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Operation Morning Light was accomplished through the combined 
efforts of people from two countries with a multiplicity of expertise. 
Without the joint free and frank cooperation of all of the people 
involved, the recovery of the radioactive debris from the Soviet 
Cosmos 954 would not have been nearly so successful, expeditious 
or most importantly, so safe. To all of the people involved and their 
organizations, the Canadian Government is indebted. The long 
hours of tough work under severe Arctic weather conditions 
combined with the unfamiliar and unknown circumstances 
encountered daily challenged every individual involved. Despite 
these obstacles people made the Operation a success. I am extremely 
proud to have been in command of such dedicated individuals and 
it is to their conspicuous credit that the goals of the Operation were 
achieved without serious accident.  

- Colonel D.F. Garland (1978)



The Arctic Operational History Series 

The Arctic Operational History Series seeks to provide context and 
background to Canada’s defence operations and responsibilities in the North 
by resuscitating important, but forgotten, Canadian Armed Forces (CAF) 
reports, histories, and defence material from previous generations of Arctic 
operations. 

Since the CAF’s reengagement with the Arctic in the early 2000s, 
experience has demonstrated the continuity of many of the challenges and 
frictions which dominated operations in decades past. While the platforms 
and technologies used in previous eras of Arctic operations are very different, 
the underlying challenges – such as logistics, communications, movement, 
and sustainment – remain largely the same. Unfortunately, few of the 
lessons learned by previous generations are available to today’s operators. To 
preserve these lessons and strengthen the CAF’s ties to its northern history, 
this series is reproducing key reports and histories with direct relevance to 
CAF operations today.  

Adam Lajeunesse 
Series Editor 
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INTRODUCTION  

“The Satellite that Came into the Cold”1

Ryan Dean and P. Whitney Lackenbauer 

As Cosmos 954, a Soviet Radar Ocean Reconnaissance Satellite (RORSAT), 
tumbled across the early morning sky over Yellowknife on 24 January, 
witnesses reported that the object “looked like a jet on fire... with flaming jet 
stream.” Local resident Marie Ruman recounted that the main body of 
Cosmos was followed by “dozens of little pieces” with smaller but similar 
flaming tails that glowed a bright red.2 Cosmos 954’s power-plant, a nuclear 
reactor fuelled with approximately 45.5 kg of enriched uranium-235 to 
operate the large radar array, had failed to eject from the stricken craft and 
boost itself into a higher disposal orbit as designed to do. As the satellite 
broke up plunging through the atmosphere, its reactor compartment failed, 
spewing out radioactive fuel 55-60 kilometres above the Earth’s surface. 
Scientists were concerned about the uranium-235 as well as other long-lived 
reactor by-products, such as the isotopes strontium-90 and cesium-137 that 
could contaminate the area.3  

During its three-minute burn through the upper atmosphere on 24 
January, Cosmos debris scattered from the western edge of Great Slave Lake, 
tracking east-north-easterly over an 800-km stretch along the Thelon River, 

1 Gus W. Weiss, “The Satellite that Came into the Cold: The Life and Death of 
Cosmos 954” CIA Historical Review Program 22 (1978): 1. Of course, the Canadian 
North (even in the heart of winter) is significantly warmer than the vacuum of 
space. 
2 Roland Semjanovs “Satellite looked ‘like a jet on fire’; witness” Yellowknifer, 13 
January 1978. 
3 U.S. Department of Energy (DoE), Operation Morning Light: Canadian Northwest 
Territories, 1978 -- A Non-Technical Summary of United States Participation 
(September 1978), 67, 71; “The unscheduled return of Cosmos 954,” Science News 
113:5 (2 April 1978): 69. 
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through the barrens, to the region just north of Baker Lake. Authorities were 
quick to respond. A 22-person Canadian Forces Nuclear Accident Support 
Team (NAST) had been sent from Canadian Forces Base (CFB) Edmonton 
to Yellowknife that morning to begin their preliminary assessment of 
radioactive contamination and recovery of satellite debris.4 “The normally 
easy-going citizens of Yellowknife were startled by the sight of yellow-garbed 
troops walking the streets, reading radiation meters and taking air samples,” 
Major W.R. Aikman observed.5  

Operation Morning Light, which brought fascination with outer space 
and the Canadian North together with a dose of concern about nuclear 
safety and the implications of superpower antagonism for North Americans, 
unfolded over the next 84 days. The NAST was the lead element of a task 
force of Canadian soldiers, scientists, and American specialists who combed 
the projected debris area for radioactive wreckage. This recovery effort 

                                                           
 

4 DoE, Operation Morning Light, 8, 11. 
5 Major W.R Aikman, “Operation Morning Light” Sentinel 14, no.2 (1978/2): 6. 
He noted that “tension dropped when negative results were announced.” While 
Yellowknife was spared from contamination, analysts projected that massive 
radioactive objects could survive re-entry and reach the Earth’s surface further down 
range towards Baker Lake. DoE, Operation Morning Light, 12n. 
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spanned 24,000 square kilometres of sub-arctic wilderness in conditions that 
dipped below -40°C.6 Much of this activity took place from the hastily 
constructed military “tent city” known as Camp Garland (also referred to as 
Cosmos Lake in the literature) in the Thelon Game Sanctuary where the 
first large piece of debris was discovered.7 Specially-equipped CC-130 
Hercules aircraft flew search patterns to detect “hits” of radiation, while 
helicopters carried recovery teams to find and secure the radioactive debris. 
Encasing the remnants of the fallen satellite in specially constructed lead-
lined containers, these materials were then transported to Baker Lake or 
Yellowknife. From there, Cosmos 954’s radioactive remains were flown to 
CFB Edmonton for preliminary analysis. In this manner, Operation 
Morning Light successfully recovered 66 kg of wreckage, with all but one 
17.7 kg piece proving to be radioactive.8  

Shortly after the operation concluded, author Leo Heaps and official 
historian C.A. Morrison produced books examining the failure of Cosmos 
954 and the subsequent challenges of Operation Morning Light. The cover 
of Heap’s popular history Operation Morning Light boasts the hyperbolic tag 
line: “it was a science-fiction nightmare come true!”9 Filled with anecdotes 
from those involved in the operation, the book preys on popular fears about 
radioactivity for dramatic effect. Written at least in part as a corrective to 
Heap’s flawed and sensationalist version of events, Morrison’s more 
traditional and technical history Voyage into the Unknown emphasizes the 

6 “Canada Wants Cash for Cosmos 954 Cleanup,” Science 203 (16 February 1979): 
632-3; W.K. Gummer, “Summary of Cosmos 954 Search and Recovery Operation”
(Ottawa: Atomic Energy Control Board, January 1979), 1.
7 Nancy Cooper, “Forces end search for Soviet satellite parts,” Globe and Mail, April
8, 1978; and Major Bill Aikman, “Ice Strip on the Thelon: They Story of Camp
Garland,” Sentinel 14:2 (1978/2): 17-9.
8 W.K. Gummer, F.R. Campbell, G.B. Knight, and J.L Ricard, Cosmos 954: The
Occurrence and Nature of Recovered Debris (Ottawa: Minister of Supply and Services
Canada, 1980), iii.
9 Leo Heaps, Operation Morning Light: The True Story of Canada’s Nuclear
Nightmare (Toronto: Random House, 1978).
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difficulties that searchers had to overcome in their recovery operations.10 
Morrison treats Operation Morning Light as a prototypical case study in 
recovery and clean-up when nuclear-powered satellites fail.11 As the first 
mission of its kind to locate and remove radioactive debris that had fallen to 
earth from space, which happened to be scattered across a difficult operating 
environment, Morrison ultimately considered Morning Light to be a 
resounding success.12  

 This volume in the Arctic Operational History Series publishes for the 
first time the previously classified CFB Edmonton Operation Morning 
Light Final Report. The report is a collation of the final data produced by 
Canadian federal departments and agencies in the immediate aftermath of 
the operation. Prepared for internal use within the Department of National 

10 C.A Morrison, Voyage into the Unknown: The search and recovery of Cosmos 954 
(Stittsville, ON: Canada’s Wings, 1983), 120. 
11 Ibid., 4; and Heaps, Operation Morning Light, 181. For more on satellite failures 
in general, see Les Johnson, Sky Alert! When Satellites Fail (Chichester, UK: 
Springer-Praxis Books, 2013).  
12 Morrison, Voyage into the Unknown, 120-1. 
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Defence (DND),13 this key document is organized around four primary 
themes: the military’s ability to accomplish its mission, bi-national 
operations, multi-departmental operations, and operational techniques and 
equipment. By critically evaluating the methods, equipment, and personnel 
employed during Morning Light, this insightful report explains how the 
combination of civilian scientific expertise with military capabilities 
succeeded in overcoming large distances across a frigid, subarctic 
environment to effectively locate and recover the radioactive remnants of a 
downed nuclear-powered satellite. 

Morning Light: Setting the Context 

The Americans had good reason to track the launch and orbit of Cosmos 
954 after it was launched on 18 September 1977. Fourteen metres long with 
a mass of 3500 kilograms, the nuclear-powered RORSAT was built around 
a powerful X-band radar that could look through thick cloud layers to scan 
the world’s oceans for naval vessels (primarily American aircraft carriers, as 
Cosmos was able to track smaller warships like destroyers only in clear 
weather conditions). The small Romashka reactor on the spacecraft, which 
was powered by 90 percent enriched uranium-235 embedded in carbide and 
surrounded by a graphite moderator, also allowed the satellite to send its 
observations back to Moscow or directly to Soviet naval units and possibly 
even Tu-22 “Backfire” bombers.14  

The U.S. became aware that Cosmos 954 was in trouble on 7 November 
1977. North American Aerospace Defense Command (NORAD) noted 
Cosmos 954’s slowly decaying orbit and began updating plots of when and 
where the satellite would re-enter the atmosphere. Most of these calculations 
were done at the Lawrence Livermore National Laboratory by engineer Milo 

13 Foreword to CFB Edmonton, “Operation Morning Light Final Reports: Post-
Operation Report” (hereafter “Post Operation Report”), Department of National 
Defence (DND), Directorate of History and Heritage (DHH) file 79/303, ii.  
14 Jeffrey T. Richelson, Defusing Armageddon (New York: W. W. Norton & 
Company Inc., 2009), 48-50; Weiss, “The Satellite that Came into the Cold,” 1. 
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Bell and mathematician Ira Morrison, supported by engineer Robert Kelley. 
The trio had access to the highly sophisticated Control Data Corporation 
7600 supercomputer, with its C-shaped frame stretching twenty feet and 
filling an entire room at the laboratory.15 The simple problem was clear: 
“what does one do about a live nuclear reactor reentering the earth’s 
atmosphere aboard a Soviet surveillance satellite?” Gus Weiss, a special 
assistant to the Secretary of Defense, explained how “a quick scan of 
literature showed no textbook answer, nor even a textbook question. It 
remained for the National Security Council [NSC] Staff to put together a 
group to cope with the problem.”16 

On 19 December, the NSC formed a working group (the Ad Hoc 
Committee on Space Debris) to prepare contingency plans and prepare to 
mount a quick search and recovery operation of Cosmos 954 if needed, thus 
birthing Operation Morning Light. Contributing agencies included the 
Central Intelligence Agency (CIA), the Department of Defense (DoD), the 
Department of Energy (DoE), the State Department, the Environmental 
Protection Agency (EPA), the Federal Preparedness Agency, and the Office 
of Attorney General. The NSC placed the DoE’s nuclear emergency 
response capabilities on alert “to assist in the protection of public health and 
safety should radioactive debris from Cosmos 954 come to earth in the 
United States.” This included organizations such as the Accident Response 
Group (ARG) and the Nuclear Emergency Search Team (NEST), which 
had the experts and equipment necessary to find and recover radioactive 
materials. Due to the “uncertainty in determining when or where (in the 
world) Cosmos 954 would reenter,” experts anticipated “that there was no 
preventative or preparatory action that could be taken by the public.” 
Subsequently, both the American public and the US’s allies were kept in the 
dark until experts could plot a more accurate projection of Cosmo 954’s 
return.17 

15 DoE, Operation Morning Light, 66; Richelson, Defusing Armageddon, 53. 
16 Weiss, “The Satellite that Came into the Cold,” 1. 
17 DoE, Operation Morning Light, 2. 
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In early January, Cosmos 954’s orbit suddenly decayed precipitiously. 
Updated calculations estimated a reentry date of 24 January, but the 
location where the satellite would crash remained hazy. In an effort to secure 
some information from the Soviet Union regarding the radioactive hazard 
that Cosmos 954 posed, American authorities summoned Soviet 
Ambassador Anatoli Dobrynin. The Soviet response was rather sparse, 
noting that the power plant on the satellite was “explosive-proof” and was 
designed to burn up when it entered denser layers of the atmosphere. 
Nevertheless, the depressurization that had caused the satellite to lose 
control meant that some destroyed parts of the plant could still reach the 
earth’s surface, and “in that case an insignificant local contamination may 
occur in the places of impact with earth which would require limited usual 
measures of cleaning up.” One US official remarked that he was not sure 
what “‘usual measures of cleaning up’ a reactor crashing in from outer space 
might be, and there was also some ambiguity in the meaning of ‘explosive-
proof.’” Nevertheless, the firm knowledge that the nuclear reactor had been 
designed to burn up during re-entry offered a measure of comfort to 
American planners.18 

By this time, computer modelling discerned the ultimate trajectory of 
Cosmos 954. Australia, Britain, Canada, Japan, and New Zealand were 
located along the wave-like orbital path of the doomed satellite. Weiss 
explained the predicament: 

Who should be informed by the United States, if anybody? 
What were our responsibilities to our allies and to the world 
for a problem which was not of our making but about which 
we knew? Skipping pros and cons, lists of countries, and the 
imponderable factor that the more nations informed, the 
greater the chance of a leak, the notification problem was 
surely disturbing. Mortals, with notorious shortcomings, 
should not have to make these judgments. But it had to be  

                                                           
 

18 Weiss, “Satellite that Came into the Cold,” 3-4.  Heaps noted that Dobrynin, a 
former aerodynamic engineer, would only inform the US National Security Advisor 
that “Cosmos 954 was not an atomic bomb.” Operation Morning Light, 27. 
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Operation Morning Light - Chronology of Events, COSMOS 934 

1977 
September 18 Soviets launched Cosmos 954. 
November Intelligence sources determined Soviets experiencing 

difficulties. 
December 1 Deputy Under Secretary of Defense for Policy (Admiral 

Murphy) alerted by his staff. 
December 19 NSC interagency task force on space debris established 

(State, Defense, NASA, CIA, Energy and OSTP). 

1978 
January 6 Through intelligence sources, determined Soviets had lost 

control of satellite; reentry date established January 23 or 
24, 1978. 

January 12 Approached Soviets on the issue. 
January 14 Soviets’ response confirmed that nuclear power source was 

on board and that they had lost control of satellite. 
Projected re-entry on January 24, 1978. 

January 17-18 Informed key Congressional leaders (Byrd, O’Neill, Baker, 
Rhodes, Inouye and Boland) of problem and steps we were 
taking in event that the satellite landed in the United 
States. 

January 17 Dr. Brzezinski memorandum making [the Department of 
Energy] responsible for clean-up and other safety 
considerations relating to possible re-entry in the United 
States, receiving support from Defense and from other 
agencies as appropriate. State was made responsible for 
foreign requests for assistance, calling on Energy and 
Defense as appropriate. 

January 17 Approached Soviets for clarification. 
January 18 Informed our allies and other countries with which we have 

a special relationship, e.g., tracking facilities. 
January 19 Soviets responded, indicating the reactor would not go 

critical and that it was designed to disintegrate during re-
entry. 

January 20 The Department Energy Task Force went into operation. 
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January 22 Approached the Soviets and asked if there were any new 
developments. 

January 23 Soviet response indicated that re-entry was projected for 
January 24, 1978. 

Januarv 24 Satellite re-entered atmosphere at 658 a.m. EST over 
Queen Charlotte Island and impacted last at Great Slave 
Lake. 

January 24 Prime Minister Trudeau was immediately informed that 
the satellite had landed in Canada. United States offered 
assistance in locating fallen debris and in cleanup. Trudeau 
accepted by a return telephone call to the President. 

January 24 Dr. Brzezinski informed the Soviets that the satellite had 
landed in Canada. 

January 24 AFTAC/MAC aircraft and Nuclear Energy Search Teams 
dispatched to Canada. 

Source: Gus W. Weiss, “The Satellite that Came into the Cold: The Life and 
Death of Cosmos 954” CIA Historical Review Program 22 (1978): 7. 

done, and we went at it on the general approach of notifying 
our allies and some other countries with which we share such 
special relationships as tracking facilities. From those countries 
notified, State received uniform gratitude, but some 
governments were intensely upset over the slightest prospect 
that Cosmos 954 might land on their soil.19 

While the countries who received information initiated their own 
preparations to deal with Cosmos 954, the U.S. DoE’s field units were ready 
for deployment by 22 January, with all personnel on a two-hour alert and 
NEST equipment loaded onto four Air Force C-141 Starlifters at Andrews 
Air Force Base (AFB) in Washington D.C., Travis AFB in California, and 
McCarran International Airport in Nevada.20  

19 Weiss, “The Satellite that Came into the Cold,” 4. 
20 DoE, Operation Morning Light, 2-3, 5; Aikman, “Operation Morning Light,” 6. 
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Canada first learned that Cosmos 954 could crash in its territory on 19 
January. The following day, DND alerted all regional commanders and its 
Nuclear Accident Support Team of the impending threat.21 Air Command 
Headquarters alerted CFB Edmonton Base Commander Colonel D.F. 
Garland on 23 January that Cosmos would be entering Edmonton’s Search 
and Rescue Region the following day, and the NAST was informed and 
placed on two-hour standby.22 At this time, the Prime Minister’s Office 
(PMO) notified several of the civilian departments of the threat that the 
satellite posed to the country and their responsibilities in the response effort. 
This meant that many of the key agencies and actors who became involved 
had less than twenty-four hours advance notice, and some did not receive 
notification until after it had crashed.23  

As soon as American experts confirmed Cosmos 954’s reentry over the 
NWT on the morning of 24 January, President Jimmy Carter contacted 
Prime Minister Pierre Trudeau and offered American assistance. Trudeau 
immediately accepted the President’s offer. The principal mission for the 
U.S. NEST teams was to help the Canadian government locate radioactive 
debris. Accordingly, they enlisted American experts to provide technical 
assistance in calculating the reentry of the Cosmos and the ballistics 
properties that various pieces of it would likely exhibit in their fiery plunge 
back to Earth. This involved sophisticated reentry calculations and 
computer modelling, establishing the perimeters of the search area, and 
estimations of where larger pieces of debris would land.24 NEST also 
operated aerial measuring equipment and assisted with ground recovery 
actitivities.25 At the request of DND, the DoE provided two gamma ray 
spectrometers and operating personnel, who arrived in Edmonton on 24 

21 Gummer, “Summary of Cosmos 954 Search and Recovery Operation,” 2. 
22  CFB Edmonton, “Post Operation Report,” 3. 
23 Gummer, “Summary of Cosmos 954 Search and Recovery Operation,” 2. 
24 DoE, Operation Morning Light, 8, 15-7. Canada’s first contribution to this 
bilateral, collaborative effort was meteorological reports to enhance reentry 
modelling. 
25 DoE, Operation Morning Light, 62. 
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January to install their equipment on Canadian CC-130 Hercules aircraft. 
Canada provided the technical assistance to mount the detection equipment 
onto the aircraft, as well as on-site logistics support such as providing the 
NEST with military clothing for sub-arctic operations.26 

Despite having received little to no advance warning, Canadian civilian 
scientists responded immediately and began arriving in Edmonton on mid-
morning of 24 January – at roughly the same time as American NESTs, 
which had seven weeks of forewarning and preparation. The first of these 
scientists was Dr. Bob Grasty of the Geological Survey of Canada (GSC), 
whose expertise in aerial surveying for naturally-occurring uranium was 
mobilized to detect Cosmo 954’s highly enriched uranium-235 core. A GSC 
gamma ray spectrometer designed for uranium exploration and mapping 
was quickly shipped, along with Grasty, from Ottawa to Edmonton that 
would enable the search.27  

NORAD had provided Operation Morning Light with projections of 
Cosmo 954’s probable debris field between Great Slave and Baker Lakes, 
delineated as an area 600km long and 50 km wide. The first phase of the 
operation called for CC-130s, specially equipped with gramma ray 
spectrometers to detect radiation emitted from the surface, to fly a grid 
pattern 1000 feet above ground level (AGL) over the suspected satellite crash 
area.28 Aircrews quickly fell into a routine, Major Aikman described, and 
“the rhythm of the search developed. An aircraft would take off and fly for a 

                                                           
 

26 Aikman, “Operation Morning Light,” 6; DoE, Operation Morning Light, 8-9, 14. 
27 Aikman, “Operation Morning Light,” 6. The spectrometer has just been built 
when it was sent to Edmonton for Operation Morning Light. Both the 
spectrometer and its designer Quinten Bristow, head of nuclear and analytical 
instrumentations for GSC, were soon aboard a CC-130 Hercules flying search 
patterns for Cosmos 954’s radioactive debris. The machine cost GSC some 
$250,000 to construct. The agency was rewarded with detecting the first “hits” of 
radiation near Great Slave Lake. Barb Livingstone, “In Search of Radiation in 
Barren Land,” Edmonton Journal, 2 February 1978. 
28 Gummer et al., Cosmos 954, 3, 8; Aikman, “Operation Morning Light,” 5-6; 
DoE, Operation Morning Light, 25.  
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12 to 14 hour mission. Upon return it would refuel and take off again with 
a new crew and team of technicians. Fourteen hours later the cycle would 
begin again with another crew.”29 By 28 January the whole search area had 
been overflown at least once by CC-130 aircraft.30 

The gamma ray spectrometers aboard the CC-130 Hercules proved 
much more effective in detecting Cosmos debris than specially-equipped 
U.S aircraft desgined to measure for radioactivity in the atmosphere.31 While 
the pilots focused on carefully flying their intended search tracks under 
difficult conditions, “back in the cargo compartment, the [NEST] scientists 
took turns watching several needles as they slowly swayed up and down 
across a piece of graph paper, waiting for the telltale swing that would 
indicate a hit.”32 NEST members operating these devices quickly began 
registering “hits” along the search area, which were recorded on data tapes 
and then fed into NEST computer vans at Yellowknife and Baker Lake for 
analysis. “Each hour of search flight time for each of the C-130s created four 
hours of computer analysis time, creating a major assessment backlog,” the 
DoE’s official report recounted.33 “Hits” would then be located on 

                                                           
 

29 Aikman, “Operation Morning Light,” 7. On NORAD, see Joseph T. Jockel, No 
Boundaries Upstairs: Canada, the United States, and the Origins of North American 
Air Defence, 1945–1958 (Vancouver: UBC Press, 1987) and Jockel, Canada in 
NORAD, 1957-2007 (Montreal: McGill-Queen’s University Press, 2007). 
30 DoE, Operation Morning Light, 39. 
31 A special WC-135 Constant Phoenix aircraft, designed specifically to detect 
nuclear explosions, searched the atmosphere for radioactivity but failed to detect 
anything. A Convair 580 also contributed and, along with a Canadian CP-107 
Argus, provided electronic, infrared, and photographic coverage of the search area. 
The Convair flew only one mission, however, before it returned to Las Vegas. In 
short, this early part of the search operation failed to yield any positive results to 
guide recovery operations. From 24-25 January, American U-2s flew high-altitude 
air sampling flights over Alberta, Saskatchewan, Michigan, and northern Ontario. 
Radioactive detection results from both flights were negative. DoE, Operation 
Morning Light, 14, 42; Richelson, Defusing Armageddon, 55-56. 
32 Aikman, “Operation Morning Light,” 7. 
33 DoE, Operation Morning Light, 22. Data also was sent on to Los Alamos and 
Livermore for further study. Richelson, Defusing Armageddon, 64. 
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navigation charts34 and helicopters fitted with detection equipment sent to 
these sites to precisely locate the radioactive source. One helicopter would 
drop a bright coloured streamer on the suspect site, and a second helicopter 
carrying a three-person recovery team would follow to inspect the area on 
the ground and recover any radioactive materials.35  

The largest piece of debris, found through aerial search and location on 1 
February, became known colloquially as the “stovepipe.” Lieutenant Colonel 
Donald Davidson, the head of the search team that recovered this piece, 
recounted to excited reporters that it was evident “something [had] really 
gone through the ice at high speed.” He elaborated that a strange looking 
canister was “all that’s left sticking out, or maybe separate pieces. We don’t 
know. We didn’t pull it apart.” Paul Murda, the leader of a five-man 
American scientific team that analyzed the object, described it as “sort of like 
a cylinder that got smashed,” with what “looks like structural tubing” 

34 Gummer et al., Cosmos 954, 8. 
35 DoE, Operation Morning Light, 53-4. 
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sticking out the ends.36 Fortunately it was not radioactive, which made its 
detection from the air a stroke of luck.37 

On 4 February, another recovery team – wearing their trademark thick 
yellow coveralls, parkas, and Arctic boots, with radiation detectors hanging 
their waists38 – disembarked from helicopters. As they “walk[ed] towards the 
suspected hit site their personal radiation dosimeters began emitting a high 
pitched chirping sound,” Aikman recounted. “Soon the air was filled by 
what sounded like a field of crickets.”39 A clutch of beryllium rods and 
cylinders partially embedded in the snow and ice proved to be some of the 
most radioactive material found. When the recovery team, led by Atomic 
Energy Control Board (AECB) members Tom Robertson and Wick J. 
Courneya, cautiously approached the debris, their “Geiger-counter readings 
exceeded 100 roentgens per hour.”40 Courneya, a health physicist, put this 
level of radiation into perspective in a later interview. “If a person held [an 
object measuring some 200 roentgens] for one hour, he would probably get 
ill,” he explained. “If a person held it for two hours, he probably would 

                                                           
 

36 Canadian Press “Searchers find satellite debris,” Fort McMurray Today, 30 January 
1978. 
37 Gummer et al., Cosmos 954, 2. Because the stovepipe was not radioactive, 
Yellowknifers hoped to secure the “stovepipe” for display at the Prince of Wales 
Northern Heritage Centre as part of its aviation collection. Resident Robert Penny 
originally hit upon the idea, worrying that “if we don’t ask first, the National 
Museum might grab it.” Penny, after consultation with the museum’s advisory 
committee, hoped that the Soviets might even come themselves to officially present 
the piece. “After having it land without letting us know, they might just feel it 
would be a good public gesture to do this,” Penny ventured. “Piece of satellite for 
posterity?” Yellowknifer, 2 February 1978. The “stovepipe” could be viewed at the 
Canada Science and Technology Museum in Ottawa according to Gummer et al., 
Cosmos 954, 4. 
38 John Noble Wilford, “Canadians Pick Up ‘Hottest’ Satellite Fragment Yet,” New 
York Times, 6 February 1978. 
39 Aikman, “Operation Morning Light,” 10. 
40 Wilford, “Canadians Pick Up ‘Hottest’ Satellite Fragment Yet.”  
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die.”41 Accordingly, it was standard operating procedure after every mission 
to check recovery teams and aircrew for radiation, and “any item of clothing 
which produced a reaction on the meters was immediately removed.”42 

 The most famous piece of 
recovered debris, known as “the 
antlers,” was initially discovered by 
adventurers in the midst of a fifteen-
month trip across northern Canada. 
Travelling from the Yukon into the 
Northwest Territories (NWT) along 
the Mackenzie River, the party was wintering over in the Thelon Game 
Sanctuary when Cosmos 954 broke-up in the skies above them.43 At 2:30 in 
the morning on 26 January, Christopher Norment recorded that “we are 
awakened by a large, four-engined plane passing low over the cabin; it 
appears to be flying a grid pattern, as if it is conducting a search.”44 It was 
one of the CC-130 Hercules from Edmonton’s 435 Transport Squadron 
searching for radioactive debris.45 

Although the aerial search failed to turn up a “hit” in this area, John 
Mordhorst and Mike Mobley (both part of Norment’s expedition) had 
undertaken a two-day dog sled from their camp at Warden’s Cove to visit 
cabins erected by the English naturalist John Hornby and his party during 
their 1926-7 expedition (which Norment’s group was retracing).46 Crossing 

41 Canadian Press “Satellite fragment is radioactive” Fort McMurray Today, 2 
February 1978. 
42 Aikman, “Operation Morning Light,” 12. 
43 DoE, Operation Morning Light, 33. For a complete record of their travels based 
off of diary entries, see Norment, In the North of Our Lives. 
44 Christopher Norment, In the North of Our Lives (Renssalaer, N.Y.: Hamilton 
Printing Co., 1989), 158. 
45 Aikman, “Operation Morning Light,” 6. 
46 Edgar Christian, Harold Adlard, and Hornby spent 1926-7 in the Thelon River 
area, building cabins and hunting game. They missed the caribou migration 
however, and died of starvation in 1927. See Malcolm Waldron’s, Snow Man: John 
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the frozen Thelon River en route back to their camp on 28 January, they 
came upon “an odd-looking metal object” which they stopped to examine.47 
When the pair returned to Warden’s Cove they reported their discovery to 
Norment. He recalled:  

On the first night out we were sitting around the fire when a 
huge plane flew right over us. It looked like it was conducting a 
search and then this afternoon we found a strange object in the 
river ice just below Grassy Island, not more than a hundred 
yards from where we’d passed three days ago. There was this 
crater, six or seven feet across, where something hot had hit 
and melted into the ice, and several charred metal struts were 
visible.48 

By then, news of the satellite’s crash had been broadcasted all across Canada 
and the wider world. Norment had heard about it on his radio and had been 
visited two days earlier by land use officers interested in any signs of 
Cosmos. “You guys have found a goddamn (etc., etc.) Russian satellite!” 
exclaimed Norment.49 The party radioed in their discovery. 

The next day, a military CC-138 Twin Otter arrived with a recovery 
team to inspect and remove the adventurers and secure the debris. Norment 
recounted how: 

Two boffins in full protective regalia emerge with radiation 
detection devices and begin measuring contamination levels; 
the other passengers remain on board, awaiting word that it is 
safe to deplane. I can see faces peering out of the plane’s 
windows, and I feel like an animal on display in a drive 
through wildlife park. The scientists run their instruments over 
the dogs and sled, and take readings of John and Mike. One of 
Mike’s mitts is found to be very faintly radioactive, and it’s 
confiscated… An hour later, a twin-engined Chinook 

Hornby in the Barren Lands (Montreal & Kingston: McGill-Queen’s University 
Press, 1997). 
47 DoE, Operation Morning Light, 33. 
48 Norment, In the North of Our Lives, 159. 
49 Ibid., 158-9. 
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helicopter comes whopping into camp with a Hercules flying 
support and making large circles overhead. The Chinook 
disgorges twenty people…scientists, military types, 
photographers. Everyone is outfitted in what will become 
familiar attire: white insulated boots, regulation green 
overpants and parkas, and white-and-tan mitts with synthetic 
fur backing.50 

The NAST team led by LCol Davidson pushed through the snow and scrub 
to the river. They found twisted metal protruding from the river like a pair 
of antlers. Their Geiger-counters produced readings of 10-1000 
milliroentgens per hour, “not the several hundreds of roentgens per hour 
that the solid core would produce.”51 

Due to time constraints brought on by extreme cold and impending 
darkness, the recovery teams were flown out to Baker Laker by Chinook 
helicopters later that day. John, Mike, Christopher, and the rest of their 
party were loaded onto the Twin Otter and 
flown to Yellowknife before being sent to a 
hospital in Edmonton for further radiation 
testing. In light of growing concerns about 
members of the news media arriving at the 
unsecured site, as well as the welfare of the 
dogsled team that had to be left behind, the 
military dropped four paratroopers into 
Warden’s Grove on the morning of 31 
January to secure the area. The adventurers, 
meanwhile, were found to have absorbed 
the equivalent of one or two X-rays of 
radiation from their experience. After a press 
conference, the men were released from 

50 Ibid., 160. 
51 Aikman, “Operation Morning Light,” 9. 
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hospital and hired by the military to act as guides in the Thelon Game 
Sanctuary to assist scientists before returning to their dogs and expedition.52  

Over the course of Operation Morning Light, scientists used two general 
methods of data collection to determine if the uranium 235 core (or a part 
of it) survived re-entry and posed a risk to people and the surrounding 
environment. The first involved collecting ground samples along the debris 
field. The second method was aerial survey by helicopter-mounted gamma 
detectors flying search patterns. Surveyors found that particles were 
randomly distributed and far apart, and scientists concluded by early March 
that people living in the affected area had little to be concerned about.53 

While officials were worried about a hysterical public reaction to the 
“first live nuclear object (spewing deadly nuclear radiation) tumbling in 
from the cold depths of outer space,”54 analysis of regional newspaper 
coverage suggests that Northerners did not overreact. Jarvis Jason, the 
manager of a fried chicken outlet in Yellowknife, told a reporter on 26 
January that the nuclear fall-out threat “doesn’t really bother me at all. 
We’ve had these arsenic scares and things like that. After all, we’re 
Yellowknifers.”55 More generally, The Yellowknifer newspaper editorialized 
in February 1978 that:  

It appears that people in the North, and particularly 
Yellowknife, have done it again. Acted in a peculiar manner. 
They did not fall apart and get hysterical and start evacuating 
the city when this newsworthy satellite entered our area. What 
did they expect the citizens to do? … Please, you Southerners, 
stop expecting us to react in a predictable manner – by now – 
at least the media – should know we are different.56 

52 Ibid., 9; DoE, Operation Morning Light, 33. 
53 DoE, Operation Morning Light, 56, 58; Gummer et al., Cosmos 954, iii. 
54 Weiss, “The Satellite that Came into the Cold,” 6. 
55 Hubert Johnson, “The Day Yellowknife Became Famous” Edmonton Journal, 26 
January 1978, 64. 
56 “Yellowknifers didn’t contract satellite hysteria,” The Yellowknifer, 9 February 
1978, 37. 
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Yellowknifer editor Sig Sigvaldason, already disillusioned with the federal 
government over its treatment of arsenic contamination in Yellowknife, had 
little faith in official reports. Rather than alarmist reporting, he lauded the 
economic boost that the influx of authorities and outside media brought to 
his community. “The Russians have contributed more to the economy of 
the Yellowknife area in a few days,” he quipped, “than the Federal 
government does in a year.” One of his stories suggested that “the only 
fallout one could observe so far were the media types who filled every 
available hotel space.”57 Cartoons in the Northern media also cast Operation 
Morning Light in a humorous or cynical light, appropriating the situation to 
poke fun at the influx of scientists and military personnel into the NWT 
and the environmental threats posed by radioactive debris. 

57 Heaps, Operation Morning Light, 53, 84. 

“Is there enough left to determine what caused it to malfunction?” 
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While the debris area was large, barren, and sparsely populated, searchers 
were highly aware that it was also a homeland for humans.58 “The 
inhabitants of the Northwest Territories in the path of the Cosmos 954 
Satellite were concerned about their safety and it was necessary to undertake 
search and recovery operations so that the inhabitants could be assured that 
all debris dangerous to their health had been recovered,” an official summary 
noted. Dan Billing, the Chief of Emergency Services for the Government of 
the Northwest Territories, explained that: 

There are approximately 10,000 persons who reside in the 
“hit-zone”. The municipal councils of the Towns of Fort 
Smith, Hay River, Snowdrift, Fort Resolution and Pine Point 
expressed great concern for their citizens about the danger of 
the radio-active debris in their respective areas. Citizens[’] 
committees were established in some of these municipalities for 
the purpose of expressing their concern about their safety. 
Signs were erected in these municipalities alerting the residents 
to report any sitings of unusual debris and to warn the citizens 
that this debris may be dangerous. Persons residing around 
Great Slave Lake were concerned that the drinking water and 
fish were unfit for human consumption. Residents were 
concerned that the caribou might be unsafe for human 
consumption. Residents restricted their normal use of of the 
territory for fear of contact with radio-active material. An area 
north of the Town of Snowdrift was restricted from any 
unauthorized travel for approximately one month. 

Morning Light crews completed foot searches for radioactive material in the 
municipalities and around hunting and fishing lodges, finding radioactive 
debris in several of these locations.59 

                                                           
 

58  CFB Edmonton, “Post Operation Report,” 22. 
59 Witness Dan Billing, Chief of Emergency Services, Government of the Northwest 
Territories, AECB 15-200-24-12-2 vol.2, ATIP A-2016-00082. On impacts on 
specific communities, see the reports on AECB file 15-200-24-12-2 vol.2, ATIP A-
2016-00082. 
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In addition to checking towns and settlements, authorities were 
dispatched across the affected area to contact Northerners who were out on 
the land. Although distance and sub-arctic operating conditions complicated 
logistics, authorities were confident they had found all of the civilians in the 
search area by early 28 January and advised them of the possible hazards.60 
Authorities were particularly anxious about how they would explain the 
situation to many of the region’s Indigenous inhabitants. “There was a 
common concern and generally not enough known about this strange 
element … translated from English to Chipewyan [as] ‘poisonous,’” reporter 
Robert Blake explained. “There are no words in Chipewyan to adequately 
describe radioactivity, gamma ray sweepers and the like.”61 When a NAST 
team flew to the Chipewyan (Dene) community of Snowdrift (now Łutsel 
K'e), its inhabitants scattered. Canadian Northern Region Headquarters 
commander Brigadier General (BGen) Ken Thorneycroft flew to the village 
the next day to explain what was happening and to reassure local residents 
that no radiation had been detected near their community.62  

While the reported results were reassuring, mixed official messaging left 
some observers skeptical. Reporter Mitchell Beer later recalled how: 

An Interdepartmental statement on March 3 called particles 
found in the Great Slave Lake region “undesirable nuisances,” 
not serious enough to warrant changes in lifestyle or recreation, 
and Jack Werry, head of health operations at the Chalk River 
laboratories of Atomic Energy of Canada Ltd., said on March 1 
that the radiation involved was below accepted limits. But at 
the same time, AECB’s Dr. Roger Eaton was warning Fort 
Resolution residents not to make tea from the top layer of 
snow, or eat bones of game animals where radioactive elements 
would concentrate. And AECB-1157, an Interim report on the  

60 DoE, Operation Morning Light, 25. 
61 Robert Blake “Snowdrift safer than most places, General tells residents” 
Yellowknifer, 2 February 1978. 
62 Aikman, “Operation Morning Light,” 9. See also Heaps’s description of the visit 
(replete with offensive racial stereotypes) in Heaps, Operation Morning Light, 117-
22.
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cleanup published in January, 1979, said the radioactivity of 
some particles “has been strong enough to be a potential risk to 
people if they were accidentally inhaled, ingested, or trapped 
on clothing.”63 

Although concerns never entirely dissipated, Morning Light’s coordinated 
response offered credible reassurance to Northeners that their safety was of 
paramount importance, and that the search and recovery operations for 
debris appropriately addressed the most serious threats to human and 
environmental health. 

63 Mitchell Beer, “Aftermath of Cosmos Crash,” Globe and Mail, 25 October 1980. 

“Think there’s any chance fragments from the nuclear satellite will have 
an adverse effect on marine and wildlife around here?” 
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Bi-National Operations 

The American contribution reached its zenith two weeks into the 
operation, when 120 specialists in various fields were participating. Author 
Leo Heaps, in his dramatic account, observed that: 

When the Americans went into full gear with their immense 
back-up resources, there was very little in the world that would 
be able to equal them. The motive of competition, of sensitive 
pride where the Americans were concerned, was all one-sided. 
Canadians are traditionally apt to have some acute feelings in 
these matters. However, this was an emergency and the clear-
headed Garland and his team appreciated the assistance. The 
American scientists and technicians stayed out of sight in spite 
of the urgings of their public relations man, allowing the 
Canadian scientists and military to make all the 
announcements. They would have their turn when they arrived 
home.64 

Importantly, the sovereignty concerns that dominated most discussions of 
American involvement in the Canadian North since the Second World War 
were not in play.65  

When the United States eventually published its official “non-technical” 
summary of the operation detailing its agencies’ roles, it highlighted 
Morning Light as an “example of international cooperation for the 

64 Heaps, Operation Morning Light, 76. 
65 On these concerns, see for example Ken Coates, P. Whitney Lackenbauer, Bill 
Morrison, and Greg Poelzer, Arctic Front: Defending Canada in the Far North 
(Toronto: Thomas Allen, 2008); Lackenbauer and Peter Kikkert, eds., The 
Canadian Forces and Arctic Sovereignty: Debating Roles, Interests, and Requirements, 
1968-1974 (Waterloo: Laurier Centre for Military Strategic and Disarmament 
Studies, 2010); Shelagh Grant, Polar Imperative: A History of Arctic Sovereignty in 
North America (Vancouver: Douglas & McIntyre, 2011); and Adam Lajeunesse, 
Lock, Stock, and Icebergs: A History of Canada’s Arctic Maritime Sovereignty 
(Vancouver: UBC Press, 2016).  
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protection of the health and safety of the population of North America.”66 
The internally-directed CFB Edmonton report published here affirms that 
the two countries’ intimate cooperation during the operation proved 
seamless and effective. “The American agencies provided excellent technical 
support… plus the all important scientific expertise for re-entry, health 
physics and radioactive material recovery advice and support,” it notes. 
From an organizational perspective, this technical support “melded well into 
an efficiently functioning team that preformed the job safely.”67 

As more Canadians arrived, the Americans drew down their assistance as 
planned. 68 The first NEST team left on 8 March, and two weeks later the 
last Americans left for Las Vegas with the remaining US equipment.69 
NEST expertise proved to be tailor-made for the Cosmos 954 search. As the 
CFB Edmonton report observes, “the much smaller resource base in Canada 
did force some adjustments on the American time accomplishment 
expectations. Beyond this… without reservations, this was an excellent, 
productive exercise in international cooperation.”70 In the end, the 
Canadians were saddened to see their American counterparts go.71 

66 DoE, Operation Morning Light, iv. Although the Americans expected Canada to 
publish “one or more reports” on this model of binational cooperation, Canada 
never released one publicly. Excerpt from CFB Edmonton, “Operation Morning 
Light Post Operation Report.” 
67  CFB Edmonton, “Post Operation Report,” 11. 
68 Beer, “Aftermath of Cosmos Crash,” 2; DoE, Operation Morning Light, 62. 
69 Aikman, “Operation Morning Light,” 16; DoE, Operation Morning Light, 62. 
70 CFB Edmonton, “Operation Morning Light Post Operation Report,”33. 
American planning regarding Morning Light failed to adequately appreciate the 
impact that the sub-arctic environment and the distances involved had on 
operations in the initial designs of their timelines. While Americans planners 
acknowledged that Canadians logistical support overcame the tyranny of distance, a 
key lesson was the imperative for “staff to withstand the energy loss to 
environmental stresses,” concluding that whe operating “under severe 
environmental conditions, two to three times as many people will be required to do 
the same task as fair-weather planning would anticipate.” DoE, Operation Morning 
Light, 74. 
71 Aikman, “Operation Morning Light,” 6. 
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 “There was no historical precedent for Operation Morning Light,” 
Lieutenant General (retired) William Carr noted afterwards. “From my 
vantage point as Commander, Air Command during the events recorded 
here, I was privileged to see the spontaneous cooperation which invariably 
surfaces when Americans and Canadians, under pressure, work toward a 
common goal.”72 Supporting this assessment, the CFB Edmonton report 
explains that:  

Canadian/American individual responsibilities became well 
defined in the early days of Morning Light. The two national 
teams of the Task Force worked extremely well together… [in] 
a common purpose easily and productively with amazingly few 
problems. The blend of skills each side brought to the task was 
essential to the other side’s requirement and success, which is 
an exceedingly important factor. Without reservation, this was 
an excellent, productive exercise in international cooperation.73 

Accordingly, Prime Minister Trudeau expressed Canada’s appreciation for 
American assistance in a message to President Carter on 22 March.74 

For their part, the Americans participating in Operation Morning Light 
concluded that “the Canadians were outstanding hosts, both in technical 
support and personnel consideration. This likely represents the best of 
international assistance conditions that we could ever expect to encounter; 
many other situations could be far from ideal.”75 While the Canadians 
provided the bulk of personnel and logistics, the Americans brought 
“previous specialized experience of the U.S. team with nuclear radiation 
search and measurement over large areas was a key Morning Light resource; 
the operation could not have been completed as expeditiously without it.”76 
In addition to helping a close ally, the U.S. was able to glean intelligence 

                                                           
 

72 Lieutenant General (ret’d) W.K. Carr, “Foreword,” in Morrison, Voyage into the 
Unknown, 1.  
73 CFB Edmonton, “Operation Morning Light Post Operation Report,” 33. 
74 Aikman, “Operation Morning Light,” 16; DoE, Operation Morning Light, 62. 
75 DoE, Operation Morning Light, 73. 
76 DoE, Operation Morning Light, 22. 



Introduction – Dean and Lackenbauer 

xxx 

about Soviet reactor design from recovered fuel samples.77 Perhaps the 
greatest benefit for both the Americans and Canadians was that Operation 
“Morning Light represented a genuine emergency response, much larger 
than any simulation that would have been reasonable to fund. To some 
degree the costs of participation in Morning Light represent an investment 
for invaluable experience.”78  

Multi-Departmental or “Whole of Government” Operations 

The gradual draw down and departure of the Americans necessitated 
further cooperative measures between the deparments and agencies involved 
in Morning Light. The AECB, responsible for the recovery, transportation, 
and storage of debris, expanded the pool of civilian scientist it could draw 
upon to take over from the departing NESTs. The AECB also provided 
additional scientific instrumentation to the Department of Energy, Mines, 
and Resources (EMR), itself responsible for the management of the airborne 
search for radioactive wreckage. As the American drawdown continued, 
DND, responsible for overall operations, increased logistical support to the 
AECB and the EMR to help in the achievement of their objectives.79 

In terms of generating experiential knowledge, Operation Morning Light 
demonstrated the adverse effects that cold had on the effectiveness of 
personnel. The US report emphasises that these cold conditions “require 
more people, more reserves, to withstand the additional environmental 
fatigue and to carry out tasks which take longer to accomplish in extreme 
physical stress.” Given that personnel could only work for a few minutes at 
time in subarctic conditions, meeting a fixed deadline would require two to 
three times the people necessary to respond to such an event in more 
temperate climates. This environmental constraint complicates any multi-

77 Richelson, Defusing Armageddon, 70. 
78 DoE, Operation Morning Light, 73. 
79 Gummer et al., Cosmos 954, 2, 4. 
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departmental response in the North and the generation of appropriate 
specialists.80 

The experiences gleaned from Morning Light caused the CAF to identify 
the operation as a template for responding to future air disasters in the 
northern Canada. Yellowknife was recommended as the base for an On-
Scene Commander (OSC) in any future Northern operations, and various 
government departments and agencies were subsequently encouraged to 
draft their contingency plans so that Yellowknife would serve as a common 
hub from which to mount multi-departmental responses. 

The Canadian response in Morning Light also embodied a nascent 
Whole of Government (WoG) approach to interdepartmental/agency 
cooperation. In a northern context this approach means sharing 
information, assets, facilities, supplies, and even occasionally personnel 
between agencies and departments – all of which operate in the region with 
extremely limited resources. WoG operations are essential in the North, not 
only to leverage capabilities, but to ensure that departmental mandates are 

80 DoE, Operation Morning Light, 74. 
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fulfilled properly. It is in this supporting role that the CAF normally 
operates in a domestic emergency, providing transport, ships, and human 
resources that enable other government departments to react to 
contingencies in a rapid, coordinated manner.81  

The need for a WoG framework to guide northern defence planning was 
well established, at least in theory, prior to Morning Light. The Advisory 
Committee on Northern Development (1948-71) encouraged this 
approach, and the 1971 Defence White Paper, Defence in the 70s, 
acknowledged the value of an integrated government approach. Despite this 
policy direction, however, WoG operations were never incorporated into 
CAF northern training during the 1970s. Nevertheless, the military was 
uniquely equipped and positioned to provide rapid, coordinated support to 
other departments and agencies in an emergency or crisis, thus enabling 
them to fulfill their mandates.82 

Even today, with a strong awareness that planning, engaging, and 
cooperating with mission partners in the North is critical to successful 
domestic operations, WoG collaboration in the North remains notoriously 
difficult to achieve in practice.83 Looking within Canada’s federal response 

81 P. Whitney Lackenbauer and Adam Lajeunesse, “The Emerging Arctic Security 
Environment: Putting the Military in its (Whole of Government) Place,” in Whole 
of Government through an Arctic Lens, P. Whitney Lackenbauer and Heather Nicol 
eds. (Antigonish: Mulroney Institute on Government, 2017), 1-36.  
82 P. Whitney Lackenbauer and Daniel Heidt, eds., The Advisory Committee on 
Northern Development: Context and Meeting Minutes, 1948-67, Documents on 
Canadian Arctic Sovereignty and Security (DCASS) No. 4 (Calgary and Waterloo: 
Centre for Military and Strategic Studies/Centre on Foreign Policy and Federalism, 
2015); Department of National Defence, Defence in the 70’s (Ottawa: Queen’s 
Printer, 1971), 11. See also Lackenbauer and Kikkert, eds., Canadian Forces and 
Arctic Sovereignty. 
83 See, for example, Lackenbauer and Lajeunesse, “Emerging Arctic Security 
Environment”; Lackenbauer, From Polar Race to Polar Saga: An Integrated Strategy 
for Canada and the Circumpolar World (Toronto: Canadian International Council, 
2009); Peter Gizewski, “Discovering the Comprehensive Approach,” in Security 
Operations in the 21st Century: Canadian Perspectives on the Comprehensive Approach, 
ed. Michael Rostek and Peter Gizewski (Kingston: Queen’s Centre for International 
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during Operation Morning Light, planners and operators confronted two 
challenges that hindered (but did not prevent) multi-departmental 
cooperation. The first problem was the lack of a clear and unified line of 
authority and communication. Military personnel would report to Air 
Command Headquarters in Winnipeg while DND civilians would report to 
National Defence Headquarters in Ottawa (NDHQ). Similarly, AECB, 
Atomic Energy of Canada Ltd. (AECL), and EMR personnel reported back 
to their respective National Headquarters in Ottawa as well. Consequently, 
the Edmonton Report notes “that all military communications had to be 
reassessed at Air Command while the civilian agencies went directly to their 
senior headquarters with real time and detailed information.” This resulted 
in communication and decision-making lags between the military (which 
was in overall command of the operation) and civilian participants.84  

C.A. Morrison attributed this chronic interdepartmental coordination 
problem to the virtually last-minute notification some departments had of 
Morning Light, hampering efforts to marshal the various participating actors 
and meld them into a cohesive search and recovery effort.85 The CFB 
Edmonton report notes that the participation of American personnel helped 
to compensate for this initial multi-departmental coordination 
shortcoming.86 

The CFB Edmonton Report also observes that the second challenge 
came after the American departed and “field operations were characterized 
by a shortage of civilian manpower.”87 The 120 Americans that had 

                                                                                                                                   
 

Relations, 2011), 13-23; and P. Whitney Lackenbauer and Heather Nicol, eds., 
Whole of Government through an Arctic Lens, (Antigonish: Mulroney Institute on 
Government, 2017). 
84  CFB Edmonton, “Post Operation Report,” 33. 
85 Morrison, Voyage into the Unknown, 120. 
86  CFB Edmonton, “Post Operation Report,” 3; DoE, Operation Morning Light, 
22. American participants in Operation Morning Light had had much more 
advanced notification of Cosmos 954 than their Canadian counterparts. The US 
Department of Energy (DOE) had been planning to respond to Cosmos 954 since 
6 December 1977.  
87 CFB Edmonton, “Post Operation Report,” 33. 
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participated in Morning Light were mostly specialists with their NESTs and 
had been specifically trained for such an operation. “Canadian personnel 
were identified to take over search planning, scientific photography, search 
operation, health physics, computer support, and other functions,”88 the US 
report noted, but many of these Canadians did not have the levels of specific 
expertise that their American counterparts possessed. Instead, they were 
scientists and technicians with skills amendable to the detection and 
recovery of radioactive material. This challenge was compounded by a 
shortage and rapid turnover of AECB scientific personnel (to the point that 
“rarely did a familiar face return”) and the rotation of their departmental 
leadership out of the field. This required the military’s NAST teams to 
compensate with their own personnel. “Canadian military/civilian agency 
operations accomplished the task,” the CFB Edmonton report concludes, 
but with less efficiency than had been the case in the early stages when 
Canada drew upon American technical support.89  

The CFB Edmonton Report recommended that in future operations 
“the entire problem of an interdepartmental task force should be planned for 
in advance” to address the lack of a unified line of communication and 
authority that complicated efforts during Operation Morning Light. The 
military’s NAST was “vindicated” by the search and recovery operation, but 
the expansion of this asset was not advanced as a solution to the shortage of 
scientists. The CFB Edmonton Report focussed on a civilian solution, 
recommending the generation of “methods of providing sufficient scientific 
and technical expertise and man power on a call up basis from industry or 
universities.”90 This gestures towards an awareness of the benefits of a 
comprehensive approach that would leverage both government and non-
government resources and capabilities to mount an effective, collective 
response in an emergency. 

                                                           
 

88 DoE, Operation Morning Light,  62. 
89 CFB Edmonton, “Operation Morning Light Post Operation Report,”12, 33. 
90 Ibid, 33. 
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Operational Techniques and Equipment  

In terms of generating experiential knowledge, Operation Morning Light 
also represented a prolonged test of techniques and equipment in Northern 
conditions. Cold temperatures, extremely limited infrastructure (such as 
roads, airfields, and communications networks), and great distances from 
main logistical support hubs dramatically increase the resource intensity of 
northern operations. Moving supplies and personnel into and within the 
North is often more difficult and requires more time than in southern 
regions. To respond rapidly and effectively to unpredictable events such as a 
satellite crash, the military must not only integrate and synchronize efforts 
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with other departments, but also have the right equipment, training, and 
preparedness to meet the unique circumstances of the North.91 

While much of the Canadian military and government equipment 
performed well under demanding conditions, the CFB Edmonton Report 
makes clear that “equipment which did not do so or failed must be singled 
out for improvement.” Because the operation had depended so heavily on 
airlift, aircraft were subjected to particular scrutiny. The CC-130 Hercules 
was praised for its “airlift and endurance capability … versatility and 
reliability,” with this aircraft providing 1,800 hours of operational support. 
Hercules equipped with gamma ray spectrometers proved particularly 
critical to the operation and covered about 9100 square kilometres -- nearly 
100% of the territory marked out for aerial survey. Furthermore, CC-130s 
could land on ice strips and deliver the equipment by Low-Altitude 
Parachute-Extraction System (LAPES). Both methods delievered the 
personnel and equipment that built Camp Garland and established fuel 
caches to support other fixed- and rotary-wing assets.92 The CFB Edmonton 
Report emphasizes the exceptional flying skills of the pilots and aircrews 
throughout the operation, allowing them to manage a steep operational 
tempo, poor weather, and navigational challenges. 

Not all equipment and techniques were up to the challenges posed by 
Operation Morning Light. The reliance on the American-provided 
microwave ranging system (MRS) underscored the unsuitability for 
Northern operations of the navigation systems deployed on CAF aircraft 
(such as the Omega Navigation System) and the flying of precise tracks over 

91 On these themes, see for example the Canadian Forces Employment Support 
Concept for the North, 23 March 2011, DND file 3060-1 (Northern Strat 1); 
Canadian Joint Operations Command (CJOC) Plan for the North, 28 January 
2014, DND file 3350-1 (J5); Canadian Forces Northern Employment and Support 
Plan, November 2015. 
92  CFB Edmonton, “Post Operation Report,” 28, 31, 33, 34, A/1/A-1, Annex A 
“LAPES Operation Report,” Part 1 B (4). 
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long distances.93 These navigational challenges were compounded by the 
lack of 1:50,000 scale maps east of 108˚W longitude in the Northwest 
Territories and the inability to obtain replacement photos quickly.94 
Furthermore, the CFB Edmonton Report points out that military shelter 
left much to be desired. Tents were “poorly insulated” and there was a “lack 
of a safe, reliable method of heating field shelters.” CAF shelters also 
suffered from using “plastic items such as tent pegs or certain tools,” which 
“were either useless of fractured in the cold.” Shelters and electrical 
equipment – most importantly radios – also suffered from the cold draining 
battery power.95  

While the specific details of equipment shortcomings during Morning 
Light might not be relevant in today’s context, given changes to CAF 
equipment, organization, and doctrine over the last forty years, the broad 
“lessons learned” during the 1978 operation continue to resonate with those 
gleaned from Northern operations and exercises over the last decade.96 Most 
importantly, the extremely cold temperatures in the North strain equipment 

93  CFB Edmonton, “Post Operation Report,” 28. The MRS consisted of directional 
beacons placed on two high points of land 20 to 50 km apart. A receiver/computer 
mounted in the CC-130 received the two signals and, using triangulation principles, 
monitors the exact position of the aircraft and enables the pilot to fly along a 
specific path, allowing for radiation “hits” to be pinpointed to within 200 meters. 
The beacons were placed by helicopter and became operational on 3 February, 
greatly assisting the search of the debris area. Aikman, “Operation Morning Light,” 
13; Operation Morning Light: Canadian Northwest Territories/1978. A Non-
Technical Summary of United States Participation, prepared for the U.S. 
Department of Energy, September 1978, 46. 
94 Ibid., 27-8. 
95 CFB Edmonton, “Operation Morning Light Post Operation Report,”36, 37. 
96 See, for example, Adam Lajeunesse, The Arctic Response Company Groups: 
Presence and Mass,” and Nathan Fry, “Survivability, Sustainability, and 
Maneuverability: Implementing DoD Arctic Strategy at the Tactical and 
Operational Levels,” in Canadian Armed Forces Arctic Operations, 1945-2015: 
Historical and Contemporary Lessons Learned (Fredericton: Gregg Centre for the 
Study of War and Society, 2017), 331-69; and P. Whitney Lackenbauer and 
Lajeunesse, “The Canadian Armed Forces in the Arctic: Building Appropriate 
Capabilities,” Journal of Military and Strategic Studies 16, no.4 (March 2016): 7-66. 
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that has been designed for temperate climates, leading to decreased 
mechanical reliability and the need for more maintenance. Additionally, the 
magnetic pole and general orbits around the equator of telecom satellites 
hindered CAF communications during Morning Light. The limitations of 
non-polar orbital satellites remain a planning consideration today, and the 
necessity of procuring and maintaining Arctic-capable equipment remains 
equally relevant to ensure that the CAF can “generate sufficient forces at an 
appropriate level of readiness to meet a wide range of objectives and 
contingencies that the Government of Canada (GoC) has specified.”97  

Mission Accomplishment  

All told, Operation Morning Light successfully met its objective to find, 
secure, and define the radioactive risk to civilians in the affected area.98 The 
military was able to do this with about 250 personnel and thirteen aircraft, 

                                                           
 

97 Canadian Army Land Warfare Centre, Northern Approaches: Army Arctic Concept 
2021 (Ottawa: DND, 2013), 19. 
98 CFB Edmonton, “Operation Morning Light Post Operation Report,”4. 
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along with thirty scientists from AECB, GSC, and EMR.99 This success also 
depended on the AECB’s lead effort in recovering, storing, and disposing of 
the radioactive debris.100  

As the CFB Edmonton Report shows in great detail, the Morning Light 
mission was accomplished through surveys of the debris area by fixed-wing 
aircraft, helicopters, and ground teams. Tremendous distances, cold 
temperatures, and lack of infrastructure were overcome through the prudent 
development of operational techniques and integration of appropriate 
equipment. About 65 kg of satellite material was recovered, including 3500 
particles that appeared to be the remnants of the enriched uranium fuel used 
in the satellite’s nuclear reactor.101 Of this, Morning Light crews recovered 
the following debris of note: 

1. a single non-radioactive fragment (the “stovepipe”) showing signs of
melting and directional flow of molten metal;

2. a partial assembly of control rods (the “antlers”) containing residual
lithium (largely as hydride when found);

3. a group of beryllium rods and cylinders, some with remarkably fresh
appearance;

4. a miscellaneous group of flakes and shards of more or less highly
oxidized metal, probably all steel, some very strongly radioactive; and

99 Gummer et al., Cosmos 954, 2. 
100 CFB Edmonton, “Operation Morning Light Post Operation Report,”4. Much of 
the material collected by Operation Morning Light, after being flown to CFB 
Edmonton and then for further testing and storage at the Whiteshell Nuclear 
Research Establishment at Pinawa, Manitoba, was later sent to the Chalk River 
Laboratories at Deep River, Ontario, for disposal. Gummer et al., Cosmos 954, iii;  
CFB Edmonton, “Post Operation Report,” 7; and Morrison, Voyage into the 
Unknown. 
101 Taylor, et al., “Cosmos 954: Search for Airborne Radioactivity on Lichens in the 
Crash Area,” 1383-5; Gummer et al., Cosmos 954, 4-5. Small particles measured as 
low as a few thousandths or millions of a roentgen per hour, and steadily decayed to 
below natural background levels. September measurements found radiation levels to 
be one-fifth of what they were in January.  
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5. a multitude of minute spherical particles that occurred in the western
section of the trajectory and spread to the south and east,
presumably under the influence of wind at the time. Their
radioactivity related to fission products.102

AECB contracted the Whiteshell Nuclear Research Establishment 
(WNRE) of AECL to analyze and store recovered debris. By the time the 
project was completed in the summer of 1978, scientists at Whiteshell had 
examined hundreds of specimens and conducted more than 4700 
analyses.103 Studies of the radioactive fragments quickly yielded debris of 
particular interest, including a highly-radioactive steel “hotplate” determined 
to be part of the reactor container, beryllium “slugs” that were thought to be 
part of Cosmos 954’s reactor core, and a series of small cylinders in pristine 
condition that may have been part of the reactor control device. WNRE 
staff quickly determined that the reactor core had broken up and pieces of it 
were distributed across the search area. By analyzing the recovered fuel, staff 
determined the approximate size and power of the Romashka-type reactor, 
discerning that the powerplant produced an output of 132 kilowats and 
would “have left in excess of 13,000 Curies of radioactivity 90 days after re-
entry.” WNRE concluded that “much of this [radioactivity] may never have 
reached the ground.”104  

Scientific reports based on investigations of radioactive contamination of 
people and the environment confirmed that much of Cosmos’ reactor core 
had vaporized in the upper atmosphere, thus limiting irradiation of the 
terrestrial environment.105 Most of the uranium-235 fuel remained in the 

102 Gummer et al., Cosmos 954, 2. For a more in-depth breakdown of the recovered 
materials and the nature of their radioactivity, see pages 10-32.  
103 R.B. Stewart, “Russian Satellite Debris: Examination of COSMOS 954 
Fragments at the Whiteshell Nuclear Research Establishment,” May 1979, DHH 
79/528, acquired through ATIP A-2015-00298. 
104 Ibid., 9. 
105 See, for example, H.W Taylor, E.A. Hutchison, K.L. McInnes, and J. Svoboda, 
“Cosmos 954: Search for Airborne Radioactivity on Lichens in the Crash Area, 
Northwest Territories, Canada,” Science 205:4413 (28 Sept 1979): 1383-5. 
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atmosphere. The major effort placed into searching the debris area and 
measuring radiation levels gave scientists the confidence to conclude that 
dangerous radioactive debris which had fallen to the ground had been 
cleaned up, with smaller particles deteriorating rapidly and thus posing no 
serious threat to human health.106  

Conclusion 

Morning Light was an unmitigated success when measured against 
the Operational constraints. In the main these were cold, weather, 
distance, aircraft shortages, aircraft under-equipped for 
navigation, trained manpower, the pitting of resources against the 
cold, and the general lack of deployable equipment to support such 
an operation. Despite all of these and the dangers inherent in the 
operational milieu, the Operation was completed as measured 
above without major aircraft accident, radiation over exposure or 
serious injury. 

CFB Edmonton, Operation Morning Light Final Report, 32 

 

All told, Morning Light represented a success story in binational and 
WoG cooperation. After reviewing a draft historical narrative on the 
operation in 1981, Lieutenant Colonel E.D. Champagne commented that 
“the problem, as always, is what do you do with it so long after the event? 
Like a dead atheist, it’s all dressed up with no place to go! One could say 
that the aim should be to learn lessons, but then it’ll never happen again. 
Which simply makes the point that CF people get paid to think on their 
feet, they did just that and they did very well.”107  

Others disagreed that this was a “one off” scenario. Official historian 
Colin A. Morrison asserted in 1983 that while Cosmos 954 remained a 

                                                           
 

106 Gummer et al., Cosmos 954, iii. 
107 LCol. E.D. Champagne, “Minute Sheet: Operation Morning Light – Narrative,” 
10 February 1981, DHH file 1325-6,  acquired through ATIP A-2015-00300. 
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unique occurance, “there is a good chance that the events of Operation 
Morning Light will be repeated.” He insisted that: 

Operation Morning Light was, and remains, a prototype for 
probable future nuclear accidents involving satellites and the 
recovery of radioactive debris. Those involved in the planning 
and execution of the search for and recovery of Cosmos 954 
were venturing into a new field of operations – a voyage into 
the unknown – a process that entailed much trial-and-error. 
This lack of experience was made crucial by the concern that 
there was an immediate potential danger to humans, as well as 
to the fish and wildlife that form a major part of the diet of the 
people of these regions…. It was this concern, and the 
consequent need for speed, that led to crisis-management 
during the first two to three weeks of Operation Morning 
Light.108 

Responding to the crash of a nuclear-powered satellite was uncharted 
terrain for both the United States and Canada. Amidst tremendous 
uncertainty, officials had to decide how to address a scenario that could pose 
an acute threat to public safety. The mere potential of human impacts 
demanded that governments prepare for serious contingencies. This was far 
from a simple mission, given the vast areas that had to be covered by search 
and recovery teams. A professional, systematic effort was also essential to 
securing compensation from the Soviet Union for scattering radioactive 
satellite debris across Canadian territory. 

The diplomacy associated with this first test of anticipatory international 
law governing space-borne vehicles crashing to Earth is beyond the scope of 
this introduction but has attracted a modest amount of academic attention. 
Although Cosmos 954 was the seventh nuclear-powered vehicle to return to 
Earth, it was the first example of one state’s space assets inadvertently 
crashing onto another state’s territory.109 Subsequently, legal scholarship has 
assessed how the response to Cosmos 954 fit within international law and 

                                                           
 

108 Morrison, Voyage into the Unknown, 4. 
109 Morrison, Voyage into the Unknown, 3-4. 
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how it served as a precedent-setting case,110 focusing on the issue of liability 
pursuant to the 1972 Convention of International Liability for Damage 
Caused by Space Objects and Soviet compensation to Canada.111 Despite 
ambiguity in existing legal instruments and their non-binding nature,112 
Canadian legal experts noted that the convention was important in securing 
a settlement. After Canada presented a bill of $6.1 million to the Soviet 
Union in 1979, the countries eventually agreed to a lump sum settlement of 
$3 million in April 1981.113 

From an international legal standpoint, this settlement ended the 
Cosmos 954 affair. For Northern Canadians, however, the sweep of a 
diplomatic pen did not eradicate all concerns. Although the CFB Edmonton 
report conceded that “a finite risk that some radioactive debris from Cosmos 
954 may remain undetected” because it was impractical to conduct a ground 
survey of the entire debris area, it concluded that the extensive surveys that 
were completed ensure “a high level of protection of humans and of the 
natural environment.”114 Modest concerns remained, however, about the 
residual legacies. Globe and Mail journalist Mitchell Beer reported in 
October 1980 that, “despite soothing official words” about the clean up of 
the satellite debris, local residents remained apprehensive about the longterm 
effects of low-level radiation on their health. “Federal officials say they’ll 

                                                           
 

110 For example, see Edward R. Finch, Jr., and Amanda Lee Moore, “The Cosmos 
954 Incident and International Space Law,” American Bar Association Journal 65 
(January 1979): 56-9. 
111 R. I. R. Abeyratne, “Environmental Protection and the Use of Nuclear Power 
Sources in Outer Space,” Environmental Policy and Law 26:6 (1996): 255-60. 
112 Joseph A. Burke, “Convention on International Liability for Damage Caused by 
Space Objects: Definition and Determination of Damages after the Cosmos 954 
Incident,” Fordham International Law Journal 8:255 (1984): 255-85; Andrew 
Brearley, “Reflections Upon the Notion of Liability: The Instances of KOSMOS 
954 and Space Debris,” Journal of Space Law 34 (2008): 291-318. 
113 Edward G. Lee and D.W. Sproule, “Liability for Damage Caused by Space 
Debris: The Cosmos 954 Claim,” Canadian Yearbook of International Law (1988): 
273-80. 
114 CFB Edmonton, “Operation Morning Light Post Operation Report,”11. 
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never know whether radioactive fragments of a Soviet surveillance satellite 
that fell over Great Slave Lake in 1978 will affect human health, despite the 
concerns of a U.S. radiation specialist,” he noted.  

One lasting concern is the fate of a number of highly 
radioactive rods that came down In Keewatin District, about 
1,000 kilometres (621 miles) east of Great Slave Lake. The 
Soviet Union refused to say how many rods the satellite 
contained, and Dan Billing, NWT emergency measures officer 
at the time of the incident, said any undetected rods “may well 
be a bit of a landmine. They’re attractive-looking pieces of 
metal, and this country is constantly covered by people who 
are looking for metals. 

“What worries me is some trapper, who may never have even 
heard of Cosmos, coming across a big piece of it, and we still 
don’t know if there are any pieces out there. No one should 
pick those up and put them in their pocket….” 

 
Beer emphasized that “perhaps the most easily quantified and lasting result 
of the Cosmos 954 incident” was the stress that it had on Northerners who 
lived in the five towns where the particles landed. Although local media at 
the time had highlighted Northerners’ measured response to the threat of 
contamination, subsequent news stories suggested deeper-seated worries. 
“While most residents have gone back to their daily routines and forgotten 
about Cosmos, Brian Wainwright, a union representative at the Pine Point 
lead-zinc mine at the time of the incident, says a nagging fear lurks below 
the surface,” Beer reported. “None of us know for sure whether we’ve been 
got,” Wainwright said, “or if our lifespan as individuals has been shortened. 
I don’t know how much longer I've got to live, or what my kids have got to 
look forward to - this is the kind of cloud that’s left hanging over 
everybody.”115 In the ensuing decades, some NWT residents have linked 
ailments to their possible exposure to radiation from the Soviet satellite and 
others worry about environmental contamination that may persist from 

                                                           
 

115 Mitchell Beer, “Aftermath of Cosmos Crash,” Globe and Mail, 25 October 1980. 
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undiscovered debris (including rumours that the reactor may sit at the 
bottom of a lake).116 For most, however, Cosmos 954 – for all of the light 
that it threw into the early morning sky on 24 January – has faded into 
memory.  

Today, over sixty years of space launches have catapulted 1,738 
operational satellites into orbit, and this number increases every year.117 This 
means that Earth’s orbits are littered with over 500,000 pieces of man-made 
space debris the size of a marble or larger. This “space junk” ranges from 
“nonfunctional spacecraft” to “abandoned launch vehicle stages, mission-
related debris and fragmentation debris”118 – including more than thirty 
nuclear-reactor-powered satellites, all but one placed there by the Soviet 
Union.119 Recent concerns about residual toxic hydrazine (thruster fuel) 
from Russian rocket stages crashing into Arctic waters have also reignited 
conversations about Russian space debris, the safety and security of 
Canadian airspace, and potential environmental concerns.120 The old adage 
that “what goes up, must come down” continues to resonate. Launch 

                                                           
 

116 See, for example, Gordon Kent, “Cosmos reactor feared in lake; Doctor says 
radioactivity could spread across N.W.T.,” Edmonton Journal, 30 January 1993: 
G12; “Crippled by Cosmos 954? A Brooks man suspects the 1978 spy satellite 
crash,” Western Report Edmonton 8/8 (22 March 1993): 27. 
117 See “UCS Satellite Database” Union of Concerned Scientists, 7 November 2017, 
https://www.ucsusa.org/nuclear-weapons/space-weapons/satellite-database. 
118 See “Space Debris and Human Spacecraft” NASA, 26 September 2013, 
https://www.nasa.gov/mission_pages/station/news/orbital_debris.html. 
119 Rebecca Harrington, “Dozens of dead nuclear reactors are floating in space, and 
they’ll eventually hit the earth,” Business Insider, 10 March 2016, 
http://www.businessinsider.com/nuclear-powered-satellites-space-2016-3. This 
number does not include satiellites powered by radioisotope systems that convert 
the heat released from the decay of their radioactive fuel into electricity. 
120 Michael Byers and Cameron Byers, “Toxic Splash: Russian rocket stages dropped 
in Arctic waters raise health, environmental and legal concerns,” Polar Record 53:6 
(2017): 580-91. See also Bob Weber, “Canada says it didn’t get enough warning 
about a Russian rocket stage that will splash down in Arctic,” National Post, 3 June 
2016. 
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failures, defunct satellites, and other pieces of space junk currently in orbit 
make the prospect of uncontrolled returns to Earth an ongoing risk. 

The Canadian military continues to prepare to respond to space-borne 
threats that might crash into our Northern territory. For example, the 
primary scenario of Excerise NARWHAL 2004 was locating a downed 
foreign satellite that had crashed the Canadian Arctic. The exercise brought 
together various CAF units, including the Canadian Forces Experimentation 
Centre and the Directorate of Space Development, with the Canadian Coast 
Guard Ship (CCGS) Henry Larsen.121 Canadian Ranger patrols have also 
practiced locating and reporting satellite debris, making their own mockups 
of satellites to hide and then encourage patrol members to find.122 
Operation Morning Light continues to serve as an important reminder of 
how the CAF must be trained, equipped, and prepared to respond to any 
contingency, working in conjunction with its allies and in support of civilian 
departments and agencies to protect Canadians and their environment.  

Ryan Dean and P. Whitney Lackenbauer 
Otterville, Ontario 

January 2018 
 

 
  

  

                                                           
 

121 The Excerise NARWHAL series ran from 2002-7 as part of the Canadian Armed 
Forces strategic collective training plan. The NARHAL series “was designed to 
exercise Canadian Forces Northern Area, now known as Joint Task Force (North), 
in the conduct of domestic operations in its area of responsibility, Canada’s Arctic.” 
DND, “Exercise NARWHAL Series – Backgrounder,” 16 April 2007, 
http://www.forces.gc.ca/en/news/article.page?doc=exercise-narwhal-series/hnps1tx1. 
122 Based on the authors’ conversation with Ranger Sergeant John Mitchell in 
Whitehorse, Yukon, June 2018. There is no nuclear response component to these 
Ranger activities. 
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Editors’ Note 
The document has been reproduced almost verbatim, with some minor 

grammatical edits. We have retained the original wording in the report to 
preserve its integrity as an historical document produced at a specific time 
(1978) and bearing the biases of the era in which it was written. 
Accordingly, some of the terms used by the authors are no longer preferred 
usages for people or places. Various locations described in the text have also 
been renamed (eg. the settlement of Snowdrift is now Łutsel K'e).  

We have incorporated some of the annotations, corrections and 
comments that Captain C. A. Morrison, the official military historian of the 
operation, made in ink or pencil on the copy of the CFB Edmonton report 
held at the DND Directorate of History and Heritage (file 79/303). Please 
note that we have removed the photographs included in the original report 
because these were poorly reproduced, but we have retained various charts 
and maps.  
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List of Acronyms 
 

AECB Atomic Energy Control Board  
AECL Atomic Energy of Canada Limited 
AFB  Air Force Base 
A.G.L. above ground level  
ARG Accident Response Group (U.S.) 
BGen Brigadier General  
CAF  Canadian Armed Forces  
CCGS Canadian Coast Guard Ship 
CF  Canadian Forces 
CFB  Canadian Forces Base  
CFEC Canadian Forces Experimentation Centre 
CIA  Central Intelligence Agency (U.S.) 
DND Department of National Defence 
DOD Department of Defense (U.S.) 
DoE  Department of Energy (U.S.) 
EMR Department of Energy, Mines, and Resources 
EPA  Environmental Protection Agency (U.S.) 
GSC Geological Survey of Canada  
LAPES Low-Altitude Parachute-Extraction System  
LCol Lieutenant Colonel 
MRS microwave ranging system  
NDHQ National Defence Headquarters 
NSC National Security Council (U.S.) 
NM  nautical mile  
NORAD North American Aerospace Defense Command  
NAST Nuclear Accident Support Team (Canada) 
NEST Nuclear Emergency Search Team (U.S.) 
OSC On-Scene Commander 
PMO Prime Minister’s Office 
RCMP Royal Canadian Mounted Police 
RORSAT Radar Ocean Reconnaissance Satellite  
U.S.  United States 
WNRE Whiteshell Nuclear Research Establishment  
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Operation Morning Light
An Operational History

Canadian Forces Base Edmonton � nal reports 
Edited and introduced by Ryan Dean and P. Whitney Lackenbauer 

Cosmos 954, a Soviet nuclear-powered satellite launched in Kazakhstan in September 
1977, re-entered the earth’s atmosphere in the early morning hours of 24 January 1978. 
� e United States, which had mobilized its nuclear emergency response team (NEST) in 
early January, and Canada, which activated its Nuclear Accident Support Team (NAST) 
on 20 January, responded. � eir search activities, under the designation “Operation 
Morning Light,” determined that radioactive satellite debris had survived re-entry and 
reached the ground. � eir subsequent clean-up operations sought to safeguard the welfare 
of Northern Canadians living in the a� ected area. By critically evaluating the methods, 
equipment, and personnel employed during Morning Light, this recently declassi� ed 
military report – published for the � rst time – explains how the combination of civilian 
scienti� c expertise with military capabilities succeeded in overcoming large distances 
across a frigid, subarctic environment to e� ectively locate and recover the radioactive 
remnants of Cosmos 954. 
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