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Abstract 

Old South Pole Station was built between 1956 and 1957 to support the In-
ternational Geophysical Year (IGY). At the time, the buildings composing 
the main station complex were built on the snow surface, but the increas-
ing depth of snow overcame the structures. In an effort to displace the 
deepening snow and resulting snow loads, wooden structures called “top 
hats” were built on top of the roofs of the original buildings. These buried 
buildings and additional top hat structures created dangerous subsurface 
voids and then further acted to weaken overlying snow layers.  

Therefore, we conducted ground-penetrating-radar (GPR) surveys at the 
Old South Pole Station site to identify buried buildings and potential haz-
ards. The GPR survey included techniques used in crevasse detection to 
identify the locations and dimensions of the buildings. GPR located several 
top hat roofs as shallow as 14 ft below the snow grade with the roofs of the 
station buildings 30 ft below the surface at the time of the survey. As a re-
sult of this study, GPR located nine buildings within the main complex, 
which were then imploded using blasting. This report describes the meth-
ods used to identify the buried buildings and reviews the blasting opera-
tions. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Summary 

When the Old South Pole Station was operational, the original buildings 
were modified with false attics, called “top hats,” in an effort to displace 
the accumulating snow. After the Old South Pole Station was shuttered, it 
closed in the early 1970s with the establishment of the more modern South 
Pole Station (the Dome), the structures continued to be buried by accumu-
lating snow; the present depth has reached approximately 30 ft. However, 
these false attics have produced near surface voids, creating hazards to op-
erations and personnel and making the Old South Pole Station a restricted 
area since its closure.  

In 2010, a group of engineers from the U.S. Army Engineer Research and 
Development Center, Cold Regions Research and Engineering Laboratory 
(ERDC-CRREL) used ground-penetrating radar (GPR) to survey the Old 
South Pole area and identified buried buildings, focusing in particular on 
nine buildings within the main complex that were believed to have top hat 
structures. The National Science Foundation (NSF), which maintains the 
South Pole sites, considered three options to mitigate potentially danger-
ous locations: using heavy equipment to excavate and collapse the buried 
buildings; using explosives to implode the buildings in place; or maintain-
ing the area as “off limits” indefinitely. 

NSF chose blasting, conducted by a blasting team from Raytheon Polar 
Service Contract (RPSC), to mitigate the buried buildings within the pri-
mary Old South Pole complex. A total of three blasts were used to collapse 
the nine buildings. The resulting crater measured approximately 325 ft 
long by 80 ft wide. Given the size of the crater and the lack of a safe meth-
od to enter and exit, a post-GPR survey was not completed. The crater was 
left so that snow naturally drifted into the cavity. 

During the 2010 survey, teams followed safety protocols for all operations 
in the hazardous area. To successfully locate the buried man-made struc-
tures and to identify the locations of the subsurface voids and other poten-
tially dangerous locations (i.e., collapsed building roofs or collapsed top 
hat structures), CRREL used GPR survey techniques common in crevasse 
detection.  
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The survey and mitigation work determined the following: 

• The GPR scan of the surveyed road to the Old South Pole site ob-
served no voids or buried hazards that would prevent operations 
with heavy equipment. It found only buried cables. 

• Several survey tracks driven 300 to 600 ft north of the Old Pole 
complex were unsuccessful in locating several buildings indicated 
on a 1973 map of the area, including Building 29, the Harrington 
Hut, and Building 23. 

• We easily identified in the GPR profiles the metal fuel arches, locat-
ed to the south of the main Old Pole complex, and they appeared to 
be fully collapsed in areas. 

In total, the GPR survey completed twenty-nine transects. Review of the 
radar data identified six buildings within the main complex ( 

• Figure 17): Building 9 (Science Building), Building 8 (Science Quar-
ters), Building 7 (Public Works Shops and Photo Lab), Building 6 
(Club 90°), Building 5 (Galley and Weather and Rawin Dome), and 
Buildings 22 and 23 (Officer Quarters and Head Module). 

• We observed sagging snow layers, which typically indicate the loca-
tion of a void, in the GPR profiles of the buried buildings within the 
main Old Pole complex. 

• We identified top hat structures, both intact and collapsed, in the 
GPR profiles. 

• The GPR profiles showed complex signals from subsurface debris in 
addition to the buildings in varying states of degradation. There 
were also unidentifiable subsurface objects observed in the GPR 
profiles; however, readings indicate that these objects are not haz-
ardous. 

• In case of possible subsurface voids, we took precautions when the 
location where the heavy equipment (D-8) previously penetrated 
through the snow surface. We conducted the survey by towing a 
Nansen sled across the area with the survey vehicle outside the 
boundaries of the hazard area. However, we did not detect any re-
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turns in the GPR survey that would indicate a structure or possible 
metal debris, such as the remains of a Jamesway tent in the col-
lapsed area. 

• A density profile obtained from a shallow core drilled over the cen-
ter of one of the buried buildings showed a clear decrease in the 
density with increasing depth, suggesting that snow layers formed 
over buried structures could be considerably weaker than snow de-
posited naturally over flat surfaces. Based on this finding, the entire 
area should be approached with caution. Larger crystals at the bot-
tom of the core indicate the possible cause of the decrease in densi-
ty with depth. It is unclear how these larger crystals formed, but one 
possible cause is warmer temperatures from the buried buildings 
leading to increased grain growth rates as the snow was being de-
posited. 

We recommend completing a follow-up GPR survey to evaluate the perim-
eter of the crater and to verify, if possible, the extent that blasting col-
lapsed the top hats and the original buildings. At this point, the blasting 
completed during this initial remediation phase of Old South Pole did not 
change the designation as a hazardous area. As the crater created from 
blasting was left to naturally drift in, we expect that the weak interface be-
tween the vertical blasted wall of the crater and the snow that was allowed 
to drift naturally into the crater produced a hazardous condition with 
voids present. 
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1 South Pole Station 

1.1 Introduction 

The U.S. Antarctic Program (USAP) operates the Amundsen-Scott South 
Pole Station, located at the geographic South Pole, 90° South (Figure 1). 
The driving force for building fixed stations in Antarctica was the Interna-
tional Geophysical Year (IGY), an international cooperative and coordi-
nated scientific research program that occurred from 1 July 1957 through 
31 December 1958 (Belanger 2006). In preparation for IGY, the U.S. Navy 
began constructing the original South Pole Station along with three other 
Antarctic-based stations during the 1956–57 austral summer. Two of these 
stations, Little America V and Ellsworth, were located on ice shelves (Bel-
anger 2006; Mellor 1961). The remaining stations, Byrd and South Pole, 
were located deeper inland (Figure 2). At South Pole, this marked the be-
ginning of a continuous U.S. presence. 

Figure 1.  The geographic south pole at the USAP Amundsen-Scott South Pole Station with the 
Elevated Station, dedicated in 2008, in the background. It is the most modern of the 

permanent U.S. stations in Antarctica. 
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Figure 2.  A map of Antarctica showing the locations of the U.S. stations Byrd and South Pole, along with 
international station locations and territorial claims (Central Intelligence Agency 1986). 

 

As of this report, the Elevated Station, the latest station, is the third suc-
cessive facility at South Pole to support the USAP scientific mission. The 
previous two stations eventually yielded to the severe environment. The 
buildings composing the first station became completely buried from snow 



ERDC/CRREL TR-15-9 3 

 

accumulation but continued to operate until the 1970s when replaced by 
the second station, an aluminum dome structure, which was entirely dis-
mantled and removed when operations were transferred to the Elevated 
Station. Figure 3 illustrates the proximity of the Dome station to the con-
struction location of the Elevated Station that began in 2000 (NSF, n.d.). 

Figure 3.  Taken in 2000, the photograph shows the existing Dome station in relation to the 
placement of the compacted snow foundation prepared for the construction of the Elevated 

Station. The buried Old South Pole Station is outside of this view (approximately 0.75 miles to 
the left) (modified from NSF [n.d.]). 

 

1.2 Construction at South Pole 

Of the four stations built in preparation for the IGY, South Pole provided 
the greatest challenges, including a mean annual temperature of −56°F, an 
altitude of 9300 ft above sea level, a brief construction season, and diffi-
cult logistical issues. All four of the Antarctic stations were built on the 
snow surface with the understanding that accumulating and blowing drift 
snow would eventually bury them. To address the compressed construc-
tion season and variable weather conditions, prefabricated structures were 
erected at all of the stations (Mellor 1968). Each building was 20 ft wide × 
48 ft long and consisted of insulated 4 × 8 ft panel sections that were 4 in. 
thick and were connected at the seams using splined joints and wedge 
clips (Belanger 2006; Mellor 1968). Mellor (1968) offers insights into 
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some of the details of the prefabricated buildings, also called “T-5” build-
ings. Wedge-shaped recesses fabricated in the wall panels supported the 
steel roof trusses and provided lateral rigidity to the structure. The build-
ings were designed to withstand a snow load of 125 lb/ft2 and wind forces 
of 100 mph. This type of structure provided rapid assembly, particularly 
useful at South Pole where a building could be installed by a four-man 
crew in two hours. Several of these structures are still in use today, as seen 
in a recent photograph of the T-5 building at McMurdo Station (Figure 4). 

Figure 4.  A T-5 building still in use at McMurdo Station, Antarctica. 

 

During the 1950s, the logistics of transporting materials to South Pole was 
a significant issue, an issue that persists even today. Air transport remains 
a critical means for bringing personnel, supplies, fuel, and science equip-
ment to sustain operations at the station. A one-way flight from McMurdo 
Station to South Pole takes approximately 3 hours. At the time of the ini-
tial construction, all construction materials and equipment required to 
build the station and to support the occupants were airdropped, which re-
sulted in material scattered over the polar plateau. Recovering the scat-
tered items, which often had to be excavated from deep in the snow, took 
valuable time; and a great deal of material was damaged from air drops. 
Current-day air operations use ski-equipped aircraft that can land on a 
compacted skiway, essentially eliminating the need for airdrops. More re-
cently, an overland traverse has been developed between McMurdo and 
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the South Pole, providing an efficient means of delivery to the station of 
fuel needed for winter-over operation. The traverse continues to advance 
as a cost-effective way to supply South Pole Station (Lever and Weale 
2012; Lever et al. 2004). 

1.3 Original South Pole Station construction 

The layout (Figure 5) of the original South Pole Station, constructed be-
tween 1956 and 1957, consisted of five panelized buildings (Mellor 1968). 
Open walkways between the buildings were converted into corridors by 
framing them with wood, typically 2 × 4 in. or 2 × 10 in. lumber; spanning 
them with wood to form the corridor roof; and then covering them with 
chicken wire and burlap to create passageways and unheated storage areas 
between the buildings (Belanger 2006) (Figure 6). Over time, drifted snow 
accumulated on the exterior of the passageways, eventually completely 
covering them. Above-snow meteorological and astronomical observations 
required a small auroral observatory and rawin (radar theodolite) dome at 
each Antarctic station. To maintain the observation domes above the snow 
surface, the domes were built on top of station buildings and supported by 
6−7 in. diameter extensible aluminum tubes guyed into place using 
deadman configurations for stability in high winds (Mellor 1968). 

The building foundations consisted of timber sills laid on the snow surface 
parallel to the long walls of the buildings and placed just outside the wall 
lines. As described by Mellor (1968), transverse open-web steel trusses 
spanned the gap between pairs of sills to transmit the weight of the build-
ing to the footings, which had a maximum design bearing pressure of 4 
lb/in.2 (Mellor 1968). The foundations were also laid out so that there was 
an air gap below the buildings. The air gap is a standard design feature in 
cold and polar regions and is critical to prevent heat transfer from the 
building to the snow. 
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Figure 5.  A plan view of the building layout of the Old South Pole Station as constructed by 
the Navy in 1956–57 (Mellor 1968). 

 

Figure 6.  South Pole Station construction in 1956 by the U.S. Navy in preparation for the 
International Geophysical Year (IGY). The framed timber corridors between the buildings are 
clearly shown in the photograph. (Photo by Dick Prescott, courtesy of the National Science 

Foundation photo gallery.) 
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The annual rate of snow accumulation at South Pole is approximately 
8 in./yr, with much higher rates of accumulation in locations of blowing 
and drifting snow. This is an issue for buildings constructed on the snow 
surface. Mellor (1961, 1968) commented that these buildings would be 
buried to the building’s roofline but that complete burial would require a 
much longer time. However, complete burial happened faster than antici-
pated. The roofs were entirely buried by 6 ft of snow by 1960, only three 
years after construction (Figure 7) (Mellor 1968). By 1970, the entire sta-
tion was entirely below the snow surface. Figure 8 shows the main surface 
entrance leading to a long sloping tunnel into the main station complex. 
Today, the overlying snow depth exceeds 30 ft. 

Figure 7.  South Pole Station 3 years after construction (Mellor 1968). 
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Figure 8.  Amundsen-Scott South Pole Station entrance in 1970. The station is completely 
buried by accumulated and drifted snow. (Photo by John H. Rand.) 

 

The lessons learned from construction and building performance in polar 
regions have been integrated into Antarctic building design and construc-
tion. To address accumulation from blowing and drifting snow, the current 
South Pole Station (Figure 1), dedicated in 2008, is elevated above the 
snow surface with a chamfered edge on the windward side that acts much 
like an air foil to channel the wind, particularly below the building, and to 
scour away airborne snow. This design has proved more efficient com-
pared to surface-located buildings by decreasing the amount of required 
snow removal and maintenance. Over time, the grade of the surface in-
creases in relation to the elevated station. As part of the design of the ele-
vated station, the total building can be raised to maintain the proper air-
flow characteristics above the snow surface. This design feature was 
successfully used for other structures, including structures in Greenland 
(Mellor 1968) and in other Antarctic stations (Brooks 1999; Mellor 1968). 

1.4 Snow maintenance 

The constant struggle with snow accumulation and an increasing overbur-
den layer covering the buildings prompted a continuous maintenance pro-
gram that began in 1962 when the station was falling into disrepair. Mellor 
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(1968) described the maintenance program as consisting of repair and 
renovation using excavation to remove and reduce snow loads and of mod-
ifications and new additions to the station. 

In an effort to reduce the amount of snow removal required, snow dis-
placement boxes, or top hats, were constructed on the roofs of some T-5 
buildings (Figure 9). Top hats served to reduce the snow load on the roof, 
to provide some insulation between the building and the surrounding 
snow, and to reduce the seepage of melt water into the building (Hall 
1970). The structural members consisted of 2 × 4 in. lumber for the fram-
ing with 2 × 8 in. lumber for the ceiling joist members. A layer of plastic, 
which served as a vapor barrier, was covered with a plywood exterior. In 
some instances, two layers of top hats were constructed over the original 
T-5 building. Given the rate of snow deposition over the years and the po-
tential heights of the top hats, we estimated that the uppermost part of the 
top hats were approximately 14 ft below the existing snow grade. The 2010 
GPR survey confirmed this depth. 

Figure 9.  A polar top hat. Older buried buildings had 8 ft high 
false attics that reduced the roof snow load, served as insulation 

barriers, and kept snow from melting and leaking into the 
buildings (Hall 1970). 

 

The top hats created voids within the accumulating snow layers, which re-
duced the structural capacity of the overlying snow layers and produced an 
exceptionally dangerous subsurface condition. Over time, the density of 
naturally deposited snow layers typically increases with depth. At a suffi-
cient depth, the snow is capable of supporting either foot or vehicle traffic. 
However, the voids created by the top hats reduced the bearing capacity, a 
hazard unobservable from the surface. 
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South Pole Station continued to operate well beyond its design life. In 
1967, plans were underway for a new replacement facility at South Pole 
(Mellor 1968). In the 1970s, the original South Pole Station was aban-
doned in-place when the new station was commissioned. The succeeding 
structure, also built on the snow surface, was a dome (55 ft diameter), that 
served the South Pole until it was replaced with the current Elevated Sta-
tion. When the dome structure was decommissioned, its footings and an-
cillary buildings were completely removed from South Pole. Only a fuel 
arch facility was reused to support the Elevated Station. 

NSF, which manages the USAP through the Division of Polar Programs, 
designated Old South Pole hazardous and off-limits to personnel. In 1997, 
on an official visit to Old South Pole Station to recover fuel that remained 
in storage bladders in one of the fuel arches, photographs were taken to 
document the condition of the station’s deterioration forty years after con-
struction (Figures 10 to 13). Figure 12 shows an example of failing struc-
tural members in the timber corridors observed throughout the station 
and is consistent with deformation of buried man-made structures due to 
increasing overburden pressure from accumulating snow. The crushing of 
the heavy steel arch in Figure 13 is characteristic of the failure mode. The 
weight of the overlying snow layers created a slow buckling at the base and 
up along the wall. These examples of deformation and failure modes of 
buried man-made structures are consistent with other subsurface stations, 
such as Camp Century in Greenland (Kovacs 1970). 

Figure 10.  An Old South Pole Station timber corridor, taken in 1997. 
(Photo by John H. Rand.) 
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Figure 11.  The condition of the under-snow, timber-framed corridor at 
Old South Pole Station in 1997. This wider section, part of which was 
used for storage, may have been located between either the Science 

Building and Science Quarters or Science Quarters and the Public Works 
Shops building. (Photo by John H. Rand.) 

 

 

 

Figure 12.  Under-snow, a timber-framed corridor at Old South Pole 
Station in 1997, showing failing timbers. (Photo by John H. Rand.) 
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Figure 13.  A collapsing corrugated steel fuel arch at Old South Pole 
Station being crushed under the weight of overburden snow in 1997. 

(Photo by John H. Rand.) 

 

1.5 Problem 

The area that includes Old South Pole was designated as a restricted zone. 
The deterioration of the buried structures combined with the top hats 
made the Old South Pole area a significant safety concern needing remedi-
ation, which would possibly allow the site to again be a productive area. In 
January 2009, two pieces of heavy equipment operating in the vicinity of 
Old South Pole unintentionally penetrated the snow surface in two sepa-
rate incidents. Neither of the equipment operators had serious injuries, 
and the equipment was recovered and returned to service. As Whillans and 
Merry (2001) describe, incidents involving heavy equipment falling below 
the surface of the snow, while infrequent, are a risk in locations where 
snow subsurface stability is uncertain and hidden hazards exist below the 
surface.   

During the 2009–10 austral summer, NSF began taking steps to address 
the safety risks of the Old South Pole Station area. The intent was to iden-
tify and eliminate near-surface voids harmful to personnel and the safe 
operation of equipment. Therefore, NSF evaluated three options to ad-
dress the hazardous nature of the Old South Pole Station site: 
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• Using heavy equipment, excavate down approximately 30 ft to the 
buried structures, collapse the structures, backfill the area with 
snow, and compact in 3 ft lifts up to grade level. 

• Maintain the designated site area as restricted and inaccessible. 
Currently, the Old South Pole Station site area is designated as an 
“Off Limits Zone.” This option would leave the site in its present 
condition and designate the area as hazardous indefinitely. 

• Use explosives to collapse the buried structures. Blasting in snow is 
an accepted method to mitigate dangerous crevasses encountered 
on overland traverse routes. This has been a successful method in 
polar regions for many years. (However, we are unaware of any pre-
vious examples of blasting buried man-made structures on a polar 
plateau.) Following the blasting operations, the void could be back-
filled and compacted with snow. 

While the option to excavate and backfill the site would give better assur-
ance that the site would be fully remediated, the needed resources, includ-
ing equipment, fuel, and manpower, would be sizeable given the footprint 
of the site. Importantly, this method would be high risk without knowledge 
of other possible subsurface dangers to either heavy equipment or opera-
tors. Conversely, declaring the site off limits indefinitely would not solve 
the issue of the hazardous nature of the site and would prevent productive 
use of a valuable area. As a result, NSF chose to pursue the blasting option 
to mitigate the site of Old Pole. 

1.6 Project objective 

To help prepare for blasting, CRREL’s project objective was to identify the 
buried structures and to translate their locations to the snow surface. Our 
ground-penetrating radar (GPR) survey extended beyond the main com-
plex of buildings to identify other potentially hazardous areas. 

1.7 Technical approach 

Blasting was to collapse the buildings, in particular the buildings with top 
hat extensions, that posed the greatest threat within the main complex of 
Old Pole. Prior to blasting, our GPR survey identified the locations of the 
buried buildings, their depths below the snow surface, and other potential 
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subsurface hazards. A certified blaster and a team from McMurdo Station 
conducted the blasting activities. The explosives were placed below the 
snow surface, as near to the top hat roofline as possible, by creating in the 
snow layer subsurface boreholes with a hot water drill. A test blast con-
firmed that blasting would have no negative impacts on either nearby 
structures or on science operations. 

1.8 Project scope 

A team of personnel from the primary contractor, RPSC, and from ERDC-
CRREL successfully completed this work on site at South Pole. CRREL 
conducted the GPR study and data analysis identifying the subsurface 
buildings slated for blasting and assisted with the hot water drilling opera-
tion. RPSC provided background information related to the Old Pole Sta-
tion in the form of maps, engineering drawings, and previous GPR survey 
files. A certified blaster and crew from RPSC, knowledgeable of blasting in 
compacted snow and ice and based at McMurdo Station, carried out the 
blasting activities. RPSC also provided valuable station support for this ef-
fort.  

1.9 Safety 

We observed safety protocols during all operations in the Old South Pole 
area. We followed the safety protocols for travelling in crevassed areas and 
remained either roped and harnessed to the survey vehicle or stayed on 
the tracks made by the vehicle when flagging and probing the voids we 
found. We used a lightweight survey vehicle with low ground pressure; and 
in areas where we had greater concerns, the survey vehicle towed from 
outside of the hazard area a sled with the GPR equipment. Once we had 
extensively surveyed the east side and found no voids, we permitted un-
roped travel where it was safe to do so. Ropes and harnesses were used 
throughout the surveying of the west side of the station, where GPR found 
several vertical voids. Blasting operations followed standard safety proce-
dures as directed by the blasting team. 
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2 Field Testing 

2.1 Ground-penetrating radar equipment 

In polar environments, GPR is an effective tool for identifying subsurface 
features in frozen soils, permafrost, ice, firn, and deep snowpack. Applica-
tions of GPR in polar regions include subsurface investigations for glacial 
ice runways (Arcone et al. 1994), crevasse detection (Delaney and Arcone 
2005), and subsurface characterization along heavy traverse routes 
(Whillans and Merry 2001). Radio waves penetrate through each of these 
materials to varying depths depending on rates of attenuation. Most com-
mon glaciological GPR applications use a radio frequency range between 3 
and 900 MHz (Welch and Jacobel 2005; Campbell et al. 2013) to image ice 
to depths between 1300 and 8200 ft. At the South Pole, GPR has previous-
ly been used to identify subsurface characteristics at much shallower 
depths of 15 to 50 ft below the surface. Previous applications of GPR at the 
South Pole include identifying snow stratigraphy and buried debris and 
siting a below-grade tunnel route by using frequencies ranging from 400 
to 900 MHz (Arcone et al. 1995). 

The GPR equipment setup consisted of a model 5103 Geophysical Survey 
Systems Incorporated (GSSI) 400 MHz antenna. The GPR data were 
georeferenced with the perimeter flagging. A consistent vehicle speed 
worked best for collecting and interpreting the radar data when translating 
the locations of subsurface features up to the snow surface; the target 
speed of the tracked vehicle was 3 mph. We used a sampling rate of 32 
scans per second and a penetration depth of 150 ns, which is approximate-
ly equal to 50 ft in dry cold polar snow. The slower speed and high tem-
poral resolution (i.e., scans per second) allowed for ample vehicle stoppage 
time in case we encountered an uncrossable feature and also allowed us to 
properly resolve feature dimensions of buried objects in real-time. The 
same settings are used in crevasse detection in dense polar snow and firn 
(snow that is older than one year). 

We used a relative permittivity value (ɛ) of 2.2 for dry snow. The value typ-
ically ranges between 1.9 and 2.2 for shallow snow depth (Arcone et al. 
1995) with 2.2 used for dense snow (Delaney et al. 1996) to estimate depth 
of features based on the equation 
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𝑑 = 𝑐𝑡/2√𝜀 

where d is depth (m), 𝑐 is the free space speed of light (3 × 108 m s-1), 𝑡 is 
time, and the value of 2 accounts for two-way travel time. In snow, the 
beam width of the antenna narrows to 44°. During data collection, a sub-
ject-matter expert riding in the survey vehicle continuously monitored the 
real-time data for unsafe subsurface conditions. During post-processing, 
we examined the data to identify subsurface man-made structures and to 
estimate their locations below the surface. 

The primary components of the data collection system were the GPR an-
tenna, an extended 15 ft boom, and a small tracked vehicle. The tracked 
vehicle pushed the antenna, which was attached at the end of the boom, 
over the snow surface. An inflatable cushion surrounded the antenna, pro-
tecting it. Both the antenna and the cushion were fastened to a more rigid 
plywood cover, which in turn was connected to the extending boom 
(Figure 14). We encountered no operational issues with the GPR equip-
ment at typical ambient air temperatures of −20°F. A cable connected the 
antenna to a GSSI SIR-20 control unit and laptop computer located in the 
passenger cab of the small tracked vehicle. To keep the boom lightweight, 
we made it of aluminum with cross braces to add structural support to 
keep it from bending. Cargo straps provided lateral stability down the cen-
ter of the support lattice and in a cross pattern (Figure 15). With eyebolts, 
we attached the boom to the front pins on the small tracked vehicle. Slid-
ing over the uneven surface of the snow, the radar unit and boom were 
able to vertically pivot where the lateral cross brace on the boom was clos-
est to the front tracks of the tracked vehicle. To prevent the radar boom 
from folding back and striking the front cab, we secured a piece of scrap 
timber at the pivot point (Figure 16).  

We used a small wide-tracked vehicle that exerts a low ground pressure on 
the snow surface and handles well in deep snow conditions—particularly 
in the presence of sastrugi (a surface feature of windblown snow, some-
what like a sand dune). The heated vehicle can carry equipment and sever-
al people and provides shelter to its occupants when working at low tem-
peratures. 
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Figure 14.  Protected by an inflatable cushion, the GPR radar unit was 
positioned and tied with rope underneath a plywood cover. The connection 
point for the radar cable was cut into the center of the plywood cover. The 

plywood cover was attached to the aluminum extensions. 

 

 

Figure 15.  Cargo straps attached the aluminum frame to the front of the 
small tracked vehicle. 
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Figure 16.  Zoe Courville pictured next to the GPR survey equipment setup. 
The photo shows the attached scrap timber piece at the front of the small 

tracked vehicle to prevent the GPR boom from lifting back toward cab. 

 

2.2 GPR methodology 

2.2.1 Establishing the survey grid 

Established survey points and a map of the Old South Pole Station layout 
from 1973 proved useful to our laying out the GPR survey. On a regular ba-
sis, the primary contractor survey team maintains several survey points 
within the boundary and in the vicinity of Old South Pole, including the 
main entrance to the station, the Science Tunnel intersection and end, and 
the locations where both heavy vehicles broke through the surface. We 
used the survey point at the Science Tunnel intersection as the origin point 
to establish the perimeter of the GPR survey grid. The contractor survey 
team also established a flag line to Old South Pole from the main road to 
the Dark Sector Lab. 

The route along the flag line to Old South Pole was repeatedly compacted 
with the survey vehicle when traveling out to the site. The compaction 
helped to establish a well-defined route and to level the surface for heavy 
equipment needed later during the blasting activities.  

We found in the McMurdo Station archives a map of the building layout of 
Old South Pole, which was quite useful ( 
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Figure 17). Highlighted in the white box are the nine buildings making up 
the main complex of Old South Pole. During the GPR survey, we used this 
map to identify buildings, their locations, and their dimensions. Table 1 
lists the building identification number and a brief description (from the 
Building Schedule on the 1973 map).  
Figure 17 also shows a portion of the 1000 ft Science Tunnel located to the 
east of the main group of buildings. The Science Tunnel was not included 
in the remediation effort and was undisturbed. South of the main complex 
was a corrugated steel arch that housed large containers for fuel storage. 
This became an important orienting marker for our surveying. 

Table 1.  The number identifier and description of buildings within the 
main Old South Pole complex from the 1973 drawing (Antarctic 

Support Activities [ASA] 1973). 

Number Building Name 

1 and 2 1. Communications 
2. Ham Shack, Memo Room, and Library/ET. Shop 

3 Dispensary 
4 ASA Quarters 
5 Mess Hall and Weather Shack 
6 Club 90° 
7 Public Works Shops, Photo Lab, and Steam Bath 
8 USARPa Quarters 
9 Science Building and Work Shop 
22 and 23 22. OICb and AOICc Offices and Ship Stores 

23. Head Module 
a U.S. Antarctic Research Program 
b Officer in charge  
c Assistant officer in charge 
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Figure 17.  A map of Old South Pole Station showing building locations within the main complex. The white box identifies the nine buildings slated 

for demolition. Identification numbers are in white text and a white dot indicates the tunnel intersection (ASA 1973). 
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2.2.2 Conducting the GPR survey 

We completed a preliminary pass around the perimeter of Old South Pole 
to identify the locations of subsurface features. This provided the basis for 
the GPR survey grid. Easily identifiable features, such as the Science Tun-
nel and the metal arches, were located first. During this initial pass, we 
avoided the main group of buildings as their depths below the snow sur-
face, condition, and stability were unknown. 

The corrugated metal fuel storage arch (Figure 18) and metal archway in 
the tunnels were easily identified by strong, distinct radar reflections indi-
cating the metal. We chose the origin point for the two GPR survey grids as 
the intersection of the two corrugated metal tunnels east of the main group 
of Old South Pole buildings (the Science Tunnel oriented east–west and a 
shorter tunnel to the Gravity Lab oriented north–south)* (Figure 19). This 
intersection is part of the established South Pole Station. We used the di-
mensions of the station to define a grid outlining the main buildings of the 
Old Pole Station through triangulation. 

Figure 18.  The crosshatched pattern in the GPR profile indicates the corrugated metal 
archways used to locate the buildings of the buried station. The vertical axis is the depth 

below the surface (ft) and the horizontal is indicated on the figure. 

 
                                                                 
* GPS point 89°59′17.16″ S, 29°27′57″ W 
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Figure 19.  Laying out the GPR survey grid. We used as the origin 
the survey point indicating the intersection of the Science Tunnel 

and tunnel to Gravity Lab (indicated on Fig. 17). 

 

From the origin point (a fixed location), we identified the northeastern and 
southeastern corners of the main complex and established the eastern line 
of the grid. We placed two parallel lines of survey flags (Figure 20) on the 
northern and southern sides over the main group of buildings. We record-
ed with a handheld GPS the corners of the GPR survey grid. The first 50 × 
100 ft grid defined the west end of the Old Pole Station, which included 
the Communications building, Dispensary, and ASA Quarters. A second 50 
× 225 ft grid defined the east end of the Old Pole Station, which included 
the Galley, Club 90°, Public Works Shops, Science Quarters and Science 
Building. 
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Figure 20.  Blue flags mark the north (right side) and south boundaries of 
the GPR survey grid. We collected GPR profiles perpendicular to the flag 

lines (north to south and south to north) to identify buried structures. 

 

The northwest corner of Building 1 (the Communications building,  
Figure 17) is the site of an incident from the 2010–11 summer season in 
which a piece of heavy equipment fell through the snow surface into a 
void. Given the potential of snow collapsing from that disturbance or from 
other partially collapsed and unstable buildings, we approached this area 
very cautiously. We used the GPR to probe around the edges of the buried 
buildings by slowly advancing the survey vehicle up the edge from the 
north without crossing over either the tops of the buildings or any voids. 
We observed subsurface voids in the radar reflections, an example being at 
the southeastern corner of Building 4 (ASA Quarters,  
Figure 17). 

We did some exploration using shovels and avalanche probes (Figure 21) 
to determine the depth and dimensions of subsurface voids indicated by 
the GPR records. Figure 22 shows an example. The void was shaped like a 
backwards “c” extending along the southeastern side of the building for 
approximately 6 ft, turning to the north for another 8 or 10 ft, and turning 
again back to the west. After probing, we deemed the area safe to cross, 
following the general criterion used in the McMurdo Shear Zone of not 
crossing any void wider than the depth of the snow bridge. 
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Figure 21.  Exploring the near surface by using hand tools on the western 
side of the survey grid to identify voids. To ensure safety, we used ropes 

and harnesses. 

 

Figure 22.  An example of a subsurface void. 

 

The GPR survey began on the east side of the survey grid. The first transect 
crossed the survey grid with the survey vehicle in a north–south orienta-
tion. The next transect crossed back over the survey grid from south to 
north. The transect direction continued following this pattern moving 
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from the east side of the grid to the west side, spacing the transects ap-
proximately 8 ft apart (the width of the survey vehicle). We did not drive 
the vehicle over the west side of the grid, the area where the heavy vehicle 
had fallen through the previous year, due to concerns that the snow drift 
filling the void from the tractor had not adhered to the straight walls of the 
hole used to excavate the vehicle. In total, we completed twenty-nine tran-
sects. Review of the radar data identified six buildings within the main 
complex ( 
Figure 17): Building 9 (Science Building), Building 8 (Science Quarters), 
Building 7 (Public Works Shops and Photo Lab), Building 6 (Club 90°), 
Building 5 (Galley and Weather and Rawin Dome), and Buildings 22 and 
23 (Officer Quarters and Head Module). 

To define the east–west dimensions of the buildings after the north–south 
dimensions were defined, we conducted two survey transects oriented in 
the east–west direction spaced 32 ft apart. 

Because of safety concerns regarding the building and snow stability of the 
west side of the survey area (where the heavy vehicle had fallen through 
the snow), our vehicle pulled the GPR equipment over the void while stay-
ing outside of the hazard area. 

Additional transects were collected as far as 300 ft to the north and south 
of the main complex of buildings. In interpreting the GPR data, we deter-
mined the locations of the buried buildings and the existence and condi-
tion of the top hat features on each building. Back at the Old South Pole 
site, we used GPR to refine the locations of the buried buildings by ap-
proaching the building edges in several locations and flagging the location 
of the roof edge (a distinct diffraction indicated in the radar reflection) as 
the boom reached the edge. We identified building corners as the intersec-
tion of building edges and flagged the snow surface to outline the building 
locations. Using the map of the station layout ( 
Figure 17) for estimated building dimensions, we adjusted the flagging 
outlining the buildings until the flags marking each building were square. 
Additional GPR probing verified the corner positions, as we will describe 
later in this report.  
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2.3 Density profile with depth 

We collected a core sample at the center of Building 8, the Science Quar-
ters Building, from the surface to the roof of the top hat (a depth of ap-
proximately 17 ft below the snow surface) to examine the density profile of 
the snow over the buried buildings (Figure 23). We calculated the density 
from measurements of the core sections (length, diameter, and mass). The 
Results section provides additional discussion of the core data, and Ap-
pendix A provides the data.  

Figure 23.  We collected a core sample by 
drilling down below the snow surface using a 4 

in. diameter fiberglass coring auger. 
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3 Results and Discussion 

3.1 Interpretation of GPR profiles 

Along the route to Old South Pole, the GPR radar returns revealed several 
buried cables and unidentifiable subsurface objects; however, nothing in-
dicated either voids or items hazardous to vehicular traffic. 

The transect featured in Figure 24 is the north–south line ( 
Figure 17) driven closest to the centerline of Building 9, the Science Build-
ing, which we interpret to have a single intact top hat at a depth of 12 ft 
overlying the building’s T-5 roof. On the northern end of the building was 
a feature estimated to be rectangular in shape with dimensions of approx-
imately 8 × 16 ft and located 4–5 ft below the snow surface. We believed 
this feature to be an observation tower associated with the Science Build-
ing. The feature was shallow enough to probe using an avalanche probe, 
confirming through ground truth both the depth and location from the 
GPR reflection. We then flagged the location on the snow surface. 

Figure 24.  A north–south GPR transect near the centerline of Building 9 (Science Building). 
The features in the reflection indicated a near-surface tower structure on the northern end of 
the buried building, an intact top hat, and an intact roof over the base T-5-type building. The 
vertical axis is the depth below the surface and the horizontal distance is given on the figure. 
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Transects collected between Building 8 (Science Quarters) and Building 9 
(Science Building) appeared to show sagging snow layers at a depth of 
24 ft below the snow surface. Sagging layers indicate a void between these 
two buildings, such as a walkway or a void caused by a collapsed roof. 

For the Science Quarters, Building 8, the radar profile (Figure 25) ap-
peared to indicate a collapsed single top hat at a depth of 17–18 ft overly-
ing a collapsed roof at approximately 20 ft. The actual depth of the build-
ing’s roof was difficult to determine due to the collapsed top hat above the 
roof, which complicated the GPR response. In choosing the location to col-
lect a core sample, we selected the center of Building 8 given the depth of 
the snow layers above the building and the lack of potential subsurface de-
bris to strike with the drill. Connecting to the storage arch on the southern 
end of Building 8 was a metal passageway, which appeared collapsed in 
the GPR reflection. Between Building 8 and Building 7 (Photo Shop, etc.) 
was a walkway at a depth of 23 ft, indicated by sagging snow layers be-
tween the buildings.  

Figure 25.  A GPR profile of Building 8 (Science Quarters) showing sagging snow layers and 
what appears to be a collapsed top hat structure. 

 

The Public Works Shops and Photo Lab were located in Building 7. The 
building was approximately 70 ft long, longer than the other buildings in 
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the main complex (Figure 26). In the radar reflections, there appears to be 
a walkway that extends to the roof of the building. At a depth of 14 ft, there 
appears to be another type of walkway between Buildings 7 and 6 (Club 
90°). Also observed in the radar data were two layers of top hats, with the 
upper one collapsed at a depth of 16 ft and the lower one intact at 17 ft. The 
roof of the T-5 building appears to be at a depth of 23 ft below the snow 
surface. At the base of the building was a walkway connecting Buildings 7 
and 6. At a depth of approximately 8 ft below the surface, hyperbolic re-
turns in the radar reflection indicate the presence of metal exhaust stacks 
on top of this building. 

Figure 26.  A GPR profile of Building 7 (Public Works Shops and Photo Lab). This building 
was longer than the others in the complex. This profile shows what appear to be two layers 

of top hats and a walkway that extended to the roof. 

 

Figure 27 shows the radar reflection for Building 6, Club 90°. At 15 ft be-
low the surface, there was a single, intact top hat and again what appeared 
to be a connecting walkway between Buildings 6 and 5 (Mess Hall and 
Weather Shack). The top hat was above an intact roof, which was 24 ft be-
low the snow surface. Generally, there is a distance of 8 ft between the top 
hat and an intact roof. This is seen using the vertical scale in the figures. 

The Galley (Building 5), shown in Figure 28, appears to have 2 layers of 
top hats, at depths of 11 and 14 ft, overlying a surviving T-5 roof at 22 ft. 
There was a walkway between Building 5 and Building 22. 
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Figure 27.  The GPR profile for Building 6, Club 90°, shows a single, intact top hat at a 
depth of 15 ft, an intact roof at 24 ft, and a walkway between buildings. 

 

Figure 28.  A GPR profile of the Galley (Building 5) with two layers of top hats and an intact 
T-5 roof. 

 

The western section of the GPR survey, the site of the incident involving 
the heavy equipment falling into the subsurface void, was the location of 
Buildings 1 and 2 (Communications, Ham Shack, Memo Room, and Li-
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brary/ET. Shop). The compressed wavy lines in Figure 29 are evidence of 
this intrusion.  

Figure 29.  Radar reflections of Buildings 1 and 2 (Communications and Ham Shack). The 
compressed wavy lines indicate the location where the piece of heavy equipment fell 

through the snow into a subsurface void. 

 

The location where the second tractor dropped into the snow in 2009 was 
too unstable and was surveyed by towing a Nansen sled across the area 
without driving the survey vehicle. In the collapsed area, we could not lo-
cate any returns that would indicate a structure or possible metal debris, 
such as would be remnant of a Jamesway tent. It is possible that the struc-
ture was dismantled and removed some time ago and not recorded. 

GPR data collected along a transect 90 ft north of the main Old Pole com-
plex revealed several buried objects (Figures 30–32); the survey deter-
mined that none of these objects were hazardous. The GPR profile in Fig-
ure 30 shows an unknown flat object that returned a bright horizon at a 
depth of 28 ft below the surface and with an estimated length of 4 ft. It 
may possibly be a roof to a small structure, a floor, or likely a buried metal 
pallet. Figures 31 and 32 illustrate radar returns of other unidentified bur-
ied debris. The object in Figure 31 is at a depth of 30–36 ft. In Figure 32, 
the hyperbolic returns occur at a shallower depth of 8 ft and, based on his-
torical knowledge of the station, may indicate buried fuel drums. 
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Throughout the operation of Old South Pole Station, numerous items have 
become buried in the accumulating snow. 

Figure 30.  A GPR profile of an unknown subsurface feature 90 ft north of the Old Pole 
Station. 

 

Figure 31.  A GPR profile of unknown subsurface debris 90 ft north of the station. 

 



ERDC/CRREL TR-15-9 33 

 

Figure 32.  North of the station, a GPR profile of unknown subsurface features. The 
hyperbolic returns at an 8 ft depth indicate buried debris, possibly buried fuel drums. 

 

We drove several GPR transects outside the main complex of buildings, as 
far as 300 ft to the north and 600 ft to the south, to identify other buried 
buildings. To the north, we were unable to locate with the GPR Building 29 
(Harrington Hut) and Building 23. 

3.2 Density with depth 

We used the core extracted from firn over Building 8 (Science Quarters) to 
generate a density profile. The average density over the depth of the core 
was 12 lb/in3 (Figure 33) with a general trend of decreasing density with 
depth. The overlying layers of snow burying the buildings are therefore 
likely weaker than would normally be predicted in a naturally occurring 
snow pack, in which the in situ density of accumulating snow typically in-
creases with depth due to compaction and overburden pressure. 

Visually, the core sections collected approximately 2 ft below the surface 
were composed of small snow grains (Figure 34) compared to larger snow 
crystals observed in the core sections collected at 13.6 ft (Figure 35). The 
larger snow grains, located near the uppermost roof of the buried building, 
suggest post-depositional processes within the firn. We believe that the 
larger grains were caused by temperature fluctuations imposed by heat 
from the buried building. 
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Figure 33.  A density profile of the core collected at the center of 
Building 8 (Science Quarters). 

 

 

Figure 34.  Sections collected from the upper 2 ft of the core had 
smaller snow crystals. 
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Figure 35.  Core pieces from the lower portion of the core had larger 
snow crystals. 
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4 Blasting Operations 

The use of explosives by the U.S. Antarctic Program is an acceptable prac-
tice for activities related to construction, maintenance, and scientific re-
search. For construction and maintenance activities, such as releasing rock 
or built-up ice for removal, the choice of explosives is weighed against oth-
er alternatives and the resources (equipment, fuel, personnel, and time) 
required to carry out each (NSF 2006). In the case of Old South Pole, the 
only genuine alternative to blasting was excavation. Excavation would re-
quire considerable resources to complete the remediation. 

Explosives were previously used at the South Pole when removing the gar-
age arch, which over the years had become encased in dense snow due to 
accumulation from drifting and compaction from vehicular traffic (RPSC, 
unpublished internal document). 

The nine buried buildings in the main complex at Old South Pole were col-
lapsed in three blast events during this project. In total, the blasting team 
drilled 153 blast holes and used 7656 lb of explosives. The first blast served 
as a test blast targeting Buildings 1–4 (Communications, Ham Shack, Dis-
pensary, and ASA Quarters) on the western side ( 
Figure 17). The rationale for locating the test blast on the western side was 
that it was more unstable and prone to collapse, posing a risk that war-
ranted immediate mitigation. The second blast included the group of 
Buildings 5–7 (Galley, Club 90°, and Public Works Shops and Photo Lab). 
The final blast included Buildings 8 and 9 (Science Quarters and Science 
Building), the two furthest east in the main complex. 

The boundaries of the hazardous zone surrounding and including Old 
South Pole abut large restricted areas designated for scientific use (includ-
ing the Clean Air Sector to the east and the Dark Sector to the south). 
Within the Dark Sector, the science buildings nearest to Old South Pole 
are the South Pole Telescope (the closest at 900 ft away), the Dark Sector 
Laboratory, and the Ice Cube Laboratory. The nearest feature to Old South 
Pole is a subsurface instrumentation vault as part of the Ice Tops experi-
ment located approximately 700 ft away. The blasting team expected 
nearby structures to sustain only minimal and limited damage from 
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ground vibration generated from blasting. To prevent any adverse effects 
and to allow preparation time for any sensitive instrumentation, station-
wide announcements were made in advance of blasting. The South Pole 
Remote Earth Science and Seismological Observatory (SPRESSO), located 
in the Quiet Sector, conducts seismic monitoring; and we alerted its per-
sonnel about the planned blasting. 

4.1 Hot water drilling 

The location of the building corners and edges as interpreted from the 
GPR profiles, which we had demarcated on the snow surfaces, helped to 
guide the blasting team where to melt holes for the explosives. We used a 
gravity-fed hot water drill to melt holes into the fern.  

The drill consisted of a 1200 gal. insulated tank filled with 190°F water 
produced at the Ice Cube drill camp. The tank came secured to a sled, and 
a piece of heavy equipment towed it from the drill camp to Old South Pole 
(Figure 36). Water flow was gravity driven through a 100 ft long, 1.5 in. 
diameter hose equipped with a nozzle and sprayed directly into the snow. 
The nozzle was fabricated on site at South Pole using a capped length of 
pipe (Figure 37). To maximize dynamite effectiveness, the diameter of the 
hole should be slightly larger than that of the dynamite, in this case 3 in. 
To meet this diameter, the blasting team fabricated the nozzle configura-
tion on the hose to melt the firn directly below the nozzle faster than along 
the sides. In the cap, a 1/2 in. diameter hole was drilled through the center 
and four 3/8 in. diameter holes were drilled around the edge. The hole in 
the center of the cap permitted a larger stream of water to flow down to 
melt the snow. Through the smaller holes along the cap’s edge, water 
flowed laterally to melt the hole so that it had a diameter 3.5 to 4 in. 

The blasting team drilled the blast holes to a depth of approximately 25–
27 ft (a mark on the hose indicated the correct depth) and spaced them 
about 6 ft apart. Drilling the holes was labor intensive: the water-filled 
hose was heavy; and it was manually moved into position, fed into the hole 
as the snow melted, and retracted back up to position for the next hole. To 
conserve the amount of water available for drilling as many holes as possi-
ble, water flow was turned off just before the drill reached bottom of the 
hole. As this was a gravity-fed setup, the water within the hose continued 
to flow after shutting off the tank valve. 
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Figure 36.  Hot water drill equipment and setup. 

 

Figure 37.  A charge hole on the western side of the Old South 
Pole complex at the start of drilling (top), and a close-up view of 

the drilled hole pattern in the nozzle (bottom). 
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Though labor intensive, drilling each hole was a quick procedure. The 
team set the tip of the nozzle on the snow surface (Figure 37) and started 
the water flow to melt the snow underneath, allowing gravity to slide the 
hose down the hole to the target depth. On reaching the target depth, the 
team quickly pulled up the hose and re-positioned it for the next hole loca-
tion. Ice build up on the hose exterior made it slippery and very difficult to 
grip, and there was some trial and error in the drilling process for both po-
sitioning the holes and controlling the diameter. There were times when 
the nozzle hit the roof of the top hats at a shallower depth (approximately 
16 ft), audibly striking the wooden surface. In these cases, the team ex-
tracted the hose from the hole, re-positioned it roughly a foot or so further 
out, and re-drilled the hole. At times, more than one duplicate hole needed 
re-drilling to get the correct location. We filled the bad holes with snow to 
avoid an air gap during the blasting. 

We fabricated a simple jig to check the consistency of the diameter and 
depth of the melted holes. This was a piece of 3 in. diameter iron pipe at-
tached to a long piece of rope (Figure 38). After we drilled the hole, we 
dropped the jig down the hole and quickly pulled it back up. If needed, we 
used the hose again to either deepen or increase the diameter of the hole. 
A couple of times, the jig became stuck under the overhang of the under-
snow passageway. To free the jig, we ran hot water down the hole to en-
large the hole diameter. 

Figure 38.  A jig fabricated from scrap material at South Pole to check 
the size and depth uniformity of holes after hot water drilling. 
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Once drilled, the blasting team loaded the holes with explosives and pre-
pared them for blasting. The first blast, the test blast, was on the western 
side of the Old South Pole complex. We drilled a total of 46 holes around 
only the perimeter of the west area (Appendix A), not drilling any in the 
interior of this area as snow layers were too unstable. For safety, the drill-
ers wore harnesses and were roped off to the survey vehicle. 

4.2 Explosives 

The blast team used DuPont Gelatin Dynamite (ExGel 75). This is an am-
monium-nitrate-based explosive. A rapid reaction occurs between the fuel 
(carbonaceous material) and the oxidizer (ammonium nitrate), which pro-
duces little black residue (RPSC, unpublished internal document). Dyna-
mite was the best product for this project because it is easy to use, the 
smaller hole diameter did not require long set up time common with larger 
drills, and it was previously deemed suitable for use in snow given the det-
onation velocity (RPSC, unpublished internal document). Ammonia-based 
dynamite is a high-density material with excellent water resistance charac-
teristics (DuPont 1977). The blast team loaded each blast hole with 8 to 10 
sticks of dynamite (Figure 39). The team then linked the explosives linked 
together with detonation cord and caps (Figure 40) and backfilled the hole 
with snow and tamped it with a pole. An electric ignition source initiated 
the blast. The extreme low temperatures created no issues with the setup. 

The initial review of mitigation options reasoned that safety issues, such as 
fly snow, air blast, noise, and emotional effects, surrounding blasting were 
minimal. The area around Old Pole was designated as a restricted area and 
was far enough away (greater than 700 ft) from other buildings to ensure 
safety from exposure to fumes following detonation. The biggest issue en-
countered was headaches from exposure to and handling of the dynamite 
sticks containing nitroglycerin. Nitroglycerin headaches have historically 
been an issue when working with dynamite (DuPont 1977). 



ERDC/CRREL TR-15-9 41 

 

Figure 39.  Preparing the explosives to load the holes. 

 

Figure 40.  Loading explosives into the blast holes at Old Pole. 
(Photo by RPSC.) 

 

4.3 Blasting schedule 

The blasting team conducted the test blast Wednesday, 1 December 2010, 
at 1615 hours. Forty-six drilled holes around the perimeter of the western 
section were filled with a total of 2552 lb of explosives. This blast collapsed 
the Communications building, Sick Bay, and ASA Quarters and did release 
ejecta into the air (Figure 41). Appendix B provides a copy of the blast re-
port. At the time of the blast, the skies were overcast, wind speed was ap-
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proximately 7 knots from grid west, and the air temperature was −48°F 
with the wind chill.  

The remaining two blast events followed a similar procedure as the test 
blast. The blast team drilled holes with the hot water drill, packed the dy-
namite, and set up the shot. The second blast occurred on Saturday, 4 De-
cember 2010, at 1600 hours. Sixty-seven drilled holes were packed with a 
total of 3344 lb of explosives. The area collapsed included three buildings 
(Galley, Post Office Store, and Public Works Shops). 

Figure 41.  The view of the test blast as seen from the galley of the Elevated 
Station. (Photo by RPSC.) 

 

Drilling continued on Monday, 6 December, for the third and final blast. 
We drilled a total of 40 holes. Thirty-five were located around the perime-
ter of Buildings 8 and 9 (Science Quarters and Science Building, respec-
tively). We drilled an additional 5 holes on the north side (in the vicinity of 
Building 22) to implode the snow bridging that occurred after the second 
blast. During the morning of Tuesday, 7 December, the team packed the 
holes with 1760 lb of explosives. The third and final blast of Old Pole oc-
curred at 1500 hours local time. 

4.4 Blast craters 

Figures 42 to 44 show the craters produced from the three blasts. Some 
radial fractures formed around the edges of the first crater (Figure 42a); 
however, near the edge of the crater, we observed no heaving of the snow 
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surface. On the south, east, and north sides of the crater, the face of the 
vertical walls exhibited a blocky appearance (Figure 42c) where the mate-
rial was blasted away. Within the crater, mounds of loose material formed. 
Figure 42 shows mounding for the first blast, and Figure 43a shows it for 
the second. The mounds appear to occur over the imploded structures. Be-
tween the first and second blasts, a GPR survey conducted over the buried 
structures on the east side confirmed that the blast did not cause any addi-
tional subsurface voids or hazards. 

Following blast 1, a snow segment bridged the crater from the north to 
south side near the mid-point of the crater (Figure 42b). The material on 
the eastern side sloughed in the vicinity of Building 8 (Science Quarters). 
We expected this given that the overlying snow layers above the mid-point 
of Building 8 exhibited sagging to a depth of approximately 20 ft in the 
GPR survey completed before the blasting. We suspect that the crater will 
not require long to fill naturally with drift snow. The series of photographs 
in Figure 44 were taken a few days after the final blast. Accumulating drift 
continued (Figure 45), and the combined blast crater was nearly filled by 
the time the station closed for the summer season in February. What is ob-
served in the drift snow photograph (Figure 45) on the windward side 
along the perimeter of the crater is the formation of a weak interface be-
tween the crater’s vertical wall and the drift snow collecting in the void. 
During this process, other subsurface voids could also have formed, creat-
ing an exceptionally hazardous condition. 

At the time, we determined that conducting additional GPR surveys after 
the blasting was too hazardous; therefore, there were no measurements of 
the blast debris within or surrounding the crater. (A follow-on GPR survey 
was conducted during the 2012–13 season to determine the effectiveness 
of blasting.) RPSC set black flags around the perimeter of the crater to 
keep personnel out of the restricted area. This completed the first phase of 
remediating the Old Pole area. 
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Figure 42.  The crater after blast 1 (test blast): (a) view from the 
eastern side looking grid west, (b) view of the edge sloughing on 

east side, and (c) material mounds in the center of the crater (from 
the north side). 

(a) 

 

(b) 

 

(c) 
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Figure 43.  The crater after blast 2: (a) view from the eastern side 
looking grid west, (b) view of the edge sloughing on the east side, 

and (c) material mounds in the center of the crater (from the north 
side). 

(a) 

 

(b) 

 

(c) 
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Figure 44.  The crater after blast 3: (a) view from the eastern side 
looking grid west, (b) the middle of the crater from the north side, 

and (c) view from the western side looking grid east. 

(a) 

 

(b) 

 

(c) 
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Figure 45.  A photograph taken 30 days (6 January 2011) 
following the final blast, showing the progression of drifting snow 
at the craters at Old South Pole. The view is looking west. (Photo 

by RPSC.) 

 

4.5 Seismic plots 

SPRESSO, located approximately 9 km away from the Old South Pole site, 
recorded the seismic responses at a depth of 3 and 254 m (9.8 and 
833.3 ft) for each of the three blasts (Figures 46 to 48). The wave propaga-
tion response for each blast compares well with a theoretical response 
modeled by Albert (1998), showing a strong velocity gradient in the upper 
firn layers. From SPRESSO, the measured traces at a 3 m depth show the 
arrival of the primary wave followed by a mixture of successive waves, like-
ly due to the delay of the timing devices used in the blast. The deeper trac-
ing at 254 m illustrates the effect of dampening on the wave propagation, 
resulting from the increasing density with depth of the polar firn at South 
Pole (Albert 1998). The seismic responses support that damage to sur-
rounding structures was unlikely.
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Figure 46.  Seismic waves measured at SPRESSO (GSN [Global Seismographic Network] Station QSPA) from Old South Pole blast 1 on 1 
December 2010. Measurements were at a depth of 254 m (top) and 3 m (bottom). 
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Figure 47.  Seismic waves measured at SPRESSO (GSN Station QSPA) from Old South Pole blast 2 on 4 December 2010. Measurements 
were at a depth of 254 m (top) and 3 m (bottom). 
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Figure 48.  Seismic waves measured at SPRESSO (GSN Station QSPA) from Old South Pole blast 3 on 7 December 2010. Measurements 
were at a depth of 254 m (top) and 3 m (bottom). 
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5 Conclusions 

At the conclusion of this first phase, the area surrounding the Old South 
Pole Station remains designated as a restricted area. The original build-
ings, which were modified with false attics (called “top hats”) and are now 
completely buried under roughly 30 ft of snow, produced subsurface voids 
and created hazards to operations and personnel. The intent of our project 
was to identify and mitigate these dangerous near-surface voids. Applying 
techniques used in crevasse detection, we conducted a GPR survey of the 
Old South Pole area to identify the locations of the subsurface voids, in 
particular the buildings with collapsed top hats. Once we found the voids, 
the next task was to mitigate them. NSF chose blasting to mitigate the bur-
ied buildings within the primary Old Pole complex. In all, there were three 
blasts that attempted to collapse a total of nine buildings. The resulting 
crater measured approximately 325 ft long by 80 ft wide. Given the size of 
the crater, and without a safe method to enter and exit, we did not conduct 
a post-GPR survey. Following the blasting, snow naturally drifted into the 
cavity. 

The survey and mitigation work determined the following: 

• The GPR scan of the surveyed road to the Old South Pole site ob-
served no voids or buried hazards that would prevent operations 
with heavy equipment. It found only buried cables. 

• Several survey tracks driven 300 to 600 ft north of the Old Pole 
complex were unsuccessful in locating several buildings indicated 
on a 1973 map of the area, including Building 29, the Harrington 
Hut, and Building 23. 

• We easily identified in the GPR profiles the metal fuel arches, locat-
ed to the south of the main Old Pole complex, and they appeared to 
be fully collapsed in areas. 

In total, the GPR survey completed twenty-nine transects. Review of the 
radar data identified six buildings within the main complex ( 

• Figure 17): Building 9 (Science Building), Building 8 (Science Quar-
ters), Building 7 (Public Works Shops and Photo Lab), Building 6 
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(Club 90°), Building 5 (Galley and Weather and Rawin Dome), and 
Buildings 22 and 23 (Officer Quarters and Head Module). 

• We observed sagging snow layers, which typically indicate the loca-
tion of a void, in the GPR profiles of the buried buildings within the 
main Old Pole complex. 

• We identified top hat structures, both intact and collapsed, in the 
GPR profiles. 

• The GPR profiles showed complex signals from subsurface debris in 
addition to the buildings in varying states of degradation. There 
were also unidentifiable subsurface objects observed in the GPR 
profiles; however, readings indicate that these objects are not haz-
ardous. 

• In case of possible subsurface voids, we took precautions when the 
location where the heavy equipment (D-8) previously penetrated 
through the snow surface. We conducted the survey by towing a 
Nansen sled across the area with the survey vehicle outside the 
boundaries of the hazard area. However, we did not detect any re-
turns in the GPR survey that would indicate a structure or possible 
metal debris, such as the remains of a Jamesway tent in the col-
lapsed area. 

• A density profile obtained from a shallow core drilled over the cen-
ter of one of the buried buildings showed a clear decrease in the 
density with increasing depth, suggesting that snow layers formed 
over buried structures could be considerably weaker than snow de-
posited naturally over flat surfaces. Based on this finding, the entire 
area should be approached with caution. Larger crystals at the bot-
tom of the core indicate the possible cause of the decrease in densi-
ty with depth. It is unclear how these larger crystals formed, but one 
possible cause is warmer temperatures from the buried buildings 
leading to increased grain growth rates as the snow was being de-
posited. 
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6 Recommendations 

We recommend completing a follow-up GPR survey to evaluate the perim-
eter of the crater and to verify, if possible, the extent that blasting col-
lapsed the top hats and the original buildings. At this point, the blasting 
completed during this initial remediation phase of Old South Pole did not 
change the designation as a hazardous area. As the crater created from 
blasting was left to naturally drift in, we expect that the weak interface be-
tween the vertical blasted wall of the crater and the snow that was allowed 
to drift naturally into the crater produced a hazardous condition with 
voids present. 

In addition to an additional GPR survey, we recommend collecting core 
samples within the blast zone to determine the density profile with depth. 
Following through with these two activities will help to determine the best 
way to proceed with the process of remediating Old South Pole and return-
ing the area to a safe and functional environment for South Pole person-
nel.  
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Appendix A: Core Data 

 

Old Pole Density
28-Nov-10
On top of Bldg 8 (collapsed) in center of marked roof

Piece Top Depth Length Diameter Mass Density Notes
(cm) (cm) (cm) (g) (g/cm3)

1 0 4.5 9.675 95 0.29 irregular
2 4.5 10.04 10.03 280 0.35
3 14.54 16.74 10.26 430 0.31
4 31.28 18.49 10.04 660 0.45
5 49.77 19.46 10.09 665 0.43
6 69.23 13.43 9.95 425 0.41 cut top 3cm to make even
7 82.66 10.47 10.02 300 0.36 cut top 3cm to make even
8 93.13 16.61 10.06 540 0.41
9 109.74 8.49 9.96 315 0.48
10 118.23 13.26 10.06 425 0.40
11 131.49 15.23 9.99 595 0.50
12 146.72 20.05 10.04 720 0.45 measured Len. w/ ruler
13 166.77 11.23 10.09 400 0.45
14 178 11.19 10.07 360 0.40
15 189.19 10.03 10.12 450 0.56
16 199.22 8.73 10.33 390 0.53
17 207.95 9.23 10.45 350 0.44
18 217.18 10.15 10.17 380 0.46
19 227.33 11.01 10.21 440 0.49
20 238.34 11.72 10.12 440 0.47
21 250.06 12.41 9.33 380 0.45 oblong
22 262.47 18.63 10.05 670 0.45
23 281.1 17.49 10.01 690 0.50
24 298.59 11.3 10.16 430 0.47
25 309.89 11.02 10.08 420 0.48
26 320.91 4.94 10.34 185 0.45
27 325.85 14.24 10.13 560 0.49
28 340.09 14.71 10.05 565 0.48
29 354.8 13.38 10.13 515 0.48
30 368.18 11.2 10.05 435 0.49
31 379.38 10.94 10.22 445 0.50
32 390.32 12.03 10.19 465 0.47
33 402.35 11.69 10.01 405 0.44
34 414.04 8.21 9.96 250 0.39 start of big xstals
35 422.25 17.02 9.99 630 0.47
36 439.27 11.18 10.28 355 0.38
37 450.45 9.33 10.08 285 0.38
38 459.78 9.91 10.2 360 0.44 irregular
39 469.69 7.82 9.96 270 0.44
40 477.51 15.98 10 550 0.44
41 493.49 6 9.98 185 0.39
42 499.49 14 9.96 435 0.40
43 513.49 12.33 10.05 340 0.35
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