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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC pubhcations will be available from one of the following sources:

1. The NRC Pubhc Document Room,1717 H Street., N.W.

Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission, 1

Wash;ngton, DC 20555 |

3. The National Technicalinformation Service Springfield, VA 22161

Although the bsting that follows represents the majonty of documents cited in NRC publications, it is not f
I

intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Document
Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection and Enforce-
ment bulletins, circulars, information notices, inspection and investigation notices; Licensee Event
Reports, venoor reports and correspondence; Commission papers; and applicant and licensee documents
and correspondence.

The fo!!cwing documents in the NUREG series are available for purchase from the NRC/GPO Sales Pro-
gram: formal NRC staft'and contractor reports, NRC-sponsored conference proceedings, and NRC .

booklets and brochures. Also avai!able are Regulatory Guides, NRC regulations in the Code of Federal r

Regula tions, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series reports and
technical reports prepared by other federal agencies and reports prepared by the Atomic Energy Commis-
sion, forerunner agency to the Nuclear Regulatory Commission.

Documents available from pubhc and special technical hbranes include all open literature items, such as 4

books. joumal and penodical articles, transactions, and codes and standards. Federal Register notices,
federal and state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference pro-
ceedings are available for purchase from the organiz& tion sponsoring the publication cited.

3:ngle copies of NRC draf t reports are available free upon written request to the Division of Technical Infor-
mation and Dor ; ment Control, U.S. Nuclear Regulatory Commission, Washington, DC 20555.

-.

I

6
5



NUREG-0537

Draft Environmental Statement
related to the operation of
Midland Plant,
Units 1 and 2
Docket Nos. 50-329 and 50-330

Consumers Power Company

U.S. Nuclear Regulatory
Commission
Office of Nuclear Reactor Regulation

February 1982

pa a*%,

e s .-s 2
k :,'' f

'''..','..*#
i

--m,---.. ,,_,, , , , ,



w. - - .- - -

ABSTRACT

This draft environmental statement contains the second assessment of
the. environmental impact associated with operation of the Midland
Plant, Units l'and 2 pursuant to the National Environmental Policy
Act of 1969 (NEPA) and 10 CFR Part 51, as amended, of the NRC's
regulations. This statement examines: the purpose and need for the
Midland project, alternatives to the project, the affected envi-
ronment, environmental consequences and mitigating actions, and
environmental and economic benefits and costs. Land-use and
terrestrial- and aquatic-ecological impacts will be small. Air-
quality impacts will also be small. Impacts to historic and pre-
historic sites will be negligible. Chemical discharges are expected

,

to further decrease the existing marginal water quality of the '

Tittabawassee River and may adversely affect future downstream water
use, but will be required to meet conditions of the plant's NPDES
permit. The effects of routine operations, energy transmission, and
periodic maintenance of rights-of-way and transmission line facil-
ities should not jeopardize any populations of endangered or threat-
ened species. No significant impacts are anticipated from normal
operational releases of radioactivity. The risk associated with
accidental radiation exposure is very low. The net socioeconomic
effects of the project will be beneficial. The action called for is I
the issuance of operating licenses for the Midland Plant, Units 1
and 2.

Comments should be filed no later than 45 days af ter the date on
which the Environmental Protection Agency notice of availability of
this draft environmental statement is published in the " Federal
Register."

Further information may be obtained from:

Mr. Ronald W. Hernan, Licensing Project Manager
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

| 301/492-8395

,
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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U.S. Nuclear Regulatory
Commission (NRC), Office of Nuclear Reactor Regulation (hereinaf ter referred
to as the staff).

1. This action is administrative.

2. The proposed action is the issuance of operating licenses to Consumers
Power Company for the startup and operation of Units 1 and 2 of the
Midland Plant (NRC Docket Nos. 50-329 and 50-330), located just south of
the City of Midland in Midland County, Michigan.

Both units will employ pressurized water reactors to produce a rated 2468
megawatts thermal (MWt) each. This rated power level includes 2452 MWt
generated in the core plus an additional 16 MWt added to the nuclear
steam supply system (NSSS) by the four reactor coolant pumps. The maximum
core design output (excluding pump heat) is 2552 MWt. This power level is
referred to as the stretch level and is the value used in the radiological
accident analyses. The Midland Plant is unique in that the heat generated
will be used not only to produce electrical energy but also to produce
steam for the adjacent Dow Chemical Company Plant. The facility's turbine
generators will produce 504 megawatts electrical (MWe) from Unit 1 and
852 MWe f rom Unit 2. The remaining heat from Unit 1 will normally be
used to produce 460 Kg/s (approximately 3.6 x 106 lb/hr)* at 1200 kPa
gauge (175 psig) and 50 Kg/s (approximately 0.4 x 106 lb/hr) at 4100 kPa
gauge (600 psig) of process steam for use at the Dow Plant. The process
steam system is a tertiary system utilizing heat extracted from the secondary
steam system of the Midland Plant. The exhaust steam from power generation
will be cooled by a once-through flow of water pumped from a 360-ha
(880-acre) cooling pond. The Tittabawasee River will be the source of
makeup water for the cooling pond and will receive the cooling pond
blowdow1.

3. The information in this statement represents the second assessment of the
environmental impact associated with the Midland Plant Units 1 and
2 pursuant to the guidelines of the National Environmental Policy Act of
1969 and 10 CFR Part 51 of the Commission's regulations. After receiving
an application on January 13, 1969, to construct this plant, the staf f
carried out a review of impacts that would occur during its construction
and operation. That evaluation was issued as a Final Environmental
Statement in March 1972. Af ter that environmental review, a safety
review, an evaluation by the Advisory Committee on Reactor Safeguards,

*Throughout the text of this document most values are presented in both metric-

and English units. For the most part, measurements and calculations were ori-
ginally 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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and public hearings in June-July 1971 and May-June 1972, the U.S.
Atomic Erergy Commission (now U.S. Nuclear Regulatory Commission)
issued construction permit Nos. CPPR 81 and CPPR 82 on December 15,
1972, for the construction of Units 1 and 2. As of December 1981,
the plant was about 73% complete. The staff estimates fuel-loading

dates of December 1983 and July 1983 for Units 1 and 2, respectively.
The applicant tendered a Final Safety Analysis Report and an Environ-
mental Report in support of operating licenses on August 29, 1977, and
March 1, 1978, respectively.

4. The staff has reviewed the activities associated with the proposed operation
of the plant and the potential impacts, both beneficial and adverse, which
are summarized as follows:

The generating capacity provided by operation of the Midland unitsa.
will help support the increasing load demand of the midwestern
United States and will result in increased system and regional
reliability of the East Central Area Reliability Coordination Agreement
Power Pool. The production costs of electric energy from the Midland
Plant will be lower than any other generation alternative considered
and will also reduce Consumers Power Company's substantial dependence
on coal as a baseload fuel (Sec. 2).

b. Alteration of about 500 ha (1235 acres) of land for the plant has
been necessary. Of this, about 360 ha (880 acres) will be used as a
cooling pond. About 289 ha (715 acres) of prime farmland will be
lost from agricultural production for at least the operating lifetime
of the station, or beyond (Sec. 4.2.2).

c. The average consumptive water use of the plant (by evaporative
3losses from the cooling pond) will be about 0.8 m /s (28 cfs) (maximum

loading, average flow) (Sec. 4.2.3).

d. Alteration of total dissolved solids concentrations in the Tittabawassee
River due to plant discharges may produce small to moderate impacts
on existing and potential new water users (Sec. 5.3.1). However,
only negligible chemical impacts on biota are expected (Sec. 5.5.2.3).

e. Thermal wastes discharged into the Tittabawassee River will be
assimilated rapidly; thus no thermal impact on downstream water
users (Sec. 5.3.2) or biota (Sec. 5.5.2) is expected.

f. The Midland Plant is located in the floodplain of the Tittabawassee
River. However, provisions have been made so that the increase in
flood levels will be very small. In addition, plant construction
necessitated relocation of Bullock Creek. Flood levels in this
relocated channel will be lower than before. Thus, impacts of plant
operation are expected to be minor (Sec. 5.3.3).

g. Atmospheric impacts from cooling pond operation will include fogging
and icing. Under some conditions fogging is likely to have an
adverse impact on road traffic adjacent to the cooling pond; however,
icing impacts to vegetation are expected to be small (Sec. 5.4.1).

_
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h. The cooling pond will attract, and may pose hazards to, waterfowl;
however, the impacts will be small in terms of waterfowl populations
(Sec. 5.5.1). If locally large adverse impacts are observed, the
applicant will be required to take action (Sec. 6.1).

i. Adverse impacts on terrestrial biota along the transmission-line
right-of-way are expected to be minor (Sec. 5.5.1).

j. Changes in the Midland Plant intake design are expected to result in
less severe impacts on aquatic biota than predicted in the FES-CP
(Sec. 5.5.2).

k. No adverse impact on Federal or state endangered or threatened
species is expected (Sec. 5.6).

1. The staff is currently seeking a determination of eligibility of two
archeological sites for inclusion in the National Register of Historu:
Places (Sec. 5.7).

m. Attraction of waterfowl to the Midland Plant cooling pond may result
in occasional agricultural losses on nearby farms during years when
harvesting of crops is delayed due to adverse weather conditions
(Sec. 5.8).

n. Impacts on employment, the local economy, and on community and
county services are expected to be minor (Sec. 5.8).-

o. Very small (much less than from normal background radiation) radio-
logical impact on man or on biota other than man is expected to
result from routine operation of the plant (Sec. 5.9.3).

p. The risk associated with accidental radiation exposure is very low
(Sec. 5.9.4).

q. Area gaseous emissions are expected to be reduced as a consequence
of Midland Unit 1 providing process steam for the Dow Chemical
Company (Sec. 5.4.2).

5. This draft environmental statement was made available to the public, to
the Environmental Protection Agency, and to other specified agencies in
February 1982.

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 operating licenses for Midland Plant Units 1 and 2 subject to the
following conditions for the protection of the environment (Sec. 6.1):

a. Before engaging in additional construction or operational activities
that may result in a significant adverse impact that was not evaluated
or that is significantly greater than that evaluated in this statement,
the applicant shall provide written notification of such icti'ities tov
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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 Appendix B Environmental Protection
Plan (nonradiological) and Appendix A Technical Specifications
(radiological) that will be incorporated in the operating licenses
for Midland Units 1 and 2.

c. If adverse environmental effects or evidence of irreversible environ-
mental damege 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 environmental statement was prepared by the U.S. Nuclear Regulatory
Commission (NRC), Office of Nuclear Reactor Regulation (the staff), in accor- !
dance with the Commission's regulation,10 CFR Part 51, which implements the
requirements of the National Environmental Policy Act of 1969 (NEPA).

This environmental review deals with the impacts of operation of the Consumers
Power Company's Midland Plant Units 1 and 2. Assessments relating to operation
that are presented in this statement augment and update those described in the
Final Environmental Statement-Construction Phase (FES-CP) that was issued in
March 1972 and the Final Supplement issued in June 1977 in support of issuance
of construction permits for Midland 1 and 2.

The information to be found in the various sections of this statement updates
the FES-CP in four ways: (1) by evaluating changes in f acility design and
operation 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 issu-
ance 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 needs have been identified in this statement for the
case of Midland 1 and 2). Introductions (resum6s)in appropriate sections of
this statement summarize both the extent updating and the degree to which the
staff considers the subject to be adquately reviewed. j

Copies of this statement, the FES-CP (1972), and the Final Supplement (1977)
are available for inspection at the Commission's Public Document Room,1717 H
Street NW, Washington, DC, and at the Grace Dow Memorial Library,1710 West
St. Andrews Road, Midland, Michigan 48640. The latter two documents may be
reproduced at either location. Single copies of this statement may be obtained
by writing to:

Director, Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Ronald W. Hernan is the NRC Licensing Project Manager for this project. He
may be contacted at the above address or at 301/492-8395.

xvii
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1. INTRODUCTION

The proposed action is the issuance of operating licenses to the Consumers
Power Company for startup and operation of the Midland Plant Units 1 and 2
(Midland 1 and 2) in Midland County near Midland, Michigan.

Each generating unit consists of a pressurized-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 a
360-ha (880-acre) cooling pond. Makeup water will come from, and wastewater
will be discharged to, the Tittabawassee River.

The maximum design power levels of the Midland Plant reactors are 2568 MWt
(FES-CP, Sec. III-4). Unit 1 will produce about 504 MWe, plus process steam
for the Dow Chemical Co. ; Unit 2 will produce about 852 MWe. The rated core
operating power level requested in the application is 2452 MWt.

1.1 ADMINISTRATIVE HISTORY

On January 13, 1969, the Consumers Power Company (the applicant) filed an
application with the Atomic Energy Commission (AEC), now Nuclear Regulatory
Commission (NRC), for permits to construct Midland 1 and 2. The conclusions
resulting from the staff's environmental review were issued as a Final Envi-
ronmental Statement--Construction Phase in March 1972. Following reviews byi

the AEC regulatory staff and its Advisory Committee on Reactor Safeguards,
public hearings were held before an Atomic Safety and Licensing Board in

2 June-July 1971 and May-June 1972. Construction Permit Nos. CPPR 81 and CPPR
82 were issued on December 15, 1972, for Units 1 and 2.

On August 29, 1977, the applicant submitted applications for operating licenses
for the Midland Plant Units 1 and 2. The applicant tendered a Final Safety
Analysis Report (FSAR) and Environmental Report (ER-OL),* in support of the'

licenses on August 29, 1977, and March 1, 1978, respectively. These documents
were docketed on November 18, 1977. Operational safety and environmental
reviews were then initiated.

As of December 1981, construction of the Midland Plant was approximately 73%
complete. The staff estimates that Unit 1 will be ready for fuel loading in
December 1983, and Unit 2 will be ready for fuel loading in July 1983.

*" Midland Plant Environmental Repcrt, Operating License Stage," issued by
Consumers Power Company in March 1978. Hereinafter this document is cited in
the body of the text as the ER-OL, usually followed by a specific section,
page, figure, or table number. The Final Enviromental Statement--Construction
Phase, published in March 1972, is referred to as the FES-CP.

1-1
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1. 2 PERMITS AND LICENSES

i The applicant has provided in Section 12 of the ER-OL a status listing, as of'

March 1978, 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 other information and has determined that
all major permits and approvals have been obtained except certification pursuant
to the Clean Water Act of 1977. The issuance of such certification by the
State of Michigan Water Resources Commission is a necessary prerequisite for

! the issuance of an operating license by the Nuclear Regulatory Commission
I unless this requirement has been waived as provided in the Act. The State of

Michigan is proceeding with the review of the application for the NPDES permit
| and has prepared a draft permit; this permit is included as Appendix B and is
' being issued by the State af Michigan for public comment. Upon receipt and

review of these comments, the State will issue a final NPDES permit. This
final permit will also satisfy the requirements of the 401 Certification.

,

1

The staff is not aware of any potential non-NRC licensing difficulties that
would significantly delay or preclude the proposed operation of the plant.

|
,
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2. PURPOSE AND NEED FOR THE ACTION

2.1 RESUME
|

The action sought by Consumers Power Co. (the applicant), is the issuance of
operating licenses for the Midland Plant Units 1 and 2, both pressurized water
reactors. Unit 1 has a rated electrical output of 504 MWe and Unit 2 has a
rating of 852 MWe*.

When the construction permits for Units 1 and 2 were issued in 1972, and again
when the Final Supplement to the FES-CP was issued in 1977, the staff concluded
that the two units should be constructed to'(1) ensure system reliability,
(2) supply needed process heat to Dow Chemical Co. , and (3) exploit the pro-
jected economic advantage of nuclear-fueled electrical generating systems. In
1972, Units 1 and 2 were scheduled to begin commercial operation in 1978 and
1977, respectively. These dates were revised to 1982 for both units in the
1977 Final Supplement to the FES-CP (Sec. 4.5). The current schedule pre-
sented in the applicant's ER-OL (Rev. 12, 1981) is for commercial operation of
Units 1 and 2 in 1984 and 1983, respectively. The original 1972 schedule was
based on a peak load growth of 5.8% per year between 1975 and 1980 (energy
growth was not forecast). The actual average annual rate of growth (AARG) in
peak load for that period was 1.5% for the Consumers Power-Detroit Edison
(CP-DE) system. In the 1977 Final Supplement to the FES-CP, energy growth was
forecast to be 4.7% per year for the years 1977-1986. In the ER-OL (Rev. 12),
the energy forecast was lowered to 2.2% for the same period (this included
actual energy sales for the years 1977-1980).

This decline in the expected growth rate of electrical energy usage is not
unique to the CP-DE service area; 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. This slowdown has been particu-
larly noticeable in the service areas of Consumers Power and Detroit Edison.

;

In the United States as a whole, annual growth in energy demand decreased from
6.1% in 1976 to 1.1% in 1980. One response by utilities has been to adjust
the projected expansion of capacity by delaying planned additions to their
systems. This delay in demand growth has contributed to the delay in the

-commercial availability of Midland Units 1 and 2 to 1984 and 1983, respectively.

In this statement the staff evaluates the purpose and need for the Midland
units in the context of (1) overall system production costs for generating

*The electrical rating of Unit 1 is lower because the unit is designed to also
produce process heat for the nearby Dow Chemical Co. See Section 2.5 for
-some discussion of the cogenerative capability of Midland Units 1 and 2.
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electricity; (2) availability of alternative fuels; (3) reliability of the
power supply for the CP-DE service area; and (4) the sale of steam to Dow
Chemical Co.

|

The applicant and Detroit Edison closely coordinate their interconnection
capabilities and generation facility planning (ER-OL, Rev. 1, p. 1.1-1).
However, the staff has chosen to present its evaluation of production costs,
fuel diversity, and system reliability for the Consumers Power system only
since there is no shared ewnership with Detroit Edison.

2.2 PRODUCTION COSTS

The Midland Plant is being constructed to provide an economical source of
baseload energy. Since much of the substantial capital and environmental
costs associated with construction have already been incurred, the only economic
factors that are relevant for consideration now are fuel costs and operation
and maintenance (0&M) costs (system production costs), because these expenses
will be affected by whether or not the units operate. A comparison of system
production costs with and without the Midland units in operation shows strong
economic justification for operation of the facility.

In the staff's analysis of projected production costs, which is based on an
economic-dispatch logic (in which it is assuned that the least costly units
would be on line for the longest time), the annual projected fuel costs for
the applicant's system are estimated on the basis of a specified mix of gener-
ating capacity and projected energy requirements. Analyses of production

i costs were performed for the years 1984 through 1988, with and without the
Midland Plant in service. The values reported in Table 2.1 represent the
staff's estimate of the annual savings in system fuel costs by having both

j Midland units on line for their first full year of operation in 1984 versus
costs that would be incurred if the two units were not allowed to operate.
For this analysis for the period 1984-1988, the staff has assumed that if the
two units were in commercial operation in 1984, they would perform at an
average capacity factor of 58% for the five year period used in the analysis
(ER-OL, Rev.12, Response to Question 5). It is further assumed that if thet

two units were not in operation during the period, the energy that they would
have generated had they been in operation would be largely replaced by purchased
energy *. Some oil- or gas-fueled capacity (peaking requirements only) would -
be used whether or not the Midland Plant operates. It is assumed by the staff

; (and the appl! cant) that if the applicant's forecast. is realized, those quan-
! tities of supplemental energy from outside the applicant's system that would
' be required in 1984 would cost 4.2C/kWh in that year (ER-OL, Rev.11, Response

to Question IC). This purchased energy would probably be available from
,

! Detroit Edison and/or the East Central Area Reliability Coordination Agreement'
Power Pool (ECAR). Both the Detroit Edison system and ECAR have adequate
reserve margins (more than 23%) through 1987 (Table A-48 of Ref.1), but the
CP-DE system will have less than 23% after that year without Midland 1 and 2
(see Table 2.2). The applicant states (ER-OL, Rev. 12, pp. 32 to 36, June
1981) that both Consumers Power and Detroit Edison agree that 23% is a required

i minimum reserve margin for the CP-DE system.

*The percentages of coal, oil, and purchased energy used to develop the replace-
ment energy costs are given in footnote 4 to Table 2.1.

|
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Table 2.1. Staff's Projection of Annual Production Costs and Cost Savings per Year from Operation
of Midland Units 1 & 2, 1984-1988tl (in dollars of the year specified)

1984 1985 1986 1987 1988

' Category 5x 108 mil /kWh 5 = 108 mil /kWh 5 x 108 mil /kWh 5x 108 mil /nWh 5x 108 mil /kWh

Production costs for
Midland 1 & 2t2

Fuel 71 11 77 12 83 13 90 14 96 15

O&Mt3 64 10 70 11 70 11 77 12 83 13

Total 135 21 147 23 153 24 167 26 179 28

Production costs for
i 267 42 308 48 325 51 424 66 466 73replacement energyt

Savings with Midland 1
5 132 161 172 257 287& 2 Operationt

Production Costs
With Midland 1 & 2 21 23 24 26 28

Without Midland 1 & 2 42 48 51 66 73 7
w

tt A capacity factor of 58% was used (Response to Revised Question 2); this is equivalent to an average 6.4 x IOS kWh generation for each
of the five years considered. The design electric capacity used was 1310 MW for Midland Units 1 and 2.

12 from Response to Revised NRC Question 2. Nuclear costs were escalated at 8.6% per year for fuel and 7% per year for O&M. The fuel
escalation rate was taken from computer code given in " Energy Review," Data Resources, Spring 1981.

. t3 Includes both fixed and variable portions of O&M.
ti _ Includes fuel and O&M cost for 1984 (ER-OL, Rev. 11, September 1980). Proportions of replacement energy and price for 1984 as given in

same reference. The staff escalated this cost using data from " Energy Review", Data Resources. Autumn 1981, pg. 214, for the East North
Central Region:

Price Oil Price Coal Price Purchased
Year % Oil (mil /kWh) % Coal (mil /kWh) % Purchased (mil /kWh)<

1984 2 120 19 33 79 42

1985 5 138 29 36 67 46

1986 3 158 33 41 65 50

1987 10 181 19 45 72 55

1988 10 208 20 50 70 60

Escalation rate /yr 14.7% 10.9% 9.5%

ts Average savings of $202 million per year, 1984-1988.'
.

_ _ _ _ _ _ _ _ _ . . _ _ . . . - ''
-
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Table 2.2. Applicant's Projected Generating Capability, Peak Demand, and Reserve Margins, with and
J without Midland Units 1 & 2 for the CP and CP-DE Systems, 1980-1991tl

CP System CP-DE system
Generating Reserve Generating Reserve

Capabilityt2 (MWe) Marginti (%) Capabilityt2 (gwe) Margint4 (%)p Ped
With Without .Demandta With Without With Without Demandt3 With Without-

Year Midland Midland (MWe) Midland Midland Midland Midland (MWe) Midland Midland

1980 6073 6073 4540 33.7 14,745 11,243 31.1
1981 6430 6430 4400 46.1 15,710 11,272 39.3
1982 6427 6427 4490 43.1 15,707 11,835 32.7
1983 6423 6423 4950 29.7 15,703 12,691 23.7
1984 7791 6576 5200 49.8 26.4 18,236 17,021 13.237 37.7 28.5
1985 7798 6583 5440 43.3 21 18,888 17,673 13,730 37.5 28.7
1986 7796 6581 5580 39.7 18 19,530 18,315 14,141 38.1 29.5
1987 7793 6578 5740 35.7 14.5 19,507 13,292 14,547 34 25.7- 7

a
1988 7791 6576 5910 31.8 11.2 19,485 18,270 15,015 29.7 21.6
1989 7948 6733 6080 30.7 10.7 19,776 18,561 15,398 28.4 20.5
1990 7947 6732 6250 27.1 7.7 19,755 18,540 15,806 24.9 1/.3

1991 8249 7034 6390 29.1 10 20,337 19,122 16,172 25.7 18.2

t1 From ER-OL, Rev.12, June 1981, Table 1.1-9. CP = Consumers Power (the applicant); DE = Detroit Edison.
t2 Includes firm sales, purchases, and installed capability.

3
t Summer peak. - -

Peak Demand| t4 Reserve margin is defined as: -1 x 100. For the applicant's system the design reserve margin is 23% (ER-OL,
Rev. 12, p. 1.1-35). Capability

_
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The applicant estimates savings for 1984--the first year in which both Midland
units would operate (at an average capacity factor of 58%)--to be $124 million

!

(ER-OL, Rev.11, Response to Question 2); the staff estimate is $132 million ;

for that year (Table 2.1). The large increase in replacement fuel cost in
1987 is largely due to a greater increase in use of purchased power and oil,
as shown in Table 2.1, footnote 4.

On the basis of previous studies (Ref. 2), the staff assumes that the capacity
factor, averaged over the lifetime of the unit, would be at least as high as
60%. An average 60% lifetime capacity factor would provide approximately
7 billion kWh/yr of baseload electrical energy.

The analysis results presented in Table 2.1 include the differential in variable
O&M costs between the Midland units and the units that would provide the
replacement energy. In addition, a decision to operate the Midland Plant

'

would necessitate a decommissioning expense once the units were retired from
service. The decommissioning cost for the Midland Plant is estimated by the
applicant to be about $235 million in 1984 dollars (ER-OL, Sec. 5.8). Further
discussion of decommissioning is presented in Section 5.11 of this statement.

In conclusion, the staff agr?es with the applicant's assessment of potential
savings resulting from operation of the Midland Plant. These savings would
not be significantly altered if the demand for electricity grows at a lower
rate than assumed; this is because the applicant's marginal energy source
would continue to be coal or purchased power. Savings shown in Table 2.1 are
only for the years 1984 through 1988; in actuality, fuel-cost savings would
continue as long as the plant was operated.

2.3 DIVERSITY OF 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 fuel to generate electricity. If imported oil were not avail-
able, if further limits were placed on the use of natural gas as a boiler
fuel, if coal piles were to freeze, if mining or railroad strikes occurred, or
if shortages of uranium enrichment facilities were to develop, too much reliance
on ene or two fuels--especially for baseload operation--could necessitate
cutbacks to the power-supply grid. Currently, about 75% of the total generating
capability of the applicant's system is coal-fired (ER-OL, Table 1.1-12). The
system now has two nuclear plants in operation (Palisades, 805 MWe, and Big
Rock Point, 72 MWe), and Detroit Edison will soon start operating another one
(Fermi ?,, 1120 MWe). In 1985, with both Midland units in operation, the
dependence of the applicant's system capability on coal would be reduced to
63%. The staff concludes that although operation of the Midland Plant will
improve the diversity of fuel supply for the service area, this is not a major
consideration in support of issuing an operating license.

2.4 RELIABILITY ANALYSIS

Between 1970 and 1980, electrical-energy output and peak-load demand of the
CP-DE system grew at AARGs of 2.2% and 2.5%, respectively. Current projections
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by the applicant for the CP-DE system from 1980 to 1990 are for AARGs of 3.3%
for peak-load demand and 3.2% for net-energy-for-area load (ER-OL, Rev. 12,
Table 1.1-9).

The reserve margins of the applicant's system with and without the Midland
Plant in operation, are shown in Table 2.2 for the period 1980 through 1991.
System capacity velues reflect capacity owned by the applicant and by Detroit
Edison. Data for the CP-DE system is shown for information only.

As stated, the applicant and Detroit Edison are members of the East Central
Area Reliability Coordination Agreement Power Pool and have extensive inter-
connections with the Mid-America Interpool Network (MAIN). The applicant
interprets its reserve margin requirement to be 23% of peak load demand (ER-OL,
Rev. 12, pp. 32-36). Table 2.3 contains the applicant's projections of peak
demand and energy growth rates for various time periods between now and 1991,
as well as comparable figures presented in other forecasts (ER-OL, Rev.12,
p. 1.1-35). The staff has used the applicant's reserve margin figure of 23%
in its analyses. Based on the applicant's current load forecast and capacity
plans (as shown in Table 2.2), the staff concludes that reserve margins of the
applicant's system will be below 23% in 1985 and will continue to be low
unless the Midland units are added as scheduled.

Table 2.3. Comparative Average Annual Rates of Growth (AARG) for Peak
Demand and Energy for CP, CP-DE, DRI Region, and the

United States for Various Periodsti

United
CP CP-DE DRI Region States

Period Peak 12 Energyta Peak Energy Energyt4 Energyt5

1970-1980 3.1 3.0 2.5 2.2 - -

3.1 - - - -

1975-1985 -

4.01981-1985 3.6 - - -
-

1986-1991 2.8 - 2.7 - - -

1981-1991 3.2 3.3 3.3 3.2 2.5' -

- - - - - 2.91973-1980

11 CP = Consumers Power (the applicant); DE = Detroit Edison; DRI = Data
Resources, Inc.

t From ER-OL, Rev. 12, Table 1.1-1.2

ta From ER-OL, Rev. 12, Table 1.1-2.
t4 From Data Resources " Energy Review," Summer 1981, for East North

Central Region, Table A-57.

t From " Monthly Energy Review," EIA/D0E, June 1981.5

|
|

-.
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A regional econometric forecasting model developed by Data Resources, Inc.
(DRI) (Ref.1) suggests that the growth of demand for electrical energy in
states participating in the same power pools served by the CP-DE system will
probably be slightly less than the growth projected by the applicant; the I

model results project an AARG of 2.4% for 1980 to 1990, versus the applicant's
projection of 3.2%.

The staff's reliability assessment could be altered by unavoidable slippages
in, or decisions to delay, any subsequent additions, or by the uncertainty
associated with the applicant's reliance on outside purchases for needed
power. Finally, it must be stressed that because the Consumers Power and
CP-DE systems serve only part of one state within the region, the findings
based on the DRI model are valid only if the growth rate in each of the service
areas is the same as the growth rate for the DRI region as a whole.

The staff concludes that there will be a reliability problem by 1985 (and
beyond) for the applicant if the two Midland units do not come on line as
scheduled. Also, reserve margin of the CP-DE system will be lower than 23% by
1988 without operation of the Midland Plant. Both systems will maintain
reserve margins of greater than 23% beyond 1991 with the Midland units operating.

2.5 C0 GENERATION CAPABILITY

In addition to generating electricity, the Midland Plant will furnish up to
4,050,000 and not less than 1,400,000 pounds per hour (511 and 177 Kg/s,
respectively) of process steam for sale to the Dow Chemical Company. The
provision of this steam and electrical power generated by the Midland Plant to
Dow will permit shutdown of power plants now operated by Dow to provide elec-
tricity and steam for its chemical processing operations at Midland, Michigan.
At present, these power plants burn oil, coal, and natural gas. This substitu-
tion of nuclear generated electricity and process heat for the coal , oil- and
gas generated electricity and heat now used by Dow will reduce the air polluting
emissions from those fossil-fueled operations.

The staff assesses this "cogenerative" capability of the Midland Plant to be
|

another reason for recommending the licensing of operation of the plant. It ;

is the first cogenerative nuclear power system of its size in the United |
States. The staff has not estimated the exact economic effects that this I

cogeneration by the Midland Plant will have on electric generation. However,
the fuel costs are ultimately based on the fuel price per unit of heat content
(dollars per million Btu), and the primary steam-raising system is designed to
use this heat as efficiently as possible for the generation of electricity.
Therefore, the cost of this heat will be the same whether used for process
heat or for producing steam to drive a turbine to generate electricity. For
this reason, the staff has made its assessment of operating-cost savings on
the basis of electric generating capacity only; the sale of steam to Dow is
assumed by the staf f to be a separate transaction and has its own economic
justification, which the staff has not examined in this section.
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2.6 CONCLUSIONS

The results of the staff's assessment of purposa and need for the units support
a decision to issue an operating license for the plant in accordance with the
schedule proposed by the applicant. The matter of overriding impcrtance is
that the addition of the plant to the applicant's system is expected to result
in significant savings in system production costs. Furthermore, the operation
of this plant will decrease the dependence of the applicant's system on coal
fuel supplies and will provide the added capacity needed to maintain mimimum
reserve-margin requirements.

The operation of the Midland Plant will also result in increased environmental
costs and limited increased risk. These issues are addressed in Section 5 and
summarized in Section 6 of this environmental statement. . The staff consistently

'

finds the costs and risks to be small to moderate (Table 6.1). Moreover, if
the plant does not operate, replacement energy will have to be generated.
This increased use of other power generation facilities would also incur
environmental costs and risks.

Although decommissioning is identified as an incremental cost of operating the
Midland facility, it should be noted that this cost (about $235 million in
1984 dollars) represents no more than 5% of the projected lifetime production-
cost savings resulting from operation of the platit.

References for Section 2

1. " Energy Review," Data Resources, Inc., Lexington, MA, Vol. 5, No. 2,
1981.

2. J.0. Roberts, S.M. Davis, and D. A. Nash, '" Coal and Nuclear: A Comparison
of the Cost of Generating Baseload Electricity by Region," U.S. Nuclear
Regulatory Commission, NUREG-0480, December 1978.

A

1

s
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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. Based on this alternative analysis and a benefit cost
analysis, the staff determined that' additional capacity was needed, that a
nuclear-fueled plant would be an environmentally acceptable means of providing
the capacity, and that the Midland Plant at a specified site and of a speci-
fied design, was acceptable from an environmental perspective. Since that
time, the plant has been substantially constructed; most of the economic and
environmental costs associated with construction have already been realized
and must be viewed as " sunk costs" in any prospective assessment.

3.2 ALTERNATIVES

At the operating-license stage it is not appropriate to ccnsider extensive
plant modifications or the construction of new and different energy sources as
alternatives to the existing nuclear plant, unless a compelling environmental
or safety concern that was not evident during the construction permit review
has been discovered. No such concern has emerged.

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

Therefore, the staff concludes that, at this time, the only logical alterna-
tive to permitting operation of the plant is to deny its operation. In the
absence of any significant environmental or safety objection, the decision is

.

an economic one. If operation is denied, the most conservative (least costly) I

assumption is that existing capacity in the CP-DE system or in system inter-
connections is available to replace the energy that could have been provided
by the Midland Plant. If, under this scenario, it can be demonstrated that
significant production-cost savings are made available by operation of the
plant, then the operating alternative is preferable. The staff has evaluated
these cost savings in Section 2.2 and finds that an average saving of about
$200 million per year would be realized during the first five years of opera-
tion of the plant. Comparable savings would be expected for each of the

| subsequent years of the operating life of the two units.
|
.

|

| 3-1
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4. PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT
. .

4.1 RESUME

Several changes made in plant operating characteristics and design since the
FES-CP was issued are described in this section: plant layout is slightly
modified due to the relocation of agricultural drains and the elimination of a
cooling tower (Secs. 4.2.1 and 4.2.4.3); the amount of land used for the plant
is slightly increased (Sec. 4.2.2); the cooling system intake structure loca-
tion has been moved from a stilling basin to the Tittabawassee River shoreline
(Sec. 4.2.4.1); the plant discharge structure will now terminate at a new
location (Sec. 4.2.4.4); less sulfuric acid will be employed to control scaling,
resulting in smaller waste discharges (Sec. 4.2.6.1); sodium hypochlorite will
be used as a biocide rather than gaseous chlorine, resulting in increased
discharges of sodium (Sec. 4.2.6.1); plant discharges of phosphate will be
less than previously expected (Sec. 4.2.6.1); the 138-kV startup transmis-
sion lines have been rerouted (Sec. 4.2.7); and dewatering wells will be
used to return cooling pond seepage (Sec. 5.3.1).

New or updated information relevant to the operational phase of Midland 1
and 2 is also provided in this section: the amount of prime farmland contained
within the site boundaries is given (Sec. 4.2.2); nonradioactive gaseous
emissions are described (Sec. 4.2.6.3); the average flow of the river is
slightly higher than originally estimated (Sec. 4.3.1.1); water quality data
originally presented in the FES-CP are confirmed (Sec. 4.3.2); information on
severe weather and site atmospheric dispersion characteristics is now provided
(Sec. 4.3.3.1), as is information on air quality (Sec. 4.3.3.2); the terrestrial
and aquatic faunal composition of the cooling pond has been re-reviewed in
light of new monitoring data (Secs. 4.3.4.1 and 4.3.4.2); new information
concerning the occurrence of endangered and threatened species is discussed
(Sec. 4.3.5); and the socioeconomic characteristics of the site area are
updated and projected to when operat. ion will begin (Sec. 4.3.7). Historic and
prehistoric sites are considered in Section 4.3.6.

In addition, the staff has used different and improved assessment methodology
plus new information to re evaluate the thermal performance of the cooling
pond as it relates to thermal discharges to the river (Sec. 4.2.6.2).

4.2 FACILITY DESCRIPTION

4.2.1 External Appearance and Plant Layout

The external appearance and layout of the plant remain essentially unchanged
from what was described in the FES-CP (Sec. III. A), with the exceptions that
two agricultural drains that were located in the area now occupied by the
cooling pond have been relocated to the plant site boundary, and a cooling
tower included in the original design (FES-CP, Fig. III-2) will not be built.
The applicant plans to construct emergency preparedness facilities to meet the
Commission's upgraded emergency planning requirements contained in Appendix E

4-1
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to 10 CFR Part 50, " Emergency Planning and Preparedness for Production and
! Utilization Facilities." These plans include an En.ergency Operations Facility
l (EOF), which will be located in the Bay City Service Center approximately

18 miles east of the plant in Bay City, Michigan. The desicn specifications
I for the E0F are formulated utilizing the requirements of NUREG-0696 as a basis.

The offsite alternat6 EOF is expected to be in a conventional building that
meets applicable building and zoning requirements and, therefore, is not

i expected to adversely impact the area.

4.2.2 Land Use

The plant site comprises about 500 ha (1235 acres) (ER-OL, Sec. 2.1.3.1),
rather than the 480 ha (1190 acres) reported in the FES-CP (Sec. I.1). This
includes about 360 ha (880 acres) developed as a cooling pond (ER-OL,

| Sec. 4.3.1.1), as well as 4 ha (10 acres) for the power block. Approximately
| 289 ha (715 acres) of the plant site have been identified as prime agricultural
( land by the U.S. Soil Conservation Service (Ref. 1). The site also contains a
| permanent access road to the plant northwest of the facilities. The remainder
| of the land is being lef t in its natural state or landscaped to screen the

plant from adjacent areas.I

!

! 4.2.3 Water Use
1

Plant consumptive water use will result mainly from evaporation of plant
condenser cooling water from the cooling pond,-about 0.8 m /s (28 cfs) (maxi-3

mum plant loading, average river flow). The approximately 0.42 m /s (15 cfs)3

of purified water used for generation of process steam for the Dow Chemical
Co. (see Sec. 2.5) is provided by Dow and is not appropriate to a discussion
of Midland Plant water use. Plant water-use estimates have not changed appre-
ciably since issuance of the FES-CP (Secs. III.D and V.B).

| No groundwater will be used for plant operation.

4.2.4 Cooling System

4.2.4.1 Intake Structure

The river intake structure, originally to be located in a stilling basin
,

(FES-CP, Sec. III.D), will be placed on the Tittabawassee River shoreline
! (ER-OL, Fig. 3.4-8). Makeup water will be pumped through a 240-cm (96-in)
! diameter pipe. The intake structure design includes trash racks with 76 mm

(3-in) openings and three traveling screens with 9.5 mm (3/8-in) mesh to
prevent debris from entering the system (ER-OL, Sec. 3.4.4). Depending on
makeup flow rates (Sec. 4.2.6.2), approach velocities at the screens will vary
from 0.12 m/s (0.42 f t/s) to 0.3 m/s (1.0 f t/s) (ER-OL, Table 3.4-7).

I

! 4.2.4.2 Cooling Pond

The description of the approximately 360-ha (880 acre) cooling pond presented
in the FES-CP (Secs. III.A, D) remains valid.

4.2.4.3 Cooling Tower

A cooling pond-blowdown cooling tower originally proposed to provide additionai
cooling of pond water prior to its discharge to the Tittabawassee River (FES-CP,

| Sec. III.D) has been excluded from the current plant design (ER-OL, Sec. 3.4.5).
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4.2.4.4 Discharge Str.ucture

The discharge structure will be at a different location than initially planr.ed
(FES-CP, Sec. III.D). The new location is about 90 m (300 ft) downstream of the
discharge point for Dow Chemical Company's tertiary treatment holding pond and
about 180 m (600 ft) downstream of the Midland intake structure (ER-OL, Fig. 5.1B-1).

The Midland blowdown-discharge system will include three parallel concrete
pipes of 80-cm (30-in) diameter originating in the coolest portion of the
cooling pond (ER-OL, Sec. 3.4.5) and terminating in the Tittabawassee River.*
Riprap will be placed in front of the outfall at the river to protect the
riverbed from erosion.

4.2.5 Radioactive-Waste-Management System

Under requirements set by Part 50.34a of Title 10 of the Code of Federal
Regulations, an application for a permit to construct a nuclear power reactor
must include a preliminary design for equipment to keep levels of radioactive
materials in effluents to unrestricted areas as low as is reasonably achievable
(ALARA). The term ALARA takes into account the state of technology and the
economics of improvements in relation to benefits 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 radiation dose design objectives for
light-water-cooled nuclear power reactors to meet the requirement that radio-
active materials in effluents released to unrestricted areas be kept ALARA.

To comply with the requirements of 10 CFR 50.34a, the applicant provided final
designs of radwaste systems and effluent control measures for keeping levels
of radioactive materials in effluents ALARA within the requirements of Appen-
dix I to 10 CFR Part 50. In addition, the applicant provided an estimate of
the quantity of each principal radionuclide expected to be released annually
to unrestricted areas in liquid and gaseous effluents produced during normal
reactor operations, including anticipated operational occurrences.

The NRC staff's detailed evaluation of the radwaste systems and the capability
of these systems to meet the requirements of Appendix I will be presented in
Chapter 11 of the staff's Safety Evaluation Report, which is to be issued in
May 1982. The quantities of radioactive material that will be released from

the plant (as calculated by the NRC staff) are presented in Appendix C of this
statement. Appendix C also contains calculations of doses to individual
menbers of the public and to the general population resulting from these
effluent quantities.

The staff's detailed evaluation of the solid radwaste system and its capability
to accommodate the solid wastes expected during normal operations, including
anticipated operational occurrences, are presented in Chapter 11 of the SER.

As part of the operating license for this plant, the NRC will require Tech-
nical Specifications limiting release rates for radioactive material in liquid
and gaseous effluents and requiring routine monitoring and measurement of all
principal release points to ensure that the plant operates in conformance with
the radiation-dose-design objectives of Appendix I.

* Blowdown is that portion of the cooling pond water discharged to the river
to maintain predetermined chemical concentrations in the pond.

_. . _ _ .
_-
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4.2.6 Nonradioactive-Waste-Management Systems

4.2.6.1 Chemical

Amounts of chemicals expected to be used annually are liso.d in Table 3.6-6 of |

ER-OL, and the expected chemical characteristics of plant waste streams are
given in Tables 3.6-2, 3.6-4, and 3.6-5 of the ER-OL, as modified in the
application to the State of Michigan for the NPDES permit (Ref. 2), the draft
NPDES permit (App. B), and elsewhere (Ref. 3). Changes in these estimates
since the FES-CP was issued are discussed below.

Cooling Pond Blowdown

The cooling pond will be the intermediate sink for many plant chemical wastes
prior to their discharge to the Tittabawassee River. Such wastes will include
makeup-water-treatment chemicals, cooling-water-treatment wastes, biocide
residues, laundry wastes, and demineralizer regeneration wastes. Detailed
listings of chemicals that will be in the cooling pond blowdown are provided
in the sources cited above.

An automatic control system will be used to regulate the total dissolved
solids (TDS) concentration in the cooling pond by adjusting blowdown and plant
makeup-water flow rates. The applicant has stated that blowdown will be
released only when plant makeup water is drawn (ER-OL, Sec. 5.1.2); the dis-
charge rates will be controlled to follow rapid changes in river flow, tempera-
ture, and dissolved solids, in order to meet State of Michigan National Pollut-
ant Discharge Elimination System (NPDES) permit limitations on effluents (see
Appendix B).

Blowdown will be continuously discharged in March, April, and May of each year
of operation, the period of highest river flow; the staff agrees with the
applicant (ER-OL, Secs. 3.4.5 and 5.1.2) that during the remaining months,
blowdown discharge is likely to be intermittent, depending on flow conditions.
These conclusions are based on recent studies of a long-term (82 yr) daily
simulation of cooling pond operation as discussed in Section 4.2.6.2 and the
ER-OL (Sec. 3.4 R).

As discussed previously, current plans do not call for the use of a cooling
tower to remove heat from cooling pond blowdown prior to its discharge to the
Tittabawasse River. Aside from thermal considerations, another effect of a
blowdown-cooling tower on effluent chemistry would have been to bring the
oxygen concentration of the blowdown into equilibrium with air at the mean
temperature of the cooling system. Without cooling-tower aeration, the dis-
charge will contain a somewhat lower oxygen concentration, representative of
concentrations in the cooling pond at the point of the blowdown-line intake.

Process Water Demineralizer Regeneration

Plant process water will be provided by the makeup-demineralizer system, which
I will initially utilize water from the Midland Municipal Water District. After
| the first year of plant operation, either municipal water or Dow Chemical
| Company deionized water may be used at the plant. In either case, there will
! be discharges of demineralizer regeneration wastes to the cooling pond. Such

I wastes are characterized in Table 3.6-2 of the ER-OL for the worst case--that

. _ _ _ _ _ _ -
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is, when municipal water is used. These wastes will be regulated through the
'

pond blowdown operation to meet the limitations of the NPDES permit.

Cooling Water Treatment

Sulfuric acid will be added to the recirculatino cooling walbe to control
scaling (ER-OL, Sec. 3.6.6). It is currently estinated by the staff that
about 3100 metric tons (3400 tons) of sulfuric acid rcr year will be needed
for this purpose compared with the estimate of approximately 4700 metric tons
(5100 v.ns) given in the FES-CP (Sec. III, p. III-37), resulting in smaller
discharges of sulfate wastes to the cooling pond and the river. These will be
discharged in the cooling pond blowdown and will be regulated to meet the
limitations of the NPDES permit.

The procedure for condenser and service water chlorination has been changed
from the use of gaseous chlorine (FES-CP, Sec. III.D.3) to the use of sodium
hypochlorite solution (ER-OL, Sec. 3.6.4.2) for engineering, economic, ar i
safety considerations. The biocidal action of sodium hypochlorite is essen-
tially identical to that of gaseous chlorine. Normally, the maximum level of
equivalent chlorine will be about 2 mg/L in summer and less than 0.5 mg/L in
winter. As stated in the FES-CP (Sec. III.D.3.a) and in agreement with the
applicant's conclusions (ER-OL, p. 3.6-7), the staff believes that the cooling
pond blowdown discharge will contain no detectable free residual cholorine.
However, use of sodium hypochlorite will increase the amount of sodium in the
combined plant discharge by about 135 metric tons (150 tons) per year.

Miscellaneous Chemical Wastes

As discussed in the ER-OL (Sec. 3.7.2.3), Midland Plant sewage will be procos-
sed by the nearby Dow Chemical Plant. Treatment and subsequent discharge of
the sewage will be covered by Dow Company permits and therefore will not be
further discussed in this environmental statement.

A zero phosphate laundry detergent will be used in the plant laundry facility
(ER-OL, Sec. 3.7.2.1) instead of the phosphate-containing detergent originally
planned (FES-CP, Sec. III.D.3.C). This will eliminate a source of plant-related
phosphate additions to the Tittabawassee River.

Evaporator blowdown will be transferred to the Dow Chemical Plant for disposal
(ER-OL, Sec. 3.6.5.1) and will be covered by Dow permits; therefore, evaporator
wastes will not be further discussed in this environmental statement.

Several minor waste streams will be discharged either to the cooling pond or
to the river, depending on the river flow and TDS content. These streams,

include treated neutralizing sump and clean waste sump discharges from the
evaporator building and Units 1 and 2, magnetic filter backwash, and treated
discharge from the oily waste processing system; their expected chemical
compositions are listed in Table 3.6-2 of the ER-OL. The discharged wastes
will be regulated to meet the conditions of the NPDES permit.

4.2.6.2 Thermal

Since the FES-CP was issued, the applicant has reanalyzed the thermal perfor-
mance of'the cooling pond and the thermal effects of blowdown discharge on the

_ _ . . _

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Tittabawassee River. This reanalysis was undertaken because of (1) the adop-
tion by the State of Michigan in 1973 of surface-water quality standards that
establish heat load limitations for receiving water bodies, (2) the change in
plant cooling system design involving elimination of the cooling pond blowdown
cooling tower, and (3) the advancement in thermal-field predictive techniques.

| The staff has reviewed the applicant's analysis, and, as discussed below,
generally concurs with the applicant's use of methodology and the resulting

,

conclusions.'

; Cooling Pond

The applicant re-evaluated the monthly average pond thermal performance by use
of a numerical model that simulated the steady-state heat balance of the pond
with the atmosphere (Ref. 4). The pond was represented by two horizontal

,
well-mixed layers, a longitudinally advected heated layer at the surface, and

j an underlying layer of returning backflow combined with ambient pond water.
j The pond heat loss due to evaporation was calculated using Meyer's evaporation

equation (Ref. 4). The resulting pond thermal performance (calculated by use
of monthly average meteorological conditions) is shown in Tables 4.1 and 4.2
for the following plant operating conditions: (1) Unit 1 operating at maximum
guaranteed load; (2) Unit 2 operating at maximum guaranteed load; (3) both
units operating at maximum guaranteed load; and (4) Unit 1 back-end limited *
and Unit 2 with the valves wide open.

The applicant also used a transient two-dimensional model to obtain daily
| blowdown temperatures that would have been expected in 1966, when meteorological

conditions would have produced unusually high water temperatures (Ref. 4).I

The short-term responsiveness and variability of the cooling pond to meteoro-
logical conditions is shown in Table 4.3.

;

River Discharge

There are no suitable analytical models known to the staff that can be used to
predict the extent of isotherms for very shallow submerged ports in a flowing
stream. As a result of varying river depths, the discharge can at times be at
the surface. In addition, the Dow Chemical Co. also discharges its tertiary
pond effluent into the Tittabawassee River about 100 m (330 ft) upstream from
the location of the Midland blowdown discharge. Both discharges are at the

! south bank of the river. The combined thermal effects of both the Dow and
Midland discharges are required to meet the thermal standards established by
the Michigan Water Resources Commission (see Sec. 5.3.2.2). To assess the

;
' thermal effects on the river of blowdown in combination with a second upstream

discharge, hydraulic modeling is required.

The applicant has relied on hydraulic modeling not only to delineate the4

expected size and extent of the thermal plume, but also to determine the
operating parameters (blowdown flow rate, number of discharge ports) as a
function of river flow, TDS, and blowdown temperature. The staff has reviewed
the hydraulic modeling study, as described in Appendix 5.1B-1 of the ER-OL and
in Reference 5, and concurs with the approach used by the applicant, as dis-
cussed below.

* Limitation imposed by turbine design on the maximum amount of steam that can
be accepted by the low pressure section of the turbine.
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Table 4.1. Monthly Cooling Pond Performance for One Unit Operatingt!

Unit 1 Operating at Maximum Guaranteed Load Unit 2 Operating at Maximum Guaranteed Load
Imposed Heat Load: 2.14 x 108 Btu /hr Imposed Heat Load: 5.55 x 109 Btu /hr

Circulating Water Flow Rate: 264,300 opm Circulating Water Flow Rate: 389,600 cpm

Percent Percent
Total Imposed Total Imposed

'
Condenser Average Evapo- Heat Loaa Condenser Average Evapo- Heat Load

Inlet Pond Surface ration Lost by Inlet Pond surface ration Lost by
Temperature Temperature (acre- Evaporation Temperature Temperature (acre- Evaporation

Month (*F) (*F) ft/ day) (%) ("F) (*F) ft/ day) (%)

January 32.5 35.3 6.3 31 48.5 54.3 18.9 39

February 34.0 37.2 7. 8 32 50.0 55.6 20.6 40

March 43.0 46.1 11.5 39 56.0 61.9 26.0 46

April 54.5 57.8 16.2 49 65.5 71.3 32.9 55

May 67.0 70.2 24.1 58 76.5 81.8 42.9 62

June 75.0 78.2 28.1 63 83.0 87.1 48.1 67

July 78.0 81.0 27.1 64 86.0 91.4 47.7 68 j5
'dAugust 77.0 80.3 24.6 65 85.5 91.3 45.3 69

September 69.5 72.5 20.1 62 78.5 84.1 39.6 65

October 58.5 61.8 15.2 53 70.0 75.6 32.8 58

November 46.0 49.1 9.8 43 59.0 64.8 25.1 50

December 34.5 37.8 7.1 33 50.5 56.3 20.2 41

t1 Adapted from Bechtel, Inc. , " Cooling Pond Thermal Performance Summary Report; Hidland Plant Units 1 and 2," prepared for Con-
sumers Power Company, August 1973.

Note: Joules = Btu x 1055

3m /s = gpm x (6.3 x 10 5)
"C = (*F-32) x 0.555

3m = acre /ft x 1234

I
1

.-_-____
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Table 4.2. Monthly Cooling Pond Performance for Both Midland Units Operatingt1

Unit 18ack-End Limitedt2..
"

Maximum Guaranteed Load and Unit 2 Valves Wide Open
Imposed deat Load: 7.69 x 109 Btu /hr Imposed Heat Load: 9.05 x 108 Btu /hr

Circulating Water Flow Rate: 653,900 gpm Circulatina Water Flow Rate: 653.900 apa

Percent Percer.t
: . Total Imposed Total Imposed
| Condenser Average Evapo- Heat Load Condenser Average Evapo- Heat Load

Inlet Pond Surface ration Lost by Inlet Pond Surface ration Lost by
Temperature Temperature (acre- Evaporation Temperature Temperature (acre- Evaporation

' Month. (*F) (*F) ft/ day) (%) (*F) (*F) ft/ day) (%)

January 59.0 64.1 29.0 44 63.5 69.4 35.9 46

February 60.5 65.8 31.6 46 64.5 70.0 37.2 46

March 65.0 69.9 36.5 50 69.0 74.6 44.0 52

April .73.5 78.3 44.4 57 76.5 82.3 52.5 59

May' 83.0 87.9 55.4 64 86.0 91.6 63.8 66

June 89.5 94.2 61.1 68 92.0 97.5 70.2 69
A

July 92.0 96.8 60.8 69 94.5 100.1 69.8 70 fo
August 92.0 96.5 57.4 68 94.5 100.0 66.5 70

,

i September 85.5 90.4 53.0 67 88.0 93.9 61.6 69

October 78.0 82.9 45.2 61 81.0 87.0 53.6 63

November 68.0 73.0 36.5 53 71.5 77.6 44.2 55

Oecember 60.5 65.8 30.5 46 65.0 71.0 37.7 44'

i -11 Adapted from Bechtel, Inc. , " Cooling Pond Thermal Performance Summary Report; Midland Plant Units 1 and 2," prepared for Con-
sumers Power Company, August 1973.

12 Limitation imposed by turbine design on the maximum amount of steam that can be accepted by the low pressure section of the
' turbine.

Note: Joules = Btu x 1055

sm /s = gpm x (6.3 x 10 5)
C = (*F-32) x 0.555

'
8 = acre /ft x 1234m

4

- , _ _ - -
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Table 4.3. Maximum and Minimum Temperatures (*F) During
Hourly Simulations for 40-Day Periodt1

Equilibrium Condenser Inlet
Temperaturet2 Temperaturet3

Maximum Minimum Maximum Minimum

Hourly 113.2 35.9 97.7 87.6
Daily average 80.2 59.9 97.0 88.3

Six-day average 75.1 65.7 95.1 90.4

Period average (40 days) 71.0 89.9

Average - last 30 days 72.5 92.0

t1 Adapted from Bechtel, Inc., " Cooling Pond Thermal Performance
Summary Report; Midland Plant Units 1 and 2," prepared for
Consumers Power Company, Augud 1973.

t2 Equilibrium temperature is the temperature of a water body at
which there is no net heat transfer across the water surface.
Equilibrium temperature is determined solely by meteorological
conditions.

13 Figures represent last 30 days of simulation period to allow for
adjustment to assumed initial conditions. The heat load in
Btu /hr was 7.62 x 108

Note: C = ("F - 32) x 0.555.

A reach of the Tittabawassee River extending from 30 m (100 ft) upstream to
60 m (200 ft) downstream of the Midland Plant's river intake structure was
modeled. The Dow Chemical Company tertiary pond discharge and Midland Plant
cooliag pond makeup end blowdown were simulated in the physical model. For
each test, the Dow discharge flow rate was set at 1.8 m /s (65 cfs), with an3

excess temperature of about 2.7C (4.9F ). River flows modeled range from
s26.0 to 103.3 m /s (920 to 3650 cfs). The plant withdrawal flow rates were

3 84.3 m /s (150 cfs) and 5.7 m /s (200 cfs). The results of the model test are
presented in Figure 4.1, which shows the maximum allowable blowdown flow rate
for a given blowdown excess temperature for each river flow rate for both
one pipe and two pipe operation with equal flow in each pipe. Thermal plumes
for the worst-case of each of the river flows were also tested. However, no
specific data were presented by the applicant to indicate the sizes of the
river cross-sectional area or volume of river flow enclosed by the various
isotherms. Based on the surface temperature isotherms (ER-OL, Figs. 5.1-1
through 5.1-5) and the applicant's field observation of full vertical mixing
in the river, the staff calculated the river cross-sectional areas enclosed by
the 2.8C* (5.0F*) isotherm. The results indicated that the maximum area with
a water temperature differential higher than 2.8C (5.0F*) would only be about
8% of the entire river cross section.



- - - - - -

4-10

25

RIVER FLOW RATE

MINUS MAKEUPo

FLOW RATE (d/s)
_ 20g , 9 7,7

-

to = 83.5
5 o 56.6
t2 s o 35.1
5 s a 21.8
o_ 15 - x
=E s
N h-w g

Nm
$ s\

w%
5 10- M'N-t) 4

.

z -.-
3
O "~
g ? ~a , o

;

m 5 -

ONE PlPE DISCHARGING

--- TWO PIPES DISCHARGING -
EQUAL FLOW IN EACH PIPE

1 I I I

0
0 1 2 3 4

MAXIMUM ALLOWABLE BLOWDOWN FLOW RATE (d/s)

Figure 4.1. Maximum Allowable Blowdown Flow Rate vs. Blowdown Excess
Temperature at Various River-Flow Conditions. [From
" Investigation of a Thermal Plume in a Shallow River--
Hydrothermal Model Studies-Cooling Pond Blowdown
Discharge--Midland Nuclear Power Station," Alden
Research Laboratories, 1979.]
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The applicant also simulated daily cooling pond operation for a period of
82 years to estimate the fraction of time that discharge limitations imposed
by the state would not permit blowdown to the river.

Input and calculated parameters that determine the blowdown flow rate for each
day are: (1) daily average ambient river temperature, (2) daily average
ambient river flow rate, (3) daily average ambient river TDS, (4) Dow Chemical
Plant discharge flow, excess temperature, and TDS, (5) cooling pond makeup
flow rate, (6) cooling pond discharge temperature, and (7) cooling pond
surface level.

The simulation results indicated that the cooling pond blowdown discharge is
,

likely to be continuous during March, April, and May. For the remaining
months, the blowdown will have to be intermittently withheld when the follow-i

* ing conditions occur: (1) when the Dow Chemical Plant discharge will utilize
the entire TDS capacity of the river, or (2) ambient river temperatures will
be within 2.8 C (5 F) of the maximum allowable, or (3) river flow will be too;

3low for makeup, or (4) calculated blowdown flow rates will be celow 0.14 m /s
(5 cfs).

4.2.6.3 Other

Gaseous Emissions

Principal sources of noniadioactive gaseous combustion product emissions
during plant operation will be the testing of four standby diesel generators
and one fire pump diesel and the use of two auxiliary boilers. The duty
cycles and expected operating modes of these systems are described in Sec-
tion 3.7.1 of the ER-OL. Annual emissions from the diesels (using No. 2
diesel oil) are estimated by the applicant to be about 360 kg (800 lb) of
sulfur dioxide and 3500 kg (7750 lb) of nitrogen dioxide. Some particulates
will also be emitted by these engines. The auxiliary boilers, which will
supply energy for space heat, testing, and startup load requirements, will
burn natural gas (ER-OL, Sec. 3.7.1. 3). Expected sulfur dioxide emissions
from these boilers under worst-case (maximum fuel use) conditions have been
calculated by the applicant to be about 26,000 kg/yr (58,000 lb/yr) during the
startup and testing period and up to 6400 kg/yr (14,000 lb/yr) when both units
are on line (ER-OL, Sec. 3.7.1.3). The staff has reviewed the applicant's
calculated values and finds them typical for the kinds of combustion units
that will be employed.

Dust

Another source of air pollution during station operation will be fugitive dust
from vehicle operation. Fugitive dust emissions will be substantially less
during plant operation than during the construction phase because most site
roads and permanent parking lots will be paved, and almost all earth-moving
activities will have been completed.

4.2.7 Power-Transmission Systems

| Since publication of the FES-CP (Sec. III.B), no changes have occurred in the
routing or design of the major (345-kV) transmission lines that run from the

;

| Midland Plant to the Tittabawassee Substation to the existing Kenowa/Thetford
i

_ - .
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345-kV lines. However, changes have occurred in the routing of two 138-kV
startup lines. The changes are related to a construction phase condition
imposed by NRC, as summarized in item 7.b in the Summary and Conclusions of
the FES-CP.

Originally, both lines were to cross the Tittabawassee River just west of the
railroad bridge, connecting to the proposed Dow South Substation. To conform
with condition 2.E.b of the construction permit and to minimize visual impacts,
the applicant rerouted one of the 138-kV startup lines to cross the Tittaba-
wassee River at the same location as the two 345-kV lines.

The second 138-kV startup line extends to a single-circuit lattice-steel
type-TH tower located east of the cooling pond dike. This line then crosses
under the two 345-kV lines and over a roadway and railroad spur to a self-
supporting steel pole located on the pond side of the dike berm. The remainder
of this line runs south to Gordonville Road along the dike.

4.3 PROJECT-RELATED ENVIRONMENTAL DESCRIPTIONS

4.3.1 Hydrology

The discussion of surface water hydrology in Section II.E.3 of the FES-CP
remains essentially valid except [ based on 44 years (1936-1980) of river flow
records (Ref. 6)] that the average flow of the Tittabawassee River at the
gaging station about 1500 m (1 mi) upstream of the plant site is now estimated

3 3to be 46.6 m /s (1647 cfs) rather than 43.6 m /s (1540 cfs).

The discussion of groundwater hydrology in Section II.E.3 of the FES-CP is
still valid. At the CP stage, it was anticipated that the perched water table
beneath the plant would rise to a level about equal to that of the cooling
pond. As expected, this has occurred. However, the applicant now proposes to
lower tne perched groundwater level during operation. The method by which the
water table will be lowered and the resulting environmental effects are
described in Section 5.3.1.

4.3.2 Water Quality

In the FES-CP (Sec. II, Tables II-2 and II-3) water quality data for the
Tittabawassee River were presented based on three years of measurements prior
to 1971; data for the river above, below, and at the plant site were given.
More recent water quality data have become available from monitoring studies
conducted by the applicant (ER-OL, Sec. 6.1.1.1), Central Michigan University
(ER-OL, Sec. 2.2C), Dow Chemical Co. (ER-OL, Sec. 2.2B), and from a STORET
compilation done by the Michigan Department of Natural Resources. These
contemporary data indicate no significant changes in water quality since the
construction permit was issued.

4.3.3 Climatology and Air Quality

4.3.3.1 Climatology

The general climatic description of the site presented in Section II.E.5 of
the FES-CP remains valid. Information on severe weather, which was not dis-
cussed in the FES-CP, is summarized below, and data on site dispersion charac-
teristics are discussed.
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Severe Weather

Because of the location of the site with respect to principal storm tracks and
contrasting air masses alternating over the area, severe weather is not uncom-
mon. Thunderstorms can be expected to occur in the area about 33 days annually,
with about 67% of these days occurring from May through August (Ref. 7). Hail
is expected to occur on one or two days each year (Ref. 8). The " fastest-mile"

,

| windspeed reported at Flint was 36 m/s (81 mph) (Ref. 7). Tornado data for
| the period of 1953 through 1974 indicate that 61 tornadoes were reported

within a 26,000-km2 (1000-mi2) area containing the site (Ref. 9). Using the
methods of Thom (Ref.10), the recurrence interval for a tornado at the plant

i site is 1270 years.
.

Ice storms are not uncommon in the vicinity of the site. During the ten year
period of 1939 through 1948, 127 days with freezing rain were reported in the
site area; an ice accumulation of 13 mm (1 in) or more from freezing rain can
be expected every two years (Ref. 11).

In the period of 1936 to 1970 there were about 17 atmospheric-stagnation
cases, totaling about 75 days, reported in the site area (Ref.12).

Additional information on the climate of the area can be found in Section 2.3
of the ER-OL and in climatological reports of the National Weather Service.

Atmospheric Dispersion

Data on the dispersion characteristics of the site have become available since
the FES-CP was issued. For the two year period of March 1,1975, through
February 28, 1977, the windflow over the site, as measured at the 10-m (33-ft)
level of the onsite meteorological tower, was from the southwest through west
about 30% of the time. The directional frequency of onsite winds is shown in
Figure 4.2. Winds were calm [ wind speeds less than 0.3 m/s (0.7 mph)] 0.2% of
the time at the 10-m level.

The applicant has provided joint frequency distributions of wind speed and
direction by atmospheric-stability class, based on a vertical temperature
difference, from data collected onsite during the period of March 1,1975,
through February 28, 1977. These data include wind speed and direction at the
10-m level and vertical temperature difference between the 60-m (197-ft) and
10-m levels (ER-OL, Sec. 2.3.2.5).

Estimates of average atmospheric dispersion conditions have been made for the
i Midland Plant site using the available onsite meteorological data as input to

the atmospheric-dispersion model presented in NUREG-0324 (Ref.13), which is
based on the straight-line-trajectory model described in Regulatory Guide 1.111

| (Ref. 14). Releases were considered partly elevated and partly ground level,
' depending on wind speed, except for the turbine-building-vent release, which

was considered as ground level only. An estimate of increase in relative
concentration (x/Q) and relative deposition (0/Q) due to spatial and temporal
variations in airflow, not considered in the straight-line model, was included

| as presented in NUREG-0324. Radioactive decay of effluents and depletion of
j the effluent plume were considered as described in Regulatory Guide 1.111.
!

.

. , , -

_ _ _ _ _ _ _ _
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4.3.3.2 Air Quality

Air quality data for the Midland area have become available since the FES-CP
was issued (Refs. 15-17). Data for total suspended particelates (TSP) and for

j sulfur dioxide (50 ) have been collected in the City of Midland; carbon2
: monoxide (CO) and nitrogen dioxide (N0 ) readings are available from Saginaw,2
I Michigan, about 24 km (15 mi) southeast of the site. The data show that the
! area is in compliance with National Ambient Air Quality Standards (NAAQS) for

3
! S0 and N0 . The 8-hr NAAQS for CO (10,000 pg/m , not to be exceeded more2 2

| than once per year) was exceeded twice in 1977 and six times in 1979; the 1-hr
3' C0 standard (40,000 pg/m ) was achieved. TSP concentrations were in compliance

3with the primary NAAQS in 1979, but the 24-hr secondary standard (150 pg/m ,
not to be exceeded more than once per year) was not achieved in 1977 or 1978.
No ozone / oxidant data are available for the region.

4.3.4 Ecology

4.3.4.1 Terrestrial

The descriptions of site-area vegetation and wildlife given in the FES-CP
j (Sec. II.F.2) remain valid; however, some animal species are likely to have
~ been excluded and populations reduced by site construction activities.

Much of the 345-kV transmission route from the plant to the Kenowa/Thetford
transmission corridor passes through agricultural fields (ER-OL, Sec. 3.9.4.4);
natural vegetational communities constitute about one quarter of the total,
while about three quarters is agricultural land.

1 The Midland cooling pond attracts shore birds and waterfowl during spring and
fall migrations. Species observed at the pond are essentially as listed in
Appendix B of the FES-CP. A number of the migrants remain during the summer,

3 but leave when colder weather approaches. A large population of ring-billed
gulls has become established at the pond and leaves only when the pond beginsi

| to freeze (ER-OL, Sec. 5.6.1). The staff expects that some waterfowl and
shorebirds will remain at the pond for an extended period, or perhaps over-
winter, once the Midland Plant becomes operational and the discharge of heated
water prevents the pond from freezing.

A staff evaluation of a faunal survey of the plant transmission route (Ref. 18)
indicates that the species composition of the natural vegetational areas along
the rights-of-way is similar to that at the plant site.

4.3.4.2 Aquatic

The biotic composition of the Tittabawassee River in the vicinity of the site,

has remained similar to that described in the FES-CP (Sec. II.F.3). A staff
evaluation of more recent surveys (summarized in the ER-OL, Sec. 2.2.2.5)
indicates a more diverse species assemblage in the site vicinity, but the
staff concludes that this is primarily related to sampling methodologies. It

is the staff's opinion that the characteristic low biological productivity
contiguous to the plant continues because of (1) water quality degradation

i from municipal and industrial effluents, (2) fluctuating water levels from
upstream hydroelectric facilities, (3) elevated suspended solid levels, and

| (4) flash flooding.

4
, _ , _ ,



.
.- -_ . _ _ _ ._

4-16

The plant cooling pond has been developing as an aquatic ecosystem since,

initial filling operations in April 1978. The biotic composition of the pond-

is derived from the Tittabawassee River; however, the ecosystem iu typical of'

one changing from a lotic (flowing) to lentic (standing) water condition. At
: least 15 species of fish (with juvenile carp and other minnows dominating)

were identified during monitoring of the initial filling phase (ER-OL, Sec. 5.6.2).

.
4.3.5 Endangered and Threatened Species

4.3.5.1 Terrestrial

Based on available information (summarized in Appendix H.2) the staff has
determined that the prairie fringed orchid is the only federally proposed
plant species that occurs in the tri-county (Bay, Midland, and Saginaw) area
encompassing the Midland Plant site and transmission route. No federally listed

plant species occur in the area. A staff examination of the applicant's recent
monitoring survey (Ref.18) indicates that this species has not been found on
the plant site or transmission route. Furthermore, none of the species listed
by the state (Appendix H.2) has been found.

L Also as indicated in Appendix H.2, four federally listed bird species occur in
the tri-county area of the Midland project: Kirtland's warbler, two sub-species
of the peregrine falcon, and the bald eagle; however, a staf f evaluation,
including a review of the applicant's survey (Ref. 18), indicates that none of
these species is likely to inhabit the plant site or transmission corridor.
It is the staff's opinion that these species could occasionally visit these
areas during migrations or in search of food.

! Of the several state-listed bird species known to occur in the tri-county area
' (see Appendix H.2), only the marsh hawk has been observed along the transmis-

sion line route (ER-OL, Sec. 4.2.6).

A staff review of the literature (Refs. 19,20) indicates that the cooling pond
is attracting some state-listed species: the double-crested cormorant, common

tern, and caspian tern. It is the staff's opinion that other water birds not
presently common to the area may be attracted as well.

Appendix H.1 is a Fish and Wildlife Service response to an NRC request regarding
proposed or listed plant and animal species in the areas associated with the
plant. This letter implied concurrence with Table 2.2-la in the ER-OL, which
in turn agrees with Appendix H.2.

4.3.5.2 Aquatic

No endangered or threatened aquatic species are reported to occur in the water
bodies near the plant site or in the water bodies crossed by the transmission
corridors (see Appendix H).

4.3.6 Historic and Prehistoric Sites

Since publication of the FES-CP, four historic sites in Midland County have
been added to the National Register of Historic Places. These are the Oxbow
Archeological District in eastern Midland County and the Herbert H. Dow House,
the Bradley House, and the Little Forks Archeological District in Midland
(Ref. 21).

_ _ _ _ _ _ _ _ _ _ _. . _ _. _ _ __- ___.
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In 1977 the applicant, in consultation with the State Historic Preservation
Officer (SHPO), conducted an archeological survey of the transmission
right-of-way through western Saginaw County and southeastern Midland County.
The survey identified 25 sites (Ref. 22). In 1979 the applicant, in consulta-
tion with the SHPO, carried out a program of archeological mitigation and
avoidance related to some of the sites. Four sites were omitted from consider-
ation for avoidance or mitigation because their integrity had been demolished
because of sand mining which occurred in the past. Twelve sites were conserved
by avoidance,11 of which required protection by routing right-of-way traffic
around the sites, and by fencing. Nine sites which could not be avoided were
mitigated by salvage of cultural material by the University of Michigan Museum,

of Anthropology. This effort is documented in " Report of Archeological
Mitigation and Avoidance on a Consumers Power Right of Way in Saginaw and
Midland Counties" (February 1980), which was reviewed and approved by the SHP01

' (Appendix I, Item 2).
!
'

In May 1979 the applicar.t conducted an archeological survey on the tie line
right-of-way from the Midland Plant to the Tittabawassee substation. No sites
are recommended for consideration of mitigation or avoidance. This survey was
performed by the University of Michigan Museum of Anthropology and documented
in " Report of a Preliminary Archeological Survey of a Transmission Right-of-Way
from the Midland Plant to the Tittabawassee Substation for the Consumers Power
Company" (July 1979), which was reviewed and approved by the SHP0 (Appendix I,
Item 3).

In 1978 the applicant, in consultation with the SHP0, conducted a cultural
resources survey of the floodplain area, which also included the route of the
proposed pond blowdown discharge line. This survey was performed by Common-
wealth Associates and documented in " Report No.1966, Archeological and His-
torical Investigation of the Floodplain Area, Midland, Michigan." The survey
identified two significant sites which are considered to be eligible for
inclusion to the National Register of Historic Places. The NRC, in consulta-
tion with the SHPO, is seeking a determination of eligibility of the two sites
in the National Register (Appendix I, Items 1 and 5).

4.3.7 Socioeconomics

4.3.7.1 Population

The population in the region has increased since issuance of the FES-CP
(Sec. II.C). In 1970, the estimated population within 80 km (50 mi) of the
site [ including transient population within 8 km (5 mi)] was 1,044,558 persons;
this is projected to increase to about 1,218,760 by 1990 (17%) and to about
1,471,408 by 2020 (ER-Ol , Tables 2.1-6 and 2.1-8 combined). The projected
distribution of the population in the year 2020 is shown in Figure 4.3. This
area includes all or parts of 21 counties (ER-OL, Table 2.1-7).

In the Final Supplement to the FES-CP (Sec. 2.4.1.2), the staf f expected most
of the labor force for the plant to come from the four counties nearest the
plant (Midland, Bay, Saginaw, and Genesee). Portions of three of these,

. -__
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Midland, Bay, and Saginaw, are within 8 km (5 mi) of the plant. The combined
population of these counties increased by about 3% (from 846,440 to 871,967)
between 1970 and 1980 (Ref. 23). Midland County experienced the largest
growth, about 15% to a 1980 total of 73,578; this high rate still was lower,

than the county's increase of about 24% from 1960 to 1970 (ER-OL, Sec. 2.1.3.3).
Bay, Genesee, and Saginaw counties grew only 2%, 19%, and 4%, respectively, in
the 1970-1980 decade. Midland County's 1970-1980 growth was considerably
higher than the overall state population increase of about 4% (Ref. 23).
State population projections to the year 2000 indicate that of the four coun-
ties, only Midland County will continue to grow steadily (by a total of about
13% to about 83,000 people), although the rate of growth is projected to be
slower than in the past two decades. Much of this future increase is expected
to be from migration into the area (Ref. 24, pp. 10, 12). Populations of Bay,
Genesee, and Saginaw counties are expected to decrease by about 5%,17%, and

'
8%, respectively, by the year 2000, mostly as a result of substantial emigra-
tion (Ref. 24, pp. 10, 12).

Between 1970 and 1980, the population of the City of Midland increased by
about 6% (2095 persons) to 37,250, while the population of the surrounding
Midland Township decreased 5% (132 persons) to 2389 residents (Ref. 23).
Ingersoll Township (immediately south of both the Midland city limits and the
Midland Plant site boundaries) increased from 2285 people in 1970 to 3011 in
1980 (32%); Tittabawassee Township (directly southeast of the city and the
plant site boundaries) increased from 4031 residents to 4908 (22%) during the
period (Ref. 23).

4.3.7.2 Local Economy and Labor Market

Local Economy

As discussed in the FES-CP (Sec. II.C), employment in the area of the Midland
Plant is concentrated in industry and agriculture. The largest employer in
the City of Midland continues to be Dow Chemical Co. The next largest employ-
ment sources in 1980 were the construction work force for the Midland Plant,
projected to peak at about 2000 persons in 1980 (Final Supplement to the
FES-CP, Sec. 2.4.1), and Dow Corning, which presently employs about 2300 employ-

)ees.

The staf f generally concurs with the estimates made by the applicant (Final
Supplement to FES-CP, Sec. 2.4.4) that from 1973 through near completion of
plant construction in 1982, salaries paid members of the construction work
force will have totaled about $331 million. Local expenditures for subcontracts
and equipment are projected at $20 million, about one-fifth of total project
expenditures of these types (Final Supplement to the FES-CP, Sec. 2.4.4).

Labor Market

Information on the labor force has been updated since the FES-CP (Final Sup-
plement, Sec. 2.4.1.2). The 1980 labor forces for Midland /Gladwin, Bay,
Saginaw, and Genesee/Shiawassee counties were about 29,000, 53,000, 102,0004

and 199,000 people, respectively. Unemployment rates were about 10%,15%,
14%, and 18%, respectively (Ref. 25). Only the Midland /Gladwin area has a
lower unemployment rate than the overall state rate of 12.6% (Ref. 26),
reflecting the continuing stable employment with Dow Chemical Company (ER-OL,
Responses to Questions).
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4.3.7.3 Taxes

As stated in the Final Supplement to the FES-CP (Sec. 2.4.3), the City of
Midland annexed 129 ha (319 acres) of the plant site. The staff has deter-
mined that local property taxes collected on the site for fiscal year 1980
(July 1980 through June 1981) totaled about $7 million, compared with the
$11 million estimate that was projected in the Final Supplement to the FES-CP
(Sec. 2.4.3). The staff estimates that the $7 million figure represents about
20% of the total assessments paid to the city in fiscal 1980 and is a sixfold
increase in local property taxes paid annually on the plant since construction
began in 1975. The impact of replacement of these taxes with operation-related
taxes is discussed in Section 5.8.3.

4.3.7.4 Housing

Additional information on local housing conditions has become available since
the Final Supplement to the FES-CP was issued. In 1980, there were about
14,000 households in the City of Midland and 26,000 in Midland County. In
1978, about 70% of all housing units in Midland were single-family homes. In
1981, about 260 single-family units and 70 apartment units (of a total 1713)
were empty, representing vacancy rates of about 3% to 4%. The staff has
determined that although area housing construction has decreased as it has
elsewhere in the United States, area vacancy rates have remained fairly stable
since the FES-CP was issued, and housing supply has kept up with area needs.

.

4.3.7.5 Transportation

As described in the FES-CP (Sec. V.3) and Final Supplement (Sec. 2.4.2.1), the
plant site is accessible from the local area via Poseyville and Gordonville
Roads, which intersect near the southwestern corner of the site. Howeve", the
Poseyville Road has now been widened to four lanes to accommodate an increased
traf fic volume. The applicant has consulted with local officials on traffic
problems related to the Midland project and constructed an onsite access road
(Stewart Road) to reduce traffic on Miller Road. In addition, in 1976 and
1977, the applicant granted an additional right-of-way to the County Road

c

Commission to allow for future widening of Gordonville Road from two to four
lanes. A new bridge on Gordonville Road across the Tittabawassee River has
been built to improve plant access (ER-OL, Sec. 2.1.3.3.2, and Responses to
Questions). Despite the above, some traffic delays still exist during peak
periods at the intersection of Poseyville and Gordonville Roads.

4.3.7.6 Offsite Land Use

Use and zoning of the land around the site and along transmission corridors
remains essentially as it was described in the FES-CP (Secs. II.B and II.C):
industrial directly north and east of the site, mixed residential and agri-
cultural to the west, agricultural to the south of the site, and industrial
and agricultural along the transmission lines. As discussed in Sections 5.2.2,

5.5.1, and 5.5.2, since construction of the transmission lines is completed,
most of the land along the lines is being returned to its original uses (ER-OL,
Sec. 2.1.3), except for a small amount occupied by the transmission tower
bases and that subjected to maintenance clearing.

_ _
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4.3.7.7 Community Services and Institutions

Schools

The enrollment decline in local school districts since 1972 described in the
Final Supplment to the FES-CP (Sec. 2.4.2.3) has continued. The staff has
determined that as of October 1980, the two school districts in the Midland
Plant area (Midland and Bullock Creek)- had enrollments of about 10,300 and
2200, respectively, compared to about 12,600 and 2400 in 1971 (FES-CP,
Sec. II-D). It is the staff's conclusion that despite the influx of construc-
tion workers and their school-aged children, facilities have not been strained;
the impact of operation on school facilities is discussed in light of this
factor in Section 5.8.7.1.

Health, Safety and Recreation,

, Health, police, and fire protection facilities remain essentially unchanged
! from the descriptions in the . FES-CP (Secs. 2.4.2.4 and 2.4.2.5) and Ref. 27.

Midland Hospital f acilities (305 beds) and city police and fire department
staffs (each with 46 officers) have not significantly changed in response to
recent population changes or needs.

Other Services

Although water-supply and waste-treatment systems in Midland were operating
near capacity in the mid-1970s (Final Supplement to FES-CP, Sec. 2.4.2.7),
water, sewer, and landfill facilities have been adequate to handle temporary
population increases during recent years. The capacity of the water-filtration
plant is presently being doubled, with the work likely to be completed in
July 1983.
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5. ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS

. .

5.1 RESUME

Most of the staff assessment in the FES-CP concerning the environmental impacts
of operatioa of the Midland Plant remains generally valid. However, because
of changes in design parameters, availability of new information, the use of
improved assessment methodology, or new legal requirements, there have been
several reevaluations and, in some cases, changes, in the staff's assessments
of the environmental effects of plant operation. Land-use impacts related to
prime farmland on the site is addressed (Sec. 5.2.1); transmission lines are
evaluated in light of proposed maintenance clearing practices (Secs. 5.2.2 and

1 '5.5.1); impacts on future downstream water users are likely due to plant
discharges of total dissolved solids to the Tittabawassee River (Secs. 5.3.1
and 5.3.2); compliance of thermal discharges with currently applicable effluent
limitations is determined (Sec. 5.3.2); the effect of the plant on the Titta-
bawassee River floodplain is evaluated pursuant to Executive Order 11988
promulgated since issuance of the FES-CP (Sec. 5.3.3); cooling pond fogging
and icing effects will be greater than previously estimated (Sec. 5.4.1); new,

information is used to estimate air quality impacts from auxiliary combustion'

sources and dust (Sec. 5.4.2); discussions of the impacts of the cooling pond
on waterfowl and of potential transmission line operation impacts on wildlife
are expanded (Sec. 5.5.1); impingement and entrainment impacts are reevaluated,
the former because the intake has been relocated and the latter because plant

i water withdrawal will now be intermittent (Sec. 5.5.2); the potential for
: thermal impact on river fishes is reevaluated because the cooling pond blowdown

cooling tower has been eliminated from plant design and the blowdown discharge
point relocated (Sec. 5.5.2); new information is used in a reevaluation of
impacts of plant operation on listed species (Sec. 5.6); historic and prehis-
toric sites are discussed in Section 5.7; the socioeconomic impact of the
plant operation work force is newly considered using new or updated socioeconomic
information (Sec. 5.8); and radiological impacts are reevaluated in light of
new information and legal requirements (Sec. 5.9).

5.2 LAND USE

5.2.1 Plant Site

Because plant operation will not involve the removal of site vegetation beyond
that committed during construction (ER-0L, Sec. 4.3.1.1), the site land-use
impacts discussed in the FES-CP (Sec. V. A. , p. V-1) remain essentially valid;
however, loss of prime farmland from potential agricultural use was not
addressed. This land (Sec. 4.2.2) will not be available for agriculture fo'.*
at least the operating lifetime of the plant. Furthermore, it is unlikely
that the portion of prime farmland inundated by the cooling pond can be
returned to equivalent preconstruction agricultural use after the plant is
decommissioned. This is because (1) the topsoil of the pond area was removed.

5-1
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prior to pond filling, (2) the silt that will be deposited in the pond during
plant operation will not be equivalent in agricultural productivity to the
topsoil removed, and (3) high concentrations of dissolved solids inimical to
agricultural use of the land will be deposited in the pond-bottom subsoil
during operation (ER-OL, Sec. 4.3.1.1).

About 50% of the plant site, including its prime farmlands, was in crop produc-
tion prior to plant construction (FES-CP, Sec. II F.1); however, this consti-
tuted only about 0.016% of the agricultural land in the East Central Michigan
Planning and Development Region (ER-OL, Sec. 4.3.1.1). For this reason, the
staff concludes that the loss of such lands from crop production for the
30 year lifetime of the plant, or longer, is an unavoidable, but small, impact.

5.2.2 Transmission Lines

Construction of the 345-kV transmission route required the clearing of 45 ha
(111 acres) of land (ER-OL, Sec. 4.2). Of this total, only 2.3 ha (5.6 acres)
is occupied by the tower bases (ER-OL, Jac. 3.9.4.4). The majority of the
remaining agricultural land is being returned to agricultural uses; much of
the vegetation of the natural communities will be left undisturbed during
operation, except for those portions requiring periodic maintenance clearing.

As discussed in Section 5.5.1, maintenance clearing will involve only a small
portion of the natural vegetative communities along the transmission route.
Virtually no such treatment will be necessary under the transmission lines
that will pass through agricultural fields. For these reasons, the staff
concludes that operation of the Midland Plant will only slightly impact land
uses under the associated transmission lines.

.

5.3 WATER

5.3.1 Use

Section V.B of the FES-CP is still valid and is updated by the following
discussion. The level of the perched water table beneath the station has

risen to an elevation of about 191 m (627 ft) mean sea level (MSL) due to
seepage from the cooling pond. During operation, this water level will lowered
to 181 m (595 ft) MSL, or lower, by pumping from wells that are being installed
for this purpose. Water that is pumped from the wells will not be released to
the Tittabawassee River. Instead, it will be returned to the cooling pond,
thus avoiding impacting the river or other water users below the plant.

As concluded in Section 5.3.2, plant chemical discharges will be within regula-
tory limits. Nevertheless, plant operation may produce small to moderate
impacts on existing and potential new water users in terms of additional
water-treatment costs. The total dissolved solids (TDS) concentration in the
river is often near or exceeds the regulatory limit of 750 mg/L (FES-CP,
Table II-2, ER-OL, Sec. 6.1, an others; see Sec. 4.3.2); thus, the future use
of the river as an economical sink for dissolved solids depends on the regula-
tion of such discharges. At times when operation of the Midland Plant increases
river TOS levels to the regulatory limit, downstream discharges of TDS will be
precluded, thus unavoidably impacting other water users below the plant.
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5.3.2. Quality

5.3.2|1 Chemical
s - /

A staff evaluation of the information discussed in Sections 4.2.6.1, 4.2.6.2,
4.3.2, and presented in the draf t NPDES permit (Appendix B) indicates that
plant chemical discharges (including TDS, sulfate, chlorine, sodium *, phosphate,
ammonia, and other entities) will be in conformance with the NPDES permit and
Michigan water quality standards.

The regulatory limit for TDS in the river is 750 mg/L; at present the ambient>

TDS concentrations often exceed this limit (ER-OL, Sec. 6.1 and others; see

Sec. 4.3.2). The draft NPDES permit requires that river TDS at Freeland
Bridge shall not exceed 500 mg/L as a monthly average nor 750 mg/L as an
instantaneous maximum as a result of plant discharges. This plant will be

operated such that blowdown will be permitted until,the TDS limit is reached,
but not beyond.

-
1

-y

Plant 'ischarges will be monitored by the applicant as required by the NPDESd
permit.

.

5.3.2.2 Thermal '

The State of Michigan has not promulgated specific effluent limitations or
guidelines governing point-source wastewater discharges to receiving waters.
However, Michigan Water Resources Commission (MWRC) General Rule 323.2137,
provides that conditions of NPDES permits issued by the MWRC shall be adequate
to ensure compliance with effluent limitations promulgated by the U.S. Envi- e

ronmental Protection Agency and shall include such other more stringent limit-
ations frecessary to meet applicable state water quality standards. The MWRC
has. issued a draft NPDES permit for the Midland Plant (Appendix B), and.the
requirements in the permit are equivalent to the Michigan Water Quality Stan-
dards.' The staff has evaluated the plant discharge characteristics to deter- >

mine if the plant discharge will comply with the requirements.
.

The draf t FPDES permit and the Michigan Water Quality Standards, which app'ly
at the recoiving waters of the Tittabawassee River at the point of discharge
of the cooling pond blowdown, require that:

(1) Natural daily and seasonal temperature fluctuations of the receiving
waters shall be preserved;

(2) The temperature rise at the edge of tne mixing zone shall not be
more than 2.8 C (5 F);

* Increases of sodium due to the substitution of sodium hypochlorite for
gaseous chlorine (see Sec. 4.2.6.1) will be nearly undetectable when diluted
in the Tittabawassee River below the plant.

_ _ _ _ _ _
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(3) The monthly' maximum temperatures of the receiving water body at the
edge of the mixing zone must not exceed the following monthly maxi-
mum temperatures ( F):

9._ f M_. A.__ M__ j__ j_, 3._ S, 0__ N_ , p_

41 40 50 63 76 84 85 85 79 68 55 43

(4) The mixing zone at any transect of a stream shall contain nokmore
than 25% of the cross-sectional area or volume of flow of the stream,

or both, unless it can be demonstrated to the MWRC that designation
of a greater area or volume of streamflow will allow passage of fish
and fishfood organisms so that-effects on theig immediate and future

*populations are negligible or not measurable; -

(5) The thermal plume lengths are limited to 515 m (1700 ft); and
(6) The accepted design streamflow to which the water quality standards

apply are those equal to'or exceeding the 7-day, 10 year recurrence-
interval low flow, except where the Michigan Water Resources Commis-
sion determines that a more restrictive application is necessary to
protect a:particular de'signated use.

These standards would apply to the combined effects of both the Dow Chemical
Plant and Midland Plant discharges.

The applicant has stated (ER-OL, Sec. 5.1.2) that the blowdown to the Tittaba-
wassee River will be withheld when:

3(1) The river flow is less than 9.9 m /s (350 cfs),

(2) The ambient river temperature is within 2.8*C (5*F) of the maximum
allowable river temperature outside the mixing zone, and

3(3) The calculated blowdown flow rate is less than 0.14 m /s (5.0 cfs).

The staff has discussed its evaluation of thb applicant's thermal analyses in
Section 4.2.6.2 and endorsed the hydrothirmal modeling approach undertaken by
the applic nt. The upstream discharge from Dow ' Chemical Company was taken
into consideration in the hydrothermal model studies. The applicant indicated
that in all its study cases, the thermal plumes defined by the 2.8 C (5 F) -

isotherm will not contain more than 25% of the river cross-sectional area or
volume of river flow at any transect on an average temperature basis. However,
no specific data were presented for the staff to evaluate. ' As indicated in
Section 4.2.6.2, the staff independently calculated the areas' enclosed by.the
2.8 C (5.0 F) isotherms .and observed that the ma'ximum area would only occupy
about 8% of the entire river cross-section; this is much smaller than the 25%
limit.

, ,

The surface temperature isotherms presented in the ER-OL for the worst case of
each of the river flows tested indicate that during periods of blowdown,<the
maximum thermal plume length defined by the 2.8 C (5 F). isotherm will be about
410 m (1350 ft), which-is less than the 515-m (1700-f_t) limit. Based Upon the .

physical test results, the applicant established the maximuY allowable blowdown
rate for a given - river flow and blowdown excess tengature (Fig. 4.1). The

\

s

.

a +
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sta f expects that a blowdown flow rate equal to or less than the maximum
allowable would comply with the thermal standards of the MWRC. On an average

,

basis, plant discharges will occur in the Tittabawassee River about 27% of the'

time. For the remaining time, there will be no blowdown discharge primarily
because of the thermal plume limitations discussed previously. The staff
agrees with the applicant that because of the wide range of river flow varia-
tion within a short time period, an automatic control system to regulate the
blowdown discharge in phase with the varying river flow is desirable.

In summary ~, based on the comparison of the applicant's blowdown temperature
studies in the river with the limitations specified in the draft NPDES permit
and the water quality standards of the MWRC, the staff expects that the appli-
cant will be able to operate Midland Plant within thermal discharge limitations.

5.3.3 Floodplain Aspects

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 cccupancy and modification of floodplains and to avoid direct and
indirect support of floodplain development whenever there is a practicable
alternati.ve . . . ." The floodplain, as defined in the Executive Order, is
shown in Figure 5.1.

The Midland Plant is located in the pre project floodplain of the Tittabawassee
River. In order to raise the plant grade above the level of the Probable
Maximum Flood (PMF), the applicant constructed an approximately 10.7-m (35-ft)
high zone of compacted fill above the natural soil. Other features of the
plant occupying the floodplain are the river intake and discharge structures,
a railroad bridge, a pipe bridge which will carry process steam to Dow Chemical
Company, and a dike surrounding the cooling pond. In addition, Bullock Creek,
which flows into the Tittabawassee River just upstream of the plant, also had
to be relocated to accommodate a construction laydown area located immediately
west of the plant.

As shown in Figure 5.1, prior to construction of the Midland Plant, the 100 year
floodplain inundated a large part of the area on which the plant and its
cooling pond are' now located. The elevation of this pre project 100 year
flood was about 187.2 m (614 ft) MSL. By raising the plant fill area and
constructing the cooling pond dikes, the width of the Tittabawassee River
floodplain was reduced as shown in Figure 5.1. The effect of this narrower
post prwect floodplain is that 100 year flood levels would be raised. How- |
ever, t a minimize this effect, the Tittabawassee River channel was widened '

from a point about 300 m (1000 ft) above the confluence of the relocated
Bullock Creek to approximately 900 m (3000 ft) downstream of the railroad
bridge. This channel widening was designed to reduce the back-water effect of
the total encroachment to less than 0.06 m (0.2 ft) for a 100 year flood.
This means that the level of the post project floodplain will be about 0.06 m
(0.2 ft) higher than the pre project floodplain near the site. The effect
will be progressively less further from the site.

The lower 1100-m (3500-ft) reach of Bullock Creek extending upstream from the
Tittabawassee River was relocated as shown in Figure 5.1. A 100 year flood
discharge on Bullock Creek was determined to result in a flood elevation of

_ - _ _ _ _ _ _ _ _ _ _ .
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about 186.8 m (613 f t) MSL in the old channel just upstream of the Tittaba-
wassee River. At this same elevation, the relocated channel can carry a
discharge about 78% greater than the 100 year flood. Since the relocated
channel can carry a greater discharge, the water level resulting from a 100 year
flood on Bullock Creek will be lower than it was under pre project conditions.

The Midland Plant is designed to withstand the flooding effects of a PMF, a
much more severe event than the floods discussed in the Executive Order.
Additionally, since the altered 100 year flood level in the Tittabawassee
River will only be about 0.06 m (0.2 ft) higher and the 100 year flood level
in Bullock Creek will be lower than before, the staff concludes that the
mitigative actions which have been provided are acceptable and the operation
of the Midland Plant will comply with the intent of Executive Order 11988.

5.4 AIR QUALITY

5.4.1 Fog and Ice

The data on fogging available to the staff at the time the FES-CP (Sec. V.A.2)
was prepared indicated that fog from cooling ponds usually did not extend more
than about 100 m (300 ft) inland before evaporating, becoming quite thin, or

~

lif ting to form a low stratus cloud deck (Ref.1); these data were derived
from observations at cooling ponds with considerably smaller air-water temper-
ature differentials than are now expected at the Midland pond. These observa-
tions also indicated that during cold weather, rime ice was deposited from the
fog on elevated objects near the ponds. Based on these limited observations,
the staff concluded that there would be no significant fogging and icing
impacts. However, new information has now become available which causes the
staff to modify its conclusions concerning the extent and impact of fog from
the Midland cooling pond.

Currier et al. (Ref. 2) and Hicks (Refs. 3,4) have developed models to predict
the occurrence and density of steam fog over cooling ponds. These models,
which have been confirmed by observations over operating cooling ponds in
Illinois and Arizona, predict that fog density increases as the air-water
temperature difference increases. Observations made at the Dresden nuclear
plant in Illinois since it began closed-cycle cooling operations similar to
those that will be used at Midland indicate that there is an increase in the
frequency of steam-fog over the water surface and a major increase in the
density of the fog as the air-water temperature difference increases
(Refs. 3-7). During cold weather, formation of ice on elevated objects also
increases in frequency and amount as the air-water temperature difference
increases, and very light snow has been observed to fall from the plume down-
wind of the pond (Refs. 5-7).

The Dresden studies indicate that when the air is very cold [below -18 C
(0 F)] and the water surface very warm [20 to 25*C (70 to 80 F)], the fog
over the pond will become very dense. (Dense steam fog at Dresden can momen-
tarily reduce visibility to near zero on a road about 100 m (300 ft) south of
and parallel to the edge of the cooling pond.) Wind may carry this fog inland
some distance. There are no proven mathematical models to predict the inland
penetration of such fog, but limited observations indicate that fog can move
inland as much as 1.6 to 3.2 km (1 to 2 mi) (Refs. 2,5). However, the restric-
tion to visibility and the icing effects in the fog zone decrease rapidly as
the fog travels inland.

_ - _ _ - _ _ _ _ _ _ _
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Based on the above information, the staff now expects a more severe local
steam-fog effect near the Midland cooling pond than was predicted in the
FES-CP. Because the heat load on the pond will be higher than that at Dresden,
water temperatures in the Midland pond will be even hotter than those at
Dresden. The staff is of the opinion that dense steam fog will be quite
common over and near the Midland cooling pond in the cooler part of the year
(November through March). During colder winter periods, fog over and just
downwind of the water surface is expected to be very dense.

Based on the above considerations, the staff expects that plant operation will
result in frequent periods of dense fog over and south of Gordonville Road
during cool weather. During some of these foggy periods, visibility could be
sufficiently reduced to create traffic hazards.

No icing of clear road surfaces should occur during cold weather, but deposi-
tion of water or light snow on a snowpacked or icy road surface may further
decrease traction.

The staff expects that in subfreezing temperatures, thick deposits of light,
friable rime ice will form on elevated objects within the steam-fog zone.
These deposits are expected to be limited to areas within 200 m (600 ft) of
the lake. Because of the known low weight and the crumbly nature of these ice
accumulations, the staff expects that little damage will be done to trees,
vegetation, wires, or structures.

The state-of-the-art does not permit a more precise assessment of the fogging
and icing impacts of the operation of the Midland cooling pond than given
above. For this reason, the staff recommends that the applicant initiate a
fog-monitoring program for the highways in the area, particularly Gordonville
Road, to determine the frequency and density of pond related fogs that could
produce highway-safety problems. As is summarized in Section 6.1, the appli-
cant is required to initiate actions to mitigate untoward impacts that may
occur as a result of operation of the plant. If traffic hazards are observed
as a result of pond operation, mitigative measures could include erection of
traffic signs, road centerline and edge lights, and planting of trees as a fog
barrier between the pond and the road.

5.4.2 Emissions and Dust

5.4.2.1 Emissions

' The sources of nonradioactive gaseous e:nissions during normal operation of the
plant will be testing of the standby diesel generators and the one fire-
protection diesel and use of the two auxiliary boilers (Sec. 4.2.6.3). Since
the diesels will have limited use (1 hr/mo for each of the four standby gener-
ators and 26 hr/yr for the fire pump engine) and since the auxiliary boilers
will use natural gas, the staff has determined that the impact on local air
quality will be minimal and that no violations of air quality standards will
result from plant operation.

Additionally, the production by the Midland Plant of process steam for Dow
Chemical Company (see Sec. 2.5) will improve air quality. The process steam
is now produced by Dow with fossil-fueled equipment, an air pollution source
that will be replaced by nuclear when Midland goes into operation.
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5.4.2.2 Dust

Fugitive dust emissions will be substantially less during plant operation than
during the con:truction phase (Sec. 4.2.6.3), and since such emissions have
caused no discernible impact during the construction phase, the staff expects
no appreciable impact during operation.

5.5 ECOLOGY

5.5.1 Terrestrial

5.5.1.1 Site

The staff presently foresees no significant adverse impact of plant operation
on terrestrial biota of the plant site; operation will not involve the removal
of any appreciable amounts of vegetation beyond the 500 ha (1235 acres)
committed previously (ER-OL, Sec. 4.3.1.1). Although, as discussed in Sec-
tion 5.4.1, rime ice may occasionally form on vegetation adjacent to the
cooling pond, such ice is light and friable, and the staff foresees no signi-
ficant impact to the vegetation.

The applicant is committed to a landscaping program that will help mitigate
some of the construction phase impacts on terrestrial wildlife of the site.
About 140 ha (350 acres) of the site will be landscaped with native trees or
closely related species. The staff believes that these plantings will provide
habitat that will support small populations of wildlife species, including
most species present before construction began (see FES-CP, Appendix B, for a
list of species).

5.5.1.2 Cooling Pond

It is the staff's opinion that plant operation and the resultant discharge of
heated water into the cooling pond may indirectly cause some waterfowl
mortality through winter starvation and disease. The staff believes that once
the plant becomes operational and the average temperature of the pond increases,
use of the pond by waterfowl will increase, mainly because of overwintering of
resident or migratory species that ordinarily would not use unheated ponds in
the vicinity during the coldest months of the year. When snow cover renders
fallen grain unrecoverable in fields near the plant site, some starvation and
mortality of waterfowl may occur. In addition, the staff believes that the
heated waters of the cooling pond may increase the incit 'ce of waterfowl
disease, which could result in increased mortality. These impacts cannot be
quantified at present. It is the staff's opinion that the actual number of
birds that could be impacted at the pond would be quite small compared to the
total number in the region. For this reason, the staff concludes that regard-
less of pond-induced impacts related to plant operation, the regional bird
populations will not be significantly affected. Nevertheless, if unexpectedly
large adverse impacts are observed (Sec. 5.5.1.4), the applicant will be
required to initiate action as outlined in Section 6.1.

Increased waterfowl use of the cooling pond, especially by species such as
Canada geese, may also result in some crop loss to nearby farms. This poten-
tial impact is discussed in Section 5.8.

-____ _ _ _ _ _
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The geographic location of the Midland site ensures an adequate natural seed
source for marsh and wetland plant species. ~It is the staff's opinion that
marsh species will be able to colonize the upper-third of the submerged por-
tion of the dike and the shallowest portions of the pond bottom, unl,ess vegeta-
tive control measures are used. In addition, most of the pond border is
likely to support the growth of marsh species. These features will tend to
enhance the biotic resource provided by the cooling pond.

5.5.1.3 Transmission Corridors

About three quarters of the Midland transmission lines pass through agricul-
tural fields (Sec. 4.3.4.1); maintenance clearing will be necessary only in
selected portions of the remaining quarter of natural vegetative communities
transected by the lines. Since only herbicides approved by the EPA will be
used for this purpose, and applied by commercial applicators licensed by the
State of Michigan (ER-OL, Sec. 5.5.3), the staff concludes that the impacts
from vegetation clearance will be small.

The transmission system will offer a small hazard to birds (Ref. 8). The
staff anticipates that some birds may be killed or injured by colliding with
the transmission lines or towers during nocturnal movements or when the sky is
overcast. The staff considers this impact to be unavoidable, but small: a
study of bird deaths due to transmission line collisions at Lake Sangchris,
Illinois, indicates a rate of 0.02 collision deaths per 1000 waterfowl-use-days
(Ref. 9). The staff has made a linear extrapolation of this rate to the
Midland lines, and calculates that deaths due to collisions will be about
three orders of magnitude below typical hunter harvest * for the Midland region.

The staff has reviewed environmental impacts that would be associated with the
operation of the Midland transmission system. The potential sources of impacts
are (1) ozone production, (2) induced electrical currents, and (3) electric
fields. Bcsed on previous staff analysis (Ref.10) and other studies
(Refs.11,12), the staff concludes that transmission line operational effects

j will not adversely impact wild or domestic animals in or near the Midland
transmission corridors.

|
!

5.5.1.4 Monitoring

The applicant's proposed terrestrial operational monitoring program is described
in the ER-OL (Sec. 6.2A). The program has been designed to determine operational
impacts on (1) vegetation as a result of icing caused by cooling pond operation
and (2) birds as a result of collisions with transmission lines and as a
result of cooling pond operation. The staff has evaluated the wplicant's
proposed monitoring program and concludes that it will permit detection of any
significant impact that might occur. Since no significant impacts are expected
by the staff, the applicant's proposed monitoring program will not be made a
condition of NRC licensing.

* Estimated at about 30 birds per 1000 waterfowl use days.
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5.5.2 Aquatic

5.5.2.1 Impingement and Entrainment

Due to relocation of the intake at the shoreline rather than in a stilling
basin (see Sec. 4.2.4.1), a sweep velocity (due to natural currents) across
the intake screens of as much as about 0.4 to 0.6 m/s (1.5 to 2.0 ft/s) will
be created. This is greater than the maximum 0.3 m/s (1.0 f t/s) velocity
through the screens when both units are operational (ER-OL, Sec. 5.1.3.2).
The lowest intake velocities are now estimated to be 0.12 m/s (0.38 ft/s) when
only one intake pump is operational. A staff evaluation of studies on fish
swimming speeds indicate that most fist. should be able to overcome these
predicted approach velocities (Refs.13-18). The absence of the stilling
basin will decrease impingement, relative to that estimated in the FES-CP, by
reducing the attractiveness of the area to fishes. Some attraction will still
occur due to the presence of shade, shelter, feeding habitat, and spawning
habitat created by the new onshore intake structure and associated land-
stabilization features; however, the staff concludes that this should be much
less than that that would have been caused by a stilling basin.

The potential for significant levels of impingment will be further reduced by
intermittent withdrawal of makeup water. As discussed in Sections 4.2.6.2 and
5.3.2.2, and in the ER-OL (Secs. 3.4.4 and 5.1), little water intake will
occur during the warmer months, when there would be a larger proportion of
juvenile fishes that could be subject to impingement.

The conclusions reached in the FES-CP (Sec. V.C.2) that entrainment impacts
will be small remain generally valid because there has been no major change in
plant water-intake volume. Furthermore, the staff additionally concludes that

because little water will be withdrawn in warmer months (See Secs. 4.2.6.2 and-

; 5.3.2.2), fewer fish eggs, larvae, or small juveniles will be entrained
relative to those that would have been entrained if withdrawal occurred through-4

out the year.

As indicated on p.16 of the draft NPDES permit, the State of Michigan has
determined that the location, design, construction, and capacity of the intake
structure reflects best available techmlogy for minimizing impingement and
entrainment impacts in accordance with Section 316(b) of the Clean Water Act.

j The permit requires a measurement of impingement and entrainment losses after
plant startup.

5.5.2.2 Thermal Discharge Impacts

Tittabawassee River

As discussed in Section 4.2.4.2, the applicant has modified the design of the
heat-dissipation system by eliminating the cooling pond blowdown cooling
tower, thus altering the difference between discharge temperature and the
ambient temperature, and changing the extent of the thermal plume downriver.
The 5 F (2.8 C) thermal-mixing zone will only occupy $25% of river cross
section in the discharge vicinity and will not extend beyond 515 m (1700 ft)
downstream of the dischar ,e (ER-OL, Sec. 5.1.2). Additionally, when there is
a potential for lethally high discharge temperatures (summer), the NPDES
permit conditions (Appendix B) will limit the discharges that can be made.

.-_
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The staff has reevaluated the potential for thermal impact on river fishes in
light of the above changes in plant design. Possible thermal discharge impacts
to fish include effects on survival, growth, and reproduction due either to
elevated thermal stress or cold shock due to sudden cessation of discharges to
the river during the colder months of the year. Thermal discharges may also
alter movement patterns (e.g. , migration) by restricting the biotic zone of
passage.

Based on a comparison of average temperatures expected in the Midland Plant
plume (Sec. 4.2.6.2) with upper or preferred temperatures for Tittabawassee
River fish species (Refs.19,20, and ER-OL, Table 2.2-2) the staff concludes
that these species will be able to occupy the plume during most occasions with
negligible impact. Furthermore, adherence by the applicant to the NPDES
permit (Appendix B) and Michigan Water Quality Standards (ER-OL, Sec. 5.1.3.3)
will ensure that an adequate zone of passage (75% or more) will exist at all
times, and thus migration and local movement of fish will not be affected.

The temperature differential between the thermal plume and surrounding (ambi-
ent) areas of the river is not high enough to produce substantial cold shock
effects in the case of a discontinuance of cooling pond blowdown to the river.
A staff review of the literature (Refs. 21-23) indicates that the temperature
differential of most of th- olume will be well below temperature differentials
that have been shown to be detrimental by sudden temperature drops.

The applicant's operational monitoring program will be conducted in accordance
with the NPDES permit, wh.ih specifies effluent and instream monitoring require-
ments necessary to demonstrate compliance with effluent limitations and the
assessment of impacts from intake and discharge operations (ER-OL, Sec. 6.2A).

Cooling Pond

Staf f review of information presented in the ER-OL (Sec. 5.6.2) and information
on thermal tolerances of fish (Refs.19,20) indicates that the biotic community
of the Midland Plant cooling pond will become dominated by eurythermal species
once operation begins, with substantial reductions in species and numbers;
high summer temperatures [60% of the pend area in July will be between 35 C
(94.5 F) and 38 C (100 F) and the rest in excess of 38 C] will not support
substantial numbers of any resident fish species, and those introduced through
entrainment will also be stressed. During other seasons, species such as
carp, catfish, and sunfish are likely to dominate. Fish kills or stress of
these species is also possible from cold shock in the unlikely event that
winter shutdowns of both units occur. Elevated chlorine concentrations in
portions of the pond are also likely to adversely affect fish in the pond
(ER-OL, Sec. 5.6.2). For these reasons the staff concludes that the pond will
not become a valuable fisheries resource.

5.5.2.3 Chemical Discharges

The conclusions reached in the FES-CP (Sec. V.C.2) that chemical discharge
impacts will be negligible remain valid.

I
|
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5.5.2.4 Dissolved Oxygen Effects

As indicated in Section 4.2.6, the dissolved oxygen content of the cooling
pond blowdown will be somewhat lower than it would be if a pond blowdown
cooling tower were to be used. Nevertheless, in view of the large dilution of
blowdown that will occur in the Tittabawassee River, no adverse impact on
river biota is expected.

5.6 ENDANGERED AND THREATENED SPECIES

5.6.1 Terrestrial

5. 6.1.1 Flora

Because no federal- or state-listed plant species are likely to occur on the
site or in the transmission corridors (see Sec. 4.3.5), the staff expects no
operational impacts on any such plants.

5.6.1.2 Fauna

As discussed in Section 4.3.5, federal and state-listed bird species could
occasionally be plesent at the site and along the transmission corridor during

|plant operation. The staff has evaluated the potential hazards of collision, |electrocution, and exposure to herbicides on such birds.

Collisions of listed bird species with 1.ransmission lines and other Midland
structures are not highly probable in the opinion of the staff because of
(1) the rarity of such species in the Midland area (Sec. 4.3.5.1), (2) the
expected rate of bird collisions with Midland tranmission structures is very
low (see Sec. 5.5.1.3), and (3) collision deaths of listed birds during two
years of preoperational monitoring have been negligible (Refs. 24,25).

As a conservative case the staff has evaluated the potential for electrocution
of the bald eagle, since this bird is generally known to have a wingspread of
up to about 1.9 to 2.4 m (6 to 8 ft). Since the minimum conductor spacing of
all Midland tran.smission lines will be 4.9 m (16 ft), the staff concludes that
there will be no electrocution hazard to any bird during plant operation.

As discussed in Section 5.5.1 and in the ER-OL (Sec. 5.5.3), vegetational
clearing of the transmission corridor will be conducted by professional appli-
cators using EPA-approved herbicides. This will minimize the impact of herbi-
cides on listed species that may occasionally visit the corridor.

5.6.2 Aquatic

No endangered or threatened aquatic species are known to occur in the Tittaba-
wassee River or water bodies crossed by the transmission corridors, thus no
impacts to any listed species are expected.

5.7 HISTORIC AND PREHISTORIC SITES

As pointed out in Section 4.3.6, the State Historic Preservation Officer
(SHPO) upon review of the floodplain survey report agreed that the two archeo-
logical sites 20 MD 13 and 20 MD 17 were of National Register significance.

_ _ _ _ - _ _ _ _ _ _ _ _ _ .
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The NRC, in consultation with the SHP0, is seeking a determination of eligi-
bility of the two sites for inclusion in the National Register of Historic
Places. The applicant is taking appropriate measures to protect the sites
during this process. With the exception of the two sites, the NRC staff and
the SHP0 agree that the project will have no effect on any cultural resources
either eligible for or listed on the National Register of Historic Places
(Appendix I, Item 4).

.

5.8 SOCI0 ECONOMICS

5.8.1 Population

The total operation work force is now expected to be about 600 persons (ER-OL,
Sec. 8.1. 5, p. 8.1-2). Assuming an average household size of 2.7 persons
(1980 City of Midland average household size, calculated from p. 17 of Ref. 26),
the staff estimates that if all 600 persons were new to the area and brought
families, a total of about 1600 persons would be added to the population. The
staff concurs with the applicant that most workers and their families would
probably settle in the City of Midland or nearby (ER-OL, Sec. 8.1.5). If 70%
(about 1100 persons) relocated to the city (as the applicant suggests in
ER-OL, Sec. 8.1.5, p. 8.1-4), the new population would represent only a 3%
increase in the city's 1980 population and an increase of less than 2% in
Midland County's 1980 population and projected 2000 population. Of the maximum
estimated 1600 persons, about 420 would be school-aged children (about 300 in
the city).

The assumptions used by the staff to make these calculations are conservative:
it is unlikely that all plant operation workers would be newcomers. However,
even if this conservative estimate ' proved accurate, population impacts from
operation of the plant would be insignificant because the total plant-related
population would be only a small fraction of the remainder of the population.
In addition, some of the workers who moved to the area temporarily for the
construction period will have left; this will further offset any population
increases from plant operation.

5.8.2 Local Economy and Labor Market

5.8.2.1 Local Economy

Payroll to construction workers, use of local subcontractors and materials,
and accompanying service and sales receipts will decrease substantially as
construction is completed. However, plant operation will tend to be a stabil-
izing factor on the local economy after transition from the construction
phase. The staff concurs with the applicant's estimates that the Midland
region annually would receive from operation employees about $17 million in
payroll, $6.5 million in retail sales, and $8 million in bank deposits'

(1984 dollars) (ER-OL, Sec. 8.1.5). Utility purchases of local services and
merchandise during operation are estimated at $6 million annually (1984 dollars)

| (ER-OL, Sec. 8.1.5). However, in the staff's opinion, although these effects
j of plant operation on the local economy are stable and positive, they would be
| relatively small compared to those generated by larger employers in the area
| (e.g., Dow Chemical Company and Dow-Corning).

!

_ _ - - _ - _
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Based on an expected increase in the number of waterfowl attracted by the
cooling pond due to plant operation, consumption of crops by these waterfowl
may occasionally cause some losses of agricultural income for farmers near the
site (see Sec. 5.5.1). These unavoidable losses would only occur in years
when harvesting was late and crops remained in the fields when large numbers
of migrating waterfowl arrived in the area. Although some farmers might
suffer more losses than others, the effect on the general agricultural economy
of the area would be minor.

5.8.2.2 Labor Market

Unemployed persons that were already in the Midland Plant area in 1980 (see
Sec. 4.3.7.2.2), combined with the workers who will be left as plant construc-
tion is completed, could easily provide a portion of the operating work force.
Based on applicant information, the staff estimates that about 100 operation
workers are likely to be hired locally. This number represents only about 3%
of the unemployed labor force in Midland /Gladwin counties in 1980, but repre-
sents a small positive benefit by reducing unemployment slightly. Service
employment created by the approximately 500 incoming workers would not be

'

large because the staff expects a compensating decrease in local service
employment as the size of the plant construction work force decreases. Taking
the above factors into consideration, the staff concludes that the impact on
the area labor market of all new workers (direct or indirect) from plant
operation would be minor.

5.8.3 Taxes

The applicant estimates the annual property tax to the City of Midland in the
operation period to be about $62 million (1984 dollars), more than five times
the amount paid to the city in the 1980-1981 fiscal year (see Sec. 4.3.7.3).
In addition, the State of Michigan would receive about $2.7 million (single-
business tax) and the Federal government about $57 million annually over the
operation period (ER-OL, Table 11-1). Since the City of Midland is not expected
to have to pay for any new community services or projects related to plant
operation, the staff concludes that this tax income would permit improvement
of existing services. As stated in the Final Supplement to the FES-CP
(Sec. 6.1.2), primary beneficiaries of the extra funds would be Midland Public
School, Midland County operating budget, ambulance service, Delta College, and
County Intermediate School District. The staff concurs with this conclusion.

5.8.4 _ Housing

If, as the staff presently assumes, 500 of the estimated 600 operation workers
would seek to establish new households, this would represent an incremental
increase of about 4% in the total number of households in the City of Midland
in 1980. It is likely that a greater proportion of the operation workers than
temporary construction workers would choose single-family residences rather
than rental units. On the basis of this alone, it would stem that there would
be insufficient single-family residences. Although the City of Midland had
only about 260 single-family units available in 1979 (see Sec. 4.3.7.4), a
number of construction workers are likely to leave the area and relinquish
their single-family residences once their construction related assignments are
completed. If such housing is secured by the incoming operation workers,
housing impacts caused by the operation work force will be relatively minor.
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In parallel with this staff conclusion are the conclusions in a comprehensive
development plan for the City of Midland: the authors state that sufficient I

housing will exist by 1985 to absorb a projected population growth of 6000 to ;

I9000 persons (Ref. 27). Taking the above factors into consideration, the
staff concludes that plant operation will cause no appreciable impact on
housing.

5.8.5 Transportation

It is the staff's judgment that as the transition is made from construction to
operation, traffic volume will decrease and then stabilize. Based on about
600 workers for plant operation, the total commuting volume would be about
480 vehicles [at 1.25 workers per vehicle (Ref. 28)], or 960 trips per average
work day, distributed over three work shift changes. The staff estimates that
this would be a reduction of about 80% from total peak construction commuting
volume. In addition, plant-related road use of heavy-duty equipment would
decrease and then stabilize to the level of equipment use needed for plant
maintenance during operation. ~ Taking these factors into consideration, the
staff concludes that impacts on the community transportation network will
decrease from present levels and be relatively small. Slight delays at the
Poseyville-Gordonville Roads intersection, aggravated by operation-related
traffic, may continue to inconvenience drivers for a time; however, these
delays would be reduced when the planned widening of Gordonville Road takes
place (ER-OL, Responses to Questions, p. 50C 11-2).

5.8.6 Offsite Land Uses

As discussed in Section 5.8.2.1, offsite agricultural land use occasionally
may be unavoidably impacted due to predation by granivorous waterfowl;
however, the impact is expected to be minor. Except for these occasional
agricultural losses and the occasional maintenance of transmission facilities
and occupation of land by tower bases, the majority of offsite land use would
remain as it was before construction. A staff review of the ER-OL (Sec. 3.9.2)
indicates that the project is in conformance with current zoninp ordinances.

5.8.7 Community Services and Institutions

5.8.7.1 Schools

If as many as 600 operation workers were newcomers to the Midland area, about
420 school-aged children could be expected (see Sec. 5.8.1). Because local
schools currently have excess capacity (see Sec. 4.3.7.6) and enrollments from
the existing population are expected te decline further [ projected to drop by
about 1000 pupils from the 1980 level to 9330 in 1982-1983 (ER-OL, Sec. 8.2.7,
p. 8.2-3)], the staff believes that there will be sufficient school capacity
to absorb the children of the operating work force. Thus the staff concludes
that the impacts of plant operation on schools will be insignificant.

5.8.7.2 Health, Safety, Recreation, and Other Services

The staff concludes that because Malth, safety, recreation, water, sewage,
and landfill facilities were adt 9e to handle construction period population
increases, it is unlikely that ti smaller replacement operation work force
will have any significant impact on these facilities.
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5.8.8 Summary of Socioeconomic Impacts

On the basis of factors discussed in above, the staff has concluded that plant
operation would have positive impacts on the tax base of the local area, an
occasionally negative impact on agricultural profits of nearby farms, and
generally insignificant impacts on most of the socioeconomic environment.

5.9 RADIOLOGICAL IMPACTS

5.9.1 Regulatory Requirements

Nuclear power reactors in the United States must comply with certain regula-
tory requirements in order to operate. The permissible levels of radiation
in unrestricted areas and of radioactivity in effluents to unrestricted areas
are set forth in 10 CFR Part 20, Standards for Protection Against Radiation
(Ref. 29). These regulations specify limits on levels of radiation and limits
on concentrations of radionuclides in the plant's effluent releases to the air
and water (above natural background), under which the reactor must operate.
These regulations state that no member of the gener.al public in unrestricted
areas shall receive a radiation dose, due to plant operation, of more than
0.5 rems in one calendar year, or if an individual were continously present in
an area, 2 mrems in any one hour or 100 mrems in any seven consecutive days to
the total body. These radiation-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
set forth in 10 CFR Part 50.36a (Ref. 30) 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 unrestricted
areas during normal operations, including expected operational occurrences, as
low as is reasonably achievable (ALARA). Appendix I of 10 CFR Part 50 provides
numerical guidance on dose-design objectives for light water reactors to meet
this ALARA requirement. Applicants for permits to construct and licenses to
operate an LWR shall provide reasonable assurance that the following calculated
dose-design objectives will be met for all unrestricted areas: 3 mrems/yr to
the total body or 10 mrems/yr to any organ from all pathways of exposure from
liquid effluents; 10 mrads/yr gamma radiation or 20 mrads/yr beta radiation
air dose from gaseous effluents near ground level--and/or 5 mrems/yr to the
total body or 15 mrems/yr to the skin from gaseous ef fluents; and 15 mrems/yr
to any organ from all pathways of exposure from airborne effluents that include
the radiciodines, carbon-14, tritium, and the particulates.

Experience with the design, construction and operation of nuclear power reactors
indicates that compliance with these design objectives 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, will result in doses
generally below the dose-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.

- _____ _____ _____ _ i
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In addition to the impact created by plant radioactive effluents as discussed
above, within the NRC policy and procr.dures for environmental protection des-
cribed in 10 CFR Part 51 there are generic treatments of environmental effects
of all aspects of the Uranium Fuel Cycle. These environmental data have been
summarized in Table 5-9 and are discussed later in this report in Section 5.10.
In the same manner the environmental impact of transportation of fuel and
waste to and from an LWR is summarized in Table 5.2 and presented in Sec-
tion 5.9.3 of this report.

Recently an additional operational requirement for Uranium-Fuel-Cycle Facili-
ties including nuclear power plants has been established by the EPA in 40 CFR
Part 190 (Ref. 31). This regulation limits annual doses (excluding radon and
daughters) for members of the public to 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.

5.9.2 Operational Overview

During normal operations of the Midland Plant Units 1 and 2, small quantities
of radioactivity (fission and activation products) will be released to the
environment. As required by NEPA, 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.

Ihese plant generated environmental dose levels are estimated to be very small
due to plant design and the development of a program that will be implemented
at the plant to contain and control all radioactive emissions and effluents.
As mentioned in Section 4.2.5, highly efficient radioactive-waste management
systems are incorporated into the plant design. These systems are designed to
remove most of the fission product radioactivity that is assumed to leak, in
small amounts, from the fuel, as well as most of the activation product radio-
activity produced by neutrons in the reactor core vicinity. The effectiveness
of these systems will be measured by process and effluent radiological monitoring
systems that permanently record the amounts of radioactive constitutents
remaining in the various airborne and watarborne process and effluent streams.
The amounts of radioactivity released thre gh vents and discharge points to be
further dispersed and diluted to points oucside the plant boundaries are to be
recorded and published semiannually in the ladioactive Effluent Release Reports

|
of each facility.

The small amounts of airborne effluents that are released will diffuse in the
; atmosphere in a fashion determined by the meteorological conditions existing
| at the time of release and are generally much dispersed and diluted by the

time they reach unrestricted areas that are open to the public. Similarly,

the small amounts of waterborne effluents released will be diluted with plant
waste water and then further diluted as they mix with the Tittabawassee River,
the Saginaw River, and Saginaw Bay beyond the plant boundaries.

Radioisotopes in the plant's effluents that enter unrestricted areas will pro-
duce doses through their radiation to members of the general public similar

! to the doses from background radiations (i.e. , cosmic, terrestrial and internal
radiations), which also include radiation from nuclear weapons fallout. These
radiation doses can be calculated for the many potential radiological exposure

._- . _ - - - _- . .-
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pathways specific to the environment around the plant, such as direct radia-
tion doses from the gaseous plume or liquid effluent stream outside of the
plant boundaries, or internal radiation dose commitments from radioactive
contaminants that might have been deposited on vegetation, or in meat and fish
products eaten by people, or that might be present in drinking water outside
the plant, or incorporated into milk from cows 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 NRC staff's evaluation of impacts. Actually, these estimates are
for a fictitious person because assumptions are made that tend to overestimate
the dose that' would accrue to members of the public outside the plant bound-
aries. For example, if this " maximally exposed" individual were to receive
the total body dose calculated at the plant boundary due to external exposure
to tne gaseous plume, he/she is assumed to be physically exposed to gamma
radiation at that boundary for 70% of the year, an unlikely occurrence.

Site-specific values for various 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, meteoro-
logical information (e.g. , wind speed and direction) specific to the site
topography and ef fluent release points, and hydrological information per-
taining to dilution of the liquid effluents as they are discharged.

An annual land census will identify changes in the use of unrestricted areas
to permit modifications in monitoring programs for evaluating doses to individ-
uals from principal pathways of exposure. This census specification will be
incorporated into the Radiological Technical Specifications and satisfies the
requirements of Section IV.B.3 of Appendix I to 10 CFR Part 50. As use of the
land surrounding the site boundary changes, revised calculations will be made
to ensure that the dose estimate for gaseous effluents always represents the
highest dose that might possibly occur for any individual member of the public
for each applicable foodchain pathway. The estimate considers, for example,
where people live, where vegetable gardens are located, and where cows and
goats are pastured.

For the Midland Plant, in addition to the direct monitoring offsite with TLDs,
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 be deposited on vegetation, or be present in drinking water
outside the plant, or incorporated into cow's or goat's milk from nearby
farms.

5.3.3 Radiological Impacts from Routine Operations

5.9.3.1 Radiation Exposure Pathways: Dose Commitments

The potential environmental pathways through which persons may be exposed to
.adiation originating in a nuclear power reactor are shown schematically in
Figure 5.2. When an individual is exposed through 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 that he has inhaled or ingested
is retained in his body. The actual effect of the radiation or radioactivity
is det ermined by calculating the dose commitment. The annual dose commitment

. _ _ _ _
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is calculated to be 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 af ter the plant begins operation. (Calculation for the 15th year, or
midpoint of station operation, represents an average exposure over the life of
the plant.) However, with few exceptions, most of the internal dose commit-
ment for ecch 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 are appropriate
to be studied to determine the impact of routine releases at the Midland site
on members of the general public living and working outside of the site bound-
aries, and whether the releases projected at this point of the licensing
process will in fact meet regulatory requirements. A detailed listing of
these exposure pathways would include external radiation exposure from the
gaseous effluents, inhalation of iodines and particulate contaminants in the
air, drinking milk from a cow or goat or eating meat from an animal that feeds
on open pasture near the site on which iodines or particulates may have depos- |

ited, eating vegetables from a garden near the site that may be contaminated
by similar deposits, and drinking water or eating fish caught near the point
of discharge of liquid effluents.

Other less important 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,
boating and swimming activities near lakes or streams that may be contaminated
by effluents, drinking potentially contaminated waters, and direct radiation
from within the plant itself.

Calculations of the effects for most pathways are limited to a radius of 80 km
(50 miles). This limitation is based on several facts. Experience, as demon-
strated by calculations, has shown that all individual dose commitments
(>0.1 mrem /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 mrem /yr, which is far below natural-background doses, and the doses are
subject to substantial uncertainty because of limitations of predictive mathe-
matical models.

The NRC staff has made a detailed study of all of the above important 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
plant. A discussion of these evaluations follows.

5.9.3.1.1 Occupational Radiation Exposure for PWRs

Most of the dose to nuclear plant workers results from external exposure to
radiation coming from radioactive materials outside of the body rather than
from internal exposure from inhaled or ingested radioactive materials. Experi-
ence shows that the dose to nuclear plant workers varies from reactor to
reactor and from year to year. For environmental-impact purposes, it can be
projected by using the experience to date with modern PWRs. Recently licensed
1000-MWe PWRs are operated in accordance with the post-1975 regulatory require-
ments 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. 29), Standard Review Plan Chapter 12
(Ref. 32), and Regulatory Guide 8.8 (Ref. 33).

.-__-__-_ -
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The applicant's proposet implementation of these requirements and guidelines
is reviewed by the NRC staff during the licensing process, and the results of
that review are reported in the staff's Safety Evaluation Reports. The license
is granted only after the review indicates that an ALARA program can be imple-
mented. In addition, regular reviews of operating plants are performed to
determine whether the ALARA requirements are being met.

Average collective occupational dose information for 239 PWR reactor years of
operation is available for those plants operating between 1974 and 1980. (The
year 1974 was chosen as a starting date because the dose data for years prior
to 1974 are primarily from reactors with average rated capacities below 500 MWe.)
These data indicate that the average reactor annual collective dose at PWRs
has been about 440 person-rems, with some plants experiencing an average plant
lifetime annual collective dose to date as high as 1300 person-rems (Ref. 34).
These dose averages are based on widely varying yearly doses at PWRs. For
example, for the period mentioned above, annual collective doses for PWRs have
ranged from 18 to 5262 person-rems per reactor. However, the average annual
dose per nuclear plant worker of about 0.8 rem (Ref. 34) has not varied signi-
ficantly 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 is not.

The wide range of annual collective doses experienced at U.S. PWRs results
from a number of factors such as the amount of required 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 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 esti-
mates for environmental impact purposes for Midland Plant Units 1 and 2 are
based on the assumption that the plant will experience the annual average
occupational dose for PWRs to date. Thus the staff has projected that the
occupational doses for each unit at the Midland site will be 440 person rems
but could average as much as 3 to 4 times this value over the life of the
plant.

In addition to the occupational radiation exposures discussed above, during
the period between the initial power operation of Unit 2 and the similar I
startup of Unit 1, construction personnel working on Unit 1 will potentially |

| be exposed to sources of radiation from the operation of Unit 2. The applicant
has estimated that the integrated dose to construction personnel, over a j

,

period of 1.3 years, will be about 29 person-rems. This radiation exposure'

will result predominantly from Unit 2 radioactive components and gaseous'

| effluents from Unit 2. Based on experience with other PWRs, the staff finds
' that the applicant's estimate is reasonable. A detailed breakdown of the

integrated dose to the construction workers by the location of their work and
its duration is given in Table 4.4 of the ER-OL.

The average annual dose of about 0.8 rem per nuclear plant worker at operating;
' BWRs and PWRs has been well within the limits of 10 CFR Part 20. However, for
| impact evaluation, the NRC staff has estimated the risk to nuclear power plant
|

|
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workers and compared it in Table 5.1 to risks that are published for other
occupations. Based on these comparisons, the staff concludes that the risk to
nuclear plant workers from plant operation is comparable to the risks associated
with other occupations.

In estimating the number of health effects resuiung from both offsite (see
Sec. 5.9.3.2) and occupational radiation exposure due to normal operation of
the Midland Plant, the NRC staff used somatic (cancer) and genetic risk esti-
mators based on widely accepted scientific information. Specifically, the
staff's estimates are based on information compiled by the National Academy of
Science's Advisory Committee on the Biological Effects of Ionizing Radiation
(BEIR I) (Ref. 35). The estimates of the risks to workers and the general
public are based on conservative assumptions (i.e., the estimates are probably
higher than the actual number). The following risk estimators were used to
estimate health effects: 135 potential deaths from cancer per million person-
rems and 258 potential cases of all forens of genetic disorders per million
person-rems. The cancer mortality risk estimates are based on the " absolute
risk" model described in BEIR I. Higher estimates can be developed by use of
the " relative risk" model along with the assumption that risk prevails for the
duration of life. Use of the " relative risk" model would produce risk values
up to about four times greater than those used in this report. The staff
regards the use of the " relative risk" model values as a reasonable upper
limit of the range of uncertainty. The lower limit of the range would be zero
because health effects have not been detected at doses in this dose-rate
range. The number of potential nonfatal cancers would be approximately 1.5 to
2 times the number of potential fatal cancers (Ref. 36).

Values for genetic risk estimators range from 60 to 1500 potantial cases of
all forms of genetic disorders per million person-rems (Ref. 35). The value
of 258 potential cases of all forms of genetic disorders is equal to the sum
of the geometric means of the risk of specific genetic defects and the risk of
defects with complex etioiogy. However, the value of zero can not be excluded

since there is no direct evidence of human effects at doses in this dose rate
range (Ref. 36).

The preceding values for ris< estimators are consistent with the recommenda-
tions of a number of recognized radiation protection organizations, such as
the International Commission on Radiological Protection (ICRP), the National
Council on Radiation Protection and Measurement (NCRP), the National Academy
of Sciences BEIR III Report, and the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) (Refs. 36-39).

The risk of potential fatal cancers in the exposed work force population at
the Midland Plant and the risk of potential genetic disorders in all future
generations of this workforce population, is estimated as follows. Multiplying
the annual plant worker population dose (i.e. , about 880 -person-rems) by the
risk estimators, the staff estimates that about 0.12 cancer death may occur in
the total exposed population and about 0.23 genetic disorder may occur in all
future generations of the same exposed population. The value of 0.12 cancer
death means that the probability of one cancer death over the life-time of the
entire workforce due to one year of operations at the Midland Plant is about
12 chances in 100. The value of 0.23 genetic disorder means that the proba-
bility of one genetic disorder in all future generations of the entire work-
force due to one year of operations at the Midland Plant is about 23 chances
in 100.

l. . . . . . . . _ . . .. .

_ _ . _
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Table 5.1. Incidence of Job-Related Mortalities

Mortality Rates
Occupational Group (premature deaths per 105 person years)

Underground metal miners * ~1300

Uranium miners * 420

Smelter workers * 190

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

*The President's Report on Occupational Safety and Health, " Report on
Occupational Safety and Health by the U.S. Department of Health, Education
and Welfare," E. L. Richardson, Secretary, May 1972.

**U.S. Bureau of Labor Statistics, " Occupational Injuries and Illness in the
United States by Industry, 1975," Bulletin 1981, 1978.

***The nuclear plant workers' risk is equal to the sum of the radiation-related
risk and the nonradiation-related risk. The occupational risk associated
with the industry-wide average radiation dose of 0.8 rem is about 11 poten-tial premature deaths per 10 person years due to cancer, based on the risk
estimators described in the following text. The average nonradiation-
related risk for seven U.S. electrical utilities over the period 1970-1979
is about 12 actual premature deaths per 10s person years as shown in

| Figure 5 of the paper Ly R. Wilson and E. S. Koehl, " Occupational Risks of
Ontario Hydro's Atomic Radiation Workers in Perspective," presented at'

Nuclear Radiation Risks, A Utility-Medical Dialog, sponsored by the Inter-
national Institute of Safety and Health in Washington, D.C., September 22-23,
1980. (Note that the estimate of 11 radiation-related premature cancer

|

deaths is potential rather than actual.)!

5.9.3.1.2 Public Radiation Exposure

Transportation of Radioactive Materials

The transportation of " cold" (unirradiated) nuclear fuel to the reactor, of
spent irradiated fuel from the reactor to a fuel reprocessing plant, and of
solid radioactive wastes from the reactor to waste burial grounds is considered

. - - - _ _ _ _ .
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in 10 CFR Part 51.20 (Ref. 30). The contribution of the environmental effects
of such transportation to the environmental costs of licensing the nuclear

~i power reactor is set forth in Summary Table S-4 from 10 CFR Part 51.20, repro-
duced herein as Table 5.2. The cumulative dose to the exposed population as
summarized in Table S-4 is very small when compared to the annual collective
dose of about 60,000 person-rems to this same population or 26,000,000 person-4

rems to the U.S. population from background radiation.

Direct p diation for PWRs

Radiation fields are produced around nuclear plants as a result of radio-
activity within the reactor and its associated components, as well as a result
of radioactive-effluent releases. Direct radiation from sources within the
plant are due primarily to nitrogen-16, a radionuclide produced in the reactor

Because the primary coolant of a PWR is contained in a heavily shieldedcore.
area, dose rates in the vicinity of PWRs are generally undetectable (less than
5 mrems/yr).

Low-level radioactivity storage containers outside the plant are estimated to
make a dose contribution at the site boundary of less than 1% of that due to

: the direct radiation from the plant.
1

Radioactive Effluent Releases: Air and Water

As pointed out in an earlier section, all effluents from the plant 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

j release values have been developed on the basis of estimates regarding fuel
performance and the descriptions of operational and radwaste systems in the
applicant's ER and FSAR and by using the calculational model and parameters
developed by the NRC staff (Ref. 40). These have been supplemented by exten-
sive rse of the applicant's site and environmental data in the ER-OL and in1

subsequent answers to NRC staff questions, and should be studied to obtain an
understanding of airborne and waterborne releases from the plant.;

These radioactive effluents are then diluted by the air and water into which
they are released before they reach areas accessible to the general public.

Radioactive effluents can be divided into several groups. Among the airborne
; effluents- the radioisotopes of the fission product noble gases, krypton and,

i xenon, as well as of argon, do not deposit on the ground nor are they absorbed
and accumulated within living organisms; therefore, the noble gas effluents
act prirr.arily as a source of direct external radiation emanating from the
effluent plume. Dose calculations are performed for the site 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
total body and skin doses as well as the annual beta and gamma air doses from
the plume at that boundary location.

Another group of airborne radioactive effluents--the fission product radio-
iodines, as well as carbon-14, and tritium--are also gaseous but tend to be
deposited on the ground and/or inhaled into the body during breathing. For

,

this class of effluents, estimates of direct external-radiation doses from

!

. .- _ . - . . _ _ - - - . . _ . . _
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Table 5.2. (Summary Table S4). Environmental Impact of
Transportation of Fuel and Waste to and From One Light-

Water-Cooled Nuclear Power Reactorl

NORMAL CONotTIONS OF TRANSPORT

Enswonmentalerpect
Heat (per tradiated fuel cask m transit) 250.000 Btu /hr.
Weight (govemed by Federal or State restnctions) . 73.000 lbs. per truck; 100 tons per cask per rail car.
Traffe density:

Truck . . . . . . . . . . . . Less than 1 per day.
Rail ... Less than 3 per month.

Estarnated Range of doses to Cumulatrve dose to
Exposed population number of exposed andnnduals * exposed populahon

persons (per reactor year) (per 'esctor year) 8
exposed

Transportation workers . 200 0 01 to 300 mdhrem... 4 man-rom.
General pubic:

Onlookers .. 1.100 0 003 to 13 mdirem. 3 man-rem.
Along Route.. 600.000 0 0001 to 0 06 mdirem

ACCloENTS IN TRANSPORT

Environmorts/ nsk
Radiologeal effects ..
Common (norvadiological) causes .

. . _ . . . Small *.
1 fatal meury an 100 reactor years; 1 nonfaial mgury m 10 re-

actor years. $475 property damage per reactor year.

' Data supporting this table are given in the Commission's *~Envronmental Survey of Transportation of Radioactne Matensis
to and from Nuclear Power Plants.** WASH-1238, December 1972, and Supp.1. NUREG-75/038 Apnl 1975. Both documents
are avadable for inspection and copyeg at the Comrmssion's Pubhc Document Room,1717 H St. NW., Washmgton, D.C., and
may be obtained from National Techrucal information Sennce Spnngfield, Va. 22161. WASH-1238 is avadable from NTIS at a
cost of $5 45 (microfche, $2 25) and NUREG-75/038 is avadable at a cost of $3 25 (mcrohche, $2.25).

8The Federal Radiation Council has recommended that the radiation doses from all sources of radiation other than natural
! background and rnedical exposures should be htmted to 5.000 mdirem per year for individuals as a result of occupahonal espo-

sure and should be htmted to 500 mdirem per year for indrviduals an the general population. The dose to andnnduals due to
average natural background radiation is about 130 mdhrem per year.

I 8 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 rom (1 millrom), or if 2 people were to recorve a dose of 0.5
rem (500 rmlhrem) each, the total man-tem dose n each case would be 1 man-rom.

' Although the epvronmental nsk of radiological effects stemming from transportation accidents es currently incapable of
being numencalty quantifed, the nsk remains small regardless of whether it is bemg apphed to a sangle reactor or a multreactor
site

_ _ _
__ _._ _ ._ _
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deposits on the ground, and of internal radiation doses to total body, thyroid,
bone, and other organs from inhalation and from vegetable, milk, and meat
consumption are made. Concentrations of iodine in the thyroid and of carbon-14
in bone are of particular significance here.

A third 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 cesium and barium and activated corrosion products
such as cobalt and chromium. The calculational model determines the direct
external radiation dose and the internal radiation doses for these contami-
nants through the same pathways as described above for the radioiodines,
carbon-14, and tritium. Doses from the particulates are combined with those
of the radioiodines, carbon-14, and tritium for comparison to one of the
design objectives of Appendix I to 10 CFR Part 50.

The waterborne radioactive effluent constituents could include fission products |
such as nuclides of strontium and iodine; 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 direct external radiation from recreational
use of the water near the point of discharge.

The release values for each group of effluents, along with site-specific
meteorological 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 calculations are discussed in Regulatory Guide 1.109 (Ref. 41) and in
Appendix D of this statement.

Examples of site-specific dose assessment calculations and discussions of
parameters involved are given in Appendix C. Doses from all airborne effluents
except the noble gases are calculated for individuals at the location (e.g. ,
site boundary, garden, residence, milk cow, meat animal) where the highest
radiation dose to a member of the public has been established from all appli-
cable pathways (e.g., ground deposition, inhalation, vegetable consumption,
cow milk consumption or meat consumption). Only those pathways associated
with airborne effluents that are known to exist at a single location, are I

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 ,ssociated with maximum expo-
sure of an individual through other than gaseous effluent pathways.

5.9.3.2 Radiological Impact on Humans

Although the doses calculated in Appendix C are based primarily on radioactive-
waste treatment system capability and are well below the Appendix I design
objective values, the actual radiological impact associated with the operation
of the plant 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. 30).
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The plant's operation will be governed by operating license Technical Speci-
fications which will be based on the dose-design objectives of Appendix I to
10 CFR Part 50 (Ref. 30). 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 indi-
vidual 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 (500 mrems/yr - total body) specified in 10 CFR Part 20 as
consistent with considerations of the health and safety of the public. As a
result, the staff concluded that there will be no measurable radiological

j impact on any member of the public from routine operation of the plant.

Operating standards of 40 CFR Part 190, the Environmental Protection Agency's
Environmental Radiation Protection Standards for Nuclear Power Operations
(Ref. 31), 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 envi-,

| ronment from all uranium-fuel-cycle operations and radiation from these opera-
tions that can be expected to affec a given individual. The NRC staff con-

| cluded that under normal operations the Midland site is capable of operating
! within these standards.

The radiological doses and dose commitments resulting from a nuclear power
plant are well known and documented. Accurate measureraents 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 observable ill effects. Furthermore, 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, occa-
sionally 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 that
result from nuclear power plant effluents, upper bound limits of deleterious
effects are well established and amenable to standard methods of risk analysis.
Thus the risks to the maximally exposed member of the public outside of the
site boundaries or to the total population outside of the boundaries can be
readily calculated and recorded. These risk estimates for the Midland Plant
are presented below.

The risk to the maximally exposed individual is estimated by multiplying the
risk estimators presented in Section 5.9.3.1.1 by the annual dose design objec-
tives for total body radiation in 10 CFR Part 50, Appendix I. This calculation
results in a risk of potential premature death from cancer to that individual
from exposure to radioactive effluents (gaseous or liquid) from one year
of reactor operations of less than once chance in one million.* The risk of
potential premature death from cancer to the average individual within 80 km

*The risk of potential premature death from cancer to the maximally exposed
individual from exposure to radioiodines and particulates would be in the
same range as the risk from exposure to the other types of effluents.

-. . ..
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(50 mi) of the reactor from exposure to radioactive effluents from the reactors
is much less than the risk to the maximally exposed individual. These risks
are very small in comparison to natural cancer incidence from causes unrelated
to the operation of the Midland Plant.

Multiplying the annual U.S. general public population dose from exposure to
radioactive effluents and transportation of fuel and waste from the operation
of the Midland Plant (i.e. , 37 person-rems) by the preceding risk estimators,
the staff estimates that about 0.005 cancer death may occur in the exposed
population and about 0.01 genetic disorder may occur in all future generations
of the exposed population. The significance of these risk estimates can be
determined by comparing them to the natural incidence of cancer death and
genetic abnormalities in the U.S. population. Multiplying the estimated U.S.
population for the year 2000 (i.e. , s260 million persons) by the current
incidence of actual cancer fatalities (i.e. , s20%) and the current incidence
of actual genetic diseases (i.e., s6%), about 52 million cancer deaths and
about 16 million genetic abnormalities are expected (Refs. 35,42). The risk
to the general public from exposure to radioactive effluents and transporta-
tion of fuel and wastes from the annual operation of the Midland Plant are
very small fractions (less than one part in a billion) of the estimated normal
incidence of cancer fatalities and genetic abnormalities in the year 2000
population.

On the basis of the preceding comparison (i.e. , comparing the risk from expo-
sure to radioactive effluents and transportation of fuel and waste from the
annual operation of the Midland Plant with the risk from the estimated inci-
dence of cancer fatalities and genetic abnormalities in the year 2000 popula-
tion) the staff concludes that the risk to the public health and safety from
exposure to radioactive effluents and the transportation of fuel and wastes
from normal operation of the Midland Plant will be very small.

5.9.3.3 Radiological Impacts on Biota Other Than Huinans

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 humans, it is generally
agreed that the limits established for humans are sufficiently protective for

i

other species. |

Although the existence of extremely radiosensitive biota is possible and
increased radiosensitivity in organisms may result from environmental inter-
actions 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 plant. Furthermore, at all nuclear plants for which radiation
exposure to biota other than humans has been analyzed (Ref. 43), 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. 29). Inasmuch as the 1972
BEIR Report (Ref. 35) concluded that evidence to date indicated no other
living organisms are very much more radiosensitive than humans, no measurable
radiological impact on populations of biota is expected as a result of the
routine operation of this plant.

. . . . . . .
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5.9.3.4 Radiological Monitoring

Radiological environmental monitoring programs are established to provide data
where there are measurable levels of radiation and radioactive materials in
the site environs and to show that in many cases no detectable levels exist.
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 environmental monitoring programs could identify the highly
unlikely existence of releases of radioactivity from unanticipated release
points that are not monitored. An annual surveillance (Land Census) program
will be established to identify changes in the use of unrestricted areas to
provide a basis for modifications of the monitoring programs or of the Techni-
cal Specification conditions that relate to the control of doses to individ-
uals.

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. 44), and the Radiological Assessment Branch Technical
Position, Rev. 1, November 1979, "An Acceptable Radiological Environmental
Monitoring Program" (Ref. 45).

5.9.3.4.1 Preoperational
i

The preoperatior.a1 phase of the monitoring program should provide for the
measurement of background levels of radioactivity and radiation and their var-
iations 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-CP and it was discussed in the
FES-CP. This early program has been updated and expanded; it is presented in
Section 6.1.5 of the applicant's ER-OL and is summarized here in Table 5.3.

The applicant states that the preoperational program was started in November
1978 to document background levels of direct radiation and concentrations of
radionuclides that exist in the environment. The preoperational program will
continue up to the initial criticality of Unit 2 as summarized in Table 6.1-6
of the ER-OL, at which time the operational radiological monitoring program
will commence.

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 continuously recording dose-rate instruments) should be placed as follows:
an inner ring of stations in the general area of the site boundary and an
outer ring in the 6.4- to 8-kilometer (4- to 5-mile) range from the site with a
station in each sector of each ring (16 sectors x 2 rings = 32 stations). The
remaining 8 stations should be placed in special interest areas such as
population centers, nearby residences, schools, and in 2 or 3 areas to serve
as control stations.

5.9.3.4.2 Operational

The operational, offsite radiological monitoring program is conducted to
measure radiation levels and radioactivity in plant environs or to identify
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I T'able '6.3. Preoperational Radiological
Environmental Monitoring

Program Summary
\
_

Locations
.9edia humber Description Frequency Analysis Sensitivity

Air 11 Site,1.5 mi NE, 2 mi Weekly Gross 8 0.01pC1/g
NW,1.5 mi E,1 mi N, 131 1.0 pCi/m2
1 mi SE, 1.5 mi SW, 1.5 ( 1.0 pCi/m3 (if 8>0.1)
si S. 21 mi NW, 23 mi NE, Sr 0.1 pCi/m (if 8>0.1)
18.5 at SW

,

Water
River 12 3 samples per transect Quarterly Gross 8 5 pC1/1

Chippewa River (8 mi (SER), month- 3H 100 pCi/1
upstream) ly at 3 loca- I 100 pCi/1 (if 8>10)i

Pine River (5.6 mi up) tions (PSAR, Sr 1 pC1/1 (if 8>10)
Tittabawassee (4.5 mi up) Amendment #5)
Tittabawassee (0.0)
Discharge
Tittabawassee (1.3 mi
down)
Tittabawassee (6.8 mi
down)
Tittabawassee (12.8 mi
down)
Tittabawassee (18.0 mi
down) *

1 Saginaw River ''
** Cass River (

< ,

Saginaw River mouth [
'

b

Saginaw Bay 3 5 samples per transect Bi-annually grosss Same as River Water r~
H

Y
Sr

o

Vell - f, 2 well/ location (at~ Monthly Gross 8 Same as River Water
50 ft and -200 ft), 3H
plus 4 wells into clay T

*
stratum; N, E, S. W Sr.

c

Gansna Dose 17 Same as Air plus 6 Monthly TLD 5 ares / month
'
,

/.' Quarterly TLD

'

Organic #
19 Upstream on T River (3) Quarterly Gross 8 10 pCi/1Fish '

'
Downstream on T River (5) (- 20 pCi/1. (if t>50)

'
t',

Shiawassee (3) Sr 10 pCi/1' (if 8)50) '
.

Cass (3)
~ /:

/

Saginaw (3)
Cooling Pond (2) f

e
'"

~15 Saginaw Bay Semiannually Same Same

'
Benthos, aquatic 9 2 mi spstream on T River Monthly Same Same

.,'

plants, rooplankton, _ (3), Chippewa River (3:, ',
phytoplankton and l'ai downstream on T River
substrate (3) s

.

Miscellaneous ,

' 'Milk 5 --- <

Veg 50/yr ---

Meat .
25/yr ---

Waterfowl ---

4

/ ,

* Adapted from _ the ER-0L (Table 6.1-6),

_.
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the lack thereof. 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 Radio-
active Materials in Liquid and Gaseous Effluents from Light-Water Cooled
Nuclear ~ Power Plants" (Ref. 46).

The applicant states that the operational program will in essence be a continua-
tion of the preoperational program described above with some periodic adjust-
ment 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 applicant will be
reviewed in detail by the NRC staff, and the specifics of the required moni-
toring program will be incorporated into the Operating License Radiological
Technical Specifications.

5.9.4 ENVIRONMENTAL IMPACT OF POSTULATtD ACCIDENTS

5.9.4.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Midland Plant Units 1 and 2 in accordance with a
Statement of Interim Policy published by the Nuclear Regulatory Commission on
June 13, 1980 (Ref. 47). The following discussion reflects these considerations
and conclusions.

Section 5.9.4.2 deals with general characteristics of nuclear power plant
accidents including 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
with actions to avoid such health effects are also identified.

Next, actual experience with nuclear power plant accidents and their observed
health effects and other societal impacts are described. This is followed by
a summary review of safety features of the Midland Plant Units 1 and 2 facili-
ties 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 Midland site using probabilistic methods
to estimate the possible impacts and the risks associated with severe accident
sequences of exceedingly low probability of occurrence.

5.9.4.2 General Characteristics of Accidents

The term " accident," as used in this section,' refers to any unintentional
event not addressed in Section 5.9.3 that results in a release of radioactive
materials into the environment. The predominant focus, therefore, is on
events that can lead to releases substantially in excess of permissible limits
for normal operation. Normal release limits are specified in the Commission's
regulat#ons at 10 CFR Part 20, and 10 CFR Part 50, Appendix I.

,
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There are several features that combine to reduce the risk associated with
accidents at nuclear power plants. Safety features in the design, construc-
tion, 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 defense that are designed to mitigate the conse-
quences of failures in the first line. Descriptions of these features for the
Midland plants may be found in the applicant's Final Safety Analysis Report
(Ref. 48), and in the staff's Safety Evaluation Report (Ref. 49). The most
important mitigative features are described in Section 5.9.4.4(1) 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.

(1) Fiscion Product Characteristics

By fcr 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 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 depends not only on mechani-
cal 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 temperatures. Some, however,
are relatively volatile solids and a few are gaseous in nature. These charac-
teristics have a significant bearing upon the assessment of the environmental
radiological impact of accidents.

The gaseous materials include radioactive forms of the che'mically 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 (see Section 5.9.4.3). It is for this reason that
the safety analysis of ese" nuclear power plant incorporates a hypothetical
design-basis accident th4L jostulates the release of the entire contained
inventory of radioactive noole gases from the fuel into the containment struc-
ture. 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 through the external gamma radiation from the airborne
plume. The reactor containment structure 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

;
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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 temperatures, 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 not inhibit the release of radio-
iodines from degraded fuel, they do act to mitigate the release from contain-
ment structures 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 temperature 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 resuit 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 e.xhibit the property of radioactive decay
with characteristic half-lives ranging from fractions of a second to many days'

or years (see Table 5.4). 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.

(2) Exposure Pathways

The radiation exoosure (hazard) to individuals is determined by their proximity
to the radioactive materials, the duration of exposure, and factors that act
to shield the individual from the radiation. Pathways from the transport of
radiation and radioactive materials that lead to radiation expcsure hazards to
humans are generally the same for accidental as for " normal" releases. These
are depicted in Section 5.9.3, Figure 5.2. There are two additional possible
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

h
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Table 5.4. Activity of Radionuclides in a Midland
Reactor Core at 2552 MWt

Padioactive Inventory
Group /Radionuclide in Millions of Curies Half-Life (Days)

A. NOBLE GASES
Krypton-85 0.45 3,950
Krypton-85m 19 0.183
Krypton-87 37 0.0528
Krypton-88 54 0.117
Xenon-133 140 5.28
Xenon-135 27 0.384

B. 10 DINES
Iodine-131 68 8.05
Iodine-132 96 0.0958
Iodine-133 140 0.875i
Iodine-134 150 0.0366J

Iodine-135 120 0.280

C. ALKALI METALS
Rubidium-86 0.021 18.7

. Cesium-134 6.0 750
l Cesium-136 2.4 13.0

Cesium-137 3.7 11,000

D. TELLURIUM-ANTIMONY
Te11urium-127 4.7 0.391
Tellurium-127m 0.88 109
Tellurium-129 25 0.048
Te11urium-129m 4.2 34.0
Tellurium-131m 10 1.25
Te11urium-132 96 3.25
Antimony-127 4.9 3.88
Antimony-129 26 0.179

E. AKALINE EARTHS
Strontium-89 75 52.1
Strontium-90 3.0 11,030
Strontium-91 88 0.403
Barium-140 130 12.8

F. COBALT AND NOBLE METALS
Cobalt-58 0.62 71.0
Cobalt-60 0.23 1,920
Molybdenum-99 130 2. 8
Technetium-99m 110 0.25
Ruthenium-103 88 39.5
Ruthenium-105 57 0.185
Ruthenium-106 20 366
Rhodium-105 39 1.50

,
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Table 5.4. (Continued)

Radioactive Inventory
Group /Radionuclide in Millions of Curies Half-Lifd (Days)

G. RARE EARTHS, REFRACTORY
OX1 DES AND TRANSURANICS
Yttrium-90 3.1 2.67
Yttrium-91 96 59.0
Zirconium-95 120 65.2
Zirconium-97 120 0.71
Niobium-95 120 35.0
Lanthanum-140 130 1.67

,
Cerium-141 120 32.3
Cerium-143 100 1.38
Cerium-144 68 284
Praseodymium-143 100 13.7
Neodymium-147 48 11.1
Neptunium-239 1300 2.35
Plutonium-238 0.045 32,500
Plutonium-239 0.017 8.9 x 105
Plutonium-240 0.017 2.4 x 106
Plutonium-241 2.7 5,350
Americium-241 0.0014 1.5 x 105
Curium-242 0.40 163
Curium-244 0.018 6,630

Note: The above grouping of radionuclides corresponds to that in Table 5.6.

reactor by the molten core debris. This creates the potential for the release
of radioactive material into the hydrosphere through contact with ground
water. These pathways may lead to external exposure to radiation, and to
internal exposures if radioactive material is inhaled or ingested from contami-
nated 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 con-
centration 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 accident consequences are
very much dependent upon the weather conditions existing at the time.

j
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!

(3) Health Effects

The cause-and effect relationships between radiation exposure and adverse
health effects are quite complex (Refs. 50,51), but they have been more exhaus-
tively studied than any other environmental contaminant.

! Whole-body radiation exposure resulting in a dose greater than about 10 rem
for a few persons and about 25 rems 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 10 to 20 times larger than the latter,

dose, 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 ofi

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 any given health effect
and a known exposure to radiation is difficult given the backdrop of the many
other possible reasons why a particular effect is observed in a specific

1 individual. For this reason, it is necessary to assess such effects on a
i statistical basis. Such effects include randomly occurring cancer in the

exposed population and genetic changes in future generations after exposure of
d prospective parent. Occurrences of 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), occurrences'

of cancer may begin to develop at 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
'

(Ref. 35). The occurrence of cancer itself is not necessarily indicative of
fatality.'

Most authorities agree that a reasonable, and probably conservative estimate
, of the randomly occurring number of health effects of low levels of radiation
i exposure to a large number of people is within the iange of about 10 to
I 500 potential cancer deaths (although zero is not excluded by the data) per

million person-rems. The range comes from the latest NAS BEIR III Report
(1980) (Ref. 36), which also indicates a probable value of about 150. This2

' value is virtually identical to the value of about 135 used in the current NRC
health effects models. In addition, approximately 220 genetic changes per
million person rems would be projected by BEIR III over succeeding generations.4

That also compares well with the value of about 258 per million person-rems
.

currently used by the NRC staff.
I
j (4) Health Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process4

' 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
contaminant (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 environmental societal impact of severe accidents is the avoidance of

|

:
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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.

5.9.4.3 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 MWe. (The
Midland Unit 1 plant is designed for 505 MWe and process steam while the
Unit 2 plant is designed for 852 MWe.) The combined experience with these

j units represents approximately 500 reactor years of operation over an elapsed
time of about 20 years. Accidents have occurred at several of these facilities
(Refs. 52,53). "ome 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 is arge enough to permit a reliable quantitative
statistical inference. It as, however, suggest that significant environmental
impacts caused by accidents are very unlikely to occur over time periods of a
few decades.

Helting 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 Ci of radiciodine was
also released to the environment at TMI-2 (Ref. 54). This amount represents
an extremely minute 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 millirems (Refs. 54,55). The total population
exposure has been estimated to be in the range from about 1000 to 3000 person-
rems. This exposure could produce between none and one additional fatal
cancer over the lifetime of the population. The same population receives each
year from natural background radiation about 240,000 person-rems and approxi-

'

mately a half-million cancers are expected to de ' lop in this group over its
lifetime (Refs. 54,55), primarily from causes ct.,cr than radiation. Trace
quantities (barely above the limit of detectability) of radiciodine were found

! in a few samples of milk produced in the area. No other food or water supplies
were impacted.

| 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 reactor
accidents (although there have been higher exposures to individual workers as

! a result of other unusual occurrences). However, the collective worker exposure
| 1evels (person-rems) are a small fraction of the exposures experienced during
'

normal routine operations that average about 440 to 1300 person rems in a PWR
and 740 to 1650 person rems in a BWR per reactor year.

L
| a
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Accidents have also occurred at other nuclear reactor facilities in the United
States and in other countries (Refs. 52,53). Because of inherent differences

! in design, construction, operation, and purpose of most of these other facili-
ties, their accident record has only indirect relevance to current nuclear
power plants. Melting of reactor fuel occurred in at least seven of thesei

accidents, including 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 4 years following the accident. It operated successfully and com-
pleted its mission in 1973. This accident did not release any radioactivity
to the environment.

A reactor accident in 1957 at Windscale, England, released c significant
quantity of radioiodine, approximately 20,000 C1, 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 large4

; amount of graphite in this reactor, the fuel overheated and radioiodine and
] noble gases were released directly to the atmosphere from a 405-ft stack.
; Milk produced in a 200-mi2 area around the facility was impounded for up to

44 days. This kind of accident cannot occur in a water cooled reactor like
j Midland, however.

5.9.4.4 Mitigation of Accident Consequences
.

Pursuant to the Atomic Energy Act of 1954, the Nuclear Regulatory Commission
has conducted a safety evaluation of the application to operate Midland Plant
Units 1 and 2. Although this evaluation contains more detailed information on
plant design, the principal design features are presented in the following
section.

(1) Design Features

The Midland Plant Units 1 and 2 contain features designed to prevent accidental
release of radioactive fission products from the fuel and to lessen the conse-
quences should such a release occur. Many of the design and operating specifi-
cations 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 systems is incorporated
in the assessments discussed in Section 5.9.4.5(2).

The steel-lined, prestressed, post-tensioned concrete containment is a passive
mitigating system which is designed to minimize accidental radioactivity
releases to the environment. Safety injection systems are incorporated to
provide cooling water to the reactor core during an accident to prevent or
minimize fuel damage. Cooling fans provide heat-removal capability inside the
containment following steam release in accidents and help to prevent contain-'

ment failure due to overpressure. Similarly, the containment spray system is
designed to spray cool water into the containment atmosphere. The spray water'

i also contains an additive (hydrazine) which will. chemically react with any
airborne radiciodine to remove it from the containment atmosphere and reduce
its release to the environment.

.-- - -. -. . - -_
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All the mechanical systems mentioned above are supplied with emergency power
from onsite diesel generators in the event that normal offsite station power
is interrupted.

The fuel-handling building also has accident-mitigating systems. The safety-
grade ventilation system contains both charcoal and high efficiency particulate
filters This ventilation system is also designed to keep the area around the
spent-fuel pool below the prevailing barometric pressure during fuel-handling
operations so that outleakage won't occur through building openings. If

radioactivity were to be released into the building, it would be drawn through
the ventilation system and any radioactive iodine and particulate fission
prodycts would be removed from the flow stream before exhausting to the outdoor
atmosphere.

There are features of the plant that are necessary for its power generation
function that can also play a role in mitigating certain accident consequences.
For example, the main condenser, although not classified as an ESF, can act to
mitigate the consequences of accidents involving leakage from the primary to
the secondary side of the steam generators (such as steam generator-tube
ruptures). If normal offsite power is maintained, the ability of the plant to
send contaminated steam to the condenser instead of releasing it through the
safety valves or atmospheric dump valves can significantly reduce the amount
of radioactivity released to the environment. In this case, tb: fission-
product-removal capability of the normally operating offgas treatment system
would come into play.

Much more extensive discussions of the safety features and characteristics of
the Midland Plant Units 1 and 2 may be found in applicant's Final Safety
Analysis Report (Ref. 48). The staff evaluation of these features are addressed
in the Safety Evaluation Report (Ref. 49). In addition, the implementation of
the lessons learned fom 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!

(Ref. 56). As noted in Section 5.9.4.5(7), no credit has been taken for these
,

.

| actions and improvements in discussing the radiological risk of accidents.
|

(2) Site Features

The NRC's reactor site criteria,10 CFR Part 100, requires that the site for
every power reactor have certain characteristics that tend to reduce the risk
and potential impact of accidents. The discussion that follcws briefly
describes the Midland site characteristics and how they meet these requirements.

The site has an exclusion area as required by 10 CFR Part 100. The minimum
exclusion area distance from either reactor unit is 1702 feet (519 meters).
Most of the exclusion area is located within the 1,235 acre site owned by the
Consumers Power Company. The remainder consists of two segments of land owned
by the Dow Chemical Company, and portions of the Tittabawassee River and
Bullock Creek. The control of activities within the portions of the exclusion
area owned by Dow is covered by terms of the General Agreements between Dow
and the applicants. This includes a revised Dow emergency plan with respect
to evacuation and other applicable provisions whenever required to do so by

_ _ _ _ - - _ _ . _ _ . - _ - _ .



5-41

the terms of the applicants' Site Emergency Plan. With respect to the portions
of the Tittabawassee River and Bullock Creek within the exclusion area, arrange-
ments have been made with local and state law enforcement agencies for removal
and exclusion of the public. There are no residents within the exclusion
area. Therefore, the applicants have the authority, as required by Part 100,
to determine all activities within the exclusion area. Activities unrelated
to plant operations that occur within the exclusion area are limited to Dow
personnel or Dow contractors performing construction, operation, or maintenance
activities on the Dow property or easement portions of the exclusion area.
The applicants will be equipped to contact the Dow Emergency Communications
and Control Center via a direct hot line for the purpose of evacuating the Dow
portions of the exclusion area. There are no railroads or highways traversing
the exclusion area. In the event of an emergency, arrangements have been made
with local and state law enforcement agencies to evacuate and limit access to
the exclusion area, including access via the Tittabawassee River and Bullock
Creek.

Beyond and surrounding the exclusion area is a low population zone (LPZ), also
required by 10 CFR Part 100. The LPZ for the Midland site is a circular area
with a one mile (1600 meter) radius centered on the centerline midpoint between
Units 1 and 2. This area encompasses the property owned by the applicants, a
part of the Dow Chemical Company industrial complex to the north, and 64
permanent residents to the southwest. The projected 2020 population within
the LPZ is estimated to be 76. Within the zone, the applicant must assure
that there is a reasonable probability that appropriate protective measures
could be taken on behalf of the residents and other members of the public in
the event of a serious accident. See also the following section on Emergency
Preparedness.

10 CFR Part 100 also requires that the distance from the reactor to the nearest
boundary of a densely populated area containing more than about 25,000 resi-
dents be at least one and one-third times the distance from the reactor to the
outer boundary of the LPZ. Since accidents more hazardous than those commonly
postulated as representing an upper limit are conceivable, although 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 City of Midland, Michigan, with a 1980
population of about 37,000 (an increase of about 2000 residents since 1970) is
the nearest population center. Although a portion of the city is within 1-1/3
miles of the Midland plant, it consists almost entirely of the Dow Chemical
Company property. Since Part 100 indicates that the population center distance
is to be based upon considerations of population distribution, and that politi-
cal boundaries are not controlling, the population center distance from the
Midland plant is at least 1-1/3 times the distance to the outer boundary of
the LPZ. The largest city within 50 miles is Flint, Michigan, with a 1980
population of nearly 160,000, located about 45 miles southwest of Midland.
The projected population density within 30 miles of the site when the plant is
scheduled to go into operation (1983) is about 194 persons per square mile.
The population density within 30 miles is not expected to go beyond about 221
persons per square mile during the life of the plant.

The safety evaluation of the Midland site has also included a review of poten-
tial external hazards, i.e., activities offsite that might adversely affect
the operation of the plant and cause an accident. This review encompassed

. _ _ _ _ - _ _ _ _ _ _ _
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nearby industrial, transportation, and military facilities that might create
explosive, missile, toxic gas, or similar hazards. The risk to the Midland
facility from such hazards has been found to be negligibly small. A more

|
detailed discussion of the compliance with the Commission's siting criteria

| and the consideration of external hazards is given in the staff's Safety
| Evaluation Report.

(3) Emergency Preparedness
!

Emergency preparedness plans including protective action measures for the
; Midland facility and environs are in an advanced, but not yet fully completed

stage. In accordance with the provisions of 10 CFR Section 50.47, effective
November 3,1980, no operating license will be issued to the applicant urless
a finding is made by the NRC that the state of onsite and offsite emergt ncy
preparedness provides reasonable assurance that adequate protective mearures
can and will be taken in the event of a radiological emergency. Among the
standards that must be met by these plans are provisions ror two Emergency

| Planning Zones (EPZ). A plume exposure pathway EPZ of about 16 km (10 mi) in
radius and an ingestion exposure pathway EPZ of about 80 km (50 mi) in radius

' are required. Other standards include appropriate ranges of protective actions
for each of these zones, provisions for dissemination to the public of basic
emergency planning information, provisions for rapid notification of the

| public during a serious reactor emergency, and methods, systems, and equipment
for assessing and monitoring actual or potential offsite consequences in the
EPZs of a radiological emergency condition.

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) of 10 CFR 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 Preparedness in Support of Nuclear Power Plants," dated November
1980. 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. The NRC staff findings will be reported in its Safety Evalua-

tion Report (SER). Although the presence of adequate and tested emergency
plans cannot prevent an accident, it is the staff's judgment that such plans

| can and will substantially mitigate the consequences to the public if an
accident should occur.

5.9.4.5 Accident Risk and Impact Assessment

(1) Design-Basis Accidents

As a means of assuring that certain features of the Midland Plant Units 1 and
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 postu-
lated initiating event, the potential radiological consequences cover a consid-
erable range of values depending upon the particular course taken by the

_ _ _ _ - - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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accident and the conditions, including wind direction and weather, prevalent
during the accident.

In the safety analysis and evaluation of the Midland Plant Units 1 and 2,
three categories of accidents have been considered. 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
radioactivity. The radiological consequences of incid6nts in the first cate-
gory, also called anticipated operational occurrences, are discussed in Sec-
tion 5.9.3. Some of the initiating events postulated in the sscond and third
categories for the Midland Plant Units 1 and 2 are shown in Table 5.5. These
events are designated design-basis accidents in that specific design and
operating features as described above in Section 5.9.4.4(1) are provided to
limit their potential radiological consequences. Approximate radiation doses
to the whole body that might be received by a person at the boundary of the
plant exclusion area during the first 2 hours of the accidents are also shown
in the table. The results shown in the table reflect the expectation that
engineered safety and operating features designed to mitigate the consequences
of the postulated accidents would function as intended. An important implica-
tion of this expectation is that the 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 5.5 are
sometimes referred to as " realistic" doses.

Population exposures which have been calculated for these events range from a
small fraction of a person-rem to about 750 person-rem for the population
within 80 km (50 mi) of the Midland Plant Units 1 and 2. These calculations
for both individual and population exposures indicate that the risk of incur-
ring any adverse health effects as a consequence of these events is exceedingly
small. By comparison with the estimates of radiological impact for normal
operations shown in Section 5.9.3, we also conclude that radiation exposures
from design-basis accidents are roughly comparable to the exposures to indivi-
duals and the population from normal station operations over the expected .

lifetime of the plant.

The staff is carrying out calculations to estimate the potential upper bounds
for individual exposures from the same initiating accidents in Table 5.5 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 assumptirms include much larger amounts of
radioactive material released by the init:ating events, additional single

_ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _
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Table 5.5 Approximate 2-Hour Radiation Doses
From Design Basis Accidents at
Exclusion Area Boundary

a
Dose (rem) at 519 meters

Infrequent liccidents Whole Body

Waste Gas Tank Failure 0.50

D 0.21Small-Break LOCA

SteamGgnerator, Tube 0.13Rupture

Fuel-Handling Accident 0.063

Limiting Faults

Main Steam Line Break 0.0013

Control Rod Ejection 0.16

1.4Large-Break LOCA

aPlant Exclusion Area Boundary Distance.
bLOCA-Loss of Coolant Accident; the TMI-2 accident was one

kind of a small-break LOCA.
See NUREG-0651 (Ref. 53) for descriptions of three steamc

generator tube rupture accidents that have occurred in
the United States.

.
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failures in equipment, operation of ESFs in a degraded mode,* and very poor
meteorological dispersion conditions. The results of these calculations show
that for these events the exposures are not expected to exceed 3 rems to the
whole body and 183 rems to the thyroid of any individual at the exclusion area
boundary over a period of 2 hours. For calculation of the thyroid dose, it
will be assumed that an individual is located at a point on the exclusion area
boundary where the radioiodine concentration in the plume has its highest
value and inhales at a breathing rate characteristic of a person jogging, for
a period of 2 hr. The health risk to an individual receiving such a dose to
the thyroid is the potential appearance of benign or malignant thyroid nodules
in about 6 out of 100 cases, and the development of a fatal thyroid cancer in
about 2 out of 1,000 cases.

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

(2) Probabilistic Assessment of Severe Accidents

In this and the following three sections, there is a discussion of the prob-
abilities and consequences of accidents of greater severity than the design-
basis accidents discussed 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, can be distinguished from
design-basis accidents in two primary respects: they involve substantial
physical deterioration of the fuel in the reactor core, including overheating
to the point of melting, and they involve deterioration of the capability of
the containment structure to perform its intended function of limiting the
release of radioactive materials to the environment.

The assessment methodology employed is that described in the Reactor Safety
Study (RSS) which was published in 1975 (Ref. 57).** However, the sets of
accident sequences that were found in the RSS to be the dominant contributors
to the risk in the prototype PWR (Westinghouse designed Surry Unit 1) have
recently been updated ("rebaselined") (Ref. 58). The rebaselining has been
done largely to incorporate peer group comments (Ref. 59), and better data and
analytical techniques resulting from research and development after the publi-
cation 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 9f recident sequences into the cecompassing

*The containment structure, however, is assumed to prevent leakage in excess
of that which can be demonstrated by testing, as provided in 10 CFR
Section 100.11(a).

**Because this report has been the subject of considerable controversy, a
discussion of the uncertainties surrounding it is provided in
Section 5.9.4.5(7).

. .
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" Release Categories" as was done in the RSS has been largely (but not com-
pletely) eliminated.

The Midland plants are Babcock & Wilcox designed PWR's having similar design
and operating characteristics to the RSS prototype PWR. Therefore, the present
assessment for Midland has used as its starting point the rebaselined accident
sequences and release categories referred to above, and more fully described
in Appendix E. Characteristics of the sequences and release categories used
(all of which involve partial to complete melting of the reactor core) are
shown in Table 5.6. 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. Moreover, it is the staf f's judgment, based upon design
criteria of 10 CFR Part 50, Appendix A and 10 CFR Part 100, 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 release category used is shown in the second column in Table 5.6. 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 it. adequacies in the data base on failure rates of individual
plant components that were used to calculate the probabilities (Ref. 59). The

probability of accident sequences from the Surry plant were used to give a
perspective of the societal risk at Midland because, although the probabilities
of particular accident sequences may be substantially different and even
improved for Midland, the overall effect of all sequences taken together is
likely to be within the uncertainties (see Section 5.7.4.5(7) for discussion
of uncertainties in risk estimates).

The magnitudes (curies) of radioactivity release for each accident sequence or
release category are obtained by multiplying the release fractions shown in
Table 5.6 by the amounts that would be present in the core at the time of the
hypothetical accident. These are shown in Table 5.4 for a Midland plant at a
core thermal power level of 2552 MWt, the power level used in the Safety
Evaluation.

The potential radiological consequences of these releases have been calculated
by the consequence model used in the RSS (Ref. 60) adapted and modified as
described below to apply to a specific site. The essential elements are shown

!
in schematic form in Figure 5.3. Environmental parameters specific to the
site of the Midland facility have been used and include the following:

Meteorological data for the site representing a full year of consecutive-
,

hourly measurements and seasonal variations,'

| Projected population for the year 2000 extending throughout regions of-

| 80-km (50-mi) and 563-km (350-mi) radius from the site,
f

The habitable land fraction within the 563-km (350-mi) radius,'

-

- -
_ _ _ _



Table 5.6 Summary of Atmospheric Releases in Hypothetical Accident
Sequences in a PWR (Rebaselined)

Accident
en e or Probability Fraction of Core Inventory Releaseda

Group reactor yr Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru La

Event V 2.0 x 10 8 1.0 0.64 0.82 0.41 0.1 0.04 0.006

TMLB' 3.0 x 10 8 1. 0 0.31 0.39 0.15 0.044 0.018 0.002

PWR3 3.0 x 10 8 0.8 0.2 0.2 0.3 0.02 0.03 0.003

PWR7 4.0 x 10 5 6 x 10 8 2 x 10 5 1 x 10 5 2 x 10 5 1 x 10 8 1 x 10 8 2 x 10 7

a
8ackground on the isotope groups and release mechanisms is presented in Appendix VII,
WASH 1400 (Ref. 57).

b
See Appendix E for description of the accident sequences and Release Categories,

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 5.9.4.5(7) for a discussion of uncertainties in risk estimates.

!
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r

Figure 5.3. Schematic Outline of Atmospheric Pathway Consequence Model
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Land-use statistics, on a statewide basis, including farm land values,-

farm product values including dairy production, and growing season infor-
mation, for the State of Michigan and each surrounding state within the
563-km (350 mi) region, and

Land-use statistics including farmland values, farm product values includ--

ing dairy production and growing season information for the adjoining
regions of Canada within the 563-km (350-mi) radius, 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 dif ferent " start" times through'out a 1 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, relocation, and other protective actions. Early evacuation and
relocation of people would considerably reduce the exposure from the radio-
active cloud and the contaminated ground in the wake of the cloud passage.
The evacuation model used (see Appendix F) has been revised from that used in
the RSS for better site-specific application. The quantitative characteristics
of the evacuation model used for the Midland site are estimates made by the
staff and are partly based upon evacuation time estimates prepared by the
applicant. There normally would be special facilities near a plant, such as
schools or hospitals, where special equipment or personnel may be required to
effect examination, and some people near a site who may choose not to evacuate.
Several such facilities have been identified near the Midland site, such as
the Midland Hospital Center and the Bullock Creek Elementary School. Therefore,
actual evacuation effectiveness could be greater or less than that characterized
but would not be 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 imme-
diate and/or subsequent use of or living in the contaminated environment.

Early evacuation within and early relocation of people from outside the plume
exposure pathway EPZ (See Appendix F) and other protective actions as men-
tioned above are considered as essential sequels to serious nuclear reactor
accidents involving significant release of radioactivity to the atmosphere.
Therefore, the results shown for a Midland reactor include the benefits of
these protective actions.

There are also uncertainties in each facet of the estimates of consequences
and the error bounds may be as large as they are for the probabilities (see
Figure 5.3).

i

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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The results of the calculations using this conseouence model are radiologicall

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. .

(3) Dose and Health Impacts of Atmospheric Releases

| The results of the calculations of dose and health impacts performed for the
Midland facility and site are presented in the form of probability distribu-
tions in Figures 5.4 through 5.7 and are included in the impact Summary
Table 5.7. All of the accident sequences and release categories shown in
Table 5.6 contribute to the results, the consequences from each being weighted
by its associated prrbability.

Figure 5.4 shows the probability distribution for the number of persons who
might receive whole-body doses equal to or greater than 200 rems and 25 rems,
and thyroid doses equal to or greater than 300 rems 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 are approximately 7 chances
in 1,000,000 (i.e. , 7 x 10 6) per reactor year that one or more persons may
receive doses equal to or greater than any of the doses specified. The fact
that the three curves run almost parallel in horizontal lines initially shows

_

that if one person were to receive such doses, the chances are about the same
that ten to hundreds would be so exposed. The chances of larger numbers of
persons being exposed at those levels are seen to be considerably smaller.
For example, the chances are about 2 in 10,000,000 (i.e., 2 x 10 7) that 1,000
or more people might receive doses of 200 rems or greater. A majority of the
exposures reflected in this figure would be expected to occur to persons
within a 32-km (20-mi) radius of the plant. Virtually all would occur within
a 160-km (100-mi) radius.

Figure 5.5 shows the probability distribution for the total population exposure
in person-rems, i.e., the probability per reactor year that the total popula-
tion exposure will equal or exceed the values given. Most of the population
exposure up to one million person-rems would occur within 50 miles but the
more severe releases (as in the first two accident sequences in Table 5.6)
would result in exposure to persons beyond the 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 50 miles of the Midland site

*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.

I
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Table 5.7. Summary of Environmental Impacts and Probabilities

Cost of
Population Offsite

aPersons Persons Exposure Latent Mitigating
Probability Exposed Exposed Millions of Cancers Actions
of Impact Per over over Early person-rem 50 mi/ Millions
Reactor-Year ~ 200 rem 25 rem Fatalities 50 mi/ Total Total of Dollars

10 4 0 0 0 0/0 0/0 0

10 5 0 0 0 0.009/0.0093 0/0 12,

5 x 10 8 0 4,600 0 1.1/3.8 130/310 230

10 8 0 34,000 0 6.4/36 740/2,600 1,000-
V'

10 7 2,500 105,000 9 17/100 2,200/6,900 3,300 27

10 8 7,000 600,000 380 24/140 4,500/12,000 5,900

Related
Figure 5.4 5.4 5.6 5.5 5.7 5.8

a
Includes cancers of all organs. Genetic effects would be approximately twice
the number of latent cancers.

Note: Please refer to Section 5.9.4.5(7) for a discussion of uncertainties ,

in risk estimates.
'

,
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due to natural background radiation of 140,000 person-rems, and to the antici-
pated annual population dose to the general public (total U.S.) from normal
plant operation of 37 person-rems (excluding plant workers) (Appendix C,
Tables C.7 and C.9).

Figure 5.6 shows the probability distributions for early fatalities, represen-
ting radiation injuries that would produce fatalities within about one year
after exposure. All of the early fatalities would be expected to occur within
a 6.4-km (4-mi) radius and the majority within a 3.2-km (2-mi) radius. The
results of the calculations shown in this figure and in Table 5.7 reflect the
effect of evacuation within the 16.1-km (10-mi) plume exposure pathway EPZ
only. Figure F.1 shows the effects of a much more pessimistic emergency
response.

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 popula-
tion within 81 km (50 mi) are shown separately. Further, the fatal, latent
cancers have been subdivided into those attributable to exposures of the
thyroid and all other organs.

(4) Economic and Societal Impacts

As noted in Section 5.9.4.2, the various measures for avoidance of adverse
health effects including those due to residual radioactive contamination in
the environment are possible consequential impacts of severe accidents.
Calculations of the probabilities and magnitudes of such impacts for the
Midland facility and environs have also been made. Unlike the radiation
exposure and health effect impacts discussed above, impacts associated with
adverse health effects avoidance are more readily transformed into economic
impacts.

The results are shown as tt 2 probability distribution for cost of offsite
mitigating actions in Figure 5.8 and are included in the impact Summary
Table 5.7. The factors contributing to these estimated costs include the
following:

Evacuation costs-

Value of crops contaminated and condemned-

Value of milk contaminated and condemned-

Costs of decontamination of property where practical-

Indirect costs due to loss of use of property and incomes derived there--

from.

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 extra me end of the accident spectrum these costs
could exceed several billion dollars but that the probability that this would

|
_
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occur is exceedingly small, less than one chance in a hundred million per
reactor year.

Additional economic impacts that can be monetized include costs of decontami-
nation 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 5.9.4.5(6) below.

(5) Releases to Groundwater

A groundwater pathway for public radiation exposure and environmental contami-
nation that would be associated with severe reactor accidents was identified
in Section 5.9.3 Exposure Pathways. Consideration has been given to the
potential environmental impact of this pathway for the Midland Plant. The
principal contributors to the risk are the core-melt accidents associated with
the evaluated accident sequences and release categories. The penetration of
the basemat of the containment buildings can release molten core debri: to the
strata beneath the station. Soluble radionuclides in this debri< can be
leached and transported with groundwater to downgradient domestic wells used
for drinking, or to surface water bodies used for drinking, aquatic food, and
recreation. In pressurized water reactors, such as the Midland units, there
is an additional opportunity for groundwater contamination due to the release
of contaminated sump water to the ground through a breach in the containment.

An analysis of the potential consequences of a liquid pathway release of
radioactivity for generic sites was presented in the " Liquid Pathway Generic
Study" (LPGS) (Ref. 61). 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 land-based sites were
chosen to represent averages for a wide range of real sites and are thus
" typical," but represented no real site in particular. The study concluded
that 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 Midland site is located above two groundwater systems (Ref. 48, Ref. 49
and ER-OL): an isolated perched groundwater table in the surficial sands and
a deeper confined aquifer. A layer of clay approximately 46 meters (150 feet)
thick separates these two groundwater systems. The reactor foundation mats
are located in this clay layer at an elevation of 176 meters (578 feet) above
mean sea level (ms1).

In the event of a core-melt accident, there could be a release of radioactivity
to the clay layer beneath the reactor. However, in order for the confined
aquifer to become contaminated, radioactive water would have to travel through
the 46-meter (150-foot) thick clay layer which is essentially impervious. It
is extremely unlikely that a core soil mass would penetrate to this depth.
The Reactor Safety Study (WASH-1400) (Ref. 57) contained estimates based upon

i boundary heat transfer calculations that the core-soil mass would form a
cylinder about 15 meters (50 feet) high with a diameter of about 21 meters (70
feet). The core-soil mass would thus be expected to remain at least 31 meters
(100 feet) above the confined aquifer. In addition, the confined aquifer is

!
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under artesian pressure so any penetration of the overlying clay layer would
induce outward flow from the aquifer.

| The groundwater gradient in the surficial sands is toward the Tittabawassee
River. There are no wells located in these sands anywhere between the plant
and the river. Prior to construction of the Midland Plant, the surficial
sands were present over much of the site. During plant excavation activities,
these sands were removed from the areas where the containment structures and

'

the auxiliary building are located, however; these sands are still present in
areas surrounding these structures. As described above, the reactor mats are
located in the clay layer which underlies the surficial sands so it is not
likely that a core-melt accident would result in contaminants reaching the
surficial sands. However, the staff postulated a situation whereby the radio-
activity released from the bottom of the reactor would reach the surficial
sand layer and travel toward the Tittabawassee River. Using conservative
values of 1050 feet per year for permeability, an effective porosity of 0.25

i and a hydraulic gradient of 0.007, the staff determined that the time it would
1 take for the radioactive spill to travel to the river would be long enough so
I that any contamination of the Tittabawassee River would be virtually eliminated.

The staff estimated that the minimum groundwater travel time from the reactors
to the river, in the surficial sand layer, would be about 59 years. In addi-
tion, the two elements which are shown (Ref. 61) to contribute practically all
of the population dose from the liquid pathway in an assumed core-melt accident,
are Sr-90 and Cs-137. These chemically active nuclides would, however, travel
through the groundwater pathway at a much slower rate because of the process
of sorption onto the sand.

,

The staff conservatively estimates that less than 3 x 10 8 of any Sr-90 and
virtually none of the Cs-137 released in a core-melt accident would escape the
site due to the long travel times relative to the half lives.4

This result can be compared to 0.87 of the Sr-90 and 0.31 of the Cs-137 escaping
the site in the LPGS small river case. Without further analysis the staff can

; conclude that the liquid pathway consequences of an assumed core-melt accident
at Midland would be less than that calculated in the LPGS. The staff, therefore,
concludes that the Midland Plant is not unique in its liquid pathway contribu-
tion to risk when compared to other land-based sites in the LPGS.

Finally, there are measures which could be taken to further minimize the
impact of the liquid pathway. The staff estimated that the minimum ground-

,

water travel time from the Midland site to the Tittabawassee River was 59
years and that the holdup of much of the radioactivity would be much greater.

i This would allow ample time for engineering measures such as slurry walls and
well point dewatering to isolate the radioactive contamination near the source.i

(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 also useful to combine them to
obtain average measures of environnental risk. Such averages can be particu-
larly instructive as an aid to the comparison of. radiological risks associated
with accident releases and with normal operational releases.

,

i
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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
quantification of risk does not at all mean that there is universal agreement
that peoples' attitudes about risks, 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.

In Table 5.8 are shown average values of risk assoc *ated with population dose,
early fatalities, latent fatalities, and costs for evacuation and other protec-
tive actions. These average values are obtained by summing the probabilities
multiplied by the consequences over the entire range of the distributions.
Since the probabilities are on a per-reactor year basis, the averages shown
are also on a per-reactor year basis.

The population exposures and latent cancer fatality risks may be compared with
those for normal operation shown in Appendix C. The comparison (excluding
exposure to the plant personnel) shows that the accident risks are comparable
to those for normal operation.

There are no early fatality or 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 early
fatality risk of 0.000015/ reactor year', however, we note that to a good approxi-
mation the population at risk is that within about 16 km (10 mi) of the plant,
about 80,000 persons in the year 2000. Accidental fatalities per year for a

population of tnis size, based upon overall averages for the United States,
are approximately 18 from motor vehicle accidents, 6.2 from falls, 2.5 from
drowning, 2.3 from burns, and 1.0 from firearms (p. 577 of Ref. 50). The early
fatality risk of 0.000015/ reactor year is thus 5 x 10 5 percent of the total
risk embodied in the,above combined accident modes. '

Figure 5.9 shows the calculated risk exortssed as whole-body dose-to an indivi-
t*.e downwind distance from the plantdual from early exposure as a functie- "

within the plume exposure pathway C- t Ine values are on a pe'r reactor year
,e re . ase categories in Table' 5.6 contributedbasis and all accident sequence'

to the dose, weighted by their -r our J probabilities.
\

Evacuation and other protective actions can reduce the risk to an individual
of early fatality or of latent cancer fatality. Figure 5.10 shows curves of
constant risk per reactor year to an individual,' living within the plume
exposure pathway EPZ of the Midland site, of early fatality as functions of
distance due to potential accidents in the reactor. Figure 5.11 shows the
same type of curves for risk of latent cancer fatality. Directional variation
of these curves reflects 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 United
States may be noted (p. 577 of Ref. 50): autdmobile 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 evacuation and other protective actions
could be compared .with property damage costs associated;with alternative
energy generation technologies. The use of fossil fuels, coal or oil, for

1

i

_ _ _

. .
. . . . .

.
. . .

.
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Table 5.8 Average Values of Environmental
Risks Due to Accidents per Reactor-Year

Environmental risk Average value

Population exposure
Person-rems within 50 miles 26
Total Person-rems 130

Early~ fatalities 0.000015

Latent cancer, fatalities
All organs excluding thyroid 0.0072
Thyroid only 0.0018

Cost of protective actions
and decontamination $4,800*
A
1980 dollars

NOTE: Please see Section 5.9.4.5(7) for
discussions of uncertainties in risk
estimates.

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 (pp. 559-560 of
Ref. 50). This effect has not, however, been sufficiently quantified to draw
a useful comparison at this time.

There are other economic impacts and risks which are not included in the cost
calculations discussed in Section 5.9.4.5(4) that can be monetized. These are
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 for decontamination and repair or replacement of the facility, and replace-
ment power. Experience with such costs is currently being accumulated as a
result of the Three Mile Island accident. If an accident occurs during the
first full year of Midland 2 operation (1984), the economic penalty associated
with the initial year of the unit's operation is estimated (based on TMI-2) at
between $950 and $1600 million (Ref. 62) for decontamination and restoration,
including replacement of the damaged nuclear fuel. For purposes of this
analysis, staff used the conservative (high) estimate of $1600 million and in
addition assumed the total cost occurs during the first year of the accident.
In reality the costs would oe 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 $113 million (1984 dollars)- for
replacement power during each year the Midland 2 unit is being restored. This
estimate assumes that the energy that would have been forthcoming from the
damaged unit (assuming'60 percent capacity factor) will be replaced 75 percent

_ _ _ _ - _ _ _ _ __
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to an Individual

NOTE: See Section 5.9.4.5(7) for discussion of uncertainties in
risk estimates.
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by coal-fired generation and 25 percent by oil-fired generation in the Michigan
area. Assuming the nuclear unit does not operate for 8 years, the total
additional replacement power costs would be approximately $900 million in 1984
dollars.

If the probability of sustaining a total loss of the original facility is
taken as the sum of the occurrences of a core-melt accident (the sum of the
probabilities for the categories in Table 5.6) then the probability of a
disabling accident happening during each year of the unit's scrvice life is
4.8 x 10 5 Multiplying the previously estimated costs of $2500 million for
an accident to Midland 2 during the initial year of its operation by the above
4.8 x 10 6 probability results in an economic risk of approximately $120,000
(in 1984 dollars) applicable to Midland 2 during its first year of operation.
This is also approximately the economic risk (in 1984 dollars) to Midland 2
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 considered to be offset by higher costs of decontami-
nation and restoration of the units 'in the later -years -due to inflation.

The economic risk from Midland 1 (in 1984 dollars) is also approximately
$120,000 during its first year and each subsequent year of operation due to
the balancing effect of escalation and the present worth discount factor.
Although Midland I will be used partially to produce steam and only partially
to produce electricity, the net effect on costs is the same because the steam
would be obtained from Unit 2 in the event that Unit I were disabled. The
$120,000 annual risk for each unit in 1984 dollars is equivalent to a $82,000
annual risk in 1980 dollars, assuming a 10 percent discount rate.

(7) Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon
the methodology presented in the Reactor Safety Study which was published in
1975.

In July 1977, the NRC organized an Independent Risk Assessment Review Group to
(a) clarify the achievements and limitations of the Reactor Safety Study,
(b) assess the peer comments thereon and the responses to the comments,
(c) study the current state of such risk assessment methodology, and (d) 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 (Ref. 59). This report, called the Lewis Report, contains
several findings and recommendations concerning the RSS. Some of the more
significant findings are summarized below.

A number of sources of both conservatism and nonconservatism in the-

probability and consequence 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.

The methodology, which was an important advance over earlier methodologies-

that had been applied to reactor risk, was sound.
,

. _ - - _ _ _ _ _ _
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It is very difficult to follow the detailed thread of calculations through-

the RSS. In particular, the Executive Summary is a poor doscription 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 19, 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 wts within the range of frequencies estimated by the RSS for
an accident of this severity (p. 553 of Ref. 50). 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 (Ref. 63) 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 result in a gradually increasing
improvement in safety as individual actions are completed. The Midland plants
are receiving and will receive the benefit of these actions on the schedule
indicated in NUREG-0660. 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.

5.9.4.6 Conclusions

! The foregoing sections consider the potential environmental impacts from
accidents at the Midland facility. These have covered a broad spectrum of
possible accidental releases of radioactive materials into the environment by
atmospheric and groundwater 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 Midland 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,
assuming protective action, shows that it is roughly comparable to the risk
from normal operation although accidents have a potential for acute fatalities



5-67

and economic costs that cannnot arise from normal operations. The risks of
early fatality from potential accidents at the site are small in comparison
with risks of acute fatality from other human activities in a comparably sized
population.

We have concluded that there are no special or unique circumstances about the
Midland site and environs that would warrant special mitigation features for
the Midland Plant.

5.10 Impacts from the Uranium Fuel Cycle

The Uranium Fuel Cycle Rule,10 CFR Part 51.20 (44 FR 45362), reflects the
latest information relative to the reprocessing of spent fuel and to radio-
active waste management as discussed in NUREG-0116, Environmental Survey of
the Reprocessing and Waste Management Portions of the LWR Fuel Cycle (Ref. 64)
and NUREG-0216 (Ref. 65), 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. 66). 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 environmental dose commitments and health effects, socioeconomic
impacts and cumulative impacts, where these are appropriate for generic treat-
ment. This explanatory narrative was published in the Federal Register on
March 4,1981 (46 FR 15154-15175). Appendix G to this statement contains a
number of sections that address those impacts of the LWR-supporting fuel cycle
that reasonably appear to have significance for individual reactor licensing
sufficient to warrant attention for NEPA purposes.

Table S-3 of the final rule is reproduced herein in its entirety as Table 5.9.
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
transportation 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 G to this statement contains a description of the environmental
impact assessment of the uranium fuel cycle as related to the operation of the
Midland Plant. The environmental impacts are based on the values given in
Table S-3, and on an analysis of the radiological impact from radon-222 and
technetium-99 releases. The NRC staff has determined that the environmental
impact of the plant on the U.S. population from radioactive gaseous and liquid
releases (including radon and technetium) due to the uranium fuel cycle is
very small when compared with the impact of natural background radiation. In
addition, the nonradiological impacts of the uranium fuel cycle have been
found to be acceptable.

,
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1

|Table 5.9. (Table S-3) Uranium-Fuel Cycle Environmental Datal

[Normehred to rnodel LWR annual fuel requrement (WASH-1248] or reference reactor year (NUREG-0116]]

Maxrnum effect por annual fuel
Environrnental conaderatons Total requrement or reference reactor

j- year of model 1,000 MWe LWR
|

f NATURAL RESOURCES USE

Land (acres):
Temporanty commdted ' 100

, Uruksturbed area 79
! Dsturbed area . 22 Equwalent to a 110 MWe coal-fred power

plant.
Permanently committed 13
Overburden moved (mdhons of MT) 28 Equwelent to 95 MWe coal-fired

power piant.
Water (rrulhons of gallons):

Dscharged to at 160 =2 percent of modet 1,000 MWe LWR with
coohng tower.

Dscharged to water bodes 11,090
Oscharged to ground. 127

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

Fosed fuel:
Electncal energy (thousands of MW-hour) 323 <5 percent of model 1.000 MWe LWR

output.
Equwaient coal (thousands of MT) 118 Equwalent to the consumphon of a 45 MWe

| coal-fred power plant.
Natural gas (rndhons of scf)... 135 <0.4 percent of model 1.000 MWe energy

; output,

t

!

EFFLUENTS-CHE M4 CAL (MI)

Gases (includog entramment); *
SO. . 4,400

NO.' .. 1.190 Equivalent to emissions from 45 MWe coal-
fred plant for a year.

Hydrocarbons 14
CO .. 29.6
Partculates... 1,154

Other gases.
F... .67 Pnncipalty from UF. production, ennchment,

and reprocessang. Concentrato) within
range of state standards--below level that
has eNects on human health.

HC1. .014
Lqueds'

SO*. . 99 From ennchment, fuel labncaton, and repro.
NO . . 25 8 cessang steps. Components that conshtute
Fluonde .. 12.9 a potenbal for adverse envronmental effect
Ca" . . . _ . . ..._. 5.4 are present in elute concentrations and re-
C1 ' . . . . _ . . 85 come adstonal deiubon by recennng bodes
Na* 12.1 of water to levels below permissible stand-
NH. .. . . . . 10 0 ards. The conshtuents that requre dlubon
Fe .. . . . . . _ . .4 and the flow of diution water are:

NH.-600 cfs.
NO.-20 cfs.,

Fluonde-70 cfs.
Tadegs solutions (thousands of MT)..._. 240 From mdis ordy-no significant effluents to

envronment.
Sohds.. 91.000 Pnncipally from mdis-no sagrufcant effluents

to envronment.

i
;
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Table 5.9. Continued
,

(Normahzed to model LWR annual fuel requwement (WASH-1248] or reference reactor year (NUREG-011611

_.

Maxwnum effect per annual fuel

Envronmental consideratons Total requwement or reference reactor
year of modet 1.000 MWe LWR

-_

ErrtutNTS-N AoioLOGICAL (CURIES)

Gases (metuding entrainment).
Rn-222... .. ... Presently under reconsideraton by the Com-

misson.

Ra-226... _ . . _ . _ . _ _ . . . . . . . . . . . . . .02
.02Th-230... . . . . . .

034Urarwum .. ..._. - . _ . _ . .

18.1Tntium (thousands) .. _ . . . . _ . . . . . . . . . . . . . _

24C-14. .._

400Kr-85 (thousands) .. . . _ . . . . . _ . .

Pnncipally from fuet reprocessing plants.Ro-106.. - . . . . . . . . . . .14

1-129 . _... 1.3

l-131.. .83

Tc-99_ ..._ Presently under considerahon by the Com-
mssion.

Fisson products and transuranics_ .203
Liquids.

Jranium and daughters . . . . . . 2.1 Pnncipally from milhng-included taalmgs
liquor and returned to ground-no ef-
fluents; therefore, no effect on ermron-

ment.

Ra-226- .0034 From UF. production.
Th-230.. . _ . . . 0015
Th-234. _. . _ . . . .01 From fuel fabncaton plants-concentraton

10 percent of 10 CFR 20 for total process-
ing 26 annual fuel requwements for rnodel
LWR.

Fission and activaton products.. 59x10-*

Solids (buned on site).
Other than high level (shallow) .. I1,300 9,100 Q comes from low levet reactor wastes

and 1.500 Q comes from reactor decon-
tarnination and decomtrwssionog-burwxi at
land bunal facihties 600 Q comes from
mills-mctuded m taihngs returned to
ground. Approximately 60 Q comes from
conversion and spent fuel storage. No sig.
nificant effluent to the envronment.

TRU and HLW (deep) .. - . . . _ 1.1 x 10 ' Buned at Federal Repos: tory.

Effluents-thermal (bilhons of Bntish thermal utvis) _... 4.063 < 5 percent of model 1,000 MWe LWR
Transportaten (person. rem):

Exposure of workers and general pubhc . . _ . . . . . . . . 2.5
Occupational exposure (person-rem) . 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,
us effect, the Table should be read as if a specific rero entry had been made. However, there are other areas that are not
addressed at all m the Table. Table S-3 does not enclude health effects from the effluents desenbed 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 reay be the subrect of htigahon m the ext vidual hcensang proceedings

Data support 4ng this table are given m the "Envvonmental Survey of the Uranium Fuel Cycle," WASH-1248. Aprd 1974, the
"Envronmental Survey of the Reprocessing and Waste Management Porton of tf e f.WR Fuel Cycle," NUREG-0116 (supp. I to
WASH-1248); the "Pubhc Comments and Task Force Responses Regarding the Envronmental Survey of the Reprocessmg and

' Waste Management Portons of the LWR Fuel Cycle," NUREG-0216 (Supp 2 to WASH-1248); and m the record of the final
rutemakmg pertairung to Urarwum Fuel Cycle impacts from Spent Fuel Reprocessing and Radioactive Waste Management,+

Docket RM-50-3 The contnbutons from reprocessing. waste management and transportation of wastes are maxmzed for
either of the two fuel cycles (urarwum only and no recycle). The contnbution from transportatson exciudes transportation of cold
fuel to a reactor and of tradiated fuel and radcactive wastes from a reactor which are considered m Table S-4 of f 51.20(g).
The contnbutons from the other steps of the fuel cycle are given m columns A-E of Table S-3A of WASH-1248.

'The contnbutions to temporardy ccmmitted land from reprocessang are not prorated over 30 years, since the complete
temporary unpact accrues regardless of whether the plant services one reactor for one year or 57 reactors for 30 years.

' Estimated effluenis based upon combuston of equrvalent coal for power generation,
' t 2 percent from natural gas use and process.

_ _ _ - - - - _ _ . _ _
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5.11 DECOMMISSIONING

Decommissioning of a nuclear power reactor does not usually involve environ-
mental impacts that are unique to a specific project. The technology for
decommissioning nuclear facilities is well in hand and, although technical
improvements in decommissioning techniques are to be expected, at the present
time decommissioning can be performed safely and at reasonable cost. Radi-
ation doses to the public as a result of decommissioning activities should be
very small and would come primarily from the transportation of decommissioning
waste to waste-burial grounds. Radiation doses to decom'issioning workers
should be a small fraction 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 for
reactors are a small fraction of the present-worth commissioning costs. A
full analysis of decommissioning is available in NUREG-0586, " Draft Generic
Environmental Impact Statement on Decommissioning of Nuclear Facilities"
(Ref. 67).

5.12 EMERGENCY PLANNING IMPACTS

In connection with the promulgation of the Commission's upgraded emergency
planning requirements, the NRC staff (Office of Standards Development) issued
NUREG-0658, " Environmental Assessment 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). The staff believes the only noteworthy potential
source of impacts to the public from emergency planning would be associated

| with the testing of the early notification system. The test requirements and
noise levels will be consistent with those used for existing alert systems;
therefore, the staff concludes that the noise impacts from the system will be
infrequent and insignificant.

References for Section 5

1. J.R. Murray and D.W. Trettel, " Report on Meteorological Aspects of
Operating the Cooling Lake and Sprays at Dresden Nuclear Plants,"
Report 1001-5 to Commonwealth Edison Co., Chicago, IL, August 1, 1973.

2. E.L. Currier et al., " Cooling Pond Steam Fog," J. Air Pollut. Control
Assoc. 24:860-864, 1974.

3. 8.8. Hicks, "The Prediction of Fog Over Cooling Ponds," J. Air Pollut.
Control Assoc. 27:140-142, 1977.

4. 8.8. Hicks, "The Generation of Steam Fog Over Cooling Ponds," In:
" Environmental Effects of Atmospheric Heat / Moisture Releases," K.E.
Torrance and R.G. Watts (eds.), pp. 14-15, Am. Soc. Mech. Eng., New
York, May 1978.

5. J.L. Vogel and F.A. Huff, " Steam Fog Occurrences over Cooling Lakes,"
In: Preprints of the Sixth Conference on Planned and Inadvertent
Weather Modification, Boston, MA, October 10-13, 1977, pp. 69-72, Am.
Meteorol. Soc., 1977.



5-71

6. R.G. Everett and G.A. Zerbe, " Winter Field Program at the Dresden
Cooling Ponds," Argonne National Laboratory, ANL 76-88, Pt. IV,
Atmospheric Phys'ics, Jan-Dec 1976, pp. 108-113, 1977.

7. J.D. Shannon and R.G. Everett, "Effect of the Severe Winter Upon a
Cooling Pond Fog Study," Bull. Am. Meteorol. Soc. 59:60-61, 1978.

8. ' Impacts of Transmission Lines on Birds in Flight," Froceedings of a
Conference, January 31-February 2,1978, Oak Ridge Associated Universities,
f,ak Ridge, Sponsored by U.S. Dept. Interior, Fish and Wildlife Service,
ORAU-142, 1978.

9. W.L. Anderson, " Waterfowl Collisions with Power Lines at a Coal-Fired
Power Plant," Wildl. Soc. Bull. 6(2):77-83, 1978.

10. " Draft Environmental Statement Related to the Operation of Callaway Plant,
Unit 1," NUREG-0813, U.S. Nuclear Regulatory Commission, September 1981.

11. J.H. Pierluissi, " Effects of Electromagnetic Fields below 30 MHz on
Animal Biology," Lawrence Livermore Laboratory, UCRL-51880, August 1975.

12. " Biological Effects of High Voltage Electric Fields," Prepared by IIT, j
Chicago, for the Electric Power Research Institute, 2 vols., November 1975. '

13. J.C. Sonnichsen et al., "A Review of Thermal Power Plant Intake Structure
Designs and Related Environmental Considerations," National Technical
Information Service, Springfield, VA, 1973.

14. K.F. Lagler et al., " Ichthyology," John Wiley and Sons, Inc., New York,
1962.

15. E. Kotas, " Studies of the Swimming Speed of Some Anadromous Fishes Found
below Conowingo Dam, Susquehanna River, Maryland," Conowingo Rrservoir -
Muddy Run Fish Studies Progress Report No. 6, Ichthyological Associates,
Holtwood, PA, 1970.

16. T.R. Tatham,." Swimming Speed of the White Perch, Morone americana, Striped
Bass, Morone saxatilis, and Other Estuarine Fishes," Final Report on
Summer Studies Using the Machead Apparatus, presented at the Advisory
Board Meeting for Consolidated Edison of New York, Inc., 1971.

17. J.E. Kerr, " Studies on Fish Preservation of the Contra Costa Steam Plant
of the Pacific Gas and Electric Company," Calif. Dept. Fish and Game,
Fish Bull. No. 92, 1953.

18. G.C. Laurence, " Comparative Swimming Abilities of Fed and Starved Larval
Largemouth Bass (Micropterus salmoides)," J. Fish Biol. 4:73-78, 1972.

19. J.0. Whitaker, Jr. , et al. , " Effects of Heated Water on Fish and Inverte-
brates of White River at Petersburg, Indiana," Ind. Univ., Water Res.
Contr., Report Invest. No. 8, 1977.



. -____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5-72

20. J.R. Stauffer et al. , "The Potential and Realized Influences of Temperature
on the Distribution of Fishes in the New River, Glen Lyn, Virginia,"
Wildl. Monogr. 50, 1976.

21. R.M. Block, " Effects of Acute Cold Shock on the Channel Cat ih," In:

" Thermal Ecology," J.W. Gibbons and R.R. Sharitz (eds. ), U.S. Atomic
Energy Commission, Oak Ridge TIC, Oak Ridge, TN, pp. 109-118, 1974.

22. M.D. Dahlberg and J.C. Conyers, " Winter Fauna in a Thermal Discharge
with Observations on a Macrobentbos Sampler," In: " Thermal Ecology,"
J.W. Gibbons and R.R. Sharitz (eds.), U.S. Atomic Energy Commission,
Oak Ridge TIC, Oak Ridge, TN, pp. 414-422, 1974.

23. R.R. Massengill, " Benthic Report," In: "The Connecticut River Investi-
gation," Ninth Semiannual Progress Report to the Connecticut Water Re-
sources Commission, 1969.

24. H.H. Prince, P.J. Rusz, and R. Rusz, "Waterbird Use of the Midland Plant
Cooling Pond and Dow Chemical Company's Tertiary Treatment Pond - Annual
Report - 1979," Michigan State University,1980.

25. H.H. Prince, P.J. Rusz, and R. Rusz, "Waterbird Use of the Midland Plant
Cooling Pond and Dow Chemical Company's Tertiary Treatment Pond - Annual
Report - 1980," Michigan State University,1981.

26. "1980 Census of Population and Housing, Michigan, Final Population and
Housing Counts," Bureau of the Census, U.S. Department of Commerce,
March 1981.

27. " Comprehensive Development Plan," Midland Planning Commission, June 1972.

28. G. Kulp, D.B. Shonka, M.J. Collins, B.J. Murphy, and K.J. Reed, "Trans-
portation Energy Conservation Data Book: Edition 4," Prepared by Oak
Ridge National Laboratory for U.S. Department of Energy,1980.

29. " standards for Protection Against Radiation," Title 10 Code of Federal
Regulations Part 20, January 1981.

30. " Domestic Licensing of Production and Utilization Facilities," Title 10
Code of Federal Regulations Part 50, ' January 1981.

31. " Environmental Radiation Protection Standards for Nuclear Power Operations,"
Title 40 Code of Federal Regulations Part 190, January 1981.

32. " Radiation Protection," In: " Standard Review Plan," Chapter 12, NUREG-0800
(formerly NUREG-75/087), U.S. Nuclear Regulatory Commission, July 1981.

33. "Information Relevant to Ensuring that Occupational Radiation Exposures
at Nuclear Power Stations Will Be as Low as Is Reasonably Achievable,"
Regulatory Guide 8.8, Revision 3, U.S. Nuclear Regulatory Commission,
June -1978.'



_ _ _ _ _ _ _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -

5-73

34. B. G. Brooks, " Occupational Radiation Exposure at Commercial Nuclear
Power Reactors,1980," NUREG-0713, Vol. 2, U.S. Nuclear Regulatory
Commission, December 1981.

35. "The Effects on Populations of Exposure to Low Levels of Ionizing Radia-
tion," Advisory Committee on the Biological Effects of Ionizing Radia-
tions (BEIR), National Academy of Sciences / National Research Council,
November 1972 (BEIR I Report).

36. "The Effects on Populations of Exposure to Low Levels of Ionizing Radia-
tion," Advisory Committee on the Biological Effects of Ionizing Radiations
(BEIR), National Academy of Sciences / National Research Council, 1980
(BEIR III Report).

37. " Recommendations of the International Commission on Radiological Pro-
tection," ICRP Publication 26, International Commission on Radiological
Protection, January 1977.

38. " Review of the Current State of Radiation Protection Philosophy," NCRP
Report No. 43, National Council on Radiation Protection and Measurenents,
January 1975.

39. " Sources and Effects of Ionizing Radiation," United Nations Scientific
Committee on the Effects of Atomic Radiation, 1977.

40. " Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Pressurized Water Reactors (PWR-GALE Code)," NUREG-0017,
U.S. Nuclear Regulatory Commission, April 1976.

41. " 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," Regulatory Guide 1.109, Revision 1, U.S. Nuclear Regulatory
Commission, October 1977.

42. " Cancer Facts and Figures 1979," American Cancer Society, 1978.

43. B. G. Blaylock and J. P. Witherspoon, " Radiation Doses and Effects
Estimated for Aquatic Biota Exposed to Radioactive Releases from LWR
Fuel-Cycle Facilities," Nuclear Safety 17:351, 1976.

44. " Programs for Monitoring Radioactivity in the Environs of Nuclear Power
Plants," Regulatory Guide 4.1, Revision 1, U.S. Nuclear Regulatory
Commission, April 1975.

45. "An Acceptable Radiological Environmental Monitoring Program," Radio-
logical Assessment Branch Technical Position, Revision 1, U.S. Nuclear
Regulatory Commission, November 1979.

46. " 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," Regulatory Guide 1.21, Revi-
sion 1, U.S. Nuclear Regulatory Commission, June 1974.

!
. . .

.



5-74

47. Statement of Interim Policy, " Nuclear Power Plant Accident Considerations
Under the National Environmental Policy Act of 1979," 45 FR 40101-40104,
June 13, 1980.

48. " Final Safety Analysis Report, Midland Plant Units 1 and 2," Docket
Nos. 50-329 and 50-330, Consume >; Power Company, Docket date November 18,
1977, as amended.

49. " Safety Evaluation Report for the Midland Plant Units No. 1 and 2,"
Docket Nos. 50-329 and 50-330 (to be published).

50. " Energy in Transition 1985 - 2010," Final Report of the Committee on
Nuclear and Alternative Energy Systems (CONAES), National Research Council,
Chapter 9, pp 517-534, 1979.*

51. C.E. Land,_ Science 209, 1197, September 12, 1980.

52. H. W. Bertini et al., " Descriptions of Selected Accidents That Have Oc-
curred at Nuclear Reactor Facilities," Nuclear Safety Information Center,
Oak Ridge National Laboratory, ORNL/NSIC-176, April 1980.

53. L. B. Marsh, " Evaluation of Steam Generator Tube Rupture Accidents,"
U.S. Nuclear Regulatory Commission, NUREG-0651, March 1980.

54. "Three Mile Island - A Report to the Commissioners and the Public,"
.

Vol. I, Mitchell Rogovin, Director, Nuclear Regulatory Commission Special
Inquiry Group, Summary Section 9, January 1980.

55. " Report of the President's Commission on the Accident at Three Mile
Island," Commission Findings B, Health Effects, October 1979.

56. " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, NUREG-0737, November 1980.

57. " Reactor Safety Study--An Assessment," U.S. Nuclear Regulatory Commission,
WASH-1400 (NUREG-75/014), October 1975.

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

59. H. W. Lewis et al., " Risk Assessment Review Group Report to the U.S. Nuclear
Regulatory Commission," NUREG/CR-0400, September 1978.

60. " Overview of the Reactor Safety Study Consequences Model," U.S. Nuclear
Regulatory Commission, NUREG-0340, October 1977.

61. " Liquid Pathway Generic Study," U.S. Nuclear Regulatory Commission,
NUREG-0440, February 1978.

*This report was also published in 1980 by W.H. Freeman and Company. Pages
cited will differ.



._

!-

.
5-75

!
!

| 62. " Report to the Congress, by the Comptroller General of the United States,"
| EMD-81-106, August 26, 1981.

63. "NRC Action Plan Developed as a Result of the TMI-2 Accident," Vol. I,
U.S. Nuclear Regulatory Commission, NUREG-0660, May 1980.

64. " Environmental Survey of the Reprocessing and Waste Management Portions
of the LWR Fuel Cycle," N'JREG-0116 (Supplement 1 to WASH-1248), U.S.
Nuclear Regulatory Commission, October 1976.

65. "Public Comments and Task Force Responses Regarding the Er"ironmental
Survey of the Reprocessing and Waste Management Portions of the LWR Fuel
Cycle," NUREG-0216 (Supplement 2 to WASH-1248), U.S. Nuclear Regulatory
Commission, March 1977.

66. " Environmental Survey of the Uranium Fuel Cycle," WASH-1248, U.S. Atomic
Energy Commission, April 1974.

67. " Draft Environmental Impact Statement on Decommissioning of Nuclear Facili-
ties," U.S. Nuclear Regulatory Commission, NUREG-0586, January 1981.

i

4



6. EVALUATION OF THE PROPOSED ACTION

6.1 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

The staff has reassessed the physical, social, and economic impacts that can
be attributed to operation of the Midland Plant. Such impacts, beneficial or
adverse, are 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.

At the present time the staff foresees no impacts of a magnitude requiring
mitigating actions except possibly those of fogging, as discussed in Sec-
tion 5.4.1. However, In addition to this, the applicant is required to adhere
to the following conditions for protection of the environment:

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 Appendix B Environmental Protection Plan
(nonradiological) and Appendix A Technical Specifications (radiological)
that will be incorporated in the operating licenses for Midland Units 1
and 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.

6.2 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.

6-1
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Table 6.1. Benefit-Cost Sumary for the Midland Plant

Magnitude Staff Assessment
Benefit or Cost (Reference) or Referencet8 of Benefit or Costt2

BENEFITS

{ Direct

| Electrical energy (Sec. 2.2) 7 billion kWh/yr Moderate

j Additional generating capacity (Sec. 2.4) 1310 MWe (design rating) Moderate

| Reduced generating costs (Sec. 2.2) $200 million/yr Large

| Diversity of fuel supply (Sec. 2.3) Small
i

| System reliability (Sec. 2.4) Large

Indirect

- Local property taxes (Sec. 5.8) $62 million/yr (1984$) Large

Employment (Sec. 5.8) 600 employees Small

Payroll (Sec. 5.8) $17 million/yr (1984$) Small

.

Local retail purchases by $6.5 million/yr (19845) Small
' employees (Sec. 5.8)

local service and merchandise $6.0 million/yr (19845) Small .

j. purchases by utility (Sec. 5.8)
| Improvement la air quality due to (Sec. 5.4) Small

reduction of area gaseous emissions

COSTS

Economic

Fuel (Sec. 2.2) 11 mill /kWh (1984) Small

. Operation and maintenance (Sec. 2.2) 10 mill /kWh (1984) Small

Decommissioning (Sec. 2.2) $235 million (1984$) Small

Environmental and Socioeconomic<

Resources committed:

Land (Sec. 4.2) 500 ha Small

Water (Sec. 5.3) 1.55 x 107 m Moderate3
,

Uranium - U 0. (NUREG-0480) About 8000 t Small3

Other materials and supplies (FES-CP, Sec. IX) Small

Damages suffered by other water users due to:
Surface water consumption (Sec. 4.2) 0.8 m /s Small3

Surface-water contamination (chemical) (Sec. 5.3) Small

Surface-water contamination (thermal) 159 x 10' J/ min Small

Groundwater consumption (FES-CP, Sec. V.B) 0 None
!

Damage to river aquatic biota due to:
. Impingement and entrainment (Sec. 5.5) Small-

Thermal effects (Sec. 5.5) Small

Chemical discharges (Sec. 5.5) Small

i Damage to-terrestrial resources due to:
.

Small _Fog and ice (Sec. 5.5)''

| Transmission line maintenance (Sec. 5.5) Small

Cooling pond (regional waterfowl) (Sec. 5.5) -Small
,

|
!

- _ _ ._-
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Table 6.1. (Continued)

Magnitude Staff Assessment
Benefit or Cost (Reference) or Referencett of Benefit or Costta -

COSTS (Continued)

Environmental and Socioeconomic (Continued)

Adverse socioeconomic effects due to:
Loss of historic or archeological resources (Sec. 5.7) Small
Traffic (Sec. 5.8) Small
Fog and ice on roads (Sec. 5.4) Moderate
Demands on public facilities and services (Sec. 5.8) Small
Demands on private facilities and services (Sec. 5.8) Small
Crop losses (waterfowl) (Sec. 5.8) Small

Adverse nonradiological health effects due to:
Air quality changes (Sec. 5.4) Small

Adverse radiological health effects due to:
Reactor operation on:

General population (Sec. 5.9.3) Small
Workers onsite (Sec. 5.9.3) Small

Balance of fuel cycle (Sec.5.10) Smali
Accident risks (Sec. 5.9.4) Smali

18 - Where a particular unit of measure for a benefit / cost category has not beer. 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 or other source for further
information.

12. Subjective measure of costs and benefits are assigned by reviewers, where quantification is not
possible: "Small - impacts that, in the reviewers' 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 the reviewers' judgments,
are ,likely to be clearly evident (mitigation alternatives are usLally considered for moderate
imp 4s); "Large" - impacts that, in the reviewers' judgments, represent either a severe penalty
or a major benefit. Acceptance requires that large negative impacts should be more than of fset
by other overriding project considerations.

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

There have been no signficant changes in the staff's preconstruction evalua-
tion of the relationship between environmental effects of short-term uses
(construction and operation of the plant) and long-term productivity (FES-CP,
Sec. VIII). The conclusion that the dedication of resources for a nuclear
generating plant at the Midland site is consistent with the balancing of
short- and long-term objecti tes for use of the environment is still valid.

6.4 BENEFIT-COST SUMMARY

The benefits and costs of operating the plant are summarized in Table 6.1,
which provides the staff's assessments of degrees of benefit or cost, as well
as magnitudes of impact where they are quantifiable. References that contain
further information are indicated.

6.4.1 Benefits

The primary benefits to be derived from operation of the plant include an
annual production of about 7 billion kWh of baseload electrical energy over
the lifetime of the plant, improved reliability of the applicant's system
brought about by the addition of 1310 MWe (design ating) of generating capacity
to the system, a saving from 1984 onward of more .han $130 million in produc-
tion costs per year, and an increase in the diversity of the fuel supply of
the system as a result of providing additional baseload generating capacity
using a fuel other than coal (Sec. 2).

Secondary or indirect benefits arising from operation of the Midland Plant
include wages paid to about 600 operating personnel (projected at about
$17 million per year in 1984 dollars) and taxes paid to state and local subdivi-
sions (Sec. S.8.3). The applicant paid $11 million in property taxes on the
Midland Plant ($7 million to the City of Midland) in 1980, and projects an
annual property tax payment to the city of $62 million (1984 dollars) during
operation (Sec. 5.8.3). Total annual taxes paid to state and local subdivi-
sions during operation are estimated at about $65 million. The local bodies
receiving a majority 'of these funds would be Midland public schools, Midland
County operating budget, ambulance service, Delta College and County Inter-
mediate School Distric6 (Section 5.8.3). Retail purchases by plant operating
personnel are estimated at about $6.5 million annually (Sec. 5.8.2).

An additional secondary or indirect benefit is that the provision of process
steam to the Dow Chemical Company by the Midland Plant will enable Dow to
comply with area and regional air quality requirements.

6.4.2 Costs
:
'

6.4.2.1 Economic

The economic costs associated with plant operation include fuel costs andi

operation and maintenance costs, which for 1984, the first full year in which
both units of the Midland Plant are expected to operate commercially, are
11 mill /kWh and 10 mill /kWh in 1984 dollars, respectively (Table 2.1). The
cost of decommissioning is a small additional cost of plant operation. The

_ - _ _ _ _ - - _ - _ _ _ _
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applicant's estimate for decommissioning the plant is $235 million in 1984
dollars (Sec. 2.2).

6.4.2.2 Environmental and Socioeconomic

Changes in plant design, operating procedures, and environmental data that
were taken into consideration in this operating-license review have not led to
significant increases in the environmental or socioeconomic costs over the
corresponding costs that were estimated during the construction permit review.
The costs considered include those attributable to the uranium fuel cycle and
to plant accidents. Such costs are either negligible or range from small to
moderate.

6.4.3 Conclusions

As a result of the analysis and review of potential environmental, technical,
economic, and social impacts, the staff has prepared an updated forecast of
the effects of operation of the Midland Plant. No new information has been
obtained that alters the overall balancing a' the benefits versus the environ-
mental costs of plant operation. Consequently, the staff has determined that
the plant will most likely operate with only minimal environmental impact.
The staff finds that the primary benefits of minimizing system production
costs and increasing baseload generating capacity by 1310 MWe greatly outweigh
the environmental, social, and economic costs.

. _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -.



7. LIST OF CONTRIBUTORS

The following personnel of the Office of Nuclect Reactor Regulation, U.S.
Nuclear Regulatory Commission, Washington, DC, participated in preparation of
this draft environmental statement:

NAME TITLE REVIEW BRANCH

Darl S. Hood Project Manager Licensing Branch #4
Ronald W. Hernan Project Manager Licensing Branch #4
Maurice Messier Environmental Review Antitrust & Economic

Coordinator Analysis
W. Wayne Meinke Health Physicist Radiological Assessment
Paul P. Psomas Emerg. Prep. Analyst Emerg. Prep. Lic.
Raymond O. Gonzales Hydraulic Engineer Hydrol. & Geotechnical
Richard B. Codell Sr. Hydraulic Engineer Hydrol. & Geotechnical
Jocelyn A. Mitchell Nuclear Engineer Accident Evaluation
Angela T. Chu Nuclear Chem. Engineer Accident Evaluation
Steven Baker Nuclear Engineer Accident Evaluation
Sarbeswar Acharya Environ./ Radiation Accident Evaluation

Physicist
David West Nuclear Engineer Accident Evaluation
Millard L. Wohl Nuclear Engineer Accident Evaluation
James Hauxhurst Meteorologist Accident Evaluation
Sidney E. Feld Environmental Antitrust & Economic

Economist Analysis
Louis M. Bykoski Environmental Siting Analysis

Economist

The following personnel of the Division of Environmental Impact Studies of
Argonne National Laboratory, Argonne, Ill., participated in the preparation of
this draft environmental statement:

L.S. Busch Need for Action and Benefit-Cost; B.S. (Chemical Engineering)
1939, 42 years experience

'

J.E. Carson Air Quality; Ph.D. (Meteorology) 1960, 38 years experience
,

J.D. DePue Technical Editor (ANL input); M.S. (BioE qy) 1974,15 years
experience

i
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i B.A. Payne Social Impact; Ph.D (Sociology) 1977, 7 years experience |

J.L. Saguinsin Chemistry; Ph.D. (Environmental Science and Engineering) 1974,
9 years experience

A.A. Siczek Chemistry; Ph.D (Physical Chemistry) 1974, 15 years experience i

!

Y.H. Tsai Thermal Hydraulics; Ph.D. (Civil Engineering) 1978, 5 years '

experience

W.S. Vinikour Ecology; M.S. (Biology) 1977, 6 years experience
R.A. Zussman Project Leader; Ph.D. (Microbiology) 1963, 18 years experience
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8. LIST OF AGENCIES, ORGANIZATIONS, AND PERSONS TO WHOM
COPIES OF THIS ENVIRONMENTAL STATEMENT ARE SENT

Advisory Council on Historic Preservation
Council on Environmental Quality
Department of Agriculture, Soil Cc.1servation Service
Department of the Army, Corps of E.:gineers
Department of Commerce<

Department of Energy

Department of Health an,d Human Services
Department of Housing and Urban Development

Department of the Interior
Department of Transportation
Environmental Protection Agency

Federal Aviation Administration
Office of the Governor of the State of Michigan
Midland County Board of Supervisors

i
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APPENDIX A. RESERVED FOR RESPONSE TO COMENTS ON THE
DRAFT ENVIRONMENTAL. STATEMENT, OPERATING LICENSE STAGE,

MIDLAND PLANT UNITS 1 AND'2
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Joaan L uwoof E SOX 30028
CMALtl G 90vesGLOvt - LANSING. Me ee909

HOWARD A TANNER O.et. lor

January .13, 1982 ;

Mr. Ron Hernan
Division of Licensing .
Nuclear Regulatory Comission

'Phillips Building
Room 149 ''

7920 Nerfolk Avenue
-

Bethesda, Maryland 20555

Re: Consumers Power Company
Midland Plant

Dear Mr. Hernan:

Enclosed please find a copy of Public Notice, Fact Sheet and Draft Permit
for Consumers Power Company, Midland Plant. It is our understanding that
NRC plans to pt.blic notice the draft DEIS on February 5,1982. . The MONR
plans to public notice the attached draft NPDES permit on February 5,1982.

Very truly yours.

WATER QUALITY DIVISION '

)'a

Chang M. Bek
Permits Section

CMB:bl
cc: G.-Gettie

T. Newell
R. Fobes
W. Denniston/K. Zollner
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'Date:

P U S L I C_U T I C E
Michigan Water Retources Cornission I

Stevens T. Mason Building
Lansing, Michigan 48909

517-373-8038
Permit Number:
MI 0042668

NOTICE: Application for National Pollutant Discharge Elimination System
(Public Law 92-500, as amended) Permit by Comumers Power Comoany,

Jackson, Michigan, to discharge cooling and process waste ,

waters from its Midland Plant into the Titta5awassee River and Bullock Creek.

i
Consumers Power Comoany I

has applied for a National Pollutant Discharge Elimination System (NPOES) Permit to
discharge cooling and process waste waters
into the waters of the State of Michigan. The permit will be issued by the Michigan ,

Water Resources Cocrnission.

The applicant is engaged in the production.of electrical energy and process stcim.
The applicant discharges its effluent.

to _*ha Tittabawassee River and the Bullock Creek.-

On the basis of preliminary staff review and application of applicable standards and
regulations, the Michigan Water Resources Cor.T.ission proposes to issue a permit f:r
the discharge subject to certain effluent limitations and special conditions. The
pemit expiraticn date is March 31,1987 .

The proposed determination to issue an NPOES Permit is tentative. Persons wishing to
cocnent upon, or ocject to, the proposed determination are invited to submit the same
in writing to:

Permits Section
Water Quality Division
Dept. of Natural Resources
Box 30028
Lansing, Michigan 4890g

The permit application number should appear next to the above address on the envelope
and the first paga of any sutraitted coments. All cements received within thirty
(30) dcys of the date of issuance of this public notice will be considered in the
formulation of the final determinations. If no written objections are received, the
Michigan Water Resources Commission will issue its final determinations no later than
sixty (60) days following the date of this notice.

The a; plication, proposed permit including proposed effluent limitations and special
conditions, cont.ents received, and other infomation, are on file and may be inspected
at the Water Quality Division Offices. 8th Floor, Stevens T. Mason Building, Lansir.g.
Michigan and at the District Office located at the State Secondary Goverv. ental Coglex.
tra Floor. General Office Gido. Dimendale MI 43821, Ph: 517/322-1687, at any ti:f.e betwee

-- Copies of the Public Notice and9:30 a.m. and 3:30 p.m., ibnday througn Friday.
corresponding Fact Sheet sucr.arizing application infomation and proposed permit conditions
are available at no charge. Copies of all other information are available at a cost of
Se per page.

.

Please t, ring the fceegoing to the attention of persons whom you know would be interested
in this matter.
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FACT SHEET

| The Tittabawassee River is classified for Recreation - partial body contact;
Fish, UTiditfe, and Wilalife, and Aquatic life - intolerant fish, warm-water species;
Agriculture; Coc:r.ercial; Water Supply - industrial; and other uses. A morn complete
description of the discharges and a sketch of their location follows below: 4 - i

Description of Existing Discharge - Outfall 001: Continuous Olscharge From Combined
Plant Discharge

|

i

CONSTITUENTS MINIMUM AVERAGE MAXIMUM

|
Flow (MGD) 11.8 MGD 1 142.6 MGD
pil(50) 6.0 9.0'

Temperature ("F) 69 87 Winter
101 110 Summer

Ammonia N, c}/4- gj//y //o -4re- 20o
011 and Grease, mg/l <l5.0 <20.1
TSS,mg/l 100

TDS,mg/l 991 2,461
Phosphorus,mg/l 0.06 0.3

Numerous otner constituents are expected to be present in the discharge as incidental
to the operation of this facility and/or due to their natural presence in the incoming .
water supply. The permittee will perfom a preoperational aquatic ecology moaitoring
program, not a part of this permit. One objective of this program will be to establish
seascnal background levels of certain selected water quality parameters.

| Description of Pro osed Discharge - Outfall 002: Intemittent Discharge From the
Condensate Return Pump House Drainage

CONSTITUENTS MINIMUM _ AVERAGE MAXI.'UM

Flow (MGD) 0 .012
SpecificConductance(umhos) 0.50 5.0
pH(50) 6.0 9.0

:

r

)

'!

\
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FLOW DIAGRAM SHOW:NG BASIC WASTEWATER STREAMS
AND ASSOCIATED MOMTOR.NG REQUIRE 9E*4TS
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FACT SHEET

P_roposed Determinationsr

The Water Quality Division has examined the above application. The effluent limitations
contained in the proposed permit are based upon application of guidance matarials
reflecting "best practicable control technology currently available" and the State of
Michigan Water Quality Standards, whichever is more restrictive. The Michigan Water
Resources Comission proposes to issue the applicant a permit to discharge subject to
effluent limitations and certain other conditions. The following is a brief description
of the proposed effluent limitations and special conditions:

1. Proposed Final Limitations
d

C,0NSTITUENTS MINIMUM AVERAGE MAXIMUM

OUTFAl.LOJO -

Temperature: 1. Limitedtonotincreasingthetemgeratureattheedge
of the mixing zone greater than 5 F above natural river

j temperature.
2. Limited to not exceeding the following monthly maximum

at the edge of the mixing zone:

JAN FEB MAR APR PM JUN JUL AUG SEP OCT NOV DEC
41 40 50 63 76 84 85 85 79 68 55 43

1 7Aen >M
Mixing Zone: For the purposes of this pennit, thejmixing zone is defined as the

downstream right 1/4 of the Tittabawassee Rinc. a distance of 1,700
feet downstream of the discharge structure (001).

TotalDissolvedSolids(TDS): The river TDS at Freeland Bridge shall not exceed
500 mg/l as a monthly average nor 750 mg/l as an instantaneous maximum
as a result of plant discharges.'

'
B005 2000 kg/ day

Amonia (as N) 110 kg/ day 200 kg/ day
,

Total Residyal ,Chlort,ne# 0.2 mg/l 0.3 og/l
_

cmc.'ac$[$5EM: Tire MO '-/cy

pH 6.0 9.0

PCB No discharge

4- h|Arn ?%u Cood'.rhy /c'od d/ owe /odn escee.4Nomin.<ktAswyu Aui. pen 4 n. w- - ca <en/n Aen s/ me .i A .< <v
.no/ ex ect.Q o.e/2 *

_ _ _ _ . - _ , _ - . _ _ __ _
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Permit 'hmber:
FACT S H E E i (Continued) Ij!_0,0 W 68

MINIMqi AVERAGE. PAXIMUM_
1

OUTFALL 002

pH 6.0 9.0
! PCB No discharge

COOLING POND BLOWDOWN

f 8005 Monitor and Report
pH 6.0 9.0

,

O!LY WASTE TREATMENT SYSTEM
_

TSS 30 mg/l 100 mg/l

011 & Grease 15 mg/l 20 mg/l

EVAp0RATOR BUILDING NEUTRALIZING SUMP,

TSS 30 mg/l IM s.J/1
TotalPhosphorus(asp) 1.0 mg/l

UNIT 1 & 2 NEUTRALIZING SUMP _

TSS 30 mg/l 100 mg/l
j
!

LALNDRY WASTE TREATMENT SYSTEM

TSS 30 mg/l 100 mg/l,

LIQUID RA9 WASTE TREATMENT SYSTEM

TSS 30 mg/l 100 mg/l

l

! 2. Proposed Special Conditions

The Company shall meet the limitations of the permit with comencement of discharge.
1

Monitoring of essential parameters with ownthly reporting are specified in the permit.
! The permit expiration date is March 31, 1987.

Register of Interested Persons

) Any person interested in a particular application or group of applications, may
leave his name, address and phone number as part of the file for an application. The
list of names will be maintained as a means for persons with an interest in an
application to contact others with similar interests.

;
e
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MI 004?f,08
F T 5HEET

Sublic Hearing

If submitted ccments indicate a significant public interest in the application, or
if useful information may be produced thereby, the Michigan Water Resources Coanission,
at its discretion, may hold a public hearing on the application. Any person may
request the Michigan Water Resources Connission to hold a public hearing on the
application.

Public notice of a bearing will be circulated at least thirty (30) days in advance
of hearings. The hearing will be held in the vicinity of the discharge. Thereafter,
the Michigan Water Resources Conaission will formulate its final Jetermination . within
sixty (60) days. Further information regarding the conduct and nature of public |

hearings concerning discharge permits may be obtained by writing or visiting the '

address shown on the Public Notice.

.

9
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MICHIGAN WATER D.E50tRCES C0 MISSION'

AUTHGRIZATION TO DISCHARGE UNDER THE

NATIONAL POLLUTANT DISCHARGE ELIMI::ATI0il SYSTEM

In compliance with the provisions of the Federal Water Pollution Con:eol
Act, as acended. (33 U.S.C.1251 et seq; the "Act"), and the Michigan Weter
Resources Comission Act, as amended, (Act 245, Public Acts of 1929, as amended,
the " Michigan Act").

CONSUMERS POWER COMPANY
212 West Michigan Avenue
Jackson, Michigan 49201

is authorized to discharge from a facility located at

Midland Plant Site
3500 E. Miller Road
Midland, Michigan 48640

to receiving water named Tittabawassee River and Bullock Creek

in ac:ordance with effluent limitations, monitoring requirements and other
conditions set forth in Parts I and !! hereof.

This permit shall become effective on the date of issuance and shall be final
in the at .ence of a request for a hearing filed within 15 days after receipt thereof.

This permit and the authorization to discharge shall expire at midnight,
JargWLl_E. In order to receive authorization to discharge beyond the i

date of ex?1 ration, the permittee shall sutait such infomation and forms as are
required by the Michigan Water Resources Comission no later than 180 days prio* to
the date of expiration.

This permit is based on the Company's application dated February 28. 1973_ai amendel
and shall supersede any and all Orders of Determination, Stipulation, or final Crders
of Determination previously adopted by the Michigan Water Resources Comission.

Issued this day of , for the Michigan Water Resources
Commission , superseding State Pennit No. M 00057, issued ' June 6,1974 and Order
of Determination No.1426, issued October 15, 1970.

~

PROPOSED
DATE: ___ /b.3.

-

SUBJECT TO Robert J. Courchaine
Executive Secretary

REVISION
. _.

- _ _ _ _ _ _ _ _ _ _ _ _ _
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A. Ef FLUUli Lill! tai!0ris A*.D fel! TOP.!!d RECJIRDCiTS

1. Interim Effluent Limitations - Discharges During Construction

During the period beginning with the date of issuance of this permit and ending
when both Unit 1 and Unit 2 commence ennmercial operation, the remittee is allowed the
intemittent discharge of cooling pond blowdown, hydrostatic test water, auxilia.y boiler
blowdown, system flush water, site dewatering and storm runoff into the Tittabawassee
River. Such discharges shall be limited and monitored 0y the permittee as specified below:

Discharce Limitation 1
kg/ day (lbs/Asy) Other Linitations Monitoring Recuire gr.ts,

Effluent f.ont51y Daily Monthly Daily Feesurement Sampie
._ Characteristic Average Maxieum_ Average, Maxir.um Freylency Type __

3Flow M / Day (MGD) Daily *
Total Suspended Solids 30 mg/l 100 mg/l Daily / Weekly ** Grab

Armonia (as N) 2 mg/l Daily / Weekly ** Grab
Total Phosphorus (as P) I ng/l Daily / Weekly ** Grab
Chemical Flushes See "e" below

a. The discharge shall not cause excessive foam in the receiving waters. The
discharge shall be essentially free of floating and settleable solids.

b. The discharge shall not contain oil or other substances in amunts sufficient to
create a visible film or sheen on the receiving waters.

c. Samples taken in compliance with the monitoring requirements above shall be taken
prior to discharge to the Tittabawassee River.

d. The pH shall not be less than 6.0 nor greater than 9.0. The pH shall be monitored
as follows: Daily / Weekly **, per discharge occurrence; grab sample.

e. In the event the permittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the Water
Quality Division to use such additives at specified levels shall be obtained prior to
usage by the pemittee. The permit will be modified in accordance with the requirements
of Part II, Section A-1 if a constituent of the additive or additives requires limiting.

*Per discharge occurrence.

** Daily per occurrence when discharging less than seven days; weekly per occurrence when
discharging more than seven days.

* 2. Interim Limitations- Demineralizer Regeneration Waste

During the period beginning with the date of issuance of this pemit and ending
when construction of the cooling pond blowdcwn system to the river is completed, but in
no case later. than when both Unit 1 and Unit 2 cornence conmercial operation, the
demineralizer regeneration wastewater shall be discharged to the Dow Chemical Company
treatment cystem.

_ _ _ _ _ _ x
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1. Interim Effluent Limitations (continued)

3. Interim Limitations - Tcmporary taboratory Trailer Wastewater

During the period beginning with the date of issuance of this permit and ending
when construction of the cooling pond blowdown system to the river is completed, but in
no case later than when both Unit 1 and Unit 2 cornence corrercial operation, all
temporary laboratory trailer wastewater shall be collected and discharged to the Dow
Chemical Company treatment system.

Final Ef fignt ! imitations - Outfall 001, prior to mixing with Radwaste Dilution4.
Water

During the period beginning with the comencement of discharge and lasting untO the
expiration date of this permit, the permittee is authorized to discharge up to a maximum
of one hundred and forty-three million (143,000,000) gallons per day of wastewaters from
cooling pond, oily waste treatment system, evaporator building neutralizing sump. Unit I
and Unit 2 neutralizing wmp, laundry waste treatment system and liquid radwaste system
from Outfall 001 into to Tittabawassee River. Such discharge shall be limited and
monitured by the permittee as specified below:

Dischar e Limitations
kg/ day (1 Other Limitations Monitoring Requirements

Effluent Monthly Dai y ~ Monthly Daily Measurement Samp F
Cha rac teri stic Average Maximum Average _ Maximum Frequency Type

3Flow M / Day (MGD) Daily
Natural * River Temperature (Background), OF Report daily average Daily Csntinuous
Discharge Temperature, F and daily maximum Daily Continuous

The tenperature of the discharge shall not increase the temperature of the river at the
Oedge of the mixing zone greater than S F above the natural * river temperature provided

that at no time shall the temperature at the edge of the mixing zone be greater than
the following monthly maximum:

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

41 40 50 63 76 84 85 85 79 68 55 M 6$
*For purposes of this pemit, natural river temperature is defined as a point on the
Tittabawassee River upstream of the Midland Plant Discharge but downstream of the
confluence of the Chippewa and Tittabawassee River. The actual location to be determinea
following a river temperature study conducted by the permittee.

perm '

Mixing Zone: The3 mixing zone, for the purposes of evaluating compliance w % water quality
standards, is defined as the area enclosed within the right 1/4 of the
Tittabawassee River startin9 from the point of the discharge and extending

/## / eth downstream from the discharge structure.,

A

The above defined mixing' zone may be modified upon demonstration by the
permittee that said mixing zone is more stringent than necessary to protect
the uses of the river downstream of the mixing zone as determined by a
showing that the discharge does not adversely affect the minimum dissolved
oxygen levels in the river or restrict the passage of fish and fish food
organisms in such manner that their lernediate and future populations are
significantly affected. Such modification shall be inade in accordance with
Part II Section C-4 herein.

, . ... . _ . . . . . . .._ .. .
. _ _ _ _ _ _ _ _ _ _ _ _
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4. Final Effluent Limitations (contirued)

Dischar e Limitations
kg/ day 1ET/yy)g~' Other t.imitat,fons Monitorine *)egguire: men ts ,

Effluent Monthly Daily Monthly Daily Measuremerit 5;aple >

C!Laracteristic Average Maximum _ Averaoe Maximum Frequency Type !

Total Dissolved Solids (TDS): Report daily average and daily maximum (calculated from
continuous conductivity readings).

Intake River Concentration (TDS) Daily Continuous
Discharge Concentration (TDS) Daily Continuous

River Concentration at Freeland Bridge Daily Continuous

The total dissolved solids concentration of the discharge shall not increase the river
concentration at freeland Bridge above 500 mg/l on a monthly average nor more than
750 mg/l at any time. 1

B005 2000 Daily 24 Hr. Comp. !

(4409)

Amonia (as N) 110 200 Daily 24 Hr. Comp.
(242) (441)

Total Residual Chlorine *(TRC)N 0.2 mg/l 0.3 mg/l Daily *"*Three grab
i samples

Cool-ing-pond-Bhhn-Time ** - - -. I SO-ai n/ day.--Da ilyNt Rep:rt apl 6*. -
time

Outfall Observation *** Daily Visual

*To be measured by the amperometric titration technique.

**When the cooling pond blowdown time exceeds 160 minutes in any 24 hour period the
maximum concentration of TRC shall not exceed 0.083 mg/l/

The permittee may use dechlorination techniques to achieve the applicable limitations,,.

j using socium thiosulfate or sodium sulfite or other dochlorinating agents approved by
the Chief of the Water Quality Division, as dechlorination reagents. The quantity of'

reagent used shall be limited to 1.5 times the stoichiometric amount needed for
dechlorination. The pennittee shall report monthly the quantity of each dechlorination
reagent used per day. ,/jf,. ,g,,,,.w

! The permittee may demonstrate to the Comission that ' higher chlorinefand/or BOD [ limitsS
are acceptable. The permittee may also demonstrate to the Comission that no chlorine

; limitations or monitoring is necessary.

- ***Any unusual characteristics of the discharge which would not be expected from the
! above authorized discharge (i.e., turbidity, discoloration, oil film, suspended matter,

etc.) shall be reported imediately to the District Office of the Water Quality Division,
followed with a written report within 5 days detailing the findings of the investigation
and the steps taken to correct the condition.

'*h: PewMg:p" -' >%rg'r-_-**
; ..

!
4

;

!
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_ _ _ _ _ _ _ ---
. ..

. .. .

B-15

fcrnitGo.!il,,0lifff}, Page 5 of 21

4.. Final Effluent Limitations (continued)

a. The pH of the discharge shall not be less than 6.0 nor greater than 9.0. The
pH shall be monitored as a grab sample at weekly intervals.

b. The discharge shall not cause excessive foam on the receiving waters. The
discharge shall bc essentially free of floating an,d settleable solids.

c. Samples taken in compliance with the monitoring requirements above for Outfall 001
shall be taken at a point prior to discharge into the Tittabawassee River and prior to
r:txing witii radwaste dilution water,

d. In the event the permittee shall require the use of water treatment additives
in addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify tha Division Chief. Written approval frcm the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained prior
to usage by the permittee. The permit will be modified in accordance with the
requirements of part II Section A-1 if a constituent of the additive or additives
requires limiting.

.__ _ _ _
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5. Final Effluent Limitations - Outfall 002, Condensate neturn Pe:p House Drainage

During the period beginning with the cormencement of discharge and lastirg until the
expiration date of this permit, the permitt2e is authorized to discharge up to a maximum
of t.elve thousand (12,000) gallons per day of condensate return pump house drainage on
an intermittent basis to Bullock Creek from Outfall 002. This drainage consists of minor
pump seal leaks, groundwater seepage, and high wuality condensate resulting from
equipment repairs or maintenance. Such discharge shall be made consistent with the
following restrictions:

(1) Discharge of groundwater scepage and minor seal leakst no effluent monitoring
or sampling requirements.

(2) Discharge of condensate resulting from drainage or failure of equipment.

Discharge Limitations
kg/ day (I E/ day) Other Limitations _ Monitoring Requirements

Effluent Monthly D'aIly HuiitliTy Daily Measurement Sample
-

Cigaracteristic Average Maximum Average fiaximum Frequency Type

3flow M / Day (MGD) Daily *

Outfall Observation'* Daily * Visual

a. TPc pH shall not be less than 6.0 nor greater than 9.0. The pH shall 'be monitorr e
as follows: Daily *; grab.

b. Samples taken in comp 11ance with the monitoring requirements above shall be taken
at Outfall 002 prior to mixing with stt rmwater runoff,

c. All discharges under A.5(2) shall be reported in writing to the District II Office
of the Water Quality Division withis 10 days of each occurrence. Said reports shall
include the cause of the discharge, the volume of the discharge, and the results of the
analysis and observations required in A.5(2). a and b.

d. In the event the permittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained prior,

! to usage by the permittee. The pennit will be modified in accordance with the requirements
of Part II, Section A-1 if a constituent of the additive or additives requires limiting.

,

*Per discharge occurrence.

**Any unusual characteristics of the discharge which would not be expected from the above
authorized discharge (i.e., turbidity, discoloration, oil film, suspended matter, etc.)
shall be reported imediately to the District Office of the Water Quality Division,
followed with a written report within 5 days detailing the findings of the investigation
and the steps taken to correct the condition.

,

|,*

_ _ _ _ _ . _ _ _
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6. Final Effluent Limitations - Cooling Pond Discharge Prior to Outf411001

During the period beginning with the comencccent of discharge and lasting until the
expiration date of this permit, the pennittee is authorized to discharge up to a naximum
of one hundred and forty-two million (142.000.000) gallons per day of cooling pond
blowdown and miscellaneous low-volume wastes consisting in part of site storm drainage,
site 1ewatering. Units 1 and 2 clean waste sump. Unit I and Unit 2 neutralizing sumps,
evaporator building neutralizing sump, oily waste storage tank overflow, iron removal
sump, condensate storage tank overflow and/or drain and service water cooling tower
blowdown through Outfall 001 into the Tittabawassce River. Such discharge shall be
limited and monitored by the permittee prior to mixing with any other cooling 'or process
wastewaters or radwaste dilution water as specified below:

Discharge Limitations ~

ho/ day (1~bsfday)k3 Other Linitations Monitoring Requirements
nthly Daily Monthly Daily Measurement SampleEf fluent

Characteristic Average Maximum Average _ Maximum _ Frequency __ Type

f Flow. M / Day (MGD) Daily *

Blochemical Oxygen Demand. 5 Day Weekly * Grab

| Outfall Observation ** Daily * Observation
i

1

a. The p,H shall not be less than 6.0 nor greater than 9.0. The pH shall be ronitored
as follows: Daily *; grab sample.

b. Samples taken in compliance with the monitoring requirements above shall be taken
at 1 point prior to discharge through 001 and prior to mixing with any other wastewaters
and/or the radwaste dilution water.

c. In the event the permittee stall require the use of water treatment additives in4

codition to any previously approved'by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained prior
to usage by the permittee. The pennit will be modified in accordance with the

,

requirements of Part II. Section A-1 if a constituent of the additive or additives+
:

requires limiting.

*Per discharge occurrence.
,

|
**Any unusual characteristics of the discharge which would not be expected from the abovt '

! authorized discharge (i.e., turbidity, discoloration, oil film, suspended matter, etc.)
shall be reported tunediately to the District Office of the Water Quality Division,
followed with a written report within 5 days detailing the findings of the investigation
and the steps taken to correct the condition.

i

i

[

!

'

;
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7. Final Effluent Limitations - Olly Waste Treatment System

During the period beginning with the comencement of discharge and lasting until t)
expiration date of this permit, the pennittee is authorized to discharge up to a ruxirr,
of two hundred and eighty eight thousand (288,000) gallons per day of wastewater from
the oily waste treatment system consisting of auxiliary boiler blowdown, floor drains
:nd precipitation from the outdoor transformer area through Outfall 001 into tha
Tittabawassee River. Such discharce shall be limited and monitored by the permittee p
to mixing with any other cooling oc process wastewaters or radwaste dilution water
as specified below:

Discharge Limitations
k.9/ day (lbs/ day) Other LiiETtations Monitoring Requireme!

Effluent Monthly Daily Monthly Daily Measure:nent Sampic

Characteristic Average Maximum Average Maximum Frequency Type

3Flow,M/ Day (MGD) Weekly

Total Suspended Solids 33(72) 104(240) 30 mg/l 100 mg/l Weekly Grab

011 and Grease * 16(36) 22(48) 15 mg/l 20 mg/l 2 X month Grab
,

a. Samples taken in compliance with the monitoring requirements above shall be tatt
at a point prior to mixing with any other wastewaters and/or radwaste dilution water a:
prior to discharge to Outfall 001.

b. In the event the permittee shall require the use of water treatment additives is
addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the Wat.
Quality Division to use such additives at specified levels shall be obtained prior to
usage by the permittee. The permit will be modified in accordance with the requiremen-
of Part !!, Section A-1 if a constituent of the additive or additives requires limitin;

*The permittee may demonstrate that "flo visible film" is more stringent than the above
concentration limitation.

|

|

1

|

|

1

|
|

|

|
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8. Final Effluent limitations - Evaporator Building Neutralizing Sump

During the period beginning with the co.rnencement of discharge and lasting until~

the expiration date of this permit, the permittee is authorized to discharge up to a
maximum of two hundred twenty thousand (220.000) gallons per day of waste water from
the evaporator building neutralizing sump, consisting of makeup demineralizer system
regeneration waste, the evaporator building laboratory waste, chemical addition and
storage area floor drains through Outfall 001 into the Tittabawassee River. Such
discharge shall be limited and monitored by the permittee prior to mixing with any
other cooling or process wastewaters or radwaste dilution water as specified below:

Discharge Limitations
kg/ day (1bs/ day) Other Limitations Monitoring Requirements _

~

Effluent Hunthly Daily Monthly DaiTy Measurement Sample
Characteristic Average Maximum Average Maximum Frequency Type

3Flow, M / Day (MGD) Daily *

Total Suspended Solids 25(55) 83(183) 30 mg/l 100 mg/l Daily * Grab

Total Phosphorus (as P) 0.8(1.8) 1 mg/l Daily * Grab

Samples taken in compliance witti the monitoring requirements above shall be takena.
at a point prior to mixing with any other wastewaters and/or radwaste dilution water and
prior to discharge to Outfall 001.

b. In the event the permittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the Water
Quality Division to use such additives at specified levels shall be obtained prior to
usage by the permittee. The permit will be modified in accordance with the requirements
ef Part II, Sxtion A-1 if a constituent of the additive or additives requires limiting.

*Per occurrence of each batch discharge.

.
. . . . . . . . ..

. . _ _ _ _ _ _ .
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9. Final Effluent Limitations - Unit I and Unit 2 Neutralizing Sump

During the period beginning with the commencement of discharge and lasting until the!

expiration date of this pennit, the pemittee is authorized to discharge up to a maximum
ofone-hundredsixthousand(106.000) gallons per day of Unit 1 and Unit 2 neutralizing i

'

sump wastewater, consisting of Unit 1 and Unit 2 condensate polisher reger.eration waste
and secondary plant laboratory wastewater,' through Outfall 001 into the Tittabawassee
River. Such discharge shall be limited.and monitored by the permittee prior to mixing
with iy other cooling or process wastewaters or radwaste dilution water as specified below

Dischart ? Limitations
tg/ day Obs/ day) Other Limitations Monitoring Requirements

ifluent flonthly Daily MonthW Daily Measurement SiripTe~

[** eristic Average- Maximum _ Average _ Maximum _ Frequency __ he_

Flu, . .I/ Day (MGD) Daily * .

Total Suspended Solids 12(27) 40(88) 30 mg/l 100 mg/l Daily * Grab

.

Samples taken in compliance with the monitoring requirements above shall be takena.
at a point prior to mixing with any other wastewaters and/or radwaste dilution water
and prior to discharge to Outfall 001.

! b. In the event the pemittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality Division, the
penaittee shall notify the Division Chief. Written approval from the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained prior.
to usage by the pemittee. The pemit will be modified in accordance with the
requirements of Part II, Section A-1 if a constituent of the additive or additives
requires limiting.

*Per occurrence of each batch discharge.

|

|

|
{

. .
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10. Final Effluent Conditions - Laundry Waste Treatment System

During the period beginning with the commencement of discharge and lasting until
the expiration date of this permit, the permittee is authorized to discharge up to a
maximum of eight thousand (8.000) gallons per day of laundry waste treatment system

-j wastewater through Outfall 001 into the Tittabawassee River. Such discharge shall be
t limited and monitored by the permittee prior to mixing with any other cooling or pro;ess

wastewaters or radwaste dilution water as specified below:

Discharge Limitations
! kg/ day (lETTday) Other LIER ~tations Monitoring Requirements -

{ Effluent Monthly Daily Monthly Daily Measurement Sample
Characteristic Avera;2e_ Maximum Average Maximum _ Frequency Type'

3Flow.M/ Day (MSD) Daily *
,

Total Suspended Solids 0.9(2.0)3.0(6.7) 30 mg/l 100 mg/l Daily * Grab

i

a. Samples taken in compliance with the monitoring requirements abova shall be
taken at a point prior to mixing with any other cooling or process waste aters or
radwaste dilution water and prior to discharge to Outfall 001.

i
'

b. In the event the permittee shall require the use of water treatment ' additives in !

addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the
Kater Quality Division to use such additives at specified levels shall be obtained prior
to usage by the pennittee. The permit will be modified in accordance with the

irequirements of Part !! Section A-1 if a constituent of the additive or additives
!requires limiting.

*Per occurrence of each batch discharge.

i

i

n
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i
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11. Final Effluent Conditions - Liquid Radwaste Treatment System

During the period beginning with the connencement of discharge and lasting until
the expiration date of this pemit, the permittee is authorized to discharge up to a
maximum of forty thousand (40.000) gallons per day of liquid radwaste treatment system
wastewater through Outfall 001 into the Titubawissee River. Such discharge shall be
limited and monitored by the permittee Drior to mixing with any other cooling or process
wastewaters or radwaste dilution water as specified below:

Discharge limitations
kg/ day (lbs/ day) Other Limitations Monitoring Requirements

Effluent Monthly Daily Monthly Daily Measurement Sample

Characteristic Average Maximum Average Msximum_ Frequen:y Type

Flow.M/ Day (MGD) Daily *3

Total Suspended Solids 4.5(10) 15(33) 30 mg/l 100 mg/l Daily * Grab

Samples taken in compliance with the monitoring requirements above shall bc takena.
at a point prior to mixing with any other cooling or process vastewaters or radwaste
dilution water and prior to discharge to Outfall 001.

b. In the event the permittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality Division, the
permittee shall notify the Division Chief. Written approval from the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained
prior to usage by the permittee. The pemit will be modified in accordance with the
requirements of Part II. Section A-1 if a constituent of the additive or additives
requires limiting.

*Per occurrence of each batch di, charge.

,

, , , .
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12. Final Effluent Limitations - Radwaste Dilution Water through Outfall 001
.

During the period beginning with the date of issuance of th'is permit and lasting
until the expiration date, the permittee it authorized to discharge a maximum of forty-
three million, four hundred thousand (43,400,000) gallons per day of radwaste dilution
water into the Tittabawassee River. Such discharge shall be limited and monitored by
the permittee as specified below:

Discharge Limitations
kg/ day (lbs/ day) Other Limitations Monitoring Requirements

Effluent Monthly Daily Monthly Daily Measurement Sample
Ch.aracteristic Average Maximum _ Average Maximum Frequency Type

i

3Flow, H / Day (MGD) Daily per discharge
occurrence

|

| a. The discharge shall not interfere with the monitoring requirements for A- 4 through
j A-11 of this permit.

b. When the cooling pond blowdown is not being discharged or is insufficient for
radwaste dilution, the permittee may use ratNat te dilution as restricted above.

t

i

i
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13. Final Effluent Limitations - Cooling Tower Blow-10wn Temporary liigh Prc:sure and
Auxiliary Boiler Blowdown and Drains

Beginning with the comencement of discharge and lasting until the expiration date
of this pemit, the permittee is authorized the intemittent dischorge of service v.ater
cooling tower blowdown into the cooling pond and the intermittent discharge of teivorary
high pressure and auxiliary boiler blowdown to the oily waste treatment systcm. Such
discharges shall be limited and monitored by the permittee as specified below:

D_ischarge limitations
kg/ day (lbs/_ day) Other Limitations. Monitoring Requirements

Effluent Ronthly Daily Monthly Daily Measurement SampW
Characteristic Average Maximum Average, Maximum _ Frequency Type

Cooling Tower Blowdown

3Flow M / Day (MGD) Daily *
Materials Added for See "b" below
Corro",fon Inhibition

Auxiliary Boiler Blowdown

3Flow, M / Day (MGD) Daily / Weekly **

f a. Samples taken in compliance with the monitoring requirements above shall be taken:

(1) For cooling tower blowdown: Prior to discharge to the cooling pond.

(2) For auxiliary boiler blowdown: Prior to discharge to the oily waste
! treatment system.
1

b. In the event the pemittee shall require the use of water treatment additives in
addition to any previously approved by the Chief of the Water Quality D: vision, the
permittee shall notify the Division Chief. Written approval from the Chief of the
Water Quality Division to use such additives at specified levels shall be obtained

! prior to usage by the permittee. The pemit will be modified in accordance with the
requirements of Part II Section A-1 if a constituent of the additive or additives

j requires limiting.

!
!

l *Per discharge occurrence.

** Daily per occurrence when discharging less than seven days; weekly per occurrence
when discharging more than seven days.

i

1

;

r

;

!
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14 Final Limitations - River Intake Trash Bar Dcbris, Intake Screens Backwash and
Circulating Water Te avelling Screen,,

Beginning at the date of issuance of this permit and lasting until the expiration
date, the permittee shall collect and remove debris collected on river intake trash bars
and dispose of such material in an appropriate manner. River intake screen backwash may
be discharged back to the Tittabawassee River. Debris collected from the circulating water
travelling screens and trash bars shall be disposed of in an approved manner.

15. Final Limitations - Sanitary Sewage

Beginning with the corciencement of discharge and lasting until the expiration date,
all sanitary sewage from the Midland Plant and the Training and Visitors' Center shall be
discharged to the Dow Chemical Company treatment system. If the pern.ittee elects to
dispose of the sanitary sewage into the groundwate.rs of the state, the permittee shall
hotify'the' Chief of the Water Quality Division of the intended disposal method and obtain
his approval at least 30 days prior to the cortnencement of discharge.

16. Final Limitations - Evaporator Blowdown

Beginning with the cormencement of discharge and lasting until the expiration date of
this permit, evaporator blowdown from the process steam system shall be routinely discharge,

to the Dow Chemical Company treatment system.

17. Fir.a1 Limitation - Polychlorinated Biphenyls

Effective on the date of issuance of this permit, the Company shall not discharga any
polychlorinated biphenyls resulting from Plant operations to the waters of the State of
Michigan.

18. Final Limitations - Masteuater Treatment Solids Sludges or Residuals

The permittee shall not discharge solids, sludges or residuals resulting from waste-,
'

water treatment facilities into the waters of the State,

19. Final Limitation - River Water Withdrawal

; Withdrawal of water from the Tittabawassee River for cooling pond makeup shall not
; exceed the following:

River Flow (CFS) Ist Maximum Withdrawal (CFS) Is:

Less than 350 0

350 - 650 Excess over 350 up to a maximum of 40.
'

Greater than 659 Excess over 650 plus 40 but total
not to exceed pump capacity of 270 CFS.1

!

>

e
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20. Special Condition - River Intake Monitoring Requirem2nts

The Michigan Water Resources Connission has detemined that the location, design,
construction and capacity of the Midland Plant intake structure reflects the best
technology available for minimizing adverse environmental impact in accordance with
Section 316(b) of the Act.

During the period beginning 60 days following the start of conwnercial operation of
the second unit and for a period of ont year, the permittee shall conduct a study to
r-easure the numbers and species of fish impinged and entrained at the river intake
structure. One hundred twenty (120) days following completion of such study, the permittee
shall submit the findings of the study to the Chief of the Water Quality Division. Such
study shall be conducted in accordance with an approved study plan and the Schedule of
Compliance in Part I. Section C.

21. Special Condition - Thermal Monitoring Requirement

The permittee shall determine the extent of the 54 tewerature increase isotherm
in the downstream vicinity of the discharge diffuser during the spring, sumr.ar, and fall
season *. Such study shall be carried out with the site operating at a minimum of 70%
of total capacity following the start of cocnercial operation of the second unic.

One hundred twenty (120) days following completion of such study, the permittee shall
submit the findings of the study to the Chief of the Water Quality Division. The
purpose of the study will be to confirm the thermal discharge is consistent with
temperature Water Quality Standards. Such study shall be conducted in accordance with
an approved study plan and the Schedule of Compliance in Part I. Section C-3.

22. Special Condition - Automatic Makeup and Blowdown System (AM85) Verification Study
Requirements

"During the period' beginning 60 days follnwing the start of cor.tercial operation of
Units 1 and 2 and lasting for a period of one year, the permittee shall complete a
postoperational verification study to confirm that the automatic feed forward mcnitoring
system (AMBS) will provide the necessary controls such athat the disc;.arge from Outfall 001
is consistent with total dissolved solids (TDS) and thermal Water Quality Standards. One
hundred twenty (120) days fsilowing completion of such study, the permittee shall submit
the findings of the study to the Chief of the Water Quality Olvision. Such study shall be
conducted in accordance with an approved study plan and the Schedule,of Compliance in
Part I. Section C. Upon verification of the AMBS. if any discharge occurs which is
predicted by the AMBS to exceed thermal or TDS standards, such discharge will be
considered a noncompliance.

| 23. Special Condition - Toxics Limitations Provision

This permit may be modified, or alternatively revoked and reissued to comply,with any
applicable standards or limitations pron'ulgated under Sections 301(b)(2)(C)(D) 304(b)
(2) and 307(a)(2) if the effluent standards or limitations so promulgated:

a. Is (are) different in conditions or more stringent than any effluent limitation
in the permit; or

b. Controls any pollutant not limited in the permit.
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PART I

B. M M TORING AND REPORTING

1. Representative Sampling

Samples and measurements taken as required herein shall be representative
of the volume and nature of the monitored discharge.

2. Reporting

All reports shall be postmarked no later than the 10th day of the
month following each completed report period,

a. Existing Discharge - First Permit Issuance

The permittee shall submit monitoring reports containing results obtained
during the previous month. The first report shall be submitted within 90 days of
the date of issuance of this parmit.

b. Proposed Discharge

The pemittee shall submit monitoring reports containing results obtained
during the previous month. Monitoring shall commence at the time discharge first
occurs.

c. Existing Discharge - Permit Modified or Petssued With No Nevt Parameters

The pemittee shall continue to submit monitoring reports containing results
obtained during the previous month.

d. Existing Discharge - Permit Modified or Reissued With New Parameters
Previously Not Monitored

The permittee shall continue to submit monitoring reports containing results
obtained during the previous month for parameters currently monitored. The first

, report for parameters specifically excluded in Part I-A shall be submitted withir.
90 days of the date of issuance of this pemit.#

e

I
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3. Definitions

a. The monthly average discharge is defined as the total discharge by
weight, or concentration if specified, during the reporting month divided by
tne number of days in the reporting month that the discharge from the production
or comercial facility occurred. When less than daily sampling occurs, the
monthly average discharge shall be determined by the surnation of the measured
daily discharges by weight, or concentration if specified, divided by the number
of days during the reporting month when the samples were collected, analyzed and
reported.

b. The daily maximum discharge means the total discharge by weight, or
concentration if specified, during any calendar day.

c. Th'e Regional Administrator is defined as the Region V Administrator,
U.S. EPA, located at 230 South Dearborn,13th Floor, Chicago, Illinois 60606.

d. The Michir'*n Water Resources Comission is located in the Stevens T.
Mason Building. The mailing address is Box 30028, Lansing, Michigan 48909.

4. Test Procedures

published pursuant to Section 304(h)ysis of pollutants shall conform to regulations
Test procedures for the anal

of the Act. under which such procedures may
be required.

5. Recording Results

fo* each measurement or sample taken pursuant to the requirements of this
permit, the permittee shall record the following information:

a. The exact place, date, and time L? sampling;

b. The dates the analyses were performed;

c. The person (s) who performed the analyses;

d. The analytical techniques or methods used; and

e. The results of all required analyses,

n

_ _ _ _ _ _ _ _ _ . . _ .
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G. Mditional !'.or.itorir.g by Permittee

if the permittce monitors any pollutant at the location (s) designated
herein more frequently than required by this permit, using approved analytical
methods as specified above, the results of such monitoring shcIl be included
in the calculation and reporting of the values required in the Monthly Operating
Report. Such increased frequency shall also be indicated.

7. . Records Retention

All records and information resulting from the monitoring activities
required by this permit including all records of analyses performed and
calibration and maintenance of instrumentation and recordings from continuou.
monitoring ins' ru .entation shall be retained for a minimum of three (3)t
years, or longer if requested by the Regional Administrator or the Michigan
Water Resources Comission.

C. SCHEDULE OF COMPLIANCE

1. The permittee shall achieve compliance with the interim effluent limitations
specified in Part I, A-1 as follows:

a. If permittee chooses to discharge through Outfall 001, compliance
shall occur with the commencement of discharge.

b. If permittee elects to discharge at a point other than Cutfall 001,
the pemittee shall notify. in writing, to the Chief of the Water

'

Quality Division and obtain his approval of the alternate sites 30
,

days prior to commencement of discharge.

c. Within thirty days of the date of issuance of this permit, the
pemittee shall notify the Chief of the Water Quality Division of.

their intent to use C-1, a or b above.

2. The permittee shall achieve compliance with the final effluent limitations in
Part I. A-1 through A-18 as follows:

a. 'For wastewater treatment systems, flow monitoring and effluent
sampling schemes completed prior to the date of issuance of this
permit, the permittee shall submit as built plans and specifications
to the Chief of the t;ater Quality Division within 60 days following
the date of issuance of this permit.

'
i

b. For those wastewater treatment systems scheduled to be designed I

and/or constructed after the date of issuance of this pemit, the
pemittee shall submit final plans and specifications to the Chief
of the Water Quality Division within 60 days following the date of
issuance of this permit.,

c. On July 1.1982, and every six months thereafter until attaining
consnercial operation of both Unit 1 and Unit 2. the pemittee shall
submit a progress report to the Chief of the Water Quality Division..
Such report shall include, but not be limited to, progress in design,
construction and testing of wastewater treatment systems.

! .

, . .
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Schedale of Compliance (centinued)
.

3. The pennittee shall comply with the requirements of Section 10. Part 11-1 in
accordance with the following:

a. Submit plans for approval to the Chief of the Water Ouality Division
necessary to comply with the primary power provision of Section 10
in Part II on or before NJ,A,.

b. The permittee shall comply with the requirements of items 10a or 10b
contained in Part !! on or before N/A. Notwithstanding the prec,eding
sentence, the permittee shall at aIT~ times halt, reduce or otherwise
control production in order to protect the waters of the State of
Michigan upon the reduction or loss of the primary source of power.

4. The permittee shall achieve compliance with the provisions of the postoperational
river intake monitoring requirements (Part I, A-20) in accordance with the
following schedule. All subnittals shall be to the Chief of the Water Quality
Division of the Department of Natural Resources.

a. By no later than 90 days prior to the start of commercial operation
of the second unit, the permittee shall submit the river intake
monitoring study plan for approval,

b. The permittee shall notify, in writing, when the second unit reaches
the status of commercial operation.

c. Within 120 days of the conclusion of the one-year postoperational intake
study, the permittee shall submit a final report.

5. The permittee shall achieve compliance with the thennal monitoring requirement
for Ou.tfall 001 (Part I, Section A-21) in accordance with the following schedule.
All submittals shall be to the Chief of the Water Quality Division of the
Department of Natural Resources,

a. By no later than 90 days prior to the start of connercial operation of
the second unit, the permittee shall submit the thermal monitoring
study plan for approval,

b. One hundred twenty (120) days following completion of the thermal
monitoring, the permittee shall submit a final report.

6. The permittee shall achieve compliance with the AMBS verification study
requirement for Outfall 001 (Part 1. Section A-22) in accordance with the following
schedule. All submittals shall be to the Chief of the Water Quality Division of
the Department of Natural Resources,

a. By no later than 90 days prior to the start of comercial operation of
the second unit, the permittee shall submit the AMBS verification study
plan for approval,

b. Within 120 days of the conclusion of the one-year AMBS cerfication
study, the permittee shall submit a final report.
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.

7. If the Company elects to demonstrate to the Michigan Water Resources
Commission that higher concentrations of chlorine are acceptable, it shall
submit a study plan for determining safe levels of total residual chlorine
in its discharges and obtain approval thereof by the Chief of the Water Quality
Division.

8. No later than 14 calendar days following a date identified in the above
Schedule of Compliance, the permittee shall submit either a report of progress
or, in the case of specific actions being required by identified dates, a
written notice of compliance or nonco.npliance. In the latter case, the notice
shill Tnclude the cause of noncompliance, any remedial actions taken, and the
probability of meeting the next scheduled requirement.

|
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!PART !!

%
A. MANAGEMENT REQUIREMENTS

'

.1. . Change in Discharge

All discharges authorized herein shall be consistent with the terms and
conditions of this permit. The discharge of any pollutant identified in this
permit' core frequently than or at a level in excess of that authorized shall
constitute a violation of the permit. Any anticipated facility expansions,
production increases, or process modifications which will result in new, different,
or increased discharges of pollutants must be reported by submissicn of a new
: NPDES appliction or, if such changes will not violate the effluent limitations
specified in this pemit, by notice to the permit issuing authority of such changes.
Following such notice, the permit may be modified to specify and limit any pollutants
not previously limited.

2. Containment Facilities

The permittee shall provide approved facilities for containrent of any
accidental losses of concentrated solutions, acids, alkalies, salts, oils, or
other polluting materials in accordance with the requirenents of the Michigan
Water Resources Cccaission Rules, Part 5.

3. Operator Certification

The permittee shall have the waste treatment facilities under the direct
supervision of an operator certified by the Michigan Water Resources Commission,
as required by Section 6a of the Michigan Act. ,

4 honcompliance Notification

If, for any reason, the permittee does not comply with or will be unable
to comply with any daily maximum effluent limitation specified in this permit, the
permittee shall provide the Regional Administrator and the State with the following
infomation, in writing, within five (5) days of becoming aware of such condition:

a. A description of the discharge and cause of noncompliance; -
and

b. The period of noncompliance, including exact dates and times;
or, if not corrected, the anticipated time the noncompliance -
is expected to continue, and the steps being taken to reduce,
eliminate and prevent recurrence of the noncomplying discharge.

S. Spill Notification

The permittee shall imediately report any spill or loss of any product,
by-product, intermediate product, oils, solvents, waste material, or any other

- polluting substance which occurs to the surface or'groundwaters of the state by
calling the Department of Natural Rescurces 24 hour Emergency Response telephone
number 1-800-292-4705; and, the permittee shall within ten -(10) days of the spill

- or loss prc ide the State with a full written explanation as to the cause and ~ s
' discovery r/ the spill or loss, clean up and recovery measures taken; preventative.
measures to be taken, and schedule of implementation.

<

>
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6. Facilities Operation

The permittee shall at all times maintain in good working order and operate
as efficiently as possible, all treatment or control facilities or systems :nstalled -
or used by'the permittee to achieve compliance with the tems and conditions of this
permit.

7. Adverse Impact
,

The pemittee shall take all reasonable steps to minimize any adverse impact
to navigable waters resalting from noncompliance with any effluent limitations specified-

in this permit, including such accelerated or additional monitoring as necessary to'

determine the natura and impact of the acncomplying discharge.

8. By-passing

Any diversion frem or by-pass of facilities necessary to maintain compliance
with the terns and conditions of this permit is prohibited, except (i) where unavoid-
able to prevent loss of life or senere property dacage, or (ii) where excessive stcrm
drainage or runoff would damage any facilities necessary for compliance with the
effluent-limitettons and prohibitions of this permit. The pemittee shall promptly
notify the Michigan Water Resources Comission and the Regional Administrator, in
writing, of such diversion or by-pass.

2. Rcnoved Substances

Solids, sludges, filter backwash, or other pollutants renoved from or
resulting from treatment or centrol of wastewaters shall be disposed of in a manner
such as to prevent any pollutant from such materials from entering navigable waters,
or the entry of toxic or harmful contaminants thereof onto the groundwaters in

i - concentrations or amounts detrimental to the groundwater resource.

A 10. Power Failures

' In order to caintain compliance with the effluent limitaticns ind prohibitions
i; of this pemit, the permittee shall either:

$ a. Provide an alternative power source sufficient to operate
! facilities utilized by parmittee to n.sintain compliance with
! the effluent limitations and conditions of this pennit which

provision shall be indicated in this' permit by inclusion of
3 ,

i a specific compliance date in each appropriate " Schedule of |

j Compliance for Effluent Limitations", ;
,

i
4 or

- b. Upon the reduction, loss, or failure of one or more of the
,

primary sources of power to facilities utilized by the,

permittee to maintain compliance with the effluent limitations*

and conditions of this permit, the permittee shall halt,
reduce or otherwise control production and/or all discharge
in order to maintain compliance with the effluent limitations -

,

and coniltions of this pemit.

<

.
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B. RESPON5!B!tli!ES

1. Right of Entry

The pemittee shall allow the Ey?cutive Secretary of the Michigan Water
Resources Comission, the Regional Admir.istrator and/or their authorized repre-
sentatives, upon the presentation of the credentials:

a. To enter upon the pemittee's premises where an effluent
source is located or in which any records are required to
be kept under tne terms and conditions of this permit;
and

b. At ressorable tic.es to have eccess to and copy any records
required to be bept under the terms and conditions of this
permit; to inspect any roni:orirg equi,nment or n qitoring
method required in this pcmit; and to sanple any discharge
of pollutants.

2. Transfer of Ownership or Control

in the event of any change in control or ownership of facilities from
which the authorized discharge emanate, the permittee shall notify the succeeding
owner or controller of the existence of this permit by letter, a copy of which
shall be forwarded to the Michigan Water Resources Comission and tne Regional
Adminis tra tor.

3. Availability cf Reports

Except for data determir.ed to be confidential under Section 308 of the
Act and Rule 2128 of the Water Resources Comission Rules, Part 21, all reports
prepared in accordance with the tems of this permit shall be available for public
inspection at the offices of the State Weter Pollution Control Agency and the
Regicnal Administrator. As required by the Act, effluent data shall not be
considere! confidential. Knowingly making any false statement on any such report
r,ay result in the inposition of criminal penalties as provided for in Section 309
of the Act and Sections 7 and 10 of the Michigan Act.

4. Permit Modification

9
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 followir.g:

a. Violation of any tems or conditions of this permit;

b. Obtaining this pemit by misrepresentation or failure
to disclose fully, all relevant facts; or

c. A change in any condition that requires either a temporary
or permanent reduction or elimination of the authorized
discharge.

s



_.

B-35

C0flSUMERS POWER COMPA.*1Y

P.idland fiuclear Power Plant
Midland. Michigan

MI 0042668

i

The sn,sb
The mixing zone for Outfall 001, for the purpose of evaluating compliance3with the Water Quality Stand 1rds, is defined as the area enclosed within
the right 1/4 of the Tittab:.Jassee River starting from the point of discharge
and extending 1.700 feet do..nstream from the discharge.

The mixing zr ne for outfall 002, for the purpose of cvaluating compliance
with Water Quality Standards, is defined as the area enclosed within she
right 1/4 of the Bullock Creek from the point of discharge to the
Tittabawassee River.

!
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APPENDIX C. EXAMPLES OF SITE-SPECIFIC DOSE ASSESSMENT CALCULATIONS

C.1 CALCULATION APPROACH

As mentioned in the text the quantities of radioactive material that may be
released annually from the Midland Plant ara estimated on the basis of the
description of the radwaste systems in the applicant's ER-OL and FSAR and by
using the calculational model and parameters developed by the staff (Ref.1).
These estimated effluent release values, along with the applicant's site and
environmental data in the ER-OL and in subsequent answers to staff questions,
are used in the calculation of radiation doses and cose 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 <foses and dose commitments to the entire
population within an 80-km (50-mi) 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-bn radius are described
in Appendix D of this statement.

The calculations performed by the staff for the releases to the atmosphere and
hydrosphere provide total integrated dose commitments to the entire population
within 80 km (50 mi) of the plant based on the projected population distribu-
tion in the year 2000. The dose commitments represent the total dose that
would be received over a 50 year period, following the intake of radioactivity
for one year under the conditions existing 15 years after the plant begins
operation (i.e., the mid point of plant operation). For younger persons,
changes in organ mass and metabolic parameters with age after the initial
intake of radioactivity are accounted for.

C.2 DOSE COMMITMENTS FROM RADI0 ACTIVE EFFLUENT RELEASES

The staff's estimates of the expected gaseous and particulate releases (listed
in Table C.1) along with the site meteorological considerations (discussed in
Sec. 2.4 and summarized in Table C.2) were used to estimate radiation doses
and dose commitments for airborne effluents. Individual receptor locations
and pathway locations considered for the maximally exposed individual in the
calculations are listed in Table C.3.

Annual average relative concentration (X/Q) and relative deposition (D/Q)
values were calculated using the straight-line Gaussian model described in
Regulatory Guide 1.111 (Ref. 3). A two year period (March 1, 1975, -
February 28, 1977) of meteorological data collected at the site was used. Wind
speed and direction data were based on measurements at the 10-m (33-ft) level,
and atmospheric stability was defined by the vertical temperature gradient
measured between the 10-m and 60-m (33-f t and 200-f t) levels. Releases were
considered partly elevated and partly ground level, depending on wind speed,

_ _ _ - . _ _ - _ - _ _ _ . _ _ - _ _ _ _ - -
|
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except for the turbine building vent release, which was considered as only a
ground-level release. The results of the straight-line model were adjusted to
consider spatial and temporal variations in airflow at the site.

The NRC staff estimates of the expected liquid releases (listed in Table C.4)
along with the site hydrological considerations (discussed in Sec. 2.3 and
summarized in Table C.5) were used to estimate radiation doses and dose
commitments from liquid releases.

C.2.1 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 pathways that contribute.
This method tends to overestimate the doses since assumptions are made that
would be difficult for a real individual to fulfill.

'

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 C.6, C.7, and
C 8. The maximum annual total body and skin dose to a hypothetical individual
and the maximum beta and gamma air dose, at the site boundary, are presented
in Tables C.6, C.7, and C.8.

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 af fected locations than the average person as indicated in Tables E-4
and E-5 of Regulatory Guide 1.109 (Ref. 2).

C.2.2 Cumulative Dose Commitments to the General Population

Annual radiation dose commitments from airborne and waterborne radioactive
releases from the Midland Plant are estimated for two populations in the year
2000: (1) all members of the general public within 80 km (50 mi) of the plant
(Table C.7) and (2) the entire U.S. population (Table C.9). Dose commitments
beyond 80 km are based on the assumptions discussed in Appendix D. For per-
spective, annual background radiation doses are given in the tables for both
populations.

References for Appendix C

1. " Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents f rom Pressurized Water Reactors (PWR-GALE Code)," NUREG-0017,
U.S. Nuclear Regulatory Commission, April 1976.

2. " Calculation of Annual Doses to Man from Routine Releases of Reactor
Ef fluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Regulatory Guide 1.109, Revision 1, U.S. Nuclear Regulatory
Commission, October 1977.

3. " Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water Reactors," Regulatory
Guide 1.111, Revision 1, U.S. Nuclear Regulatory Commission, July 1977.
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Table C.'1. Calculated Releases of Radioactive Materials
in Gaseous Effluents from the Midland Plant Units 1

and 2 (Ci/yr per reactor)

' Reactor Auxiliary Auxiliary. Turbir.e Air
Building Building Building Building . Ejector

Stack" Stack Stack ** Vent Exhaust
Nuclides (Intermittent) (Continuous) (Intermittent) (Continuuus) (Continuous) Total

Ar-41 25 a a a a 25
Kr-83m a a a a a a
K r-85m 1 2 a a 1 4
Kr-85 140 4 812 a 3 959
Kr-87 a 1 a a a 1
Kr-88 -2 4 a a 2 8
Kr-89 a a a a a a
Xe-131m 48 2 8 a 1 59
Xe-133m 32 4 a a 3 39
Xe-133 5200 350 12 a 220 5782
Xe-135m a a a a a a
Xe-135 9 6 a a 4 19
Xe-137 a a a a a a

'Xe-138 a a a a a a

Total Noble Cases 6870

Mn-54 0.00022 0.00018 0.00005 b b 0.00045
Fe-59 0.00008 0.00006 0.00002 b b 0.00015
Co-58 0.00075 0.0006 0.00015 b b 0.0015 .
Co-60 0.00034 0.00027 0.00007 b b 0.00068
Sr-89 0.00002 0.00001 0.000003 b b 0.00003
Sr-90 0.000003 0.000002 0.000001 b b 0.000006
Cs-134 0.00022 0.00018 0.00005 b b 0.00045
Cs-137 0.00038 0.0003 0.00008 b b 0.00076

Total Particulates 0.004

1-131 0.033 0.052 a 0.0012 0.032 0.12
1-133 0.0071 0.064 a 0.0014 0 04 0.11 '

H-3 - 570 - - - 570
C-14 1 a 7 a a 8-

" Intermittent release.-24 2-hr releases per year from reactor building ventilation.
** Intermittent release,15 8-hr releases per year from waste gas processi% system.
a less than l'.0 Ci/yr for noble gases a..d C-14 less than 10 4 C1/yr for iodine.
bless than 1% of total for this nuclide.

,

i

|j'
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Table C.2. Summary of Atmospheric Dispersion Factors (X/Q) and Relative
Deposition Values for Maximum Effluent-Control-Boundary and
Receptor Locations near the Midland Plant Units 1 and 2*

Relative
Location ** Source *** x/Q (sec/m ) Deposition (m.2)3

,.

Nearest effluent-control A 7.7 x 10 6 1.0 x 10 7
boundary (0.50 km NNE B 4.3 x 10 6 5.5 x 10 8
of Unit 1) C 1.0 x 10 5 1.3 x 10 7

0 2.5 x 10 5 1.4 x 10 7

Nearest effluent-control A 1.0 x 10 5 1.5 x 10 7
boundary (0.50 km ENE B 5.0 x 10 6 7.0 x 10 8
of Unit 2) C 1.1 x 10 5 1.6 x 10 7

0 2.3 x 10 5 1.7 x 10 7

Nearest residence and A 1. 7 x 10 6 2.8 x 10 8
garden (1.3 km WSW B 6.4 x 10 7 1.1 x 10 8
of Units 1 and 2) C 1.5 x 10 6 2.5 x 10 8

0 2.6 x 10 6 2.0 x 10 8

Nearest milk cow A 2.1 x 10 7 2.0 x 10 9
(6.3 km SE of B 4.8 x 10 8 4.4 x 10 20
Units 1 and 2) C 1.7 x 10 7 1.5 x-10 9

D 9.2 x 10 8 5. 5 x 10 2 '>

Nearest milk goat A 2.9 x 10 7 2.7 x 10 9
(4.3 km WSW of B 5.9 x 10 8 5.7 x 10 20
Units 1 and 2) C 2.2 x 10 7 2.0 x 10 9

0 1.3 x 10 7 7.6 x 10-

Nearest meat animal A 3.2 x 10 7 2.6 x 10 9
(5.6 km E of B 8.9 x 10 8 7.2 x 10 2
Units 1 and 2) C 2.8 x 10 7 2.3 x 10 9

0 2.2 x 10 7 1.0 x 10 9

*The values' presented in this table 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 Trans-

.
port and Dispersion of Gaseous Effluents in Routine Releases from Light Water

' Reactors," July 1977.
**" Nearest" refers to that type of location where the highest radiation dose

is expected to occur from all appropriate pathways.
*** Sources:

A _ Reactor-building stack, Unit 1 or 2, intermittent release, 24 releases
per year, two hours each release.

B - Auxiliary-building exhaust stack, Unit 1 or 2, continuous release.
C - Auxiliary-building exhaust stack, Unit 1 or 2, intermittent release,

15 releases per year, eight hours each release.,

D - Turbine-building-ventilation exhaust, Unit 1 ;r 2, and main-condenser
air-ejector exhaust, Unit 1 or 2, continuous release.
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Table C.3. Nearest Pathway Locations used for Maximum
Individual Dose Commitments for the Midland Plant

Location Sector Distance (km)

Nearest effluent- NNE of Unit 1 0.50
control boundary * ENE of Unit 2 0.50

| Residence and garden ** WSW 1.3

Milk cow SE 6.3

Milk goat WSW 4.3

Meat animal E 5.6

* Beta and gamma air doses, total body doses, and skin
doses from noble gases are determined at the effluent-
control boundaries in the sector where the maximum
potential value is likely to occur.

** Dose pathways including inhalation of atmospheric
radioactivity, exposure to deposited radionuclides,
and submersion in gaseous radioactivity are evaluated
at residences. This particular location includes
doses from vegetable consumption as well.

4
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Table C.4. Calculated Releases of Radioactive
Materials in Liquid Effluents from the

Midland Plant Units 1 and 2

Nuclide Ci/yr per Reactor *

Corrosion and Activation
Products

Cr-51 0.00015
Mn-54 0.001
Fe-55 0.00014
Fe-59 0.00008
Co-58 0.0054

Co-60 0.0089
Zr-95 0.0014
Nb-95 0.002
Np-239 0.00007

Fission Products
Br-83 0.03004
Rb-86 0.00002
Sr-89 0.00003
Sr-91 0.00002
Y-91m 0.00001

Mo-99 0.041
Tc-99m 0.028
Ru-103 0.00014
Ru-106 0.0024
Ag-110m 0.00044 ;

Te-127m 0.00002
Te-127 0.000C4
Te-129m 0.00011
Te-129 0.00007
I-130 0.00008

Te-131m 0.00005
I-131 0.058
Te-132 0.0012
1-132 0.0020
1-133 0.021

1-134 0.00002
Cs-134 0.02
I-135 0.0048
Cs-136 0.0027
Cs-137 0.029

- _ -__
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Table C.4. Continued

Ba-137m 0.0046
Ba-140 0.00002
La-140 0.00001
Ce-144 0.0052
All others 0.00005

Total except tritium 0.24
Tritium 440.

*Nuclides whose release rates are less than 10 s
Ci/yr per reactor are not listed individually
but included in "all others".

. _ _ _ . .

.
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Table C.S. Summary of Hydrologic Transport and Dispersion of Liquid
Releases from the Midland Plant Units 1 and 2*

Location Transit Time (hours) Dilution Factor

Nearest drinking-water intake 80 300
.(Bay City, Saginaw Bay)

Nea. rest sport-fishing location 0 35
(discharge area)**4

Nearest shoreline 0 2

(bank of Tittabawassee River
neardischargearea)

* See Regulatory Guide 1.113, " Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I," April 1977.;

** Assumed for purposes of an upper-limit estimate; detailed information not
available.

i
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Table C.6. Annual Dose Connitments to a Maximally Exposed
Individual near the Midland Plant

Location Pathway Duses (arems/yr per unit, except as noted)

Noble Gases in Caeous Effluents

Gamma Air Dose Beta Air Dose
(mrads/yr per (erads/yr per

Total Body Skin unit) unit)

Nearest effluent- Direct radiation 0.42 1.54 0.71 2.42"control boundary * from plume,

(0.50 km NE) 0.42 1.54 0.71 2.42

lodine and Particulates in Gaseous Effluents **
Total Body Organ

; Nearest *** Ground deposition 0.08 (T) 0.08 (C) (thyroid)
effluent-control Inhalation 0.11 (T) 0.95 (C) (thyroid)'

boundary (0.50 km
NE)

Nearest residence Ground deposition 0.02 (C) 0.02 (C) (thyroid)
and garden Inhalation 0.01 (C) 0.12 (C) (thyroid)
(1.3 km WSW) Vegetable consumption 0.06 (C) 0.94 (C) (thyroid)

Nearest milk Ground deposition 0.001 (C) 0.001 (I) (thyroid)
cow (6.3 km Inhalation 0.001 (C) 0.007 (I) (thyroid)
SE) Vegetable consumption 0.004 (C) - (I) (thyroid)

Cow milk consumption 0.002 (C) 0.20 (I) (thyroid)

Nearest milk Ground deposition 0.002 (C) 0.002 (1) (thyroid)
goat (4.3 km Inhalation 0.002 (C) 0.01 (I) (thyroid)
WSW) Vegetable consumption 0.007 (C) (I) (thyroid)-

Goat milk consumption 0.006 (C) 0.40 (I) (thyroid)

'

Nearest meat Neat consumption 0.001 (A) 0.002 (C) (thyroid)
animal (5.6 km
E)

Liquid Ef fluents **

I Total Body Organ
'

* Nearest drinking Water ingestion 0.006 (I) 0.026 (I) (thyroid)

d Y Erest"ischargefiSN#at Fish Consumption 0.15 (A) 0.20 (A) (liver). piant-d
.

l * Nearest shore Recrea' ion 0.003(A) 0.003(A) (liver)t

access to plant discharge
*" Nearest" refers to that site boundary location where the highest radiation doses as a
result of gaseous effluents have been estimated to occur.

** Doses are for the age group and organ that results in the highest cumulative dose for the location:
A=adul t, T= teen, C= child, I= infant. Calculations were made for these age groups and
for the following organs: gastrointestinal-tract, bone, liver, kidney, thyroid, lung,
and skin.

***" Nearest" refers to the location where the highest radiation dose to an individual from
all applicable pathways has be e estimated.

.O
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Table C.7. Calculated Appendix I Dose Commitments to a Maximally
Exposed Individual and to the Population from Operation

of the Midland Plant

Annual Dose per Reactor Unit

Individual

Appendix I Calculated
Design Objectives * Doses **

Liquid effluents-
Dose to total body from all pathways 3 areas 0.15 mress
Dose to any organ from all pathways 10 mress 0.20 mrems

(liver)
Noble gas ef fluents (at effluent-control boundary)

Gamma dose in air 10 mrads 0.71 e a.is
Beta dose in air 20 mrads 2.42 mrais
Dose to total body of an individual 5 mress 0.42 mress
Dose to skin of an individual 15 mress 1.54 mress

Radiolodines and particulates***
Dose to any organ from all pathways 15 mress 1.08 mrems

(thyroid)

Population Within 80 km

Total Body Thyroid

(person-rems)

Natural-background radiationt 140,000 -

Liquid effluents 4.5 1.1
Noble gas effluents 0.16 0.16
Radiotodine and particulates 0.34 1.9

* Design Objectives from Sections II.A, II.B. II.C, and II.D of Appendix I, 10 CFR Part 50
consider doses to maximally exposed individual and to population per reactor unit.

** Numerical values in this column were obtained by summing appropriate values in Table C-6.
Locations resulting in maximum doses are represented here.

*** Carbon-14 and tritium have been added to this category.
1" Natural Radiation Exposure in the United States," U.s. Environmental Protection Agency.
ORP-SID-72-1, June 1972; using the average back ground dose for Michigan of 108 mree/yr,
and year 2000 projected population of 1,270,000.

.
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Table C.8. Calculated RM-50-2 Dose Comitments to a Maximally Exposed
Individual from Operation of the Midland Plant *

Annual Dose per Site

RM-50-2 Calculated
Design Objectives ** Doses

Liquid effluents

Dose to total body or any organ from
all pathways 5 areas 0.43 areas

Activity-release estimate, excluding
tritium (Cl) 10 0.24

Noble gas effluents (at effluent control boundary)
Gamma dose in air 10 mrads 1.4 mrads
Beta dose in air 20 mrads 4.8 erads
Dose to total body of an individual 5 mrems 0.8 mrems
Dose to skin of an individual 15 mress 3.1 areas

Radiciodine and particulates***
Dose to any organ from all pathways 15 mrees 2.1 areas (thyroid)
1-131 activity release (Cl) 2 0.12

*An optional method of demonstrating compliance with the cost-benefit Section (II.D)
of Appendix I to 10 CFR Part 50.

** Annex to Appendix I to 10 CFR Part 50.

*** Carbon-14 and tritium have been added to this category.

I

I

|
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Table C.9. Annual Total-Body Population Dose
Commitments, Year 2000 (both units)

U.S. Population
Category Dose Commitment,

person-rems /yr

Natural background radiation * 26,000,000*

Midland Plant Units 1 and 2 (combined) operation

Plant workers 880

General public:
Liquid effluents ** 9.2
Gaseous effluents 22
Transportation of fuel and waste 6

_

*Using the average U.S. background dose (100 mrem /yr) and
year 2000 projected U.S. population from " Population
Estimates and Projections," Series II, U.S. Department of
Commerce, Bureau of the Census, Series P-25, No. 704,
July 1977.

**80-km (50-mi) population dose.

I
,
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APPENDIX D. NEPA POPULATION-DOSE ASSESSMENT

Population-c'ose commitments are calculated for all individuals living within
80 km (50 mi) of the Midland Plant, employing the same dose-calculation models
used for individual doses [see Regulatory Guide 1.109, Rev.1 (Ref.1)] for
the purpose of meeting the "as low as reasonably achievable" (ALARA) require-
ments of 10 CFR Part 50, Appendix I (Ref. 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 ef fluent 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 of 1969
(NEPA). This appendix describes the methods used to make these NEPA population-
dose estimates.

D.1 10 DINES AND PARTICULATES RELEASED TO THE ATMOSPHERE*

Effluent nuclides in this category deposit onto the ground as the effluent
moves downwind; thus, the concentration of these nuclides remaining in the
plume is continuously being reduced. Within 80 km (50 mi) of the facility,
the deposition model in Regulatory Guide 1.111, Rev.1 (Ref. 3) is used in
conjunction with the dose models in Regulatory Guide 1.109, Rev.1 (Ref.1).
Site-specific data concerning production and consumption of foods within 80 km
of the plant are used. For estimates of population doses beyond 80 km it is
assumed that excess food not consumed within the 80-km distance would be
consumed by the population beyond 80 km. It is further assumed that none, or

very few, of the particulates released from the facility will be transported
beyond the 80-km distance; thus, they will make no contribution to the popu-
lation dose outside 80-km region, except by export of food crops. This assump-

tion was tested and found to be reasonable for the Midland Plant.

0.2 N0BLE GASES, CARBON-14, AND TRITIUM RELEASED TO THE ATMOSPHERE

For locations within 80 km (50 mi) 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 (Ref. 3), and the
dose models described in Regulatory Guide 1.109, Rev.1 (Ref.1). For estima-
ting the dose commitment from these radionuclides to the U.S. population
residing beyond the 80-km region, two dispersion regimes are considered.
These are referred to as the first pass-disperdon 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 north-
eastern corner of the United States. 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.
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0.2.1 First-Pass Dispersion

For estimating the dose commitment to the U.S. population residing beyond the
80-km (50-mi) 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 northeastern corner of the United States. The
extent of vertical dispersion is assumed to be limited by the ground plane and
the stable atmospheric layer alof t, 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 assump-
tion of constant population density, the population dose associated with such
a plume geometry is independent of the extent of lateral dispersion, and is
only dependent upon the mixing depth and other nongeometrical related factors
(Ref. 4). The mixing depth is estimated to be 1000 m (3300 ft), and a uniform
population density of 62 people /km2 (161 people /mi2) is assumed along the
plume path, with an average plume-transport velocity of 2 m/s (4.5 mph).

The total-body population-dose commitment from the first pass of radioactive
ef fluents is due principally to external exposure from gamma-emitting noble
gases, and to internal exposure from inhalation of air containing tritium and
from ingestion of food containing carbon-14 and tritium.

D.2.2 World-Wide Dispersion
'

For estimating the dose commitment to the U.S. population af ter 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 3m ), 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 time, taking into consideration radioactive decay and
physical removal mechanisms (e.g. , C-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, whereas from
carbon-14 it is due mainly to internal exposure from ingestion of food con-
taining 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
the tritium is assumed to be immediately distributed in the world's circulating
water volume (2.7 x 1018 am ), including the top 75 m (250 ft) of the seas and
oceans, as well as the rivers and atmospheric moisture. The concentration of
tritium in the world's circulating water is estimated at the time after 15

,

years of releases have occurred, taking into consideration radioactive decay;'

the population-dose-commitment estimates are based on the incremental concen-
tratico at that time. The total-body population-dose commitment from tritium,

| is due mainly to internal exposure from the consumption of food.

D. 3 LIQUID EFFLUENTS

Population-dose commitments due to effluents in the receiving water within
80 km (50 mi) of the facility are calculated as described in Regulatory

- _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ - . ._
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Guide 1.109 (Ref.1). It is assumed that no depletion by sedimentation of the
nuclides present in the receiving water occurs within 80 km. It is also

assumed that aquatic biota concentrate radioactivity in the same manner as was
assumed for the ALARA evaluation for the maximally exposed individual. 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 80 km 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.

References for Appendix D

1. " 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," Reg. Guide 1.109, Rev. 1, U.S. Nuclear Regulatory Commission,
October 1977.

2. " Domestic Licensing of Production and Utilization Facilities," Title 10
Code of Federal Regulations, Part 50, January 1981.

3. " Methods for Estimating Atmospheric Transport and Dispersion of Gaseous'
Effluents in Routine Releases from Light-Water-Reactors," Regulatory
Guide 1.111, Rev. 1, U. S. Nuclear Regulatory Commission, July 1977.

4. K.F. Eckerman et al. , " Users Guide to GASPAR Code," NUREG-0597, U.S.
Nuclear Regulatory Commission, June 1980.
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APPENDIX E. REBASELINING OF THE RSS RESULTS FOR PWRS

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 model-
ing for transient and LOCA initiated sequences and the CORRAL code used for
calculating 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 primar-
ily 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 (a) in the reactor vessel was
decreased. This was done to reflect both experimental and calculational indica-
tions that such explosions are unlikely to o . cur 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 PWR design, the release magnitudes for the risk
dominating sequences, e.g. , Event V, TMLB' 6, y and S C6 (described later)2
were explicitly calculated and used in the consequence modelling rather than
being -lumped into release categories as was done in WASH-1400. -The rebase-
lining led to a small decrease in the predicted risk to an individual of early

*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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fatality or latent cancer fatality relative !o the original RSS-PWR predictions.
This result is believed to be largely attributable to the decreased likelihood
of occurrence for sequences involving severe steam explosions (a) that breached
containment. (In WASH-1400, the sequences involving severe steam explosions
(a) were artificially elevated in their risk significance (i.e. , made more
likely) by use of the " smoothing technique.")

In summary, the rebaselining of the RSS results led to small overall differences
from the predictions in WASH-1400. It should be recognized that these small
differences due to the rebaselining efforts are likely to be far outweighed by
the uncertainties associated with such analyses.

The accident sequences which are expected to dominate risk from the RSS-PWR
design are described below. Accident sequences are designated by strings of
identification characters in the same manner as in the RSS (see the table of
these symbols, Table E.1). Each of the characters represents a failure in one
or more of the important plant systems or features that ultimately would result
in melting of the reactor core and a significant release of radioactive materi-
als from containment.*

Event V (Interfacing System LOCA)

During the Reactor Safety Study a potentially large risk contributor was identi-
fied due to the configuration of the multiple check valve barriers used to
separate the high pressure reactor coolant system from the low design pressure
portions of the ECCS (i.e. , the low pressure injection subsystem - LPIS). If
these valve barriers were to fail in various modes, such as a leak in one valve
and rupture of the other or rupture of both valves, and suddenly exposed the
LPIS to high overpressures and dynamic loadings, the RSS judged that a high
probability of LPIS rupture would exist. Since the LPIS is largely located
outside of containment, the Event V scenario would be a LOCA that bypassed
containment and those mitigating features (e.g. , sprays) within containment.
The RSS assumed that if the rupture of LPIS did not entirely fail the LPIS
makeup function (which would ultimately be needed to prevent core damage), the
LOCA environment (flooding, steam) would. Predictions of the release magnitude
and consequences associated with Event V have indicated that this scenario
represents one of the largest risk contributors from the RSS-PWR design. The
NRC has recognized this RSS finding, and has taken steps to reduce the proba-
bility of occurrence of Event V scenarios in both existing and future LWR
designs by requiring periodic surveillance testing of the interfacing valves
to assure that these valves are properly functioning as pressure boundary isola-
tion barriers during plant operations. Accordingly, Event V predictions for
the RSS-PWR are likely to be conservative relative to the design and operation
of the Midland PWR plants.

TMLB'-6, y

This sequence essentially considers the loss and nonrestoration of all AC power
sources available to the plant along with an independent failure of the steam
turbine driven auxiliary feedwater train which would be required to operate to
remove shutdown heat from the reactor core. The transient event is initiated
A

For additional information detail see Reactor Safety Study. (WASH-1400),
Appendix V.
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Table E.1 Key to PWR Accident Sequence Symbols

Intermediate to large LOCA.A -

B' - Failure to recover either onsite or offsite electric power within about 1
to 3 hours following an initiating transient which is a loss of offsite
AC power.

Failure of the containment spray injection system.C -

Failure of the emergency core cooling injection system.D -

Failure of the emergency core cooling recirculation system.H -

K - Failure of the reactor protection system.

Failure of the secondary system steam relief valves and the auxiliaryL -

feedwater system.

M - Failure of the secondary system steam relief valves and the power
conversion system.

Q Failure of the primary system safety relief valves to reclose after opening.-

S - A small LOCA with an equivalent diameter of about 2 to 6 inches.
i

5 - A small LOCA with an equivalent diameter of about 1/2 to 2 inches.2

T - Transient event.

V - LPIS check valve failure,

- Containment rupture due to a reactor vessel steam explosion.a

y - Containment failure due to hydrogen burning.

6 - Containment failure due to overpressure,

c - Containment vessel melt-through.

s
'
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by loss of offsite AC power sources which would result in plant trip (scram)
and the loss of the normal way that the plant removes heat from the reactor
core (i.e., via the power conversion system consisting of the turbine, condenser,
the condenser cooling system, and the main feedwater and condensate delivery
system that supplies water to the steam generators). This initiating event
would then demand operation of the standby onsite emergency AC power supplies
(2 diesel generators) and the standby auxiliary feedwater system, 2 trains of
which are electrically driven by either onsite or offsite AC power. With
failure and nonrestoration of AC and the failure of the steam turbine driven
auxiliary feedwater train to remove snutdown heat, the core would ultimately
uncover and melt. If restoration of AC was not successful during (or following)
melt, the containment heat removal and fission product mitigating systems would
not be operational to prevent the ultimate overpressure (6, y) failure of

i containment and a rather large, energetic release of activity from the contain-
ment. Next to the Event V sequence, TMLB'6, y is predicted to dominate the
overall accident risks in the RSS-PWR design.

|

S C-6 (PWR 3)2

In the RSS the S C-6 sequence was placed into PWR release Category 3 and it2
actually dominated all other sequences in Category 3 in terms of probability
and release magnitudes. The rebaselining entailed explicit calculations of
the consequences from S C-6 and the results indicated that it was next in overall2
risk importance following Event V and TMLB'6, y.

The S C-6 sequence included a rather complex series of dependencies and inter-2
actions that are believed to be somewhat unique to the containment systems
(subatmospheric) employed in the RSS PWR design.

In essence, the 5 C-6 sequence included a small loss of-coolant accident occurr-2
ing in a specific region of the plant (reactor vessel cavity); failure of the
recirculating containment heat removal systems (CSRS-F) because of a dependence
on water draining to the recirculation sump from the LOCA and a resulting depen-
dence imposed on the quench spray injection system (CSIS-C) to provide water
to the sump. The failure of the CSIS(C) resulted in eventual overpressure
failure of containment (6) due to the loss of CSRS(F). Given the overpressure ,

failure of containment the RSS assumed' that the ECCS functions would be lost
due either to the cavitation of ECCS pumps or from the rather severe mechanical
loads that could result from the overpressure failure of contattiment. The core
was then assumed to melt in a breached containment leading to a significant1

release of radioactive materials.
4

Approximately 20% of the iodines and 20% of the alkali metals present in the
core at the time of release would be released to the atmosphere. Most of the;

release would occur over a period of about 1.5 hours. The release of radio-
active material from containment would be caused by the sweeping action of

; gases generated by the reaction of the molten fuel with concrete. Since these
; gases would be initially heated by contact with the melt, the rate of sensible

energy release to the atmosphere would be moderately high.
,

PWR 7

This is the same as the PWR release category #7 of the original RSS which was
made up of several sequences such as S D-c (the dominant contributor to the2

!
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risk in this category), 5 D-c, 5 H-c, S H c , AD-c , AH-c , TML-c , and TKQ-c.2 3

All of these sequences involved a containment basemat melt-through as the
containment failure mode. With exception of TML-c and TKQ-c, all involve the
potential f ailure of the emergency core cooling system following occurrence of
a LOCA with the containment ESFs continuing to operate as designed until the
basemat was penetrated. Containment sprays would operate to reduce the contain-
ment temperature and pressure as well as the amcunt of airborne radioactivity.
The containment barrier would retain its integrity until the molten core proceeded
to melt through the concrete containment basemat. The radioactive materials
would be released into the ground, with some leakage to the atmosphere occurring i

upward through the ground. Most of the release would occur continuously over
a period of about 10 hours. The release would include approximately 0.002% of
the iodines and 0.001% of alkali metals present in the core at the time of
release. Because leakage from containment to the atmosphere would be low and
gases escaping through the ground would be cooled by contact with the soil,
the energy release rate would be very low.

!
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APPENDIX F. CONSEQUENCE MODELING CONSIDERATIONS _ _
^

=

.

*F.1 EVACUATION MODEL
1S

" Evacuation," used in the context of offsite emergency response in the event ,gL
of substantial amount of radioactivity release to the atmosphere in a reactor
accident, denotes an early and expeditious movement of people to avoid exposure -ji

to the passing radioactive cloud and/or to acute ground contamination in the MEm

wake of the cloud passage. It should be distinguished from " relocation" which
denotes a post-accident response to reduce exposure from long term ground contam-
ination. The Reactor Safety Study (RSS) (Ref.1) consequence model contains< g

provision for incorporating radiological consequence reduction benefits of
public evacuation. The benefits of a properly planned and expeditiously carried
out public evacuation would be well manifested in a reduction of early health J

effects associated with early exposure; namely, in the number of cases of early -

fatality (see Section F.2) and acute radiation sickness which would require
hospitalization. The evacuation model originally used in the RSS consequence ,

model is described in WASH-1400 (Ref.1) as well as in NUREG-0340 (Ref. 2). -

However, the evacuation model which has been used herein is a modified version
(Ref. 3) of the RSS model and is, to a certain extent, site emergency planning -

3oriented. The modified version is briefly outlined below:

The model utilizes a circular area with a specified radius (such as a 10-mile k r-
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 _f
significant quantities of radioactivity to the atmosphere. ;

Significant atmospheric releases of radioactivitv would in general be preceded m

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 median - 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 ur.derway. ',

$/
#

-

Assumed to be of a constant value which would be tne same fer all evacuees. __

c
.

e

,

,
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The model assumes that each evacuee would move radially out in the downwind
direction * with an average ef fective t ?eed** (obtained by dividing the zone
radius by the average time taken to clear the zone af ter the delay time) over
a fixed distance ** from the evacuee's starting point.

This distance is selected to be 15 miles (which is 5 miles more than the 10-mile
plume exposure pathway EPZ radius). Af ter reaching the end of the travel
distance the evacuee is assumed to receive no further radiation exposure.

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 were less than the warning
time, then all evacuees would have a head start, i.e., the cloud would be trail-
ing behind the evacuees initially. On the other hand, if the delay time were
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 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.
The cloud and an evacuee might overtake one another one or more number of times
before the evacuee would reach his or her destination. In the model, the radial
position of an evacuating person, either 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 who is under the cloud would be exposed to ground contamination lass
concentrated than if the cloud had completely passed. To account for th-
least in part, the revised model assumes that persons are: (a) exposed to
total ground contamination concentration which is calculated to exist af ter
complete passage of the cicud, af ter they are completely passed by the cloud;
(b) exposed to one half the calculated concentration when anywhere under the
cloud; and (c) not exposed when they are in front of the cloud. Different
values of the shielding protection factors for exposures from airborne radio-
activity and ground contamination have been used.

Results shown in Section 5.9.4.5 for accidents involving significant release
of radioactivity to the atmosphere were based upon the assumption that all
aeople within the 10-mile plume exposure pathway EPZ would evacuate as per the
evacuation scenario described above. It is not expected that detailed inclu-
sion of any special facility near a specific plant site, where not all persons
would be quickly evacuated, would significantly alter the conclusions. For

s
In the RSS consequence model, the radioactive cloud is assumed to travel
radially outward only.

ss
Assumed to be of a constant value which would be the same for all evacuees.
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the delay time before evacuation, a value of one hour was used. The staff
believes that such a value appropriately reflects the Commission's emergency
planning requirements. The staff estimated the effective evacuation speed to
be 2.4 miles per hour (1.1 meters per second) based upon the applicant's esti-
mate of the time to clear the 10-mile zone. As an additional emergency measure
for the Midland site, it was also assumed that all people beyond the evacuation
distance who would be expoced to the contaminated ground would be relocated
after passage of the plume. For these people outside of the evacuation zone
and within 25 miles, a reasonable relocation time span of 8 hours has been
assumed, during which each person is assumed to receive additional exposure to
the ground contamination. Beyond the 25-mile distance the usual assumption of
the RSS consequence model regarding the period of ground exposure was used--
which is that if the calculated ground dose to the total marrow over a 7-day
period would exceed 200 rem, then this high dose rate would be detected by
actual field measurements following the plume passage, and people from those
regions would then be relocated immediately. For this situation the model
limits the period of ground dose calculation to 24 hours; otherwise, the period
of ground exposure is limited to 7 days for calculation of early dose.

Figure F.1 shows 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 orginal 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 5-mile radius centered at
the reactor plus all people within a 45 angular sectcr within the plume expo-
sure pathway EPZ and centered on the downwind direction will be evacuated and
temporarily relocated. However, if the duration of release would exceed three
hours, the cost of evacuation is based on the assumption that all people within
the eqtire plume exposure pathway EPZ would be evacuated and temporarily reloca-
ted. 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.

F.2 EARLY HEALTH EFFECTS MODEL

The medical advisors to the Reactor Safety Study (Ref. 1) proposed three alter-
rative dose-mortality relationships that can be used to estimate the number of
early fatalities that might result in an exposed population. These alterna-
tives characterize different degrees of post-exposure medical treatment from
" minimal," to " supportive," to " heroic," and are more fully described in

NUREG-0340 (Ref. 2).

The calculational estimates of the early fatality risks presented in the texts
of Section 5.9.4.5(3) and Section F.1 of this appendix used the dose mortality
relationship that is based upon the supportive treatment alternative. This
implies the availability of medical care facilities and services for those
exposed in excess of about 200 rem. At the extreme lov probability end of the
spectrum, i.e., at the one chance in one-hundred-million per reactor year level,
the number of persons involved might exceed the capacity of facilities for such
services, in which case the number of early fatalities might have been somewhat
underestimated. To gain perspective on this element of uncertainty, the staff
has also performed calculations using the most pessimistic dose-mortality

.-



-

gfi g
, , ,, , , , ,, . , ,, . > > '

i
LEGENDw-

: a = NO EVAC. RELOCATION AFTER 1 DAY :
M ~,

.,
'

A :
~

~

'

m _

N _

~ -

P
27 \ o

- +
p o.e. -

::4m -

.-

>A
-

-

%
.

.

4 -

N -'

Y :S%oo m- : |
- - 1

: . I

h _ i-
14 - - ,, 1

ED~ _

|m -

T |
>'o . -

|
o

-+H
~a.
4 : .

:
im -

|-A :
<: _ -

m
-o -

m _

%
i S

, , , ,,,,y . . , . . . . . . ..i .o
'''g ',',,,f 10' 1(f Id' '- ' > ' '

1(
X=EARLY FATALITIES

Figure F.1 Probability Distribution of Early Fatalitier, for
No Evacuation

NOTE: See Section 5.9.4.5(7) for discussion of uncertainties in risk estimates.
',

- 't b '/'';~.. .

, ' ' ' , -', -
.

_

. , ' . _'( ' ' ' .' ' y ;.; ' ' '* .

. . - ~ , .
.

..

, ' . .' . - . ~ , ' t ;;
' ~-*' - ' s ,-

.,9, .4 .. , ,, ,

.. .~ . , , + . , .
_,

.

. , . . .
,

-

. ...a f , ,
r

,

. , ^

. . . ,
_

. ~ . ,

.

.% '''.....I' .
_

,
.,

_ , * y ' ' ' **

. ~. . , . ,.'.t . ,' i
* Y

_ _

.
.

,.
__ . ,

.
, , ,.,

,



-

F-6

relationship based upon minimal medical treatment and using identical assump-
tions regarding early evacuation and early relocation as were used in Sec-
tion 5.9.4.5(3). This shows one early fatality at the one chance in one-
million per reactor year level, an increase f rom 380 to 2400 early fatalities
at the one chance in one-hundred-million per reactor year level (see Table 5.7),
and an overall ten-fold increase in annual risk of early fatalities (see
Table 5.8). The major fraction of the increased risk of early fatality in the
absence of supportive medical treatment would occur within 5 km (3 mi) and
virtually all would be contained within 97 km (60 mi) f rom the Midland site.

References for Appendix F

1. " Reactor Safety Study," U.S. Nuclear Regulatory Commission, WASI:-1400
(NUREG-75/014), October 1975.

2. " Overview of the Reactor Safety Study Consequences Model," U.S. Nuclear
Regulatory Commission, NUREG-0340, October 1977.

3. "A Model of Public Evacuation for Atmospheric Radiological Releases,"
Sandia Laboratories, SAND 78-0092, June 1978.
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APPENDIX G. IMPACTS OF THE URANIUM FUEL CYCLE

The following assessment of the environmental impacts of the LWR-supporting
fuel cycle as related to the operation of the proposed project is based on the
values given in Table S-3 (Sec. 5.10) and in addition the staff's analysis of
the radiological impact from radon and technetium 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 Midland Plant.

G.1 LAND USE

The total annual land requirement for the fuel cycle supporting a model 1000-MWe
LWR is about 46 ha (113 acres). About 5.3 ha (13 acres) are permanently
committed, and 41 ha (100 acres) 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 decom-
missioning, such land can be used for any purpose. "Permanant" commitments
represent land that may not be released for use after plant shutdown and/or
decommissioning.) Of the 41 ha per year of temporarily committed land, 32 ha
(79 acres) are undisturbed and 9 ha (22 acres) are disturbed. Considering
common classes of land use in the United States,* fuel-cycle land-use require-
ments to support the model 1000-MWe LWR do not represent a significant impact.

G. 2 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 m (11.4 x 109 gal), about 42 x 106 m3 a

(11.1 x 109 gal) are req; ired for this purpose, assuming that these n;an'.s use
once-through cooling. 6ther water uses involve the discharge to air 9:.g. ,
evaporation losses in process cooling) of about 0.6 x 106 ma (160 x 106 gal)
per year and water discharged to ground (e.g., mine drainage) of about
0.5 x 106 ma (130 x 106 gal) per year.

On a thermal-effluent basis, annual discharges from the nuclear fuel cycle are
about 4% of those from the model 1000-MWe LWR using once-through cooling. The
consumptive water use of 0.6 x 106 m /yr is about 2% of that from the model3

*A coal-fired power plant of 1000-MWe capacity using strip-mined coal requires
the disturbance of about 81 ha (200 acres) per year for fuel alone.

.-.
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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 towers) would be about 6% of that 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 consump-
tion are acceptable relative to the water use and thermal discharges of the
proposed project.

G.3 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 asso-

ciated with the fuel cycle represents about 5% of the annual electrical power
production of the model 1000-MWe LWR. Process heat is generated primarily 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 electrical
energy for fuel-cycle operations are small and acceptable relative to the net
power production of the proposed project.

G.4 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 sulfur
oxides, nitrogen oxides, and particulates. Judging from data in a Council on
Environmental Quality report (Ref.1), the staff finds thst these emissions
constitute an extremely small additional atmospheric loading in comparison
with these emissions from the stationary 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 that such small
increases in releases of these pollutants are acceptable.

Liquid chemical ef fluents produced in fuel-cycle processes are related to
fuel-enrichment, -f abrication, 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. The flow of
dilution water required for specific constituents is specified in Table S-3.
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 quantit'es sufficient to have a
significant impact on the environment.

G.5 RADI0 ACTIVE EFFLUENTS

Radioactive ef fluents estimated to be released to the environment from repro-

cessing and waste-management activities and certain other phases of the fuel-
cycle process are listed in Table a-3. Using these data, the staff has calcu-
lated for one year of operation of the model 1000-MWe LWR, the 100 year invol-
untary environmental dose commitment * to the U.S. population from the LWR-
supporting fuel cycle.

- ___ _ _ _
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It is estimated from these calculations 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 and technetium-99)
would be about 400 person-rems for each year of operation of the model 1000-MWe
LWR (reference reactor year, or RRY). Based on Table S-3 values, the addi-
tional involuntary total-body dose commitments to the U.S. population from
radioactive liquid effluents (excluding technetium-99) due to all fuel-cycle
operations other than reactor operation would be about 100 person-rems per
year of operation. Thus, the estimated involuntary 100 year environmental
dose commitment to the U.S. population from radioactive gaseous and liquid
releases due to these portions of the fuel cycle is about 500 person-rems
(whole body) per RRY.

At this time, the radiological impacts associated with radon-222 and technetium-
99 releases are not addressed in Table S-3. Principal radon releases occur
during mining and milling operations and as emissions from mill tailings;
whereas principal technetium-99 releases occur from gaseous diffusion enrichment
facilities. The staff has determined that radon-222 releases per RRY from
these cperations are as given in Table G.I. The staff calculated population-
dose commitments for these sources of radon-222 using the RABGAD computer code
described in Volume 3 of NUREG-0002, Appendix A, Chapter IV, Section J (Ref. 2).
The results of these calculations for mining and milling activities prior to
tailings stabilization are given in Table G.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 about 640 person-rems. Over this period of time,
this dose is equivalent to 0.00002% of the natural-background total-body dose
of about 3 billion person-rems to the U.S. population.**

The staff has considered health effects associated with releases of radon-222,
including both the short-term effects of mining, milling, and active tailings,
and the potential long-term effects from unreclaimed open pit mines and stabi-
lized tailings. The staff has assumed that after completion 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 unreclaimed and has calculated that if
all ore were produced from open pit mines, releases from them would be 110 Ci
per RRY. However, because the distribution of uranium-ore reserves available

by conventional mining methods is 66% underground and 34% open pit (Ref. 3),
the staff has further assumed that uranium to fuel LWRs will be produced by

*The 100 year environmental dose commitment is the integrated population dose
for 100 years; i.e., it represents the sum of the annual population doses for
a total of 100 years.

** Based on an annual average natural-background individual dose commitment of
100 millirems and a stabilized U.S. population of 300 million.

. . , , _
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Table G.1. Radon Releases from Mining and Milling Operations and Mill
Tailings for Each Year of Operation of the Model 1000-MWe LWR *

Radon source Quantity released

Mining ** 4060 Ci
Milling and tailings *** (during active mining) 780 Ci
Inactive tailings *** (before stabilization) 350 Ci
Stabilized tailings *** (several hundred years) 1 to 10 Ci/ year
Stabilized tailings *** (after several hundred yars) 110 Ci/ year

*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 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. Subsequent to ALAB-640, a second ASLAB decision (ALAB-654,
issued September 11, 1981) permits intervenors a 60-day period to
challenge the Perkins record on the potential health effects of
radon-222 emissions.

**R. Wilde, NRC transcript of direct testimony given "In the Matter of
Duke Power Company (Perkins Nuclear Station)," Docket No. 50-488,
April 17, 1978.

***P. Magno, NRC transcript of direct testimony given "In the Matter of
Duke Power Company (Perkins Nuclear Station)," Docket No. 50-488,
April 17, 1978.

Table G.2. Estimated 100-Year Environmental Dose Commitment for
Each Year of Operation of the Model 1000-MWe LWR

Dosage (person-rems)
Radon-222

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

Mining 4100 110 2800 2300
Milling and active

tailings 1100 29 750 620

Total 5200 140 3600 2900
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conventional mining methods in these proportions. This means that long-term
releases from unreclaimed open pit mines will be 37 Ci/yr (0.332 x 110) 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,
respectively. The total dose commitments for a 100- to 1000 year period would
be as shown in Table G.3. These com.nitments represent a worst-case situation
in that no mitigating circumstances are assumed. However, state and Federal
laws currently require reclamation of strip and open pit coal mines, and it is
very probable that similar reclamation will be required for open pit uranium
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 the tailings would emit, per RRY,1 Ci/yr for 100 years,10 Ci/yr
for the next 400 years, and 16P Ci/yr for periods beyond 500 years. With
these assumptions, the cumulative radon-222 release from stabilized-tailings
piles per RRY would be 100 Ci in 100 years, 4090 Ci in 500 years, and 53,800 Ci
in 1000 years (Ref. 4). The total-body, bone, and bronchial-epithelium dose
commitments for these periods are as shown in Table G.4.

Using risk estimators of 135, 6.9, and 22 cancer deaths per million person-rems
for total-body, bone, and lung exposures, respectively, the estimated risk of
cancer mortality resulting from mining, milling, and active-tailings emissions
of radon-222 is about 0.11 cancer fatality per RRY. When the 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 un-
changed. Similarly, a risk of about 1.2 cancer fatalities per RRY is estimated
over a 1000 year release period. When potential radon releases from reclaimed
and unreclaimed open pit mines are included, the overall risks of radon-induced
cancer fatalities per RRY tange as follows:

0.11-0.19 fatality for a 100 year period,
0.19-0.57 fatality for a 500 year period, and
1.2 -2.0 fatalities for a 1000 yer.r period.

To illustrate: A single model 1000-MWe LWR operating at an 80% capacit:
factor for 30 years would be predicted to induce between 3.3 and 5.7 canc; e
fatalities in 100 years, 5.7 and 17 in 500 years, and 36 and 60 in 1000 yeacs
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. 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

3150 pCi/m , which the NCRP estimates will result in an annual dose to the
bronchial epithelium of 450 millirems. For a stabilized future U.S. population
of 300 million, this represents a total lung-dose commitment of 135 million
person-rems per year. Using the same risk estimator of 22 lung-cancer fatali-
ties per million person-lung-rems used to predict cance- fatalities for the
model 1000-MWe LWR, 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 and 1000 years, respect-
ively.

_ _ _ _ _ _ _ _

.
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Table G.3. Population-Dose Commitments from Unreclaimed
Open-Pit Mines for Each Year of Operation

of the Model 1000-MWe LWR

Population-Dose Commitments (person-rems)
Time Radon-222

Period Releases Lung (bronchial
(yr) (Ci) Total Body Bone 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

Table G.4. Population-Dose Commitments from
Stabilized-Tailings Piles for Each Year of

Operation of the Model 1000-MWe LWR

Population-Dose Commitments (person-rems)
Time Radon-222

Period Releases Lung (bronchial
(yr) (Ci) Total Body Bone 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

The staff is currently in the process of formulating a specific model for
analyzing the potential impact and health effects from the release of tech-
netium-99 during the fuel cycle. However, for the interim period until the
model is completed, the staff has calculated that the potential 100 year
environmental dose commitment to the U.S. population from the release of Tc-99
should not exceed 100 person-rems per RRY. These calculations are based on
the gaseous and the hydrological pathway model systems described in Volume 3
of NUREG-0002, Chapter IV, Section J, Appendix A (Ref. 2). When added to the
640 person-rem total-body dose commitment for the balance of the fuel cycle,
including radon-222, the overall estimated total-body involuntary 100 year

4 environmental dose commitment to the U.S. population from the fuel cycle for
the model 1000-MWe LWR is about 740 person-rems. Over this period of time,
this dose is equivalent to 0.00002% of the natural-background total-body dose
of about 3 billion person-rems to the U.S. population.*

* Based on an annual average natural-background individual dose commitment of
100 millirems and a stabilized U # population of 300 million.

. .
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The staff also considered the potential health effects associated with this
release of technetium-99. Using the modeling systems described in NUREG-0002,
the major risks from Tc-99 're from exposure of the GI tract and kidney,
although there is a small risk from total-body exposure. Using organ-specific
risk estimators, these individual organ risks can be converted to total-body
risk equivalent doses. Then, by using the total-body risk estimator of 135
cancer deaths per million person-rems, the estimated risk of cancer mortality
due to technetium-99 releases from the nuclear fuel cycle is about 0.01 cancer
fatality per RRY over the subsequent 100 to 1000 years.

In addition to the radon- and technetium-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 an additional 0.08
to 0.12 cancer death may occur per RRY (assuming that no cure for or preven-
tion of cancer is ever developed) over the next 100 to 1000 years, respectively,
from exposures to these other nuclides.

The latter exposures also can 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 natural-background dose commitments could produce about
400,000 and 4,000,000 cancer deaths during the same time periods. From the
above analysis, the staf f concludes that both the dose commitments and health
effects of the LWR-supporting uranium fuel cycle are very small when compared
with dose commitments and potential health effects to the U.S. population
resulting from all natural-background sources.

G.6 RADI0 ACTIVE WASTES

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

G.7 OCCUPATIONAL DOSE

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is about 200 person-rems. The staff concludes that
this occupational dose will have a small environmental impact.

G.8 TRANSPORTATION

The transportation dose to workers and the public is specified in Table S-3.
This dose is small in comparison with the natural-background dose.

.. _ _~
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G.9 FUEL CYCLE

The staff's analysis of the uranium fuel cycle did not depend on the selected
fuel cycle (no recycle or uranium-only recycle), because the data provided in
Table S-3 include maximum recycle-option impact for each element of the fuel
cycle. Thus, the staff's conclusions as to acceptability of the environmental
impacts of the fuel cycle are not affected by the specific fuel cycle selected.

References for Appendix G

1. "The Seventh Annual Report of the Council on Environmental Quality,"
Figures 11-27 and 11-28, pp. 238-239, Council on Environmental Quality,
September 1976.

2. " Final Generic Environmental Statement on the Use of Recycle Plutonium in
Mixed Oxide Fuel in Light-Water-Cooled Reactors," NUREG-0002, U.S. Nuclear
Regulatory Commission, August 1976.

3. " Statistical Data of the Uranium Industry," GJ0-100(8-78), U.S. Depart-
ment of Energy, January 1, 1978.

4. Testimony of R. Gotchy from: "In the Matter of Duke Power Company (Perkins *

Nuclear Station)," U.S. Nuclear Regulatory Commission, Docket No. 50-488, .

filed April 17, 1978.

5. " Natural Background Radiation in the United States," Publication No. 45,
National Council'on Radiation Protection and Measurements, November 1975.

6. " Environmental Survey of the Reprocessing and Waste Management Portions
of the LWR Fuel Cycle," NUREG-0116 (Supplement 1 to WASH-1248), U.S.
Nuclear Regulatory Commission, October 1976.
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H.1 Letter f ron- U.S. Fish and Wildlife Service Regarding Listed Species in
the Midland Plant Area

S,
United States Department of the Interior

" " * " ' "
FISH AND WILDUFE SERVICE

East Lansing Area Cffice
Manty M4ee Building. Room 202

1406 South Harrison Road
East Lansing. MicMgen 48823

,<' . . . , -

December 8,1981 ,~.' C ^

,r Q, *'m
,

.s

C . ' . ~ .
7. . ; .,

V( q' *(~'fElinor G. Adensam, Chief .

1.icensing Branch No. 4 *g.
Division of 1.icensing 'i
U.S. Nuclear Regulatory Commission
Washington, D.C. 20$55 N.e ' ~ */

Dear Ms. Adensam

This letter responds to your October 22, 1981, request for endangered species
information on the Midland Nuclear Power Plant Site and associated transmission
corridors in hidland County, Michigan.

Table 2.2 - la of the environmental report contains a list of threatened and
endangered species in the project area. The peregrine falcon (Falco peregrinus) is
categorized as an endangered migrant in the area. Our current records are more
specifie listing the American peregrine falcon (Falco peregrinus anatum) and the
arctic peregruine falcon (Falco peregrinus tundrius). The table should oe changed
to coincide with our existing lists.

Table 2.2 - la lists species but does not differentiate between the State and
Federal programs. The superscript "c' is used to indicate both State and Federal
species. This results in confusion in other parts of the doc'unent (i.e. Terrestrial
Ecological Survey, Section 4) where discussion of impacts on species can not be
separated. I suggest that Federally listed species be designated with a different
superse-ipt.

Finally, there is no summation contained in the document which determines
whether the proposed project will impact a.ty Federally listed species. I have
attached a list of guidelines for all Federal agencies outlining general
responsibilities concerning the Endangered Species Act. In this specific case, the
document contains good data on transmission line spacing and the creation of the
cooling pond which both impact listed specias. A conclusion must be made by your
agency and included in the document whether.any impacts may occur.

The procedure obtaining species lists from the Fish and W11alife Service for your
use has been changed. You may contact our Ares Office in East Lansing, MI or the
appropriate field station in East Lansing at (517)337-6629. Please do not direct
your requests to the Regional Office in Minnesota, as it will result in a delay in the
receipt of your information.

This letter provides comment only on the endangered species aspect of the project.
Comments on other aspects of the project under the authority of and in accordance
with the provisions of the Fish and Wildlife Cecrdination Act (48 Stat. 401, as
amended; 18 U.S.C. 661 et. seq.) may be sent under separate cover.

Your interest in the protection of endangered species is appreciated.

Sinearely urs,
.

Area M er

7
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H.2. State-Listed Endangered and Threatened Plants and
iAnimals of Bay, Midland, and Saginaw Counties, Michigant

2Species Statust

Plants
Milkweed (Asclepias hirtella) T
Sloughgrass (Beckmannia syzigachne) T
Sedge (Carex platyphylla) T
Sedge (C. seorsa) T
Ram-heaTlady's slipper (Cypripedium arietinum) R

Diarrhena americana T

Orange fringed orchid (Habenaria ciliaris) T

Tubercled orchid (H. flava) R

Prairie fringed orchid (H. leucophaea) Tt4
False pimpernel (Lindernia anagallidea) T
Blue eyed grass (Sisyrinchium atlanticum) T
Feathergrass, speargrass (Stipa comata) T

Trillium (Trill 1M viride) T

Reptiles
Black rat snake (Elaphe obsoleta) T

Mammals

Southern bog lemming (Synaptcmys cooperi) T

Birds
Cooper's hawk (Accipter cooperi) T
Red-shouldered hawk (Buteo lineatus) T
Marsh hawk (Circus cyaneus) T
Kirtland's warbler (Dendroica kirtlandii) Et3
Arctic peregrine falcon (Falco peregrinus tundrius) Et3
American Peregrine falcon (Falco peregrinus anatum) Eta
Bald eagle (Haliaeetus leucocephalus) Et3
Caspian tern (Hydroprogne caspia) T

--

Loggerhead shrike (Lanius ludovicianus) T
Osprey (Pandion haliaetus) T
Double-crested cormorant (Phalacrocorax auritus) E

Common tern (Sterna hirundo) E

t1 Modified from the ER-OL, Revision 12, Table 4.2-2, June
1981.

2
t T = Threatened, R = Rare, E = Endangered.

3
1 Also Federally-listed
t4 Proposed as a federal Category 1 species but not yet listed
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APPENDIX I. CORRESPONDENCE RELATIVE TO HISTORIC AND
PREHISTORIC SITES IN THE VICINITY OF

MIDLAND PLANT UNITS 1 AND 2

Item 1: Letter from Martha M. Bigelow, Director, Michigan History Division
and State Historic Preservation Officer, Michigan Department of
State, to Michael Kaltman, U.S. Nuclear Regulatory Commission, dated
October 23, 1981.(Re:ER-2333)

Item 2: Letter from Martha M. Bigelow, Director, Michiga History Division
and State Historic Preservation Officer, Michigan Department of
State, to Michael Kaltman, U.S. Nuclear Regulatory Commission, dated
November 17, 1981.(Re:ER-1714)

Item 3: Letter from Martha M. Bigelow, Director, Michigan History Division
and State Historic Preservation Officer, Michigan Department of
State, to Michael Kaltman, U.S. Nuclear Regulatory Commission, dated
November 17, 1981.(Re:ER-1714)

Item 4: Letter from Martha M. Bigelow, Director, Michigan History Division
and State Historic Preservation Officer, Michigan Department of
State, to Michael Kaltman, U.S. Nuclear Regulatory Commission, dated
November 17, 1981.(Re:ER-2333)

^

Item 5: Letter from Elinor G. Adensam, U.S. Nuclear Regulatory Commission, to
J.W. Cook, Vice President, Consumers Power Company, dated November 17,
1981.

,

I-1



_- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|

1-2

. ( t-e== IMICHIGAN DEPAATMENT OF 5 TATE

RICHARO H. AUSTIN SECRETARY OF STATE
'

L ANSING
,,,

ulCHIGAN HtSTORY OtV1510NOctober 23, 1981
ADMINitTRAT!oN, PUBLICATIONS
RUEAMCH. Afeo MistonIC SITES
208 ~1. Caostoi Avenue

STATE ARCMOVES
3405 N. Logan Street

STATE Ibuteubl.
208 N. CaHtot Avenue

Mr. Michael Kaltaan
U. S. Nuclear Regulatory Commission
A. R. 5200
Washington, D. C. 20555 Ret ER-2333

Dear Mr. Kaltman:

Based on the report " Archaeological and Historical in-
vestigations of the Floodplain Area, Midland Plant Site,
Midland, Michigan" by Commonwealth Associates, we believe
that the two archaeological sites 29tD13 and 2GtD17 are
eligible for inclusion in tha National Register of
Historic Places.

Sincerely,

V .

rtha M. Bigelow,

Directori, Michigan History Division
L Yand

State Historic Preservation Officer

MMB/DWitj
Enc.

cc Cary Dawson

Item I

pwog

.
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~MtCHIGAN DEPARTMENT OF 5 TATE
L ANSING

RICHARD H. AUSTIN SECRETARY OF STATE
MICHIGAN 48918

allCHIGAN HISTORY DIVISION
November 17, 1981

cA m 8
RESEARCH. AND M1870Ric SITES
208 N. Capitol Avenue

STATE ARcMIVEB
3406 N. Logm Street

STATE Ispetule
208 N. Capetol Avenue

Re ER-1714

Mr. Michael Kaltman
U. S. Nuclear Regulatory Consnission
A. R. 5200
Washington, D. C. 20555

Dear Mr. Kaltman:

Our staff has reviewed and approved the report entitled
" Report of Archaeological Mitigation and Avoidance on a
Consumers Company Right-of-Way in Saginav and Midland
Counties, Michigan" (February 1980) by Dr. Doreen Ozker
and David W. Taggart of the University of Michigan.

Sincerely,

MarthaM.Bifeiov
Director. Michigan History Division
and
Stat Historic Preservation Officer

| f);i ' '. !
,

By: KathrynB. Eckert
Deputy'lState Historic Preservation Officer

MMB/KRE/DW:tj

cc: Dr. Gary A. Dawson

Item 2

_ __ _ _ _ - _ _ _ _ _ - _ -
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* *4!to
kfM1CHIGAN DEPARTMENT OF 5 TATE

4 M LAN5ING
RICHARD H. AUSTIN SECRETARY OF STATE MIC HIG AN 48918

~ #*h# MICHIGAN Hl3 TORY DIVIS;ON

AWINISTRATloN W8LicATioNSNovember 17, 1981 RESEARCH. AND HISTORIC SITES
20e N. Capitol Avenue

STATE ARCHIVES
3405 N. Logan Street

STATE MUSEW
206 N. Capitol Avenue

Mr. Michael Kaltman
U. S. Nuclear Regulatory Commission
A. R. 5200
Washington, D. C. 20555 Ret ER-1714

Dear Mr. Kaltman:

Our staf f has reviewed and approved the report by
Dr. Doreen Ozker of the University of Michigan en-
titled, " Report of a Preliminary Archaeological Survey
of a Transmission Right-of-Way from the Midland Plant to
the Tittabawassee Substation for the Consumers Power
Company (July 1979)."

Sincerely,

Martha M. Bighlbw
Director, Michigan llistory Division
and
State Historic Preservation Officer

<i

! t,| |,' || *a G,

By: Kathrp B. Eckert
Deputy State Historic Preservation Officer

MiB/KBE/DW: tj

cc: Dr. Gary A. Dawson

Item 3

_ __ - _____ ___ ____



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ -

I-5
.

MlCHIGAN DEPARTMENT OF 5 TATE @

RICHARO H. AUSTIN SECRETARY' 0F STATE
' ' '

L ANslNG

'*November 17, 1981 utCHIGAN history DtvlSloN

AORANISTRAT10N. PutLICATloNS
RESEARCH. ANO MISTORIC StTES
208 N. Capitol Avenue

STATE ARCHIVES
340S N. Logan Street

STATE IAJSELAI
208 N. Capitol Avenue

Mr. Michael Kaltman
U. S. Nuclear Regulatory Commission
A. R. 5200
Washington, D. C. 20555 Re: ER-2333

Dear Mr. Kaltaan:

Our staff has reviewed the following project and concludes that it
will have no effect on any cultural resources either eligible for
or listed on the National Register of Historic Places.

Midland Power Plant and Associated Facilities Midland
Michigan.

Ifarchaeologicalsites,featuresoIhterialsareencountered
during actual construction, please notify the Michigan State Historic
Preservation Office.

Should you have any questions or require further assistance, please
contact Donald E. Weston, Environmental Review Coordinator for the
Michigan History Division at (517) 373-0510.

Thank you for giving us the opportunity to comment and for your
cooperation.

Sincerely,

Martha M. Bigelow
Director, Michigan History Division
and
State Historic Preservation Officer

|.. / ,|J L ,J
^

/
f. _ ":hp. ; ;, u

,

BY: Kathryn B. Eckert
Deputy State Historic Preservation Officer

Item 4
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ga =%,'#o# UNITED ST ATES
' , ,

! NUCLEA;t REGULATORY COMMISSIONe

{. j wasmuorom. o. c. rossa

\ .... / h0V l / %!

Docket Nos. 50-329
50-330

Mr. J. W. Cook
Vice President
Consumers Power Company
1945 West Parnall Road
Jackson, Michigan 49201

Dear Mr. Cook:

Subject: Information Regarding Eligibility for Nomination to the
National Register of Historic Places

Pursuant tc our responsibility under 36 CFR 1204 as licensing agency for
the operation of Midland Plant Units 1 and 2, the NRC requests information
necessary to initiate a determination of eligibility request to the Keeper
of the National Register. The information requested is in regard to sites
20 MD 13 and 20 MD 17 identified in the Commonwealth Associates archeological
survey of January 1979. Both sites have been characterized as meeting.
criteria for nomination to the National Register of Historic Places.

As discussed in a telephone conversation between Mr. Louis Bykoski, NRC and
Mr. Gary Dawson, Consumers Power Company on October 30, 1981, tt.e enclosed
U.S. Department of Interior form (FHR-8F300) entitled, " National Register
of Historic Places Inventory-Nomination Form" should be used and filled
out in detail with accompanied maps and other materials for each of the
sites and returned to t:ie NRC. Item 12 of the form does not need to be
filled out. The NRC requests that you take appropriate measures to protect
the sites during the detennination of eligibility process.

Sincerely,

/WL

Elinor G. Adensam, Chief
Licensing Branch No. 4
Division of Licensing

Enclosure:
As stated

cc: See next page

Item 5
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