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M. Richard Faucher
Président

Niocan Inc. .

2000 Peel, suijte 560
Montréal, Quebec H3A 2W5

Re: Emission of Radon from Slag (scones)

‘ Dear Mr. Faucher,

In our meeting in Montréal on 13 May 2002 with the BAPE, one of the issues discussed
concerned the potennal emission of radon from slag containing above-background
concentrations of uranium and thonum This letter addresses that issue.

First, it should be noted that the slag to be produced by Niocan, as well as the historical slag on
the Saint Lawrence Columbium (SLC) site, will be buried underground in the future Niocan
mine near Oka. Therefore, any potential radon emissions from the slag will have no
environmental impacts. Second, as discussed below, based on the nature of the slag and
experience with radioactive slag resulting from the production of elemental phosphorus
(phosphate ore also contains above-background concentrations of uranium), the radon emissions
from the slag will likely be very low relative to the radioactivity in the slag. -

There are a number-of publications that discuss radon emissions from phosphate slag. Attached
are extracts from three documents, including two produced by the United States Environmental
Protection Agency (U.S. EPA). The first EPA document (“Idaho Radionuclide Study”,
EPA/520/8-90/008, April 1990 — cover and first page only) addresses the potennal radiological
1mpacts of slag that had been used w1dely as aggregate in road and house construction in Idaho.
(This is the same type of slag that is disposed on surface (10 tonnes) at the decommissioned
phosphorus refinery at Varennes, Québec, and also in Long Harbour, Newfoundland.) As stated
at the bottom of page 1 of the report, “Conspicuously absent were the elevated radon
concentrations expected to originate from phosphogypsum [a by-product of phosphate fertilizer
production]; radon levels were found to be indistinguishable from background.”

The second EPA document (“EPA Fact Sheet — Questions & Answers on the Health Risks of
Radioactive Slag”, August 1990) states at the bottom of the second page that “Radon does not
come from slag"'.

Specialists in Energy, Nuclear and Environmental Sciences
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The third attachment is from Appendix F (“Radiation Survey of Long Harbour, Newfoundland’)
of a report by the Canadian Public Health Association (“Final Report - Task Force on Fluoride —
Long Harbour, Newfoundland”, 1978). Slag had been used as fill around homes in Long
Harbour. The report states: “Measurements of radon daughters [decay products of radon] in 80
dwellings in the community of Long Harbour showed no raised levels ar all” (p. 134) and "4
small but completely negligible increase in radon daughter levels was found to be associated
with the use of slag in and around the dwellings ™ (p. 135).

This experience relates to radon-222 (“radon”) produced from the radioactive decay of
radium-226 in the natural uranium (uranium-238) decay series. Anather radon gas (radon-220 or
“thoron™) is produced in the natural thorium (Th-232) decay series. However, thoron has a very

~ short half-life (55 s) compared to radon (3.8 days) and therefore has even less environmental

impacts.

The phosphate slag (and the future Niocan slag) is produced in a high temperature process and
thereby develops the material characteristics of ceramic or glass. It is very impervious to the
flow of liquids (not leachable) or gasses. The radon produced in the slag is transformed by
radioactive decay to solid (non-gaseous) radionuclides before it can escape from the slag. It is
for these characteristics that various international authorities recommend that high-level
radioactive wastes be vitrified (glass-like material) before they are permanently disposed.

Based on the analysis of the SLC slag, the future Niocan slag will contain more radiuni-226 than

* phosphate slag (10-13 Bg/g SLC slag versus about 2 Bq/g in phosphate slag). However, the

principle of low radon emissions remains because of the nature of the slag.

In summary, because the Niocan and SLC slag will be disposed underground, there will be no
environmental impacts of any radon emissions from the slag. In any case, the ceramic-like
nature of the slag will result in very low radon emissions relative to the radioactivity of the slag.

“Yours truly,

SENES Consultants Limited

Ib,

-

Leo M. Lowe, Ph.D.
Principal, Senior Health and
Environmental Physicist
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INTRODUCTION

In 1979, the U.S. Environmental Protection Agency (EPA)
- listed radionuclides as hazardous air pollutants and was
required by the Clean Air Act to issue emission standards for
radionuclides. In October 1984, EPA was ordered by the U.S.
District Court, Northern District of California, to issue
standards for elemental phosphorus plants and other source
categories under Section 112 of the Clean Air Act.

PN

Phosphorus ores contain approximately 60 times the levels of
natural radioactivity normally found in the Earth's crust. Some
of the radioactivity is released to air and water during
processing of the ores, and some is distributed in the
environment through the use of solid byproduct wastes. The EPA
has established a radionuclide standard limiting polonium-210
(Po-210) air emissions per elemental phosphorus plant to 2 curies

per year (Ci/y).
At the issuance of the standard in 1985, EPA stated:

"The areas surrounding two plants, the FMC plant
in Pocatello, Idaho and the Monsanto plant in Soda
Springs, Idaho are characterized by high total levels
of radiation from a variety of sources. The storage
and widespread use of slag, and possibly other waste
products from these plants, have significantly
47 increased the natural background radiation levels in
Qh# parts of the communities. 1In particular, phosphate

! slag from these plants has been widely used in
’ aggregate in road and house construction in these
areas. EPA and the State of Idaho will initiate a
total assessment of the various sources and will
investigate ways to reduce or prevent risks from

growing."

In 1987, the U.S. Environmental Protection Agency's (EPA)
Office of Radiation Programs' lLas Vegas Facility (ORP/LVF)
contracted with Battelle's Pacific Northwest Laboratory (PNL) to
conduct a study to determine the radiation exposure to Pocatello
and Soda Springs residents from the local phosphorus industry
that had been operating for several decades.

The objective of the study was to determine the magnitude
and relative importance of the various industrial sources of
radiation and to estimate the dose to the affected populations.
Following a review of pertinent literature, two components were
considered to be most significant: gamma dose and risk estimates
from using elemental phosphorus wastes, and the dose and risk
estimates due to air emissions from the phosphorus plants.
Conspicuously absent were the elevated radon concentrations
expected to originate from phosphogypsum; radon levels were found

“%o be indistinguishable from backgroundq
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EPA Fact Sheet

Questions & Answers on the
Health Risks of Radioactive Slag

In May 1980, EPA officially released the Idaho Radiounciide Study. The study revealed that
some citizens in Pocatello and Soda Springs may be at elevated risks of contracting cancer
due to long-term exposure to radicactive slag in foundations, streets and sidewalks. In June,
almost 200 citizens from the Pocatelio and Soda Springs area responded 10 an EPA
questionnaire and many rore attended public meetings on the issua.

This Fact Sheet was prepared to respond to the diverse range of questions and concemns
raised by citizens. We wish 10 thank those of you who took the time t0 respond to the
questionnaire and to attend the gublic meetings. Citizen involvement i3 assential both for the
community and for EPA. 1t is EPA’s hope that, by involving the community earty in the
process, ict:'ler:lslons can be made which wili protect the health and well-being of the affected
communities.

Questions and Anmrs

We have chosen questions and concems which are most represaentative of the many
received. The questions and concams fall into four main categaries:

- Information about haalth risks i
- The scientific validity of the report

- Possible economie impacts

- Ptans for the future

Information about heeith risks

1live in Pocatello. After afl the concerns raised about Pocatello, why has Soda Springs been
singled out for addiional seudy?

The Radionuciide Study has documented the use of siaq in the foundations of a numbar of homes in
Soda Springs, however, the study did not reveal foundations in any of the rasidential foundations
tested in Pocatelio. Pegpie fiving in sfag-comaining have the highest potential risk for exposisre
1o radioactive slag because of the large amount of time spent in the home a3 oppoased to on the street. .
For this reason, EPA will first be locusing on volurary Home testing for radiation in Soda Springs.

EPA will conduct follow-up investigations in Pocatello to verily whether or not slag was used in
residential foundations thers. Similar investigations may be undertaken in other communities as weil.

—we
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Dyring what years was siag used in foundations for homes?

Slag was usad in 80me residential fourvistions from the 1960 10 1977. in 1977, because of cancerns
about radiztion expocure in homes, the State of Idaho issued @ Memorandum recommending a voluntary
banomhomoqfnl.?nmmnhuoundm EPA has reason to befieve that this ban was cbasrved
for the constructon of new homes. It is possible, however, that some slag may hgve been usad in
housas built before the 1960's or aftar 1977 as a part of remodeis or do-t-yoursalf additions.

My house was built in the early sixties and has a slag foundation. What are my and my
family’s risks ?

Umil your home is testad and we know the actual, if any, levels of radiation, & i not possibie (o estimate
the rizks to you or your famify. For this reason, EPA encourages you o pasticipate in the volurtary

The risk to individuaia fiom slag is directly related to the time spent in ciose proximity to radioactive siag.
memdm&ﬁmmash@mmzm basament, for example, are ikely w0 have
greater exposures than pecple living primarily on the sacond floor of the sams house. You can
dacrease the risk lavels to members of your lamily by decreasing their exposure 10 slag.

Are children at greater risk dbecause of their small size and devefeping bodies?

There is some evidence that chidren may be at grester risk from radiation exposure than aduks. Thig is
because a chikt's celle givide mare rapidly than an adults and radiation damage to a cell is most fkely 1o
mmmah%mmmhmmmmymmmmmmm
in 6fe because cancer aan mu%‘ymbdwohp. An older individual may die from some other
cause betore the cancer develops. This “latency penod™ can ba 20 years of more. ]

g’togwsfagpllaatmaplmtrhebiggwdangcr? How far away do you have to be to be .

Once siag is several inghes thick, radistion emitted from deep within the pile is abtoded or shialded
beforg it can be reieasagl into the environment. For this reason, the huge siag pdes emit litle more
mm:mmumu In addiion, once peopie got several yards away rom the .
seures of slag. their ion exposure decreases rapidly. For example. f a person waksoffaslag -
oontaining road onto an open field, the radiation exposure will decrease dramatically within a few yards.

What is being done to clean up the air pofiution dus (o the plants?

EPA reguiates thesa emissions. Tha main source of radlation exposure from gir emissions from
elemental phosphorus gyocessing is Polonium 210 (a radioactive atope) which is released imo the air
as 2 atack emission. N Soda Springs, Monsanto has already installed stack emission comrols which
meet the Federal standexis. In Pocatello, FMC has committed to meet the standarde within two years.

I thought that tha main prodiem in this area was radon. Is EPA going to be doing something
about radon?

/Mamymmmw-mamnmu?m.%

Anyons having thair homee tested for siag radiation by EPA can also w home
[ for radon at no , 88 A courtegy for the participants. (EPA will be iasuing a fact sheet on
radon and gamma (ays near future.) »

@
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lsn it true that you get more radiation from the sun than from slag?

Far the most part, thae sun exposes peopie (o light, which is a different form of energy than the radiation
from slag. i generally does not penetrate deep into the body like the onzing gamma radiation from
slag. Over-exposure 10 the sun is most often associaled with skin cancer. For many people in
southeast idaho, slag causes a [argar axposure 10 radiation than does the sun and this axposure can

cause a wide variety of cancers.

How do the nisks you deacnbe compare to othar nsks like smoking?

Smoking, drinking, hasg-giiding and the ke are volunisry activities and each can lead to a substantial
incranse in a persona overall health niek. w.dlkm!rmamokin?mlymmm'sd\md
gening cancer and hang-giiding irvolvas the syubstantial risk of an accident, but these are risks
S0me are willing 10 accept hecausea they receive enjoyment from the activities.

Siag, however, ig an involuntary ek Exposure to siag is something that we would al be wise 10 avoid #
we could, but many have no choica. [n Miuch the same way (hat aik pollution poses an involuntary risk to
tho general populations of lame industrial cities, slag poses an nvolumary risk o many people In
southeast ikdaho. Such health risks should be minimized or avoided. Thasa risks can bé reducad by
society through the cagperation of industry, federal, state, and local govemments.

The Radionudiide Study makes many assumptions about exposure to slag, induding a 70
year lifetime of exposure. Most people will never be expesed for that long. How would a ten

year expesure effoct me?

Risk due o radiation i belleved 1o be raughly proportional o the duration and amount of the expogure.
For congistency of technique and compasison, EPA and other health agencies base their studies on a 70
your lifetime of exposusre © the hazard gt is being studed. in terma of rigk nuMDbers, 2 person with
only 10 years sxposure would have 1/7th the risk of a 70 year exposure. As noted easfier, however,
@posures late in ks g less Bely to result in cancer than those earlier. in Gfe due to the “istency period”

for cancar developmest which can be as much as 20 years.

{'va been reading about the pecple who ware exposed 1o raciation because they lived
downwind from Hanford, Washington where piutonium was produced for the atomic bornb
during the war. How do@s our exposure 10 radiation compare o the “downwinders”?

The problem at Hanfosd was much more sarious than the problem in Pocatefio or Soda Springs. The
Wmmmmmwmdmmmmmmmt @

siag n southeast idaho. In addition, many more peopie were exposed 10 from H X

jor heakth rizk W the “downwinders” was and ig thyrold cancer due to milk contaminated with

4

7

Why ig there so much uneertainty about the effects of low-level radiation?

Much ot our knowiedge about radiation heatth risks ig based on studies of large populstions of humans

who received Large ong-time doses of radiation, ke the Hiroshima gurvivors, Based thesa studies
and the growing body of scientific evidence on lower level exposures (often withmedical = -
prooegdures), risk esterales for long-term, low-lgvel radiation exposure have been developed. Because &/
the low-level rigk calculstions are based on assumplions which are difficul (o scientificaily prove o l
mm%mmmmwwwmmmmmmm

siag does not pose a . health rigk. Hewaver, the National Academy of Sclences recently
concluded that there i at most 2 5% chance that there is no heahth risk at radiation levels such as those
observed in Pocatallo and Sada Springs due to slag. '

ry .o
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The scientific validity af the report

Oid anyone besides EPA avaluate this study?

The idaho Radicnucide was reviewed af several stages. The study dedion was reviewad by the
independert EPASmm?ﬂdsoryBom (SAB), tha EPA om:eomada:ms reviewod e

final draft of the study, and the independent Agency for Toxics and Oisease Registry (ATSOR) of the
Public Health Service reviewed the final report prior 1 its releacs.

A number of alected afficials have indicated their desire 10 have the SAB review the final study. EPA
has sent copias of the finel repart to members of the SAB Radiation Advisory Committee. We wil be
mﬂ\xthmwh a briefing on the study a2 their next meeting on October 23, 1990. The SAB will hear

EPA carried out the sampiing protocol. what data was cbtained and how EPA applied this data to
deveiop estmates of dak to the community.

The Radionuciide Study eoncludes that we am at an increased risk of cancer due 1o glag.
How, then, can our area have one of the lowest cancer ratas in the country if slag is such a
heaith probiem? | have worked with slag for over 30 years, and | don't know of a gingle
perscn who has gotten cancer from siag. What kinds of cancer are associated with radiation?

Approximately 25% of Americans will die of cancer. Cancer is caused by many competing tactors.

Exposung 1o [owslevel radiation trom slag is associated with a wide range of cancers. Bacause
Mwbmnydmmanwmingmmmwkmm&nnm

nmhmmwwudmﬁm

M%M: mmmo«mmmmugg' umnmﬁmmmn
‘ .
incidence of cancer o this ares, thus masking any increase cancer rate due to slag. Exposure to slag s
Wbmmhaﬁyammmmmmammnb«dmdm ¥ ]

viriafly muedmgmhﬂukﬁmdwmﬂnymmum
southasst 22y that reducing exposure 10 radioacts is Hikely %0 recuce an
wmsdmdﬁwma fatal cancer.

EFPA has wasted taxpayer's money on a study that is based on too many assumptions and
poor science,

mmmbmmmmenwmymbhmmmwm
possbie health effects of long-term, low-lgvel radlation exposure associated wilh

that some people heve been frustrated about (he uncertainy inherent in the siudy.

volumy radiation tes@ing of homes in Soda Sprngs is so important. Nwmgheuunwhm
undmnumofﬂumdunpmuemamhum&euummbnnatlmmneadlomwypmusety
which homes are contaminated and help us decida what shauld be done to best protect pubic haaith.

Economi¢ impacts

This report was presented to intentionally alarm the residants unnacessanly. This will hurt
our economy.

EPAhumdmhbmmmmmy However, we have learmed from expenence that R is best to
candidly and mtmmnﬂkdputmlhumm“maMMymm Otherwiss,
EPA would be guilly of withholding information from the pubiic.

Sammwm“mumhmmommewubumﬂwhadaumw
answered and afl the sakstions in piaca. This would have made #t impossible for EPA to invaive the

comfumity in developing solutions. By digcugsing the report with the community from the outsef, EPA
anhw&oywnmw:l"gdmmsm'mamctmrmmnmnw
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What are the consequenees of banning siag? What are the other soufces of aggregate for
use on roads and highways? How do the costs compare?

In termg of roads end kighways, the cost of nalural aggregate (gravel, eic.) it more than for sieg.
Theraiore the cost of road rapair and conatruction would go up. In addition, thlwrlpani-m?«ﬂlllg
would loge this source of revenue. This could impact some joba.

| understand that both Eastern Michaud Flats (including FMC and Simpiot) and Monsanto
could be listed as Superfund sites by EFA. Is this because of the slag problem?

No. Eastem Michaud Flats and Monsanto are under consideration as Superfund stes mainly becsuse of
royngwalar contamimtion due 1o heavy metals. EPA should know if thess stes will be fisted a8

nd skea by the end of August, 1 15tad, it is possidie that slag In addition to other contaminants
Couid be investigated and added 10 the kst aof problems needing attention.

Is it true that EPA has immediate plans to tear up our streets. and sidewalks?

No. This would ba both disruptive and impractical. EPA plans to invoive the communities In determining
a long term course of action for dealing with streets and sidewalks. Currently, a specific docision on the
need for road or sidevalk remediation has not been rmade. However, if remedial action 8 deemed
NecEssary, we antcipEte that # can be achieved over a period of 15 lo 20 years as a part of State and
Local road maintenanage prograns.

leforﬂlfutun

How am I going to have an impact on what happens to me and my homa? lsn't it up to each
citizen 1o decide whether or not (o take the risk, just like we-decide to smoke or drink?

Yes. Il will be up to each homeowner 16 decide whether or not 1o have their home tested. If a prablem
Is fourxd, the homeowner will decide whather not or they wam cormective action to be taken. The two
dOCISIONS 8re separate. A dacision 10 hava ona's homa tatted does Not commit one o home

What if | have a siag protlem in my home and | want to do something about it?

EPABMWNMMM@M& ing or eliminating the exposure to
radiation from siag it Nomaa. In cooperation with the homeowners, EPA will deveiop 3 pian for recucing
radiation levels on a hause by houss basis for those homas axceading the “action levela™.

What is going to heppen next?

We are now Relations Plan basaed on the input we are recewing. White our Imemadiae
foous is on Soda Springs. X is important that other communities be kept well Informed and thal they be involved
hﬁnmmwunm'mm

wmrm.smmdwmawwrguwum:m and options for “action levels” lor
homas. action igvel which ia finally selecied will rapresent a radlation level above which EPA recommends
that corrective action be takan.) Following the releass of the sampiing plans end action lgvels, there
will ba a 30 day puhlic comment peviod. EPA reprasentatives will be available in the communitios during tha
commant period 10 answer quastions and 1o soficit verdal ang writien lestimony.

After the public comment period, EPA will address community commeants, quéstions and concems in writing.
Community input will be important in heiping EPA make the final decision conceming testing methods and action
A fingl sampling plan and action level should be relensed about one month after the public comment

levets,
period is over.

the J the "
Throughout plwau: adkiteaxing the phosphorous slag problem
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during the full shift and heavy equipment would act as a shield.

In the pellet plant, the radiation levels were much lower, primarily due to the
presence of much less phosphate and to greater separation from the radiation
source. The highest level observed was only twice the normal background.

The only other area with increased radiation levels within the plant itself was
the slag discharge chute and the slag pit area. This reflects the fact, confirmed by
laboratory analyses, that the slag contains all the radioactive materials which
were present in the phosphate feed. The general radiation level observed was
40 uR/h, with values up to 80 uR/h at the edge of the slag pit. The radiation
exposure received by workers in these areas will, therefore, be lower than the

permitted level.

The slag dump was found to have a gamma radiation level of 110 xR /h. This
value is identical to that shown by the phosphate ore stock pile. It is calculated
that the radiation exposure of workers operating yard equipment and trucks
would be less than one-half of the amount considered permissible for members

of the public.

All areas of the plant in which radon and radon daughters could accumulate
were measured. The only area showing a positive result was the ore storage shed.
Because of the Jarge amount of phosphate ore and pellets present, a small but
detectable increase of radon daughters to 0.003 WL occurred. This is a negligible -
level, comparable to normal background levels. Apart from a barely detectable
level 0 0.001 WL in the laboratory building, radon daughter levels were zero at
all other locations tested within the plant.

With only very low levels of radioactivity in the phosphate ore, dust arising from
its handling, grinding, pelleting, drying, and conveying to the furnaces would
also have only low concentrations of radioactive materials. The radiological
hazards would be insignificant compared to any hazard which may be caused by
the minerals in the dust. As thisarea of occupational health was being studied by
the Task Force on Fluoride, measurements were not undertaken in this study.

b) Long Harbour and Neighbouring Communities

Measurements of radon daughters in 80 dwellings in the community of Long
Harbour showed no raised levels at all. The highest level was 0.016 WL. As these
observations were made under winter conditions with doors and windows
closed, the survey results reflect the highest values to be expected. The annual
average, on which any evaluation of health cffects should be based, will be much

lower.

A total of 64 homes was surveyed in the neighbouring communities of
Blaketown. Chapel Arm. Dunville, Long Cove. Mount Arlington Heights,
Norman's Cove, and Whitbourne. Although crushed slag was known 1o have
been used in all these communities except Mount Arlington Heights, the radon

0 o ————— - ———
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vield. )

(,\, l:rily due ta the ?v‘;t”hghllcr levels were not high. The highgsl level measured in a home associnted
trom the radjation % slag was 0.016 WL, the same maximum as the homes in Long Harbour.
al background. 'foun:r:m:, .bul co'mplc!cl._v ncgligible ‘mcrca.se in radon daughtcr |?‘.cls was
the plant itself was effect w‘:“ :!.:fh‘soc!ulcd with the use of .s'lug in and _around the dwcllings. The
fact. confirmed by homes, § discernible only by a graphical comparison of a large number of
:_;T;?:rlvse:r:it : mg;zteiol;ﬂltsc?c.c' ol slag was !‘ound to cause a4 small inc.rcu‘sc in lh‘c gamma

it "The radistion £ ::Vds in ho'mcs. The increase was less than the variation scen in moving
g lower than the rom place to place in arcas not having slag present.
¢ In two h"“f“ in which crushed slag had been spread over the basement
of 110 4R/ h. This ;xci\[;auon to form an unfinished floor. the gamma radiation level was found to
: H ¢ .“R/h and 65 uR/h. respectively, These levels arc considered to be
s 12 38 o e undesirably high for continuous exposure of the residents. more particularly
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