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IMPACT OF THE URANIUM FUEL CYCLE

r

!

,

5. Radioactive Effluents

Radioactive effluents estimated to be released to the environment from reprocess-
ing and waste management activities and certain other phases of the fuel cycle
process are set forth in Table 5-3. Using these data, the staff has calculated
the 100 year involuntary environmental dose commitment * to the U.S. population.

,

^The environmental dose commitment (EDC) is the integrated population dose for
100 years; that is, it represents the sum of the annual population doses for
a total of 100 years. The population dose varies with time, and it is not
practical to calculate this dose for every year.
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These calculations estimate that the overall involuntary total-body gasecus
dose ecmmitment to the U.S. population from the fuel cycle (excluding reactor
releases and the dose commitment due to radon-222) would be approximately
400 person-rems per year of operation of the model 1000-Ifde LWR. Based on
Table S-3 values, the additional involuntary total body-dose commitments to
the U.S. population from radioactive liquid effluents due to all fuel cycle
operations other than reactor operation would be approximately 100 person rems
per year of operation. Thus the estimated involuntary 100 year environmental
dose commitment to the U.S. population from radioactive gaseous and liquid
releases due to these portions of the fuel cycle is approximately 500 person-rems
(whole body) per year of operation of the model 1000-!fde LWR.

I

At this time Table S-3 does not address the radiological impacts associated with
radon-222 releases. Principal radon releases occur during mining and milling
operations and as emissions from mill tailings. The staff has determined that
releasm from these operations for each year of operation of the model 1000-!fde
LWR are as given in Table C-1.

The staff has calculated population dose commitments for these sources of
radon-222 using the RABGAD computer code described in Appendix A of Chap. IV,
Sec. J, of NUREG-0002.2 The results of these calculations for mining and
milling activities prior to tailings stabilization are listed in Table C-2.

When added to the 500 person-rems tote.1-body dose commitment for the balance
of the fuel cycle, the overall estimated total-body involuntary 100 year environ-
mental dose commitment to the U.S. population from the fuel cycle for the model
1000-ifde LWR is approximately 64'J person rems. Over this period of time, this
dose is equivalent to 0.00002% of the natural background dose of about 3 billion
person rems to the U.S. population.*

The staff has considered the health effects associated with the releases of
radon-222, including both the short-term effects of mining and milling, and
active tailings and the potential long-term effects from unreclaimed open pit
mines and stabilized tailings. The staff has assumed that, after completion of
active mining, underground mines will be scaled, returning releases of radon-222
to background levels. For purposes of providing an upper bound impact assess-
meat, the staff has assumed that open pit mines will be unreclaimed and has
calculated that if all ore were produced from open pit mines, releases from
them would be 110 Ci per year per reference reactor year (RRY). However,
because the distribution of uranium ore reserves as 'lable by conventional
mining methods is 66.8% underground and 32.2% open p m. the staff has further
assumed that uranium to fuel LWRs will be produced by conventional mining
methods in these proportions. This means that long-term releases from
unreclaimed open pit mines will be 0.332 x 110 or 37 Ci per year per RRY.

.

* Based on an annual average natural background individual dose commitment of
100 millirems and a stabilized U.S. population of 300 million.
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Table C-2 Radon releases for each year of operation
of the model 1000-MWe LWR *

Radon source Quantity released Source

Mining 4060 Ci a

Milling and tailings
(during active mining) 780 Ci b -

Inactive tailings (prior
to stabilization) 350 Ci b

Stabilized tailings
(several hundred years) 1 to 10 Ci/ year b

Stabilized tailings (after
several hundred years) 110 Ci/ year b

aR. Wilde, U.S. Nuclear Regulatory Commission transcript of
direct testimony given "In the Matter of Duke Power Company
Company (Perkins Nuclear Station)," Docket No. 50-488,
April 17, 1978.

bP. Magno, U.S. Nuclear Regulatory Commission transcript of
direct testimony given "In the Matter of Duke Power Company
(Perkins Nuclear Station)," Docket No. 50-448, April 17,
1978.

*After three days of hearings before the Atomic Safety and
Licensing Appeal Board (ASLAB) using the Perkins record in
a " lead case" approach, the ASLAB issued a decision on
May 13, 1981 (ALAB-640) on the radon-222 release source
term fnr the Uranium Fuel Cycle. The decision, among other
matters, produced new source term numbers based on the
record developed at the hearings. These new numbers did
not differ significantly from those in the Perkins record,
which are the values set forth in this Table. Any health
effects relative to radon-222 are still under consideration
before the ASLAB. Because the source term numbers in ALAB-640
do not differ significantly from those in the Perkins record,
the staff continues to conclude that "both the dose commit-
ments and health effects of the uranium fuel cycle are
insignificant when compared to dose commitments and potential
health effects to the U.S. population resulting from all .

natural background sources." (see page C-6)

'
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Table C-2 Estimated 100 year environmental dose commitment
per year of operation of the model 1000-MWe LWR

00 sage (person-rems)
.

Lung (Bronchial
Radon Source Releases (Ci) Total Body Bone epithelium)

Mining 4100 110 2800 2300

Milling and active 1100 29 750 620
tailings

Total 5200 140 3600 2900
-

Based on the above, the radon released from unreclaimed open pit mines over 100-
and 1000 year periods would be about 3700 Ci and 37,000 Ci per RRY respectively.
The total dose commitments for a 100- to 1000 year period would be as follows:

Population dose commitments (person-rems)
Total Bone Lung (bronchial

Time span (years) Releases (Ci) body epithelium)-

100 3,700 96 2,500 2,000
500 19,000 480 13,000 11,000

1,000 37,000 960 25,000 20,000

'

The above dose commitments represent a worst case situation in that no mitigating
circumstances are assumed. However, state and Federal laws currently require
reclamation of strip and open pit coal mines, and it is very probable that sim-
ilar reclamation will be required for uranium open pit mines. If so, long-term
releases from such mines should approach background levels.

For long-term radon releases from stabilized tailings piles, the staff nas assumed
that these tailings would emit (per RRY) 1 Ci per year for 100 years, 10 Ci per
year for the next 400 years and 100 Ci per year for periods beyond 500 years.
With these assumptions, the cumulative radon-222 release from stabilized tailings
piles per RRY would be 100 Ci in 100 years, 4090 Ci in 500 years, and 53,800 Ci
in 1000 years.4 The total-body, bone, and bronchial epithelium dose commitments
for these periods are as follows:

Population dose commitments (person-rems)
Total Bone Lung (bronchial

T'ne span (years) Releases (Ci) body epith'elium)

100 100 2.6 68 56
500 4,090 110 2,800 2,300

1,000 53,800 1,400 37,000 30,000

5*
.
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If risk estimators of 136, 6.9, and 22.2 cancer deaths per million person-rems
for total-body, bone, and lung exposures, respectively, are used, the estimated
risk of cancer mortality resulting from mining, milling, and active tailings
emissions of radon-222 is about 0.11 cancer fatalities per RRY. When this risk
from radon-222 emissions from stabilized tailings over a 100 year release period
is added, the estimated risk of cancer mortality over a 100 year period is
unchanged. Similarly, a risk of about 1.2 cancer fatalities is estimated over
a 1000 year release period per RRY. When potential radon releases from reclaimed
and unreclaimed open pit mines are included, the overall risks of radon induced
cancer fatalities per RRY range as follows: 0.11 to 0.19 fatalities of a 100 year
period, 0.19 to 0.57 fatalities for a 500 year period, and 1.2 to 2.0 fatalities
for a 1000 year period.

To illustrate: a single-model 1000-lMe LUR operating at an 80% capacity factor
for 30 years would be predicted to induce between 3.3 and 5.7 cancer fatalities
in 100 yr, 5.7 and 17 in 500 yr, and 36 and 60 in 1000 yr as a result of releases
of radon-222.

These doses and predicted health effects have been compared with those that
can be expected from natural-background emissions of radon-222. Calculated
using data from the National Council on Radiation Protection (NCRP)s the
average radon-222 concentration in air in the contiguous United States is

3about 150 pCi/m , which the NCRP estimates will result in an annual dose to
the bronchial epithelium of 450 millirems. For a stabilized future U.S.
population of 300 million, this represents a total lung dose commitment of
135 million person-rems per year. If the same risk estimator of 22.2 luag
cancer fatalities per million person-lung rems used to predict cancer fatalities
for the model 1000 lMe LWR is used, estinated lung cancer fatalities alone from
background radon-222 in the air can be calculated to be about 3000 per year, or
300,000 to 3,000,000 lung cancer deaths over periods of 100 to 1000 years,
respectively.

In addition to the radon-related potential health effects from the fuel cycle,
other nuclides produced in the cycle, such as carbon-14, will contribute to
population exposures. It is estimated that 0.08 to 0.12 additional cancer
deaths may occur per RRY (assuming that no cure or prevention of cancer is ever
developed) over the next 100 to 1000 years, respectively, fir. exposures to
these otaer nuclides.

The latter exposures can also be compared with those from naturally occurring
terrestrial and cosmic-ray sources. These average about 100 millirems. There-
fore, for a stable future population of 300 million persons, the whole-body
dose commitment would be about 30 million person-rems per year, or 3 billion
person rems and 30 billion person-rems for periods of 100 and 1000 years respec-|

tively. These dose commitments could produce about 400,000 and 4,000,000 cancer
deaths during the same time periods. From the above analysis, the NRC staff
concludes that both the dose commitments and health effects of the uranitm
fuel cycle are insignificant when compared to dose commitments and potential

; health effects to the U.S. population resulting from all natural background
| sources.
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6. Radioactive Wastes

The quantities of buried radioactive waste material (low-level, high-level,
and transuranic wastes) are specified in Table S-3. For low-level waste
disposal at land burial facilities, the Commission notes in Table S-3 that
there will be no significant radioactive releases to the environment. The
Commission notes that high-level and transuranic wastes are to be buried at a
Federal repository and that no release to the environment is associated with
such disposal. NUREG-0116,6 which provides background and context for the
high-level and transuranic Table S-3 values established by the Commission,
indicates that these high-level and transuranic wastes will be buried and will
not be released to the biosphere. No radiological environmental impact is
anticipated from such disposal.

7. Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is about 200 person-rems. The NRC staff concludes that
this occupational dose will not have a significant environnental impact.

8. Transportation

The transportation dose to workers and the public is specified in Table S-3.
This dose is small a d not considered significant in comparison to the natural
background dose.

9. Fuel Cycle

The staff's analysis of the uranium fuel cycle did not depend on the selected
fuel cycle (no recycle or uranium-only recycle), because the data provided in.
Table S-3 include maximum recycle option impact for each element of the fuel
cycle. Thus the staff's conclusions as to acceptability of the environmental
impacts of the fuel cycle are not affected by the specific fuel cycle selected.
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Table 1 Update of the Potential Health !@ acts of Redon-222 Releases from UranM Mining and Milling per RRY

cf R. L. Gotchy (p.18 of the * I GFeratus Testimony

source Term (Cil January 25, 1978 lestimony) (Tables 11. 15 & 16)a ALAB-640 NUREG-0757 peleases

(Table 3) with latest BEIR !!!
kcalth Effects Estimate 1

1. urantri Mines (active mining) 4.100 3.820 5.200 (Same as 8efore)
- For 100 years after 1.501 2.000 - 9.000*-

mine shut down
For 1.000 years after eine 15.000 20.000 - 90.000*- -

,sh t cown
i

2. Uranium Mills
- Active ettling and drying 1.100 1.340 1.400
of tailings prior to mill
shut down

- Releases from tailings piles 100 200 100 14.000 "
for 100 years

4

- Releases from tallings piles 53.800 10.200 1.000 - 140.000* * I

for 1.000 yea s j
3. Total An-222 Releases /RRY

- 100 years 5.300 6.900 8.700 - 30.000 ;

- 1,000 years 59.000 31.000 28.000 240.000

Population Dc.e Comitments(person-rem)

1. Uranium Mines (Active Mining) (Sane as Before)
4. 100-yr Environeental Dose

Coarit tment
- Total Sody 110 53 (To Be

Lung *** 2.300 520 determined
- Bone 2.800 720 by future

cecision)
b. 1,000 yr. Environmental

- Total Body - 190
- Lung -

1.800
- Bone - 2.600

-

2. Uranium Mills
a. 100 yr Environmental Dose

Comitment
i- Total Body 32 15

- Lung 660 150 |
- Sone 820 210

b. 1.000-yr Environmental Dose
Comitment
- Total Body 1.400 120
- Lung 30.000 1.200
- Bone 37.000 1,700

|
3. Total Rn-222 Population 00**

Comi tments
100-pr Envir prental Dosea. o
Comitment
- Total Body 140 68
- Lung 3.000 670
- Bone 3.600 930

b. 1.000-yr. En,ironmental Dose
Conrit tment
- Total Body 1.500 310
- Lu g J3.000 3.000n

- Bone 41.000 4,300

Potential Population Health Impacts

a. Cancer Mortality 0.11 0.070 (To De 0.032
- 100-yr Environmental Dose determined

Comitment by future

decision) !
- 1.000 yr - 1.2 0.32 0.20*- " '

i

|
'

b. Genetic Effe. **

!
- 100 yr Environmental Oose 0.036 0.018 0.015 '

{
Comitment

- 1.000-yr *
_

0.40 0.080 0.068 |
"

*NUREG-0757 represents the Staf f's best estimates of radon-222 releases and potential population dose comitments. It will serve as the basis for
proposed 5-3 values for radon-222 I

i

'Upperbound of range is for unreclaimed and unsealed mines; lower bound assumes sealed and recialmed mines
i

i

" Upperbound of range is for uncovered tallings piles. Iower bound assumes tailings piles are stabilized to meet current NRC requirements
!

*" Brocchial epithelium f

" "All serious defects over 5 generations


