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Agenda

 Background ïthe 611CES is responsible for supporting 

remote sites in Alaska and protecting against fuel spills.  

Many of these sites are in remote locations where ice is in 

place over significant segments of the year 

 Materials ïData was collected using GPS and Ground 

Penetrating Radar to profile the depth of the ice and model 

the behavior of the fuel in that environment

 Methods ïThe data was analyzed in the Spatial Analyst 

extension of ArcGIS and was verified by field observations 

and additional uses were developed for the data

 Conclusion ïThese results were then supplied to emergency 

management personnel to plan and expedite recovery 

activities and to prevent losses material and manpower 
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611 Civil Engineering Squadron

The mission of the 611th CES is to support remote US 

Air Force installations around the state of Alaska

Due to the lack of roads and rail connections many of 

these sites require large volumes of fuel to be stored on-

site

Many of these sites will have fuel storage capacities over 

one million gallons

Because of the potential for accidental releases the 

611CES carries out annual spill response exercises to 

minimize and mitigate the effects of a spill.  This is an 

annual requirement from both State and Federal 

agencies
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USAF Remote Installations
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Purpose of the Study

This study was initially conducted to determine the ability 

of GPR to collect the depth of the ice on Six Mile Lake

Further exploration of the information revealed the 

potential to utilize the collected data:

Safety issues related to the strength of the ice and the 

utilization of equipment on the ice

Capabilities of the system to model the behavior of the fuel 

under the ice 

Opportunities to more efficiently collect the spilled product 

by taking advantage of the natural characteristics of the ice 

and the water as it transports the fuel downstream
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Response Exercises

Each year exercises are conducted on Six Mile Lake on 

Elmendorf AFB to display capabilities and to utilize 

equipment in a simulated fuel spill response

ADEC, Navy SUPSALV, 611 CES representatives, US 

Coast Guard

2 day exercise trains personnel on the behavior of the 

ice and the activities that would be used to clean up the 

contaminated lake ice and water while maximizing safety 

and containing costs

Equipment for the containment and recovery of spilled fuel

Materials for the storage and transport of the gear and 

tools needed to facilitate the efficient removal and storage 

of the equipment
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Value of this study

Recent Spills in on the North Slope and Adak.

Explores the use of innovative tools, like Ground 

Penetrating Radar, in conjunction with established tools 

like GIS and GPS

Combining these tools may provide improved and 

innovative ways to model and recover spilled product

Using these tools to assist in rapidly responding to 

emergencies and expediting the clean up process

Conducting these exercises assist in furthering ideas to 

improve the response time and capabilities of the 

squadron
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Spill Response Capabilities

611 CES has a rapid response capability and many 

pieces of equipment that can be airlifted to assist in 

recovery operations

Vacuum trucks, pumps, and other recovery gear that 

contact to collect and store released product

Load lifting equipment that is used to deliver gear to the 

recovery teams

Support vehicles that transport personnel between work 

locations and support facilities

Additional support from local emergency and first 

responder teams as well as the assistance from the US 

Navy Supervisor of Salvage and the State of Alaska will 

be utilized
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Tools

Global Positioning Systems (GPS)

A system of satellites that transmit position information to 

observers on the ground that provides users with accurate 

information about their location on the surface of the Earth.

Geographic Information Systems (GIS) 

A system of storing and manipulating geographic data to 

add value to raw information

Ground Penetrating Radar (GPR)

A radio transmitter that has the capability of determining 

the characteristics of materials without disturbing the 

underlying materials.
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Ground  Penetrating Radar (GPR)

Uses electromagnetic radiation to non-destructively 

collect information about subsurface features

Works in solid materials and provides information on the 

locations of items below the surface

Will also inform the user of transitions in material in this 

instance between ice and water

Water prevents the transmission of the signal and in this 

application is used to determine the depth of lake ice at 

specific locations

The antenna is supported near the ice surface as the pulse 

is emitted and returns are collected

The raw data is then processed and corrected - providing 

the user with accurate data that can be used to plan 

recovery activities and other field work



11UNCLASSIFIED

UNCLASSIFIED

Survey Details

Lines of survey were established

GPR Transits were conducted at a 50 foot intervals and 

each was 200 feet long

GPS survey locations using a Trimble 5700 GPS were 

collected at a 10 foot interval along each transit

These results were then processed through their 

respective software products and then the results were 

analyzed in ArcGIS

The GPS results provided an elevation for each survey 

location while the GPR provided the total Ice depth.  Invert 

elevations then provided elevations for the underside of 

the lake ice
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Survey Details
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Ice Depth Information

Top of the column at 0.00 is the 

Surface of the lake ice

The interface between the ice and

water occurs at around 2ô 6ò inches

GPR Data collected February, 2009 by Tom Donely 
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Ice Depth February 2009
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Ice Core Depth Confirmation

 Ice cores are taken shortly after the survey is conducted

 Ice core results corresponded 

very closely with the Ground 

Penetrating Radar total ice 

depth results

 Due to the limitations of the 

instrument, differentiations 

could not be determined in the 

quality of the ice.

 This is crucial in that some of the data that can be developed from the 

results of surveyôs of this type require the confirmation some 

characteristics through direct observation
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Ice Core Depth Confirmation

Six locations were sampled from the survey conducted in 

February of 2009
 All stations were selected because of the desire to compare the results 

based on the characteristics of the locations of the data:  Thick Ice; 

Shallow Ice;  Locations that showed characteristics through the lake 

water

Ice depths collected by Ground Penetrating Radar and comparisons with the Ice Cores

Location Notes
GPR Derived Ice 

Depths
Observed Ice Depth (Ice 

Cores)
White Ice (Ice 

Cores)
Blue Ice (ICE 

Cores)

A Deep Ice 32.6" 29.5" 6" 23.5"

B Shallow Ice - Over Sandbar 26.25" 24.5" 5.5" 19"

C Shallow 28.4" 26" 6.5" 19.5"

D Deep 30" 26.5" 7" 19.5"

E Shallow 28.5" 26" 6.5" 19.5"

F Deep 30.6" 27.5" 6" 21.5"
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Ice Characteristics

Four types of ice and the differences in strength

Blue Ice

The strongest of the types of ice, that occurs through the natural 

freezing process

White Ice 

Half the strength of the clear blue ice, most often compressed snow

Air Entrained Blue Ice

Contains air bubbles and often other items that weaken the ice in 

that specific area

Grey Ice, Honeycombed Ice, or Crystallized Ice

 Formed from thawing the freezing and indicates flowing water 

through the ice and should not be treated as a load bearing surface
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Ice Characteristics

Air Entrained Blue Ice

Blue Ice and White Ice
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Ice Strength

Calculating the strength of the ice is a crucial safety 

issue, if incorrect information is passed to users the 

potential for accidents is greater
 Calculating Ice Carrying Capacity

 P = 7.03 * ((Blue Ice (depth in cm)) + 0.5 * (Air Entrained Blue Ice(cm) + 

White Ice (cm)))2

This equation estimates the Strength of the ice in kilograms for the 

total loads of moving equipment  

The weight bearing capacity of the ice for stationary loads is done 

by reducing this value by 50%

 Calculating the capacity of the ice to support weights is crucial.  The 

ability of the ice to support heavy equipment and recovery gear is 

important for both safety and recovery concerns 
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Ice Strength Map 

Moving Bodies (2009)
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Stationary Bodies (2009)
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Equipment, Gross Vehicle 

Weight, and Site Safety 

Heavy Equipment (loaded weights)

Bobcat  - 3,636kg (8,000 lbs)

6K Loader - 10,454kg (23,000 lbs)

10K Loader ï20,000kg (35,880 lbs) 

Stationary Equipment

FasTank ïvaries depending on capacity

Pumps less than 100kg (<200lbs)



23UNCLASSIFIED

UNCLASSIFIED

6K Loader Safe Operations
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10K Loader Safe Operations
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Water Versus Diesel Fuel

Different densities and characteristics between water 

and fuel can be used to assist in the collection of free 

product

Diesel fuel has a density of 0.85g/cm3 at 32°F (0°C)

Water has a density of  1g/cm3 at 32°F (0°C)

Because of its lower density diesel fuel will float on water 

and be constrained between the lake ice and water 

(Donely, et al. 2009)

By utilizing the flow direction and accumulation tools 

predicting where the greatest accumulation of fuel may 

occur can be used to most effectively site collection 

locations
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Recovery Methods and Tools

Boreholes and Trenches

 Boreholes are cut through the ice and trenches are cut into 

the ice allowing fuel to rise through the ice and expand into 

the trench.  Mop skimmers are used to collect the fuel

 Plywood Barriers

Chainsaws are used to cut slits through the ice the length 

of a standard sheet of plywood, which is then inserted into 

the slot.  This provides a cheap and easily deployable 

barrier to the flow of fuel 
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Recovery Methods and Tools

 Ice Blocks

Blocks of lake ice are cut from the surface and removed to 

allow the placement of skimmers or mop recovery gear
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Preparing the Data for Analysis

Utilizing the Flow Direction and Accumulation tools in 

ArcGIS allows the user to provide decision makers 

information to efficiently use available resources

Invert the underside of the ice to simulate the behavior of 

the less dense fuel sandwiched between the water and 

lake ice

Utilize the Flow Direction tool to indicate the direction that 

the fuel will flow from cell to cell

Apply the Flow Accumulation tool to determine the cells 

that will have the greatest amount of fuel flowing to them.

Display the results to spill managers and navigate teams 

to the locations with the greatest recovery potential  
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Flow Accumulation Map (2008)
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Most effective recovery locations

Optimal fuel 

collection areas 
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Conclusions

Utilizing Ground Penetrating Radar allows well informed 

decision makers to utilize resources more effectively and 

efficiently potentially reducing the costs (financially and 

environmentally) of accidental spills (Donely, et al. 2009)

Combining the capabilities of the three tools additionally 

allows for the potential to prevent accidents related to 

exceeding the weight bearing capacity of the ice and 

losing vital equipment ïor lives to preventable accidents 

(Donley, et. al.,  2009) 

Further refinement of the methods and the tools utilized 

in this exercise will present greater options and assist in 

more accurate predictions of the behavior of free 

contaminants in unique circumstances
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Contact Information 

William C. Kiechle 

William.Kiechle@elmendorf.af.mil

907-552-1393

D. Thomas Donely

Tom.Donely@elmendorf.af.mil

907-552-6667
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