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THE NORTHERN ENGINEER 

CALL FOR ARTICLES 

In light of the Prince William Sound disaster The Northern Engineer is 
planning a special issue on Oil Spill Technology and would like to see technical 
articles, past experience articles or even opinions that you may have on the 
subject. 

Articles should be no more than ten pages long, double spaced typed, with 
appropriate headings, subheadings, and references. Line drawings or black 
& white photographs make articles more readable and their use is encouraged. 
While The Northern Engineer reserves the right to all final editorial 
decisions, no manuscript is printed without author approval of the content of 
the final edited version. 

If you would like to submit an article to The Northern Engineer, either 
for our the Oil Spill issue or for any issue, please contact us at the following 
address: 
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The Northern Engineer 
School of Engineering 

University of Alaska Fairbanks 
521 Duckering Building 

Fairbanks, Alaska 99775-0660 USA 
(907) 474-6113 

Deadline for receipt of articles: August 15, 1989 

The Northern Engineer reserves the right to select "appropriate" articles for publication. 
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BUILDINGS AND UTILITIES IN VERY COLD REGIONS: 
OVERVIEW AND RESEARCH NEEDS 

by 

Wayne Tobiasson 

This paper is reprinted by permission of the author and was 

presented at the Department of Defense (DoD) Symposium and 

Workshop on Arctic and Arctic-Related Environmental Scien

ces held in Laurel, Maryland, January 28-30, 1987. 

INTRODUCTION 

Significant improvements have been made in recent years on 

the design, construction, operation and maintenance of 
buildings and utilities in very cold regions. The impetus for 
innovation has come from the development of energy and 
mineral resources in the North, the economic necessity of 
reducing the energy consumed by facilities and the desire to 
improve the health and welfare of indigenous peoples and 

imported military and civilian personnel. 
Relatively little research has focused on buildings and 

utilities in the Arctic. Instead, a few researchers working in 

these areas have expanded their area of interest to include 
Arctic issues. Nonetheless, the research conducted on a wide 
variety of topics from habitability to roof leaks has played an 
important role in the improvements achieved. Other 
improvements have been the result of innovation by 
manufacturers and practicing engineers. Documents such as the 
Cold Climates lJtj]jties Manual, courses such as "Arctic 

Engineering" offered by the University of Alaska and technical 

meetings such as ASCE's four Cold Regions Engineering 
Conferences have facilitated implementation of research 
fmdings. The ideas for future research in this paper are based on 
information compiled during the Northern Civil Engineering 
Research Workshop held at the University of Alberta in March 
1978 and the Workshop on Arctic Civil Engineering Research 
Needs held in Seattle in February 1985. In addition, the 
perspectives of several members of the CRREL staff have been 
used to update those findings and focus them on Department of 
Defense needs. 

Foundations for buildings and utility systems are not 
discussed in this paper since they are covered in the paper at this 
symposium by William Quinn. 

The areas where research is needed are listed below and 
discussed in sequence in the sections that follow: 
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• 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 

Environmental factors 
Winter Construction 
Tactical shelters 
Configuration of permanent facilities 
Building envelope 
Energy conservation 
Heating, ventilating and air conditioning 
Moisture control 
Water supply 
Wastewater treatment and disposal 
Utility distribution systems 
Solid waste 
Fire protection 
Life-cycle economics 
Technology transfer 

ENVIRONMENTAL FACTORS 

Because of the vast size and sparse population of the Arctic, 
little long-term weather data are available. As a result, when 
new facilities are designed, many conservative assumptions 
must be made. For remote military installations such as the new 
North Warning mountain-top radar stations, wind speeds and 
directions are critical issues relative to structural safety, snow 

control and construction cost. The lack of specific wind 
information and the absence of verified wind prediction models 
necessitated rather conservative design assumptions for these 
facilities. The lack of temperature information also made it 

difficult to determine if the foundation design should be based 
on the presence of permafrost or just seasonal frost. 

Meteorological data are needed at more sites. All around 
Greenland, the Danes have recently erected unmanned stations 
for this purpose. Additional stations are needed in the North 
American Arctic. Robust, portable, unmanned weather stations 
suitable for military use in the Arctic should be developed. 
Other easy-to-deploy instrumentation packages that do not meet 
all normal weather station requirements should be developed to 
collect preliminary information at candidate sites. 
Mathematical models are needed to predict mountain 
conditions from data collected in other areas. Weather stations 
should be placed on a few mountains to collect data for 

verifying the models. 
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Fig.l. Adilltltal clay in 11 wind lllnnel can ~WJIJstiCIIlly rim111Dle ,._drift
ing(plaotoby}im Wwbbe11). 

Snow drifting around groups of buildings needs further 

study. The conditions being encountered at existing facilities 

should be documented in a scientific way and those fmdings 

used to calibrate wind tunnel and flume model studies. The use 

of activated clay to simulate snow in wind tunnels is an exciting 

new development that needs funding to advance it out of its 
current qualitative stage (Fig. 1.) Design guidelines are needed 

so that facilities can be sited to minimize snow control problems 

both on the ground and on roofs. 

WINTER CONSTRUCTION 

The effect of wind, cold and darkness on the productivity of 
construction workers needs to be defmed. DoD has particular 
interest in the productivity of military personnel constructing 
tactical facilities in a harsh environment, but information is also 

needed on contractor productivity on permanent facilities. The 

technical and economic effectiveness of various protective 
enclosures must be defined. Currently on the market is a range 

of enclosures from insulated panels to inflatable fabric 

structures that should be evaluated (Fig. 2.) 

The various measures available to permit concreting in cold 

weather need to be better evaluated in the field and in the 
laboratory. Heat, insulation and additives can unshackle 
concrete from many of the limitations it has as a construction 

material in the Arctic. The Soviets, Scandinavians Alfid 

Canadians lead us in this area. 

Successful contractors often use the cold to their advantage. 

Their experiences need to be transferred to others. 

TACTICAL SHELTERS 

Current DoD practice is to adapt tents, hardwall shelters and 
other tactical buildings to use in the Arctic by equipping them 
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with overcoats, bigger heaters and such. This has been 
reasonably successful for most buildings, but for some purposes 

special Arctic designs are needed. Perhaps some of the ISO 

shelter-container strength and configuration requirements 

should be waived to permit the development of lighter, versatile 

units more in tune with the light infantry concept. 

The use of snow as a construction material should be 
exploited. 

CONFIGURATION OF PERMANENT FACILITIES 

Over the years, many of the small, dispersed, single-story 

buildings of permanent military facilities have been replaced 
with composite buildings and other megastructures (Fig. 3.) 

Consolidation can reduce energy consumption and life-cycle 
costs, and minimize snow control problems. Since the 
consequences of a fire increase for a compact facility, frre safety 
requires extra attention, both during design and operation. 

While the concept of covering large installations such as Thule 

Air Base with an inflatable fabric dome does not appear 
technically or economically feasible, innovation in this area is 

needed. Additional studies are needed to facilitate the expanded 

use of panelized units and prefabricated modules (Fig. 4.) Ways 

of eliminating the need for automobiles within the confmes of 

installations deserve attention. 

There are limits as to how tightly people should be grouped 

together in an isolated community. In northern Norway and in 

Greenland, the "efficient" multi-story housing megastructures 

of the 60s and 70s are no longer being built Now, the scale of 

apartment houses is much reduced to create more livable 

groupings of people (Fig. 5.) Some research has been conducted 

on the habitability aspects of homes and offices, but most of it 

has been directed at issues such as color, texture and layout. 
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Fig. 3 (a). Dispersed facilities and composite buildings. I remember Camp 
Tuto near Thule AB, Greenland for its snow banks and mud puddles. 

Fig. 4. The Nalulsuk grammer school in Frobisher Bay, NWT is clad in 
large fiberglass panels that give the building a futuristic appearance (photo 
by Doug Harp). 

Additional work is needed on heat, light and sound control since 

they represent the high priority concerns of the occupants of 

remote military installations. 

The care and feeding of humans in the Arctic is a difficult 
and expensive job. Significant cost savings can result when 
facilities are designed with this in mind. Often this suggests that 

most personnel stationed at remote DoD facilities in the Arctic 

should be civilians, not military. This is the trend in Alaska 
where old USAF remote stations run by 50 to 75 military 
personnel are being replaced by smaller, more efficient 
facilities run by 5 to 10 civilians. The many short-range radar 

(SRR) stations to be built along the DEW Line will be 
unmanned. This is a daring initiative that should pay handsome 
dividends. The performance of the SRR stations should be 
closely monitored since the lessons learned there are sure to be 
needed in the future. 
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Fig. 3 (b). The USAF facilities at Ft. Yukon have been consolidated into 
two efficient structures. The power plant, garage and workshops are in the 
building on the righL Offices and living spaces are in the building on the 
left The two buildings are interconnected by an elevated walkway. 

Fig. 5. Multistory apartments like the one in the background have given 
way to sCIIkd-down row houses in isolated Arctic communities. This is Suk
kerloppen, Greenland. 

BUILDING ENVELOPE 

A vast array of materials and systems are available for the 

building envelope. Increased use is being made of 
pre-engineered metal buildings, some of which are ill-suited to 

use in very cold regions. Foam-core wall and roof panels with 
metal skins have a checkered track record to date, but they offer 

so many potential advantages that their continued use should 
expand. Research is needed to define and resolve current 
problems of delamination and moisture gain. 

In North America there is an alarming increase in the amount 

of litigation related to wall claddings. Research is underway in 

North America and Scandinavia to resolve this problem and 
new materials and systems are being designed into buildings. 

DoD needs to fund additional work in this area to resolve our 

current problems and to avoid others. 
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Fig. 6. Condensalioll OJJ double glar.ed, &econd &tory window& iJJ i~Mrior 
Alluka. The tendeJJCy for cold, dry air to illjiltratll 01t the first &tory and 
warm, moilt indoor air to exfiltrate oJJ the &econd ltory ;, e11idem. 

Windows and doors continue to be problematic components 
of building envelopes in the Arctic (Fig. 6.) Many quality 
products are available in the market place, but DoD often does 
not obtain them because specifications are written for looser, 
weaker, less thermally efficient versions. Research is needed to 
better defme the technical and economic issues that relate to 
doors and windows in very cold regions to justify the use of 
better products. The threat to life caused by doors and 
emergency egress windows being frozen shut by ice and snow 
also needs to be addressed. 

Roofing technology has advanced significantly in the past 
decade but roofs are still far from trouble-free. Research is 
needed to define which types of new roof systems are suited to 
use in the Arctic, considering the short construction season, the 
harshness of the winter and the inevitable need to make repairs 
under conditions that are far from ideal. Some of the new 
modified bituminous membrane systems appear to be 
well-suited for use in very cold regions, but others are expected 
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Fig. 7. Installiltg a protectlld membmne roof;, the F airballh tiNa ;, early 
willter. RoofiJJg iJJ cold W«Jther i& hard work that il diffo:ult to do correctly 
(photo by Byro" YouJJg). 

to deteriorate rapidly. The protected membrane roof has a far 
better track record in cold regions than its competition and its 
further improvement and expanded use should also be 
promoted (Fig. 7.) Standing seam metal roofs are seeing 
increased use, but condensation on the underside of the metal, 
corrosion of fasteners, sliding of snow and icings at eaves are 
occurring. Case studies and research are needed to resolve these 
problems. 

ENERGY CONSERVATION 

Energy conservation is a very important issue in the Arctic 
where the long supply line doubles the cost of fuel. Remote 
facilities are prime candidates for innovative measures to 
conserve energy. Cogeneration and other means of utilizing 
waste heat can offer significant savings. Utilization of heat from 
low temperature sources (e.g., geothermal and wastewater) by 
means of heat pumps also holds promise. However, remote sites 
in a harsh environment are not appropriate places to test 
unproven ideas. Thus research and development is needed to 
ensure that innovations are proven before they are used. 

There is quite a gap between the amount of insulation that 
can be economically justified for Arctic facilities and the actual 
amount installed. Better justifications are needed to reduce this 
gap. Techniques for reducing thermal bridges should also be 

developed. Earth-sheltered construction and methods of storing 
energy in the Arctic may deserve investigation. 

HEATING, VENTILATING AND 
AIR CONDmONING SYSTEMS 

A significant portion of temperate zone building research is 
being directed at the performance of mechanical systems and 
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how they affect the occupants of buildings. Indoor air pollution 
(i.e., the sick-building syndrome) has become a big issue. Not 
much attention has been directed at these issues in the Arctic 
yet, but it should be soon. Radon emissions and the hazards 
associated with removal of asbestos products are allied 
problems. 

When current mechanical system designs are used in the 
Arctic, problems often occur because of ingestion of snow, 
freeze-up of coils, stratification of air and excessive, expensive 
ventilation. The mechanisms causing these problems need to be 
better understood so that improved design guidelines can be 
developed. In the Arctic, air-to-air heat exchangers and other 
heat recovery devices can save lots of expensive energy. 

MOISTURE CONTROL 

Moisture is the primary enemy of all buildings. Because of 
the sustained period of outward moisture drive for heated 
buildings in the Arctic, condensation control is an extremely 
important issue. Current design criteria dwells on use of low 
permeability vapor retarders to solve moisture problems. 
However, most recent research and case studies indicate that 
vapor diffusion is a minor issue. Air leakage is the problem and 
a different approach is needed to solve it. Additional research is 
needed to better defme how moist indoor air gets into the fabric 
of buildings which causes problems (Fig. 8.) Techniques for 
controlling air leakage need to be developed and incorporated 
into design guidelines for Arctic buildings. 

Civilian and military personnel from hot, humid regions are 
accustomed to high-humidity indoor air. During very cold 
periods they may wish to maintain a 50% indoor relative 
humidity within their dwellings. This imposes a severe moisture 
load on the building envelope, which most buildings cannot 
sustain without some damage. Before some limits can be set on 
maximum indoor relative humidities, actual amounts should be 
measured and correlated to wall, window, door and roof 
performance. The office of the Surgeon General should become 
involved in this issue. 

WATER SUPPLY 

Water is not plentiful in many areas and sources that are 
available in the summer may not be useful year-round. Means 
of enhancing sources need to be developed. Snow fences have 
been used to collect snow within water supply areas at Barrow 
and Shishmaref, Alaska. Because of the seasonal nature of 
many sources, it is often necessary to store water for winter use. 
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Fig. 8. Arctie frost in 11 FL GJWly building willa 11 6 mil polyetlaylene FIIJ'Dr 

nlluder. M oistu~Y emend t1ae tUtic tlarougla gflJ's in the nlllrder Ill light fix
tun• turd btltlaroom exlatJust j11n. 

Fig. 9. M f!tUruing the tJCcumulatUm of sludge in t1ae 11emted lagoon Ill 
G11leu (photo by Bob Sletten). 

Improvements are needed to reduce the ice cover on storage 
reservoirs and to protect water stored in tanks from freezing. 
Better methods of insulating tanks and protecting them from 
corrosion are needed. The amount of storage needed depends on 
the expected rate of usage. Water use in the Arctic is generally 
far less than the values used in design. By better defming actual 
usage, more economical designs will be possible. Some 
strategies to reduce usage such as gray water-black water 
separation do not appear to be cost effective, but others such as 
low-flush toilets and limited-flow shower heads have been 
successful and should be used more. 

Methods of treating water in very cold regions deserve 
further study to defme better ways of handling special hazards 
such as the cold water intestinal parasite, giardia, which is 
resistant to normal methods of disinfection. Improved treatment 
systems are needed for small populations at remote sites since 
off-the-shelf hardware has not proved to be very effective for 
this purpose. Indicators of viral contamination are needed and 
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the value of colifonns as indicators of pathogens in cold water 

needs to be detennined. 

WASTEWATER TREATMENT AND DISPOSAL 

Currently available packaged treatment plants for small 

populations have problems that should be documented. 
Innovation is needed to develop systems that can better treat the 

more-concentrated wastewater of Arctic installations. New 

technologies should be explored to solve these wastewater 

problems for tactical and permanent installations. Methods of 

recovering heat from sewage treatment plant effluent deserve 

further study. Many existing systems are oversized and 

inefficient, and need to be monitored to quantify this issue so 

that guidelines can be developed for proper sizing of future 
systems. 

Studies are needed to optimize the performance of sewage 
lagoons in very cold regions with the goal of increasing their 
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use by DoD and others. The rate of sludge decomposition in 

lagoons needs to be defmed and methods of enhancing the 

decomposition rate need to be developed (Fig. 9.) 

The handling. of sludge is difficult and expensive. 

Incineration is very expensive and incinerators are easily 

overloaded. The effectiveness of freezing to concentrate sludge 

has been demonstrated and should be put into practice, 

particularly where natural freezing is possible (Fig. 10.) 

Realistic guidelines for effluent quality at remote sites needs 

to be developed. 

UTILITY DISTRIBUTION SYSTEMS 

New materials and systems are available that appear well 

suited to use in very cold regions. Pipes of high-density 

polyethylene and polybutylene have been used successfully, but 

only to a limited degree. Some prefabricated pipe systems that 

are heat-traced, insulated and jacketed have perfonned well, but 

others have not. Specific information is needed so that only 

successful pipe systems are specified by DoD. 

A variety of active and passive freeze-protection systems are 

available. The performance of successful and unsuccessful 

existing installations needs to be quantified, with the findings 

used to improve design guidelines. Leak detection devices are 

needed. Thermal design criteria are lacking for board insulation 

"frost shields" over buried pipes. In the North, pitorifices have 

been used for many years to maintain circulation in service 

lines. Because pitorifices require rather high flow rates in the 

mains, guidance is needed on the use of other alternatives, such 

as pumps, to create flow in service lines. 

Extensive use has been made of utilidors-elevated, 

at-grade, earth-benned and buried-in very cold regions (Fig. 

11.) Recent utilidors have costs that range from a few hundred 

dollars to eight thousand dollars per foot. Studies are needed to 

determine the life-cycle cost effectiveness and maintainability 

of these systems so that those that are prohibitively expensive or 

have performed poorly will not be used as models in the future. 

Buildings and roads should be built to optimize utility 

distribution systems. 

Measurements are needed of the thennal perfonnance of 

existing utility distribution systems to refme mathematical 

models for predicting the performance of new designs. 

Techniques are needed to protect buried power and 

communication lines from damage by ground cracking and 

subsidence. Elevated lines need to be better protected from 

wind and icing loads. 
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SOLID WASTE 

Landfill operations are complicated by frozen soil and 
blowing snow. Cost-effective ways of heating stockpiles of 
cover material need to be defined and the use of snow as a cover 
material needs to be explored. 

Opportunities exist to remove the aqueous portion of 
hazardous wastes by freezing or to contain them within 
permafrost. 

Studies are needed to reduce the amount of solid waste 
produced and to utilize the energy derived from incineration of 
solid waste without polluting the air. 

FIRE PROTECTION 

Water, the common frre fighting material, is not readily 
available in the Arctic much of the year. The technical and 
economic values of alternative systems for use in the Arctic 
need to be defmed. 

Improved guidance is needed on the frre resistance of 

materials used for buildings and utilities in the Arctic. 

LIFE-CYCLE ECONOMICS 

Budget constraints on construction costs often result in the 
incorporation of marginal or insufficient components into 
buildings and utility systems. For example, economic studies 
clearly show that life-cycle costs will be reduced when 
well-sealed, well-insulated doors and windows are specified. 
However, such quality is not commonly called for. 
Specifications for Arctic buildings and utilities need to be 
improved in order to obtain components that will function 

properly at the lowest possible life-cycle cost. 

TECHNOLOGY TRANSFER 

Much too small a portion of the funds available for research 
and development is spent on technology transfer. As a result, 

numerous research fmdings are not used. Improved systems are 
needed for transferring technology to the planners, designers, 
builders, inspectors, operators and maintainers of military 
facilities in the Arctic. Short, "lessons-learned" reports, digests 
and Popular Science type articles are needed. Feedback systems 
are needed so that we can learn from our successes and failures. 
Since many of the people we need to reach do relatively little 
reading, other modes of technology transfer such as workshops 
and videotapes deserve emphasis. 

10 

Fig.ll. Construction of an mrth-bermed utilidorat Eielson AFB. Snow 
does not melt over tM top of this well-iMulated conduit (photo by Gary Phet
teplace). 

The military has a relatively short institutional memory 
because personnel are reassigned frequently and orientation 
overlaps are not always provided. Little is done to prepare 
people for living and working in the Arctic. That lack of 
foresight costs us dearly every day. 

SUMMARY 

Research conducted on a wide variety of topics from 
habitability to roof leaks has played an important role in 
improving the design, construction, operation and maintenance 
of buildings and utilities in very cold regions. Documents such 
as the Cold Climates Utilities Manual have facilitated 
implementation of research fmdings. 

Other improvements have been the result of innovation by 
manufacturers and practicing engineers. Nonetheless, buildings 

are still being built that are uncomfortable or unsafe to live in. 
Others have chronic moisture problems or deteriorate much 
more rapidly than expected. Pipes still freeze and effluent 
quality does not always meet standards. 

Additional research is needed since new materials, systems 

and processes are available that can solve some problems but 

pose others. 
Priority research needs are as follows: 

• 

• 

• 

Provide an improved meteorological data base and 
develop field-verified mathematical models to predict 
loads and effects. 

Use wind tunnel models to study snow drifting . 

Improved enclosures for protecting construction 
workers and materials. 
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• Improved methods of cold weather concreting. • Develop new ways of treating surface waters. 

• Develop tactical shelters suited to very cold regions • Design innovative waste water treatment systems for 
small tactical and permanent populations in remote 

Study composite buildings and other megastructures. areas. Improve the design of lagoons and promote the 
concentration of sludge by natural freezing. 

• Document the experiences gained in constructing North 
Warning stations. Improve the performance of new materials for utility 

distribution systems and document the life-cycle cost 

• Improve the life-cycle energy efficiency of buildings effectiveness of various utility distribution systems. 

and utility systems with emphasis on utilization of waste 
heat and improved insulation criteria. • Develop systems to operate solid waste landfills and 

evaluate methods of utilizing the frozen state of the 

Improve HV AC systems to achieve comfort, eliminate ground to contain hazardous waste. 

indoor air pollution and avoid over-ventilation. 
• Define the fue resistance of new building materials and 

• Resolve moisture problems in buildings with emphasis develop waterless rue-fighting systems . 

on the control of air leakage and the provision of indoor 
conditions conducive to the health and comfort of oc- • Focus designs on low life-cycle costs instead of low frrst 

cupants. costs. 

• Enhance the yield of sources of water and reduce ther- • Develop products and services to ensure that designs 

mal and corrosion problems associated with storage in incorporate state-of -the-art technology. 

reservoirs and tanks. 
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DISTRICT HEATING AND COOLING 
by 

John C. Phillips ill, PE. and James S. Strandberg, PE. 

In late 1982, the City of Fairbanks, Alaska, placed the Hot 
Water District Heating System Demonstration Project into 

operation. The project consisted of a steam to hot water heat 

exchanger situated in the basement of the city power plant, and 

two miles of buried insulated piping that connected three in

stitutional users and three residential users (Fig. 1). 

The system uses low pressure extraction steam from three 

extraction steam turbines in the old section of the power plant as 

a heat source. A steam to hot water converter and a pumping 

station is situated in the power plant basement to heat and 

distribute 240<>p water to the distribution system. 

There are three institutional users: (1) Fairbanks North Star 

Borough Independent School District for Lathrop High School 

and Ryan Junior High; (2) Fairbanks North Star Borough for the 

Noel Wien Library and Hamme swimming pool; and (3) Fair

banks Lutheran Church. There are three residential users: the 

church parsonage and two other homes. 

Figure 2 is a schematic of the system under 

design conditions, showing heat loads and flow 

rates for the heat production plant and each con

nected user, and expected line losses and bypass 

flows. 
The development came about in 1980 when the 

state made a total of $4.5 million available to the 

city to fund a system that would demonstrate the 

viability of the district heating concept. 

Coincident with this, the City of Fairbanks 

hired a consulting design frrm to accomplish the 

following: 
• Establish the potential for district heating 

within the City of Fairbanks, and prepare 
a plan for the phased development of 
such a system. 

• Evaluate the technical and economic 
feasibility of heating both residential and 
commercial structures. 

• Identify impediments to development of 
the system. 

This report was completed in July 1981, and 

MANHOLE NO. II 

"progressive development of the existing combined heat and 

power generation and distribution system, with coal continuing 

to be the main source of energy." 

The report went on to recommend development of hot water 

district heating, but in a slower, phased approach to allow for 

periodic reevaluation of the concept. First a pilot study, or 

demonstration project, should be implemented to establish a 

performance base for hot water district heating in Fairbanks. 

Information and experience obtained through the development 

and operation of the demonstration project would be used to 

evaluate the economics of the system. 

MONITORING SYSTEM 

One major consideration for design has been the need to 

collect performance data that will allow judgment of concept 

applicability. 

HAMME POOL 

~~----=~AYAH JR. HIGH SCHOOL 

LEGEND 

@ DATA L.DaKA LOCATION 

-- EXISTINII HOT *TO: 
OISTJUCT HEAT .. 8 
SYSTDI ...... 

I 1..--F'AIRIIANICS LUTHEIWf CHUIICH COM'l.Ell 

MUS POWI!:II PLANT 

7VEIISION 

made specific recommendations for the im

plementation of hot water district heating in Fair

banks. One of the recommendations was for the Figure 1. Data acquisition and monitoring system equipment locations. 
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Figure 2. Schematic of system thermal energy loads. 

To accomplish this, a computer-based data acquisition sys
tem was designed and installed in early 1983. It has recorded 
the performance of the system for the duration of the project to 
date. 

Hourly records of district heating performance are collected. 
This is accomplished with four remote data loggers: in the 
library, high school boiler room, and two in the city power plant 
(Figure 1), and a central computer. 

Each microprocessor-controlled data logger receives infor
mation from transducers sensing heating system variables, such 
as steam and water flow rates, temperature, pressure, and out
side air temperature. In addition, each data logger receives input 
from a dedicated Btu meter that continuously calculates the rate 
of heat transfer from the system working fluid. 

The data logger collects readings from all transducers every 
10 seconds and, on the hour, computes and stores an hourly 
average and maximum and minimum values. This data is trans
mitted to the central computer every three hours. 

The control computer,located in the power plant, sequential
ly contacts each data logger, and uploads data periodically. 
This information is stored on computer disks at the FMUS 
power plant. 
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PERFORMANCE ASSESSMENT 

Determination of system performance centers around estab
lishing the load duration curve for the utility, establishment of a 
system-wide energy balance, and definition of a peak energy 
flow equation for the system. These analysis points have, in 

large part, been accomplished. 
Selected data was analyzed to determine actual peak energy 

use and projected peak energy use at the design temperature of 
-&fF. Hourly energy use in millions of Btu/hour was plotted 
against temperatures from November 1984 to January 1985 for 
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Figure 3. Lathrop High School energy use vs. outside air 
temperature. 
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Figure 4. District heating system energy use vs. outside air 
temperature. 
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the Lathrop complex and for the entire system. These plots are 
in Figures 3 and 4, respectively. 

A heat demand/duration curve was produced using data from 
1983 and 1984. This analysis involves accumulation the total 
number of hours at which the heat use is equal to or greater than 

any given value, then normalizing to the maximum consump
tion rate. The information may be used to evaluate the required 

peaking energy capacity. The plot is presented in Figure 5; also 

included are the corresponding plots from the Acres American 

Final Engineering Report of July 1981. The curve projected by 

Acres closely matches the curve plotted from the actual data. 

Figures 6 and 7, respectively, present consumed load and 

billed revenue for each month of 1984. These were derived 
from 1984 billing and monitoring records. 

DEMAND PREDICTIONS 

The energy use/temperature plot for the system (Fig. 3) was 
used to project an estimated maximum load at -60<>p. This was 

determined to be about 12.1 million Btu/hour for the system as 
presently configured. 

If the design temperature drop of 70° for the system can be 
attained with the present pumping capacity of 700 gallons per 
minute (gpm), then a peak capacity of 24.5 million Btu/hour is 
possible. 

The system delivered 27,670 million Btu's of heating 
energy during 1984; users were billed $179,337. The peak 

heating demand occurred in January 1985. 

The following are the existing system capacity con
straints: 

1. The system appears to have experienced a 
peak hourly energy load of 10.9 million Btu/hr. at 
an outside air temperature of -30° F. 

2. Extrapolating this to a design temperature of 
-600F, the maximum expected peak load is in the 
order of 12.1 million Btu/hr. With typical tempera
ture drops across heat exchange equipment of 40 to 
45 degrees for the aggregate system, this equates to 
a total current pumping requirement of 537 to 605 
gpm. 
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Figure 5. Plot of heat load, percent vs. duration, hours. 

PLOT OF 
THERMAL ENERGY CONSUMED BY 

HOT WATER DISTRICT HEATING SYSTEM 
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- WIEN 
~CHURCH 
~ OTHER USERS 

D LINE LOSS 

MONTH (1984) 

3. This flow requirement is considerably higher 
than the design value of 302.5 gpmfor a 12.1 mil
lion Btulhr load, which was based on a design 
temperature drop in the system of 80° (160° to 
240°). In short,lower than expected heat exchanger 
temperature differences have caused higher than 
expected pumped flow rates. Figure 6. Plot of thermal energy consumed by system vs. month. 
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major operational problems. Most of these problems 

have been resolved. 
• A new variable speed drive system was 

installed on the primary pump (see Fig. 8). 
This allows a new energy saving pressure 
control sequence to occur for the hot water 
distribution system. 

• A new energy metering system for the 
power plant was installed. 

!Z 
~ 

I u,4911 
~ • New mechanical seals were installed on 

the primary circulation pumps to eliminate 
makeup water requirements . 

~ 

i!:.!:!. 
;;J_IO,OOO 

5 .... 

~ 5 

~ 
The system was shut down for the summer of 

1984 to accomplish the upgrade. All users obtained 
heat from their standby systems during this period. 

0 
JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 

December 1984 was the frrst month that the vari
able speed drive was used to modulate the main 
circulating pump speed to control system discharge 
pressure. This system continues to operate success-MONTH (1984} 

Figure 7. Plot of total monthly billing dollars vs. month of operation. fully. 

4. With the 12.1 x Hf Btu/hr peak load es
timated for the current system, the system has ex
cess capacity of 21.4 x 106 Btu/hr. once system 
design temperature drops are attained. This 
capacity is thus available for expansion to the 
existing system. 

The system is presently operating successfully, 
with no major operational problems. 

OPERATION ANALYSIS 

The system operated during 1984 without any 
major maintenance problems. In general, the supply 
temperature of the system has never exceeded 230<>p, 
and operating pressures have not exceeded a dis
charge of 50 psig. We have found the concept to be 
solid, and one that can reliably deliver heat energy to 
a variety of applications. 

The demonstration project has not been without its 
problems. The system was installed as a minimum 
budget "short-term" design solution, and as such, has 
experienced major start-up problems associated with 
pressure control, metering and control, and energy 
balancing. In general, these problems have not inter
rupted service noticeably, and have not resulted in 
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Figure 8. Schematic of heating source and circulating pump control. 
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USER OPINIONS 

Two of the residential users were interviewed in the evalua

tion program. Both indicated approval of the concept. Neither 

had significant problems with the service connect phase, nor 

during the first year of operation. The equipment and facilities 

work well and are quiet Each has seen an approximate 40% 

decrease in heating bills. Payback on the investment ranged 

from three to ten years, depending on the relative difficulty of 

retrofit, and future utility tariff charges. 

Two additional residential users who had agreed to connect 

into the system did not complete the connection. In both cases, 

the cost of conversion was higher than they had anticipated. 

Interviews with each of the three institutional users were 

conducted independently. General satisfaction with the concept 

was indicated. The major comment by all three: conversion 

provided major savings in maintenance and operations costs. 

Specifically, the users stated that the hot water heating 

medium was easy to control and that normally high main
tenance items, i.e., modulating steam control valves, steam 

traps, condensate receivers, etc., had been eliminated. 

The Fairbanks North Star Borough was able to shut down the 

old coal-fired Lathrop boiler plant This resulted in annual 

savings to the school district in excess of $100,000 in labor 

alone. 

All users were enthusiastic about the performance of the 

system, and made special mention that the rates charged for the 

energy were quite low and that monthly bills had dropped 
substantially during the initial period of operation. 

All users have adequately sized standby heating. All are 

oil-fired with the exception of the Lathrop/Ryan complex. That 

facility is equipped with three large coal-f.tred, traveling grate 
fire tube water boilers. These boilers require 12 to 18 hours to 

be brought on-line and are currently maintained cold. 

POWER PLANT ASSESSMENT 

The utility does not have 100% backup of either pumping or 

heat exchanger capacity. A failure at the power plant could 

result in a loss of heat at Lathrop for the 12 to 18 hour start-up 

time necessary for the boilers. 
The City of Fairbanks operates the 50 hp circulating pump 

continuously, controlling the supply pressure with the new vari

able speed drive. An older 40 hp electric motor is available as a 
spare. The alternative reserve is a separate pump, powered by a 
15 hp electric motor. This unit will provide up to 300 gpm, 
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which will satisfy steady state demand on the system at outside 
temperatures down to around +200p. 

In 1983, the Fairbanks North Star Borough completed a 
number of control and building upgrades in the Lathrop com
plex. These generally will not affect the performance of the 

utility, but there are several discussion points to be raised. 

In instituting energy conserving control sequences, the com
plex effectively will tum on heat generation equipment for 

morning warm-up. This will cause the Lathrop complex's full 

heating capacity to be impressed on the utility, and cause a daily 

demand surge for about a two-hour period. This has been noted 

in the data printouts and shows about a 20% to 30% increase in 
consumption for these periods. This serves to increase the peak 
to average factor for the system and should ultimately be ac
counted for in the tariff analysis. 

COST ANALYSIS 

The project was funded by two grants from the State of 

Alaska and one from the Alaska Power Authority, for a total of 

$4,535,000. 

The state grants stipulated use of the funds for the design and 

construction of a model district heating plant and distribution 

system. This would utilize the existing capacity of the power 

plant in supplying hot water heat to a variety of consumers. 

The Alaska Power Authority grant was earmarked to study 
the feasibility of a large district heating project that would 

connect the University of Alaska Fairbanks campus, the Fair
banks International Airport and the downtown Fairbanks area. 
This study was accomplished by the consultant Acres 

American, and the findings presented in their final report of July 

1981. The firm conclusion was that such an intertie would be 
uneconomic due to the length of the proposed distribution lines, 
and the lack of significant loads along the route. 

The utility is currently billing approximately $180,000 per 

year for delivered energy, with the majority of the billing going 
to the Fairbanks North Star Borough. Operating costs to the 
utility are running about $190,000 per year, for a net loss of 

$10,250 per year. The utility has a current load factor of 49.4%. 
The system has been largely trouble free, with the majority 

of labor involved in reading meters, and overseeing the final 

punch list items remaining in the construction contract In 1984, 
for example, labor costs totaling $9,850 were accrued. We have 

supplemented this cost with an additional "overhead" amount 
of $60,000 to cover hidden and administrative costs for the 

utility. 
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EXISTING HOT WATER 
DIS1WCT HEATING ll'tSTEM 
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AREA OF POTENTIAL SERVICE 
FOR DEMONSTRATION SYSTEM 

The revenue derived from the utility must be increased, if 
long tenn fmancial stability is to be achieved. The existing 
trunk line traverses a largely residential area, and tenninates in 
a zone of the city that contains major institutional and commer

cial buildings. 
With the system operating at current rates and connected to 

load that peaks at 24.5 x 106 Btu/hour, we see a revenue base of 
$390,000 developing, with little or no increase in labor costs 
and moderate increases in the cost of extraction steam, for a 
total expected yearly positive revenue of $61,000 (Fig. 9). Note 
that this does not include any bonding considerations. 

CONCLUSIONS 

The Hot Water District Heating Demonstration Project is a 
successful implementation of a district heating concept that is 
gaining favor in the United States. It is stable and can be 
expected to deliver inexpensive energy to customers throughout 

the project lifetime. 
The concept is viable for the City of Fairbanks. We found the 

load density for the residential service areas is low, and as such, 
large capital expenditures are required for service lines. All 
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Figure 10. Map showing future potential development. 
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buildings connected are heated either with hydronic or hot air 

systems, and heat exchangers are used as isolation devices. 
Cost of service connects are high. 

The demonstration project has shown that the hot water 
heating concept is a solid long-term district heating philosophy 

that can be expected to provide long term low maintenance 

distribution of waste heat The project has also shown, however, 

that the implementation in Fairbanks is a costly endeavor, and 

that there are problems fmding installers with expertise in the 
more sophisticated hot water district heating. 

It is felt that the economics for residential district heating in 

the areas the line traverses are poor due to the high costs 
experienced for installation of service connects. 

While the users are happy with the heating medium, and all 
felt the utility service has been good, the response by the public 

during the solicitation period was lukewarm. Residents liked 

the concept, but seemed unwilling to put forth the funds for 
service connect. With a cost of $20,000 to $30,000 for each 

residence (which includes on-property service piping and inte

rior heating system modifications), it is felt that expansion of 

the system would not be popular nor economically justifiable. 

The presently connected institutional loads are proving to be 
an excellent match to the district heating system. These systems 

are stable heating loads providing a good revenue source for the 

utility and an excellent way to use power plant waste energy. 

The energy systems both on the utility side and on the user 
side are essentially trouble free. For the specific buildings cur-
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rently connected to the system, major savings in energy costs 
and maintenance and operations costs continue to accrue. 

The local school district has shown major interest in the 
connection of other elementary schools in the area served, and 

the local hospital is also within range of the system (Fig. 10). 

Future developments in the upgrade of the municipal power 

plant will allow the City of Fairbanks to pursue these additional 
loads. 
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PEAT MOUND DRAINFIELDS FOR 
RESIDENTIAL SEPTIC TREATMENT 

by 

Raymond Z. Riznyk, PhD. 

In many areas of Alaska, conventional septic systems cannot 

be installed or have failed because of inadequate drainage. The 

presence of bedrock outcrops, shallow watertables and per

mafrost require some alternative to residential septic systems 

utilizing soil absorption. Mounded peat drainfields show strong 

promise as an alternative to conventional soil drainfields, espe

cially in the rural areas of the State. 

Current work at Alaska Pacific University is showing peat to 

be an effective medium for the treatment of on-site septic tank 
effluent. Low maintenance peat drainfields constructed from 

readily available local material are feasible for new home con

struction or retrofit septic systems for homes in areas with 

marginal drainage. 

Peat is one of Alaska's most abundant resources. It has been 

estimated that as much as half of the U.S. peat resource base is 

located in Alaska and far exceeds the State's oil and gas resour

ccs.1 Peat muskeg and marsh cover more than 110 million 

acres. Peats are classified according to the composition of the 

plant remains comprising their bulk. The dominant plants are 

represented by several species of sedge, reed, and moss. Most 
prominent are Scirpus caespitosus, Erioplwrum angustifolium, 
E. vaginatum, Rhynchospora alba and several species of Sphag
num.2 The peat used in our mound systems was obtained from a 

local Anchorage deposit and is comprised of equal amounts of 
moss, sedge and reed. 

MUNICIPAL REGULATIONS 

Standards have been established by the Municipality of 

Anchorage to which waste disposal systems must conform to 

prevent discharge of wastewater into surface waters, upon the 

ground surface, into watershed areas, onto streets and road

ways, and directly into groundwater and wells.3 On-site waste

water disposal systems must have an operational capacity 

sufficient to dispose of 150 gallons per day, per bedroom. 

However, the Municipal Health and Human Services 

Department may approve on-site wastewater disposal systems 

that do not conform to their standards if .tests and engineering 

data show that the system will function as effectively as a 

conforming system. However, owners of these non-standard 
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systems must post a bond to ensure financial liability if the 

system fails. 

The regulations do specifically permit elevated mound sys

tems but indicate that they must be built on soil greater than 2 

feet above the seasonally saturated horizon of bedrock with a 

percolation rate of between 5 to 60 minutes per inch. The 

ordinance currently requires that any organic matter, including 

peat, be removed from the elevated mound site and the mound 

covered with vegetation to prevent erosion. 

The Municipality of Anchorage may, however, permit the 

installation and operation of innovative systems, including peat 

systems, which meet or exceed the National Sanitation Founda

tion certification criteria. A provisional permit is issued for a 

period of one year during which time testing and evaluation of 

the particular system is conducted. After the period of the 

provisional permit, the Department of Health and Human Ser

vices shall evaluate the performance of the innovative system. 

If the system has performed in conformance with the waste

water standards and is as effective or more so than the conven

tional on-site wastewater systems, the Department may permit 

continued operation of the system. 

Two peat mound drainfields are currently in operation in 
rural Anchorage; one in the Rabbit Creek Heights subdivision, 

the other at Bird in the Delak subdivision. These drainfields 

have been monitored for one year by Alaska Pacific University 

under contract to the Municipality of Anchorage. The peat for 

each system was prepared by breaking up clumps from a local 

excavation site, removing the roots and woody materials and 

spreading to dry. Because of the existence of shallow water

tables close to the ground surface, mounds of peat were required 

above the surface of the soil. 

SYSTEM DESIGN 

Rabbit Creek Heights Site 

This site is located directly on native peat Prior to the 

installation of the peat drainfield system, the owner used his 

septic tank as a holding tank with untreated effluent day lighting 

on the ground surface. This residence was rated for four 

bedrooms with a requirement of treating 150 gallons of effluent 
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per bedroom. Prior work in Maine has shown that peat could 

effectively treat one gallon of septic waste per day per square 

foot of mound total surface area.4 Consequently, the dimension 

of the drainfield was designed to be 640 square feet (Fig. 1). 

The drainfield was constructed on top of the existing peat

laden soil with minimal disturbance of the surrounding vegeta

tion. A liner of Visqueen plastic was placed on the ground 

surface and extended two feet up the sides of the system. A 

layer of construction rubble was placed on the liner with an 

underdrain of 4-inch perforated pipe embedded in the rubble 

and extending through the plastic liner at one end. A sampling 

portal was constructed by placing an X-connection in the pipe, 

capping the bottom and extending the top above ground where 

it was covered with a removable cap. 

Three feet of groomed peat were added above the porous 

rubble and trenched to receive perforated distribution pipelines. 

As each line was trenched, rock was placed on the bottom of 

each ditch to a depth of 3 inches. The perforated distribution 

pipe was placed on the rock and leveled. Additional rock was 

added to completely surround the pipe before the top 18 inches 

of peat was put in place. The distribution pipe network consists 

of six 4-inch diameter perforated pipes, each 40 feet long and 

interconnected at each end. Additional peat was added for the 

surrround (Fig. 2). The peat mound effluent is discharged into a 

gravel-lined infiltration trench running a distance of 120 feet by 
using a perforated pipe. 

Bird Site 

Prior to installation of the peat mound system at this site, a 

conventional septic tank system had failed because of the high 

watertable and poor soil percolation. Since a three bedroom 

home is situated on this lot, a field size of 480 square feet was 
constructed (Fig. 3). 

The bottom of this mound was also lined with Visqueen 

plastic. An 8-inch layer of sand was placed on the liner and the 

4-inch diameter perforated underdrain pipe embedded in the 

sand. Two and one-half feet of peat was added above the sand. 

The peat was trenched and lined with distribution pipes em

bedded in rock and covered with an additional18 inches of peat. 

A sampling portal was placed in the underdrain pipe one foot 

from the periphery of the liner (Fig. 4). 

The peat mound effluent was discharged from the under

drain into a 7-foot wide infiltration trench which runs perpen

dicular to the treatment field for a distance of 60 feet. 
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FigiU't! 1. Peat mound drainjkld in relation to 4-bedroom dweUing and in
filtration trench at Rabbit Creek Heights subdivision (Scale 1 in. =50 fl.). 
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Figure 2. Cross 1ection through peat mound drainfield at Rabbit Creek 
Heights subdivision. 
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Figure 3. Peat mound drainfleld in relation to 3-bedroom dwelling tu1d in
filtration trench at Bird Creek in Delak subdivision. (Scale 1 in. = 50 ft.) 
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Figure 4. Cross section through peat mound drain field at Bird Creek in 
Delak subdivision. 
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Table 1. Comparision of septic water quality to peat mound 
leachate. Each figure represents an annual mean value of month
ly readings± the standard deviation. 

BIRD SITE RABBIT CREEK SITE 

Parameter Se~tic Peat Se~tic Peat 

BOD(mg/l) 169 3 191 4 
COD(mg/l) 386 29 329 24 
Temp ("C) 5.8 4.7 7.7 4.3 

Color 403 180 294 53 
Fecal coliform 

44x1<Y (#/100ml) llx1<Y 11 107 
Total coliform 

(#/lOOml) 53x1<Y 20x1if 64x106 31xHf 
N0:3-N(mg/l) 2.4 14.8 4.2 16.2 
Kjeldahl-N (mg/l) 64.7 6.0 53.4 4.7 
Total P(mg/l) 1.3 0.3 1.3 0.5 
pH 7.8 6.7 7.5 8.4 
Dissolved 

()z(mg/l) 0.08 3.4 0 5.3 
Turbidity(NTU) 49 49 71 19 
Suspended solids 

(mg/l) 92 141 58 82 
Conductivity 

(mhos/em) 574 504 525 572 

WATER QUALITY TEST RESULTS 

The effectiveness of the two peat mound beds was 

demonstrated by water quality tests performed over a one-year 

period of time. Water samples collected from septic tanks and 

the peat mound portals located at the edge of the leachfield, 

were tested for biochemical oxygen demand (BOD), chemical 

oxygen demand (COD), total suspended solids, nitrate

nitrogen, Kjeldahl nitrogen, total phosphorus, pH, fecal and 

total coliform bacteria, color, turbidity, dissolved oxygen and 

temperature. Water quality tests were conducted according to 

Standard Methods.5 A significant difference in water quality 

was found between the peat leachate and the septic tank effluent 

or BOD, COD, N03-N, Kjeldahl N, total P, fecal and total 

coliform bacteria, color and dissolved oxygen. The percent 

improvement in water quality of the peat mound leachate was 

dramatic for most parameters (Table 1), being similar to was

tewater which has undergone tertiary treatment 6 

The results of the total suspended solids tests are an enigma 

with relatively high values occurring in the peat effluent. This 

anomaly can be explained by the nature of the peat used to 

construct the mounds, which contained very fme inorganic clay 

that was flushed out as effluent percolated through the systems. 

Both peat mounds are quite porous. Clogging or plugging of the 
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interstices, with suspended solids present in the septic effluent, 

was not at all noticeable. In all probability, once adsorbed, the 

organic solids are readily utilized as a substrate for aerobic 

microorganisms. Freezing of the mound systems, even though 

the ambient air temperature was well below zero for appreciable 

periods of time, was never a problem. A series of thermistor 

probes buried in the mound systems monitored the peat 

temperatures in the environs of the perforated pipe. Subter

ranean peat mound temperatures never dropped below freezing. 

During the winter season, an insulating blanket of snow of 

approximately 1/2 to 2 feet covered the mounds. No discernible 

difference was observed between the quality of the peat effluent 
in either system on a seasonal basis. The mounds, in which the 

temperature fluctuations were not extreme, were as effective 
during cold weather as during wanner weather. 

We are rather optimistic about the longevity of the peat 

mound systems. At this point it is difficult to say for sure how 

long they will operate effectively until the peat will have to be 

replenished. However, after a period of one year, no appreciable 
degradation or problems in operational efficiency have been 

noted. 

SUMMARY 

Current work with two pilot peat mound systems in rural 

Anchorage has shown that in marginal areas with inadequate 
soil drainage, these innovative systems perform exceptionally 

well. The ability of the peat to improve the quality of the 

wastewater before discharge into the underlying substratum is 

remarkable. The quality of the peat leachate is similar to was

tewater which has undergone tertiary treatment. 
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This work is significant in that it indicates that peat mound 

systems could be of benefit in virtually all parts of rural Alaska. 

In many bush communities and native villages, septic systems 

of any kind are virtually absent The use of peat mounds could 
significantly reduce water pollution in these areas and improve 

the health and living conditions of the areas' residents. 
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:1~ ____________ Th __ e_N--orth __ e_m __ E_n_wm ___ re_r_&_e_a_d-~-,s--Smv---ey------------~ 

Dear TNE Reader: 
We need your ideas and input to make The Northern Engineer a better magazine. Please take a few minutes to 

complete and return the survey below. 
The Northern Engineer is now being published by the School of Engineering at the University of Alaska 

Fairbanks. While answering the questions below please think of the issues that have been published since The 
Northern Engineer returned "home" to the School of Engineering two years ago. 

; 1. The thing I like best about TNE is------------------------
1 

: 2. The thing I like least about TNE is 
I -------------------------------------------------

Please circle the response that most accurately describes your feelings towards the following statements: 
SA=Strongly Agree; A=Agree; N=Neither Agree nor Disagree; D=Disagree; and SD=Strongly Disagree. 

: 3. TNE is logically organized. 
I 

SA A N D SD 
l 4. The articles in TNE are interesting to me. 

SA A N D SD 
I 

: 5. The articles in TNE are generally too technical. 

SA A N D SD 
I 

: 6. The articles in TNE are helpful to me. 
' 

SA A N D SD 
: 7. TNE is underpriced. 
I SA A N D SD 
: 8. TNE is too limited in scope and should include a broader range of subjects. 

SA A N D SD 
9. TNE should include ~ore articles related to the international community. 

SA A N D SD 
10. I would like to see limited advertising in TNE. 

SA A N D SD 
11. I would be interested in advertising my company in TNE. 

SA A N D SD 
1 11. What is the most you would be willing to pay for a quarter page advertisement in TNE: 

less than $100 $100 $150 $200 $250 $250+ 
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12. The journal that I think TNE is most like is: ---------------------

13. The Journal that is most helpful to me is: ----------------------

14. I would like to see future articles on: 
1. ______________________________________________________________________ _ 

2. ______________________________________________________________________ _ 
3. ______________________________________________________________________ _ 
4. ______________________________________________________________________ _ 

15. I would be interested in writing an article for TNE: 

Yes No 
Su~~t ________________________________________________________________ ___ 

16. A reasonable cost for a one year subscription to TNE: 

$10 $12 

17. This issue of TNE was purchased by: 
[ ] a personal subscription 

[ ] my workplace 

[ ] a library 

18. I am employed by: 

$15 $17 

[ ] Aerospace ] Communications ] Utilities 

$20 

[ ] Transportation ] Research/Development ] Engineering/Architecture 

[ ] Manufacturing ] Consultant ] Education 

] Government-Federal ] Government-Non-Federal [ ] Other----------------------

19. I am a member of the following professional organizations (check as many as apply): 

[ ] ASCE [ ] ASHRAE OTHERS:----------
[ ] ASME [ ] SME 

] IEEE [ ] NSPE (ASPE) 

] SPE 

]AGC 

[ ] ASEE 

[ ]AIME 

20. I am a registered engineer in the State of Alaska: 

Yes No 

21. My age is (please circle): 

21-30 31-40 41-50 51-60 61 + 

22. I learned about TNE through-------------------------

Thank you for completing the survey, please return in the enclosed envelope. 

I 

I 

24 THE NORTHERN ENGINEER, VOL. 20, NO. 3 & 4 : . 



EVALUATION OF THE CAMPBELL POINT LOCATION 
FOR USE AS A 

TELEVISION RECEIVE-ONLY SITE 
by 

Robert P. Merritt, P.E. 

There are a large number of receive-only satellite earth sta
tions in Alaska and more will be installed in the next several 

years. 
To get the most benefit from a site and to avoid having to 

move an earth station from an unsatisfactory location, a series 

of tests and calculations should be done before construction 

begins. Several antenna have been installed in the State without 

proper site surveys with the result that the antennas and receiver 

system could only be used for a limited number of satellite look 

angles and transponder frequencies. 

The cost of a 6.1-meter antenna and foundation may run as 
high as $20,000. Partial use of this investment is inexcusable. 

Some people may argue that they only wish to receive, for 
example, Transponder 12 on RCA Satellite F-3. But they should 
remember that the program they wish to receive may be shifted 

tomorrow to Telstar 301 on Transponder 23. The Campbell 

Point case study serves as an example of the measurements and 
calculations required to clear a site for earth station construc
tion. 

INTRODUCTION 

Development of a receive-only satellite earth station 

(TYRO) site requires the successful fulftllment of several im

portant criteria. The frrst requirement is available land with a 

clear radio path to the satellites to be received. Easy road access 
to the site is desirable. Whenever possible, the receiver site 

HORN LNA CABLE 

+15dB +50dB -6dB 

should be located as close as feasible to the end user of the video 
signal to reduce the expensive transmission costs of the 

baseband video and audio. The site must be free of strong 
interfering carriers such as those produced by C-hand common 
carrier point-to-point microwave communication systems. A 

carrier-to-interference signal ratio of 18dB is recommended at 
the input to the low-noise amplifier (LNA) within the pass band 

of the specific transponder channel that is to be received Car

rier-to-noise requirements for interfering signals outside the 

specific pass band to which the receiver may be tuned are 
difficult to specify as the value depends critically on the 
linearity of the low noise amplifier and the capability of the 

specific receiver being used to discriminate between the inband 

and out-of-band signals. Without extensive testing of each 

specific receiver, a carrier-to-interference value of at least OdB 

at the LNA input is suggested as a starting design parameter. 

CAMPBELL POINT SITE 

The Campbell Point receiver site in west Anchorage meets 
some of the criteria stated in the introduction. The site is located 
on available land with good road access and has an emergency 
power generator. The satellite of interest, COMSTAR D-3, 

located at 8-t>w longitude, is in view above the Chugach Moun

tains from this location. An existing communication tower with 

a new microwave antenna and transmitter would permit the 
received audio and video to be retransmitted to most locations 

TEK. 492P 

0 

0 
0 

SPECTRUM ANALYZER 

Fig.l. Testing Equipment 
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in the Anchorage area. The most serious difficulty associated 
with this site is the strong interfering carriers illuminating the 
site in the 4.0 to 4.2 GHz portion of the satellite transmission 
band. These interfering signals have been identified as trans
missions originating at Elmendorf AFB, directed toward the 
ALASCOM facility at the toll center on Government Hill. The 

Campbell Point site is within 2° of the azimuth from Elmendorf 
to Government Hill. 

TEST PROGRAM 

A series of measurements were carried out at the Campbell 
Point site to determine the magnitude and direction of any 

interfering signals that might cause interference with the 
proposed satellite receive-only earth station. Figure 1 shows the 
test equipment that was placed 15 feet south-east of the existing 
communication tower. A map (Fig. 2) shows the direction to th~ 
satellite and the ALASCOM communication site on Govern
ment Hill. Figure 3 is a reproduction of the satellite downlink 
frequency band divided into 24 transponder channels as used on 
the COMSTAR D-3 satellite. Also shown are the frequencies of 

the major interfering signals detected at the site. It should be 
noted that these carriers begin at 4.030 GHz and continue up to 
4.130 GHz. Several of these signals are not listed as assigned 
frequencies in the Anchorage area; however, their presence was 

recorded and are reported here. The strongest signal interfering 
most severely was at 4.05 GHz and was modulated with 
television color bars during the three days 

Fig. 2. Direction to sateUite and ALAS COM communication site on 
Government HilL 

we observed and recorded the signals, ..----------------------------------, 

January 3, 4, and 5, 1984. 

Measurement at zero degree elevation of 
received signals for the 500 MHz satellite 
bandwidth were taken at each 10° from zero 

degrees true to 350° true for both horizontal 

and vertical polarizations. The calibrated 
horn antenna and low noise amplifier 
(LNA) were mounted on a specially 
modified tripod and connected to the 
Tektronix 492P spectrum analyzer by a 
piece of low loss RG8 type coaxial cable 
with a measured loss of 6dB. The data 
recorded has been plotted for each set of 
readings. From these data we have selected 
the recording of the worst case interference 
with the antenna pointed toward Govern
ment Hill, 40° true (Fig. 4) and the case 
where the antenna is pointed toward the 
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EARTH STATION RECEIVING 4 GHZ 

Fig. 3. Reproduction of the satellite downlink frequency band divided into 24 transponder 
channels as used on the COMSTAR D-3 satellite. 
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Fig. 4. Worst case interference with the antenna pointer towards 
Government HiU. 

desired satellite azimuth at 110° true (Fig. 5). 

SATELLITE SIGNAL MEASUREMENTS 

A Harris Delta-Gain 3-meter antenna with a gain of 43dB 
was used to view the COMSTAR D-3 satellite from the 
Campbell Point site. The look angles were 114° true azimuth 
and 4° elevation. There was some difficulty in getting the eleva
tion adjustment to direct the antenna at a low enough angle. 
The received signal spectrum is represented in Figure 6. The 
satellite signals are marked with their assigned transponder 

numbers (1 through 24). The signals marked with the dotted 
lines are the carriers identified as originating with the ALAS

COM communication system in the Elmendorf to Government 
Hill circuit. Several other carriers have not been positively 
identified, such as 3.790, 3.870, 4.150 GHz. These signals are 
undoubtedly common carrier in origin such as the Naptowne to 
Rabbit Creek path on 3. 790 GHz (H) and the Soldotna to 
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Fig. 5. Worst case interference with the antenna pointed toward the 
desired satellite aximuth at llif true. 

Nikishka path on 4.150 GHz. The common carrier channels are 

assigned the odd designation of lOs of megahertz such as 30, 50, 
70, and 90 MHz while the satellite channels are all even-num
bered frequencies such as 20, 40, 60, and 80 MHz. The common 
carrier channels come in pairs for redundancy standby service. 
The best example of this frequency allocation may be seen in 
Figure 4 by observing the strong interfering frequency of 4.050 
GHz and 80 MHz higher than the first carrier at 4.130 GHz. 
The ALASCOM 4 GHz route map and 4 GHz Frequency Plan 
are included in the Appendix. 

Figure 6 shows the interfering carriers to be 18dB above the 
average of the satellite carriers. This is a totally unsatisfactory 
condition for reception of satellite programming from 
transponders with a strong interfering carrier within the channel 
pass band, i.e., transponders 16, 17, 18, and 19. As stated 
earlier, a strong interfering carrier of this magnitude may cause 
degradation of signals even though they are not in the channel 
pass band. This out-of-channel interference can cause overload-
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Fig. 6. Received signals when 3-meter Delta Gain Antenna is 
pointed at the COM STAR D-3 satellite. 

ing of the low noise amplifier, resulting in reduced gain and 

increased noise. Similar overloading may occur in the first 
stages of the satellite receiver prior to adequate channel filter
ing. 

The relative amplitudes of satellite carriers and interference 

obtained with the 3-meter antenna would be different for a 
different antenna with a different forward gain and side lobe 

performance. A survey of several4.5-, 5.0-, 6.0-, and 7.0-meter 

diameter antennas manufactured by three different companies 

indicates a side lobe gain of -10 to -13dB in the direction of the 

strongest interfering carriers (i.e., 70~ relative to the direction 

to the COMSTAR D-3 satellite. This is the same value quoted 
for the 3-meter antenna used for Figure 6 data. The 6- and 

7-meter antennas reviewed had forward gains of 48 to 49dB as 
compared to a gain of 43dB for the 3-meter antenna. The use of 
a larger antenna from the examples studied would result in an 

increase of about 6dB in the satellite carrier but no significant 

reduction in the interfering carriers would be obtained. This 

would result in the interfering carrier still exceeding the desired 
satellite carrier by at least 12dB. Limited use could be made of 

this site as long as the desired satellite transponder channel was 
far enough away in frequency from one of the strong interfering 

carriers. Satellite channels 1, 7 and 13 could be used from this 
site with a 6-meter antenna. Channels 15 and 19 would probably 
be usable with a good quality satellite receiver. Improvement in 

receiver operation can sometimes be obtained using special 
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filters in the 70 MHz IF section with notch characteristics 10 

MHz off the satellite center frequency. 

OTHER STRATEGIES THAT MAY BE EMPLOYED 

Some reduction in the amplitude of the interfering carriers 
may be obtained by locating the antenna on the low land direct

ly east of the Campbell Point radio tower. Moving to the low 
area may result in significant reduction in the radio signals 

propagated from Elmendorf AFB and Government Hill. Terrain 

shielding could provide 15 to 20dB of signal reduction while 

the satellite would still be in view to the east-southeast. The 

selection of a site below the Campbell Point area would require 

a careful study of data concerning high tides and high water 
from spring runoff. Additionally, power and communication 
cables would have to be run to the new site. A small building or 
equipment shelter would also be required. This additional con

struction would significantly increase the cost of the TYRO 

earth station. 
A special antenna could be selected for the receiver system 

with a greatly reduced side lobe gain. A hom type antenna could 
be used to obtain the desired side lobe suppression, however at 

least 6-meter equivalent diameter, i.e. 48dB gain, would be 
required. This nonstandard type antenna may be prohibitively 

expensive. 

AREAS FOR FURTHER WORK 

Measurements of the available terrain blockage to reduce the 

interfering carriers should be carried out. This could be ac

complished by taking the test equipment (Fig. 1) to the low area 

east of Campbell Point and recording the received signals 

across the 500 MHz satellite band in all directions and at both 

polarizations. These data would determine if sufficient shield

ing can be obtained to improve the carrier-to-interference ratio, 
C/I. In order to certify the site for all 24 transponders, the C/1 
should be +18dB or greater at all frequencies. A test should be 

conducted to determine the sensitivity of the LNAs and satellite 

receivers to strong adjacent channel carriers to determine limits 
for operation in the presence of such interfering signals. This 

area of investigation might be a subject for further studies. 

CONCLUSIONS 

The Campbell Point site, although available and accessible, 
is of limited use because of the strong interfering carrier which 

originates at Elmendorf AFB and is directed toward the ALAS

COM facility on Government Hill. It may be possible to reduce 

some of the interference by locating the antenna on lower 
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ground east of Campbell Point Additional protection would be 
available at an increased cost with a special low side lobe 
antenna. The site may be used with a 6-Meter antenna to receive 
satellite channels that are not at or near the same frequency as 
the strong interfering carriers. A "link budget" for COMSTAR 
D-3 and using a 6.1-meter antenna is included as Table 1 in the 
Appendix. 
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APPENDIX 

TABLE 1 
Signal to Noise Calculation for COMSTAR D-3 Satel
lite Using a Harris 6.1-meter Delta Gain Antenna and 

80°LNA 

1. Satellite EIRP to Alaska 

2. Antenna gain 6.1-meter 

31dBW- 61 dBm 

47dB 

3. Free space attenuation 
(-196.4 Q- H20 -9.4) 

4. Carrier level at l.NA (1,2,3) 

5. Antenna elevation COMST AR D-3 

6. Antenna noise temperature 
(Harris 6.1M) 

-197. dB 

-89.dBm 
40 

50K 

7. l.NA Temperature 80 K 

8. Total system noise temperature (6,7) T 130 K 

9. Reveiver IF bandwidth, B 30 x 106Hz 

10. System noise level, K=1.38 x 10-23J/K 
N=10log(KTB)+30dB 102.7dB 

11. Carrier to noise (thermal downlink) (4,10) + 13.7 dB 

12. Uplink degradation and 
interference -0.28dB 13.5 dB C/N 

13. Total signal tonoiseC/N +37.6dB• 51.1 dB SIN 

• The 37.6 dB factor includes the FM 
improvement factor and CCIR noise 
weighting filter (421-3). 
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DESIGN AND CONSTRUCTION OF 
THE MARS ICE ISLAND 

by 

E.G. Funegard, R.H. Nagel and G.G. Olson 

ABSTRACT 

The Mars spray ice island, built in western Harrison Bay in 

early 1986, constitutes a successful first use of a grounded spray 

ice structure as a drilling platform. This novel technology offers 

significant savings over other, more traditional structures, yet 

allows the use of conventional land-based drilling technology. 

This paper describes the major design issues, lateral stability 

under ice loading and creep settlement of the spray ice due to 

self weight and equipment loading. It also discusses the con

struction as well as the logistics necessary for the successful 

completion of the project. 

INTRODUCTION 

The search for hyrdocarbons in the arctic offshore has 

resulted in the design of many innovative and versatile struc

tures, mainly for exploratory drilling. The constraints imposed 

by significantly lower crude oil prices and the uncertainty 

regarding the future profitability of new fields has imposed a 

new requirement for extremely cost effective exploration. Still 

the need to find, and prove, new reserves remains. 

Amoco is a major lease holder in the Alaskan offshore. Each 

prospect is evaluated 

against strict models 

for potential return 

before the decision to 

0 

fa - 0 .... 
an .... 

arctic. The cost of gravel islands increases dramatically as the 

hauling distance increases. More recently, caisson retained is

lands such as the Molikpaq (Gulf Canada) have been used in 

Canada and we have also seen the use of structures such as the 

CIDS (Exxon). Although they may be cost effective if used on 

a number of locations, caisson retained islands and other struc

tures have a very high initial cost. 

In evaluating the possible alternatives for drilling the Mars 

prospect (Fig. 1), Amoco considered all existing structures and 

technology as well as emerging technology such as spray ice 

islands.2• 
3
• 

4
• 

5
• 

6
• 

9
• 

10 A cost comparison showed that a spray 

ice island was by far the most economical alternative. The cost 

for an ice island, at this site, was less than l/3 the estimated cost 

of a gravel island, or $10 million versus $35 million. With this 

economic incentive established, it was decided to investigate 

the feasibility of constructing a drill pad made entirely of spray 

ice. 

FEASIBILITY STUDY 

The feasibility study addressed two principal areas: the 

global stability of an ice island under lateral ice loading and the 

practicality of constructing an island within the given time 

restraints. Additionally, the 

Alaska 

• 

drill is made. The 

cost of the explora

tion structure is often 

a significant variable 

in this selection 

process. 

..... _ ,,, 

-'" ......... Tract 1 "·--

thermal stability of an ice is

land under the influence of 

solar radiation, warm sea 

water and ocean currents 

was studied to predict the be

havior during spring 

breakup. Settlements were 

addressed only to the extent 

that it was deemed possible 

to adjust a drill rig for the 

anticipated movements. 

"'Island Target 
70.84309 N 
152.071~ w Artificial gravel 

islands have tradi

tionally been used for 

offshore drilling plat

forms in the U.S. as 

well as the Canadian 

-r·--..... __ . 
' 

Fig. I. Site Location 
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Fig. 2. Average Daily Temperature, Point Lonely 

the required dimensions within the given time constraints and 

that the island would resist the lateral ice forces that would be 

mobilized against it The primary uncertainty was found to be 

early season ice movements that could delay the start of con

struction and that, until the island was grounded, could move it 
off location. 

Statistical analyses were performed on available weather 
data from nearby Point Lonely to evaluate the likely early 

starting date based on natural ice thickness, and to provide a 

quantitative estimate of the probability for warm weather af

fecting the construction (Fig. 2). 

Three different correlations for estimating ice thickness from 

cumulative freezing degree days were used (Fig. 3): 

h = 3.4•A•DD••(l/2) (CRREL); 

where: 

A= 0.3- 1, depending on snow coverage. 

hu2+5.1•t= 6.7•DD (Fairweather) 

bu2+50•t = 8•DD (Zubov) 

where: 
h = ice thickness in em and 
DD = freezing degree days ~C) 

The three methods yielded similar results, indicating that 
December 7 was most likely the earliest date for mobilization, 
based on natural ice thickness. 

The risk for construction delays due to warm weather 
was estimated as the probability for temperatures warmer than 
-20°C. For the planned construction period this probability was 
calculated to be less than 20%. 
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Fig. 3. Ice Thickness vs. Degree Days 

MAJOR DESIGN ISSUES 

Island layout with drill rig, living quarters, offices and other 

miscellaneous equipment as well as the island's principal 

dimensions are shown in Figure 4. 

The major design issues for the Mars spray ice island were 
global lateral stability and rig settlement. 

The spray ice material parameters that were used in the 

design work were interpreted mainly from laboratory and field 

measurements on the Sohio et al. experimental spray ice island, 

built near Prudhoe Bay in 1975? 

Fig. 4. Island Layout 
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Fig. S. Global Lateral Stability 

Global Lateral Stability 

The global lateral stability of an island is a function of the 

maximum ice load that can be transmitted to it and the sliding 

resistance that can be mobilized along the island-seafloor inter

face or any other critical sliding plane through the island (Fig. 
5). 

For a rigid structure, the maximum ice load would be calcu

lated from the crushing strength of the sea ice. Spray ice being 
significantly weaker than sea ice offers the possibility to design 

for an ice load that is limited to the load that will cause failure 

of the spray ice, provided that continuous penetration of the ice 

sheet into the spray ice is avoided. By designing the interaction 
fringe so that the failure of the spray ice is a passive wedge 
failure (Fig. 6) and will induce a bending movement into the 

natural ice sheet, ice rubbling can be initiated, thus lowering the 
lateral load against the island (Fig. 7). 

Since the concept of limiting the load by failure of the 

structure itself is a somewhat unconventional design 

philosophy, a considerable amount of modeling of the sea 

ice/spray ice interaction was done. A wide variety of fringe 

geometries and spray ice properties were studied to determine 
the passive failure load as a function of the slope of the spray 

ice. This approach resulted in a design ice load significantly less 
than that which could be generated against a rigid structure. 

The island's capability to resist ice load was calculated as the 
frictional resistance along the island-seafloor interface and as 

the internal friction along a weak plane in the spray ice. For 

these calculations, two sets of spray ice strength parameters 

were used, one set with high strength values and both friction 
and cohesion to be conservative when calculating ice loads. For 
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calculation of the sliding resistance, a second set with only 
frictional strength was used. The critical sliding plane for a 

spray ice island is at the island-seafloor interface. This is due to 
the buoyancy of the spray ice resulting in decreasing overbur

den stress with depth below sea level. 

Settlement 

The deformation properties of the spray ice were interpreted 

from laboratory tests on samples from the Sohio island and from 

field measurements on the same island. 

The deformation test data consisted mainly of triaxial 

isotropic compression tests, uniaxial constant stress creep tests, 

and relaxation tests. 
The settlement for spray ice, in contrast to most other foun

dation materials, is dominated by creep deformation and thus 

conventional settlement calculations that are based on elasticity 

and consolidation are oflittle value. 
A creep model for spray ice was developed based on a power 

flow law of the form: 

where: 
£e = the equivalent strain; 
B = a temperature dependent creep coefficient; 
O'e = the equivalent stress; 
n = the stress exponent; 
t= time; and 
m = the time exponent. 

This type of creep formulation is used in permafrost en

gineering for calculation of time and stress dependent pile 

capacity and settlement. 
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Fig. 6. Initial Break Out Load 

As this formula only takes into account shear induced defor

mation, taking place at a constant volume, a volume change 

correction factor had to be applied to account for consolidation 

and volumetric creep, or secondary consolidation. By making 

this correction separate from the creep calculation, the correct 

time aspect for the settlement is not maintained, however, a 

reasonable estimate of total settlement for any one particular 

time can still be obtained. The predicted overall island settle

ment was approximately two feet over the operational life of the 

island. 

PERMITTING 

Permitting was initiated with scoping meetings before 

federal and state agency representatives in early May, 1985. 

Amoco and an environmental consultant reviewed the project 

plans to address any governmental concerns with the project 

and to obtain guidelines on the required permits. 

The Minerals Management Services (MMS) was the lead 

agency as the well and the ice island were on a federal lease. 

State of Alaska involvement was necessary because of the con

sistency review process and also Amoco's use of some state 

properties. 

Overall, permitting presented few problems. The two most 

discussed issues were ice island design and the Critical Opera

tions and Curtailment Plan (COCP), mostly attributed to the 

unique structure and technology used. 

All design methodology and results were thoroughly 

reviewed with the MMS to expedite design approval. The basic 

design report was presented to the MMS in considerable detail 

at a meeting on November 7, 1985. 

The MMS Platform Verification Program, required under 

OCS Order No. 8, was determined applicable to this project. 
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Fig. 7. Sustained Rubble Building Load 

The design Certified Verification Agency (CVA) was selected 

and approved by the MMS in October, 1985, during the latter 

stages of the design program. Design verification was received 

in late November 1985. 

The design CV A also assisted in review and submittal of 

answers to the MMS questions on the Basic Design which 

helped in the acceptance of the replies. 

A construction CV A was also required for the fabrication/in

stallation phase of the project. The construction CV A witnessed 

the construction of the ice island and reported on compliance 

with the design requirements, which had been approved during 

the design certification process. This included review of the 

daily spray ice index property testing, and island testing pro

gram. Weekly progress reports were filed with the MMS and a 

fmal certification report was prepared and approved at the end 

of the construction project. 

LOGISTICS 

The original plan called for mobilization of the major portion 

of the equipment, camp, and rig by Hercules aircraft A small 

rolligon train was to travel overland from Deadhorse to Cape 

Halk:ett in early November with equipment to build an airstrip 

on a dry lake bed. Then the main construction camp and pump 

units would be airlifted to Cape Halk:ett and readied for ice 

island construction in early December. 

Cold weather early in the season suggested that the sea ice 

may become thick enough for mobilization over the ice. On 

November 11, 1985, two rolligons departed from Deadhorse to 

prospect a trail over the near-shore ice. After several days delay 

at Oliktok and the Colville Delta due to bad weather and on

land detours, the train reached Cape Halkett on November 19. 

Subsequent rolligon trains transported the total camp and pump 
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Fig. 8. Airstrip and Logistics Base 

units to the Cape Halkett camp site. Some of the early trips had 

to detour from the sea ice to land to bypass rough and/or thin 

ice, but as the cold weather persisted and the near-shore trail 

became established and reliable, rolligon trip times were 

reduced to 12 to 15 hours, one way. 

The camp pad, airstrip and apron were constructed by flood

ing the required areas with fresh water and allowing it to freeze. 

Figure 8 shows the general layout of the construction camp 

area. 

The construction camp originally had a 54 man capacity but 

was later upgraded to 76 men during the period when final 

construction, post construction coring and testing and rig 

mobilization were simultaneously in progress. 

Because the sea ice was found adequate for travel, air traffic 

as originally envisioned never materialized. A twin Otter "taxi" 

service for personnel and small supplies operated between 

Deadhorse and Cape Halkett during the duration of the project. 

A Lockheed Electra, round trip from Anchorage each week, 

was used for drilling crew changes. One Hercules C-130 flight 

and DC-6 fuel plane flight were the only other traffic. 

In mid-February, when rig mobilization was commenced, 

the sea ice route was found suitable for conventional truck 

travel. The rig had been selected for Hercules C-130 transport 
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so the truckloads were easily packaged and the move by truck 

proceeded without incident This plan change allowed a consid

erable savings on mobilization costs. 

Mter rig mobilization and the initiation of rig up, a second 

camp was established on the ice island. This camp, with a 48 

man capacity, housed all drilling personnel. The construction 

camp was retained during the drilling phase, but at a much 

reduced occupancy. It provided housing for air traffic control

lers, island and road maintenance crews, the instrumentation 

contractor and material expediters. 

The communication system was a combination of Amoco 

owned satellite system and equipment leased from Alaska 

Telecom. The initial rolligon crew carried a mobile telephone to 

the site, which was operated through an antenna on a temporary 

30 foot tower. On November 25, 1985, a 130 foot tower was 

installed and placed in operation carrying complete direct radio 

transmission (DRT) capability. The satellite system also arrived 

on the first rolligon train and was operational on November 21, 

1985. 

A radio system was used for local communications. 

The systems worked reasonably well during the project. The 

DRT contact was good at first but deteriorated as the tempera

ture dropped. Icing of the antenna was found to be the major 

cause. 

The various systems available (DRT, satellite and radio) 

provided some redundancy and backup in the case of malfunc

tion of any one system. 

CONSTRUCTION 

In the initial planning stages it was recognized that large 

capacity pumps would be required to obtain maximum practical 

spray distance. Additionally, large capacity pumps would pro

vide more flexibility in controlling air contact time, by spraying 

higher/lower into the air. Based on the experience gained at the 

Sohio test island, a pump capacity of 5000 gpm was chosen. 

The units were sized so that they could be transported by Her

cules aircraft. 

The as-built weight of units exceeded 80,000 pounds, con

siderably higher than originally estimated, as final design con

siderations necessitated the use of heavier components to 

provide adequate structural strength. The pump weights in

fluenced the construction planning as increased flooded ice 

thickness was required to get the pumps to location, mobility 
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on-site was restricted, and 

larger equipment was required 

to move the pumps. 

Vertical shaft driven 

centrifugal pumps were used, 

driven by 800 HP diesel en

gines through a right angle 

gear. By disconnecting the 

gear/engine coupling and 

pump discharge pipe the gear 

and pump could be raised into 

the tower by an electric motor 

driven hoist. A cross section 

of a pumping unit is shown in 

Figure 9. 

A conventional fire water 

monitor was used to direct the 

spray with a hydraulic pump 

powered system for azimuth 

and elevation control. The 

system was operated by a joy

stick, located in the control 

room. The island was con-

structed with four pump units, 

1. Diesel engine 
2. Generator 
3. Radiator 
4. Pump 

although two pumps operating 14.5 hours per day would have 

been capable of producing the required ice volume over the 

planned 30 day construction period. Construction of the island 

began on day one with one pump, day three two pumps, day 

seven with three pumps, and the fourth pump was operating on 

day sixteen. Total logged pumping hours required to construct 

the Mars ice island was 892 hours, 266,000 gallons were 

pumped over 46 days. Peak daily pumping hours achieved, over 

a six-day period, was about 40 hours per day. Warm weather in 

early February resulted in virtually no ice production (4 pump

ing hours per day) for a seven day period. 

Island Geometry and Construction Sequence 
About 10 days into the construction of the island, it became 

evident that the original construction procedure was impracti

cal. The original design for the island called for a 400' diameter 

drill rig area at elevation +20' surrounded by a 100' wide berm 

at elevation +45'. The original construction plan was to bring 

the entire island to elevation +20'; then, while the drill rig was 

being set-up and commissioned, finish the berm to elevation 
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5. Right angle gear 9. Flowmeter 
6. Monitor 10. Fuel tank 
7. Nozzle 11. Hydraulic pump 
8. Hoist 12. Control room 

Fig. 9. Pumping Unit 

+45'. After construction began the inability to control place

ment of the spray due to wind direction and wind speeds be

came evident. Reexamination of the design indicated that a flat 

topped island of the same diameter, but built to elevation +25', 

would maintain the same factor of safety for global stability. 

This alternate design was implemented immediately upon ap

proval from the MMS and offered considerable simplification 

of the construction. 

Only minor cracking was experienced during construction. 

The cracks that did occur were easily repaired by filling in with 

new, wet spray ice. 

It was decided to overbuild the southwest segment to provide 

a stockpile of spray ice material for leveling the island surface. 

This stockpile provided the material required for filling in 

around the well cellar. 

When cut and fill was frrst begun, some concern was raised 

when it was found that the fill material was very loose and light. 

However, after a period of curing, the material was stabilized, 

or refrozen, and became very strong. The island's final surface 
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was in fact made up of reworked spray ice, doused with sea 

water. A very hard, stable island surface was thqs formed; no 

maintenance was required during the island's life. 

Some problems were encountered during the construction of 

the access ramp. Thick layers of loose overspray were deposited 

during island construction, directly downwind of the spraying 

operation. Additionally, a large pool of brine formed near the 

foot of the ramp. Attempts to drain the brine by drilling holes in 

the ice proved futile in that the ice sheet had been depressed and 

sea water flowed up through holes and flooded the area. Even

tually, with continued working and flooding a serviceable ramp 

was built 

The prefabricated well cellar (16' w x 20' I x 10' d) was 

re-assembled on the island when the central segment reached 

elevation + 15'. A temporary steel roof was installed on top of 

the cellar so that spray ice would not ftll the cellar. Surveying 

revealed that substantial settling was occurring at the cellar, 

with a total settlement of three feet by the end of construction. 

As the cellar settlement was an indication of potential settle

ments, a load a test was initiated and monitored. This consisted 

of loading the ice with stacks of drilling consumables so that 

loads of 900 psf and 600 psf respectively were imposed. The 

load tests produced only small amounts of settlements which 

alleviated the concerns regarding rig settlements. The large 

amount of cellar settlement during construction may have been 
due to installation or uncured ice, weight of spray ice on the 

cellar roof, or naturally occurring island settlement during con

struction. 

A substantial amount of lost ice production time was ex

perienced due to the difftculties encountered in moving the 

pumps. These problems consisted of sea water access, freezing 

of sleighs to the ice, and restrictions of movement over new ice. 

During the initial stages of construction, when ice thickness was 

4 to 6 feet, standard ice road construction Light All Terrain 

Vehicles (LATVs) were used to drill water access holes. As the 

island became thicker it became increasingly difftcult to drill 

through the ice, and a larger drill rig was mobilized. While this 

rig eased the problem of getting through thick ice, it did not 

have a telescoping drill string and additions had to be made 

manually. After drilling the hole through the ice the LATVs 

were then used to drill a wide cellar for the pumps. On several 

occasions, pump units became stuck in overspray or new ice 

areas while being moved. Considerable time was lost in freeing 
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the units; however, with experience this problem was mini

mized. The use of the D-6 cat, and its winch, also contributed to 

minimizing the problem. 

For controlling the island ice thickness, and for monitoring 

progress, buildup stakes were installed prior to beginning spray 

operations. The buildup stakes were read daily and used for 

computing ice volumes and for control of pump movements. 

The great number of stakes frequently obstructed pump move

ment and caused some delays. 

PERFORMANCE 

The performance of the ice island was monitored through a 

comprehensive instrumentation program with sensors and 

monitoring equipment installed in and around the island to 

monitor. 

Natural ice movement; 

• Magnitude and direction of ice pressures; 

• Lateral deformation and/or movement of the ice 

island; 

• Settlement of the ice island; 

• Settlement of the drill rig; 

• Temperatures in the spray ice; 

• Temperatures in and around the well bore; and 

• Metorological data. 

This monitoring of movements in the surrounding ice sheet 

as well as in the ice island were done on a real-time basis to 

provide immediate warning should the stability of the island be 

threatened. The combination of movement data and weather 

and ice movement forecasting was used as trigger events for 

actions as deftned in the COCP. During the life of the island, no 

events were experienced that necessitated restriction of any 

activities. 

Overall island settlement was monitored to verify that 

enough freeboard was maintained to provide the weight on the 

seafloor required for the design sliding resistance. Additionally, 

total and differential rig settlements were measured to assess the 

need for adjustment jacking, or leveling of the rig. No differen

tial rig settlement was experienced and overall island settlement 

was less than the predicted two feet 

Since the strength and deformation properties of spray ice 

are strongly influenced by temperature, it was essential to 

monitor temperatures, especially under the drill rig and around 

the wellbore. Although the drive pipe had been insulated as a 
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precaution, significant warming was experinced around the 

wellcellar. The highest temperatures were measured close to the 

mudline, probably due to accumulation of drilling mud which 

prevented efficient cooling by circulation of cold water. The 

size of the thaw bulb was not determined, however, its size has 

been estimated to be at least two feet radially around the well 

cellar near the mudline. No effect of the thawing was evident at 

the surface. 

CONCLUSIONS 

The Mars spray ice island project proves the feasibility and 

practicality of using spray ice as a construction material for 

drilling platforms in the Arctic offshore. 

Although weather and procedure related problems were en

countered during construction, the well was completed on 

schedule and the island constructed in accordance with ap

proved specifications. The savings on the Mars project are 

estimated at $25 million. 

No lateral movements of the island were detected and both 

rig settlement and overall island settlement were in good agree

ment with predictions. No uneven settlement of the rig was 

experienced. 
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TURNING IDEAS INTO REALITY
THE TRANS-ALASKA GAS SYSTEM 

by 

John Hom, Vice Chairman 
Yukon Pacific Corporation 

This article is an excerpt from a speech given by John Hom, the 
keynote speaker for the 1989 E-WeekBanquet held on February 
25,1989 at the WestmarkHotel in Fairbanks, Alaska. 

Mr. Chairman, distinguished guests, ladies and gentlemen: 
It is a real pleasure to be your guest speaker for Engineers Week 
which honors the many accomplishments of the engineering 
fraternity. 

The theme for Engineers Week, "Engineers: Turning Ideas 
into Reality," is the same as that of Yukon Pacific and the 
Trans-Alaska Gas System or TAGS project-we are turning an 
idea into reality-an idea that was born in the early 1980s is 
moving down the road toward reality. 

In a project such as TAGS, there are large elements of 
engineering and commercial activity. It is a cooperative effort 
and neither can be successful without the other. The commer
cial efforts to market North Slope natural gas must be supported 
by major engineering efforts in many disciplines-civil, 
mechanical, process, metallurgical, petroleum, pipelining and 
marine, to name a few. By the same token, we can have a great 
engineering product, but without a successful commercial ef
fort, the project won't go. 

In my 50 years in the oil and gas business, I have worked on 
many of these projects, both in the technical and commercial 
phases. Many were successful; some weren't. 

It was this joint technical and commercial effort that built the 
vast natural gas transmission systems in the South 48 states
over one-quarter million miles of large diameter pipeline. 

It was in such a joint technical and commercial effort that the 
liquefied natural gas (LNG) business has developed into a 
worldwide industry over the last 20 years. 

In case any bankers are present, I must admit that the finan
cial institutions were also a major party to these projects. They 
provided the financing after the technical and commercial 
aspects were well documented. 

It was from Alaska that LNG was first introduced to Japan in 
1969. The Phillips/Marathon LNG plant, located at Kenai, 
Alaska Gust 75 miles south of Anchorage), has been in con
tinuous operation for almost 20 years. 

The two LNG tankers on the Kenai project, the POLAR 
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ALASKA and the ARCTIC TOKYO, have each traveled over 
one million miles loaded with LNG-the first ships to reach that 
milestone so far. This mileage has all been on the Alaska-Japan 
North Pacific run. 

Let me digress for a few moments and describe what LNG is 
for those of you who might not be familiar with it. 

LNG is manufactured from ordinary natural gas that has had 
its impurities removed. It's compressed and cooled by stages to 
-260<>p. At that temperature, it is a non-toxic, water-clear liquid 
product. Six hundred thirty cubic feet of natural gas has been 
condensed to one cubic foot ofliquid. In a liquid state, LNG can 
be stored and transported over long distances across the ocean. 

The TAGS project being pursued by Yukon Pacific Corpora
tion would connect the North Slope natural gas reserves to the 
Asian Pacific Rim markets-Japan, South Korea and Taiwan. 
This would involve construction of an 800 mile, 36-inch buried, 
chilled pipeline which would follow the established transporta
tion corridor to Valdez. At Valdez, natural gas liquefaction, 
storage and marine loading facilities would be built Fifteen 
specially designed ocean-going LNG tankers would be built to 

transport the LNG to the Asian Pacific Rim markets. 
Initial volume would be seven to eight million tons of LNG 

per annum, or about one billion cubic feet per day of natural 
gas. Ultimate volume would be 14 million tons per annum or 
about two billion cubic feet per day. Anticipated start-up is 
1995-96. 

To date we have accomplished a number of significant 
mileposts: 

• 

A Presidential Finding was signed by President 
Reagan in January 1988 which allows the export 
of North Slope natural gas. 

The Final Environmental Impact Statement has 
been issued. 

A Right-of-Way lease has been signed with the 
Bureau of Land Management for federal lands. 

A Conditional Right-of-Way lease has been 
signed with the Department of Natural Resources 
for Alaska state lands. (These two leases essen-
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tially cover all the necessary right-of-way.) 

I would like to add that we have experienced good working 

relationships with the many federal and state agencies involved. 

They were tough but they were fair. There were no giveaways. 

We have shown, once again, that government and industry can 

work together to the mutual benefit of all concerned. 

As we all know, the State of Alaska owns a 12.5% royalty 

interest in natural gas resources of the North Slope. Thus, we 

are especially pleased that Governor Steve Cowper has placed a 

gas pipeline project on the very top of his economic agenda for 

Alaska. Moreover, Governor Cowper is acting to assist and 

facilitate a gas pipeline project development at the national 

level-and he's aggressively promoting the sale of North Slope 

natural gas in the Asian Pacific Rim marketplace. In a word, it's 

a "team" effort. 

We have also had strong political support from our Alaska 
delegation in Washington, D.C. Senator Stevens, Senator 

Murkowski and Congressman Young have all been supportive 

of the project, both at home and in the Far East With a project 

of this magnitude, we need the support both in this country and 
also in the consuming nations. 

• The export application has been filed with the 
Economic Regulatory Administration and we ex
pect a favorable decision in the near future. 

• In addition, in July 1988, CSX Corporation in
creased its ownership in Yukon Pacific to 54%. 
CSX is a $13 billion major worldwide transporta
tion system which includes CSX Transportation, 
Inc. (railroads), Sea-Land (container shipping) 
and American Commercial Lines (barges). 

With the TAGS project, we are not venturing into unknown 

technical areas. The technology is in place for the operation of 
natural gas pipelines in arctic and subarctic regions. Cryogenic 

technology is well proven for all phases-liquefaction of natural 

gas, storage, loading and ocean transportation. The techniques 
for receiving, storage and regasification prior to delivery to the 

customers are all well developed. There are no "wheels" that 

have to be reinvented. 

A number of factors are working in favor of the TAGS 

project. 

One is Alaska's geographic loation. Alaska's natural trade 
zone is the Far East and Pacific Rim countries. We are situated 
midway between the Far East and the South 48 states. Alaska is 
closer to the Far East markets than to many in the South 48 

states. 
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Yukon Pacific is working with the three major industrial 

nations of this area-Japan, South Korea, and Taiwan. These 

three countries each import over 80% of their present energy 

requirements and are paying world prices for energy. Further

more, these countries have substantial unfavorable trade balan

ces with the United States. 

Over the last 20 to 30 years, we have seen tremendous 

growth in Japan's industrial output and energy requirements. 

Korea and Taiwan are following that same pattern today. 

Another factor working to our benefit is the well known fact 

that the substantial nuclear programs in Japan and Taiwan are in 

deep trouble and will fall far short of government projections by 

the mid-1990s and beyond. Korea is also beginning to feel the 

same emotional opposition to nuclear power that is fueling 

problems in Japan and Taiwan. 

With a major reduction in the nuclear power program, the 
questions remain as to which fossil fuel will supply new energy 

requirements as well as the shortfall in primary energy for 

electric power-oil, coal, or LNG-and which country will supp

ly the product. 

Clearly, LNG has a huge advantage in cleanliness and better 

air quality. 

The TAGS project and Alaska coal projects are not com

petitors for the same markets because all three countries in their 
diversification of energy needs are allocating markets for both 

LNG and coal in their energy mix. 

Since the oil shocks in 1973 and 1979, Japan, Korea and 

Taiwan have each adopted policies to reduce their dependence 

on imported oil. 

A balance of fuel sources is the objective of most nations. 
An overdependence on one fuel or one supply source has raised 

legitimate concerns about how to arrive at a reasonable and safe 

balance between fuels and sources. 

Air pollution is a severe problem in Korea and Taiwan and 

their people are demanding cleaner air. Japan has improved its 
air quality situation by using LNG, especially in electric power 

generation. Korea had a taste of cleaning up the air by the strict 
measures undertaken during the Olympics. Those of you who 

were in Seoul at that time saw the difference. 

There has been a major turnaround of attitude in all three 

countries within the last few months. During our visits to these 

countries last October and in late January of this year, there was 
open recognition of the nuclear problem and the air pollution 

problem, along with discussions of increased needs for LNG. 

85% of Japan's LNG comes from Southeast Asia-over 50% 

from Indonesia alone. 100% of Korea's LNG comes from In-
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donesia and the same will be true of Taiwan when LNG 
deliveries commence in 1990-91. A diversification of LNG 
supply sources is surely in order and those countries are aware 
of the necessity to balance their supply sources. 

The time schedule necessary for developing the facilities to 
supply LNG from Alaska corresponds with the need for new 
energy supplies in these countries. 

Assuming that an adequate market is available, the TAGS 
facilities could be in place by the mid-1990s. This allows time 
to conduct the needed studies, negotiate sales ontracts and 
financing, two additional years for fmalizing design, and a 
three-to-four year period for construction. As stated earlier, 
many of the preliminary requirements have already been com
pleted, or are well along. 

We do not view the TAGS project as a competitor of the 

proposed ANGTS gas line through Canada. That project will 
stand on its own merit and must meet the competition of natural 
gas from the South 48 states, Canada and Mexico. 

In summary: 

• The Trans-Alaska Gas System is an idea that will 
be turned into reality by the cooperative efforts of 
the engineer and the entrepreneur. 

By the mid to late 1990s there will be a market for 
as much as an additional 20 million tons of LNG 
per annum in Japan, Korea and Taiwan. 

• There are more than adequate natural gas reserves 
on the North Slope to support the TAGS project. 
Indeed, we believe that there are enough natural 
gas reserves to support more than one gas pipeline 
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project. 

• LNG made from natural gas produced on the 
North Slope of Alaska will be a strategic, com
petitive and reliable energy source for the Asian 
Pacific Rim countries. 

The Trans-Alaska Gas Sytem is a project whose time has 
come and now is the time to tum it into reality. 

ABOUT THE AUlHOR 

John Horn is Vice Chairman of Yukon Pacific Corporation, 
the Anchorage-based fmn working for a new Alaska pipeline to 
make North Slope natural gas available to Pacific Rim markets 
as liquefied natural gas (LNG). 

Horn has been in both the technical and commercial sides of 
the oil and gas business for 50 years. In his 45 years of ex
perience with Phillips Petroleum, he conceived and was respon
sible for implementing the first project to ship LNG to Japan. 
Operating since 1969, it is the longest running and most suc
cessful LNG project in the world. 

Horn is a senior member of the Society of Petroleum En
gineers and was a Distinguished Lecturer for SPE during 1983-
84. He is a Fellow in the Institute of Petroleum, London, 
England, and was Chairman of the Gas Supply Task Group for 
the "U.S. Energy Outlook" joint study carried out by the Na
tional Petroleum Council and the U.S. Department of Interior. 
He is also a member of a number of industry organizations and 
has written numerous papers for international groups on the 
subject of natural gas and LNG. 
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BACK OF THE BOOK 

• CONFERENCES 

May 15-19, 1989-IntemationalSeminar 
in Piping Design and Pipe Stress Analysis at 
the Colorado School of Mines, Golden, 
Colorado. The seminar is a comprehensive 5-
day program that concentrates on current prac
tices and methods used in piping design and 
pipe stress analysis. The topics covered in
clude current U.S. piping codes, computer 
aided engineering design analysis, failure and 
failure prevention, piping dynamics, high 
pressure design and response spectrum 

analysis. For further information, please con
tactDr. M. Henriksen, Professor and Head, 
Department of Engineering, Colorado School 
of Mines, Golden Colorado 80401; telephone 
(303)273-3655. 

May 16-18, 1989-An international con
ference on Dangerous Goods-Emergency 
Response '89 will be held in Halifax, Nova 
Scotia, Canada. This world conference will 
provide opportunities to share information 
and gain insights into new methods and tech
nological advances for effective response to 
transportation emergencies involving 
dangerous goods. Presentations will be made 
by experts from around the world who will ex
plain how emergency response can be im
proved. The presentations will be practical 
and will refer to actual examples where the 
equipment or techniques discussed have been 
successfully used. The practical emphasis will 
appeal to frre and police departments, emer
gency measures and environmental agencies, 
various levels of government and industries 
shipping, transporting, storing, handling or 
using dangerous goods. The conference will 
also be very useful and informative for those 
involved in emergency medical, health and so
cial care, concerned citizens, and those work
ing in research, theoretical studies and policy 
development in dangerous goods or emergen
cy response. Further information may be ob
tained from Graham Greedy, The Canadian 
Chemical Producer's Association, Suite 805, 
350 Sparks Street, Ottawa, Ontario, Canada 
KJR 7S8; telephone (613) 237-6215. 
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May 20-24, 1990-The Fourth U.S. Na
tional Conference on Earthquake Engineering 
will be held in Palm Springs, California and 
will address recent advances in earthquake en
gineering and earthquake preparedness; to 
respond to the needs of the future by provid
ing a safer seismic environment The techni
cal program will consist of Keynote Lectures, 
Technical Sessions, Poster Sessions and spe
cial Theme Sessions. CALL FOR 
PAPERS: Abstracts due May 15, 1989; fmal 
papers due November 30, 1989. For addition
al information, contact Dee Czaja, CVOJ, 
Department of Civil Engineering, University 
of California Irvine, Irvine, CA 92717; 

telephone (714) 856-8693. 

June S-6, 1989-The 6th Annual Techni
cal Seminar on Chemical Spills will be held 
in Calgary, Alberta at the Marlborough Inn. 
The seminar will feature papers emphasizing 
the technical aspects of hazardous materials 
spills. The three main topics will be: Fate of 
Spilled Chemicals in the Environment and Ef
fects of Spilled Chemicals in the Environ
ment; Response and Countermeasures 
Technology for Spills; and The Spill Prob
lem. The seminar will also feature commer
cial displays presenting equipment used for 
clean-up, computer programs to model fate 
and help in assessments, safety equipment 
and consulting services. This seminar will be 
held in conjunction with ... 

June 7-9, 1989-The 12th Annual Arctic 
and Marine Oilspill program (AMOP) Techni
cal seminar will be held at the Marlborough 
Inn in Calgary, Alberta and will feature tech
nical papers on cold region oil spill problems. 
Topics will include: Physical and Chemical 
Properties, and Behavior of Spilled Oil; 
Biological Effects of Oil and Hydrocarbons; 
Countermeasures for Oil Spills; Shoreline 
Protection and Cleanup; Detection, Tracking 
and Remote Sensing, Activity Updates; and 
Recent Spill Experiences. For general infor
mation on either seminar, contact Stephanie 
Hunt, Seminar Coordinator, 12th Floor, 
Place Vincent Massey, 35I St. Joseph Blvd., 
Hull, Quebec, Canada KIA OH3; telephone 
(8I9) 953-5363. 

June 23-24, 1989-Building Simulation 
'89, an international conference focusing on 
computer code development and research and 
on user applications of building simulation 

tools will be held at the Hyatt Regency, Van
couver, Canada. For complete information, 
contact Dr. Marianne B. Scott, MCC Systems 
Canada, Inc., 30 Wellington Street East, 
#202, Toronto Ontario, Canada M5E JS3; 
telephone (416) 368-2959. 

July 29-August3, 1990-5thlntemation
al Conference on Indoor Air Quality and 
Climate, INDOOR AIR '90; Toronto, 
Canada. INDOOR AIR '90 is a major interna
tional conference in this rapidly emerging 
public and occupational health, environmen
tal, engineering and architectural field. Its ob
jective is to foster scientific publication and 
discussion amongst all the involved dis
ciplines and the largest possible number of 
scientists and policy makers from around the 
world. For more information and to receive 
the Second Announcement/Call for Abstracts, 
write INDOOR AIR '90, Centre for Indoor 
Air Quality Research, University ofToronto, 
223 College Street, Toronto, Ontario, 
CanadaM5T JR4. 

August 29-31, 1989-The Division of 
Mechanical Engineering, National Research 
Council of Canada and the U.S. Water Jet 
Technology Association are pleased to an
nounce that the 5th American (formerly U.S.) 
Water Jet Conference will be held in Toronto, 
Ontario, Canada. The purpose of the con
ference is to provide an opportunity for the 
specialist and the novice alike to meet, 
review, and discuss and exchange ideas on all 
aspects of the technology. Address inquiries 
to Mrs. H. Lacoste, Conference Coordinator, 
Conference Services, National Research 
Council of Canada, Ottawa, Ontario, Canada 
KIA OR6; telephone (6I3) 993-9009. 

September 27-29, 1989-The Canadian 
Association of Dam Safety Officials 
(CADSO) is organizing a Dam Safety Semi
nar in Edmonton, Alberta. The seminar will 
include presentations on investigation and 
evaluation of existing dams, evaluation of 
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spillways and control features, floods, 
dambreak computer modelling and emergen
cy preparedness plans, and rehabilitation of 
existing dams. A tour of the Oldman River 
Dam and the Frank Slide area in southern Al
berta is planned. Further details are available 
from Barry Hurndall, P. 0. Box4490, South 
Edmonton Postal Station, Edmonton, Alberta, 
Canada T6E 4X7; telephone (403) 422-1356. 

* 

* 

• NOTED 

Botanists with the U.S. Fish and Wildlife 
Service found approximately 100 addi
tional Aleutian-Shield ferns in a location 
near the original six, thought to be the last 
of their kind. The Aleutian-Shield fern, 
known only to exist on two islands in 
Alaska, was added to the Department of 
the Interior's endangered species list in 
February of 1988. At that time, the total 
known world population consisted of six 
plants. 

U.S. Fish and Wildlife Service Regional 
Director Walter 0. Stieglitz has selected 
three "top winners" for the second annual 
"Director's Commendation Award." 
Stielglitz established the award in 1988 to 
be given to the individual or group that 
makes an outstanding contribution to the 
"stewardship of public lands, resources, or 
wildlife." 

The top winners this year are Dr. Barton L. 
Richards of Richards Veterinary Clinic in 
Soldotna. Alaska Natural Resources and 
Outdoor Education Association, and 
Ketchikan's Marine Debris Action Group. 

Richards, nominated for his successful 
work over the past six years with the Kenai 
National Wildlife Refuge's wildlife 
rehabilitation program, routinely provides 
medical care to injured wild animals, rang
ing from bald eagles to song birds, and 
harbor seals to lynx. 

Alaska Natural Resources and Outdoor 
Education Association has been actively 
involved in developing and presenting en-

vironmental education workshops to intro
duce teachers and others to the ~ 
About Geese curriculum throughout Alas
ka. 

The Marine Debris Action Group has been 
actively involved for the past year in rais
ing public awareness to the effects of 
marine debris and what can be done to 
reduce the amount of litter on the beaches. 
The group's objective to educate the public 
is being carried out with organized beach 
cleanups, in which they have picked up 
truckloads of garbage and found animals 
entangled in debris, and visits to schools 
and other organizations. 

* FEDERAL AGENTS PLACE BOUN
TY ON BALD EAGLE KILLERS
Thirty-five years ago, the territorial 
government of Alaska paid a bounty to 
bald eagle killers. Today, the federal 
government is offering a bounty for bald 
eagle killers. A series of bald eagle shoot
ings near Haines and Anchorage has 
prompted the U.S. Fish and Wildlife Ser
vice to seek help from the general public, 
offering a reward of up to $2,500 for assis
tance in apprehending the killers. The bald 
eagle is listed as threatened or endangered 
in every state except Alaska, and is 
protected by federal law. The Bald and 
Golden Eagle Protection Act provides for 
fmes up to $100,000 and/or one year in 
prison for first offense (misdemeanor) and 
fines up to $250,000 and/or two years in 
prison for a subsequent offense (felony). 
Reports about ANY eagle killings should 
be called to the U.S. Fish and Wildlife 
Service in Anchorage at (907) 271-2828, 
or in Ketchikan at (907) 225-9691, or to 
Alaska Fish and Wildlife Safeguard at 1-
800-478-3377. Anonymous tips are ac
cepted and rewards are paid upon 
conviction of the offender. 

• PUBLICATIONS 

The general upward trend in starting 
salaries of inexperienced college graduates 
continues, according to the annual survey 
recently completed by Dr. Steven Langer. 
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Graduates with bachelor degrees in engineer
ing had a median starting salary of $2,427 per 
month; up 0.8% from last year. The highest 
paying employers for this group were 
petroleum/natural gas producers, and electri
cal/aerospace/aircraft/electronicsproduct 
manufacturers. The highest paid engineering 
graduates had specialized in chemical or 
electrical engineering; the lowest paid in 
agricultural engineering. Complete details of 
the starting salaries of over 8,000 college 
graduates (including analyses by 30 curricula 
and 16 types of employer) are contained in 
the "1988 College Recruiting Report," avail
able for $195.00 from Abbott, Langer and As
sociates, 548 First Street, Crete, IL 60417. 

Groundwater Monitoring by Dr. Lome 
G. Everett. A 440-page how-to handbook for 
designing and developing groundwater 
monitoring programs. The book is based on a 
three-year study developed by a team of 
hydrologists led by Dr. Everett and presents 
the frrst major methodology for designing 
monitoring programs for essentially all sour
ces of groundwater pollution. The book con
tains detailed guidelines for local, state, and 
regional water pollution control agencies to 
use in developing and implementing 
groundwater monitoring programs. For more 
information, write Genium Publishing Cor
poration, Room 214, 1145 Catalyn Street, 
Schenectady, NY 12303-1836 or phone (518) 
377-8854. 

Surface Production Operations: 
Volume 2: Design of Oil Handling Systems 
and Facilities. 525 pages, photos, illustra
tions, charts, index, hardcover. $75. Avail
able in bookstores or directly from the 
publisher; Gulf Publishing Company, Book 
Division, Dept. 01, P. 0. Box 2608, Houston 
TX 77252-2608; phone (713) 520-4444. In
clude purchase price plus $7 each shipping 
and handling. 
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