From: Benjamin Reynolds <B.Reynolds@holtec.com>

Sent: Tuesday, December 19, 2023 2:21 PM

To: Langley, Lealdon (DEP); Jean Fleming
Subject: RE: Second request for Historic PNPS Permits
Attachments: PNPS_DEP RFI#2_12192023.pdf

CAUTION: This email originated from a sender outside of the Commonwealth of Massachusetts mail
system. Do not click on links or open attachments unless you recognize the sender and know the content is
safe.

Director Langley,

Based on MassDEP’s December 8, 2023 request, Holtec is providing additional information to supplement the April 5,
2023 application to modify the Massachusetts surface water discharge permit (Permit No. MA0O003557) for Pilgrim
Nuclear Power Station.

Please let Jean Fleming or myself know if Holtec can further support the evaluation of the modification request.

Thank you and | hope you enjoy the holidays.
Ben

From: Langley, Lealdon (DEP) <lealdon.langley@mass.gov>

Sent: Friday, December 8, 2023 3:47 PM

To: Jean Fleming <J.Fleming@holtec.com>; Benjamin Reynolds <B.Reynolds@holtec.com>
Subject: Second request for Historic PNPS Permits

Some people who received this message don't often get email from lealdon.langley@mass.gov. Learn why this is important

CAUTION: This email came from a source OUTSIDE of Holtec!!
Do not click any links or open any attachments unless you trust the sender and know the contents to

be safe.

Clicking links or opening attachments could lead to infecting your computer or Holtec’s servers with
malicious viruses.

Ms. Fleming

Please find attached MassDEP’s letter providing additional opportunity for Holtec to provide

historic permit documents. Thank you. L2

Lealdon Langley, Director

Division of Watershed Management

Massachusetts Department of Environmental Protection (MassDEP)

100 Cambridge Street, Suite 900

Boston, MA 02114

Cell: (617) 259-0537

Note: MassDEP’s office has moved. My prior office phone # has been deactivated.

For phone contact, please call the cell number above. Please remove my office phone #
from your contact list.



The information contained herein is intended only for the person or entity to which it is addressed and may contain
confidential and/or privileged material from Holtec International. If you are not the intended recipient, you must not
keep, use, disclose, copy or distribute this email without the author's prior permission. Further, review,
retransmission, dissemination, or other use of this information in whole or part for any other purpose by persons
outside the recipient's organization is strictly prohibited unless explicit authorization to such effect has been issued by
the sender of this message. Holtec International policies expressly prohibit employees from making defamatory or
offensive statements and infringing any copyright or any other legal right by Email communication. Holtec
International will not accept any liability in respect of such communications. Holtec International has taken
precautions to minimize the risk of transmitting software viruses, but we advise you to carry out your own virus
checks on any attachment to this message. Holtec International cannot accept liability for any loss or damage caused
by software viruses. If you are the intended recipient and you do not wish to receive similar electronic messages from
us in the future then please respond to the sender to this effect.
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December 19, 2023

Mr. Lealdon Langley

Director of Watershed Management

Massachusetts Department of Environmental Protection
100 Cambridge Street Suite 900

Boston, MA 02114

Re: Pilgrim Nuclear Power Station — Application to Modify a Massachusetts Permit to Discharge
Pollutants to Surface Waters (Permit No. MA0003557, January 30, 2020)

Dear Director Langley:

On December 8, 2023 Holtec Decommissioning International, LLC (HDI) received
Massachusetts Department of Environmental Protection’s (MassDEP) second request for
additional information to supplement the April 5, 2023 application to modify the Massachusetts
surface water discharge permit (Permit No. MA0O003557). Specifically, MassDEP requested the
“Pilgrim Station No. 600 Boston Edison Company, Salt Water Use and Waterfront Development
for Pilgrim Nuclear Power Station [Salt Water Use Report] and operating records pertaining to
treatment of liquid wastes” as well as “any applications and associated materials related to the
three Water Quality Certifications (July 31, 1970, April 15, 1971 and April 23, 1971).”

HDI is providing the following records (Enclosure 1 and 2):
e United States of America Atomic Energy Commission Summary of Application for an
Operating License for Pilgrim Nuclear Power Station, Docket No. 50-293, August 6,
1971 (OL Application)
¢ Department of the Army, Corps of Engineers Application for Permit to Discharge or Work
in Navigable Waters and Their Tributaries, September 30, 1971 (ACOE Application)

Please note, the OL Application contains the Salt Water Use Report as well as information
regarding the treatment of liquid wastes (at the time of submittal) and the April 23, 1971 Water
Quality Certification is a required approval of the ACOE Application. No additional materials
were identified to support the request at this time.

Should MassDEP have any additional concerns or wish to discuss this matter further, please
feel free to contact Mr. Ben Reynolds, HDI Director of Environmental Affairs, or myself at (856)
797-0900, ext. 3578.

Respectfully,

Jean A. Fleming
Vice President, Licensing, Regulatory Affairs, & PSA
Holtec International


http://www.holtecinternational.com/
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Enclosures:
1. United States of America Atomic Energy Commission Summary of Application for an
Operating License for Pilgrim Nuclear Power Station, Docket No. 50-293, August 6,
1971
2. Department of the Army, Corps of Engineers Application for Permit to Discharge or
Work in Navigable Waters and Their Tributaries, September 30, 1971


http://www.holtecinternational.com/

Enclosure 1
United States of America Atomic Energy Commission
Summary of Application for an Operating License for Pilgrim Nuclear Power Station
Docket No. 50-293

August 6, 1971



UNITED STATES OF AMERICA

ATOMIC ENERGY COMMISSION

SUMMARY OF APPLICATION
FOR AN OPERATING LICENSE
FOR

P_M.
PILGRIM NUCLEAR POWER STATION
Docket No., 50-293

August 6, 1971
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November 29, 1971

ERRATA IN "SUMMARY OF APPLICATION
FOR AN OPERATING LICENSE FOR
PILGRTM NUCLEAR POWER STATION'

(A) Errata incorporated in second printing

Page

iv Bottom line should read: '"9.2 Pre~Operational and
Startup Testing"

vi In titles of Figures 4-& and 4-5, change "1968" to
1965,

In title of Figure 4-5 insert "and" after "Resident",
1-1 Line 16, third word is 'water".
2-9 Line 2, change "Section 12,0" to "Section 10,0,
5-3 Line 4, add the word “principally" after "consist',

7-2 In the footnote, change "Section 7,5" to "Section 8,5",

Errata not incorporated in any coples

8-3 Add the following at bottom of page: "vessel in the
shape of a light bulb, and the pressure suppression
chamber is a torus~-shaped steel pressure".
Line 1, change ""amendable " to "amenable",

Line 5, change "clerical” to "electrical’.

Line 16, change "dispatching" to "dissipating'.




(€

Suggested

Page
7-1

editorial changes (not incorporated in any copies)

Lines 3 and 4, change "minimize radiation. ., ., site"
to "maintain radiation exposures well below the
applicable regulatory limits",

Line 19, after the word "cdontainment", remove the word
"is" and insert "consists of the drywell".

Lines 10 and 11, change "coolant system piping, pumps,
valve supports, and hangers" to read "emergency coolant
system piping welds.”

Line 11, change "involving the gross release' to “"which
could potentially involve the release."




L

November 29, 1971

ERRATA IN "SIRGIARY OF APPLICATIONM
FOR_AN OPERATING LICENSE FOR
PILCRIM NUCLEAR POWER STATION"

Bottom line should read:; "9.2 Pre-Operational and
Startup Testing"

In titles of Figures 4-4 and 4-5, change '"1968" to
n 19651! .

“In title of Figure 4-5 insert "and" after "Resident",
Line 16, third word is "water",
Line 2, change "Section 12.0" to "Section 10,.0",

Line 4, add the word "principally" after "consist!,

In the footnote, change "Section 7.5" to "Scction 8.5".

Add the following at bottom of page: 'wvessel in the
shape of a light bulb, and the pressure suppression
chamber is a torus-shaped stcel pressure”,

Line 1, change "amendable " to "amanable",

Line 5, change "clerical” to “electrieal",

Line 16, change "dispatching” to "dissipating".




station structural design criteria differentiates between
two types of station structures, ,Class I structures and
Class II structures, and .applies detailed design require-

ments to each classification. Class I includes those

structures, equipment and components whose failure or mal-

function might cause or Increase the severity of an accident
which might endanger the public health and safety. This
category includes those structures, required for safe shut-
down and isolation of the reactor. Class II includes those
structures, equipment, and components which are important
to reactor operation, but are not essential for preventing
an accident which would endanger the public health and
safety and are not essential for the mitigation of the con-
sequences of these accidents.(l)
8.2.2 Primary Containment System(z)

The primary containment system houses the reactor
vessel, the reactor coolant recirculation system and other

branch connections of the reactor coolant system. The pri-

mary containment is a pressure suppression chamber which

stores a large volume of water, a connecting vent system
between the drywell and water pool, isolation valves,
vacuum relief system, containment cooling systems, and
other service equipment. The drywell is a steel pressure
vessel in tﬁe shape of a light bulb, and the pressure sup-
pression chamber is a torus~shaped stéel pressure
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a time when the core geometry is amenable to cooling,.
4, The core temperature ié reduced and decay heat
can be removed for an extended period of time,

The systems' power supplies have been chosen to
gllow initiation and operatioﬁ regardless of the avail-
ability of offsite a-c power. The design of the systems
allows testing to verify the operability of all active
components during normal operation of the nuclear system.

The core standby cooling systems provided on
Pilgrim Nuclear Power Sgation are functionally equivalent
to those included in other operating BWR's., A short
description of the systems is included in the following
paragraphs.

8.5.2 Core Spray System(la)

Two independent loops are provided as a part of

the core spray system to circulate water from the pressure
suppression chamber pool to the reactor primary vessel.
Each loop consists of a core spray pump, a sparger ring,

a spray nozzle, and the neceésary plping, valves, and
instrumentation. The cer spray system provides protection
of the core for the postulated case of a large break in

the nuclear system when the feedwater system, control

rod drive water pumps, reactor core isolation cooling
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subsection 12,2.1.2 of the FSAR. A summary of the
Class I protection instrument and control systems is
included in subsection 7.1.1 of the FSAR. The "essen-
tial items' are identified on the Q(Quality)-List.
Within the Class I mechanical and electrical systems,
every item or component is not Q-listed, Rather, each
component is reviewed to determine which of the follow-
ing categories it falls into:

Category A

Its function is essential for the operation

of a Class I component or system to meet the
Class I criteria (e.g., pumps and switches that
must operate to accomplish their safety objective),
If so, it is included on the Q-List,
Category B

Its pressure boundary integrity is essential
for the operation of a Class I component to meet
the Class I_criteria. If so, it is included on
the Q-List and, if required for clarity, it is
given a note (pressure boundary only) on the Q-List.
Category C

It is not essential.for either functioning

_or pressure boundary integrity of A or B above
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shield itself. Thus the design effectively precludes the

possibility of missile generatioﬁ as a result of pipe or
safe-end ruptures within the shield. (2)

(4) Fuel Cask Drop

""The applicant proposes to assure that accidental

dropping of the spent-fuel cask into the fuel stor-

age pool will not cause leakage in excess of the

make-up capacity, and will make such modifications

as may be necessary."

Boston Edison Compaﬁy has conducted studies to determine
the effects of a spent-fuel cask dropped into the fuel stor-
age pool. In order to assure that any resultant leakage
from the pool will be within the pool makeup capability, an
energy absorbing/load distributing pad will be installed in
the cask loading area which will be capable of absorbing,
distributing, and dissipating the kinetic energy associated
with a loaded cask drop from the maximum height. (3)

(5) Confirmatory Vibration Testing

"The applicant said he would make tests adequate to
confirm the predicted vibrational characteristics of
the vessel internals."

A program of confirmatory vibration measurements will

be implemented for the Pilgrim reactor. Both cold and hot
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1.0 INTRODUCTION

This document, prepared and filed by Boston Edison
Company, the applicant, is a summary of the application¥*
filed by the Company for a license from the Atomic
Energy Commission to operate a nuclear power station loca-
ted on a site in the town of Plymouth, Plymouth County,
Massachusetts, To assist interested members of the public
in understanding the complex technical material dealt with
in this report, the applicant has endeavored to use non-
technical language whene&er possible,

The Pilgrim Nuclear Power Station occupies a 517-acre
site on the shore of Cape Cod Bay. Construction and pre-
operational testing is presently scheduled to be completed
and the station ready for fuel loading and low power
reactor operation in December, 1971, The unit is a con-

ventional boiling water reactor (BWR) designed to generate

about 685 megawatts of electricity. It has similar design

characteristics to other boiling water reactors which have
been licensed and are in operationm.
This document has been prepared in accordance with

the provisions of Title 10 of the Code of Federal
Regulations, Part 2, Appendix A, Section II (e).

It includes a summary description of the station, an
*The application and other pertinent documents currently in
the record of this proceeding may be examined at the Plymouth
Public Library, North Street, Plymouth, Massachusetts.
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evaluation of the considerations important to safety,
and a comparison of the Pilgrim reactor design with the
" design of similar reactors previously licensed and in
operation, The applicant has included comments on the
operating license application rendered by the Advisory
Committee on Reactor Safeguards on the application
pursuant to Section 29 of the Atomic Energy Act of
1954 as amended (42 U.S.C. 2039), and information

incorporated in the docket in accordance with the

National Environmental Policy Act of 1969, P.L. 91-190.

In addition to a summary of the application, this
document contains a summary of the applicant's program
of consultation with interested federal, state and local
government officials in planning for the Pilgrim Nuclear
Power Station., This summary also describes the status
of the applicant's efforts to obtain the permits and
approvals required by federal, state, and local agencies.

As set fofth more fully in the ensuing sections of
this summary, the station has been designed and constructed
with preservation of the enviromment and assurance of
nuclear safety as paramount considerations., The station
has been designed and will be operated to keep radio-

activity in station effluents at small fractions of the
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applicable limits specified in 10 CFR 20*, "Standards

for Protection Against Radiation.' Environmental
monitoring programs have.been established to determine
environmental radiation levels prior to station
operation for comparison with similar data obtained
after station operation., This will serve as a check
on the effectiveness of the various source controls to
assure that public exposure to radiation remains at
small fractions of applicable 10 CFR 20 limits.

No adverse environmeﬁtal effects are expected to
result from the operation of Pilgrim Station. The
environmental monitoring programs include aquatic
ecological surveillances for detection and evaluation
of any environmental effects. If an effect of
significance is detected, the applicant will take

steps to correct or mitigate any adverse situation.

%10 CFR 20-Code of Federal Regulations, Title 10, Part 20,
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2.0 BACKGROUND

2.1 Boston Edison Company

Boston Edison Company is the sole applicant for thé
facility license, and as owner and applicant, is responsible
for the design, construction, and operation of the stationm.
Boston Edison Company is a publiclyrheld corporation
incorporated under the laws of The Commonwealth of Massachu-
setts in 1886, with its principal executive office at
800 Boylston Street, Boston, Massachusetts.

The applicant is an gperating public utility engaged in
the electric and steam businesses, supplying electricity at
retail in the cities of Boston (except the Charlestown dis-
triet), Somerville, Newton, Chelsea, Waltham and Woburn, in
the towns of Brookline, Arlington, Watertown, Framingham,
and in thirty other smaller towns in eastern Massachusetts,
covering an area of approximately 590 square miles within
30 miles of Boston. It also supplies electricity in bulk
at wholesale.to other utilities, including the total elec-
tric requirements ¢f the Charlestown District of Boston
and thirteen other cities and towns in the vicinity of
Boston.

The applicant's electric generating facilities have an

aggregate peak capability of approximately two million
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kilowatts. The principal steam-electric generating stations

operated by the applicant are the Edgar statiom in North

Weymouth, the Mystic station in Everett, and the L Street
and New-Boston stations in South Boston. The applicant
also supplies steam, chiefly from its three steam gener-
ating plants located in Boston to approximately 625 cus-
tomers in that city and engages in the business of pur-
chasing and selling electrical appliances.

2.2 Applicant's Participation in the Development
of Nuclear Power

Boston Edison's involvement with nuclear power plants
began in 1955 and has continued up to the present time.
Boston Edison was a contributor and active participant in
the Power Reactor Development Corporation (PRDC), an organ-
ization which gave finamcial support and technical assist-
ance to the Fermi Reactor Project. It is a sponsor of
Yankee Atomic Electric Company and Conmecticut Yankee Atomic
Power Company, and owns 9-1/2 percent of the stock of each
of those companies and receives 9-1/2 percent of the power
generated by each of those companies. Boston Edison is
currently contributing to the development of fast breeder
reactors and, through the Edison Electric Institute, to
the nuclear research and development programs of that

organization,




2.3 Need for Pilgrim Station

Pilgrim Nuclear Power Station is presently scheduled
for full power operation in April, 1972 and 1s part of
the comprehensive plan to meet the applicant's electric
power requirements. The peak load of the applicant for the
power year commencing November 1, 1971, is forecast at
2,010 megawatts and will occur after the Pilgrim Nuclear
Power Station is scheduled for full power operationm.
Although the Pilgrim Stationm will add approximately 655 mnet
megawatts of new capaciéy, 140 megawatts of this capacity
is contracted to utilities outside the applicant's service
area as unit sales, and an additional 300 MW is contracted
to other utilities as system sales based upon Pilgrim's
availability,

Pilgrim Station was originally scheduled for service
in 1971 when the New England region, assuming both the
Pilgrim Nuclear Power Station and the Vermont Yankee Unit
were in ccmmefcial operation, expected to have 15,676 MW

of capacity to meet a peak load of 12,820 MW. The reserve

margin was expected to be 2,856 MW, which is equal to 22.3%
of the estimated peak. With the capacity of Vermont Yankee

not available, the area's capacity will be reduced to

15,163 MW with 2,343 MW of reserve which is equal to 18.3%
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of the estimated peak. With the capacity of the Pilgrim
Nuclear Unit also not ayailable, the area's capacity will
be reduced to 14,508 MW with 1,688 M{ of reserve which will
equal only 13.2% of the estimated peak load.

In the most recent report'of the New England Planning
Committee, of which Boston Edison is a member, the 1972-73
winter peak load of the New England area is estimated to
be 13,846 MV. Without any capacity additions or retire-
ments New England will have 14,405 MW of capacity to meet
this load forecast resuiting in a 4.0% reserve margin.

The addition of Pilgrim Station (655 net MW) will increase
the New England reserve margin to 8.8%.

Other generating units under construction for service
during this period are Vermont Yankee (513 MW), Maine
Yankee (792 MW), Northfield Mountain (1000 M{), and two

gas turbines (44.7 MW).

The Pilgrim unit is a significant part of a comprehen-

sive plan for'bulk supply and its non-availability would
result in lower-than-needed capacity in the area with the
resulting decrease in service reliability.

As a public utility in Massachusetts, the Company is
under a legal mandate to furnish electricity to customers

in its service area and to provide sufficient "plants" for
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that purpose. The operation of the Pilgrim Station is an
integral and mecessary part of the applicant's plans to
provide the required service.supported by sufficient reserve
to insure reliability of that service.

Moreover, the applicant is a participant in a plan for
coordinated New England system operations where reliability,
together with economy of bulk power supply for the region as
a whole, are prime considerations. Among the responsi-
bilities of this participation are the necessity to provide
its share of the region's capacity as well as its share of
the overall reserve requirement. These reserves are necessary
to insure the availability of power during times of scheduled
maintenance, forced outages and unexpected load growth.

Load growth has increased sharply in recent years. In
the fifties and early sixties load was growing at compound
rate of 6% in New England. Long range load forecasts made

at that time were based on the assumption that this rate of

growth would continue. However, the rate actually ex-

perienced since 1964 has approached 8%. As this changing

rate of growth became apparent, steps were taken to meet the

additional load requirement. One step taken was the in-
stallation of combustion turbines and diesel engines which

now total 1,319 megawatts of capacity for service by the
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summer of 1971.

It has been the recent experience of the industry
that the forced outage rate of the new larger units has
been much greater than was forecast at the time the units
were planned. Although capacity planming now recognizes
higher forced outages rates, lower rates were in use at
the time the commitments were being made for the capacity
now nearing construction completion. For example, esti-

mated forced outage rates for units in the 400 megawatt

class have increased from 4.8% in 1965 to 7.5% in 1969,

Planning now utilizes the higher rates which result in an
increase of 3 to 47 in New England reserve requirements.
The higher than predicted loads and the greater than
predicted outage rates both tend to require greater gener-
ation reserves. As a consequence, in 1968, the desired
reserve for the seventies was increased to the order of
20 to 22% as compared to the 14% reserve considered adequate
in 1964. |
The power that the Pilgrim Station will provide is an
important step in establishing adequate reserve margins in
the New England region as a whole and in permitting the

applicant to meet its power generation obligations.




2.4 Pilgrim Station Licensing History to Date

An application for a provisional construction permit
was filed with the United States Atomic Energy Commissiom
(the "Commission'") on June 30, 1967. The application was
reviewed by the Regulatory Staff of the Commission and the
Advisory Committee on Reactor Safeguards (''ACRS'"}, each
concluding that the proposed Pilgrim Station could be
constructed and operated without undue risk to the health
and safety of the publie,

On May 6, 1968, the'Commission issued a '"Notice of
Hearing on Application for a Provisiomal Construction Per-
mit" which was published in the Federal Register on May 10,
1968. Subsequently, Petitions for Leave to Intervene were
filed by the Commonmwealth of Massachusetts, and as joint
intervenors, the Municipal Electric Association of Massa-
chusetts ('"MEAM") and the electric light departments of four
Massachusetts towns. The Intervention was allowed the
Commonwealth énd the Towns of Wakefield and Braintree and
denied as to MEAM and the other two towns.

Pursuant to the Notice of Hearing, hearings were held
before the Atomic Safety and Licensing Board (ASLB) on

June 18 and 19, 1968 in the Town of Plymouth. At that

time, appearances were made by the Plymouth Board of
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Selectmen, the Plymouth Industrial Development Corporation,

the Plymouth Development and Industrial Commission and an

abutting land owner.

On' August 26, 1968, the ASLB handed down a decision

directing the Commission's Director of Regulation to issue a

provisional construction permit in which it concluded that

the proposed Pilgrim Station could be constructed and

operated without undue risk to the health and safety

of the public, On the same date, the Commission issued

10 the permit (CPPR-49) to the Company. MEAM and four muni-

cipals filed exceptions to the ASLB's action with the

Commission, which denied them on March 20, 1970,

On January 5, 1970, the applicant filed Amendment 12

to the application, the Pilgrim Nuclear Power Station Final

Safety Analysis Report (FSAR).

The FSAR and the subsequent eighteen amendments submitted

in conformance with 10 CFR 50.34(b), include information that

18 describes the facility, presents the design bases and the

limits on its operation, and presents a safety analysis of

the structures, systems and components and of the facility
21 as a whole, The FSAR also contains answers to certain con-

cerns raised by the US~AEC Division of Reactor Licensing

and by the Advisory Committee on Reactor Safeguards.
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(The subjects of the ACRS concerns and the resolutions to
the concerns are discussed in Section 10.0 of this summary.

Following a meeting with the ACRS on April 2, 1971, a
a letter dated April 7, 1971 was sent to the Commission by
the ACRS stating, in part, that'subject to attention being
given by the applicant to certain concerns of the ACRS
referred to above and subject to satisfactory completion
of construction and pre-operational testing, there was
reasonable assurance that the Pilgrim Station could be
operated without undue risk to the health and safety of
the public.

The Commission, on April 23, published in the Federal
Register a ''Notice of Comsideration of Issuance of Facility
Operating License." 1In response to the Notice approximately
forty-three generally worded requests for a hearing and
three formal petitions to intervene were received.

One petition was filed jointly by the Sierra Club and

the Union of Concerned Scientists, a second by the Common-

wealth of Massachusetts and a third by MEAM and the four
towns {(on anti-trust grounds) which had sought to intervene

on the issuance of a construction permit. On July 12 the
Commission issued a Memorandum and Order determining that

a hearing should be held and that intervenor party status
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should be granted to the Sierra Club and the Union of Con-
cerned Scientists and the Commonwealth. In denying "without
prejudice'’, MEAM and the four towns' petition to intervene,

the Commission noted that they would be afforded the oppor-

tunity to intexrvene in later prbceedings on anti-trust

issues should the Commission determine on the recommendation
of the Attorney General that a hearing be held on such

matters.




3.0 THE EVOLUTION OF THE PILGRIM STATION DESIGN CONCEPT

The Pilgrim Nucleap Power Station utilizes a boiling
water reactor (BWR) designed by the General Electric Company
to produce steam for direct use in the steam turbine. The
Pilgrim BWR design and safety systems have evolved from
years of design and operating experience from other BWR's
having similar basic design and operating characteristics.

The Vallecitos Boiling Water Reactor was started up

in 1957 by General Electric to test BWR design concepts

and fuel technology. The Dresden 1 BWR which began opera-

tion in 1960, was the first large-scale privately-owned
nuclear power plant in the United States. Presently,
there are twenty-one BWR's designed by General Electric
which are in operation, generating electricity, with an
aggregate capacity of approximately 6,570,000 kilowatts.
Principal design characteristics of the Pilgrim
Station are compared in Tables 3.1, 3.2, 3.3 and 3.4 to
three operating boiling water reactors; Dresden 1I,
Monticello and Millstone I. The Pilgrim Station design
characteristics are most comparable to those of Millstome I
which was granted an operating license in October, 1970,
and which has now generated over 2 billion kilowatthours

of electricity.




Table 3,1
COMPARISON OF NUCLEAR SYSTEM DESIGN CHARACTERISTICS

Filgrim Dresden I Monticelo

THERMAL AND

HYDRAULIC DESIGN

Core Power, MWt 1998 2527 1670 2011
Steam Flow Rate, b/hr 7.983% 10° 9.945 X 10¢ 6.77 X 108 7.94 % 108
Core Coolant Flow Rate 69 X 10% 98X 10¢ 57.6 X 10 69X 10t
Ib/hr '

Feedwater Flow Rate, Ib/hr 7.983 X 10° 9,94 X 108 6.77 X 10° 7.94 X 108
Feedwater Temperature,’F 3594 348 376.3 350.1
System Presaure Nominal in 1020 1015 1015 1015
Steam Dome peia

Average Power Density 405 41.08 40.6 40.8
kW/liter

Maximurm Thermal Qutput 17.5 17.5 17.5 17.5
KW/t ’

Average Thermal Output 5.60 5.7 5.7 57
kW/it

Maximum Heat Flux 405,200 405,200 405,200 405,200
Btu/hr-fe*

Average Heat Flux 131,100 131,860 131,350 129,000
Bru/hr-ft?

Maximum UO; Temperature,”F 4230 4230 4230 4230
Average Volumetric 1059 1050 900 1050
Fuel Temperaturc,nF

Average Fuel Rod Surface . 558 558 558 558
Temperature,”F

Minimum Critieal . 19 »19 »1.9
Heat Flux Ratio (MCHFR)

Coolant Enthalpy 520.5 522.9 519.4

at Core Inlet, Bru/lb

Core Maximum Exit, % , 76 76 79.1
Voids Within Assemblies

Core Average Exit . , 12.1 11.8
Quality, % Steam '

Pawer Peaking Factor

Maximum Relative Assembly L.b6 1.50 . 1.57
Power .

Local Peaking Factor 1.24 1.30 1.25
Axial Peaking Factor 1.5 1.57 . 1.57
Total Peaking Factor 3.09 3.06 3.08

NUCLEAR DESIGN (First Core)

Water/UO; Volume Ratio 241 241 242 241

{Cold)

Reactivity with Strongest Control ~ <0.99 <0.99 <0.99 <0.99
Rod Out, K’eff

Moderator Temperature Coefficient
At 68°F, Ak/k—"F Water 8.0X 107 80x10* 80X%X10% 80x10°4
Hot, no voids, Ak/k—"F Water ~ -20.0X 107 170X 10¢ 17.0X10 % 170X 10%

3-2




Table 3.1

COMPARISON OF NUCLEAR SYSTEM DESIGN CHARACTERISTICS

Moderator Void Coefficient

Hot, no voids, Ak/k-% Void
At Rated Output, Ak/k—% Void

Pilgrim

0% 10 ?
16X 103

Fuel Temperature Doppler Coefficient

At 68°T, Ak/k—"F Fuel

Hot, No Void, Ak/k—"F Fue)
At Rated Output, Ak/k—"F Fuel

Initial Average U-235
Enrichment, W/0

Fuel Average Discharge
Exposure, MWd/Ton

CORE MECHANICAL DESIGN

Fuel Channel
Overall Dimension
inches (length)
Thickness, inch

Cross Section Dimensions, inches

Material

Core Assemhbly

Total Weight of UO,, pounds
Core Dinmeter (equivalent)
inches

Corce Height (Active Fuel)

inches

Rteacior Control System
Method of Vanation
of Reactor Power

Number of

Movable Control Reds
Shape of

Mavable Control Rods
Pitch of

Movable Control Rods
Contro! Material

in Movable Rods

Type of Control Rod Drives

Fuel Azsembly
Number of Fuel Assemblies
Fuel Rod Array

13X 10°%
-12X 10
<13x10*
2.19%

19,000

166.875

0.080
5.438 X 5438
Zircaloy-4

280,325
163.1

144

Movable
Control Rods
and Variahle
Coolant
Pumping

145

Cruciform
12.0

B, C granules
Compacted

in 88 Tubes
Bottom entry,
Locking
Piston

580
7X7

Dreaden [I

L.0X1072
14X107

1.2X10*
12X 10
<l2X10%
2.12%

19,000

166,875

0.080
5438 X 5,430
Zircaloy-4

856,200
182.2

144

Movable
Control Rods
and Variahle
Coolant
Pumping

177

Cruciform
12.0

B4C granules
Compacted

in 8S Tubes
Bottom entry,
Locking
Piston

724
TX7

3-3

Monticello

1,0X10°
14X10°

12X10°%
12X 10°*
<12X10%
2.25%

19,000

166875

0.080
5438 X 5.438
Zircaloy4

238,370
149

144

Movable
Control Rods
and Variable
Coolant
Pumping

121

Cruciform
12.0

B4 C granules
Compacted

in 88 Tubes
Bottom Entry,
Locking
Piston

484
7TX7

Millstone I

-1.0X10°
14X 107

1.2X10%
12%X10°F
<12X10°*
2.07%

15,000

166,875

0,080
5.438 X 5.438
Zircaloy-4

284,500
163.1

144

Movable
Contrel Rods
and Variahle
Coolant
Pumping

145

Crueiform
12,0

B, C granules
Compacted

in 85 Tubes
Bottom entry,
Locking
Piston

580
TX7




Overall Dimensions, inches
Weight of UOy pee Assembly
pounds

Weight of Fuel Assembly
pounda

Fuel Rods

Number per Fuel Assembly
Outside Dinmeter, inch

Clad Thickness, inch
Gap—Pellet to Clad, inch
Length of Gas Plenum, inches
Clad Materiol

Cladding Process

Fuel Pellets
Material

Density, % of theoretical
Diameter, inch

Length, inch

Number of Temporary
Control Curtains
Curtain Material

In-Core Neutron Instrumentation

Number of In-Core

Neutron Detectors (Fixed)

Number of In-Core

Detector Assemblies

Number of Detectors per Assembly

Number of Flux Mapping

Neutron Detectors

Range (and Number) of Detectors
Source Range Monitor

Intermediate Range Monitor
Local Power Range Monitor
Average Power Range Monitor

Number and Type of In-Core
Neutron Scurces

Table 3.1
COMPARISON OF NUCLEAR SYSTEM DESIGN CHARACTERISTICS

Pilgrim
175.88
Undished
490,53
Dished
480,62
Undished
676.91
Dished
667.00

49

0.563
0.032
0.0055
11.24
Zircaloy-2

Free standing
loaded tubes

Uranium
Dioxide .
93%
0.488
0.5

264

Flat, boron—
stainless
gteel

120
30

4
4

Source to
0,001% power (4)
0.0001% to 10%
Power (B)

5% to 125%
power (120)

5% to 125%

5 8b—DBe

Dreaden [I

. 17588
492.5

49

0.563
0,032
0.0055
11.24
Zircaloy-2

Free standing
loaded tubes

Uranium
Dioxide
93%
0.488
0.5

340

Flat, boron—
stainless
steel

164

41

4
4

Source to
0.001% power (4)
0.0003% to 10%
power (8)

5% to 125%
power (164)

5% to 125%

7 8h~Be
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Monticello

175.86
Undished
492.5
Dished
4417
Undished
678.9
Dished
668

49

0.563

0.032

0.005

11.24
Zircaloy-2
and/or Zr4
Free standing
loaded tubea

Uranium
Dioxide
03%
0.488
0.5

216

Flat, horon—
stainless
steel

96
24

4
2

Source to

0.001% power (4)
0.0001% to 10%
power {8)

5% to 125%
power (96)

5% to 125%

5 8h—Be

Milistone I

175.80
490.2

49

0.570
0.036
0.0055
11.24
Zircaloy-2

Free standing
loaded tubes

Uranium
Dioxide
93%
0.488
0.5

264

Flat, boron—
stainless
steel

120
30

4
4

Source to

0,001% power (4)
0,0003% to 10%
power (8)

5% to 125%
power (120)

5% to 125%

5 Sb—Be




Table 3.1
COMPARISON OF NUCLEAR SYSTEM DESIGN CHARACTERISTICS

Pilgrim Dresden 11 Monticello Millatone I

REACTOR VESSEL DESIGN
Material «- Carhon Steel/Clad Stainless Steel

Design Pressure, psia 1265 1265
Design Temperature, °F 575 575
Inside Diameter ft-in. ° 188 20-11
Inside Height, ft-in 64-8%: 64-8
Side Thickness (including clad) 5.688 6.125
Minimum Clad Thickness, inches  1/8 1/8

REACTOR COOLANT
RECIRCULATION DESIGN
Number of Recirculation Loaps 2 2 2
Design Pressure
Inlet Leg. psig 1148 1175 1175
Outlet Leg, psig 1241 1325 1325
Design Temperature, °F 562 565 564
Pipe Diameter, inches 28 28 28
Pipe Material 304/316 304/316 304/316
Recirculation Pump 45,200 45,200 45,200
Flow Rate, gpm

Number of Jet Pumps 20 20 ) 20
in Reactor

MAIN STEAM LINES

Number of Steam Lines 4 4 4 4
Design Pressure, psig 1146 1146 1146 1146
Design Tempernture, °F 563 563 563 563
Pipe Diameter, inches 20 20 18 20

Pipe Material 4 Carhon Steel (ASTM A155 KC70 or ASTM A106 Grade B)—————»

CORE STANDBY
COOLING SYSTEMS
{These systems are sized
on design power)

Care Spray System

Number of Loops 2 2

Flow Rate (gpm) 3600 at 3020 at
104 psid 307 psid

High Pressure Coolant 1 1 1
Injection System (No,)

Number of Loops 1 1 1

Flow Rate (gpm) 8000+

Automatic Depressurization I
System (No.)

*Utilizes feedwater pumps




Table 3,1
COMPARISON OF NUCLEAR SYSTEM DESIGN CHARACTERISTICS

Pilgrim Dresden 11 Montieello Millstone 1

Low Pressure 1 ‘ 1 ! 1

Coolant Injection {No.)

Number of pumps 4 4 4 :

Flow Rate {gpm/pump) 5350 at 4000 at
0 peid 20 psid

4

AUXILIARY SYSTEMS
Rexidual Heat Removal System
Number of pumps
Flow Rate (gpm/pump)
Number of heat exchangers
Capacity (Btu/hr/heat exchanger)!
 service Water System
Number of pumps
¢Flow rate (gpm/pump)

MReactor Core

Ieolation Cooling System
CFlow Rate (gpm) 400 at
1120 psid

Qm Pool Coaling

and Cleanup System
cEapacity (Btu/hr). 2.87 X 108

*Reactor Building

Closed Cooling Water System
T Rumber of pumps 6
_Flow Rate (gpm) : 1700
“Number of heat exchangera 2
LCapacity (Btu/hr/heat exchanger)® 65 X 10°

! Capacity during post-sccident cooling mode with 165°F shell side intet
temperature maximum service water temperature, and 1 RHR pump in operation.

3 Capacity during post-accident cooling mode at 65°F service water
temperature with 2 RBCCW pumps and 1 RBCCW heat exchanger in cperation,

*No RCIC, these units utilize isolation condenser in place of RCIC.




Table 3.2

COMPARISON OF POWER CONVERSION SYSTEM DESIGN CHARACTERISTICS

Pilgrim

TURBINE-GENERATOR

Design Power, MWe (Net) 655
Generator Speed, rpm 1800

Steam Flow, Ib/he " 7.983 X 10°
Turhine Inlet Pressure 965

peig

TURBINE BYPASS SYSTEM
Capacity, percent of turbine
design steam flow

MAIN CONDENSER
Heat removal capacity, Btu/hr 4433 X 10%

CIRCULATING WATER SYSTEM
Number of Pumps 2
Flow Rate, gpm/pump 155,500

CONDENSATE AND FEEDWATER
SYSTEMS

Flow Rate, Ib/hr 7.983 X 10°
Number of Condensate Pumps 3
Number of Condensate .

Booster Pumps

Number of 3
Feedwater Pumps

Condensate Pump Drive a-t power
Condensate Booster

Pump Drive

Feedwater Pump Drive a-c power

Dresden 11

810

1800

9,945 X 10%-
950

9,725 X 10°
4
4

3

a-c power
a-c power

a-c power

Monticello

543

1800

6,77 X 10°
965

3750 X 10®

2
140,000

6,77 X 10°
2

2

a-c power

a-C power

Millstone [

652

1800
7.94X 10°
965

4
105,000

7.94% 10°
3

3

2

a-c power
a-c power

8-¢ power




Table 3.3
COMPARISON OF ELECTRICAL POWER SYSTEMS DESIGN CHARACTERISTICS

Pilgrim . Dresden 1l Monticello Millstone 1

TRANSMISSION SYSTEM

Outgoing lines 5-345kV 2-345kV 2-345kV
(number-rating)

NCGRMAL AUXILIARY A-CPOWER

Incoming lines 2-345kV 5-345kV 1-345 kV 2-345kV
(number—rating) 1-23kV 6-138kV 1-115kV 1-27.6kV
Auxiliary tranaformers 2 4 2 1

Startup transformers 1 1 1 1

STANDBY A-C POWER SUPPLY

Number diesel generators 1 plus 1 (Gas)
Number of 6

4160V etandby buses

Number of

480V standby buses

D-C POWER SUPPLY

Number of 125V 2-125V
or 250V batteries 1-250V
Number of 125V 3-125V
or 250V huges 1-250V

* 1'unit auxitiary transformer, 1 shutdown transformer




Table 3.4

COMPARISON OF CONTAINMENT DESIGN CHARACTERISTICS

PRIMARY CONTAINMENT
Type

Construction
Drywell

Pressure Suppression
Chamber~Internal Design
Pressure (psig)
Pressure Suppression
Chamber—External Design
Pressure (pai)
Drywell-Internal

- Design Pressure (psig)
Drywell-External
Design Presaure (pai)
Drywell Free Volume ({t*)
Pressure Suppression
Chamber Free Volume ({t3)
Pressure Suppreseion
Pool Water Volume (ft3)
Submergence of Vent Pipe
Below Pressure Pool Surface {ft)
Design Temperature
of Drywell (°F)
Design Temperature of
Pressure Suppression Chamber (°F)
Downcomer Venl Pressure
Logs Factor
Brenk Area Per Total
Vent Area
Calculated Maximum Pressure
After Blowdown Drywell
(psig)
Pressure Suppression Chamber
(psig)
Initial Pressure
Suppression Pool Temperature
Rise (°F)
Leakage Rate
(% Free Volume/Day)
SECONDARY CONTAINMENT

Type

Pilgrim . Dresden 11

Pressure
Suppression

Pressure
Suppression

Light bulh Light bulh
shape; steel ghape; ateel
veasel vessel

+56 +62

+]

+2 +2

147,000
110,600

158,236
117,245

84,000 112,203
4 3-5in,
281
281

6.21

0.0194

45 47

26 28

35 50

0.5 0.5

Controlled
Leakage,
Elevated
Release

Controlled
Leakage,
Elevated
Release

Monticellp
Preasure
Suppression
Light bulb
shape; steel

vesse]
+62

+2

+2

134,200
108,250

77,970

4

41

26

45

0.5

Controlled
Leakage,
Elevated
Release

Millstone I
Pressure
Suppression
Light hulb
shape; ateel

vessel

+62

+1

+2

146,900
109,900

83,500

4

43

26

35

0.5

Controlled
Leakage,
Elevated

Release




Construction
Lower Levels and Foundation

Upper Levels

Roof

Internal Design Pressure

(psig)

Design Inleakage Rate (% of
free volume/day at 0.25

inches H; 0)

ELEVATED RELEASE POINT
Type

Construction

Height (above ground)
*Ahove Mean Sea Level

Reinforced
Concrete |
Precast Panels
and Reinforeed
Concrete

Steel

Sheeting

0.25

100

Reinforced
Concrete
Steel Super-
structure and

- Siding

Pre-cast
Concrete

0.25

100

Stack
Reinforced
Concrete
310 feet

Reinforeed
Concrete
Steel Super-
structure and
Siding

Built up on
steel decking
0.25

100

Stack
Reinforced
Concrete
238 feet

Reinforced
Concrete
Steel Super-
structure and
Siding

Steel
Sheeting
0.25

100

Stack
Reinforced
Concrete
385Y% feet




4.0 SITE CHARACTERISTICS
(1)

4.1 Location

The Pilgrim Nuclear Power Station is located on the
western shore of Cape Cod Bay in the Town of Plymouth,
Plymouth County, Massachusetts., Figure 4-1 shows the sta-
tion site location with respect to major population centers.
The nearest urbanized area is Plymouth located approximately
four miles to the west as shown in Figure 4-2.  Brockton’
is the nearest densely populated center having more than
25,000 residents, with tﬁe nearest boundary about 23 miles
from the site.

The site contains approximately 517 acres owned in fee
by the applicant. The site boundaries are posted and a
security fence is erected around the immediate station
area. The nearest site boundary is approximately 1,600
feet from the reactor to the northwest. The nearest resi~
dences are approximately 2,000 feet from the reactor to
the northwest and southeast, The site plot plan is included
as Figure 4-3. Normal access to the site is by a two-lane
paved road which was built across the site to Route 34,
leading to either Plymouth or nearby Route 3. Alternate

access from the site to Plymouth and Route 3 via Route 3A

is provided by Rocky Hill Road.
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(2)
4.2 Population

The estimated resident population distribution for
the years 1965 and 2015.a:e presented in Figure 4-4., The
1965 resident population within a fouyr-mile radius was esti-
mated as approximately 3,700 while the corresponding total
summer population (reslident plus seasonal) was estimated as.
approximately 8,800. The increase results from the influx
of seasonal residents during the summer months which is
typical of the coastal region of Massachusetts, Estimates
of the total resident an& seasonal population distribution
for the years of 1965 and 2015 are presented in Figure 4-5.

Brockton is the nearest densely populated center hav-
ing more than 25,000 residents and is located about 25
miles to the west-northwest of the site., Other population
centers include New Bedford which is 27 miles to the south-
west, Boston which is 36 miles to the northwest, and Provi-
dence, Rhode Island, which is 44 miles west of the site.
4.3 Land Use(3)

Since the site is located along the coast, approxi-
mately 60 percent of the area within a 50-mile radius is
open water, The area within 2 miles of the site is spar-

sely developed with the exception of the seasonal residences

along Priscilla Beach and White Horse Beach.
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Approximately 85 percent of the land within a 10-mile
radius of the site is categorized as open space and vacant,
Approximately 7 percent of the land use is agricultural,
the major portion of which is cranberry bogs. The remain-
ing land is utilized for residehtial, commercial, or indus-
trial purposes., The adjacent waters of Cape' Cod Bay are
used for commercial fishing and sport fishing. The prin-

cipal marine species harvested in the vicinity of the site

are lobsters and Irish moss.

Although little published data are available for pre-

dicting future land use, it appears that the increased land

use will be primarily residential as the resort areas and

suburbs experience growth,

4.4 Recreational Use

The applicant has made provisions for public access to
two areas on the station site, the station overlook area
and the shorefront, breakwater area as shown on Figure 4-3.

The station overlook area was opened in January, 1969
to permit site visitors to safely observe the generating

station area during construction phases and will be retained

after station operation commences.




The shorefront, breakwater area, will be opened to the
public following completion of the breakwater and access
facilities. This area will permit observation from the
shorefront and fishing from the shorefront and main break-
water.

The individual public use of the station overlook area
is expected to be infrequent and of short duration after

construction activities are completed, Parking space has

been provided in this area for up to fifty automobiles.

The time spent by an individual at the overlook during a
visit averages less than one half hour,

Public use of the shorefront breakwater area can only
be estimated at this time, but public use is expected to
be principally for fishing during fair weather conditions,
Parking space has been provided for about one hundred
automobiles in this area.

The applicant maintains control of access to both of
these areas b& gates provided at the entrances to these
access roads from Rocky Hill Road, These gates will be
closed, locked and posted during those periods when access
is not permitted. The following restrictions on public

access are planned:




Access to the breakwater area will be terminated

when weather or ocean conditions make the area

hazardous,
- Access to both the breakwater and overlook area
will be terminated from about December 1 to
March 1 because of the prevalence of hazardous
conditions and unpleasant weather,
Access to the breakwater and overlook areas will
be terminated whenever necessary to permit con-
tinued station éperation within the radiation
exposure limitations established by regulatory
agencies,
4.5 Meteorology
The main features of the weather of eastern Massachu-
setts are variety and changeability since it lies in a
transition zone of westerly air currents which encompass
the southward movement of polar air masses and northward
movement of tropical air masses. The area is frequently
situated in or near the tracks of low pressure systems
during the Fall, Winter, and Spring seasons, As a result,
the region has no dry season, with Summer precipitation
coming in the form of showers or fhunderstorms. The

coastline location of the site results in seasonal
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temperatures which are less extreme than inland locations
due to on-shore winds iq the Summer (seabreeze) and the
presence of relatively warm water in the Winter., The
storm cycle in this area consists generally of northeasters
in the Winter and Spring, thunderstorms in late Spring and
Summer. Hurricanes sometimes occur in the late Summer and
Fall. Tornado activity in eastern Massachusetts is un-

(4)
common.

The station is designed with protection against storm
flooding from either Notheasters or hurricanes, Analysis
and model studies have shown that flooding due to the com-
bined effects of storm surge and wave action from the most
severe storms do not subject the reactor building to a

(5)
flooding condition.
Meteorological data for the Pilgrim site has been

collected from the site meteorological tower. The tower

instrumentation has made measurements of wind speed, wind

direction, directional variability, temperature and the

occurrence or non-occurrence of precipitation. The most
frequent wind directions observed were from the SSW through
NM4# which are all offshore directions. The site experienced
onshore winds 36% of the time, offshore winds 63.6% of the

time, and calm conditions the remaining 0.4% of the time,

b6




The annual mean wind speed observed was about 16 mph.
Figure 4-6 presents the annual wind rose for the site
developed from observations at 300 feet above mean sea
level. 'The meteorological observations have been utilized
to evaluate the diffusion climafology at the Pilgrim Sta-
tion site and to evaluate atmospheric dispersion of radio-
active effluents from the station.

(6) (7)
4.6 Hydrology and Oceanography

The site is located in a small isolated drainage area
on the northeast side of‘the Pine Hills as shown on Figure
4~2. All surface drainage in the station site area is into
Cape Cod Bay. The ground water table generally follows the
site surface topography and as a result, moderately steep
ground water gradients are present with flow toward Cape
Cod Bay,

Ground water usage in the area is limited to a few
locations since most of the residents are supplied with
water from thé Tovn of Plymouth., The closest Plymouth
water supply source is the Manomet Well located two and
three~quarters miles southeast of the site.

The site is located on Cape Cod Bay and water from

the Bay is utilized as cooling water within the station.

Within Cape Cod Bay the general ocean circulation pattern
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is counterclockwise. A portion of a coastal current that

flows southward along the coasts of Maine and Massachusetts

enters Cape Cod Bay along the western shore of the bay,
circulates in a counterclockwise direction, leaves the bay
on the eastern side, swings eastward around the Cape and
then continues southward again. This general circulation
pattern coupled with tidal exchange and wind induced motion
of the waters within the bay are the principal natural
mechanisms which contribute to renewal and effective flush-
ing waters of Cape Cod Béy.

The dispersion of liquid effluents (that is, the move-
ment and mixing of the station discharge in and with the
receiving waters of Cape Cod Bay) occurs in three stages.
First, the excess momentum associated with the condenser
cooling water as it is discharged into the waters of Cape
Cod Bay will produce an entraining jet which will be
diluted by the mechanical entrainment required to reduce
the velocity bf the jet to that of the surrounding waters.
Secondly, natural turbulent diffusion will further mix the
waters of the diluted condenser water plume as it moves
downcurrent with the natural flow. Finally, the large
scale circulation pattern coupled with tidal flushing,

will carry any conserved component out of the Bay.
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In the case of the rejected heat, surface cooling will have
returned the temperaturgs to ambient long before the large-~
scale circulation pattern will have carried the condenser
cooling water out of the bay,

‘The most important mechanism for the rapid dispersion
of the heat rejected from the station is the mechanical
entrainment required to reduce the initial momentum of the
discharge to that of the receiving waters of the Bay. This

phenomenon, momentum mixing, causes rapid reduction of the

temperature rise above ambient of the discharge and signi-

ficantly reduces the areas of the discharge isotherms.
Table 4-1 summarizes the area inside several surface tem-
perature isotherms. To indicate the importance of momentum
mixing, the last column of Table 4-1 gives the area inside
the surface isotherms which would be required if the heated
discharge were spread over the surface without mixing and
heat loss by surface cooling only.

Both theoretical and empirical studies of momentum
mixing in a jet discharge provide the basis for computing
the isotherms(temperature rise above ambient) in the vici-
nity of the site, Model studies of the thermal discharge

were conducted which showed three significant features:




TABLE 4-1
SURFACE TEMPERATURE ISOTHERMS
DIMENSTONS AND AREA

Comparable
Area®
Temperature Length Width Surface
Rise Above of of Predicted Cooling
Ambient Area Area Area Only
(ft) (ft) (Acres) (Acres)

430 110 1.1 248
1100 250 6.3 725
3400 900 70.3 1203
5900 1300 176 1557
8400 2200 425 1834

This column is shown for purposes of comparison only,
and represents the area within the designated isotherms
which would be required if the temperature reduction
resulted only from surface cooling.




Even when a current flow near the maxlimum observed

at the site is simulated in the model, and directed

downcoast, thus bending the plume of heated water

toward the intake structure,. very effective two-

sided entrainment of cool diluting water occurs,

The circulation pattern set up by the entraining

. .. s A
jet actually brings new water at near ambient tem-

perature to the intake,

~

9 2. There is little significant difference in the

effectiveness of the jet entrainment between

In both cases,

11 low tide and high tide conditions.

12 the heated plume appears confined primarily to the

13 upper 5 feet of the water column, and the areas

M 14 within given isotherms appear to be essentially

15 independent of tidal height,

16 3. There is little difference in the shape and size
17 of the heated plume for ambient current conditions
18 varying from 0.2 knot, which is near the average

19 observed off the plant site, to 0.6 knot, a speed

exceeded in the observations to date less than 1%

20

21 of the time,

22 The distributions of the surface temperature rise above

23 ambient resulting from operation of the station have been
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predicted and are included as Figures 4-7 and 4-8. Two
cases were considered, the first with the offshore current
directed toward the ESE (Figure 4-7), and the second with
the offshore current directed toward the WNW (Figure 4-8).
The temperature distributions aﬁpear to be relatively
independent of tidal stage and of the strength of the
current in the range from 0.2 knot to 0.6 knot, at least
with respect to the general shape of the temperature iso-
therm and the area within a given isotherm. The strength
of the current will inflﬁence the rate of bending of the
plume from the initial offshore~directed jet discharge

to a plume extending downcurrent, Thus, for the weaker
current speeds, the heated discharge will extend somewhat
farther offshore than in the case of a strong current
parallel to shore,

Introduction of any radiocactive effluents into the
cooling water discharge will be controlled so that, after
mixing, the concentration of radiocactive materials in the
discharge will be only a fraction of the allowable concen-
trations. specified in 10 CFR Part 20 for drinking water.
Radioactive materials discharged from the station will

experience further physical dilution as a result of

momentum mixing and natural dispersion in the receiving
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waters of Cape Cod Bay. Such further dilution serves as

an additional safety factor which is not, however, used

in computing allowable concentrations for release of radio-

active materials,

(8)
4,7 Geology and Seismology

The natural surface stratum in the station area con-
sists of approximately 20 feet of silty and clayey fine
sands with scattered boulders. The soils underlying the
upper stratum are moderately compact to compact with poorly
to well graded sands witﬂ some gravel and cobbles. Boulders
are scattered throughout the overburden soil and a discon-
tinuous thin layer of small boulders overlies bedrock.
Bedrock is approximately 30 to 90 feet below Mean Sea Level,
There are no known faults at or near the station site,

It is indicated from geologic and tectonic history
that the region is relatively quiescent. Low magnitude
seismic events can occur, but should be infrequent. The
horizontal ground acceleration at the site due to the
maximum expected earthquake is less than 8 percent of
gravity. TFor the design of safety-related structures and
equipment, however, a horizontal ground acceleration of
8 percent of gravity has been used with no increase in

code allowable stresses. Safety-related structures and
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equipment have also been examined for a horizontal ground
acceleration of 15 percent of gravity to ascertain that
3 no failure can occur that would prevent safe shutdown of

4 the station,

References for Section 4.0

1. FSAR, Section 2,2.1
2, Environmental Report, Part C, I. b

Environmental Report, Part C. I. ¢

Environmental Report, Part C. I. d

FSAR, Section 2.4.4
FSAR, Section 2.4.1
FSAR, Section 2.4.3

FSAR, Section 2.5
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5.0 ENVIRONMENTAL QUALITY

5.1 General

Pilgrim Nuclear Power Station has been designed
and constructed with preservation of the enviromment
as a paramount consideration, ‘Boston Edison Company
is making every effort to ensure that environmental
quality is not adversely affected due to the design,
construction, or operation of Pilgrim Station. These

efforts are reflected in the station design and the

special envirommental studies and environmental moni-

toring programs which have been established.

5.2 Aesthetics and Land Use

In the design of Pilgrim Nuclear Power Station
special effort has been devoted to combining pleasing
appearance with functional design, recognizing the
area's natural aesthetics and integrating the facility's
structures into the existing environment, Station
structures and developments have been harmoniously
grouped within the total station concept of scale,
form, materials, and color with the intent_of preventing
any detrimental effect on the natural beauty of the area.
Boston Edison Company has developed recreational facilities

on the site with the intent of enhancing the recreational
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uses of the area, Provision has been made for public
access under the control of Beston Edison Company to

the station site to permit observation from the station
overlook and fishing from the shore front and breakwater,
Areas of the station site not utilized for the facility's
structures, developed for recreatlional purposes, or
landscaped for aesthetic effect, have been retained in

(L

their natural state. Refer to Sections 4.3 and 4.4 of

this summary,

5.3 Thermal and Chemical Discharges

Circulating seawater used to remove rejected heat
from the station's main condenser will be discharged through
the high velocity discharge canal to the waters of Cape
Cod Bay with a temperature increase of about 29°F, The
discharge canal has been designed to promote rapid
mixing of the heated water effluent with the colder
water of the bay. This is accomplished by discharging
the heated water on to the surface of the receiving body
of water with sufficient velocity to promote momentum
mixing, thereby, significantly reducing the total area
of thermal effect. (See Section 4.6 of this summary).
The station low velocity intake canal and the station

intake structure with its trash racks and traveling
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screens, have been designed to prevent fish larger
than 3/8 inch from being drawn into the intake.(z)
Limited chemical additions from the station found
in the ecirculating water discharge will consist principally
of sodium sulfate, which is prbduced during regen-
eration of the condensate and makeup demineralizer
resins, and sodium hypochlorite, which is added to
the condenser cooling water to control biological
fouling in the intake bays, the circulating water
system piping, and the ﬁain condenser. These
chemical additions will be maintained below the
allowable concentrations specified in available
standards on water quality. No adverse effect on the
environment is predicted to occur as a result of the
(3)

station discharges.

5.4 Radiological Discharges

The radioactive waste control systems designed
to minimize releases of radiocactivity in station
effluents are described in Section 8.10 of this
summary. Boston Edison Company intends to make full
utilization of the station process equipment to maintain

offsite releases as low as practicable, The release

of radioactivity from PNPS* during normal operation will

*Pilgrim Nuclear Power Station,
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be small fractions of the applicable limits of 10 CFR
Part 20, Standards For Protection Against Radiation.
Thus, the annual average exposure levels due to station
effluents will generally be only a fraction of the
exposure resulting from natural background radiation.(4)
The orderly, immediate shutdown of the station will be
required in any situation in which the radiocactive

releases approach the maximum levels permitted by the

Technical Specifications, which are established to

maintain annual average exposure levels due to station

effluents at small fractions of the 10 CFR Part 20
limits,

5.5 Envirommental Surveillance Program

A comprehensive environmental surveillance program
designed to monitor the atmospheric, terrestrial and
aquatic environments in the vicinity of the Pilgrim
Station has been in effect to establish a base line
from which any increase in radiation or temperature
in the environs during operation can be detected and
evaluated. The program includes the collection and
analysis of air, domestic water, seawater, marine life,
bottom sediment, milk, and commercially harvested crops.

This program is described more fully in Section 6.0
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of this summary.

5.6 National Environmental Policy Actof 1969

The National Environmental Policy Act (NEPA)

requires, among other things, that all agencies of

the federal government include in every recommendation

or report on major federal action significantly

affecting the quality of the human environment, a

detailed statement by the responsible official

on the following:

1l(i)

(ii)

the envirenmental impact of the propesed

action;

any adverse environmental effects which
cannot be avoided should the proposal be
implemented;

alternatives to the proposed action;

the relationship between local short-term
uses of man's environment and the main-
tenance and enhancement of long-term
productivity; and

any irreversible and irretrievable commit-
ments of resources which would be involved
in the proposed action should it be

implemented,"
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Prior to making such a detailed statement, the
agency is required to consult with and obtain comments
of any federal gstate, or local agency which has
jurisdiction by law or special expertise with respect
to environmental impact,

In compliance with the policy of the Atomic Energy
Commission, the applicant has prepared and filed with
the Commission (on September 14, 1970), an environmental

report providing information on the above five points.

The Atomic Energy Commission has circulated it for

comments to federal and state agencies having juris-
diction or special expertise with respect to environ-
mental impact and, by publication of notice in the
Federal Register on October 16, 1970, has made the
report available to local agencies.

Comments on the Environmental Report were subse-
quently received by the AEC and transmitted to Boston
Edison Company from tbe following agencies: Department
of Defense, Department of Health, Education and Welfare;
Department of Agriculturé; Federal Power Commission,
Department of the Interior; and the Fish and Wildlife
Service, Some of the comments indicated that further

clarifications and/or more detailed information would be
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useful to the particular agency making the comment.
Boston Edison Company has since supplied additional
information to the AEC in all cases for which it was
requested. Specific recommendations made to the AEC
by the Department of Health, Education and Welfare
have either already been implemented or have been
considered in accordance with the resolution of
certain concerns raised by the Advisory Committee on
Reactor Safeguards and summarized in Section 10.0 of
this summary,

5,7 Water Quality Improvement Act of 1970

The Federal Water Quality Improvement Act of 1970
requires that a certification be obtained from the
Commonwealth of Massachusetts as to the reasonable assurance
that the Pilgrim Nuclear Power Station can be operated in
compliance with applicable water quality standards,

The Water Resources Commission, Division of Water
Pollution Control, of the Commonwealth of Massrchusetts
has reviewed Boston Edison Company's application for
certification and, on April 23, 1971 did issue the

certification, subject to the conditions of the salt water

5 (6
use permit. The certification ) states, in part:

"In accordance with the provisions of
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Section 21 (b) (1) of the Federal Water
Quality Improvement Act of 1970 (Public
Law 91-224), this Division hereby
certifies that, based on information and
investigations, there is feasﬁnable
assurance that the proposed activity will
be conducted in a manner which will not
violate applicable water quality standards
adopted by this Division under authority of
Section 27 (4) of éhapter 21 of the Massa-
chusetts General Laws, sald water quality

standards as filed with the Secretary of

State of the Commonwealth on March 6, 1967."




References for Section 5.0

1, Environmental Report, p. B-8

2. Environmental Report, p. C-21

Environmental Report, p. C-42

FSAR, Amendment 16, Section 9.9 as amended in Amendment 30.
Environmental Report, Part D, Attachment 5.

The Commonwealth of Massachusetts, Water Resources
_Commission, Division of Water Pollution Control,

Letter to Boston Edison Company, April 23, 1971.




ENVIRONMENTAL MONITORING PROGRAMS
(1

Aquatic Ecological Surveillance

A six-year program of. studies on the thermal discharge
from Pilgrim Station was begun in early 1967 and is scheduled
to be completed in January 1973. The objective of the pro-

gram is to assure that every reasonable precaution is taken

in the operation of the station relative to the environment,

The initial studies were used to establish the design
of the breakwaters, intake structure and discharge canal,

These studies were guided by consultants that are recognized

authorities in the fields of coastal engineering, physical
oceanography, cooling water dispersion and marine ecology
as well as by comments and suggestions from the Division of
‘ Marine Fisheries of the Commonwealth of Massachusetts and the
Fish and Wildlife Service of the Department of the Interior.
Model studies at the Alden Research Laboratories and the
Massachusetts Institute of Technology provided the basis for
design of the intake and discharge structures and prediction
of thermal patterns.

The ongoing work consists of a four-year, before~and-

after field and laboratory ecology study of Cape Cod Bay in

the vicinity of the station, This work is being conducted

by the Massachusetts Division of Marine Fisheries under a
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grant to the Commonwealth of Massachusetts by Boston Edison
Company. These studies will document, through field surveys,
any changes in the distribution of Important marine speciles
that may be brought about by the operation of the station,

An administrative-technical committee coordiﬁates the work,
reviews the results, and provides overall supervision of the
program. The committee includes representatives from the
Commonwealth of Massachusetts (Division of Marine Fisheries

and Division of Water Pollution Control), the Federal

Government (Bureau of Commercial Fisheries, Bureau of Sport

Fisheries and Wildlife, Water Quality Administration of
the Environmental Protection Agency, the University of
Massachusetts, and Boston Edison Company.

These studies are designed to provide quantitative data
on the floral and faunal components of the marine ecosystem
in the vicinity of the site. The studies being conducted
include finfish sampling, lobster investigatioms, plankton
studies, and a benthic inventory. This information, in
conjunction with the results of laboratory investigations
and hydrographic data collected at the site, will be used
as a basis for detecting and evaluating the nature and extent
of station influence upon marine resources, Boston Edison

Company will take steps to correct or mitigate any adverse
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situation which comes to light as a result of these

studies,

(2)

6.2 Environs Radiation Surveillance

A study of environmental radiation levels in all media
of interest was started during 1969 and 1970 to provide
baselines from which any increases in radiation due to
operation of the station may be detected and evaluated.

This radiation surveillance program will continue to be

conducted during start-up and operation of the Pilgrim Station

to evaluate the effect of station operation on the surrounding
environs and to provide a check on the effectiveness of the
various source controls.

During operation airbormne particulates will be collected
on a routine basis at six locations within a 5-mile radius
of the station and at a control point approximately 23 miles
away. Gaseous iodine will be collected on special filters
used in conjunction with the air particulate filters. These
sample stations have been in operation since March and
September 1970.

Background gamma radiation levels have been measured
since June 1970 using thermoluminescent dosimeters (TLD) at
18 monitoring locations within a 10-mile radius of the

station., Background gamma radiation levels have also been
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measured at a control point approximately 23 miles away.
Six of these monitoring points are presently located onsite,
and the remainder are distributed throughout Kingston and
Plymouth.

Samples of domestic water are collected monthly from the
Deep Water Pumping Station (Lout Pond Well and Little South
Pond) and Warner's Pond Pumping Station (Manomet Well) which
control the bulk of the town water supplies for most of the
residences in the area. An additional monthly grab sample
for control purposes is éollected from the Weymouth Great
Pond Pumping Station, approximately 24 miles from the station.

Grab samples of sea water are being collected monthly
during the preoperational phase of the program from various
points offshore in the vicinity of the station. This
sampling began in August 1969. After the station becomes
operational, routine sampling of the intake and discharge
canals will be utilized to collect monthly composites from

these areas.

The Massachusetts Division of Marine Fisheries, as part

of its Ecology Study (see Section 6.1), has been supplying the

applicant since November 1969 with samples of fish and lobster
which are indigenous to the area. Edible marine species are

sampled principally during the commercial harvesting seasons
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when the species are readily available. For example, lobster

samples are obtained between the months of May through October

and flounder samples are obtained during November or December.
Irish Moss samples are collected between the months of May

through September. Edible molluses will be sampled during

the summer months if such prganisms can be found within a
reasonable distance from the station. Samples of bottom
sediment are collected semiannually from an area encompassing
the discharge canal outfall.

There is presently ;nly one dairy herd within the Town
of Plymouth, This herd is located approximately 3-1/2 miles
west of the station, Grab samples of milk have been collected
monthly since August 1969 from this point. Grab samples of
milk have also been obtained from a dairy in Hingham, Massa-
chusetts, as a control point.

Grab samples of cranberries and other crops having
commercial significance are collected annually during their

principal harvesting seasons from areas within a 5-mile

radius of the station. Samples of cranberries have been

collected and analyzed starting in the fall of 1968. The

collection and analysis of other selected crops was initiated

in the fall of 1969,

All the samples as well as the thermoluminescent
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dosimeters (TLD) are being collected by Boston Edison Company

but are being analyzed or "read out'" by an independent

laboratory.

References for Section 6.0

1. Envirommental Report, Part C.. III. a

2. TFSAR, Section 2.6,




7.0 STATION SAFETY ANALYSIS

The safety objectiye of the design of Pilgrim
Nuclear Power Station is to minimize radiation exposures
to any persons either on or off the station site,

In order to meet this objective, the station design
and operation include the following:

(a) Positive control of all station processes.

(b) Inherent safety features and automatic devices
to prevent an accident, Tests are conducted periodically
to assure proper functioﬁing of such devices.

(¢) Multiple barriers to contain the radioactivé
materials. The reactor core is conservatively designed
to operate with thermal parameters significantly below
thoge which could lead to fuel damage.

(d) Operating personnel thoroughly knowledgeable
in the operating characteristics of the station, and
trained to follow written procedures to minimize the
occurrence of operating errors.

In order to evaluate the ability of the station

systems to protect the public, a series of events--abnormal

operational transients and hypothetical accidents which
are postulated for design basis purposes--have been

analyzed to provide a safety evaluation of the Pilgrim
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Nuclear Power Station. The extreme accidents postulated
are highly improbable because of the large degree of
quality control, design conservatism, and multiplicity of
safeguards which are built into the system, However,

for analysis purposes the accidents have been evaluated
to include the far end of the spectrum of challenges to
station design; thus they are referred to as the '"design
basis accidents'". The results of the analyses of these

accidents show that the effects of radioactivity released

to the environment in the unlikely event that an accident

should occur are well within the guidelines established
by the AEC (10 CFR Part 100).

Of the numerous malfunctions evaluated, the design
basis loss-of-coolant accident would be the most severe.
Core standby cooling systems are provided to limit fuel
clad damage for the entire spectrum of reactor coolant
system failures ranging from the smallest leak to the
complete severance of the largest reactor coolant pipe.
The core cooling systems* insure that core integrity
would be maintained(l). Either the primary containment
sprays or suppression pool cooling system would maintain
the integrity of the primary containment which acts in
conjunction with the secondary containment to assure that

#*The systems referred to here are described in Section 8.5

of this summary.
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the public would be protected against potential
radiation hazards from the postulated accidents
Emergency electrical power is available on-site to
insure operation of these systems even if all external
sources of electric poﬁer to the station are assumed

(3)

to be unavailable at the.time of the accident
Results of the safety analyses show that, even in
the event of a loss-of-coolant accident, no core melting
would occur(a). However, in order to further demonstrate
that the operation of a'nuclear power station at the
proposed site does not present a hazard to the general
public, a "maximum hypothetical accident'" has been
analyzed assuming a release from the fuel of 100 percent
of the noble gases, 50 percent of the halogens and 1
percent of the solids in the fission product inventory.
Fifty percent of the released halogens would then plate

out within the containment. To have such a gross release

of fission products, one must postulate a multitude of

' 5
failures in the engineered safeguards systems( ); therefore,

the accident is not regarded as credible. Even given
these assumptions, however, the low leakage rate of the
primary containment, the existence of the secondary

containment and the iodine removal by the standby gas
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1  treatment system would limit the potential radiation
2 doses to below the AEC safety guideline values
3 (10 CFR Part 100)( ).

References for Section 7.0

1. FSAR, Sections 4.5 and 17.6.3

2. TFSAR, Sections 11.2, 11,3 and 17,6.3
FSAR, Section 7
FSAR, Section 4.5
FSAR, Section 17.9

FSAR, Section 17.9




8.0 DESCRIPTION OF PILGRIM NUCLEAR POWER STATION

8.1 Introduction

The Pilgrim Nuclear Power Station reactor is a single
cycle, forced circulation, boiiing water reactor, substan-
tially similar, except as to the reactor rating and specific
engineered safeguard systems to several other stations which
have been previously licemnsed. (see Section 3.0) A simpli-
fied station system process flow diagram (Figure 8-1) is
attached.

The nuclear steam supply system will operate at power
levels up to 1998 MW thermal with a gross electrical out-
put of approximately 685 Mide and a net electrical output
of approximately 655 MWe. The station engineered safeguard
systems performance and design and the safety and accident
analyses have been examined on the basis of the 1998 MW
thermal power level operation.

The principal architectural and engineering criteria
for the design of thig unit, including reactor design, con-
tainment systems, reactor augiliary, station service and
plant cooling systems, control and instrumentation systems,
electric power systems, shielding and access control, and

fuel handling and storage systems are summarized in Section 1

of the Final Safety Analysis Report (FSAR). The principal
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design features of Pilgrim Nuclear Power Station are
compared to other boiling water reactors in Section 3

of this document. Refer also to Table 8-1 of this Sectiom
for a summary of the Station Engineered Safeguards and
other safety related systems and components provided for
Pilgrim Nuclear Power Stgtion.

8.2 Containment Systems

8.2.1 General

The station employs two independent containment
systems. The primary cﬁntainment system consists of a
drywell, a pressure suppression chamber, and inter-comnecting
vent pipes, and provides the first containment barrier
around the reactor primary system. The reactor building,
together with the reactor building isolation and control
system, standby gas treatment system and the station main
stack, provides the second containment barrier. The con-
tainment systems for the reactor are basically the same as
those being provided.for other BWR power statioms,

These containment systems, as station structures,
are designed in accordance with the governing codes and
regulations, design criteria, and loading considerations

discussed in Section 12 of the Final Safety Analysis Report

(FSAR) and amplified in Appendix C of the FSAR. The
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station structural design criteria differentiates between
two types of station structures, Class I structures and
Class II structures, and .applies detailed design require-
ments to each clagsification. Class T includes those
structures, equipment and compbnents whose failure or mal-
function might cause or increase the severity of an accident
which might endanger the public health and safety. This
category includes those structures, required for safe shut-
down and isclation of the reactor. Class I1I includes those
structures, equipment, and components which are important
to reactor operation, but are not essential for preventing
an accident which would endanger the public health and
safety and are not essential for the mitigation of the con-
sequences of these accidents.(l)
8.2.2 Primary Containment System(z)

The primary containment system houses the reactor
vessel, the reactor coolant recirculation system and other

branch connections of the reactor coolant system. The pri-

mary containment is a pressure suppression chamber which

stores a large volume of water, a connecting vent system
between the drywell and water pool, isolation valves,

vacuum relief system, containment cooling systems, and

other service equipment. The drywell is a steel pressure




vessel located below and encircling the drywell and which
has éapproximately 407 qf its volume filled with water.
The primary containment system is designed to with-
stand the forces from any size breach of the nuclear
system primary barrier up to and including an instantan-
eous circumferential break of the reactor recirculation
piping and provides a hold-up time for decay of any radio-

active material released. The water stored within the

torus of the primary containment system is sufficient to

condense the steam released as a result of a breach in the
nuclear system primary barrier and to supply water to the
core standby cooling systems. The vent system from the
drywell terminates below the water level in the pressure
suppression chamber, so that in thehevent of a: pipe failure
in the drywell, the released steam passes directly to the
suppression pool water where it is condensed, This trans-
fer of energy to the water pool rapidly reduces the residual
pressure in the drywell and substantially reduces the poten-
tial for subsequent leakage ﬁrom the primary containment.
Provisions are made for the removal of heat from
within the primary containment to maintain the integrity

of the primary containment system following a loss-of-

coolant accident. Capability is provided in the primary
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containment structural design to withstand the forces
exerted in the event thgt it 1s necessary to flood the
primary containment vessel (drywell and suppression
chamber) to a level which would flood the reactor core.
Isclation valves are provided on lines penetrating
the drywell and the suppression chamber to provide integ-
rity of the contaimment when required. These valves are

actuated automatically by signals received from the primary

containment isolation system., The valves of the reactor

auxiliary and station cooling systems are left open or are
closed, depending upon the functional requirements of the
system, without reducing the integrity of the primary
containment system.

Provisions are made for initial preoperational and
subsequent periodic leak rate testing of the primary con-
tainment system. The primary containment system will be
tested on a periodic basis to verify that, under design
basis accident conditions, the leak rate of the system
would not be in excess of the maximum allowable leak rate
at the calculated peak accident pressure. The tests will
be performed in accordance with the conditions and evaluated
against the limits specified in the Technical Specifications

for Pilgrim Nuclear Power Station issued by the Commission.




Based upon the system design and the specified
allowable leak rate, the effectiveness of the primary
contalnment system (in conjunction with other engineered
safeguards and nuclear safety systems) has been evaluated
in Section 14 of the FéAR; and it has been concluded that
the system would be effective in reducing the consequences
of a postulated design basis loss-of-coolant accident to
below the guideline values of 10 CFR Part 100,

8.2.3 Secondary Contalnment System 3
The safety objéctive of the secondary containment
system, in conjunction with other engineered safeguards and

nuclear safety systems, is to limit the release to the

environs of radiocactive materials so that off-site doses

from a postulated design basis accident will be below the

guldeline values of 10 CFR Part 100,

The secondary containmént system consists of four
subsystems. These subsysfems are the reactor building,
~ the reactor building isolation and control system, the
standby gas treatment system and the main stack. The
secondary contalmment syétem.surrounds the primary contain-
ment system and is designéd to provide secondary contain-
ment for the postulated loss-of=-coolant accident. The
secondary contalnment system also surrounds the refueling

-~
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facilities and is designed to provide primary containment
for the postulated refueling accldent.

The secondary‘cqntainment system utillzes four
different features to mitigate the consequences of a
postulated loss-of-cooiant accident (pilpe break inside
the drywell) and the refueling accident (fuel handling
accident). The first'feature is a negative pressure
barrier which minimizes the ground level release of
fission products by exfiltration, The second feature
is a low leakage contai;ment volume which provides a
hold-up time for fission product decay prior to
release. The third feature is the removal of particulates
and iodines by filtration prior to release. The fourth
feature is the éxhausting of the secondary containment
atmosphere through an elevated release point which aids
in dispersion of the effluent by atmospheric diffusion.
Each of the features is provided by a different combination

of subsystems; the first by the reactor building, the

reactor building isolation and control system and the

standby gas treatment exhaust fans; the second by the
reactor bullding and the reactor building isolation and
control system; the third by the standby gas treatment

system filters; and the fourth by the main stack.
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The reactor bullding is a massive concrete
and steel Class I structure which completely encloses
the reactor and its pressure suppression primary
containment system, The reactor building houses the
refueling and reactor sgrviciﬁg equipment{ new and spent
fuel storage facilities and other reactor auxiliary and
service equipment. Also housed within the reactor building
are the core standby cooling systems, reactor clean-up
demineralizer system, standby liquid control system,
control rod drive systeﬁ, reactor protection system and
electrical equipment components.

The effectiveness of the secondary containment

system, in conjunction with other engineered safeguards

and nuclear safety systems, in reducing the consequences
of postulated design basis accidents to below the
guideline values in 10 CFR Part 100 has heen evaluated
in Section 14 of the FSAR.

8.3 Reactor Description 4

The reactor is a single-cycle, forced circulation,
boiling water reactor préducing steam for direct use in
the steam turbine. The fuel consists of uranium dioxide
pellets contained in sealed Zircaloy-2 clad fuel rods.

Water serves as both the moderator and coolant. Figure 8-2
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is an isometric drawing of the reactor vessel,
Water enters the bottom of the reactor core and
flows upward through the fuel assemblies where boiling

produces steam. The steam-water mixture is separated by

steam separators and dryers located within the reactor

primary ﬁessel. The separated water mixes with the
incoming feedwater and is returned to the reactor core
inlet through jet pumps located within the reactor
primary vessel. The steam passes through the main steam
lines to the turbine. |

The reactor vessel has an inside diameter
of approximately 18 feet-8 inches and an inside height
between heads of approximately 64 feet-8 inches. The
main conneCtions.to the reactor vessel include
the main steam lines, the reactor coolant recirculation
pump suction lines and jet pumé reactor coolant recir-
culétion system lines, the reactor feedwater system lines,
the reactor core spray cooling system lines and the control
rod drive housings. Other connections are provideﬁ for
the standby liquid contral system, the control rod drive
system supply lines and the instrumentation systems.

The bottom-entry cruciform control rods are moved

vertically within the reactor core by individual control
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rod drives, The drives are of the hydraulically-operated,
locking~-plston type. The control rod drive hydraulic
system 1s designed to allow control rod withdrawal or
insertion at a limited rate, one control rod at a time,
for reactor power level control and neutron flux shaping
during regctor operation. Stored energy available from
gas~charged accumulators and from reactor pressure
provides hydraulic power for rapid insertiom of all
control rods simutaneously for reactor shutdown.

Each drive has its own éeparate control and scram devices.
The control rod drive housings are provided with a support

structure designed to prevent significant movement of the

control rod drive housing in the unlikely event of drive

housing struectural failure,

In addition, there is provided a standby liquid control
system containing a neutron-abéorbiﬁg boron solution which
1s capable of shutting down the reactor and maintaining it
in a shutdowm condit%on. This system 1s an independent
system that would be used to shut down the reactor in the
unlikely event that shut&own cannot be accomplished with
the control rod system alone.

Two reactor coolant recirculation system loops with

a connecting equalizer line are provided, each having a
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variable speed centrifugal pump with mechanical seals,
motor operated gate valves for isolation of the pumps,

and iInstrumentation for recirculaﬁion flow measurement,
The motive force for the jet pumps is supplied by the
water discharged from the two reactor coolant recirculation
pumps., Variable frequency motor-generator sets power the
recirculation pump motors. Changing the pump speed
changes the recirculatiqn flow rate, which changes reactor
power level, Two important features included in the
deslgn are as follows: .(a) the internal reactor core
arrangement provides the function of a second vessel

around the core formed by the core shroud and the jet pump

diffuser system pipes, and (b) the recirculation water

provides the motive force for the jet pumps located
inside the reactor primary vessel, The features noted in
(a) together with internal design features of the vessel
and core, enable the core to be reflooded with water in the
event of a loss-of-coolant accident,

The reactor core includes the fuel assemblies,
control rods and temporafy céntrol curtains. The mechanical,
thermalhydraulic and nuclear design of this reactor is
similar to other boiling water reactors as discussed in

Section 3.0,




The blades of each control rod consist of an
assembly of sealed stainless steel tubes filled with
compacted boron carbide powder, These tubes are held
in a cruciform array by a stainless, steel sheath. The
assembly is provided with a rod drop velocity limiter,
which is designed to'lim@t the free-fall velocity of
the control rod,

The temporary control curtalns are made of boron
stainless steel and supplement the control rods for
reactivity control of tﬁe initial core load,

Neutron sources are positioned within the reactor
core to provide detectable neutron level when the reactor

is shutdowm.

A control rod reactivity limiting device, called a

control rod worth minimizer is used as back-up for pro-
cedural controls, The control rod worth minimizer is
coupled to an interlock system which prevents high.
control rod worth withrawals.

A reactor core isolation cooling (RCIC) system is
provided to remove decay:heat when the reactor feedwater
system capability is lost. The system consists of a
steam turbine driven makeup pump which supplies water

from either the condensate storage tank or the suppression

8-12




chamber pool, Steam to drive the turbine comes from
a main steam line and exhausts to the suppression chamber
pool.

The station has removable insulation in specified
areas which permit direct inservice inspection of the
exterior of the reactor vessel and other primary system
components. This permits inspection of selected
nozzle-to-shell welds, inspection of reactor vessel studs,

nuts and bushings, selected sampling of high cyelic stress

vessel welds, and selected sampling of coolant system

piping, pumps, valve supports, and hangers.

8.4 Station Instrumentation.and Control Systems

8.4.1 Reactor Control

Reactor éower is controlled by movement of
control rods and by regulation of the reactor coolant
recirculation system flow rate. Control rods are used to
bring the reactor through the full range of power (from
shutdown to power opgration) and to shape the reactor
core power distribution. Changing recirculation flow
rate provides a second and more convenient operational
method for controlling reactor power level, Adjustments
in reactor power level, and load following, are accom-

plished with recirculation flow control. Procedural
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controls and protective devices are used so that thermal
performance does not exceed established limits.(s)
Reactor pressuré is automatically controlled by
the initial pressure regulator (IPR), which varies
steam flow to the turbine to maintain constant pressure
in the reacror. As a result, the turbine power output
follows the reactor power output.(ﬁ)
The turbine-bypass system, having a capacity of
approximately 25 percent rated turbine steam flow, is
supplied with the turbiﬁe to regulate steam pressure
during startup and shutdown and to restrict overpressure
transients resulting from sudden turbine control valve
or stop valve closure. The turbine bypass system valves
are operated on an over-pressure signal from the IPR.
Rapid partial load rejection (approximately 25 percent
of rated turbine steam flow) can be accommodated by the

turbine bypass system without shutting down the reactor.(7)

8.4.2 Protection Systems

Protection systems are provided which automatically

initiate appropriate action whenever the station conditions
monitored by the systems approach pre-established limits.
These protection systems act to shut down the reactor,

close primary containment isolation valves, and initiate
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secondary contalnment isolation, the operation of the
standby gas treatment system, the diesel generators and
the core standby cooliﬂg.systems as required.
8.4.2.1 Reactor Protection System |,
The reactor protection system automatically
initiates reactor scram®* upon appropriate inputs from
system sensors which monitor station conditions in order
to provide timely proteqtion against the onset and
consequences of conditions that could threaten the
integrity of the fuel bérrier and the nuclear system
process barrier, The reactor protection system limits
the uncontrolled release of radiocactive material from the
fuel and nuclear system process barrier by terminating
excessive temperéture and pressure increases through
the initiation of an automatic scram. The reactor
protection system is designed so that no single fallure
will prevent it from accomplishing its protective function
(scram) or cause spurious tripping of the reactor at
power. Ihe reactor protection system is designed to
initiate scram on loss of po&er to the system, Components
of the reactor protection system can be removed from
service for testing or maintenance without interrupting

station operations and without negating the ability of

. *#Secram - Immediate shut-down of the reactor.




the reactor protection system to perform its protective
function upon receipt of appropriate signals.(s)
8.4,2.2 Primary Containment and Reactor Vessel Isolation
Control System
The primary containment and reactor vessel
isolation control system initiates automatic isolation
of appropriate pipelines which penetrate the primary

containment whenever monitored variables exceed pre-

selected operational limits in order to provide timely

protection against the onset and consequences of

accidents involving the gross release of radioactive
materials from the fuel and the nuclear system process
barrier, A gross failure of the fuel barrier would allow
the escape of fission products from the fuel. A gross
failure of the nuclear system process barrier could
allow the escape of gross amounts of reactor coolant,

The loss of coolant could lead to overheating and failure
of the fuel. For a gross failure of the fuel, the primary
containment and reactor vessel isolation control system
initiates isolation of the réactor vessel to contain
released fission products. For a gross breach in the
nuclear system process barrier outside the primary con-

tainment, the isolation control system acts to interpose
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additional barriers (isolation valve closure) between
the reactor and the breach, thus limiting the release
of radioactive materials and consérving reactor coolant.
For gross breaches in the nuclear system process barrier
inside the primary containment, the primary containment
and reactor vessel isolation control system acts to
close off release routes through the primary containment
barrier, thus trapping the radioactive material inside
the primary containment.

The system 1s &esigned so that no single failure
will prevent it from accomplishing its protective function
or cause spurious isolation. The system is designed to
cause isolation of appropriate lines on loss of electrical
power to the syétem. Components of the system can be
removed from service for testing or maintenance without
interrupting station operation and without negating the
ability of the system to perform its protective functions

upon receipt of appropriate signals.cg)

8.4.2.3 Core Standby Cooling Systems Control and

Instrumentation
The core standby cooling systems control and
instrumentation initiate appropriate responses from the

various cooling systems so that the fuel is adequately
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cooled under abnormal or accident conditions. The

cooling provided by thelsystems restricts the release

of radioactive materials from the fuel by limiting

the extent of fuel damage following situations in

which reactor coolant is lost from the nuclear system,
Controls and instrumentation are designed to automatically
initiate and control with precision, reliability and time-
liness the core standby cooling systems to allow removal

of heat from the reactor core in time to limit fuel clad

damage, so that fuel deformation would not limit effective

cooling of the core,.

The instrumentation and controls for the core
standby cooling systems are designed so that no single
failure, maintenance, calibration, or test operation
can prevent the integrated operations of the core standby
cooling systems from providing adequate core cooling.

The power supplies for the controls and instrumentation
for the core standby cooling systems have been chosen

so that core cooling can be accomplished concurrently
with a loss of off-site éc power.(lo)

8.4.2.4 Reactor Building Isolation and Control System

The reactor building isolation and control system

automatically initiates secondary containment isolation
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and standby gas treatment system operation upon receipt

of appropriate signals in order to minimize the potential
for ground level releaée‘of airborne radioactive materials,
and to’ provide for controlled filtered elevated release

of the reactor building atmosphere under postulated

design basls accident conditions. The sy;tem is designed
so that no single failure can prevent it from accomplishing
its protective functiong. The system Is designed so that
it is fully testable during station power Operation.(ll)
8.4.2.5 Diesel Generatﬁr Instrumentation and Control

System

The diesel generators provide standby ac power

to the core standby cooling sysfems and primary containment
isolation systeﬁ. The diesel generators are initiated by
appropriate signals which also’initiate the core standby
cooling systems or by signals from the ac auxiliary power
system, The diesel generator initiation circuitry may

be tested independently of the statioun operation. The
diesel generator load carrying capability may be demon-
strated during station o%er;tion by synchronization with
the auxiliary power system.(lz)

8.4.3 Reactor Nuclear Instrumentation

Reactor power (neutron level) 1s monitored from
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the source (start-up) range up through the power
(operating) range by suitable neutron monitoring channels.
All detectors for neutron monitoring are placed inside
the reactor vessel., This 1ocgtion has been

selected to provide maximum sensitivity to control rod
movement during the‘startup period and to provide
accurate monitoring in intermediate and power ranges,

The neutron‘moniporing system provides information
for the efficient, expedient operation and control of the
reactor, It consists of six major subsystems whose
particular functions encompass the range of neutron

flux from startup to power operation and include operator

aids and calibration informatioﬁ. This system of incore

neutron detectors and out-of-core electronics monitoring
equipment provides neutron flux measurements that can be
correlated to thermal‘power 1e§el for the entire range
of flux conditions that may exist in the core,

8.5 Core Standby Cooling Systems and Related Auxiliary

Cooling Water Systems

8.5.1 General
Several automatically Initlated, reliable,
redundant, diverse core standby cooling systems are

provided to insure adequate cooling of the reactor core
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under abnormal operational transients and postulated
accldent conditions, The integrated operation of
these systems is desigﬁgd to provide for continuity
of core cooling over the complete range 6f postulated

break sizes in the nuclear system process barrier, removing

the residual heat from the reactor core, thereby limiting

peak fuel clad temperatures and limiting fission product
release from the fuel.’

The core standby cooling systems for Pilgrim
Nuclear Power Station Hﬁve been recently reevaluated in

accordance with the USAEC's INTERIM ACCEPTANCE CRITERIA

FOR EMERGENCY CORE COOLING SYSTEMS FOR LIGHT-WATER

POWER REACTORS, June 19, 1971. The results of this

analysis show tﬁat the PﬁPS core standby cooling systems,
when evaluated in strict accordance with Appeﬁdix A,

Part 2 of the interim policy sﬁatemént, do meet the
criteria of Section IV, A; i.e,,

1. The calculated maximum fuel element cladding
temperature does not exceed 2,300°F.

2. The amount of fﬁel.element cladding that reacts
chemically with water or steam does not exceed 1% of the
total amount of cladding in the reactor.

3. The clad temperature transient is terminated at
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a time when the core geometry is amendable to cooling,
b, The core temperature is reduced and decay heat
can be removed for an extended perlod of time.

The systems' power supplies have been chosen to
allow initiation and operation regardless of the avail-
ability of offsite a-c power. The design of the systems
allows testing to verify the operability of all active
components during normal operation of the nuclear system,

The core standby cooling systems provided on
Pilgrim Nuclear Power Séation are functionally equivalent
to those included in other operating BWR's, A short
description of the systems 1s included in the following
paragraphs,

8.5.2 Core Spray System(la)

Two independent loops are provided as a part of
the core spray system to circuiate water from the pressure
suppression chamber pool to the reactor primary vessel,
Each loop consists of a core spray pump, a sparger ring,
a spray nozzle, and the necessary piping, valves, and
instrumentation. The co;e spray system provides protection

of the core for the postulated case of a large break in

the nuclear system when the feedwater system, control

rod drive water pumps, reactor core isolation cooling
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(RCIC) system and the high pressure coolant injection
(HPCI) system are unable to maintain reactor vessel
water level,

- The protection provided by the core spray system
also extends to a small break condition in which the
feedwater system, control rod drive water pumps, RCIC,
and HPCI are all unable to maintain the reactor vessel
water level, and the automatic depressurization system
has operated to lower the reactor vessel pressure so
that the low pressure csolant injection, (LPCI), system
and the core spray system can provide core cooling. The

water from this system is distributed directly on the

reactor core by spray headers mounted inside the plenum

above the reactor core,
8.5.3 High Pressure Coolant Injection (HPCI) System

The HPCI 1is provided t§ assure that the reactor
core is adequately cooled to limit fuel clad temperature
in the event of a smgll break in the nuclear system and
loss of coolant which does not result in rapid de-
pressurization of the re;ctor vessel. The HPCI permits
the reactor to be shut down while maintaining sufficient
reactor vessel water inventory until the reactor vessel is

depressurized, The HPCI continues to operate until
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reactor vessel pressure is below the pressure at
which LPCI operation or core spray system operation
maintain core cooling, The system is designed to

perform its function without reliance on electrical

power supplies other than the station battery system,

The system consists of a steam turbine driven makeup
pump which supplies water from either the condensate
storage tank or the pressure suppression pool., Steam
to drive the turbine comes ffom a main steam line and
exhausts to the suppres;ion chamber pool,
8.5.4 Pressure-Relief System/Automatic Depressurization(le)
System

The primary system relief and safety valves
open on a reactof vessel overpressure to protect the
nuclear system process barrier. In addition, the relief
valves will function as an automatic depressﬁrizer in
case the capability of the feedwater system, the control
rod drive water pumps, RCIC , and HPCI is not sufficient
to maintain the reactor water level. The automatic
depressurization system-funcéions to reduce the reactor
pressure so that flow from LPCI and the core spray

system enters the reactor vessel in time to cool the

core and limit fuel clad temperature. In order to
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accomplish this function the valves open, when signalled

to do so, following a loss-of-coolant accident, and .

remain open below a présgt closing pressure.

8.5.5 "Reactor Core Residual Heat Removal System (RHR)(17)

The residual heat removal system is made up of
the following three sub-systems:

A. A low pressure coolant injection system (LPCI)iis
provided as an independent, redundant means of
removing stored and decay heat from the reactor core
following a loss-of;coolant acclident, The system

is designed to restore the water level in the

reactor vessel and to maintain this water

level by making up any leakage from the core '

shroud. CatwoLin
B. A Containment Cooling System is provided:

(1) To limit the suppression chamber pool water temper-
ature following the design basis loss-of-coolant
accident to 170°F. Removal of this heat load is
accomplished by circulating the pool water through
the RHR heat ethanéerS via the containment
cooling system operation,

To increase the containment capability for metal-

water reaction by providing the capability to
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remove energy from the containment by means

of spray cooling.

C. A reactor shutdown cooling system 1s provided to
remove decay and sensible heat from the reactor
core during normal shutdown operation. A head
spray cooling system is provided to condense the
steam dome in the reactor vessel during normal
shutdown operation,

The major equipment of the RHR consists of
two heat exchangers.and‘four main system pumps, The
RHR heat exchangers are cooled by the reactor building
closed cooling water system which is, in turn, cooled
by the station salt service water system. The main
system pumps aré sized on the basis of the flow
required during the low pressure coolant injection
(LPCI) mode of operation, which is the mode requiring
maximum system flow rate. The heat exchangers are
sized on the basis of their required duty for the
shutdown cooling function, which is the mode of RHR
operation requiring the maximum heat exchanger surface
area.

The RHR has the capability of being intertied

with the fuel pool cooling system. This capability
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increases the spent fuel pool cooling capacity in the

event that such additional capacity is necessitated by

removal from the core of an unusuvally large number of

fuel elements.

8,.5.6 Reactor Building Closed Cooling Water System(ls)
The reactor building closed cooling water system

i1s designed to provide the required cooling to the

equipment located in the reactor building during normal

planned operations, to provide cooling to the core

standby cooling systems and their related auxiliaries
during transient and accident conditions and to provide
a heat sink for the RHR heat exchangers. The systems
consists of two independent loops with three pumps per
loop, either loop with two pumps operating being capable
of providing the required heat transfer for the design
basis accident conditions. The system power supplies
have been chosen to allow initiation and operation
regardless of the availability of offsite a-c power.
The operability of the major system components and
instrumentation can be verified during normal station
power operation. The system is designed so that no
single failure can prevent it from accomplishing

its safety function of providing cooling to the CSCS*

*Core Standby Cooling System
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components when required.
) (19)

8.5.7 Salt Service Water System

The salt service water system provides cooling
to the reactor building closed cooling water system and
the turbine building cooling water system during normal
planned operation and under transient and postulated
accident conditiong, The system consists of two loops,

two pumps per loop, with a common spare pump which can

be valved into either loop. The system can be initiared

and operated regardless of the availability of offsite

a-c power,

, (20)
8.6 Steam Power Conversion Systems

The power conversion systems are designed to produce
electrical energy through conversion of a portion of
the thermal energy contained in the steam supplied from
the reactor, condense the turbine exhaust steam into
water, and return the water to the reactor as heated
feedwater, with a major portion of its gaseous, dissolved
and particulate impurities ;emoved.

The major componenfs of the power conversion
system are: turbine-generator, main condenser,
condensate pumps, air ejector, turbine gland seal system,

turbine bypass system, condensate demineralizers, reactor
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feed pumps, feedwater heaters, and condensate storage
system. The heat rejected to the main condenser is
removed by the circulating water system.

The saturated steam produced by the boiling water
reactor is passed through the high pressure turbine
where the steam is expanded and then exhausted through
the molsture separators., Moisture is removed in the
moisture separators, and the steam is then passed through
the low pressure turbines where the steam is again expanded.
From the low pressure gurbines the steam is exhausted
into the condenser where the steam is condensed and
deaerated, and then returned to the cycle as condensate,
A small part of the main steam supply is continuously
used by the steam jet air ejectors and by the plant
heating system. The condensate pumps, taking suction
from the condenser hotwell, deliver the condensate through
the air ejector condensers, turbine gland seal condenser,
condensate demineralizer and three stages of low
pressure feedwater heaters to the reactor feed pumps.
The reactor feed pumps supply feedwater through two
stages of high pressure feedwater heaters to the reactor,

Steam for heating the feedwater in the heating cycle

is supplied from turbine extractions. The feedwater
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heaters also provide the means of handling the moisture
separated from the stgam in the turbine and in the
moisture separators., Normally, the turbine utilizes
all the steam being penerated by the reactor; however,
an automatic pressure-controlled steam bypass system

is provided to discharge excess steam up to 25% of the
design flow directly to the condenser.

1
8.7 Electrical Power Syste'ms(2 )

The station electrical power systems provide a

diversity of dependable power sources which are physically

separated, The station electrical power systems consist
of unit and preferred a-c power systems, the secondary
a-c power system, auxiliary power distribution system,
standby a-c power system, 125/250 volt d-c power system,
24 volt d-c power system and the 120 volt a~c power
system.

The unit a-c power source provides a-c power to
all station auxiliaries and is the normal station a-c
power source when the main generator is operating, The
station preferred (off-éite) a-c power source can
provide a-c power to all station auxiliaries and is
in use when the unit a-c power source is unavailable,

The secondary (off-site) a-c power source can
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provide a-c power to essentlal station auxiliaries.

It is used to supply essential station auxiliary loads
only when the reactor is shut down and there is an
extended outage of the preferred a-c power source,

The station auxiliary power distribution system
distributes all a-c¢ power necessary for startup,
operation, or shutdown of station loads. All portions
of this distribution system receive a-c power from the
unit a-c¢ power source or the preferred a-c power source.
The emergency service ﬁortions of this distribution system
also can receive a~-c power from the standby a-c power
source or the secondary a-¢ power source,

The standby a-c power source provides two independent
diesel generators as the on-site sources of a-c power
to the emergency service portions of the station auxiliary
power distribution system, FEach on-site source is
automatically initiated upon loss of unit and preferred
a-C poWer sources Or upon signals which initiate the
core standby cooling systems., Each diesel generator
unit is capable of providing a-c power to safely shut

down the reactor, maintain the safe shutdown condition,

and operate all auxiliaries necessary for station safety.

The station 125/250 volt d-c power systems provide
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independent on-site sources of d-c power for start-up,
operation, shutdown and all loads essential to station
safety,

The station 24 volt d-c power system, provides a
reliable on-site source of power to some radiation
monitoring instrumentation.

The station 120 volt a-c power system provides a
versatile distribution system to supply a-c power to

the station computer, instruments and control devices

requiring uninterruptable power, and conventicnal in-

strumentation and monitoring systems.

The electrical output of Pilgrim Station is fed
through the sta;ion's switchyard via two 345 kV trans-
mission lines to New England Gas and Electric Association's
Canal Station and Montaup Electric Company's Bridgewater
Station, The Canal and Bridgewater Stations are connected
to the New England Power Grid and the Boston Edison system
by two 345 kV lines. When the station is not operating,
off-site auxiliary electrical power is available from
the New England Power Grid through either of the two
345 kV lines or one 23 kV line which provides a

secondary a-c power source to shutdown the statiom.




8.8 Radiation Monitoring Systems(zz)

The station radiapion monitoring systems include
process and area radiation monitoring systems. The
following are the significant process radiation monitoring
systems:

1) The main steam line radiation monitoring system
monitors for the gross release of fission products from
the fuel and, upon indication of such failure, initiates

appropriate action to limit fuel damage and contain the

released fission products.

2) The air ejector offgas radiation monitoring
system indicates when limits on the release of airborne
radioactive material to the environment are approached
and effects appropriate control of the offgas so that
short term limits are not exceeded during normal station
operation,

Abnormally high radiation levels will cause a
time delay switch to be activated which, in turn, closes
drain valves and an outlet valve on the air ejector offgas
line. A time delay of ﬁbt greater than 15 minﬁtes is
provided to allow the operator to reduce power or correct
for a spurious trip condition before the outlet valve

is closed,




3) The main stack radiatlon monitoring system
indicates and records the rate of radioactive material
release from the main stack. Two alarms are provided
on this system based on the technical specifications
on average annual release limit and short term maximum
release limit.

4) The refueling ventilation exhaust monitoring
system provides prompt indication of a gross release of
fission products from the spent fuel in the refueling
floor area and provides.appropriate signals to the
reactor building isolation and control system to effect
secondary containment isolation and standby gas treatment
system operation prior to the transport of fission
products from the refueling area to the normal building
exhaust location.

5) The building exhaust vent radiation monitoring
system records the rate of radiocactive material release
from the building vent to the environs and alarms
whenever abnormal amounts of radioactive material exist
in the building vent effluent.

6) The radwaste liquid discharge radiation moni-

toring system records the radioactivity level of material

released through the liquid radwaste discharge header
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during planned operations. Whenever abnormal amounts
of radioactive material are detected in the liquid
radwaste discharge header, an upscale trip alarms in
the main control room, trips the monitor tank pumps,
and terminates the discharge..

The area radiation monitoring system provides the
operating personnel with a record and indication in
the main control room of the radiation levels in

selected locations within the various station buildings

and provides local alarms in areas where it is necessary

to warn personnel of substantial immediate changes in
radiation levels,

Whenever alarms indicating abnormally high station
effluent levels are sounded, appropriate operator action
will be taken to ensure that the station technical
specifications are not violated.

8.9 Shielding, Access Control, and Radiation Protection
(23)

Procedures

Control of radiation exposure of station personnel
and people external to ﬁhe station exclusion area is
accomplished by a combination of radiation shielding,
control of access into certain areas, and administrative

procedures, Shielding is used to reduce radiation dose
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rates in various parts of the station to acceptable
limits consistent with operational and maintenance
requirements. Access control and administrative
procedures are used to limit the integrated dose
received by station personnel to less than that set
forth in 10 CFR 20. Access control and administrative
procedures are also used to limit the potential spread
of radioactive contamination from various areas,
particularly areas where maintenance occurs. Access
control is established in the station arrangement and
design so that, in general, most areas and equipment are
kept freely accessible, and areas where radiation and/or
contamination may be present are entered and exited via
access control stations,

Pfocedures have been established for use of su-vey
instruments, protective clothing, film badges, and
dosimeters for personnel protection. During operation,
periodic surveys will be made to determine radiation
levels and to maintain control of potentially contaminated
areas. Surveys will also be made prior to maintenance

or unusual work to provide exposure control.




8.10 Radicactive Waste Control Systems

8,10.1 General

The radioactive waste control systems, i.e,,
the ligquid radwaste system, the solid radwaste system
and the gaseous radwaste system, are designed to collect
radioactive and potentially radioactive station wastes
and process and dispose of them in a safe manner,

The radioactive waste control systems are
designed to minimize the potential for the inadvertent
release of radioactivit& from the station and to assure
that the discharge of radiocactive wastes will be within
the regulatory limits. The releases of radicactivity
from PNPS*during normal operation will be small fractions
of the allowable limits of 10 CFR Part 20, "Standards For
Protection Against Radiation.' Thus annual average
exposure levels due to station effluents will generally
be small fractions of the average exposure resulting
from natural background radiation.

Boston Edison Compgny recognizes its obligation
to exert its best efforté to keep levels of radioactive
materials in effluents as low as practicable., Boston
Edison Company intends to operate PNPS in a manner

consistent with that obligation compatable with its

*PNPS - Pilgrim Nuclear Power Stationm.
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legal mandate to furnish a depe .dable source of
power. The applicant has initiated a program of
selecting, designing, and installing additional
equipment® to reduce radiocactivity releases from
Pilgrim Station to comply with the requirements of
10 CFR Part 50 Appendix I, "Numerical Guides For
Design Objectives and Limiting Conditions For
Operation To Meet the Criterion 'As Low As Practical'
For Radioactive Material In Light-Water-Cooled Nuclear
Power Reactor Effluentsh.** The applicant plans to
initiate installation of that equipment when approved
by the USAEC and to complete installation as soon as.
practicable.
8.10.2 Liquid Radwaste System

The liquid radwaste systems collects and
processes radioactive and potentially radicactive liquid
wastes, The liquid radwaste system is composed of three
subsystems, the clean radwaste subsystem, the chemical
radwaste subsystem, and the miscellaneous radwaste
subsystem; hence, different types of liquid wastes from
various sources from within the station can be segregated
and processed more efficiently, thus maximizing the

recycling of liquid wastes and minimizing the radioactivity

%{.e., beyond the equipment on which the radwaste
system description in this summary is based,

**These guldes are not yet part of the regulations but
are proposed to be incorporated into the regulatioms.
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in the discharge of liquid effluent, Cross connections
between the subsystEm; have been provided to obtain the
avallability of additional flexibility for processing
liquid wastes.

The clean radwaste éubsystem processes low
conductivity radioactive liquid wastes, viz,, equipment
1eakége collected in equipment drain sumps, condensate
demineralizer backwash, and resin transfer water. Water
from these sources are transferred to the clean waste
receiver tank and are p?ocessed on a batch basis through
filters and demineralizers before collection in the
treated waste holdup tanks. After processing, the water
in the treated water holdup tanks normally is no longer
classified as liquid radwaste; rather, the water quality
is such that it may be recycled for use in the station
by transfer to the condensate storage tank, Normally,
there is no liquid effluent discharge from the station
resulting from the clean radwaste subsystem and, hence,

no radiocactivity released to the environs as a result

of the operation of this subsystem,

The chemical radwaste subsystem processes
high conductivity, potentially radioactive liquid

wastes collected in floor drain sumps and resulting
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from chemical regeneration of th: condensate
demineralizer system. These wastes are transferred

to the chemical waste receilver for batch processing.
After neutralization the wastes are filtered to remove
insoluables, and the processed liquid is then transferred
to the monitor tanks for holdup and radicactive decay.
After decay, the low level liquid wastes are sampled,
analyzed, and then released or 2 controlled basis to

the circulating water discharge canal.

The miscellaneous radwaste subsystem processes

those wastes which have a potentially high detergent level
but typically a very low radiocactivity concentration.
These wastes are collected, sampled and analyzed for
radioactivity concentration. If within allowable limits
the wastes are filtered and discharged on a controll: i
basis to the circulating water discharge canal. Mis-
cellaneous wastes of high radioactivity concentrations
are transferred to the chemical waste receiver tanks for
processing in the chemical radwaste subsystem,.

Records will Be maintained of the discharge
rates, concentrations and quantities of liquid radwaste
released to the environs, Analyses of the effluent

batch samples will be used to assure that the limits
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of the applicable regulations are not exceeded,
(25)
8.10.3 Gaseous Radwaste System

The gaseous radwaste system collects radio-
active gaseous wastes from the main condenser air
ejectors, the startup mechanical vacuum pump, and
the turbine gland seal condenser and monitors their
release to the atmosphere. The waste gases are
routed via hold-up pipes to the main stack for dilution,
and elevated release to the atmosphere. The discharge
of radioactive effluentg to the environment through the
main stack are continuously monitored and recorded,

The main condenser air ejector subsystem
consists of a thirty minute hold-up line, high efficiency
filters, isolation valves, dilution fans and the main
stack., During power operation, the .main condenser
off-gas is the major contributor to the activity in
the station off-gas release., The gases entering this
subsystem are the nop-condensibles from the main
condenser, consisting of hydrogen and oxygen formed
in the reactor by radiolytic decomposition of water,
air in-leakage to the turbine-condenser, water vapor,

and trace quantities of fission gases resulting from

leakage through defects in the fuel cladding and
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carried over in the steam to the turbine-~condenser,
The hold-up time in this system for radioactive decay
of the fission gases carried over with the steam
effects an approximate reduction of 50 or greater

in radioactivity, This hold-up time allows the
radioactive Xenon and Krypton isotopes with short
half-lives to decay to their solid particulate
daughter isotopes which are retained on the High

Efficiency Particulate Absorber (HEPA) filters at the

end of the hold-up pipe, Approximately 98% of the

noble gas activity present in the steam at the reactor
vessel nozzle experiences decay to stable or radio-
active solid daughters prior to reaching the end of
the hold~up pipe, and essentially all the solid
particulates are retained on the HEPA filters,

The turbine gland seal off-gas subsystem
collects non-condensible gases from the turbine gland
seal condenser during operation of the vacuum pump
during startup and passes them through holdup piping
prior to release to the sta;k. During power operation
the gland seal off-gas subsystem provides a 1.75 minute
hold-up time to allow decay of N-16 and short-lived

Xenon and Krypton isotopes.
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Both the thirty minute hold-up pipe and
the turbine gland sea} off-gas pipe discharge into
the base of the station main stack where the effluent
streams are mixed with dilution air by high flow
fans and pass up the main stack for dispersion into
the atmosphere. Radiation monitors on the main stack
continuously monitor and record the activity of the
discharge.

The annual average release rates of radio-

activity from the Pilgrim Nuclear Power Station will be

maintained by Boston Edison Company significantly below
the limits allowed by 10 CFR Part 20.
8.10.4 Solid Radwaste System %)
The solid radwaste system processes the dry
and wet solid radioactive wastes from the station. Wet
solid wastes include backwash sludge wastes from the
reactor water cleanup system and all spent resins from
radwaste, spent fuellpool, and condensate demineralizers,
Dry solid wastes include rags, paper, small equipment
parts, solid laboratory wastes, etc. All solid radwastes
are collected, processed, packaged and temporarily

stored on the site to permit accumulation and radio-

active decay prior to shipment to a licensed burial site
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. in accordance with applicable regulations,




TABLE 8-1

SUMMARY OF STATION ENGINEERED SAFEGUARDS

System or Component Function

Control Rod Velocity To limit control rod velocity
Limiter during free fall to less than

five feet per second.

Control Rod Drive To prevent a control rod drive

Housing Support mechanism from falling away
from the reactor primary vessel
in the unlikely event of

failure of a housing assembly,.

Standby Liquid To provide a redundant, inde-
. Control System pendent control mechanism in
the event the control rod

drive system becomes inoperable.

Main Steam Line Flow To provide a constriction in

Restrictor each main steam line to limit
the rate of steam flow in the
event of a postulated severence

of a main steam line.




TABLE 8-1 (Continued)

System or Component Function

Reactor Core Spray ' To cool and/or reflood the
Cooling System reactor core after a postu-

lated loss-of-coolant accident.

Low Pressure Coolant To restore the water level in
Injection System the reactor vessel after
a postulated loss-of-coolant

accident,

Containment Spray To provide for cooling of the

and Cooling System primary containment system.

High Pressure Coolant To provide adequate core

Injection System cooling for a spectrum of
reactor primary system breaks
smaller than those covered by
the reactor core spray cooling
and low pressure coolant

injection systems.

Auto-Depressurization To provide automatic depres-
System (ADS) surization of the reactor

primary system, if necessary, to




TABLE 8-1 (Continued)

System or Component Function

Auto-Depressurization ' allow core spray and RHR

System (ADS) (Cont.) operation. The ADS coupled
with the LPCI and/or
the Core Spray System provide

a back-up to the HECI.

Primary Containment : To isolate the primary contain-
ment system automatically, if
required, under postulated

accident conditions.

Reactor Building To isolate the normal reactor
Isolation and Control building ventilation system and
 System initiate the standby gas treat-
ment system under postulated

accident conditions.
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VENT & INSTRUMENTATION FIGURE 8-2
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1 9.0 QUALITY ASSURANCE AND STATION TESTING PROGRAMS

2 9,1 Quality Assurance(l)

3

4
5

Pilgrim Nuclear Power Station is owned and will be
operated by Boston Edison Company. The applicant
assumes full responsibilit& and authority for the
project and has ultimate responsibility for quality
assurance,

Bechtel Corporation is architect-engineer with
additional responsibility for all construction on site.

General Electric Company provides design engineer-
ing and procurement of equipment associated with the
Nuclear Steam Supply System, together with technical
direction of installation for this system,

The applicant's Nuclear Quality Assurance Organiza-
tion has the respomsibility to assure that quality
requirements of essential items affecting the integrity
and safety of the station are identified, specified,
and performed iq accordance with sound engineering
principles, appropriate codes and standards, specifica-
tions, regulations,'and procedures. This NQA organiza-
tion consists of a Senior Quality Assurance Engineer
who reports to the Assistant Vice President - Nuclear,

Reporting to the Senior Quality Assurance Engineer are
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the Quality Assurance Engineers assigned with mechanical
and electrical expgrience and background.

Programs in Quality Control and Quality Assurance
have been established by the Architect-Engineer, Bechtel,
and by the Nuclear Steam System Supplier, General Elec-
tric. Control of quality is accomplished through
communications with project contractors, consultants,
inspectors, and equipment manufacturers, and by surveil-

lance and audit of quality control records, inspection

reports and audits, test reports, certifications of code

compliance, and by any other means necessary to accom-
plish the quality assurance objectives.

Functional responsibility for quality control,
quality assurance, engineering design, procurement,
expediting, inspection, construction, systems checkout,
and acceptance testing are indicated on Table 9-1,
Project Functional Responsibility Summary. This table
covers the nuclear steam supply system, nuclear fuel,
and balance of plant,

Figure 9-1, Quality Assurance - Quality Control
Responsibility Chart, presents the organizational
quality assurance responsibility covering materials and

equipment subvendors, through various contractors,
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suppliers, architect-engineer, constructor, and
ultimately to the prime responsible company, Boston
Edison,

Figure 9-2 - Site Construction Quality Assurance
Organization Chart, presents the organization and
interrelationships of quality-oriented personnel at
the Pilgrim construction site. Functional lines of
reporting and communication are established to coordi-

nate quality control and quality assurance, and to

assure that all site construction activities are car-

ried out in accordance with project requirements for
inspection, testing, and documentation.

Structures, systems, and components are classified
for purposes of identifying and assigning quality con-
trol and quality assurance requirements. The classifi-
cation is made to identify "essential items'" and to
establish quality levels consistent with the require-
ments of Boston Edison Company and to comply with the
intent of the quality«re}ated AEC General Design Criteria.

The "essential items" that are controlled by the
Quality Assurance Program are those structures and
systems identified as Class I in the FSAR. A summary

of Class I structures and equipment is included in
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subsection 12,2,1.2 of the FSAR. A summary of the
Class T protection instrument and control systems is
included in subsection 7.1.,1 of the FSAR. The 'essen-
tial items" are identified on the Q(Quality)-List.
Within the Class I mechanical and clerical systems,
every item or component is not Q-listed. Rather, each
component is reviewed to determine which of the follow-
ing categories it falls into:

Category A

Its function is essential for the operation

of a Class I component or system to meet the
Class I criteria (e.g., pumps and switches that
must operate to accomplish their safety objective).
If so, it is included on the Q-List,
Category B

Its pressure boundary integrity is essential
for the operation of a Class I component to meet
the Class I.criteria. If so, it is included on
the Q-List and, if required for clarity, it is
given a note (pressure boundary only) on the Q-List.
Category C

It is not essential for either functioning

or pressure boundary integrity of A or B above
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(e.g., pressure, temperature, and position
indicators or alarms, computer inputs ete.). If
so, it is not included on the Q-List,

9.2 Pre-Operational and Startup Testing (2)

The Station will be made operational by Boston
Edison operating personnel under the technical direction
of General Electric and Bechtel using written test
procedures and operating instructions,

The applicant is responsible for all station opera-

tions from the start of preoperational testing and is

responsible for providing properly licensed personnel
to operate the station, General Electric personnel
will provide technical guidance for preoperational
testing, initial core loading, startup, and precommercial
operation, Prior to initial fuel loading, General Elec-
tric will have a sufficient number of their startup
personnel obtain AEC licenses to properly assist the
applicant's licensed personmnel during the period pre-
ceding commercial operat;on.

The Pilgrim Division Head is responsible for the
safe operation of the facility, A training program
has been established which will provide a properly

trained staff of technical, maintenance, and licensed
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operating personnel to accomplish all of the various
station functions within their respective disciplines
as shown on the station organization chart (see Figure
9-3).

Preoperational and acceptance test procedures
identify the systems and equipment which are to be
tested and state the requirements of the tests. Test
procedures and test results are reviewed and approved

by Boston Edison and either Bechtel or General Elec-

tric, as appropriate, based upon original design

responsibility.

The purpose of the preoperational test program is
three-fold: confirm that construction is complete to
the extent that equipment and systems can be put into
use during completion of other construction; adjust
and calibrate the equipment to the extent possible in
the "cold" plant; assure that all process and safety
equipment is ope;ational, and in compliance with
license requirements, to the extent necessary to pro-
ceed into initial fuel loading and the startup program.
The foregoing is achieved by construction tests,
formal written preoperational tests on systems related

to nuclear safety, and acceptance tests on systems not
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related to nuclear safety.

The formal preoperational and acceptance tests
are an important phase in the training of operating
personnel, Experience and understanding of station
systems and components is gained with a minimum of

risk to the equipment or personnel. This gives
maximum opportunity to evaluate and train individual
operators and to troubleshoot systems. In addition,
equipment and systems are operated for a sufficient
period of time to discover and correct any design,
manufacturing, or installation errors, and to adjust
and calibrate the equipment.

After each preoperational test is completed, Gen-
eral Electric or Bechtel and Boston Edison operating
personnel check off that the tests have been completed
and that the results are in accordance with acceptance
eriteria of the test procedure,

Initial fuel loading and startup testing are per-

formed by Boston Edison operating personnel under the

technical direction of General Electrie, Startup test

specifications define the test program for startup with
defined limits and changes permitted during startup

test activities,




Startup test procedures present the recommended

test method and describe the steps necessary to per-

form the tests defined in the startup test specifica-
tion.

The applicant's Quality Assurance Organization
audits the preoperational and startup testing programs
for satisfactory completion of test program require-

ments.

References for Section 9.0

1. FSAR, Appendix D and Amendment 20, Part 5.

2. FSAR, Appendix D and Section 13.1 and 13.4.
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1 10.0 COMMENTS ON ACRS REPORT

Tn its letter of April 7, 1971 to the Chairman of the
Atomic Energy Commission on Pilgrim Nuclear Power Stationm,
the Advisory Committee on Reactor Safeguards identified
certain areas requiring further consideration and resolution
and made several recommendations with respect to the re-
quested operating license. These recommendations and the
actions taken by Boston Edison Company are summarized

below:

(1) Liquid Radwaste System

"The applicant has not provided equipment for concen-
trating and separating radioactivity from liquid wastes,
and he states that the radioactivity concentration in
the condenser circulating water discharge will not
exceed that permitted by 10 CFR 20. During the first
reactor shutdown for refueling, the applicant will
install an evaporator designed to permit the holdup
of liquid wastes and thereby reduce the gross radio-
activity discharged. The Committee believes that the
design and operatioﬁ of this evaporator system should
be such as to reduce to levels as low as practicable

the amount of long-lived radioisotopes discharged.

The Regulatory Staff should review and approve the
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design and operating mode of this equipment. The

Committee also believes that prior to the installa-

tion of this equipment, effort should be made to

reduce the radiocactivity released.”

The liquid radwaste concentrator is expected to be
operable during the summer of 1972. Boston Edison Company
recognizes its obligation prior to and following the in-

stallation of the concentrator, to keep levels of radio-

active materials in liquid effluents as low as practicable.

Boston Edison Company intends to operate Pilgrim Nuclear
Power Station in a manner consistent with that obligation
compatible with its legal mandate to furnish a dependable
source of power. In accordance with this obligation Boston

Edison Company will operate the station such that, when

discharges are controlled on a radionuclide basis, the
maximum concentration (above background) in the condenser
cooling water discharge canal after mixing with the service
water and circulation water will be limited to values which
do not exceed 0.25 times the MPC* values stated in Appen-
dix B, Table T1I, Column 2 of 10 CFR Part 20 and note 1

thereto. (L)

*MPC - Maximum Permissible Concentrationm

10-2




Gaseous Radwaste System

"The applicant proposes that the gaseous and particu-
late radiocactivity discharged through the stack will
not exceed 10 CFR 20 limits. The Committee believes
the applicant should set a much lower operating limit
and should make such equipment changes as may be
necessary to accomplish this.”

Boston Edison Company, in its Technical Specificatioms
for PNPS, has set a limit om the anmual average release rate
of radioactivity to be &ischarged through the station main-
stack which, based upon the applicant's analysis presented
in Appendix E of the FSAR, will maintain the exposure levels
to approximately one quarter of those allowed in 10 CFR
Part 20, paragraph 105(a). Councurrently the applicant has
initiated a program of selecting, designing and installing
additional equipment to reduce radicactivity releases from
the station mainstack to comply with the requirements of
10 CFR Part 50 Appendix I, and plans to initiate installa-
tion of that equipment when approved by the USAEC and to
complete installation as soon as practicable.®

(3) Primarvy Containment Integrity

"The applicant proposes to protect the containment

against breaching that may be caused by whipping of

* Refer to féotnotes on p. 8-38
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unrestrained piping in the event of a pipe rupture,

and also to guard against missiles that could be

generated from the biological shield by rupture of
pipes, including safe-ends, within the shield.,"

Boston Edison Company is installing at selected loca-
tions inside the Pilgrim primary containment system on the
drywell shell an energy absorbing/load transmitting system
of steel plates and I-beams which will significantly reduce

the possibility of the mechanical effects associated with

a rupture of a high pressure pipe resulting in breaching

the primary containment system. The protective system being
installed distributes the mechanical energies over a wider
area allowing the drywell to deform through the two inch
air gap between the drywell and the outer biological shield
without rupture.

The inner biological shield's capability to withstand
internal pressures resulting from the failure of vessel
nozzle safe-ends within the annular space between the
reactor vessel and the shield has been evaluated, and the
capability is greater than the maximum internal pressure
which could be generated. The restraints for the shield
plugs surrounding pipes penetrating the biological shield

are designed with the same capability as the inmer biological
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shield itself. Thus the design effectively precludes the
possibility of missile generation as a result of pipe or
| (2)

safe-end ruptures within the shield.

(4) Fuel Cask Drop

"The applicant proposes to assure that accidental
dropping of the spent-fuel cask into the fuel stor-
age pool will not cause leakage in excess of the

make-up capacity, and will make such modificatioms

as may be necessary.'

Boston Edison Company has conducted studies to determine
the effects of a spent-fuel cask dropped into the fuel stor-
age pool, In order to assure that any resultant leakage
from the pool will be within the pool makeup capability, an
energy absorbing/load distributing pad will be installed in
the cask loading area which will be capable of absorbing,
distributing, and dispatching the kinetic energy associated

&)

with a loaded cask drop from the maximum height.

(5) Confirmatory Vibration Testing

"The applicant said he would make tests adequate to
confirm the predicted vibratiomal characteristics of
the vessel internals.”

A program of confirmatory vibration measurements will

be implemented for the Pilgrim reactor. Both cold and hot
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tests will be conducted over a range of power and flow
conditions to verify the applicability of more extemsive
data obtained from previous tests conducted on other similar,
operating boiling water reactors. (3)

(6) Failure to Scram

"The Committee believes the applicant should make
timely proposals for resolution of the problem of
possible failure to scram on anticipated transients."

A common mode failure study was completed and has been

documented in Topical Report NEDO-10189, '"An analysis of

Functional Common Mode Failures in Genmeral Electric BWR
Protection and Control Imstrumentation." This Report was
submitted in October 1970 to the AEC and includes a complete
analysis of common mode failures in the initiation of scram
signals.

Studies are continuing to evaluate the consequences of an
incredible, undefined failure of the scram protection system.
A report on failure to scram has recently been documented
as a General Electric Topical Report, NED0-10349, "Analysis
of Anticipated Transients Without Scram," and submitted to

(4}

the AEC for review.

(7) ECCS Performance Evaluation

"The applicant should reevaluate, before routine
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operation at full power, the performance of the

emergency core cooling system, using recent heat

transfer data and calculational methods."

The core standby cooling systems for Pilgrim Nuclear
Power Station have been recentiy reevaluated in accordance

with the USAEC's INTERIM ACCEPTANCE CRITERIA FOR EMERGENCY

CORE COOLING SYSTEMS FOR LIGHT-WATER POWER REACTORS,

adopted on June 19, 1971. The results of this analysis

show that the PNPS core standby cooling systems, when

evaluated in strict accordance with Appendix A, Part 2 of
the interim policy statement, do meet the interim acceptance
criteria. (These criteria are listed in section 8.5.1 of

this summary.) (5)

(8) Station Instrumentation and Electrical Systems

"Several items regarding plant.instrument systems

and electrical systems are under review by the
Regulatory Staff. All these matters should be
resolved to the satisfaction of the Regulatory Staff;
the Committee wishes to be kept informed."

Additional discussions have been held with the Regula-

tory Staff, and all items regarding station instrument

systems and electrical systems have been resolved. (6)




(9) 1Inservice Tnspection

"The Committee believes the applicant should continue

to explore means of improving access to vessel welds

for inservice inspection."

The design of the removable vessel insulation and
shield plugs have been modified to facilitate access to
selected vessel welds for inservice inspection.

(10) Reactor Vessel Temperature and Pressure Limitations

"The Committee also believes that the reactor vessel

pressure should be iimited in accordance with current

AEC bases when the vessel temperature is below 180°F."

The proposed Technical Specifications have been revised
to comply with current AEC bases for vessel pressurization
when vessel temperature is below 1809F. @)

(11) Offsite Electrical Power Systems

"The site is served by two 345 kV electrical trans-
mission lines on the same towers and a separate 23 kV

line, Over a short distance, the lines are adjacent

and it is physically possible for the fall of a

tower to break the 23 kV line. The Committee believes
that the applicant should explore the feasibility of
using an altermative 23 kV supply or of making local

changes to reduce the possibility of losing the 345
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and 23 kv lines simultaneously."

The 23 kV line supplying the Pilgrim Station will be
3 placed underground at sélected locations to prevent loss
4 of the 23 kV supply as a result of 345 kV tower failures.

References for Section 10.0

1. FSAR, Amendment 29
FSAR, Amendment 29
FSAR, Amendment 29

FSAR, Amendment 29

Boston Edison Company, letter to the USAEC,

July 22, 1971.
FSAR, Amendment 29

FSAR, Amendment 29




11.0 OTHER GOVERNMENTAL AGENCIES

In addition to applying to the Atomic Energy Commis-
sion for the requisite licenses under the Atomic Energy Act
of 1954, as amended, Boston Edison Company has applied for
other necessary federal, state and local approvals. BRoston
Edison Company has applied for and received permits and
licenses as discussed in the following paragraphs.

The Town of Plymouth through its Board of Approvals has
jssued to the Company a special permit under Town zoning
ordinances to authorize-the building of a nuclear powered
generating station at the site where the Pilgrim Station is
located.

The Massachusetts Department of Natural Resources,
Division of Water Pollutiom Control, has issued an interim
industrial discharge permit dated January 8, 1969 and the
certification required under the Water Quality Improvement
Act of 1970. The Department of Natural Resources through
its Division of Marine Fisheries has also worked with the
Applicant regarding permit matters within the jurisdiction
of the Divisionm.

The Applicant has received from the Massachusetts

Department of Public Works a licemse relative to various

station undertakings including construction and maintenance
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of a breakwater and dredging.

The Company has received a permit from the U.S. Army
Corps of Engineers similar to that issued by the Massachu-
setts Department of Public Works which allows the Company
to build and maintain the station breakwaters and to con-
struct and maintain the intake and discharge channels and
to dredge. Application has also been made to the Corps

for a discharge permit under the New Federal Refuse Act

Permit Program.

Boston Edison Company has applied to the Massachusetts

Department of Public Health for such approvals as may be
required to permit operation of the station under the
"Regulations for the Control of Air Pollution in the South-
eastern Massachusetts Air Pollution Control District."
Applicant has sought and will continue to seek all
other required federal, state and local approvals necessary
to the operation of the station. Furthermore, the applicant
will continue its'prqgram of information and liaison with

federal, state and local officials (see e.g., Section 6.1).




12,0 TECHNICAL QUALIFICATIONS

12.1 Boston Edison Company

Boston Edison Company has been engaged over the
past 85 years as a public utility in the business of
generation, transmission and retail and wholesale
distribution of electricity and has accumulated in-depth
experience in the construction and operation of
fossil-fueled generating stations and the related

transmission and distribution facilities.

Boston Edison operates four major fossil-fueled

generating stations; Mystic Station with 6 generating
units and 1 unit under construction, Edgar Station with
3 generating units, L Street Station with 5 generating
units, and New Boston Station with 2 generating units,
In addition Edison operates several stations that supply
steam for commercial sale and also operates several
generating installations utilizing combustion turbines.
Roston Edison is part owner of the Yankee Nuclear
plant in Rowe, Massachusetts and of the Connecticut
Yankee nuclear plant in Haddam Neck, Conmnecticut.
Boston Edison is rep;esented on the Board of Directors
of these two companies and has participated technically

by working assignments of Edison personnel during the
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design and startup phases at these plants.

Boston Edison personnel from the Engineering and
Construction Department and from the Operations Department
have participated in the Pilgrim Station project through-
out the engineering, construction and pre-operational
test phases, Operating personnel permanently assigned
to the Pilgrim Station Organization have participated

in special training programs and in the pre-operational

test programs in preparation for startup of the station.

In addition to the training and experience obtained by
Edison personnel during the Pilgrim Station project,

many of these personnel have prior nuclear experience
totalling about 70 man-years obtained at other nuclear
facilities which include:; Yankee Rowe, Connecticut
Yankee, Vallecitos, Dresden 1, Humboldt Bay, Oyster
Creek, KRB (West Germany), Nuclenor (Spain), Millstone 1,
Elk River, Hallam, Piqua, Hanford, Savannah River, SM-1,
Westinghouse Reactor Evaluation Center, and the Walter

Reed Medical Reactor.

12.2 Bechtel Corporation

The Boston Edison Company retained Bechtel
Corporation as the Architect/Engineer and Constructor

for Pilgrim Nuclear Power Station. Working under the
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overall direction of Boston Edison Company and in
close coordination with the General Electric Company,
Bechtel has designed or furnished (or both) all
portions of the station except the turbine generator,
nuclear steam supply system, and nuclear fuel,

Bechtel has been continuously engaged in
construction or engineering activities since 1898, For

more than 20 years, Bechtel has been active in the

fields of petroleum, power generation and distribution,

harbor development, mining and metallurgy, and chemical
and industrial processing.

Since the close of World War II, Bechtel has
been responsible for the design of over 186 power
generating units, representing more than 73 million
kilowatts of thermal generating capacity, which includes
units of the largest and most modern types. Of this
number, more than 32 million kilowatts are produced
by nuclear-fueled units.

For over 20 years, Bechtel has been engaged in
the study, design and construction of nuclear installations.
Its experience includes design or construction, or both,
of such facilities as accelerators, nuclear research

laboratories, hot cells, experimental reactors and
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nuclear fuel processing plants, as well as nuclear
power plants,

12.3 General Electric Company

The supplier of the nuclear steam supply system
and the turbine-generator is the General Electric Company.
The General Electric Company has been engaged since 1955
in the design, construction, and operation of boiling
water reactors., Among the operating reactors with which

the General Electric Company has been associated are the

Vallecitos, Dresden 1, 2, and 3, Humboldt Bay, Big Rock

Point, Oyster Creek, Nine Mile Point, Millstone,
Monticello and a number of reactors in foreign countries.
They are also designing and have under various stages

of construction many other BWR reactors, similar to the
Pilgrim plant. Thus, General Electric has a substantial
knowledge, capability, and experience with this type of

reactor.




13.0 EMERGENCY PLAN

The potential for incidents resulting in the release
of significant radioactivity is extremely low. Several
independent barriers exist between the source of activity
and station personnel or the geheral public. The consequences
of any postulated accident and the extent of any resultant
radiation emergency are dependent upon the degree of viola-
tion of these barriers. Information on the status of these

barriers is continuously available in the control room.

Annunciation and automatic protective action is initiated

when necessary to maintain barrier integrity. Direct infor-
mation is also available in the control room as to the
effectiveness of these protective actions.

Even though the chances are ektremely low that any
accidental release of significant quantities of radicactivity
will ever occur, nevertheless, a plan of action has been
formulated to deal with any such occurrence. This plan will
function to confine aqd minimize the consequences of any

incident involving the uncontrolled or unplanned release

of radioactive materials, in order to protect the health
and safety of the general public and the applicant's sta-
tion personnel.

Details of the emergency plan are given in Amendment 22
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of the FSAR. Procedures for abnormal operating conditions,
emergency operating conditions and radiation emergency pro-
cedures are available. Station supervisory personnel are
trained so that authority, responsibilities and functions
are properly defined and implemented in emergency or poten-
tial emergency situations.

Prior to startup of the station, every station employee
will be trained and required to understand the detailed

emergency plan and his individual responsibilities as

required by the Emergency Procedures. All new employees

at the station will undergo the same training.

The applicant has made provisions so that local, state
and federal authorities can appropriately respond in the
case of an emergency. The agencies involved include the
Massachusetts State Police, the U.S, Coast Guard, the State
Department of Public Health, the Civil Defense Agency, the
Plymouth Police, the Plymouth Fire Department, and the New
York Operations Office of the Atomic Energy Commission.
Reliable communications are provided for and training has
been provided where necessary,

The applicant has provided approximately 14 hours train-
ing each, for the local police and fire departments on radio-

logical safety and on the applicant's emergency plans and
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procedures,

An Emergency Medical Plan has been established to insure
adequate medical expertise and facilities in the event of
injuries concomitant with contamination, Physicians trained
in the specialized techniques required in the treatment of
radiation patients are on call at the local medical facili-
ties.

Drills on the emergency procedures will be conducted

annually to assure that employees of the applicant are

familiar with their specific duties, and to provide other

persons and/or agencies whose assistance may be needed in
the event of an emergency, the opportunity to participate
in the drills. The continued validity and appropriateness
of agreements with outside agencies will be reviewed in
connection with the drills, The status of emergency equip-
ment will be checked at least annually to insure continued

availability.




14,0 COMMON DEFENSE AND SECURITY

Boston Edison Company is a corporation organized under

the laws of the Commonwealth of Massachusetts. It is
engaged in the generation, transmission, and retail and
wholesale distribution of electricity. All of the Directors
and principal Officers of the applicant are citizens of the
United States; and the applicant is not owned, controlled,
or dominated by any alien, foreign corporation or foreign

government.

The applicant is acting solely on its own behalf and

is not acting as an agent for anyone else,

The application contains no restricted or other defense
information, and the applicant has agreed that it will not
permit any individual to have access to any Restricted Data
until an investigation and report on such individual has
been made by the Civil Service Commission and the Atomic
Energy Commission shall have determined that permitting
access to such Restrigted Data by such individual will not
endanger the common defense and security.

The applicant will, as a licensee, be subject to regu-
lations of the Atomic Energy Commission relating to the
possession, use, transfer and accountability for special

nuclear material in its possession; to the possession, use
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and transfer of source and byproduct material; and to the

possession, use and transfer of the utilization facility

designed as Pilgrim Nuclear Power Station,
For the reasons stated above, the issuance of an operat-

ing license for Pilgrim Nuclear Power Station will not be

inimical to the common defense and security,




15.0 FINANCTAL QUALIFICATIONS

Boston Edison Company is the major retail supplier of
electricity in the greater Boston area, and in addition
supplies electricity at wholesale for resale to other
utilities (see Sec. 2.1). Net income derived from all
the Company's operations for the period 1966-1970 is as
follows:

Net Income (000's)

1970 1969 1968 1967 1966

— e——

$37,455 $33,886 $31,664 $29,361 $26,818

At current net operating income levels, combined with
expected fuel savings due to its Pilgrim investment, Boston
Edison Company believes it will have sufficient revenues to

meet the annual costs of operating Pilgrim.




16,0 FINANCTIAL PROTECTION

Boston Edison Company has taken the following action
to comply with the requirements of the Commission's Rules
and Regulations relating to financial protection in 10 CFR
Part 140:

a) Nuclear Energy Liability Insurance Association
(NELTA) has issued to Boston Edison Policy No. NF-188,
providing nuclear fuel storage liability in the amount of

$1,000, 000,

b) Indemnity Agreement No. B-48 dated 11/20/70,

effective 11/20/70, has been issued by the Commission to
Boston Edison in the amount of $500 million.

c) In addition, Boston Edison has obtained commitments
from the private sector of the insurance industry to provide
liability insurance in the aggregate amount of $82 million,
which is the amount required by 10 CFR 140, NELIA is
committed to provide $63,550,000 and Mutual Atomic Energy
Liability Underwriters is committed to provide $%18,450,000,.
These policies will be issued before issuance of the operat-

ing license,




17.0 CONCLUSION

On the basis of the application as summarized herein,
the applicant respectfully submits that:

1., Construction of Pilgrim Nuclear Power Station has
been substantially completed in conformity with the construc-
tion permit and with the application, as amended, the pro-
visions of the Atomic Energy Act of 1954, as amended (the
Act), and the rules and regulations of the Commission.

2. Pilgrim Nuclear Power Station will operate in con-

formity with the application, as amended, the provisions of

the Act, and the rules and regulations of the Commission,

3. There is reasonable assurance (i) that the acti-
vities authorized by the operating license can be conducted
without endangering the health and safety of the public,
and (ii) that such activities will be conducted in compli-
ance with the regulations of the Commission.

4. Boston Edison Company is technically and finan-
cially qualified to engage in the activities authorized by
the operating license in accordance with the regulations
of the Commission.

5. The applicable provisions of 10 CFR Part 140,

"Financial Protection Requirements and Indemnity Agreements”

of the Commission's Regulations have been satisfied.
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1 6. The issuance of the license will not be inimical

rity or to the health or safety

. 2 to the common defense or secu

3 of the public.




- 7.9
AGREE};ENT 3/[_,7

Agreement entered into this/ day of March 1969, between and among
the Massachusetts Division of Marine Fisheries of the Department of Natural
Resources (Hereinafter referred to as the Commonwealth), and Boston Edison

Company (Hereinafter referred to as the Company).

WITNESSETH: )

whereas, the Company is constructing a power plani.f.'in Plymouth, Massachu-
setts adjacent to the Rocky Neck area; and ‘

Whereas, it is the consensus' of the parties “that a biological:investiga-
tion of marine life both before and after the plant is in operation in this -
area be undertaken; _and 7 ‘ | l _

Whereas, it is the cqnéensus,_that the Commonwealth ap:;‘;ing under aunthority
of G.L. Chapter 130, Sectiom 17 (3) and (9)"'s;hou1-c.1:.conductﬂor have conducted
such biolegical investigation; and

whereas, the Commonwealth has developed and prc;i:éses_ to implement a iWork
Program, attached heireto as Exhibit A and made a plart- hereof; and -

Whereas, the Company is willing to provide to the. Commoﬁwealth under the
provisions of G. L. Chapter 130, Section 17 (9) monies hereinafter set forth
for the implementation of the Work Program for 1;1-13 -ber;efit q;‘, the. economy and
general welfare of the area as a whole: | |

Now Therefore It Is Agreed:

1, Upon payment of the sums hereinafter set forth, the Cormonwealth

agress to implement the Work Program substantially in accordance with the time

schedule, methods, and techniques outlined herein.




2. The Company will provide the Commonwealth with a sum not to exceed
%60,000 during the First Year of the biological investigation, payment to be
made quarterly in advance. The Company will provide the Commonwealth with a
sum not to exceed $73,000 during the Second Year of the biolegical investiga-
tion, ¥73,000 for the Third Year and $73,000 for the Fourth Year in equal ad-

vance quarterly payments. All sums provided by the Company shall be deposited

in the State Treasury as a trust fund to be expended only for the purposes set

forth herein,

3. The Company shall be undei no obligation to contribute any funds in
excess of those set forth in paragraph 2 above, except that if the plant has
not been in operation for 50% or more of the time during the January-March
éuarter of at least one of the four contract years, then the contract shall be
extended to cover the next subsequent January-March quarter after the expira-
tion of the four-year period; and similarly, if the plant has not been in
operation for 50% or more of the time in the April-June, or the July-September,
or the October-December quarter, of at least one of the four contract years,
then the contract shall be extended to cover the comparable quarter of the next
subsequent year; the Company agrees to provide the Commonwealth with the sum of
$15,500 in advance payments for each quarter year of the extension. If the
actual cost of the items set forth in Exhibit A are less than the estimated
cost, the Company's obligation hereunder shall be appropriately reduced and the
advance quarterly payments adjusted to reflect such cost savings.

4, The Company shall cooperate with personnel of the Commonwealth in

connection with such personnel's work hereunder.
p




5. The Commonwealth shall furnish to the Company:

(a) From time to time, all basic data gathered in the implementation

of the Work Program. The data and all such reports shall also be

available to the public;
(b) On July 1, 1969 and at three~month intervals thereafter, periodic
reports on the progress of the Work Program, including a summary

of the data gathered and a preliminary evaluation of the data;




(¢) Within six months after the Preliminary work Program shall have

been implemented a draft copy of the regular Work Program, to

be finalized after conference(s) with the Company; i

(d} Draft reports summarizing the wWork Program, the data gathered,
and the evaluation of such data as required to support the Com-
pany in obtaining permits ad licenses for the Pilgrim Station;

(e) As soon as practicable after the ascertainment thereof, any facts
obtained pursuant hereto.which would suggest a modification of
design or construction of the intake and discharge;

(f) Within six months after completion of the VWork Program a draft
copy of a topical report describing the Work Program, the data
gathered, and the final evaluation of such data, to be finalized
after conference(s) with the Company and prior to the public
issuance of any final report., The Company shall be entitled to
use copies of said reports and data in the furtherance of its
operation of the Filgrim plant.

(g) Except for the first cuarter, one month prior to the date that
advance quarterly payments are payasble to the Commonwealth by the
Company, a sbatement of expenditures incurred to-date with an
estimate of the expenditures anticipated through the next succeed-
ing quarter., The advance quarterly payment shall be adjusted to
reflect the actual and projected quarterly expenditure rate.

6. The Company shall have the right to observe activities being under-
taken by the Commonweaith hereunder.

7. Neither the Company nor any of its officers, agents, or employees shall
be lizble for any loss of or damage to property and/or injuries, including death,
to any person or persons which may arise directly or indirectly from the imple-

mentation by the Commonwealth of the Work Program.

..l{.-




8, In all matters relating to the administration of this agreement, the
representative of the Commonwealth shall be the Director, Division of Marine
Fisheries or his designated representative; and the representative of the Com-
pany shall be whoever the Company designates or his representative,

g
‘9, This agreement shall become effective as of March /7’ 1969.

Boston Edison Company
by F’:ﬁ.,. ﬁ;[;_

Commonwealth of Massachusetts
APPROVED:

Commissioner, Department by (irxa L
of Natural Resources Director
Division of Marine Fisheries




Exhibit A

Preliminary tlork Program of
Fishery Investigations

Introduction
It is agreed by the Boston Edision Company (the Company) and the Common-
wealth of Messachusetts (the Commonwealth) that:

1. The construction and operation of the Pilgrim Muclear Power Station

(the plant) may change the ecological environment of the marine life in the

waters of Cape Cod Bay in the proxdimity of the Plant (the Area)

2., The operation of the Flant may have an adverse effect on some important
cormercial or sports specles of finfish, crustacea or shellfish in the Area and
may have a beneficlal effect on others and,

3. Every reascnable precaution must be taken in the operation of the Plant
to prevent a significant overall reduction in the commercial or sport fishery
resources in the Area,

The Company and the Commonwealth, therefore, agree that biological fishery
studies will be undertaken or arranged for by the Commonwealth to determine
the changes in the distribution of important fish species in the Area thabt may
be brought about by the construction and operation of the Plant. These studies
will include a determination of the life stages and distribution of important
fish species, their ability to avoid, survive or benefit from the heat discharge
waters, the currents generated by the operation of the Plant and the fish screens
at the intake structures.

One of the objectives of the above studies is to develop bases for recom-
mendations relative o the design and operation of the Plant that would prevent
a significant overall reduction in the commercial or sport {ishery resources in

the Area,




It has been agreed by the representatives of the Boston Edison Company
and the Division of Marine Fisheries that an Administrative and Technicél
Committee will be formed to co-ordinate the fishery investigations with the
progress of plant construction, to review the results of the studies, and to

provide overall supervision of the “ork Progrem. This Committee will be

formed at an eerly date and in addition to the Commonwealth and the Company

will include, if possible, representatives of the Massachusetts Division of Vater
Pollution Control, the U, S, Bureau of Commercial Fisheries, the U. S. Bureau
of Sport Fisherles and Wildlife and the Federal Water Pollution Contrel Agency.
Progress reports as required under 5 (b) in the Agreement will be submitted to
the Administrative and Technical Committee. The Work Program required under

S (¢} in the Agreement will be submitted to the Administrative and Technical

Committee for review and comment.

Preliminary Work Program

A. Adninistration

One full-time leader will be in charge of the field investigations.
Laboratory and specialized investigations will be subcontracted by the Common-
wealth with the approval of the Company to a qualified individual, institution
or firm which will provide necessary personnel and facilities to conduct such
investigations.

An administrative charge of 10 percent of the total amount of the sub-
contract(s) will be charged by the Cormonwealth to cover technical coordination

and administrative overhead. No other administrative charges will be made.

First Second Third Fourth
Yoar Year Year Ye ar

Administrative Costs: $3,000  $3,000  $3,000  $3,000




B, Field Investigations:
Oojectives:

1. To determine the seasonal distribution, concentration and utilization

of marine life in the Flymouth area and, more specifically, in the
proximity of the proposed power plant.

To determine the water temperature pattern at various tidal stages be-
fore the plant is in operation and to measure the thermal pattern
which results after the warmed water discharge commences in order to
evalnate possible effects on the marine biotea.

3. To study the intake and discharge structures and their operation to

determine their effect on the various forms of marine life in the area.
Explanation:

It is knovn that the seasonal and spatial distribution of marine fishes in
the Flymouth area vary considerzbly. Fish species have significant variations
of distribution in time and space depending upon their stage of growth. The
Plant site is on an exposed, rocky section of coastline quite different from
areas previously studied in coastal Hassachusetts or New England. For this
reason basic fish inventories will be included in the field studies.

Fishes are highly sensitive to temperature changes, particularly those
which occur suddenly. In order to properly evaluate the effect of the wam

water effluent on the fishery, temperature patterns in the Rocky Neck area at

various tidal stages will be determined before and after the plant goes into

operation,
Procedures:

Qualitative and quantitative collections of marine life throughout each
year of the program at selected stations in the Plymouth area will be made,
This activity will be designed to sample both the vertical and horizontsl dis-

tribution of marine orpganisms at various distances from the plant site including
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selected control locations which are sufficlently remote from the plant site

to be unaffected by plant operation.

A survey of existing fisheries will be made to dotermine what species are

involved; the magnitude of the catch, seasonality of the fishery and amount of
effort expended. A comparison of these pre-operational data in conjunction
with similar stabistics from control locations collected while the plant is in
operation will provide a reference from which any significant changes in the
fishery, due to plant operation or other causes, can be detected and evaluated.
The thermal palterns for the various tidal stages and seasons will be
determined through the use of thermographs and electrical resistance thermometers
both before and after the plant is put into operation. ‘here available, tem-
perature records from other sources will be utilized as much as possible,
Records of fish distribution and relative abundance will be correlated with these
data., When operating thermal contours have been established for the area of
discharge, this information vill be applied to the laboratory investigations
concerning the effects of increased water temperatures on various species.
Factors such as intake velocity, type of screening employed, effect of
turbulence and other physical features will be studied with a view towards
modification, if warranted,

Duration of Study:

March 15,1969 to February 28, 1973

Cost: 3L47,000

Second Third Fourth
Principal Features Year Year Year

Personnel Salaries: $32,000 $32,000 $32,000
Project leader,
marine biologist,
marine technician
temporary help
secretarial service




‘ First# Sacond Third Fourth
Principal Features (con't) Year Yaar Yaar Year

Major Equipment 6,000 2,000 2,000 12,000
Travel Zxpenses 1,000 1,000 1,000 1,000

Squinment Maintenance & 2,000 2,000 2,000 2,000
Miscellaneous Supplies )

Vessel Time (30 days at 3,000 3,000 3,000 3,000
$100/day)

Totals $27,000  gho,000  $ho,000  $40,000

#During the first year of the project, personnel will work on a half-time
basis. :

C. Laboratory and Specialiced Investigations:

Laboratory investigations and specialized studies will be conducted under

subcontract to the Commonwealth,

Objectives:

To determine the effect of both short term and long range temperature

changes on important species of finfish, crustacea and algae in the Plymouth
area.

Explanation:

The laboratory studies will be designed to provide detailed information
not capable of being derived from the field investigations. This will include
laboratory analysis of exposure panels recovered from the waters off the plant
site to devermine growth of various fouling organisms and seasonal variations
in these organisms both before and after plant operation,

Long term temperature changes on selected organisms will be carried out
in the laboratory to determine whether exposure to these above normal tempera-
tures may seriously interfere with or benefit the life history of any given
species. Special emphasis on the effects of temperature on Irish moss and

lobsters will be included in these studies. The results of the lsboratory




analysis will be correlated with data collected in the field,

Procedures:

Exposure panels will be collected on a regular monthly hasisiby the field

investigators and turned over to the laboratory for detailed analysis, These
panels will be taken from a minimu of three differvent sites and will include
both short term and long term exposure panelé. Short term panels will be
utilized to determine which attaching organisms attach during each month and
the long term panels will be used to gain growth information over extended
periods,

Using specialized laboratory equipment, studies on the long term effects
of temperature on various species will be conducted in the laboratory. Such
studies will include histological analysis of various tissues, especially
gonadal tissues, to determine possible effects on these organs by the changed
temperature regime.

A special detailed study of the life history of the Irish moss will be
conducted since very little is known of the basic processes of this valuable
marine product. Studies on the effect of temperzbture on growth rates, repro-
duction, etc, will be carried out., Special attention will be given to those
factors which may be significantly altered by the construction and operation
of the plant.

Duration of Study:

March 1, 1969 to Febrary 28, 1973

First Second Third Fourth
Year Year Year Year

Cost: $30,000% $30,000% $30,000% $30,000%
Total Cost: $120,000

#Includes §10,000 for each year for special study of Irish moss.




BROCKTON DAILY ENTERPRISE
MAR. 11, 1969

| To Stedy Effect |
' Of Nuclear Plant|
! On Marine Life

STATE HOUSE, BOSTON, —
Gov. Sargent today accepted the
contribution from the Boston
Edison Co. to finance a study of
the effect of the Plymouth
Power Plant on Marine Re-
sources, :

Sargent granfed approval fo
Commissioner of Natural Re-
|sources Arthur Brownell to ac-
cept +§277.000 from Boston Edi
son to {inance & four-year study
“let the blotglcal effects of the
new Plymouth Nuclear Power
Statlon at Rocky Neck, Plym.
outh, on the Marine Resources
.lof the area, .

The Goverror sald these stud.
fes will result in recommenda.
tlons te protect Marine Re-
‘lsources of the Commonwealth
from any harmiul effect that
might resuit from the operation
of this plant, - v
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Boston Edison Company
800 Boylston Stroet
Boston, Magszachusetts (2199

Gentlomen:

Upon receipt of your application oz Ociober 17, 1948 for a Pernit Purcuant
to Section 43, Chaplor 21 of the Mascachusetts General Laws for the discharge of
industrial wastes from Pilgrino Station into Cape Cod Bay, this Division has re-
viewed your ropert entitled "Pilgrim Staetion No. 600, Boston Zdison Company, Salt
Water Use and Waterfront Development for Pilgrim Xuclear Power Station."

Tois Division hercby issues to the Boston Edison Company an interim permit,
having an ¢xpiration date threos years following the Power Station's initiation of
operation date. Howaver, the interim permii is subject to the following provisos:

1. That radiclogical and ccological studies of the receiving watuvs as pie-
viously discuased with mombars of the Department of Public Health and the

Division of Marine Fisheries, indicate to the satisfaction of these agonciss
that the 'discharge of effluents from the station will not bs harmful to
human or marine life. The pormitte2 shall adviss this Division as to who
will perform tho studies and the starting dates. Furthor, the permittee
shall make any modifications to equipment and/or operations that may be

necessary to comply with recommendatiens resuliing fron the aforementionad
studies.

. That a method be developed satisfactory to this Division for the eperation
and control of the use of chlorine in the circulation cceling water system.

That the permittee maintain and make available to nembars of this Division
operating records pertaining to the treatment of liquid wastes ingluding
levels of radloactivity and to the discharge of effluents to Cape Cod Bay,
ag are considered necessary by the Division.

Very truly yours,

ormag C. McMshon
Diraector
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March 31, 1969

Mr. H. L. Price

Director of Requiations
Atomic Energy Comission
Yashington, D.C. 20545

Dear ir. Price:

We are pleased to comply with your request for a summary of our program
concerning the thermal discharge from the Pilgrim luclear Power Station.
As you know, the Pilgrim Station is rated at 655,000 kilowatts (net) and
js scheduled to be operational in October, 1971. It is located on the
shores of Cape Cod Bay near Rocky Point some five miles ecast and south
of Plymouth,

STATEMENT OF THE PROBLEM

The Pilgrim Station will use a portion of the off-shore sea water for
condenser cooling. The design flow through the condenser is 311,000
gallons per minute. The full-power temperature rise across the con-
denser is 28 degrees Fahrenhei{t and the full-power thermal discharge
is 4.3 x 109 BTU's per hour.

It has been determined by the Commonwealth of Hassachusetts that the
most sensitive use of the off-shore waters is commercial and sport
fishing for certain species of finfish, crustacea (lobsters) and shell-
fish. There is also a commercial harvest of Irish moss in the area.

SUMMARY OF THE PROGRAM

A six-year program of studies on the thermal discharge from the P{lgrim
Station was begun in early 1967 and is scheduled to be completed in
January 1573.

The objective of the program is to assure that every reasonable pre-
caution is taken in the operation of the Pilgrim Station to prevent a
significant overall reduction {n the commercial or sport fishery resource
in the area. .

The program can be divided into two, overlapping phases. The Phase-1
studies were used to establish the design of the breakwaters, intake
structure and discharge canal. These studies were guided by consultants
that are recognized authorities in the fields of coastal engineering,
physical oceanography, cooling water dispersion and marine ecology as
viell as by comments and suggestions from the Division of larine Fisheries
of the Commonwealth of Massachusetts and the Fish and Wildlife Service
of the Department of the Interior. Phase-1 included model studies at
the Alden Research Laboratories and the lMassachusetts Institute of
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Technology.

The Phase-2 work consists of a four-year, before-and-after operation,
field and laboratory study. This work is being conducted by the ~
Hassachusetts Division of Marine Fisheries under a $279,000 grant to
the Conmonwealth of lassachusetts by the Boston Edison Company. They
are expected to confirm the predictions made at the conclusion of the
Phase-1 studies. These studies will document, through field surveys,
any changes in the distribution of important fish species that may be
brought about by the construction and operation of the plant.

An administrative and Technical Committee will coordinate the work,
review the results and provide overall supervision of the program.
The committee will include representatives of the Commonwealth and
Boston Edison and, to the extent possible, representatives of the
Hassachusetts Division of Water Pollution Control, the U.S. Bureau
of Commercial Fisheries, the U.S. Bureau of Sport Fisheries and
Hildlife and the Federal Water Pollution Control Agency.

DOCUMENTATION

Documentation of the planning, conduct and results of the several tasks
and sub-tasks that make up the total six-year program occur in several
interim reports and in correspondence among the parties involved. It
also includes testimony taken at the Public Hearing that was held by
the AEC before the issuance of the construction permit.

We believe that the most complete and factual information is contained
in the following documents:

1.  Salt Hater Use and Waterfront Development for the Pilgrim Huclear
Power Station; Eechtel Corporation, October 1968

Agreement between the Commonwealth of Massachusetts and Boston
Edison Company; March 14, 1968 and the

Interim Permit for the Discharge of Industrial Wastes issued by
the Water Resources Commission, Commonwealth of Massachusetts;
January 8, 1969.

Two copies of each of the above three documents are enclosed, UWe are
also enclosing two copies each of two newspaper clippings that give an
indication of the local interest in the Pilgrim Station and the thermal
discharge from the station,

THE_COHDUCT OF THE PROGRAM

The program began by establishing the existing temperature distributions

in Cape Cod Bay and how these temperatures are affected b{ the winds, the
tides and the daily and seasonal variation in air temperatures. We then
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made a prediction of the direction and the extent of the three-dimensional
thermal plume resulting from the discharge of the condenser-cooling water
with due consideration for the topography of the bottom of Cape Cod Bay
adjacent to the plant and the proposed design of the breakwaters, the
discharge canals and the intake structures. ‘ith this information we
made a prediction of the effects of the thermal discharge on existing
sport and commercial fisheries and modified the proposed designs as
required until we reached a satisfactory solution.

In performing these studies we have been quided by our consultants and
the valued suggestions of the Department of Harine Fisheries of the
Commonwealth of Hlassachusetts and the Fish and {ild Life Service of
the Department of the Interior. Our consultants are:

Coastal Engineering - R. 0. Eaton and Dr. A. T. Ippen,
both of the Massachusetts Institute of Technology;

Physical Oceanography and Cooling Yater Dispersion -
Dr. D. W. Pritchard, Chesapeake Bay Institute;

Ecology - Dr. John H, Ryther, Woods Hole Oceanographic
Institute.

The original oceanographic studies of the existing conditions were made
by Dames and Yoore. Later studies were made by Marine Advisers under
the direction of Dr. Pritchard through literature searches, drogue and
dye (ocean current) studies, and the installation and operation of off-
shore instrumentation to measure sea temperatures and currents,

Hydraulic studies using a scale model of the topography of Cape Cod Bay
in the vicinity of the Pilgrim Station were conducted to establish the
height, contours, and location of the breakwaters and discharge canal.
These were performed at the Alden Research Laboratories of the Yorcester
Polytechnic Institute at Holden, Massachusetts under the direction of
Dr. L, J. Hooper and Dr., L. C. lNeale.

Using this information and a second scale model, that included the
proposed design of the off-shore structures, a hydraulic thermal mode)
study of the cooling water dispersion in Cape Cod Bay was performed at
the Hydrodynamics Laboratory of the HMassachusetts Institute of Technology
at Cambridge, Massachusetts under the direction of Dr. A. T. Ippen and
the technical supervision of Professor Donald R. F. Harleman.

Dr. D. W, Pritchard, of the Chesapeake Day Institute, used the results

of the oceanographic and scale model studies to estimate the distribution
of the temperature rise above ambient in the Cape Cod Bay under a range
of tide and weather conditions.

Dr. John H. Ryther, of the loods Hole Oceanographic Institute, then used
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Dr. Pritchard‘s work, together with his own knowledge of the marine
ecology of Cape Cod Bay and adjacent waters; to predict the effects
of the operation of the Pilgrim Station on the commercial and sport
fisheries in the area adjacent to the plant discharge,

Finally, we authorized the four year, before-and-after studies of the.
oceanographic distribution and the commerical “catches" of the important
marine fisheries, the food chains that support these fisheries and a
more basic study of Irish moss, an article of commerce that is harvested
near the Plant site.

RESULTS TO DATE

The results of the studies to date have enabled us to choose a design for
the off-shore breakwaters, intake structure and discharge canal that, to
the best of our belief as well as the belief of recognized experts, will
serve the combined functions of: (1) protecting the plant from wave actions
due to the worst forseeable combinations of high tides and storms at sea,
(2) effectively separating the warm water in the discharge and cool water
in the intake and (3) assuring that the operation of the Pilgrim Station
will not have an adverse effect on the important commercial and sport
species of finfish, crustacea and shellfish,

There is some reason to expect, but no assurance at this time, that the
resulting warmer vaters may have a beneficial effect on some important
species, 1n particular the lobster population.

Intake Structure

The design of the intake structure is such that the condenser cooling
water will be taken below minus 12 feet, mean sea level, The design
inlet velocity of the entering sea water is about 1 ft/sec.

The Salt Water Use Report contains the following comments on the design
of the intake structure; "The velocity into the intake structure is
about 1 ft/sec., this being low enough to prevent fish being forced
Into the structure, Trash racks . . . will prevent fish from reaching
the pump chambers.”, and "The Tow velocity of the intake will also

help prevent fish and other marine organisms from being attracted to,
concentrated by, and eventually caught up in the intake . . . most of
the lobster larvae will (avoid being entrained in the condenser cooling
wate;) b$Fause the cooling water will be taken below minus 12 ft, mean
sea level”,

Effects on Commercial and Sport Fishing

The most important commercial and sport fishing that now takes place in
the off-shore waters is lobstering. Selected quotes on this subject from
the Salt Water Use Report are: “Most of the pot fishing (for lobsters)
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is done within a mile from the shore in depths of 30' or less , . ..

Several independent estimates placed the annual landings from the area

under consideration (the one square mile described above) at above 200,000
lobsters.” and “Sport fishing does not appear to be an important recreational
resource of the area under consideration. Few, if any, shell fish are taken
comn?rcially from the intertidal shore line in the vicinity of the Pilgrim
Station".

The Effects of the Thermal Discharge

The effects of the thermal discharge from the Pilgrim Station, based upon
the design of the discharge structure that evolved as a result of the mode}
studies, are best sunmarized by the following quotations from the Salt Water
Use Report:

"In view of the fact that most, if not all, of the marine species of
commercial importance are bottom 1jving organisms, it 1s preferable
to discharge the heated water as a thin surface layer over a large
ar?? rather than confining it to a smaller area by mixing it verti-
cally."”

"Pritchard's evaluation of thermal and radiological dispersion . . .
{ndicates that the desirable objective of rapid mixing, combined with

a relatively thin surface of warmer water, appears to have been achieved
by the proposed design."

“Generally speaking, few if any harmful effects to the commercially
important species of the area are to be expected as a result of the
warm water discharge, at Teast beyond a mixing area in the immediate
vicinity of the discharge. There are two reasons for making this
assumption, First, the temperature of the water in Cape Cod Day is,
on the whole, rather cold, averaging no more than just above 60°F in
mid-summer, Most of the marine species of commercial {inportance are
representatives of a temperature-water fauna which also occur south
of Cape Cod in considerably warmer water, The above statement holds
true for lobster, the most important commercial species of the regien.
The one possible exception to the above generalization is the Irish
moss. This seaweed is a northern species which cannot survive in
warm water, Surprisingly, for a species of {ts commercial importance,
its temperature tolerances are not known."”

CONCLUSIOMS

A1l of the above predictions will be tested and evaluated during the four-
year, before-and-after field studies,

The biggest open question at this time is the effect of the operation of
the Pilgrim Station on the Irish moss harvest. This uncertainty is largely
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due to the scarcity of scientific informatfon about this marine alqga.
The before~and-after studies to be conducted by the Commonwealth include
basic studies on the growth habits of Irish moss. It is known that Irish
moss attaches itself to rocks and that it prefers to grow in cool water.

We believe that 1t will find the rocks used for the breakwater compatible
with its nceds and that it will flourish on both the inlet and outlet sides
of the breakwaters.

The harvest of Irish moss in the Rocky Point area is now a one-family
(::) industry. The owner of this industry, or his attorney, has appeared at

two public hearings concerning the issuance of permits for the off-shore

work and he has gone on record to the effect that he does not oppose

the work that is to be performed.

A final matter that bears on the subject of the effects of the operation
of the Pilgrim Station on sport fishing is that, at the suggestion of

Ns! the Commornwealth, we plan to construct an access road, a parking lot and
@ bridge across the discharge canal to the longer breakwater so that the
M. public can take fish from both sides of the breakwater.
< Very truly yours,
o
(:) Claude A. Pursel
Ass't Vice President
o

CAP/1h

Encls.
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The Piymouth Conservalion
Commission has been active
during the past months in de-

termining lhe cffects of heat.”

ed water discharge from the
nuelear Pilgrim Station on the
flora and faung of the bay.
John Loupos, commission viee
chairman, has taken the intia-
tive in this efforl,

Mr. Lonpos says that ho has
received 100 ner cent copper-
ating Hrom Boston Edison in

weaying tuoall Ms guestions, -
some of which came up after
a meeting of 35 arca lobster-

men  coneerned  aboul mossi-
ble effect of heated water on
what they estimate to be a
$250,000 yearly business,

™
Y

Edison’ replies "in detail to queries-
by Plymouth Conservation Commission

In response to queries from
Mr, Lbupos. Boston Edison,
over the signuture of Willinm
F. Hamm, distriet manager,
sent the following information
In o letter to the commission
viee chairman. -

“We want 1o-thank you for
forwarding the item f{rom the
"“Maine Coast  Fisherman"
about the condilipns imposed
on ‘vo discharge from the

Maiy .« Yankez AMomie Power
"Plate, '

- - e

“We helieve that the ney ef-
fort of the conditions that we
have already wvoluptarily im- .
posed on the discharge from
the  Pilgrim Station are at

- least as stringent as those re-

T e Pt e
. St ! ".
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v
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qiaired"ot Malne Yankee. \Ve‘
divided our consideration - of
the effects of the Pllgrim Sta-

tion. discharge Into  three
parts, These are — the dis
charge of taxic materials, the.

discharge of radionuelides apd!

the- discharge of fieated wa-
tor.

“The potentially toxic ma-

terials are used to control the

drowih of algae and maussels
in the imtake and discharge |

pipes, We will assure that
those matetials are diluted to
such levels that they are net
toxic to the aguatie life in.

" Cape Cod Bay. -

- “The radioactivity of the
(Continued on Page %)

i tewmafe e baawas e
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Edison gets okay
{Continued from Page 1)‘
condenser cooling water dise
charge will be monitered and
kept well below the levels that
would make them unfit for
drinking water (if the water
were {resh), We will begin 2
program of -radioacuvity
measurement abotit twa years
before the plant starts up and
plan to continue these meas-
urements throughout the op-
erating life of the plant, In
the heginping we will meas-
ure {he radioactivity that is
now present in the shellfish
due to the concentration of Ta-
dionuclides that naturally. oc-
curs in all sea water, The
measurements  after plant
startup  will determine. the
amaunt that -is added due lo
the discharge from the Pil-
grim Station, -We will not per-

mil  any Teconcemration 1o

render the shellfish or other
edible aguatie life unfil for
human consumption, Our work
will he monitorad by the Atom-

ic Enerny Commission and by .

{he Commonwealth of Massa-
chuselts,

uAs for the thermal effeets,
our zoal is 1o assure 1hat the
net effect is beneficial or at
least nol harmid when one
cupsiders aill of the fish and
shellfish that are used for
fond and sport in the sur-
rounding waters,

“We and our consultants
expeet that the warmer wi-
tor will float to the surface
of the bay and will be direet-
ly beneficial lo some species
such o8 stripers, We expect

" eall this affice.

it may be indirtetly bénefi;~

cigl to lobsters by increasing
their food supply. The tem-

+

perature in the water at the '

' depths normally inhabited by

the lobsters will not be affect-

ed, Oa the other hand, we ex--

pect that the warmer water

may he harmiul to some spe-
o cles in the vegion immediate-
1y adjacent to the outlet of
the diseharge. We now have .
- detalled studies under way at

Alden Laboratories, MIT, and
Woods Ilole Qccarographie In-

. stitute, The purposes of these
t studies is to predict the het

effeets on aquatic life and to

develop a program of meas-

urements to test our predie-

{ions, During the year immed- .

iately prior to startup, we will
mensure the popufation den-
sity of the species of Gsh and
shellfish that are important
for food or sport in the vicini-

_ ty of the plant discharge. We

will continute this program for
about a year after startup to
measure any changes in the
papulation of aguatic life that
may have occurred. .
. In summary, we  believe
that the pgoals that we have
imposed apon  ourselves are

- a5 stringent=as lhose imposed

ot the Muine Yankee Pla.

We further helieve ‘that our
. Mlanned programs will permit
us o decument thal we have

reached our goals,

“If we can be of any furs
ther assistunce please write or

¢
+ e e = Cet
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SALT WATER USE AND WATERFRONT
DEVELOPMENT FOR PILGRIM NUCLEAR
POWER STATION
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October, 1968
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SALT WATER USE AND WATERFRONT DEVELOFPMENT
FOR

PILGRIM NUCLEAR POWER STATION

1.0 INTRODUCTION

1,1 Loeation

1.2

1.3

The site of the Pilgrim Nuclear Power Station is in the town

of Plymouth on the west coast of Cape Cod Bay near Rocky Point,
Massachusetts. It is about 4-1/2 miles east of the town center,
ag shown on Plate 1. The power station is to be owned and
operated by the Bosten Edison Company,

Scope

This document describes the proposed waterfront deavelopment;

gives the results of model studies and analyses of the action of
waves, storms and tides, and thermal effects; presents an analysis
of the ecological effects and discusses programs proposed to
verify the analysis.

Section 2: A general description of the Pilgrim Station arrange-
ment, with descriptions of offshore and waterfront
construction and of the circulating water system.

Section 3; Physical oceanography, incorporating date from existing
sources and from recent studies for Pilgrim Stationm,

Section 4: Pilgrim Station hydraulic model studies performed to
assist in evaluating storm protection and dispersion
of plant effluents.

Section 5: Chemical, thermal and radiocactive characteristics of
station liquid effluents,

Section 6: Dr. D. Pritchard's analysis of cooling water dispersion,

Section 7: Dr. John D, Ryther's analysis of marine ecology and
effects of station operation,

Section 8; Proposed environmental programs.
Consultants

This report was prepared with the assistance of the following
consultants:

Coastal Engineering - R. 0, Eaton

Dr. A. T, Ippen, Mass.
Institute of Technology



Physical Oceanography and
Cooling Water Dispersion - Dr. D, W, Pritchard,
Chesapeake Bay Ingtitute

Ecolaogy - Dr, John H. Ryther, Woods
Hole Oceanographic Institute

- Professor Merril Eisenbud,
New York University Medical

Center

Radiology




2,0 SITE ARRANGEMENT

2.1

2.2

Station Arrangement

The general arrangement of the proposed Pilgrim Power Statilon
is shown on Plate 4, The major bulildings on the site include
the reactor building, the turbine building, the administration
building, the intake and discharge structure for plant cooling
water, and the switchyard, Station grade is at +20 feet MSL
(+24.8 feet MLW),

Waterfront Development

Shoreline and offshore structures are required to provide the
functional requirements of the cooling water systems in the plant
and the necessary protectlon of the plant under storm conditions,
They will consist of: 1) a pump house and screen well near the
shoreline with protective breakwaters along a dredged intake
channel; 2) a discharge head works near the shoreline with a
dredged outlet channel which is protected by short jetties., The
waterfront development is shown on Plate 4,

The breakwaters and jetties will be of rubble mound construction;

both will be protected by heavy capstone, The breakwater on the
north-west will be approximately 2000 feet long and the breakwater

on the south-east will be approximately 930 feet long., Top

elevation of both breakwaters is +11 feet MSL, (approx. +16 feet MLW).

The breakwaters are required to prevent rapid siltation of the
dredged channels. They also provide a first line of defense,

to protect the intake structure and sea wall from excessive wave
action and overtopping due to wave run-up, and to limit storm
flooding of the plant site,

The sea walls an either side of the intake structure will provide
shore stabilization and prevent flooding of the reactor building
by wave overtopping during severe storms. They are designed to
act as a second line of defense in conjunction with the break-
waters such that any overtopping that might occur under the
extreme design storm tide level of +13.5 feet MSL (+18.3 feet
MIW) would not affect the reactor building or the emergency
systems required to safeguard the reactor.

The cooling water intake structure houses two sets of pumps. One
set provides cooling water for the condenser (circulating water
system) and the other set provides cooling water for the service
water system, The service system pumps supply cooling water for
the reactor and turbine building closed cooling systems. These
systems remove heat during normal, shutdown, and accident
conditions, It is essential that the service water pumps function
properly even under extreme storm or tide conditions. The water=
front development is designed to prevent overtopping of the intake
structure, and assure continuous operation of the service system,
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To minimize mixing of warm surface water with cooler bottom
water and thus improve plant efflciency it 1s necessary to
malntaln low velocities inside the breakwaters, To maintain
such velocities, the dredged channel width at the entrance
between the breakwater crests will be 675 feet. Channel in-
vaert will vary from -25 feet MSL just in front of the intake
structure to -20 feet MSL at the entrance., Channel depths,
the transition slopes betweem them, and channel widths are
shown on Plate 4,

A skimmer wall at the front of the intake structure is designed
to assist in preventing the warmer surface water from entering
the intake structure; the skimmer also acts as a trash and ice
barrier. The bottom of the skimmer wall is at Elevation (-) 12
MSL. The velocity into the intake structure is about 1 ft/sec,
this being low enough to prevent fish from being forced into the
structure, Trash racks (3" clear between bars) and traveling
screens (3/8" square openings) will prevent fish from reaching

the pump chambers,

The discharge structure and channel are to the northwest of the
intake structure as shown on Plate 4. The circulating water
system and the service water system will discharge through this
channel back to the sea, Other process system liquid effluents
from the station are discharged into the circulating waker system
for dilution before entering the discharge channel,

The discharge channel is approximately 870 feet long and is ex-
tended over the beach to mean low water by rock-£fill breakwaters,
The breakwaters have a nominal elevation of +16 MLW (approximately
+11 MSL) sloping down to a height of 4 ft. at MLW. The elevation
of the bed of the discharge channel is 0 ft. MLW,

The water velocity at the outlet of the channel will bhe about

8 ft/sec at mean low water and 2 ft/sec at mean high water, These
hiph water velocities in the discharge channel are provided to
promote mixing of the heated water with colder sea water at the

point of discharge from the channel,

The discharge channel jetties will also serve as protection of
the intake and discharge structures from wave action,




3.0 PHYSICAL OCEANOGRAPHY

3.1 Introduction

General oceanographic data from outside sources has been supple-
mented by Boston Edison's Oceanographic Study Program conducted
specifically for the Pilgrim Station Site.

Oceanographic Study Program

3.2.1 Scope

The Physical Oceanography Program at Pilgrim Station has
included:

(a) Preliminary drogue studies and collection of sea
temperature data by Dames and Moore (1967).

(b) 1Interim drogue studies (November, 1967).

(¢) Extended drogue and dye studies (August, 1968).

(d) 1Installation and operation of an offshore instrumenta-
tion station to measure sea temperatures and currents,

Condensed data developed by the program is included in this
section of the Report.

Offshore Instrumentation Station

The location and details of the Offshore Instrumentation
Station, "Station B", are shown on Plates 2 and 3., The
instrumentation station site, at the -30 foot contour

(Mean Low Water Datum), has been selected as highly repre-

sentative of the area in which a thermal plume will be
created,

The station consists of an elastically moored buoy, sup-
porting an equipment array which includes thermistors and
current meters, with a submarine cable connection to an
onshore recorder,

Temperature measurements are made by three sensors or
thermistors located 2-feet, 9-feet, and 15-feet respectively
below still-water level, and by a fourth located 2-feet off
the bottom.

Instrumentation for current magnitude and direction measure-
ments consists of one Marine Advisers Q-15 meter close to
the surface and one Marine Advisers Q-16 meter 3-feet above
the sea-bed.

Recording instruments on shore print out a digital record
of readings from the current meters and temperature sensors,

The instrumentation was installed in late April, 1968 but
following four weeks of service, it was damaged by wave
action, and recording was temporarily suspended. Multi-
level temperature records were obtained by hand sampling
between June 29, 1968 and August 10, 1968, at which time
the offshore station was returned to service.
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3.3 Tide Levels

Tides at the Pilgrim Station site are of the semi~-diurnal type,
with two highs and two lows occurring each day. Tide records for
this area are avallable from Coast and Geadetic Survey Tide
Statlons in Boston Harbor and at the eastern entrance to Cape
Cod Canal. Tide levels at the Pilgrim Starion site are similarn
to those at Boston, The mean tidal range is 9.1 feet and the
spring tidal range is 10.6 feet. The datum relationship at the
Pilgrim Station site is that Mean Sea Level is 4,78 feet above
Mean Low Water,

The highest still-water tide level ever recorded in this area is
+10.5 feet MSL. This level occurred at Boston on February 24,
1723 and has not been repeated, Tide levels of +10.0 feet MSL
have occurred twice; once in 1851 and again in 1909, The
extreme design storm tide level selected for Pllgrim Statian of
+13.5 feet MSL is 3.0 feet higher than has been observed in the
Boston Harbor area in 244 years of record,

The estlmated average yearly maximum astronomical high tide is

+1l.5 feet MLW, and the estimated average yearly minimum astro-
nomical low tide is =2.3 feet MLW, These water elevations are

expected to occur once every year,

It has been calculated that the 1Q0-year storm could produce a
still-water level of +15,8 feet MIW, This is a combination of
storm surge combined with astronomical high tide. This tide

level is based on tide data for 1922 to 1960 and {s from Figure 27
of NURP Report No, 68, "Criteria for a Standard Project North-
easter for New England North of Cape Cod," Hydrometeorological
Section, Hydrologic Services, Washington, D.C. This tide level

is 0.5 feet higher than the high tide of 1723.

Studies have shown that in the Cape Cod area, northeast pales
produce higher storm surge than do hurricanes due to their
longer fetch and longer duvation., The Hydrometeorological
Section of the U, 8§, Weather Bureau, which has conducted these
studles, has established a Standard Project Northeaster for

New England, Using this storm, the peak storm surge, having a
return frequency of 1,000 vyears, is 6.6 feet, The concurrence
of peak storm surge with an astronomical high tide of +11.7 feet
MLW would give an extreme storm tide level of +18.3 feet MW,
with a probability of occurrence of once every 4,000 years, This
extreme storm tide level of +18.3 feet MLW has been used as the
maximum design tide level.

3.4 Ocean Temperature

3.4.1 Introduction

This sub-section reviews ocean temperature records for
the Cape Cod Bay Area and presents some recent data

obtained offshore, adjacent to the Pilgrim Station, The
locations of temperature stations are shown on Plate 2,




3.4.2 Data Sources

The longest term measurements of sea-water temperatures in
Cape Cod Bay are those made at Coast and Geodetic Survey
Tide Stations. (1,2). Two Tide Stations were considered
in this study: Boston, north of the site and the eastern
entrance of Cape Cod Canal, south of the site. Surface
temperatures are measured daily at each station by a single
bucket thermometer, The depth of water at hoth tide stations
is about 10 feet at mean low water. Records are available
for Boston from 1922 to 1962, and for Cape Cod from 1955 to
1962, In addition, there has been continuous measurements
of bottom water temperature at Boston since 1955,

The World Atlas of Sea Surface Temperatures (3} is a source
of mean monthly temperatures for the Cape Cod area., Pub-
lished in 1944, these figures are the results of a number
of temperature surveys in the North Atlantic,

Data is available from the Woods Hole Oceanographic Institute,
Woods Hole, Massachusetts (4). The data consists of bathy-
thermograph records for stations throughout the western half

of Cape Cod Bay, These measurements were made by oceanographic .
research vessels, and records date back to about 1880. None

of these measurements are continuous recordings, All are

spot measurements made on one day. . Similarly, there is rarely
more than one measurement for any particular point in the Bay.
Also available are monthly averages of all the Woods Hole Data.

Two sets of data are available from the Division of Marine
Tisheries of the Massachusetts Department of Natural Resources
(5,6)., The first set is daily midwater temperature ranges

at buoy No. 1, Duxbury Channel, from June to QOctober, 1964,
Mid-water Duxbury Channel is approximately 15-fect below the
surface, The second set is surface and botlLom Lemperatures
made in conjunction with Otter Trawl Samples bhetween 1964

and 1966. The measurements were made mainly during the

winter months between Gurnet Point and the entrance to Cape
Cod Canal, just off the coast. A total of 18 samples was

made .

Data for Station “A", approximately 9,5 nautical miléE\porth—
east of the site, is presented in a report-by-Dames—and Moore.
(7) The water depth at this location &s 115 feet. Tempera-
ture profiles were recorded at Station "A"batween December,
1924 and June, 1925, A total of 12 readings were made.

Pilegrim Station Records

Sea~water temperatures have been recorded for this project
close offshore at Plymouth during August 1967, between
April 26, 1968 and May 21, 1968 (Offshore Station "B'),
between June 29, 1968 and August 10, 1968 (Manual), and
between August 12, 1968 and August 29, 1968 (Offshore
Station "B,




Data

Figure 1

Figure 1 shows maximum, minimum, and mean temperatures for
the Cape Cod Canal and Boston Tide Stations. Also plotted
are mean temperatures from the World Atlas of Sea Surface
Temperatures. The maximum at Boston is 75°F, while Cape
Cod Canal is slightly cooler with a maximum of 74°F during
the summer. The mean temperature at Cape Cod Canal is less
than at Boston due to much lower minimum temperatures,

The mean temperatures from the World Atlas follow closely
the means for the two Tide Stations, The difference in
temperatures between Boston and Cape Cod Canal is possibly
due to Boston's large estuary and Cape Cod's more exposed
location.

Figure 2

Figure 2 shows the temperature structure at Station "A" from
December, 1924 to June, 1925, The temperature structure was
isothermal between December and April. The warming trend
cormenced in May and by wid-June a strong thermocline (a
water layer of high temperature gradient) had developed
between depths of 30 and 60 feet. WNo data is avallable to
tell how long this thermocline remains. It is important

to note that this figure is based on 12 readings and there
is, therefore, a good deal of extrapolation of temperature
structure,

Figure 3

Figure 3 is similar to Figure 2. The temperatures plotted
are from the Woods Hole data for the western half of Cape
Cod Bay. Here a temperature stratification is developed
about the beginning of June and lasts into QOctober. The
thermocline is very weak; however, it must be remembered
that these temperatures are averages over the Bay. For
each station the thermoecline is well-developed and occurs
between depths of 30 and 60 feet. Therefore, Station "A"
is considered to be fairly typical of Cape Cod Bay at the
greater depths encountered further offshore than Station
IIBII'

Figure 4

Figure 4 shows average sea-water temperature measurements
recorded at the Pllgrim Station site for the month of August,
1967 and comparable records from Boston U.S5,C.&G.S. Station,

The Plymouth temperatures plotted are daily averages of

the highest and lowest readings. The highest single reading
was 66°F and within a 24-hour period, surface temperature
differences of up to 9°F were observed., The differences
between Plymouth surface and sea-bed temperatures ranged

3-4




between 1°F and 7.5°F. The Plymouth surface temperatures
are typically more than 5°F less than those recorded at
Boston., However, it must be noted that Boston tempavatures
between August 7 and August 11 were tuken during the early

ing te relatively poor correlation with Plymouth on those
days.

Figure 5

Figure 5 presents 1968 average surface and sea-bed water
temperature records from Pilgrim Station and U,S,C.&G.S,
surface records for a comparable period at Boston. The
site records were obtained from the offshore instrumenta-
tion for the periods April 26 to May 21 and August 12 to
August 24. Hand samples were used between June 29 and
August 10, 1968.

The records show good correlation, with a consistently
higher temperature at Boston and a typical differential

of about 59 above the surface temperature at Plymouth.

The difference between surface and sea-bed temperatures

at Plymouth ranges between zero and 10°F, indicating the
instability of the thermocline. The incidence of a high
surface temperature is accompanied by a relatively low
sea~bad temperature. During August, a sharp reduction in
both surface temperature and an inecrease in sea-bed temper-
ature occur together, implying that the vestigial thermo-
¢line was lost due to increased mixing of surface and lower
water,

Conclusions

The collected sea-water temperature data for Pilgrim Station
indicates a temperature pattern similar to both the eastern
entrance of Cape Cod Canal and Beston., The temperatures
will be cooler at Pilgrim Station than at Boston, where

long term records are available.

In deep water a thermocline develops at depths of between

30 and 60 feet during the months of June through October.

At -30 MLV, the temperature stratlflcatlon iz less consistent,
Although a differential of up to 10°F commonly exists between
surface and bottom temperatures, the temperature stratifica-
tion is very sensitive to disruption by turbulence following
wind action when differential temperatures of 1° - 29 are
commonly observed. However, the decrease in temperature
differential is accompanied by a drop in absolute surface
temperature.

Short term natural temperature fluctuations exceeding 7°F
are routinely observed at the site within 24-hour periods.




3,5 Ocean Currents

3.5.1 General

The general current regime in Cape Cod Bay is discussed
by Dr. Pritchard in Section 6 of this report. Currents
more directly related to Pilgrim Station site have been
measured and recorded by a series of drogue studies, a
dye study and by the offshore instrumentation, which is
described earlier in this section,

The regime close to the site is much less well-defined
than is the case farther out. Current velocities are
much lower,- During a period of four weeks during April
and May, 1968, currents measured 5-feet below the
surface exceeded 0.6 knots for less than 1% of the total
time. The counterclockwise movement within the Bay is
reduced but not entirely eliminated by the reduction in
depth, and proximity of submarine ledges offshore from
Rocky Point and Manomet, This basic southeasterly direc-
tion is modified but not reversed by tidal action and the
resultant currents are small on the surface and almost
negligible close to the bottom,

A close correlation between wind and surface water motion
was observed in all the drogue tests and alse by the dye
test, During the latter, conditions were almost wind-
free for the early part of the test and the southeasterly
movement persisted throughout the tidal cycle. During
the latter part of the test, offshore winds approached

10 knots and the direction of dye dispersion closely
followed the wind.

The behavior of near-surface currents during four weeks

of April and May, 1963, has also been compared with

wind records from Boston Edison's on-shore weather statiom,
Close correlation was established between wind and surface
water movements. Wind influences normally decrease sharply
with depth and are occasionally offset by upwellings and
reversals in direction of lower level flow.

Conclusion

The correlative movement of water at the site is south-
easterly in direction and corresponds to the well defined
counterclockwise movement farther out. The basic direc-
tion is modified but not reversed by tidal action. The
net southeasterly movement probably averages less than
0.1 knots over the entire depth., Short-term surface
currents are closely correlated to wind action which is
more readily detected than tidal effects. The currents
at the site are relatively small and highly irregular in
magnitude and direction,
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4.0 HYDRAULIC STUDIES

4.1 TIntroduction

4,2

Hydraulic Model Studies performed for waterfront development
at Pilgrim Station have investigated the following:

{a) Wave action and site storm protection.
(b} Thermal dispersion of circulating water effluent,

Wave Action Study

A series of wave action model studies has been performed in

two phases at the Alden Research Laboratories of Worcester
Polytechnic Institute at Holden, Massachusetts under the direction
of Dr. L. J. Hooper and Dr. L. C. Neale.

4,2.1 Objectives

The purpose of the Alden Model Studies has been to assist
in developing the design of the waterfront development
including the breakwaters and jetties, the intake and dis-
charge channels and the on-shore revetments. The effective-
ness of the selected design in protecting the plant site
and circulating water system against wave action has been
demonstrated and evaluated,

4.2,2 Model Construction

The Alden Model has been constructed to an undistorted
scale of 1:50. It is a fixed bed model, with topography
simulated by a thin layer of cement mortar on compacted
sand. Vertical control is provided for the topography
and the improvements by wooden templates spaced at 3-foot
intervals.

Crushed rock has heen used to simulate the armor protection
of the breakwaters, shoreline, and discharpe channel, The
reinforced concrete intake structure is modeled in wood.
Water circulation through the intake structure is provided
by a small electrically driven pump, flow being measured
using an orifice plate and manometer. Station buildings
protected by the waterfront improvements are simulated in
the model,

4.2.3 Wave Generation

Wave generation is by means of a paddle maker 40-feet long,
with a variable stroke and speed capable of producing waves
of variable heights and periods, including wave periods of
8, 10 and 12 seconds, which are those mose likely to occur
at the site during a severe storm. FPreliminary tests in-
dicated that an 8-second wave period preduced less severe
conditions than 10 and 12 second periods,
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4.2.4

4.2'5

4.2.6

Wave helghts are measured with 9 variable resistance
probes and recorded on a 10 channel moving mirror galvanom-
eter osclllograph.

Test Propram

The proposed design has been subjected to tests at four
still-water elevations:

(a) El. +11.5 MLW, the estimated average yearly maximum
astronomical tide.

(b) El. -+15.8 MLW, the level of the 100 year storm,
expected not more than once during the life of the
installation. ,

(c} El. +18.3 MLW, the design maximum tide level with a
4,000 year return frequency.

(d) El. +19.5 MLW, an arbitrary elevation which exceeds
any postulated design condition arnd is the highest
elevation at which the model can be operated satis-
factorily.

Slope protection and the effectiveness of the breakwaters

were evaluated by tests at all four still-water elevations
during which waves were simulated from due north and from

N 60 E, with wave periods of 10 and 12 seconds., The wave

heights were adjusted to give maximum run-up at the intake
structure and revetments. The critical condition was ob-

tained with a 12 second period.

Test Results

Test results indicated adequate reduction of the generated
wave at the intake structure. Minor overtopping of the
adjacent seawall occurred at the higher elevations (18.3
MLW and 19.5 MLW) but flooding was limited to the open
space north of the reactor building, which was itself at
no time subjected to flooding. The limited overtopping
which occurred would have no effect on the emergency core
cooling water pumps or the service water pumps which are
enclosed in a structure water protected to an elevation
of approximately +28 MLW,

Test results were documented by moving and still photography.

Intake Structure Oscillations

A special series of tests was conducted to insure that
unduly adverse conditions for intake pump operation could
not be generated by wave action. It was observed that

with typical still-water elevations even severe wave action
produced very minor fluctuation of the water surface eleva-
tion. It was possible to develop a resonant conditien with




wave periods of approximately 14 geconds at still-water
levels of 18.3 MLW and 19.5 MLW, but even the greatest
amplitudes of surface movement obtainable were within the
range tolerated by the pumps.

4,3 Thermal Model Study

A hydraulic scale model simulation of cooling water dispersion
has been performed at the Hydro-Dynamies Laboratory of Magsa-
chusetts Institute of Technology at Cambridge, Massachusetts,
under the general direction of Dr. A. T. Ippen and the technical
supervision of Professor Donald R. F. Harleman.

4.3.1 Objectives

The primary objectives of the M,I,T, Model Study have been:

(a) To demonstrate the locatlons of isotherms in the thermal
plume.

(b) To determine the magnitude of recirculation of the
cooling water, if any.

Thermal Model Construction

The Thermal Hydraulic Model has been constructed within the
confines of an existing 27-feet by 46-feet model basin in
the M,I,T, Laboratory. The horizontal scale is 1:250 and
the vertical scale is 1:40. Approximately 11,000~feet of
coastline has been reproduced with a distance from shore

of 5,000 to 6,000 feet and a water depth of approximately
40 feet.

Currents are simulated by pumping and draining from either
end of the model. Water temperatures are measured by

thermistor probes.

Thermal Model Test Program

The Thermal Model of the proposed design has been tested

for the following simulated conditions, each with a simulated
circulating water flow of 720 c.f.s. and a nominal tempera-
ture rise of 28.7°F.

(a) Still-water Elevation: MLW (0.0)
Current: southeasterly direction, 0.2 knots.

Still-water Elevation: MHW (+9.4)
Current: southeasterly direction, 0,2 knots.

still-water Elevation; MHW
Current: southeasterly direction, 0.6 knots.

Still-water Elevation: MHW
Current: south-southeasterly direction, 0.6 knots.




(e) Still-water Elevation: MHW
Current: 0.0 knots.

The tests selected are considered to simulate the most
critical conditions for temperature rise and recirculation.

Thermal Model Test Results

Behavior of the model was considered very satisfactory

under all test conditions. The following characteristics
of the thermal plume were obgerved:

(a) The great energy of the discharge was a dominant

feature in ensuring thermal mixing and dispersion under
all current conditions.

(b) Double (two-sided) entrainment of cold water was ob-
served in all tests.

(c) Thermal mixing and dispersion was essentially identical
with water surface elevation at Mean High Water and
at Mean Low Water,

Thermal mixing and dispersion were relatively unaffected
by currents which included simulated wind-generated
movements corresponding to those detected at the site,
Thermal dispersion is discussed more fully in Section 6,

The heated plume extended to a depth of approximately
five feet from the surface.

In none of the tests was significant recireculation
observed,




5.0 STATION LIQUID EFFLUENTS

5.1 Introduction

The station utilizes salt water from Cape Cod Bay as cooling water
in the circulating water system and in the service water system,
The cooling water used in these two systems 1s separated from
potentlially radicactive flulds in the process systems by the con-
denser and by the service system salt water heat exchangers,

The salt water returned to Cape Cod Bay from the station has been
modified by the addition of heat or thermal energy and by the
addition of liquid wastes discharged from the station. Station
liquid effluents are categorized below for discussion as thermal
effluents, radiocactive effluents and non-radicactive effluents,
Table 5-1 is a summary of the station effluents expected to be
discharged annually to Cape Cod Bay.

Thermal Effluents

The thermal effluents consist mainly of condenser circulating water
and service water system cooling water. The circulating water system
has a n05m31 flow rate of about 311,000 gpm and removes approximately
4.3 x 107 Btu/hr of heat from the condenser resulting in a water
temperature rise of about 28°F at rated load. The service water
system has a normal flgow rate of about 10,000 gpm and removes
approximately 7.8 x 107 Btu/hr from the salt water heat exchangers
resulting in a water temperature rise of about 16°F during normal
station operation, Under emergency conditions postulated for

station desipn, the service water system flow rate could be reduced
to about 5,000 gpm while removing about 65 x 10° Btu/hr of heat
resulting in a water temperature rise of approximately 25°F in this
system, Service water flow rates may be veduced when inlet water
temperatures are lowv in order to regulate temperatures in the station
closed loop cooling systems.

Radioactive Liquid Effluents

The liquid radwaste system in the station is designed to collect,
process, monitor and dispose of all the potentially radiocactive
wastes generated in the reactor and turbine systems, The design
basis for this system is described below.

5.3.1 Collection of Liguid Radwastes

The liquid radicactive wastes are classified at their point
of origin into either of two separate drainage and processing
systems, the clean radwaste or the chemical radwaste. The
wastes are collected in sumps or drain tanks and are then
transferred into either the clean waste receiver tanks or the
chemical waste receiver tanks Iin the radwaste building for
processing. Clean radwastes are defined as those liquid




TABLE 5-1

SUMMARY QOF ESTIMATED ANNUAL STATION EFFLUENTS

DISCHARGED TO CAPE COD BAY

Annual
Annual Radicactivity Chemical or
Type Volume Additions Heat Additions

(Cr s 092

THERMAL (1)

Circulating Water 1.5 x 1011 gals, Below limitg, of 4.3 x 109 Btu/hr(B)
&
10 cFR20

Service Water 5.5 x 107 gals, Below limits of 3
10 cFr20(2) 7.8 x 107 Btu/he3)

B. RADICACTIVE

Clean Radwastes Normally reused in stationm,.

Chemical Radwastes 4.0 x 106 gals.{/- 7-50 curies ' 8.6 x 105 1bs. of
E (e S Na350y

'I.J

C. NON-RADICACTIVE

Make-up System 2.9 x 100 gals. None 66,000 1bs, of
dissolved solids
oo Pl
= ywic 6P and 2,200 1bs, of

ticulates.
/ )‘}f@:’»n/;ﬁ_uy particulates
/ .

Notes: (1) Normal operation at rated load.

(2) Ocean cooling water is naturally radloactive. The radioactive
content of the station effluent will be increased slightly during
the controlled release of liquids from the radicactive waste system.
The liquid effluent from the radicactive waste system will be below
the limits specified in 10CFR20 after mixing with the cooling water.

Addition of hypochlorite to these systems 15 expected for about
one hour each day resulting in residual chlorine of approximately
1 ppm in the effluent during this period.




wagtes which have a low conductivity and are potentially
turbid. Chemical radwastes have a high conductivity and
can be slightly turbid. Floor drainage from those building
areas which are under access control are processed as
chemical wastes.

Treatment of Liquid Radwastes

Clean radwastes are normally treated in a batch process

by first filtering to remove auspended particulate matter
followed by demineralization to remove dissolved contam-
inants. After treatment, clean radwastes are collected

in the treated waste storage tanks for sampling and analysis.
If this water meets the water quality requirements for
condensate, it may be returned to the condensate storage
tanks for reuse in the station. If this water is not
suitable for reuse in the station, it may be released at

a controlled rate to the circulating water effluent.

Chemical radwastes are normally treated in a batch process

by first neutralizing the acid and caustic solutions
followed by filtering to remove any suspended particles.

After treatment, chemical radwastes are collected in the

monitor waste storage tanks for sampling and anaylsis,

After analysis, this water will be released at a controlled
rate to the circulating water effluent,

Prior to discharge from the station, each bateh of liquid
radwaste is sampled and analyzed for radicactivity to deter-
mine the allowable rate of discharge, ef—the-bateh~to~the
cireulating-water-system, 1In addition, the liquid radwaste
discharge line is provided with a continuous radiocactivity
monitor to record the activity of any liquids released to
the circulating water system. After mixing with the
circulating water, the radicactivity of liquid wastes dis-
charged from the station will be below the limits specified
in 10 CFR 20, Standards for Protection Against Radiation,

Sources and Estimated Amounts of Liquid Radwastes

The radioactive liquid wastes consist mainly of wastes
produced during regeneration of the condensate demineralizers
and wastes from floor washdown and floor drainage. Addi-
tional radwastes are collected from laboratory drains,
decontamination wastes, and equipment drainage for main-
tenance., All laundry will be sent to outside commercial
facilities., Clean radwastes are normally reused in the
station rather than being discharged. Chemical radwastes
produce an estimated annual velume of about 4,000,000
gallons which contains an estimated 862,000 pounds of

Na, 50, (from regeneration wastes) to be discharged to the
circu%ating water system.




5.3.4 Radioactivity of Liquid Effluents

The annual release of radicactive substances to Cape Cod
Bay from Pilgrim Station is estimated to be between 7

and 50 curies of mixed fission and activation products.
This mixture can be expected to include radioactive
isotopes of Cobalt-60, Cobalt-58, Manganese-54, Iron-59,
Chromium-51, and Zinc-65, with possible additional fission
products of Iodine-131 and Cesium-137, Technisium-99, and
Molybdenum-99. Depending on the ratios of the various
nuclides present, the maximum permissible concentration of
such radioactive mixture in water supplies is expected to
be in the range of 10-6 to 1072 ue/ml,

Assuming that 50 curles per year are released at a uniform
rate, the average radicactivity of the cireculating water

at the point of discharge into Cape Cod Bay will be in-
creased by approximately 9 x 10-8,pc/m1 {90 picocuries/liter)
This radicactivity release is on the order of 2% of the
maximum permissible concentration in potable water according
to AEC regulations for the mixture of radionuclides anti-
cipated.

It must, of course, be recognized that the ocean water is
not potable and that the factors that limit the amount of
radicactivity that can be discharged safely inte Cape Cod
Bay are related to the tendency of certain radionuclides

to concentrate biologically, However, the disparity be-
tween the permissible concentration in drinking water and
the expected concentration of radicactive substances
released from the station is a useful starting peoint in
attempting to assess the significance of the radiocactive
substances that will be discharged from the Pilgrim Station.

Ocean water is naturally radioactive having an activity of
about 300 picocuries per liter on the New England coast,
The annual release of radicactive liquids from the station,
as estimated above, would increase the activity of the salt
water effluent from the station by an average of about 90
picocuries per liter representing an increase of about 30%
of the original radioactivity of the ocean. 1In Dr., Pritchard's
analysis (Section 6.0), he finds that the flushing action
of Cape Cod Bay is such that not more than ten days of
discharge from the station could be accumulated in the Bay
and that this accumulated discharge would be diluted by a
factor of 1:2580 because of the large volume of the Bay
relative to the circulating water flow rate. Therefore,
the radioactive releases from the station would increase
the activity of water in the Cape Cod Bay by less than

0.04 picocuries per liter or an increase of about 0.01%
above the natural radicactivity level of the water,

It has been estimated that in the seven year period since

1961, about 80 curies of Manganese~54 and Cesium-137 and
about 40 curies of Strontium-90 have been deposited in the
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Bay from fallout from nuclear weapons tests. The two
situations arising from coolant discharge and fallout

from nuclear weapons tests are not exactly comparable,

as in one case, the material is released from a point

source and in the other, fallout from nuclear weapons

is diffuse, Nevertheless, the comparison of these figures
ig ugeful in illustrating velative amounts of radioactive
substances under consideration., With the possible exception
of Cobalt~60, the nuclides to be discharged from the Pilgrim
Station are among those which have been present in fallout
from nuclear weapons and there is extensive experience from
these nuclides in a wide variety of aquatic situations.

The controlling effect on allowable radiclogical discharges
will be the possible biological reconcentration of radio-
isotopes in edible marine organisms. Limitations on allow-
able radiation exposure to man are established at levels

far below those at which any radiation damage to wildlife
would be observed.

The environmental radiology program (Sectcion 8.1) will
provide factual assurance that the accumulated effects of
radiological discharges from Pilgrim Station are not
gignificant from a Public Health point of view,

5.4 Non-Radicactive Liquid Effluents

The non-radioactive liquid process wastes are produced mainly from
backwash of the make-up filters and from regeneration of the make-
up demineralizers. The make-up water system processes water ob-
tained from the Town of Plymouth for use in the station. The make-
up system produces an estimated annual liquid velume for discharge
of 2,900,000 gallons which contains an estimated 2,200 pounds of
suspended particulates (suspended material filtered from the town
water supply) and 66,000 pounds of dissolved solids which includes
NagS0, from regeneration as well as dissolved solids removed from

the town water supply. These liquid wastes are neutralized before
being discharged.

The salt water used for station cooling water (condenser circulating
water and service water systems) will require chlorination to assist
in controlling marine growth in these systems. Chlorination of the
salt water into the station is expected for about one hour each day
with residual chlorine of approximately 1 ppm expected in the station
salt water effluent during this period.

Sanitary sewage will be treated by a septic tank and leaching field
located morthwest of the main station buildings, This system will

be constructed in accordance with the requirements of the Massachusetts
Department of Public Health with particular attention to clearances
from open waterways.




6.0

COOLING WATER DISPERSION

6.1 Introduction

This study of condenser cooling water discharge has been prepared

by Dr.

6.1.1

D, W. Pritchard of the Chesapeake Bay Institute,

ScoEe

Dispersion of condenser cooling water discharged from the
Pilgrim Nuclear Power Station in waters of Cape Cod Bay
including predicted distributions of temperature rise
above ambient,

Oceanographic Factors Pertinent to Problem

6.2.1

Physical Description of Cape Cod Bay

The U. S, Coast and Geodetic Survey Chart 1208 shows Cape

Cod Bay to be a broad, open mouthed water body formed by

the eastward and then northward extension of Cape Cod out
from the coast of Massachusetts. The Bay faces to the north,
with Race Point, the westward extension of the hook of Cape
Cod, distinctively marking the mouth of the Bay on its eastern
side. The mouth is not well marked on the western side, but
for purposes of this brief description a line extending from
Race Point westward te Bartlett Rock, just off the entrance
to Green Harbor, is considered to designate the mouth of

Cape Cod Bay. The length of this line is 17% nautical miles,
and the Bay has its greatest width of 24 nautical miles along
an east-west line near the southern limits of the Bay. The
north~south dimension of the Bay is just under 20 nautical
miles,

Cape Cod Bay has a surface area of approximately 430 square
miles (nautical), or 365,000 acres. Except for the southeast
corner of the Bay, where Billingsgate shoal is found, depths
generally increase rapidly from shore. The largest depths,
about 180 feet, occur at the mouth of the Bay. About one-half
the surface area of the Bay has depths greater than 100 feet,
and the volume~-mean depth is also about 10015eet. The volume
of Cape Cod Bay is therefore about 1.6 x 107° cubic feet,

Tide and Tidal Currents

Information compiled by the U, §, Coast and Geodetic Survey
(1, 2) indicates that the tidal wave entering Cape Cod Ray
from the north proceeds southward along the western shore

of the Ray and then eastward along the southern shore of the
Bay somewhat faster than the southward movement of the wave
along the eastern shore of the Bay. The following lists the
time difference between the time of high water at several
locations around the Bay and the time of the corresponding
high water at Boston. Also listed is the time difference
between the time of low water at these locations and the
time of low water at Boston, as well as the average of these
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two differences for each location, The locations are

listed in order of inereasing distance from Boston,
proceeding along the shoreline of Cape Cod Bay in a
counter-clockwise direction.

Time Difference Time Difference Average
Location High Water Low Water Time Difference
(minutes) {(minutes) (minutes)

Gurnet Pt. + 02 + 07 04 %
Plymouth + 05 + 20 12 %
Barnstable + 09 + 28 18 %
Wellfleet + 12 + 28 20
Provincetown + 14 + 16 15
Race Pt, - 03 - 04 03 %

The data for the northern end of Cape Cod Canal have not
been included in this compilation, since the canal produces
anomalous time differences at that location. The above data
show that the tide is progressively later for successive
locations proceeding southward aleng the western shore of
the Bay, and then eastward along the southern coastline of
the Bay. Likewise, the tide is progressively later for suc-
cessive positions proceeding southward aleng the eastern
shore of the Bay from Race Point at the mouth of the Bay as
far as Wellfleet, which appears to be close to the location
of the nodal point for the tide in Cape Cod Bay.

If high water occurred simultaneously throughout the Bay, the
tide in Cape Cod Bay would have the characteristics of a pure
standing wave, In this case high water would occur at the
time of slack water (that is, zero tidal current) between
flood and ebb flows, and low water would ocecur at the time

of slack water between ebb and flood flows, The observed
progressive differences in the time of high water and in

the time of low water at the several locations along the
shore of Cape Cod Bay indicate that the tide in the Bay de-
parts slightly from a pure standing wave., We would therefore
expect that high water would not occur at the same time as
slack before ebb in the tidal current, but rather a short
time before slack water during the later half of the flood
current phase, Likewise, low water should occur at a time
between the time of maximum ebb current and the succeeding
slack water.

The results of the measurement and analysis of tidal currents
made off Gurnet Point, off Manomet Point, and a mile east of
Ellisville Harbor have been published by the U, S. Coast and
Geodetile Survey (2). Tidal currents along the western and
southwestern sides of Cape Cod Bay are generally directed
parallel to the coast, except in or near the entrances to
appended harbors. Flood current is directed down the coast-
line, that is toward the southeast, while ebb flow is
directed northerly up the coastline. A comparison of the
times of the various stages of the tide and of the tidal
current show that for the coastline in the viecinity of the
plant site, high water occurs approximately one hour before
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the end of flood flow, and low water occurs approximately
one hour before the end of ebb flow., Maximum ebb and
flood current speeds appear to vary considerably with
location, For the three locations nearest the plant site
for which tidal current data are given by the U. 8§, Coast
and Geodetic Survey (2) (that is, for Gurnet Point,
Manomet Point, and off Ellisville Harbor) the maximum
predicted tidal current speeds varied from 0.3 knots to
1.4 knots. '

As will be discussed more fully in Section 6.2.5, a
current measurement program was initiated in the immediate
vicinity of the plant site as part of an overall environ-
mental study., The results of these measurements to date
indicate that in the inshore waters off the plant site,
out to a distance of about 3/4 mile from shore (i.e.,, in
water depths of 40 feet and less), the tidal component of
the currents is quite weak, being certainly less than 0,1
knot and probably less than 0,05 knot, The local water
movement near the plant site appears to be primarily
related to wind action,

Tidal data compiled from a number of locations around the
periphery of Cape Cod Bay show that the range in tide is
reasonably uniform throughout the Bay, with a mean value of
about 9.3 feet. Even though the departure of the tidal wave
in Cape Cod Bay from a pure standing wave leads to a measur-
able phase difference between high water and slack current,
the actual differences in the time of high water [rom one
location to another in the Bay are small compared to a

quarter tide period., Consequently, the net fractional
change in volume of the Bay due to the rise and fall of the
tide 1s closely approximated by the ratio of the mean tidal
range to the mean depth of the Bay. Since, as stated in
the previous section, the mean depth of the Bay 1s about
100 feet, the fractional change in the volume of the Bay
during one tidal cycle is then 0.093 or 9,3%.

General Circulation Pattern

Available information on the general pattern of flow in the
northwest Atlantic off the coasts of the New England States
and the Maritime Provinces of Canada, as summarized in
Oceanographic Atlas of the North Atlantic Ocean, Section I,
Tides and Currents, U, S. Naval Oceanographic Office
Publication No, 700, shows that a coastal current flows
southward along the coast of Maine and Massachusetts, A
portion cf the flow enters Cape Cod Bay along the western
shore of the Bay, circulates in a counter-clockwise direction,
and leaves the Bay on the eastern side, The flow then swings
eastward around the Cape and then southward again. Inter-
polation of the isopleths of mean speed given in the above
cited reference suggests that the probable average speed of
this co%nter-clockwise flow in the Bay is not less than 0.3
ft.sec™™ .




6.2.4 Wind Induced Motion

The speeds associated with the tidal motion and with the
general circulaction pattern in Cape Cod Bay are in a range
which suggests that wind-induced motion will at times
dominate the flow. Wind blowing over deep water produces
a direct wind-driven motion in the surface layers directed
to the right of the wind in the Northern Hemisphere, 1In
shallow water the wind-induced flow is more nearly in the
direction of the wind. The speed of the surface wind-
induced flow has been shown to be about 2% of the wind
speed. Thus, a wind speed of 15 knots would produce a
wind-induced surface current of about 0.3 knot or 0.5
ft.sec 1,

The variation of wind velocity in time and space over Cape
Cod Bay should produce relatively rapid large scale exchange
and mixing of the surface waters within the Bay. Also,
prolonged winds from the northwest quarter should preduce

an additional mechanism for exchange of waters in the Bay
with adjacent open coastal waters, The wind-induced surface
layer flow into the Bay under such wind conditions would be
accompanied by a sub-surface counter-flow cut of the Bay.

A sustained wind from the south would produce a surface flow
out of the Bay and a sub-surface counter-flow inte the Bay.

The rate at which the waters of the Bay are renewed by this
mechanism can be only very grossly estimated, and will in
any case be of an intermittent character, From a long-term
standpoint, however, wind-induced flushing of Cape Cod Bay
certainly contributes to the renewal of the waters of the
Bay.

Water Movements Near Plant Site

An oceanographic observational program was initiated in the
vicinity of the plant site to provide information on the
temperature regime and on the movement and mixing of the
waters off the plant site. As part of this program an
anchored, buoy-supported instrument array has been estab-
lished about one-half mile offshore from the plant site
where the water depth is about 30 feet at MLW. In addition
to temperature sensors set at several depths, this array
includes two recording current meters, one located near the
bottom and the other located near the surface., The instru-
ment array is connected to the shore by cable, and a digital
printout of speed and direction at the two current meters
is provided every one-half hour.

This instrument station has been carried out by storms

twice since first being installed, However, records for

the period 26 April through 20 May 1968 have been analyzed.
During this period approximately 1150 individual measurements
of current speed and dirvection near the surface and near the
bottom were obtained,




These observations show that both the speed and direction
of the current at this location are highly variable. The
speed of the current decreases with depth, with the mean
speed near the bottom less than one-half that near the
surface, During this period of observation, the current
was directed down the coast (i.e., roughly toward the SE)
about twice as frequently as in the up-coamst, or north-
westerly direction. The shoreline at the plant site 1s
approximately parallel to the line 3100T to 130°T, Thus,
currents having a direction falling in the quadrant 40°T
to 130°T would have components both downcoast and off-
gshore; those filling in the quadrant 130°T to 220°9T would
have components both downcoast and onshore; those falling
in the quadrant 220°T to 310°T would have components both
upcoast and onshore; and those falling in the quadrant
310°T to 409T would have components both upcoast and off-
shore. The same 1150 individual measurements of the surface
current off the plant site were subjected to a frequency
sort into these four quadrants, depending on the observed
direction, with the results as shown Iin Table 6-1. The
magnitude of the current velecity varied from below the
threshold of the current meter to a high of 1.1 knots.

The average of the approximately 1150 measures of the near
surface current was 0.15 knot, The statistical distribution
of speeds as shown by a frequency sort is given below:

Speed Range % of Total
(knots) Observations
<0.09 40.7

0.10 - 0,19 31.9

0.20 - 0.29 16.0

0.30 - 0.39

0.40 - 0.49

0.50 - 0.59
>0.,60




Table 6-1

Statistical Distribution of Observed Surface

Current Direction off Btation Site

for Period 26 April - 20 May 1968

(Approximately 1150 individual measures)

Quadrant 1

36.9%
Down-coast* and off-shore

Quadrant 2

Down-coast and on-shore

Quadrant 3

12,9%
Up-coast* and on-shore

Quadrant 4

Up-coast and off-shore

Total with Down-coast Component 66,37%

Total with Up-coast Component 33.7%

Total with Off-shore Component 57.7%

Total with On-shore Component 42.3%

* Note: Down-coast is roughly towards the SE, while Up-coast

is roughly towards the NW,




Both current speed and divection appear to be related most
closely to the wind, In the absence of the wind, a weak
tidal oscillation is superimpased on a small net drift down
the coast toward the southeast. This weak southeastward
drift is associated with the general counter-clockwise
circulation of Cape Cod Bay described in Section 6.2,3 of
this report,

6.3 Rate of Renewal of the Waters of Cape Cod Bay

The waters of Cape Cod Bay are exchanged for "new'" water from
outside the Bay by at least three processes: (1) tidal exchange,
(2) the general counter-clockwise circulation, and (3) wind-induced

motion.

The first two of these are amenable to first order numerical

estimates of the fractional rate at which the waters of the Bay are
replaced by new water. ‘

6.3.1

Tidal Flushing

As described in Section 6,2.2 of the intertidal volume (that is,
the difference in the volume of the Bay at high water and at
low water), represents about 9.3% of the mean volume of the
Bay. This means that 9,3% of the volume of the Bay moves in
and out through the mouth each tidal cycle, Experience in
other coastal water bodies has shown that perhaps as much as 70
to 80% of the water which leaves the Bay on ebb tide returns to
the Bay on the next flood, The remaining 20 to 307 represents
"new'" water., Taking the lower limit of this range, and also
taking into account the fact that two tidal cyecles occur each
24,84 hours, the fractional rate of renewal of the waters of
the Bay per day by tidal action is given by:

g—(}-()() oy
.2 4.0 = 0,035 or 3.5% per day
2x 0,093 x0 X 2% 8

Thus, tidal flushing provides a renewal rate of about 3.5%
per day of the volume of the water in Cape Cod Bay.

Rate of Renewal of the Waters of Cape Cod Bay by the General

Counter-Clockwise Circulation Pattern

The general counter-clockwise circulation pattern in Cape
Cod Bay was described in Section 6.2.3. The inflowing current
at the mouth of the Bay having a mean speed of at least 0.3

ft.sec™l is conservatively estimated to occupy at least
one-third of the cross-section at the mouth, The mean depth

at the mouth of the Bay is 150 feet, and the width is 17.5
nautical miles, or 1,064 x 10 ft.7 Th& cross-sectional area
of the mouth {g therefore 1,6 x 20" ft®., The volume rate

of inflow of new water into the Bay with the current iz then
given by:

7 .2 .
0.3 ft « sec™t x L6 x 107 ££° g oy 10863,

3
3

1

1

1.4 x 10MtfFe” . day”




Since the volume of the Bay is 1.6 x 1012ft3, the fractional
rate of renewal by this process is given by:

1.4 x lollft3 . day-1l
1.6 x 1012ft3

= 0.088 day”! or 8.8% per day

Considering that, in addition to the combined effect of tidal
flushing and renewal by the general circulation pattern,
wind-induced flows will also, in the long run, contribute to
renewal of water in the Bay, we can assume that the mean
renewal rate is at least on the order of 10% per day and
probably larger. A renewal rate of 10% per day would provide
a mean residence time for water, or for any water-borne
component, of 10 days.

This means that no more than 10 days of discharge from the
plant could accumulate in the Bay before being effectively
flushed out of this water body. During a 10-day period,
the volume of water discharged from the plant at full load
would be given by:

3 -1

10 days x 720 ft™-sec 3

x 0.864 x 10%sec-day~! = 6.2 x 108¢¢t

This volume, mixed into the volume of the Bay (1.6 x 1012ft3)
would be diluted by the ratio:

8e.3
6.2 x 10°ft = 1:2580
1.6 x 1012¢¢3

This dilution is sufficiently large, so that in computing
the close in pattern of concentration of excess heat
(temperature) or of any other component of the condenser
cooling water discharge, we can consider that the discharge
is made into a water body of infinite size.

6.4 General Description of the Fate of the Rejected Heat and of Other
Components of the Cooling Water after Discharge into Cape
Cad Bay

The Pilgrim Station has a raced outpug of 655 MW of electrical
energy and will reject about 4,3 x 10° BTU per hour of heat to

the condensers at this load. The analysis and evaluations reported
in this section were made assuming a total salt water flow of

720 cfs and a temperature rise in the station of 28.7°F which
result in a total heat rejection of about 4.5 x 107 BTU per hour.
Periodically, very low levels of radiocactive isotopes will be
discharged with the cooling water, We are here concerned with the
dispersion within and ultimate loss from the Bay of the rejected

heat and of any other contaminants carried with the cooling water
effluent.

The dispersion (that is, the movement and mixing of the condenser
discharge in and with the receiving waters), is considered in three
stages, First, the excess momentum associated with the condenser
cooling water as it is discharged into the waters of Cape Cod Bay
will produce an entraining jet which will be diluted by the
mechanical entrainment required to reduce the velocity of the jet
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to that of the surrounding waters. Secondly, natural turbulent
diffusion will further mix the waters of the diluted condenser
. water plume as it moves downcurrent with the natural flow.
Finally, the large scale circulation pattern coupled with tidal
flushing, as discussed in the previous section, will carry any
conservative component out of the Bay. In the case of the rejected
heat, surface cooling will have returned the temperatures to ambient
long before the large-scale circulation pattern will have carried
the condenser cooling water out of the Bay.

Distribution of Temperature in the Vicinity of the Plant Site

The most important mechanism for rapid reduction of the temperature
rise above ambient of the condenser cooling water discharge from
the plant is the mechanical entrainment required to reduce the
initial momentum of the discharge to that of the receiving waters.
Both theoretical and empirical studies of momentum entraioment in
a jet discharge provide a means of computing the probable temperature
distribution in the vieinity of the plant site, Note that here the
- term "temperature distribution is used in place of the longer

N expression "temperature rise above ambient.” The temperature
distribution in the vicinity of the discharge will be scmewhat
higher than the ambient water temperature because of the heat

content of the station cooling water discharge.

There are two factors at Pilgrim Station which restriet the degree

of confidence which can be placed on the use of existing momentum

entrainment relationships for the prediction of the temperature

. distribution off the plant site resulting from the discharge of the
o~

heated condenser cooling water. First, in the presence of a current
flow directed along the coast in the Bay waters off the plant site,
the plume of mixed, heated water will be bent in the direction of

M the current, ultimately becoming parallel to the coastline, It is
. not possible to determine on theoretical basis alone whether or
oY not entrainment will occur on the inshore side of such a bent jet.

Secondly, the effective velocity of the discharge for this design,
an important parameter in considering the effectiveness of momentum
entrainment, is not readily determined from theory alone.

In order to determine the effective velecity if discharge, as well
as to determine the shape and extent of the plume of heated water
in the vicinity of the discharge, an hydraulic model of a segment
of Cape Cod Bay, centered on the plant site, has been constructed
and a series of model tests have been run. This model is built on
a scale of 1:250 in the horizontal and 1:40 in the vertical. It
extends along the shore for a distance equivalent to about 11,000
feet in the prototype, and outward from the plant site for an
equivalent prototype distance of about 6,000 feet,

Currents off-shore from the plant site are simulated in the model
by introducing water through a control structure running approxi-
mately perpendicular to the general trend of the shoreline in the
vicinity of the plant, and located at the northwesterly end of the
model (prototype direction), and withdrawing water from a control
. structure extending along the southeasterly end of the model. The
plant intake and discharge structures are properly scaled in the
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model. Water is withdrawn from the model through the intake struc-
ture, and heated water is introduced to the model through the dis-
charge structure, to simulate plant operations.

A series of tests under the most critical conditions has been com-
pleted. These tests show three significant features: (1) Even
when a current flow near the maximum observed at the site is simu-
lated in the model, and directed down-coast, thus bending the plume
of heated water toward the intake structure, very effective two-
sided entrainment of cool diluting water occurs. The circulation
pattern set up by the entraining jet actually brings new water at
near ambient temperature to the intake. (2) There is little signi-
ficant difference in the effectiveness of the jet entrainment
between low tide and high tide conditions. In both cases, the
heated plume appears confined primarily to the upper five feet of
the water column, #nd the areas within given temperature isolines
appear to be essentially independent of tidal height. (3) There
is little difference in the shape and size of the heated plume

for ambient current conditions varying from 0.2 knot, which is near
the average observed off the plant site, to 0.6 knot, a speed
exceeded in the observations to date less than 1% of the time.

As described in 2 previous section, the tidal oscillations and the
residual net southeastward drift off the plant site are quite small,
and at any given time the speed and direction of the current depend
primarily on the time history of the wind. Thus, the current may
extend either up-coast in a northwesterly direction or down-coast

in a southeasterly direction, and in either case may have compomnents
directed either on-shore or off-shore., The current observations to
date show that a flow in a southeasterly direction, with an off-

shore component, occurs most frequently; however, flows in other
directions are of sufficient frequency so as Lo require consideration,

Predictions of the distribution of excess temperature resulting
from operation of the Pilgrim Station have been prepared using the
results of the hydraulic model tests comgined with theory to take
into account the finite size of the model, and te extend the
distribution beyond the model boundaries. Because only a finite
segment of the Cape Cod Bay can be modeled in this way, and because
the water withdrawn from the model to simulate the current regime
must be recirculated to provide the inflow at the upstream end,
care must be taken in applying the model results directly to the
prototype. In the predictions of the temperature distributions
given here, the model results have been modified to take into
account the fipite renewal rate of the segment of the ceastal
waters represented by the model. Thus, in all cases, the predicted
distributions of the temperature rise above ambient given here are
conservative compared to the model results; that is, the plume of
heated water is here shown to be more extensive than is shown by
direct application of the model results to the prototype. The
analysis assumed a total cocling water flow of 720 fps and a
temperature rise in the station of 28,7°F, Two cases are considered,
the first with the off-shore current directed toward the ESE
(Figure 1), and the second with the off-shore current directed
toward the WNW (Figure 2). As pointed out above, the temperature




distributions appear to be relatively independent of tidal stage
and of the strength of the current in the range from 0.2 knot to
0.6 knot, at least with respect to the general shape of the tem-
perature isotherm and the area within a given isotherm. The
strength of the current will influence the rate of bending of the
plume from the initial off-shore directed jet discharge to s plume
extending downcurrent, Thus, for the weaker current speeds, the
heated discharge will extend somewhat farther off-shore than in
the case of a strong current parallel to shore.

The shoal extending out from Rocky Point appears to exert considerable
influence on the currents flowing past the plant site inshore of
about the -25 foot MLW depth contour. As a consequence of the
sheltering effect of this shoal, the model studies showed that the
plume of heated water extends outward from the point of discharge
very nearly along the extension of the axis of the discharge canal
for about 1200 feet before starting to bend in a down-current direc-
tien, even in the presence of a 0.6 knot current directed toward the
ESE. This feature is shown in Figure 3, in which the temperature
distribution in the vicinity of the discharge canal, as observed in
the model studies, is depicted, The size, shape and orientation of
the plume as defined by the 10°F temperature isotherm apparently
depend primarily on the dynamics aof the discharge and are insignifi-
cantly influenced by the ambient currents in the Bay waters adjacent
to the Plant site.

Measurements of the vertical distribution of temperature in the
model tests have shown that for the conditions studied, the
temperature rise above ambient is primarily restricted Lo the upper
five feet. Figure 4 shows three representative vertical profiles of
temperature distribution vs. depth from the model studies. Somewhat
greater vertical mixing will probably occur in the presence of wind
waves, but on the basis of the evidence now available, it is very
unlikely that the temperatures at 10 feet below the water surface
will exceed 4°F above ambient, and then only in the very small area
in the vicinity of the discharge. In Figure 5 the predicted dis-
triburion of maximum temperatures, above ambient, on the bottom is
shown. Isotherms are drawn for temperatures, above ambient, of

3°F and greater. Areas outside the 3°F isotherm as shown should
have bottom temperatures less than 3°F above ambient.

Table 6-2 summarizes the are2 inside each of the surface temperature
isotherms shown in Figures 1, 2 and 3. To indicate the importance
of dilution due to momentum entrainment and natural diffusion,

the last column of this table gives the area inside each isotherm
which would be required if the effluent were to gently spread over
the surface without mixing with the receiving waters, and lost heat
only by surface cooling,

The predicted temperature distributions given here apply to an
ambient temperature of 75°F, which represents the extreme ambient
temperatures observed in the waters of Cape Cod Bay adjacent to the
plant site. While the ambient temperature will influence both the
amount of entrainment and the rate of surface cooling slightly, these
effects would not significantly alter the shape and size of the indi-
vidual temperature isotherms, and for all practical purposes, the
predicted temperature distribution above ambient given here can be
applied to any ambient temperature from 50°F up to 80°F.
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TABLE 6-2

Dimensions of and Area within the Predicted

Isotherms for Surface Temperature Rises above

Ambient Temperatures for the Pilgrim Station

Temperature Predicted '~ Comparable Area %
Rise above Length of Width of Area Surface Cooling Only
Ambient (°F) Area (ft.) Area (ft.) (Acres) (Acres)

20° 430 110 248
1100 250 725
3400 900 1203
5500 1300 1557
8400 2200 1834

% This column is shown for purposes of compariscn only, and represents the
area within the designated isotherms which would be required if the
temperature reduction resulted only from surface cooling.




Concentration Distribution of Radioactive Isotopes Released in
the Condenser Cooling Water

Under normal operating conditions, introduction of any radioactive
isotopes into the condenser cooling water discharge would be con-
trolled so that after mixing, the concentration in the cooling

water effluent would not exceed the maximum concentrations specified
for off-site areas in 10 CFR 20, "Standard for Protection Against
Radiation." We are here concerned with the further physical dilution
of such radioisotopes in the natural enviromment. Such further
dilution serves as an additional safety factor which is not,

however, used in computing allowable release rates,

There is no physical process which would lead to reconcentration of
the radionuclides within the receiving waters of Cape Cod Bay nor

in any of the tributary embayments. The temperature distributions
above ambient shown in Figures 1 and 2 result primarily from

physical dilution of the condenser cooling water discharge by the
receiving waters. For the situation studied here, surface cooling
does not become a significant contributor to the reduction of )
temperature except for surface temperatures less than 2°F above ’
ambient, - -

. i
Sobte M

The isotherms given in Figures 1 and 2 may therefére be interpreted
as dilution lines for radioisotopes discharged with the condenser
cooling water, by dividing the labeled temperature rise values

by 28.7°9, the initial temperature rise in the station, Thus, the
isotherms of 20°, 109, 59, 3° and 2° shown in Figures 1 and 2
represent dilutions of 1:1.43, 1:2.87, 1:5.74: 1:9,56 and 1:14.35,
respectively. Dilution will continue with distance from the site,

producing a decrease in concentration approximately in proportion
to the inverse of the distance from the source. On this basis
the concentration of any componment in the condenser cocling water
discharge would be reduced by a factor of 100 at a distance of

11 nautical miles from the point of discharge.
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7.0 ECOLOGY

7.1 Introduction

This section of the report has been prepared by Dr. John H. Ryther,
of the Woods Hole QOceanographic Institution.

7.1.1 Scope

The ecology of the inshore water of Plymouth, Massachusetts
and vicinity with special reference to the marine fisheries
of the region and their relationship to the Pilgrim Nuclear
Power Station,

General Description of the Repion

Cape Cod Bay is a nearly circular embayment having a north-south
demension of about 20 nautical miles, Plymouth is located at the
north-western extremity of the Bay where it opens onto Massachusetts
Bay, and the Rocky point site of the Pilgrim Nuclear Power Stationm
constitutes the western lip of the bowl-shaped embayment. Farther
to the north and west of Rocky Point, the coastline recedes into
the region of Plymouth Bay and the harbors of Plymouth, Kingston,
and Duxbury, These harbors are formed by two spits of land,
Duxbury Beach terminating as Gurnet Point on the north and
Plymouth Beach on the south, enclosing a shallow, soft-bottom

area of some 25 square miles, much of which is intertidal.

The depth of Cape Cod Bay at its center ranges from about 100

feet in the southern portion to about 180 feet at the northern,

open part of the Bay., Beyond the immediate interctidal shoreline,

the bottom drops off rapidly to its maximum depth. This is
especially true of the western side of Cape Cod Bay (near Rocky Point)
where a depth of 50 feet at mean low water is found about one mile
and 100 feet less than two miles offshore.

The sediments in the central basin consist of fine sand and/or

mud and the same material characterizes most of the intertidal
bottom of the Bay. However, along the western edge of the Bay,
from Plymouth to the Cape Cod Canal, the sand beaches are inter-~
spersed with regions of gravel, stones, rocks and boulders. Where
these occur, they may extend out from the shoreline to depths of
25 feet or more.

The site of the Pilgrim Nuclear Power Statiom, just south of
Rocky Point, lies between two rock ledges, Rocky Hill or Tautog
Ledge to the north and White Horse Ledge to the south. These
ledges extend out a mile or more from shore. DBetween them, for
a distance of about one mile, lies an area which is rocky along
the immediate shoreline but of sandy bottom a few hundred feet
offshore.




7.3

Hydrography

The effects of tides, winds and currents on the general hydro-
graphy of the region have been discussed in some detail by pr,
Pritchard (Section 6 of this report) and will therefore only be
summarized here.

The mean tidal excursion in Cape Cod Bay is 9.3 feet. The tidal
wave enters the Bay from the north producing a southerly-flowing
current on the rising tide which reaches a maximum velocity of
about 1.5 knots, and a northerly flow of comparable velocity on
the ebbing tide. Tidal action alone is estimated to exchange
3.5% of the volume of Cape Cod Bay during each tidal cycle.

Superimposed upon the tidal effect is the general coastal current
system which flows southward along the New England shore. This
coastal current enters Cape Cod Bay on its western side, describes
a counter-clockwise path within the Bay, and leaves it from the
eastern side, swinging around Race Point and thence southward.

The average velocity of this current is of the order of 0.5 knots
or less. This coastal current, which is a southerly extension of
the Labrador Current, is responsible for the universally low
temperatures which characterize coastal New England waters from
Maine to Cape Cod. The diversion of this current to the east and
offshore by the Cape Cod peninsular results in a sharp increase in
the summer seashore temperatures on the south side of Cape Cod and
to its south. As a result Cape Cod is a faunal barvier, marking
the northern or southern distributional limit of many species of
marine life.

Conditions offshore at Pilgrim Station are greatly modified by
proximity to shore and the existence of rock ledges which reduce
currents, resulting in a much less well-defined regime.

Depending upon its speed, direction and velocity, the wind may
have a pronounced effect upon the circulation of Cape Cod Bay and
may, in fact, overshadow the combined effects of the tides and
coastal currents., As Pritchard points out, the effects of the
winds can be predicted only in general and qualitative terms., If
they blow from the south, the over-all effect will be to produce a
surface flow out of Cape Cod Bay which will be compensated for by
a subsurface flow into the Bay. As the subsurface waters rise to
replace the surface water which is wind-driven from the Bay, the
surface temperature may drop sharply, particularly in summer.

On the other hand, a strong, prevailing wind out of the north
quarter will tend to produce a surface current into and a subsurface
current out of the Bay. This will have the effect of 'piling-up'
sur face water along the shore to considerable depths and, at times,
to the bottom, ILobster pound operators im Plymouth Harbor complain
that their intake water, taken from as deep as is possible in order
to achieve minimum temperatures, may increase by 10°F or more during
periods of strong, onshore winds.




While the prevailing winds of the region are from the southwest,
northeast storms are not uncommon and thelr possible effect in
driving a surface layer of heated cooling water from the power
plant inshore along the coast and to the hottom is an important
consideration which will be discussed later.

Pritchard has estimated that the combined effects of tides, winds
and currents result in & mean flushing rate of Cape Cod Bay of

at least 109, per day, and probably more, A renewal rate of 10%
per day would provide a mean residence time for water, or for any
water~borne component, of 10 days.

Some exchange of water between Cape Cod Bay and Buzzards Ray takes
place through the Cape Cod Canal as a result of the reversing

tidal flow in the Canal, This exchange is believed to be small

and its effects localized. Published data (Anraku, 1964) indicates
that the net flow is to the west, from Cape Cod Bay to Buzzards
Bay.

The existing seawater temperature data for Cape Cod Bay have been
collected, summarized and reviewed in Section 3 of this report,
in which it is concluded that the water temperature of Cape Cod
Bay in the vicinity of the Pilgrim Nuclear Power Station is
sim{lar to that at the eastern entrance of the Cape Cod Canal,
the closest location for which appropriate long-term data are
available These were taken at the tide station operated by the
Coast and Geodetic Survey at the Canal entrance, records from
which are available for the period 1955~1962. Because they are
pertinent to the discussion which follows, the mean surface
temperature data from that station are reproduced in this section
in Figure 1, Shown on the same graph are the 60-year mean surface
water temperature (for an unspecified period) of the rearing
tanks in the Massachusetts Division of Marine Fisheries Lobster
Hatchery at Oak Bluffs, Martha's Vineyard (from Hughes and
Matheissen, 1967). The significance of these data will be dis-
cussed later in this report,

In summer, the surface waters of Cape Cod Bay increase in
temperature due to solar heating, and a well-developed thermocline
(a zone of rapid decrease in temperature)} develops between 30 and
50 feet., The temperature-depth profile in late summer is shown
in Figure 2 of Section 7 of this report for a position 4.5 miles
east of the Center Hill Point (data from D, Grant, Marine Bio~
logical Laboratory, Woods Hole, Massachusetts), This is probably
typical of the whole of Cape Cod Bay, though the thermocline may
be somewhat shallower nearer shore and in more shallow water. On
the basis of the available information, one would expect sub~
stantially lower water temperatures at depths below about 50 feet
throughout the year and throughout the Bay, or at a distance of
about 1 mile offshore from the Pilgrim Station site.

Commercial and Sport Fisheries of the Area

The most important commercial marine species of the area is the
lobster, for which there is a small but intensive local pot
fishery. The lobsters are normally found on rocky bottom and
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are numerous on the two ledges (Rocky Hill and White Horse
Ledges) which bracket the Pilgrim Station site. They also
occur inshore on the rocky-bottom area between the ledges and,
at times, are taken further offshore on the sand~bottom between
the ledges. When found in the latter area, the lobsters are

believed to be undertaking a migration, the nature of which is
unknown.

Most of the pot fishing 18 done within a mile from shore in
depths of 30 feet or less, before the bottom begins to drop off
gsharply. At the opposite extreme, pots are set along the shore
in water where they are barely covered at low tide.

Within the area of roughly one square mile between (and including)
the two ledges and the 50-foot bottom contour it is estimated

that some 10,000 pots are fished at the height of the seasen.

These are operated by approximately 25 full-time, professional
fishermen (whose principal income derives from lobstering), and

by an undeterminate, but large number of part-time, "summer fisher-
men", The former operate a larger number (i.e., several hundred)

of pots per capita and probably account for 75% or more of the
total catch,

The lobsters are relatively inactive and do little if any

feeding during the winter months, This fact plus the unfavorable
weather restricts the lobstering season to 8-9 months a year,

from mid-April to December. The lobsters in the area under con-
sideration moult (or shed) in June, and they reach their peak of
feeding activity and growth at that time, Most of the year's catch

is landed during the summer months of June - August,

Several independent estimates place the annual landings from the
area under consideration (the one square mile desecribed above) at
about 200,000 lobsters. Statistics for the lobster fishery for
the Town of Plymouth for 1966 compiled by the Massachusetts
Division of Marine Fisheries, placed the total landings at 556,815
lobsters. On that basis the areas off the Pilgrim Station site

produce about half of the lobsters landed in Plymouth.

Little is known of the ecology of the lobsters except in general
terms. One important aspect of their life history in connection
with the power plant operation is the behavior of the lobster
larvae. Spawning takes place during the late spring or early
summer. The newly~-hatched larvae are planktonic or free~swimming
during the first 2-3 weeks of their life, often swimming at the
very surface of the water during that period, After the larvae
have moulted four times, they assume the appearance of an adult
lobster and take up a bottom-living existence for the remainder
of their lives. It is not known, however, whether the population
of adult lobsters in the Rocky Polnt area grow up from larvae
which developed in the same waters or whether they have migrated
as adults into the region over the bottom from offshore populations,
as many people believe.




There are several species of fin fishes which are fished
commercially in Cape Cod Bay. These are all bottom-living
specles and include cod, haddock, flounder and hake., They are
fighed wherever there is sufficiently smooth, sand bottom to
operate the bottom trawls. However, this type of fishing is
restricted to a distance of at least three miles from shore from
April 1 to November 1, During the five winter months (November -
April) there is some trawling in the sandy-bottom area between
Rocky Point and White Horse Ledges. Catch statistics are not
available for the fish landed from this area,

Sports fishing does not appear to be an important recreational
regource of the area under cansideration. There is some bottom
fishing around the ledges for tautog and other species which
inhabit rocky bottoms. Pelagic species such as tunas, striped
bass and mackerel are no more numerous near Rocky Point than
elsewhere in Cape Cod Bay and the density of lobster - pot floats
during the fishing season makes the area a difficult and hence

unpopular one for trolling, the popular local method of sports
fishing,

Few if any shellfish are taken commercially Erom the intertidal
shoreline in the vieinity of the Pilgrim Station, primarily

because of the rocky bottom but also because the exposed nature

of the coast and the resulting instability of the intertidal
sediments discourages the establishment of malluse populations.

The closest commercial shellfish beds are located within the
Plymouth-Kingston-Duxbury Bay areas, in those places where pollution
has not closed them to digging, The same region also supports a
modest commercial seaworm industry. In the opposite direction from
Rocky Point, the first shellfish-producing area encountered is the
White Cliffs section of Manomet., Based on the isotherms

developed by Pritchard, both of the above regions are too far

from the Pilgrim Station to be direectly affected by its operation,

The remaining species of commercial importance in the area is the
marine alga Chondrus crispus, known variously ag "Irish moss" or
"sea moss." This plant grows attached to rocks or stones from the
low water level to a depth of 25-30 feet., Because of its require-
ment for an attachment site, it is restricted in its distribution
to rocky bolttom areas, The principle "belt" of the sea moss
extends from Plymouth Beach to Priscilla Beach with its center of

abundance off Rocky Point. A secondary center of abundance occurs
off Ellisville.

The sea moss fastens to the rocks by an organ of attachment called a
heldfast. It is harvested by means of a special steel rake which
breaks the plant off near its base, leaving the holdfast on the rock.
When harvested in this way, a new plant is regenerated from the hold-
fast., In the Plymouth area three crops of sea moss can be grown

in-a year. The first crop is ready for harvesting in mid-May or
June, the second is taken in July and the third and final crop is
harvested in early September,




The Plymouth sea moss industry is a family business. For the
past 28 years the [amily has carried out this operation, with
the help of a crew of gome 25-30 college students employed each
summer for the harvesting. They operate a fleet of roughly

20 dories and a dozen trucks throughout the summer. The algae
are delivered to thelr plant in Kingston, Massachusetts, where
it is machine dried and baled. It is then sold under contract
to Marine Colloids, Inc., of New Jersey, where the colloids are
extracted from the algae and used as a filler or suspending
agent in medicines, paints, foods, and a pgreat variety of other
products.

The annual harvest of sea moss from the Plymouth beaches amounts
to about 1.5 million pounds (dry weight), nearly half of which
comes from the one-mile stretch from Rocky Hill Ledge to White
Horse Ledge.

Predicted Marine Biological Effects of the Pilgrim Nuclear Power
Station Operation

Not including the subject of radioactivity, which will be con-
sidered elsewhere, the impact of the Pilgrim Nuclear Power Station
upon the ecology of the adjacent marine environment may be expected
te result from the following causes: (1) physical effects from
construction, (2) effects associated with the cooling water intake,
(3) chemical additions to the cooling water discharge, and (4)
thermal addition to the cooling water discharge.

During construction of the breakwaters and the cooling water in-
take and discharge systems, sediments will be stirrved up, the
water will become turbid and silting will cccur on lobster pots,
Irigh moss plants, ete, Some destruction of life or aveidance

of the area by motile species may occur. The extent of such
possible damage can hardly be predicted, but it would be expected
to be highly localized and temporary.

No significant adverse biological effects are expected to result
from or be associated with the intake of cooling water per se.
The broad intake chammel between the breakwaters will insure

low intake veloecities in order to avoid mixing of the wamm
surface water with the cooler bottom water. The low velocity

of the intake will also help to prevent fish and other marine
orpganisms from being attracted to, concentrated by, and eventu-
ally caught up in the intake, Some planktonic and free-swimming
larval forms or marine organisms will inevitably be entrained

in the cooling water and many of these will undoubtedly be killed
from the thermal or chemical alterations of the water, as will

be discussed below. Any such mortality will be minimized, how-
ever, by taking water from subsurface levels, the reduction being
generally in direct proportion to the depth of the intake. For
example, most of the lobster larvae will be avoided because the
cooling water will be taken below elevation (-) 12MSL., As g wmatter
of practical importance to the plant operation, the majority of
fouling organisms (barnacles, mussels, algae) will also be
avoided in the same way, again in direct proportion to the depth
of the intake,




Even if all the microorganisms entrained in the cocling water were
killed by its passage through the plant, the volume of water so
involved per day is less than 1/10,000 of the velume of Cape Cod

Bay and less than 1/1000 .of the new water which is brought into

the Bay each day by the flushing'action of winds, tides and currents.

Chemical pollution of Cape Cod Bay by materials added to the cooling
water will also be negligible for the same recasons given above. As
stated in Section 5, the only significant chemical addition to the
cooling water will be sodium sulfate (Na,S0,} which will be dis-
charged into Cape Cod Bay at a rate of 8.6 x 10”7 pounds per year,
However, the volume of cooling water which passes through the

plant each day contains some 130 x 10 pounds of salts including

10 x 10b pounds of sulfate and 46 x 108 pounds of sodium ion,

The sodium hypochlorite to be used as an antifouling agent in the
salt water cooling system will result in a residual concentration
of free chlorine in the discharge water of approximately 1 ppm.
This is 5-10 times the lethal concentration for most bacteria and
is very close to the lethal threshold for the majority of plants
and animals of the plankton, if they were exposed continuously to
that concentration. Since the cooling water is diluted by a
factor more than tenfold within a few hours of the time of its
discharge, no toxic effects from chlorine in the discharge would
be expected to occur to the organisms in the receiving water.

The discharge will consist of 311,000 gallons per minute of water,
the temperature of which will be approximately 28°F above that of
the intake water. In his report, Pritchard has constructed
isotherms showing the predicted distribution at hiph and low tide
of water which is 20°, 10°, 5°, and 3°F above the ambient surface
temperature. The areas enclosed by these isotherms range From
*1.1 acres of +200 water to 176 acres of +3° water,

Generally speaking, few if any harmful effects to the commercially
important species of the area are to be expected as a result of
the warm water discharge, at least beyond a mixing area in the
immediate vicinity of the discharge. There are two reasons for
making this assumption., First, the temperature of the water in
Cape Cod Bay is, on the whole, rather cold, averaging no more

than just above 60°F in mid-summer. Most of the marine species

of commercial importance are representatives of the temperate
water fauna which also occur south of Cape Cod in considerably
warmer water,

The above statement holds true for the lohster, the most important
commercial species of the region, Figure 1 shows the mean annual
surface temperatures for Cape Cod Bay and Woods Hole. Lobsters
are taken from both areas but the summer temperature in Woods Hole
averages some 10°F warmer than in Cape Cod Bay. As alsc shown in
Figure 1, even higher late summer temperatures occur in Lagoon
Pond, Martha's Vineyard and in the rearing tanks of the State
Lobster Hatchery which that body of water supplies. Presumably
the Hatchery is located in a favorable environment for lobsters.
While the curves show only monthly mean temperatures, the extremes
are much greater in the shallow waters of Lagoon Pond than in

Cape Cod Bay.




Actunlly lobsters are much more tolerant of warm water than is
generally believed, Figure 1 also shows the lethal temperature
for lebsters which have acclimated to high temperatures, which

is about B5°F (at optimal conditions of salinity and oxygen).

The research on which this statement is based is that of McLeese
(1956) . The same studies showed that temperature tolerance is
independent of the gize or age of the lobsters and applies equally
well to both the free-swimming larvae and the benthic adults.

The decline in lohster production in Maine during the past several
years has, in fact, been attributed to the current climatic cool-
ing trend, according to Robert L. Dow, Research Director of the
Maine Sea and Shore Fisheries Department (Dow, 1967). Mr. Dow is
presently engaged in a research project in Casco Bay, Maine, in
which an attempt is being made to utilize the warm water discharge
from the Cousins Island Station of the Maine Central Power Company
for the artificial cultivation of lobsters.

Similar statements may be made with respect to the finny fishes and
shellfish of commercial or sports fishing importance to the region.
The range of all of these species extends well down the east coast
of the United States south of Cape Cod.

The one possible exception to the ahove generalization is the Irish
moss, Chondrus crispus. This seaweed is a northern species which
cannot survive in warm water, Although its range extends at least
as far south as Rhode Island, it does not grow as abundantly or
follow the same seasonability in its life history south of Cape

Cod as it does in the Plymouth area. Surprisingly, for a species

of irs commercial importance, its temperature tolerances are not
known.

The second reason for helieving that the warm water discharge will
not be harmful to rhe commercially important species of the region
is that all the latrer are bottom-living organisms., The warm water,
being less dense, will float on the surface of the untreated cooler
water. Pritchard has reported that the excess temperature is
primarily restricted to the upper five feet of water; therefore,
bottom organisms outside the mixing zone should be completely
unaffected by its presence. The only forms of life which might

be influenced under these circumstances would be planktonic larvae,
such as those of the lobster. As stated above, the latter can
withstand temperatures as high as B5°F, more than 10° above the
maximum temperature recorded for Cape Cod Bay. In addition, near-
shore, where the water is more shallow, the sea moss, though attached
to the bottom, may extend its fronds (leaves) near or into the

surface layer, particularly at low tide, and thereby become exposed
to the warm water.

Recommendations

In view of the fact that most if not all of the marine species of
commercial importance are bottom-living organisms, it is preferable
to discharge the heated water as a thin, surface layer over a large
area rather than confining it to a smaller area by mixing it
vertically, This method has the added advantage that dissipation
of heat from the water to the atmosphere is more rapid,
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Lethal conditions for many of the local species will be reached
or passed 1f the water temperature exceeds 85°F. As summer

sur face temperatures may be greater than 70°F, an increase of
more than 10°F beyond a reasonable mixing zone should be avoided,
The presence of water at or above lethal temperatuve levels, no
matter how confined geographically or vertically, is always a
threat to the biota, An unusual combination of hydrographic or
meteorological conditions (such as onshore winds during a north-
east storm, as mentioned earlier) could porentially meve such
water to the organisms,

In view of the above considerations, the immediate mixing of the
discharged water to the extent necessary to c¢reate sub-lethal
temperature conditions is recommended. In that connection, how-
ever, it would not appear to be necessary to discharge the cooling
water at a depth below the summer thermocline, as has been recom-
mended by the U. $, Department of the Interior, Fish and Wildlife
Service, Adequate mixing with surface water, through appropriate
mechanical means, should be able to achieve the same objective.

In order to verify these predictions of the effects of station
effluents on the marine ecology, an ecological study of the region
both before and after the plant poes into operation is vecommended.
Such a survey should consist of two parts:

1. Hydrographic and hydrodynamic studies of the effects of winds,
tides, and currents on the surface circulation and flushing
rate of Cape Cod Bay. Such studies are, in fact, already under-
way. They should alsc be continued for a reasonable period of
time after the plant is in operation, when the actual distri-

bution of the effluent can be examined directly, vertically
and horizontally, under different environmental conditions,

A biological survey of the abundance and distribution of
marine organisms of commercial importance in representative
areas which are likely to be affected by or exposed to the
power plant effluent, BSampling or observation of the bicta
should be carried out at different times of the year and for
a period of at least two years before and after the plant
goes intec operation. The biological survey should include
a careful collection of the landing statistiecs of the com-
mercial species of importance from the area or areas in
question. The environmental survey should include the
radiological assay of marine organisms as has already been
planned,




The biological survey need not be large or extensive in order to
provide the necessary information. Local organizations which would
be qualified to undertake such a study, ineclude, the Marine Labor-
atory of the Battelle Memorial Imstitute in Duxbury, the Systematics
and Ecology Program of the Marine Biological Laboratory of Woods Hole,
and the Division of Marine Fisheries of the Massachusetts Department
of Natural Resources. The Division of Marine Fisheries has

recently completed a survey of the Plymouth-Kingston-puxbury Bay
region and is now participating, together with the U. §, Department
of the Interior, Bureau of Sport Fisheries, in a "before-and-aftexr"
study of the acology of the Cape Cod Canal and the influence of the
new power company at Sandwich, Massachusetts upon its biota. Any

one of the ahove-mentioned organizations would be capable of carrying
out the type of ecological survey which is proposed.

Conclusions

Pritchard's evaluation of thermal and radiological dispersion,
expressed in Section 6 of this report, indicates that the desirable
objective of rapid mixing, combined with a relatively thin surface
layer of warmer water, appears to have been achieved by the pro-
posed design,

The recommended hydrographic and hydrodynamic studies have been
completed or initiated. A summary of the proposed ecoclogical
survey is included in Section 8 of this report,
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8.0 ENVIROBMENTAL PROGRAMS

8.1 Environmental Radiology Program

The environmental radiology program for Pilgrim Station is
being developed in cooperation with the Massachusetts Depart-
ment of Public Health and will provide measurements of radia-
tion levels in the site area prior to operation for comparison

with similar measurements to be made after the station begins
operation,

Preliminary measurements of the enviranmental radiation levels
are scheduled to begin about July, 1969 to verify that pro-
cedures and equipment are satisfactory. Routine measurements
will be obtained starting about April, 1970 to obtain one year
of pre-operational data. Measurements will be continued during
startup and after normal operation of the station.

This program will include measurement of the radiation and
radioactivity present in the local air, land and marine
environment as necessary to obtain adequate information
concerning background radiation levels, The data obtained
from the pre-operational envirommental radiology surveys in
conjunction with control data obtained during operation will
provide a reference from which any increase in radiation, due

to station operation or other causes, can be detected and
evaluated,

A continuing evaluation of the program will be performed,

and modifications will be made as necessary to insure the
adequacy and applicability of the data produced and to provide
assurance that the environmental radiclogy program satisfies
Public Health requirements,

A detailed description of the environmental radiclogy program
is now being prepared and should be available for review by
the Department of Public Health during November, 1968, Test
results from this program will be made available to the Depart-
ment of Public Health,




8.2 Environmental Ecology Program

The environmental ecology program for Pilgrim Station will be
developed in cooperation with the Massachusatts Department of
Marine Fisheries and will provide surveys of the ecology in
the offshore areas near the site prior to operation for com-

parison with similar surveys to be made after the station
begins operation.

The pre-operational ecology surveys in conjunction with data
from control locations during operation will provide a refer-
ence from which any changes in ecology, due to station opera-~
tion or other causes, can be detected and evaluated,

From predictions of the degree and distribution of the heated
effluent, it is recommended that environmental ecology surveys
be concentrated in an offshore area within a radius of approxi-
mately one mile from the discharge location. Topographic
features may dictate some slight modification of this area
definition, but this is the region within which surface tempera-
ture increases of a few degrees Fahrenheit or more would ever

be expected to oceur and is generally the region within which
ecological changes might be statistiecally determinable. In
addition, control locations outside the study area should be
established for selected biological sampling to permit detection
of changes not related to the operation of Pilgrim Station. The
location of these control stations should vary depending upon
the particular kind of organism being studied., The collection
of selected marine samples for the environmental radiology pro-
gram will extend beyond the area proposed for ecology studies

because of the reconcentration potential of certain marine
species,

The physical enviromment within the ecological study area should
be monitored during the period of the ecology studies and should
include the measurement of water temperature, salinity and
currents, Measurements of the distribution of these physical
parameters in the study area should be obtained whenever the
ecology surveys are made,

It is recommended that the ecology surveys include studies of
plankton, lobsters, Irish moss, and any selected game and commer-

cial fish species which are later determined to be important in
the study area,




The plankton (floating plant and animal microorganisms)
elther divectly or indirectly comstitutes the hasic food

for all marine life. It is particularly susceptible to
environmental changes and occurs in the surface waters where
the heated effluent predominates. Plankton also includes

the free-swimming larvae of many species of commercial
importance including lobster, shellfish, worms, and seaweeds.
It is, therefore, recommended that quantitative samples of
plankton be taken routinely from both surface and subsurface
(near bottom) waters in the study area for;

1. Identification and enumeration of the quantitatively
lmportant species of both phytoplankton and zooplankton.

2. Total quantity (biomass) of both phytoplankton and
zooplanktan.

3. TIdentification and quantitative estimation of larval

forms of commercial {mportance, with special attention
to lobster larvae.

Similar samples should be obtained from a representative
control location for comparison with those obtained in the
study area. Sampling is recommended throughout the year
at intervals of approximately one-month from April through

October and at approximately two-month intervals at other
times.

As lobsters are the most important commercial speclies of
the region, an intensive study of the abundance and distri-
bution of lobsters in the study area should be carried out.
This should include the study of lobster larvae which was
discussed above as part of the plankton study. Studies on
adult lobsters in the study should include:

1. Estimates of natural abundance and distribution of lobsters
on the bottom by scuba diving,

2. Compilation of "landing statistics™ for lobsters.

Similar information should be obtained from a representative
control location for comparison with that obtained in the
study area. Obtaining a valid comparison of harvest
statistics for the study area and the control area will
probably require a statistical approach using data from

a large number of pots within eash area. No measurable
changes in the lobster harvest are cxpected as a result of
operation of the station; however, historical confirmation

of this is considered essential because of the large economlc
value of the lobster harvest off the station site. It may

be desirable to perform experimental studies regarding temper-
ature effects on lobsters under controlled laboratory condi-
tions to supplement information currently available., Such
laboratory information might he valuable in predicting effects
of water temperature changes on lobsters which would not be
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discernable in the field studies. Additional information
regarding the temperature effects on lobsters may be avall-
able from other studies being conducted in the New England
area,

Irish moss (the seaweed, Chondrus crispus) is probably the
second most important commercial species taken from the
study area. Compilation of "landing statistics” for Irish
moss harvested in the astudy area should be compared to
similar information from a contrel area, Ellisville is
another commerclally important area for Irish moss that
might be considered as a control location. Laboratory
studies and monitoring of experimental plots of Irish moss
may be desirable to permit evaluation of temperature effects
which might not be detectable from field studies., A student
from Cornell University plans independently to begin an
ecological study of this alga in the Rocky Poilnt area during
the spring of 1969 and it 1s recommended that he assist in
any studies done for Pilgrim Station. Studies of Irish moss
are also being done at other New England locations and in-
formation may become available from these programs.

Game and commercial fishing in the study area is not extensive
and information concerning these activities is difficult to
obtain., Some semi-quantitative data could be gathered
periodically by the following methods, but such information

is not considered to be essential:

1. Creel census of sports fishermen working from boat
liveries or marinas in the Plymouth avea. The striped

bass sports fishing should be emphasized in this type

of study. Information obtained in such a study might
include number of hours fished in the study area, number
of fish caught, and catch per unit effort, within, as
compared to outside, the study area,.

Interviews with commercial bottom trawlers who fish the
study areas, obtaining the same type of information as
above,

General abundance and distribution of bottom fishes, as
observed by scuba diving, This can be accomplished at
the same time as the scuba lobster survey.

It is recommended that the proposed environmental ecology
surveys begin in the spring of 1969 and continue through
the summer of 1973 to provide two years of data before and
two years of data after initial power operation of Pilgrim
Station which is scheduled for the summer of 1971.
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Enclosure 2
Department of Army, Corps of Engineers
Application for Permit to Discharge or Work in Navigable Waters and Their Tributaries

September 30, 1971



SECTION . GENERAL INFORMATION M A

FORM APPROVED
OMB NO. 49-R 0403

Z/ARTMENT €~ THE \RMY, CORPS OF ENGINEERS
APPLICATION FOR PCRMIT TO DISCHARGE OR WORK IN NAVIGABLE WATERS AND THEIR TRIBUTARIES

Qo 3 QOO

SSdie P i Div. Dist. Type Sequence No,

1. State | Application Number (to be assigned by Corps of ::gizﬁ_ersl
Q1 2

2. Nama of applicant and title of signing official

Boston Edison Company
Maurice J. Feldmann, Vice President - Operations and Engineering

3. Mailing address of applicant

Boston Edison Company
800 Boylston Street
Boston, Massachusetts 02199

4. Name, address, telephone number and title of aEplicant's autlhorized agent for permit application coordination and correspondence.

; > -
e witlbias Y Trom s
— = : T ] £ fowasd 0
Boston Edison Company . THE [Ourte [ Y e :

800 Bovlston Street
Boston, Massachusetts 02199
(617) 424-2477

Fees

NOTE TO APPLICANT: Refer to the pamphlet entitled “"Permits for Work and Structures in and for Dischargas or Deposits into Navigable Waters"”

Required Information
a. Al information contained in this application will, upon request, be made available to the public for inspection and copying. A separate sheet

b. The applicant shall furnish such supplementary information as is required by the District Engineer in order to evaluate fully an application.
. If additional space is needed for a complate response to any item on this farm, attach a sheet entitled “"Additional Information.” Indicate on

. Drawings required by items 20 and 21 should be attached to this application. Other papers which must be attachad to this application include,

Signature
a. If a dischargs is involved, an application submitted by a corporation must be signed by the principal executive officer of that corporation or by

before attempting to complete this form, =

entitled "Confidential Answers™ must be used to set out information which is considered by the applicant to constitute trade secrets or com-
mercial or financial information of a confidential nature. The information must clearly indicate the item number to which it applies. Con-
fidential treatment can be considered only for that information for which a specific written request of confidentiality has bean made on the
attached sheet. However, in no event will identification of the contents and frequency of a discharge be recognized as confidential or privileged
information.

that sheet the item numbers to which answers apply.

if applicable, copies of a water quality certification or a written communication whichlda_s.cr_ibes water quality impa_ct {se_e I’!:efp 22 and Item 10
of Section 1l below), the additional information sheet(s) in ‘¢’ above, and the confidential information sheat deseribed in "a" above.

If Bfl\\f discharge or deposit is involved, an application fee of $100 must be submitted with this application. An additional 350 is required for each
additional point of discharge or deposit,

an official of the rank of corporate vice president or abave who reports directly to such principal executive officer and who has been designatad
by the principal executive officer to make such applications on behalf of the corporation. In the case of a partn;r_s'hrp or a sole proprietorship,
the application must be signed by a general partner or the proprietor. Other signature requirameants are discussed in the pamphlet.

b. If no discharge is involved, an application may ba signed by the applizant or his autherized agant,
Application is hereby made for a parmit or permits to authorize the agtivjties described herein, | certify that | am familiar with the informaticn
contained in this application, and that to the best of my knowledgs ;:;‘Bcli.:f suc/h informaticn is true, complete, and accurate.
T 1" LL e S:-—-?—-" — =k
Si natu’rr_c‘/&f Applicant ’
18 U.S.C. Section 1001 provides that: g 7’ 3« /i g7
Whoever, in any mattar within the jurisdiction of any department or agency of tha United States knowingly and wilfully felsifies ronceals or
covers up by any :rick' scheme, or device a material fact, or makes any false, fictitious or fraudulent statements or rnprrzsen‘tah.c ns or makes
or uses any false writing or document knowing same to contain any false, fictitious or fraudulant statement or entry, shall be fined not more
than $10,000 or imprisoned not more than five years, or both,
FOR CORPS OF ENGINEERS USE ONLY
Acronym name of applicant Are discharge structures
——= Major? Minor? N/A?
Date received, form not complate —_ e e ——
Date received, form complate
: - 1 S S o = ==
but withaout certificate —_— = - = — = Date sent to EPA, form not complete
Date receivad, form complete — — — — — — — Datesent to EPA,NOAA, D1, AEC,
Date of Cert./L1r. —_ e = - - FPC in complete form S S PG
- day mo yr day ma yr
ENG FORM Pacz1cfd
MAY 4345 g

7 1-pcr wn



{a (Office vz anly®

Sept. 29

mo day yr ) e e i - ]
heck type of application: . i 7. Numberaf original application

wOvlginal l:] b, Ravision 3-000084

. Name ef facility where discharge or construction will occur.

Pilgrim Nuclear Power Station, No. 600

-~

9. Full mailing address of facility named in itam 8 above.

Boston Edison Company

Pilgrim Nuclear Power Station Nt Mickgel Naovoh+m

#FD #1, Rocky Hill Road Clie F Treel, ‘f,«f;"i""' v,
Plymouth, Massachusetts 02360

-

10. Names and mailing addresses of all adjcining property owners whosz property also adioins thewatsrway.

1. (Northwest) Joint Property Owners (3) - Francis W. Szars, Chézlgtte Sears

Marion V. Sears - Pine Tree iwoad, Norwich, Vermont

Z.  (Southeast) Property Owner (1) - Richard N. Greenwood. RFD #1, Plymouth

Massachusetts 02360

11. Check to indicate the natura of the proposed activity: s
- - - - - - R -
a, Dredging * b. Construction I:] c. Construction with Discharge d . Discharge only | ]

‘2. If activity is te€mporary in nature, estimzote its duration in months.

Permanent

1f application is for a discharge:
List intake sources

Estimated Volume in%iillion

Source Gallens Per day or Frction
Thereof
Municipa! or private water supply systern - . __ 0.0 _.Z.. 6 .i
Surface water body (Sea water) —l T A =
Ground water . © I T U
Other SRS | ) N —
seribe water usage within tha plant
Estimated Volume inXillion
Type Gallons Per daoy or Foction
. Thereof
Coonling water - _;L_ _Z _4_ T —
Boiler Faed waier (reCYCIEd) e g .
Process water (recycled) ’ N R I i
Sanitary system*® —_— .00 __% __5_
Other (make-up to process flows) e e e v 2 Tl
velume of discharges or losses other than into navigsbiz waters.
. Estimzted Volume in¥iliion
Type - Gzllens Par day or Fection
. Thereof i
Municipal waste trcatmont system S | : N A '
Surface containment - ..._.Q — .
Undarground disposal : . s O L 1 .__2__ : ___§__ 4
f{asie Acceptance firms e gresreu oo 0 e
tvaporation ) — Y Shases ponco=w
tonsumption - U,

Indicate number employess sarvzd mer day 100

4235 *Maintenance dredging as indicated in Item 24.
**Construction complete. See Item 22.

Papa2cef3



a: Nama thae carperate boundaries within whic
activity will occur,

sturas exist or tha

State County City or Town
16. Massachusettg 17. Plymouth 18, Plymouth
b, Namsof wWatarway at tha location of the activity
19.“ Cape Cod Bay
20. Mups which show ths location of esch siructura or activiy, including any and 21 outfall d;-vfcas, dizp
discharge, must be attached to this application,

21. The charactor of ege

hstructure must b2 fully shown on plans to ba sudbmit

2rsive davices, and non-structural points of

ted with this applicatien. M

which sapzrate dizharga information (Sectia

(55 | e —————

22. List all azzrovals or denials grant
in this 2palication,

2d by Fedaral, intarsiate, Staiz or leesl agancies for any stru

Type of documant Id. No. Date Issuing Agency

_See Attachment No, 1

ctures, construction, dizcha

- f~0te on tha crawings thosa structures for
n il of this form) has baan submitiad,

7533 or daposits dasepihad

—

Y
23. Cheek if facility existod or was favAully undar construction prior to April 3, 1970, s
4. If dredging or filling wil! oceur:
Stzte tha type of materials involved, their volume in cubic yvards, and the proposzcd method of memuTament,
Maintenance dredging of intake channel, (unscheduled) On a contingency basis, T
measured by disposal barge capacity and number of barges filled.

-

Describa the preposed met

hod of instrumentation wiich will ba pzs
1pon the waterway,

>d to measure the velume of any solids Ceposit
Inly suspended and dissolved solids will be
‘emain in suspension indefinitely an

f all such solids will be determine
lant operations log books which wil

discharged,
d will not effect the vaterway,

d periodically from eifluent sam
1 include records of

2d and to determine its effect

These are expected to

Total volumes
ples and the
all discharge volume

>

‘rates and periods of doposition dascrivad in ltem 25,

1id discharges are continuous, but no deposition is exzected,

‘ Attachment 2 for further information on rates of discharge.)

-
i

o D a3as,

Page 3 of 3w



SECTION il. -_AHTPRUTESSANbiMSCHARGEDESEHL.iDN

1. Discha:ge described below is 2. Implementation (Office use only)
a, Presant b. Proposed naw
. ; schedule
H or changed
Mame of corporate boundaries within which the point of discharge is located. ; 6. Discharge Serial No.
State County City or 001
Town
3. Massachusetts 4. Plymouth 5. Plymouth
State the precise location of the point of discharge. 9. Name of waterway at the point of discharge.
7. Latitude 4 _}'_._.. Degrees; _5__ _6 Min; _5. 1_ Sec,
8. Longitude l E. Degrees; i _& Min; .4_ 8_.. Sec. Cape Cod Bay
10. Has app! cation for water quality certification or description of impact been made? 1f so, give date:
bam Check if certificate Name |Issuing Agency
is attached to form The Commonwealth of Mass.
Aug, 24 71 : Water Resources Commission
mo day yr Div. of Water Pollution Control

11. Narrative description of activity linclude terms of general 4-digit Standard Industrial Classification, and specific manufacturing process).
Production of electric power by steam turbine generator; steam
supplied by boiling water nuclear reactor.

12, Standard industrial classification number, 13. Principal product. 14. Amount of principal product produced
per day. )
SIC-491 Electric power 16.45 million
kilowatt hours
15. Principal raw material. 16. Amount of principal raw material 17. Number of batch discharges per day.
consumed per day.
Uranium Approximately :
6 lbs./day See Attachment 2
irretrievable
18. Average gallons per batch discharge, 19, Date discharge began. 20. Date discharge will begin.
See Attachment 2 See Attachment 2 See Attachment 2
T mo day Tyr T mo  day Tyr

21. Describe waste abatemant practices.

Dispersion and loss from the bay of the rejected heat from the discharge is enhanced by
the discharge strurture design as follows: The excess momentum associated with the
condenser cooling water as it is discharged into the waters of Cape Cod Bay produces an
entraining jet which is diluted by the mechanical entrainment required to reduce the
velocity of the jet to that of the surrounding waters. Surface discharge promotes
conductive and convective cooling to the air over the receiving body. Prior to discharge
from the station each batch of liquid radwaste is sampled and analyzed for radioactivity
to determine the allowable rate of discharge. In addition, the liquid radwaste discharg
line is provided with a continuous radioactivity monitor to record the activity of any
liquids released to the circulating water system. After mixinz with the circulating
water, the radioactivity of liquid wastes discharged from the station will be below the
limits specified in 10 CFR 20, Standards for Protection Against Radiation. The Station __

ENG FORM ,qg will be ogerated to keep radioactivity in effluents as low as
may 71 4345-1 practicable. Page 1 uféa)




ey
a PHYSICAL L _. A:PTION JF INTAKE WATER AND DISL..~.,GE
(Office use only)
Intake Discharge
. Discharge Serial No.
001
1, Q ©
F/ L £)
EAN 5 % %% % X o k
2.5 74.<° v, END N 6‘7@ 2,2
% N % W N\ A, N\ %X o0
4% 2% % e % e % N Y,
50 2 7, £ L (3 0.%
% % i S S & 2%,
Z @ ®, ’bod‘
Parameater
and '"ade) (1 (2) (3) (4) (5} (6) (7)
Flow
(Gallons per day) i s
[3719):1: ¢ Al
50050 474 0 474 474 474 ABS
pH +
Baoy 7.7 £ 0.5 7 7.2 8.2 MNLY ABS
Temperature
(Winter) (°F)
.74028 35 PX 64 32, | 69 DYLY MON*
Temperature IJ‘FIJ Gﬂw "
(Summer) (°F) d'..
74027 60 89 (" 36 99 DYLY MON*
23, 90 VY DISCHARGE CONTENTS  (See Ttem 25)
[ T_‘—;\ <
= I e (-
Z|z ,1,}511 glz : z|5
PARAMETER @ ‘ﬁ PARAMETER | ’U 8| g PARAMETER @ 5
c£l< L £l < &l g
o o o
Color Aluminum Nickel
00080 X | 01108 x | 01067 %
Turbidity X | Antimony x | Selenium
00070 01097 01147
Radioactivity Arsenic Silver
74050 X 01002 X | o1077 x
Hardness Beryllium Potassium
00900 X 01012 00937 x
Solids Barium Sodium
00500 X 01007 00929 X
Ammonia Boron Titanium
00610 X 01022 X 01152 X
Organic Nitrogen = % Cadmium Tin
00805 01027 x| 017102 X
Nitrate Calcium Zinc
00620 X CD316 01092 X
Nitrite Cobalt Algicides
00615 X 01037 X | 74051 X
Phosphorus Chromium Oil and Greasze
00665 X 01024 X | 00550 X
Sulfate Copper Phenols
003945 X 01042 X 32730 x
Sulfide Iron Surfactants
00745 X 01045 X 33260
Sulfite Lead Chlorinated Hydrocarbons
C0740 b 01051 X 74052 3 X
Bromide Magnesium Pesticides
71870 X | 009z7 X | 74053 :
Chlaride Manganese Fecal Streptococci Bacteria
60340 X 01055 X | 74054 X
Cyanide Mercury Coliform Bacteria
_9_0720 ) X 71200 X 74056 x
Fluoride Molybdenum
00951 X | 01062 X |
E:&i%ﬁm 4345-1 * Values recorded, but not continuous ly. Page 2 of 5,



24+ riavepll known hazardous or potentially hazardou- substanses in your plant been inventoried?

Yes D No

24b. If yes, have steps been taken to insure that there exists no possibility of any such known hazardous or potentially hazardous substance entering
this discharge? :

Yes D No

25. Remarks. Parts A & B-2, Column 4 - Units are pounds/day per million kWhr/day.
Item 22 - pH and temperature values for discharge are based on measurements of
intake water properties and changes predicted to occur after full power operation
is initiated.
Item 23 - 'Discharge Contents," lists only those discharges which are added to
the normal sea water inventory.

The information abave completes the basic reporting requirements which are required of all applicants. Those applicants whaosa discharge results from
an activity included within any of the Standard Industrial Classification Code (SIC Code) categories listed below must complete Part A of this form as
well, .

CRITICAL INDUSTRIAL GROUPS

SIC 098 FISH HATCHERIES, FARMS, AND PRESERVES SIC 285 PAINTS, VARNISHES, LACQUERS, ENAMELS, AND
: ALLIED PRODUCTS
SiIC  10-14 DIVISION B — MINING

SIC 287 FERTILIZERS

sic 201 MEAT PRODUCTS
sic 2879 AGRICULTURAL PESTICIDES, AND OTHER AGRI-
Sic 202 DAIRY PRODUCTS CULTURAL CHEMICALS, NOT ELSEWHERE
CLASSIFIED
sic 203 CANNED PRESERVED FRUITS, VEGETABLES
(EXCEPT SEAFOODS, SIC 2031 AND 2036) sSic 2891 ADHESIVES AND GELATIN
SIC 2031, CANNED AND CURED FISH AND SEAFOODS; SIc 2892 EXPLOSIVES
2036  FRESH OR FROZEN PACKAGED FISH AND
SEAFOODS sic 29 PETROLEUM REFINING AND RELATED INDUSTRIES
siIc 204 GRAIN MILL PRODUCTS SIC 3011, TIRES AND INNER TUBES; FABRICATED RUBBER
: 3069 PRODUCTS, NOT ELSEWHERE CLASSIFIED
SiIC 206 SUGAR
SIC 3079  MISCELLANEOUS PLASTICS PRODUCTS
sic 207 CONFECTIONARY AND RELATED PRODUCTS . '
sic 311 LEATHER TANNING AND FINISHING
sic 208 BEVERAGES
sic 32 STONE, CLAY, GLASS, AND CONCRETE PRODUCTS
sic 209 MISCELLANEOQUS FOOD PREPARATIONS AND
A KINDRED PRODUCTS sic 331 BLAST FURNACES, STEEL WORKS, AND ROLLING
AND FINISHING MILLS
sic 22 TEXTILE MILL PRODUCTS
SIC 332 IRON AND STEEL FOUNDRIES
sic 23 APPAREL AND OTHER FINISHED PRODUCTS
MADE FROM FABRICS AND SIMILAR SIC 333, PRIMARY SMELTING AND REFINING OF NON-
MATERIALS 334 FERROUS METALS; SECONDARY SMELTING AND
REFINING OF NONFERROUS METALS
sic 242 SAWMILLS AND PLANING MILLS
sic 336 NONFERROUS FOUNDRIES
SIC 2432 VENEER AND PLYWOOD
sic 347 COATING, ENGRAVING, AND ALLIED SERVICES
SIC 2491  WOOD PRESERVING
SIC 35 MACHINERY, EXCEPT ELECTRICAL
sic 26 PAPER AND ALLIED PRODUCTS
SIC 36 ELECTRICAL MACHINERY, EQUIPMENT, AND
sic 281 INDUSTRIAL INORGANIC AND ORGANIC SUPPLIES
CHEMICALS (EXCEPT SIC 2818)
sic 37 TRANSPORTATION EQUIPMENT (EXCEPT SHIP
sic 2318 INDUSTRIA. ORGANIC CHEMICALS BUILDING AND REPAIRING, SIC 3731)
sic 282 PLASTICS MATERIALS AND SYNTHETIC SIC 3731  SHIP BUILDING AND REPAIRING
RESINS, SYNTHETIC RUBBER, SYNTHETIC
AND OTHER MAN-MADE FIBERS, EXCEPT sic 491 ELECTRIC COMPANIES AND SYSTEMS
GLASS :
sic 493 COMBINATION COMPANIES AND SYSTEMS
sic 233 DRUGS
sic 234 SOAP, DETERGENTS, AND CLEANING PREP-
ARATIONS, PERFUMES, COSMETICS, AND
OTHER TOILET PREPARATIONS
ENG FORM
n.&isfo?I 4345-1 . Page 3 of §
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I_:I.‘-,'u:_:_-_-_F;ubmission of Part A is required of all applic ose processes are listed (Office use onty)
cn page 3 ahove.)
Caoa 8y
Discharge Serial No.
001
INFURMRHUNHEQWREDUFSPEmeDINDUSTmES*
E Intake Discharge
D o 1, 1,
% ‘{?’.‘;:’é RN ‘?‘b,,? 9;174, 2 % ;
U 5 K C"’fo S, T, %, X AN SN
(o) @O e / Q, %» 0 NP c{:‘< ,o*?o 0, @k N 0,1,)}
%, S0, N Y Qo N\ 1\t g\ %G ¢ % Va0, \ 227
Jog, W e, RN G, \ o \To % o \"0% . o, %0 %%,
G, e N NGNS -4, ‘& % & %S
o NS z I A 00 O,l., le) 1, (3 Q@
P— SN 7 »o ¢ <
ARAMETER %0, oo, ‘S Q 9.
AND COLE Ly ® Yi2) (3) (4) (5) (6) (7) (8) (9} (10) (11)
ALKALINITY (asCaCO4) (109,37, 110. 109. Aver. | Wkly. |stand. ABS
00410
8.0.D. 5-DAY 9.%7. 12 7. Aver. | Wkly.|Stand.| ABs
00310 -
CHEMICAL OXYGEN 426, 520. 373, Aver. | Wkly. [Stand. ABS
DEMAND (C.0.D.) + 58.
00340
TOTAL SOLIDS 37,705 38,444 37,535 Aver. |Wkly,. |Stand.| ABS
00500 +1,585
(11) (790) (113,000] (1.2)(4,200)
TOTAL DISSOLVED 37,704 38,444 37,533 Aver. [Wkly. |Stand.| ABS
SOLIDS ‘
T BgE
780 , (10) |(790) (13,000 (1.2)|(4,200)
TOTAL SUSPENDED 2T 3.1 4, 3. Aver. [Wkly. |Stand.| ARS
SOLIDS
00530
(1.) | Gl o) |«1.) (40)
TOTAL VOLATILE 4,008 4,008 3,997 Aver. | Wkly. [Stand. ABS
sSoLiDS -_{-1,632
00505
2.0)| K100)
AMMONIA (as N) 0.07" 0.20|- 0.10 Aver. | Wkly. |Stand | ABs
00610 f0.05
KJELDAHL NITROGEN 0.00 0.00 0.00 Aver. | Wkly,. |[Stand.| ABs
00625
NITRATE (as N) 0.00 0.00 0.00 Aver. | Wkly.|Stand. ABS
00620 : ;
PHOSPﬂgﬁESTOTAL Trace Trace Trace Aver. | Wkly. |Stand. ABS
00665
Emi$gﬁ”'4345;] * Supplementary information on chemical‘additions in liquid

Page 4 of 5

discharge is given in Attachment 3,
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PARTB DISCHARGE DESCRIPTION

(Note: Submission of Part B is required of all ap,.  nts who are (Office use only)
&lso required to submit Part A. Only those parameters specifically
indica_ted in the instructions are to ba reported by a particular industry) | Qo008 O 8 ";(
Discharge Ssrial No.
001
B-1. PHYSICAL AND BIOLOGICAL PARAMETERS OF INTAKE WATER AND DISCHARGE (See Tahle B-1)
Intake Discharge
PARAMETER
AND CODE (1) (2) (3) (4) (5) (6) (7)
COLOR ;
00080 NC
\
SPECIFIC
CONDUCTANCE
00035 . NC
TURBIDITY
00070 NC

FECAL STREPTOCOCCI
BACTERIA
74054 NC

FECAL COLIFORM
BACTERIA

74055 NC

TOTAL COLIFORM
BACTERIA
74056 . NC

NOTE: NC - No Change occurs in these parameters.
3

ENG FORM
JUN 71 4345-1 Page 18,0f 7



PART B
(Office use only)
Q000 8
¥ Dischargs Sarial No.
001
B-2. CHEMICAL PARAMETERS OF INTAKE WATER AND DISCHARGE (See Tahle B-2)
Intake Discharge  (gao Remarks)
¢ Py 4, %, Y -, /8
4’);9 7S i, %t 1, < % NG
3 9 %, % %, < g/ I\
>, % %, N\ %% % % % NS \%
(7 < o 0, 4, 2 4, €5
&) L7 S &0 2 9 e 2 EN\Q
e, s, Y S, Ve Vo NG
£/ % 2 %
< Ly < 4, . 9
)6;9 6}9 )'fo’z’ 7 oq L oq L )}Ofb O? L
PARAMETER
AND CODE (1) (2) (3) (4) (5) (6) (7) 8) | (9) [ (10) | (11)
ACIDITY l(as CaCOy)
00435
NC
TOTAL ORGANIC
CAREBON (T.0.C.)
00680 NG
TOTAL HARDNESS
00900
NC
NITRITE (as N) 0.0 0.0 0.0 0.0 0.0 0.0 Al W|ls | A
00615
(0.3) (6.1) (100) (0.0) (8.)
Y
ORGANIC NITROGEN
00605
NC
PHOSPHORUS-ORTHO
fas P)
70507 NC
SULFATE(as SO, ) ggfgo 258355 2402.8 A |W |s | A
00945 - '
(2.2) (180.) |(2900.) (0.2) | (1000.)
SULFIDE
00745 NC
SULFITE
00740 NC
BROMIDE
71870 NG
ENG FORM
JUN 71 4345'1 Page 2B of 7
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PART B
(Office use only)
0ooo TN
Discharge Se_rial No.
001
B-2. (cont.) CHEMICAL PARAMETERS OF INTAKE WATER AND DISCHARGE (See Tahle B-2)
Intake Dizcharge
() 1, 4, Le]
4% ’9@ d’q 3 4, T, Y% 5, ‘@0 SN\ %, “o,b}
O x 2, o2, ¢, T e, ONOINANY
e é‘o/ 1, %Y, R () @“b N -"<€ %%\ %
oﬁ, (5 q% ‘b(b QQ % (&) <& ﬁg On (@
% e o, e o K e TR OO
o Ao
6‘#’1 %" ):91') %04:%0 %o ] h"f) 0'90 N e‘t‘.&- "’-‘s‘f 0049,
PARAMETER
AND CODE (1) {2) (3) (4) (5) (8) (7 8 | (9 |10 | (11)
CHLORIDE 17,867. - | 18,400. 1600. | 18,100. 8. (A | wW|s |a
00940 T 695.| K4L)
as NaOCl (4.) (500.) (8100.) «1.) (<4100.)

CYANIDE
00720

.NC .
FLUORIDE
00951

. NC
ALUMINUM-TOTAL
01105

NC
ANTIMONY-TOTAL
01097

NC
ARSENIC-TOTAL
01002

NC
BARIUM-TOTAL
01007

NC
BERYLLIUM-TOTAL
01012

NC

2,900. 3,600, 2,800. .

BORON-TOTAL +1.,200. A W S| A
01022 | (870.) (29.) | (480.) (30.) (48.)
CADMIUM-TOTAL
01027

ENG FORM

245
wun71 43451
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PART B
B (Office use only)
0000 &#
Dischzarga Serial No.
001
B-2. (cont.) CHEMICAL PARAMETERS OF INTAKE WATER AND DISCHARGE (See Tahle B-2)
Intake Discharge
v? 6\ +/ P
& T 2, 2,
q‘,_eo i) 4, N
% o} 4.0
‘&l) 'p):? 04'0 HP0 C’Iz;
< (v &, €0
S % o
b s
PARAMETER
AND CODE (1) (2) (3) (4) (5) (6} (7) (8) | (o) | (10} | (11)
CALCIUM-TOTAL
00916 .
NC
+
CHROMIUM-TOTAL 52._61. 110 42, AW | s|a
01024
COBALT-TOTAL
01037 ’
NC
COPPER-TOTAL
01042
NC
IRON-TOTAL
01045
NC
LEAD-TOTAL
01051
NC
MAGNESIUM-TOTAL
oo0s27
NC
MANGANESE-TOTAL
01055
NC
MERCURY-TOTAL
71900
i . NC
MOLYBDENUM-TOTAL
01062
NC

ENG FORM

sy Tq

4345-1

Page 4B of 7



PART B

(Offica use only)

0og © 84
Discharge Sarial No.
001
B-2. (cont.) CHEMICAL PARAMETERS OF INTAKE WATER AND DISCHARCE (See Table B-2)
Intake Discharge
<
Y e 4ﬂak
& i %,
P> & (&
N o, 2
p/ 4’). OO
(7 ) %
, Te <
s, %
RS )0
< ?
PARAMETER
AND CODE (1) (2)
NICKEL-TOTAL
01067
NC™
POTASSIUM-TOTAL
00237
NC
SELENIUM-TOTAL
01147
NC B
SILVER-TOTAL
01077
NC _
. 20. .
—— 3’373 9,840 1,400. | 9,520. 57. |A |w A
00929 A . J
1) (4.) (440.) | (7,300.) (1. [(3,300.)
THALLIUM-TOTAL
01059 NC
TIN-TOTAL
01102 NC
TITANIUM-TOTAL
01152 ! NG’
ZINC-TOTAL 40.F 23 70. 57. A |w A
01092
OIL AND GREASE
00550
NC
ENG FORM .2 = consmnlina
wn7 4345-1 Pﬂéﬁzcl



FAHI B

(Office use only) 3
opoo08 Y
Discharga Serial No.
; 001
B-2. (cont.) CHEMICAL PARAMETERS OF INTAKE WATER AND DISCHARGE (See Tahle B-2)
Intake Discharge
< » % 1, > 9@ Q
<, ) 1, A':’C, 4’(, L 40 & -?47 ):'y 2,
q)‘e % % o, £ 5 € s, 'oﬂo % \%
% “, %, %%, % % % Nl NN 0\ Y
N % % 0, 4, 7 £y Sa\Ze, %,
<, 1 R €& 0 s R S AN
e €, N Sp S - v, 4 NG\ N\
‘&q & )6‘ Qq). 04;:90 6:90 N o 5 (M -"“5‘/‘9 O&/
)‘6\9 % o) > L TJ' /04, L ’l'/o
PARAMETER
AND CODE (1} (2} (3} (4) (5) (6) (7) (8) | (2) | (10} | {11}
PHENOLS 0. 0 0.
32730
SURFACTANTS
38260
NC
ALETTE <1.000 1<0.100 | < 24. |£400. [K0.050 |<200 |x |p |0l &
74051 Chlorine A (2.000)
(Naocl)| (0.100)|  (24) | (400) (0) (0)
CHLORINATED HYDRO- '
CARBONS* (EXCEPT
PESTICIDES)
74052 NG
PESTICIDES*
74053
NC
*Name specific compoundl(s) and fill in the required data for each, Use extra blanks at the end of the form and the “Remarks’’ space
as necessary,
ENG FORM . , T
JUN 71 A5 Pajzo 63 of
706 7



PART B
B o (Offica use only)
00008y
Discharga Serial No,
001
B-3. RADIOACTIVE PARAMETERS OF INTAKE WATER AKRD DISCHARGE (See Tahle B-3)
Intake Discharga  (See Remarks)
& Iy >
KNG V%
R ey
&, €% 0,
4,78 [ %,
K q}‘*“@ o,
? &)
/4'0

JF::EFI!DA(?E)EJEER {1 (2) (3) (4) (5) {(s) (7)
ALPHA-TOTAL
01501 3100. 0 A
ALPHA COUNTING “
ERROR
01502 3500. 0 A
BETA-TOTAL  (3)
03501 <55, M A
BETA COUNTING -
ERROR
03502 10. M A
GAMMA-TOTAL (4)
05501 £ 50. o A
GAMMA COUNTING
ERROR
05502 50. M A
TRITIUM-TOTAL
07000 0.0 M A
TRITIUM COUNTING
ERROR
B-4. REMARKS

See Attachment 4.

ENG FORM
JUN 71

4345-
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Attachment No. 1

ITEM #22

Type of Document

Permit to construct and main-
tain intake structure, break-
waters, & dredge intake and
discharge channels,

Interim permit for Salt
Water Use and Waterfront
Development.

License to construct and
maintain intake structure

and breakwaters and dredge
intake and discharge channels.

Construction Permit

Order of Conditions
for breakwater
construction and dredging,

Water Quality Standards
Certification.

I.D. No./Date

DACW33-69-6-0178
April 17, 1969

Letter from the
Agency Director
Jan. 8, 1969

License No. 5504
April 3, 1969

Construction Permit
No. CPPR-49
August 26, 1968

DF-329
March 5, 1969

Letter from the
Director

April 23, 1971
(attached)

3 -0000BY

Agency

U.S. Army Engineer Div.
New England Corps of
Engineers

Massachusetts Water
Resources Commission

Mass. Department of
Public Works

U.S. Atomic Energy
Commission

Massachusetts
Department of
Natural Resources

Massachusetts Water
Resources Commission
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Attachment 3

NOTE: Values reported in Part A (page 4) are estimates taken from
the literature cited below. Actual quantities will be measured
periodically during plant operation.

Reference 1

Sverdrup, H. U., The Oceans, Their Physics, Chemistry, and
General Biology. Prentice Hall, Inc., New York (1946).

Reference 2

Hodgman, C. D., Handbook of Physics and Chemistry, 42nd Edition
Chemical Rubber Publishing Co., 1960.

Reference 3

Koczy, F. F., "Seawater," International Science and Technology,
December, 1966.
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Chemical

Sodium
Pentaborate

Sodium Nitrite
from CCW System %%

dium Nitrite from
Plant Heating Sys.

mmou from CCWS

B,04 from Plant
Heating System

Dissolved Sodium
Sulfate from
Makeup System

Suspended Solids
From Makeup System

ssolved Solids

odium sulfate)
rrom the Condensate
Demineralizer Sys,

Sodium Hydroxide
Sulfuric Acid
Chlorine From

Hypochlorite
Addition

Normal
Discharge

Volume
(Gallons)

Average
Flow
Duration

400

5,000

2,400

5,000

2,400

16,000

2,800

450/day

10 GgpM

75 minutes

minutes

s
Lﬁ

12 minutes

25 minutes

12 minutes

80 minutes

15 minutes

Continuous

As required

ATTACHMENT 3

PRINCIPAL CHEMICAL ADDITIONS TO LIQUI

Maximum
Average Average Discharge
Discharge Concentration Volume
Frequency (mg/liter) * (Gallons'
1 per yr. 3.4 4,000
1 per yr., 0.77 25,000
1 per yr. 0.77 12,000
1 per yr. 1.4 25,000
1 per yr, 1.4 12,000
1 per 5 days 0.8 16,00t
1 per 5 days 0.4 2,80
Continuous 0.3 20,0
- Trace
o Trace
As required o - 10

Based oncirculating water flow of 3.2 x 10° GPM; concentrations listed are tho

Predictions for time periods after full power operation is initiated (currently .

7% CCWS - Closed cooling water systems.



MONTHLY TEMPERATURE AVERAGES

JUN® 1970 THROUGH JUNS 1971

DERIVED FROM DATA COLLZCTSD AT MONITORING STATIONS 2' BELCW

THE SURFACE, 10' B=LCW THE SURFACE, AND ON THE BOTTOM (-30' ML)

June 1970
July
Auvgust
September
October
November
December
January 1971
February
March
April
 May

June

O A0 oD

Only 7-day's data

Based on 29-day's data

Based on 26-day's data
Apparant instrument malfunction
Based on 18-day's data

Based on -21-day's data

2!

)

. 5l

63 .
502
55
52
35

37
y1f
L5
55

10"
46
53
60
58
55
45

38°
No Data

33°

36

sof -

L7

53

45
L6

5l

53
50
uuc

.39

328

37

Bottom

37t

41
Il
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ORICTN OF LIQUID DISCHARCE COMPOIE)

Thermal

Radioactivity

Cooling water Lo condense steam
(same as in any thermal - electric
generating station)

(a) Neutron activation products
(1) originating in water
(2) originating in reactor equipment

(b) VYission Praducts
(1) minor leakage from fuel
(2) trawgp uranium

22



THERMAL DISCHARGE

Leakage of process streams into Sea Water
cooling system is virtually impossihle due
to A p cffects,

Discharge system desizned to promote rapid mixing
of heated effluvent with ambient bay water and minimize
bottom effects:
—7 o High exit velocity
. Short discharge canal
. Surface discharge

« Provides 3-sided entrainment of cold water

+ Minimizes time at AT max, for entrained organisms

33



Process Vater
7 100 Qullons

TRITTG I

Rt SRS

Equipment Drains
+ Resin Cleaner
16,300 gallons

4. 8 curles

W e

AT Ty e

PSR

LIQUID RADWASTE TREADIENT SYSTHM

T LM T S A" L

A, '"CLEAN" RADWASTE
1
”Ciéaﬂ" “ﬁd “Ftu. j
_ Treatment System Recycle 4
HL“E E in plantzzf~-"v e
] tef o
0 Rcceivinv(#'hold—up ‘tanks (7))
Flat 3ed Filters’(2) E
o SRS S|
RS Demineralizer B tLondLnsate 1.3
i v o 23,400 HStor?’e i
i 1 28110N8 ‘semamaig.

0.01L curies

-7 Spent Resins - 08§

410 1bs
0,81 curies

Filter Sludge-0SS

e~

A L

60 1bs
O.

83 curies

R



LIQUID RADWASTE TREATMENT SYSTEM

B, MCHEMICAL"

RADWASTH

Floor Drains [
5,000 gallons

i
g e ——

o L R

0.22 curies

B 2o e S

TSI I L - el
TR e

Demineralizer
Chemical

Regeneration solution !.“

1840 gallons !j‘ ¢

19 curies Vo
=TT ST A T = 5 1

[ Lab. Drains
400 gallons
{_0.02 curies

L

o L

[*Peisonnel 5;'"'ji?jiifptua-;._-cﬁ-‘i —
J . Washdowmn . i

WIS AT SR ey

To "Clean"

Radwaste

T T FENR

Chemical Radizaste
Treatment Systenms

Receiving
Filters

JWaste

e el

hold-up

Concentrator

Filtex J:-'.— : .,> 33 gallons re—

S [
;
b

» concentrator bottoms,

Recycle to
Condersate storage
&

L

R e k. el

A'\
£ nks(B)l 7090 gallons

150 gallons
G.15 curies

b

.u‘-.x:.-:r.--..--—,__:._, =N
[bbnltor e
T L i
/o

\/
- dilutic
in canal

" 0.00001 curies
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Principal Chemical Additions

Attachment 4

in Liquid Discharge

Chemical

Sodium Pentaborate
(Boron)

Sodium Nitrite

Sodium Hydroxide
(NaOH)

Sulfuric Acid
(H504)

Dissolved Solids
(Na2504)

Sodium Hypochlorite
(Free Chlorine Algicide)

Amount
Discharged

(lbs./yr.)
2.5 x 102

4 x 104

4.2 x 10°

Not
Applicable

Annual
Average
Concentration

(mg/liter)

1.9 x 10-%4

3 x 1072

Trace
Amounts

Trace
Amounts
0.3

<0.1

QL



(1

(2)

(3)

(4)

(3)

(6)

Oooa?%

ATTACHMENT 4

B-4 REMARKS

The values listed at the top of the fill-in space in Parts A and
B-2 were derived from laboratory analyses performed on grab
samples taken weekly in the time period August 18, 1971 through
September 8, 1971. The values in parentheses at the bottom of
the space are predictions of the quantities that will be added
to the sea water in the discharge after full power operation is
initiated (currently scheduled for April, 1972).

Parts A and B-2, Columns (4), (5) and (7) -

No chemicals other than sodium sulfate and sodium hypochlorite

have been added to date. The differences between values listed
in Columns (1) and (6) are due primarily to uncertainties in the
analyses and/or normal sea water variations as indicated by the
standard deviations in the measured values reported in Column 1.

Parts A and B-2, Column 4 -

Values listed are based on 16.45 process units, where 1 process
unit equals 10° kilowatthours, and maximum pounds per day added
to the discharge.

Parts A and B-2, Column (7) -

Predicted values of average pounds per day added to the discharge
apply for days in which that particular parameter is added to the
discharge. Yearly averages will, of course, be lower than the
reported values in column 7 for those parameters whose discharge
frequency is less than one per day (see Attachment 3).

Part B-2 -

Residual chlorine in discharge could result from addition of
sodium hypochlorite and is monitored continuously during and
after periods of hypochlorite addition using a Wallace and Ternin
Residual Chlorine Analyzer, Series 50-236.

Part B-3 -

Present discharge contains no added radioactivity (see Attachment b
Measurcments listed for radioactivity in intake water were obtained
as part of pre-operational test program during the period September
1970 through September 1971. Meaningful predictions of radiocactive
parameters prior to full power operation cannot be made. . The plant
will be operated to maintain all radioactive effluents as low as
practicable and, in all cases, will be less than the maximum per-
missible levels specified in 10 CFR 20 (Title 10 of the Code of
Federal Regulations, Part 20).

7
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(8)

(9)

0000 & ¥

Part B-3 -

Beta activity reported is the summation of fractional gross beta
activities.

Part B-3 -

Gross gamma activity reported is based on assumption that gamma
activity is due entirely to cesium-137.

Part B-3, Column (6)

Alpha activity measurement is based on a single sample of intake
water taken on August 18, 1971. Alpha measurements of sea water

are not normally performed due to the large counting error asso-
ciated with such measurements.
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