellite Link," 
was presented at the 1991 North American 
Radio Science Meeting sponsored by the 
International Union of Radio Science. 
This paper was co-authored by E. Lopez
Tello (a graduate student in our Electrical 
Engineering Dept.) and W J. Vogel (Univ. 
of Texas at Austin). The second paper, 
entitled "Propagation Measurement in 
Alaska Using ACTS Beacons," was 
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Hospital Recovers Energy from Waste 1991Aiaska 
Transportation Forum Since May of 1989, the Fairbanks 

Memorial Hospital, Fairbanks, Alaska, has 
been turning waste into usable thermal 
energy, saving several thousand gallons of 
fuel oil each year. The hospital uses a 
Therm Tech pathological incinerator to 
dispose of medical, cafeteria, office, and 
packing wastes. State regulations require 
that pathological incinerators be used to 
dispose of medical wastes, and most hospi
tal operate their own plant. What makes 
the Fairbanks facility unique is its ability 
to recover thermal energy. 

The Fairbanks hospital uses steam to 
heat the facility and for their thermal 
demands such as autoclaving (sterilizing 
instruments). The hospital's steam dis
tribution network is fed by two oil-frred 
boilers, with waste heat from the in
cinerator providing supplementary steam. 
As the incinerator is only operated during 
the day, the oil-frred units handle the full 
thermal load of the facility for two-thirds 
of the time. Fred Dunn, chief of engineer
ing at the hospital, estimates the waste-to
energy system saves the hospital from 
7,000 to 8,000 gallons of fuel oil per year. 

The system is operated on one shift, 
burning about 2,500 pounds of waste per 
day. Every ten minutes an operator rolls a 
cart holding 70 pounds of waste up to a 
loading lift. A scale is provided to ensure 
proper loading and smooth operation of 
the system. After the lift tips the waste into 
the incinerator feed, a hydraulic ram 
pushes it into the primary combustion 
chamber. The incinerator uses a two stage 
combustion process, limiting air and 
gasifying waste in the primary chamber, 
and providing excess air and supplemen
tary fuel oil in the secondary chamber. The 
secondary chamber is designed for a two 

INENotes 
(cont. from previous page) 

presented at the 15th NASA Propagation 
Experimenters Meeting (NAPEX XV) and 
the Advanced Communications Technol
ogy Satellite (ACTS) Propagation Studies 
Miniworkshop. Both conferences were 
held in London, Ontario, Canada. 
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second residence time at 1800. Fahrenheit. 
This ensures destruction of pathogens, as 
well as destroying toxic compounds such 
as PVC plastics. Bottom ash from the in
cinerator is automatically quenched in 
water and conveyed to an outside bin, 
where it is picked up and hauled to the 
landfill. 

The exhaust gas from the incinerator 
passes through a two pass frre tube heat 
recovery boiler. The boiler, manufactured 
by Superior to specifications required by 
Therm Tech, is rated at 6,000 pounds of 
135 psig steam per hour, and uses #4 fuel 
oil as a supplementary fuel. It is equipped 
with a fire tube cleaning system which 
blasts out fire tubes using air for cleaning. 

Small, hospital-sized incinerators, such 
as the Therm Tech in Fairbanks, could pro
vide opportunities for using solid waste to 
heat community buildings or schools in 
rural Alaska. Small communities in Alaska 
are experiencing difficulties in properly 
disposing of municipal waste, particularly 
where high water tables and lack of 
suitable cover cause landfill problems. 
Most waste-to-energy facilities use in
cinerators that are large, continuously fed 
systems, which are too big for small com
munities. An incinerator the size of the 
Fairbanks unit could process 2.5 tons of 
solid waste per day on two shifts, provid
ing adequate disposal for a community of 
1,000 people.+ 

Taken from Alaska Energy Authority's 
Bioenergy News, No. 27, August 1991 
issue. Bioenergy News is a quarterly pub
lication. For more information contact, 
Rick Rogers, Biomass Development 
Specialist, Alaska Energy Authority, PO 
Box 190869, Anchorage, AK 99516. 

Drs. Bob Carlson, Kevin Curtis, and 
Tom Kinney (Civil Engineering) and Dr. 
Terry McFadden (Mechanical Engineer
ing) attended the 1991 Annual Civil En
gineering Convention and Exposition in 
Orlando, FL, Oct. 21-24, 1991. While at 
the Orlando meeting, Carlson, Curtis, Kin
ney, and McFadden participated in theRe
search Committee meeting of the 

The 1991 Alaska Transportation 
Forum was held November 7, 1991 in 
Anchorage, Alaska. 

In addition to acting as a meeting for 
the general exchange of ideas and in
formation regarding the Alaskan 
transportation system, a theme is 
selected by the University of Alaska 
Transportation Center (UATC) based 
on a perceived need. This year's theme 
was "Multimodal Transportation Sys
tems in Alaska," with particular em
phasis on resources and economic 
development. Other topics addressed 
current issues and on-going research 
relevant to transportation in Alaska. 

The keynote speaker was W. Keith 
Gerken, Deputy Commissioner of the 
Alaska Department of Transportation 
and Public Facilities. Gerken's keynote 
address was titled, "The Future of 
Alaska's Transportation System." 

Two new additions were included in 
this year's Forum: geographic informa
tion systems and technology transfer. 
George "Bub" Mueller (Research 
Analyst, INE) presented "GIS for 
Transportation Engineering Applica
tions." Mueller also provided a GIS 
demonstration. The Forum's afternoon 
concurrent sessions were dedicated to 
technology transfer. The sessions were 
aimed at providing current research 
findings and their application to 
transportation engineering. 

For more information contact Lutfi 
Raad, Director UATC, Institute of 
Northern Engineering, University of 
Alaska Fairbanks, Fairbanks, Alaska 
99775. 

Technical Council on Cold Regions En
gineering (TCCRE). Kinney presently ser
ves as the vice chairman of TCCRE, 
Carlson is secretary, and Curtis and Mc
Fadden are members. Dr. McFadden also 
attended the Publications Committee 
meeting. McFadden is a member of the 
Publications Committee Control Group.+ 
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I BACK OF THE BOOK I 
• CONFERENCES 

January 21-24, 1991-Polartech 
'92-Montreal, PQ, Canada 

McGill University's Centre for North
em Studies and Research announces the 
International Conference on Development 
and Commercial Utilization of Tech
nologies in Northern and Polar Regions 
(Polartech '92). The conference will focus 
on international expertise and tradition in 
polar and cold weather technologies and 
will highlight Quebec and Canada's 
leadership in polar technology in areas 
such as engineering, construction, 
telecommunications, offshore and onshore 
hydrocarbon technology, hydropower and 
mining, and snow management. 

For more information contact POLAR
TECH '92 Conference Coordinator, Mc
Gill University, Centre for Northern 
Studies, Burnside Hall 720, 805 
Sherbrooke Street West, Montreal, PQ, 
H3A 2K6, Canada; (514) 398-6052 or fax 
(514) 398-8364. 

February 12-17, 1992-Circumpolar 
Ecosystems in Winter ll-Churchill, 
MB,Canada 

The purpose of this meeting is to en
courage the sharing of information that 
relates to winter environments. The meet
ing will consist of two days of in the field 
workshops, followed by three days of 
poster and oral presentations. 

For more information contact Circum
polar Ecosystems in Winter II, Churchill 
Northern Studies Centre, Box 610, Chur
chill, MB, ROB OEO, Canada; (204) 675-
2307 or fax (204) 675-2139. 

February 25-26, 1992-The Concrete 
Future: Advances in Concrete 
Technology-Kuala Lumpur, Malaysia 

The purpose of this international con
ference is to provide a platform for ar
chitects, builders, contractors, consultants, 
developers, engineers, manufacturers, 
suppliers, ready-mixed concrete 
producers, and all "concrete people" to 

meet, discuss, exchange, disseminate, and 
review the latest advancements, progress, 
and developments in concrete technology, 
design, and construction. 

For more information contact John 
S.Y. Tan, Conference Director, CI
Premier Pte. Ltd., 150 Orchard Road #07-
14 Orchard Plaza, Singapore 0923; 
7332922, telex RS 33205 FAIRCO or fax 
2353530. 

March 24-26-3rd International 
Conference on Modern Techniques in 
Construction, Project & Engineering 
Management: Innovations in 
Management-Singapore 

This conference will discuss the state
of-the-art in construction methods and 
techniques, construction equipment and 
machinery, construction materials, con
struction management, construction 
productivity, construction law and 
finance, and project and engineering 
management. 

For more information contact CI
Premier Pte. Ltd., 150 Orchard Road #07-
14 Orchard Plaza, Singapore 0923; 
7332922, telex RS 33205 FAIRCO or fax 
2353530. 

• CALLFORPAPERS 
April 30-May 1, 1992-23rd Annual 
Pittsburgh Conference on Modeling 
and Simulation-Pittsburgh, PA 

Emphasis for the 1992 Modeling and 
Simulation Conference will be 
microprocessors, personal computer ap
plications and software, artificial intel
ligence, expert systems, robotics, and all 
aspects of control theory and applications, 
as well as social, economic, geography, 
regional science, and global modeling and 
simulation. In addition, papers on all of 
the traditional areas of modeling and 
simulation are of interest. 

A 50-word abstract should be sub
mitted by Jan. 31, 1992. For more infor
mation contact William G. Vogt or Marlin 
H. Mickle, Modeling and Simulation Con-
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ference, 348 Benedum Engineering Hall, 
University of Pittsburgh, Pittsburgh, PA 
15261. 

January 7-9, 1993-International 
Conference on Engineering & Safety of 
Dams in Asia-Singapore 

Conference themes: state-of-the-art in 
the design of small and large dams (arch 
dams, gravity dams, embankment dams, 
roller compacted concrete dams, etc.); 
case studies on design, construction, and 
monitoring of dams in Asia and the Pacific 
region; analysis of dams for static and 
dynamic loadings; construction materials 
for dams; dam foundations and seepage; 
dam instrumentation, monitoring, and 
safety assessment; dam maintenance and 
management systems; rehabilitation of old 
dams; case studies of dam heightening; 
dam optimization and expert systems; 
dam reliability; environmental aspects of 
dam projects; and new dam projects in 
Asia and the Pacific region. 

A 300 to 400 word abstract should be 
submitted, by Mar. 30, 1992 to: JohnS. Y. 
Tan, 150 Orchard Road #07-14 Orchard 
Plaza, Singapore 0923; 7332922, telex RS 
33205 FAIRCO or fax 2353530. 

• AEIDC Warns of Error 
The Arctic Environmental Information 

and Data Center (AEIDC) has discovered 
a systematic computational error in Alaska 
Climate Center Technical Note No. 4, 
Snowloads in Alaska. A summary of this 
document was presented in TNE Vol. 18, 
No. 4, under the title "Predicted 
Snowloads in Alaska." The Alaska State 
Climate Center is currently revising and 
updating the technical note and anticipates 
having the new product ready for distri
ubution in July 1991. Until such time, you 
are advised to dicontinue use of data from 
Technical Note No.4. 

Any questions you may have regarding 
this should be directed to Jim Wise, Alas
ka State Climatologist at (907) 257-2737. 
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