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SUMMARY AND CONCLUSIONS

This Final Environmental Statement (FES) was prepared by the U.S. Nuclear
Regulatory Commission, Office of Nuclear Reactor Regulation (the staff).

1. This action is administrative.

2. The proposed action is the issuance of an operating license to the Washing-
ton Public Power Supply System (WPPSS) for the startup and operation of
the Washington Nuclear Project Number 2 (WNP-2) located on the Columbia
River in Benton County, about 19 km (12 mi)* northof Richland, Washington.

The facility will employ a boiling water reactor to-produce 3323 megawatts
thermal (MWt). A steam turbine-generator will use this heat to provide a
nominal gross electrical output of 1150 megawatts (MWe). The exhaust steam
will be condensed by cooled water from six circular mechanical-draft cooling
towers with water taken from and returned to the Columbia River.

3. The information in this statement represents the second assessment of the
environmental impact associated with the WNP-2 pursuant to the guidelines
of the National Environmental Policy Act of 1969 (NEPA) and 10 CFR Part 51
of the Commission's Regulations. After receiving an application in
August 1971 to construct this plant, the staff carried out a review of
impacts that would occur during its construction and operation. That
evaluation was issued as a Final Environmental Statement (construction
phase) in December 1972. After this environmental review, a safety review,
an evaluation by the Advisory Committee on Reactor Safeguards, and public
hearings in Richland, Washington (in January 1973), the U.S. Atomic Energy
Commission (now U.S. Nuclear Regulatory Commission) issued construction
permit No. CPPR-93 on *March 19, 1973, for the construction of WNP-2. As
of December 1981, the construction of Unit 2 was about 86% complete. The
staff estimates a fuel-loading date of September 1983. In March 1977,
the applicant applied for an operating license for the unit and submitted
the required safety and environmental reports in support of the application.

*Throughout the text of this document most values are presented in both metric
and English units. For the most part, measurements and calculations were
originally made in English units and subsequently converted to metric. The
number of significant figures given in a metric conversion is not meant to
imply greater or lesser accuracy than that implied in the original English
value.
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4. The staff has reviewed the activities associated with the proposed opera-
tion of the plant and the potential impacts, both beneficial and adverse,
which are summarized as follows:

a. The generating capacity provided by operation of WNP-2 will help
support the increasing load demand of the Pacific Northwest region
and will result in increased system and regional reliability of the
West Group System (Sec. 2.2.4). Electric energy production from
WNP-2 will be less expensive than any other viable generation alter-
native, will reduce WPPSS' dependence on weather-dependent hydro-
electric generation, and will promote fuel diversification by reducing
dependence on purchased electricity generated by fossil-fueled units
(Sec. 2.3).

b. Alteration of 441 ha (1089 acres) of land for the plant has been
necessary. Of this, about 12 ha (30 acres) will be used for the
plant structures. The area affected is totally within the boundaries
of the Hanford Reservation, a Federal reservation principally dedi-
cated to nuclear energy facilities (Sec. 4.3.1).

c. The average consumptive water use (by losses from the cooling towers)
will be 0.8 m3 /sec (12,500 gpm), which is less than 0.1%o of the
lowest regulated river flow in the Hanford Reach of the Columbia
River; therefore, no impacts to water use are expected (Sec. 4.2.2).

d. The objective of Executive Order 11988 Floodplain Management is:

"...to avoid to the extent possible the long- and short-term adverse

impacts associated with the occupancy and modification of floodplains
and to avoid direct and indirect support of floodplain development
wherever there is a practicable alternative..." The major plant
facilities at the WNP-2 site are not located in the 100-year
floodplain. The other facilities occupying the floodplain are, by
inspection, very small in sectional area compared to the total area
available during a 100-year flood. We conclude that the WNP-2 plant
does not conflict with the objective of E.O. 11988 (Sec. 5.3.2).

e. Thermal and chemical wastes discharged into the Columbia River will
be rapidly assimilated; thus, no adverse impacts on downstream water
users or aquatic biota are expected (Secs. 5.3 and 5.5). The staff
expects that the provisions of the NPDES Permit (Appendix F) and
other applicable standards will be met (Sec. 5.3).

f. Atmospheric impacts from cooling-tower operation will include fogg-
ing and icing. These minor impacts will be limited to areas less
than 1 km (0.5 mi) from the towers (Sec. 5.4).

g. The impacts of cooling-tower operation on the terrestrial ecosystem
of the natural preserve areas of the Hanford Reservation are expected
to be acceptable since only small amounts of cooling tower drift
deposition are expected (Sec. 5.5.1).

h. The expected effects of impingement and entrainment on the fish popula-
tion in the Hanford Reach of the Columbia River will be low because of
the design and location of the intake structures (Sec. 5.5.2).
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i. The operation, of the plant will not result in any significant impact
to known historic or archeological resources either on or off the
site (Sec. 5.6).

j. Plant operation and employment is not expected to cause appreciable
social or economic impacts on nearby communities because plant opera-
tion will create only a small number of new jobs (Sec. 5.7).

k. No measurable radiological impact on man or on biota other than man
is expected to result from routine operation of the plant (Sec. 5.8).

1. The risk associated with accidental radiation exposure is very low
(Sec. 5.8.2).

5. A draft environmental statement (DES) was made available to the public,
to the Environmental Protection Agency, and to other specified agencies
in August 1981. Comments on the Draft Statement were received from the
following:

• Department of Interior (DOI)
* Department of Commerce - General Counsel (DOC-GC)
* National Oceanic and Atmospheric Administration - National Weather

Service (NOAA-NWS)
* John F. Doherty (JFD)
* Department of Interior - Bureau of Reclamation (DOI-BOR)
* Department of Army (DOAR)
* Department of Agriculture - Economics and Statistic Servide (DOA-ESS)
* Environmental Protection Agency (EPA-DC)
* Benton-Franklin Governmental Conference (BFGC)
* Department of Agriculture - Soil Conservation Service (DOA-SCS)
* Department of Health & Human Services (DOHHS)
* Department of Housing and Urban Development (DOHUD)
• Department of Agriculture - Forest Service (DOA-FS)
• National Oceanic and Atmospheric Administration - National Marine

Fisheries Service (NOAA-NMFS)
* Environmental Protection Agency - Region X (EPARX)
* Department of Ecology (DOE)
* Washington Public Power Supply System (WPPSS)

Marvin I. Lewis (MIL)
* Office of Archaeology and Historic Preservation (OAHP)
* William A. Lochstet (WAL)
* Yakima Indian Nation (YIN)

Copies of these comments are appended to this Final Environmental Statement
as Appendix A. The staff has considered these comments, and has responded
with text changes and separate statements presented in Appendix B.

6. On the basis of the analyses and evaluations set forth in this statement,
and after weighing the environmental, economic, technical, and other
benefits against environmental and economic costs and after considering
available alternatives at the operating-license stage, the staff concludes
that the action called for under NEPA and 10 CFR Part 51 is the issuance
of an operating license for WNP-2, subject to the following conditions
for the protection of the environment:
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a. Before engaging in additional construction or operational activities
that may result in a significant adverse environmental impact that
was not evaluated or that is significantly greater than that evalu-
ated in this statement, the applicant shall provide written noti-
fication of such activities to the Director of the Office of Nuclear
Reactor Regulation and shall receive written approval from that
office before proceeding with such activities.

b. The applicant shall carry out
outlined in Section 5 of this
the staff, and implemented in
Technical Specifications that
license for WNP-2.

the environmental monitoring programs
statement, as modified and approved by
the Environmental and Radiological
will be incorporated in the operating

c. If adverse environmental effects or evidence of irreversible envi-
ronmental damage occurs during the operating life of the plant, the
applicant shall provide the staff with an analysis of the problem
and a proposed course of action to alleviate it.
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FOREWORD

This Final Environmental Statement--Operating License Stage was prepared by
the U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation
(NRR, the staff) in accordance with the Commission's regulations set forth in
Title 10 of the Code of Federal Regulations (10 CFR) CFR Part 51, which imple-
ment the requirements of the National Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it is the continuing responsibility
of the Federal government to use all practicable means, consistent with other
essential considerations of national policy, to improve and coordinate Federal
plans, functions, programs, and resources to the end that the Nation may:

Fulfill the responsibilities of each generation as trustee of the environ-
ment for succeeding generations.

Assure for all Americans safe, healthful, productive, and aesthetically
and culturally pleasing surroundings.

Attain the widest range of beneficial uses of the environment without
degradation, risk to health or safety, or other undesirable and unintended
consequences.

Preserve important historic, cultural, and natural aspects of our national
heritage and maintain, wherever possible, an environment that supports
diversity and variety of individual choice.

Achieve a balance between population and resource use which will permit
high standards of living and a wide sharing of life's amenities.

Enhance the quality of renewable resources and approach the maximum attain-
able recycling of depletable resources.

Further, with respect to major Federal actions significantly affecting the
quality of the human environment, Sect. 102(2)(C) of the NEPA calls for prepara-
tion of a detailed statement on:

The environmental impact of the proposed action

Any adverse environmental effects which cannot be avoided should the
proposal be implemented

Alternatives to the proposed action

The relationship between local short-term uses of man's environment .and
the maintenance and enhancement of long-term productivity

Any irreversible and irretrievable commitments of resources which would
be involved in the proposed action should it be implemented

xiii



An environmental report accompanies each application for a construction permit
or for a full-power operating license. A public announcement of the availability
of the report is made. Any comments by interested persons on the report are
considered by the staff. In conducting the required NEPA review, the staff
meets with the applicant to discuss items of information in the environmental
report, to seek new information from the applicant that might be needed for an
adequate assessment, and generally to ensure that the staff has a thorough
understanding of the proposed project. In addition, the staff seeks information
from other sources that will assist in the evaluation, and visits and inspects
the project site and surrounding vicinity. Members of the staff may meet with
state and local officials who are charged withprotecting state and local
interests. On the basis of all the foregoing and other such activities or
inquiries as are deemed useful and appropriate, the staff makes an independent
assessment of the considerations specified in Section 102(2)(C) of the NEPA
and 10 CFR Part 51.

This evaluation leads to the publication of a Draft Environmental Statement,
prepared by the Office of Nuclear Reactor Regulation, which is then circulated
to Federal, state, and local governmental agencies for comment. A summary
notice of the availability of the applicant's environmental report and the Draft
Environmental Statement is published in the Federal Register. Interested persons
are also invited to comment on the proposed action and on the draft statement.

After receipt and consideration of comments on the Draft Statement, the staff
prepares a Final Environmental Statement, which includes a discussion of questions
and concerns raised by the comments and the disposition thereof; a final benefit-
cost analysis, which considers and balances the environmental effects of the
facility and the alternatives available for reducing or avoiding adverse environ-
mental effects with the environmental, economic, technical, and other benefits
of the facility; and a conclusion as to whether--after the environmental, economic,
technical, and other benefits are weighed against environmental costs and after
available alternatives have been considered--the action called for, with respect
to environmental issues, is the issuance or denial of the proposed permit or
license or its appropriate conditioning to protect environmental values. The
same format used in the Draft Environmental Statement is used in this Final
Statement to facilitate review.

This environmental review deals with the impact of operation of the Washington
Public Power Supply System's Nuclear Project Unit 2 (WNP-2). Assessments
relating to operation that presented in this statement augment and update those
described in the Final Environmental Statement-Construction Phase (FES-CP) that
was issued in December 1972 in support of issuance of a construction permit
for WNP-2.

The information to be found in the various sections of this statement updates
the FES-CP in four ways: (1) by evaluating changes to facility design and opera-
tion that will result in different environmental effects of operation (including
those which would enhance as well as degrade the environment) than those projected
during the preconstruction review; (2) by reporting the results of relevant
new information that has become available subsequent to the issuance of the
FES-CP; (3) by factoring into the statement new environmental policies and statutes
that have a bearing on the licensing action; and (4) by identifying unresolved
environmental issues or surveillance needs which are to be resolved by means
of license conditions. (No unresolved environmental issues or surveillance
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needs have been identified in this statement for WNP2.) Otherwise the assessments
contained in the FES-CP are not changed.

A copy of the FES-CP was appended to the Draft Environmental Statement--Operating
License Stage (DES-OL). Copies of the latter document along with copies of
this statement are avail able for i-n-spection at the Commissi-o' s7 Pubti-ic Document
Room, 1717 H Street, NW, Washington, DC 20555, and at the Richland City Library,
Swift and Northgate Streets, Richland, Washington, 99352. Copies of this
statement may be purchased as indicated on the inside front cover. Dr. Rajender
Auluck is the NRC Project Manager for this statement. Dr. Auluck may be contacted
at (301) 492-9778.
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1. INTRODUCTION

1.1 Resum4

The proposed action is the issuance of an operating license to the Washington
Public Power Supply System (WPPSS), a municipal corporation and joint operating
agency of the State of Washington, for startup and operation of the Washington
Nuclear Project Number 2 (WNP-2) on the Hanford Reservation in Benton County
near Richland, Washington.

The generating unit consists of one boiling-water reactor, a steam turbine-
generator, a heat-dissipation system, and associated auxiliary facilities and
engineered safeguards. Waste heat will be dissipated to the atmosphere from
six circular mechanical-draft cooling towers. Makeup water will come from the
Columbia River.

The Design power of the reactor is 3323 MWt and the gross electrical output is

approximately 1150 MWe (FES-CP, Sec. III-B, and ER-OL, Sec. 3.2).*

1.2 ADMINISTRATIVE HISTORY

On August 19, 1971, WPPSS (the applicant) filed an application with the Atomic
Energy Commission (AEC), now Nuclear Regulatory Commission (NRC), for a permit
to construct WNP-2. The conclusions resulting from the staff's environmental
review were issued as a Final Environmental Statement - Construction Phase
(FES-CP) in December 1972. Following reviews by the AEC regulatory staff and
its Advisory Committee on Reactor Safeguards, public hearings were held before
an Atomic Safety and Licensing Board in January 1973. Construction Permit
No. CPPR-93 was issued on March 19, 1973.

In March 1977, WPPSS submitted an application, including a Final Safety Analysis
Report (FSAR) and Environmental Report (ER-OL), requesting issuance of an operating
license for WNP-2. These documents were docketed on June 22, 1978, and April 20,
1977, respectively. Operational safety and environmental reviews were then
initiated.

As of December 1981, construction of WNP-2 was about 86% complete, and the
staff estimates that the reactor will be ready for fuel loading in July 1983.

*"WPPSS Nuclear Project No. 2 Environmental Report, Operating License Stage,"
issued by Washington Public Power Supply System in March 1977. Hereinafter
this document is cited in the body of the text as ER-OL, usually followed by
a specific section, page, figure, or table number. The Final Environmental
Statement - Construction Phase, published in December 1972, is referred to as
the FES-CP.

1-1



1.3 PERMITS AND LICENSES

The applicant has provided in Section 12 of the ER-OL a status listing, as of
March 1977, of environmentally related permits, approvals, and licenses required
from Federal and state agencies in connection with the proposed project. The
staff has reviewed the listing and is not aware of any potential non-NRC
licensing difficulties that would significantly delay or preclude the proposed
operation of the plant.

The issuance of a water-quality certificate pursuant to Section 401 of the
Clean Water Act of 1977 by the State of Washington is a necessary prerequisite
for the issuance of an operating license by the Nuclear Regulatory Commission.
On January 28, 1971, the applicant filed a site certification application
(Application No. 71-1) for WNP-2 with the Washington State Thermal Power Plant
Site Evaluation Council (changed to Energy Facilities Site Evaluation Council
(EFSEC) in 1976). Site-certification hearings were held by the state council
early in 1972, and the site certification was issued by the Governor of the
State of Washington on May 17, 1972. Amendment 1 to the certification, includ-
ing the National Pollutant Discharge Elimination System (NPDES) Permit, was
issued on September.25, 1975. The NPDES Permit is reproduced in Appendix F of
this environmental statement.
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2. PURPOSE AND NEED FOR ACTION

2.1 RESUME

When the FES-CP was issued in December 1972, the staff concluded that WNP-2,
nominally rated at 1100 MWe, should be allowed to operate to supply the power
needs of the Pacific Northwest region.. At that time, WNP-2 was scheduled to
begin commercial operation in September 1977. The operation date was projected
on the basis of an expected 5.3% annual growth rate in electrical energy usage
among West Group System (WGS) utilities (of which WPPSS is a member) of the
Northwest Power Pool between the years 1970 and 1990. However, the actual
growth rate from 1970 to 1980 was only 3.9% per year. This decline in the
expected growth rate of electrical energy usage is not unique to West Group
utilities; rather, it is representative of a national trend, attributable in
part to higher prices for electricity, to conservation, and to an overall
slowdown in economic growth.

One response by utilities has been to adjust the projected expansion of capacity
by delaying planned additions to their systems. It is in this context and in
the context of other construction slips that the applicant has delayed the
commercial availability of WNP-2. The applicant estimates that the reactor
will be ready for fuel loading in September 1983 and commercial operation in
1984.

In this document, the staff evaluates the purpose and need for operation of
WNP-2 within the context of (1) overall system production costs for generating
electricity, (2) diversity of energy supply, and (3) reliability of the power
supply for the Pacific Northwest region.

2.2 PRODUCTION COSTS

WNP-2 was constructed to provide an economical source of baseload energy.
Because most of the substantial capital and environmental costs associated with
construction have already been incurred, the only economic factors now relevant
for consideration are the costs of fuel and of operation and maintenance (O&M)
(these expenses will be affected by whether or not the unit operates). A
comparison of system production costs with and without WNP-2 available shows
strong economic reasons why an operating license should be issued, and operating
plans should proceed as scheduled.

The West Group System is heavily dependent upon hydroelectric units to generate
electricity. In 1979, 82.5% of WGS' resource capacity consisted of hydroelectric
units; the remaining 17.5% consisted of nuclear (3.3%), coal (4.9%), combustion
turbine and old thermal units (4.3%), and import (5%). Existing hydroelectric
projects in the West Group area have nearly exhausted the sites that can be
developed on an economical and environmentally acceptable basis for supplying
the baseload needs of the region. The remaining hydroelectric projects to be
developed will be essentially for peaking power rather than for baseload.
Thermally generated power must provide an increasing portion of the baseload
resources in the future (ER-OL, pp. 1.1-1 and 1.1-3).
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The applicant projects, based on potential adverse hydroelectric generating
conditions, that if WNP-2 were not put in operation, the replacement for
energy not produced by WNP-2 would have to come from utilities outside the
Pacific Northwest. The cost of replacement electricity to the applicant would
depend upon the type of units used by the supplying utility. In 1978, the
applicant estimated the cost differernce between replacement energy and energy
produced by WNP-2 to be $99.6 million per year (in 1978 dollars), assuming
that WNP-2 operates at 63% capacity factor (Applicant's Response to NRC
Question 1.5, Q/R A9, p. 3, September 6, 1977).* The operation cost differ-
ences estimated in that year (savings in fuel and O&M costs) amounted to
16.6 mills/kWh. This estimate of savings was based on the cost of fuel in
1978. Based on the staff's current estimate of incremental costs of replace-
ment electricity, the applicant's projections of savings in fuel and operation
and maintenance costs are low, as discussed below.

The applicant's current estimates of the potential sources of replacement
power do not contemplate the use of WGS' existing units in production of
replacement energy if WNP-2 does not operate. According to the applicant,
there is a possibility of buying the replacement energy from Southern
California Edison Company, Pacific Power and Light Company Wyoming Division,
and utilities in British Columbia, Canada. The applicant projects the replace-
ment cost of energy from these sources to be in the range of 50 to 70 mills/kWh
in 1980 dollars; the cost range is due to the use of different fuels (but
primarily oil) by the supplier utilities in providing the replacement energy.
The applicant claimed that the difference in the replacement cost as reported
by the applicant in 1978 and now is due to the rapid increase in the price of
oil. The staff agrees with this possibility--between 1978 and 1980, the price
of oil to electric utilities of the Pacific region increased from $2.6 to
$4.7 per million Btu (Table A-42. Qf Ref. 1).

The applicant's conclusion that replacement energy for WNP-2 would come from
oil-fired generation on neighboring systems has been examined by the staff.
The staff has reviewed the applicant's energy requirements and available
internal resources under adverse and normal water conditions and concurs with
the applicant's conclusion that WNP-2 will ultimately displace oil-fired
generation. There is, however, an important distinction to be made. The
applicant's analysis assumes adverse hydro conditions under which the Northwest
will be energy deficient and the unavailability of WNP-2 will require increased
oil generation on neighboring systems to support WGS' energy requirements.
However, under normal water conditions, and thus the more likely cost scenario,
the Northwest will have a substantial energy surplus. The existence of a
surplus should not alter the final impact, however, as the excess energy would
be exported to California to permit the displacement of oil which would other-
wise be needed to help meet California's electrical energy requirements. The
exchange agreements executed by the U.S. Department of the Interior through
Bonneville Power Authority have the provision for the exchange of power between
West Group Supply System and California Electric Utilities (such as Southern
CaliforniaEdison Company, Pacific Gas and Electric Co., etc). Thus, in
either case the final result is the same in terms of displacement of oil, but
in the latter case, the benefits are of a more regional nature.

*In this analysis it has been assumed that the demand for electricity would

remain the same regardless of whether WNP-2 is operated.
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On the basis of an energy model developed by Data Resources, Inc. (DRI) (Ref. 1),
the staff estimates that the cost of fuel for generating electricity in the
Pacific region in 1982 will be 59 mills/kWh higher from oil-fired units than
from nuclear-fueled units. Based on the applicant's use of a 63% capacity
factor for operation of WNP-2, this would amount to savings of $375 million in
the first year of WNP-2 operation. However, the applicant's assumption as to
capacity factor of WNP-2 during its initial years of operation is probably
high (based on the experience of nuclear units in general). If a lower capacity
factor were assumed--e.g., 50% to 55%--the savings would be about $284 million
to $313 million. At a capacity factor of 60% over the life of the plant,
assuming constant 1982 dollars, the operation of WNP-2 would result in savings
of $341 million a year (Ref. 2). In actuality, however, one would expect the
annual savings to increase in subsequent years because oil prices are expected
to increase at rates in excess of general inflation and the cost of nuclear
fuel.

A production-cost analysis should also include the differential in variable
O&M costs between WNP-2 and the units that would be used to provide the replace-
ment energy. However, these cost items are quite small in relation to the
fuel-cost differential and would not alter the ultimate cost differential to
any meaningful degree.

A decision to operate WNP-2 will necessitate a decommissioning expense once
the unit is retired from service. In Section 8.4.3 of the FES-CP and
Section 5.14 of this document, the staff discusses the different decommis-
sioning methods available. For large BWR units (such as WNP-2), the decommis-
sioning cost per unit is estimated to range from about $35 million to $60 million
(1978 dollars) (Ref. 3). Even the upper cost is less than 25% of the cost
savings that would be achieved during the first year of operation of WNP-2
(operating at a capacity factor of 60%).

The operation of WNP-2 also will result in environmental impacts. These have
been evaluated by the staff, and the findings are presented in Section 5 of
this environmental statement. These impacts are assessed as ranging from small
to moderate (Table 6.1).

In conclusion, the staff views the applicant's assessment of potential savings
as reasonable. The results would not be significantly altered if the demand
for electricity grows at a lower rate than assumed; this is because WGS's
marginal energy source would continue to be oil. The staff has estimated the
savings in the initial year of operation at the yearly average capacity factor
of 60%; however, fuel-cost savings actually would continue as long as WNP-2
was capable of operating, a period of about 30 years.

2.3 DIVERSITY OF ENERGY SUPPLY

Regardless of the relative economics of nuclear energy versus energy from
other sources, it is to the advantage of a public utility to have diverse
sources of power available. Any number of problems could arise regarding the
availability of any particular source of electricity. If imported oil were
not available, if further limits were placed on the use of natural gas as a
boiler fuel, if coal piles were to freeze or there were mining labor strikes,
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if low-water-flow conditions occurred, or if shortages of uranium-enrichment
facilities were to develop, too much reliance on one or two energy sources--
especially for baseload operation--could necessitate cutbacks in power to the
power-supply grid. In 1979, 82.5% of WGS' capacity was hydroelectric. With
WNP-2 in operation in 1983 (staff estimate), this dependence on hydroelectric
units would be reduced to 79%, and WGS would be somewhat better prepared to
meet unexpected changes in the supply of hydro-generated electricity. The
fact that operation of WNP-2 will improve the diversity of generation supply
for the Pacific Northwest region is a relevant consideration in support of
issuing an operating license.

2.4 RELIABILITY ANALYSIS

Between 1967 and 1973, WGS' electrical energy output and peakload demand grew
at average annual rates of 5% and 5.8%, respectively. In the years 1973
through 1980, WGS's growth slowed considerably, and now it is about the same
as the growth experienced in the United States as a whole. For example,
between 1973 and 1979, peakload and energy demand within the WGS supply system
grew at average annual rates of 3.5% and 3.6%, respectively. Current pro-
jections for the West Group System are for average annual rates of increase of
3.5% for peakload demand and 3.4% for energy demand from 1979 to 1989 (ER-OL,
Amendment 1, Table 1.1-3, May 1978).

West Group System's reserve margins through 1989, with and without WNP-2 in
operation, are shown in Table 2.1. The peakload-responsibility values shown
in the table reflect WGS' forecast for system maximum hourly load. The net
resource capacity represents capacity available to WGS to meet the energy
needs of the area.

WGS has indicated that a 20% reserve margin is necessary to maintain minimum
acceptable reliability (ER-OL, Amendment 1, Table 1.1-3, May 1978). This
standard is consistent with the 15% to 25% reserve margin guideline of the
Federal Energy Regulatory Commission. Thus, based on WGS' load forecast and
capacity plans (as shown in Table 2.1), if WNP-2 is not added within the
proposed time frame, WGS reserve margins will be borderline in the years 1982
through 1985.

In general, the staff concurs with the applicant's finding that WNP-2 will be
needed to maintain minimum reliability levels. A regional econometric forecast-
ing model developed by DRI (Ref. 1, p. 162) suggests that the growth of demand
for electrical energy in the states of California, Oregon, and Washington
probably will be slightly less than the growth projected by WGS; the model
results project an average annual rate of growth of 3.1% for the period 1980
through 1990, compared to the 3.4% projected by WGS. In another state-level
econometric forecasting model developed for NRC by Oak Ridge National Labora-
tory, the demand for electricity in the region is projected to grow at an
annual rate of 4% in the period 1974 through 1990 (Ref. 4). Review of these
two forecasts indicates that WGS' projections for electricity demand are
reasonable. To properly assess the need for WNP-2, consideration must be
given to the unique features of the power supply in the Pacific Northwest.
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Although hydroelectric capability in the area is abundant, firm energy and
dependable peaking capacity produced from existing regional hydroelectric
resources are limited not only by installed machine capacity, but also by
availability of usable water storage volume which could be affected by drought
conditions when they occur.

Both the staff and applicant's reliability assessments assume that about
11,500 MWe of new capacity other than WNP-2 will be added to the West Group
System in the period 1981 through 1989 as scheduled. These analyses also
assume that about 1700 MWe of purchased power will be available in the peak-
use season each year. Thus, the reliability consideration could be a more
serious issue if unavoidable slippages in, or decisions to delay, any of these
subsequent additions occur, or if anticipated outside purchases are not forth-
coming.

Finally, it must be stressed that because the DRI and Oak Ridge econometric
models are aggregated at the regional level and because the West Group System
utilities serve only parts of the states within the region, findings based on
either the DRI or Oak Ridge model are valid only if the growth rate in each of
the service areas is the same as the growth rate for the region as a whole.

The staff concludes that if WNP-2 is not in operation there may be a reliability
problem by about 1984; however, because of uncertainties in the forecast of
demand for electricity and in availability of hydroelectric units (because of
potential for changes in weather conditions), this could change. Reliability
is not found to be a primary consideration in the timing of the initial opera-
tion of this unit.

2.5 CONCLUSIONS

The results of the staff's assessment of purpose and need for WNP-2 support a
decision to issue the operating license for WNP-2 in the time frame proposed
by the applicant. The fact of overriding importance is that the timely addition
of WNP-2 to the WGS system is expected to result in significant savings in
system and/or regional production costs. Furthermore, the operation of this
unit will decrease WGS' heavy dependence on hydroelectric units and will
increase system reliability.

The operation of WNP-2 will be attended by environmental costs. However,
these issues have been addressed in this document, and the staff has con-
sistently found the costs and risk to be small to moderate (Table 6.1).
Moreover, if WNP-2 does not operate, replacement energy will have to be gener-
ated. This increased use of other power-generation facilities will result in
associated environmental costs and risks.

Finally, although decommissioning (Section 5.14) is identified as an incremental
cost of operating WNP-2, decommissioning cost represents less than 25% of the
projected production-cost savings resulting from WNP-2 operation for a single
year.
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Table 2.1. West Group System's Projection of Winter
Peak Loads, Resource Capacity, and Reserve Margins1"' 2

TotalResources Resource Net Resources Reserve Margin Reserve Margin

Peak with Capacity (MWe) (MWe) (percentage)
Load WNP-2 Adjustmentt 3  With Without With Without With Without

Year (MWe) (MWe) (MWe) WNP-2 WNP-2 WNP-2 WNP-2 WNP-2 WNP-2

1979 26,764 33,839 1,013 32,826 32,826 6,062 6,062 22.6 22.6

1980 27,961 35,825 1,091 34,734 34,734 6,773 6,773 24.2 24.2

1981 29,336 36,636 1,093 35,543 35,543 6,207 6,207 21.1 21.1

1982 30,300 36,986 1,091 35,895 35,895 5,595 5,595 18.5 18.5

1983 31,589 38,749 1,102 37,647 36,547 6,058 4,958 19.2 15.7

1984 32,541 40,882 1,118 39,764 38,664 7,223 6,123 22.2 18.8

1985 33,802 43,381 1,122 42,259 41,159 8,457 7,357 25.0 21.8

1986 35,076 45,873 1,124 44,749 43,649 9,673 8,573 27.8 24.4

1987 35,842 47,058 1,100 45,958 44,858 10,116 9,016 28.2 25.1

1988 36,543 48,341 1,078 47,263 46,163 10,720 9,620 29.3 26.3

1989 37,846 48,264 1,078 47,186 46,086 9,340 8,240 24.7 21.8

ti Source: ER-OL, Table 1.1-3, Amendment 2, October 1978.

t 2 Assuming WNP-2 is available for operation in 1983.

t3 Sum of adjustment factor applied to Federal hydro peaking capacity and Bonneville Power Admin-
istration's NW-SW Intertie losses.





3. ALTERNATIVES TO THE PROPOSED ACTION

3.1 RESUME

During the construction-permit stage of the licensing process, the staff
analyzed a wide range of alternatives, including the alternative of not adding
new production capacity. The staff concluded based on its analysis of these
alternatives, as well as on a cost-benefit analysis, that additional capacity
was needed, that nuclear would be an environmentally acceptable means of
providing the capacity, and that WNP-2, at a specified site and of a specified
design, was acceptable from an environmental perspective. Since that time,
the plant has been substantially constructed. The economic and environmental
costs associated with the construction of the plant that have been incurred
must be viewed as "sunk costs" in any prospective assessment.

3.2 ALTERNATIVES

At the operating-license stage it is not rational to consider dramatic plant
modifications or the construction of new and different energy sources as
alternatives to the existing nuclear facility, absent the discovery of a
compelling safety or environmental concern that was not evident during the
construction permit review. No such compelling consideration has emerged.

The environmental costs associated with any of these alternatives that were
considered and foreclosed at the construction-permit review stage would now be
prohibitive when compared to the incremental costs of operating the completed
plant. These alternatives would require significant environmental and capital
commitments, in addition to their costs of operation. Further, the delays
caused by any proposed change in plans would necessitate an assessment of the
cost of providing the energy that could have been produced by the plant versus
the cost of energy from replacement energy sources during the delay period.

Therefore, it is the NRC staff's view that at this time, the only practical
alternative to operation of the plant is to deny its operation. Absent any
significant environmental or safety objection, the decision is an economic
one. If operation is denied, the most conservative assumption (i.e., least
costly) is that existing capacity on the applicants' system is available to
replace the energy that could have been provided by the plant. If, under this
scenario, it can be demonstrated that significant production cost savings are
available from operation of the plant vis-a-vis non-operation, then the operating
alternative is preferable. The NRC staff has evaluated this cost differential
in Section 2.2 of this statement and finds that savings on the order of
$341 million per year would be realized during the proposed initial years of
operation of WNP-2. Comparable savings would be expected for subsequent years.
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4. PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

4.1 RESUME

Several changes in plant operating characteristics and design since the
FES-CP was issued are described in this section: plant water use will
decrease (Sec. 4.2.2.1); the cooling-water intake structure will be a
perforated- pipe system rather than a filter-bed system (Sec. 4.2.2.2);
cooling will be provided by six circular mechanical-draft cooling towers
rather than by linear towers (Sec. 4.2.2.3); and the blowdown-discharge
structure will terminate with a rectangular slot orifice rather than a round
orifice (Sec. 4.2.2.4). New or updated information relevant to the opera-
tional phase of WNP-2 is also provided in this section: there is a new
plant layout to accommodate substitution of the six circular cooling towers
(Sec. 4.2.1); emissions from standby generators and an auxiliary boiler are
described (Sec. 4.2.4.5); new local meteorology and air-quality information
is provided (Sec. 4.3.3); a reevaluation of cultural resources, based on new
information, is provided (Sec. 4.3.5); and current information-is provided
on the socioeconomic characteristics of Benton and Franklin Counties, including
new demographic projections (Sec. 4-.3.6.1) and descriptions of the local
economy and labor market (Sec. 4.3.6.2), land use (Sec. 4.3.6.3), and com-
munity services and institutions (Sec. 4.3.6.4). The staff also has used
new information and improved assessment methodology to recalculate sulfuric
acid and biocide concentrations that will be discharged from the plant
cooling system (Sec. 4.2.4).

4.2 PROJECT DESCRIPTION

4.2.1 External Appearance and Plant Layout

With the exception of the new layout of cooling towers shown in Figure 4.1,
the external appearance and layout of WNP-2 (see ER-OL, Figs. 2.1-1 through
2.1-4) are generally unchanged from what was described in the FES-CP,
Section III-1.

4.2.2 Plant Cooling System

Detailed descriptions of waste heat flows are presented in the FES-CP
(Sec. III-C.1) and the ER-OL. Plant cooling-system parameters are sum-
marized as follows. At a nominal net output of 1100 MWe, about.8.3 x 106 MJ/hr
(7.9 x l09 Btu/hr) of waste heat will be produced by operation of WNP-2;
this will be transferred to about 36 m3 /s (570,000 gpm) of cooling water.
The water will circulate from the plant cooling towers to the main condenser
at a rate of about 35 m3/s (550,000 gpm). In addition, about 1.3 m3 /s
(20,000 gpm) will circulate to the plant service water system. The tempera-
ture of the cooling water will be increased.by about 15.6 CO (28 FO). Cooling
system makeup water will be obtained from and blowdown will be discharged to
the Hanford Reach of the Columbia River. Two concrete basin spray ponds are
provided for emergency cooling. The water inventory contained therein is ade-
quate for emergency cooling for a period of thirty days.
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4.2.2.1 Water Use

Estimates of plant surface-water use have been changed since the issuance of
the FES-CP; the new values for rates of withdrawal and consumptive use are
given in Table 3.3-1 and Figure 3.3-12 of the ER-OL. The maximum value for
consumptive water use has been decreased from about 1 m3 /s (16,500 gpm) to
about 0.8 m3 /s (12,900 gpm).

Three wells are currently on the WNP-2 site, as described in Section 4.3.2.2.
Since August 1978, one of the two shallow wells has been used periodically
to provide water for dust suppression during construction. The two shallow
wells will not be used during operation. The third well can draw water from
the deeper, confined aquifer. This deep well will be used as a standby
potable water source, as well as for fire suppression, during plant operation
(Ref. 12).

4.2.2.2 Intake System

The redesigned plant cooling system intake structure consists of three
parts: (1) two perforated pipe inlets in the Columbia River; (2) two 0.9-m
(36-in) diameter lead-in pipes, about 275 m (900 ft) long; and (3) a pump
structure at the riverbank. Drawings of these features are presented in
Figures 4.2 and 4.3.

The perforated pipes are supported offshore above the riverbed, parallel to
the river flow. Each inlet (see Fig. 4.3) consists of an outer 1.1-m (42-in)
diameter pipe with 1-cm (3/8-in) diameter holes covering about 40% of the
area, and of an inner 0.9-m (36-in) diameter sleeve with 2-cm (3/4-in) holes
covering 7% of the area. The outer sleeve is designed to minimize the
numbers of fish and the amount of debris entering the system; the inner
sleeve is designed to distribute the inflow evenly along the surface of the
outer sleeve (ER-OL, Sec. 3.4.2.1). The new intake is expected to increase
the water approach velocity relative to the design presented in the FES-CP.
Although the approach velocities have not yet been verified in the field,
the staff concurs with the applicant's estimate (ER-OL, Fig. 3.4-8) that at
8 mm (1/3 in) from the outer pipe surface, the approach velocity, under
maximum operating conditions, will be less than 6 cm/s (0.2 fps), because
such values are typical for similar intake designs at other power plants.

4.2.2.3 Cooling Towers

Waste heat from the plant cooling water will be transferred to the atmosphere
via six circular mechanical-draft cooling towers, rather than the two linear
mechanical-draft towers described in the FES-CP. Each tower will rise about
18 m (60 ft) above the basin and will be 60 m (200 ft) in diameter at the
base. The general arrangement of the six towers is shown in Figure 4.1, and
a cross section of a tower center section through the fill is shown in the
ER-OL, Figure 3.4-2. Design parameters for each cooling tower are discussed
in Section 3.4.1 of the ER-OL; the cooling-tower performance curve is shown
in Figure 3.4-3 of the ER-OL.

4-2



The cooling water will be pumped through the plant condensers and then to
the top of the cooling-tower heat-exchange section and allowed to flow by
gravity through a fill material; this will slow the falling water and break
it into small droplets, thus greatly increasing the time and area of contact
of water with air. Although most of the cooling will result from evaporation
of a small portion of the circulating water, sensible-heat transfer by
conduction to air also will contribute to the cooling process. The cooled,
water will collect in concrete basins beneath each tower and from there will
be pumped to the condensers.

Air will be circulated by six fans located at the top of each tower. Drift
eliminators inside the tower will trap water droplets so that the volume of
liquid lost from the tower in the form of drift will be only about 0.05% of
the volume of the circulating water.

4.2.2.4 Discharge System

The discharge structure for release of blowdown water to the Columbia River
is now designed to terminate with a rectangular slot orifice instead of the
circular orifice described in the FES-CP. The structure will consist of a
buried pipe terminating on the riverbed about 53 m (175 ft) from the shoreline
(at low flow). The line, shown in Figure 4.4, will terminate as a rectan-
gular orifice, 0.2 m x 0.8 m (8 in. x 32 in) emerging at a 15-degree angle
with respect to the riverbed. Riprap will be emplaced on the riverbed to
reduce erosion.

The discharge line is designed for a maximum blowdown rate of 0.41 m3/s
(6500 gpm), although normal flow is expected to be about 0.16 m3 /s (2585 gpm).
The discharge velocity at maximum flow will be about 2.7 m/s (8.8 ft/s). At
minimum water level, the top of the discharge will be about 0.9 m (3 ft)
below the water surface.

4.2.3 Radioactive-Waste-Management Systems

Section 50.34a of Title 10 of the Code of Federal Regulations requires an
application for a permit to construct a nuclear power reactor to include a
preliminary description of the design of equipment to be installed for keeping
levels of radioactive materials in effluents to unrestricted areas as .low as
is reasonably achievable. The term "as low as is reasonably achievable" means
as low as is reasonably achievable taking into account the state of technology
and the economics of improvement in relation to benefi~ts to the public health
and safety and other societal and socioeconomic considerations and in relation
to the utilization of atomic energy in the public interest. Appendix I to
10 CFR Part 50 provides numerical guidance on design objectives for light-
water-cooled nuclear power reactors to meet the requirement that radioactive
materials in effluents released to unrestricted areas be kept as low as is
reasonably achievable.

To meet the requirements of 10 CFR Part 50.34a, the applicant has elected to
meet the requirements of the Annex to Appendix-l-,-dated September 4, 1975,
in lieu of performing a cost-benefit analysis as required by Section II.D of
Appendix I. The applicant has provided final designs of radwaste systems
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and effluent control measures for keeping levels of radioactive materials in
effluents to unrestricted areas as low as is reasonably achievable within
the requirements of Appendix I to 10 CFR Part 50 and the requirements of the
Annex to Appendix I. In addition, the applicant has provided an estimate of
the quantity of each principal radionuclide expected to be released annually
to unrestricted areas in liquid and gaseous effluents produced from normal
operation, including anticipated operational occurrences.

The staff's detailed evaluations of the radwaste system and the capability
of these systems to.meet the requirements of Appendix I will be presented in
Chapter 11 of the Safety Evaluation Report. The quantities of radioactive
material calculated by the staff to be released from the plant also will be
presented in Chapter 11 of the Safety Evaluation Report and in Section 5.8 of
this document with the calculated doses to individuals and the population that
will result from these effluent quantities.

At the issuance of the Operating License, the NRC will issue Technical
Specifications that establish release rates for radioactive material in
liquid and gaseous effluents and that provide for the routine monitoring and
measurement of all principal release points to ensure that the facility
operates in conformance with the requirements of Appendix I to 10 CFR Part 50.

4.2.4 Nonradioactive-Waste Systems

4.2.4.1 Cooling-System Chemicals

Sulfuric Acid Treatment for Scale Control

The principal chemical discharged will be sodium sulfate from the sulfuric
acid added to the circulating water for scale control. The sulfuric acid
requirement was evaluated in the FES-CP, but to more accurately estimate
discharge impacts, the staff has reevaluated this aspect using improved
methods (Ref. 1) developed since the issuance of the FES-CP. The staff's
evaluation indicates that somewhat greater quantities of sulfuric acid may
be required (850 to 4300 kg/day (1900 to 9500 lb/day) compared to the appli-
cant's estimate of 770 to 1540 kg/day (1700 to 3400 lb/day)). This will
produce a somewhat higher sulfate concentration (441 mg/L vs. 415 mg/L) than
that evaluated in the FES-CP, and a correspondingly lower alkalinity (120 mg/L
vs. 150 mg/L as CaCO3 ) in the blowdown discharged to the river for the case
of maximum makeup impurities. Otherwise, the staff's evaluation generally
confirms the applicant's discharge estimates given in Table 3.6-1 of the
ER-OL.

According to the proposed biocide treatment schedule described below, blowdown
discharge will be interrupted during, and following, each chlorination
period, but the plant will continue to operate. If this is not compensated
by changes in makeup or blowdown rates, the daily average concentration
factor will be increased. The staff finds that although this will require a
slightly higher rate of sulfuric acid addition between chlorination periods,
the total daily sulfuric acid addition will not be significantly increased
if the cumulative interruption of blowdown will not exceed three hours per
day (a value that the staff considers reasonable from experience with similar
cooling systems).
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Biocide Treatment

The staff has reviewed details (ER-OL, Sec. 3.6.3) of the proposed cooling-water
chlorination procedure not available at the time of FES-CP publication.
Chlorine gas will be added intermittently to the circulating cooling water
upstream of the condenser to give a biocidal concentration of about 0.5 mg/L
of free chlorine at the condenser outlet...The-applicant estimates the
chlorine usage as 109 kg (240 Ib) per day (ER-OL, Sec. 3.6.3). The cumula-
tive periods of chlorination will not exceed two hours per day. During and
after each chlorination period, the blowdown discharge will be interrupted
and will not be resumed until the residual chlorine has remained at or below
0.1 mg/L for a period of 15 minutes. The effect of these interruptions of
blowdown on concentration factor (and consequently on sulfuric acid
requirements) has been discussed above.

4.2.4.2 Condenser Corrosion

As a measure to minimize the release of toxic corrosion products (especially
copper), the applicant will use 70-30 copper-nickel alloy for the condenser
tubes which are subject to the most severe conditions (about 6% of the total
tubing) rather than the alloy originally planned (Applicant's Response to
NRC Question 3.7, November 28, 1977, and ER-OL, Amendment 2, p. 3.6.2,
October 1978). The remaining 94% of the tubing will be of admiralty metal,
as originally specified. Although the copper content is similar in both,
the copper-nickel alloy is much more resistant to corrosion and contains no
zinc. For worst-case conditions (a concentration factor of 10), the applicant
expects a copper concentration of 35 to 110 pg/L in the blowdown because of
condenser corrosion and erosion. The staff believes these values to be
reasonable.

4.2.4.3 Blowdown pH

The staff's calculation of blowdown composition discussed in Section 4.2.4.1
revealed that the plant blowdown will have a pH of about 7.6 for a range of
water-quality compositions, a narrower range than that calculated by the
applicant.

4.2.4.4 Other Nonradioactive Liquid-Waste Systems

The descriptions presented in Section III-C.3 of the FES-CP for the sanitary,
storm drainage, and raw-water treatment systems remain valid.

4.2.4.5 Combustion-Product Emissions

Principal sources of gaseous combustion-product emissions during plant
operation will be three standby diesel generators and an auxiliary boiler.
The duty cycles and expected operating modes of'these systems are described
in Section 3.7.4 of the ER-OL. Annual emissions from these two sources are
expected to be 170 kg (374 lb) of particulates, 4900 kg (10,780 lb) of
nitrogen oxides, and 6840 kg (15,000 lb) of sulfur dioxide (ER-OL, Sec. 3K7.4).
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4.2.5 Power-Transmission System

The Bonneville Power Administration (BPA) will prepare separate environmental
documentation under the National- Environmental Policy Act to address the
impacts associated with operation and maintenance of the Ashe substation and
transmission lines serving WNP-2 (ER-OL, Sec. 3.9).

4.3 PROJECT-RELATED ENVIRONMENTAL DESCRIPTIONS

4.3.1 Land

The land description of the WNP-2 site presented in Sections II-C.2 and II-E.1
of the FES-CP remains valid. About 12 ha (30 acres) of the 441.ha (1089 acres)
of the site will be occupied by plant structures and support facilities at
the time operation begins; the applicant foresees the other 429 ha (1059 acres)
remaining in their natural state of shrub-steppe habitat (ER-OL, p. 2.1-9
and 2.2-1). Since the FES-CP was published, all of the Hanford Reservation
except for a few hectares occupied by energy facilites has been designated
as a National Environmental Research Park (Ref. 2), where the land has been
set aside as a natural reserve.

4.3.2 Water

4.3.2.1 Hydrology

Surface Water

The Columbia River is the dominant hydrologic feature in the vicinity of the
WNP-2 Site. Other more distant features are the Yakima River to the southwest
and Rattlesnake Creek to the west.

The Columbia River is tide-affected from the mouth to Bonneville Dam at River
Mile (distance upstream from the mouth of the river) 146. The only other
free flowing stretch of the river is the 49-mile reach downstream from Priest
Rapids Dam (River Mile 397) to the head (approximately River Mile 348) of
the reservoir behind McNary Dam. The intake and discharge structures for
WNP-2 are located on this stretch of the river at River Mile 351.75. The
main plant structures are located inland, approximately 5 kilometers west of
the Columbia River.

River flow rates are influenced by water usage and upstream reservoir projects.
The nearest, Priest Rapids Dam at river mile 397, contains about 5.55 x 10 7 m'
(45,000 acre-feet) of the active storage. The average flow rate in the Hanford
reach is approximately 3256 m3 /sec (115,000 cfs). The lowest mean monthly
flow is about 1755 m3 /sec (62,000 cfs), while regulated flows as low as
1019 m3 /sec (36,000 cfs) (minimum licensed release for Priest Rapids Dam)
may be experienced for short intervals.

The U. S. Army Corps of Engineers has studied a potential dam site (Ben
Franklin Dam) just downstream of the WNP-2 site. The dam is not an authorized
project; however, the applicant has considered possible construction of the
Ben Franklin Dam in the design basis flood and groundwater analyses for the
WNP-2 site.
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The Columbia River water temperatures in the vicinity of the Hanford reach
average from 3.9'C to 17.8'C with the low temperatures occurring in February
and March and the high in August. impoundment by upstream dams has created
a shift in the seasonal temperature cycle, as well as a reduction of the
maximum temperature during the summer and an elevation of the minimum tempera-
ture during the winter, but it has not significantly changed the annual
average water temperature (Ref. 9). A diurnal variation in water temperature
of about 1.2 0 C in the spring and summer, and .6'C in fall and winter, can be
expected to occur as a result of reservoir discharges.

Table 4.1 lists the major chemical constituents in the river at a point
upstream of the Hanford Reservation. The dissolved oxygen concentrations
range from 9.5 to 14.0 mg/l, with 11.8 mg/l the average (Ref. 10). The
passage of water over the spillways of upstream dams has caused nitrogen
supersaturation in the river water. Values of dissolved nitrogen in excess
of 120% of saturation have been observed below Priest Rapids Dam and in the
Hanford reach of the river.

The water in the Hanford reach of the Columbia River is of excellent quality
and is used for municipal drinking downstream at Richland and Pasco.

Ground Water

The Hanford Reservation lies in the Pasco Basin, a structural and topographic
low point of Eastern Washington and the Columbia River Basalt Plateau.
Subsurface soil conditions, across the site, have been classified as follows:

a. Loose to medium dense, fine to coarse sand with scattered gravel
(glaciofluvial sediments).

b. Very dense, sandy gravel with interbedded sandy and silty layers (Ringold
Formation, Middle Member).

c. Very dense, interbedded layers of sandy gravel, silt and soft sandstone

(Ringold Formation, Lower Member).

d. Basalt which forms the bedrock beneath the area.

The lithologic character and water-bearing properties of the geologic units
occurring in the Hanford region are summarized in Table 4.2.

In general, groundwater in the surficial sediments occurs unconfined, although
locally confined zones exist. Water in the basalt bedrock occurs mainly
under confined conditions. Occasionally, the lower zone of the Ringold
Formation occurs as a confined aquifer, separated from the overlying unconfined
aquifer by thick clay beds which possess a distinct hydraulic potential.

The unconfined aquifer consists of both glaciofluvial sand and gravel deposits
and the Ringold silts, clays and.g.ravels-. S--nee these materials are very
heteroyeneous, tnere are often greater lithologic differences within a given
bed and between beds. The unconfined aquifer bottom is the basalt bedrock
in some areas and silt/clay zones of the Ringold Formation in other areas.
Clearly the bottom of the unconfined aquifer is not a continuous lithologic
surface.
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The principal direction of flow is eastward, discharging to the Columbia
River. The Columbia River is the sink for ground water discharge. The
water table for the glaciofluvial aquifer responds rapidly to river level
changes. Figure 4.5 illustrates the general elevation and configuration of
the ground water surface below the site, as well as the wells in which the
water table was recorded. On site, three wells have been developed for both
construction and operation; one in the confined lower aquifer, and two in
the unconfined upper aquifer. The water table is generally considered below
WNP-2 facilities. Some 1500 wells exist on the Hanford Reservation, and are
finished in both the confined and unconfined aquifers.

4.3.2.2 Water Use

A list of water usage downstream of WNP-2, obtained by the applicant from
records of the Department of Ecology, State of Washington, for water rights
as of February 1980, is presented in Table 4.3.

Regional use of the unconfined aquifer is at three locations. The first is
at the DOE's Fast Flux Test Facility construction site, located about
4.8 kilometers southwest of the WNP-2 site as shown in Figure 4.6. Ground
water to this construction site is supplied from two wells and is used for
sanitary and operation purposes. The maximum expected-usage rate is between
0.0029 and 0.0036 m3 /sec. No data are available on drawdown tests performed
on the FFTF water supply wells 699-SO-7 and S0-8.

The second location of ground water use is the WNP-1/4 site about one mile
east of WNP-2. Water is drawn from two wells for construction, sanitary,
and potable water requirements. The usage rate is approximately 0.00037
m3/sec.

The third location is the WNP-2 site. The two wells which draw from the
unconfined aquifer (699-13-lA and 1B) are 71.3 and 74.4 meters deep. Drawdown
tests for each well showed 6.7 and 27.7 meters of drawdown respectively, at
pumping rates of 0.016 m3 /sec and test durations of about 25 hours. These
wells are no longer used. The third well (242 meters deep) is sealed from the
unconfined aquifer and draws from confined water in the basalt. Drawdown on
this well was 57 meters at a pumping rate of 0.017 m3 /sec with a test duration
of 25 hours.

Waste heat from WNP-2 will be dissipated to the atmosphere by means of an
evaporative-cooling tower system using water from the Columbia River. After
startup, makeup water equivalent in volume to the combined evaporative and
drift losses will range from 0.44 m3 /sec (7000 gpm, 15.6 cfs) to 1.04 m3 sec
(16,500 gpm, 36.7 cfs) with an average rate of about 0.81 m3 /sec (12,900 gpm,
28.7 cfs) the draft being about 0.02 m3 /sec (285 gpm, 0.6 cfs). Blowdown
will average about 0.16 m3 /sec (2590 gpm, 5.7 cfs) with the maximum being
0.41 m3 /sec (6500 gpm, 14.4 cfs). The minimum flow rate of the Columbia
River in the vicinity of WNP-2, determined by the minimum licensed release
from the Priest Rapids Dam, is 1019 m3 /sec (36,000 cfs) and the average
annual flow is 3256 m3 /sec (115,000 cfs). Therefore, the maximum consumptive
diversion of water from the Columbia River is about 0.1% of the minimum flow
or 0.032% of the average annual flow.
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The applicant states, "As of 1967, active water rights in the Upper Columbia
Subregion allow consumptive diversions of 180 m3 /sec (6343 cfs) of surface
water and 52.9 m3/sec (1870 cfs) of ground water. Essentially all of these
diversions occur upstream of WNP-2" (Ref. 11). The staff has concluded that
the additional depletion of 1.04 m3 /sec (36.7 cfs) (maximum value) due to
consumptive use of Columbia River water for WNP-2 will have no effect on
present or currently projected uses of the Columbia River water resource
downstream from the site.

4.3.3 Meteorology and Air Quality

4.3.3.1 Local Meteorology

In general, the description of the regional climate given in the FES-CP,
Section II-E.4, is still valid. However, when the FES-CP was issued, there
was no onsite meteorological monitoring program; wind velocity and stability
data collected over eight years at the 125-m (410-ft) meteorological tower
located at the Hanford Meteorology Station (HMS) about 23 km (14 miles)
northwest of WNP-2 were used to compute dispersion parameters (FES-CP,
Sec. II-E.4). The applicant has since installed and operated an onsite
meteorological monitoring system (Sec. 6.1.3 of the ER-OL and Sec. 5.4.3 of
this statement). Wind speed, wind direction, and stability class can be
measured continuously by means of sensors at various levels on a 75-m (246-ft)
tower and on an auxiliary 2.1-m (7-ft) instrument mast. The system was
operated from April 1, 1974, through May 31, 1976. Summaries of the data
collected are presented in Section 2.3 of both the ER-OL and the FSAR.
Meteorological parameters related to air dispersion are briefly summarized
below.

Figure 4.7 is a wind rose for the WNP-2 site, based on data collected for
12 months at 10 m (33 ft) above grade. The figure shows a bimodal wind
direction distribution, with one maximum from the northwest and the other
from the south. This wind rose is quite different from the one based on
wind data at the HMS (FES-CP, Fig. 11-7). Data from the WNP-2 site show a
much higher frequency of winds from the south and east and a much lower
frequency from the northwest. The differences between the two flow patterns
are mostly due to local topography and local drainage winds at night (FES-CP,
Sec. II-E.4).

The frequency (1 hour in a 12-month period) of dead calms (defined as less
than 0.1 m/s (0.22 mph) for the WNP-2 wind sensors) is very low compared
with the 1.75% reported at the HMS site (FES-CP, Fig. 11-7); the primary
reason for the difference is the threshold limit of the wind sensors. There
was a very high frequency of light winds measured at the WNP-2 site; 23% of
all winds were ! 1.6 m/s (3.5 mph) and 61% were : 3.4 m/s (7.5 mph). Over a
one-year period, unstable conditions occurred at the WNP-2 site 18% of the
time, neutral 25%, and stable 57% (ER-OL, Tables 2.3-2a through 2.3-2f).

The radiological dispersion calculations in the FES-CP were based on wind
and stability data collected at the HMS site (FES-CP, Table 11-7 and
Figure 11-7). The radiological calculations in this statement (Sec. 5.8)
are based on data collected on the site for two years (April 1, 1974, through
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March 31, 1976). Since the wind distributions at the two sites are different,
so are the calculated doses.

4.3.3.2 Severe Weather

The information on strong winds and tornadoes in Section II-E.4 of the
FES-CP remains valid.

4.3.3.3 Air Quality

Air-quality data collected in the Richland area since issuance of the FES-CP
indicate that the area is in compliance with National Ambient Air Quality
Standards (NAAQS) for nitrogen dioxide (NO2 ) and sulfur dioxide (S0 2 ), but
not for total suspended particulates (TSP) (FSAR, Sec. 2.3.1.2.1.5 and
Refs. 3 and 4). TSP standards are exceeded because of the surface dust
(primarily from nearby cultivated fields) raised by strong winds (FSAR,
Sec. 2.3.1.2.1.5). No measurements of carbon monoxide and ozone (the other
two regulated pollutants) are made near the WNP-2 site.

4.3.4 Ecology

4.3.4.1 Terrestrial

The description of the terrestrial environment presented in the FES-CP
(Sec. II-F.1) remains valid.

4.3.4.2 Aquatic

A current review by the staff of preoperational monitoring data (ER-OL,
Sec. 2.2.2) indicates that there have been no substantive changes in the.
aquatic ecosystem near the plant since publication of the FES-CP (FES-CP,
Sec. II-F.3).

4.3.4.3 Listed Species

In consideration of the Fish and Wildlife Coordination Act of 1958, as
amended, the NRC staff has consulted with the U.S. Department of the Interior,
Fish and Wildlife Service (Appendix H). The staff has also consulted with
the National Marine Fisheries Service, the Washington Department of Fisheries,
and the Washington Department of Game. The Fish and Wildlife Service lists
the bald eagle as a threatened species that may occur at the WNP-2. site.
The plant Allium robinsonii, a member of the Allium family, is a candidate
species that occurs near the Columbia River, in the Hanford Reach, but
has not been observed in the vicinity of WNP-2. There are no listed aquatic
species in the vicinity of the site.

4.3.5 Historic and Archeological Sites

Since the FES-CP was issued, 12 local properties, sites, and districts have
been listed in the National Register of Historic Places. Those sites,
listed in Table 4.4, are principally resources of archeological importance.
Six National Registry properties are within the boundary of the Hanford
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Reservation. The following discussion updates the information presented in
the FES-CP and is part of the basis for the staff analysis presented in
Section 5.6.

Ethnographic settlements of the Wanapan Indians are reported to have persisted
in the area until the establishment of the Hanford Atomic Works in 1943
(Ref. 5).

In earlier eras, fur traders and wagon trains passed through the area that
now constitutes the Hanford Reservation, and several historic homesteads may
have been located there (Ref. 5).

An archeological survey was conducted on a portion of the 1700 km2 (650 mi 2 )
Hanford property by foot and automobile (Ref. 5). In all, 26 archeological
sites and three resource localities were identified, including campsites,
flaking floors, fishing stations, and a historic site. Information available
in the National Register (see Table 4.4) indicates that several archeological
districts are located on the Hanford property near the plant site. The dis-
trict closest to WNP-2, the Wooded Island Archeological District, is about
3 km (2 mi) south of the intake structure; the plant's pumphouse will be
visible from the north end of the district.

On August 19, 1972, another survey was made of the area where the WNP-2
reactor was to be constructed (Ref. 6). An exploratory trench was dug in
the construction area, but no cultural-historical structures or features
were reported (Ref. 6). However, evidence of prehistoric activities was
found during archeological reconnaissance in the pumphouse construction
area, and several test trenches were excavated (Refs. 6 and 7). Cultural
materials were encountered in one trench, and these materials were interpreted
as being the floor of "a campsite used by small groups of prehistoric peoples
over the last few hundred years" (Ref. 7). Archeological sites are known to
be within 120 to 150 m (400 to 500 ft) of the WNP-2 intake pumphouse (ER-OL,
Sec. 2.6). Following archeological investigations, the applicant's consultant
recommended that no further work be done at the pumphouse and water intake
construction site (Ref. 7).

4.3.6 Socioeconomics

Because the descriptions of general socioeconomic characteristics of the
Benton-Franklin bi-county area (including the tri-city area of Kennewick,
Pasco, and Richland) given in the FES-CP are too brief to provide the basis
for an evaluation of operational socioeconomic impacts, additional, updated
material is provided in this section. Since publication of the FES-CP,
major demographic and land-use changes have occurred in the bi-county area,
especially in the vicinity of the tri-cities, as a result of rapid economic
growth. The new information presented below provides part of the basis of
the socioeconomic and radiological impact assessments in Sections 5.7 and 5.8,
respectively.

4-11



4.3.6.1 Demography

The staff has revised and updated information concerning population distri-
bution and projections for the WNP-2 site vicinity. In 1980, the population
within 80 km (50 mi) of the site was about 251,700; this was projected to
increase by about 52%, to 383,800, by the year 2030.

In the FES-CP (Sec. II-C), the 1980 population for the area within 16 km
(10 mi) of the site was reported as 520 people; that value was erroneous.
The staff has determined that the 1980 population out to 16 km (10 mi) was
1306.

Since the Hanford Reservation is expected to remain dedicated primarily to
its original use for energy facilities, and more recently as a natural
reserve (Sec. 4.3.1), and because there will be no private residences built
on the reservation, no significant increase in residential population growth
within 8 km (5 mi) of the site is expected during the operating lifetime of
WNP-2.

The bi-county area of Franklin and Benton Counties experienced a 9% increase
in population, from 85,412 to 93,356, between 1960 and 1970; a 21% increase,
from 93,356 to 112,800, between 1970 and 1977 (ER-OL, Table 8.2-4); and,
based on 1980 U.S. Census figures, a 53% increase, from 93,356 to 143,287,
between 1970 and 1980. The U.S. Census data indicate that the 1980 populations
of Benton and Franklin Counties were 108,674 and 34,613, respectively (Ref. 8).

Between 1970 and 1980, the tri-city area population of Richland, Pasco and
Kennewick increased about 52% from 55,462 to 84,201 constituting, about 59%
of the 1980 bi-county population (Ref. 8). This population growth, attributable
to the increased agricultural, industrial, and energy development in the
bi-county area during the past decade, is expected to continue at least
through the beginning of WNP-2 operation.

4.3.6.2 Local Economy and Labor Market

The economy of the bi-county area is based primarily on agriculture and
related industries and on energy production. Between 1970 and 1980, the
civilian labor force in the bi-county area nearly doubled, from 37,800 to
73,800. The staff believes that because of continuing development in the
bi-county area (see Sec. 5.7.1), the labor force will continue to increase
up to and beyond the time when WNP-2 operation begins, although the rate of
increase cannot be determined at this time.

U.S. Census data indicate that the general revenues for Benton and Franklin
Counties were $122.5 million and $25 million, respectively, for 1977, compared
with $29.8 million and $15.3 million in 1971-1972. WNP-2 is being constructed
in Benton County.
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4.3.6.3 Land Use

Hanford Reservation

The land uses of the WNP-2 site and the immediate area are basically the
same as described in the FES-CP (Sec. II-C.2). Because the site is situated
within the Hanford Reservation, a Federal facility dedicated only to energy
production and research and as a natural reserve (Sec. 4.3.1), there continues
to be no significant clusters of population within an 8-km (5-mi) radius,
nor are there any community facilities such as schools and hospitals, business
facilities, or primary transportation routes (ER-OL, Sec. 2.1.3.1). The
closest residents to the project site live on farms east of the Columbia
River. This land is expected by the staff to remain in agricultural use.

Bi-County Area

In contrast to the situation on Hanford Reservation itself, major land-use
changes have occurred in the bi-county area as a result--f construction
activity at the Hanford Reservation; new industrial, commercial, and residen-
tial development in the tri-city area; and expansion of irrigated agriculture
in the region (ER-OL, Sec. 2.1.4, p. 2.1-9). The closest industrial develop-
ment to the WNP-2 site is in North Richland, about 14 km (9 mi) away.

4.3.6.4 Community Services and Institutions

Many community service systems, such as schools, water supply, sewage treatment,
public parks, and police and fire protection, are now experiencing problems
because of the rapid population growth in the bi-county, tri-city area.
Enrollment in most public schools is near or over capacity, resulting in
intradistrict busing and construction of new educational facilities (ER-OL,
Sec. 8.2.2.1). Although Kennewick and Pasco appear to have adequate water
supply and sewage treatment capacity, in Richland both systems are nearing
maximum capacity during periods of peak use (ER-OL, Table 8.2-6). A study
conducted by the Benton-Franklin Governmental Conference found that although
there are many public parks and recreational facilities in the tri-city
area, there are local shortages of park land within certain parts of the
communities (Responses to NRC Questions, dated September 6, 1977, WPPSS,
November 27, 1977, p. 88).
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Figure 4.7. Wind Rose for WNP-2 Site (based on data collected
at 10-m level from April 1974 through March 1975).
[From ER-OL, Fig. 2.3-2.] Conversion: 1 mile per
hour = 0.447 meter per second.

4-21



Table 4.1 Chemical Characteristics of Columbia River Water*

Constituent Average Maximum Minimum

Cations, ppm as CaC03

Calcium, Ca++ 58 80 45++

Magnesium, Mg 17 28 8

Sodium, Na+ 5 (2) 0 (2) 0 (2)

Potassium, K+

Iron, Fe++ 0.07 0.4 0

Copper, Cu++ 0.01 0.08 0

Total Cations 80 (3) 108 (3) 53 (3)

Anions, ppm as CaCo 3

Bicarbonate, HC0 3 - 59 66 41

Carbonate, C03 -- 4 10 0

Sulfate, S04 -- 16 29 10

Chloride, Cl- 0.5 0.9 0.2

Nitrate, NO3 - 0.2 0.5 0

Phosphate, P04 -- 0.05 0.2 0

Total Anions 80 (3) 107 (3) 51 (3)

Other Analyses

Total hardness as CaC0 3  74 88 64

Alkalinity M.O.; as CaCO3  63 76 41

Alkalinity P.; as CaCO3  2 5 0.

pH 8.7 (1) 9.1 (1) 8.0-8.5 (1)

Silica, as Si0 2  6 9 3

Dissolved solids, ppm 87 115 72

Turbidity, APHA 10 170 2
*Samples were taken twice monthly at Vernita Bridge (upstream from the

Hanford Project) from July 8, 1969 to June 16, 1970. Forty-six samples
were analyzed. From Applicant's Environmental Report.

(1)Calculation.
(2)By difference.
(3)By difference and rounded off.
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Table 4.2 Major Geologic Units in the Hanford Region and Their Water-Bearing Properties

System Series Geologic Unit Material Water-Bearing Properties

Fluviatile and
glaciofluviatile
sediments and the
Touchet formation.

(0-200 ft thick)

Pleistocene Palouse soil

Sands and gravels occurring
chiefly as glacial outwash.
Unconsolidated, tending
toward coarseness and
angularity of grains,
essentially free of fines.

Wind deposited silt

Quarternary

(0-40 ft thick)

Ringold formation

(200-1,200 ft thick)

Where below the water table,
such deposits have very high
permeability and are capable of
storing vast amounts of water.
Highest permeability value
determined was 12,000 ft/day.

Occurs everywhere above the
water table.

Has relatively low permeability;
values range from 1 to 200 ft/day.
Storage capacity correspondingly
low. In very minor part, a few
beds of gravel and sand are suf-
ficiently clean that permeability
is moderately large; on the other
hand, some beds of silty clay or
clay are essentially impermeable.

Well-bedded lacustrine silts
and sands and local beds of
clay and gravel. Poorly
sorted, locally semi-con-
solidated or cemented.
Generally divided into the
lower "blue clay" portion
which contains considerable
sand and gravel, the middle
conglomerate portion, and
the upper silts and fine
sand portion.

Basaltic lavas with inter-
bedded sedimentary rocks,
considerably deformed.
Underlie the unconsolidated
sediments.

Miiocene and
Pliiocene

Columbia
series.

River basalt

(10,000 ft thick)

Rocks are generally dense except
for numerous shrinkage cracks,
interflow scoria zones, and inter-
bedded sediments. Permeability
of rocks is small (e.g., 0.002 to
9 ft/day) but transmissivity of a
thick section may be considerable
(70 to 700 ft 2 /day).

Rocks of unknown age,
type, and structure

Probable metasediments
and metavolcanics.



Table 4.3 Downstream Surface Water Users

Location of Diversion Approximate Quantity Type
Name Township Range Section Miles Downstream (cfs) Use*

Washington Public Power
Supply System
Peter Kewit and Sons
L. L. Bailey
H. 0. Loyd
Central Premix Concrete
Company
Battelle Memorial Institute
University of Washington
City of Richland
City of Richland
City of Richland
City of Richland
City of Richland
E. C. Watts
H. S. Perry
N. H. and M. E. Ketchersid
G. C. Walkley
R. T. Justesen, et al.
Central Premix Concrete
Company
City of Richland
Benton County
City of Kennewick
City of Pasco
F. J. Henckel
Allied Chemical
Chevron Chemical
Chevron Chemical
Phillips Pacific Chemical
Company
Phillips Pacific Chemical
Company
Boise Cascade Corp.
L. D. Hoyte, et al.
D. Howe
Crawford and Sons
Barbarosa Farms
Crawford and Sons
Rainier National Bank
Anderson and Coffin
Horse Heaven Farms
Horse Heaven Farms
Horse Heaven Farms
Anderson and Coffin

11

11
11
11
11

10
10
10
10
10
10
10

9
9
9
9
9
9

28 2 90 IN

28
28
28
28

28
28
28
28
28
28
28
28
28
28
28
28
28

28
29
30
30
30
30
30
30
30

2
24
24
27

14
23
24
25
25
25
35
1
1
1
1

12
12

13
28
31
31
14
14
23
23
24

4
4
4

1
2
0.99
2

I
I
D, I
IN

9
9
9
9
8
8
8
8
8

8

7
7
7
6
6
6
6
5
5
5
5
5

8
9
9

12
12
12
12
13
13
13
13
15
15

17
19
23
23
27
27
28
28
28

28

34
35
36
47
47
47
47
49
50
50
50
50

4.4
1.75
0.67
31
23.25
31
93
0.31
0.48
1.66
2.32
2.54
1.10

2.0
1.0
55.7
35.0
.015
3.55
3.77
40
82

I
I
D
D
D
D
D

I,
I
I

I

i
I

IN
I

I

IN

IN

IN

I

I

I
I
I
I
I
I
I
I
I

I
I
I

I

30 24 20

31
31
31
30
30
30
30
29
29
29
29
29

10
14
23
27
27
27
27

5
6
6
6
6

24.5
179.8
6.4
32.8
20
7.6
9.4
242
82
550
290
242

* D - Domestic or Municipal Uses
I - Irrigation and Other Agricultural Uses

IN - Industrial
Includes only those water rights for which a permit or certificate has been issued.
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Table 4.4 Properties Listed in the National Register of Historic Places

Location

Benton County

Paterson vicinity

Prosser vicinity

Prosser vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Richland vicinity

Franklin County

Lyons Ferry vicinity

Description

Telegraph Island Petroglyphs: 2 mi SW of
Paterson on Telegraph Island

Benton County Courthouse: Dudley Avenue and
Market Street (12-12-76)

Glade Creek Site: SE of Prosser

Hanford Island Archaeological Site: 18 mi N of
Richland

Hanford Island Archaeological District: 22 mi N
of Richland

Locke Island Archaeological District: about

25 mi N of Richland

Rattlesnake Springs Sites: 25 mi NW of Richland

Ryegrass Archaeological District: in Hanford
Works Reservation along Columbia River

Snively Canyon Archaeological District: about
25 mi NW of Richland

Wooded Island Archaeological District: about
7 mi N of Richland

Paris Archaeological Site, Hanford Works Reservation

Marmes Rockshelter: 1 mi N of Lyons Ferry on
W side of Palouse River, National Historic
Landmark

Savage Island Archaeological District: 15 mi N
of Richland

Moore, James House

Richland vicinity

Pasco

Harbor County

Arays Polson, F. Arnold House and Polson, Alex Grounds

Conversion: one mile (mi) = 1.61 kilometers (km). From Federal Register,
Tuesday, March 18, 1980, Part II.
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5. ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS

5.1 Resum4

Because of the availability of additional information, changes in design param-
eters, changes in legal requirements, or the use of improved assessment method-
ology, there have been several changes in the staff's evaluation of environmental
consequences and mitigating actions of plant operation since issuance of the
FES-CP. These changes are described herein. The balance of the staff assess-
ment of environmental consequences and mitigating actions given in the FES-CP
remains valid. Land-use impacts on the Hanford Reservation have been reevalu-
ated (Secs. 5.2 and 5.5.1) because much of the reservation is now dedicated as
a natural reserve (Sec. 4.3.1). The effect of the plant on the Columbia River
floodplain has been evaluated (Sec. 5.3.2) pursuant to Executive Order 11988
(promulgated since issuance of the FES-CP). Improved mathematical modeling
methodology, not available when the FES-CP was prepared has been used by the
staff to reevaluate the applicant's thermal plume analysis (Sec. 5.3.3). The
staff estimated higher requirements than did the applicant for sulfuric acid
additions to the cooling water (Sec. 5.3.4.1). Air quality impacts have been
addressed and the discussion includes the impact of effluents from auxiliary
combustion sources and dust from vehicle operation (Sec. 5.4.1). The change
in WNP-2 cooling-tower design and contemporary information on cooling-tower
impacts have been considered in a reanalysis of the air-quality impacts of the
operation of the WNP-2 towers (Sec. 5.4.2). Changes in cooling-water intake
and discharge design provide the basis of a reanalysis of impacts on aquatic
biota (Sec. 5.5.2). The staff analysis has been upgraded to include a discus-
sion of socioeconomic impacts from plant operation (Sec. 5.7). The evaluation
of radiological impacts has been updated using new source-term calculations
and a comparison of plant radioactive emission levels with 10 CFR Part 50,
Appendix I objectives; new generic material has been added concerning transporta-
tion of radioactive material and the environmental effects of the uranium fuel
cycle (Sec. 5.8).

Discussions of monitoring actions have been included as part of the appropriate
subsections, where relevant.

Since the staff foresees no impacts of a magnitude requiring mitigation measures

(Sec. 5.9), no discussion of mitigation action is included.

5.2 LAND USE

Since the WNP-2 site is a small part of the federally owned Hanford Reservation,
which is dedicated to use for nuclear energy facilities and, recently, as a
natural preserve (Sec. 4.3.1), operation of the plant and the use of about 12 ha
(30 acres) of the site for plant and auxiliary structures will be compatible
with the land-use plans of the Hanford Reservation. Cooling-tower drift will
be deposited on the land during plant operation. Most of the deposition will
occur near the towers (Sec. 5.4.2), but a small amount, as much as 2 kg/ha/yr
(1.8 lb/ac/yr) will be deposited 5.8 km (3.6 mi) away (Sec. 5.5.1). Although
such far-field deposition is likely to occur on some Hanford land used as a
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natural preserve, the staff doubts if the impact on vegetational communities
will be sufficient to affect this use of the land (see Sec. 5.5.1).

5.3 WATER USE AND HYDROLOGY

5.3.1 Water Use Impacts

Water use changes are expected to result from water use for service water, con-
denser cooling makeup, and for potable and sanitary purposes. The primary
source of water for the closed cycle condenser cooling water system and for
service water is the Columbia River. In an emergency, service water required
to shut down and cool down the plant is to be taken from the spray ponds with
makeup from the river through the makeup water pump and pumphouse. A portion
of the Columbia River intake stream will be used for potable and sanitary pur-
poses. When service from this source is interrupted, or requires augmentation,
a deep onsite well will be the water source. The river withdrawal rate during
normal operation is expected to average about .98 m3 /sec (15,500 gpm). Ground-
water withdrawals are expected to average .001 m3 /sec (20 gpm) with peak rates
of .016 m3 /sec (250 gpm). We conclude these rates are all small compared to
the available supply and should result in little or no impact.

The changes to local drainage patterns due to plant facilities are not expected
to increase the flood potential to any neighboring property owners.

Discharges from the plant will take two routes. Cooling tower blowdown, ser-
vice water and radwaste system releases will be routed directly to the river
via a buried pipeline and riverbank discharge structure. Sanitary wastes,
originally thought to be routed to the City of Richland for treatment for both
construction and operation during the CP review, are to be treated in a three
lagoon treatment facility some 610 meters southeast of the reactor. The facil-
ity is to be used for the 3 WNP reactors by a maximum population of 8,000 dur-
ing construction and 2500 during operation. Since no surface discharges from
the facility are contemplated during normal operation, the facility should meet
applicable state water quality standards. Only abnormal loadings or heavy rains
are expected to result in overflow. Seepage from the three lagoons is expected
to be less than .0016 m3 /sec (25 gpm) as the result of the use of plastic liners.
The impact of the low seepage rate on groundwater levels is expected to be mini-
mal. The quality of the seepate water when filtered by the glacio-fluvial sedi-
ments and diluted by the existing ground water is expected-to produce no adverse
impacts.

Construction flow rates from the two ground water wells proposed for construc-
tion was originally estimated not be exceed .032 m3 /sec (500 gpm) from 2 onsite
wells. Three onsite wells were constructed with a maximum withdrawal rate of
about .63 m3 /sec (10,000 gpm). During operation, the applicant proposes to
use the wells at a peak rate of .013 m3 /sec (200 gpm) and an average rate of
about .001 m3 /sec (20 gpm) for potable and service water purposes during out-
ages of supplies from the City of Richland. These use rates should not
adversely impact other groundwater users, nor deplete the groundwater
resources.

Three wells have been installed in the northwest portion of the WNP-2 site,
two in the upper aquifer and one in the lower confi-ned-aquifer. The applicant
has indicated water from all three wells was used for a variety of construction
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purposes, including drinking through August 1978. Since August 1978, only
water from the deeper aquifer has been used. Background levels of tritium have
been found in the deeper well water, but levels as high as 905 pCi/ml have been
found in the upper well water through August 1978. The 905 pc/ml concentration
level is about a factor of three below 10 CFR Part 20 limits for unrestricted
drinking water. The source of the tritium is apparently the DOE 200 area to
the east of WNP 2. Pumping from the surficial aquifer could result in increased
concentration levels of tritium from the 200 area and, potentially other nuclides
from the DOE WYE disposal site. Measurements to indicate the presence of other
nuclides have apparently not been made for well water from the surficial aquifer.
The staff concludes that some precautionary measures are necessary to demonstrate
that water taken from any of the three wells cannot be contaminated, that the
wells are frequently monitored for radioactivity, or that the wells be precluded
from use. This requirement will be placed on the applicant in the operational
Technical Specifications (see Section 5.8.1.4.2).

5.3.2 Effects on the Floodplain

Hydrologic alterations are defined as those plant features occupying the flood-
plain as indicated in Executive Order 11988, changes in local drainage charac-
teristics resulting from increased runoff from plant facilities, and water use
from surface and groundwater sources.

Floodplain alterations consist of intake and discharge facilities, the Benton
switching yard, buried pipelines and transmission towers. The main plant
facilities, including the reactor, are located well above the Columbia River
100-year flood level referred to in the executive order. The buried pipelines
are not considered flow impediments in the event of a flood. The other facil-
ities occupying the floodplain are, by inspection, very small in cross sectional
area compared to the total area available during a 100-year flood. Further,
the operating level of the intake, the level potentially vulnerable in a flood,
is above the 100-year level. We conclude that there should be no measurable
impacts of WNP-2 facilities on flood conditions for events up to the severity
of a 100-year flood.

Figure I shows the Columbia River 100-year flood high water line and the relative

location of the WNP-2 pumphouse and the main plant facilities.

5.3.3 Thermal Discharge

Section III-C.1 of the FES-CP contains a description of the applicant's thermal
plume analysis. This analysis has now been mathematically verified by the staff
using a contemporary model.* The results of the staff analysis have been used

*Both the applicant and staff use the original discharge design, a round port
orifice, in their mathematical models. The plume resulting from the new
rectangular slot discharge has not been modeled. The staff believes that
definitive predictions for this new configuration can be obtained only from
a physical modeling study. However, in lieu of such a physical model, the
staff believes that the mathematical determination presented in this section
can provide a sufficient indication of potential impacts. It is the staff's
opinion that the impacts from the slot port are expected to be even smaller
than from the round port, and therefore the calculations based on the round
port are conservative.
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below to evaluate compliance with applicable state standards, as given in
Reference 1 and Appendix I.

The meteorological and hydrological parameters used in the staff's thermal cal-
culations are listed in Table 5.1. Two conditions were considered for each
month of the year: (1) concurrence of maximum river temperature and maximum
blowdown temperature, and (2) concurrence of minimum river temperature and.
maximum blowdown temperature, resulting in the maximum temperature difference
(AT) between the blowdown and the river water.

The staff's calculation (using the Shirazi and Davis model in Ref. 2) of the
thermal plume in February for extreme conditions (minimum river temperature,
maximum blowdown temperature) is graphically presented in Figure 5.1. The
2.78 C0 (5 F°) isotherm (the AT permissible under state standards) is much
smaller than the permissible mixing zone. February was chosen since the
largest temperature difference occurs in that month (Appendix I, Table 1.1).

For August (maximum river temperature, maximum blowdown temperature), the model
used by the staff predicts that the 0.3 C0 (0.5 F0 ) isotherm (the allowable
AT) could extend as much as 150 m (490 ft) downstream. Thus, according to the
model, there could be times when this isotherm would not be within theallowable
mixing zone (91 m or 300 ft) (Fig. 5.1). However, as previously stated, it is
important to note that the model used is very conservative because the initial
dilution that would result from the submerged discharge is not taken into
consideration.

Taking the above into consideration, it is the opinion of the staff that the
actual isotherms will be much smaller than those calculated, and that the
thermal water-quality standards will actually be satisfied at all times.

5.3.4 Chemical Discharge

The staff's evaluation of aquatic impacts of cooling-water blowdown discharge
constituents is given in the foll~owing sections.

5.3.4.1 Sulfates

The principal change in river water quality as a result of plant operation will
be the addition of sulfate ions from the sulfuric acid used to control condenser
scaling. As discussed in Section 4.2.4, the staff believes that more sulfuric
acid will be needed than has been predicted by the applicant. However, even
when considering the staff's maximum-calculated sulfuric acid requirement of
4300 kg/day (9500 lb/day) and the minimum regulated river flow of 1020 m3 /s
(36,000 cfs), the increase in sulfate concentration after complete mixing would
only be about 0.05 mg/L, compared with the average ambient river sulfate concen-
tration of 28 mg/L. The staff therefore concludes that there will be negligible
water-quality impacts from sulfuric acid additions.

5.3.4.2 Chlorine

Based on a comparison of the information given in Section 4.2.4 with EPA guide-
lines (40 CFR Part 423), the Site Certification Agreement, and the NPDES Permit
(Appendix F), the staff concludes that chlorination will be in compliance with
the regulations and that there will be negligible impact on water quality from
chlorine additions.

5-4



5.3.4.3 Corrosion Products

As water is pumped through the condenser tubing, minute quantities of the tubing
material will be removed from the-metal surface and dissolve in the cooling
water as a result of corrosion (Sec. 4.2.4). Since soluble copper from the
tubing could be toxic to aquatic biota or be produced in concentrations that
violate water quality standards, the corrosion potential of the tubing was
evaluated. The staff used the Ryznar stability index (Ref. 3) as an indicator
of corrosion potential. The use of this index, originally based on observa-
tions of corrosion in water-supply mains, is considered by the staff to be a
very conservative method of estimating corrosion of the more resistant metals
used in the WNP-2 condenser tubing. The staff found that with the change in
condenser-tube material discussed in Section 4.2.4, soluble copper concentra-
tion in the blowdown would be no more than 110 pg/L, which would be diluted to
a very low level in the river. For this reason-,-the staff concludes that water
quality will not be impacted.

5.3.4.4 pH

The staff's prediction of a blowdown pH of about 7.6 for a range of water-quality
compositions (Sec. 4.2.4) indicates that the applicant will comply with the pH
limitation of 6.5 to 8.5 imposed in the NPDES Permit (Appendix F).

5.3.5 Surface-Water and Groundwater Monitoring

The applicant has identified no hydrologically related impacts that will require
nonradiological monitoring on his part except those related to water quality.
We concur. Intake and blowdown temperatures will be continuously monitored in
the intake and discharge structures. Total residual chlorine will be measured
every 15 minutes during chlorination periods and for at least two hours after
blowdown has begun. Measurements are to cease after residual chlorine levels
become undetectable. The data are to be used to determine minimum chlorine
requirements for operation. The applicant has noted a number of State and
Federal water level, discharge and water quality monitoring programs related
to both surface and groundwater of a continuing nature. These data may be
used in the future to identify unexpected operational impacts. Aquatic radio-
logical monitoring will be conducted, based on a need to determine the WNP-2
impact on the aquatic environs separately from other facilities on the Hanford
Reservation. The intake will be sampled to identify isotopes and concentrations
present prior to use by WNP-2. Similar samples will be taken from the WNP-1/4
intake and discharge when those units begin operation. Thewater will also be
sampled-at the first downstream user, Department of Energy (DOE) 300 Area and
at the City of Richland Municipal Water Treatment Plant. The details of the
radiological monitoring program are discussed in Section 5.8.1.4.

The applicant has not provided an assessment of the contamination potential to
onsite wells due to possible radionuclide migrations from the DOE WYE shallow
burial facility. The facility is less than a kilometer from three onsite'wells.
Only the deepest of these three wells may be used in the future. This well is
unlikely to become contaminated either as a result of plant operations or due
to radionuclide migrations from the DOE WYE shallow burial facility, because
it draws from a confined acquifer that is protected from the upper water table
acquifer by an aquiclude. Any accidental releases of radioactivity from either
the plant or the WYE burial facility will not be a threat to the deep well.
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In addition, this well is up gradient of potential release points for any acci-
dental or normal release of radioactivity at the WNP-2 site.

Based on information provided by the applicant (Ref. 12), the staff has con-
cluded that it is very unlikely that any water-used at the si-te--for dri-nki-ng
will be contaminated due to possible radionuclide migrations from the WYE
shallow burial facility, for the following reasons:

(a) During operation, the normal water supply will be from filtered river water
rather than from any onsite wells.

(b) The single deep well which is located on the site will provide water for
fire suppression, and will serve as a standby source of drinking water.
Under the latter circumstances, the applicant will comply with the Radio-
logical Assessment Branch Technical Position, which describes requirements
for a minimally acceptable radiological environmental monitoring program.
The Branch Technical Position states that "groundwater samples should be
taken when this source is tapped for drinking or irrigation purposes in
areas where the hydraulic gradient or recharge properties are suitable
for contamination."

5.4 AIR QUALITY

5.4.1 Emissions and Dust

As discussed in Section 4.2.4.5, there will be two principal sources of non-
radioactive gaseous emissions during plant operation--the testing of three
standby diesel generators and use of an auxiliary boiler. A staff comparison
between the quantities of pollutants expected to be emitted and applicable
regulations indicates that the emissions will conform with the Site Certifi-
cation Agreement (Ref. 4 and p. 111-26 of the FES-CP).

Another source of air pollution during station operation will be emissions and
fugitive dust from vehicle operation. Fugitive dust can be minimized by paving
or treating roads and parking lots and by minimizing vehicle traffic on unpaved
surfaces. Fugitive dust emissions will be substantially less during plant opera-
tion than during the construction phase. Since fugitive dust emissions have
caused no discernible impact during the construction phase, the staff expects
no appreciable impact during operation.

5.4.2 Fog, Ice, and Drift

Although the effluents from the plant's cooling towers will have impacts on
the air environment (fogging due to the visible plume, icing, and salt deposi-
tion due to drift) the staff believes that the magnitude of these impacts will
be small. This conclusion is based primarily on contemporary observations made
of atmospheric impacts at power plants with mechanical-draft cooling towers
(MDCTs). These observations show that fogging, icing, and drift effects are
limited-.to-areas near--(less than--l-km--(O.5 mi)) from the towers (Refs. 5-8)>

The primary offsite effects will be the esthetic impact of visible plumes.
Part of-the moisture in the cooling-tower effluents will recondense to form a
visible plume except during extremely hot and dry summer days. Under most
meteorological conditions, this visible plume will rise above the cooling tower
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and either evaporate or level off some distance above the ground. Hanna (Ref. 5)
reports that the median visible plume lengths from nuclear power plants (with
two units of the size of the WNP-2 reactor) are less than 500 m (1640 ft) in
summer and 1000 m (3280 ft) in winter. Under very cold, humid winter conditions,
plumes greater than 50 km (31 mi) long have been observed (Ref. 5).

During periods of strong winds, aerodynamic downwash will bring the plume to
the ground quite close to the towers; due to their buoyancy, the plumes will
rise above the ground within a short distance (100 to 300 m (330-985 ft)) of
the towers (Refs. 5-8). The critical wind speed for the onset of aerodynamic
downwash at linear MDCTs is about 3 to 5 m/s (10 to 16 ft/s) measured perpen-
dicular to the long axis of the tower (Refs. 5-8). Limited field data from
one operational circular mechanical-draft cooling tower (CMDCT) (Ref. 9) and
from water tunnel model studies (Refs. 10-11) show that the critical wind speed
for CMDCTs is much higher (the exact value is not known) than that for linear
MDCTs; the model studies further indicate that the plume rise from a cluster
of round towers is greater than that from a single tower. Hence, the change
in cooling tower design from linear to circular MDCTs will result in significantly
less fogging and icing near the towers and in greater plume rise than would
have been expected with the original design.

Drift studies at operating MDCTs show that almost all drtft droplets that reach
the ground do so within a few hundred meters of the towers (Refs. 5-8,12).
Since the FES-CP was issued, the applicant has developed new mathematical models
to estimate plume and drift effects (Ref. 13 and the ER-OL). Using these models,
the applicant determined that the highest drift rate, as much as 450 kg/ha/yr
(400 lb/ac/yr), will occur on the site, about 0.4 km (0.25 mi) south of the
towers, dropping to much lower levels offsite--up to 2 kg/ha/yr (1.8 lb/ac/yr)
at 5.8 km (3.6 mi) south of the towers and 1.8 kg/ha/yr (1.6 lb/ac/yr) at 5.8 km
(3.6 mi) to the northwest (ER-OL, Figs. 5.4-11 and 5.4-12).

After reviewing these models and the predictions made using one year of onsite.
meteorological data, and considering observations made at operating towers,
the staff concludes that the results of the models are somewhat conservative
but in general agreement with observations. The staff also concurs with the
applicant's conclusion that offsite effects will be very small. The applicant
has used a high value for the gross drift rate (0.05% of the circulating water
flow rate). Measured values for modern MDCTs with drift eliminators in good
repair are in the range of 0.005% to 0.01%; values as low as 0.002% are possible
(Refs. 5,8).

The staff concludes that most of the environmental impacts (fogging, icing,
and salt deposition due to drift) will occur onsite within 500 to 1000 m
(1640 to 3280 ft) of the towers (Refs. 5-8, 12). On cold winter days with high
humidity, long visible plumes which remain above the terrain will form. Visible
plumes carried towards the agricultural fields east of the Columbia River will
either evaporate or be lifted by the bluffs and will not produce fogging at
ground, level (the applicant's model does not include the effect of uneven terrain
on plume motion). About the only offsite environmental effects of cooling tower
operation expected by the staff, other than the visual or esthetic impact of
the visible plumes, will be a small increase (1% or 2% at most) in surface rela-
tive humidity.
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5.4.3 Meteorological Monitoring

The WNP-2 meteorological measurement system was reactivated on October 1, 1979
to support WNP-1 and remains operating in support of the Fast Flux Test Facility
(FFTF). The parameters measured and the measurement levels on the tower are
listed in Table 5.2. Information regarding maintenance, calibrations, quality
assurance, data handling, processing procedures, and the specific instrumentation
used for the onsite program is provided in Section 6.1.3 of the ER-OL. This
program meets the regulatory position contained in NRC Regulatory Guide 1.23,
"Onsite Meteorological Programs." Additional meteorological measurements will
be available from the Hanford main meteorological tower (located about 23 km
(14 mi) northwest of the WNP-2 site) and from a network of remote stations around
the Hanford Reservation (Ref. 14).

5.5 ECOLOGY

5.5.1 Terrestrial

5.5.1.1 Impacts of Cooling-Tower Drift

It is now predicted (Sec. 5.4 and ER-OL, Figs. 5.4-11 and 5.4-12) that the highest
cooling tower drift deposition rate, as much as 450 kg/ha/yr (400 lb/ ac/yr),
will occur on the site, about 0.4 km (0.25 mi) south of the towers. Much less
drift will be deposited offsite--up to 2 kg/ha/yr (1.8 lb/ac/yr) at 5.8 km
(3.6 mi) south of the towers and 1.8 kg/ha/yr (1.6 lb/ac/yr) at 5.8 km (3.6 mi)
to the northwest. The offsite drift will be deposited on the shrub-steppe
vegetation of the Hanford Reservation, including portions set aside as a natural
preserve (Sec. 4.3.1).

Although the staff believes that the drift-deposition rates predicted by the
applicant are higher than will actually occur (Sec. 5.4) and does not have
evidence that even those rates will substantially affect Hanford vegetation,
there are uncertainties in predicting the impact on vegetation of drift from
freshwater cooling towers. Such impacts have generally not been noted at other
freshwater towers (Refs. 15 and 16); however, an unpredicted case of rapid and
acute vegetation damage has been documented at the Palisades freshwater cooling
towers near Lake Michigan (Ref. 15). Although a combination of unique, site-
specific factors probably accounts for much of the Palisades damage, the reasons

Table 5.2. WNP-2 73-meter Meteorological
Tower Instrumentationt'

Height Measured
Parameter (meters above ground)

Wind direction and speed 10 and 75
Dry-bulb temperature 10 and 75
Dry-bulb temperature gradient 75 and 10
Precipitation 0.9
Humidity (dew point) 10

tV Data from this tower were used to evaluate atmospheric
dispersion for the WNP-2 site and will be available
during plant operation.



remain unexplained. It is possible that such a set of conditions could also
occur at WNP-2. Thus, since there is some uncertainty 'in predicting drift effects,
and since at least one known case of unusual and unpredicted impacts has occurred,
the staff agrees with the applicant (Applicant's Response to NRC Questions,
December 8, 1978; and ER-OL, Amendment 1) that monitoring of potential drift
effects is justified. The staff believes that the monitoring program recommended
in Section 5.5.3.1 will be capable of detecting adverse cooling tower drift
effects on vegetation, if such effects occur.

5.5.1.2 Impacts on Listed Species

As discussed in Sections 4.3.4.3, 5.5.1.1, and 5.5.1.2, it is unlikely that
the candidate plant species Allium robinsonii is present on the WNP-2 site and
unlikely that if it is present it would be affected by cooling-tower drift.
However, if it is found that this species is present, it should be observed
for damage as part of the monitoring program discussed in Section 5.5.3. The
staff believes that routine operation of WNP-2 will not adversely affect any
transient or resident bald eagles that may occur at the site. This is because:
(1) the site does not contain any suitable reproductive habitat for eagles in
areas where plant impacts could occur during the reproductive season; (2) the
potential disturbance of eagles during plant operation will be very small
compared to disturbances created during the construction phase; (3) the likeli-
hood of eagles colliding with WNP-2 plant or transmission-line structures is
very low--the staff is unaware of any problem at any location involving the
impingement of eagles against natural or man-made structures; (4) the spacing
of transmission line conductors precludes any electrocution hazard; (5) opera-
tional hazards of high-voltage transmission lines (e.g., ozone, noise, and
electric fields) have not been shown to have measurable environmental impacts
on wildlife (Ref. 58). To the contrary, transmission towers can function as
raptor roosts and therefore have the potential of improving eagle hunting success
(Ref. 59).

5.5.2 Aquatic

5.5.2.1 Cooling-Water Intake Impacts

A major change in intake structure design since publication of the FES-CP has
necessitated a staff reevaluation of intake impacts to determine if the poten-
tial for impingement and entrainment losses has changed. The structure has
been changed from an infiltration bed system (FES-CP, Sec. III-C.1) to a
perforated pipe system located in midstream above the river bottom (Sec. 4.2.2.2),
which will offer small aquatic organisms an unimpeded route into the cooling
system.

Impingement

The applicant has calculated that under maximum operating conditions, water
velocity at the intake system/river interface will be 0.15 m/s (0.5 fps) at
the 1-cm (3/8-in) holes in the pipes and about 0.03 m/s (0.1 fps) at a distance
of 2.5 cm (1 in) from the pipes (ER-OL, Sec. 5.1.2.2). The staff finds these
values to be within the representative range for such intake systems.
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Larger fish, including large juveniles, can swim at speeds greater than the
approach velocities discussed above. For example, young sockeye and coho
salmon may swim at speeds of from five to seven body lengths per second
(Refs. 17, 18); thus, a 4-cm (1.5-in) fish is capable of swimming at least
0.2 m/s (0.7 ft/s). Juvenile chinook, coho, and sockeye salmon spawned above
Priest Rapids Dam will arrive at the intake site as larger juveniles, and the
hatchery-reared salmon and steelhead trout released to the river by the state
will also be larger juveniles. Thus., these juveniles shoul-d be able to escape
impingement.

Out-migration of Hanford-area chinook juveniles occurs during periods of
moderate to high river discharge during late spring and early summer when both
flow rate past the intake and river volume available for migration will be
greater than during periods of lower flow. Therefore, the probability of fish
impingement will be lower during periods of out-migration compared to other
times. For this reason, the staff believes that impingement impacts will not
be serious during out-migration periods.

The staff also expects that large juvenile and adult fishes will not be vulner-
able to impingement on the WNP-2 intake structures. This conclusion is based
on a consideration of fish swimming speeds discussed above and is supported by
results of intake inspection studies conducted by the applicant in December
1978 and May through December 1979 (Ref. 19), which showed that no fish were
impinged during the inspection periods. During this test, the velocities at
the intakes were maintained at near operational levels.

Entrainment

Naturally spawned salmon juveniles, newly emergent from their gravel spawning
redds (nests), may be vulnerable to entrainment through the 1-cm (3/8-in)
intake pores. The potential for newly emerged juveniles to become entrained
by the WNP-2 intakes will depend upon the distribution and habitat preference
of the salmon juveniles, discharge rates of the Columbia River, and makeup water
withdrawal rates. Although movement in the WNP-2 area of chinook juveniles
spawned in the Hanford area is not well known, the fish are thought to be more
common in nearshore areas than in midstream (Ref. 20). If this is the case,
and because the intake structure is located in midstream, entrainment impacts
would be reduced.

Under maximum operating conditions, about 0.8 m3 /s (12,500 gpm) of water would
be withdrawn from the river at each intake; this would be twice the volume
withdrawn under normal operating conditions, but still less than 0.2% of the
lowest regulated river discharge of 1020 m3 /s (36,000 cfs). If it is assumed
that all emergent salmonids would be at their smallest size and evenly distri-
buted throughout the river upstream of the intakes, then the proportion of the
young fish population that would be entrained would be equal to the proportion
of the river discharge that was withdrawn. Thus, under such conditions, about
0.2% of the young salmonids, a negligible fraction, would be entrained. From
1961 to 1975, the number of redds between Priest Rapids Dam and the site ranged
from 728 to 4508 per year for fall chinook (ER-OL, Table 2.2-2). (The number
of redds is proportional to the number of adult spawning salmon.) If, in a
hypothetical situation, the number of redds was decreased by WNP-2 intake
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operation by 0.2% (representing a loss of returning year classes), the number
of redds lost would range from about one (in a year when 728 redds were present)
to nine (when 4508 redds were present). From 1961 to 1975, an average of 2391
redds was observed per year, with a standard deviation of ± 1249 redds. Thus,
the maximum postulated effects of WNP-2 presented here are two to three orders
of magnitude less than variations in salmon numbers caused by other factors.

The staff is not concerned about the entrainment and/or impingement of plank-
ton and benthic drift during operation of the WNP-2 intake. Even if all of
such organisms in the makeup water perished, the impacts would be short-lived
because of the rapid reproductiverate of many plankton, the suspension of
benthic algae, and the recruitment of upstream benthic drift.

Based on the above, the staff concludes that entrainment effects will be so
small as to be immeasurable except by direct monitoring of the WNP-2 intake .
water. This conclusion is supported by data from an entrainment study con-
ducted by the applicant. From May 1979 through May 1980, when pumps were
operated nearly at plant operation levels, no fish eggs or larvae were found
in 69 samples of makeup water (Ref. 19).

5.5.2.2 Discharge Impacts

Since the issuance of the FES-CP, the design of the discharge port has been
changed from circular to rectangular (Sec. 4.2.2).

Thermal

The staff has reanalyzed the thermal discharge using a contemporary thermal
plume model (Sec. 5.3.3) and has concluded that there will be no appreciable
change in the shape, extent, or thermal characteristics of the thermal plume
as a result of the design change. Hence, the discussion of thermal discharge
effects presented in Section V-C.2.b of the FES-CP remains valid; i.e., there
will be no significant thermal plume impacts on aquatic biota.

Chemical

A staff reanalysis presented in Section 4.2.4 indicates that although sulfate-
ion concentrations in the blowdown will probably be somewhat higher than those
previously calculated by the applicant, the concentrations predicted by the
staff will not significantly differ from those considered prior to issuance of
the construction permit. The analyses discussed in Section 5.3.3 indicate that
there will be no significant change in plume shape or extent due to the revised
discharge design. Taking these factors into consideration, the staff concludes
that the impact of chemical discharges on aquatic biota will be no greater than
that reported in the FES-CP (Sec. V-C.2); i.e., there will be no detrimental
effects.
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Biocidal

The lethal, sublethal, and chronic effects of chlorine and its degradation
products on the aquatic life in the area of the WNP-2 discharge were reviewed
in the FES-CP (Sec. V-C.2.c). Because Columbia River water has very low
chlorine demand, the disposal of chlorinated effluents in the river could
have significant impacts on Hanford Reach biota if chlorine content-were not
carefully controlled. The staff believes, however, that if the plant is
operated in compliance with the effluent limitations (0.1 mg/L total residual
chlorine at the discharge) set in the NPDES Permit, chlorine application will
be controlled to the extent that aquatic life will be protected.

5.5.2.3 Impacts on Listed Species

No rare, threatened, or endangered aquatic species are known to occur in the
vicinity of WNP-2 (Sec. 4.3.4.3).

5.5.3 Ecological Monitoring

5.5.3.1 Terrestrial

The staff recommends that a soil and vegetation analysis monitoring program
be conducted once per year during the seasonal peak of plant growth to reveal
any long-term vegetation damage from cooling tower drift.

5.5.3.2 Aquatic

The preoperational monitoring program was described in the FES-CP (Sec. V-F.1).
The program was curtailed in March 1980 with the concurrence of the Washington
Energy Facility Site Evaluation Council (Ref. 21).

An operational aquatic monitoring program will be conducted in accordance
with the Environmental Protection Plan to be issued as a part of the Operating
License by the NRC. In addition, the applicant will perform entrainment and
impingement studies in conformance with special conditions in the applicant's
water withdrawal permit, included at the request of the National Marine
Fisheries Service. These studies are designed to assess the potential effects
of reduced river flowregimes that could occur if upstream dams were expanded.

5.6 HISTORIC AND ARCHEOLOGICAL SITES

The operation of the station will not result in any significant impact to
known historic or archeological resources located either on or off the site.
The State of Washington Historic Preservation Officer has indicated that the
Wooded Island Archeological District would not be affected by the operation
of ,the.WNP-72-pumphouse and water intake facility (Appendix G). The archeo-
logical sites not on the National Register which are located 120 to 150 m
(400 to 500 ft) southeast of the pumphouse will not be disturbed by the
operation of that facility.
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5.7 Socioeconomic Impact

5.7.1 Impact on Local Economy and Labor Market

5.7.1.1 Economy

During plant operation 374 employees will constitute the permanent operational
staff at the WNP-2 site. In addition about 276 people will work as support
staff mainly located outside the plant site. The staff believes that majority
of the in-migrants will reside in the tri-city area. Because the number of
people expected to move into the area is small, the staff concludes that these
in-migrants will not have a major impact on the local economy.

The applicant estimates that over the 30-year operational period, the average
annual operational payroll will be about $28 million or $2A33 million per month.
The total construction payroll over the expected 10-year construction period
will be about $1.3 billion or if averaged, about $10.8 million per month. Thus,
the transition from construction to operation will result in a net loss of pay-
roll income in the local area, and since the local economy is expected to con-
tinue to grow, the average annual operational payroll will represent a smaller
percentage of the local economy than did the construction payroll. The staff
believes that this loss will be mitigated to some extent by the gradual nature
of the transition from construction to operation and by the taxes paid by the
applicant to local agencies (Sec. 5.7.2); furthermore, because the operational
payroll income will continue over a substantially longer period than the con-
struction payroll income, it will act as a stabilizing force to the benefit of
local economic conditions.

5.7.1.2 Labor Market

It is not known at this time to what extent the construction force will leave
the bi-county area with the completion of the WNP-2 project. The applicant
originally projected a net employment decline in the area between 1978 and 1980
because construction activities at both the WNP-2 and Fast Flux Test Facility
would be leveling off; the construction work force at WNP-2 was expected to
decrease by about 1100 persons (Responses to NRC Questions dated September 6,
1977, WPPSS, November 28, 1977, p. 77). However, based on its most current
assessment of proposed development activity at or near the Hanford Reservation,
the staff believes that after the construction phase is completed, most of the
former WNP-2 construction workers will remain in the bi-county area to work on
other WPPSS projects, DOE-sponsored and other energy-related projects, or
industrial projects in the area.
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Thus, it is likely that much of the WNP-2 construction force (and their fami-
lies) will be absorbed by the needs of the local labor market that will exist
when construction ceases and operation begins. Taking this into consideration,
the staff concludes that the hiring of new workers to operate WNP-2 will
produce a small, incremental impact on the area labor market.

5.7.2 Tax Benefits

Although no real estate taxes will be levied on WPPSS during the expected
30-year operation period (because WNP-2 is entirely owned by a joint operating
agency and public utility operating on Federal lands), WPPSS will be required
by law (RCW, Ch. 54.28) to pay'a "privilege tax" of I½% on the wholesale power
cost (ER-OL, Sec. 8.1.2.2). It is estimated that $72 million will be paid to
state and local taxing authorities over the life of the plant. By law, half
of this amount will go to those local taxing districts within a 56-km (35-mi)
radius of the most commonly used entrance of the Hanford Reservation. Sales
tax on fuel reloads will add about $7.2 million to tax revenues during the
30-year operation period (ER-OL, Sec. 8.2.2.2).

The apportionment of tax revenues will depend on the legally defined location
of the Hanford Reservation entrance. The State of Washington has not yet
determined which of the Hanford Reservation entrances will be legally consid-
ered the most commonly used entrance. However, if, as the staff assumes, the
south entrance will be so designated, Benton, Franklin, and other counties
will share in part of the revenues, as will the cities and villages within
their jurisdiction. The breakdown as stipulated by law is as follows:

State General Revenue Fund 50%
Cities 23%
Counties 22%*
Fire Protection Districts 3%
Library Districts 2%

5.7.3 Impacts on Bi-County-Area Land Use

Based primarily on the information provided in the ER-OL (Sec. 8.2.2.1), which
the staff believes to be reasonable, and taking into consideration the rela-
tively small in-migrant operation work force compared to the large developing
population center of the tri-cities within the bi-county area (Sec. 5.7.1.1),
the staff believes that while the in-migration of as few as 54 new employees
and their dependents will have no discernable impact on area land uses, including
settlement patterns, housing markets, and road use, the mere presence of the
plant will continue to be a contributing influence to offsite land use in the
bi-county area.

5.7.4 Impacts on Community Services and Institutions

In itself, the in-migration of the additional operational personnel and their
dependents will have a negligible impact on community services such as schools,

*35% of the 22% share to the counties must go to school districts within the

affected counties.
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water systems, sewage facilities, hospitals, public parks, and police and fire
protection; however, the newly arrived in-migrants will be one contributing
factor to the general increase in demand for such services in the bi-county
area, especially in the tri-cities. This increased demand is an expected
result of recent in-migration and population growth resulting from new indus-
trial, agricultural, and commercial development in the area. It is the staff's
opinion that local tax revenues provided by the applicant will assist in allevi-
ating any incremental increase in demand for services due to the in-migration
of the WNP-2 operational personnel and their dependents.

5.8 RADIOLOGICAL IMPACTS

* Regulatory Requirements

Nuclear power reactors in the United States must comply with certain regulatory
requirements and guidance in order to operate. The permissible levels of radi-
ation in unrestricted areas and the radioactivity in effluents to unrestricted
areas are spelled out in 10 CFR Part 20, Standards for Protection Against Radi-
ation (Ref. 25). These regulations specify limits upon levels of radiation
and limits on concentrations in effluent releases of radionuclides in air and
water (above natural background), under which the reactor must operate. These
regulations state that no member of the general public in unrestricted areas
shall receive a radiation dose, due to Station operation, of more than
0.5 rems/yr (or 2 mrems/hr or 100 mrems/7 days) to the total body. These radi-
ation dose limits are established to be consistent with considerations of the
health and safety of the public.

In addition to the Radiation Protection Standards of 10 CFR Part 20, there are
spelled out in 10 CFR Section 50.36a (Ref. 26) license requirements that are to
be imposed on licensees in the form of Technical Specifications on Effluents
from Nuclear Power Reactors to keep releases of radioactive materials to unre-
stricted areas during normal reactor operations, including expected operational
occurrences, as low as is reasonably achievable (ALARA). Appendix I of 10 CFR
Part 50 provides numerical guidance on design objectives and limiting conditions
for operation to meet this ALARA requirement. Applicants for permits to con-
struct and licenses to operate an LWR shall provide reasonable assurance that
the following dose-design objectives will be met: 3 mrems/yr to the total body
or 10 mrems/yr to any organ from liquid effluents; 10 mrads/yr gamma radiation
(air dose) or 20 mrads/yr beta radiation (air dose) from gaseous effluents--
and/or 5 mrems/yr to the total body or 15 mrems/yr to the skin from gaseous
effluents; and 15 mrems/yr to any organ from the airborne effluents that
include the radioiodines, carbon-14, tritium, and the particulates.

Experience with the design, construction and operation of nuclear power reactors
indicates that compliance with such Technical Specifications will keep average
annual releases of radioactive material in effluents at small percentages of
the limits specified in 10 CFR Part 20, and in fact, generally below the design
objective values of Appendix I. At the same time, the licensee is permitted
the flexibility of operation, compatible with considerations of health and safety,
to assure that the public is provided a dependable source of power even under
unusual operating conditions which may temporarily result in releases higher
than such small percentages, but still well within the limits specified in 10 CFR
Part 20.
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In addition to the impact created by radioactive effluents from LWRs discussed
above, there are within the NRC policy and procedures for environmental protection
spelled out in 10 CFR Part 51, generic treatments of environmental effects of
all aspects of the Uranium Fuel Cycle. These environmental data have been
summarized in Table 5.5 (S-3 Table) and are discussed later in this report in
Section 5.8.1.5. In the same manner the Environmental Impact of Transportation
of Fuel and Waste to and from an LWR is summarized in Table 5.3 (S-4 Table) of
Section 5.8.1.

Recently an additional operational requirement for Uranium-Fuel-Cycle Facilities
including nuclear power plants has been established by the EPA in 40 CFR Part 190
(Ref. 27). This standard specifies annual dose limits (excluding radon and
daughters) for members of the public of 25 mrems total body, 75 mrems thyroid,
and 25 mrems other organs from all fuel cycle facility contributions that may
impact a specific individual in the public.

* Operational Overview

During normal operations of WNP-2, small quantities of fission products and
induced radioactivities will be released to the environment. In partial fulfill-
ment of NEPA requirements the staff has determined the dose estimated to members
of the public outside of the plant boundaries due to the radiation from these
radioisotope releases and relative to natural background radiation dose levels.

These very small environmental doses are the result of a series of successive,
conscious efforts to contain and control all radioactive emissions and effluents
from the plant. As mentioned above, highly efficient radioactive-waste management
systems are incorporated into the nuclear plant design and are specified in
detail in the Technical Specifications for the plant. The effectiveness of
these systems is measured by process and effluent radiological monitoring systems
that permanently record the amounts of radioactive constitutents remaining in
the various airborne and waterborne process and effluent streams. The amounts
of radioactivity released through vents and discharge points to be further
dispersed and diluted to points outside the plant boundaries are recorded and
published semiannually in the Radioactive Effluent Release Reports of each
facility.

The small amounts of airborne effluents that are released diffuse in the
atmosphere in a fashion determined by the prevalent meteorological conditions
and are thus much dispersed and diluted by the time they reach unrestricted
areas that are open to the public. Similarly, the small amounts of waterborne
effluents that are released are diluted with plant waste water and then further
diluted as they are discharged into the Columbia River beyond the plant
boundaries.

Any radioisotopes originating in the WNP-2 facility that finally enter
unrestricted areas will produce dose effects through their radiations on members
of the general public similar to the effects from background radiations (-i.e.,
cosmic/terrestrial and internal radiations), which also include radiation from
nuclear weapons fallout. These radiation dose effects can be calculated for
the many potential radiological exposure pathways specific to the environment
around the plant, such as direct radiation doses from the airborne or water-
borne effluent streams outside of the plant boundaries, or internal radiation
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dose commitments from radioactive contaminants that might have been deposited
on vegetation, or in meat and fish products eaten by people or might be present
in drinking water outside the plant, or incorporated into cow's milk at nearby
farms.

These doses, calculated for the "maximally exposed" individual (i.e., the
hypothetical individual potentially subject to maximum exposure), form the basis
of the staffs evaluation of impacts. These estimates are in actuality for a
fictitious person, since assumptions are made that tend to overestimate the
dose that would actually accrue to members of the public outside the plant
boundaries. For example, if this maximally exposed individual were to receive
the total body dose calculated at the plant boundary, he/she is assumed to be
physically at that boundary for 100% of the year, and outside (unshielded from
gamma radiation) 50% of the year, an unlikely occurrence.

Site specific values for the varioL's parameters involved in each dose pathway
are used in the calculations. These include calculated or observed values for
the amounts of radioisotopes released in the gaseous and liquid effluents,
meteorological information (e.g., wind speed and direction) specific to the
site topography and effluent release points, and hydrological information
relative to dilution and "flushing" of the liquid effluents as they are
discharged.

An annual land census which will be required by the facility Technical Specifica-
tions, insures that as use of the land surrounding the site boundary changes,
revised calculations will be made to ensure that this dose estimate for gaseous
effluents always represents the highest dose for any individual member of the
public for each applicable pathway. The estimate considers, for example, where
people live, where vegetable gardens are located, and where cows are pastured.

For WNP-2, in addition to the direct effluent monitoring, measurements will be
made on a number of types of samples from the surrounding area to determine
the possible presence of radioactive contaminants which, for example, might
have been deposited on vegetation, or be present in drinking water outside the
plant, or incorporated into cow's milk from nearby farms.

The radiological effects of a nuclear power plant are well known and documented.
Accurate measurements of radiation and radioactive contaminants can be made
with very high sensitivity so that much smaller amounts of radioisotopes can
be recorded than can be associated with any possible known ill effects. Further-
more, the effects of radiation on living systems have for decades been subject
to intensive investigation and consideration by individual scientists as well
as by select committees, occasionally constituted to objectively and independently
assess radiation dose effects. Although, as in the case of chemical contaminants,
there is debate about the exact extent of the effects of very low levels of
radiation, the limits of deleterious effects are well established and amenable
to standard methods of risk analysis. Thus the upper bound health risks to
the maximally exposed member of the public outside of the site boundaries can
be readily quantified (the actual health risks for very low doses and dose rates
may be zero). Further, the impacts on, and risks to, the total population
outside of the boundaries can also be readily calculated and recorded.
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5.8.1 -Radiological Impacts from Routine Operations

5.8.1.1 Radiation Exposure Pathways: Dose Commitments

There are many environmental pathways through which persons may be exposed to
radiation originating in a nuclear power reactor. All of the potentially
meaningful exposure pathways are shown schematically in Figure 5.2. When an
individual is exposed via one of these pathways, his dose is determined in part
by the amount of time he is in the vicinity of the source, or the amount of
time the radioactivity is retained in his body. The actual effect of the radia-
tion or radioactivity is determined by calculating the dose commitment. This
dose commitment represents the total dose that would be received over a 50-yr
period, following the intake of radioactivity for 1 yr under the conditions
existing 15 yrs after the station begins operation (i.e., the mid-point of
station operation). However, with few exceptions, most of the internal dose
commitment for each nuclide is given during the first few years after exposure
due to turnover of the nuclide by physiological processes and radioactive decay.

There are a number of possible exposure pathways to man that can be studied to
determine whether the routine releases at the WNP-2 site are likely to have
any significant impact on members of the general public living and working
outside of the site boundaries, and whether the releases will in fact meet
regulatory requirements. A detailed listing of these possibilities would include
external radiation exposure from the gaseous effluents, inhalation of iodines
and particulate contaminants in the air, drinking milk from a cow or eating
meat from an animal that feeds on open pasture near the site on which iodines
or particulates may have deposited, eating vegetables from a garden near the
site that may be contaminated by similar deposits, and eating fish caught near
the point of discharge of liquid effluents.

Other less significant pathways include: external irradiation from radionuclides
deposited on the ground surface, eating animals and food crops raised near the
site using irrigation water that may contain liquid effluents, shoreline activities
near lakes or streams that may be contaminated by effluents, and direct radiation
from within the plant itself. Note that for the WNP-2 site there is no drinking
water pathway of concern since the first drinking water intake is 11 miles down
stream of the plant and radioactive decay and dilution of the plant effluent
makes the effect negligible.

Calculations of the effects for most pathways are limited to a radius of 80 km.
This limitation is based on several facts. Experience has shown that all
significant dose commitments (>0.1 mrems/yr) for radioactive effluents are
accounted for within a radius of 80 km from the plant. Beyond 80 km, the doses
to individuals are smaller than 0.1 mrems/yr, which is far below natural back-
ground doses, and the doses are subject to substantial uncertainty because of
limitations of predictive mathematical models.

The staff has made a detailed study of all of the above significant pathways
and has evaluated the radiation dose commitments both to the plant workers and
the general public for these pathways resulting from routine operation of the
WNP-2 Station. A discussion of these evaluations follows.
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5.8.1.1.1 Occupational Radiation Exposure

Most of the dose to nuclear plant workers results from external exposure to
radiation from radioactive materials outside of the body rather than from
internal exposure from inhaled or ingested radioactive materials. The dose to
nuclear-plant workers varies from reactor to reactor; for environmental-impact
purposes it can be projected by using the experience to date with modern BWRs.
Recently licensed 1O00-MWe BWRs are designed and operated in accordance with
the post-1975 regulatory requirements and guidance that place increased emphasis
on maintaining occupational exposure at nuclear power plants ALARA. These
requirements and guidance are outlined primarily in 10 CFR Part 20 (Ref. 25),
Standard Review Plan Chapter 12 (Ref. 28), and Regulatory Guide 8.8 (Ref. 29).

The applicant's proposed implementation of these requirements and guidelines
is reviewed by the NRC staff at the Construction-Permit and the Operating-License
stage of the licensing process, and the results of that review reported in the
staff's Safety Evaluation Report for the WNP-2 Station. The license is granted
only after the review indicates that an ALARA program can be implemented. In
addition regular reviews of operating plants are performed to determine whether
the ALARA requirements are being met.

Based on actual operating experience, it-has been observed that occupational
doses have varied considerably from plant to plant and from year to year.
Average collective occupational dose information from 154 reactor years of
operation is available for those plants operating between 1974 and 1980. (The
year 1974 was chosen as a starting date for these data because the total average
rated capacity for reactors for years prior to 1974 was below 500 MWe.) These
data indicate that the average reactor annual dose at BWRs has been about
740 person-rems, with some plants experiencing an average plant lifetime annual
dose as high as 1650 person-rems (Refs. 30 and 31). These dose averages are
based on widely varying yearly doses at BWRs. For example, for the period
mentioned above annual collective doses for BWRs have ranged from 44 to
3626 person-rems per reactor. However, the average annual dose per nuclear
plant worker of about 0.8 rem (Ref. 30), has not varied significantly during
this period. The worker dose limit, established by 10 CFR Part 20 is 3 rems/
quarter (if the average dose over the worker lifetime is being controlled to
5 rems/yr) or 1.25 rems/quarter (if it isn't).

The wide range of annual doses experienced at U.S. BWRs (44 to 3626 person-rems)
depends on a number of factors such as the amount of required routine and special
maintenance, and the amount of reactor operations and in-plant surveillance.
Because these factors can vary widely and unpredictably, it is impossible to
determine in advance a specific year-to-year or average annual occupational
radiation dose for a particular plant over its operating lifetime. The need
for high doses can occur, even at plants with radiation protection programs
designed to ensure that occupational radiation doses will be kept ALARA.

In recognition of the factors mentioned above, staff occupational dose estimates
for environmental impact purposes for WNP-2 are based on the conservative
assumption that the plant may have a higher-than-average level of special
maintenance work. Based on the staff's review of occupational dose data from
154 BWR operating years, the staff has projected that the occupational doses
for WNP-2 could average as much as 1650 person-rems/yr when averaged over the
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life of the plant. However, actual year-to-year doses may differ greatly
from this average, depending on actual plant operating conditions.

In addition to the occupational radiation exposures discussed above, during
the period between the start of operation of WNP-2 and the start up of WNP-1&4,
construction personnel working on WNP-1&4 will potentially be exposed to sources
of radiation from the operation of WNP-2. The applicant has estimated that the
annual dose commitment to construction personnel will be about 4.4 person-rems
per year. This radiation exposure will result predominantly from radioactive
nitrogen-16 in the steam passing through the WNP-2 turbine and penetrating the
turbine, the building and the air to where workers may be, and gaseous effluents
for plant. Based on experience with other light-water reactors, the staff
finds that the applicant's estimate is reasonable.

The risks of various occupations, including nuclear plant workers, are given
in the table below. (References and supporting text for this table are given
in the "Final Environmental Statment Related to Steam Generator Repair at
Turkey Point Plant, Units 3 and 4," U.S. Nuclear Regulatory Commission Report
NUREG-0743, March 1981). Based on the comparisons in this table, the staff
concludes that the risk to nuclear plant workers from plant operation is
comparable to the risks associated with other occupations.

Incidence of job-related fatalities

Fatality incidence rates
Occupational group (premature deaths/105 person-year)

Underground metal miners 1275

Uranium miners 422

Smelter workers 194

Mining 61

Agriculture, forestry, and fisheries 35

Contract construction 33

Transportation and public utilities 24

Nuclear plant worker 23

Manufacturing 7

Wholesale and retail trade 6

Finance, insurance, and real estate 3

Services 3

Total private sector 10
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5.8.1.1.2 Public Radiation Exposure

Transportation of Radioactive Materials

The transportation of "cold" nuclear fuel to the reactor, of irradiated fuel
from the reactor to a fuel reprocessing plant, and of solid radioactive wastes
from the reactor to waste burial grounds is considered in paragraph a, 10 CFR
Part 51.20 (Ref. 26). The contribution of the environmental effects of such
transportation to the environmental costs of licensing the nuclear power
reactor is set forth in Table 5.3 from 10 CFR Part 51.20, reproduced below.
The cumulative dose to the exposed population as summarized in Table 5.3 is
very small when compared to the annual dose of 61,000 person-rems to this
same population or 26,000,000 person-rems to the U.S. population from back-
ground radiation.

Direct Radiation

Radiation fields are produced around nuclear plants as a result of radioactivity
within the reactor and its associated components, as well as a result of
radioactive effluent releases. Although these components are shielded, dose
rates observed around BWR plants from these plant components have varied from
undetectable levels to values on the order of 100 mrems/yr at onsite locations
where members of the general public were allowed. For newer BWR plants with a
standardized design, dose rates have been estimated using special calculational
modeling techniques. The calculated cumulative dose to the exposed population
from such a facility would be much less than 1 person-rem/yr per unit,
insignificant when compared with the natural background dose.

Low-level radioactivity storage containers outside the plant are estimated to
make a dose contribution at the site boundary of less than 0.1% of that due to
the nitrogen-16 transmitted radiation.

Radioactive Effluent Releases: Air and Water

As pointed out in an earlier section, all effluents from the WNP-2 facility
will be subject to extensive decontamination, but small controlled quantities
of radioactive effluents will be released to the atmosphere and to the hydro-
sphere during normal operations. Estimates of site-specific radioisotope
release values have been developed on the basis of the description of opera-
tional and radwaste systems in the applicant's ER and FSAR and by using the
calculational model and parameters developed in NUREG-0016 (Ref. 32). This
has been supplemented by extensive use of the applicant's site and environmental
data in the ER and in subsequent answers to NRC staff questions, to obtain a
complete picture of airborne and waterborne releases from the station.

These small amounts of effluents are then highly diluted by the air and water
into which they are released before they reach areas in which they interact
with activities of the general public.

Radioactive effluents can be divided into several groups. Among the airborne
effluents the radioisotopes of the noble gases--krypton, xenon, and argon--do
not deposit on the ground or interact with living organisms; therefore, the
noble gas effluents act primarily as a source of external radiation emanating
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directly from the effluent plume. Dose calculations are performed for the
exclusion area boundary, and the Hanford Reservation boundary where the highest
external radiation doses to a member of the general public as a result of
gaseous effluents have been estimated to occur; these include the annual beta
and gamma air doses as well as the total body and skin doses from the plume at
that boundary location.

A second group of airborne effluents, consisting of particulates that remain
after filtration of airborne effluents in the plant prior to release, includes
fission products such as radionuclides of cesium and radioiodine and corrosion
products such as radionuclides of cobalt and chromium. These radioisotopes
are deposited on the ground or vegetation, and in the human body during
inhalation. For this group of effluents, estimates of direct external radia-
tion doses are made from deposits on the ground, as well as internal radiation
doses to total body, thyroid, bone and other organs from inhalation and from
consumption of vegetation, milk and meat. Concentrations of iodine in the
thyroid are of particular importance in meeting the Appendix I design dose
objectives (10 CFR Part 50).

A third group of airborne effluents consists of carbon-14 and tritium (H-3),
which are released and are essentially unaffected by filtration in the plant.
These nuclides do not deposit on the ground or on vegetation but are
incorporated into vegetation by physical and biological mechanisms such as
absorption of water and photosynthesis. The calculational models for these
radioisotopes consider uptake into man primarily from inhalation and
consumption of vegetation, milk, and meat. These radionuclides contribute
uniform radiation doses to the entire body, and account for most of the total
body dose (and radiologic risk) to populations. Doses from tritium and
carbon-14 are combined with those from the particulates for comparison to
one of the design objectives of Appendix I.

The waterborne effluent constituents could include fission products such as
nuclides of strontium and iodine; corrosion and activation products, such as
nuclides of sodium and manganese; and tritium as tritiated water. Calculations
estimate the internal doses (if any) from fish consumption, from water ingestion
(as drinking water), and from eating of meat or vegetables raised near the
site on irrigation water, as well as any external radiation from recreational
use of the water past the point of discharge.

The release values for each group of effluents along with site-specific meteoro-
logical and hydrological data, serve as input to computerized radiation-dose
models that estimate the maximum radiation dose that would be received outside
the facility via a number of pathways for individual members of the public and
for the general public as a whole. These models and the radiation dose calcula-
tions are discussed in Regulatory Guide 1.109 (Ref. 33) and in Appendix C of
this statement.

Examples of site-specific dose assessment calculations and discussions of
parameters involved are given in Appendix L. Doses from all airborne effluents
except the noble gases are calculated for the location (e.g., site boundary,
garden, residence, milk cow, meat animal) where the highest radiation dose to
a member of the public from all applicable pathways has been established.
Only those pathways associated with airborne effluents that are known to exist
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at a single location, are combined to calculate the total maximum exposure to
an exposed individual. Pathway doses associated with liquid effluents are
combined without regard to any single location, but they are assumed to be
associated with maximum exposure of an individual through other than gaseous-
effluent pathways.

5.8.1.2 Radiological Impact on Humans

Although the doses calculated in. Appendix L are based on radioactive-waste
treatment system capability, the actual radiological impact associated with
the operation of the WNP-2 nuclear power station will depend, in part, on the
manner in which the radioactive-waste treatment system is operated. Based on
its evaluation of the potential performance of the ventilation and radwaste
treatment systems, the NRC staff has concluded that the systems as now proposed
are capable of controlling effluent releases to meet the dose-design objectives
of Appendix I to 10 CFR Part 50 (Ref. 26).

The facility's operation will be governed by Radiological Effluent Technical
Specifications that will be based on the dose-design objectives of Appendix I.
Since these design objective values were chosen to permit flexibility of
operation while still ensuring that plant operations are ALARA, the actual
radiological impact of plant operation may result in doses close to the dose
design objectives. Even if this situation exists, the individual doses for
the member of the public subject to maximum exposure will still be very small
when compared to natural background doses (%100 mrems/yr) or the dose limits
specified in 10 CFR Part 20 (500 mrems/yr - whole body). As a result, the
staff concluded that there will be no measurable radiological impact on any
member of the public from routine operation of the plant.

Since December 1, 1979, the licensee has also been regulated according to
40 CFR Part 190, the Environmental Protection Agency's Environmental Radiation
Protection Standards for Nuclear Power Operations (Ref. 27). These operating
standards specify that the annual dose equivalent must not exceed 25 mrems to
the whole body, 75 mrems to the thyroid, and 25 mrems to any other organ of
any member of the public as the result of exposures to planned discharges of
radioactive materials (radon and its daughters excepted) to the general environ-
ment from all uranium-fuel-cycle operations and radiation from these operations
that can be expected to affect a given individual. The staff further concluded
that under normal operations the WNP-2 site is capable of operating within
these guidelines.

5.8.1.3 Radiological Impacts on Biota Other Than Humans

Depending on the pathway and radiation source, terrestrial and aquatic biota
will receive doses that are approximately the same or somewhat higher than
humans receive. Although guidelines have not been established for acceptable
limits for radiation exposure to species other than human, it is generally
agreed that the limits established for humans are also conservative for other
species. Experience has shown that it is the maintenance of population
stability that is crucial to the survival of a species, and species in most
ecosystems suffer rather high mortality rates from natural causes.

5-23



While the existence of extremely radiosensitive biota is possible, and while
increased radiosensitivity in organisms may result from environmental interac-
tions with other stresses (for example, heat or biocides), no biota have yet
been discovered that show a sensitivity (in terms of increased morbidity or
mortality) to radiation exposures as low as those expected in the area sur-
rounding the WNP-2 station. Furthermore, at all nuclear plants for which
radiation exposure to biota other than humans has been analyzed (Ref. 34),
there have been no cases of exposure that can be considered significant in
terms of harm to the species, or that approach the limits for exposure to
members of the public that are permitted by 10 CFR Part 20 (Ref. 25). The
1972 BEIR Report (Ref. 35) concluded that the evidence to date indicates that
no other living organisms are very much more radiosensitive than humans;
therefore, no measurable radiological impact on populations of biota is
expected as a result of the routine operation of this plant.

5.8.1.4 Radiological Monitoring

Radiological environmental monitoring programs are established to provide data
on measurable levels of radiation and radioactive materials in the site environs.
Such monitoring programs are conducted to verify the effectiveness of in-plant
systems used to control the release of radioactive materials and to ensure
that unanticipated buildups of radioactivity will not occur in the environment.
Secondarily, the monitoring programs could identify the highly unlikely existence
of unmonitored releases of radioactivity. A surveillance (Land Census) program
is established to identify changes in the use of unrestrictedareas to provide
a basis for modifications of the monitoring programs.

These programs are discussed in greater detail in NRC Regulatory Guide 4.1,
Rev. 1, "Programs for Monitoring Radioactivity in the Environs of Nuclear
Power Plants," (Ref. 36) and the Radiological Assessment Branch Technical
Position, Rev. 1, November 1979, "An Acceptable Radiological Environmental
Monitoring Program." (Ref. 37)

5.8.1.4.1 Preoperational

The preoperational phase of the monitoring program should provide for the
measurement of background levels of radioactivity and radiation and their
variations along the anticipated important pathways in the areas surrounding
the plant, the training of personnel and the evaluation of procedures, equipment
and techniques. The applicant proposed a radiological environmental-monitoring
program to meet these objectives in the ER and it was discussed in the FES-CP.
This early program has been updated; it is presented in Section 6.1.6 of the
applicant's ER-OL and is summarized here in Table 5.4a. The NRC required
detection capabilities are shown in Table 5.4b.

The applicant states that the preoperational program has been implemented at
least two years prior to initial criticality to document preexisting levels of
direct radiation and concentrations of radionuclides in the environment. The
preoperational program will continue up to the initial criticality at which
time the operational radiological monitoring program will commence.
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The staff has reviewed the preoperational environmental monitoring plan of the
applicant and finds that it is generally acceptable as presented. However,
the current NRC staff position is that a total of about 40 dosimetry stations
(or recording dose-rate instruments) should be placed as follows: (1) an inner
ring of stations in the general area of the site boundary and an outer ring in
the 4 to 5 mile range from the site with 1 station in each 22.5 degree sector
(16 sectors x 2 rings = 32 stations). The remaining 8 detectors would be in
special interest areas such as population centers, nearby residences, schools
and in 2 or 3 areas as control stations. Because of the unique nature of the
WNP-2 site (adjacent to WNP-1&4 and its location on a highly monitored govern-
ment site) it is possible that the requirements have been met. That determina-
tion will be made before issuance of Radiological Monitoring Technical
Specifications.

5.8.1.4.2 Operational

The operational, offsite radiological-monitoring program is conducted to
measure radiation levels and radioactivity in plant environs. It assists and
provides backup support to the effluent-monitoring program as recommended in
NRC Regulatory Guide 1.21, "Measuring, Evaluating and Reporting Radioactivity
in Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous
Effluents from Light- Water Cooled Nuclear Power Plants." (Ref. 38)

The applicant states that the operational program will in essence be a
continuation of the preoperational program described above with some periodic
adjustment of sampling frequencies in expected critical exposure pathways.
The proposed operational program will be reviewed prior to plant operation.
Modification will be based upon anomalies and/or exposure pathway variations
observed during the preoperational program.

The final operational-monitoring program proposed by the applicants will be
reviewed in detail by the staff, and the specifics of the required monitoring
program will be incorporated into the Radiological Technical Specifications
for the Operating License.

5.8.1.5 Impacts from the Uranium Fuel Cycle

The Uranium Fuel Cycle rule (44 FR 45362) reflects the latest information
relative to the reprocessing of spent fuel and to radioactive waste management
as discussed in NUREG-0116, Environmental Survey of the Reprocessing and
Waste Management Portions of the LWR Fuel Cycle (Ref. 39), and NUREG-0216
(Ref. 40), which presents staff responses to comments on NUREG-0116. The rule
also considers, other environmental factors of the uranium fuel cycle, including
aspects of mining and milling, isotopic enrichment, fuel fabrication, and
management of low- and high-level wastes. These are described in the AEC
report WASH-1248, Environmental Survey of the Uranium Fuel Cycle (Ref. 41).
The Commission also directed that an explanatory narrative be developed that
would convey in understandable terms the significance of releases in the table.
The narrative was also to address such important fuel cycle impacts as environ-
mental dose commitments and health effects, socioeconomic impacts and cumulative
impacts, where these are appropriate for generic treatment. This explanatory
narrative was published in the Federal Register on March 4, 1981 (46 FR 15154-
15175). Appendix K contains a number of sections that address those impacts
of the fuel cycle that reasonably appear to have significance for individual
reactor licensing sufficient to warrant attention for NEPA purposes.
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Table S-3 of the final rule is reproduced as Table 5.5 herein. Specific
categories of natural resource use included in the table relate to land use,
water consumption and thermal effluents, radioactive releases, burial of
transuranic and high- and low-level wastes, and radiation doses from transpor-
tation and occupational exposures. the contributions in the Table for
reprocessing, waste management, and transportation of wastes are maximized
for either of the two fuel cycles (uranium only and no recycle); that is,
the cycle that results in the greater impact is used.

Appendix K contains a description of the environmental impact assessment of
the uranium fuel cycle as related to the operation of the WNP-2 Nuclear Power
Station. The environmental impacts are based on the values given in Table S-3
(Table 5.5) and on an analysis of the radiological impact from radon releases.
The staff finds that the environmental impact of WNP-2 on the U.S. population
from radioactive gaseous and liquid releases (including radon) due to the
uranium fuel cycle is inconsequential when compared to the impact of natural
background radiation. In addition, the non-radiological impacts of the uranium
fuel cycle are found to be acceptable.

5.8.2 POSTULATED ACCIDENTS

5.8.2.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at WNP-2 in accordance with a Statement of Interim Policy

published by the Nuclear Regulatory Commission on June 13, 1980.(42) The following
discussion reflects these considerations and conclusions.

The first section deals with general characteristics of nuclear power plant
accidents includinq a brief summary of safety measures to minimize the prob-
ability of their occurrence and to mitigate their consequences if they should
occur. Also described are the important properties of radioactive materials
and the pathways by which they could be transported to become environmental
hazards. Potential adverse health effects and impacts on society associated
witm actions to avoid such health eftects are also identified.

Next, actual experience with nuclear power plant accidents and their observed
health effects and other societal impacts are then described. This is followed
by a summary review of safety features of the WNP-2 facility and of the site
that act to mitigate the consequences of accidents.

The results of calculations of the potential consequences of accidents that
have been postulated in the design basis are then given. Also described are
the results of calculations for the WNP-2 site using probabilistic methods to
estimate the possible impacts and the risks associated with severe accident
sequences of exceedingly low probability of occurrence.

5.8.2.1.1 General Characteristics of Accidents

The term "accident," as used in this section, refers to any unintentional event
not addressed in Section 5.8.1 that results in a release of radioactive materials
into the environment. The predominant focus, therefore, is on events that can
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lead to releases substantially in excess of permissible limits for normal opera-
tion. Such limits are specified in the Commission's regulations in 10 CFR
Part 20.

There are several features which combine to reduce the risk associated with
accidents at nuclear power plants. Safety features in the design, construction,
and operation comprising the first line of defense are to a very large extent
devoted to the prevention of the release of these radioactive materials from
their normal places of confinement within the plant. There are also a number
of additional lines of defenses that are designed to mitigate the consequences
of failures in the first line. Descriptions of these features for the WNP-2

plant may be found in the applicant's Final Safety Analysis Report,(43) and in

the staff's forthcoming Safety Evaluation Report.(44) The most important
mitigative features are described in Section 5.8.2.1.3 below.

These safety features are designed taking into consideration the specific
locations of radioactive materials within the plant, their amounts, their nuclear,
physical, and chemical properties, and their relative tendency to be transported
into and for creating biological hazards in the environment.

5.8.2.1.1.1 Fission Product Characteristics

By far the largest inventory of radioactive material in a nuclear power plant
is produced as a byproduct of the fission process and is located in the uranium
oxide fuel pellets in the the reactor core in the form of fission products.
During periodic refueling shutdowns, the assemblies containing these fuel
pellets are transferred to a spent fuel storage pool so that the second largest
inventory of radioactive material is located in this storage area. Much smaller
inventories of radioactive materials are also normally present in the water
that circulates in the reactor coolant system and in the systems used to process
gaseous and liquid radioactive wastes in the plant.

These radioactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment is dependent not only on
mechanical forces that might physically transport them, but also upon their
inherent properties, particularly their volatility. The majority of these
materials exist as nonvolatile solids over a wide range of temperatures6 Some,
however, are relatively volatile solids and a few are gaseous in nature. These
characteristics have a significant bearing upon the assessment of the environ-
mental radiological impact of accidents.

The gaseous materials include radioactive forms of the chemcially inert noble
gases krypton and xenon. These have the highest potential for release into
the atmosphere. If a reactor accident were to occur involving degradation of
the fuel cladding, the release of substantial quantities of these radioactive
gases from the fuel is a virtual certainty. Such accidents are very low fre-
quency but credible events (cf Section 5.8.2.1.2). It is for this reason that
the safety analysis of each nuclear power plant analyzes a hypothetical design
basis accident that postulates the release of the entire contained inventory
of radioactive noble gases from the fuel into the containment system. If further
released to the environment as a possible result of failure of safety features,
the hazard to individuals from these noble gases would arise predominantly
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through the external gamma radiation from the airborne plume. The reactor
containment system is designed to minimize this type of release.

Radioactive forms of iodine are formed in substantial quantities in the fuel
by the fission process and in some chemical forms may be quite volatile. For
these reasons, they have traditionally been regarded as having a relatively
high potential for release from the fuel. If released to the environment, the
principal radiological hazard associated with the radioiodines is ingestion
into the human body and subsequent concentration in the thyroid gland. Because
of this, its potential for release to the atmosphere is reduced by the use of
special systems designed to retain the iodine.

The chemical forms in which the fission product radioiodines are found are
generally solid materials at room temperature, however, so that they have a
strong tendency to condense (or "plate out") upon cooler surfaces. In addition,
most of the iodine compounds are quite soluble in, or chemically reactive with,
water. Although these properties do notinhibit the release of radioiodines
from degraded fuel, they do act to mitigate the release from containment systems
that have large internal surface areas and that contain large quantities of
water as a result of an accident. The same properties affect the behavior of
radioiodines that may "escape" into the atmosphere. Thus, if rainfall occurs
during a release, or if there is moisture on exposed surfaces, e.g., dew, the
radioiodines will show a strong tendency to be absorbed by the moisture.

Other radioactive materials formed during the operation of a nuclear power plant
have lower volatilities and therefore, by comparison with the noble gases and
iodine, a much smaller tendency to escape from degraded fuel unless the tempera-
ture of the fuel becomes very high. By the same token, such materials, if they
escape by volatilization from the fuel, tend to condense quite rapidly to solid
form again when transported to a lower temperature region and/or dissolve in
water when present. The former mechanism can have the result of producing some
solid particles of sufficiently small size to be carried some distance by a
moving stream of gas or air. If such particulate materials are dispersed into
the atmosphere as a result of failure of the containment barrier, they will
tend to be carried downwind and deposit on surface features by gravitational
settling or by precipitation (fallout), where they will become "contamination"
hazards in the environment.

All of these radioactive materials exhibit the property of radioactive decay
with characteristic half-lives ranging from fractions of a second to many days
or years (see Table 5.8). Many of them decay through a sequence or chain of
decay processes and all eventually become stable (nonradioactive) materials.
The radiation emitted during these decay processes is the reason that they are
hazardous materials.

5.8.2.1.1.2 Exposure Pathways

The radiation exposure (hazard) to individuals is determined by their proximity
to the radioactive material, the duration of exposure, and factors that act to
shield the individual from the radiation. Pathways for the transport of radia-
tion and radioactive materials that lead to radiation exposure hazards to humans
are generally the same for accidental as for "normal" releases. These are
depicted in Section 5.8.1, Figure 5.2. There are two additional possible
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pathways that could be significant for accident releases that are not shown in
Figure 5.2. One of these is the fallout onto open bodies of water of radio-
activity initially carried in the air. The second would be unique to an accident
that results in temperatures inside the reactor core sufficiently high to cause
melting and subsequent penetration of the basemat underlying the reactor by
the molten core debris. This creates the potential for the release of radio-
active material into the hydrosphere through contact with ground water. These
pathways may lead to external exposure to radiation, and to internal exposures if
radioactivity is inhaled, or ingested from contaminated food or water.

It is characteristic of these pathways that during the transport of radioactive
material by wind or by water, the material tends to spread and disperse, like
a plume of smoke from a smokestack, becoming less concentrated in larger volumes
of air or water. The result of these natural processes is to lessen the
intensity of exposure to individuals downwind or downstream of the point of
release, but they also tend to increase the number who may be exposed. For a
release into the atmosphere, the degree to which dispersion reduces the
concentration in the plume at any downwind point is governed by the turbulence
characteristics of the atmosphere which vary considerably with time and from
place to place. This fact, taken in conjunction with the variability of wind
direction and the presence or absence of precipitation, means that consequences
of accidental releases to the atmosphere would be very much dependent upon the
weather conditions existing at the time.

5.8.2.1.1.3 Health Effects

The cause and effect relationships between radiation exposure and adverse

health effects are quite complex,( 4 5 a) but they have been more exhaustively
studied than for any other environmental contaminant.

Whole-body radiation exposure resulting in a dose greater than about 10 rem
for a few persons and about 25 rem for nearly all people over a short period
of time (hours) is necessary before any physiological effects to an individual
are clinically detectable. Doses about ten to twenty times larger, also
received over a relatively short period of time (hours to a few days), can be
expected to cause some fatal injuries. At the severe, but extremely low
probability end of the accident spectrum, exposures of these magnitudes are
theoretically possible for persons in the close proximity of such accidents if
measures are not or cannot be taken to provide protection, e.g., by sheltering
or evacuation.

Lower levels of exposures may also constitute a health risk, but the ability
to define a direct cause and effect relationship between a known exposure to
radiation and any given health effect is difficult, given the backdrop of the
many other possible reasons why a particular effect is observed in a specific
individual. For this reason, it is necessary to assess such effects on a
statistical basis. Such effects include randomly occurring cancer in the
exposed population and genetic changes in future generations after exposure of
a prospective parent. Cancer in the exposed population may begin to develop
only after a lapse of 2 to 15 years (latent period) from the time of exposure
and then continue over a period of about 30 years (plateau period). However,
in the case of exposure of fetuses (in utero), cancer may begin to develop at
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birth (no latent period) and end at age 10 (i.e., the plateau period is 10 years).
The health consequences model currently being used is based on the 1972 BEIR

Report of the National Academy of Sciences.( 4 6 )

Most authorities are in agreement that a reasonable and probably conservative
estimate of the randomly occurring health effects of low levels of radiation
exposure to a large number of people is within the range of about 10 to
500 potential cancer deaths per million person-rem (although zero is not

excluded by the data). The range comes from the latest NAS BEIR III Report( 4 7 )

(1980) which also indicates a probable value of about 150. This value is vir-
tually identical to the value of about 140 used in the current NRC health
effects models. In addition, approximately 220 randomly occurring genetic
changes per million person-rem would be projected by BEIR III over succeeding
generations. That also compares well with the value of about 260 per million
person-rem currently used by the NRC staff.

5.8.2.1.1.4 Health Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process
of radioactive decay. Where the decay process is a slow one, however, and where
the material becomes relatively fixed in its location as an environmental con-
taminant (e.g., in soil), the hazard can continue to exist for a relatively
long period of time--months, years, or even decades. Thus, a possible conse-
quential societal impact of severe accidents is the avoidance of the health
hazard rather than the health hazard itself, by restrictions on the use of the
contaminated property or contaminated foodstuffs, milk, and drinking water.
The potential economic impacts that this can cause are discussed below.

5.8.2.1.2 Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful indicator
of future probabilities and impacts. As of mid-1981, there were 71 commercial
nuclear power reactor units licensed for operation in the United States at
50 sites with power generating capacities ranging.from 50 to 1130 megawatts
electric (MWe). (WNP-2 is designed for 1145 MWe.) The combined experience
with these units represents approximately 500 reactor years of operation over
an elapsed time of about 21 years. Accidents have occurred at several of these

(48)facilities. Some of these have resulted in releases of radioactive material
to the environment, ranging from very small fractions of a curie to a few
million curies. None is known to have caused any radiation injury or fatality
to any member of the public, nor any significant individual or collective public
radiation exposure, nor any significant contamination' of the environment. This
experience base is not large enough to permit a reliable quantitative statistical
inference. It does, however, suggest that significant environmental impacts
due to accidents are very unlikely to occur over time periods of a few decades.

Melting or severe degradation of reactor fuel has occurred in only one of these
units, during the accident at Three Mile Island - Unit 2 (TMI-2) on March 28,
1979. In addition to the release of a few million curies of xenon-133, it has
been estimated that approximately 15 curies of radioiodine was also released

to the environment at TMI-2.( 4 9 ) This amount represents an extremely minute
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fraction of the total radioiodine inventory present in the reactor at the time
of the accident. No other radioactive fission products were released in
measurable quantity.

It has been estimated that the maximum cumulative offsite radiation dose to an

individual was less than 100 millirem.( 4 9 ,50) The total population exposure
has been estimated to be in the range from about 1000 to 5000 person-rem (for
example, see "Population Dose and Health Impact of the Accident at the Three
Mile Island Nuclear Station," NUREG-0558, May 1979). This exposure could
produce between none and one additional fatal cancer over the lifetime of the
exposed population. The same population receives each year from natural
background radiation about 240,000 person-rem and approximately 44 •aýmillion
cancers are expected to develop in this group over its lifetime, t I primarily
from causes other than radiation. Trace quantities (barely above the limit of
detectability) of radioiodine were found in a few samples of milk produced in
the area. No other food or water supplies were affected.

Accidents at nuclear power plants have also caused occupational injuries and a
few fatalities but none attributed to radiation exposure. Individual worker
exposures have ranged up to about 4 rems as a direct consequence of accidents,
but the collective worker exposure levels (person-rem) due to accidents are a
small fraction of the exposures experienced during normal routine operations
that average about 500 person-rem per reactor year.

Accidents have also occurred at other nuclear reactor facilities in the United

States and in other countries. (48) Due to inherent differences in design,
construction, operation, and purpose of most of these other facilities, their
accident record has only indirect relevance to current nuclear power plants.
Melting of reactor fuel occurred in at least seven of these accidents, includ-
ing the one in 1966 at the Enrico Fermi Atomic Power Plant Unit 1. This was a
sodium-cooled fast breeder demonstration reactor designed to generate 61 MWe.
The damages were repaired and the reactor reached full power in four years
following the accident. It operated successfully and completed its mission in
1973. This accident did not release any radioactivity to the environment.

A reactor accident in 1957 at Windscale, England released a significant quantity
of radioiodine, approximately 20,000 curies, to the environment. This reactor,
which was not operated to generate electricity, used air rather than water to
cool the uranium fuel. During a special operation to heat the large amount of
graphite in this reactor, the fuel overheated and radioiodine and noble gases
were released directly to the atmosphere from a 405-foot stack. Milk produced
in a 200-square mile area around the facility was impounded for up to 44 days.
This kind of accident cannot occur in a water-cooled reactor like WNP-2,
however.

5.8.2.1.3 Mitigation of Accident Consequences

In accordance with the Atomic Energy Act of 1954, the Nuclear Regulatory
Commission is conducting a safety evaluation of the application to operate
WNP-2. Although the safety evaluation will contain more detailed information
on plant design, the principal design features are presented in the following
section.
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5.8.2.1.3.1 Design Features

The design includes features that are for preventing accidental release of
radioactive fission products from the fuel and to lessen the consequences should
such a release occur. Many of the design and operating specifications of these
features are derived from the analysis of postulated events known as design
basis accidents. These accident preventive and mitigative features are
collectively referred to as engineered safety features (ESF). The possibilities
or probabilities of failure of these features is incorporated in the assessments
discussed in Section 5.8.2.1.4.

The ESF of-this plant can be divided into four general groups: Containment
systems, emergency core cooling systems, habitability systems, and fission
product removal and control systems.

The containment systems consist of five subsystems: Primary containment,
secondary containment (or reactor building), containment heat removal system,
containment isolation system, and combustible gas control. These five subsystems
can provide a physical barrier as well as containment isolation for accidental
radioactivity releases to the environment. They also assure containment
integrity following a postulated loss-of-coolant accident (LOCA).

The Emergency Core Cooling System (ECCS) is designed to provide cooling water
to the reactor core during an accident to prevent or minimize fuel damage.
The system includes the high pressure core spray (HPCS), low pressure core spray
(LPCS), low pressure coolant injection (LPCI) and automatic depressurization
system (ADS).

In the event of a LOCA, operating personnel within the control room..are
protected from airborne radioactivity by the control room habitability systems
which will pressurize the control room with filtered air drawn from either of
two separate remote fresh air intakes. Redundant radiation monitors at each
of the two remote intake headers are provided.

The Standby Gas Treatment System (SGTS) is designed to establish and maintain
a negative pressure in the secondary containment following the signal for its
isolation in the event of release of radioactivity to this building in an
accident. Negative pressure, with respect to the outside atmosphere, would
prevent out-leakage of radioactivity from this building to the environment
except along the release path controlled by the SGTS. Radioactive iodine and
particulate fission products would be substantially removed from the flow
stream by safety-grade activated charcoal and high-efficiency particulate air
filters.

The main steam isolation valve leakage control system is designed to control
the release of fission products through the main steam isolation valves. This
system directs the leakage through these valves to the area served by the SGTS;
The spent fuel storage pool is located in the secondary containment where
potential radioactive leakage from the stored fuel can be directed through the
SGTS.

The mechanical systems mentioned above are supplied with emergency power from
onsite diesel generators in the event that normal offsite station power is
interrupted.
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Much more extensive discussions of the safety features and characteristics of

WNP-2 may be found in the applicant's Final Safety Analysis Report.(43) The
staff evaluation of these features will be addressed in a forthcoming Safety
Evaluation Report. In addition, the implementation of the lessons learned
from the TMI-2 accident, in the form of improvements in design and procedures,
and operator training, will significantly reduce the likelihood of a degraded
core accident which could result in large releases of fission products to the
containment. Specifically, the applicant will be required to meet those TMI-
related requirements specified in NUREG-0737. As noted in Section 5.8.2.1.4.7
no credit has been taken for these actions and improvements in discussing the
radiological risk of accidents.

5.8.2.1.3.2 Site Features

The NRC's reactor site criteria, 10 CFR Part 100, require that the site for
every power reactor have certain characteristicsthat tend to reduce the risk
and potential impact of accidents. The discussion that follows briefly
describes the site for the WNP-2 reactor and how it meets these requirements.

First, the site has an exclusion area as required by 10 CFR Part 100. The
boundary of the exclusion area is a circle with its center at the reactor and
a radius of 1950 meters (6400 feet). There are no residents within the exclusion
area. Industrial facilities located in the site area are the H. J. Ashe Sub-
station and the Washington Public Power Supply System (WPPSS) Nuclear Projects
No. 1 and 4. A highway and a railroad traverse the exclusion area. Other than
these facilities there are no activities unrelated to the operation of WNP-2
within the exclusion area. Both WNP-1 and 4 and.their respective access roads
will be owned and operated by WPPSS. The 1950 meter radius exclusion area
extends outside the plant property. All land outside the plant property but
within the exclusion area is owned by the United States and is managed by the
U.S. Department of Energy (DOE) as part of the Hanford Site. The applicant
has obtained a long-term lease from DOE over this area which gives it the
authority, required by Part 100, to determine all activities in this area. In
case of emergency, the applicant has made arrangements with-federal and state
authorities to control traffic on the routes traversing the exclusion area,
including possible removal of personnel at the Ashe substation.

Second, beyond and surrounding the exclusion area is a low population zone
(LPZ), also required by 10 CFR Part 100. The LPZ for the WNP-2 reactor is
defined as all land within 4.8 kilometers (three miles) of the site. Within
this zone the applicant must assure that there is a reasonable probability
that appropriate and effective measures could be taken on behalf of the
residents and other members of the public in the event of a serious accident.
There are no residents presently within the LPZ. In case of a radiological
emergency, the applicant has made arrangements to carry out protective
actions, including evacuation of personnel in the vicinity of the nuclear
plant. For further details, see the following section on Emergency
Preparedness.

Third, Part 100 also requires that the nearest population center of about
25,000 or more persons be no closer than one and one-third times the outer
radius of the LPZ. Since accidents of greater potential hazards than those
commonly postulated as representing an upper limit are conceivable, although
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highly improbable, it was considered desirable to add the population center
distance requirement in Part 100 to provide for protection against excessive
exposure doses to people in large centers.

The nearest population center is the City of Richland, Washington (1980
estimated population of 33,512), located about 19 kilometers (12 miles) S to
SSE of the site. This distance is at least 1 1/3 times the low population zone
distance, as required by Part 100.

The nearest significant transient population are located at DOE area 400 (HEDL)
located about 5 to 6 kilometers (3 to 4 miles) SW of the plant. The employment
level at area 400 is currently 1187.

The safety evaluation of the WNP-2 site has also included a review of potential
external hazards, i.e., activities offsite that might adversely affect the
operation of the plant and cause an accident. This review encompasses nearby
industrial, transportation, and military facilities that might create explosive,
missile, toxic gas, or similar hazards. The staff has concluded that the hazards
from nearby industrial, military and mining facilities and pipelines, air
transportation, waterways, and highways are negligibly small. The evaluation
of the DOE railway which passes through the site has not yet been completed.
The results will be reported in the staff's forthcoming Safety Evaluation Report
or supplement thereto.

5.8.2.1.3.3 Emergency Preparedness

The applicant has submitted an upgraded Emergency Plan( 5 1 ) for Washington
Nuclear Project 2 (WNP-2) dated April 1981. The Emergency Plan represents a
consolidation of the three Emergency Plans for WNP-1, 2, and 4 into one document
and is based on WNP-2 being in an operational status and WNP-1/4 under construc-
tion. Revisions will be made in the Plan as WNP-1 and WNP-4 become operational.
The WNP-2 Emergency Plan was developed in response to the requirements of
Appendix E to 10 CFR Part 50, "Emergency Planning and Preparedness for Production
and Utilization Facilities", which established minimum requirements for an
acceptable state of onsite emergency preparedness, and 10 CFR 50.47, "Emergency
Plans" which specifies standards which must be met for both onsite and offsite
emergency response.

The staff has initiated a review of the Emergency Preparedness Plan for the
WNP-2 site. This review is part of a comprehensive staff effort to evaluate
the overall adequacy and effectiveness of the applicant's total emergency
preparedness program. The review effort will include an onsite appraisal of
the emergency preparedness program and a fullscale exercise involving both
onsite and offsite response agencies.

NRC and the Federal Emergency Management Agency (FEMA) have agreed that FEMA
will make a finding and determination as to the adequacy of State and local
government Emergency Response Plans. NRC will determine the adequacy of the
applicant's Emergency Response Plans with respect to the standards listed in
Section 50.47(b)-o-f10 CF.R Part 50, the requirements of Appendix E to 10 CFR
Part 50, and the guidance contained in NUREG-0654/FEMA-REP 1, Revision 1,
"Criteria for Preparation and Evaluation of Radiological Emergency Response
Plans and Prepared in Support of Nuclear Power Plants," dated November 1980.
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After the above determinations by NRC and FEMA, the NRC will make a finding in
the licensing process as to the overall and integrated state of preparedness.
In accordance with Section 50.47(a) of 10 CFR Part 50, an operating license
will not be issued unless the overall finding is such that the state of onsite
and offsite emergency preparedness provides reasonable assurance that adequate
protective measures can and will be taken in the event of a radiological
emergency.

5.8.2.1.4 Accident Risk and Impact Assessment

5.8.2.1.4.1 Design Basis Accidents

As a means of assuring that certain features of WNP-2 meet acceptable design
and performance criteria, both the applicant and the staff have analyzed the
potential consequences of a number of postulated accidents. Some of these
could lead to significant releases of radioactive materials to the environment,
and calculations have been performed to estimate the potential radiological
consequences to persons offsite. For each postulated initiating event, the
potential radiological consequences cover a considerable range of values
depending upon the particular course taken by the accident and the conditions,
including wind direction and weather, prevalent during the accident.

In the safety analysis and evaluation of WNP-2, three categories of accidents
have been considered by the applicant and the staff. These categories are based
upon their probability of occurrence and include (a) incidents of moderate
frequency, i.e., events that can reasonably be expected to occur during any
year of operation, (b) infrequent accidents, i.e., events that might occur once
during the lifetime of the plant, and (c) limiting faults, i.e., accidents not
expected to occur but that have the potential for significant releases of radio-
activity. The radiological consequences of incidents in the first category,
also called anticipated operational occurrences, are discussed in Section 5.8.1.
Initiating events postulated in the second and third categories for WNP-2 are
shown in Table 5.6. These are collectively designated design basis accidents
in that specific design and operating features as described above in
Section 5.8.2.1.3.1 are provided to limit their potential radiological conse-
quences. Approximate radiation doses that might be received by a person at
the exclusion area boundary (1950 meters (6400 feet) from the plant) are
also shown in the table, along with a characterization of the time duration
of the releases. The results shown in the table reflect the expectation that
engineered safety and operating features would function as intended.

An important implication of this expectation is that the radioactive releases
considered are limited to noble gases and radioiodines and that any other
radioactive materials e.g., in particulate form, are not expected to be
released. The results are also quasi-probabilistic in nature in the sense
that the meteorological dispersion conditions are taken to be neither the best
nor the worst for the site, but rather at an average value determined by actual
site measurements. In order to contrast the results of these calculations with
those using more pessimistic, or conservative, assumptions described below,
the doses shown in Table 5.6 are sometimes referred to as "realistic" doses.
These dose calculations are still estimates, but the doses are not of highest
concern since the resultant risks are small compared to the risks associated
with the more severe "Class 9 accidents."
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Calculated population exposures for these events range from a small fraction
of a person-rem to about 3 person-rem for the population within 80 kilometers
(50 miles) of WNP-2. These calculations for both individual and population
exposures indicate that the risk of incurring any adverse health effects as a
consequence of design basis accidents is exceedingly small. By comparison with
the estimates of radiological impact for normal operations shown in Section 5.8.1,
we also conclude-that radiation exposures from design basis accidents are
roughly comparable to the exposures to individuals and the population from
normal station operations over the expected lifetime of the plant.

The staff has also carried out-calculations to estimate the potential upper
bounds for individual exposures from the same initiating accidents in Table 5.6
for the purpose of implementing the provisions of 10 CFR Part 100, "Reactor
Site Criteria." For these calculations, much more pessimistic (conservative
or worst case) assumptions are made as to the course taken by the accident and
the prevailing conditions. These assumptions include much larger amounts of
radioactive material released by the initiating events, additional single
failures in equipment, operation of ESF's in a degraded mode,* and very poor
meteorological dispersion conditions.

The results of these calculations show that, for these events, the limiting
whole-body exposures are not expected to exceed 9 rem to any individual at the
site boundary. They also show that radioiodine releases have the potential
for offsite exposures ranging up to about 120 rem to the thyroid. For such an
exposure to occur, an individual would have to be located at a point on the
site boundary where the radioiodine concentration in the plume has its highest
value and inhale at a breathing rate characteristic of a person jogging, for a
period of two hours. The health risk to an individual receiving such a thyroid
exposure is the potential appearance of benign or malignant thyroid nodules in
about 4 out of 100 cases, and the development of a fatal cancer in about 2 out
of 1000 cases.

None of the calculations of the impacts of design basis accidents described in
this section take into consideration possible reductions in individual or
population exposures as a result of taking any protective actions.

5.8.2.1.4.2 Probabilistic Assessment of Severe Accidents

In this and the following three sections, there is a discussion of the
probabilities and consequences of accidents of greater severity than the design
basis accidents identified in the previous section. As a class, they are
considered less likely to occur, but their consequences could be more severe,
both for the plant itself and for the environment. These severe accidents,
heretofore frequently called Class 9 accidents, are different from design basis
accidents in two primary respects: they involve substantial physical deteriora-
tion of the fuel in the reactor core, including overheating to the point of
melting; and involve deterioration of the capability of the containment system
to perform its intended function of limiting the release of radioactive materials
to the environment.

The containment system, however, is assumed to prevent leakage in excess of
that which can be demonstrated by testing, as provided in 10 CFR Part 100.11(a).
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The assessment methodology employed is that described in the Reactor Safety

Study (RSS) which was published in 1975.(52)* However, the sets of accident
sequences that were found in the RSS to be the dominant contributors to the

risk in the prototype BWR (Peach Bottom Unit 2) have recently been updated( 5 3 )
("rebaselined"). The rebaselining has been done largely to incorporate peer

group comments , and better data and analytical techniques resulting from
research and development after the publication of the RSS. Entailed in the
rebaselining effort was the evaluation of the individual dominant accident
sequences as they are understood to evolve. The earlier technique of grouping
a number of accident sequences into the encompassing Release Categories as was
done in the RSS has been largely eliminated.

WNP-2 is a General Electric designed BWR having similar design and operating
characteristics to the RSS prototype BWR. Therefore, the present assessment
for WNP-2 has used as its starting point the rebaselined accident sequences
and sequence groups referred to above, and more fully described in Appendix D.
Characteristics of the sequences (and sequence groups) used (all of which
involve partial to complete melting of the reactor core) are shown in Table 5.7.
Sequences initiated by natural phenomena such as tornadoes, floods, or seismic
events and those that could be initiated by deliberate acts of sabotage are
not included in these event sequences. The radiological consequences of such
events would not be different in kind from those which have been treated. More-
over, it is the staff's judgment; based upon design requirements of 10 CFR
Part 50, Appendix A, relating to effects of natural phenomena; and safeguards
requirements of 10 CFR Part 73; that these events do not contribute significantly
to risk.

Calculated probability per reactor year associated with each accident sequence
(or sequence group) used is shown in the second column in Table 5.7. As in
the RSS there are substantial uncertainties in these probabilities. This is
due, in part, to difficulties associated with the quantification of human error
and to inadequacies in the data base on failure rates of individual plant compo-

nents that were use to calculate the probabilities. (54) (See Section 5.8.2.1.4.7
below.) The probability of accident sequences from the Peach Bottom plant were
used to give a perspective of the societal risk at WNP-2 because, although the
probabilities of particular accident sequences may be substantially different
or even improved for WNP-2, the overall effect of all sequences taken together
is likely to be within the uncertainties (see Section 5.8.2.1.4.7 for discussion
of uncertainties in risk estimates).

The magnitudes (curies) of radioactivity releases for each accident sequence
or sequence group are obtained by multiplying the release fractions shown in
Table 5.7 by the amounts that would be present in the core at the time of the
hypothetical accident. These are shown in Table 5.8 for the WNP-2 plant at
the core thermal power level of 3468 megawatts.

Because this report has been the subject of considerable controversy,
a discussion of the uncertainties surrounding it is provided in
Section 5.8.2.1.4.7.
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The potential radiological consequences of these releases have been calculated

by the consequence model used in the RSS and adapted to apply to a specific
site. The essential elements are shown in schematic form in Figure 5.3.
Environmental parameters specific to the WNP-2 site have been used and include
the following:

(1) Meteorological data for the site representing a full year of consecutive
hourly measurements and seasonal variations.

(2) Projected population for the year 2000 extending throughout regions of 80
and 563 kilometers (50 and 350 miles) radius from the site (the latter region
includes parts of Canada).

(3) The habitable land fraction within the 563 kilometers (350-mile) radius, and

(4) Land use statistics, on a state-wide basis, including farm land values,
farm product values including dairy production, and growing season infor-
mation, for the State of Washington and each surrounding state within the
563 kilometer (350-mile) region.

(5) Land use statistics including farm land values, farm product values
including dairy production, and growing season information for the
adjoining regions of Canada, within 563 kilometers (350 miles), based on
comparison with the values for the nearby states of the U.S.

To obtain a probability distribution of consequences, the calculations are
performed assuming the occurrence of each accident release sequence at each of
91 different "start" times throughout a one-year period. Each calculation
utilizes the site-specific hourly meteorological data and seasonal information
for the time period following each "start" time. The consequence model also
contains provisions for incorporating the consequence reduction benefits of
evacuation and other protective actions. Early evacuation of people would
considerably reduce the exposure from the radioactive cloud and the contam-
inated ground in the wake of the cloud passage. The evacuation model used (see
Appendix E) has been revised from that used in the RSS for better site-specific
application. The quantitative characteristics of the evacuation model used
for the WNP-2 site are estimates made by the staff and based upon preliminary
evacuation time estimates prepared by the applicant. Actual evacuation
effectiveness could be greater or less than that characterized but is not
expected to be very much less.

The other protective actions include: (a) either complete denial of use
(interdiction), or permitting use only at a sufficiently later time after
appropriate decontamination, of food stuffs such as crops and milk, (b) decon-
tamination of severely contaminated environment (land and property) when it is
considered to be economically feasible to lower the levels of contamination to
protective action guide (PAG) levels, and (c) denial of use (interdiction) of
severely contaminated land and property for varying periods of time until the
contamination levels reduce to such values by radioactive decay and weathering
so that land and property can be economically decontaminated as in (b) above.
These actions would reduce the radiological exposure to the people from immediatE
and/or subsequent use of, or living in, the contaminated environment.
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Early evacuation within the plume exposure pathway Emergency Planning Zone (EPZ)
and other protective actions as mentioned above are considered to be essential
sequels to serious nuclear reactor accidents involving a significant release
of radioactivity to the atmosphere. Therefore, the results shown for the WNP-2
reactors include the benefits of these protective actions.

There are also uncertainties in the estimates of consequences, and the error
bounds may be as large as they are for the accident probabilities. It is the
judgment of the staff, however, that it is more likely that the calculated
results are overestimates of consequences rather than underestimates.

The results of the calculations using this consequence model are radiological
doses to individuals and to populations, health effects that might result from
these exposures, costs of implementing protective actions, and costs associated
with property damage by radioactive contamination.

5.8.2.1.4.3 Dose and Health Impacts of Atmospheric Releases

The results of the calculations of dose and health impacts performed for the
WNP-2 facility and site are presented in the form of probability distributions
in Figures 5.4 to 5.7 and are included in the impact Summary Table 5.9. All
of the six accident sequences and sequence groups shown in Table 5.7 contribute
to the results, the consequences from each being weighted by its associated
probability.

Figure 5.4 shows the probability distribution for the number of persons who
might receive whole-body doses equal to or greater than 200 rem and 25 rem,
and thyroid doses equal to or greater than 300 rem from early exposure,* all
on a per-reactor-year basis. The 200-rem whole-body dose figure corresponds
approximately to a threshold value for which hospitalization would be indicated
for the treatment of radiation injury. The 25-rem whole-body (which has been
identified earlier as the lower limit for a clinically observable physiological
effect in nearly all people) and 300-rem thyroid figures correspond to the
Commission's guideline values for reactor siting in 10 CFR Part 100.

The figure shows in the left-hand portion that there is less than two chances
in 100,000 per year (i.e., 2 x 10-S) that one or more persons may receive doses
equal to or greater than any of the doses specified. The fact that each of
the three curves approaches a horizontal line shows that if one person were to
receive such doses the chances are about the same that several tens to hundreds
would be so exposed. The chances of larger numbers of persons being exposed
at these levels are seen to be considerably smaller. For example, the chances
are less than 2 in 10,000,000 (2 x 10-7) per reactor year that 10,000 or more
people might receive whole body doses of 200 rem or greater. A majority of
the exposures reflected in this figure would be expected to occur to persons
within a 32 kilometer (20-mile) radius of the plant. Virtually all would occur
within a 161-kilometer (100-mile) radius.

Early exposure to an individual includes external doses from the radioactive
cloud and the contaminated ground, and the dose from internally deposited
radionuclides from inhalation of contaminated air during the cloud passage.
Other pathways of exposure are excluded.
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Figure 5.5 shows the probability distribution for the total population exposure
in person-rem, i.e., the probability per year that the total population exposure
will equal or exceed the values given. Most of the population exposure up to
200,000 person-rem would occur within 80 kilometers (50 miles), but the more
severe accident sequences or sequence groups such as the first three in Table 5:7
would result in exposure to persons beyond the 80-kilometer (50-mile) range as
shown.

For perspective, population doses shown in Figure 5.5 may be compared with the
annual average dose to the population within 80 kilometers (50 miles) of the
WNP-2 site due to natural background radiation of 26,000 person-rem, and to
the anticipated annual population dose to the general public from normal station
operation of about 3.5 person-rem (excluding plant workers)--see Section 5.8.1.

Figure 5.6 shows the probability distributions for acute fatalities, representing
radiation injuries that would produce fatalities within about one year after
exposure. All of the acute fatalities would be expected to occur within a
40-kilometer (25-mile) radius and the majority within a 20-kilometer (12.5-mile)
radius. The results of the calculations shown in this figure and in Table 5.9
reflect the effect of evacuation within the 16-kilometer (10-mile) plume exposure
pathway EPZ only. For the very low probability accidents having the potential
for causing radiation exposures above the threshold for acute fatality at dis-
tances beyond 16 kilometers (10 miles), it would be realistic to expect that
authorities would evacuate persons at all distances at which such exposures
might occur. Acute fatality consequences would therefore reasonably be expected
to be very much less than the numbers shown. (Figure E.1 of Appendix E illus-
trates the potential benefits of evacuation within 24 kilometers (15 miles),
and within 32 kilometers (20 miles). Calculations predict zero acute fatalities
for complete evacuation within 40 kilometers (25 miles).)

Figure 5.7 represents the statistical relationship between population exposure
and the induction of fatal cancers that might appear over a period of many years
following exposure. The impacts on the total population and the population
within 80 kilometers (50 miles) are shown separately. Further, the fatal, latent
cancers have been subdivided into those attributable to exposures of the thyroid
and all other organs.

5.8.2.1.4.4 Economic and Societal Impacts

As noted in Section 5.8.2.1.1, various measures for avoidance of adverse health
effects including those due to residual radioactive contamination in the envi-
ronment are possible consequential impacts of severe accidents. Calculations
of the probabilities and magnitudes of such impacts for the WNP-2 facility and
environs have also been made. Unlike the radiation exposure and adverse health
effect impacts discussed above, impacts associated with adverse health effects
avoidance are more readily transformed into economic impacts.

The results are shown as the probability distribution for costs of offsite
mitigating actions in Figure 5.8 and are included in the impact Summary Table 5.9.
The factors contributing to these estimated costs include the following:

o Evacuation costs
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o Value of crops contaminated and condemned

o Value of milk contaminated and condemned

o Costs of decontamination of property where practical

o Indirect costs due to loss of use of property and incomes derived therefrom.

The last named costs would derive from the necessity for interdiction to
prevent the use of property until it is either free of contamination or can be
economically decontaminated.

Figure 5.8 shows that at the extreme end of the accident spectrum these costs
could approach two billion dollars but that the probability that this would
occur is exceedingly small, much less than one chance in 10 million per
reactor-year.

Additional economic impacts that can be monetized include costs of
decontamination of the facility itself and the costs of replacement power.
Probability distributions for these impacts have not been calculated, but they
are included in the discussion of risk considerations in Section 5.8.2.1.4.6
below.

5.8.2.1.4.5 Releases to Groundwater

A pathway for public radiation exposure and environmental contamination that
would be unique for severe reactor accidents was identified in Section 5.8.2.1.1.2
above. Consideration has been given to the potential environmental impacts of
this pathway for WNP-2. The principle contributors to the risk are the core
melt accidents associated with the rebaselined Boiling Water Reactor release
categories in WASH-1400. The penetration of the basemat of the containment
building can release molten core debris to the geologic strata beneath the plant.
The soluble radionuclides in the debris can be leached and transported with
groundwater to downgradient domestic wells used for drinking water or to surface
water bodies used for drinking water, aquatic food and recreation. Releases
of radioactivity to the groundwater underlying the site could al'so occur via
depressurization of the containment atmosphere or radioactive ECCS and
suppression pool water through the failed containment.

An analysis of the potential consequences of a liquid pathway release of
radioathoity for generic sites was presented in the "Liquid Pathway Generic
Study" (LPGS). The LPGS compared the risk of accidents involving the
liquid pathway (drinking water, irrigation, aquatic food, swimming and
shoreline usage) for four conventional, generic land-based nuclear plants and
a floating nuclear plant, for which the nuclear reactors would be mounted on a
barge and moored in a water body.. Parameters for the each generic land-based
site were chosen to represent averages for a wide range of real sites and were
thus "typical ," but represented no real site in particular. The discussion in
this section is a summary of an analysis performed to determine whether or not
the liquid pathway consequences of a postulated accident at the WNP-2 site
would be a unique problem with respect to offsite contamination when compared
to the generic "large river" land-based site considered in the LPGS. The
method of comparison consists of a direct scaling up or down of the LPGS
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population doses based on the relative values of key parameters characterizing
the LPGS large river site and the subject site. The parameters evaluated here
include the amounts and rate of release of radioactive materials to the
ground, groundwater travel time and sorption on geologic media.

All of the reactors considered in the LPGS were Westinghouse pressurized water
reactors (PWR) with ice condenser containments. There are likely to be
significantly different mechanisms and probabilities of releases of radio-
activity for the WNP-2 boiling water reactor (BWR). The staff is not aware of
any studies which indicated the probabilities or magnitudes of liquid releases
for boiling water reactors. It is unlikely, however, that the liquid release
for a BWR would be any larger than that conservatively estimated for similarly
sized PWR's in the LPGS. The source term used for WNP-2 in this comparison
therefore is assumed to be equal to that used in the LPGS.

Doses to individuals and populations were calculated in the LPGS without
consideration of interdiction methods such as isolating the contaminated ground-
water or denying use of the water. In the event of surface water contamination,
alternative sources of water for drinking, irrigation and industrial uses would
be expected to be found, if necessary. Commercial and sports fishing, as well
as many other water-related activities could be restricted. The consequences
would, therefore, be largely economic or societal, rather than radiological.
In any event, the individual and population doses for the liquid pathway range
from fractions to very small fractions of those that can arise from the airborne
pathways.

The WNP-2 site is located in the Hanford reservation about 5 kilometers (3 miles)
west of the Columbia River. Groundwater at the site exists in both a water
table aquifer and several confined, artesian aquifers largely in unconsolidated
alluvial and glacial sediments. The water table aquifer at the site is about
18 meters (60 feet).below the surface and is 37 to 49 meters (120 to 160 feet)
thick. Flow in the unconfined aquifer is toward the Columbia River, which is
its sink. There is no recharge of the water table at the site.

The plant buildings are located on highly permeable glaciofluvial outwash sands
and gravels. Contaminated water released from the plant would travel vertically
until it reached the water table, and would then move downgradient toward the
Columbia River. Although there are many wells on the site, they are closely
monitored and are not used for public water consumption. In the event of a
core melt accident, use of water from affected wells would, presumably, be
halted. Therefore, our analysis focused on potential contamination of the
Columbia River by way of contaminated ground water from the site.

Large releases to the ground of radioactive water resulting from chemical
reprocessing of reactor fuel have occurred at the Hanford reservation. From
1944 to 1972, over 490 billion liters (130 billion gallons) of waste water and
millions of curies of fission products have been discharged from seepage pits
to the ground. There have been extensive measurements of the ground water
plumes of several radioactive isotopes and other chemicals released from the
seepage pits. Because of this large body of information obtained over the
years, the movement of radionuclides in groundwater at the site is relatively
well understood. Several constituents of leached waste have migrated up to
about 24 kilometers (15 miles) in the direction of the Columbia River in the
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timespan 1944 to 1975. On the basis of the observed plume migration we have
estimated the ground water velocity in the unconfined aquifer under the site
to be about 2 meters (7 feet) per day toward the Columbia River. Contaminated
water released from the plant in the event of a core melt accident could migrate
to the river in a minimum of about 6 years. This compares to a minimum
groundwater travel time of about 0.6 years used for the LPGS site.

For holdup times on the order of years the LPGS showed that the only significant
contributors to population dose to surface water users would be the isotopes
Cs-137 and Sr-90. Acutal observation of the' movement of Cs-137 and Sr-90 in
site soil columns and in situ measurements at the seepage pits indicate that

these two isotopes are strongly bound to the soil.( 5 7 ) While the plumes of
substances not easily sorbed, such as tritium and nitrate, can be seen to extend
tens of miles, most of the cesium and strontium has remained within a few tens
of feet from the points of release. Based upon these data, the staff has
estimated retardation factors, which reflect the effects of sorption of the
radionuclides within the aquifer, to be about 8400 for Cs and 1400 for Sr.
Using these values of the retardation factors, we estimate that it would take
a minimum of 50,400 years for Cs-137 and 8400 years for Sr-90 to reach the
Columbia River. These travel times compare to 51 years for Cs-137 and 5.7 years
for Sr-90 employed in the LPGS. Because their half-lives are approximately
30 years, virtually all the Cs-137 and Sr-90 would decay in the groundwater
before it could reach the Columbia River. Since nearly all of the population
dose for a liquid pathway release can be shown to be due to these two isotpoes,
the staff concludes that the liquid pathway consquences at the Hanford site,
resulting from a postulated Class 9 accident, would be significantly less than
that calculated for the LPGS large river site and would present no unique
contribution to risk.

Finally, there are measures which could be taken, if necessary, to isolate
liquid contaminants such as tritium before they could contaminate the river.
The staff's estimate of a 6 year minimum travel time would allow ample time
for engineering measures such as slurry walls and dewatering to isolate the
radioactive contamination near the source.

5.8.2.1.4.6 Risk Considerations

The foregoing discussions have dealt with both the frequency (or likelihood of
occurrence) of accidents and their impacts (or consequences). Since the ranges
of both factors are quite broad, it is useful to combine them to obtain average
measures of environmental risk. Such averages can be particularly instructive
as an aid to the comparison of radiological risks associated with accident
releases and with normal operational releases.

A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
expressed as a number of consequences expected per unit of time. Such a quanti-
fication of risk does not at all mean that there is universal agreement that
people's attitudes about risk, or what constitutes an acceptable risk, can or
should be governed solely by such a measure. At best, it can be a contributing
factor to a risk judgment, but not necessarily a decisive factor.
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In Table 5.10 are shown average values of risk associated with population dose,
acute fatalities, latent fatalities, and costs for early evacuation and other
protective actions. These average values are obtained by multiplying the prob-
abilities by the consequences, and summing these products over the entire range
of consequence distribution. Since the probabilities are on a per-reactor-year
basis, the average risks shown are also on a per-reactor-year basis.

The population exposure risk due to accidents may be compared with that for
normal operations. These are shown in Section 5.8.1, for WNP-2. The radio-
logical dose to the population from normal operation of each unit may result
in about 3.5 person-rem per year which may result in about 0.0005 latent cancer
in the exposed population. The comparison of 0.0005 latent cancer death for
normal operation with about 0.005 latent cancer death from Table 5.10 shows
that the accident risks are comparable to those for normal operation.

There are no acute fatality nor economic risks associated with protective
actions and decontamination for normal releases; therefore, these risks are
unique for accidents. For perspective and understanding of the meaning of the
acute fatality risk of about 0.0003 per year, however, we note that to a good
approximation the population at risk is that within about 32 kilometers (20 miles)
of the plant, about 140,000 persons in the year 2000. Accidental fatalities
per year for a population of this size, based upon overall averages for the
United States, are approximately 31 for motor vehicle accidents, 11 from falls,

4 from drowning, 4 from burns, and 2 from firearms. (45b)

Figure 5.9 shows the calculated risk expressed as whole-body dose to an
individual from early exposure as a function of the distance from the plant
within the plume exposure pathway EPZ. The values are on. a per-reactor-year
basis and all accident sequences and sequence groups in Table 5.7 contributed
to the dose, weighted by their associated probabilities.

Evacuation and other protective actions reduce the risks to an individual of
acute and latent cancer fatalities. Figures 5.10 and 5.11 show curves of con-
stant risk, as a function of distance, per reactor-year, to an individual living
in the WNP-2 plume exposure pathway EPZ, of acute death and death from latent
cancer, respectively, due to potential accidents in the reactor. Directional
variation of these curves reflect the variation in the average fraction of the
year the wind would be blowing into different directions from the plant. For
comparison the following risks of fatality per year to an individual living in

the U.S. may be noted(45b); automobile accident 2.2 x 10-4, falls 7.7 x 10-5,
drowning 3.1 x 10-5, burning 2.9 x 10-5, and firearms 1.2 x 10-5.

The economic risk associated with protective actions and decontamination could
be compared with property damage costs associated with alternative energy genera-
tion technologies. The use of fossil fuels, coal or oil, for example, would
emit substantial quantities of sulfur dioxide and nitrogen oxides into the
atmosphere, and, among other things, lead to environmental and ecological damage

through the phenomenon of acid rain. (45c) This effect has not, however, been
sufficiently quantified to draw a useful comparison at this time.

There are other economic impacts and risks that can be monetized that are not
included in the cost calculations discussed in Section 5.8.2.1.4.4. These are
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accident impacts on the facility itself that result in added costs to the public,
i.e., ratepayers, taxpayers, and/or shareholders. These costs would be associated
with decontamination, repair or replacement of the facility, and for replacement
power.

No detailed methodology has been developed for estimating the contributions
for an accident to the economic risk to the licensee for decontamination and
restoration of the plant. Experience with such costs is currently being accumu-
lated as a result of the Three Mile Island accident. If an accident occurs
during the first year of the WNP-2 (1984) operation, the economic penalty
associated with the initial year of the unit's operation is estimated at $1.0
billion for decontamination and $600 million for restoration, including replace-
ment of the damaged nuclear fuel. Staff considers the estimate as conservative
(high) in that the total costs are assumed to occur during the first year of
the accident whereas in reality the costs would be spread over several years
thereafter. Although insurance would cover $300 million of the $1600 million,
the insurance is not credited against the $1600 million because the $300 million
times the risk probability should theoretically balance the insurance premium.
In addition, staff estimates additional fuel costs of $300 to $400 million for
replacement power during each year the plant is being restored. This estimate
assumes that the energy that would have been forthcoming from WNP-2 unit (assum-
ing 60% capacity factor) will be replaced primarily by oil-fired generation in
California through reduced exports from the Northwest during part of the year,
and increased imports to the Northwest during other parts of the year. The
exact amount of displacement by oil and the distribution of the additional fuel
costs will depend, among other things, on the hydro condition during the year,
the contractual arrangements among the various electric utilities involved,
and the load growth throughout the Pacific area. Assuming the high side estimate
of $400 million per year for replacement power costs and inoperation of the
nuclear unit for 8 years, the total additional replacement power costs would
be approximately $3.2 billion.

If the probability of sustaining a total loss of the original facility is taken
as the sum of the occurrence of a core melt'accident (the sum of the probabilities
for the categories in Table 5.7), then the probability of a disabling accident
happening during each year of the unit's service life is 2.43 x 10-s. Multiply-
ing the previously estimated costs of $4.8 billion for an accident to WNP-2
during the initial year of its operation by the above 2.43 x 10-5 probability
results in an economic risk of approximately $117,000 applicable to the WNP-2
unit during its first year of operation. This is also approximately the economic
risk during the second and each subsequent year of its operation. Although
nuclear units depreciate in value and may operate at reduced capacity factors
such that the economic consequences due to an accident become less as the units
become older, this is offset by higher costs of decontamination and restoration
of the unit in the later years due to inflation.

5.8.2.1.4.7 Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon
the methodology presented in the Reactor Safety Study (RSS) which was published
in 1975.
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In July 1977, the NRC, organized an Independent Risk Assessment Review Group to
(1) clarify the achievements and limitations of the Reactor Safety Study Group,
(2) assess the peer comments thereon and the responses to the comments,
(3) study the current state of such risk assessment methodology, and (4) recom-
mend to the Commission how and whether such methodology can be used in the
regulatory and licensing process. The results of this study were issued

September 1978.(54) This report, called the Lewis Report, contains several
findings and recommendations concerning the RSS. Some of the more significant
findings are summarized below.

(1) A number of sources of both conservatism and nonconservatism in the
probability calculations in RSS were found, which were very difficult to
balance. The Review Group was unable to determine whether the overall
probability of a core melt given in the RSS was high or low, but they did
conclude that the error bands were understated.

(2) The methodology, which was an important advance over earlier methodologies
that had been applied to reactor risk, was sound.

(3) It is very difficult to follow the detailed thread of calculations through
the RSS. In particular, the Executive Summary is a poor description of
the contents of the report, should not be used as such, and has lent itself
to misuse in the discussion of reactor risk.

On January 18, 1979, the Commission issued a statement of policy concerning
the RSS and the Review Group Report. The Commission accepted the findings of
the Review Group.

The accident at Three Mile Island occurred in March 1979 at a time when the
accumulated experience record was about 400 reactor years. It is of interest
to note that this was within the range of frequencies estimated by the RSS for

an accident of this severity. (45d) It should also be noted that the Three Mile
Island accident has resulted in a very comprehensive evaluation of reactor
accidents like that one, by a significant number of investigative groups both
within NRC and outside of it. Actions to improve the safety of nuclear power
plants have come out of these investigations, including those from the
President's Commission on the Accident at Three Mile Island, and NRC staff
investigations and task forces. A comprehensive "NRC Action Plan Developed as
a Result of the TMI-2 Accident," NUREG-0660, Vol. I, May 1980 collects the
various recommendations of these groups and describes them under the subject
areas of: Operational Safety; Siting and Design; Emergency Preparedness and
Radiation Effects; Practices and Procedures; and NRC Policy, Organization and
Management. The action plan presents a sequence of actions, some already taken,
that will result in a gradually increasing improvement in safety as individual
actions are completed. The WNP-2 plant is receiving and will receive the benefit
of these actions on the schedule indicated in NUREG-0660 or NUREG-0737 or later
documents. The improvement in safety from these actions has not been quantified,
however, and the radiological risk of accidents discussed in this chapter does
not reflect these improvements.

5.8.2.1.5 Conclusions

The foregoing sections consider the potential environmental impacts from accidents
at the WNP-2 facility. These have covered a broad spectrum of possible accidental
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releases of radioactive materials into the environment by atmospheric and ground-
water pathways. Included in the considerations are postulated design basis
accidents and more severe accident sequences that lead to a severely damaged
reactor core or core melt.

The environmental impacts that have been considered include potential radiation
exposures to individuals and to the population as a whole, the risk of near-
and long-term adverse health effects that such exposures could entail, and the
potential economic and societal consequences of accidental contamination of
the environment. These impacts could be severe, but the likelihood of their
occurrence is judged to be small. This conclusion is based on (a) the fact
that considerable experience has been gained with the operation of similar
facilities without significant degradation of the environment; (b) that, in
order to obtain a license to operate the WNP-2 facility, it must comply with
the applicable Commission regulations and requirements; and (c) a probabilistic
assessment of the risk based upon the methodology developed in the Reactor
Safety Study. The overall assessment of environmental risk of accidents shows
that it is roughly comparable to the risk for normal operational releases,
although accidents have a potential for acute fatalities and economic costs
that cannot arise from normal operations. The risks of acute fatality from
potential accidents at the site are small in comparison with the risks of acute
fatality from other human activities in a comparably-sized population.

We have concluded that there are no special or unique features about the WNP-2
site and environs of which we are currently aware that would warrant special
mitigation features for the WNP-2 plant.

5.9 MEASURES AND CONTROLS TO MITIGATE ADVERSE IMPACTS

At the present time the staff foresees no impacts of a magnitude requiring
mitigating actions. However, we require the following:

a. Before engaging in additional construction or operational activities
that may result in a significant adverse environmental impact that
was not evaluated or that is significantly greater than that evaluated
in this statement, the applicant shall provide written notification
of such activities to the Director of the Office of Nuclear Reactor
Regulation and shall receive written approval from that office
before proceeding with such activities.

b. The applicant shall carry out the environmental monitoring programs
outlined in Section 5 of this statement as modified and approved by
the staff and implemented in the environmental protection plan that
will be incorporated in the operating license for WNP-2.

c. If adverse environmental effects or evidence of irreversible environ-
mental damage are detected during the operating life of the plant,
the applicant shall provide the staff with an analysis of the problem
and a proposed course of action to alleviate it.

5.10 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

The staff has reassessed the physical, social, and economic impacts that can
be attributed to operation of WNP-2. Such impacts, beneficial or adverse, are
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summarized in Table 6.1 of this environmental statement. Inasmuch as the
plant is currently under construction, many of the expected adverse impacts of
the construction phase are evident. The applicant is committed to an ongoing
program of restoration and redress of the plant site, which will be completed
after the termination of the construction period.

5.11 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

There has been no change in the staff's assessment of this impact since the
earlier review except that the continuing escalation of costs has increased
the dollar values of the materials used for constructing and fueling the
plant.

5.12 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT AND
THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

The staff's evaluation of the use of land for WNP-2 has not changed since the
preconstruction environmental review. The presence of this plant on the
Hanford Reservation will not influence the future use of other Hanford Reser-
vation land since that land is dedicated to energy research and development
activities, or is left in its unaltered state as a natural preserve. The
presence of the plant in Benton County will continue to influence land use of
the tri-cities area of Benton and Franklin Counties, where there is a continuing
removal of land from agricultural and grazing uses as a result of increasing
industrialization and commercial and residential development.

5.13 POSSIBLE CONFLICTS BETWEEN THE PROPOSED ACTION AND LAND-USE OBJECTIVES

The site is on the Hanford Reservation, which is federally owned and operated
by DOE. For reasons discussed previously, no conflict between this action and
Hanford Reservation land-use objectives is foreseen by the staff.

5.14 DECOMMISSIONING

Decommissioning of a nuclear power reactor does not usually involve environmental
impacts which are unique to a specific project. The technology for decommis-
sioning nuclear facilities is well in hand, and while technical improvements
in decommissioning techniques are to be expected, at the present time decommis-
sioning can be performed safely and at reasonable cost. Radiation doses to
the public as a result of decommissioning activities should be very small and
would primarily come from the transportation of decommissioning wate to waste
burial grounds. Radiation doses to decommissioning workers should be a small
fractin of the worker exposure over the operating lifetime of the facility;
these doses usually will be well within the occupational exposure limits
imposed by regulatory requirements. Decommissioning costs are, at least for
the larger facilities such as reactors, a small fraction of the present worth
commissioning costs. A full analyses of decommissioning is available in
NUREG-0586, "Draft Generic Environmental Impact Statement on Decommissioning
of Nuclear Facilities," U.S. Nuclear Regulatory Commission, January 1981.

5.15 EMERGENCY PLANNING

In connection with the promulgation of the Commission's upgraded emergency
planning requirements, the NRC staff issued NUREG-0685, "Environmental Assessment
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for Effective Changes to 10 CFR Part 50 and Appendix E to 10 CFR Part 50;
Emergency Planning Requirements for Nuclear Power Plants" (August 1980).. At
this time, however, the staff does not have sufficient information to determine
whether any environmental impacts will result from implementation by the appli-
cants of the upgraded emergency planning requirements in 10 CFR Part 50,
Appendix E, such as construction of a near-site emergency operations facility
and the conduct of emergency preparedness exercises. Upon receipt of all com-
ponents of the applicants' emergency plan and implementing procedures, the staff
will be in a position to determine whether or not such plan and implementing
procedures will result in any environmental impacts.
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5-52



51. "Washington Public Power Supply System, Emergency Preparedness Plan
Washington Nuclear Projects 1, 2, and 4, Revision 1, April 1981.

52. "Reactor Safety Study," WASH-1400 (NUREG-75/014), October 1975.

53. "Task Force Report on Interim Operation of Indian Point," NUREG-0715,
August 1980.

54. "Risk Assessment Review Group Report to the U.S. Nuclear Regulatory
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Table 5.1. Values Used for Staff's Thermal Calculations

Maximumt' Maximumt 2  Minimumt 2  Maximum
Wet-bulb River River Blowdown

Month Temperature (°C) Temperature ('C) Temperature (°C) Temperature (IC) Case At3  Case Bt4

January 8.9 6.1 3.4 21.7 18.3 15.6

February 8.9 5.7 3.3 21.7 18.4 16.0

March 8.9 6.8 4.1 21.7 17.6 14.9

April 12.8 10.3 6.5 23.5 17.0 13.2

May 17.8 13.5 9.8 25.4 15.6 11.9

June 21.7 15.6 12.9 27.4 14.5 11.8

July 23.3 19.1 15.3 28.7 13.4 9.6

August 23.3 20.3 18.3 28.7 10.4 8.4

September 20.6 20.0 17.0 27.2 10.2 7.2

October 14.4 17.4 13.1 23.9 10.8 6.5

November 10.0 13.6 9.2 22.0 12.8 8.4

December 10.0 9.5 5.3 22.0 16.7' 12.5

c-f

01

t2
Extreme

Average
WPPSS 1

Maximum

Maximum

values estimated from Table 2.6-20 of the

of maximum and average of minimum for the
and 4.

ER-CP, WPPSS 1 and

years 1964-1974 at

4.

Richland, taken from FES-CP,

blowdown temperature minus minimum river temperature.

blowdown temperature minus maximum river temperature.



Table 5.3. (Summary Table S-4). Environmental Impact of Transportation of
Fuel and Waste to and from One Light-Water-Cooled Nuclear Power Reactor'

NORMAL CONDITIONS OF TRANSPORT

Environmental impact

Heat (per irradiated fuel cask in transit) ..................... 250,000 Btu/hr.

Weight (governed by Federal or Stale restrictions) ......................... 73,000 lbs. per truck; 100 tons per cask per rail car.
Traffic density:

Truck ... .......................................... Less than 1 per day.
R a il ............ .................................................................. ....................... Le ss th a n 3 pe r m o n th .

Estimated Range of doses to Cumulative dose to
Exposed population number of exposed individuals 2 exposed population

persons (per reactor year) (per reactor year)
exposed

Transportation workers ............................................. 200 0.01 to 300 millirem................ 4 man-rem .
General public:

O nlookers ................................................................. 1,100 0.003 to 1.3 m illirem ............ 3 m an-rem .
Along Route ............................................................. 600,000 0.0001 to 0.06 m illirem ...........

ACCIDENTS IN TRANSPORT

Environmental risk
R adiological effects ............................................................................... S m all
Common (nonradiological) causes ................... 1.................................. I fatal injury in 100 reactor years; I nonfatal injury in 10 re-

actor years; $475 property damage per reactor year.

I Data supporting this table are given in the Commission's "Environmental Survey of Transportation of Radioactive Materials

to and from Nuclear Power Plants," WASH-1238, December 1972, and Supp. I, NUREG-75/038 April 1975. Both documents
are available for inspection and copying at the Commission's Public Document Room, 1717 H St. NW., Washington, D.C., and
may be obtained from National Technical Information Service, Springfield, Va. 22161. WASH-1238 is available from NTIS at a
cost of $5.45 (microfiche, $2.25) and NUREG-75/038 is available at a cost of $3.25 (microfiche, $2.25),

'The Federal Radiation Council has recommended that the radiation doses from all sources of radiation other than natural
background and medical exposures should be limited to 5,000 millirem per year for individuals as a result of occupational expo-
sure and should be limited to 500 millirem per year for individuals in the general population. The dose to individuals due to
average natural background radiation is about 130 millirem per year.

3 Man-rem is an expression for the summation of whole body doses to individuals in a group. Thus, if each member of a
population group of 1,000 people were to receive a dose of 0.001 rem (1 millirem), or if 2 people were to receive a dose of 0.5
rem (500 millirem) each, the total man-rem dose in each case would be 1 man-rem.

4Although the eovironmental risk of radiological effects stemming from transportation accidents is currently incapable of
being numerically quantified, the risk remains small regardless of whether it is being applied to a single reactor or a multireactor
site.
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Table 5.4a WNP-2 Radiological Environmental Monitoring Program

Sampling and'
Collection Frequency

Type and Frequency''
of AnalysisSample Type Location'

Airborne Particulate
and Radioiodine

Direct Radiation4

1.2 miles S of WNP-2
1.5 miles NNE of WNP-2
2.0 miles SE of WNP-2
9 miles SSE of WNP-2
7 miles SE of WNP-2
8 miles S of WNP-2
3 miles WNW of WNP-2
4.2 miles ESE of WNP-2
30 miles WSW of WNP-2

1.2 miles S of WNP-2
1.5 miles NNE of WNP-2
2.0 miles SE of WNP-2
9 miles SSE of WNP-2
7 miles SE of WNP-2
8 wiles S of WNP-2
3 miles WNW of WNP-2
4.2 miles ESE of WNP-2
30 miles WSW of WNP-2
3 miles E of WNP-2
3 miles ENE of WNP-2
7 miles NNWof WNP-2
13 stations at 22½' sectors

Intake WNP-1/4s
Discharge WNP-1/4 5

Intake WNP-2
Discharge WNP-2

Continuous Sampling
Weekly Collection

Ca,

(31
0~i

Particulate:
Gross P2
Gamma isotopic 3

on quarterly composite
(by location)

Quarterly, Annually

Composite Aliquots 6

for month

Radioiodine:
Gamma for 1-131
weekly

Gamma Dose

Gamma isotopic 3

Tritium
7

River Water



Table 5.4a (continued)

Sampling and'
Collection Frequency

Type and Frequency"l
of AnalysisSample Type Locationi

Drinking Water

Ground Water 8

Sediment

Milk 9

7 miles DOE 300 Area
11 miles Richland Water
Treatment Plant

#1 well WNP-2
#2 well WNP-2

well WNP-1
well WNP-4

1 mile upstream
-2 miles downstream

Closest milk animal.
Farm SE".7 miles SE
Farm SE \,8 miles ESE
Control, 30 miles WSW

4 in vicinity of discharge

1 control Snake River

Within 10 mile radius

Composite aliquotsB6
for month

Quarterly

Gamma isotopic 3

Tritium7

Gamma isotopic 3

Tritium

U1

Semi-annually

Semi-monthly
grazing season
Monthly at other times

Semi-annually

Monthly during growing
season

Gamma isotopic 3

Gamma isotopic 3

Iodine - 131

Gamma isotopic3

Gamma isotopic 3

Fish

Fruit and Vegetables' 0

'Deviation may be required if samples are unobtainable due to hazardous conditions,
seasonal availability, malfunction of automatic sampling equipment, or other legitimate
reasons. All deviations will be documented in the annual report.

2 Particulate sample filters will be analyzed for gross Beta after at least 24 hours
decay. If gross Beta activity is greater than 10 times the mean of the control sample,
gamma isotopic analysis should be performed on the individual sample.

3Gamma isotopic means identification and quantification of gamma emitting radionuclides that
may be attributable to the effluents of the facility.



Table 5.4a (continued)

4 Thermoluminescent Dosimeter (TLD) badges which contain 3-5 chips will be used. Each
station will have two badges; one will be changed each quarter and one will be changed
annually. The badges in each 22½' sector will be placed at the exclusion areas of the
plants (WNP-1, 2; and 4).

sSampling of the river water from the intake and discharge of WNP-1/4 will begin at
least 60 days prior to the fuel loading for WNP-1.

6 Composite samples will be collected with equipment which is capable of collecting an

aliquot at time intervals which are short relative to the compositing period.

7 Tritium analysis will be performed on a quarterly composited sample.

8Wells sampled will be those which are being used to provide drinking water for
construction personnel at each of the plants.

9 Milk samples will be obtained from farms or individual milk animals which are located
in sectors with the higher calculated annual average ground-level D/Q's. If Cesium-134

C or Cesium-137 is measured in an individual milk sample in excess of 30 pCi/1, then
Strontium 90 analysis should be performed.

1"Fruit and vegetables will be obtained from farms or gardens which use Columbia River
water, if possible, for irrigation and different varieties will be obtained as they are
in season. One sample each of root food, leafy vegetables, and fruit should be collected
each period.

llFrequency of analysis will be as collected or as stated in these footnotes for
special cases.

Note

In addition to the above guidance for operational monitoring, the following material is
supplied for the preoperational programs.

The monitoring program defined will be instituted 2 years prior to the fuel loading of
WNP-2. The preoperational program should follow the duration specified in the schedule
below.



Table 5.4a (continued)

Two Years One Year Six Months

direct radiation
fish
vegetation
sediment and soil

airborne particulate
milk (except iodine)
river water
drinking water
ground water

airborne iodine
milk (iodine)

The Preoperational Radiological Monitoring Program objectives are to measure background
levels and their variations along anticipated critical pathways surrounding the Supply
System site, to train personnel, and to evaluate procedures, equipment, and techniques.

U,

U,



Table 5.4b Detection Capabilities for Environmental Sample Analysisa

Lower Limit of Detection (LLD) b

Water
(pCi/1)

Airborne Particulate
or Gas Fish

(pCi/m 3 ) (pCi/kg, wet)
Milk

(pCi/l)
Food Products
(pCi/kg, wet)

Sediment
(pCi/kg, dry)Analysis

UI

gross beta
3 H

5 4 Mn

59Fe

5 8 , 6 0 Co

65Zn

95Zr

9 5 Nb

1311

1 34Cs

137 Cs

4

2000

15

30

15

30

30

115

1 c

15

18

60

15

130

260

130

260

I x 10-2

7 x 10-2 1

5 x 10-2 130

6 x 10-2 150

15

18

60

15

60

60

80

150

180

140La

Note: This list does not mean that only these nuclides are to be detected and reported.
Other peaks which are measurable and identifiable, together with the above nuclides,
shall also be identified and reported.



TABLE 5.4b

NOTES

aAcceptable detection capabilities for thermoluminescent dosimeters used for

environmental measurements are given in Regulatory Guide 4.13.
bTable 5.4b indicates acceptable detection capabilities for radioactive materials

in environmental samples. These detection capabilities are tabulated in terms
of the lower limits of detection (LLDs). The LLD is defined, for purposes of
this guide, as the smallest concentration of radioactive material in a sample
that will yield a net count (above system background) that will be detected
with 95% probability with only 5% probability of falsely concluding that a
blank observation represents a "real" signal.

For a particular measurement system (which may include radiochemical
separation):

LLD= 4.66 sb

E V -2.22 • Y • exp(-NAt)

where

LLD is the "a priori" lower limit of detection as defined above (as pCi
per unit mass or volume). (Current literature defines the LLD as
the detection capability for the instrumentation only, and the MDC,
minimum detectable concentration, as the detection capability for
a given instrument, procedure, and type of sample.)

sb is the standard deviation of the background counting rate or of
the counting rate of a blank sample as appropriate (as counts per

minute)

E is the counting efficiency (as counts per disintegration)

V is the sample size (in units of mass or volume)

2.22 is the number of disintegrations per minute per picocurie

Y is the fractional radiochemical yield (when applicable)

A is the radioactive decay constant for the particular radionuclide

At is the elapsed time between sample collection (or end of the sample
collection period) and time of counting

The value of S used in the calculation of the LLD for a particular measure-
ment system shkuld be based on the actual observed variance of the back-
ground counting rate or of the counting rate of the blank samples (as
appropriate) rather than on an unverified theoretically predicated variance.
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In calculating the LLD for a radionuclide determined by gamma-ray spectrometry,
the background should include the typical contributions of other radionuclides
normally present in the samples (e.g., potassium-40 in milk samples). Typical
values of E, V, Y and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the
fact) limit representing the capability of a measurement system and not as an
a posteriori (after the fact) limit for a particular measurement.*

cLLD for drinking water samples.

* For a more complete discussion of the LLD, and other detection limits, see
the following:
(1) HASL Procedures Manual, HASL-300 (revised annually).
(2) Currie, L. A., "Limits for Qualitative Detection and Quantitative

Determination - Application to Radiochemistry" Anal. Chem. 40,
586-93 (1968).

(3) Hartwell, J. K., "Detection Limits for Radioisotopic Counting
Techniques," Atlantic Richfield Hanford.Company Report ARH-2537
(June 22, 1972).
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Table 5.5 Table of Uranium Fuel Cycle Environmental Data'

[Normalized to model LWR annual fuel requirement [WASH-1248] or reference reactor year [NUREG-0116]]

Maximum effect per annual fuel
Environmental considerations Total requirement or reference reactor

year of model 1,000 MWe LWR

NATURAL RESOURCES USE

Land (acres):
Tem porarily com m itted ' ................................................................

Undisturbed area .....................................................................
Disturbed area .........................................................................

Perm anently com m itted ............................................................
Overburden moved (m illions of M T) .............................................

Water (millions of gallons):
Discharged to air ............................................................................

Discharged to water bodies .....................................................
Discharged to ground .....................................................................

Total ........................................................................................

Fossil fuel:
Electrical energy (thousands of M W -hour) ..................................

Equivalent coal (thousands of M T) ..............................................

Natural gas (m illions of scf) ...........................................................

EFFLUENTS-CHEMICAL (MT)
Gases (including entrainment): 3

S O , ..... ..............................................................................................

N O = ' ............................................................ ....................................

Hydrocarbons .........................................................................
C O ...................................................................................................
Particulates ......................................................................................

Other gases:
F ............................................ ...........................................................

H C 1 ..................................................................................................
Liquids:

S O = , .................................................................................................
NO -............................................................................................
Fluoride .....................................................................................
C a * * ........................................... .....................................................
C 1 .................................................... .... ........................... .............
N a ' ...................................................................................................
NH,_ ................... ............ .......
F e .................................. .......... ............. ... ...................... ................

Tailings solutions (thousands of M T) ...................................................

Solids ..................................................

100
79
22 Equivalent to a 110 MWe coal-fired power

plant.
13

2.8 Equivalent to 95 MWe coal-fired
power plant.

160 = 2 percent of model 1,000 MWe LWR with
cooling tower.

11,090
127

11,377 <4 percent of model 1,000 MWe
LWR with once-through cooling.

323 <5 percent of model 1,000 MWe LWR
output.

118 Equivalent to the consumption of a 45 MWe
coal-fired power plant.

135 <0.4 percent of model 1,000 MWe energy
output.

4,400
1,190 Equivalent to emissions from 45 MWe coal-

fired plant for a year.
14

29.6
1,154

.67 Principally from UF. production, enrichment,
and reprocessing. Concentration within
range of state standards-below level that
has effects on human health.

.014

9.9
25.8
12.9

5.4
8.5

12.1
*10.0

.4

240

91,000

From enrichment, fuel fabrication, and repro-
cessing steps. Components that constitute
a potential for adverse environmental effect
are present in dilute concentrations and re-
ceive additional dilution by receiving bodies
of water to levels below permissible stand-
ards. The constituents that require dilution
and the flow of dilution water are:

NH--600 cfs.
NO,-20 cfs.
Fluoride-70 cfs.
From mills only-no significant effluents to

environment.
Principally from mills-no significant effluents

to environment.
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Table 5.5 (continued)

[Normalized to model LWR annual fuel requirement [WASH-1248] or reference reactor year (NUREG-01 16])

Environmental considerations Total
Maximum effect per annual fuel
requirement or reference reactor
year of model 1,000 MWe LWR

EFFLUENTs-RAOIOLOGICAL (CURIES)

Gases (including entrainment):
R n - 2 2 2 ..............................................................................................................

R a - 2 2 6 ............................................................................................
Th-230 ........................................
Uranium ......................................................................................
Tritium (thousands) .........................................................................
C-14 .................. .......................
Kr-85 (thousands) ..........................................................................
R u - 1 0 6 .............................................................................................
1-129 .........................................
1- 1 3 1 ........................................................................................ . .
T c - 9 9 .......................................................................................... . .

Fission products and transuranics ................................................
Liquids:

Uranium and daughters .................................................................

R a - 2 2 6 .........................................................................................
T h - 2 3 0 .. .......................................................................................
T h - 2 3 4 ...........................................................................................

Fission and activation products ..............................................
Solids (buried on site):

Other than high level (shallow) ....................................................

TRU and HLW (deep) ....................................................................

Effluents- thermal (billions of British thermal units) ..........................
Transportation (person-rem):

Exposure of workers and general public ....................................
Occupational exposure (person-rem ) ...........................................

.C

........ Presently under reconsideration by the Com-
mission.

.02

.02
034
8.1
24

400
.14 Principally from fuel reprocessing plants.
1.3
.83

.......... Presently under consideration by the Com-
mission.

203

2.1 Principally from milling-included tailings
liquor and returned to ground-no ef-
fluents; therefore, no effect on environ-
ment.

034 From UF. production..0(
.0015

.01

5.9x 10-"1

From fuel fabrication plants-concentration
10 percent of 10 CFR 20 for total process-
ing 26 annual fuel requirements for model
LWR.

11,300 9,100 Ci comes from low level reactor wastes
and 1,500 Ci comes from reactor decon-
tamination and decommissioning-buried at
land burial facilities. 600 Ci comes from
mills-included in tailings returned to
ground. Approximately 60 Ci comes from
conversion and spent fuel storage. No sig-
nificant effluent to the environment.

1.1 x 10 Buried at Federal Repository.

4,063 <5 percent of model 1,000 MWe LWR.

2.5
22.6 From reprocessing and waste management.

'In some cases'where no entry appears it is clear from the background documents that the matter was addressed and that,
ir effect, the Table should be read as if a specific zero entry had been made. However, there are other areas that are not'
addressed at all in the Table. Table S-3 does not include health effects from the effluents described in the Table, or estimates
of releases of Radon-222 from the uranium fuel cycle or estimates of Technetium-99 released from waste management or
reprocessing activities. These issues may be the subject of litigation in the individual licensing proceedings.

Data supporting this table are given in the "Environmental Survey of the Uranium Fuel Cycle," WASH-1248, Apnil 1974; the
"Environmental Survey of the Reprocessing and Waste Management Portion of the LWR Fuel Cycle," NUREG-Ot 16 (Supp. 1 to
WASH-1248); the "Public Comments and Task Force Responses Regarding the Environmental Survey of the Reprocessing and
Waste Management Portions of the LWR Fuel Cycle," NUREG-0216 (Supp. 2 to WASH-1248); and in the record of the final
rulemaking pertaining to Uranium Fuel Cycle Impacts from Spent Fuel Reprocessing and Radioactive Waste Management,
Docket RM-50-3, The contributions from reprocessing, waste management and transportation of wastes are maximized for
either of the two fuel cycles (uranium only and no recycle). The contribution from transportation exciudes transportation of cold
fuel to a reactor and of irradiated fuel and radioactive wastes from a reactor which are considered in Table S-4 of § 51.20(g).
The contributions from the other steps of the fuel cycle are given in columns A-E of Table S-3A of WASH-i1248.

2The contributions to temporarily committed land from reprocessing are not prorated over 30 years, since the complete
temporary impact accrues regardless of whether the plant services one reactor for one year or 57 reactors for 30 years.

Estimated effluents based upon combustion of equivalent coal for power generation.
41.2 percent from natural gas use and process.
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Table 5.6

Approximate Radiation Doses from
Design Basis Accidents

Infrequent Accidents

Radioactive Waste System Failure:

Equipment Leakage or Malfunction
Release of Waste-Gas Storage Tank

Contents
Release of Liquid-Waste Storage

Contents

Small-Break LOCA

Fuel Handling Accident
(Fuel-Cask Drop)

Limiting Faults

Main Steam Line Break

Control Rod Drop

Large-Break LOCA

Duration
of Release**

<2 hr

< 2 hr

< 2 hr

hours-days

< 2 hr

< 2 hr

hrs-days

hrs-days

Dose (rem) at 6400 feet"

Whole Bodyf

0.01

0.04

<0.0005

<0.0005

0.014

0.0015

0.0005

0.004

*The nearest site (or exclusion area) boundary.

**< means "less than."

The doses are from the Final Environmental Statement (Construction Permit stage)
for Hanford Number Two Nuclear Power Plant (WNP-2), USAEC, December 1972.
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Table 5.7

Summary of Atmospheric Release in Hypothetical Accident Sequences in a BWR (Rebaselined)

Accident
Sequence or
SequepB
Group

TCy'

TWy'

TQUVy'
AEy'
S 1 Ey'

S2 Ey'

TCy

TWy

TQUVy
AEy
Si EyS2Ey

Probability
(reactor-yr- 1 )

2.0 x 10-6

3.0 x 10-6

3.0 x I0-7

8.0 x 10-6

1.0 x I0-5

1.0 x 10-6

Xe-Kr

1.0

1.0

1.0

1.0

1.0

1.0

I

0.45

0.098

0.95

0.07

0.003

0.02

Fraction

Cs-Rb

0.67

0.27

0.3

0.14

0.11

0.055

of Core

Te-Sb

0.64

0.41

0.36

0.12

0.083

0.11

Inventory

Ba-Sr

0.73

0.025

0.034

0.015

0.011

0.006

Released(a)

Ru(c)

0.052

0.028

0.027

0.01

0.007

0.007

La (b)

0.0083

0.005

0.005

0.002

0.001

0.0013

C,
a,I
a.,

(a)Background on the isotope groups and release mechanisms is presented in Appendix VII, WASH 1400 (Ref. 52).

(b)See Appendix H for description of the accident sequences and sequence groups.

(C)Includes Ru, Rh, Co, Mo, Tc.

(d)Includes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm.

NOTE: Please refer to Section 5.8.2.1.4.7 for a discussion of uncertainties in risk estimates.



Table 5.8

Activity of Radionuclides in the WNP-2 Reactor Core at 3468 MWt

Radioactive Inventory
in Millions of CuriesGroup/Radionuclide

A. Noble Gases
Krypton-85
Krypton-85m
Krypton-87
Krypton-88
Xenon-133
Xenon-135

B. IODINES
lodine-131
lodine-132
lodine-133
lodine-134
lodine-135

Half-Life (days)

0.61
26
51
74

184
37

92
130
184
206
163

3,950
0.183
0.0528
0.117
5.28
0.384

8.05
0.0958
0.875
0.0366
0.280

18.7
750

13.0
11,000

C. ALKALI METALS
Rabidium-86
Cesium-134
Cesium-136
Cesium-137

D. TELLURIUM-ANTIMONY
Tellurium-127
Tellurium-127m
Tellurium-129
Tellurium-129m
Tellurium-131m
Tellurium-132
Antimony-127
Antomony-129

E. ALKALINE EARTHS
Strontium-89
Strontium-90
Strontium-91
Barium-140

F. COBALT AND NOBLE METALS
Cobalt-58
Cobalt-60
Molybdenum-99
Technetium-99m
Ruthenium-103
Ruthenium-105
Ruthenium-106
Rhodium-105

0.028
8.1
3.2
5.1

6.4
1.2

34
5.7

14
130

6.6
35

102
4.0

119
173

0.85
0.31

173
152
119

78
27
53

0.391
109

0.048
34.0
1.25
3.25
3.88
0.179

52.1
11,030

0.403
12.8

71.0
1,920

2.8
0.25

39.5
0. 185

366
1.50
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Table 5.8 (Continued)

Radioactive Inventory
in Millions of CuriesGroup/Radionuclide Half-Life (days)

G. RARE EARTHS, REFRACTORY
OXIDES AND TRANSURANICS
Yttri urm-90
Yttrium-91
Zirconium-95
Zirconium-97
Niobium-95
Lanthanum-140
Cerium-141
Cerium-143
Cerium-144
Praseodymium-143
Neodymium-147
Neptunium-239
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241
Curium-242
Curium-244

4.2
130
163
163
163
173
163
141

92
141

65
1780

0.62
0.023
0.023
3.7
0. 0018
0.54
0.025

2.67
59.0
65.2
0.71

35.0
1.67

32.3
1.38

284
13.7
11. 1
2.35

32,500
8.9 x 106
2.4 x 106
5,350
1.5 x 10l

163
6,630

NOTE: The above grouping of radionuclides corresponds to that in
Table 5.7.
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Table 5.9

Summary of Environmental Impacts and Probabilities

Population Latent*
Probability Persons Persons Exposure Cancers Cost of Offsite
Of Impact Per Exposed Exposed Acute Millions of person- 50 mi/ Mitigating Actions
Reactor-Year over 200 rem over 25 rem Facilities Rem 50 mi/Total Total Millions of Dollars

10-4

10-5

0

0

5 X 10-6

10-6

0

70

0

180

1,4000

23,000

53,000

88,000

5.4

0

0

0

!T

0:D

10-7

10-8

11,000

25,000

0

350

6,000

5.6

0/0

.5/3.1

1.3/4.8

4.8/9.0

11/20

20/36

5.5

27/170

93/270

60

440/660

1,920/21,000

480

1,100

1,100

130

0/0 0

3500/3500

Related
Figure 5.4 5.7 5.8

*Includes cancers of all organs. Thirty times the values shown in
reflecting the thirty-year period over which cancers might occur.
the number of latent cancers.

the Figure 5.7 are shown in this column
Genetic effects might be approximately twice

NOTE: Please refer to Section 5.8.2.1.4.7 for a discussion of uncertainties in risk estimates.



Table 5.10

Average Values of Environmental Risk
Due to Accidents Per Reactor-Year

Population exposure
person-rem within 50 miles
person-rem total

25
77

Acute Fatalities

Latent cancer fatalities
all organs excluding thyroid
thyroid only

Cost of protective actions.
and decontamination

0.00032

0. 0042
0.00067

$2,600

NOTE: Please see Section 5.8.2.1.4.7 for discussions of uncertainties in risk
estimates.
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Figure 5.1. Columbia River 100 Year Floodplai.n
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Figure 5.3 Schematic Outline of Consequence Model.

5-74



PROBAB I LI TY D I STR I BUTI ONS10 10 l' 10f
111_ , I I I II I I I I I I I I I a aI I I I

U2)

'-4
C•T)

C~IO

OFLV INDIVIDUAL
I0y

DOSE
10'

I MPACTS
! ! ! i i 1 w_"

0
0
A

LEGEND
WHOLE BODY DOSE;-
THYROID DOSE >_ 300
WHOLE BODY DOSE '>

25 REM
REM
200 REM C,,

-o
-I

0

''-4

X=NUMBER OF AFFECTED PERSONS
Figure 5.4

Note: Please See Section 5.8.2.1.4.7 for Discussion of Uncertainties in Risk Estimates.



PROBABILITY DISTRIBUTIONS
i0' 10d

OF POPULATION EXPOSUR

LEGEND
= ENTIRE EXPOSED POPULATION

o= POPULATION WITHIN 50 MILES

E~S

x

0

I--

<0.

0)

z.

-o

id 108r
X=TOTAL PERSON REM whole body

Figure 5.5

Note: Please See Section 5.8.2.1.4.7 for Discussion of Uncertaimties in Risk Estimates.



id1p
PROBAB I LI TY D I STR I BUTI ON OF ACUTE FATALI TI ES

a a a I I ii a a a I * nai a I s i i a ill

Al

E--4

0~

1LEGEND
o=EVAC. TO 10 MILES

V-4

-4
4

-* 4 ~ + t

H 1c
I-4 ~.

0

p4

IC

L

0

V-4-I

.........................................................................................................t 10
,-,, I I I I i. In

lif
i I I I I • I io id,

X=ACUTE FATALI TI ES
Figure 5.6

1

Note: Please See Section 5.8.2.1.4.7 for Discussion of Uncertainties in Risk Estimates.



PROBABILITY DISTRIBUTIONS
, I I I I

At

o = ENTIRE EXP
o =ENTIRE EXP
A =WITHIN 50
+ =WITHIN 50

- -.

z• ,

OF CANCER FATALITIES
1(f i1%ý! i I I 1 I I I I I I I aLEGEND

'OSED POPULATI ON--EXCL.THYRO ID
'OSED POPULATION--THYROID ONLY
MILES--EXCLUDING THYROID
MILES--THYROID ONLY

t--I

C

-o

E

Q)

C)

D4

B

0

__qid
V_ I 1 -] 1' V I I I I I I I I T I I I I

X=LATENT CANCER
id

FATALITIES PER YEAR FOR
Figure 5.7

30 YEARS

Note: Please See Section 5.8.2.1.4.7 for Discussion of Uncertainties in Risk Estimates.



PROBABILITY DISTRI BUTIION
10, 1o: 10d id0

CH I i II~ IjI

OF
1d

MITIGATION
l0 1O0

MEASURES
Id0°

COST
id_

0 10
v--

0~

H
:1

I'd 410
X:='rOTAL COST IN DOLLARS

9d

1980
Figure 5.8

Note: Please see Section 5.8.2.1.4.7 for discussion of uncertainties in risk estimates.



INDIVIDUAL RISK OF DOSE AS A FUNCTION OF DISTANCE

cc:

CC,w:
LU

S00

10

0O * , 4 5
DISTANCE IN I

Figure 5.9

EILAS

Note: Please see Section 5.8.2.1.4.7 for discussion of uncertainties in risk estimates.



. .GRANI , 
'f.

-" ' t

',j

, -- 1- --

0 'ooto /---Y "/ -°-l?T 13

WASHINGTON PUBLIC POWER SUPPLY SYSTM•o5•

0STEM]

NUCLEAR PROJECT NO. 2 ,--- I,kEATUTE AlI. ES

Isopleths of Risk of Acute Fatality
Per Reactor Year to an Individual

Figure 5.10

Note: Please see Section 5.8.2.1.4.7 for a discussion
of uncertainties in risk estimates.

5-81



•-I .-- / /
WO ' 0

Ot 28-

WASHINGTON PUBLIC POWER SUPPLY~SYSTEM • 'a •

NUCLEAR PROJECT NO. 2 5T'ATIUTE L4IL-ES

Isopleths of Risk of Latent Cancer Fatality
Per Reactor Year to an Individual

Figure 5.11

Note: Please see Section 5.8.2.1.4.7 for a discussion

of uncertainties in risk estimates.

5-82



6. BENEFIT-COST SUMMARY

6.1 BENEFITS

The primary benefits to be derived from operation of WNP-2 include about
5.8 billion kWh of baseload electrical energy that the plant will be able to
produce annually (this projection assumes operation at an average 60% capacity
factor) (Sec. 2.2). The benefits will also include the improved reliability
of the applicant's generating system brought about by the addition of 1100 MWe
of generating capacity to the system, as well as the saving of about
$341 million in production costs per year (Sec. 2.4).

Secondary benefits arising from operation of WNP-2 include wages paid to about
104 full-time operating personnel (about $2.4 million peý year) and taxes paid
to local political subdivision within 56 km (35 mi) of the plant (Sec. 5.7.1).
The taxes are estimated to be about $79 million over the 30-year operating
lifetime of the plant, including fuel reload sales-tax revenues (Sec. 5.7.2).

6.2 COSTS

6.2.1 Economic

The economic costs associated with plant operation include fuel costs and
operation and maintenance costs, which for 1982, the first full year of commer-
cial operation assumed by the applicant, are expected to be 5.7 mills/kWh and
2 mills/kWh respectively, in 1978 dollars, (ER-OL, Table 8.2-3). The cost of
decommissioning is a small additional cost of plant operation. The staff's
general estimate of the maximum cost for decommissioning WNP-2 is about
$35 million to $60 million in 1978 dollars.

6.2.2 Socioeconomic

No significant socioeconomic costs are expected from either the operation of
the plant or the number of operating personnel and their families living in
the area (Sec. 5.7).

6.2.3 Environmental

6.2.3.1 Nonradiological

The nonradiological environmental costs of land-use, water-use, and ecological
effects previously estimated in the FES-CP have been reestimated on the basis
of new information and have been found not to have increased (Secs. 5.2,
5.3, and 5.5).
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6.2.3.2 Radiological

The radiological environmental costs resulting from WNP-2 operation have been
reestimated on the basis of new information in the following areas: dose to
the general public; occupational dose; dose to the public and workers due to
transportation of radioactive material; dose to biota subsequently consumed by
man; and dose associated with the uranium fuel cycle. These costs are summa-
rized below.

The risks to the general population due to radioactive effluents from WNP-2
are a very small fraction of the estimated occurrence of cancer deaths in the
U.S. population and genetic disorders in future generations of the U.S. popula-
tion due to each year of exposure to natural-background radiation. Therefore,
the staff concludes that the health impact to the general public due to routine
operation of the plant will be undetectable (Sec. 5.8).

Assuming that the average annual dose commitment per nuclear worker at WNP-2
will be in the same range as that at similarly sized BWRs, the staff estimates
that occupational doses for WNP-2 could average 1650 person-rems/yr (Sec. 5.8).
In terms of job-related fatalities, the staff concludes that the risk to the
average nuclear plant worker is within the range of risks associated with other
occupations, and is acceptable (Sec. 5.8).

The transportation dose to workers and the public is specified in Table 5.3.
This dose is small and is not considered significant in comparison to the
natural-background dose (Sec. 5.8).

Based on studies of radiation exposure to biota other than man, there have
been no cases of exposures that can be considered significant in terms of harm
to the species or that approach the exposure limits to members of the public
permitted by 10 CFR Part 20. Evidence to date indicates that no other living
organisms are very much more radiosensitive than man. No measurable radio-
logical impact on populations of biota is expected as a result of routine
operation of WNP-2 (Sec. 5.8).

The data on the uranium fuel cycle provided in Table S-3 (Table 5.5) include
maximum recycle-option impacts for each element of the fuel cycle. Thus, the
staff's conclusions as to acceptability of the environmental costs of the fuel
cycle are not affected by the specific fuel cycle selected (Sec. 5.8).

6.3 CONCLUSIONS

As a result of the analysis and review of potential environmental, technical,
economic, and social impacts, the staff has been able to forecast more accu-
rately the effects of operation of WNP-2. No new information has been obtained
that alters the overall balancing of the benefits versus the environmental
costs of plant operation. Consequently, the staff has determined that the
-pl-ant is expected to- operate with only minimal environmental impact. The
staff finds that the primary benefits of minimizing system and/or regional
production costs and increasing baseload generating capacity by 1100 MWe
greatly outweigh the environmental, social, and economic costs. Benefits and
costs are summarized in Table 6.1.
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Table 6.1. Benefit-Cost Summary for WNP-2

Staff Assessment
Benefit or Cost Magnitude or Referencet' of Cost or Benefitt

2

BENEFITS

Primary

Electrical Energy (Sec. 2.2)

Additional WGS Capacity (Sec. 2.4)

Reduced Generating Costs (Sec. 2.2)

Diversity 3f Fuel Supply (Sec. 2.3)

Secondary

Taxes (Sec. 5.7.1)

Employment (Sec. 5.7.1)

Payroll (Sec. 5.7.1)

Flood Control (Sec. 5.3.2)

!~

COSTS

Economic

Fuel (Sec. 2.2 and 6.2.1)

Operation and Maintenance (Sec. 2.2 and 6.2.1)

Decommissioning (Sec. 6.2.1 and Appendix E)

Socioeconomic

Historic and Prehistoric Sites (Sec. 5.6)

Labor Force Interaction with Local Infrastructure (Sec. 5.7.4)

Nonradiological Environmental

Resources Committed:

a. Land (Sec. 5.2; and FES-CP, Secs. II-C.1 and II-E.1)

b. Water (FES-CP, Secs. II-E.3 and V-B)

c. Uranium (Fuel) (FES-CP, Sec. IX)

d. Other Materials and Supplies (FES-CP, Sec. IX)

Aquatic Resources

a. Consumption
Surface Water (Sec. 5.3.1; and FES-CP, Sec. V-B)
Groundwater (Sec. 5.3.1)
Groundwater Level Drawdown (Sec. 5.3.1)

b. Surface Water Contamination

Thermal (Sec. 5.3.3)
Chemical (except biocides) (Sec. 5.3.4)
Chemical-biocides (Sec. 5.3.4)

5.8 x 109 kWh/yr

1100 MWe

$341 million/yr

See Section 2.3

$72 million/plant life

104 full-time jobs

$2.4 million/year

See Section 5.3.1

5.7 mills/kWh (1978 $)

2.0 mills/kWh (1978 $)

$35 - $60 million (1978 $)

See Section 5.6

See Section 5.7.4

12 ha

36 m
3

/s

1451 metric tons of
2.58% U-235

See FES-CP, Sec. IX

0.8 m
3
/s

See Section 5.3.1
See Section 5.3.1

8.3 x 106 MJ/hr
See Section 5.3.4
< 0.1 mg/L TRC

Moderate

Moderate

Large

Moderate

Moderate

Small

Moderate

Small

Moderate

Moderate

Moderate

Small

Small

Small

Small

Small

Small
Small
Small

Small
Small
Small



TABLE 6.1 Continued

04'

Staff Assessment

Benefit or Cost Magnitude or Reference of Cost or Benefitt 2

c. Ecological

Comumbia River

Impingement (Sec. 5.5.2) See Section 5.5.2 Small
Entrainment (Sec. 5.,5.2) See Section 5.5.2 Small
Thermal Effects (FES-CP, Sec. V-C.2) See Section 5.5.2 Small
Total Dissolved Solids (Sec. 5.3.4) < 850 mg/L Small
Discharge of Blowdown (FES-CP, Sec. V-C.2) See Section 5.5.2 Small

Terrestrial Resources

a. Fog (Sec. 5.4.2) See Section 5.4.2 Small
b. Ice (ec. 5.4.2) See Section 5.4.2 Small
c. Fugitive Dust (Sec. 5.4.1) See Section 5.4.1 Small

Meteorology and Air Quality

a. Offsite air temperature and humidity (sec. 5.4.2) See Section 5.4.2 Small
b. Combustion exhaust gases (Sec. 5.4.1) See Section 5.4.1 Small
c. Fugitive Dust (Sec. 5.4.1) See Section 5.4.1 Small

Radiological Environmental

General Population (Sec. 5.8.1.1.2) See Section 5.8.1.1.2 Small
WNP-2 Workers (Sec. 5.8.1.1.1) See Section 5.8.1.1.1 Small
Transportation of Fuel and Waste (Sec. 5.8.1.1.2) See Section 5.8.1.1.2 Small
Biota Other Than Man (Sec. 5.8.1.3) See Section 5.8.1.3 Small
Uranium Fuel Cycle (Sec. 5.8.1.5) See Section 5.8.1.5 Small
Accident Risk (Sec. 5.8.2) See Section 5.8.2 Small

- Where a particular unit or measure for a benefit/cost category has not been specified in the EIS, or where
an estimate of the magnitude of the benefit/cost under consideration has not been made, the reader is
directed to the appropriate EIS section for further information.

f2 Subjective measure of costs and benefits are assigned by reviewers, where quantification is not possible:
"Small - impacts that, in the reviewrs' judgments, are of such minor nature, based on currently available
information, that they do not warrant detailed investigations or considerations of mitigative actions;
"Moderate" - impacts that, in that the reviers' judgements, are likely to be clearly evident (mitigation
alternatives are usually considered for moderate impacts); "Large" - impacts that, in the reviewers'
judgments, represent either a severe penalty or a major benefit. Acceptance requires that the
large negative impacts should be more than offset by other overriding project considerations.
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APPENDIX A. COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT
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United States Department of the Interior
OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20240

ER 81/1537 OCT 7 1981 .,

Mr. A. Schwencer
Chief, Licensing Branch No. 2Division of Licensing t7 j OCT13 1981'4
Nuclear Regulatory Commission -- T13 . 981w
Washington, D.C. 20555

Dear Mr. Schwencer: './

Thank you for your letter of August 7, 1981, transmitting copies
of the draft environmental impact statement related to the
Operation of WPPSS Nuclear Project No. 2, Benton County, Washington
and have the following comments.

We recommend that the aquatic monitoring program be strictly adhered
to in order to provide maximum protection to anadromous salmonids.
We consider the protection and enhancement of the Columbia River's
salmon and steelhead populations to be among the Nation's highest
priority fish and wildlife resource issues. We are, however,
in basic agreement with conclusions in the draft statement that
fish and wildlife resources (including the important anadromous
salmonids of the Columbia River Basin) will not be significantly
impacted by normal operation of the project.

The letter contained in Appendix H addresses the legal mandates
of the Endangered Species Act of 1973, 16 U.S.C. 1531 et seq.,
but that letter does not address the consultation requirements
of the Fish and Wildlife Coordination Act as implied on page 4-10.
This matter should be clarified in the final statement.

We recommend the final statement be clarified on page 5-9 to
determine what impacts will occur to bald eagles since they winter
in the vicinity. Your statement that no impacts to the bald eagle
will occur because of the lack of suitable reproductive habitat
does not address how the project might affect wintering bald
eagles.

We hope these comments will be helpful to you in the preparation
of a final statement.

Since y,

/,Bruce B anchard, Director
Environmental Project Review

9110140368 811007
PDR ADOCK 05000397
D PDR
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I

GENERAL COUNSEL OF THE
UNITED STATES DEPARTMENT OF COMMERCE
Washington, D.C. 20230

~*\; .-.- '

-.

I. -7
I'

/

f~I Ocr~ ~

~ 6/

C T
Mr. A. Schwencer
Chief, Licensing-Branch No. 2
Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

This is in reference to your draft environmental impact statement entitled
"Operation of WPPSS Nuclear Project No. 2 - Docket No. 50-397." The enclosed
comment from the National Oceanic and Atmospheric Administration is forwarded
for your consideration.

Thank you for giving us an opportunity to provide this comment, which we
hope will be of assistance to you. We would appreciate receiving four copies
of the final environmental impact statement.

Sincerely,

Robert T. Miki
Director of Regulatory Policy

Enclosure Memo from:

8110150359 811009
PDR ADOCK 05000397
0 PDR

Richard E. Hallgren
National Weather Service
National Oceanic and Atmospheric Administration

A-3
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UPJITED STATES 0EPAAT7AENTJ OF CONUABACEE
AJational Oczanic and -Atriosphe'Hc Adrni'istr~ati-an
NATIC.NAL \kVEA4Tý-4E. S&;'vCE
SU'er Scrnrg. M'Vd. 2OS'D

AU6. 2. isai OA/W2x2/SZ

TO PP/EC - Joyce Wood

FROM OA/W -Richard E. Hallgren

SUBJECT: DEIS 8108.12 - Ope~ration of WPPSS Nuclear Project No. 2 -

Docket No. 50-397

We recommend that the emergency preparedness planning discussed
in section 5.8.2.1.3.3 (p. 5-34) explicitly addresses any special
meteorological or hydrological forecast services required in the event
of an emergency of the National Weather Service. Contact should be
made with the NOAA/NWS Forecast Office, Seattle, Washington, for such
planning. Also, we request that any studies showing potential downstream
or downwind dispersion patterns of radioactive materials be sent to our
Seattle office.

We note that WNP-2 is being built in the last "run-of-the-river,"
or natural stretch of the Columbia - the reach below Priest Rapids Dam.
We assume that the power facility is in an area which will not be part
of the backwater of any future dam sites. Also, the licensee should
make sure that the plant site is evaluated in Columbia River dam break
analyses prepared by either the NWS or the Corps of Engineers, North
Pacific Division, Portland, Oregon.

MIOT ANNIVERSARY 1970-1980
t National Oceanic and Atmospheric Administration

A ycuna agency Wl't a nistcr'c
.rar;tzn Jf sermVice ý e h Nation
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September 25, 1981

Dr. Rajender Auluck
Division of Licensing
Licensing Project Manager
U. S. Nuclear Regulatory Comm.
Washington, D. C. 20555

RE: COMMENT ON DES RELATED TO OPERATING LICENSE FOR WPPS-2, HANFORD, WASHINGTON

JULY 1981, NUREG-0812

Dear Dr. Auluck,

John F. Doherty, of 4327 Alconbury Lane, Suite #3, Houston, Texas 77021
comments as follows on the DES:

Comment 1

The DES, at Section 2.5 should indicate the record of unavailability of
hydroelectric power in the region. One cannot tell 'if there is only a spec-
ulative value of infinitely small amount from the current area.

Comment 2

The DES, at Section 2.2 is deficient, because it does not state that
there is any mechanism by which power may be shifted to California. What
should be indicated is that there are agreements between WPPSS and California
utilities to purchase power if such agreements exist.

Comment 3

The DES, at Page J-15, which is a reproduction of the 1972 Final Statement
states the Wye burial site is "adjacent" to the plant site. NUREG-0812 is
is deficient in not covering the final status of the nuclear waste site
adjacent to the proposed operating plant, particularly in regard to possible
accidents, and particularly Class 9 Accidents. This of course would not
be in the sense of site selection but rather if the burial site would pose
or not pose unusual problems for the various accident event scenarios.

Comment 4

The Draft at Page 5-30, is unclear in its statement, "None (accidents)
is known to have caused any radiation injury or fatality to any member of
the public." The statement should include a statement of the ability to
know if indeed the accidents caused a death or injury to any member of the
public.

Comment 5

The Draft at Page 4-11, Section 4.3.6.1 should provide an explaination
for why the population estimate within 10 miles of the site 786 persons
too small. This would permit commentors to forcast the 40 year duration
of plant operation and provide guidance for emergency-planning. As current
there is no explaination, which is a deficiency.

8109290446 810925
PDR ADOCK 05000397
D PDR
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Doherty, Comments - 2-

Comment 6

On P. 5-30 of the Draft, the discussion of xenon and iodine release

from the TMI-II accident is deficiently vague. It also appears to have

omitted information from the report, "Assessment of Offsite Radiation Doses

from the TMI-2 Accident," by Pickard, Lowe & Garick, consultants.,(TDR-TMI

116, July 31, 1979). This report indicates 7 million curies were released

in the first one and a half days of the accident, and used information on

releases that occured during the first three hours of the event unlike the

Kemeny Commission Report (referenced) which reported the monitors at that

time period could not give radiation release because they were off scale.

Therfore a correction and recalculation should be made as to the effects

of a much greater amount of radio-activity released, than a "few million

curies of Xe 133" as in the text.

Thank you for the opportunity to comment on this Draft, I look forward

to receiving the Final Statement.

Sincerely,

?John F. Doherty, J. D.
4327 Alconbury #3
Houston, Tx. 77021
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United 3 ares Depa-. nent of th
BUREAU OF RECLAM1ATION

., \ . _-. . ' R IR T

August 20, 1981PN 150

I:zerio'r

( -- LOW

2 13

Memorandum

To: Nuclear Regulatory Commission

From: A~tibnlegional Director, Boise, Idaho

Subject: Review of Draft Environmental Impact Statement (OLS) for
WPPSS Nuclear Project No. 2, Benton County, WA (ER 81/15.37)

The subject statement has been reviewed by appropriate members of

our staff, and we have no cbjections to the content of the document.

Please let us know if we can be of further assistance in the-review

prccess.

For the Regional Director

Acting R)onal Environmental Officer

?10826006a 310e20
;25R ADOCK 05600397
0 PDR
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DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION. CORPS OF ENGINEERS

P.O. BOX 2870
PORTLAND, OREGON 97208

NPDPL-ER

Mr. A. Schwencer
Chief, Licensing Branch No. 2
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

17 September 19816

-- , , .

- 7f

Z -

Dear Mr. Schwencer:

This is in reply to your letter of 7 August 1981 requesting comments on the
Draft Environmental Impact Statement for the operation of WPPSS Nuclear Project
No. 2, Hanford, Washington.

We have reviewed the statement and have no comments to make. However, we do wish
to inform you that any work performed in the Columbia River or any discharge of
dredged or filled material on adjacent wetlands of the Columbia River should be
coordinated through the Seattle District. Previously, Department of the Army
permits were coordinated through the Walla Walla District.

We appreciate the opportunity to review and comment on the statement.

Sincerely,

hef, anLSON
Lhief , Planning Division

8109220387 810917
PDR ADOCK 05000397
D PDR
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®United Statesra Department of
Agriculture

Econbmics
and Statistics
Service

Washington, D.C.
20250

August 10, 1981

Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Schwencer:

Thank you for forwarding for our review and comment the Draft
Environmental Statement on the Washington Public Power Supply System
(WPPSS) for startup and operation of the Washington Nuclear Project
Number 2 (WNIP-2) in Benton County, Washington.

We have reviewed Docket No. 50-397 and have no comments.

Sincerely,

=11N. L. COTNER
. Director, Natural Resource
// Economics Division

Economic Research Service

8108140259 810810
PDR ADOCK 05000397
D PDR
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

12 A3 1981
OFFICE OF

THE ADMINISTRATOR

Dear Dr. Auluck:

I am writing to verify the official filing of your EIS entitled:

Draft: WPPSS Nuclear Project #2, Construction and Operation,
Licensing, Benton County, Washington (NUREG-0812)

This EIS was received by the Office of Environmental Review on August 7,. 1981.
It has been determined the above document meets the requirements for filing
an EIS as set forth under Section 1506.9 of the CEQ Regulations.
Accordingly, EPA has scheduled publication of the Notice of Availability
in the Federal Register dated August 14, 1981 and the public review
period is scheduled to terminate on September 28, 1981

If you have any questions or concerns relating to thi$ matter, pleafse do
not hesitate to contact me or Ms. Jan Lott of my staff on 245-3006.

Sincerely,

Kathi L. Wilson
Management Analyst
Office of Environmental Review (A-104)

Dr. Rajender Auluck
NRC Licensing Project Manager
Office of Nuclear Reactor Regulation
Nuclear Regulatory Commission
Washington, D.C. 20555

A-10



G "ENTON-FRANKLIN GOVERNMENTAL CONFERENCE
P.O. BOX 217.1935 TERMINAL DRIVE*AT THE RICHLAND SKYPARK-RICHLAND. WA. 99352

TELEPHONE A.C. (5091 943-9185

August 21, 1981

United States
Nuclear Regulatory Commission
Washington, D.C. 20555

Attn: Director, Division of Licensing

Re: NUREG-0812 Draft EIS

In the interest of our member counties, we call your
Page 5-13, Section 5.7.2 Tax Benefits.

attention to

You have outlined the distribution of revenues correctly, however
your reference at the bottom of page 5-14 is incorrect. We have
enclosed a copy of RCW 54.28.055 and RCW 54.28.090, Please note the
underlined portions of each referenced RCW.

If you have any futher questions we will be pleased to respond,
representing our member counties.

Respectfully,

Coordinator,
Benton-Franklin Counties, EDD

BDW:em
Enclosure

A-II



54.28.0!11 Title 54 RCW: Public Utility Districts

54.28.011 "Gross revenue" defined. 'Gross revenue'
shall mean the amount received from the sale of electric
energy excluding any tax levied by a municipal corpora-
tion upon the district pursuant to RCW 54.28.070.
[1957 c 278 § 12.]

54.28.020 Tax imposed-Rates. There is hereby
levied and there shall be collected from every district a
tax for the act or privilege of engaging within this state
in the business of operating works, plants or facilities for
the generation, distribution and sale of electric energy.
With respect to each such district, except with respect to
thermal electric generating facilities taxed under RCW
54.28.025, such tax shall be the sum of the following
amounts: (1) Two percent of the gross revenues derived
by the district from the sale of all electric energy which
it distributes to consumers who are served by a distribu-
tion system owned by the district; (2) five percent of the
first four mills per kilowatt-hour of wholesale value of
self-generated energy distributed to consumers by a dis-
trict; (3) five percent of the first four mills per kilowatt-
hour of revenue obtained by the district from the sale of
self-generated energy for resale. [1977 ex.s. c 366 § 2;
1959 c 274 § 2; 1957 c 278 § 2. Prior: 1949 c 227 §
1(a); 1947 c 259 § I(a); 1941 c 245 § 2(a); Rem. Supp.
1949 § 11616-2(a).]

Sessrab'ity-1947 c 259: 'If any section. subsection, clause. sen-
tence or phrase of this act be for any reason adjudged unconstitutional.
such adjudication shall not invalidate the remaining portions of this
act, and the legislature hereby declares that it would have enacted this
act notwithstanding the omission of the portion so adjudicated
invalid.' 11947 c 259 1 2.)

54.28.025 Tax imposed with respect to thermal elec-
tric generating facilities--Rate. There is hereby levied
and there shall be collected from every district operating
a thermal electric generating facility, as defined in
RCW 54.28.010 as now or hereafter amended, having a
design capacity of two hundred fifty thousand kilowatts
or more, located on a federal reservation, which is placed
in operation after September 21, 1977, a tax for the act
or privilege of engaging within the state in the business
of generating electricity for use or sale, equal to one and
one-half percent of wholesale value of energy produced
for use or sale, except energy used in the operation of
component parts of the power plant and associated
transmission facilities under control of the person oper-
ating the power plant. [1977 ex.s. c 366 § 6.]

54.28.030 Districts' report to department of revenue.
On or before the fifteenth day of March of each year,
each district subject to this tax shall file with the de-
partment of revenue a report verified by the affidavit of
its manager or secretary on forms prescribed by the de-
partment of revenue. Such report shall state (1) the
gross revenues derived by the district from the sale of all
distributed energy to consumers and the respective
amounts derived from such sales within each county; (2)
the gross revenues derived by the district from the sale
of self-generated energy for resale; (3) the amount of all
generated energy distributed from each of the facilities
subject to taxation by a district from its own generating

lTitle 54 RCW (1979 Ed..-p 261

facilities, the wholesale value thereof, and the basis on
which the value is computed; (4) the total cost of all
generating facilities and the cost of acquisition of land
and land rights for such facilities or for~reservoir pur-
poses in each county; and (5) such other and further in-
formation as the department of revenue reasonably may
require in order to administer the provisions of this
chapter. In case of failure by a district to file such re-
port, the department may proceed to determine the in-
formation, which determination shall be contestable by
the district only for actual fraud. [1977 ex.s. c 366 § 3;
1975 1st ex.s. c 278 § 30; 1959 c 274 § 3; 1957 c 278 §
3. Prior: 1949 c 227 § 1(b); 1947 c 259 § I(b);. 1941 c
245 § 2(b); Rem. Supp. 1949 § 11616-2(b).]

Constrctloe---Severability- 1975 1st exs. c 271: See notes
following RCW 11.08.160.

54.28.040 Tax computed-Payment-- Disposi-
tion. Prior to May 1st, the department of revenue shall
compute the tax imposed by this chapter for the last
preceding calendar year and notify the district of the
amount thereof, which shall be payable on or before the
following June Ist. Upon receipt of the amount of each
tax imposed the department of revenue shall deposit the
same with the state treasurer, who shall^ deposit four
percent thereof in the general fund of the state and shall
distribute the remainder in the manner hereinafter set
forth. The state treasurer shall send a duplicate copy of
each such letter of transmittal to the department of rev-
enue. [1975 1st ex.s. c 278 § 31; 1957 c 278 § 4. Prior:
1949 c 227 §-I(c); 1947 c 259 § 1(c); 1941 c 245 § 2(c);
Rem. Supp. 1949 § 11616-2(c).]

Cortsti:: E...S. billity- 1975 1st ex.s. c 273: See notes
following RCW 11.08.160.

54.28.050 Distribution of tax. After computing the
tax imposed by RCW 54.28.020, the department of rev-
enue shall instruct the state treasurer, after placing four
percent in the state general fund, to distribute the bal-
ance collected under RCW 54.28.020 subsection (1) to
each county in proportion to the gross revenue from
sales made within each county; and to distribute the
balance collected under RCW 54.28.020 (2) and (3) as
follows: If the entire generating facility, including reser-
voir, if any, is in a single county then all of the balance
to the county where such generating facility is located. If
any reservoir is in more than one county, then to each
county in which the reservoir or any portion thereof is
located a percentage equal to the percentage determined
by dividing the total cost of the generating facilities, in-
cluding adjacent switching facilities, into twice the cost
of land and land rights acquired for any reservoir within
each county, land and land rights to be defined the same
as used by the federal power commission. If the power-
house and dam, if any, in connection with such reservoir
are in more than one county, the balance shall be di-
vided sixty percent to the county in which the owning
district is located and forty percent to the other county
or counties or if said powerhouse and dam, if any. are
owned by a joint operating agency organized under
chapter 43.52 RCW, or by more than one district or are

A-1 2



Privilege Taxes .54.2,8.110

outside the county of the owning district, then to be di-
vided equally between the counties in which such facili-
ties are located. If all of the powerhouse and dam, if
any, are in one county, then the balance shall be distrib-
uted to the county in which the facilities are located.

The provisions of this section shall not apply to the
distribution of taxes collected under RCW 54.28.025.
11977 cx.s. c 366 § 4; 1975 Ist ex.s-c 278 §-32;-1959-c
274 § 4; 1957 c 278 § 5. Prior: 1949 c 227 § I(d); 1947
c 259 5 I(d); 1941 c 245 § 2(d); Rem. Supp. 1949 §
11616-2(d).]

Coostnictioo---Severability-1975 Ist e"s. c 278: Sec notes
following RCW 11.03.160.

Effecti•e date-1959 c 274: 'The effective date of section 4 of
this 1959 amendatory act shall be January I, 1960.' (1959 c 274 1 6.]
This applies to RCW 54.28.050.

5,:28.055 Distribution of tax proceeds from thermal
ejetric generating facilities. (i) After computing the tax
imposed by RCW 54.28.025, the department of revenue
shall instruct the state treasurer to distribute the amount
collected as follows:

(a) Fifty Percent to the state general fund for the
supprt o sc hoots; an,

j- :bY 1wenty-two percent to the counties, twenty-three
percent to the cities, three percent to the fire protection
districts, and two percent to the library districts.

(2) Each county, city. fire protection district and li-
brary district shall receive a percentage of the amount
for distribution to counties, cities, fire protection dis-
tricts and library districts, respectively, in the proportion
that the population of such district residing within the
impacted area bears to the total population of all such
districts residing within the impacted area.

(3) If any distribution pursuant to subsection (1)(b)
of this this section cannot be made, then that share shall
be prorated among the state and remaining local
districts.

(4) All distributions directed by this section to be
made on the basis of population shall be calculated in
accordance with data to be provided by the office of fi-
nancial management. [1979 c 151 § 165; 1977 ex.s. c
366 § 7.1

54.28.060 Interest. Interest at the rate of six percent
per annum shall be added to the tax hereby imposed af-
ter the due date. The tax shall constitute a debt to the
state and may be collected as such. [1957 c 278 § 6.
Prior. 1949 c 227 § I(e); 1947 c 259 § 1(c); 1941 c 245
5 2(e); Rem. Supp. 1949 § 11616-2(e).]

54.28.070 Municipal taxes--May be passed on.
Any city or town in which a public utility district oper-
ates works, plants or facilities for the distribution and
sale of electricity shall have the power to levy and collect
from such district a tax on the gross revenues derived by
such district from the sale of electricity within the city
or town, exclusive of the revenues derived from the sale
of electricity for purposes of resale. Such tax when lev-
ied shall be a debt of the district, and may be collected
as such. Any such district shall have the power to add
the amount of such tax to the rates or charges it makes

for electricity so sold within the limits of such city or
town. [1941 c 245 5 3; Rem. Supp. 1941 § 11616-3.]

54.28.080 Additional tax for payment on bonded in-
debtedness of school districts. Whenever any district ac-
quires an operating property from any private person,
firm, or corporation and a portion of the operating
property-is-situated-within the boundaries of any school -
district and at the time of such acquisition there is an
outstanding bonded indebtedness of the school district,
then the public utility district shall, in addition to the
tax imposed by this chapter, pay directly to the school
district a proportion of all subsequent payments by the
school district of principal and interest on said bonded
indebtedness, said additional payments to be computed
and paid as follows: The amount of principal and inter-
est required to be paid by the school district shall be
multiplied by the percentage which the assessed value of
the property acquired bore to the assessed value of the
total property in the school district at the time of such
acquisition. Such additional amounts shall be paid by
the public utility district to the school district not less
than fifteen days prior to the date that such principal
and interest payments are required to be paid by the
school district. In addition, any public utility district
which acquires from any private person, firm, or corpo-
ration an operating property situated within a school
district, is authorized to make voluntary payments to
such school district for the use and benefit of the school
district. [1957 c 278 § 8. Prior. 1949 c 227 § 1(g); 1941
c 245 § 2; Rem. Supp. 1949 § 11616-2(g).]

54.28.090 Deposit of funds to credit of taxing dis-
trict. The county commissioners of eackh¢ounty shall di-
rect the county treasurer to deposit funds to the credit of
each taxing district in the county according to the man-
ner they deem most equitable; except not less than
thirty-five percent of all moneys so received shall be ap-
portioned to the school districts within the county having
district properties within their limits, and not less than
an amount equal to three-fourthl of vne percent of the
gross revenues obtained by a district from the sale of
electric energy within any incorporated city or town
shall be remitted to" such city or town. Information fur-
nished by the district to the county commissioners shall
be the basis for the determination of the amount to be
paid to such cities or towns.

The provisions of this section shall not apgly to the
distuon of taxes collected under RCWjig-I e-7 s c s6 ; T 1937 c278 -0.

54.28.100 Use of moneys received by taxing district.
All moneys received by any taxing district shall be used
for purposes for which state taxes may be used under the
provisions of the state constitution. [1957 c 278 § 11.]

Revenue and taxation: State Constitution Art. 7.

54.28.110 Voluntary payments by district to taxing
entity for removal of property from tax rolls. Whenever,
hereafter, property is removed from the tax rolls as a
result of the acquisition of operating property or the
construction of a generating plant by a public utility

rride 54 RCW (197 Ed.-.p 271
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United States
Department of
Agriculture

Soil
Conservation
Service

Room 360
U.S. Courthouse
Spokane, Washington 99201

September 2, 1981

A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing
United States Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

The Soil Conservation Service has reviewed your draft environmental impact
statement related to the operation of WPPSS Nuclear Project No. 2. It would
appear the concerns of the SCS have been addressed and we have no comments
to make at this time.

Thank you for the opportunity to review your document.

Sincerely,

LYNN A. BROWN
State Conservationist

3109100386 810902
PDR ADOCR 05000397
D PDR

OThe sod conservation Serice
is an agency of the
0eoartment ot Agnculture

SCS-AS-
10-79
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4 DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
FOOD AND DRUG ADMINISTRATION

Food and Drug Administration
Rockville MD 20857

SEP 3 1981 14

Mr. A. Schwencer L
Licensing Branch No 2 7 S'111981 A.
Division of Licensing u,. majw•n"uQmt*•
U.S. Nuclear Regulatory Commission , COAMISS4 ' /
Washington, D.C. 20555

Dear Mr. Schwencer:

The Bureau of Radiological Health staff have reviewed the Draft Environmental
Statement (DES) for the Washington Public Power Supply System (WPPSS), Nuclear
Project No. 2, NUREG-0812, July 1981.

In reviewing the DES, it is recognized that this is an administrative action
for issuance of an operating license. DHHS comments were provided on the
Draft DES - Construction Phase in September 1972, (Appendix J-108, page C-2)
prior to issuance of the construction permit in December 1972. We note that'as
of May 1981, the construction of Unit 2 was about 85 percent complete. The
Bureau of Radiological Health staff have reevaluated the health aspects associ-
ated with the proposed operation of the plant and have the following comments
to offer:

1. It appears that the dose-design objectives of 1OCFR 50, Appendix I, the
operating standards of EPA's 40 CFR 90, and the operating plan of the,-ViPPSS
Nuclear Project No. 2 provide adequate assurance that the potential individual
and population radiation doses identified meet current radiation protection
standards.

2. The environmental pathways identified in Section 5.8.1 and discussed in
Chapter V, Section D, of the FES - Construction Phase, pages J-5 --.61, cover
all possible emission pathways that could impact on the population in the
environs of the facility. The dose computational methodology and models
(Appendix C) used in the estimation of radiation doses to individuals near the
plant and to populations within 80 km. of the plant have provided the means to
calculate a reasonable estimate of the doses resulting from normal operations
and accident situations at the facility. Results of these calculations are
shown in Appendix L, Tables L.4, L.5, L.6 and L.7, and confirm that the calcu-
lated doses meet design objectives.

3. The discussion in Section 5.J8.2 on the environmental impact of postulated
radiological accidents is considered to be an adequate assessment of the radi-
ation exposure pathways and the dose and health impacts of atmospheric releases.
However, we believe the emergency preparedness section is not adequate. We
will forego further comment on this aspect, realizing that the process of
granting an operating license to the facility will include an adequate review
of emergency preparedness (FEMA - NRC Memorandum of Understanding, Regional
RAC's, criteria in NUREG - 0654). We have representation on the RAC's whose
evaluation relative to the WPPSS will speak for this Agency.

DP1091D0461 R10o 03 Rý 
'0

PDR ADUCK 05000397 /t
D P DR
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Mr. A. Schwencer, NRC - Page 2

The lessons learned from the accident at Three Mile Island - Unit 2 on
March 28, 1979, should receive more attention in this DES. It would be helpful
if the postulated accidents section could be expanded to include a brief presen-
tation of the critical public health and safety actions that the NRC has taken
or plans to take to improve reactor safety and to mitigate the consequences of
potential accidents. Such a discussion would provide an important amplification
of this section of the DES, and would significantly increase public confidence
and understanding of the implementation of the measures that the NRC has under-
taken. The discussion at the end of Section 5.8.2.1.4.7, page 5-46, is a
possible introduction to the proposed section.

In view of the problems encountered in measuring the releases of radioactive
materials at Three Mile Island - Unit 2, we believe the emergency preparedness
plan should contain specific information on the adequacy of radiation measuring
instruments to be installed to detect radionuclides in a wide range of
consequences expected from potential accidents, i.e., stack and containment
monitors, and off-site direct radiation measuring devices. We suggest the plan
be modified to address in particular the problems of monitoring radiohalogens
(especially radioiodines) in the presence of noble gases. This could be accom-
plished by reference to FEMA-REP-2, a document on instrumentation with
considerable input from NRC.

4. The radiological environmental monitoring program, summarized in Table 5.4a
and discussed in the FES-CP provides adequate sampling and analysis of environ-
mental media for specific radionuclides to (1) measure the extent of emissions
from the plant, and (2) verify that such emissions meet applicable radiation
protection standards.

5. Section 5.8.1.5 and Appendix K contain a description of the environmental
impact assessment of the uranium fuel cycle. The environmental effects
presented are a reasonable assessment of the population dose commitments and
the health effects associated with releases of radon-222 from the uranium fuel
cycle.

Thank you for the opportunity to review and comment on this ardft document.

Sincerely yours,

- John C. Villforth
Director
Bureau of Radiological Health

A-1 6
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,id U DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

~ Ihii~-WAStiING'TON,'0.C. 20A10

OFFICE OF THE ASSISTANT SECRETARY

FOR COMMUNITY PLANNING ANO OEVELOPMNENT IN lEPtLY REFER TOv

Mr. A. Schwencer
Chief, Licensing Branch No. 2
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Schwencer:

Subject: Washington Public Power Supply System (WPPSS) Project No. 2
Hanford Reservation, Benton County, Washington

Thank you for providing us the opportunity to review the above draft Environ-
mental Impact Statement (EIS). In accordance with 24 CFR Part 50 Protection^
and Enhancement of Envirornmental Quality, Department of Housing and Urban
Development procedures, particularly Section 50.61 of our Regulations, we are
forwarding the EIS to the respansible HM Regional Envirormiental Officer. He
will review and corment as appropriate, directly to you by your due date.

If non-BUD EIS's are sent directly to the Office with review respcnsibility, it
would assure more prompt and thorough review. You should-send copies of all
future EIS' s as follows:

1. All EIS's on legislative proposals, regulations, or policy documents of
national or multi-state programmatic significance are reviewed by HUD
Headquarters and should be sent to Mr. Richard H. Broun, Director, Office
of Envirormiental Quality, HUD, Washington, D. C. 20410; and

2. All other site specific activities or project EIS's should be forwarded to
the appropriate HUD Regional Office for comuent. We have enclcsed a list
of our Regional Environmental Officers and their addresses.

If you have any questions in this regard, please feel free to contact me at

(202) 755-6300.

Sincerely,

• ' , -. -•.. j .

Richard H. Broun
Director
Office of Environmental Quality

Enclosure

8109100362 910902
PR ADOCK 05o00397
D ?DR A-17



Region I David Prescott
Environmental Officer
Department of Housing
& Urban Development

John F. Kennedy Building
Room 800
-Boston, Massachusetts 02203

Region VI Otis Trimble
Environmental Officer
Department of Housing
& Urban Development

221 W. Lancaster Avenue
P.O. Box 2905
Fort Worth, Texas 76113

States: Massachusetts, Maine, Vermont,
R.I., New Hampshire, Conn.

States: Texas, New Mexico, Oklahoma
Arkansas, Louisiana

Region II Marvin Krotenberg
Environmental Officer
Department of Housing

& Urban Development
26 Federal Plaza
New York, New York 10007

Region VII Gary Ultican
Environmental Officer
Department of Housing
& Urban Development

Federal Office Building
911 Walnut St., Room 300
Kansas City, Kansas 64106

States: New York, Puerto Rico,
New Jersey, Virgin Islands

States: Missouri, Kansas, Iowa,
Nebraska

Region III Larry Levine
Environmental Officer
Department of Housing
& Urban Development

Curtis Building
6th and Walnut Streets
Philadelphia, Pa. 19106

Region VIII Walter Kelm
Environmental Officer
Department of Housing
& Urban Development

Executive Tower Building
1405 Curtis Street
Denver, Colorado 80202

States: Pa., Delaware, Maryland,
Va., West Virginia, D.C.

States: Montana, Wyoming, Colorado,
N. Dakota, S. Dakota, Utah

Region IV Ivar Iverson Region IX
Environmental Officer
Department of Housing

& Urban Development
Richard B. Russell Fed. Bldg.
75 Spring Street, S.W.
Atlanta, Georgia 30303

Dale James
Environmental Officer
DepartmentsofHousing
& Urban Development

450 Golden Gate Avenue
Box 36003
San Francisco, Ca. 94102

States: Florida, Ga., Ala., Miss.,
Tenn., Ky., N.C., S.C.

Region V Harry Blus
Environmental Officer
Department of Housing
& Urban Development

300 South Wacker Drive
Chicago, Illinois 60606

States: Ill., Ind., Mich., Minn.,
Ohio, Wisconsin

States: Calif., Arizona, Nevada,
Hawaii, Guam, American Samoa,
Trust Territories

Region X Ry Tanino
Environmental Officer
Department of Housing

& Urban Development
3003 Arcade Plaza Bldg.
1321 Second Avenue
Seattle, Washington 98101

States: Wash., Oregon, Idaho,
Alaska
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United States
Department of
Agriculture

Forest
Service

Pacific
Northwest
Region

319 S.W. Pine
P.O. Box 3623
Portland, OR 97208

=eciv 1950

,a September 11, 1981

Mr. A. Schwencer, Chief
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

L

Dear Mr. Schwencer:

Thank you for the opportunity to review the Draft
NUREG-0812, related to the operation of the WPSS
Washington Public Power Supply System, located on
Benton County, Washington.

Environmental Statement,
Nuclear project No. 2 by the
the Hanford Reservation -in

We have no substantive comments to offer in
jurisdiction.

Sincerely,

our area of expertise or

R. E. WORTHINGTON
Regional Forester

C04%,

8109180309 810911
PDR ADOCK 05000397
D PDR A-I 9
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UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE
Environmental & Technical Services Division
P. 0. Box 4332, Portland, Oregon 97208

September 18, 1981 F/NWR5:JRC

Dr. Rajender Auluck
NRC Licensing Project Manager
Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Auluck:

The National Marine Fisheries Service has reviewed the draft environmental
impact statement for Operation of WPPSS Nuclear Project No. 2 - Docket No. 50-397.

In order to provide as timely a response to your request for comments as
possible, we are submitting the enclosed comments to you directly, in parallel
with their transmittal to the Department of Commerce for incorporation in the
Departmental response. The formal, consolidated views of the Department
should reach you shortly. Our comments reflect NMFS' jurisdiction and
responsibility under the Fish and Wildlife Coordination Act and the National
Environmental Policy Act.

Sincerely yours,

2ý44Avo
Dale R.. Evans
Division Chief

Enclosure

r., 10TH ANNIVERSARY 1970-1980

National Oceanic and Atmospheric Administration
A young agency with a historic
tradition of service to the Nation
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National Marine Fisheries Service
Office of Habitat Protection -

September 18, 1981

Comments on DEIS for operation of WPPSS Nuclear Project No. 2 - Docket No. 50-397.

General Comments

National Marine Fisheries Service (NMFS) was consulted during the planning stages
of the-project and has cooperated with the licensee in the development of
measures to reduce adverse impacts on anadrcmous fishery resources. Generally,
we feel our concerns have been satisfactorily addressed. However, we wish to
offer the following specific comments for your consideration.

Specific Comments

4. PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

4.2 PROJECT DESCRIPTION

4.2.2.2. Intake System

Page 4-2, paragraph 4. NRC staff agree with the applicant's estimate that at
one-third inch from the outer pipe surface, the approach velocity, under
maximum operating conditions, will be less than 0.2 fps. This estimate based
on hydraulic modeling and to our knowledge has not been verified in;-the field
even though diver measurements of water velocity adjacent to the intake
structures occurred during 1978-79 tests.

5. ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS

5.5 ECOLOGY

5.5.2.1 Cooling-Water Intake Impacts

Entrainment

Page 5-10, paragraph 2. Potential entrainment losses of emergent salmonid
fry are partly based on the assumption that these fish are evenly distributed
throughout the river upstream of the intakes. We question the validity of
the licensee's assumption and feel potential entrainment impacts could be
greater than estimated in the DEIS.

The assumption is not based on site-specific or other biological data and
therefore carnot be considered scientifically valid. The Mains and Smith
study (1964) conducted in the mid-Columbia vicinity during 1954-55 indicated
that migrating juveniles had a preference for the shallower shoreline areas.
Nevertheless, the same study found that 43 percent of the juveniles migrated
in deep water.
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5.5.3 Ecological Monitoring

5.5.3.2 Aquatic

Page 5-12, paragraph 1. The DEIS states an operational monitoring program
will be conducted in accordance with the Environmental Protection Plan to be
issued as part of the project Operating License by the Commission. At our
request, special conditions were included in the Licensee's water withdrawal
permit requiring impingement and entrainment studies. Although tests conducted
during 1979-80 did not identify fishery resource problems, we are concerned
that test results may not necessarily tell us what may occur during actual
project operation. Discussions are currently underway regarding expansion of
Priest Rapids and Wanapum Dams both upstream of WNP-2. Agreement on minimum
river flows has yet to be reached'. If, in the future, river flows below
Priest Rapids are consistently near the minimum, river conditions during the
juvenile outmigration could be significantly different from those which existed
during 1979-80 tests.

Most 1979-80 entrainment sampling and impingement observations were made when
river flows.were considerably greater than 50,000 cfs. River flows concurrent
with April/May entrainment sampling ranged from 57,000 - 150,000 cfs. We are
concerned that the ongoing mid-Columbia discussions could potentially result in
low river flows during peak fry migration. If this should occur, additional
testing at low flows will be desirable. Initially, we envision diver intake
observations. If problems are identified, subsequent bypass velocity measurement
and entrainment sampling would be requested.

1) MAINS, E.M. and J.M. SMITH. 1964. The Distribution, size, Time, and Current

Preferences of Seaward Migrant Chinook Salmon in the Columbia and Snake Rivers.
Fish. Res. Papers, Washington State Department of Fisheries, 2:5-43.
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U.S. ENVIRONMENTAL PROTECTION AGENCY

-os REGION X
1200 SIXTH AVENUE

. SEATTLE, WASHINGTON 98101 1i%

REPLY TO,••••• * '

ATM OF: M/S .443

~1SEP 198

Director, Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Sir/Madame:

The Environmental Protection Agency (EPA) has reviewed the NRC's Draft
Environmental Statement Related to the Operation of VPPSS Nuclear Project
No. 2. In accordance with our responsibilities under Section 309 of the
Clean Air Act, as amended, we have rated this EIS LO-l (LO - Lack of
Objections, 1 - Adequate Information). The basis for this rating is
discussed below.

The'environmental impacts of the proposed action, based on the informa-
tion provided in the FEIS-construction phase and the DEIS operation
phase, indicate that the project should be capable of operating well
within EPA's Environmental Radiation Protection Standards for Nuclear
Power Operations and should meet all applicable water quality standards.

We believe that the quality of the EIS could be improved, however, in two
ways. First, the DEIS asserts that the delays in plant construction were
in response to a slowdown in growth of electricity demand during the
1970's (page 2-1). This assertion overlooks the fact that the NRC put a
halt to construction.on the project for two years due to poor construc-
tion practices and bad record keeping. From a NEPA "full discTosure"
standpoint, it would benefit the readerto have a synopsis of WPPSS
construction record, reasons for NRC's work stoppages and, as assurance
that an operating license is warranted, evidence that the causes for
NRC's construction halts have been rectified and evidence'that these
construction problems will not magnify the potential environmental
consequences of reactor operation.

Second, the DEIS does not discuss requirements for operator certifi-
cation. This would seem to be as critical to safe and proper operation
as the soundness of the reactor itself, including its various safety
backup systems.

Thank you for the opportunity to review the DEIS. If you have any
questions pertaining to our comments please contact Bill Riley, of my
staff, at (FTS) 399-1285.

Sincerely yours,

Elizabeth Corbyn, Chief
.... .. -- mental Evaluation Branch8109240412 910921

PDR ADOCK 05000397
D PDR A- 2.3



JOHN SPELLMAN DONALD W MOOS
Governor Director

STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
Mad5top PV- 17 Olympia, Washington 98504 (206) 753-2800

M E M O.R A N D U M

September 22, 1981

TO: Monica Jenkins, OFM

FROM: Donald W. Moos, Director

SUBJECT: WPPSS Nuclear Project No. 2

As you requested, our agency has reviewed the draft environmental impact
statement for the operation of WPPSS Nuclear Project No. 2. We offer the
following comments.

1. Site certification hearings were held by the State Energy Facility Site
Evaluation Council for this project in early 1972, and the amended site
certification was issued by. the Governor on September 25, 197f. All of
the state permit requirements, including those that would ordinarily be
issued by this agency, were included as part of the site certification.

2. Water Use Impacts (5.3.1) - "Water for potable and sanitary purposes is
to be provided from the City of Richland. When service flom this source
is interrupted, or requires augmentation, onsite wells are t6 be the
water source" - paragraph 1. It is our understanding that these state-
ments no longer apply and that Supply System staff now plan to utilize
a portion of the WNP 2 Columbia River intake stream for potable service.
This would require construction of a filter plant for removal of sus-
pended solids and periodic backwash of these solids to a sedimentation
pond. This should be clarified.

3. Condenser Corrosion Products (5.3.4.3) - Is the 110 ug/l soluble copper
concentration in the blowdown or in the river after mixing? , If in the
river, is it as measured at the edge of the mixing zone, or after total
mixing? This segment should be clarified with notations as to projected
blowdown concentrations, edge of mixing zone concentrations, and exist-
ing water quality standards (reference EPA publication 440/5-80-036 -
October 1980).

4. Nonradioactive Surface Water and Groundwater Monitoring (5.3.5) - Recent
interest in the quality of WNP 2 well waters has served to underline the
NRC's concern (stated within the second paragraph of this segment) over
possible radioactive migration from the nearby WYE burial facility. An
overview of each well's observed contaiminant level should be given along
with a description of present and planned7 monitoring activities and
their objectives. The presence or lack of contaminants within down-,
gradient WNP 1 and 4 wells could also be noted here.
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Memo to Monica Jenkins.
September 22, 1981
Page 2

5. Cooling Water Intake Structure (4.2.2.2) - Mention is made at a number
of points throughout the statement that the intake structure design has
been changed from a substrate filter bed type to the installation of
slotted/perforated pipe intakes in the center of the river. The
advantages and disadvantages of each system should be outlined.

6. Discharge System (4.2.2.4) - The reasoning behind the selection of a
rectangular slotted orifice (over a circular one) should be stated.

I hope these comments are useful. If you have any questions, please contact
Mr. Roger Stanley at (206) 459-6031.

cc: Roger Stanley
Greg Sorlie /
Dr. Rajender Auluck, USNRC V
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Washington Public Power Supply System
P.O. Box968 3000 George Washington Way Richland, Washington 99352 (509)372-5000

September 23, 1981
GO-2-81-309

Docket No. 50-397

Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing -o .
U. S. Nuclear Regulatory Commission , ...
Washington D. C. 20555

Dear Mr. Schwencer: ' .7/

Subject: WPPSS Nuclear Project No. 2 ell-
Draft Environmental Statement (NUREG-0812) '-KJ'•

Reference: Ltr., A. Schwencer, NRC, to R. L. Ferguson, WPPSS,
same subject, dated August 7, 1981

We have reviewed the subject document and offer the following comments
which you may wish to consider in the preparation of a Final Environ-
mental Statement.

Introduction (Page 1-1)

It would be more accurate to reword the first paragraph as follows- "The
proposed action is ... to the Washington Public Power Supply System
(WPPSS), a municipal corporation and joint operating agency of the State
of Washington, for startup and ... " Also the maximum design power level
(third paragraph) is 3468 MWt as opposed to 3458 MWt noted in the FES-CP
(see also FSAR Sec. 1.1.7).

Water Use (Sections 4.2.2.1, 4.3.2.2, 5.3.1, and 5.3.5)

The current situation with respect to the local groundwater supply is
that there are three wells onsite; two are completed to the unconfined
aquifer and the third well draws from the deeper confined aquifer. One
of the two shallow wells periodically provides water for dust suppres-
sion and the other is not used. The deep well provides water for
construction, fire suppression, and drinking. A filter system is
presently being installed on the river makeup water system and, when
completed, potable water will be obtained from the river. Durijng opera-
tion, normal water supply will be from the river and the deep well will
be maintained as a standby source; the two shallow wells will not be
used. With respect to monitoring, the Supply System believes sampling
and analysis of well water, if it is used, will detect contamination
and verify conformance with applicable drinking water standards. The
frequency of monitoring should be related to usage; as noted above, the s
two shallow wells will not be used and the deeper well will be used very
infrequently.

8109290269 810923
PDR ADOCK 05ooo397
D PDR
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Mr. A. Schwencer
Page Two
September 23, 1981

WPPSS Nuclear Project No. 2
Draft Environmental Statement (NUREG-0812)

Threatened Species (Sections 4.3.4.3 and 5.5.1.2)

A survey of threatened species in the Hanford Reach was performed in
1980 D.H. Fickeisen, R. E. Fitzner, R. H. Sauer, J. L. Warren, Wildlife
Usage, Threatened and Endangered Species, and Habitat Studies of the
Hanford Reach, Columbia River, Washington, Prepared for U. S. Army Corps
of Engineers by Battelle Pacific Northwest Laboratories, Richland,
Washington 1980). Allium robinsonii was generally found on silty and
usually stoneless soil- 20 - 30 feet from the river. Studies performed
1975 - 1980 have not documented the presence of the species in the
vicinity of WNP-2 (Preoperational Terrestrial Monitoring Studies Near
WNP-1,-2, and -4, May through December 1980, Beak Consultants, Inc.,
Portland, Oregon, January 1981).

Historic and Archeological Sites (Section 4.3.5)

The last property listed in Table 4.4, the Polson House, is in Grays
Harbor County not Franklin County.

Corrosion Products (Section 4.2.4.2 and 5.3.4.3)

We believe the Section 5.3.4.3 considerably overestimates the in-river,
after mixing concentration of copper, especially when compared to.,the
blowdown concentrations of total copper cited in Section 4.2.4.2.

Cooling Tower Drift (Sections 5.4.2, 5.5.1.1, 5.5.3.1)

The DES correctly notes that the Supply System is very conservative in
its estimates of cooling tower drift (e.g., assumed drift r~teof 0.05%).
Notwithstanding this conservatism and low probability of quantiffiable
impacts (DES, P. 5-8), the Supply System intends to conduct a soil
chemistry and vegetation analysis program at least during the initial
phase of cooling system operation (ER-OL Section 6.1.4.1). The Supply
System's previously stated intention of using aerial photography to
assess drift effects was deleted by Amendment 5 (July 1981) to the ER-
OL. The reason for deleting this approach is that aerial photographs
taken to date are not useful to differentiate plant community charac-
teristics. Specific problems are that individual plant species cannot
always be distinguished and changes in productivity cannot be assessed
because of the great amount of standing dead material near WNP.2 and the
relatively low growth form of the dominant species. The Energy Facility
Site Evaluation Council (EFSEC) concurred with this program change (ER-
OL Ref. 6.1-53).

Meteorological Monitoring (Section 5.4.3)

We should note that the WNP-2 meteorological measurement system is not
inactive; it was reactivated on October 1, 1979 to support WNP-l and
remains operating in support of the Fast Flux Test Facility (FFTF).
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Mr. A. Schwencer
Page Three
September 23, 1981
WPPSS Nuclear Project No. 2
Draft Environmental Statement (NUREG-0812)

Radiological Impacts (Section 5.8 and supporting appendices.)

While individual and general population dose commitments resulting from
the operation of WNP-2 will. indeed be very small (DES P. 5-23 and L-2),
we believe the DES may overestimate the doses. We note, for instance,
that the atmospheric dilution factors are an order of magnitude greater
than the Supply System's estimates without explanation. We should also
note that site restricted area boundary is described in ER-OL Section
2.1.1.3 and FSAR Section 2.1.1.3. This boundary is not the same as the
exclusion area boundary (1950 meter radius) and the DES may be confusing
in regard to these definitions (e.g., DES P. 5-35). With respect to
Section 5.8.1.4.1, the Supply Systemhas established 32 dosimetry
stations: one ring of 16 at the exclusion area boundary, 7 at 4-6 miles
in sectors across the Columbia River in Franklin County, and 9 in special
interest areas. These, combined with the extensive network maintained
by Battelle Northwest Laboratories for DOE, should fulfill the plant
requirements. In Table 5.7, reference to Appendix "H" should instead be
to "D". The transfer of information from Figure 5.7 to Table 5.9 is not
clear and, in particular, the 1,920/21,000 cancers for a probability of
10-7 seems in error.

Socioeconomic Benefits and Costs (Sections 2.2, 5:7, and Chapter 6)

A general, and perhaps obvious, comment is that numbers on both sides of
the benefit/cost ledger have increased since the Supply System applied
for an operating license or last responded to NRC questions on the
subject. These increases would not, however, alter the relevant conclusions.

We have appreciated the opportunity to comment on this Draft, Enyironmental
Statement.

Very truly yours,

G. D. Bouchey

Director, Nuclear Safety

cc

cc: N. Reynolds, Debevoise & Liberman
J. R. Lewis, BPA
R. Auluck, NRC
A. 0. Toth, NRC
J. Plunkett, NUS Corp.
E. E. Beckett, NPI
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Marvin I . Lewis
6504 B~ra~dford-Terrace
Phila. PA 19149
9-16-81.

ecretary of the Commission
3NRC
ishington, D.C.g 20555
ear Mr Chilk,
indly accept the following comments as my partial comments on the DES related
o the operation of WPPSS Nuclear Project No 2. (NUREG -0812) Although there are
any serious and fatal flaws in the document I shall limit my comments to theApD,
ebaselining the RSS Results For BWRs.

age D-4 erroneously minimizes the sequence whereinthe normal heat sink has
een is&lated allowing the reactor to melt fuel. during shutdown. This is related
o scram discharge volume experiencing a leak during shutdown. This is a serious
ccident that can lead to a ta breach of containment.
hhe actual magnitude of this dmx so far unsolved problem is discussed in NUREG
785 Safety concerns Associated With Pipe Breaks in the BWR Scram System. Also
ee Tedesco NRC To Bauer PEZo Letter dated April 30.1981 Safety Concerns Assoc
ith Pipe Breaks in the BWR Scram System.

urther the Rebaselining of RSS ignores th6 common mode failure associated xt
ith EMP. An accidental or puposeful deton~ation of an atomic bomb above
he United States can cause an electomangnetin pulse which would destroy
uch of the transistors that the safety systems of nuclear plants are
rotected . This EMP problem is being assiluously ignored by the NRC.

Very truly yours,
Marvin I. Lewis.7 g
6504 Bradford Terrce
Phila PA 19149
cu 9 5964m
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OHN SPELLMAN
Governor

JACOB THOMAS
Director

STATE OF WASHINGTON

OFFICE OF ARCHAEOLOGY AND HISTORIC PRESERVATION
ill West Twenty-First Avenue, KL-11 o Olympia, Washington 98504 o (206) 753-4011

September 25, 1981

A. Schwencer
Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

RE: 255-F-NRC-02
DEIS-WPPSS Nuclear Project No. 2

A staff review has been completed of your draft environmental impact
statement. The document adequately considers known and anticipated
cultural resources and the potential for impact to these. We concur
that the proposed undertaking will have no effect on known or anticipated
cultural resources.

Thank you for your consideration of our cultural heritage.

Sincerely,

NrShei Stump
Archaeologist

co~oo

.8110010155 810925
PDR ADOCK 05000397
A PDR
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104 Davey Laboratory
The Penn. State University
University Park
Pa., 16802

28 September 1981,.'.l.

0..-/ - •

U.S. Nuclear Regulatory Cozission

c'ashington, D.C., 20555

Attention: Director,

Division of Licensing
'/7 ..- •

Dear Director:

Enclosed are my comments on the Draft Environmental Statement

related to operation of ?PPSS Nuclear Project No 2, NUREG- 0812.

Please note that the opinions and calculations presented here ary
my own, and not necessarily those of The Pennsylvania State

University, which affiliation is given foa identification
Durooses only.

I should note that the statement of policy refered to on
rage 5-46 as being dated January 19, 1979, -was actuaM'y

dated January 18 , 1979.

1 hone these comments are used in develoving the Final

Environmental Imract Statement.

Sincerely,

W.m. A. Lochstet, Ph.D.

CoO0

81 OO5035 .810929
PDR ADOCK 05000397
D POR
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The Long Term Health Consequences

and Environmental Impact
of Postulated Accidents

YPPSS Nuclear No. 2

by

William A. Lochstet

The Pennsylvania State University*

September 1981

The Nuclear Regulatory Commission (NRC) has attempted to

evaluate the health consecuences of the operation of the

w,,ashington Public Power Supply System ('?-:?PSS) , Washington

Nuclear Project !lumber 2 ( f'NP-2 ) in the draft Environmental

Statement ITUREG-0812 (Ref. 1). The health consecuendes e the

radon-222 released from the mill tailings and mines are evaluated

for the first 1000 years in Appendix K( Ref. 1). This evalupti6n

suggests (Ref. 1, Page K-5) that the radon emissions increase

after the first 500 years have elapsed. There is no suggestion

that there is any reason to believe that these emissions will

stoD at that time ( 1000 years ), or at any later time.

The fact is that these radon emissions are governed by the

80,000 year half life of thorium-230 , the 4.5 billion year

half life of uranium-238, and the amount of material covering

the tailings. The thorium situation has been adequately

discussed by Pohl (Ref. 2, in 1976). The impact of the uranium -

238 as a source of radon was recognized by the MRC in GESMO

( Ref. 3) and is discussed in the Final Environmental Statement

for the Solit Rock Mill. The result is that for a generic

1000 Mfe olant onarating at 8C% canacity factor as is used in

Ref. 1, the radon emissions will result in 200,000 deaths.

The opinions and calculations presented here are my wmm, and

not necessarily those of the ?ennsylvania State University.
My affiliation is given here for identificatiin purposes only.

A- 32



?1? IS S- 2

Seotember 1981 2

Thus the estimates of health effects (Ref. 1, P. K-6) are too

by a factor of 100,000. This is due to the arbitrary, and

eronius nrocedure of stopping at the end of the first 1000 years.

.ebas elining:

The NRC has attempted to evaluate the impact of "Class 9 "

accidents which might occur at 7,-TN?-2. Unfortunately, the 32
Dages ( Ref. 1; pp 5-26 to 5-47, D-1 to D-6 and E-l to E-5

of this report are not adeauate to describe a calculation
that .ras modified from that Dresented in the eizht volumes of

the Reactor Safety Study (RSS) '•AS{-l40 (Ref. 5). It should
be noted that this attempt to do something about this issue
is a giant step imorovement over the past practice of doing nothing.

For severe accidents the assessment is carried out considering

the entire oopulation within radii of 80 km (50 miles) and

563 km (350 miles) (Ref. 1, Sec. 5.8.2.1.4.2, page 5-38)

which would include part of Canada. It is entirely appropriate

to use large radii. A radius of 800 km (500 miles ) was used in
a recent DEIS (Ref. 6). At larger distances from the release
ooint, the exposure oer person decreases, but the number of

DeoDle exvosed increases. Thus, it was recognized in the 1975

APS study (Ref. 7) that the major health impact may be located

at the larger distances from the release site.

It is important to ncte the time period for which exoosures

to the populations are considered. It would appear that X= = two

cases are considered: one with immediate evacuation and one with

evacuation after 24 hours exnosure ( Ref. 1, P. E-4). It is

unclea3if or whin these people are allowed to return.

In the case o4ermanent relocation the radiation doses will

end after evacuation. In the case of a large accident, tha

affected area x would be " the size of the dtate of ?ennsylvania"

(Ref. 8). This is an area of 29 million acres, which at an average

value of $100 per acre would total $2.9 billion. This is a little

beyond the last dollar cost indicated in Fig 5.8 (Ref. 1, P 5-79).

A-33



N'TfPSS-2

Seotember 1981

In the case of temporary relocation, , the poDulation of

the affected area would return after a suitable waiting neriod
and decontamination where practical. In the case of a large
accident, with 29 million acres or so affected, it is not

"practical" to decontaminate the large areas irith fairly low
contamination. In these areas, the nopulation would return and
receive a fairly small individual dose for a long time. This,
in fact would be the major consecuence of the accident (Ref. 7).
It is unclear if this %,as considered in the NTRC estimate.

The present study (Ref. 1) seems to based on the RSS(Ref. 5)

and"rebaselininag' T to incorporate peer group com•ments, better data
and other improvements since the publication of. RSS.

In its January 1979 statement of' policy refered to in § 5.8.2.1.4.7
(Ref. 1) the Commission took the followring actions:

The Peer Review Process: The Commission agrees that the
Deer review process followed in publishing !•.ASH-1400 was
inadecuate and that Drorer Deer revriew. is fundamental to
making sound, technical decisions. The Cbmmission will take
whatever corrective action is necessary to-assure that
effective Deer review is an integral feature of the NRC's
risk assessment rrogram.

Accident Probabilities: The Commission acce-ts tme ".eview
GrouD Report's conclusion that absolute values of the risks
oresented by `ý!.SH-l400 should not be used uncritically either
in the regulatory nrocess of for public policy purposes and
has taken and will continue to take stept to assure that any
such use in the past will be correctbd appropriately. In
particular, in light of the Review Group conclusions on
accident probabilities, the Commission does not regaz-d as
reliable the Reactor Safety Study's numerical estimate of
the overall risk of reactor accident. P

The second statement would oreclude the use of results from

t-' RSS at this tirre. The first statement reouires a thorough

neer review rrodess for any such study. it is suggested here that
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the new "rebaselining" has undergone less peer review then the
RSS of 1975. The present report (Ref. 1) is too incomplete for any
hint of peer review.

It would anpear that the N?.C has at least two choices to

face un to these important issues. One choice is to nublish a
new version of the RSS. Another choice would be to expand the
Dresent report (Ref. 1) and all other DEIS to be as comprehensive
as the RSS. This latter would be an enormous duplication. In
either case, thorough peer review would be necessary, of

the scale that the 1975 RSS was exposed to.

References
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CONFEDERATED TRIBES AND BANDS
ESTABLISHED BY THE GENERAL COUNCIL
TREATY OF JUNE 9. 155 Vaki'ua ;diam Nta/ioH TRIBAL COUNCIL
CENTENNIAL JUNE 9. 1955

POST OFFICE BOX 151
TOPPENISH, WASHINGTON 98948

September 22, 1981

Dr. Rajender Auluck
Director, Divison of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Auluck:

The Tribal Council of the Yakima Indian Nation
asks that, before your office approves the WPPSS Environmental
Impact Statement, WPPSS be required to consult concerning
the content of that statement with the Yakima Indian Nation.
We base this request upon the following facts:

1. The Yakima Tribal Reservation, one and one-
half timesthe size of the State of Rhode Island,
has a border only 13 miles from the Hanford
Reservation, the site of the WPPSS plant.

2. The Yakimas are a Sovereign Nation with -a-Treaty
with the Federal Government which guarantees to
the Yakimas forever, particular securities,
rights, and privileges in return for vast lands
ceded to the Federal Government in 1855.

3. The Treaty also gives the Yakimas certa~n rights
and privileges over Ceded Lands, part of which
lie within the Hanford Reservation.

4. The religious and cultural beliefs and practices
of the Yakimas, protected by the Treaty and
Supreme Court decision, express a sacred, unique
relationship with Nature and the Environment.

5. In spite of all the foregoing, none of the elected
representatives of the Yakima People were ever
consulted by the authors of the WPPSS Environmental
Impact Statement.

6. A careful reading of the WPPSS Environmental Impact
Statement reveals that:

a. The only reference to Indian people in the
document is a vague reference to "Wanapums",
unidentified and as a general term of only
historic interest, and even then in an
insensitive way.
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Dr. Rajender Auluck
Page Two
September 22, 1981

b. The document ignores the existence of the
Yakima Indian Nation, its vaste adjacent
Tribal Treaty Lands, and its particular
concerns for the protection of its guranteed
rights and privileges.

c. The document in its brief reference in the
text to "Indians" is behind the times, and
reveals no sensitivity to Indian Civil
and Human Rights which today have become
a matter of course in legislation and
court decisions.

The Tribal Council asks, in addition, that your office
consult with us before setting a time and place to begin discussions
between the Yakima Indian Nation and the NRC licensing agent and
the representatives of WPPSS. Please contact Mr. Russell Jim,
Tribal Councilman, at (509) 865-5121. Thank you for your consideration

Sincerely,

n Meninick ,hairman

Yakima Tribal Council

Concur:

-Leonard Tomaskin, Chairman
Yakima General Council
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APPENDIX B
RESPONSES TO COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT

Pursuant to 10 CFR Part 51, the "Draft Environmental Statement Related to Opera-
tion of WPPSS Nuclear Project No. 2" was transmitted, with a request for comments,
to the agencies and organizations listed in Section 8.

In addition, the NRC requested comments on the draft environmental statement
from interested persons by a notice published in the Federal Register on
August 13, 1981 (46FR40956).

In response to this request, comments were received from:

* Department of Interior (DOI)
* Department of Commerce - General Counsel (DOC-GC)
* National Oceanic and Atmospheric Administration - National Weather Service

(NOAA-NWS)
* John F. Doherty (JFD)
* Department of Interior - Bureau of Reclamation (DOI-BOR)
* Department of the Army (DOAR)
* Department of Agriculture - Economics and Statistic Service (DOA-ESS)
* Environmental Protection Agency (EPA-DC)
* Benton-Franklin Governmental Conference (BFGC)
* Department of Agriculture - Soil Conservation Service (DOA-SCS)
* Department of Health & Human Services (DOHHS)
* Department of Housing and Urban Development (DOHUD)
* Department of Agriculture - Forest Service (DOA-FS)
* National Oceanic and Atmospheric Administration - National Marine Fisheries

Service (NOAA-NMFS)
* Environmental Protection Agency - Region X (EPA-RX)
* Department of Ecology (DOE)
* Washington Public Power Supply System (WPPSS)
* Marvin I. Lewis (MIL)

Office of Archaeology and Historic Preservation (OAHP)
William A. Lochstet (WAL)
Yakima Indian Nation (YIN)

The comment letters are reproduced in this statement in Appendix A.

The comments from DOI-BOR, DOC-GC, DOAR, DOA-ESS, EPA-DC, BFGC, DOA-SCS, DOHUD,
DOA-FS, and OAHP did not require a staff response either because these agencies
or individuals had no comments or because their comments indicated agreements
with the draft environment statement. The remaining comments did require a
staff response. The staff's consideration of these comments and its disposition
of the issues involved are reflected in part by revised text in the pertinent
sections of this final environmental statement and in part by the following
discussion. The following discussions are generally keyed to the body of the
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statement; for example, subsection B.2.2 in this section contains the staff's
response to comments on subsection 2.2 in the draft environmental statement.
The comments are referenced by use of the abbreviations indicated above, by
the individual comment numbers noted in the margins of the comment letters shown
in Appendix A, and by the page numbers in Appendix A on which copies of the
comments appear.

Bi. Introduction (WPPSS, A-26)

Appropriate text changes have been made in the Summary and Conclusions and in
the Introduction.

B2.1 R~sum4 (EPA-RX, A-23)

The staff is aware that construction on the project was partially halted due
to poor construction practices and bad record-keeping, but the delay was for
about twelve months, not two years as stated in the comment. The applicant is
in the process of rectifying the problems that prompted the NRC's order for
construction halt.

It is important to note that the principal cause of delay in operation is the
decrease in electricity demand growth. Currently the unit is projected to be
ready for commercial operation in the year 1983, which represents a six-year
delay from the operation date projected in December 1972, when FES-CP was issued.
The original operation date was projected on the basis of an expected 5.3% annual
growth rate in electrical energy usage among West Group Utilities between the
years 1970 and 1980.. However, the actual growth rate from 1970 to 1980 was
only 3.9% per year, and it is projected to average 3.2% per year over the next
10-year period. With this low growth rate, the applicant did not need the unit
at the original projected date to meet the electricity demand of the area.
The response by the applicant was to delay the construction. Thus, the delay
in the operation of the unit is principally in response to the experienced
decrease in electricity demand growth.

B2.2 Production Costs (JFD, A-5)

The exchange agreements executed by the U.S. Department of Interior through
the Bonneville Power Authority have the provision for the exchange of power
between the West Group Supply System and California electric utilities (such
as Southern California Edison Company and Pacific Gas and Electric Co.). An
appropriate text addition has been made in Section 2.2.

B2.5 Conclusions (JFD, A-5)

The electrical supply system experienced a critical water condition for
42½ months between 1928 and 1931. Based on a simulation using historical data
on river flow for the last 90 years, the applicant has projected that such a
critical water condition may occur only about once in 164 years. Hence, the
staff concludes that there is a very low probability of reaching a critical
water condition that would result in insufficient hydroelectric generating
capacity. But, if such a condition did occur, there would not be enough
capacity available even to supply the fixed- load commitment of the electrical
supply system.
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B4.2.2.1 Water Use (WPPSS, A-26)

The statement on page 4-2, paragraph 2 of the DES, that two onsite wells will
be retained as a standby water source during operation, is no longer correct.
Appropriate text changes have been made in Sections 4.2.2.1 and 5.3.1.

B4.2.2.2 Intake System (NOAA-NMFS, A-21)

The staff acknowledges that the intake approach velocities discussed on page 4-2
of the DES are based on hydraulic modeling and have not been verified in the
field. An appropriate text change has been made in Section 4.2.2.2 of the FES.

Intake System (DOE, A-25)

The main disadvantage of the slotted/perforated pipe intake design, compared
to the substrate filter bed, is an increase in intake velocity. At WNP-2, the
maximum design velocity of the former is 15 cm/s (0.5 fps), compared to < 0.6 cm/s
(< 0.02 fps) for the latter. Nevertheless, the higher intake velocity is well
within the representative range for such intake systems and well within approach
velocities that most fish can avoid.

The filter bed intake design has several disadvantages. These include its
potential for biofouling [which would necessitate biocide treatment (e.g., with
chlorine), thus introducing biocide into the Columbia River] and its potential
for non-biological clogging (which would necessitate backflushing that would
cause increased sedimentation, turbidity, and substrate scouring of the river).

B4.3.2.1 Hydrology (NOAA-NMFS, A-4)

The WNP-2 site is located just upstream of the site of the proposed Ben Franklin
Dam. Although the Ben Franklin Dam site has been studied by the U.S. Army Corps
of Engineers, it is not an authorized project. However, even though the Ben
Franklin Dam is not an authorized project, the applicant has considered the
effects of its construction with respect to WNP-2. The effects of Ben Franklin
Dam were considered in the design basis flood analysis, which involves breaching
of the Grand Coulee Dam and in the analysis of the design basis groundwater
level. These are considered as safety-related topics and will be addressed in
the forthcoming Safety Evaluation Report (SER).

B4.3.4.3 Listed Species (WPPSS, A-27)

Although the candidate plant species Allium robinsonii has not been observed
in the vicinity of WNP-2, the staff is now aware that the species occurs near
the Columbia River in the Hanford Reach. Appropriate text changes have been
made in Sections 4.3.4.3 and 5.5.1.2.

B4.3.5 Historic and Archeological Sites (WPPSS, A-21)

Appropriate change has been made inTable-4.4.-

B4.3.6.1 Demography (JFD, A-5)

The NRC staff has reviewed the applicant's methodology for determining the
resident population within 10 miles of WPPS-2 and finds that it is acceptable.
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The applicant's methodology which utilized both a postal survey and an analysis
of assessment records is capable of producing highly justified population
statistics. As a result of our review, the NRC staff continues to support the
applicant's population statistics.

B5.3.1 Water Use Impacts (DOE, A-24)

The staff acknowledges that a portion of the WNP-2 Columbia River intake stream
will be used for potable service. An appropriate text change has been made in
Section 5.3.1.

B5.3.4.3 Corrosion Products (DOE, A-24)

The predicted 110 pg/L soluble copper concentration will be in the blowdown.
An appropriate text change has been made in Section 5.3.4.3.

Corrosion Products (WPPSS, A-27)

The concentration of copper given in Section 5.3.4.3 should be for the blowdown,
not the river. An appropriate text change has been made in Section 5.3.4.3.

B5.3.5 Surface-Water and Groundwater Monitoring (WPPSS, A-25, DOE, A-24)

Appropriate text changes have been made in Section 5.3.5.

B5.4.3 Meteorological Monitoring (WPPSS, A-21)

The meteorological measurements, as indicated, are not being used for WNP-2
licensing purposes at present. However, it is expected that the system will
be used after fuel loading, during testing and operation of the reactor.

B5.5.1.1 Cooling Tower Drift (WPPSS, A-27)

In view of the applicant's findings that aerial photography has not been useful
for differentiating plant community characteristics in the vicinity of WNP-2,
the staff withdraws its recommendation that aerial color infrared photography
be used to monitor drift effects and instead recommends that soil and vegetation
analyses be used for that monitoring function. Appropriate text changes have
been made in Sections 5.5.1.1 and 5.3.3.1.

B5.5.1.2 Impacts On Listed Species (DOI, A-1, WPPSS, A-27)

Appropriate text changes have been made in Section 5.5.1.2 in support of the
staff's position that plant operation will not impact bald eagles in the vicinity
of WNP-2.

B5.5.2.1 Cooling-Water Intake Impacts (NOAA-NMFS, A-21)

Because there is no available biological data that conclusively demonstrates
depth preferences for migrating juvenile salmonids, the staff assumed maximum
water withdrawal rates (i.e., twice that for normal operating conditions) in
its evaluation of entrainment effects. This measure of conservatism tends to
correct for errors that may be inherent in assuming a homogeneous distribution
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of migrating juveniles. The staff's conclusion that entrainment losses will
be small was supported by the absence of fish larvae in the makeup water samples
taken from May 1979 through May 1980.

B5.5.3.2 Aquatic (NOAA-NMFS, A-22)

The staff acknowledges that the potential would exist for increased rates of
entrainment and impingement during peak saimonid juven-ile migration if Priest
Rapids and Wanapum dams were expanded. The staff also agrees that if such
expansions occurred, entrainment testing such as that suggested by the National
Marine Fisheries Service would be desirable during peak fry migration. A text
addition acknowledging the National Marine Fisheries Service monitoring require-
ments has been included in the last-paragraph of Section 5.5.3.2.

Aquatic (DOI, A-2)

The staff agrees that adherence to aquatic monitoring programs will help ensure
maximum protection of salmonids. A text change has been made in Section 5.5.3.2
to acknowledge that in addition to the aquatic monitoring requirements that
will be in the Environmental Protection Plan, such requirements have been imposed
in the applicant's water withdrawal permit at the request of the National Marine
Fisheries Service.

B5.7 Socioeconomic Impact (WPPSS, A-28)

Staff agrees with the comment. The reason for the increase in benefits is the
higher projected cost of electricity generated from. oil-fired units. In 1980,
the cost of generating electricity from oil-fired units (which are projected
to supply the demand for electricity in West Group Systems if the nuclear unit
is not allowed to operate) was almost double the cost in 1978. Hence, the
savings that would result from the operation of the nuclear unit is higher than
previously reported by the applicant.

A high inflation rate from 1978 to 1980 and a more detailed study of decommis-
sioning cost have resulted in a higher estimate of the decommissioning cost
for the WNP-2 unit than previously reported by the applicant.

B5.8 Radiological Impacts (WPPSS, A-28)

The atmospheric dilution factors (X/Q) for routine releases are corrected for
atmospheric recirculation which results in higher X/Q values than would be the
case if no recirculation were considered.

B5.8.2.1.2 Accident Experience and Observed Impacts (JFD, A-5)

The staff believes that the statement is accurate as written. Although we
acknowledge that the sentence by itself is incomplete with respect to discussing
the uncertainty of health impact assessment, we believe that the previous "Health
Effects" Section 5.8.2.1.1.3 and the discussion of the Three Mile Island 2
accident in the succeeding two paragraphs provide a clear indication of our
ability to know if the accidents caused a death or injury to any member of the
public.
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Accident Experience and Observed Impacts (JFD, A-6)

The staff did not intend to be vague. The estimates of noble gas releases at
TMI-2 covered a considerable range. These estimates included: 2.4 million
curies of noble gas released, "Reports of the Public Healthand Safety Task
Force (the President's Commission)," p. 33; 2.5 million curies, "Three Mile
Island--A Report to the Commissioners and the Public," Vol. 2, p. 344; 10 million
curies total release (3 million curies were released after the first day and a
half), TDR-TMI-116, cited above; 10 million curies, the Licensee, cited in
"Investigation into the March 28, 1979 Three Mile Island Accident by Office of
Inspection and Enforcement," NUREG-0600, August 1979; and 13 million curies,
"preliminary assessment by the NRC staff," cited in NUREG-0600, p. 11-3-17.
The range of dose estimates corresponds to this range of noble gas release
estimates; the Environmental Statement text has been changed to reflect a
larger range of total population dose, namely, 1000 to 5000 person-rem.

B5.8.2.1.3.3 Emergency Preparedness (DOC-NWS, A-4)

The review of the Emergency Plan for WNP-2 is conducted separately from the
review of environmental impacts. The review of the Emergency Plan for WNP-2
has not been completed at this time, and it is premature to presume the role
of the National Weather Service in the Plan. However, other Emergency Plans
reviewed by the staff have provisions for accessing real-time and forecast
meteorological information from nearby National Weather Service (NWS) stations.
In addition, the staff has an agreement with the NWS for meteorological support
in the event of an emergency situation at any nuclear power plant. The staff
may solicit comments from the NWS on the assumed downwind dispersion patterns
incorporated into the Emergency Plans.

Comment #3 (JFD, A-5)

Low-level radioactive wastes are stored underground at the Wye burial site.
No wastes stored at the site, or activities at the site, could affect any
potential accident sequences at the WNP-2 site, or the consequences of an
accident.

Comment #3 (DHHS, A-16)

The staff believes that it is not necessary to discuss the Three Mile Island
"Lessons Learned" in detail in this Environmental Statement. The referenced
document "NRC Action Plan Developed as a Result of the TMI-2 Accident," and a
related document, "Clarification of TMI Action Plan Requirements" NUREG-0737,
are both publicly available and are the best sources of information about this.

Comment #1 (WAL, A-31)

The date has been corrected in the text.
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Comment #2 (WAL, A-33)

The staff believes that the CRAC model and the assumptions used with it provide
the best obtainable estimate of the costs and consequences of ground contami-
nation. The estimate provided in the DES using this model incorporates a more
complete, up-to-date data base than WASH-740 estimates. Also, it is certainly
more site-specific, because values of parameters unique to the area are used,
including those discussed on p. 5-40, and the fraction of the surrounding area
that is land, and the power level of the WNP-2 core (which affects the magnitude
of the source term for land contamination). Using these data and some assump-
tions about long-term dispersion of residual activity, the staff has predicted
that a large area of land will become contaminated, but to varying degrees.
Some of the land may be permanently barred from human occupation, and other
land must be decontaminated before occupation. The staff assumes that decontami-
nation can at best remove 95% of the radioactivity, although radioactive decay
can reduce the residual amount further. If the doses resulting from residual
radioactivity remaining after decontamination and decay are smaller than the
Protective Action Guidelines of the former Federal Radiation Council and the
British Medical Research Council, we assume that re-occupation is possible.
Both the economic costs of decontamination and the long-term, low-level doses
from the residual radioactivity that may remain after re-occupation are included
in the totals of costs and radiological impacts.

Comment #3 (WAL, A-33)

The staff agrees that the Environmental Statement text by itself is not a
detailed, complete description of the methods of risk assessment that were
used in preparing it. However, we feel that Appendix D and the referenced
reports ("Reactor Safety Study," "Risk Assessment Review Group Report to the
U.S. NRC," and "Task Force Report on Interim Operation of Indian Point")
together provide a good description of the risk assessment methodology and its
revisions. The rebaselining of the methodology of the "Reactor Safety Study,"
as described in the "Task Force Report...," was not a separate study but was
rather the product of review and criticism of the "Reactor Safety Study." The
rebaselining included the recommendations of the "Risk Assessment Review Group
Report." In summary: the risk assessment methodology has been carefully re-
viewed, and many of the criticisms of the "Reactor Safety Study" have been
answered and the corrections incorporated in the calculations used here.

Comment #4 (WAL, A-33)

Dr. Lochstet's basic contention is that the health consequences of radon-22
emissions from the uranium fuel cycle are improperly evaluated in the WNP-2
Draft Environmental Statement (DES, NUREG-0812). The basis for Lochstet's
contention is that the staff has arbitrarily evaluated the health impacts of
radon-222 releases from the wastes generated in the fuel cycle for 1000 years
or less, rather than over all time. Lochstet estimates that radon-222 emis-
sions from the wastes from each annual reactor fuel requirement will cause
about 200,000 deaths over some large but undefined period of time (but
presumably many 100-million years).

The major difference between the staff's estimated number of health effects
from radon-222 emissions and Lochstet's estimated values is the issue of the
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time period over which dose commitments and health effects from long-lived
radioactive effluents should be evaluated. Lochstet has integrated dose
commitments and health effects over what amounts to an infinite time interval,
whereas the staff has integrated dose commitments from radon-222 releases over
a 100-year period, a 500-year period, and a 1000-year period.

The staff has not estimated health effects from radon-222 emission beyond 1000
years because predictions over time periods greater than 100 years are subject
to such large uncertainties that the calculations are of doubtful meaning.
These uncertainties result from, but are not limited to, political and social
considerations, population size, health characteristics, and, for time periods
on the order of thousands of years or longer, geologic and climatol~gic effects.
In contrast to Lochstet's conclusion, at least one author estimates that the
long-term (thousands of years) impacts from the uranium used in reactors will
be less than the long-term impacts from an equivalent amount of uranium left
undisturbed in the ground. Consequently, the staff has limited its period of
consideration of 1,000 years or less for decision-making and impact-calculational
purposes.

Comment #1 (MIL, A-29)

The risks from a postulated scram discharge volume break with failure to isolate
and possible loss of core cooling is discussed in "Generic Safety Evaluation
Report Regarding Integrity of BWR Scram System Piping," NUREG-0803, August 1981.
The integrated risk assessment part of this report included the conclusion
(pending a planned site-specific confirmatory study of some of the assumptions)
that the subject sequence of events is not a dominant contributor to core melt.
The frequency of core melt was estimated to be less than 10-6 per plant year.
A rough quantitative comparison between this accident and those listed in
Table 5.7 of the FES shows that the probability of the scram discharge volume
break resulting in a core melt is from two to ten times smaller than several
accident sequences that would result in at least as much release. Therefore,
the incorporation of the specific accident sequence analyzed in NUREG-0803 into
the rebaselined model would not significantly change the results of the risk
assessment.

Comment #2 (MIL, A-29)

The NRC is currently studying the effects of an electromagnetic pulse (EMP) on
the safety systems of light-water commercial nuclear power plants. The staff
described the EMP research program in a letter to the Commissioners (SECY-81-641);
the NRC plans to publish the summary report on this program in 1982.

Also NUREG-0153 describes the initial impetus for NRC's involvement, and a brief

review of previous studies on the effects of EMP on a pressurized water reactor.

Appendix H (DOI, A-2)

Paragraph 3 of the letter on page H-2 refers to consultation requirements.

aB. L. Cohen, "Radon: Characteristics, National Occurrence, Technological

Enhancement, and Health Effects," Vol. 4, Progress in Nuclear Energy, 1979.
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Comment #2 (EPA-RX, A-23)

The requirements for operator certifications will be discussed in the forth-
coming Safety Evaluation Report for WNP-2.

B.4.2.2.4 Discharge System (DOE, A-25)

The rectangular design results in greater mixing by providing a greater jet
entrainment surface and thus would have less impact on the aquatic resources.

Comment #1 (YIN, A-36)

NRC recognizes the fact that the Yakimas are a Sovereign Nation with a Treaty
with the Federal Government which guarantees to the Yakimas certain rights and
privileges in return for the lands ceded to the Federal Government. We also
recognize that the religious and cultural beliefs and practices of the Yakimas
are protected by the treaty. The Yakima Tribal Reservation is outside the 10
mile emergency planning zone but certain parts of the reservation are within
the 50 miles radius of the plant site. We have had discussions with the
officials of the State of Washington, Federal Emergency Management Agency (FEMA),
Benton County and Washington Public Power Supply System (WPPSS) and were informed
that they will be meeting with the officials of Yakima Indian Nation for discus-
sions regarding the emergency plans and any other concerns.
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APPENDIX C

NEPA POPULATION JOSE ASSESSMENT

Population-dose commitments are calculated for all individuals living within
80 km (50 miles) of the WNP-2 facility, employing the same models used for
individual doses (see Regulatory Guide 1.109, Rev. 11), for the purpose of
meeting the "as low as reasonably achievable" (ALARA) requirements of 10 CFR
Part 50, Appendix 1.2 In addition, dose commitments to the population
residing beyond the 80-km region, associated with the export of food crops
produced within the 80-km region and with the atmospheric and hydrospheric
transport of the more mobile effluent species, such as noble gases, tritium,
and carbon-14, are taken into consideration for the purpose of meeting the
requirements of the National Environmental Policy Act, 1969 (NEPA). This
appendix describes the methods used to make these NEPA population dose
estimates.

1. lodines and Particulates Released to the Atmosphere

Effluent nuclides in this category deposit on the ground as the effluent
moves downwind, thus the concentration of these nuclides remaining in the
plume is continouously being reduced. Within 80 km of the facility, the
deposition model in Regulatory Guide 1.111, Rev. 1,1 is used in conjunction
with the dose models in Regulatory Guide 1.109, Rev. 1.1 Site-specific data
concerning production and consumption of foods within 80 km of the reactor
are used. For estimates of population doses beyond 80 km, it is assumed that
excess food not consumed within the 80-km area will be consumed by the
population beyond 80 km. It is further assumed that none, or very few, of
the particulates (excluding tritium and carbon-14) released from the facility
will be transported beyond the 80-km distance; thus they will make no signif-
icant contribution to the population dose outside the 80-km region except
by export of food crops. This assumption was tested and found to be reason-
able for the WNP-2 facility.

2. Noble Gases, Carbon-14, and Tritium Released to the Atmosphere

For locations within 80 km of the reactor facility, exposures to these
effluents are calculated with a constant mean wind-direction model according
to the guidance provided in Regulatory Guide 1.111, Rev. 1, and the dose
models described in Regulatory Guide 1.109, Rev. 1. For estimating the dose
commitment from these radionuclides to the U.S. population residing beyond
the 80-km region, two dispersion regimes are considered. They are referred
to as the first-pass dispersion regime and the world-wide dispersion regime.
The model for the first-pass dispersion regime estimates the dose commitment
to the-population from the radioactive plume as it leaves the facility and
drifts across the continental United States toward the northeastern corner
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of the U.S. The model for the world-wide dispersion regime estimates the
dose commitment to the U.S. population after the released radionuclides mix
uniformly in the world's atmosphere or oceans.

a. First-Pass Dispersion

For estimating the dose commitment to the U.S. population residing beyond
the 80-km region due to the first pass of radioactive pollutants, it is
assumed that the pollutants disperse in the lateral and vertical directions
along the plume path. The direction of movement of the plume is assumed to
be from the facility toward the northeast corner of the U.S. The extent of
vertical dispersion is assumed to be limited by the ground plane and the
stable atmospheric layer aloft, the height of which determines the mixing
depth. The shape of such a plume geometry can be visualized as a right
cylindrical wedge whose height is equal to the mixing depth. Under the
assumption of constant population density, the population dose associated
with such a plume geometry is independent of the extent of lateral disper-
sion, and is only dependent upon the mixing depth and other nongeometrical-
related factors. 4 The mixing depth is estimated to be 1000m, and a uniform
population density of 62 persons/km2 is assumed along the plume path, with
an average plume transport velocity of 2*m/s.

The total-body population dose commitment from the first-pass of radioactive
effluents is due principally to external exposure from gamma-emitting noble
gases, and to internal exposure from inhalation of air containing tritium
and ingestion of food containing carbon-14 and tritium.

b. World-Wide Dispersion.

For estimating the dose commitment to the U.S. population after the first-pass,
world-wide dispersion is assumed. Nondepositing radionuclides with half-lives
greater than one year are considered. Noble gases and carbon-14 are assumed
to mix uniformly in the world's atmosphere (3.8 x 1018 m3), and radioactive
decay is taken into consideration. The world-wide dispersion model estimates
the activity of each nuclide at the end of a 15-year release period (midpoint
of reactor life) and estimates the annual population dose commitment at that
point in time, taking into consideration radioactive decay and physical removal
mechanisms (e.g., carbon-14 is gradually removed to the world's oceans).
The total-body population dose commitment from the noble gases is due mainly
to external exposure from gamma-emitting nuclides, while from carbon-14 it
is due mainly to internal exposure from ingestion of food containing carbon-14.

The population dose commitment due to tritium releases is estimated in a
manner similar to that for carbon-14, except that after the first pass, all
of the tritium is assumed to be immediately distributed in the world's
circulating water volume (2.7 x 1016 M3 ), including the top 75 m of the seas
and oceans, rivers and atmosphere moisture. The concentration of tritium in
the world's circulating water is estimated at the point in time after 15 years
of releases have occurred, taking into consideration radioactive decay; the
population dose commitment estimates are based on the incremental concentration
at that point in time. The total-body population dose commitment from tritium
is due mainly to internal exposure from the consumption of food.
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3. Liquid Effluents

Population dose commitments due to effluents in the receiving water within
80 km of the facility are calculated as described in Regulatory Guide 1.109.
It is assumed that no depletion by sedimentation of the nuclides present in
the receiving water occurs within 80 km. It also is assumed that aquatic
biota concentrate radioactivity in the same manner as-was assumed for the
ALARA maximally exposed individual evaluation. However, food consumption
values appropriate for the average, rather than the maximum, individual are
used. It is further assumed that all the sport and commercial fish and
shellfish caught within the 80-km area are eaten by the U.S. population.

Beyond 80 km, it is assumed that all the liquid-effluent nuclides except
tritium have deposited on the sediments so that they make no further contribu-
-tion to population exposures. The tritium is assumed to mix uniformly in the
world's circulating water volume and to result in an exposure to the U.S.
population in the same manner as discussed for tritium in gaseous effluents.

4. References

(1) U.S. Nuclear Regulatory Commission, "Regulatory Guide 1.109:
Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR
Part 50, Appendix I," Revision 1, October 1977.

(2) Title 10 Code of Federal Regulations, Part 50, "Domestic Licensing
of Production and Utilization Facilities," January 1980.

(3) U.S. Nuclear Regulatory Commission, "Regulatory Guide 1.111:
Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water Reactors,"
Revision 1, July 1977.

(4) K. F. Eckerman, et al., "Users Guide to GASPAR Code", U.S. Nuclear
Regulatory Commission report NUREG-0597, June 1980.
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APPENDIX D

REBASELINING OF THE RSS RESULTS FOR BWRs

The results of the Reactor Safety Study (RSS) have been updated. The update
was done largely to incorporate results of research and development conducted
after the October 1975 publication of the RSS and to provide a baseline against
which the risk associated with various LWRs could be consistently compared.

Primarily, the rebaselined RSS results reflect use of advanced modeling of the
processes involved in meltdown accidents, i.e., the MARCH computer code modeling
for transient and LOCA initiated sequences and the CORRAL code used for calcu-
lating magnitudes of release accompanying various accident sequences. These
codes* have led to a capability to predict the transient and small LOCA initiated
sequences that is considerably advanced beyond what existed at the time the
Reactor Safety Study was completed. The advanced accident process models (MARCH
and CORRAL) produced some changes in our estimates of the release magnitudes
from various accident sequences in WASH-1400. These changes primarily involved
release magnitudes for the iodine, cesium, and tellurium families of isotopes.
In general, a decrease in the iodines was predicted for many of the dominant
accident sequences, while some increases in the release magnitudes for the
cesium and tellurium isotopes were predicted.

Entailed in this rebaselining effort was the evaluation of individual dominant
accident sequences as we understand them to evolve rather than the technique
of grouping large numbers of accident sequences into encompassing, but synthetic,
release categories as was done in WASH-1400. The rebaselining of the RSS also
eliminated the "smoothing technique" that was criticized in the report by
the Risk Assessment Review Group (sometimes known as the Lewis Report;
NUREG/CR-0400).

In both of the RSS designs (PWR and BWR), the likelihood of an accident sequence
leading to the occurrence of a steam explosion (u) in the reactor vessel was
decreased. This was done to reflect both experimental and calculational indica-
tions that such explosions are unlikely to occur in those sequences involving
small size LOCAs and transients because of the high pressures and temperatures
expected to exist within the reactor coolant system during these scenarios.
Furthermore, if such an explosion were to occur, there are indications that it
would be unlikely to produce as much energy and the massive missile-caused
breach of containment as was postulated in WASH-1400.

For rebaselining of the RSS BWR design, the sequence TCy' (described later)
was explicitly included into the rebaselining results. The accident processes
associated with the TC sequence had been erroneously calculated in WASH-1400.
In general, the rebaselined results led to slightly increased health impacts

*It should be noted that the MARCH code was used on a number of scenarios in

connection with the TMI-2 recovery efforts and for post-TMI-2 investigations
to explore possible alternative scenarios that TMI-2 could have experienced.
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being predicted for the RSS BWR design. This is believed to be largely
attributable to the inclusion of TCy'.

In summary, the rebaselining of the RSS results led to small overall differ-
ences from the predictions in WASH-1400. It should be recognized that these
small differences due to the rebaselining efforts are likely to be far out-
weighed by the uncertainties associated with such analyses.

The accident sequences identified in the rebaselining effort which are expected
to dominate risk of the RSS-BWR design are briefly described below. These
sequences are assumed to represent the approximate accident risks from the
WNP-2 BWR design.

Each of the accident sequences is designated by a string of identification
characters in the same manner as in the RSS (see page D-5 for key to sequence
symbols). Each character represents a failure in one or more of the important
plant systems or features. For example, in sequences having a y' at the end
of the string, it means a particular failure mode (overpressure) of the contain-
ment structure (and a rupture location) where a release of radioactivity takes
place directly to the atmosphere from the primary containment. In the sequence
having a y at the end of the string, the containment failure mode is again by
overpressure, but this time the rupture location is such that the release takes
place into the reactor building (secondary containment) before discharging to
the environment. In this latter (y) case, the overall magnitude of radioactivity
release is somewhat diminished by the deposition and plateout processes that
take place within the reactor building.

TCy' and TCy

These sequences involve a transient event requiring shutdown of the reactor
while at full power, followed by a failure to make the reactor subcritical
(i.e., terminate power generation by the core). The containment is assumed
to be isolated by these events; then, one or the other of the following
chain of events is assumed to happen:

(a) High-pressure coolant-injection system would succeed for some time in
providing makeup water to the core in sufficient quantity to cope with
the rate of coolant loss through relief and safety valves to thesuppres-
sion pool of the containment. During this time, the core power level varies,
but causes substantial energy to be directed into the suppression pool;
this energy is in excess of what the containment and containment heat removal
systems are designed to cope with. Ultimately, in about 1-1/3 hours, the
containment is estimated to fail by overpressure and it is assumed that
this rather severe structural failure of the containment would disable
the high pressure coolant makeup system. Over a period of roughly 1-1/2
hours after breach of containment, it is assumed the core would melt.
This has been estimated to be one of the more dominant sequences in terms
of accident risks to the public.

(b) A variant to the above sequence is one where the high pressure coolant
injection system fails somewhat earlier and prior to containment over-
pressure failure. In this case, the earlier melt could result in a reduced
magnitude of release because some of the fission products discharged to
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the suppression pool, via the safety and relief valves, could be more
effectively retained if the pool remained subcooled. The overall accident
consequences would be somewhat reduced in this earlier melt sequence, but
ultimately the processes accompanying melt (e.g., noncondensibles, steam,
and steam pressure pulses during reactor vessel melt-through) could cause
overpressure failure (y or y') of the containment.

TWy' and TWy

The TW sequence involves a transient where the reactor has been shut down and
containment has been isolated from its normal heat sink (i.e., the power conver-
sion system). In this sequence, the failure to transfer decay heat from the
core and containment to an ultimate sink could ultimately cause overpressure
failure of containment. Overpressure failure of containment would take many,
many hours, allowing for repair or other emergency actions to be accomplished,
but should this sequence occur, it is assumed that the rather severe structural
failure of containment would disable the systems (e.g., HPI, RCIC) providing
coolant makeup to the reactor core. (In the RSS design, the service water
system which conveys heat from the containment via RHR system to the ultimate
sink was found to be the dominant failure contribution in the TW sequence.)
After breach of containment, the core is assumed to melt.

[TQUVy', AEy', SlEy', S2Ey'] and [TQUVy, AEy, S2 Ey, S2 Ey]

Each of the accident sequences shown grouped into the two bracketed categories
above is estimated to have quite similar consequence outcomes, and these would
be somewhat smaller than the TCy', y and TWy' sequences described above. In
essence, these sequences, which are characterized as in the RSS, involve failure
to deliver makeup coolant to the core after a LOCA or a shutdown transient event
requiring such coolant makeup. The core is assumed to melt down and the melt
processes ultimately cause overpressure failure of containment (either y' or
y). The overall risk from these sequences is expected to be dominated by the
higher frequency initiating events (i.e., the small LOCA (0 2 ) and shutdown
transients (T)).
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KEY TO BWR ACCIDENT SEQUENCE SYMBOLS

A Rupture of reactor coolant boundary with an equivalent diameter of
greater than six inches.

B Failure of electric power to ESFs.

C Failure of the reactor protection system.

D Failure of vapor suppression.

E Failure of emergency core cooling injection.

F Failure of emergency core cooling functionability.

G Failure of containment isolation to limit leakage to less than
100 volume percent per day.

H Failure of core spray recirculation system.

I Failure of low pressure service water system.

J Failure of high pressure service water system.

M Failure of safety/relief valves to open.

P Failure of safety/relief valves to reclose after opening.

Q Failure of normal feedwater system to provide core makeup water.

S Small pipe break with an equivalent diameter of about 2"-6".

S2 Small pipe break with an equivalent diameter of about 1/2"-2".

T Transient event.

U Failure of HPCI or RCIC to provide core makeup water.

V Failure of low pressure ECCS to provide core makeup water.

W Failure to remove residual core heat.

a Containment failure due to steam explosion in vessel.

- Containment failure due to steam explosion in containment.

y - Containment failure due to overpressure - release through reactor
building.

y - Containment failure due to overpressure - release direct to atmosphere.
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6 - Containment isolation failure in drywell.

- Containment isolation failure in wetwell.

- Containment leakage greater than 2400 volume percent per day.

- Reactor building isolation failure.

0 Standby gas treatment system failure.
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APPENDIX E
EVACUATION MODEL

"Evacuation," used in the context of offsite emergency response in the event
of substantial amount of radioactivity release to the atmosphere in a reactor
accident, denotes an early and expeditious movement of people to avoid exposure
to the passing radioactive cloud and/or to acute ground contamination in the
wake of the cloud passage. It should be distinguished from "relocation" which
denotes a post-accident response to reduce exposure from long-term ground

contamination. The Reactor Safety Study( 1 ) (RSS) consequence model contains
provision for incorporating radiological consequence reduction benefits of public
evacuation. Benefits of a properly planned and expeditiously carried out public
evacuation would be well manifested in reduction of acute health effects associ-
ated with early exposure; namely, in number of cases of acute fatality and acute
radiation sickness which would require hospitalization. The evacuation model

originally used in the RSS consequence model is described in WASH-1400(1) as well

as in NUREG-0340.(2) However, the evacuation model which has been used herein

is a modeified version(3) of the RSS model and is, to a certain extent, site
emergency planning oriented. The modified version is briefly outlined below:

The model utilizes a circular area with a specified radius (such as 10 mile
plume exposure pathway Emergency Planning Zone (EPZ)), with the reactor at the
center. It is assumed that people living within portions of this area would
evacuate if an accident should occur involving imminent or actual release of
significant quantities of radioactivity to the atmopshere.

Significant atmospheric releases of radioactivity would in general be preceded
by one or more hours of warning time (postulated as the time interval between
the awareness of impending core melt and the beginning of the release of radio-
activity from the containment building). For the purpose of calculation
of radiological exposure, the model assumes that all people who live in a
fan-shaped area (fanning out from the reactor), within the circular zone
with the down-wind direction as its centerline--i.e., those people who would
potentially be under the radioactive cloud that would develop following the
release -- would leave their residences after lapse of a specified amount of
delay time* and then evacuate. The delay time is reckoned from the beginning
of the warning time and is recognized as the sum of the time required by the
reactor operators to notify the responsible authorities; time required by the
authorities to interpret the data, decide to evacuate, and direct the people
to evacuate; and time required for the people to mobilize and get underway.

While leaving the area, the model assumes that each evacuee would move radially
out and in the downwind direction with an average effective speed* (obtained
by dividing the zone radius by the average time taken to clear the zone after
the delay time) over a fixed distance* from the evacuee's starting point.

*Assumed to be of constant values, which would be the same for all evacuees.
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This distance is selected to be 24 kilometers (15 miles), which is 8 kilometers
(5 miles) more than the 16-kilometer (10-mile) plume exposure pathway EPZ radius.
After reaching the end of the travel distance the evacuee is assumed to receive
no further radiation exposure. (An important assumption incorporated in the
RSS conseqeunce model is that if the calculated ground dose to the total marrow
over a 7-day period would exceed 200 rems in the regions beyond the evacuation
zone, then this high dose rate would be detected by actual field measurements
following the accident and people from those regions would be relocated
immediately. Therefore, the model limits the period for ground-dose calculation
to only 24 hours for those regions. When no evacuation at all is assumed, this
manner of ground-dose calculations applies toall regions, beginning from the
reactor's location. CRAC code implements this feature irrespective of the
evacuation model used.)

The model incorporates a finite length of the radioactive cloud in the downwind
direction which would be determined by the product of the duration over which
the atmospheric release would take place and the average windspeed during the
release. It is assumed that the front and the back of the cloud formed would
move with an equal speed which would be the same as the prevailing windspeed;
therefore, its length would remain constant at its initial value. At any time
after the release, the concentration of radioactivity is assumed to be uniform
over the length of the cloud. If the delay time would be less than the warning
time, then all evacuees would have a head-start, i.e., the cloud would be
trailing behind the evacuees initially. On the other hand, if the delay time
would be more than the warning time, then depending on initial locations of
the evacuees, there are possibilities that (a) an evacuee will still have a
head-start, or (b) the cloud would be already overhead when an evacuee starts
out to leave, or (c) an evacuee would be initially trailing behind the cloud.
However, this initial picture of cloud-people disposition would change as the
evacuees travel depending on the relative speed and positions between the cloud
and people. It may become possible that the cloud and an evacuee would overtake
one another zero, or one or more times before the evacuee would reach his or
her destination. In the model, the radial position of an evacuating person,
while stationary or in transit, is compared to the front and the back of the
cloud as a function of time to determine a realistic period of exposure to
airborne radionuclides. The model calculates the time periods during which
people are exposed to radionuclides on the ground while they are stationary
and while they are evacuating. Because radionuclides would be deposited
continually from the cloud as it passed a given location, a person while under
the cloud would be exposed to ground contamination less concentrated than if
the cloud had completely passed. To account for this, at least in part, the
revised model assumes that persons are exposed to the total ground contamination
concentration, calculated to exist after complete passage of the cloud, when
completely passed by the cloud; to one-half the calculated concentration when
anywhere under the cloud; and to no concentration when in front of the cloud.
The model provides for use of different values of the shielding protection
factors for exposure from airborne radioactivity and contaminated ground, and
of the breathing rates for stationary and moving evacuees during delay and
transit periods.

It is realistic to expect that authorities would evacuate persons at distances
from the site where exposures above the threshold for causing acute fatalities
could occur regardless of the plume exposure pathway EPZ distance. Figure E-1
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illustrates the reduction in acute fatalities that can occur by extending evacua-
tion to larger distances, such as 24 kilometers (15 miles), and 32 kilometers
(20 miles). If it is assumed that all people within a distance of 40 kilometers
(25 miles) are evacuated, the model predicts that there would be no acute fatali-
ties at any probability level for this site. It should be noted, however, that
the evacuation model becomes more inaccurate as larger distances, and larger
numbers of people, are involved. Also illustrated in Figure E-1 is a pessimistic
case for which no early evacuation is assumed and all persons are assumed to
be exposed for the first 24 hours following an accident, and are then relocated.

The model has the same provision for calculation of the economic cost associated
with implementation of evacuation as in the original RSS model. For this purpose,
the model assumes that for atmospheric releases of durations three hours or
less,. all people living within a circular area of a 5-mile radius centered at
the reactor plus all people living within a 450 angular sector within the plume
exposure pathway EPZ and centered on the downwind direction would evacuate and
temporarily relocate. However, if the duration of release would exceed three
hours, the cost of evacuation is based on the assumption that all people within
the entire plume exposure pathway EPZ would evacuate and temporarily relocate.
For either of these situations, the cost of evacuation and relocation is assumed
to be $125 (1980 dollar) per person, which includes cost of food and temporary
sheltering for a period of one week.

References

1. "Reactor Safety Study," WASH-1400 (NUREG-75/014), October 1975.

2. "Overview of the Reactor Safety Study Consequences Model," NUREG-0340,
October 1977.

3. "A Model of Public Evacuation for Atmospheric Radiological Releases,"
SAND78-0092, June 1978.
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APPENDIX F. NATIONAL POLLUTANT DISCHARGE ELIMINATION
SYSTEM WASTE DISCHARGE PERMIT FOR

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
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Page 1 of 11
Permit No. WA-002515-1
Issuance Date: 9/8/80
Expiration Date: 9/8,185

9ATIONAL POLLUTANT DISCHARGE ELIMINATIOZ&
SYSTEM WASTE DISCHARGE PERMIl

State of Washington
Energy Facility Site Evaluation Council

Olympia, Washington 98504

In Compliance With the Provisions of
Chapter 155, Laws of 1973, (RCW 90.48) as amended

and

The Clean Water Act, as amended
Public Law 95-217

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
3000 George Washington Way

Richland, Washington 99352

Plant Location Receiving Water:

Section 5, T.lIN, R28E W.M.
North of Richland
Benton County, Washington

Industry Type: ;Nuclear Steam&

Electric Generating Planq.
(WPPSS No. 2)A

Columbia River

Discharge Location:

Outfall 00140
Latitude: 46 29'17" N
Longitude: 119 15'45" W

Water Segment No.: 26-03-00

is authorized to discharge in accordance with the special and general
conditions which follow.

Approved: September 8, 1980

Nicholas D. Lewis, Chairman
Energy Facility Site
Evaluation Council
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Permit No. WA-002515-1

SPECIAL CONDITIONS

S.1 EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning with the issuance of this
permit and lasting until the expiration date of this
permit, the permittee is authorized to discharge
effluents from Outfall Discharge Serial Number 001
subject to the following limitations and monitoring
requirements:
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A. LOW VOLUME WASTE SOURCES PORTION OF DISCHARGE SERIAL NUMBER 001

PARAMETER EFFLUENT LIMITATIONS MONITORING REQUIREMENTS

Daily
Maximum

Daily
Average Minimum Frequency Sample Type

Total Suspended
Solids (lb/day) 34 5 Weekly

PH Between 6.5 and 8.5 at all
times

Oil and Grease
(lb/day)

Flow (GPD)(1)

7

40,000

2.5

20,000

Continuous

Weekly

Continuous while
discharging

Grab

N/A

Grab

N/A
-I

Compliance with these limitations shall be determined by monitoring all low volume
waste sources including liquid radwaste prior to their confluence with the recirculated
cooling water.

Note (1) : Permittee is allowed on an intermittent basis to discharge subject
to the provisions of G.5 herein to a maximum of 285,000 GPD additional
flow originating from the liquid radwaste treatment system.

to

00

U'



B. RECIRCULATED COOLING WATER BLOWDOWN PORTION OF OUTFALL DISCHARGE SERIAL NUMBER 001

PARAMETER EFFLUENT LIMITATIONS MONITORING REQUIREMENTS

Daily
Maximum

Daily
Average Minimum Frequency Sample Type

Temperature

Total Residual
Chlorine (mg/i)

Note (3)

0.1 mg/l 1( 1

Continuous

Continuous (4)

Continuous (2)

N/A

N/A

N/A

N/A

pH Between 6.5 and 8.5 at
all times

Flow (GPD) 9.4 x 106 4.64 x 106 Continuous

-n1
(7'

Note (1) Upon initiating chlorination, permittee shall terminate all discharges
from the recirculating water system to the receiving water until the
total residual chlorine concentration has been at or below 0.1 mg/i for
15 minutes. For compliance chlorine will be measured at and will be
characteristic of the unit being chlorinated.

Note (2) Permittee shall include an alarm system for the pH control to provide an
indication of any variance from established limits.

Note (3) The temperature of the recirculated cooling water blowdown shall not
exceed, at any time, the lowest temperature of the recirculated cooling
water prior to the addition of the makeup water.

Note (4) Continued recording of total residual chlorine during periods of active
chlorination and for two hours after recommencing discharge or until
chlorine residual reaches' an undetectable level. If continuous chlorine
monitor malfunctions, grab samples will be analyzed by amperometric
titration every 15 minutes until TRC reaches 0.1 mg/I maximum prior to
discharge.

to

00

* t)
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Page 5 of 11
Permit No. WA-002515-1

GENERAL CONDITIONS

Gl. No discharge of polychlorinated biphenyl, such as transformer
fluid, is permitted. No discharge of materials added for cor-
rosion inhibition of recirculating cooling water blowdown is
permitted.

G2. All discharges and activities authorized herein shall be con-
sistent with the terms and conditions of this permit. Permit-
tee is authorized to discharge those pollutants which are:
(1) contained in the raw water supply, (2) entrained from the
atmosphere, or (3) quantitatively and qualitatively identified
in the permit application; except as modified or limited by
the special or general conditions of this permit. However,
the effluent concentrations in permittee's waste water shall
be determined on a gross basis and the effluent limitations in
this permit mean gross concentrations and not net addition of
pollutants. The discharge of any pollutant more frequently
than or at a level in excess of that authorized by this permit
shall constitute a violation of the terms and conditions of
this permit.

G3. The effluent limitation for the total combined flow discharged
from outfall No. 001 for any particular pollutant, excluding
pH, shall be the sum of the amounts for each contributing
inplant stream as authorized by the special or general con-
ditions of this permit.

G4. Permittee shall not discharge any effluent which shall cause a
violation of any applicable State of Washington Water Quality
Criteria or standards contained in WAC 173-201, as they exist
now or hereafter are amended, outside the mixing zone whose
boundaries shall be:

a. The boundaries in the vertical plane shall extend from
the receiving water surface to the riverbed;

b. The upstream and downstream boundaries shall be 50 feet
and 300 feet, respectively, from the center line of the
outfall; and

c. The lateral boundaries shall be separated by 100 feet.
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Permit No. WA-002515-1

G5. Excess process water shall not be discharged to the river un-
less sampling and analysis has demonstrated that the water
complies with the applicable regulations on liquid radioactive
discharges. Excess process water not meeting these conditions
shall be processed in the liquid radwaste treatment system
prior to discharge to the river. The liquid radwaste treat-
ment system shall provide facilities with 24-hour retention
capabilities and liquids may be discharged only after sampling
and analysis demonstrate that all applicable regulations are
complied with. No other liquid radwaste shall be discharged
at the holding facilities.

G6. The permittee shall provide an adequate operating staff which
is qualified and shall carry out the operation, maintenance,
and testing activities required to insure compliance with the
conditions of this permit.

G7. Permittee shall handle and dispose of all solid waste material
from any waste retention basins or any other source in such a
manner as to prevent their pollution of any ground or surface
water body. Further, permittee shall not permit leachate from
such solid waste material to cause adverse effect on ground or
surface water quality.

G8. Whenever a facility expansion, production increase, or process
modification is anticipated which will result in a new or in-
creased discharge, or which will cause any of the conditions
of this permit to be exceeded, a new NPDES application must be
submitted together with the necessary reports and engineering
plans for the proposed changes. No change shall be made until
plans have been approved and new permit or permit modification
has been issued. If such changes will not violate the ef-
fluent limitations specified in this permit, permittee shall
notify the Council of such changes prior to such facility
expansion, production increase or process modification.

G9. If the *toxic effluent standard or prohibition (including any
schedule of compliance specif-ied in- such effluent standard or
prohibition) is established under Section 307 (a) of the
Federal Act for a toxic pollutant which is present in the
permittee's discharge and such standard or prohibition is more
stringent than any limitation upon such pollutant in this per-
mit, this permit shall be revised or modified in accordance
with the toxic effluent standard or prohibition and the per-
mittee shall be so notified.
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Permit No. WA-002515-1

G10. If, for any reason, the permittee does not comply with or will
not be able to comply with, any daily maximum effluent limita-
tion specified in this permit, the permittee shall provide the
Council with the following information, in writing, within
five (5) days of becoming aware of such condition:

a. A description of the discharge and cause of noncom-
pliance; and

b. The period of noncompliance, including dates and times;
or, if not corrected, the anticipated time the noncom-
pliance is expected to continue and steps being taken to
reduce, eliminate and prevent recurrence of the noncom-
plying discharge.

Gll. The permittee shall at all times maintain in good working
order and efficiently operate all treatment or control facili-
ties or systems installed or used by the permittee to achieve
compliance with the terms and conditions of this permit.

G12. The diversion from or bypass of any discharge from facilities
utilized by the permittee to maintain compliance with the
terms and conditions of this permit is prohibited, except (a)
where unavoidable to prevent loss of life or severe property
damage, or (b) where excessive storm drainage or runoff would
damage any facilities necessary for compliance with the terms
and conditions of this permit. The permittee shall promptly
notify the Council in writing of each such diversion or bypass
in accordance with the procedure specified in condition G13.

G13. In the event the permittee is unable to comply with any of the
conditions of this permit because of a breakdown of waste
treatment, equipment or facilities, an accident caused by
human error or negligence, electrical power failure, or any
other cause, including acts of nature, the permittee shall:

a. Immediately take action to stop, contain, and clean up
the unauthorized discharge and correct the problems.

b. As soon as reasonably practicable notify the Council so
that an investigation can be made to evaluate the impact
and the corrective actions taken and determine additional
action that must be taken.
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Permit No. WA-002515-1

c. Promptly submit detailed written report to the Council
describing the breakdown, the actual quantity and quality
of resulting waste discharges, corrective action taken,
steps taken to prevent a recurrence, and any other perti-
nent information.

Compliance with these requirements does not relieve the per-
mittee from responsibility to maintain continuous compliance
with the conditions of this permit or the resulting liability
for failure to comply.

G14. Permittee shall install an alternative electric power source
capable of operating any electrically powered pollution con-
trol facilities; or, alternatively, permittee shall certify to
the Council that the terms and conditions of this permit will
be met in case of a loss of primary power to the pollution
control equipment by controlling production.

Monitoring

G15. Permittee shall comply with the Monitoring Program require-
ments set forth herein.

Monitoring results for the previous quarter shall be summa-
rized on a monthly basis and reported on a Discharge Moni-
toring Report Form (EPA 3320-1), postmarked no later than the
28th day of the month following the end of the quarter. The
first report is due by the 28th day of the first month fol-
lowing the end of the quarter in which the first discharge
under this permit occurs. Duplicate signed copies of these,
and all other reports required herein, shall be submitted to
EPA and the Council at the following addresses:

U. S. EPA REGION X EFSEC
1200 6th Avenue Attention:
Seattle, WA 98101 Executive Secretary
Attention: 820 East 5th Avenue
Permits Branch M/S 521 Olympia, WA 98504

G16. The permittee shall retain for a minimum of three years all
records of monitoring activities and results, including all
reports of recordings from continuous monitoring instrumenta-
tions, record of analysis performed and calibration and main-
tenance of instrumentation. This period of retention shall be
extended during the course of any unresolved litigation
regarding the discharge of pollutants by the permittee or when
requested by the Council. All samples and measurements made
under said program shall be representative of the volume and
nature of the monitored discharge.
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Permit No. WA-002515-1

G17. The permittee shall record each measurement or sample taken
pursuant to the requirements of this permit for the following
information: (1) the date, place, and time of sampling; (2)
the dates the analyses were performed; (3) who performed the
analyses; (4) the analytical techniques or methods used; and
(5) the results of the analyses.

G18. As used in this permit, the following terms are as defined
herein:

a. The *daily maximum" discharge means the total discharge
by weight during any calendar day.

b. The "daily average" discharge means the total discharge
by weight during a calendar month divided by the number
of days in the month that the respective discharges
occur. Where less than daily sampling is required by the
permit, the daily average discharge shall be determined
by the summation of the measured daily discharges by
weight divided by the number of days during the calendar
month when the measurements were made.

c. "Composite sample" is a sample consisting of a minimum of
six grab samples collected at regular intervals over a
normal operating day and combined proportional to flow,
or a sample continuously collected proportional to flow
over a normal operating day.

d. "Grab sample" is an individual sample collected in a
period of less than 15 minutes.

G19. All sampling and analytical methods used to meet the moni-
toring requirements specified in this permit shall conform to
regulations published pursuant to Section 304g of the Federal
Act, or if there is no applicable procedure, shall conform to
the latest edition of the following references:

a. American Public Health Association, Standard Methods for
the Examination of Water and Wastewaters.

b. American Society for Testing and Materials, A.S.T.M.
Standards, part 23, Water, Atmospheric Analysis.

c. Environmental Protection Agency, Water Quality Office
Analytical Control Laboratory, Methods for Chemicals
Analysis of Water and Wastes.
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Alternative methods may be utilized if approval pursuant to 40
CFR 136 or as amended is received by permittee. The Council
shall be notified of each such alternative method approval for
use.

G20. Except for data determined confidential under Section 308 of
the Act, all reports prepared in accordance with the terms of
this permit shall be available for public inspection at the
offices of the Council and the Regional Administrator. As
required by the Act, effluent data shall not be considered
confidential. Knowingly making a false statement on any such
report may result in the imposition of criminal penalties as
provided in Section 309 of the Act.

Other Provisions

G21. After notice and opportunity for a hearing this permit may be
modified, suspended or revoked in whole or in part during its
term for cause including but not limited to the following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to
disclose fully all relevant facts;

C. A change in any condition that requires either a tempo-
rary or permanent reduction or elimination of the per-
mitted discharge.

d. Verified information indicating that the permitted dis-
charge poses a threat to human health or welfare;

e. A change in ownership or control of the source; or

f. Other cause listed in 40 CFR Part 122.

G22. The permittee shall, at all reasonable times, allow authorized
representatives of the Council upon the presentation of cre-
dentials:

a. To enter upon the permittee's premises for the purpose of
inspecting and investigating conditions relating to the
pollution of, or possible pollution of any of the waters
of the State, or for the purpose of investigating com-
pliance with any of the terms of this permit;

b. To have access to and copy any records required to be
kept under the terms and conditions of this permit;

F-II



Page 11 of 11
Permit No. WA-002515-1

c. To inspect any monitoring equipment or monitoring method

required by this permit; or

d. To sample any discharge of pollutants.

G23. Nothing in this permit shall be construed as excusing the per-
mittee from compliance with any applicable federal, state or
local statutes, ordinances, or regulations.

G24. Nothing in this permit shall be construed, to preclude the
institution of any legal action or relieve the permittee from
any responsibilities, liabilities, or penalties to which the
permittee is or may be subject.

G25. Permittee shall study the use of chlorine for biofouling pre-
vention in cooling tower operation for one year. The purpose
of the study shall be to determine the minimum daily discharge
of free available and total residual chlorine which will allow
efficient plant operation. The results of this study will be
evaluated by the Council for use in the potential modification
of this permit.

G26. The permittee shall control wastewater discharge to- achieve
80% survival of salmonid test organisms in a 65% concentration
of composite wastewater for a 96-hour period. Toxicity tests
shall be conducted and the results reported by the permittee
on a schedule and format approved by the Council. Survival
rates of less than 80% shall be investigated and reported to
the Council.

G27. There shall be no discharge of cooling tower maintenance IAmend
chemicals which contain the 129 priority pollutants listed Sept 8, lIV
on 40 CFR 122, Appendix D, Tables II, III and V. I
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State of Washington
Daniel I. Evans Arthur M. Skotlnk

Governor June 30, 1976 State Historic
Preservation Officer

In Reply Refer To:

WPPSS Nuclear Project
No. 2, Wooded Island
Archaeological Distric,

40-1900-0220

Mr. R. A. Chitwood
Manager, Licensing and

Environmental Programs
Washington Public Power Supply System
P.O. Box 968
Richland, Washington 99352

Dear Mr. Chitwood:

Mr. Charles H. Odegaard, Director of Washington State Parks & Recreation Com-
mission has referred your letter to me as the State Historic Preservation Officer,
responsible for the identification and protection of the cultural resources of the
State of Washington, for comment.

Our records indicate that the Wooded Island Archaeological District contains six
known archaeological sites (45-BN-107 through 45-BN-112) which relate to the
Wanapum Indian people who occupied the area historically. The condition of these
sites remains undisturbed and they preserve scientific date pertinent to both
the cultural history and the environmental history of the area.

The WNP-2 pumphouse and water intake facility is at a distance from the site and
on the west bank of the Columbia River. Primary impact to these significant non-
renewable resources does not appear eminent.

Thank you for your concern for these properties listed on the National Register

of Historic Places and for the cultural heritage of the State of Washington.

Sincerely,

ARTHUR M. SKOLNIK
State Historic Preservation
Officer

Jeanne ýMWellch,
Archaeologist

kb

Poet Offioe Box 2128 OZ1mpia, Waehington 98504 (206) 753 - 4021
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APPENDIX H. LETTER FROM U.S. DEPARTMENT OF INTERIOR, FISH AND
WILDLIFE SERVICE,-CONCERN-NG--ENDANGERED3--PEClES

IN THE WNP-2 AREA
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United States Department of the Interior
FISH AND WILDLIFE SERVICE
LLOYD 500 BUILDING. SUITE 1662

o00 N.C. MULTNOMAH STRECT

PORTLAND. OREGON 07232

Fehuary 29, 1980

In reply refer to:
AFA-SE, #1-3-80-SP-49

Wr. DonaJA E. Sells, Acting Chief
E -ironrmntal Projects ranch 2
Division of Site Safety and

Enironmental Analysis
U.S. NRxlir R1eulatory -,_ission
Washlrqton, D.C. 20555

Dear Mr. Sells:

As requested by y letter, dated FPe ary 6, 1980, you will find
attached a list of listed endangered and threaternd species (Atteh-
ment A) that may be present in the area of the ;:oposed consttion
by Washirqton Public Power Supply of a Nuclear Plant within the
Hanford Reservation, Benton County, Washiton. To the best of our
knowledge no proposed species occur within the area. The list is
interded to fulfill the reuirement of the Fish and Wildlife Service
to prucde a list of species under Section 7 (c) of the Endangered
Species Act, as amended. Please aem Attachment B for your requirents.

Also for your assistarce, we have included a list of species that are
candidate species. The species are presently being reviewed by this
Service for ~sideration to prpose and list as endangered or threat-
ened. It shold be noted that the ca•d.idate species have no rotectSi:n
under the Edanered Species Act and are incled for Your €cosideration
as it is, possible the candidates cl•d be= fo• al proposals arid be
listed during the cnst tion period.

Upon copletion of the biological assessment (see Attacuhment B), should
you determine that a listed species is likely to be affected (adversely
or beneficially), then y agency should request formal Section 7 con-
sultation tkxoh this office. If there are both listed and candidate
species (if included in the assessment) that may be affected; then if
requested, we will informally consult on the candidate species during
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the fcn-al cnultation. Howver, suld the assesrzmnt rereal that
only candidate species may be affected, then you should considr infoanal
consultation with our Area Office at the following address:

L. A. MeIrhoff
4620 Overland tamd, Romc 238
Bise, Idaho 83705
Phone: FWS 554-1960

One of the benrefits of infoal consultation to the consultirn agency is
to povide the necessary planning alternatives shud a candidate species
become listed before oletion of a project. It iray also be used pirr
to a writt• request for fonnal consultation to excharne infation and
resolve conflicts with respect to listed species.

Should yo have any additional questions regarding your responsibilities
under the Act, please contact the Area Manager listed above. We thank
yo for yur inteest in mrdangered species, and im await your asessieit.

Sincerely yours,

Regional Directo

All Ient
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LISTED AND PROPOSED ENDANGERED AND THREATENED
SPECIES, AND CANDIDATE SPECIES THAT KAY OCCUR

IN THE ARE•A OF THE PROPOSED CONSTRUCTION BY WASHINGTON PUBLIC POWER SUPPLY
SYSTEM OF A NUCLEAR PLAN'T WITHIN THE HANFORD RESERVATION

IN BENTON COUNTY
NUMeER 1-3-80-SP-49

LISTED

Bald Eagle

PIROOS ED

C•VDIDATE

.\A!iu robinsonji

H-4



rMMRAL XUCIES' F=UIREIEnS LVIMER SWnCN 7 (c)

":IL; l~priLs is initiULd•U. by a Vud.Lal agitju in r uestiNr a list of
,rojxd and listad -nLrnjerod and treatened sIK-cies that muy be within
the area of a construction projectS. Ife purpose of the assessment is
to identify any prMoscd and/or listed species which are/is likely to be
aff,•-•l by a coLntruction project. Tnt! assessment should be c:uleted
within 180 days after initiation of the assessnt (or within such a
t irm, ;Ixriod as is mutually agreed to by our two agencies). - 1 irre-
versible comutient of resources is to be made during the biological
assessment process tich would result in violation of your requirement
unor sovtion 7(a) of the Act. Planming, design, and administrative
actions may be taken by your agency; owmer, no constmution may begin.

Your agency should axddit an n-site inspection of the area to be
affected by the proposal which may include a detail survey of the area
to determine if the species is present and whether suitable habitat
exists for either expanding the existing population or for potential
reintroduction of the species. Review literature and scientific data
to determine species distribution, habitat needs, ard other biological
ranurre:ts. Interview experts including those within Fish and Wild-

i: Servicu, N itional Marine risheries Service, State conservation
de!vr-nents, universi ties and others who may have data not yet published
in scientific literature. Review and analyze the effects of the pro-
*I)d on the s.:oci's in toirm of individuals and poXplations, inciuding
comideration of cumnilative effects of the proposal on the species and
ILS habitat. Anulyze alternative actions that may provide conserv'ation
"isures. At the conlcusion of the assessent as described above, the
ro•eral agency shall prepare a report documenting the results. 1l.
run-ort shall also include a discussion of study methods used, any prob-
1c-s ercountered, ani other relevant information. hee report should
be forwarded to this office.

- • "3onstruction 1*roject" neans any major Federal action which signi-
ficantl:, affects the quality of the human environmnt designed pri-
marily to result in the building or erection of nan-made structures
a,.h as dams, buildings, roads, pipelines, channels, aid the like.
This includes Federal actions such as permits, grants, Liceses, or
other forms of Federal authorization or approval which nmy result
in construct ion.
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APPENDIX I. LIMITING TEMPERATURE STANDARDS FOR THE COLUMBIA RIVER
AT THE LOCATION OF THE WNP-2 DISCHARGE

State of Washington limiting temperature standards for the Columbia River at
the location of the discharge and dilution (mixing) zones (Ref. 1) are:

Water temperatures shall not exceed 20 0 C (68 0 F) due to human activities.

When natural conditions exceed 201C (68 0 F), no temperature increase
will be allowed which will raise the receiving water temperature by
more than 0.3 C0 (0.5 F°), nor shall such temperature increases at any
time exceed t = 34/(T + 9) where t represents the permissible temperature
change across the dilution zone and T the highest existing temperature
outside of any dilution zone.

The mixing-zone boundaries are defined in the NPDES Permit (Appendix F).

The temperature rise allowable at the edge of the mixing zone can be estimated
from the above equation, with T being the minimum and maximum monthly ambient
temperature. The estimated values for the WNP-2 site are listed in Table 1.1.
As indicated in the NPDES Permit, the allowable AT for August, when the
ambient temperature is 20.31C (68.51F), is only 0.3 C0 (0.5 F0 ).

Table 1.1. Temperature Excess Allowable at
the Edge of the Mixing Zone

Minimum River Allowable Maximum River Allowable
Month Temperature (°C) AT (OC) Temperature ( 0 C) AT (°C)

January 3.4 2.74 6.1 2.25
February 3.3 2.76 5.7 2.31
March 4.1 2.60 6.8 2.15
April 6.5 2.19 10.3 1.76
May 9.8 1.81 13.5 1.51
June 12.9 1.55 15.6 1.38
July 15.3 1.40 19.1 1.21
August 18.3 1.25 20.3 0.30
September 17.0 1.42 20.0. 1.17
October 13.1 -1.'54 17.4 1.29
November 9.2 1.87 13.6 1.50
December 5.3 2.38 9.5 1.84
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REFERENCE--APPENDIX I

1. "Washington State Water Quality Standards," State of Washington Department
of Ecology, Washington Administrative Code (WAC) Chapter 173-201 WAC as
amended, December 19, 1977.

1-3





APPENDIX J

FINAL ENVIRONMENTAL STATEMENT -- CONSTRUCTION PERMIT STAGE

The need for the reproduction of the FES-CP is to make it conveniently available
for reference by interested parties during the comment period following publica-
tion of the DES-OL. In the interest of brevity, and because new material has
been added to this FES-OL, The FES-CP has been omitted from this appendix. It
can be found in Appendix J of the DES-OL: "Draft Environmental Statement Related
to the Operation of WPPSS Nuclear Project No. 2," Docket No. 50-397, Washington
Public Power Supply System, U.S. Nuclear Regulatory Commission, NUREG-0812,
July 1981.
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APPENDIX K. IMPACT OF THE URANIUM FUEL CYCLE

The following assessment of the environmental impacts of the fuel cycle as
related to the operation of the proposed project is based on the values given
in Table S-3 (Section 5.8.1.5) and the NRC staff's analysis of the radiological
impact from radon releases. For the sake of consistency, the analysis of
fuel cycle impacts has been cast in terms of a model 1000-MWe light-water-
cooled reactor (LWR) operating at an annual capacity factor of 80%. In the
following review and evaluation of the environmental impacts of the fuel cycle,
the staff's analysis and conclusions would not be altered if the analysis
were to be based on the net electrical power output of the WNP-2 Station.

Land Use

The total annual land requirement for the fuel cycle supporting a model 1000-
MWe LWR is about 460,000 m2 (113 acres). Approximately 53,000 m2 (13 acres)
per year are permanently committed land, and 405,000 m2 (100 acres) per year
are temporarily committed. (A "temporary" land commitment is a commitment
for the life of the specific fuel cycle plant, e.g., mill, enrichment plant,
or succeeding plants. On abandonment or decommissioning, such land can be
used for any purpose. "Permanent" commitments represent land that may not
be released for use after plant shutdown and/or decommissioning.) Of the
405,000 m2 per year of temporarily committed land, 320,000 m2 are undisturbed
and 90,000 m2 are disturbed. Considering common classes of land use in the
United States,* fuel cycle land use requirements to support the model 1000-MWe
LWR do not represent a significant impact.

Water Use

The principal water use requirement for the fuel cycle supporting a model
1000-MWe LWR is that required to remove waste heat from the power stations
supplying electrical energy to the enrichment step of this cycle. Of the
total annual requirement of 43 x 106 m3 (11.4 x 109 gal), about 42 x 106 m3

are required for this purpose, assuming that these plants use once-through
cooling. Other water uses involve the discharge to air (e.g., evaporation
losses in process cooling) of about 0.6 x 106 m3 (16 x 107 gal) per year and
water discharged to the ground (e.g., mine drainage) of about 0.5 x 106 m3

per year.

On a thermal effluent basis, annual discharges from the nuclear fuel cycle
are about 4% of the model 1000-MWe LWR using once-through cooling. The con-
sumptive water use of 0.6 x 106 m3 per year is about 2% of the model 1000-MWe
LWR using cooling towers. The maximum consumptive water use (assuming that
all plants supplying electrical energy to the nuclear fuel cycle used cooling

A coal-fired plant of 1O00-MWe capacity using strip-mined coal requires the
disturbance of about 810,000 m2 (200 acres) per year for fuel alone.
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towers) would be about 6% of the model 1000-MWe LWR using cooling towers.
Under this condition, thermal effluents would be negligible. The staff finds
that these combinations of thermal loadings and water consumption are accept-
able relative to the water use and thermal discharges of the Station.

Fossil Fuel Consumption

Electrical energy and process heat are required during various phases of the
fuel cycle process. The electrical energy is usually produced by the combus-
tion of fossil fuel at conventional power plants. Electrical energy associ-
ated with the fuel cycle represents about 5% of the annual electrical power
production of the model 1000-MWe LWR. Process heat is primarily generated by
the combustion of natural gas. This gas consumption, if used to generate
electricity, would be less than 0.3% of the electrical output from the model
plant. The staff finds that the direct and indirect consumptions of electri-
cal energy for fuel cycle operations are small and acceptable relative to
the net power production of the Station.

Chemical Effluents

The quantities of chemical, gaseous, and particulate effluents associated
with fuel cycle processes are given in Table S-3. The principal species are
SO NO , and the particulates. Judging from data in a Council on Environ-
me~talXQuality report, (Ref 1), the NRC staff finds that these emissions
constitute an extremely small additional atmospheric loading in comparison
with these emissions from the stationery fuel-combustion and transportation
sectors in the United States, that is, about 0.02% of the annual national
releases for each of these species. The staff believes such small increases
in releases of these pollutants are acceptable.

Liquid chemical effluents produced in fuel cycle processes are related to
fuel enrichment, fabrication, and reprocessing operations and may be released
to receiving waters. These effluents are usually present in dilute concentra-
tions such that only small amounts of dilution water are required to reach
levels of concentration that are within established standards. Table S-3
specifies the flow of dilution water required for specific constituents.
Additionally, all liquid discharges into the navigable waters of the United
States from plants associated with the fuel cycle operations will be subject
to requirements and limitations set forth in the NPDES permit.

Tailings solutions and solids are generated during the milling process. These
solutions and solids are not released in quantities sufficient to have a
significant impact on the environment.

Radioactive Effluents

Radioactive effluents estimated to be released to the environment from repro-
cessing and waste management activities and certain other phases of the fuel
cycle process are set forth in Table S-3. Using these data, the staff has
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calculated the 100-year inventory -envi-ronmantC-l--dose commitment* to the U.S
population.

These calculations estimate that the overall involuntary total-body gaseous
dose commitment 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-MWe 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 environ-
mental 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-MWe LWR.**

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 deter-
mined that releases from these operations for each year of operation of the
model 1000-MWe LWR are as given in Table K-I.

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 (Ref. 2). The results of these calculations for mining
and milling activities prior to tailings stabilization are listed in Table K-2.

When added to the 500 person-rems total-body dose commitment for the balance
of the fuel cycle, the overall estimated total-body involuntary 100-year
environmental dose commitment to the U.S. population from the fuel cycle for
the model 1000-MWe LWR is approximately 640 person-rems-. Ove 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

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.

**A proposed narrative to Table S-3 has been published in the Federal Register
(FR 46, No. 42, pages 15129-15256, March 4, 1981) and comments have been
received. If approved by the Commission, the narrative will present
slightly higher estimates than shown here, but will not change the con-
clusion that the impacts are very small.

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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of active mining underground mines will be sealed, returning releases of
radon-222 to background levels. For purposes of providing an upper-bound
impact assessment, the staff has assumed that open-pit mines will be unre-
claimed 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 available by conven-
tional mining methods is 66.8% underground and 32.2% open pit (Ref. 3), the
staff has further assumed that uranium to fuel LWRs will be produced by conven-
tional 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 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 res-
pectively. The total dose commitments for a 100 to 1000-year period would be
as follows:

Population dose commitments (person-rems)
Time span (years) Releases (Ci) Total Bone Lung (bronchial.

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 miti-
gating circumstances are assumed. However, state and Federal laws currently
require reclamation of strip and open-pit coal mines, and 'it is very probable
that similar 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 has
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 and 4090 Ci in
500 years and 53,800 Ci in 1000 years (Ref. 4). The total-body, bone, and
bronchial epithelium dose commitments for these periods are as follows:

Population dose commitments (person-rems)
Time span (years) Releases (Ci) Total Bone Lung (bronchial

body epithelium)

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

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

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
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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 over-
all risks of radon induced cancer fatalities per RRY range are as follows:
0.11 to 0.19 fatalities for 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-MWe LWR 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) (Ref. 5)
the average radon-222 concentration in air in the contiguous United States
is about 150 pCi/m 3 , 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 lung
cancer fatalities per million person-lung-rems used to predict cancer fatali-
ties for the model 1000 MWe LWR is used, estimated 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, from exposures
to these other nuclides.

The latter exposures can also be compared with those from naturally occurring
terrestrial and cosmic-ray sources. These average about 100 millirems.
Therefore, 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 respectively. 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 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.

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 dis-
posal at land burial facilities, the Commission notes in Table S-3 that there
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will be no significant radioactive releases to the environment. The Commis-
sion 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 (Ref. 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 environ-
mental impact is anticipated from such disposal.

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 environmental impact.

Transportation

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

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 environ-
mental impacts of the fuel cycle are not affected by the specific fuel cycle
selected.
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Table K-1 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) I 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. 50-488, 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 for 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 K-6)
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Table K-2 Estimated 100-year environmental dose commitment
per year of operation of the model 1000-MWe LWR

Dosage (person-rems)

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

Mining 4100 110 2800 2300

Milling and active
tailings 1100 29 750 620

Total 140 3600 2900
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APPENDIX L

EXAMPLES OF SITE-SPECIFIC DOSE ASSESSMENT CALCULATIONS
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APPENDIX L. EXAMPLES OF SITE-SPECIFIC DOSE ASSESSMENT CALCULATIONS

1. Calculational Approach

As mentioned in the text the quantities of radioactive material that may be
released annually from the WNP-2 Station are estimated on the basis of the
description of the radwaste systems in the applicant's ER and FSAR and by
using the calculational model and parameters described in NUREG-0016 (Ref. 1).
These estimated effluent release values along with the applicant's site and
environmental data in the ER and in subsequent answers to NRC staff questions
are used in the calculation of radiation doses and dose commitments.

The models and considerations for environmental pathways that lead to
estimates of radiation doses and dose commitments to individual members of
the public near the plant and of cumulative doses and dose commitments to
the entire population within an 80-km radius of the plant as a result of
plant operations are discussed in detail in Regulatory Guide 1.109 (Ref. 2).
Use of these models with additional assumptions for environmental pathways
that lead to exposure to the general population outside the 80-km (50-mile)
radius are described in Appendix C of this Statement.

The calculations performed by the staff for the potentially contaminated
atmosphere and hydrosphere provide total integrated dose commitments to the
entire population within 80 km of the Station based on the projected popula-
tion distribution in the year 2000. The dose commitments represent the total
dose that would be received over a 50-yr period, following the intake of
radioactivity for 1 yr under the conditions existing 15 years after the
station begins operation (i.e., the mid-point of station operation). For
younger persons, changes in organ mass and metabolic parameters with age after
the initial intake of radioactivity are accounted for.

2. Dose Commitments from Radioactive Effluent Releases

Radioactive effluents released to the atmosphere and to the hydrosphere from
the WNP-2 Station will result in very small radiation dose commitments to
individual members of the public and to the general population. The NRC
staff estimates of the expected gaseous and particulate releases (listed in
Table L-1) and the expected liquid releases (listed in Table L-8) along with
the site meteorological and hydrological considerations (summarized in
Tables L-2 and L-9 respectively) were used to estimate radiation doses and
dose commitments.

Three years of meteorological data were used in the calculation of relative
concentrations of effluents. The data were collected onsite from April 1974
to March 1976. The long-term diffusion estimates were made using the pro-
cedure described in Regulatory Guide 1.111, Revision 1 (Ref. 3). Open terrain
recirculation factors were used by the staff in the computer model.
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a. Radiation Dose Commitments to Individual Members of the Public

As explained in the text, calculations are made for a hypothetical individual
member of the public (i.e., the maximally exposed individual) who would be
expected to receive the highest radiation dose from all appropriate pathways.
This method tends to overestimate the doses since assumptions are made that
would be difficult for a real individual to fulfill.

Individual receptor locations and pathway locations considered for the
maximally exposed individual are listed in Table L-3. The estimated dose
commitments to the individual who is subject to maximum exposure at selected
offsite locations from airborne releases of radioiodine and particulates,
and waterborne releases are listed in Tables L-4, L-5, and L-6. The maximum
annual beta and gamma air dose and the maximum total-body and skin dose to a
hypothetical individual, at the site exclusion boundary, also are presented in
Tables L-4, L-5, and L-6.

The maximally exposed individual is assumed to consume well above average
quantities of the potentially affected foods and to spend more time at poten-
tially affected locations than the average person as indicated in Tables E-4
and E-5 of Regulatory Guide 1.109 (Ref. 2).

b. Cumulative Dose Commitments to the General Population

Annual radiation dose commitments from airborne and waterborne radioactive
releases from the WNP-2 Station are estimated for two populations in the year
2000: (1) all members of the general public within 80 km (50 miles) of the
station (Table L-5) and (2) the entire U.S. population (Table L-7). Dose
commitments beyond 80 km (50 miles) are based on the assumptions discussed
in Appendix C. For perspective, annual background radiation doses are given
in the tables for both populations.

References

1. F.P. Cardile and R.R. Bellamy (editors), "Calculations of Radioactive
Materials in Gaseous and Liquid Effluents from Boiling Water Reactors,"
U.S. Nuclear Regulatory Commission report, NUREG-0016, Revision 1,
January 1979.

2. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.109, "Calculation
of Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,"
Revision 1, October 1977.

3. U.S. Nuclear RegulatoryCommission, Regulatory Guide 1.111, "Methods
for Estimating Atmospheric Transport-and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water Reactors," Revision 1, July 1977.
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ITable L-1 Calculated Releases of Radioactive Materials in Gaseous
Effluents from WNP-2 (Ci/yr)

Reactor Bldg.
& Condenser

Offgas System
(Continuous)

Mechanical
Vacuum Pump
(Periodic)

Drywel 1
Purge

(Periodic)

Radwaste
Building

Vents
(Continuous)

Turbine
Building
Vents

(Continuous)Nuclides Total

Ar-41
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe- 133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

a
a
80
270
6
11
a
17
a
560
92
68
a
14

a
a
a
a
a
a
a
a
a
2300
a
350
a
a

25
a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a
a
a
a
a
a
10
a
45
a
a

a
a
68
a
130
230
a
a
a
250
650
630
a
1400

25
a
150
270
140
241
a
17
a
3100
740
1100
a
1400

Total Noble Gases

1-131 0.34
1-133 1.4 b
Cr-51 6(-4)
Mn-54 6(-3)
Fe-59 8(-4)
Co-58 1.2(-3)
Co-60 2(-2)
Zn-65 4(-3)
Sr-89 1.8(-4)
Sr-90 1(-5)
Zr-95 8(-4)
Sb-124 4(-4)
Cs-134 8(-3)
Cs-136 6(-4)
Cs-137 1.1(-2)

Ba-140 8.1(-4)
Ce-141 2(-4)

7200

0.03
a
c
C

c
c
c
c
c
c
c
c
c
c
c
C
c

a
a
c
c
c
c
c
c
c
C

c
c
c
c
C

c
c

0.05
0.18
c
3(-4)
1.5(-4)
4.5(-5)
9(-4)
c
c
3(-6)
c
c
C

c
C

C

2.6(-5)

0.19
0.76
1.3(-2)
6(-4)
5(-4)
6(-4)
2(-3)
2(-4)
6(-3)
2(-5)
1(-4)
3(-4)
3(-4)
5(-5)
6(-4)
1.1(-2)
6(-4)

0.61
2.3
1.4(-2)
6. 9(-3)
1. 4(-3)
1.8(-3)
2. 3(-2)
4.2(-3)
6. 2(-3)
3. 3(-5)
9(-4)
7(-4)
8.3(-3)
6.6(-4)
1.2(-2)
1.2(-2)
8.3(-4)

Total Particulates 2.99

H-3 75 75
C-14 9.5 a a a a 9.5
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Table L.1 (Continued)

Footnotes

a - Less than 1.0 Ci/yr per reactor for noble gases and carbon-14; less than
10-4 Ci/yr per reactor for iodine.

b - Exponential notation; 5.2(+2) = 5.2 x 102.

c - Less than 1% of total for this nuclide.
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Table L.2 Summary of Atmospheric Dispersion Factors (X/Q) and Relative
Deposition Values D/Q for Maximum Site Boundary and Receptor

Locations Near the WNP-2 Nuclear Power Stationa

Location Source X/Q (sec/m 3 )
Relative

Deposition (m-2 )

Nearestb Site
Water Boundary
(5.6 km ESE)

A
B
C

Nearest Site A
Exclusion Boundary B
(1.9 km SSE) C
Nearest Residence, A
Garden, Milk B
Animal, and Meat

Animal (6.4 km SE) C

1.1(-6)c
3.4(-6)
4.1(-6)

7.5 (-6)
2.1(-5)
2.5(-5)
8.6 (-7)
2.8(-6)

3.4(-6)

1.0(-9)
3.3(-9)
3.9(-9)

9.6(-9)
2.7(8)
3.2(8)
7.6(-10)
2.5(-9)

3.0(-9)

Source A is the continuous vent releases for reactor and radwaste buildings
and fan-house vents.

Source B is intermittent purge from mechanical vacuum pump (4 times/yr,
24 hrs ea.)

Source C is intermittent purge from drywell (2 times/yr, 2 hrs ea).

a The doses presented in the following tables are corrected for radioactive decay

and cloud depletion from deposition, where appropriate, in accordance with
Regulatory Guide 1.111, Rev. 1, "Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases from Light Water
Reactors," July 1977.

bl"Nearest" refers to that type of location where the highest radiation dose is

expected to occur from all appropiate pathways.

cExponential notation: 1.1(-6) = 1.1 x 10-.6

dTo convert miles to km, multiply by 1.61.
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Table L-3 Nearest Pathway Locations Used for Selecting
Maximum Individual Dose Commitments

Sector Distance kmc

Site Exclusion Boundarya

Residenceb

Garden

Milk Cow

Milk Goat

SSE

SE

SE

SE

SE

SE

ESE

1.9

6.4

6.4

6.4

8.0

6.4

5.6

Meat Animal

Fisherman/Boater/Swimmer

aBeta and gamma air doses, and total body and skin doses, from noble gases

are determined at the exclusion area boundaries.
bDose pathways, including inhalation of atmospheric radioactivity, exposure
to deposited radionuclides, and submersion in gaseous radioactivity are
evaluated at residences.

cTo convert to miles, multiply by 0.621.
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Table L.4 Annual Dose Commitments to a Maximally Exposed
Individual Near the WNP-2 Plant

Location Pathway Annual Dose Commitment (millirem/yr per unit)

Noble Gases in Gaseous Effluents
Total Body Skin Gamma Air Dose Beta Air Dose

(mrad/yr per (mrad/yr per
unit) unit)

Nearest Site
Land Boundarga
(1.9 km SSE)

Director Radiation
from Plume

2.3 1.9 3.5 3.9

Iodine and Particulates in Gaseous Effluentsc

Total Body Thyroid

Nearest Residence,
garden, and milk
animals, at
Taylor Flatb
(6.4 km SE)

Nearest Drinking
Water at Richland/
Pasco

Nearest Fish at
outfall area

Ground Deposit
Inhalation
Milk

Water Ingestion

Fish Ingestion

0.017 (T) 0.017 (C)
0.0036 (T) 0.47 (C)
0.19 (I) 6.3 (I)

Liquid Effluents (Adults)

Total Body Organ

00

0.00002

1.0

0.0003 (thyroid)

5.0 (bone)

al"Nearest" refers to that site exclusion area boundary location where the highest
gaseous effluents have been estimated to occur.

bTo convert km to miles, multiply by 0.62.

radiation doses due to

cDoses are for the age group which results in the highest dose: A = adult, T = teen, C = child, I = Infant.

di"Nearest" refers to the location where the highest radiation dose to an individual from all applicable

pathways has been estimated. To convert to miles, multiply by 0.621.



Table L.5 Calculated 10 CFR Part 50 Appendix I Dose Commitments to a Maximally
Exposed Individual and to the Population From Operation of the
WNP-2 Nuclear Plant

Annual Dose Per Reactor Unit
Individual

Appendix I a Cal
Design Objectives D

Liquid Effluents
Dose to total body from all pathways
Dose to any organ from all pathways

3 mrem
10 mrem

1
5
(4

culated
oses

.0 mrem

.0 mrem
adult bone)

Noble Gas Effluents (at exclusion area boundary 1.2 mi. or 1.6 km, SSE)

Gamma dose in air 10 mrad 3.5 mrad
Beta dose in air 20 mrad 3.9 mrad
Dose to total body of an individual 5 mrem 2.3 mrem
Dose to skin of an individual 15 mrem 4.9 mrem

Radioiodines and Particulatesd

Dose to any organ from all pathways 15 mrem 6.3 mrem
(infant thyroid)

Population Within 80 km (50 mi)
(Person-rem)

Total Body

Natural Radiation Backgroundc
Liquid Effluents
Noble Gas Effluents
Radioiodines and Particulates

26,000
<1
1.0
1.5

Thyroid

<1
1.0
16

a Design Objectives from Sections II.A, II.B, II.C and II.D of Appendix I, 10 CFR

Part 50, considers doses to maximum individual and population per reactor unit.

bCarbon-14 and tritium have been added to this category.

cNatural Radiation Exposure in the United States," U.S. Environmental Protection

Agency, ORP-SID-72-1 (June 1972); using the average Washington state background
Dose (106 mrem/yr), and year 2000 projected population of 248,000.
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Table L.6 Calculated RM-50-2 Dose Commitments to a Maximally
Exposed Individual from Operation of the WNP-2

Nuclear Planta

Annual Dose Commitment Per Site
RM-50-2 b Calculated

Design Objectives Doses
Liquid Effluents

Dose to total body or any organ
from all pathways 5 mrem 5.0 mrem

Activity release estimate, excluding
tritium (Ci) 10 0.32

Noble Gas Effluents (at exclusion
area boundary 1.9 km SSE)

Gamma dose in air 10 mrad 3.5 mrad

Beta dose in air 20 mrad 3.9 mrad

Dose to total body of an individual 5 mrem 2.3 mrem

Dose to skin of an individual 15 mrem 4.9 mrem

Radioiodine and Particulatesc
(Infant at 6.4 km SE)

Dose to any organ from all pathways (thyroid) 15 mrem 6.3 mrem

1-131 activity release (Ci) 2 0.61

a An optional method of demonstrating compliance with the cost-benefit

Section (II.D) of Appendix I to 10 CFR Part 50.
bAnnex to Appendix I to 10 CFR Part 50.

cCarbon-14 and tritium have been added to this category.
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Table L.7 Annual Total-Body Population Dose Commitments in
the Year 2000

U.S. Population Dose Commitment
person-rem/yr

Category

Natural Background Radiationa

WNP-2 Nuclear Plant Operation

Plant Workers
General Public:

Radioiodine and Particulates
Noble Gas Efflueets
Liquid Effluents

Transportation of Fuel and Waste

26,8000,000

1,650
54

52
1.8
<1
3

aUsing the average U. S. background dose (102 mrem/yr) , and year 2000

projected U. S. population from "Population Estimates and Projections,"
Series II, U. S. Dept. of Commerce, Bureau of the Census, Series P-25,
No. 704 (July 1977).

bo 8km (50-mile) population dose.
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Table L.8 Calculated Releases of Radioactive Materials
in Liquid Effluents from WNP-2

Nuclide Ci/yra Nuclide Ci/yr

Na-24 0.014 Tc-101 0.00036
P-32 0.00057 Ru-103 0.00006
Cr-51 0.014 Rh-103m 0.00006
Mn-54 0.00019 Tc-104 0.00068
Mn-56 0.018 Ru-105 0.0013
Fe-55 0.0029 Rh-105m 0.0013
Fe-59 0.00009 Rh-105 0.00037
Co-58 0.00062 Ru-106 0.00003
Co-60 0.0013 Te-129m 0.00012
Ni-65 0.00011 Te-129 0.00007
Cu-64 0.043 Te-131m 0.00021
Zn-65 0.00058 Te-131 0.00004
Zn-69m 0.003 1-131 0.018
Zn-69 0.0031 Te-132 0.00002
Zr-95 0.00001 1-132 0.012
Nb-95 0.00002 1-133 0.047
W-187 0.00058 1-134 0.0068
NP-239 0.017 Cs-134 0.0035

Fission Products 1-135 0.024
Br-83 0.0013 Cs-136 0.0021
Br-84 0.00019 Cs-137 0.008
Rb-89 0.00071 Ba-137m 0. 0073
Sr-89 0.00029 Cs-138 0.0084
Sr-90 0.00002 Ba-139 0.0016
Sr-91 0.0048 Ba-140 0.0011
Y-91m 0.003 La-140 0.00028
Y-91 0.00016 Ba-141 0.00008
Sr-92 0.0038 La-141 0.00038
Y-92 0.0068 Ce-141 0.00009
Y-93 0.005 Ba-142 0.00001
Zr-95 0.00002 La-142 0.001
Nb-95 0.00002 Ce-143 0.00006
Nb-98 0.0003 Pr-143 0.00011

Ce-144 0.00006
Nb-99 0.005
Tc-99m 0.02

All others 0.00006

Total, Except Tritium 0.32

Tritium 11

aNuclides whose release rates are less than 10-5 Ci/yr are not listed

individually but are included in "all other."
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Table L-9 Summary of Hydrologic Transport and Dispersion for
Liquid Releases From the WNP-2 Nuclear Power Stationa

Locati on Transit Time (Hours) Dilution Factor

Nearest Drinking-
Water Intake (Richland)
(18 km S)

Nearest Sport-
Fishing Locapion (Columbia River)
(5.6 km ESE)

Nearest Shoreline (Columbia River
(5.6 km ESE)

Nearest Irrigated
Crops (Columbia River Water)
(16 km S)

24 20,000

0.1

0.1

10

10

10 20,000

asee Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents

Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I," April 1977.

from

bAssumed-for purposes of an upper limit estimate, detailed information not available.
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