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Table 5.5 Special Well, Ground, and Surface Water Analysis (continued)

Sample Description and Concentration (pCi/l)

Location

Date Collected

Lab Code

H-3

Mn-54
Fe-59
Co-58
Co-60
In-65
1r-Nb-95
Cs-134
Cs-137
Ba-La-140
Ce-144

P-31
Birch
Lake

Seepage No. 1 Seepage No. 2

12-07-89
SPW-7813

820£120

<7.8
<13.9
<7.0
<7.0
<16.6
. <1.8
<8.1
<7.7
<9.5
<59.1

pP-32
Birch
Lake

12-07-89

SPW-7814

5401110

<4.9 .
<11.5
<4.8
<5.7
<13.9
<5.5
.1
<5.0
<10.6
<38.9

P-33
Pickerel
Slough
No. 1

12-07-89
SPW-7818

- <190

<8.0
<15.9
<7.6
<7.2
<18.0
<8.4
<9.1
<8.4
<10.1
<65.1

p-34
Duck
Pond
No. 1

12-07-89
SPW-7821

<190

<5.5
<12.1
<6.0
<5.7
<1.1
<6.0
<5.8
<5.4
<6.1
<40.7

P-35
Refuge
Slough

12-07-89
SPK-7822

<190

<3.4
<.5
<3.5
<3.0
<6.1
<3.9
<3.0
3.5
3.2
<29.4




,M# | ' APPENDIX V
m Northem States Power Company
414 Nicollet Mall

Minneapolis, Minnesota 55401-1927
Telephonae (612) 330-5500

April 1, 1991
VIA TELEFAX 627-5075

Mary J. O'Brien

Deputy Commissioner

Minnesota Department of Public Health
717 S.E. Delaware Street

P.0O. Box 9441

Minneapolis, Minnesota 55440

Re: Prairie Island Independent Spent Fuel Storage Installation
(ISFSI)

Dear Ms. O'Brien:

Pursuant to discussions with representatives of the Minnesota
Department of Health, Environmental Quality Board and Department
of Public Service, and the Agreement of Northern States Power
Company (NSP), the Minnesota Agencies and the Mdwekanton Sioux
Indian Community (Community), dated March 8, 1991, NSP submits the
following information regarding best estimate analyses of
radiological impacts from the ISFSI.

1. Bounding Analysis In the Draft Environmental Imgact Statement
and Safety Analysis Regort'

In the Safety Analysis Report (SAR) submitted to the Nuclear
Regulatory Commission, NSP conservatively calculated the maximum-
annual dose to the nearest permanent resident from the ISFSI to be
4.27x10-4 millirem (mrem) per hour, which is equivalent to 3.74

mrem per Yyear (Safety Analysis Report, August, 1990 at 7.5-1).

The nearest permanent resident for this bounding analysis was the
nearest resident to the south of the Prairie 1Island Nuclear
Generating Plant. For comparlson purposes the maximum annual dose
to the nearest resident in the Communlty is 0.07 mrem per year
under the bounding analysis. This conservative calculation was
also incorporated in the draft environmental impact statement (EIS)

prepared by the Environmental Quality Board (Draft Environmental
Impact Statement, November 30, 1990 at 4.9).

In reviewing the draft EIS the Department of Health raised the
issue of potential radiological health effects from the ISFSI. NSP
has conferred with the Department of Health and other Minnesota
Agencies regarding the issue and in the discussions NSP has
emphasized the bounding analysis contained in the SAR and draft EIS
presents the outside bounds of potential radiological impacts and
incorporates significant conservatisms.



NSP, in conjunction with the manufacturer of the casks which will
be placed 1in the ISFSI, Transnuclear, Inc., has calculated the
annual dose rate based on the expected conditions at the ISFSI.
This calculation provides a best estimate of radiological impacts
from the ISFSI.

The Department of Health previously acknowledged the average annual
dose to the nearest permanent resident, rather than the maximum
annual dose, should be considered as the basis for an evaluation
of potential radiological health effects. The average annual dose
calculation incorporates the incremental placement of casks in the
ISFSI. This is important as all forty-eight (48) casks will not
be placed in the ISFSI in one Yyear; rather, the casks will be
placed at a rate of one to three casks a year. Incorporating the
incremental placement of the casks and assuming a seventy (70) year
exposure period for the nearest permanent resident yields an
average annual dose to the nearest permanent resident of 1.8 mrem
per year.

2. Best Estimate of Radiological Impacts from the ISFSI:

NSP's best estimate of radiological impacts from the ISFSI provides
a maximum annual dose rate to the nearest permanent resident of
0.42 mrem per year. The nearest permanent resident for the best
estimate analyses is a resident to the north, rathér than to the
south as in the bounding analysis. This change is due to the
consideration in the best estimate analyses of the shielding effect
of the Prairie Island Nuclear Generating Plant and the atmosphere,
which significantly reduce the annual dose to the nearest permanent
resident to the south. The results of the best estimate analyses
are contained in the attached table and graph.

The average annual dose to the nearest permanent resident to the
north is 0.34 mrem per year. As stated above, the annual dose to
residents further from the ISFSI, including the Community, is
significantly lower.

3. Differences between the Bounding_ and Best Estimate Analyses:

Pursuant to the Agreement between the NSP, the Minnesota Agencies
and the Community, NSP agreed to provide best estimate analyses
showing calculations of radiological effects based on expected
conditions at the ISFSI site, including radioactivity levels in the
spent fuel assuming average burn-up and cooling time. This is the
first difference between the bounding and best estimate analyses.
New source terms were generated for the fuel with 40,000 MWD/MTU
burn up, which more closely resembles actual burn up at the Prairie

--Island Nuclear Generating Plant, as compared to 45,000 MWD/MTU in
the bounding analysis. NSP's installation schedule was also
followed, which assumes the casks when first placed in the ISFSI
will contain 1S5-year, rather than 10-year, cooled fuel.



The second difference is the assumptions regarding cask shape and
the presence of a cover. In the boundlng analysis a spherical cask
model was used for convenience in modeling. 1In the best estimate
analyses a cylindrical cask model was used, which permits a more
accurate characterization of the radiation source. 1In addition,:
the shielding effect of the steel weather cover, which will be
attached to casks in the ISFSI, was incorporated in the best

estimate analyses.

The third difference is incorporation of shielding from trees and
housing materials which will further reduce the dose to the nearest
permanent resident. Representatives of the Department of Health
acknowledged that consideration of such shielding effects is
reasonable. The best estimate analyses incorporate an assumption
of four inches (4") of wood to represent the shielding of wood,
concrete, shingles etc., which could reasonably be expected to
surround the nearest permanent resident during occupancy.

The Department of Health has suggested continuous seventy (70) year
occupancy of the person in the nearest permanent residence should
be the basis for a best estimate analysis. While NSP does not
agree with this assumption, for the purposes of this submission
continuous occupancy has been assumed.

4. The Best Estimate Analyses in Context of Sources of Natural

and Artificial Radiation:

NSP has determined the average annual dose to the nearest permanent
resident from the ISFSI is 0.34 mrem per year. It is important to
compare the average annual dose from the ISFSI to sources of
natural radiation and other sources of artificial radiation. The
Committee on the Biological Effects of Ionizing Radiations in,
"Health Effects of Exposure to Low Levels of Ionizing Radiation
(BEIR V),“ provides a table of the average annual dose equ1valents
from ionizing radiation. From the table and discussion in BEIR V,

which is attached, it is significant to note that natural sources
of radiation, such as radon, and artificial sources, such as
medical x-ray diagnosis, provide much higher doses than those
anticipated from the ISFSI. Of even greater significance is the
comparison to "voluntary" exposure from everyday activities. It
is estlmated'smoklng one and one-half of packs of cigarettes a day
results in an average annual dose of 8,000 mrem. Occupancy in a
masonry .building results in an average annual dose of 7 mrem.
Exposure from road construction materials while driving results in
an average annual dose of 4 mrem. (Gollnick, "Basic Radiation
Protection Technology," 2d.Ed 1988) While NSP does not intend to
trivialize concern over potential radiological effects from the
ISFSI, it is important to place any risk from the ISFSI in the
context of other exposures or risks which are undertaken routlnely

or voluntarily.



5. Standards Governing Radiological Impacts:

In addition to placing the 0.34 mrem per year average annual dose
from the - ISFSI in context with other sources of radiation, it is
important to emphasize the average annual dose is well within all
applicable standards for radiological exposure. The Nuclear
Regulatory Commission has recently adopted a standard of 100 mrem
per year as a limit for exposure to members of the general public.
This standard applies to all radiation, except for natural sources
of radiation and medical applications. The standard of 100 mrem per
year 1is also supported by the International Commission on
Radiological Protection and the National Council on Radiation
Protection and Measurement.

The Environmental Protection Agency has adopted a standard of 25
mrem per year as a limit for exposure for members of the general
public to uranium fuel cycle facilities. The difference between
the standards is the 100 mrem standard applies to almost all
potential artificial sources of radiation. The 25 mrem standard
is limited exclusively to uranium fuel cycle facilities, including
nuclear generating plants and spent nuclear fuel storage
installations. '

The average annual dose of 0.34 mrem per year and the maximum
annual dose of 0.42 mrem per year are well within the applicable
standards.

6. Effect of Additional Berming and Alternative Locations on
Potential Radiological Impacts:

Pursuant to the Agreement between NSP, the Minnesota Agencies and
the Community, NSP agreed to provide best estimate analyses showing
calculations of radiological effects based on additional berming
and alternative locations of the ISFSI. As NSP has discussed with
the Department of Health and the other Minnesota Agencies, the
ISFSI as currently designed includes a sixteen-foot (16') berm on
the north and west sides. The 0.34 average annual dose already
incorporates the shielding effects of this berm. According to
calculations performed by Transnuclear, Inc., if the berm height
is raised an additional four feet (4'), from sixteen (16') to
twenty feet (20'), the average annual dose is.reduced ten percent

(10%) .

With regard to the effect of alternative locations, the attached
table and graph show dose rates at various distances (30 to 800
meters) from the ISFSI. For distances greater than 800 meters, the
dose rate decreases inversely with the square of the distance.



NSP would like to confer when you have had an opportunity to review
the best estimate analyses. In the interim, if you have any
questions, please call me.

Sincerely,

W WCCM//‘%.,

Laura McCarten

cc: Dr. Ray Thron-Minnesota Department of Health
Michael McCarthy-Department of Public Service
William Grant-Department of Public Service
Mary Jo Murray, Esq.-Office of Attorney General

_Robert Cupid-Environmental Quality Board

Gretchen Sabel-Environmental Quality Board
Richard Duncan, Esg.-Attorney for the Community
William Hardacker, Esq.-Attorney for the Community



Distance
meters)

30

50

75
100
150
180
250
-300
350
400
500
600

800 .

PRAIRIE ISLAND ISFSI
BEST ESTIMATE DOSE RATES
MAXIMUM DOSE VS. DISTANCE

Annual Dose (millirem/yr)

with wogd without wood

attenuation attenuation
77.5 - 99.7
48.5 62.4
29.6 38.1
19.1 24.6
8.79 11.3
5.81 7.48
2.27 2.92
1.21 1.85
0.657 0.845
0.364 0.468
0.128 0.165
0.0443 0.0570

| 0.00601 ' 0.00774



PRAIRIE ISLAND ISFSI DOSE RATE
SKYSHINE DOSE MREM/YR (gamma)

MREM/YR

100.0
. -

10.0

0.01

0.001

—— NORMAL
—|— wWOOD ATTENUATION

30

130

230 830 430 . 630 630 730
DISTANCE (METERS)
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locally absorbe “iergy of 0.62 MeV from the proton and the recoil nucleus.
I'he latter reaction yields a 2.2-McV gamma ray that, in general, deposits
nergy at a distance from the capture sitc and that has a reasonable
probability of escaping altogcther from a mass as large as a rodent. For
thermal neutrons the N(n,p)'*C reaction is the major contributor of
bsorbed cnergy in tissue samples with a dimension of less than 1 cm
hecause of the short range (<10 um) of the 0.58-MeV proton. However,
for larger masses of tissuc (e.g., the human body), the 2.2-McV gamma
rays from the 'H(n,7)?H reaction are a significant dose contributor.

' In the spallation process the ncutron-nucleus interaction results in the
iragmentation of the nuclcus with the emission of several particles and
nuclcar fragments. The latter arc heavily ionizing, so the local energy
deposition can be high. Scveral ncutrons and deexcitation gamma rays also
can be cmitted, yiclding cnergy carriers that escape local energy deposition.,
I'he spallation process does not become significant untl ncutron encrgics
arc much greater than 20 McV.

In summary, clastic and nonclastic scatiering and the capture process
arc-by far the most important rcactions in tissue for ncutrons in the fission
cnergy range. Inclastic and nonclastic scattering begin at about 2.5 and 5
McV, respectively, and become important at an energy of about 10 MeV.
As the ncutron cnergy goes higher, nonclastic scaticring and spallation
reactions increase in importance, and clastic scatiering becomes of less
imporniance for encrgics greater than 20 MceV.

1
b
)

POPULATION EXPOSURE TO 10NIZING RADIATION
IN TIIE UNITED STATES

A ncw assessment of the average exposure of the U.S. population
to ionizing radiation has recently been made by the National Council on
Radiation Protection and Measurcments (NCRP87b). Six main radiation
sources were considered: natural radiation and radiation from the following
live man-madc sources: occupational aclivities (radiation workers), nuclcar
fucl production (power), consumer products, misccllancous cnvironmental
sources, and medical uscs.

For cach source category, the colicctive cflective dose cquivalent was
obtained from the product of the average per capita cficctive dose equiv-
alent reccived from that source and the estimaied numbcer of people so
cxposed. The average effective dose equivalent for a member of the U.S.
population was then calculated by dividing the collective cffective dosc

cquivalent value by the number of the U.S. population (230 million in

1980). As discusscd below, the dose cquivalent is defined as the product
of the absorbed dose, D, and the quality factor @, which accounts for
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"TABLE 1-3 Average Annual Effective Dose Equivalent of lonizing
Radiations to a Mcmber of the U.S. Population

Dosc Equivalent” - Effcctive Dose Equivalent
Source mSv mrem mSv %
Natural
Radon® 24 2.400 20 b3
Cosmic 0.27 27 0.27 3.0
Terrestrial 0.28 N 28 0.28 8.0
Internal 0.39 39 0.39 it
Total naturad —_ — 30 82
Artificial
Mcdical
x-ray diagnosis 0.39 »» 0.39 "
Nuclear medicine 0.14 14 0.3 4.0
Consumer products 0.10 10 0.10 30
Other ’
Occupational 0.9 0.9 <0.01 <03
Nuctear fucl cycle <0.01 <10 <0.M <03
Fallout <001 <l.0 <.0t <1.03
Miscellancous” <0.01 <1.0 © <. <0.03
Total antilicial —_ —_ 0.63 18
Total natural and
artilicial — — 36 o

“To soft tissucs. .

*Dose equivalent to bronchi from radon daughiter products. The assumed weighting factor
for the elfective dose cquivalent relative to whole-body exposure is 0.03.

* Department of Energy facilitics. smelters. transportation, etc.

SOURCE: National Council on Radintion Protection and Measurements (NCRPS7b).

difTferences in the relative biological eflectiveness of different types of ra-
diation. The eflective dose equivalent relates the dose-equivalent to risk.
For the case of partial body irradiation, the effective dose cquivaient Is
the risk-weighted sum of the dose equivalents to the individually Irradiated
tissues.

As seen in Table 1-3 and Figure 1-1, three of the six radiation sources,
namely radiation from occupational activities, nuclear power production
(the fucl cycle), and miscellaneous environmental sources (including nuclecar
weapons testing [allout), contribute negligibly to the average effective dose
equivalent, i.e., less than 0.01 millisievert (mSv)/year (1 {mrem]fyear).

A toul average annual eflective dose equivalent of 3.6 mSv (360
mrem)/ycar to members of the U.S. population is contributed by the other
three sources: naturally occurring radiation, medical uses of radiation, and
radiation from consumer products. By far the largest contribution (82%)
is madc by natural sources, two-thirds of which is caused by radon and its
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INTEQNAL 1%
{insige
; Human
| Body)

TERRESTRIAL 8%
{Rocks & Soil} _-

MEDICAL Xrays 11%

~OSMIC 8%
ime Space)

NUCLEAR MEDICINE 4%

CONSUMER
PRODUCTS 3%

OTHER <1%

Occupational 0.3%
Fallout <0.3%
Nuctear

Fuel Cycte 0.1%
Miscellaneous 0.1%

RADON 55%

iccay products. Approximately equal contributions 10 the other onc-third
‘ome [rom cosmic radiation, terrestrial radiation, and internally deposited
adionuclides. The importance of environmental radon as the Jargest source
f human exposure has only recently been recognized. '

The remaining 18% of the average annual cffective dosc equivalent
‘onsists of radiation from medical procedures (x-ray diagnosis, 11% and
nuclear medicine, 4%) and from consumer products (3%). The contribution
“y medical procedures is smaller than previously estimated. For consumer
products, the chicl contributor is, again, radon in domestic water supplics,
although building materials, mining, and agricultural products as well as
coal burning also contribute. Smokers are additionally exposed to the
natural radionuclide polonium-210 in tobacco, resulting in the frradiation
of a small region of the bronchial epithelium to a relatively high dose (up 10
1).2 Sv per year) that may cause an iiicreased risk of lung cancer (NCRP84).

Uncertainties exist in the data shown in Table 1-3. Uncertaintics
for exposures from some consumer products are greater than those for
cxposures. from cosmic and terrestrial radiation sources. The cstimates
for the most important exposure, that of lung tissuc to radon and its
dccay products, have many associatcd uncertaintics. ‘Current knowledge

]
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of the average radon concentration, the distribution of radon indoors in

~ the Unijted States, and alpha-pasticle dosimetry in lung tissuc is limited.

In addition, knowledge of the actuil effective dosc -equivalent is poorly
quantified. Further unccrtaintics are caused by difficuitics in combining
data for expasure from diffcrent sources that actually are from different
ycars, mainly from 1950 to 1983. :





