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Comments on NU3EG-0332
by

Dr. William A. Lochstet
The Pennsylvania 3Stzte Uaiversity

Movember 1977

In the document NU333-0332 (Draft), the N2C estimates the

.

excess deaths per 0.8 gigawatt-year electric (3Wy(e)) to be
about 0.5 for an all nuclear economy and about 15 to 120

for the use of coal(2ef. 1), These estimates are much too
small because they ignore the health effects due to the

slow release of radon-222 resulting from the decay of
radicactive comnonents ¢f the coal, uranium mill tailings,

and of the tailings from the uranium enrichment process.
If the health eftects are estimated by the orocedure used

by the NRC, then the excess deaths are about 600,00C in the

nuclear case and twentythousand for ccal. The estimates presented
here are all based on the rroduction of 0.8 Gliy(e).

Radon Produced by the Uranium ?uel Cycle

The production of 0.2 Gy of electricity by a DWR will
require about 29 metric tons of enriched uranium for fuel,

with uranium enrichment plants overating with a 0.2% tails
assay, 146 metric tons of natural uranium will be required.

In the absence of the LMF3R, 117 metric tons of derleted uranium

would be left over., with a uranium mill which extracts 96% of



the uranium from the ors ( Ref, 2), a %ozl 5¢ 90,000 metric
tons of ore is mined, containing 152 metric taons af uraniun,
The uranium nill tailings will contain 2.5 kidograms of
troriun-230 and & matric tons of uraniuz. is Pohl has pointed sub
(Ref.3) the thoriun - 230 desays U0 radiun - 226, which in turn
decays to radon - 222, Thig nrocess results in %he generation

of 3.9x10° curies of radon-222, with the tize scale deterninad

by the 3x105 year half life of thorium - 230,

-~

The 6 metric tons oI uranium csatzined in the mill tailinsgs
decay by several stens to radon - 222 thru thorium - 230. This
orocess occurs on a +ime scale governed dv the a.5x109 year half
1ife of uranium - 238, the major isotope oresent ( 99.3%).

The total amount of radon - 222 which will result from this

decay is 8.6x 1011 curies.

The 117 metric tons of derleated uranium from the enrichment
orocess is also mainly uranium - 238 which also decars. The
decav of these enrichment tailings results in a total of
1.7x1013 curies of radon - 222. This {s listed in Table 1,
along with the other radon yields.

It is instructive to commare these cuantities of activity
to the activity of the fission nroducts which result froo
the use of the fuel which they are associated with, The total
fission rroduct inventory resulting from 9.83v(e) with half
lives of 25 vears or more is about 107 curies, This is much
less than any of she numbers in Tatl: 1. e should be more

careful with these tailings.
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land areas. lio compensation is taken for the grezter oopulation

density near the voint of release as compared %o the uranium mill
tailings »iles of the western states, ith this to%al reduaction
factor of 200 the NRC estimate is 400,000 dead while the EPA

value is & million.

Evaluation of Health Zffects - Coal

It is assumed that the ashes from the coal olants will be

buried in a manner similar to the tailinzs from the uranium
enrichment orocess, Thus a reduction factor of 200 is used in this

case also. Again the hirgher population density is ignored.

The varticulate which is released into the 2ir by the cocal

olant is taken to contain 1% of the cont2ined uranium. 3ince
most such olants are in the eastern oart of the country it is
estimated that’ half will fall into the ocean rzther than onto
land. A second factor of 2 is used to reduce the effect of

the resulting radon due to tre fact that some of this radon
will decay over ocean as wich the radon from the uranium in the

enrichment tailings. Agair. no compensation is taken for the

greater vooulation density near the voint of release, This
gives the total reduction factor of & shown in table 1.

with these reduction facters aoplied to the racon reiezsed
by the ashes and emissions, in the two cases of 1.0 opm and
1.20pm uranium content coal, the health effects are calculated,
These are shown in ®able 1, and range from 7,700 Zezd from ashes
and 3,#00additional dead from airborn emissions for 1.0 pem
coal in the NRC estimate to 29C,000dead from ashes and 140,000

dead from airborn releasss in the case of 1.8 vpm co2l in th
r 2

EPA estimate,



Discuszion

It is abviously verv difficult to estimate 'ith 2ny onrecision
how man7 health eflects result from the relezss of a given curie
of radon - 7.2 from some specific site in the west, The estimates
presented here differ by a factor of 20. This mizht best be

used as a range of exnected deaths., The reduction factors used

here are crudfe estimates in some Cases, and could be imoroved

upon. Changes in publié zolicy could also chance the manner

in which this material is disposed, thus greatly changing
these factors. In rarticular deev burial could oractically

eliminate the escape of radon to the atmosvhere (Ref. 8).

It is imoortant to comuare ®:hle 1 here with Table 1 of

NURZG-0332 (Ref. 1), which shows 0,L7 dead for the nuclear case
and at most 120 dead for cozl. These last numbers totally ignore
the e fects of long term radon emissions, which result in

at least 100 times higher mortality. These long term effects

are not onlv significant, but dominate the effect,

It is important to use Table 1 to compare the relative
risk of the nuclear and coal oction in their oresent forms.
In thés case deaths due o all causes considered in NUREG-0332

can be ignored as insignificant, since they are so small.

The absolute number of deaths ner curie releassad 1is irrelevant
since it enters in both cases. The relative risk is determined

solely by the quantities of radon - 222 generated and the reduction
factors., Unless there is a clear secision to treat .coal ashes

di“ferentlv from uranium enrichment tailings, the health effects

from the tailings will be 50 times greater since there is



50 times more uranium there. The nuclear ortion remains more
hazardous than coal unless the releases from 211 »of the tailings

piles can be reduced telow the releases from the airborn

carticulates of tre coal plant, This is not the oresent policy.

Addition2l Comment

There is a8 typogranhical error on naze 25 of 'NUREZ-0332,

peference #33 is listed there as teing in volume 148 of Science,

vhereas it appears in volume 1lLL.

Acknowledgment

The above comments were insvired by the §5 July 1677
testimony of Dr. Chauncey R. Keoford in the matter of the
Three }ile Island Unit 2 (Docket No. 50-1320) operating license

entitled: " FEealth effects Compariscn for Coal and Nuclear

Faver".



Snerzy Source Excess tlortali
dae to Racdon - 222

Origin of

Radon

Muclear

Thorium in
i1l Tails
Uranium in
Mill Tails

Uranium in
Enrichment
Tails

ALY

Air

particulate

Radon

Generzted

Curies

3.0x10°

8.6x1011

1.7x10%>

3,2x10%

3.2x10°

5. ex10Mt

5,8x10°

Tacle 1
jty per 0.8 Guvle)
emission
Reductiocn Jeatins

Factor NZC
20 S0

20 200,000

200 L00,000

200 7,700 .

L 3,800

200 14,000

4 6,800

Deaths

EPA

1900

L.3x10

8x106

1.6x10°

8x10

2.9x10

1.6x10°
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See Ref, 2



Environmental Imnact of the
3ison Basin
Solution Mining
Project
by
“illiam A, Lochstet,®%,D.
The Pennsvlvania State University=
August 1980
The Nuclear Regulatory Commission (NRC) has arcrarently
attem~ted to evaluate the environmental and oudblic health
consenuences of the opneration of the 3ison 3asin nroject (Ref. 1).
The radiological impact is calculated using the usual NRC procedure

of evaluating dose comnitments for 50 years due to one jear's
intake for peonle within 80 kilometers of the vlant (Ref, 1, Rx

Sec, 4.5.7.1 ). Unfortunately, this ignores the ma jor impacts
which lie outside of thes2 limits in time and distznce, This
nroject should be comrared with otrer solution mining projects
such 5s the Irigaray project ( Ref. 2), and the Highland
project ( Ref, 3). These environmantal imnact stztements
were criticized on much the same grounds, for isnoring the
long term and distant imnacts of these overations ( Ref, 2, P, A-60;
Ref, 3, P. A-55)., These criticisms are largely valid for the
Bison Bas.n eraluation also.

The deleterious health consequences of breathing Radon-222
in air have long been knowm, At first, the kx concern was focused
on the miners in deep mines. In 1976, Pchl pointed out that

the thorium-230 in conventional mill tailings decays indirectly
to radon-222 with 2 time scale determinsd by the 8 x lOL year

half life of the tho~ium({ Ref. 4). The relezse of this radon into

#* The oninions and calculations contained herein are my owm,
and not ncdessarily those of Tre Pennsylvania State University,
vhich is well known as a collection »f indensndent thinkers,



is5n Basin

the air leads to a very slow accumulation of hezlth consensuences,
Recently, Kerfard has pointed out that a similar situation exists
vith pegnect to the uranium-238 parent of thorium-220( Ref. §5).
These »3sitisns hayve been supported by the 1977 ~<emorzndum of
Dr, U2lter H, Jordan »f the ASLEP (.ief, 6), Thesz matters have
been addressed by Dr. R. L. Gotchy of tie IIRC staff on two
occasions ( Refs, 7 and 8), These arcuements will te considered
here in the case of the Pdson Basin nroject,

3ince thare is nn mill tailirzg -ile nraduced ¥ a solution
mining oroject, there is a5 environmental imract. In this resnect

the impact o2f solution mining is Xz
oven rit or undsrzround mining. The
associated with the uranium nroducs
to nroduce L.,5L X lexv of U,0

g AN
contain 3,85 x 105xg of uranium (35

of the gaseous diffusion enrichmer

less than for conventional
largest imnact is that
o« The oroject is expazted

25, 1, 2. 1-2), vhieh vill
3% Ue21®), Present onerations

nlants result in an sutoutszs of

about 1/5 of the feedstock as fuel, and L/5 as enrighment
tails, Thus; the enrichment tails +ill con%ain B.ga x 107 kg
of uranium - 238 , which in the course of time will deeay
radioactively to nroduce a tatal of 4,37 1013 Suries of
radon-222,
Since the half 1ife of radon-222 is only 3,8 davs, radon
nroduced deer undarsround decavs before it escares into the atmosnhere,
The amount actuslly escaning into the air devends on the

wne

tarriers in the way, It is ass d

of svent fuel, and that the uraniun
very well so that there is no radon
sourde, At vresent, some recent =i
of dirt covering. In this case the

3 the radon escaves tnto the air (
enrishmens t2ils have bteen located

country, and no disrosal has been =

trat

*
- -
-

-
!
rel

-
—



| o M"
O © ' . o - » -
e ol o 5 o £ o
LU o » ) a“ ﬂ R VT S O H @ w
0 O 0 a. wt & 0 LR | woJg, 1~.m. ol M ow o ow
© T @ S © O @ e @ & © w - v O oo
. wi o - .ﬂ | PR L LI @ e el et 9 0 0 w
mn 4 & © @ M o - ' | PR O it 0 %W vl
«© v Y « O 9 ¢l “ fe = 1 wl 3 R @
e« ! w M ot 4 §2 Wt KL . » - Al W o L 1 M
n o o O L U ) 0O O . ® o~ LT 4 w4 N B 4 P
S w vl A O w4 o @ u §F o u L™ a o L O -
O o 8 S ® 4 b 0 vt e O @ @ . C, @ s # O 9 0
wt O O LN ] 1 M P W s, L ot LD L R | wl wt B
‘ s ' & L L T A N LR R o Ll “oowm < o M i & o ©
o 0 @ 5 m 2 m € A, " 3 ) i [ (8] ") o “ £, e
O @ 3 w £ wt b 0 ‘ i O T own wld ot 8 A @ O £ -8
O " NS | Al Wi sy @ & fe & o - O W O O O o o
vt L U 0" & m . [ « W v O W W @& - wd @©
4wt ~ ! wt ) 4 4 O o e vt W iAl S U 1) DUNEES 7 T §
o m oy wd t e 1 o~ L L o D . @ g 0 "0 wd O
1 wd L . ot D W it S et W O = o~ G . . O oA o
@ A % 0 e M B @ W O @ > 9 4 s W l P L o s @ O
" 0 O W w 3 @ b W e © WV @ o4 o 0 s O f wl M
L L] ™ “«t @ w o m QO o ol » £ .  + L T &4 L U]
| & et e O 54 W @ 4 W g WL OO ) - ¢ B o O . .
| EPU S & B . = 4. M o O § 70 « un D W A |
w O m O o0 8 I w2 O T { o TS I PR SEE TR 0 e
" -t oW (I i ¥ 3 ot :w 4§ Wy
) -Sa ® o . o | £ et fe @ T @ et N e ] T e _.“
wl & ey 8 0 o os e o O LR U I 4 4 O @
o™ “ |+ U O | o m @ 4 W @ 4 L0 i " o (ST E .
~\ 2 & P @ wd O wt o .na. 0 LV v £ o F SR PR T 3 L () O 1
o w Y N » g U & ~ el L & “om (. o .
qa - . O 1 ¥ M o - wd A ® m ¢ 5 & W @ o s " O
8 T O i i w4 0 - 1 @ 1 e T 8 R ' o W L . R
=i 9 D3 wd =~ 0O e L) ® © O e O o S
™ o @ i £ £ o ke 1 s S - 2 £. v O o4 ot o e W
@ O ow @ . O m o G4 it O O 4 OV e o < 4 @® [ ¢!
wlt W = PRI R " o P I | S e L I % B = v Gy "
| 9 - 3.3 e R R BN STAREY TR R : U it I ] b Qi o Ll
3 t o W O® o g o (€ 4 4 |} L A ey © bt 4 o LTI | =2 =l
0 n v P J Pl O D N3 W OO0 N R U O B W P OB e et X s £y
wi m @ £ W 3 i1 0 [ S ) L O D o el Wy
QO @ 9 3 - 5 ® aby @ O @ s .. i e (3]
X TR 1] ® X 3 O M- ™ fewt 55 W O X 5. & O “~ & @0 2 0 o
m O ow A O &y 0 et w3 £ wt o “ ¥ o) m i - " q e AT 0 O
et o et URy - PR s @ L U ™ [ B O O L | ¢ . (§
o 4@ e L MO » £ S e ot 9 b O A L U 1. be et 2 v L | LR
o wd Te LY A 1 0 @ @ o4 ~t o & 1 . PSR L ot O Uy L
s O .t PO P B O N S qn o 9 v @ @ O O @ i, s W G
£ 3 @ v @ 0 wl 0 Y oy LU PR ¢ D S & | 1 $ 0
ol & . - Ga B B4 s ® AL ¢ ot O (&) [ b rd ©
L] 2 PR SO = ® 2 O 5 2 0 b > e s o & 5
n wl  §7 et a:. 8. W e T e W e [ o wi W O wi v
et | PO o o oom M O 3 ¥ O  — g = ” b «t © wi S5 8
" 9 - ® ¢ W wt o IR - B PRRNCR e SRV | a ’ Q wd et e
2 4 M@ % £ a4l o4 o Fe ._,. i i . 1, | A ey o O 5 f 4
qM M oed & 2 @ ® 4+ €Y o [ - O o m ] - ] & A ¥ LY O o
H O it B e« = © 3 AR | @ 8 o ‘ e 42 L Fe 3 WM el w4 U8, @
' LU L O U S I R - VR SR " o O QO wt | i % A L3
o " ot i et © O M L) 4 4 F R = o 4 Lo L wt 43 1]
0 wi @ L @ i »r 0 © " o 0 - G i b ), T R LT W
-t N & (S S . @ W o e @ O 4 X L L1 @ . @0 . Gy [ -4
s ® W F -4 0 wi 1 N e ¢y O X O WP g @ ! £ w © ™M ST < T

e

1

”s; - -

SR ey e

- - pe g,
-vhiew o L

*en

N T



nchial

- -
e -

.

1

5 trhe

total ¢

nam &

1
v
o
L
b
)
.

93

. 1, Pable

af

-

a flow rate of 33n3/dax

®
L ol 5!
e

oy

2,1C).

randanm,

2

4 -
-lii

T+
- -

resu

+41)

material

.is material is unclear, so
dose is

disrysal 2 -
s
on

ris is not

o
-

S

11y
1

enith

al

to cover

-1
2
s

nts nronosa

T A -
- .

»

is noted t!

t

-
v o.

-
“h

"at tr2 arol

il

erode avay allow

—e—— -
significin

does not meet

-
-

gl £

-
e o

of na

m

v

Loy op
- -

uie
R

-~

d

asons, it should be a

For these re

ove,

/20 assumed ab

.
the 1

rermoved

o

-
-~

11l

Xxx license

mi

sting

sed of in an exi

~
-

nd disr

9 six months a

-
nree %

'
.

-
|7

<ore

be

s nile,

I~
-ty




2issn Basin 5 .

The 2i3on Bazin annlicant will instead use sodium bicarbonate,
sadium carbsnzte, eadium hrircxide and hydrorsen reroxide., It
would seem Exg tiat the imract 2n the aquifir is less with

this leachins oracess, This ig elearly a step in the proner
direction!

Q

Jec*isn 2.2.,1.5 (Ref, 1) rresents material from the

Draft doement NUREG-0332, vwhich com:iares the gererztion »f =X
lectricity from coal or nuclezr rowver ( R2f, 2). This docurment

ie in considerable error in its comnarison., .ttacred as an
anpendix, is my comments on this rerort, It should alsc be noted
that this rerort assumes conventisnal minine for the nuclear option,
which is irrelevant fara solution mining oneration,

The well field is deseribed in seetion 2.3.10.1 (Ref. 1).
The use »f PJC or fiberglass for the vell c2sing seems less
ttan econservative, The use 95f onl three centralizers in
100 maters of »ine casin~ is also rather lzx., It would be
usef™l to descrite how t'ere will not be a repezt of =@ a

recent accident in which a drill to2l breeched a casing and
lad t2 contamination of un overlving acuifer., The well abandonment

orovosal to f£fill with mud seems like an invitation for
later connddtion of anuifers, It would be better to drill out the

casing and £ill the entire svace with cement, The 1long - term
t2bd ility o PUC of fiberglass is not clear., Filling vith
concrete would be better, than cement,
The shirment of vellow cake as a wet slurry eliminates
the health imrzct of a vellow cake dryer( Ref., 1, ° 2-22),

e section on transrortation accidents for these s-irments
ghsuld be exranded( Sectiocn 4,5.2.,1 of Ref, 1). In carticular

it is stated that potential risks fa slurry shirment are less
than for dru vellow cake ( ef, 1, P, L-28), This statenent

needs considerable discussion, and data to back it un,
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3ectinn L.L.2.5 stetes that =onitor “ell

ev ry two weeks (Ref, 1, 7, L-lC). This roriod stou
d, or some justificati- civen “or the %

It is shovm above thzt the 2:ér-tion < is rrajfact will,

nable agsumrtions resul® in tre ‘e=aths 27 2,7 million

is immassible tc say that such deaths far into the future

seible, Cur inability to =& =preciss does rnot remove our

nsitility under NEPA %o eval ects, lhere is no
£ 4arte after which decths do not count, Footnote 12 of

NEDC v, USYRC, S5L7 P. 2nd 633 { 2

‘e nnte at the outsat tshat this standard is =i

of tre wrastes under 4i

the ~lant beins lice:

enviranmental effects 2 be considered are those flowing

fr-= rerrscessing and nassive =

densxification veriod,

ts for the

. alf life »f ursniu=-238 is

ime hzlf of the effects might Le exvected.
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™is requires full eonsidar~tion of all
xitieation reriod
-

0” vears, In that

Sonsideratisn of external events suchk as backzround is

ivralev-nt, NEPA reauires full consideration of z2ll the
eosts and all the tenefits of tle federal action teing

This cost benefit assesement must be made fullv ané in good

faith to comely with NEP: as was discussed Dy “~he csurt in
Srlvert Cliffs Coordinatineg Committee v, US.:C,LL% T, 2nd 1109 (1971):

‘e ¢ clu*o that Sectiosn 102 »f NEPA mendates 3
warticular sort of careful and informed decision-m:zking
nrocess and creates judieially enforcatle 2utieS.ces
ut if the decisisn as reached rrocedurall: ~ishyut

S oab -~ e Pad 397 = 3 ¢ . -~ . -
2002 r5-=C iueteqg full ans .n r3oc fthae 1% is the
: - e .9
malthd VLo »f = - - -
rRETINSACILITY 23 ne 22urts Y Teverze,
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T'us, it 1s reruired th % the analysis be carried sut honestly,
without, rulins sut any costs - oar benefiss - nrocadurally.
there 18 no basis in law or scienz: for =n arbitrary cutnff
in tive ( as 50 years 'as used in Tef, 1) »r distance from
the fasilitv(as 20 kilometers waz used in Ref, 1), Such

an arbitrary cutoff is imnrorsr,
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