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Enclosed are my comments on I.TREG-C557, Draft EIS on the
Bison Basin Solution mining project. Please note a that the

ooinions and calculations presented are not necessarily those of

The Pennsylvania State University, whicP is well known as a collection
of free thinkers. Affiliation for identification only.

My comments are contained in this letter, an eight page
statement and a ten page anpendix titled: "Co=:ents on

t:UREG-0332".

There are several misnrints in I:UREG-06S7. On eage L-1 it

is stated that during the three- month mining period, about 126 kg
(1600 lb) of urtnium.... I!ou, 126 kg is not equiv3]ent to 1600 lb.
Cn n'ge L-3L, Section L.ll.3, it is stated that the benefit of the

0 0
nroduction up to 0.9 x 10 kg ( 1 x 10 lb). These are not

ecuiva)ent also. Page 2-39, Reference j 13 is IiUREG-0332.

This document as published in 1977 is clearly marked DRAFT.

The FIIU.L version '.tas apparently never prepared.

I hope that the final statement adresses the issues raised!

herein and enclosed.
Sincerely,

a o

[d
'la. A . Lochstec, Ph.D.

;- s,- > ---,s.,
' 17014* '
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Comments on MUREG-0332

.

by

Dr. William A. Lochstet
.

The Pennsylvania State University

November 1977

In the document NURIG-0332 (Draft), the NRC estimates the

excess deaths per 0.8 gigawatt-year electric (G*dy(e)) to be

about 0.5 for an all nuclear economy and about 15 to 120

for the use of coal (Ref.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

radioactive components cf the coal, uranium mill ~ tailings,

and of the. tailings from the uranium enrichment process.

If the health . effects are est.imated by the crocedure used

by the NRC4 then the excess deaths are about 600,000'in the
nuclear case and twentythousand for coal. The estimates presented

here are all based on the production of 0.8. GWy(e).
!

| *

| Radon Produced by the Uranium Fuel Cycle

The production of 0.3 GWy of electricity by a LWR will

require about 29 metric tons of enriched uranium for fuel.

With uranium enrichment plants operating 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 depleted uraniumi

!

would be left over. With a uranium mill which extracts 96% of
f

i
,

|

|

i
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the uranium from the ore ( Ref. 2), a total of 90,000 metric
.

containing 152 metric tons of uranium.tons of ore is nined,
The uranium mill tailings will contain 2.6 kilograms of

,

thorium-230 and 6 metric tons of uranium. As Pohl has pointed out

(P,er.3) the thorium 230 decays to radium - 226, which in turn

decays to radon 222. This process results in the generation
curies of raden-222, with the time scale deternined8

of 3.9x10
year half life of thorium - 230.4by the $x10

The 6 metric tons of uranium contained in the till tailings

decay by several steos to radon 222 thru thorium 230. This
*

9 year half
process occurs on a time scale governed by the 4.5xlO

( 99 3%).
life of uranium 238, the najor isotope cresent

The total amount of radon - 222 which will result from this
11decay is 8.6x 10 curies.

{
The 117 metric tons of depleated uranium from the enrichment

I

which also decays. The
process is also mainly uraniuc 238!

!

decay'of these enrichment tailings results in a total off

!

curies of radon - 222. This is listed in Table 1,131.7x10

along with the other radon yields.1
,

|

It is instructive to comrare these cuantities of activity
to the activity of the fission products which result from

totalthe use of the fuel which they are associated vith. The
!

,

fission croduct inventory resulting fron 0.ST'y(e) with half
7 curies. This is muchlives of 25 years or more is about 10

Ye should be moreless than any of the numbers in Table 1.

careful with these tailings.
i

|
'

'

. _ _ .__ - -



-
.

3 -

.

Radon Produced by the Coal Fuel Cycle
'

Item 2 i'or Appendix A of HUREG-0332 ( Ref. 1) assumes a

75% cacacity factor, which for a 1000 Efe plant would pr'oduce

only 0.75 GWy(e) . A capacity factor of 80% will be used here.

The production of 0.8 G';!y(e) by a coal plant operating at 40%

efficiency, using 12,000 BTU per pound coal would recuire
This is close to the value of

.
2.5 million short tons of coal.

3 million tons suggested on oage 9 of NUREG-0332 ( Ref.1).

There is great variability in the amount of uranium

contained in coal. An analysis of coa'l samples at one TVA plant
a range of almost a

reported by the E?A .( Ref. A) indicates
Eisenbud and Petrow (Ref. 5)

~

fa ctor of ten in uranium content.a

A recent survey
report a value of about 1 part per million.

. by the USGS based on several hundred samples suggests that
in the United States coal contains an average of 1.8 part

per million of uranium ( Ref. 6). Both values of 1.0 and 1.8 ppa

Thus 2.5 million tons of coal will contain
will be used here. thousand Using the assumption
between2.3andL.lfkilograms of uranium.

of NUREG-0332 (Ref.1) that there is 99% carticulate removal
be : dispersed

from olant emissions, 16 of this uranium will
into the air and the remainder carted away as ashes for land

that with 1.0 opa coal the uranium
burial. Table 1 indicates

11 .

in the resulting ash will decay to a total of 3.2x10 curies

~ - |. _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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9of radon - 222, while the stack emissions will leac to 3.2x10

l'curies. For 1.8 opa coal the values are 5.3x10 ' curies from ash
,

9and 5.8x10 euries from emissions.
-

Evaluation of the Health Effects

It is necessary to evaluate the number of deaths which result
,

from the release of one curie of radon - 222. For the ourpose of
this evaluation the occulation and copulation distributions

are assumed to remain at the present values. This should provide

a good first estimate.

NUREG-0332 (Ref. 1) suggests that a release of L,800 curies

of radon - 222 from the mines ( page ll:) would result in 0.023~

excess deaths ( Table la, eage 16) . This orovides a ratio of .
4.$x10 6 deaths p.er curie. Data from Chapter 17 of GESXO (Ref. 7)

suggests a value of 1.7xlO-6 deaths per curie as a lower limit.

The value of 4.8x10~ deaths per curie will be used here.as the

NRC estimate..It is understood that this is very approximate.

The EPA has evaluated the health effects of a nodel uranium

mill tailings pile. They estimate a total of 200 health effects

(Ref. 8, page 73) for a pile which emits at most 20,000 curies

of radon - 222 for 100 years. The resultinz estimate is

1.0x10-L deaths per curie and vill be used here as the EPA

estimate.

=". , m' >' _ _ - - . _.__
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Evaluation of Health Effects - Nuclear

At oresent sc=e recent uraniu= =ill tailings piles have
.

2 feet of dirt covering. In this case the E?A esti= ate (Ref. 3)

is that about 1/20 of the radon or:duced escapes into the air.

This factor of 20 is listed in - Table 1 and is used to find the
e

effective releases. Thus the 3 9x10" curies of raden which results
from thorium in the mill tailings results in a release of

1.9x107 curies into the atmoschere, which with the .:20 esti= ate'

of L.Ex10-0 deaths per curie results in 90 deaths. 'cith the-

.

EPA esti= ate 1900 deaths result. A si=ilar treatment applied to

ll8,6x10 euries of radon fro = the uraniu= in the =ill tailings

results in 200,000 dead for the NRO esti= ate,and L.3 =illion
for the I?A esti= ate. It is here assu=ed that no future generatien

.- ..

will see fit to take any better care of the mill tailings than

is presently practiced.
'T'he ura'nium enrich =ent tailings are presently located in the

eastern cart of the country. It is assu=ed that these are buried
. .

near their present locaticns. Eadon will not escape so easily ,

tnrouch wet soil. A reduction factor of 100 is used to esti= ate
i

this effect. The accuracy of this esti= ate depends on the particulars
,

|

of the burial which can only be projected. An additienal factor

of 2 is used to reduce the effect due to the fact that =uch

of this radon would decay over the ocean rather than copulated

- . - -. ,
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land areas. No compensation is taken for the greater oopulation

density near the coint of release as compared to the uranium mil 1
,

tailings piles of the western states. ': Tith this total reduction
factor of 200 the NRC estimate is L00,0C0 dead while the EPA

value is 8 million.

Evaluation of Health Effects - Coal

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

buried in a manner similar to the tailings from the uranium

enrichment crocess. Thus a reduction factor of 200 is used in this
.

case also. Again the higher population density is ignored.

The particulate which is released into the air by the coal

clant is taken to contain 1% of the contained uranium. Since
'

'

most such clants are in the eastern eart of the country it is
'

estimated that' half will fall into the ocean rather than onto
land. A second factor of 2 is used to reduce the effect of

the resulting radon due to the 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 uopulation density near the point of release. This
gives the total reduction factor of A shown in table 1.

With these reduction factors aoplied to the radon released

by the ashes and emissions, in the two cases of 1.0 ppa and

1.eppa uranium content coal, the health effects are calculated.

These are shown in Table 1, and range from 7,700 dead from ashes

and 3,800 additional dead from airborn emissions for 1.0 ppm

coal in the NRC estimate to 290,000 dead from ashes and 140,000

dead from airborn releases in the case of 1.8 ppa coal in the

E?A estimate.
-

- - . .- __.
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Discussion'

It is obviously very difficult to estimate .rith any nrecision

how many health effects result from the re' lease of a given', curie

of radon '02 from some scecific site in the vest. The estimates
presented here differ by a factor of 20. This might best be
used as a range of expected deaths. The reduction factors used
here are crude estimates in some cases, and could be innroved

upon. Changes in publid colicy could also change the manner
in which this material is disposed, thus greatly changing
these factors. In particular deen burial could cractically

eliminate the escape of radon to the atmosphere (Ref. 8).
It is imoortant to compare Table 1 here with Table 1 of

NUREG-0332 (Ref. 1), which shows 0.L7 dead for the nuclear case

and at most 120 dead for coal. These last numbers totally ignore

the effects of long term radon em'issions, which result in
at least 100 times higher mortality. These long term effects

~

are not only signific,nt, but dominate the effect.

It is important to use Table 1 to compare the relative
,

risk of the nuclear and coal option in their present forms.
In this case deaths due to all cause's considered in NUREG-0332

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

The absolute number of deaths ner curie released is irrelevant

since it enters in both cases. The relative risk is determined
solely by the cuantities of radon - 222 generated and the reduction

factors. Unless there is a clear decision to treat e coal ashes
differently from uranium enrichment tailings, the health effects

from the tailings will be 50 times greater since there is

.
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50 times more uranium there. The nuclear option remains more
hazardous than coal unless the releases from all of the tailings
piles can be reduced below the releases fror. the airborn .

carticulates of the coal plant. This is not the present policy.

Additional Comment

There is a typogranhical error on ca.ze 25 of !!UREG-0332.
Reference #33 is listed there as being in volume 148 of Science,

whereas it appears in volume 144.

Acknowledgment

The above comments were inspired by the 5 July 1977

testimony of Dr. Chauncey R. Kepford in the matter of the
Three Mile Island Unit 2 (Docket No. 50-320) operating license
entitled: " Health effects Comparison for Coal and Nuclear

.

Power".
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Ta' ole 1

Energy Source Excess liortality per 0.8 G'4y(e)
,

due to Radon 222 emissions .

Deaths
Reduction Deaths

Origin of Radon EPA
NP.CFa ctorGeneratedRadon

Curies

Muclear
1900

8 20 90
Thorium in ,3 9x10
Mill Tails 6'

11 20 200,000 E.3x10
.

Uranium in 8.6x10
Mill Tails'

.

68x10Uranium in
.

13 200 LOO,000

Enrichment 1.7x10

Tails
- --,

,
.

Coal _
~

1.0 opn U 5
( 11 200 7,700. 1.6x10

3.2x10Ashes b ~

$x10
9 L 3,800

Air 3 2x10
Particulate

M
1.8 ppm U 0

1 200 1A,000 2.9x10
5.8x10Ashes

5
o 4 6,800 1.txlO

Air 5.8x10-
Particulate

I -

1
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Environmental Impact of the

Bison Basin-

Solution Mining

Project

by
.

*:lilliam A. Lochstet,Ph.D.

The Pennsylvania State University *

August 1980
The Nuclear Regulatory Commission (NRC) has acparently

attemr,ted to evaluate the environmental and public health

consenuences of the operation of the Bison 3asin project (Ref. 1).

The radiological impact is calculated using the usual NRC procedure

of evaluating dose comnitments for 50 years due to one year's

intake for pecole within 80 kilometers of the p? ant (Ref. 1, Ex

Sec. 4.5.7.1 ). Unfortunately, this ignores the major impacts

which lie outside of these limits in time and distance. This

nroject should be compared with other solution mining projects

such as the Irigaray project ( Ref. 2), and the Highland

project ( Ref. 3 ) . These environmental impact statements

were criticized on much the same grounds, for ignoring the

long term and distant imnacts of these operations ( Ref. 2, P. A-60;
Ref. 3, P. A-55) . These criticisms are largely valid for the

Bison Ba s' n e raluation also.
The deleterious health consequences of breathing Radon-222

in air have long been known. At ftrst, the is concern was focused

on the miners in deep mines. In 1976, Pohl pointed out that
the thorium-230 in conventional mill tailings decays indirectly

bto radon-222 with a time scale determined by the 8 x lO year

half life of the thorium ( Ref. 4). The release of this radon into
l

* The ocinions and calculations contained herein are my own,
and not nedessarily those of The Pennsylvania State University,
which is well known as a collection of independent thinkers.

1

i

9



.
.

.

Bison Basin 2
-*

,

the air leads to a very slow accumulation of health consecuences.
Recently, Kopford has pointed out that a similar situation exists

tdth resnect to the uranium-238 parent of thorium-230( Ref. 5).
These nositions have been supported by the 1977 ,nemorandum of
Dr. U21ter H. Jordan of the ASLB? (Ref. 6). These matters have

been addressed by Dr. R. L. Gotchy of the URC staff on two

occasions ( Refs. 7 and 8). These art:uements will be considered
here in the case of the Bison Basin project.

Since thare is no mill tailing: -ile nroduced by a solution

mining project, there is no environmental intact. In this respect

the impact of solution mining is 12 less than for conventional

open cit or underground mining. The largest impact is that
associated vdth the uranium product. The project is expected

5to produce 4.5L x 10 kg of U 0, (Ref.1, ?.1-2), uhich will3*
5contain 3.55 x 10 kg of uranium (99.3% U-239). Present operations

of the gaseous diffusion enrichnent plants result in an outputs of

about 1/5 of the feedstock as fuel, and h/5 as enrichnent
2

; tails. Thus; the enrichment tails vdll contain 3.06 x 10 kg

of urantun - 238 , which in the course of time will decay
13radioactively to produce a total of L.37 x 10 Curies of

.

radon-222.

| Since the half life of radon-222 is only 3,8 days, radon
,

croduced deen underground decays before it escapes into the atmosphere.

The amount actually escaping into the air depends on the

barriers in the way. It is assumed that there is no reprocessing

of spent fuel, and that the uraniun in the scent fuel in canaged

very well so that there is no radon released to the air from this

sourde. At present, some recent mill tailings ciles have 2 feet

of dirt covering. In this case the EPA has estimated that 1/20
of the radon escares into the air (zef. 9). At present the
enrichment tails have been located in the eastern part of the

country, and no disnosal has been su cested. It is assumed that

.
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be released to tre air. Using the factors presented above,

this s'ould result in 698 nerson-re- total to the bronchial
eritholium, er 0.015 deaths. This dose cotritment is such

larger than ti.e URC estimate of 3.L nerson-ren. People beyond

EC h cannot b: excluded. The fact : at this nav be x belcu'

backtround is irrelevant to the evaluation of the irrects of this
project. The federal action at cuestion here is 21 son EAsin,
not bcekground.

Secti,n 2.3.10.4 ( Ref. 1) described the t solid wastes

gener ted by t'e project. In particular, the evanoration pond
will contain uranium, thoriin-230 and rrdiun-226 (lef.1, Table
2.10). '.*ith a flow rate of 33m3/ day and 2.5 years of operation,
this pond vill accumblate 589 kg of uranium. The decay of this

ICmaterial will resul t in the production of ?.L x 1C Ci of

raden-222 The exact disposal of this caterial is unclear, so

that the ~PA estirate of 1/20 radon release rill be used. In this
O

case the total population dose is 2.3 x 16' person-re to the

broncbial enithelium, resulting in 50,00C deaths. This is not,

insignificant. It is noted that the applicants oroposal to cover

thin rith 1.5 m of natural fill does not meet URC standards,

and would cuickly erode array allowing radon escape gre-ter than

the 1/20 assuned above. For these recsons, it should be a

condition of the license that this r.aterial be recoved
every three to six months and disposed of in an existing mill

tailings pile. This should be arranged before the lix license

is granted. The contract for this 9isposal should be presented

before license is granted. Periodic removal veuld prevent

a default oction fron resulting.

It should be noted that the solution mining at Irigaray

('ef. 2) and Highland (Ref. 3) involved the use of acconia,
and armoniun bicarbonate. This involves the introduction of

nitrogen c:=ccunds into the acuifcr, hich is difficu? t to

remove connletely. Thus total rester tion is not rossible.
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The Bison Basin annlicant will instead use sodium bicarbonate,

sodiun carbonate, sodium h Mrc::ide and hydrogen neroxide. It

would seem xxt tPat the imract on the aquifer is less with

this leaching orocess. This is clearly a step in the proper
,

direction!

3ection 2.2.1.5 (Ref. 1) nresents material from the

| Draft document EUREG-0332, which comr. ares the generation of at

electricity fran coal or nuclear power ( Raf. 6) . This document

is in considerable error in its connarison. .ittached as an
ar.pendix, is my comments on this renort. It should also be noted

that this recort assunes conventional mining for the nuclear option,

which is irrelevant fx a solution mining ooeration.

The well field is described in section 2.3.10.1 ( Ref.1) .
! The use of PVC or fiberglass for the well casing seems less

tren conservative. The use of onl three centralizers in

100 meters of pine casine is also rather lax. It would be

t ere will not be a repeat of xx auseful to describe how t

recent accident in which a drill tool breeched a casing and

| led to contamination of an overlying acuifer. The well abandonment
proposal to fill with mud seems like an invitation for

later connddtion of acuifers. It would be better to drill out the

casing and fill the entire space with cement. The long - term

s ta'oility o *' P7C of fiberglass is not clear. Filling with

cencrete would be better, than cement.

The shipment of yellow cake as a wet slurry eliminates

| the health impact of a yellow cake dryer ( Ref.1, o 2-28).

Tbc section on transrortation accidents for these sPip=ents
should be expanded ( Section 4.6.2.1 of Ref.1). In particular

itis stated that potential risks for slurry shiement are less

.
than for dru yellow cake ( Ref. 1, P. L-28). This statement

|

| needs considerable discussion, and data to back it up,

l

|
|
l

|
, ,-- - - ~ . _ - . - - _ _ _ - - . - - - - - _ - . _ , . - - . . _ . . _ - - . - - - - - - - - - - , , _
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Section L.L.2.5 states that monitor > ells .:111 be scmnled
every two waeks (2cf. 1, P. L-10). This .-:riod sPould eitker

be decreased, or some justification giver. "or the time period
*

chosen, vhaterer it is.

It is shown above that the o;erstion of this rroject will,

unicr readonable assumptions result in the 'eaths of 2.7 million

neople. It is impossible to say that such deaths far into the future
are innocsible. Cur inability to be nrecisc does not remove our

res ensibility under NEPA to evaluate tPe effects. There is no

cutoff date after which deoths do not count. Footnote 12 of
.:2DC v. USN20, 5L7 F. 2nd 633 (1976) ststes in tart:'

"e note at the outset that this standard is misleading

becsuse the toxic life of tre wastes under discussion
far exceeds the life of the -lant beine licensad. The
environmental effects to be considered are those flowing

fr . recrocessing and assive storate f ar the full

detoxification period.

Thic recuires full consideration of all hecith effects for the
full detoxi+'ication eeriod. Ibe half life of uraniu,-238 is

c
L.5 x 10 years. In that time half of the effects .ight be expected.

Consideration of external events such as background is

irrelevent. NEPA recuires full consideration of all the

costs and all the benefits of the federal action being

considerad. Background radiation is not a federal action.i

This cost benefit assessment must be made fully and in good

| faith to concly with NEPA as was discussed by the court in
I

Crivart Cliffs Coordinating Comm'.ttee v. US.iEC,LLO ?. 2nd 1109 (1971):'

'e conclude that Section 102 of NEPA mandates a;
,

| : articular sort of careful and informed decision-=tking
i orocess and creates judicially enforcable duties.. . .
|

| But if the decision as reached trocedurally .ithout

| individualized consideration and balancing of environmental
'

factors--conducted fully and in .cood ^iith-- it is the
res onsibility of the :ourts : reverse.

!

. . - - - ,- - - .. .-.,----.,.--n.-, -.
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Thus, it is rem ired th-t tre analysis be carried out honestly,
without rulin,g out any costs - or benefita - crocedurally,

tPere is no basis in law or science for an arbitrary cutoff

in tioe ( as 50 years ms used in Ref.1) or distance from

the facility (as F0 kilometers was used in Ref.1). Such

an arbitrary cutoff is innroptr.

|
.

.

|

|
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