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Case Studies:

Radiological Accidents
and Government Response

* Goiania
e Goiania, Brazil (1985)
* Harborview Hospital
» Seattle, WA USA (2019)




Goiania Accident:
Incident Summary

* In Sept. 1987, a 50.9 TBq 13’Cs source was removed
from a teletherapy unit at the IGR clinic

IGR Post-Demolition

http://uraniumfilmfestival.org/en/film/berlin- (]
2012-berlin-2013-munich-2013-new-delhi-
Ll 2013-new-york-2014-rio-2011-rio-

2012/caesium-137

In 1985, Insituto Goiano de Radioterapia (IGR) relocated to a new
clinical location, abandoning a Cesapan F-3000 37Cs unit

The facility was mostly demolished, leaving only the therapy
room containing the teletherapy unit intact

(Sept. 10 - 13) Two men (P1 & P2) entered the remains of the
facility looking for metal to sell for scrap
* The shielding head of the teletherapy unit was removed and taken home
* (Sept. 13) P1 and P2 began vomiting (assumed to be food poisoning)

* (Sept. 15) P1 sought medical assistance. Diagnosed with and allergic
reaction to something he ate
(Sept. 18) P2 attempted to dismantle the shielding head,
puncturing the source capsule containing the CsCl source. The
metal was sold as scrap, and the powder kept as a curiosity

(Sept 18 — 28) Neighbors and acquaintances were shown the
source capsule with the “glowing blue powder”, resulting in
significant spread of contamination.

(Sept 28) Doctors at the Tropical Diseases Hospitals begin to
suspect that the number of patients with skin legions and tropical
disease symptoms may have been exposed to radiation
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Narrative:
In 1985, the Goiania Institute of Radiotherapy moved to a new location taking a Cobalt-60 teletherapy and discharging an obsolete Cesium-137 teletherapy unit in a partially demolished session of the old building in downtown Goiania

Two young men without permanent jobs looking for a way to make some money learned that there was a heavy equipment at an abandoned and partially demolished hospital building in downtown Goiania

 Possibly on September 13 1987, they forced the entrance of the building and decided to remove the shielding head of the teletherapy unit and sell it to a junk yard.

The two men, the owner of the junk yard and his two employees initiated attempts to dismantle the equipment

The rotating assembly and a capsule containing about 1400 Curies (51 Tbq)of Cesium-137 were dismantled presumably on September 18. Dose rate at 1 m from the capsule was 4.56 Gy/hr
 
The capsule was ruptured and the cesium released

 Pieces of the source were distributed among the junk yard owner’s relatives, neighbors and most close friends

 Everyone was impressed with the “power of the stone” as it glowed blue in the dark.

 Some of them scrubbed the material on the skin in order to appreciate its brightness 

 Residences about 100 miles from Goiania were found with cesium contamination

The owner’s wife observed the occurrence of the first symptoms of acute radiation syndrome among her relatives and decided to look for medical assistance at the Hospital for Tropical Diseases 

 Pieces of the source were put in a bag that she took along with her by bus to the hospital 

 On September 29, the Brazilian Nuclear Energy Commission  was notified by a goianian physicist about the occurrence of a serious radiological accident




http://helioseismic.blogspot.com/2011_01_01_archive.html
http://uraniumfilmfestival.org/en/film/berlin-2012-berlin-2013-munich-2013-new-delhi-2013-new-york-2014-rio-2011-rio-2012/caesium-137

Poll Question

Question Answers

A. Inspection of licensed source by
regulatory agency finds missing

If this event had occurred in your source
country, what is the most likely way o
the incident would be discovered? B. Scrapyard radiation sensor

alarms when shielding head was
sold for scrap

C. Doctors identifying a potential
radiological exposure and
notifying the authorities

D. Hospital/clinic finding
contamination after patients
were treated and notifying
authorities

E. Other route or potentially
missed event



.

* Sept 29: Timeline for Discovery and Notification

G O | é N ia ACC | d ent: » (0800) Investigation of source left at Vigilancia Sanataria
. . begins
/n C/ dent DISCO Vefy * |nitial dose rate measurements were assumed to be instrument error

* Fire Department called in while the instrument was replaced

. Physicist had to stop firemen from picking up the source and throwing it in theriver

* Dose rate measurements (> 400 mGy/hr @ 1 m) confirmed at 1020
* (1100) Evacuation of the Offices at Vigilancia Sanataria
* (1200) Investigation expands to include first junkyard

* Dose rates measured off-scale. Indications of wide-spread
contamination

* Junkyard and surrounding area evacuated

* (1300) Physicist and Doctor from VS attempt to notify State

*  Went in-person to the offices of the Secretary of Health for Goias
State

* Eventually spoke with the Secretary. Formal incident response begins
* (1500) Director of the Department of Nuclear Installations in
the Comissdo Nacional de Energia Nuclear (CNEN) contacted.
He serves as the Coordinator for Nuclear Emergencies (NEC)
* Note: NO plans for emergency response at this scale existed
* Plans developed for minor releases from transport of sources

S * Plans developed for major accidents at the nuclear power plant
Irradiated CsCl (Angra)

https://kurioso.es/tag/el-incidente-de-goiania/  https://uk.pinterest.com/pin/56013589089150784/ https://www.phactual.com/magical-blue-powder-the-goiania-radioactive-accident-of-1987/
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Narrative:

At 0800 a visiting medical physicist contacted by the doctors at the Tropical Diseases Hospital borrows a dose rate meter from the Federal Government Office (NUCLEBRAS).  The detector was intended for geological measurements (searching for uranium ores) and has an active range of 0.02 to 30 uGy/hr.  When the medical physicist approached the health surveillance offices (Vigilância Sanitária - VS), he turned on the detector and it read off scale. The MP believed the instrument was defective, so returned to NUCLEBRAS for a second instrument.  On his return to VS, he turned the instrument on at a distance from the offices and measured the dose rate as he approached.  From this second reading, he confirmed that a significant source was present (one of the wives of the first men to uncover the source had brought the remaining material to the office the previous day).  Approximately 10% of the initial activity was present at the VS offices, providing a dose of greater than 400 mGy/hr at 1 m.

While waiting on the physicist to return with a new detector, the doctor at VS that had received the source called the fire department.  The medical physicist returned with the detector in time to prevent the firemen from picking up the source and throwing it into the river.  Following the measurements with the second detector, the VS offices and surrounding areas were evacuated.

The doctor from the VS described how the material came to the VS and the event chronology (to the extent he knew).  The doctor and the medical physicist then went to the first junkyard (three separate junkyards received components from the teletherapy system) and found significant contamination at the site.  After extensive discussions with the junkyard owner and his family, the junkyard and neighbors were evacuated.

At 1300 the doctor and MP went to the offices of the Secretary of Health for the state of Goias.  They attempted to convince the staff of the seriousness of the incident and need for evacuations, but were met with skepticism.  Eventually, they were able to meet with the Secretary.  At 1500, the director of the Department of Nuclear Installations in Comissão Nacional de Energia Nuclear (CNEN) was contacted as the coordinator for nuclear emergencies (NEC)



https://kurioso.es/tag/el-incidente-de-goiania/
https://uk.pinterest.com/pin/56013589089150784/
https://www.phactual.com/magical-blue-powder-the-goiania-radioactive-accident-of-1987/

Poll Question

Question

In your country, who would be
tasked to investigate a potential
release of radiation like this?

m m o 0O

Answers

Trained Hazardous Materials
Response team

National laboratory or
university radiological experts

Police/Law Enforcement
Fire/Rescue
Military

Other or Don’t Know



Poll Question

Question Answers

A. Handheld dosimeters or

What kinds of equipment would PagErs
the team likely have to use in the B. Handheld contamination
investigation? survey meters (GM probes,

(multiple answer) alpha/beta probes)

C. Portable gamma spectroscopy
systems

D. Vehicle-mounted gamma
detection systems

E. Aerial measurement systems



G CA A d £ * Sept 29: Response Timeline
Olania cciaent. e (1600-2000) Initial Response Actions

State/Federal :
Response

Hospital notified of radiation exposures and contaminations
Civil Defense Forces notified (Police, Fire, Ambulance, etc)
Olympic Stadium designated to receive contaminated

. personnel
%E & * Initial sites (VS and Junkyard 1) resurveyed
. ’;%%/ Q% ﬁﬁo&o * (2200) Site Investigations Expand
x% et Sam:mgmw * Additional contamination sites are identified
& O Brremetommesont Dosmeter * 22 additional exposed individuals identified and send to
T 7. e Stadium
A sampls
- STREE% Or:']";':'::""::::‘Ivt;:;;g e Action Levels Established by State
m;ém ) _g_?é °m B;k e Evacuation Limit: 2.5 uSv/hr
i & 4] | o . * Access Control Limit: 10 uSv/hr
Qﬂ p =o=F = m %

e Sept. 30: Source Entombed
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Source at VS entombed in concrete to reduce dose rate

* Evacuations completed by Oct. 3
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FIG 16. Plan of the Aeroporto section of Goidma showing the locations of the principal sites

of i and the sampling points.
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Narrative:

At 18:00 on 29 September the co-ordinator for nuclear emergencies, NEC, left Rio de Janeiro for GoiSnia, arriving just after midnight (00:30) on Wednesday 30 September. He had been joined en-route by two technicians from IPEN in Sao
Paulo, who had brought suitable monitoring equipment on the basis of preliminary information obtained from the physicist. The lead team went first to the derelict clinic of the IGR. Finding no sign of a radioactive source and no trace of contamination, they proceeded to the Vigilancia Sanitaria and subsequently to the other key places. They confirmed the location of the source remnants in a bag on a chair in the front courtyard. Dose rate survey for the premises of the Vigilancia Sanitaria shows the dose rate 1 m from the source remnants was 0.4 Sv/h, indicating radioactivity of about 4.5 TBq (120 Ci), or less than 10% of the source.

Over the next several hours in the night, the physicist who had discovered what had happened showed the CNEN team the places he had identified as the principal sites of contamination. The authorities in Goiania decided to evacuate residents from areas where the dose rate exceeded 2.5 /uSv-h. In view of the pressing circumstances, an elaborate philosophical basis for an intervention criterion was not to have been expected. This first approximation was simply based on the internationally recommended occupational dose limit of 50 mSv per year. W F. was aware that compliance with an occupational dose limit of 50 mSv per year for a full time worker would be ensured if the dose rate on the external surface of a barrier were limited to 25 uSv/hr (safety factor/margin of 2).  This was further reduced by a factor of 10 to establish limits for areas accessible to the general public. 



Statements for Public Outreach

* The next slides and surveys will include statements
that the mayor has drafted for his upcoming press
conference to address the local population. They

have asked you to review the statements prior to
the address

 Select True (or A) if you agree with the statement
and think the mayor should include it as is

 Select False (or B) if you disagree with the
statement or think it needs significant revision
before being released to the public



Poll Questions — True/False

1. Residents are advised to shower upon returning home.
Clothes should be bagged until they can be washed.
Shoes should be left in an isolated location near the door.

2. If you are in the evacuation area, please grab any
essential medication and immediately go to the
reception centers

3. If you have any of the glowing blue powder in your
home, place it in a bag and bring it to the authorities at
the reception centers.

4. |If you are living within the exclusion zone, please go
directly to the local hospital for evaluation.



Goiania Accident:
Recovery

Evacuation Limit Relaxed to 10 pSv/hr

Remedial Dose Limits Established
* Dose to critical group should not exceed 5 mSv in year 1

* 1 mSv due to external exposure inside houses
* 3 mSv due to external exposure from contaminated soils

* 1 mSvdue tointernal exposure from contaminate food/water

Action Levels Established to Ensure Dose Limits are met
* For homes

* 37 kBg/m? internal surface contamination limit
* 0.5 puSv/hr external dose rate limit
e For Soils
* 430 kBg/m? (surface) or 22.5 kBqg/kg (top 15 mm)

* 1.0 uSv/hr external dose rate limit

Decontamination

e 85 homes, 45 public areas, and 50 Vehicles were
decontaminated

* 3500 m3 of radioactive waste was generated by clean-up
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Narrative:

During the first few days of the response the CNEN team retained the simply derived criterion. After about a week the criterion for evacuation was relaxed to a dose rate limit of 10 uSv/h. This new figure was still based on a dose limit of 5 mSv per
year, but a number of dose modifying factors were considered in arriving at it. These factors, with possible ranges (between 0 and 1) given in parentheses, were:
	(a) an occupancy factor (0.30 to 0.75);
	(b) a geographical distribution factor to relate the mean dose rate to the maximum dose rate (0.1 to 0.2); and
	(c) a time distribution factor to reflect the decrease in radioactivity due, for example, to cleaning or weathering (0.1 to 0.4).

Various remedial actions were undertaken, such as decontamination of property, collection of contaminated clothing, removal of contaminated soil, and placing of restrictions on home grown produce near the principal foci. The dose criterion adopted was that the dose to the critical group in the first year should not exceed 5 mSv. Action levels were derived from this criterion, and subsequently long term doses were assessed against a criterion of doses being less than 1 mSv per year.

It was found that the 5 mSv criterion was the limiting factor. It was recognized that there were a number of possible pathways for exposure, and upper bounds for the dose in the first year via the principal pathways were therefore set as follows:
	(a) inside houses (external exposure): 1 mSv;
	(b) outside houses (pathways from contaminated soil): 4 mSv, broken down into 3 mSv due to external irradiation and 1 mSv due to internal exposure, such as via contaminated fruit and produce.

The upper bound for exposure inside houses applied only to external exposure (mostly deriving from contamination on roofs), since it was considered that the action level adopted for surface contamination would render the internal exposure
component negligible. This action level was set at 37 kBq/m^2, which was the level set in CNEN basic regulations for non-active areas. For external exposure, an occupancy factor of 0.5 (12 hours a day) was assumed, which gave an action level
for decontamination of 0.5 uSv/hr when allowance was made for the background dose rate. Again, both the dose criteria and the models for the derived action levels  were chosen in the context of strong social and political pressures. It should be noted that the values selected are more applicable to normal circumstances rather than to the conditions prevailing in the immediate aftermath of an accident.

On the basis of the 3 mSv upper bound for external exposure via soil and a garden occupancy factor of 0.5 (12 hours per day), and on the assumption of an infinite plane source and a natural background rate of 0.2 uSv/hr, an action level of 1 0 uSv/hr was derived. This value corresponds to a surface radioactivity of 430 kBq/m^2, or 22.5 kBq/kg in the top 15 mm of soil, which is where the highest radioactivity was found. An investigation level of 1E4 Bq/kg was set.

A value of 1 mSv was estimated for the projected committed effective dose equivalent from the use of gardens in the first year after the accident, at this level of radioactivity in surface soil. This was done by using site specific data and a model
such as that described in IAEA Safety Series No. 576. Internal exposure pathways that were taken into consideration (neglecting the inhalation of resuspended material) included those via the ingestion of contaminated fruit, chicken, eggs, pork and leafy vegetables. However, for fruit already contaminated by the initial deposition after the accident a derived level of 650 Bq-kg"1 was set for pruning trees and picking out fruit according to the Brazilian norms for food




Goiania Accident:  « Root cause
L@SSO[’]S Learned * Lack of Institutional Control of Source

* Control of source lost when IGR moved to new facility

* Uncertainty about legal status and ownership of source

* No requirement to notify Regulator following inventory of
sources

* No/Infrequent Inspections by Regulatory Agencies

* Lessons Learned
* Easily Identifiable Markings of Radiation Hazard Required

e Communication with Public is Essential

* NO public statement issued even as areas were evacuated and isolated

* Decontamination and Medical personnel need training for
communicating with the public

* Emergency Planning and Drills/Practice are Essential

* Chain of Command and Information Flow must be established

* Detection Equipment and Trained Personnel need to be available
* Training of Medical Personnel

* Medical personnel not well trained to identify potential radiation
exposures

* Misdiagnosis of early patients delayed identification of release by days

http://physique.henry.free.fr/pages/dechets/nucleaire.htm https://panji1102.wordpress.com/2012/02/20/cesium-radiation-goiania-brazil/
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Narrative:

The rule that radiation sources must be secure and under control must be given expression by national competent authorities in an appropriate regulatory system supported by appropriate rules and regulatory inspections; which was indeed the case in Brazil. However, such a system cannot diminish the responsibility of the person designated as liable for a radioactive source. The regulatory system cannot and must not detract from managerial responsibilities; in particular, it cannot substitute for the licensee's responsibility for safety. The system should be viewed as only a check on the effectiveness of the professional and management system; in particular, it may serve as an audit of the licensee's fulfilment of this responsibility. One way in which the regulatory system can do this is by inspections of facilities, but there are inevitably resource limits on how often periodic inspections can be made.



http://physique.henry.free.fr/pages/dechets/nucleaire.htm
https://panji1102.wordpress.com/2012/02/20/cesium-radiation-goiania-brazil/

Harborview Hospital
Seattle, WA USA




Harborview Source
Recovery Plan: " Summary:

* University of Washington agrees to
decommission a Cs-137 Blood Irradiator currently
in use in the Harborview Research and Training
(HRT) facility on the Harborview Hospital campus
in Seattle, WA (USA).

* Removal specialists plan to remove the Cs
capsule containing 2900 Ci Cs-137 from the
irradiator to transfer to a shielded transportation
cask for removal from site and transfer to
disposal location

* The Mark lirradiator design is known to be
incompatible with the portable hot cell and
shipping cask the contractor plans to use for the
recovery.

* The contractor has a procedure to cut the source
capsule free from the lifting rod to allow it to be
moved into the hot cell and shipping cask

Source capsule

\ —

/Source holder —/ Lifting rod _/

Tungsten rod
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Note: Modular hot cell used for this operation is NOT sealed (gamma shielding only).  No containment was provided for any work inside the MHC.

A small port in the bottom of the MHC was designed to allow it to mate with the transport cask and irradiators. This port opening had an additional shielding “Donut” that was intended to provide extra shielding against groundshine from the source during a transfer – this additional shielding was removable.


Harborview Pre-Event Chronology

( M ay 2, 20 19) : e (1600) Irradiator moved from the storage location to
loading dock using a forklift, engine hoist, and pallet jack

= . (1715) Recover team attempted to mate the irradiator
to the bottom of the modular hot cell. They determined:

* Lifting rod was too long to bring the source
assembly into the hotcell in a single unit

* Remnants of the IDD safety system prevented
mating the irradiator to the hotcel, requiring the
removal of the shielding donut from inside the
hotcell

* Loading bay door was partially closed to limit light
leakage to cameras in MHC

e R * (1825) Multiple cuts were made by hand to the lifting
o o m% rod to allow the source to be moved into the hotcell.
"~
' enammemen © (1845) The source was lifted from the irradiator into the
e J """" MHC. This resulted in higher-than-expected doses (400
- mR/hr at 1 m from bottom of MHC). Team added
M“"’“”“’“g“% additional shielding and posted area as a radiation area.
eeecedaiment | @ Tegm elected to continue operations even though
ambient dose rates were 10X higher than expected from

=l pre-job planning.
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Emergency Response:

Expected
Configuration

Tungsten 1
rod \

Rollpin—__

Aluminum
spacer\
Source

capsule T

Source
holder \5

Tungsten 9
rod \

Roll pin — —

Actual
Configuration

Aluminum —|
spacer
Source

capsule\

Source =
holder |

Cutting wheel
pincut

Other cut
attempts |

Cutting wheel
pin cut 2

!,.ZI

Aluminum
spacer

Roll pin

Source

Cutting wheel
roll pin cut 1

= Source
{@ capsule

Cutting wheel
roll pin cut 2

(1931) Team began a series of cuts on the assembly
to allow source capsule to be unscrewed

(2005) Team was still not able to unscrew source
capsule. They believed threads were oxidized, and
began performing circumferential cuts to free
source.

(2015) White spots can be noted in the HRT security
feed. This was not available to the workers in the
room.

(2127) Assembly moved to transfer location prior to
end of shift after 27 separate cuts. Movement
observered between source and source tube

(2129) Team notified UW radiation control officer
of a potential breach of the source. RCO turned
on the contamination meter in the room and
confirmed breach with a large area wipe that
“pegged” the meter at over 500 kcpm.
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Note: Team had no method to determine if a breach of the source had occurred until the contamination meter was turned on.  There was no air monitoring and the radiation meters that were on could not discriminate between contaminate and the significantly increased radiation field present during this operation. Also note, no radiological monitoring for contamination was performed at any point between any of the 27 cuts performed.


Emergency Response Phase

-

(2134) The roll-up door to the loading bay was
closed to prevent further release through
doorway.

(2146) Large area surveys of the area were
performed, confirming significant release. A box
of Nitrile gloves was found in the loading dock.
This is the first PPE used by the team.

(2225) Seattle Emergency Response notified of
accident. Hazmat team dispatched.

(2230) Primary building ventilation shut down.
Secondary ventilation, including exhaust
systems, left operational.

(2328) Damaged source transferred into shipping
cask for storage and eventual removal.

(2230) HAZMAT team arrives and begins set up
to contain incident. DECON support reqguested,
and a decon tent set up by 2359
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2130) An additional (clean) contamination monitor was acquired and used to confirm a release had occurred.

HAZMAT was requested to assist, but not notified that a mass decon capability would be needed to extract team from building.

2320 REAC/TS was called by Seattle Fire Dept. (HazMat) to assist with planning for triage and decon effort.




Poll Question

Question Answers

A. Establish a 100 pSv/hr
perimeter boundary around the

What should the first priority be for : :
the HazMat team when they arrive acude.nt site -
on site? B. Establish containment around

the building to prevent the
release and further spread of
material

C.  Extract, decontaminate, and
provide medical support for the
contaminated personnel

D. Start surveying the surrounding
neighborhood to see if any
contamination has spread away
from the building

E. Eatall of the donuts before the
police arrive on-scene



Immediate Response Phase

* (May 3) Federal Radiological Assistance Program
~ team dispatched to Seattle to support event

* Surveyed interior of building to determine
habitability and extent of contamination

* RAP team discovered contamination on the coils
of multiple refrigerator and freezer units in the
building on multiple floors.

* |dentified multiple exhaust systems still
operating from fume hoods, biological storage
cabinets, and equipment rooms

* |dentified contamination from elevator shafts on
multiple floors.

* Located and isolated multiple spots of
contamination on the pavement outside the
loading dock roll-up door.

Alder Street
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The HRT building posed a unique challenge for containment.  The building housed multiple biological agents (for experiments) that required cold temperatures. This required the exhaust systems to be left on, and the building HVAC eventually restored, to prevent these samples becoming biologically active – and creating a second biohazard release.

The building also hosted millions of dollars of biological research using live specimens, which required provisions be made for feeding and cleaning the vivariums inside the HRT

Team established partial containment and set up air monitors on all floors an on roof to measure exhaust




Supplemental Response

WIDE-AREA, GROUND-BASED ENVIRONMENTAL RADIATION SURVEY CMHT

HARBORVIEW R&T BUILDING
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Survey performed using large, high-sensitivity
gamma radiation detector (2x4x16 sodium iodide
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mph collecting real-time spectral information. Post-
processing calibration and analysis provide
exposure rate at 1 meter above the ground and
ground concentration of Cesium-137.
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Over the next few days, Cs-137 was detected in the exhaust stacks of the HRT building.  The RAP team was recalled to the site to perform a wide-area survey.  The ground level survey did not reveal any widespread contaminate in the Harborview neighborhood.  

However, surveys of the air intake systems on buildings near the HRT building did reveal Cs-137 in the intake filters of the nearby buildings.  Particularly in the air intake for the Hospital building across the courtyard.  The primary air intake in question fed the operating rooms.  As a result, the RAP team was deployed to survey all of the operating rooms in the building for Cs contamination overnight to determine if they needed to be shut down. No contamination was found in the operating rooms, but contamination was identified in the air ducts

Decontamination and Recovery efforts at the HRT continue today
 


Questions?

\ '
7\
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