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TNE Advisory Board Meets 

THE NORTHERN ENGINEER's Advisory Board met on July 30, 1990 
in Anchorage to discuss the future. Some of the topics discussed include 
the type of articles published and whether TNE should become a 
refereed journal-what niche TNE should try to fill. 

TNE originated in the School of Engineering at the University of Alaska 
Fairbanks in the late 1960s as a small, newsletter-type publication which 
provided results of cold regions engineering research to its readers. The 
magazine grew and in 1973, the Geophysical Institute took over its 
publication. While with the Geophysical Institute, TNE published a 
broad range of articles, dealing not only with cold regions engineering, 
but also with economic and social issues relating to it. TNE returned to 
the School of Engineering in 1986. Since then, TNE has been publishing 
articles of a more technical nature. 

Our advisory board concluded that TNE should continue to publish 
technical articles but that we should also include those articles related to 
practical engineering experience. Our Advisory Board also felt that 
another refereed cold regions journal simply isn't needed. 

TNE would like to begin this process of publishing practical experience. 
articles by involving our readers in the magazine. We would like you to 
contribute short articles or even tidbits of experience relevant to solving 
the special problems of cold regions engineering. Or, if you would like 
to see us cover a particular subject, write us. We'd like to hear from you. 
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Bioremediation of Petroleum Spills in 
Arctic and Subarctic Environments 

by 

Michael D. Travis 

IN1RODUCTION 

Alaska is not immune to petroleum spills. The supertanker 

EXXON VALDEZ accident proved how vulnerable Alaska is 

to large oil spills. However, this accident overshadows other 

spills which have occurred throughout the state. Examples of 

previous spills are: 

1. July 19, 1977. More than 302,800 liters 
(80,000 gallons) of Prudhoe Bay crude oil from 
the Trans-Alaska Pipeline were sprayed over the 
tundra at valve station #7 on the coastal plain 
north of Franklin Bluffs (Johnson, 1981). 

2. February 2, 1978. An act of sabotage to the 
Trans-Alaska Pipeline resulted in over 
1,892,500 liters (500,000 gallons) of crude oil 
spilled at Steele Creek just south of Fairbanks 
(Johnson, 1981). 

~. August 25, 1989. About 94,625liters (25,000 gal
lons) of crude oil spilled at the Kuparuk field 2-U 
production pad in Prudhoe Bay (Fristoe, 1989). 

Unaided rehabilitation of petroleum spills can affect tundra 

soils for up to 30 years (Linkins et al., 1984). Effects of oil spills 

on subarctic forest soils may last for at least a decade (Sparrow 

and Sparrow, 1988). Natural remediation is slow because of the 

cold-dominated climate and short growing season. This persist

ence has been documented in two experimental 7,570 1 
{2,000 gal) spills of crude oil on a black spruce forest north of 

Fairbanks (Sparrow, Davenport and Gordon, 1978; Johnson et 

al., 1980; Sparrow and Sparrow, 1988). One spill was applied in 

winter; the other in summer. At both sites, all oil-saturated 

vegetation died after one growing season. Soil temperatures 

increased because of the lack of vegetative cover and the dark, 

oil-stained ground. Within two years, the active had layer in

creased from 48.3 to 91.4 em (19 to 36 in) (Johnson et al., 

1980). After ten years, significant amounts of oil were still 

found in the soil and vegetative growth was still inhibited (Spar

row and Sparrow, 1988). 
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These examples convey the need to develop cost effective 

technologies to remediate petroleum spills in northern environ

ments. This paper investigates the possibility of utilizing 

bioremediation to clean up hydrocarbon contamination of soils 

and groundwater in both arctic and subarctic regions. The Val

dez oil spill, Kuparuk spill, and soil and groundwater con

tamination at the Fairbanks International Airport are analyzed 

and remediation solutions proposed. 

BIOREMEDIA TION 

Bioremediation is the process of enhancing indigenous soil 

and groundwater microbes to metabolize organic contaminants 

into harmless by-products. "Pump and Treat" methods such as 

air stripping and activated charcoal adsorption depend on the 

contaminant's diffusion rate through the soil to remove 

petroleum contamination. Arctic soils release petroleum con

tamination very slowly; therefore, "pump and treat" methods 

require a long time to remediate a site. The U.S. Environmental 

Protection Agency (EPA) is very optimistic about the capability 

of bioremediation to clean up oil spills. Eric Bretthauer, EPA 

Acting Assistant Administrator for the Office of Research and 

Development, has said "Bioremediation is a potentially power

ful approach to reducing the time required to decrease the. 

environmental effects of oil and other chemical spills" 

(USEPA, August, 1989). 

Petroleum products are readily degraded by bacteria living 

naturally in soil and groundwater. Bacterial growth is limited by 

low temperature, oxygen and nutrients (nitrogen and phos

phorous); the enhancement of these factors will increase the 

microbial population and/or the metabolic rate. The rate of 

hydrocarbon degradation, therefore, will increase. 

Oil degrading microorganisms are widely distributed in 

arctic soils. All are capable of altering the chemical composi

tion of Prudhoe Bay crude oil (Linkins et al., 1984). Microbial 

abundance decreases with soil depth; this is due to a decline in 

oxygen, nitrogen, phosphorous content, and temperatures. 
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Pseudomonas spp. are the most common oil-degrading bac

teria found in arctic soils (Lindstrom, 1987). Large populations 

of oil-degrading bacteria occur naturally at oil seeps in Umiat, 

Alaska and Cape Simpson, Alaska (Linkins et al., 1984). 

Microbes at Cape Simpson have been found to degrade dis

carded motor oil, lubricants and greases. Microbes found in the 

oil seeps belong to the genera Pseudomonas. Brevibacterium, 

Spirillum, Xauthomonas, Alacali~s. and Artbrobact.er. 

Microbial populations naturally increase in response to 

petroleum spills. Sparrow, Davenport and Gordon (1978}, and 

Sparrow and Sparrow (1988) found that microbial populations 

in subarctic taiga soils were stimulated by oil contamination. To 

enhance this response, oxygen and nutrients can be added to the 

soil. This may be accomplished by three general methods: 

1. Land treatment or farming. 

2. Passive in-situ treatment of soil and groundwater. 

3. Dynamic in-situ treatment of soil and groundwater. 

Land farming is the least expensive form of bioremediation. 

Oil-contaminated soils are spread over an impermeable liner up 

to a maximum depth of one foot. The soil is allowed to aerate 

for at least three days, allowing the vaporization of toxic 

hydrocarbon aromatics. Fertilizer with nitrogen, phosphorous, 

and potassium (N:P:K) is then added every two weeks. Lime is 

used to calibrate the soil pH to 6.5-8.0. Weekly tilling incor

porates oxygen and nutrients into the soil and breaks up the 

hydrophobic surface crust Oxygen is a crucial parameter in 

land farming (Lee et al., 1988; Mitchell, Loynochan and Mc

Kendrick, 1979). Frequent tilling only aerates the top one-foot 

layer of soil. During the entire process, the soil must be kept 

within 25% to 85% of its capacity to hold water. Microbes need 

a water interface to assimilate nutrients, oxygen and petroleum. 

When urea-phosphate fertilizer was tilled into crude oil con

taminated soils of the Swan Hills area in Alberta, Canada 

(Mitchell, Loynachan and McKendrick, 1979), bacterial 

degradation of the oil was greatly increased within the depth of 

the plow. If the soils were contaminated less than 2.5% by 

weight, then the soils were completely remediated within one 

year; if the soils were contaminated up to 13.7% by weight, five 

years of frequent tilling and fertilizing were needed to degrade 

the oil. The natural biodegradation half-life of the oil was 

reduced from 2~30 years to 1 year. 

The biodegradation of Prudhoe Bay crude oil was studied on 

several plots in Palmer, Alaska (Mitchell, Loynochan and Me-
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Kendrick, 1979). Both frequent tilling and fertilization of the 

plots were necessary to accelerate decomposition. The fertilizer 

ratio and application rate was 67:59:102 kglha 

(60:53:91 lbslacre) for N:K:P and 67:49:93 kglha 

(60:44:83 lbs/acre) 2 years later. The oiled soils were imper

vious to water penetration, but, frequent tilling minimized this 

effect. Plots receiving 10 11m2 (0.25 gal!ft1 grew plants after 

the first year. The 20 11m2 (0.50 gal/ft} plots required two full 

growing seasons to support plants again and four years were 

needed to completely remediate the site. The maximum depth 

for significant microbial degradation was 15 em (6 in) in the 

plots receiving no fertilizer or tilling. These plots were oxygen, 

nitrogen, phosphorous, and potassium limited. 

Although frequent tilling aerates the soil and provides for 

remediation to greater soil depth, it also drys the soil; excessive 

soil drying limits microbial growth. Therefore, adequate water 

must be applied during tillage. 

Frankenberger (1988) found that an inorganic fertilizer with 

a N:P ratio of 10:1 provided the best enhancement for oil

degrading bacteria. Urea did little to stimulate the microbes. 

Northern climates have cold soil temperatures which restrict 

the growth of microbes; sheets of clear polyethylene can sig

nificantly raise average summer soil temperatures. Soils in 

northern Quebec were stripped bare of vegetation and covered 

with clear polyethylene. When compared to plots without 

polyethylene, the temperatures of the covered plots were 6°C 

(11~ higher than control plots (Nicholson, 1978). Dinkel 

(1966) examined daily average soil temperatures of plots 

covered with polyethylene sheets at Palmer, Alaska. He found 

that at a 25 em (10 in) depth, the soil temperatures were 17°C 

(30~ higher than for uncovered soils. Esch (1982) used 0.006-

inch polyethylene sheets in the Fairbanks, Alaska area to warm 

ground stripped of vegetation. The active layer increased from 

1.2 to 4 m (4 to 8ft) within two years. Esch noted that gravel 

sprayed with a light coating of oil had a higher average daily 

temperature than clean material. The darker color absorbed 

more solar radiation and enhanced the greenhouse effect under 

the polyethylene. Esch also noted that the polyethylene sheets 

became brittle and cracked during the first winter, reducing its 

ability to warm soils during the second summer. 

Interior Alaska has warm summers which stimulate bacterial 

growth. Therefore, the polyethylene covering is not necessary 

except during early spring and late fall months. However, arctic 

environments would benefit from increased soil temperatures. 

A method is discussed later in this article which describes the 
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use of polyethylene to raise contaminated soil tempemtures 

while still providing adequate aemtion. 

Passive in-situ systems utilize injection wells or infiltmtion 

galleries to add nutrients and oxygen into oil-contaminated soil 

and groundwater. The nutrients are introduced upstream of the 

contaminant plume. The nutrients then diffuse through the soils 

and groundwater, stimulating bacterial populations. Figure 1 

displays a typical passive system. Limited control of the 

nutrient and contaminant flows is a major disadvantage to this 

method. 

Frankenberger, Emerson and Turner (1989) used the passive 

technique to successfully remediate a 3,785 I (1,000 gal) diesel 

spill in San Bernardino County, California. Soils were con

taminated with up to 1500 mg/kg of oil. A series of two-week 

interval injections of nutrients (N, P and H20z) were poured 

into seven injection wells for 4 months. The nutrients were 

mixed with 132.5 I (35 gal) of water using a 50-gallon cement 

mixer in the following quantities: NH4N03, 250 mg/1; K2HP04, 

100 mg/1; H20z (30%), 100mg/l. A batch was made for each 

well. The bioreclamation was initiated in April, 1984 and ter

minated in October, 1984 upon no detection (<1 mg/kg) of 

hydrocarbons. 

Oxygen is a critical factor for in-situ bioremediation systems 

(Wilson and Brown, 1989; Eckenfelder, 1989). Two methods 

are used to supply oxygen to the contaminated soils and 

aquifers: (1) atmospheric air injected by air spargers and 

(2) hydrogen peroxide (H20z) introduced by injection wells or 

galleries. Air spargers are subject to fouling from fungi and can 

only increase the oxygen content to 10 ppm. The biological 

oxygen demand of the contaminants easily overwhelms the 

increased oxygen and limits the effects within close proximity 

to the spargers (Yaniga and Smith, 1985). Hydrogen peroxide 

breaks down in the following manner: 2H20z ~ 2H20 + Oz. 
Therefore, 100 ppm of H20z injected into the groundwater will 

yield 50 ppm of oxygen. This is a sufficient oxygen level to 

stimulate bacteria to degmde the contaminants throughout the 

plume. The maximum H202 concentmtion used for injection is 

100 ppm (Wilson and Brown, 1989). Remediation is halted 

when there is no longer a significant oxygen demand An in

dication of this is when the contaminated area's dissolved 

oxygen (DO) levels are within 2 ppm of upstream levels. 

Generally, only nitrogen and phosphorous are injected with 

H20z to stimulate microbes {Wilson and Brown, 1989). Other 
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tmce elements and minemls are usually available in the subsur

face environment. 

Dynamic in-situ systems utilize well pumps to develop a 

depression cone around the well casing which controls the 

spread of contaminants and injected nutrients. Figure 2 displays 

an example of a dynamic system. This system also offers the 

advantage of tmpping free-floating contaminants in the depres

sion cone. A scavenger pump then removes these contaminants 

to a container for disposal. 

A dynamic system was utilized to remediate an EPA Super

fund site in Northwestern Montana (Piotrowski, 1989). It was 

the first time EPA had mandated bioremediation as an approach 

for cleanup. Creosote and pentachlorophenol (PCP) con

taminated the soils to a depth of 21.3 m (70 ft). The aquifer 

contamination was 4-5 ppm. Only fu{)z was injected for 

150 days. At the end of this period, DO levels began to rise 

dramatically; tests showed the contaminants had been degmded 

below detection limits. 

Other examples of dynamic systems use are: 

1. Ambler, Pennsylvania: About 380,014 I 
(100,400 gal) of gasoline was degraded below 
detection limits within 10 months (Lee et al., 
1988). It was estimated that conventional techni
ques (i.e., airstrippers and activated carbon) 
would take about 100 years to achieve this level of 
cleanup. 

2. Ohio: 18 months were needed to biodegrade 99% 
of a 3,406.5 I (900 gal) spill of unleaded gasoline 
{Wilson and Brown, 1989). 

3. Lakehurst, New Jersey: 85% to 93% of a 
15,140 I (4,000 gal) ethylene glycol spill was 
remediated in 26 days (Flathman, Jerger and Bot
tomley, 1989). 

There is no single remedial approach universally applicable 

to every site and contaminant. Choosing a particular treatment 

process is determined by understanding the transport and per

sistence of the contaminant. Successful ~pplication of 

bioremediation techniques require the integmtion of each site's 

hydrology, chemistry and microbiology. The hydrology must 

allow for timely tmnsport of nutrients through the soil and 

groundwater. The soil permeability must be greater than 

104 em/sec (Eckenfelder, 1989). The soil and water chemistry 

must be compatible with the nutrient introduced. Soils high in 

iron will precipitate with phosphorous which restricts soil per-
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Figure 2. Dyumk i11-ritu bion1clmruUio11 (from Wil.r01e tuul Brow11, 1989). 

meability. The soil pH must be between 6.5 and 8 to optimize 
microbial growth. The presence of heavy metals can restrict 
bacterial growth. Also, the treatment process can induce metal 

mobilization (Lee et al., 1988). The microbes present must be 
able to degrade the contaminant. Optimum degradation of 
toluene by Pseudomonas spp. bacteria occurs at a toluene con
centration of29 ppm (Lindstrom, 1987). Introduction of foreign 
microbes to degrade contaminants has had limited success (Lee 

et al., 1988). 

Organic contaminants potentially exist in the subsurface as a 
vapor phase and three condensed phases: (1) mobile free 

product or free phase, (2) residually contaminated soil or ab

sorbed phase and (3) contaminated groundwater or dissolved 
phase. Wilson and Brown (1989) showed that a typical 

113.550 1 (30,000 gal) gasoline spill on a sand substrate with the 
aquifer at a 5.7 m (15ft) depth has a dissolved phase which is 
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only a small fraction of the total product (1%-5%). However, 
groundwater, or dissolved phase, is the major long-term 
mechanism for the spreading of contamination; this is due to its 
high mobility and greater volume of contaminated material. 
Under these conditions, most of the contaminant (about 62% of 
the amount spilled) is present as free-phased material. Table 1 
represents the estimated phase distribution of a typical gasoline 
spill in a medium sand aquifer (Wilson and Brown, 1989). 

The amount of dissolved phase contaminant in the 
groundwater is small compared to the adsorbed phase in the 
soil. Soil slowly releases the contaminant. Therefore, the soil is 

always a source of pollution and both mediums must be treated 
simultaneously. In-situ bioremediation systems do this. Typical 
"pump and treat" systems rely on the soil leaching contaminants 

into the aquifer; this is a slow process. In the long-term, 
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Table 1. Phase Distribution of a Typical 113,550-Liter (30,000-Gallon) Gasoline Spill* 
procedures and technologies and the 

need to develop and encourage the use 

of innovative cleanup techniques such 

Contaminated Volume %of Contaminant Volume %of as bioremediation." 

Phase Cu. Yd. Total 

Free phase 7,100 1.0 

Adsorbed (soil) 250,000 20.0 

Dissolved (water) 960,000 79.0 

• Medium sand aquifer, depth to water approximately 5.7 m (15 ft). 

bioremediation is cheaper than "pump and treat" methods; EPA 

recognizes this fact (Wilson et al., 1989). 

Bioreclamation initially costs more than conventional 

methods, however, the treatment process is shorter {Wilson and 

Brown, 1989). Figure 3 shows the cost comparison between the 

bioremediation and "pump and treat" methods for a typical 

3,406.5 l (900 gal) petroleum spill. Costs associated with 

bioremediation demonstrated a savings of about 50% to 80% 

over simple "pump and treat" systems (Wilson and Brown, 

1989; Lee et al., 1988); the time frame for cleanup was about 

70% less than "pump and treat" systems. 

A 5,000 l (1,320 gal) spill of waste solvents and fuels was 

bioremediated within 72 days (Lee et al., 1988). The total cost 

of the remediation was $180,000-the estimated cost of carbon 

adsorption was $470,000 to $850,000 and estimated cleanup 

time was 10 to 20 years; the estimated cost of excavation ranged 

from $600,000 to $1.5 million and a final treatment plan was 

still required. 

Valdez Oil Spill 

Just after midnight on March 24, 1989, the Exxon super

tanker VALDEZ ran aground on Bligh Reef and spilled ap

proximately 41.6 million liters (11 million gallons) of Prudhoe 

Bay crude oil into Prince William Sound. About 1,600 km 

( 1 ,000 mi) of shoreline were coated with the thick product The 

EPA created the Alaska Bioremediation Project to demonstrate 

the effectiveness of adding nutrients to enhance the bioremedia

tion of crude oil on the beaches. The project was authorized by 

the Federal Technology Transfer Act and was performed in 

cooperation with the Exxon Company USA (USEPA Adden

dum, July, 1989). William K. Reilly summed up the EPA's 

hope that the project would be successful: ''The Alaska oil spill 

tragedy demonstrated the primitive state of our oil spill cleanup 
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(Gallons) 

18,500 

10,000 

333 

Total 

62 

33 

1-5 

A study site was selected in Snug 

Harbor on Knight Island The beach had 

uniform sized cobbles and gravel, a 

gradual sloping shoreline, and protec

tion from storms. Two types of fer

tilizers were applied to separate 

1,672 m2 (2,000 yd2) plots: (1) a water 

soluble mixture which was tethered just 

off shore in the intertidal zone an4 (2) an oleophilic fertilizer 

which was sprayed directly onto the beach plot Two control 

plots were also monitored to compare the rates of natural 

bioremediation with the treated plots. 

The surfactants in the oleophilic fertilizer immediately dis

persed the surface oil clinging to the substrate. The oil was 

broken up into smaller particles which enhanced biodegrada

tion. Three weeks after the first application, a visual inspection 

was made of the plots. The oleophilic-treated plots showed a 

striking disappearance of oil from the rock surfaces. However, 

the oil showed no signs of being remediated below the surface 

or between rocks. 

Upon contact with the ground and water, the olephilic fer

tilizer quickly breaks down into olec acid and urea. The urea 

provides the nitrogen for biodegradation. However, Franken

berger (1988) demonstrated that urea does little in stimulating 

microbes to degrade petroleum spills; nonsuitable nitrogen is 

one possible reason for the limited degradation observed at 

Snug Harbor. 

The water soluble fertilizer-treated plots degraded oil six 

times faster than the control areas (USEPA Addendum, July, 

1989). It also penetrated the substrate faster than the oleophilic 

treatment. However, it did not break up surface oil. 

EPA determined that the plots should be sprayed with the 

oleophilic fertilizer twice a day and drip irrigated with the water 

soluble fertilizer to maximize biodegradation (USEPA, July, 

1989). EPA estimates that without bioremediation, at least 5 to 

10 years would be needed to degrade the oil from the Alaskan 

shoreline; with bioremediation, this period will be cut in half to 

3-5 years (USEPA, August, 1989). 
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this will provide time for the toxic 

volatile hydrocarbons to vaporize. 

Fig11re 3. Cost complllison between bioreclsmiuion allll "PIUIIJI allll trllat, systllrru 
(from Wilson allll Bl'tiWII, 1989). 

Leachate would be captured 

and recycled. The water source 

must come from an untreated 

pond. A portable swimming pool 

could be used to mix the nutrients 

and provide a reservoir for the sys

tem. The tank would be covered 

with a floating insulated swim

ming pool cover and the tank walls 

should be sprayed with 7.6 em 

(3 in) of polyethylene foam. All 

exposed pipes to the gravel must 

be insulated. To facilitate system 

operations, the daily average 

temperature must be above 0°C 

(320p}; in Prudhoe Bay, this time 

period is from about June 15 to 

September 1 (Hartman and 

Johnson, 1984). Remediation of a North Slope Work Pad 

The following is a possible application of the knowledge 

gained from the Valdez oil spill (Esch, 1982; Frankenberger, 

1988; Wilson and Brown, 1989). Petroleum spills on work pads 

occur frequently during project construction on Alaska's North 

Slope (Johnson, 1981). Bioremediation of these contaminated 

gravels is possible in arctic environments but careful attention 

must be given to the following parameters: temperature, oxygen 

and nutrients. Gravel temperature can be significantly raised by 

utilizing Esch's (1982) method of covering oil-contaminated 

gravel with clear 0.006-inch polyethylene sheets. Oxygen can 

be supplied by placing perforated hoses underneath the 

polyethylene and irrigating the gravel with a 100 ppm hydrogen 

peroxide solution. The nutrient source would be a water soluble 

fertilizer which contains an inorganic nitrogen source (i.e., am

monium nitrate) at an N:P:K ratio of 10:1:1 and a surfactant. 

The mixture would also be distributed through the hose system. 

Figure 4 displays the theoretical layout of the system. The 

contaminated gravel must be placed on an impermeable liner 

capable of withstanding severe winter temperatures. The liner 

must be bermed and sloped slightly to drain. An abandoned 

grav~l site could easily be converted into a containment area. 

Gravel would then be uniformly spread across the liner to a 

maximum depth of 30.5 em (1 ft). The gravel must be exposed 

to the air for at least 3 days before covering with polyethylene; 
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Kuparuk Field Spill 

On August 25, 1989, an accident on the 2-U production pad 

in the Kuparuk Field released about 94,625 l (25,000 gal) of 

crude oil over 0.65 ha (1.6 acres) of tundra (Fristoe, 1989). The 

oil penetrated the entire 46 em (18 in) depth of the active layer. 

This is a particularly harmful situation as the oil resides in the 

general plant rooting zone. These conditions produce high 

vegetation kills and require many years to degrade, due to a 

decline in soil nitrogen, root destruction and changes in 

microbial content (Linkins et al., 1984). 

Bioremediation is a viable alternative for reclaiming this 

site. The process requires removing the material, placing gravel 

to minimize thawing of excavated ground, remediating the soil, 

spreading the treated soil back over the artificial cover, and 

reseeding. The contaminated soil must be ripped out just after 

freeze-up to minimize damage to the surrounding tundra and 

gravel flll immediately placed over the excavation. 

The thermal resistance of saturated unfrozen tundra is about 

10 m2 DyJw m (5.6 hr ft2 OpJBTU ft). Therefore, the total R 

value is 1.5 m2 0 K/W m (8.4 hr ft2 Op ft/BTU ft). The thennal 

resistance of thawed, uncompacted gravel is 0.28 per meter 

(1.64 per foot). Thus, 1.55 m (5.1 ft) of gravel must be placed 
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Figure 4. Arctic bioremediation of confilmilulted gra11el ptull. 

over the excavation to match the thennal protection of 46 em 

(18 in) of tundra. As the affected area is 0.65 ha(l.6 acres), the 

total fill necessary is 10,065 m3 (355,450 ft3)! This is cost 

prohibitive and thus some pennafrost melting will have to be 

accepted and a thinner gravel cover used. I recommend placing 

at least a 30.5 em (1 ft) cover. Esch (1982) noted that clean 

gravel has a higher albedo and reflects a significant amount of 

solar radiation. Hence, there is an added thennal resistance, as 

well as a lower heat input. Esch observed about a 10% reduction 

in thaw rates over a 2 year period when 30.5 em (1 ft) of gravel 

was placed on ground that had its vegetation removed as com

pared to baTe, stripped plots. 

Mitchell, Loynachan and McKendrick (1979) observed 

remediation times for plots contaminated with Prudhoe· Bay 

crude 10 i/m2 and 20 i/m2 (0.25 gallft2 and 0.50 gal/ft2). One 

and two years passed, respectively, before plants would grow 

again. The Kuparuk spill produced 14.7 i/m2 (0.36 gallft2); 

therefore, it should take at least 2 years of bioremediation 

before plant material can reestablish itself. 

The contaminated soil must be spread over an impenneable 

liner to a maximum depth of 30.5 em (1 ft) and allowed to 

aerate. A water soluble fertilizer with a N:P:K ratio of 10:1:1 is 

then sprayed over the entire soil and thoroughly mixed in with a 

shallow plow and harrowed. The bioremediation system is es

sentially the same as shown in Figure 4. When the soil is 

remediated, it must be placed on top of the gravel, reseeded, 

fertilized, and tilled into the top 15 em (6 in) of the gravel pad 

(Johnson, 1981). 
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Test borings showed that the 

site was underlain with about 1 m 

(3 ft) of sandy gravel, followed by about 1 m (3 ft) of sandy silt, 

and lastly, a loose, silty, fme sand. No pennafrost was dis

covered. In each burn pit, the gravel possessed a moderate 

hydrocarbon odor. The water table was about 2 m (6 ft) below 

the average ground level. This level is anticipated to fluctuate 

according to the season. Only a slight sheen of floating 

hydrocarbons was discovered (Shannon & Wilson, 1989). 

To remediate the site, the top 1 m (3 ft) of contaminated 

gravel must be scraped off and land farmed on an impenneable 

liner. Fairbanks' longer growing season and warm summer 

temperatures do not require a polyethylene covering to 

remediate the sandy gravel. The gravel should be fertilized 

twice a month at 53.6 kg/ha (60 lbs/acre) with 10:1:1 and tilled 

once a week. The gravel should be kept moist through irriga
tion. 

Figure 5 displays the dynamic bioremediation system for the 

CFR site to treat the rest of the soil column and groundwater. 

The system would be constructed at each burn pit. An infiltra

tion gallery would be constructed where the contaminated 

gravel was excavated. The gallery, consisting of backfill with 

large rock and perforated pipe laid in the trench, will diffuse the 

nutrients and hydrogen peroxide throughout the soil column 

and water table. 

A 15 em (6 in) well casing· 6.1 m (20 ft) deep should be 

placed just downstream of the contamination plume. Several 

observation wells should be constructed around the plume 

boundary. The rate of water withdrawal from the 15 em (6 in) 

casing will be detennined when the depression cone is detected 
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at the observation wells. The water will 

be mixed with hydrogen peroxide at 100 I 

ppm and reinjected into the soil and 

groundwater through the gallery. 

Nitrogen and phosphorous will be con

tinuously introduced to the infiltration 

gallery. The fertilizer mixture will con

tain 250 mg/1 of ammonia nitrate 

(NH4N03) and 100 mg/1 of potassium 

phosphate (K.iliP04). As only a slight 

sheen was detected at the sampling wells, 

active recovery of floating free product 

would not be cost effective and will not 

be pursued. 

~ ::> 
Dewatering ........ , ....... 

~20 we~ tank 
a 

....... ...J :-:·:·:·:·:·:·:·:·:·:·:·:·:-:-:-:-:-:-:-:-:-:-:-:-:·:·:·:·:·:·:·:·:·:-:-:-:-:-:-:-:-:-:-:-:-:-:·:·:·:·:·:·:·:·:-:-:-:-:-:-:-:-:-:·:·:·:·:·:·:· 

Not to Scale This bioremediation system would 

only be operated when the average daily 

temperatures are above 0°C (32~; this 

period is between April 21 and October 7 

Figun 5. Bionmediation ofF airbankt lntematiOIUJl Aitporl bum site. 

(Hartman and Johnson, 1984). Remediation of the soil and 

water to undetectable hydrocarbon levels is anticipated to be 

complete in two summers. For more information on this project, 

see "Electromagnetic Induction Survey of the FIA CFR Burn 

Site," also in this issue. 

CONCLUSIONS 

Hydrocarbon degrading microbes are abundant in arctic and 

subarctic soils. If environmental parameters are enhanced, these 

microbes will accelerate the degradation of petroleum spills 

into harmless by-products. Microbial degradation of oil is ac

celerated when temperature, oxygen and nutrient levels are 

increased. Polyethylene coverings can significantly raise sum

mer soil temperatures. However, special attention must be given 

to oxygen transport. Hydrogen peroxide injected into soils and 

groundwater at 100 ppm significantly elevates ofygen levels 

without detrimental effects to microbes. Frequent tilling of the 

contaminated soil helps to oxygenate the soil and break up the 

water-impermeable surface. Fertilizers utilizing inorganic sour

ces of nitrogen and containing N:P:K ratios of 10:1:1 stimulate 

microbial growth. 

The start-up costs of bioremediation systems are generally 

higher than conventional ''pump and treat" systems. However, 

bioremediation usually cleans a site in less time; therefore, 

overall cost savings can be as much as 80%. While bioremedia

tion is not a universal solution, it does warrant serious con-

THE NORTHERN ENGINEER, VOL. 22, NO.2 

sideration when analyzing alternatives to hydrocarbon spill 

cleanup. 
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ABBREVIATIONS USED IN THIS ARTICLE 

l .......................................... Liter 

mg/l .................................... Milligram per liter 

11m2 
...•••••••••...••••••••••••••••••••. Liters per meter squared 

gal ...................................... Gallon 
2 gal/ft ................................. Gallons per foot squared 

an ...................................... Centimeter 

in ....................................... .Inch 

m ........................................ Meter 

ft ......................................... Foot 

km ...................................... Kilometer 

mi ....................................... Mile 

kg/ha .................................. Kilograms per hectacre 

lbs/acre ............................... Pounds per acre 

mg/kg ................................. Milligram per kilogram 

em/sec ................................ Centimeters per second 
2 m ...................................... Meter squared 
2 yd ...................................... Yard squared 

m3 
............................••••...... Meter cubed 

ft3 
••••••••••••••••.••.•...••.•••..••••••. Foot cubed 

ppm .................................... Parts per million 
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Electromagnetic Induction Survey of the FIA CFR Burn Site 
by 

Gerald G. Walker and Michael D. Travis 

This article was originally published as a Alaska Departmenl of 
Transportation and Public Facilities Statewide Research report. The 
report, titled "Electro1111Jgnetic Induction Survey of the Fairbanlcs In
ternational Airport Crash, Fire and Burn Site for Hydrocarbon Con
tamination Plumes in Frozen Soil," is AK-RD-90-11. 

IN1RODUCTION 

The Fairbanks International Airport (FIA) trains its 

frrefighters at their Crash Fire Rescue (CFR) Burn site. The fire 

training facility is located on South University Avenue (Fair

banks, Alaska) at the southwest extent of the FlA. The CFR 

Burn site consists of shallow burn pits, a burning prop area and 

storage tanks for flammable liquids. FIA places old aircraft and 

junk cars at the site for burning simulations. FIA also stores 

55-gallon drums containing old paints, oils and solvents at the 

site. 

Firefighters flood the shallow pits with water, and then add a 

layer of # 1 fuel oil. The oil is ignited and various training 

exercises are performed. The frre burns until the layer of fuel is 

consumed. 

The CFR Burn site currently has six burn pits. However, 

since at least 1961, frrefighters have used various bum pits 

throughout the site. FIA does not know if the old pits were 

lined, but the existing pits are lined with black polyethylene. 

Black polyethylene does not withstand winter conditions and 

provides a poor barrier to hydrocarbons. Therefore, unburned 

fuel seeps into the soil and groundwater. 

FIA contacted Shannon & Wilson, Inc., Fairbanks, Alaska 

(1989) to test the soil and groundwater at the CFR Burn site. 

Hydrocarbon contaminated soils and groundwater were found 

throughout the site. Total petroleum hydrocarbon (fPH) levels 

varied from non-detectable to 10,000 parts per million (ppm); 

gasoline, jet-b fuel, diesel, and solvents were the contaminants. 

Before FIA could develop remediation plans, they required 

information on the size and location of the hydrocarbon plumes. 

FIA contacted the University of Alaska Fairbanks (UAF) and 

the Alaska Department of Transportation and Public Facilities 

(DOT &PF) Statewide Research to perform an electromagnetic 
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induction survey of the site. The research team surveyed in late 

March when the soils are frozen to their greatest extent This 

time is best as petrochemical pollutants present in the interstitial 

soil voids have a different resistivity than that of ice. The 

researchers theorized that the region of pollution would have a 

lower resistivity than that of the unpolluted frozen earth. 

The electromagnetic induction instrument, model 31 

(EMI-31), is made by Geonics Limited in Canada. It transmits 

at a single frequency, has a fixed boom, and the receiver loop is 

coplanar with the transmitter loop (Fig. 1). The instrument 

measures the apparent conductivity of the earth and reads out 

directly in units of milli-ohms. Geonics has published a techni

cal note (McNeill, 1980) describing the operation of the instru

ment at low induction numbers. UAF (Osterkamp, Jurick, 

Gislason, and Akasofu, 1980) and Alaska DOT &PF (J orick and 

McHattie, 1980) have used the EMI-31 for past geophysical 

investigations and have found it to be a valuable tool for the 

investigation of relative resistivity. 

METHODOLOGY 

Alaska DOT &PF Statewide Research surveyed a 180 by 

180 foot (ft) test grid at the FIA CFR Burn site. Numerous burnt 

automobile hulks were located within the survey area, as well as 

two drillholes cased with plastic pipe. The terrain was relatively 

flat except for a mound located to the southwest of the survey 

area. A steel fence, located some 96.4 ft from the survey area, 

enclosed the training facility. Large steel pipes were stored 

approximately 40 ft west of the grid. 

Alaska DOT &PF Statewide Research marked stations with 

lathe 20 ft apart. They oriented the grid 3 degrees east of 

magnetic north. Point EO, NO is the southernmost point on the 

grid and point EO, N180 the northwesternmost point (Fig. 2). 

Readings were taken on the EMI-31 instrument at each station 

in both the normal and rotated modes. The axis of the coplanar 

loops is perpendicular to the ground in the normal or vertical 

dipole mode and parallel to the ground in the rotated or horizon

tal dipole mode. Once every 15 minutes, the instrument was 

taken to an established reference point so any drift could be 
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eliminated from the measurements. The readings were taken 

with the transmitter to the north and the instrument was held at 

waist height (approximately 36 inches above the ground). 

RESULTS 

The research team recorded readings and times by hand at 

the survey site and transferred the data to a computer. Dr. 

Gerald Walker, UAF, corrected the data for drift and trans

formed the values to apparent resistivity using his program 

31PREPFOR. Dr. Walker then plotted apparent resistivity 

values as resistivity contours (Figs. 2 and 3) using the graphics 

package SURFACE II, available on the University of Alaska 

computer VAX network. 

Automobile hulks were located at grid points E20, N180; 

E40, N 180; E60, N180; E80, N60; and E80, N80. These large, 

highly-conductive bodies prohibited taking meaningful data at 

these grid points. A rough value from the surrounding points 

was used for each of these grid points in the contour plotting. 

Figure 2 shows the resistivity contour lines (units are ohm

meters) for the normal mode; Figure 3 shows the resistivity 

contour lines for the rotated mode. Dr. Walker attempted to 

improve the clarity of the computer plots by darkening some of 

the lines. Drillholes are marked on Figures 2 and 3 as circles 

with crosses through them. The rotated mode probes to ap

proximately half the depth of the normal mode. The normal 

mode probe depth is 7 meters (about 20 ft). 
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The contour plots show considerable variation in resistivity, 

considering the season and the flat, open terrain. The outstand

ing features of the contour plots are: 

(1) A very strong resistivity feature is near grid point E160, 

N60. The feature was apparent to personnel in the field as a 

very abrupt change in readings. In addition, the resistivity 

contours in the normal mode show a resistivity high 

whereas those for the rotated mode show a resistivity low. 

This indicates a conductive target nearby. 

(2) A resistivity high is located at E120, N140. In the rotated 

mode, this high is greater than 650 ohm-meters and 220 

ohm-meters in the normal mode. 

(3) A resistivity low is located at E1 00, N80 in both rotated and 

normal mode contour plots. 

(4) Two more resistivity lows are evident in both rotated and 

normal modes. These lows are to the west of EO, N40 and 

to the east ofE180, N160-beyond the limits of the survey. 

In the opinion of the investigators, the stored metal pipes 

40ft away are unlikely to produce such a pronounced change in 

the readings at EO, N40. Unfortunately, the survey area could 

not be made large enough to extend well beyond the polluted 

areas and into virgin ground. Readings from virgin ground 
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would have provided a clearer delineation of these low-resis

tivity regions. 

ANALYSIS 

Each of the features mentioned previously are now discussed 

in greater detail. 

( 1) While on site, the researchers used the instrument to locate 

buried conductive objects. They pinpointed one site at ap
proximately 6ft southwest of point EI60, N60. The inves

tigators believed that drums were buried at this location. 
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(2) The resistivity highs are significant These features ex
emplify the strong resistivity variations across the survey 

area. The resistivity high is much stronger and has a greater 

gradient than might be expected of ground in the Fairbanks 

area. It is possible that a pit, with relatively fresh water in 
the pores (now frozen) would produce such a relatively 

high resistivity contrast in the EMI-31 survey. 

(3) The low-resistivity region centered at EIOO, NSO is as

sociated with a polluted area. It is possible that th; presence 

of hydrocarbons and/or other pollutants in the porewater 

may inhibit freezing and therefore produce a low-resistivity 

area. It is well known that the resistivity of soils increases 
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dramatically upon freezing (Hoekstra and McNeill, 1973). 

It is also well known that solutes such as salt cause a 

lowering of the freezing point (Pandit and King, 1979). 

Figure 4 displays the actual location of past and present 

bum pits and waste oil drum storage areas. The low-resis

tivity region is centered at the large existing bum pit. 

Another similarity is the low-resistivity region at point 

N200, E200. This point coincides with a smaller existing 
bum pit. 
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Another result supporting the theory that low resistivity 

correlates with petroleum contamination is found at point 

EO, N40. FIA stored solvent and waste oil drums at this 

region. The ground surface in this region is saturated with 

hydrocarbons (34,000 ppm 1PH). The storage area is con

toured by low resistivity. The contours are remarkable be

cause they correctly outline the old storage area. 

The storage area has soil contamination to a depth of 1 ft. 

The bum pits have contamination to a depth of 10ft. 
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SUMMARY 

There are four features of interest within the survey area. The 

resistivity contrasts across the survey area are indicative of 

non-uniformly conducting ground. Both the normal and rotated 

modes show strong variations in resistivity and were more 

extreme in their variation than the investigators expected. 

(1) The first feature shows quickly changing values of resis

tivity and is most likely associated with a conductive body 

or bodies some depth below the surface centered around a 

point approximately 6ft southwest ofE160, N60. An intui

tive estimate of the depth is approximately 6 to 10 ft. 

THE NORTHERN ENGINEER, VOL. 22, NO.2 

(2) A second feature is a high-resistivity area centered at E120, 

N140. 

(3) The third feature is a low-resistivity region covering a fairly 

large area (the most likely place to sample for pollutants) 

approximately centered at E100, N80. 

(4) There are also indications of two other low-resistivity 

regions just at the edge of the grid area. The first is west of 

EO, N40 and the second is east ofE180, N160. 
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CONCLUSIONS 

The researchers base the following conclusions on Dr. 

Walker's EMI-31 experience and knowledge gained about the 

CFR Burn site history from interviews with FIA personnel. 

(1) Dr. Walker concluded that the site displayed unusually 

large contrasts in soil resistivity readings and gradients. 

The researchers theorized that buried conductive objects 

and hydrocarbon contamination caused such contrasts. 

(2) Mr. Michael Travis of Alaska OOT&PF Statewide Re

search interviewed FIA personnel about the CFR Burn site 

history. He found that the conductive bodies atE160, N60 

were empty 55-gallon drums buried by FIA staff several 

years ago. The EMI-31 correctly pinpointed the location of 

the drums. The tightly contoured area helped Dr. Walker 

deduce from the size of the conductive bodies that they 

were probably drums. 

(3) The resistivity contours correlated closely with known 

hydrocarbon contaminated soils. The contours suggest that 

the contaminate plumes are concentrated mainly under

neath each burn pit. 

(4) Areas of low resistivity are associated with areas of known 

hydrocarbon contamination. 

(5) This study indicates that subtle resistivity changes occur 

when fuels are spilled on the ground. The EMI -31 detected 

these changes when the ground was frozen to its maximum 

depth. More experimentation is needed to fully document 

this finding. However, this experiment suggests that the 

EMI-31 has tremendous potential for estimating the extent 

of hydrocarbon contamination in frozen soils. This method 

will assist investigators in choosing sampling sites to quan

tify levels of contamination. By sampling smarter, inves

tigators can save time and money. 
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National Engineers Banquet 
February 24, 1990 

Our Profession in the 1990s-Strategic Concepts 
by 

Bill McMullen 

The following speech was given at the 1990 National Engineers Week 

Banquet in Fairbanlcs, Alaska. 

Bill McMullen is a geotechnical engineer who currently is vice presi

dent of the Michael Baker Corporation's Phoenix, Arizona offiCe. 

McMullen has had extensive experience in Alaskan engineering, in

cluding work as the chief design engineer for the Yukon to Prudhoe 

Bay Road-the Dalton Highway. 

Here we are on the threshold of the last decade of the twen
tieth century and where is our profession-which has been 

changing pretty rapidly over the past few years-going in the 
next ten? Well, I certainly can't stand here and tell you I know 

where we're headed, but I can tell you that there are some 
trends-perhaps you've seen them, too. We need to think about 

these trends and where they are taking us as professional en
gineers. 

Where are we headed? Well, there are some major factors 

with respect to our society, the country, and the world which are 
going to have some effect on us. Changing workforce 
demographics and the changing market for engineer and design 
professional services are two trends that will mean significant 

changes in the nature of our practice as we move into the 1990s. 
We'll work our way through these trends, with a little audience 
participation, and certainly not without a look back, because in 
order to get a sense of where you are going, it is always impor

tant to see where you carne from. To illustrate the importance of 

looking back we have the story of the tourists at the Grand 
Canyon. You know how it goes, somebody says, "Just step back 

a little further and you'll be right in focus." It is important to 
look back! 

CHANGING WORKFORCE DEMOGRAPHICS 

What can we say about changing workforce demographics? 

What is happening to the engineering profession-is there a 

perceivable difference? There are some differences. For one, 

and I think those associated with the education end of our 

profession will agree, there is declining enrollment in engineer-
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ing and the technical schools. There seems to be a trend for 

students to go into other professions, to take other university 
courses at the expense of engineering. There also appear to be 

more foreign and minority students in engineering; this trend 
seems to be increasing rather than decreasing. And, whether 

you want to accept it or not, we will all be ten years older at the 
end of this decade. We refer to this, in a larger sense, as the 

"graying" of America, the aging of America, the fact that the 

baby boomers will approach or reach retirement age in the 

1990s. 
Combine all this with other factors such as the Federal High

way Program. In the late 1950s and early 1960s this Program 

employed a tremendous number of people to build the Interstate 
Highway System. These people will soon be reaching the thirty
year mark, resulting in numerous retirements through the com
ing decade. And, along with fewer engineering students, this 

will lead to a severe shortage of engineers. I'm speaking now 
from the viewpoint of a national consulting engineering ftrm 

which depends on recruiting technical people to carry out the 

work of the business. The same problem will also confront 

government agencies, states municipalities, and counties
wherever engineers are needed. In the coming decade, it is 
going to be harder and harder to fmd quality people. 

One thing that will probably happen is that there will be 

more reliance on so-called "retired" workers-those who have 

reached the point where they could retire, but who will come 

back into the workforce on a part-time or maybe even a full
time basis. Forecasts are that by the year 2000, twenty percent 

of the design professional workforce will be retirees. I think that 
you'll also see a need for eng1neers to be better managers, 
communicators, and leaders; to be able to deal with a much 
broader, much more ethnically mixed workforce than you may 

be accustomed to right now. This is one megatrend in our 
society that will have a significant impact on how we work in 

the future. 
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CHANGING MARKET FOR SERVICES 

There is also a changing market for services. Think about 

it-we now need less new infrastructure, a lot more rebuild and 

upgrade. Over the past 20 years, the portion of the gross nation

al product (GNP) spent on highways, airports and other major 

new infrastructure projects in this country and the portion spent 

on maintaining and upgrading that infrastructure has dropped 

from about two and a half percent to approximately one percent 

of GNP. 

How many of you have noticed a pothole in the road lately or 

problems with bridges? Maybe they aren't visibly falling apart, 

but have you seen one that is too narrow? These are dangerous 

situations. It is estimated that over forty percent of all the 

bridges in the state, county and municipal highway systems 

throughout the country are either structurally or operationally 

deficient-they don't meet current standards from the 

standpoint of capacity or safety. Forty percent-that's almost 

half the bridges in the country! And the same is true for high

ways. 

Traffic congestion has reached the point where there are 

actually billions of productive hours lost each year by people 

sitting in their automobiles in congested traffic. Congestion at 

airports is common and becoming more common across the 

country. For example, when I left Phoenix the other morning, it 

took quite a while to get out onto the runway-we stopped and 

started, stopped and started, stopped and started. When we 

fmally turned onto the runway, I looked back and there were six 

other airliners behind us doing the same thing. And Phoenix 

operates two runways at the same time. The forecast is that by 

the year 2000, fifty-five percent more operational capacity will 

be needed at existing airports just to maintain the status quo. 

Most of the infrastructure is in place, but it is overloaded or 

even falling apart in some cases. The San Francisco earthquake 

brought that to front page news and everybody's TV set instant

ly. I think there is more public awareness of the fact that things 

are just begining to fall apart, and engineers will have to rally. 

It's going to be big business for us in the coming years. In our 

company, we believe there will be a lot more business for 

engineers in repair, capacity increase and replacement type 

projects throughout the next decade. 

The environmental market has also really expanded. People 

like myself who began their career in the geotechnical field, are 

now finding that for geotechnical engineers or groundwater 
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hydrologists, there is practically no better place to work than in 

the environmental part of our profession. There is a tremendous 

demand. Why? We are generating, I believe, something like a 

half million tons of solid was~e in this country every day. This 

waste has to go somewhere; the dumps and landfill sites now in 

existence are rapidly being filled. Many have closed due to 

public pressure, and something like 30,000 of these sites are 

severely contaminated. Something must be done with them. 

How do you solve the problem? Quit generating garbage? A 

nice idea but it doesn't seem to work. It is going to continue. 

Waste disposal will be a tremendous job for engineers over the 

next decade. 

Another area generating a lot of public concern is environ

mental clean up. The interesting thing is, now that things have 

begun to open up in the Soviet Union and the Eastern Bloc 

countries, you see that even there, where they have been 

notorious polluters for a long time, there are strong environmen

tal movements. It is happening in Third World countries too. 

This has really become an international issue, a global thing. 

The Big Clean-up. 

The energy market is another area of concern. You know, we 

don't have to think back too far to the shock of crude oil prices 

dropping to about ten dollars a barrel and the tremendous im

pact it had on our wallets here in Alaska. Well, oil hit ten 

dollars a barrel and where is the price now? Twenty-two dollars 

a barrel? It has come back up. Alaskans probably watch crude 

oil prices closer than people in the rest of the country. I don't 

know how much the other two hundred and some million 

people in the United States have noticed, but oil prices have 

gradually crept back up and are nudging twenty-three dollars a 

barrel. What does this mean? Well, it probably means that fat, 

dumb and happy though we are with respect to gasoline and fuel 

oil prices, all of a sudden we are going to find ourselves in some 

kind of an "energy shock." We have reached the point where the 

U.S. is now producing less than fifty percent of its oil domesti

cally, buying the rest of it from people who have a tendency to 

occasionally tum the spigot back a little to boost the price. 

Sooner or later during the 1990s, there is going to be a big 

demand for crude oil. 

Other Energy Sources 

I see an exploding energy market. Nuclear power has not 

been utilized a great deal for electrical generation. And it is 
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becoming more difficult to dam up rivers to produce 

hydropower; besides, how many more places are there in the 

country where you can do that, outside Alaska? There isn't that 

much reserve available out there. 

Where is this power going to come from? You can produce 

it with coal, but there is a lot of resistance-problems with acid 

rain as well as concerns about smoggy skies. Can you produce 
enough energy with coal? I think the answer is yes, "clean coal" 

technology is just now beginning to come on-line. I think over 

the next decade we are going to see a lot of clean coal type 

electrical generation plants become part of the scene in the 
United States. It is going to be big business for engineers. 

Privatization 

Another trend already developing is for fewer services to be 

performed by government itself and more by the private sector. 

We are running into a situation where, at all levels of govern

ment-federal, state, county, city-they're running out of 

money; budgets are getting tight, taxpayers are saying "Hey, 

wait, don't tax me anymore, let's put a lid on this." And there is 

a lot of political pressure to hold the size of government to 

existing levels or less. Combine this with the retiring personnel 

mentioned earlier, and government just won't have the neces

sary manpower to provide all the necessary services. You will 

see privatization projects and toll roads. You will see private 
enterprise more involved in transportation and infrastructure 

projects. Currently in California, Texas, Virginia, and 

Colorado, major projects are under way or in the developmental 

process that are really privately funded, bonded toll roads. 

There is a lot of interest in this in other states and there is 

certainly a lot of interest expressed in this type of project 

amongst counties and municipalities. 

The downsizing of government staff and increasing private 

sector participation in major projects is really happening. The 

Michael Baker Corporation is involved in a Phoenix project 

where we manage part of the 231 mile 5+ billion dollar urban 

freeway development program for the Arizona Department of 

Transportation (ADOT). We have just a ten and a half mile 

portion, 380 million dollars worth. The way it works is the state 

instigated a special sales tax, dedicated to highways within the 

metropolitan area. If ADOT were to handle the program by 

itself, it would mean a tremendous increase in staff. It is dif

ficult for DOTs to get out there in the national market and 
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compete for the kind of talent needed to bring a program on-line 

and to make it happen on the schedule required. So how did 

AOOT do this? They brought in six consultants over a two-year 

period to take sections of the freeway project. These consultants 

brought in talent from all over the country. Personnel are now 

on-board and things are happening. I emphasize again that this 

is the private sector working as an extension of the department 

of transportation, administering the projects from beginning to 

end. These are massive projects; the department would have to 

hire literally hundreds of people, and at project completion, lay 

them off. Now, those of you who know the realities of govern

ment know that it is very hard to layoff hundreds of department 
of transportation employees. But, it is easy for the private sector 

to pick these people up and move them to California or 

wherever the next big project is. 

THE CHANGING NATURE OF THE PRACTICE 

Let's talk a little bit about technology. I want to ask, how 

many of you had a microwave oven in 1980, just ten years ago? 

How many had a personal computer? Let's look at 1990, how 

many of you have a microwave oven in your home today? How 

about a personal computer? How many of you would have 

believed ten years ago that you would have a personal computer 

in your home today? What's going to happen in another ten 

years? Well, it's a little hard to say for sure, but some people are 

saying that personal computers may be the size of a stenopad 

with the computing power of today's large mainframe. Based 

on what has happened, it could be possible. 

Ten years ago engineers were just beginning to talk about 

CAD. Most didn't know what CAD was. Now if you aren't 

using CAD your firm really has some problems. There are still 

some firms and government organizations able to operate 

without CAD, but I don't see that lasting very much longer; 

mainstream design in our profession is being done on CAD. 

Technology is going to have a profound effect. One thing 

(and it sounds a little scary, but we've got to recognize it) is that 

design is probably going to become more of a commodity. It 

sounds nasty for a professional to say that design will become a 

commodity, but it is headed that way. And the reason is that so 

much of what we do in design is detail work-highly special

ized, technical work now done on the computer. This is going to 

have some impact on who we need to be as engineers; it means 
we need to understand these machines. We need to understand 
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their role in the overall technological picture. We need to know 

how to manage them. We need to be more adept in general 

skills. We need to change the way we do the things that we were 

once very proud of doing-! remember as a geotechnical en

gineer how I used to design pilings with paper and a pencil. 

Nobody does it that way anymore. The way it's done now is a 

lot different It's on a computer. 

Multi-Discipline Organizations 

Another trend is the movement toward multi-discipline or

ganizations. One thing you will see is engineering firms 

broadening their horizons a little bit The services that are going 

to be looked for range from conceptual planning, permitting, 

licensing, financing, and assistance, all the way through the 

planning, design and construction phases of the total project. 

Twenty years ago the design professional carried a project 

all the way through from beginning to end. He was the guy who 

developed the project concept, worked on through as the design 

engineer and oversaw the construction. Now everybody is into 

the act. Accountants are doing construction management. Ac

countants! Now why are accountants doing construction 

management? I guess there is logic to it, you are playing with 

dollars, allocating resources and monitoring what has hap

pened But you could say the accountants have cut into our 

business-the truth is, they have. Lawyers? Lawyers are also 

right in our midst, they're all around, they're part of our profes

sion, they have become a part of our business. 

I think back to when I first carne to Alaska in 1970. I was 

surprised that we had so many biologists involved with the 

Yukon River to Prudhoe Bay road. It was the frrst big highway 

project I'd been on where biologists were out there in force to 

see what the impacts were. Nothing wrong with that, it was an 

improvement on the overall project process, but it dido 't used to 

be that way. The way we see the engineering organization in the 

future, it's not going to be just engineers, it is going to be large 

multi-discipline organizations able to do all of these things. The 

successful organization is going to have accountants, lawyers 

and bioscientists; it's going to have a lot of other professionals 

too. 

Bigs and Boutiques 

Let's talk about the "bigs" and the "boutiques." The ''bigs" 

are multi-discipline organizations. They may be private sector 

organizations; they may be government organizations. But they 
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are going to be multi-discipline, they are going to be big, and 

they are going to be able to provide full project services from 

beginning to end. Not just a little chunk of design, but every

thing, all the way through. 

And who are the "boutiques"? These are the small special

ized frrms-geotechnical, hydrology and hydraulics, environ

mental services, and others who thrive on providing their 

specialty services to the ''bigs" and to primary clients. There 

will still be a need for highly specialized people, maybe more 

than ever. 

What is going to happen to the middle sized frrms? They're 

going to fmd it tougher and tougher to compete, to do the job as 

effectively as the big organization that can provide the account

ant, the architect, the lawyer, and the bioscientist, and bring 

them all together on the project. The forecast is that over the 

next decade there will be a tendency toward gathering together 

into larger operating entities offering multiple disciplines with 

tougher and tougher sledding for the middle sized firms. 

Global FCK:us 

What's happening in Europe in 1992? The "United States of 

Europe" -the whole economy is going to come together. It will 

be much like the U.S.A. except with more people. And what 

happens if you break down the iron curtain and start bringing in 

the Eastern Bloc countries? Granted, they are going to have a 

tough row to hoe in overcoming what has happened to them 

during the past seventy years, or forty years in the case of 

eastern E~pe. But, as they rebuild and work their way into the 

global economy, what is this going mean for us? I don't know 

what the answer is but it is going to have an impact And look at 

what's happening in- Asia. Their economies are burgeoning. 

What will this do for us? I think it will do a number of things

we need to be aware of the changes, and we need to work with 

them. 

One result will be increased competition. I'm not talking 

about just increased competition for a frrm, like the Michael 

Baker Corporation, I'm talking about increased competition for 

engineers. All of us. Right now we are competing with Koreans, 

and Italians, people from a lot of other countries around the 

world with very good engineering organizations. We are going 

to see a lot more of that. 

This global focus will provide opportunity as well as com

petition, but competition is good. Competition makes us better. 
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It would be foolish to fight it; we need to understand it and work 

with it Competition will also come from other professions. 

Accountants doing construction management as an example. As 

engineers, we need to recognize the trends that will be hard to 

fight and work with them to our advantage. 

Litigation 

There will be more litigation. We are living in a very 

litigious society. One professional service advisory tells us that 

before the end of the decade, our errors and omissions insurance 

cost will be triple what it is now, and we already think it is 

exorbitant. So, I guess the message here is that we want to fight 

to reduce litigation, and work. for arbitration, mediation and tort 

reform; keep these problems out of court In the meantime, 

make sure you have a good, friendly lawyer on your side and be 

choosy when selecting your projects. 

Management Leadership Skills 

Engineering is, if not the most intensive, one of the most 

people intensive endeavors. We work together in teams, which 

takes a lot of organization and a lot of management-a lot of 

leadership to get the job done right. This is not going to 

decrease, it will only increase with the increasing world-wide 

complexity-advancing technology, a multi-ethnic workforce, 
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things on an international scale-management will be more 

important than it ever was. 

CONCLUSION 

These are some ideas for you to consider. We can stand here 

on February 24, 1990 and wonder where we are going. I certain

ly can't forecast the future, but I have thrown out some thoughts 

here. Strategic planning in our company is very important be

cause we want to succeed. We think about the future and how it 

will affect our profession and our business. I would urge you, 

ladies and gentlemen, to think about the future too. Think about 

how these it will affect you. And, think about where we are 

headed from here. 

Now, there is one big question that hasn't been answered 

here tonight and I'm about to answer it. I bet those of you who 

knew me when we lived here in Alaska, who knew how much I 

loved to ride down the rapids in my canoe, are wondering what 

I'm doing in Arizona. I am happy to report that the Rio Verde is 

about twenty minutes from my house by automobile. And, as 

we look ahead, I'm looking forward to another decade of chal

lenging work. in the engineering profession and another decade 

of good canoeing. 
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Windows Winter Heat Loss-Solutions? 
by 

Jeffrey M. Murray 

INTRODUCTION 

The popularity of windows in the construction of residential 

and commercial buildings increased dramatically during the 

late 1960s. John Weidt, a Minneapolis, Minnesota architect, has 

said that "the ordinary Amerjcan home has 16 windows-up to 

150 square feet of outside wall that's not outside wall at all, but 

glass" (Hayes 87:28). One of the greatest reasons people have 

so many windows is the need to see out Especially in the arctic, 

where daylight can be as short as a few hours, people need to 

feel as though they are not closed in. I wonder if people would 

have so many windows if they knew that the window area in an 
..:_ 

average home lets in as much cold air as a four foot hole in the 

wall, and that according to the Energy Information Center in St. 

Paul, Minnesota, windows account for 15-30 percent of the 

home's total heat loss (Cordes 86:78). This paper will provide 

an examination of window heat loss, ways to reduce heat loss 

(from new technology low-E glass, to "do-it-yourself' improve

ments), and finally, a few recommendations. 

WINDOW HEAT LOSS 

We have all sat next to a window and felt cold air running 

down the backs of our necks. Cold air drafts are caused when 

warm air comes into contact with the layer of cold air near the 

glass surface. As the air cools, water vapor in the air condenses 

and sinks to the floor in the form of a cold draft (Fig. I). When 

dealing with window heat loss, three methods of heat transfer 

must be examined: conduction, convection and radiation. Con

duction is the transfer of heat through a solid material. Convec- . 

tion is the transfer of heat through a fluid (gas, liquid) due to 

fluid motion. And radiation is the transfer of heat across space 

in the form of electromagnetic waves (V ara 87:32). Reducing 

any one of these heat loss sources will increase the overall 

window R-Value. The R-Value is resistance to heat flow ex

pressed as ft2 x hr x <>p/Btu (english units). The greater the 

R-Value, the greater the resistance to heat flow, and therefore, 

the more energy efficient the window. By comparison, the 

average six inch fiberglass insulated wall has art R-Value of 

approximately 20, whereas the typical double glazed window 
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Figure 1. Creation of a cold draft. 

(two panes of glass separated by an air space) has an R-Value of 

about 2 (lflo that of the 6-inch wall). According to Service, ''The 

quality of a window to resist conductive heat flow, 

1 
U(= LR ), 

varies with the wind, the mean temperature, the temperature 

difference, the number of successive panes through which the 

heat must flow, and the size and shape of the window" (Service 

84:46). Typical values for 'U' are shown in Figure 2. 

The thermal resistance of ordinary glass and the air space 

separating multiple panes depend upon their respective thick

ness. Thicker glass provides greater resistance to conductive 

heat loss. Airspace between successive panes of glass can be 

treated as a conductive or convective heat loss, depending on 

the size of the airspace. For instance, when the airspace is less 

than 1h inch, the conductive loss is greater, while larger 

airspaces have greater convective losses. Although thicker 

airspaces are better, optimal thickness is somewhere between 

3/4 and 1 inch. Therefore, adding multiple panes of glass and 

additional airspaces increases R-Value. 

Adding panes of glass to create additional airspaces reduces 

both conductive and convective heat loss, but because of the 

iilherent properties of glass and air, does relatively little to 
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Figure 2. Typical U-wdws (Service 84:47). 

prevent radiation heat loss. When considering that over half the 

window's heat loss is due to radiant effects, it is surprising that 

the ordinary single, double or even triple glazed windows have 

little effect on radiant heat loss (Stains 86:22). Stopping the 

escape of radiant energy will almost double a window's R

V alue (Stains 86:22). Figure 3 shows the effects of radiant heat 

flow and cold temperatures on ordinary single, double and triple 

65'F 
Inside 

15'F 

0 1 F 
outside 

Where: 

65'F 
lnllde 

VL T is visible light transmission; and 

glazed windows. It also shows that as more glass panes are 

added, winter heat loss decreases and the temperature of the 

inside surface of the window increases-meaning that the in

side relative humidity can be higher (thus healthier) before 

condensation forms. You will also note that as the number of 

panes increase: the passage of radiant energy remains relatively 

unchanged. Therefore, with these three forms of heat transfer to 

SO'F 

ST is solar transmission-look for high values in northern climates to gain 
(or not lose) maximum heat as shortwave energy is converted to longwave 
energy (radiant heat). 

Figure 3. Heat flow compariSOJI-4ingle, doubk and tripk giDud windows (Bamluu186:62-63 ), 
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consider, what can be done to limit the amount of heat loss from 

a window? 

HIGH-TECH METHODS OF STOPPING HEAT LOSS 

There are currently many products on the market to limit 

window heat loss. These products range from new, high tech

nology methods to low-tech "do-it-yourself' methods. The 

high-tech methods usually involve total window replacement 

with such things as low-E glass windows or state-of-the-art 

electrochemical windows. 

Low-E Coating 

The first of these high-tech methods is the application of a 

low-E (low emissivity) coating which is applied directly to the 

glass. Because glass is highly absorptive of l?ng-wavelength 

energy emitted by warm bodies, radiant energy is also readily 

absorbed and just as readily re-transmitted (emitted) to the cold 

outside (Vara 87:33). This ability to absorb and re-transmit 

long-wavelength energy is called emissivity. Low-E glass was 

developed to reduce a window's emissivity value and is in

tended to reflect radiant long-wavelength energy. For cold 

regions applications (a minimum of a double glazed window), a 

low emissivity window will have a clear outer pane, an airspace 

and a low emissivity coating on the air gap side of the inner 

pane (Gilmore 86:76). This low emissivity coating is usually a 

silver layer, the key to reflectivity, and is protected by sub

sequent layers of metal oxide only molecules thick so you can 

WINTER HEAT LOSS 
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Figure 4. Low-E vs. ordiMry doubk glaud window (Bamluu186:63 ). 
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see through it and still have it reflect radiant heat (Barnhart 

86:62). Figure 4 is a comparison between an ordinary double 

glazed window and a low-E coated double glazed window. You 

can see how the low-E coating effects the radiant heat flow and 

overall heat flow values of the window. Currently there are two 

methods of manufacturing low-E glass: soft coating, where 

electrons bombard a metal bar in a vacuum chamber, freeing 

metal atoms which then become attracted to a sheet of glass and 

bond to it; and hard coating (pyrolitic), where metal oxides are 

sprayed on a glass ribbon as it leaves a furnace and becomes 

fused to the glass (Barnhart 86:62). Both methods lower emis

sivity although soft coating is superior, see Table 1. 

Table 1. Comparison of Soft and Hard Coatings* 

Sungate 100** 
(soft coating) 

E-Value*** 0.01 

R-Value 3.2 

* Data from Gilmore 86:77. 

Sungate 200** 
(hard coating) 

0.15 

2.9 

** Both windows are manufactured by PPG Industries and are 
1,-t inch glass, 1h inch airspace and 1..-t inch glass. 

*** Ordinary glass has an E-Value of 0.84 

The 3.2 R-Value for the Sungate 100 window is roughly 

comparable to an ordinary triple glazed window ~ith the weight 

and bulk of a double glazed window. Although soft coat is 

superior to hard coat in respect to overall R-Value, it does have 

some drawbacks. Soft coatings are vulnerable to damage during 

manufacture and will deteriorate if a leaky seal between the 

WINTER HEAT LOSS 
~ 

u=.56 

0°F 
outside 

THE NORTHERN ENGINEER, VOL. 22, NO.2 



panes exposes it to air (Stains 86:22). Hard coatings, on the 

other hand, are usually tougher than glass itself and impervious 

to air or handling, thus making excellent storm windows 

(Barnhart 86:64). One drawback to either type of coating, ac

cording to Douglas Balcomb, a leading solar energy researcher 

at Los AJamos National Laboratory, is that the amount of sun 
warmth entering the house in winter is noticeably reduced when 

southern exposure low-E glass is installed (Langdon 86:72). 

Another drawback is that low-E windows can cost twice as 

much as an ordinary glass window. Even with its current high 
cost, the benefits of the higher R-Value are such that, according 

to John Sopko, a PPG Engineer,low-E glass will be the industry 

standard within 10 years (Hayes 87:111). 

Low-E Polyester Film 

We have seen that soft or hard coat low-E windows consist

ing of a double glazed design can equal that of an ordinary triple 

glazed window. How then can we get the benefit of low-E and 

triple glazing (two airspaces) for extremely cold arctic condi

tions? Perhaps the answer is a window manufactured with spe

cially treated low-E polyester film mounted between two panes 

of glass, creating two airspaces much like a triple pane window. 

Figure 5 shows how the polyester film window further reduces 
heat loss. One example of the polyester film window, manufac

tured by Southwall Technologies, is the Heat Mirror 88. The 

Heat Mirror 88 has an E-Value of 0.15 and an even higher 

R-Value of 4.3-IAI inch glass, 1,.2 inch airspace, polyester film, 

1,.2 inch airspace, and Y1l inch glass (Gilmore 86:77). These E 

and R-Values are very impressive when compared to an ordi

nary triple glazed window (E=0.84 and R=2.8), especially when 

you consider the weight of the window has been reduced by one 

pane (Gilmore 86:77). This low-E polyester film has the same 

drawbacks as the soft coat method of low-E application-even

tual deterioration of the film caused by seal leakages and 

reduced solar heat gain. One additional advantage is that a 

second polyester film can be added producing the effect of a 

quad pane window, if more thermal protection is required
creating yet another airspace and yielding even greater insulat

ing ability. 

Argon Gas and Aerogel Fillings 

The two previous high-tech methods have lowered E-Value 

and increased R-Value to an impressive 4.3 (Southwall's Heat 

Mirror 88). Further research continues to improve the insulating 
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Figlll'f! S. Low-E polyester jibJa wilrdow (BIIIftluut 86:63). 

ability of airspaces; one method currently being studied is to 

evacuate the airspace and replace the void with Argon gas

colorless and odorless, Argon is heavier and less dense than 
air. Argon gas molecules conduct heat less readily than air, 

improving thermal efficiency by about one-third (Langdon 

86:73). This is exactly what Southwall has done, increasing 

window R-Value to 5.1 (IAI inch glass, 1,.2 inch argon gas, 

polyester film, 1,.2 inch argon gas, and Y1l inch glass) (Gilmore 

86:77). To further improve this, researchers at the Solar Energy 
Research Institute are experimenting with evacuating all gases 

from between the panes, with expected values of R=10 

{Barnhart 86:62). 

A second method to improve airspace insulating ability is to 

replace the airspace with Aerogel. Currently, Lawrence

Berkeley Laboratory is exploring the possibility of placing clear 

aerogel-a pure silica product with microscopic insulating air 

pockets-between two layers of glass, yielding R-Values of29 

or more (Langdon 86:62). Aerogel-filled windows which yield 

R-Values greater than most walls, appear to be the "wave of the 

future" although some researchers doubt its suitability because 

of visual appearance-Aerogel scatters light, giving windows 

the appearance of a dirty windshield (Stover 88:53). 

Electrochemical 

At present, there is interest in developing a window which 

can vary its ability to reflect light and heat either photochemi

cally, thermochemically or electrochemically {Barnhart 86:62). 

These methods change window color, thereby changing its 

reflectivity. Originally developed by Sze Chen Yang, a Univer-
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sity of Rhode Island chemist, a conductive thin layer of polymer 

(polyamiline) coating is sandwiched between two panes of 

glass. Voltage is applied to the coating that changes the window 

color to clear, green, blue, or purple (Window Cuts Heating 

Cost 88:39). During winter months, the window could be set to 

the green mode, prohibiting the near infrared energy and result

ing heat loss (Window Cuts Heating Cost 88:39). In addition, 

Taliq Corporation has developed a window (Varilite) that 

sandwiches liquid crystals between panes of glass much the 

same as Yang's window. We should see more of these windows 

in the future although they may never be common in residential 

homes due to their high cost-approximately $100 per square 

foot (Stover 88:53). 

LOW -1ECH METHODS OF STOPPING HEAT LOSS 

Most undoubtedly high-tech window development will con

tinue, but what about more inexpensive low-tech methods to 

reduce window heat loss? In the late 1970s, there was consider

able excitement about the potential of blinds utilizing air pock

ets; shutters with rigid foam insulation; fabrics with inner layers 

of reflective foil; and other such window coverings. All the 

excitement was for good reason: movable insulation carries 

R-Values as high as 15 (Langdon 86:73). Let's take a look at a 

few low-tech methods of window insulation. 

Altering Current Drapes 

Typically, window coverings such as roller blinds and cur

tains blunt only a fraction of the cold seeping in; in fact, accord-

AIR LEAKS AT TOP AND SIDES 
CAUSING A WATERFALL EFFECT 

Figure 6. Unsealed window col'ering (Lees 88:103, 
origiMUy drawn by Mario Ferro). 
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ing to the Illinois Institute of Technology, ordinary drapes 

reduce heat loss only 6 percent (Hickok 79:61). An ordinary 

blind or drape hung from exposed hardware (Fig. 6) does little 

to stop heated air from washing past the chilled window surface 

and dropping to the floor as a cold draft (Aglow 88:102). Be

cause of this, it becomes important to close off the top and 

bottom of the drape (Fig. 7), thereby keeping drafts from 

developing behind the drape. This will not only help reduce the 

flow of cold air but will also add another insulating· airspace 

between you and the outside. 

Pleated Shades 

New technology shades can also help reduce window heat 

loss. The Duette pleated shade is an excellent example. The 

shade is constructed of a series of honeycomb insulating air 

chambers (Fig. 8) which trap air and create another insulating 

airspace. These shades claim to have an R-Value of nearly 4; 

not bad for an inexpensive solution. 

Window Quilts 

Another low-tech solution is to use insulating quilts P1 place 

of drapes. Appropriate Technology Corporation (ATC) has 

developed roll-up units consisting of a five-layer blanket and 

vapor barrier between fabric covers (Lees 88: 102). ATC claims 

that when properly installed, these quilts can increase the R

Value of a double glazed window to 5.88, a heat loss savings of 

up to 63 percent (Lees 88: 103). Another window quilt by Ron

Lon uses layers of DuPont Dacron Hollofil II Mylar, and 

NO AIR LEAKS 

Figure 6. Sealed window col'ering (Lees 88:103, 
origiMUy drawn by Mario Ferro). 
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FORM INSULATING --~r--
BLANKET 

FigureS. Duetu pleaud sluule(Lees 88:103, origi111111y drawn by Mario Ferro). 

polyethylene to reduce convection, radiation and air infiltration, 

this quilt achieves an R-Value of 7.79 (Aglow 88:30). 

CONCLUSIONS 

What To Do 

Numerous ways to reduce window heat loss have been intro

duced, but which is best for you? There isn't any question that 

the new low-E coatings or low-E polyester ftlms are the best 

solutions currently on the market, but they are expensive-not 

everyone can afford these new windows. If you are considering 

building a new home and can afford the added cost, the higher 

initial investment in low-E window technology would be well 

worth the money-especially in the long run. If money is some

what tighter, consider replacing a few windows at a time. Begin 

with north facing windows and work your way around to the 

southern side of the house as money permits. You may even 

want to consider adding storm windows (made with low-E 

glass) which may be less expensive than total replacement If 

you are like most of us and money is very short, consider one of 

the less expensive, low-tech methods to reduce window heat 

loss. The bottom line is that you should do something to stop the 

heat loss from your windows, whether by total window replace

ment or low cost "do-it-yourself' improvements-this will not 

only reduce winter fuel bills but will also help to conserve our 

valuable natural resources. 
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• CONFERENCES 
November 27-29, 1990-Innovations in 
the Application of Precasting & 
Prestressing-Singapore. 

The objective of this international sym
posium is to bring together the many intel
ligent and imaginative applications of 
precasting and prestressing in order to 
benefit architects, builders, contractors, 
developers, engineers, and researchers. 

For more information contact the 
Secretariat, 150 Orchard Road #07-14, 
Orchard Plaza, Singapore 0923; 
telephone 7332922, fax 2353530, telex 
RS 33205. 

November 28-30, 1990-Construction 
Claims and Project Planning & 
Scheduling Seminar-Monterey, 
California. 

This three-day seminar will be con
ducted by Roy Wilson, P.E., of Wilson 
Management Associates, Inc. The semi
nar will cover construction claims topics, 
such as, how to deal with delays and ac
celeration, differing site conditions, 
failure of performance, what happens 
when interpretations of quality vary, and 
calculating damages. Project planning and 
scheduling topics will include critical path 
method (CPM) and how to analyze the 
cause and impact of project delays. 

For more information contact Mar
garet Miller, Wilson Management As
sociates, Inc., 80 Glen Head Road, Glen 
Head, NY 11545; telephone (213) 453-
2929. 

January 21-24, 1991-0ffshore & 
Arctic Operations Symposium-Hous
ton, Texas. 

Design and operating considerations 
for offshore and arctic environments will 
be presented The symposium will consist 
of: nine half-day technical sessions cover
ing a wide range of topics, one full-day 
devoted to offshore applications, and one 
full-day of programming to focus on con
stitutive equation modeling of rock and 
soil. 

For more information contact ASME 
Energy-sources, 1950 Stemmons 
Freeway, Suite 5037C, Dallas, TX 75207; 
telephone (214) 746-4901./ax (214) 746-
4902. 

January 29-31, 1991-Annual 
Reliability and Maintainability Sym
posium: Product Assurance-Return on 
Investment-Orlando, Florida. 

Topics will include: total quality 
management, R&M management, 
software R&M, R&M case studies, main
tainability/logistics, reliability growth/ 
testing, commercial reliability, R&M 
tutorials, international standards, and 
R&M with decreasing budgets. 

For more information contact Irwin A. 
Feigenbaum, Vitro Corporation, 600 
Maryland Avenue, SW, Suite 300W, 
Washington, DC 20024; telephone (202) 
646-6327. 

March 11-15, 1991-1991 Alaska Sur
veying and Mapping Conference
Anchorage, Alaska. 

The conference theme is "Coming of 
Age in 1991" and will highlight the Native 
Land Claims Settlement Act and its im
pact on Alaska lands. 

For more information contact Con
ference Chairman, Alaska Surveying and 
Mapping Conference, P.O. Box 103294, 
Anchorage, AK 99510. 

May 7-8, 1991-Recent Advances in 
Jetting Technology-Singapore. 

Jetting techniques using air and water 
have been successfully used in solving 
problems of cleaning and descaling. The 
advances made in technology in recent 
years and the introduction and use of 
abrasive medium, jetting technology has 
extended into cutting of hard materials in 
difficult and hazardous environments. The 
conference will provide a forum for the 
exchange of latest technological advances 
and discussion of direction for the future. 
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For more information contact Mr. John 
S. Y. Tan, 150 Orchard Road #07-14, Or
chard Plaza, Singapore 0923; telephone 
7332922./ax 2353530, telex RS 33205. 

• CALLFORPAPERS 
May 2-3, 1991-Twenty-Second An
nual Pittsburgh Conference on Model· 
ing and Simulation-Pittsburgh, 
Pennsylvania. 

Emphasis for the 1991 Modeling and 
Simulation Conference will be 
microprocessors, personal computer ap
plications and software, artificial intel
ligence, expert systems, robotics and all 
aspects of control theory and applications, 
as well as social, economic, geography, 
regional science, and global modeling and 
simulation. Additionally, papers on all 
traditional areas of modeling and simula
tion are of interest. 

Two copies of titles, authors, all 
author's addresses, abstracts, and sum
maries should be submitted by January 31, 
1991. Only papers not previously publish
ed will be considered. Abstracts should be 
approximately 50 words in length; sum
maries should be of sufficient length and 
detail to permit careful evaluation. One 
author should be identified as correspon
dent for the paper. Notification of accep
tance for presentation will be given by 
March 8, 1991. Instructions and model 
paper for the preparation of accepted 
papers will be mailed to each author. The 
fmal typed manuscript will be due by May 
3, 1991. At least one author is expected to 
register for the conference. 

Direct all correspondence to William 
G. Vogt or Marlin H. Mickle, Modeling 
and Simulation Conference, 348 Benedum 
Engineering Hall, University of Pit
tsburgh, Pittsburgh, PA 15261. 
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