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condensers tube sheets allowed access to main condensers water
boxes. This inspection shuwed no biofouling or settlement on
the neoprene lining or the tube sheets. Inspection of the tidal
interface line in the CW pump bay at this time also showed no
signs of any biological activity. Between January and June,
1986 operation of CW and SW was intermittent, and for short
periods. Biopanel inspections were performed during the first
six months of 1986 with no fouling observed. Full CW operation
and chlorination resumed in June 1986. Additional biopanels
were deployed in May 1986 to provide added assessment
capabilities. No settlements of mussels were noted until late
July 1986 when the numbers increased from approximately 3 to
about 200 per panel in two weeks. Chlorination was maintained
through December 1986, and all but three specimens detached by
January 1987. The detached specimens did not cause any
blockage. During this period the dosing line to the SW pump bay
was utilized to maintain chlorine levels in the SW system.
December 1986 inspection of SW pump house at the tidal interface
showed no biosettlement other than green algae.

4. Starting in June of 1987, the following seawater components
or heat exchangers were examined: SCCW, PCCW “A"™ and "p",
DGIJCW "A" and "B", Main condensers, intake transition structure
and CW pump bay. No biofouling was seen in any of these
components. Limited barnacle settlement was observed in the
condenser water boxes and the circulating water pump house.
However, none of these barnacles was alive.

S In May, 1987 a particularly heavy barnacle settlement was
noted on the biopanels followed later in June 1987 by a heavy
mussel settiement. Chlorination was maintained, ard by the end
of July 1987, the mussel settlemant had diminisbed by 50%.
There was 100% barnacle mcrtality with $0% of the dead barnacie
she’ls detuched. The detached specimens éid not cause any
bidckage. By November, 1987 the musse)l settlement unlso
diminished to oniy a few specimens., Similar observations were
rade cn inspection of the CW pump bay walls in September 1987
..2. dead barnacles detached but no muzsel settlement.
Normandeau Assoc.iatez, a biological consultant, also inspectad
the bicpanels. Their conclusion was tlat the snttlement
observed On the biopanels was insignificant when compared with
the open-ccean biopanels that they deploy in the vicinity and
outside the intake structures. Open-ocean biopanels were
considerably fouled.

6. Thus far, no integrated growth measurements nor integrated
mass measurement for mussels have been made on the biopanels
because there have been no permanent settlements. Although the
barnacle set showed growth during the first two months, these
specimens died and the residual shells detached, diminishing the
fouling effect. No biofouling of any kind has been observed in
any component using seawater. Some shell fragments have been



fourd in several tubes; however, these shells were not blocking
flow. Finally, biopane. measurenwunts have been confirmed by
visual observation withi.: tne punp bays. 'These facts support
out position that no biofouling exists in the SW system.

o N &8 part of the ongoiny curveillance test program required
by Yezhnical Specification 4.0.5 ard implemented in accordance
with izhs requirements of the ASME code, Chapter XI, subsection
IWP, wnc Seabrook Safety Evaluation Repnrt (5SER) 6, all six of
the Service Water system pumps (41A, B, C, and D and 110A and B)
are tested quarterly as a mir fmum. 7he test consists of
establishing a known system tlow zondition (flow patli znd flow
rate) and recording data indicative of pump and systen
performance. Because the differential pressure acvos: the pump
is verifizd to remain within an acceptable band for the required
flow rate, not only Is puwp performance being monitored but the
condition of the overall system is also tested. Shoul{ fouling
or any other phenoraenni occur which would restrict s'satenm flow,
it would be detected during the quarterly pump surveiilance test
as an unsatisfactury increase in the reguired pump differential
pressure to attain the required flow rate or an inability to
achieve the veynired flow. All service water heat exchangers
are on line and therefore wonitored during each pump
siurveillance test. Because the six service water pumps are
tested quarterly, the system flow resistance is checked and
verified to be satisfactory a total of 24 separate times each
year, 12 times for each train of Service Water.

8. Furttermore, the Operations Department performs the
follawing tas)s to ensure that blockage or reduced flow does not
occur:

* SW pump flow capac.ties are measured
guarterly.
# The SW strainer immediately upstream of PCCW

and DGJCW heat exchangers are cleaned after
reaching a 6 psi differential pressure (normal
p=id is about 5 1lbs.).

* Service water flow is checked by an auxilary
officer routinely during each shift, at a
minimum.



9.
the cooling water system will be effectively monitored for

Controls established at the Seabrook Station ensure that
biofouling control.

Voo 8. 0/

Winthrope B. Leland

STATE OF NEW HAMPSHIRE

L e '/4"- ek S8.

December 7/, 1987

The above-subscribed Winthrope B. Leland appeared before
me and made oath that he had read the foregoing affidavit and

that the statements set forth therein are true to the best of
his knowledge.

Before me,
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Notary Public s il A
My Commission Expires: | //~« . * ', /




08~12-85

8-25-85 to
12-24-85
study.
12-24-85

01-21~-86

01-23-86

01-27-86

01-86
02-86
03-86
04-86
05-86

06-86

07-86 to
12-86

07-86

12-23-86

06-04~-87

06-05-87

CHRONOLOGY

Inspection of cooling tower SW
check valves no biofouling
noted.

Start-up of CW and SW Systems
and chlorination starts. Chlorine demand
Shutdown of SW and CW Systems.

Inspection of CW pumphouse, center bay.
No biofouling noted.

Inspection of condenser air removal heat
exchangers. No biofouling noted.

Inspection of main condenser; no
biofouling noted. Inspection of Water
Box Priming pump heat exchangers; no
biofouling noted.

CW/SW flow only for seven days.

SW flow only on 23 days.

SW flow only on 27 days.

CWw and SW flow for 14 days.

CW or SW for 19 days.

CW and SW flow for 24 days. Chlorination
System in operation with CW/SW flow.

Chlorination System operation and CW flow. Dosing
direct to SW system during observation of
increased biological activity.

Extra bio-panels added to CW and SW
pumphouse.

Inspection of SW pumphouse. No biofouling
noted.

Inspection of "A"™ PCCW heat exchanger.
No biofouling observed.

Diesel Generator Jacket Cooling Water
heat exchanger inspection. No biofouling
noted.



07-06-87

07-10-87
07-24-87

07-30-87

08~-12-87

09-11-87

09~-11-87

09-25-87

to

Barnacles noted in intake transition
structure and on bio-panels.
Chleorination of CW underway.

Heavy mussel set on all biopanels.

50% reduction in mussel set. 100%
barnacle mortality: 90% of barnacle
shells detach from panels.

Inspection of main condenser. No
biofouling noted.

Inspection of "A" SCCW heat exchanger.
No biofouling noted.

Inspection of CW pumphouse (dewatered).
Barnacle detached from walls just as on
panels. No mussel settlement also
paralleled on panels. No biofouling or
significant level of debris.

Inspection of "B" PCCW heat exchanger.
No biofouling noted.

Inspection of "B" DGJCW heat exchanger.
No biofouling noted.

Inspection of SW pipe downstream of SW-VS5.

A few dead barnacles:; no bicofouling.




STATEMENT OF PROFESSIONAL QUALIFICATIONS

Winthrope B. Leland

QUALIFICATIONS: Sixteen years of experience in Chemistry
and Health Physics disciplines.
Experience ranged from six years at the
SIC Naval Reactors Prototype, 1 year at
Argonne National Laboratory and 4 years
at Connecticut Yankee Atomic Power

Company.
EXPERIENCE:
Nov 1979
to present Public Service Company of New Hampshire.

Seabrook Station.
Job Title: Chemistry and Health Physics
Manager - February to present

Responsible for the coordination and
direction of the Chemistry and Health
Physics Departments. Advise Station
Manager of plant radiological conditions
and radiation protection program status.

Job Title: Chemistiy Department
Supervisor - May 1981 to February 1986

Responsibilities: Manage the Chemistry
Department in planning, developing and

implementing programs of chemistry and

radiochemistry which result in the safe
and efficient operation of the nuclear

generating station.

Job Title: Chemist -~ November 1977 to
May 1981.

Responsibilities: Supply technical and

supervisory support to the Chemistry

Supervisor. Implement current

techniques, concepts and analytical

methods necessary to support the

efficient operation of the nuclear

generating supervise chemistry and

radiochemistry functions of the station.
\
|
|
|




Nov 1975 to
Nov 1979

Oct 1974 to
Oct 1975

Jan 1971 to
Oct 1974

Connecticut Yankee Atomic Power Company,
Haddam, CT
Job Title: Chemistry and Health Physics
Technician

Responsibilities: Perform Chemical and
Radiochemistry functions required for all
phases of operation of a pressurzed
water nuclear plant. Provide Health
Physics support during maintenance and
operation of the plant.

Argone National Laboratory, INEL, Idaho
Falls, Idaho

Job Title: Senior Health Physics
Technician

Responsibilities: Write procedures for
Laboratory Health Physics Manual,
administer radiation worker training
course, introduce and train radiation
worker in concepts of total containment
devices, perform safety audits, provide
radiation protection for EBR~II reactor
maintenance, operate multi channel
analyzer for detection of reactor fission
breaks.

General Electric Company, Knolls Atomic
power Laboratory. SIC Prototype,
Windsor, CT

Job Title: Radiological Controls
Tezhnician

Responsibilities: Maintain Qualification
as Radiological Controls and Engineering
Laboratory Technician (ELT) as specified
by Naval Reactors. Performed and
encountered technical aspects of:
monitoring radiation exposure, shield
planning, liquid and solid waste
disposal, thermoluminescent dosimetry,
environmental monitoring, perform plant
chemical and radiochemical analysis,
operate and calibrate instrumentation,
radiation and contamination surveys,
first aid, audit radiological operations



of Navy personnel and submit written
reports of audits.

Jan 1969 to
Jan 1971 Combustion Engineering - Naval Reactors
Division, Windsor, CT (S1C Prototype,
same facility as above)

Job Title: Radiological Controls

Technician

Responsibilities: Same as above under
General Electric

Bachelor of Science in Chemistry from the
University of Hartford - August 1980

Held "L" clearance with the Energy
Research and Development Administration.
Member of the Health Physics Society.
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July 8, 1981 Pramingham,

SBN- 168
T.F. B4.2.5

U.S. Nuclear Regulatory Commission
Region 1

631 Park Avenue

King of Pruseia, Pennsylvania 19406

Attention: Mr. Boyce H. Grier, Director

References: (a) Construction Permits CPPR-135 and CPPR-136, Docket Nos.
50-443 and 50-444
(b} NRC IE Bulletin 81-03, dated April 10, 1981

Sub ject: Response to IE Bulletin 81-03; "Flow Blockage of Cooling Water
to Safety System Components by Corbicula sp. (Asiatic Clam)
and Mytilus sp. (Mussel)”

Dear Sir:

The following information has been prepared in response to your specific
request contained in Reference (b) for holders of construction permits.

1. Extensive sampling of the marine environment that will be used for
Seabrook Station source and receiving water shows that Mytilus sp. is
found there; Corbicula sp., a fresh water bivalve is not. The
planned method of Mytilus control will be a zombination of thermal
treatment for the main circulating water and low level chlorination
for service water systems. Implementation date for dotection and
prevention of system flow blockage will be concurrent with system
flooding. Because the intake structures are near mid-level in about
50 feet of water, the effect of water level (tidal amplitude of about
8 feet) should not influence the potential for intrusion of Mytilus
{nto the system. The effectiveness of the planned methods for
detection and prevention of Mytilus fouling is adequate judged from
empirical information.

2. Presently, there are no cooling water systems flooded.

3. The Licensee has conducted a comprehensive environmental monitoring
program beginning in 1969 and continuing through to the present. The
collection of subtidal and intertidal hard substratee benthic
organisms assures us of the presence of Mytilus. Monthly samples
taken in May of 1981 showed Mytilus to be present.




U.S. Muclear Regulatory Commission July 8, 198)
Attention: Mr. Boyce H. Grier, Director Page 2

Items 3 (b), (c), (d), and (e) are not pertinent to the Seabrook case
because no cooling water gystems have been flooded.

The manpowver expended in the cunduct of the reviev and preparation of this
report was ten hours. PSNH has been aware of the presence of Hztilun in the
source and receiving water for Seabrook Station since the inception of its
environmental monitoring program in 196 and therefore did not require
additional manpower to take corrective action vis-a-vis IE Bulletin 81-03.

If you desire additional information regarding this response, please
contact this office.

Very truly yours,

vu/ézzé;*"zg

John DeVincentis
Project Manager

cc: Director, Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

COMMONWEALTH OF MASSACHUSETTS)
)ss

MIDDLESEX COUNTY )

Then personally appeared before me, J. DeVincentis, who, being duly sworn,
did state that he is a Project Manager of Yankee Atomic Electric Company, thast
he is duly authorized to execute and file the foregoing request in the name
and on the behalf of Yankee Atomic Electric Company, and that the statements
therein are true to the best of his knowledge and belief.

pte R N

‘ﬁ, !c'.“4>'3 Robert H. Groce Notary Public
”JL" : My Commission Expires September 14, 198.
ey E
v & J ' 3

Er ad ﬁg?
AR,
\q.
o



s iPSNHI st 7

1671 Worcase Rood

PubiC Service Of New Hamew ke Framinghom. Messochuee 0170
(17) . ©2- 8100

March 7, 198)

SAN=LRA
T+7. Bh:2.5

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

Attention: Mr. Edverd L. Jordan, Director
Division of Engineering and Quality Assurance
Office of Inspection and Enforcement

References: (a) Construction Permits TPPR=11S5 and CPPR-136, Docket

Nos. 50=4é4] and 50-4dd

(b) USNRC Letter, cated April 10, 1981, “IE Bulletin 81=03,
Flow Blockage of Cooling Water to Safety System Components
by CORBICULA SP. (Asiatic Clam) an” “YTILUS SP. (Mussel),”
B. H. Crier to W. C. Tallman

(c) PSNH Lecter, dated July 8, 1981, " “esponse to IE Rulletzin
81-03; Flow Blockage of Coo.ing Water to Safetv Syste~
Components by CORBICULA SP. (Asiatic Clam) and MYTILUS SP,
(Mussel),” J. DeVincentis to 8. H. Crier

(d) USNRC Letter, dated January 24, 19R3, “IE Bulletin Neo.
81-03; Flow Blockage of Cooling Water to Safety Components
by CORBICULA SP. (Asiatic Clam) and MYTILUS SP. (Mussel),
E. L. Jordan to ). DeVincentis

Subject: Additional Response to [E Bulletin 81-0); Flow Blockage of
Cooling Water to Safety System Components by CORBICULA SP.
(Asiatic Clam) and MYTILLUS SP. (Mussel)

NDear Sir:

In response to your request for information [Reference (d)], the
materials relevant to the description of planned thermal treatment and
chlorination practices, as well as information {dentifvirg all safety-relace~
systems affected at Seabrook Station, “ave heen presented {n the following VR©
document :

NURFC=NR9S, Final Environmental Statement relaterd tn the onerarion nf
Seabronk Station, Units | and 2, Nacket Nos. SN=4i) and 50=444, Puh) (-
Service Company of New Hampshire, et al., Necemher !19RY  Sectinne 4.
Yo 3uT . Bagal

-

..

Ay




linfted States Nuclecar Regulatory Fnmmicsinng Mareh 7. 10A1
Attentlion Mr. Edward L. Jordan Pape 2 :

Additional information has also heen nruvided (n the fellowing dgcumnnss
nrepared by PSNK:

Response to RAT: 29]1.19, Seahronk Station Fnvironmental Report -
Nperating License Stage, January |9R2

Seahrook Station Applicants Fnvirnmmontal Peanart = Operating l{cence
Stage, Public Service Company of New 'lamnshire, Volume 1, Sections 1.4
3.6 5.3, 10.%

Seabrook Station Final Safetv Analvsis Report, Puhlic Service Company nf

New Hampshire, Volume 1!, Secrion [0.4.5

rfopies of the previnuslyv suh=itted =arerjale |isted adove are enclnse
for your information.

‘ery truly vours,

(ANKER ATAMIC ELECTRIC COMPANY

!
k. "
i

'

-

e\'incen:
roject Manazer

ALL/fsf
Enclosures

ce: Atomic Safety and Licensing B8card Service List



fn January 1983. The quantities of radioactive materia) that the NRC gtats
calculates will be releasec from the plant during norma) operations, imciucin
anticipated operationa) occurrences, are presented in Appendix D of‘ghi' :t;‘i-
sent, along with examples of the calculated doses to individua) members of the
public and to the general population resulting from these effluent guantities

The staff's detailed ecaluation of the solfd radwaste system and 1ts capability
to accommodate the $011J wastes expected during normal cperations, incluging
enticipated operational occurrences, will be presented in Chapter 11 of the
SER.

As part of the operating license for this ra {19ty, the NRC wil) require Tech-
nica) Specifications 1imiting release rates for rgdicactive materia) in liguia
and gaseous effluents and requiring routine monitoring and measurement of a))
principal release points to ensure that the facility operetes in confo-mance
with the radiation-dose-cdesign objectives of Appendix I.

4.2.5 Nonragicactive wWaste Treataent Systems

with the exception of the applicant’'s planned method for control of biofouling
in the station cooling systems, there have been no changes to the nonradicactive
waste treatment systems of Seadbrook Station from those presented in the FES-CP.
The proposed biofouling control procecures are discussed Delow. As was fngi-
cated in the FES-CP, a)) station wastewaters, except storm water runoff and a
portion of the nonradicactive floor drainage, will be routed to the statien
discharge tunnels for gischarge off shore with the station cooling water (resge-
to questions 291.20 and 240.20). Storm water runoff and nonracdicactive floor
drainage from the diese) generator duilding and the fire pumphouse will de
routed, after treatment, to the Browns River. Tadle 4.3 13 a summary of expecte
nonragicactive wastes. There will be no discharge of wastes to groundwater 'n
the site vicinity.

In the FES-CP, the applicant identified severa) measures to contro) biefou’ '3
in the station cooling water systems These were thermal backflushing, perics::
shock chlorinatfon of the circulating and service water systems, and mechanica’
cleaning and antifoulant paint applications. The first two methods wou'c e
employed while the station s operating; the third method would De performec
while one or Doth units were shut cown (see FES-CP Section 3.4.5). The pro-
posed procedure was to have employed circulating-water-system flow reversa’
heat treatment, producing temperstures at the system exits (that is, statcr
intake structures) of about 110°F (43°C) for 1 to 2 hours. This procecure was
projected to be used twice & sonth for the period June through Octoder anc orce
every 2 sonths for the remaining months. Shock chlorination of the cooling
water systems was 1o supplement the thermal treatments. Sequential treatmen:
of the station condensers was planned, with applications of sodium hypochicr: e
solutions not exceeding 2 hours per cay. Expected saximum free availadble cxi-
dant was 0.25 mg/) at the diffuser.  The staff recommendation was that the
station discharge be monitored for total residual oxidant and that the maxim.=
concentration at the diffuser outlet be controlled to 0.1 mg/).

The spplicant has proposed® in the WPDES permit application that continuous c»
leve! chlorination of the circulating water system be used to contro! Dicfou

feans
S=

*etter from B B Beciley, PSw< to T Langry, EPA, cated Janvary 30,
(NPDES permit application)

Seadrook FES -9




Table 4.3 Chemicals added to discharge

Maximum estimated
Yearly discharge concentration in

Chesica) (total 1b) effiuent (pps)
ngrctionl\

Chiorine (C13) ~5.95 x 10¢

Tota) residua) oxidant 0.2

Sulfuric acid (504%-) 1.9 x 108 0.1

Sodium hydroxide zNC°) 1.7 & 300 0.1

Mydrezine (NgHy) 3.6 x 10°

Morpheline (t.N.NO) 1.2 x 10 0.000007
Precperationa!

Mydroxyacetic acid 1.9 » 103

Formic acid 4.6 x 107

Trisodium phosphate 7 x 10}

Monosodium phosphate 3 x 100

Disodium phosphate 6 x 10!

Sodium nitrite 2.4 x 10¢

Citric acid 3.2 8 30

*gased on regeneration of one train per day.

(response to question 291.19), with supplementation, as necessary, by therma)
packflushing. The applicant cites (Vetter of January 30, 1981 and response
to question 291.19) the following economic, techical, environmental, and
safety-related reasons for preferring biocide application (suppiementec Dy
therma) backflushing on an as-needed basis) for biefouling control in staticn
systems over full reliance on therma)l backflushing:

(1) The cost of continuous low-level chlorination during the fouling season at
an injection level of 2.0 ag/) 15 estimatec 1o be about $1.4 million per
year, while therss) packflushing s estimated to cost Detween $1.8 millier
per year and $3.0 sillion per year, depending on the freguency of packflusr g

(2) The use of continuous low=leve) chlorination does not fnvelve adjustiments
to statfon pewer level, cooling systes flowrates, or alternatives in
station cooling water flow paths or directions. A1)l of these aspecis of
Seabrook Station operation would be affected by thermal dackflusning
Thus, the use of continvous low=leve! chlorination s judged Dy ine
spplicant to be @ simpler ang sore readily esployable procedure for
biofouling control st Seadbrook Station than therma) backflushing

(3) The use of continvovs low-leve) chlorination at the levels proposed
fnitia)ly end at sodified by the chlorine minimization progras requiTed
under the WPOES permit fs not expected to result in significant acverse
effects on receiving water quality such that cesigneted vees for these
woters would De jeopardized Aggitionally, the area to be affecied '

Sesprook FES




limited to the vicinity of the discharge diffuser and, to a 1 ;

the station thersal plume. Use of thermal backflushing woulg ?Zi:oﬁﬁii g
perfodic therma) stresses to the ares around tie intake structures in
addition to the area already affected by the norsal station discharge.

(4) Finally, the use of thersal backflushing, unlike use of continuous
low-leve) chlorination, has the potential for introducing hydraylic anc
thermal gradients within the station cooling system that could ocv;rsc‘y
affect normal station operatfon. The return of bDoth units to full power
operation could incur costs approaching $1 afllion plus the loss of fu)l
:tltion generating capacity during the period of repair and power leve!

ncrease.

Concurre~t use of biocide application and thermal treatment i3 not plannec b
the applicant. Infrequent thermal Dackflushing may be performed at Loe staticn
for operator training and system test purposes.

Provisions have been sade during the construction of the statfon for biocide
injection into the cooling water flow at the three offshore intakes and at the
intake transition structure, the circulating water pump house, the service water
pump house, and the discharge transition structure. Sodium hypochlorite solu-
tion would be added to the cooling water flow primarily at the intake structures,
with the other injection points available for booster dosage should the offshore
locations not provide & sufficiently high dose in the system heat exchangers

tu control biefouling (response to Question 281.19). Figure 4.5 {3 a Dlock
diagram of the system, showing system structures, biocide injection points,
water flow rates, and trave! times.

The applicant has statad (letter of Janvary 30, 1981) that no peasurad'e resic-
va] oxidants are expected to be present at the statron dgischarge. Although the
spolicant does not state & reference minimum detectable oxidant residual, for
chlorine the minimum detectadble concentration for compliance purposes is wsually
taken as 0.1 og/) total resicdual oxidant.

The preliminary draft NPDES permit for Seabrook Station (Appendix M) would re-
quire that the use of biocide for bicfoulin control at the station be limitec
to chlorine only, unless approval from the EPA Regional Agministrator anc the
New Mampshire Water Supply and Pollutien Contro) Commission (NWWS&PCL) Execut .2
Director is obtained for use of any other biocide(s). In addition, this perm 't
would restrict total residua) oxidant gischarges from the condenser anc service
cooling waters during station operation to 0.2 #g/) maximum at apoint pricr 1o
where the chlorinated streams ®ix with any other discharge. The applicant plans
to contro) tota) residua) oxidant concentration in station cooling waters to
this saxisum value 8t the discharge transition structure (response to Question

291.19).

There is no lieitation in the proposed draft NPDES permit on the duration of 'n-
divigua) applications or time of year that piocides may be used at the statior
Mowever, the spp)icant asserts, and the staff concurs, that biofouling is like'y,
Lo De & seasonal prodles such that treatment of the entire intake side of the
station cooling system with biocide may not be required throughout the year
(response to Question 291.19). Control of s)ime duildup in station concensers
and heat exchangers {1 anticipated to be & recurring need throughout the year

Seabrook FES 4-1]
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ssibly requiring continuous chlorine application to these s

he resulting total residual oxidant concentration in the .“{:::':‘{:::'r:u:c
proposed to be limited to 0.2 »g/) by the draft NPDES permit. |n .ddi‘,og ‘:,s
permit would require the applicant to perform & biocide application nsn\-ai.‘ion
study, approved by the EPA Regional Aaministrator and by the MMWSLPCC Executive
Director (NPDES Part ].4.e¢) that would deterwine the minima) discharge of bio-
cide to the environment consistent with saintenance of suitable biofouling con-
trol in the intake cooling water system, condensers, and service water heat ex-
changers. This requirement would tend to sinimize both the amount and duration
of biocide discharges to the envirorment. The detailed program description anc
specifications for the sinimization program have not yet Deen prepared by the £
applicant. The proposed progras will De submitted to the EPA for approval be-
fore implesentation. A description of the general approach for such programs
fs appended to the Steam Electric Power Plant Effluent Limitations Guicelines
(40 CFR 423) and 1s included in Appendixz | of this statesent.

4.2.6 Powar Transmission System

The Seadrook transmission lines are described in the ER-CP (Sectien 3.9), 'n
the FES-CP (Section 3.8, and 4.1.2), in the ER-OL (Section 3.9), and in tre
response to staff's questions (Question 310.2, ER Section 3.9). Discussions

of transaission line rights-of-way, land use, and fmpacts are in Sections & 3 1.
§.2, and 5.5.1 of this statement. The tranimission lines are divided into three
corridors: the Seabrook-Newington line; the Seabrook Tewksbury line, anc the
Seabrook-Scobie Pond line.

The Seabrook-Newington 1ine, as noted in the construction permit, was relocatec
near the Packer Bog to aveid a stand of Atlantic eodars. South of this point
and on the west side of 1-95, the route was relciated to more nearly para''e’
1-95. Except for these charges, the corrigor remains essentially the sarme as
that ovtlined in the FES-CP.

The Seabrook=-Tewksbury and the Seabrook-Scobie Pond 1ines, as proposec by t-e
applicant and outlineg in the FES-CP, would share a common corricdor wester 'y
from Seabrook for approximately 8 wn (5 miles). Then the Seabrook-Tewxsi.-,
1ine would head souin to Tewksdury

The Seabrook=Scrdie Pong line from the enc of the joint corrigor to 1ts te-™ -
tion near Scobia Pond has undergone one location change to cate: & reiocat o~
around Cedar Swamp, as ordered in the construction permit (see also FES-CP
Sections 3.8.95, 4.1.2, and §.2.4) Both the Seavrook-Tewksdury 1ine anc *he
Seabrook-Scobie Pond 1ine are awaiting final alignments as a resylt of mesc -
tions pending before state hesring boards and/or court cases (Question 310 2
ER Section 3.9). The Seabroct-Mewington line has Deen constructed and enes .
Presently, the applicant indicates & schedule of completion of the Seadbrock-
Tewksdury 1ine for August 1983 and Seabrook-Scobie Pond for November 1985
there are any changes in alignments along the NRC-approved corrigors that wo. ©
result in o significant adverse impact that was not evaluated by the staf’ -
that s significantly greater than that which {3 evaluated in this statemen:

the epplicant will provide proper notification of such activities to the sta’

for 1ts evalvation,

‘e
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4.3.3 Terrestria) and Aquatic Resources

4.3.3.1 TYerrestria) Rescurzes

The ecologica) communities are described in detall in the ER-CP

the FES-CP (Section 2.7.1), and the ER-OL (Section 2.2.1). COhtit:::I:: iy"il‘
station has resulted fn the elimination of portions of the tarrestrial biotic
communities described in the FES-CP. The site stil) contains tarrestrial fea-
tures undisturbed by construction sctivities. In agaition, certain plant com-
sunities have been protected by fencing or other seans Lo preserve their unique-
ness as judged by the applicant (ER-OL p. 2.2.1). The surrounding Spartina
scrsh has received special attention, and ft sppears that construction activie
ties have not harwed 1t.

4.3.3.2 Ahguatic Resources

This section reviews briefly the aguatic resources of the Seadrook site ang
vicinity relative to station pperation that have not been evaluated previous'y
or that are related to areas of concern Lhat are new since the pudlication cf

the FES-CP.

The {mpacts to estuarine and marine bicts and fisharies from operation of the
cooling systems (intake and gischarge) have been assessed and found to de
scceptadle. Because environmental conciiions have not changed, the fmpacts
will not be reevaluated in this envirenmenta! statement. Section §.5.2 sume
parizes the previous assessments anc fincings of the NRC and the U.S. Envirens
pental Protection Agency.

Descriptions of aquatic resources incluged ‘A this environmental statement are
related to the following matters that rema'n 1o be disclosed and assessec

(1) The availadility of recent informatich on the ag.atic environment of the
Seadrook site ang vicimity.

(2) Changes in the aguatic envirenment that affect previous decisions
(3) A proposal by the applicant 1o use continuous lowe level chlorinaticon ¢ Lhe
cooling system (epplied at the offshore Yntlake structures) for Biefoul "3

control, rather than therma! packfiusning  Thermal Dackflushing woule te
used, a5 necessary, to supplement low-level chlorination.

(4) upcating of recreational and commercial fishery information, for use °n
assessments of socioeconomic mpacts and the consequences of accigents

(5) wpdating of information on endangered and threatened species (ingluges
Section 4.3.5 that follows)

Availadle Information on the Seabrook Site

The ecology of the estuarine and marine environs in the vicinity of the Seadroce

site was oescrided in the FES-CP (Section 2.7.2). The sgquatic resources nC
fisheries of Mampton Mardor and New wampshire waters of the GulIf of Maine were
sumsarized 1n the NRC Altesnative Site Stugy for Seabrook. The epplicant anc
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nis consultants have been studying *he aquatic environs near Seabrook since
1969. A detailec index of the stuc as th=cugh March 1977 (Nelson) and a sum-
sary document that describes the aguatic ¢nvironment through Deceader 13877
(Normandeay, December 1977) were prepared by the applicant. A listing of sur-
vays of equatic piota and marine environmental conditions conducted since the
susmary document was pubifshed appears at the and of this chapter. The appli-
cant's consultants have published severa) papers that resuited Trom the pre-
operational studies conducted in the vicinity of Seabrook; these too are listec
at the end of this chapter. The ER-OL summarizes tha squatic biological
resources (Section 2.2.2) and recreational and commerical fisheries (Section
2.1.3.4) of the site vicinity and the marine waters within an B0~km (50-mile)
radius of the Seabrook site. The ER-OL also summarizes studies of the marine
environment that are being conducted by agencies and organizations in New
Kampshire, Maine, and Massachusetts (Section 6.3).

The Marine Ecosystem

There have been no significant changes in the marine/estuarine ecology or
piological resources of the Seabrook site vicinity since the previous assess”
pents discussed above that affect or alter previous conclusions.

!4970011ng Organisms

The biofouling organisms of concern are those with the potential for fouling
or cloggwn? of cooling system components, principally sussels (!!ti1us $pP. )
and barnacies (Balenus spp.), and to @ Tesser extent polychaete worms (for
example, $g(ror533 spp. ), tunicates (for example, Molgula spp.), other pollusc
and arthropod species, and some species of pacroz gae.

Entry into the cooling system will occur with the cooling water at the offshcre
{ntake structures by the plankicnic forms of the fouling organisms. The planc-
tonic larvae of the principal foulers are present during spring through fall
with susmer and early fall the periods of most active reproduction and settle-
sent for the majority ‘of organisms. Barnacle larvae are present during March
and April, and susse) larvae are present guring May through Octoder or Novemier

The method of diefouling contrel considered in the assessments and Oec sions
giscussed above was thermal packflushing. The frequency of application was Ll
be approximately twice per month guring the warmer months of April throug”

November, and perhaps less often during the remaining ponths. The prese~t o°°°

posa) is to use continuovs low=level chlorination applied at the offshore
intake structures (see Section ¢ 2.3 above), supplemented, &% necessary, oy
therma! Dackflushing. 1t may not be necessary o continuously chlorinate ire
entire intake side of the circulating water system year round, because Bicfc.
15 & seasona) phenosencnh.

In September 1960, Arkansas Nuclear One, Unit 2, was shut down a°%er the C'5°
covary that the unit failed to eeetl requiresents for sinimum se' eewater T
rate through the containeent cooling units as & resylt of extens. .« fouling By
freshwater Divalve clams. In April 1981, the NRC fssued 1E Bulletir No. 81-03
*Flow Blockage of Cooling Water to Safety System Components Dy Corbicula 5P
(Asiatic Clam) anc ™ tilus 8P (Myssel) " to nolders of operating Tcenses a~°
construction permits The bulletin required the submittal to NRC of informat
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on the known occurrence of fouling solluscs 1n the vicinity of nuclear power
plants and on inspections of plant equipment for fouling, 8% well as § gescrip-
tion of methocs (1n use or planned) for preventing and detecting fouling yh:
epplicant responded to the bulletin on July 8, 1!21 (letter from J. Devincentis
PSaH, to B. M. Grier, USNRC Region 1) and acknowleuged the presence of Mytilys '
sp. in the Seadbrook site vicinity. Although the safaty-related osbocts!§7""
plofouling at Seabrook will be addressed fn the safety evaluation report, the
environmental fmpacts of biofouling control measures on receiving water au.11:,
end sguatic biota are addressed in this environmenta) statesent (Sections 5.3.1

end 5.5.2).

!izp!rios

Fisheries of the Seabrook site vicinity were driefly discussed in the FES-CP
and in more detail in the NRC Alternative Site Study for Seadbrook. The ER-OL
(Section 2.1.3.4) and ER-OL Revision 1 provide updated and detailed giscussions
of fisheries resources and harvests within an 80k (50-mi) radius of Seadrocx
The following discussion summarizes the recant information.

The coasta) fishary resources within BD ke of Seabrook include harvests of fin-
fishes, mo)luscs, Crustacesns, anc sedweeds from severa) counties within three
states--New Hampshire (Rockingham Co. ), Maine (York Co.), and Massachusetts
(Essex and Suffolk Counties, anc portions of Norfolk and Plymouth Counties).

Marine recreationa) fishing occurs throughout the region within 80 km of Sea-
prook. Estisated harvests during recent years are shown in Tadle 4.5. The
principal finfishes harvested have been cod, flounder, sackere), poliock, seelt,
cunner, herring, scup, @nd tomcod Soft she)) clams are harvested in al)l three
states. Lobsters are harvestel secreationally in Ne~ Mampshire and Massachusells
Lobstering in Maine 13 restrictec io commercia) harvasting. Within New Mampshire,
recreationa) harvests of finfish nymoered 1,375,000 'n 1979 (Table 4.5) anc
744,923 in 1980 (Table 4.6). The principal species taken were pollock, mackere
flounder, cod, haddock, smelt, and cthers (New Mampstire 1961). The estimatec
harvests from Mampton Warbor are shown in Tadble 4.7. Fish stocking programs are
conducted by the State of New Mampshire for the purpose of managing anc enhance
fng the stocks of coasta) anadromeus fishes, such as American shag, cohe sa'mer
and chinook saimon (ibig). About 1187 coho salmen were estimated 10 have Dee”
cavght by anglers fn tigal waters curing 1980, compared with 314 guring 1872

Marvesting of soft shell clams {s restricted to recreational fighing in New
Mampshire. The number of recrestiona) license holders was 221% in 1979 anc
8062 in 1980. An estimated 5000 pushels of clams were harvested from Mampic®
Marbor during September 1980 through May 1581 (ER-QL Revision 1 Tedle 291 .3-2)

During the period 1971 to 1976, recreationa) Parvesting of clams in Wamption
Harpar was intense 8nd the stock was nearly depleted (Lingsay). The spatfal’
density of soft shell clams in Wamoton Marbor during 1976 was large and in-
creased 20-fo)d above that of 1875 (ipig). During 1977 through 1580, the spat-
fo)) density has been lower than (n 1976, but improved compared with the leaner
years of 1973-1975 (Norwandeav R-383). Similarly, the densities of juvenile
and adult clams have steadily increased through 1980 (Norsandeav R-366) The
spatfal) during 1981 also was good. and the clam stock of Mempton Marbor does

Seabrook FES



$.3 Water Use and Mydrologic ITmpacts
’-’-‘ *u' Q“‘“‘,

The fmpacts of station chemica) discharges on the quality of the waters fn tre
vicinity of the discharge structure fn the Gulf of Maine were discusseg in the
FES-CP. The staff did not fdentify any adverse fspacts on water quality nor
any expected violatfons of the water quality standards established for the
waters by the State of New Wampshire as & resyult of the discharge of sanitar
systes wastes or fndustrial wastes (such Gs demineralizer regeneration ‘O]u"
tions, reactor coolant chemicals, secondary ccolant feedwater treatment chem: -
cals, and precperationa) cleaning solutions). Because the use, treatment. and
discharge of these chemicals has not changed since the FES-CP was pub)ishes
the assessment therein remains unchanged '

As indicated in Section 4.2.5, the proposed treatment of the condenser anc
service cooling waters has changed significantly from that presented in the
FES-CP. The potentia) for this revised trestment scheme to adversely impac:
site water gquality is discussed delow

The addition of chlerine to the station cooling waters will Tikely result in
severa) organic and fmarganic halogenated compouncs being discharged to the
waters of the Guif of Maine. The exact composition of the station gfscharge
will De affected Doth by the water “uality of the intake water--primarily the
pH, salinity, and ammonia content -ang by the leve) to which the cooling waters
are chiorinated (the halogen-to-ammcnia ratio achieved In the waters). It fs
possible, then, that the discharge composition from the station will vary in
both types of compounds formed anc the r concentrat on, depending on whe'ter
the station employs booster doses of diocide or 1s able to operate only on the
continuous low-leve! biocide application

Studies of the site waters performec for the applicant indicate generally
stadle water quality congitions in the Seabrook ares, but with some seasona’
cycling of parameter velues. Temperature 15 Lhe most obvious of these varia-
tions and s important in determining the onset of spawning and the subseQue~’
settling of marine fouling organisms at the site. Thus, water temperature 's
likely to be the determining factor 1n Lhe initiation and termination of t™e
continuous phase of biacide application. The applicant has cited the blue
sussel, Mytilus edulis, as the major fouling organise for the Seabrook s'te
The identified setting period for this organism 15 May through Octodber when
water temperatures range between 10°C to 15°C. Setting has baen reportec 11
New Englang, sccording to the applicant, at tesperatures as Tow a8 8 to 9°C.
however. The applicant, therefore, anticipates & need to continuously cnhicr -
nate station cooling waters when the weter temperature rises above 7.2°C (a%°F
unti) the water tesperatures fall delow this value in the fall of the year
(response to staff question 251 19) This would typically correspond to the
Way through October time frame (FES-CP Section 2.5.1.3 and response to sta’f
quastion 291.19).

Continvous application of biocide curing these Limay {s designed to provice
sufficient bDiocide presence in the coo)ling waters 0 that an environment hos~
tile to mussel larvae attachment woul@ exist LAroughout the station 2o0l ng
wolér system. Witlh an {nitfa) concentration of 2 mg/) tota) residua’ ox'Can’
(based on four chlorinators yrjecting o total of 385 5 kg/nr (848 10/nr) o

.~
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eguivalent chiorine into a cooling water flow of 3119 a¥/min (824,000 gpm))
susse! setting s not 1ikely to occur in the station intake piping. The a.ér..
and spead with which this inftial biocide concentration is reduced in the sys-
tem piping ere dependent on the inftial compounds formed froa chlorination ans
the chiorine desand of the intake water. (The entire desand of the {ntake water
fs not femediately satisfied by the station chiorinators because they utilize a
sidestream of the intake waters and then mix this treated watar with the remain-
ing intake water.) The type of chlorination products formed in the intake sys-
tes may be deduced from the smount of chlorine added, the salinity, ammonia
concentration, and pH. Using the average values provided Dy the applicant,
studies by Inman and Johnson (1978) anc Sugam and Helz (1980) would precict
that the oxidants formed wou'd be comprised nearly entirely by hypobromous acid
and bromamines (that s, in excess of 95-97% of the total oxidant formed).
Monochloramine formation would be extremely limited, 17 at all.

Assuming complete mixing at the initial injection locations (the station in-
takes), residual oxidant concentration degradation during the transit of the
_J0ling waters from the offshore intakes to the intake transition structure at
the station wou'ld be expected to range Detween 60 to 70%, (1.e., 1.2 to 1.4 mg/?
reduction) for one-unit operation, and 35 to 40% ({.e., 0.7 to 1.2 mg/) reduce
tion) for two-unit oparation, using values available in the 1iterature (Wong
and Davidson, 1977, and wong, 1980). Seadrook site-specific studies by the

_applicant (ER-OL Section 5.3.1) indicate values ranging from 0.8-to~1.24 ng/1,

with an average of 1.0 mg/1 over a l-year period. The applicant expects that
the chlorine demend experienced curing station operation will exceed 1.0 mg/).
Based on the values given above anc the fact that these studies were conducted
in seawaler alone and, therefore, co not account for any eadditional demanc that
say be encountered in the station piping from bic7ilms surviving, the staf’
concludes that the applicant's characterization cof the system oxidant demanc

is reasonable. This demand would seem to negate the need for booster doses

of chlorine on the intake side of the cooling water system (at either the ntaxe
transition structure or the circulating and service water pump houses, see
Figure 4.5). However, the studies Dy wong and Davidson, 1977, indicate that
oxidant demand occurs in two distinct phases of greatly differing rates, witn
the division in times Detween rates occurring at about 1 hr after oxicant
introduction. Alse, at this point in the cooling water system, piofouling growt
rate is known to be consideradbly more vigorous because of the increasec temceras
tures experienced in the station concensers and service water heat exchange-s
adgition, biocide exposure to the heat transfer surfaces is short (for exar: e,
16 sec in the main condenser) and cperationa) experience (ANL/ES=12, 1972) nas
shown that the greatest effectiveness in this pertion of the system {8 attaines
through exposu=e of the biofouling film to free available oxicant as a resuit
of its greater oxidizing capacity over combined available oxidant. The free
available oxigant resfdua) would only be likely to occur in the condensers anc
service water heat exchangers from a booster dose applied at the pump houses
Thus, during the period of the year that continuous chlorination is practicec,
sdditional biocide fnjection is considered likely to be necessary by the sta‘f
st the pump houses. During the remainder of the year, biocide addition wo.'C
occur at these same points for the reasons cited above, unless thersal backs
flushing {s employed. Booster cose oxidant concentrations have nol been
estimated by the applicant. However, it fs stated (ER-OL Section 5.3.1) that
the injection rate will be controlled so that the saximum tota’ resicdual ox 22’
at the discharge transition structure will be 0.2 mg/) or less.

Seadrook FES



T o T L T T R T T e P LTy, e T —— = e >
\

Over the remaining 43 min trave) time® from the discharge tran {

to the station diffuser, additiona) decomposition of ox?aant'r:s%;::1’:;thur.
Oxfdan’ desand appears to be continuous and continually cranging {n ,.t.y°°ci"r'
the Lime perfod experienced in station cooling system passage. ‘ddilion.1:.
Wong's 1980 study showed an increase 1n oxidant desand with both water ;.mpz;..
ture and inftfal oxidant concentration. The higher the water temperature for a
given oxidant concentration, the greater the change in oxidant desand over time

On this basfs, the staff concludes that there is 1ike) to be

total residual oxidant cencentration in the station di{charg. :1::c;::;.g;: "
leve] maintained at the discharge transition structure. The cancentration at
the statfon diffuser would likely be below 0.2 8g/1 but & more precise estimate
of this concentration cannct be made on the basis of currently availadble
information.

In addition to the presence of the active residual oxidant species in the sta-
tion discharge mentioned esrlier in this section, other halogenated compounds
say be formed and discharged as a result of cooling water chlorination at tre
station. Studies conducted by Bean, et al. (NUREG/CR-1301) indicate that tre
principal haleform found in chiorinated seawater is brosofors. In samples of
Pacific Ocean water collected near San Onofre with a pH of 8.3 and o calculates
applied chlorine concentration of from 2.9 89/) to 3.2 mg/), bromoform concen-
trations of 13.0 pg/1 and 17.0 ug/) were measured. Trace asounts (that is, less
than 0.5 pg/1) of chlorodibromomethane were alsc measured. (This latter com-
pound, along with dichlorobromomethane and chlorofors, was found in chlorinated
estuarine samples comprised of about 50% fresh water.) Other volatile organic
compounds, trichlorcethylene, and toluene were also detected but their concen-
trations were not noted. Similar sampling (Bean, Mann, and Neitze), 1960) at
the Millstone Nuclear Power Station (intake water ;% = 8; chlorine injection
concentration = 2 mg/1) indicated dromoform concerirations averaging 3.7 pg/)
fn the station discharge, chiorodibromomethans concentrations dveraged 0.4 ug/)
(that is “trace” amounts similar to San Onofre samzling). The staff concluces
from this field sampling that bromoform will 1ikely be the principa) halogenates
erganic compound present in the Seadbrook Station discharge. Availadle data
support an estimate of about 15 pg/) for the concentration at the discharge
structure.

Discharge of station cooling waters will be through a submerged offshore m. % -
ple port giffuser (Section 4.2.3). Impacts to the water quality and aguat'c
biota in the vicinity of the gischarge will be mitigated by the high dischrarze
velocity and the rapid mixing of the effluent with unchlorinated water entra e~
in the discharge plume. The applicant reports (ER-OL Section 5.3) that the
dilution afforded the efflvent in the receiving waters s 10 to 1 by the time
the plume reaches the ocean surface. Expected tota) residua) oxidant concertra-
tion at this point in the piume is 0.02 mg/) or less, depending on the amount
of degradation of oxfdant residual occurring in the cooling water system beyora
the Tast booster dose addition point or the discharge transition structure anc
on the amount of reduction of residua) through chemica) interaction with the
oxidant demand of the entrained ambient water. In a study (Norsandeau Asso-
clates, 1377) of the characteristics of the circulating water system and its
performance under normal two-unit operation, &n approximate B-fold dflution of
the discharge fs projected to occur within 32 sec of discharge. The estimatec
volume of water in the plume to this point in time and @) )ution is 3700 m

"Quring two-unit operation, trave! time for one-unit operation 1y 8% min
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(3 scre-ft). Ignoring demand resactions, this represents a residua) oxidant con-
centration of about 0.025 mg/1 st the edge of this plume volume. Beyona U'.‘c'
int, concentrati n of residua) oxidant would continue to decresse as s '.“,.
of dilution, time-related naturs) decomposition, and reaction with ox‘gant- g
desanding substances in the entrained ambient watars in the discharge plume

The staff evaulated the applicant's far-field therma) plume predictions and
estimated the centerline time of trave) of the plume for weak ambient southern
and weak ambient northern currents (0.15 knot) and moderate ambient northern
current (0.40 knot), with average heat transfer rates in all cases. The

0.01 @g/1 &nd C.008 sg/) total residual oxidant {sopleths at the plume center-
1ine were calculated to exist at the fsotherm locations fdentified in the appli-
cant's study, ignoring oxidant reduction by chemica)l reaction. When these
combinations of residual oxidant concentration are plotted against their flow
time from the peint of discharge, the resuiting locus of points would indicate
that entrained organisms fn the discharge plume would experience exposures
below both the acute and chronic toxicity thresholds fdentified by Mattice anc
Zitte), 1976. However, this tisecexposure assessment would only apply to
organisas captive to the plume Mobile organisms, such as fish, would be free
to move in and out of the plume. Studies have shown (NUREG/CR-1350) that fisn
have the ability to detect and in fact, given the opportunity, will avoid areas
containing residual oxicants at values as low as 2 wg/1 tota)l residual oxidant
(coho salmen).

Studies by Gibsun, et al. (NUREG/CR=1297) on the esastern hard clam (Mercenaria
sercenaria) and the Atlantic menhacden (Brevoortia tyrannus) indicatec that the
thresholds for acute effects for these species from bromofore exposure Are very
auch greater than the amounts that have been obser.ed to be produced in power
plant chlerination subletha) effects were notec, but alsc at concentrations
above those cbserved in power plant chlorination The discharge of halcogerate:
organics from Seabrook Station 1% not Delieved 1ikely to cause adverse effects
on aguatic diota in the site vicinity.

§.3.2 Hydrologic Alterations and Floodplain Effects

Construction at the site had already begun at the time Executive Order 113585
Floogp'ain Management, was signed {n May 1977. It is therefore the staff's
conclusion that consideration of alternative locations for any structures
fdentified as being in the floodplain is neither required nor practicadble

The floodplain {s de’ined as the lowland and relatively flat areas acjoini=g
inland and coastal waters, subject Lo & 1% or greater chance of flooding ‘n a-
given year. For the Seabrook site, the floodplain {s {n the low lying sa't
sarshes surrounding the tida) tone in the estuary of Mampton Mardbor, to ihe
north, east, and souih of the site. Flooding at the site would De caused Dy
sither heavy precipitation or @ storm surge cavsed Dy northeasters or hyrricare

The 100-year flood was conservatively estimated by the applicant to be 10 feel
pean ses level (MSL), vsing Lhe Federa) lnsurance Aaministration (FIA) stucy
for Salisbury, Massachusetls. Although this study was performed for & Coasta
Yocation 23 ke (14 ailes) from the Seabrook site, the water level is higher
than that of the predicted 100-year floods at the site, at Portlang, ME, anc
Boston, WA Tadle §. ) shows & COmpArison bBelween the spplicant's estimatec
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RESPONSE:

During the OL Stage Eavironmental Review site visit, the applicant
indicated thet & continuous lowv level chlorination system may be
proposed for biofouling control inm the station circulating water
system. Provision for such a system {s being made during the
station's construction. This systea would be used instead of the
thermal backflushing system currently described as the biofouling
control method in the ER. Provide a description of this
chloriustion system, as proposed, including:

) frequency of biocide application

o application points

o expected duration of application

o amount of biocide to be used during asch spplication

0 concentration of biocide to be attained 1o the system

o expected total residual oxidant to be present at tha point of
discharge

° 1( intermittent application of irregular (e.g., seascnal)

° duscride ary supplecental blofouling control schemes (e.g.,
periodic shock chlorination of all or part of the systes)

Provide a discussion aod bases, therefore, of the expected
environmental fmpact that this chlorinaticn system would have
during station opetation.

System Description

The preferred biofouling control method for the Seabrook Station
circulating vater system is continuous low~level chlorination.
Seabrook Station is designed with the ability to comtrol
biofouling by either thermal backflushing or chlorination. A cost
analysis for both generating units indicates that backflushing on
s schedule of twvice a sonth during the fouling season and once a
sonth duriog the rest of the year would cost approximately §3
sillion per year. If a schedule of backflushing only once & month
during the biofouling season is possible, the cost will be reduced
to approximately $1.5 sillion per year. Continuous lowv lavel
chlorioation during & sisilar fouling sesson at an fojection level
of 2.0 mg/l will cost approxisately $1.4 willion per year.

While the costs for beckflushing end chlorination are similar for
the minisis expected treatmant, backflushing poses the potential
of & much greater economic loss. The procedure to reverse the
circulating vater flov {e complex and has the potentisl of
inducing hydraulic and thermal transients which could result in a
plant shutdown. The resulting loss of electrical generation could
be considerable, approaching $1 sillion juet to bring the two

applications are anticipated, so describe
onits back to 100% power. Additional losses could also be
\
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focurred including the delay required to realign mechanical and
electrical systems before the plant could resume full powver
operation.

Sodium hypochlorite solution, the biocide to be utilized i(n
chlorination, will be produced on-site by four hypochlogite
generators using 1,200 gpe of seavater taken from the circulating
wvater system. These generators are capable of producing a total
of about 848 pounds of equivalent chlorine per hour in a
hypochlorite solution. This will be injected at & dosage of adout
2.0 mg/l of equivalent chlorine into the circulating water
system. A block diagrem showing water usage, chlorination
1a)cc;19n points and residence tizmes is provided in Figure

2’1:1 ‘10

The sain injection point of the hypochlorite solution will be at
the throats of the three offashore intakes spproximately three
ailes fros the site. In addition, other injection points are
availsble in the intake transition structure, the circulating
vater pump house, the service vater pump house snd the discharge
transition structure should 1t be necessary to inject booster
dosas of hypochlorite solution to maictais the chlorine residual
nigh enough to prevent blofouling of circulating and service vater

systems.

There is the possibility that cthe injection of 2.0 g/l of
equivalent chlorine in @ sodlum hypochlorite solution continuously
at the iotake structures may not be sufficient to prevent foullng
{o some areas of the cooling and service vater systems. The decay
of chlorine in smbient sesvater could reduce residual levels belov
those required for effective blofouling control. As & result, the
sddition of booster “shock”™ doses at the circulating and service
vater pusps may dbe Yequired to maintain these portions of the
systen free of fouling organisms. Vhile the frequency and
duration of boostar dosage will be dependent on operational
experience, it is expected that these will occur primarily during
the wars water sonths when settling of fouling organisms is
highest. A chlorine sinimization program is expected to be
conducted at Seabrook Station. Here the level of oxidant will be
monitored to provide effective control of fouling organisms within
the cooling water systems vith sinisal relesse of oxidant to the
receiviog waters. 1f it 1o detersined that chlorication is not
completely effective io the control of fouling i{o the iotake
tunnel, backflushing will be utilized occasionally to provide

additionsl fouling cootrol.

Chlorioe will be injected at & rate such that e concentration of
0.2 mg/) total residual oxidant and seasured as equivalent Clp

{e ot exceeded 1o the discharge tranpition structure. During the
4)-mipute trageit time (for ooe unit operation, traneit time i#
approximetely tvice as long) from the discharge trensition
structure to the diecharge ditfuser, the totsl residual oxidant
vill continue to decrease through iocreased decay at slevated
vater temperatures. The total residual oxidant concentration
relesse vill theo be diluted by the diffuser flov, approximately




10 to 1, and further reduced through additional cheslical react.ons
vith smbient water.

Chlorination Chemiscry

The chlorination of seavater resul?s {p ap i{mmediate coaversion of
hypochlorous acid (HOCl) te bu'h hypobromous scid (HOBr) and
hypoiodous scid (HOI), yielding chlovide tons (C17). This

results in no loss of oxidizing capacity. EPRI (1980), revieved
literature referencing the resctious of chlorine io seavater.
Here, Johnson (1977), reported this .nitial reaction to proces’ to
502 coeplecion within 0.0l minutes while Sugam and Helz (1977)
{ndicated It ‘% be essentially 992 complete within 10 so onds.
Referencun by £PRI to Sugewvara end Terada ()953) and Carpanter and
Macaldy (1976) revealed tnat iodine i{n seawniar 18 {0 an oxidized
state, as iodate, and unavailadble te rosct wie¢h hypochlorous
acid. Bromide, oo the other hand, s described as being 1. awvple
supply, estimuted at 68 mg/l, and adble to conuuae sore thar 77
ng/l of chlerioe according o Lawis (1966).

Hypobromous s:id under the ronditions found at Seabrook, partially
dissociates Lato byposromit: {oas (OBr™). Both items are
considerad to be the res evailable or residusl oxidant. Free
residual bromice 18 wore resctive thao free vesidual chlorine, yet
enters into the same typs “tictioos.

The decay >f chlorioe Lo dst7al seavater is extremely variable.
Goldman, et al. (1978) (ndicsied that losses due to shilorine
demand cccurred 1o tvo stages & firet very rapid and significant
demacd fsllowved by a contic.ous (o8 &t & reduced “ate. They
{ndicated that in vatursal swevater, the tvo sizute ¢hlorine demani
ranged from 0.42 - 0.50 mg/1 folloving an inlidnl chl rine dose of
1.02 mg/l end 2.88 mg/l, respectively. Hostgaard=~Jansea (1977)
{odicated that io Dendark, seavater reduced an faitial chlorine
dose of 2.0 mg/l to 0.5 mg/l withio 10 minutes, and to 0.2 mg/l
after 60 mioutes. Fava and Thomas (1977) described recent studies
on ehlorine dewand, giviug & value for the desand in .lean
seavater of 1.5 mg/) 1 10 mioutes, sod values from 0.035 te 0.6l
mg/l with & S-minute cootact time €0 values of 0.50 to 5.0 mg/1
vith & J=hou cootact time (o coastal vaters.

Prederichk (1979) examined the decay rate of equivaient chlorine in
sesvater samyp'as at Seabrook. It was found that the decayed
asount at any :imv appeared to vary from month to month over &
parrov range - wd rhat the amount of equivalent chlorine decayed,
rose with eitier time or an iocreased inacculation, indicating
that there way ot be & fixzed chlorioe desand level. Based oo a
2.0 mg/l iujection dose, the dats indicates thet the chlorine
decay in saavater after » 120-minute period averages 1.0 mg/l over
e tvelve-acush period. Values ranged from 0.6 mg/l to 1.26 ag/l,
e decay of 40 to 62, respectively. Further decay at Seabrook
Station is expected to occur due to the slevated temperaturas

vithin the cooling water system. Operational experience, hovever,

vill allowv quantification of the chlorine decay in sesvater. In
soy case, the chlorise iojection rate vill de such that 0.2 mg/!l



or less total i« #idual extdant will be maintained at the discharge
trane® jon strucrure.

The products f-om chlorinazion depend upon pH, salinity, the
costantration of smmonia-nicrogen and organic carbon in the
cociLdin ¥'ver, temperature, pressure, and the concentration of the
sppliey chlorine. Normally, the conversion of hypochlorite to
hyoobromite prevents the production of chlorasices, ylelding
btvaamine analogse.

W,z the sxception of “emperature, the physical and chesical
oavametdtd of thp Atlantic Ocean at the fotake and discharge
structures do oot vary siy.‘ficantly throughout the year (Tadle
291.19-1). In the mariuc¢ environment, pH generally remains
constant due to natural bufferiaog capacities, however, even withio
the narrov range of pH values at Seabrook (roughly 7.8-8.4), the
propartions of hypobromous ecid and hypobromite iouns can be
aflacced.

The presecce of ams'». in chlorinated seavater has & significant
ef fuct on the coonce t' f2'ion of residual oxidants. Sugam and Hel:z
(1%77) av referesced ‘v IPRL (1980), determined that at pH 8.0 and
wvith a 3% ppt aullitty, vesvater containing 0.15 mg/l smmonia
dosed at 0.5 mg/l :hlorine, would result {o ao equal formation of
chloraai-ns and hynodromius acid-hypobdbromite. A decrease io
either pi or smmv id-oit ogen reduces the rate of chloraaine
production. Sugaz and Helz aleo found that in seavater wvith
ammonia concentratiory of 0.01 mg/l, tribrczamice 18 the ounly
combined bromine ‘zafiual formed. At ammoria concentrations of
1.0 me/l and & p¥ o! 8.0, the residual was computed to be eotirely
that of combined browine (702 dibromamice, 251 monobromamine and
2 tribrosamioe), 1o norsal seavater, the major residual oxidants
from chlorinatiny #ould be either free dromice and tridbromamine or
dibrosamine snd senochloramioe depending upon the ammonia
concentration av< halogen-to-nitrogen ratios.

At Seabrook Si.ailon free bromine and tribromamice will dominate
as smsonia-nilirrgen levels are releatively low, 0.01 mg/l to 0.09
ag/l (Frederiz. 1979). Both dibromamine and tribromamine are
unstabdle, det w os.ug to nitrogen gas and bromide ions or oitrogen
gae, bromide lons end hypobromous acid, respectively.
Decompoeition from tridomamine results in roughly 902 decay in
approximately 30 minutes depending upon enviroumental conditions.
Based oo the chemi:al reactivity of residual bromice, the
oxidation of orprnic carbon (amino acids) with free bromine to
form organic browas/nes is apother possible reaction.

Ecv.romphecy (1981) iadicated that salinity and the toxicity to
¢aboriraced seive ar vere positively correlated, deascribed as @
lowa: Tdetiour ind aB~hour LCS0 (the concentration at which there
(s SO0 mortalivy »f & species over & 24~ or 48~hour exposure
seriod. The causes of these lover values are unknown but
uspected to be related to the chemical i(nteractions at higher
salicities and the physiology of the species. EPRI (1980) also
revieved data pert nent to selinity and toxicity. It vas




indicated that an evalustion betwveen the two was complicated by
the fect that the chesical form, concentration and duration of
residual oxidant specirs are aleo affected by salinity. At
Seabrook Station, the salinity is relatively high snd stabdle,
hovever, the dilution and chesical resctions of bioclides with
smbient waters upon discharge and the subsequent limited period of
exposure reduces these effects.

Wong (1980) fndicated that for a given dosage and cootact time,
residual chlorine coocentrations vere seen to decresse
systematically with focreased temperatures. Higher temperatures
vere found to yield higher chlorine demands. He suggested that
this iocrease in demand represents rescticons with organic
compounds that normally do not resct et lower temperatures.

Verious affects of tempersture oo the toxicity of chlorinated
cooling water have also been reported. Ilovestigations have found
temperature effects to range from producing oo change io toxicity
to vhere increased temperstures have incressed toxicity. EPRI
(1980) suggests that the synergistic iotersction betwesn
temperature and chlorinated cooling weter would oot be great for
species residing (o the ares of tho thersal plume.

The halogenated compounds expectcd to be relessed ioclude small
concentrations of hypobromous acid, hypodbromite icoums,
tribromamine, dibromanine and monochloranise. The actuel
concentrations are expected to be extremely small and the
percentages are expected to vary depending upon the environmental
conditions, chemical resctions through recevad ssbient demands,
dilution and photochemical coaversions.

Piocides entering the receiving weters via the Seabrook Station
discharge are diluted by & factor of 10 to 1, as descrided in
Sections 5.1 and 5.3 of the ER-OLS. As previously sentioned, o
total residusl exidant coocentration of 0.2 mg/l, measured at the
discharge sSransition structure, will further decay during the
Li-mioute transit vise chrough the discharge tunnel. Additionsl
reduction through the decay of oxidant is expected to occur upen
the relesse froe the cooling system into the receiving vaters.
Losses of total residusle ere expected through reneved smbient
chlorine docay throughout the vater column and reactions bdetveen

the oxidant snd ultraviolaet light which results io @ light ioduced

oxidation of hypobromite to brosate reducing the concentration of
free browmioe.

Thus, io considerstion of the total dilution factor and the
reductions sssociated with chemical loteractions wvithin the

receiving veter, ao equivelest chlorine conceotration of 0.02 mg/l

{s expected at the surface approximately 70 seconds after
discharge. Beyond this sres, the concentrations would stesdily
drop off with incressed dilution. Chesical and photochesical

resctions promoted by solar irradiance will further reduce oxidant

concentration io the receiving vater.




Fouling Community

Marine fouling orgenisms can be dividngd (8to two genary.
categories, macrofoulers and microfousers.

Macrofoulers are those that cause nubstantiasl hydraulie-
restrictions to cooling water flos (primarily the blue mussel,
Mytilus edulis; the horse asussel, “odiolus modiolus; barnacles,
Bolanus pp.; snd hydroids, Tubularia spp.). The microfoulers are
ttose organisms which form mats or films oo hea: vxchange
surfaces. Io the Nev England region, the blue mussel is generslly
vegarded as the macrofouling orgacisa of greatest concern.
Microfoulers, microscopic oryanic and imorganic particles,
aicrobes avd microscopic animsls anod plauts sre also of concern,
especially in condecsers and heat exchangery.

Mytilus, the majcs macrofouling drganiss found at Seabrook
Station, is presect as & placktnal: rettling larvae from early May
through late October. Heavy set: of larvae 1o February, uuwever,
hare been reported oorth of Portlasd, Malne. As vith all
biolegical components, the ‘recuency awd saguitude of larval set
is dependent oo the previously acutionidl pussical parameters of
the aquatic eovirousent (most cotabdbly tampArATUTE) .

Mytilus spavns primarily whie: the water temperature rises to
between 10° end 15°C. Airer spawning, they remain as

plasktonic larvae for 2 to 3 weeks or as .oug &8 J months duricg
cold vater parfiods. Settling geoerally occurse et this temperature
range, but coc e seen &t temperatures &5 lov &s 8° to 9°C.

Also, resettlesent has beeo found to occur after detachaent from a
surfsce., Control of foullng is usually inftiated io the spricg
wvitd temperatures rise above 7.2°C and contioues until vater
temperatures drop below this value io the fall.

Environmental Assessmect
A level of 0.2 mg/l total residual oxidant or less vill be
seinteioed at the discharge tracsition structure. While the
concentration of chlorine i(njected to maintaino this level depends
upon organiss settliog and the chlorine demand of smbient vater,
it {¢ sesential that the system be maictained free of fouliny
organismy. The concentration of chlorine st the 1ip of the
diffuser 1 expected to be lower thao the 0.2 mg/l weasursd at the
discharge tree.'tion structure. AN immediste reduction in
c.ovanriesion dun to diuchargs dilution further reduces the
torleltr of tha chlorine (o sabient vaters.

To avsluate the effect of this discharge oo the biots io the
vicinity of Seabrook Steclon, ¢ review of toxicity data from open
literaturs for local epacies ves perforsed (Tadle 291.19-2). An
evaluation of this datas has deternined thet the coutiouous release
of total residusl oxidants st concenirations of 0.2 mg/l or less
st the digchacgn traneition nerrcture will not presest
urmanagesble nrress or altes the iocal (ndigencous marice
populatioas. Table .9 y9-) and Pigure 2%91.19-2 provided 1o the



Final Eovironmental Statesent for Seabrook Station, sumsarize
additiocpal chlorioe toxicity data on marine life. The lines
enclosing the data points wvere arbitrarily drawn by the NRC graff
and depict the short dursation and chroanic toxicity thresholds for
the species revieved.

The exposure time must be coosidered in order to evaluate the
toxicity of releassed chlorine to marioe organisms. At the lip of
the diffuser, exposure time is extremely limited. Here, rapidly
entrained sambient seaveter and & discharge velocity of 15 feet per
second (7.5 feot per second for 1 unit operation) will prevent
orgsaisms fros iohabditing this location. Eantrained phytoplsnkton,
tooplankton and ichthyoplankton, sre unatle to maintain themselves
vithio the discharge plume or at the diffuser lip over extended
periods of time. Larger sarice life cannot maintaioc themselves
adjecent to the discharge {o the direct path of the plume due to
high current velocities. Therefore, & combination of very low
concentrations and limited exposure periods prevents toxic effects
from occurring as & result of biocide discharge. Organisas
entraioed ioto the plume will be carried svay frowm the discharge
structures vhere chlorine concentrations wvill be continoually
lowered through dilution and chemicil reaction.

The concentration of total residual oxtdaot relessed by Seabrook
Station is expected to be delov that required te produce lethal
effects (Tables 291.19-2 and 291.19-3). Rapid wixing, diluticn
and chezical resction of relessed bdiocide vith sabient water will
further reduce sny possible toxic concentrations. With iocreasec
distance from the discharge, chlorine conceatration will drop as
sdditional mixiag, diluticn and reactioms occur. Plasktosic
organisas wvhich passively drift ioto the discharge plume vill oot
be subjected to lethal coocentrations for lorg enough durations to
be affected. With rapid dilutioo and & diffuser designed tec svoid
bottom impact, benthic organisms will oot be exposed to continuous
levels of chlorine. Fish species are expacted to be subjected to
limited exposure times and sinimal concentration which wvill
pitigate possible effects to discharged biocidas.

Mattice and Zittel report that sussel attachment is prevented at
concantrations of 0.02 to 0.05 mg/l of chlorine, however oo
sention is made a8 to the vethod of analysis which could allov for
considerable variation. Sioce the iotegrity of both the cooling
and service vatear systems depend upon thesm remainiog free of
obstructions, orgacisas sotering the iotake tuncel should not bde
elloved to settle. A coosiderntion of the power plant estrainament
time, the ambient chlorine decay and the delta~temparature which
echances halogen dissociation, allows for the injectics of 2.0
mg/]l of equivalent chlorine to effectively control biofoulicg
while relessing sinimal son-toxic levels of ozidaut futo the

environment.

It is concluded that the environmeotal ifmpact of the coatisuous
relesse of oxidant at Seadrook Station will not sdversely affect
the local indigecous marine populations. Operating experience
coupled with & considerstion of the cyclic seture of foulicng



orgenisms say minisize the use of blocides during pericds when
biofouling is oot as significent & problem. Sections 1.6, 5.) and
10.5 of the Seabrook 3tation ER-OLS have been rev' .ed accordingly
to raflect the above fnformation.
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Seavater Sample Parsmeters

TASLE

291.19-1

Kjeldahl=N Temp.
Date (ag W/1)  £°€)
6/29/76 <12 15.00
7/29/76 17 .7
8/26/76 .11 14.92
9/28/76 .11 12.42
10/26/76 .16 8.54
11/30/76 .12 6.92
12/30/76 .09 2.34
1/26/77 .16 0.50
2/23/17 .09 0.00
3/29/77 .05 1.80
&/21/77 .07 5.68
$/26/77 .07 5.99
6/30/77 .06 10.99
Source: Frederick, 1979

Salinity

I
32.16 8.4
33.34 8.3
33.87 8.15
33.61 8.3
34,42 8.0
3%5.13 7.8
35.12 7.9
36.06 7.8
34.76 8.35
33.70 7.95
34.16 8.1
33.34 8.2
33.24 7.8%

Anmonia~N

(mg N/1)
00’

.07
.04
.07
.08
.09
.07
.09
.05
.01
.02
.01

.o‘

. Total
Organic Carbon

__(eg €/1)

1.0
1.0
8.5
24.0
18.0
2.5
7.0
3.0
1.0
1.0
16.0

3.5
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ER-OLS
3. HEAT DISSIPATION SYSTEM
3.4.1 System Concept and Ressons For Selection i

The information presented in the Seabrook Statfon 1| & 2 ER~CPS regarding
the once-through systes concept and ressons for selection is unchaiuged.
Sone changes, howvever, have been made to system epecifications resulting
from regulatory actions [9, 10, 11] and are descrided below.

3.4.2 Description of Heat Dissipation Systes

3.48.2:3 Genersl Specifications

The quantity of heat dissipated by esch of the two units at Seabrook Station,
the resultant circulating vater condensor temperature rise, and the quantity
of ocean vater provided to each unit, including the additional flow for

the service vater haat exchanger, ere the same as originally proposed (ER~
CPS, Section 3.4.2). The location of the intake and discharge structures,
ss well ae the tunnel diameters, however, have changed.

As fllustrated in Pigure 3.4~1, the intake and discharge tunnels, each vith
e 19 foot inside diameter, extend to about 7,000 and 5,500 feet offshore
from Hampton Beach, respectively. Travel time through the 17,160 foot long
intake tunnel from the intake structure to the pump-ouse is &4 minutes at
the nominal flow rate of about 6.5 ft/sec, which is 412,000 gpm for each
uait, tncluding 22,000 gpm per unit for the service vater (824,000 gpu
total). The nowinal discharge tunnel travel time i{s 42 minutes from the
condenser to the discharge structure 16,500 feet svay at 6.5 ft/sec. Travel
time across the condenser is only 16 seconds.

A cross-sectional profile of both the intake and discharge systems {s shown
in Pigure 3.4~2. Each tunnel {2 constructed with a 0.5 percent slope toward
the land to allow for gravity flow of vater seepage tovard the plant during
construction and, 1if secessary, during devatering of the tunnel. The intake
end discharge tunnels, for example, have centerline elevations of -175 and
~16) feet below mean ses level (MSL) respectively at the ocesan end, vhereas
the respective centsrline elevations at the plant for the intake and
discharge tunnels are =248 and ~250 feet MSL. Each tunnel is connected

to the surface st the plant by & vertical riser shafc.

3.4.2.2 Incake Systes

The “welocity cap” concept originally proposed in the ER-CPS has been
saintained, and vas chosen because of ite lov potential for fieh entrapment
ae experienced for similer coastal structures (1, 2, 3, 4],

Pigure J.4=1 flluetrates the general layout of the intake gtructures in

Y 4]
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relationship to the discharge structure, vhereas Figure 3.4=) presents the
dimensions as well as the elevation and plan views of the ytructures.

The sominal flow rate at the outer edge of the “velocity cap” 1e 1.0 fps.

Zach of the three intake structures is connected to the 19 foot ID intake

tunsel by @ 10 foot ID riser shaft. The pumphouse circulating vater pumps,
nersl layout, etc., are unchanged from that outlined in ER~CPS Section

$e2ha,

3.4.2.3 Discharge Systes

Various hydrothermal wodel studies (6, 7, 8] have resulted in the selection
of & submerged multiport diffuser as the discharge structure. FPigure J.é-]
shows the general layout of the discharge systes and its relationship to
the intake systes, wheress Pigure J.4-4 {llustrates the diffuser design.

As shown, the 1000 foot long diffuser is connected to the 19 foot 1D
discharge tunnel by eleven vertical cviser shafts, each 4.5 feet in diameter,
spaced about 100 feet apart. Atop each riser shaft are twvo 2.65 foot 1D
nozzles, vhich in turn are approxisately 7 to 10 feet above the sea floor
1o depths of vater from 50 to 60 feet. The discharge flov rate through

esch of the 22 nozzles 18 15 fps.

3.4.2.4 Minimization of Thermal Shock to Marine Life

Refer to ER-OLS Section 5.1, Effacts of Operation of the Hea: Dissipation
System.

3.40.2.% Control of Marine Fouling end Debdris Removel

Refer to ER-0LF Section 3.6 for a complete description of marine fouling
cootrol; debr’s removal is unchanged from that presented in the ER-CPS.

3.6.2.6 Dispossl of Debris Collected in the Circulating Water Systen

Information for this section is unchanged froe that presentad in the same
section of the ER-CPS.

9.9.3.7 Service Water Systee

During normal operstion, the service vater system operation {s unchanged
from that described in the ER=CPS. However, during heat treateent
(backflushing) operation, the service vater i valved to perforw
independently of the circulating water system 46 & completely closed systes
utilizing & sechanicsl draft evaporative cooling tower. FSAR Sections 9.2.1
and 9.2.% contaln & complete description of the cooling tower and its

operstion.
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3.4.3 Hydrographic Survey and Hydrothermal Model Studies

Refer to ER-OLS Sections 2.4.1 and 6.1.1.1 for a description of hydrographic
cesults and surveys conducted for the heat dissipation system, and Section
$.1.2 for a description of hydrothermal model results and studies performed.

). é-)
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3.6 CHENICAL AND BIOCIDE SYSTEMS

3.6.) Ctreulotlgl and Service VWater Systems

The {oformation in this subsection {s changed from that presented 1n the
Sesbtook Stetion ER~CPS es noted below.

The praferred biofouling control wethod for the Sesbrook Station circulating
end service wvater systems i{# cootinuous low-level chiorination. Sesbrook
Station is designed with the ability to control biofouling by efther thermal
backflushing or chlorisation.

Sodius hypochlorite selution, the bilocide o be utilized 1o chlorisation, will
be produced on=site by four hypochlorite generators using 1,200 gpm of
sesvater taken frow the circulating vater system. These geoerators are
capable of producing e total of about 848 pounds of equivelent chlorine per
hour 1o & hypochlorite solution. This wvill be Lojected at & dosage of abou:

2 mg/]l of equivalant chlorine fnto the circulating veter systes. A& block
diagram shoving weter usage, chlorination fojection points and residencs times
is provided in Figure }.6-1.

The main injective point of the hypochlorite solution will be at the throats
of the zhree offshore lotakes approximately three miles from the site. In
addition, other {njectioe poiots are avallable (o the {oteke transition
structure, the circulating water pusp house, the service water pusp house and
the discharge transition structure should {t be necessary to inject booeter
doses of hypochlorite selution to saintain the chlorice residual high enough
to prevent biofoullag of circulating and service water systems.

There 1o the posesibdility that the injection of 2.0 mg/l of equivalent chlorine
in a sodium hypochlorite solution coatinuously et the intake structures say
sot be sufficient to prevent fouling in sose areas of the cooling and service
vater systems. The decay of chlorice in asbient sesvater could reduce
residual levels below those required for effective blofouling centrol. As a
result, the addition of booster doses ot the circulating end service vater
puspe may be required to seintaie these portions of the system free of fouling
orgenisms. While the frequency and duration of booster dosage vwill be
dependent on oparationsl emperience, (t 1o expectad thet these will occur
primerily during the were vater months vhen settling of fouling organisss s
highest. A chlorine misisirzation program (s expected to be conducted st
Sesdrook Staticn. HRere the level of oxidant will be monitored to provide
effective control of fouling organises withio the coc'ing wvater

systews vwith mioimal relesse of oxident to the receiving waters. If {t fs
deternined that chlorination ie uot completely effective in the countreol of
fouling 1in the inteke tunnel, backflushing will be utilized occasionally to
provide sdditional fouling concrol.

Chlorime will be fnjected at & rate such that & concentration of 0.2 ug/!
total residual oxidant and messured as equivalent Cly 1s not exceeded in the
discharge trensition structure. During the él-mioute transit time (one unit
operation treneit time approximacely twice se long) from the diecharge
transition etructure to the discharge diffuser, the total residusl oxidant
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wvill continun to decresse through incressed decay ot elevated wvacer
temparatursa. The totel residusl oxidant covcentretion will theo be diluted
by the ({ftuser flow, appravinately 10 to 1, snd further reduced through
sddivicnel coemical resctions vith sablent wvater

Ant! ialing peiot has been applied to the fotal: rCruccurer aund sccompar  fuyg
verta.sal riser shafte to reduce biofouling pris” te plant operation. Thess
streci res will sot bde subject to fouling uant'' they arv opeced nsar the
dxaigrated station start=up.

The extveme dllution and the slov lLeaching rete of the copper ions from tie
sntifoaling peint will produce very low concentrations.

Liofoullag «ontrel for the exterior of the offshore foLake structure has been
pruvesded ¢ ne wes of copper~uickel sheathing. As with the copper based
palate, the Lus.ning rate of copper fous from the Cu~Ni sheathing is sot
expected to pruduce sny detrisental euvironmeotal effsste. The discharge
vossles will alse he mainteined free of marine foullng; ihe control method,
however, hias mot yet beeno setablished.

Jaforwmation on the chesicals discharned during the prosperational and
operational viagey of the Sesbrook 7is_ion and thei> effects oun the
eovironment cevu ve found in Sectiow. 3.6 and 5.5.2.3 of the Pinal
Environsentsl Statement (FES) «nd Section 5.3 of the YR-OLS for the Seabdrook
Statino.

J.6.2 Industriel Waste System

The informsetion (o this eubsection remains unchanged froo information
presected 1o the Scabrook Station ER-CPS.

).6-2
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5.3 EPFECTS OF CMENICAL AND B1OCIDE DISCHARCES

The foformation fu this section is changed fros that presented 1o Sectlon 5.4
of the Seabrook Station ER<CPS a8 noted belov. .

$.3.1 Chewical and Blocide Discharges

The effects of the chemical constituents belng discharged through the
circulating veter SyStes were discussed 1o the ER-CPS Section 5.4 for Sesbrook

Stetion. Additional {aforsation on the discharge concentrations of these
chemicals as wvell as their effects is available in the Sesbrook Station Final
Enviroomental Statement Sectico 3.6 and Section 5.5.2.3, respectively.

Discharge of all chemicals vill be ip accordance with applicable regulatory
agency permits.

The chlorisation of seavater results io en {mmediate conversion of
hypochlorous acid (BOC1) to both hypobromous acid (HOBr) and hypolodous acid
(801), yielding chloride lons (€1%). This results io no loss of oxidizing
capacity. EPRI (1980) revieved literature refereccing the resctions of
chlorine 1o seavater. Here, Johosou (1977) reported this resactiosn to proceed
to 502 completion vithin 0.0l sisoutes while Sugem and Helz (1977) lndicated it
to be essentially 992 cosplete withic 10 seconds. References by EPRI to
Sugavara snd Terads (1958) and Carpecter and Macaldy (1976) revesled that
fodioe in sesvater is 1o av oridized state, as iodate, and unavailadle to
resct with hypochlorous scid. DBroside on the other hand 1s descridbed as deling
tn smple supply, estimated ot 68 ug/l, end adle to consume Wore than 27 mg/l

of chlorine sccording to Levis (1966).

HBypobromous acid under the choditioos found at Seabrook, partiaslly dissociates
into hypobromite fous (OBr™). Both ftews are considered to be free

aveilable or residual oxidant. Free residusl bdromine is wore reactive than
free residual chlorine, yet enters {nto the same type reactions.

The decay of chlorine in satural seaveter Le extremely verisdble., J. C.
Goldman, et al. (1978) fodicated that losses dus to chlorine demand occurred
{n two stages; o firet very reapid and significant demand followed by &
continuous lose at & reduced rate. They iodicated that in naturel sesvater,
the 2= sisute chlorine demsnd ranged from 0.42 = 0.50 mg/) folloving an
{eitisl chlerine dose of 1.02 mg/] end 2.88 ug/l, respectively.
Bostgeard=Jescan (1977) {adicated that io Denmark, seaveter reduced &o initial
chlorine dese of 2.0 ug/l te 0.5 mg/l within 10 mioutes, and to 0.2 mg/l efter
60 minvtes. Fava snd Thomas (1977) described recent studics oo chlorine
desand, giving & value for the desand 1o clean sesvater of 1.5 mg/l in 10
sioutes, sad values froe 0.035 mg/l to 0.41 sg/l for a S=minute contact time
to values of 0.50 to 5.0 sg/] vith & J-hour coatact time 1o coastal waters.

Prederick (1979) exsnioed the decay rate of equivalent chlorize io sesavater
sanples at Sesbrook. 1t was found that the decayed smcunt at any time
sppeared to vary fros sonth to sonth over & narrowv renge and that the asount
of squivalent chlorine decayed rose vwith either time or an incressed
t{nnoculetion level, indiceting that there may oot b2 & fixed chlorine demand

$.3-1
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put suspected to be related to the chemical fotersctions at higher salinities
and the physiology of the species. BEPRI (1980) slso reviewed dats pertinent
te salinity eud toxicity- It wvas iodicated that an evelustion between the two
wes complicated by che fact that the chemical form, concentration and duration
of residual oxidant species ave eleo sffected by salinity. At Seadrook
Station the salinity 18 reletively high snd stable, hovever the dilution and
chemical reactions of blocides with ssblent waters upen discharge and the
subsequent limited period of exposure reduces these effects.

vong (1980) tadicated that for & giveo desage and contact time, residusl
chlerine concentrations vere seen to decresse oyocooatlcllly vith incressed

temparstures. Higher temperatures vers found teo yield higher chlorine
demands. He sggested that this ilnciesse in desand reprecents reactions with
organic compounds that pormally do sot react at lower temparatutes.

Verious affects of temperature oo the toxicity of chlorinated cooling vater
have alse been reported. lovestigations have found tempersturs effects to
range from producing no change io toxicity te vhere incressed temperatures
have increased toxicity. EPRI (1980) suggests that the syunergistic
fotersction between temperature and chlorioated coeling water would not be
great for species residiog io the ares of the thermal plume.

The halogenated cospounds expected to be relessed include small concentrations

of hypobromous scid, hypobromite locos, tridbromanine, didbromanine snd
sonochlorsmioe. The sctusl concentrations are expectead to be extremely small

and the percentages are expected to vary depending upon the sovironmentsl
copditions, chemicel resctions through reneved smbient demands, dilution and
photochemical conversions.

ng vaters vis the Scabrook Station discharge are
as described io Sections 5.1 and 5.3 of the
CR-OLS. As previously sentioned, o total residusl oxidant concentration of
0.2 mg/l, messured at the discharge trapsition structure, vill further decay
during the é)-mioute transit time through the discharge tunnel. Additional
reduction through the decay of oxidant is expacted to eccur upen the release
froe the cooling systes fate the receiving veters. Lesses of total residuals
ere sxpected through reseved asmbient chlorioe decay throughout the vater
column end resctions betwesn the oxident and vitraviolet light which resuits
te & light=ioduced oxidation of hypobromite te promate reducing the

concestration of free bromine.

Piocides entering the receivi
diluted by & factor of 10 to 1,

Thus, io consideration of the total dilutioen fector and the reductions
sssociated vith chesical interactions vithis the receiving weter, an
equivalent chlorine concentration of 0.02 wg/) 18 expected ot the surface
approximately 70 seconds after discherge. Bayond this ares, the

conceatrations would steadily drop o
photochenicel resctions prowoted by solar irradisnce will further reduce

oxidant concentration fe the receiviag vater.

Eetimates of other eftluent concentrations st various distances froe the
discharge etructure are derived 1o the same feshion as those for thermal

$.3+)
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To eveluate the effect of blocides on the biots Lo the vieinity of Seabrook
Station, & review of toxicity dets from open literature for local species was
performed (Table 5.3-2). An evaluation of this data has detereeined that the
contiowous relesse of total residusl oxidants et concentrations of 0.2 ag/l or
less at the discharge transition structure vill not present unmsnagesble
stress or slter the local Indigenous populations upon release to ambient
vaters. Table 5.3-3 and Pigure 5.3-1 provided Lo the Pinal Environmental
Stetement for Seabrook Station, summarize additional chlorine toxicity data on
sarine life. The lices enclosing the data points vere arbitrarily drawn by
the WRC sctaff and depict the short duration and chronic tomitity thresholds
for the species reviewed.

To evaluate the toxicity of released chlorine to marine organisme, the
exposure time wust be considered. At the lip of the diffuser, exposure tlme
is extremely limited. Here, repidly entrained smbdient seavater end @
discharge velocity of 15 faet per second (7.5 feet par second for 1 unit
operation) will prevent organises froe iohabiting this locstion. Estrained
phytoplankton, sooplankton end ichthyoplankton, sre unable to saintaio
themselves withino the discharge plume or at the diffuser lip over extended
periods of time. Larger marine life cannot maintain themselves adjccent to
the discharge in the direct path of the plume. Therefore, & cosbination of
very lov concentrations, and limited exposure periods prevents toxic effects
from occurriag a8 & result of biocide discharge. Organisms entrained i{nto the
plume vill be carried svay from the discharge structures where chlorine
concentrations will be continually lowered through dilution and chemical
reaction.

The councentration of total residual oxident released by Seabrook Station is
expected to be belowv that required to produce lethal effects (Tables 5.3-2 and
$.3=3). Rapid sixing, dilution snd chesical resction of relessed blocide wvith
ssbient water will further reduce any possible toxic concentrations. With
incressed distance from the discharge, chlorine concentration will drop as
additional eixing, dilution and reactions occur. Planktonic organisms which
passively drift foto the diecharge plume vwill not be eubjectad to lethal
concentrations for lomg enough durations to be affected. With rapid dilution
and a diffuser designed to avoid bottom ispact, benthic organisms will not be
exposed to continuous levels of chlorine. Fish species are expected to be
subjectad to limited exposure times end micimal concentration which will
witigate possible effects to discharged blocides.

Mattice end Zittel report that mussel sttachment is prevenied at
concentrations of 0.02 te 0.05 mg/l of chlorine, hovever no sention is wade a»
te the sethod of analysis which could allovw for considerable variation. Sioce
the fntegrity of both the cooling end service vater systems depands upon thes
remaining free of obstructions, organisms entering the intake tunnel should
sot be allowed to settle. A consideration of the power plant entraimment
time, the asbient chlorine decay, and the delta~temperature which eahances
halogen dissociation, allove for the injection of 2.0 mg/l of equivalent
chlorine to effectively control blofouling while relessing sisimal non-toxic
levels of oxidant into the environeent.

It o concluded that the environmenta! lwmpact of the continuous release of

$.3-5
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Date
6/29/7¢

7/29/76
8/26/76
9/28/76
10/26/76
11/730/76
12/30/76
1/26/77
2/23/M
3y29/M
«/27/17
5/26/177

6/30/77

Seavater Sasple Parameters

ER-OLS

TABLE 3.3-1

Kjeldanl-N Tesp.

_(mg /1) (°C)
.12 15.00
37 9.71
«11 164.92
.11 12.462
.16 8.54
.12 6.92
.09 2.34
.16 0.50
.09 0.00
.05 1.80
.07 5.68
.07 5.99
.06 10.99

Source:

Frederick, 1979

Salinity
s —

32.16
33,34
33.87
33.61
36,42
35.13
3%.12
36.06
36,76
33.70
Je.le
33.34
3).26

]

8.35
7.9%

8.1

7.8%
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June 1982
Total
Assonia-N Organic Carbdon
(mg N/1) (mg C/1)
.09 1.0
.07 1.0
.04 8.5
.07 26.0
.08 18.0
.09 2.5
.07 7.0
.09 3.0
.05 1.0
.01 1.0
.02 16.0
.01 3.5
.04 9.0



“a
c o
w -
- v
> 3 (ssujusioiyl) Siwnpises posjgse)
- Ieepin0 (SmpIeeN (0301
“PRIOU F0JAIIYIO SA[UR S IRPIISI Beij % VOJINIINIING) see
-pRlow FFAINGIS SesjER SHInPY oo
(0861) 1848 w§ Po2j3 o0 sIeas iy o
(8461) “1% 8 “siasqoy drpgeasom g8 8191 [T 01'0-10°0
(6483) 1% 3% ‘siseqey d3grvaace 308 SI-81 F 3 0°0 sediqey epiesnIeg SISl
sejij e[
/e 0
(Biet) Al @ wseyieiae
JelBogi} "1 38 "asw’ peinsasniy o
~a (9e61) ms
.-mw. felBegi) “1® 38 “aem 4 Arjpeiies 3001 009" 11 {001
e (8ee1) Amz
ﬂu felBveE) "% 38 "assany drjgerioe 3001 001 ¢ g &8 spimpe enjiiin
ssajvain
«(8961) 230wy § sesieg 1uspungy ‘1o sjioejissin] sydiensisivg
«(6961) rIomy § 2evieg drjieasoe 1001 ot 14 e-ei
ol6961) 230wy 3 sesisg drggersen 3001 ot 0Ic"y oS
o{4961) 230wy § ssnavg dijgeriem 3106 o 088’ o€
o(6961) ssewy ¢ sesasg dajgeraes andiis (19 o'y ot
ol6961) 210wy 3 sesseg dajgerres anlygs o oy’ i [ -ée ssegdepe ()
ey Jiqineg
13558 13, {wie) (/%) e O esjaady
cdway WO IVING Gee%O) IRiINEIN0)

(11 )% ¢ eeng)

¢ aevi




1982

Revision 2
June

$B 1 &2
ER-OLS

(8L61) nui/(Cis?) mooN

(8¢s1) maijlgiet) o im

(8481) mRL/(EL61) woow

{Eié1) w9
(Ceat) woam

o961} 3w 38 "ajjaeay
(9281} " 1% 30 “egjimeg
el€i81) “1v 3% ‘wseny

drjierios 308

drjivisem 30
Avgiwases gql

daggeraes 37746
Arjgeraes 3y

daggeraes yof
£3pierses 3o
d3yggerres go¢

ig

‘paiow ISjAIIYIC ERIjun 9]

s L8 4
oiy o 01
o8l 1 98 4
081 (9 4

s 2

& st
0%¢ ot
ove' i wo-ti'e
 (wyw) (/%)

S8JINING GeeRiisiINENG

(11 3% ¢ 213%4E)

-0°¢ 3wyl

jesieiNd} sienpjesy peujees)
weeplag [FRpIeey §9iSl
enpieas eaaj e eI INEINE) e
paiow ssjmasyie SeRjes S IRPY e
§3 69 SIEBIN EE

jidaey ‘de snee|ey

e L ]

-ds emjedeie)

“de smivemen

eped vhey

eiu} e sssmeiisng
T, 1ea3) spededg
eetdung se; redg




June 1982

Revision 2

(esmjmuieiu?) seapeey Peeiee]
epINg 1RSSR (SIS

“pRIOE B AIINIC SRS senpjesi s8aj % SSjINIINSINE) Gew
-peres Sejassyie SEO[UR SI|NPV e

(086i) 1843 1 POII 80 S3WEINI0W .
(8iat) nui daygmrses goi (4] (T8l |
(9eei) Al dagperios yoi 09 e
«(¥i61) pooayijy § woiieleg dyyiwiaes o8 14} "o
o(VL61) posagijy ¥ soiiebe] dapgersce 3ol (4] ol 1t
~ seasw;
a3 olLigl) ®mjag 3 welioy drprerics 3o ose’t si'0 iep 1
4 enasw]
s - olight) #3%iag ¢ wolion digywises 3oi oy i o dop ¢
“ awaiwg
elige1) »3myag 3 wolioy daggwiaes 3ol ose't wo dep |
eBasw]
elita1) ®3myag 9 welaoy daggwirases 308 o't LTl dep 1
elii61) #3mpag v wolaoy upgeizes 3¢ 008" v (o w53
olegat) oompag v welaey  Lajyviies 3001 - 570 s ei[sajiese weeiy
s(R41) syoesg ¢ dislang dxggvises 308 ot oi 61°0
(8261) sweeag § 1iedesg dajivraes 308 o ol [ TR |
i Bi41) syeeig 3 raebesg drjiviaes 3oi o1 [y si°t snBusiogepeosd veely
: o(8181) wyoesg 9 1a:eBesg Srygvisem 306 ot TSl | PP SR EGEY
wis
Lt o EECTTT 3)) (e} (/%) T seyredy

‘dual  WOjIRING Geel0)ivIiNING)

(11 3o 9 3eays)

-0°s vl



Revision 2
June |98

(seujesie(yl) S(IRPISEY PINIE

JeepIN0 [PRpieey (wiel

-paicw Fejmisyie ssajua sjempiesi 285 96 BOISIINEINET ee
cparee Fejaleqis seaes S mPV o

(0861) 1842 =1 po3I3 60 SIWBIN0E o

olList) “12 3» “ooon Laggerses 39y €

o(1261) “1® 30 ‘weon dygierses 3% : (o Bueoy
(v61) posagsjy 3 wesieiey dyjiwiaes gof ol ss'0
o(9261) poangijy ¥ Soiieleg daggvraes 30 of et
(SL81) *1v 3% “eizeqey daggvizen 308 o%'¢ (oo
~ e(S261) “1% 38 ‘eiaeqey Liggwrses 3oi ove' 1 60°0 sIpiues Sipiviu
v
- (8461) ARL Lygywises yof o' i ' 1
lM «(9261) "1® 32 "epjaesg dygyvises 3of o' i 0i 0
a w o(9761) “1® 33 "Iy dagywises 3of o' 1 et'o seugBnain; spuesi)
o(9i81) “1® ¥
‘epvIeesn/(giel) Ald daggerses 39 ol 00t (L7
(9481} “1® e
‘epyIwen/(aiet) Al daggvraee 308 ‘0 eet
o {961) 1% s
‘epsresn/(niei) aud érjiwiszes 3o0f 1] (98 4
olL161) "% 38 “ensnde d3giwraes 3001 g §8°2 sjinsany
o(£261) "1 20 ‘easndey escaig g 08t spivsang
(1281} “1v 38 enandu) dagierres 3001 g S50 sjiesang
ol2461) “1* 38 “easnde) [TITRTY g 070 Sllesang SRERIjIsaw S8 IWEINE | PResg
P, 1883) w0 i4
15558 3.) O] {i/%) wed¥eig sejedy
dwe) BOJINING Gee¥Ol 19NINEN)

(11 §® g eeys)

(¢ Fuvi




Revision 2
June 1982

(sonjueio (3] S[PRpIesy peE e

WSePEg [SRPIeeY §FINL
‘POIGE W JRISYIO SERjUS SlERpjess S8 89 SOFINIISEINE]) o0
cPRIee SEjAINIS FINTER SIINPFY oo

(0861) 1843 1 PeII2 0% S38330)% »

{6481 "1¥ 1 "welang d3gpvrace 3of iv ov? g Yo 98

o(6281) "% 10 “moling daggerres gog 1V oti g e ey

o(6261) "I I “weling faggeraos 3o 1V 0y g €0 bl

o(Bi61) 399we),0 § w833 Lajpviaem 3(§5-99 i1V - vi-e ssaam

o~ o(8061) 3owse3,0 v w53 Lajieries 3o( > - e ssarey
svaiw]

bw oli161) womyag ¢ woluey dajviaes got o' i si'0 ey 04
-l *Baiwj
- oliiet) »3mjag 9 woliey dajgvizes gag o' i ot'e imey 9l
" ssaswy

olitst) w3mjag ¢ wolion faygerace 35¢ oee't e ey ov-vi
ssaiej

o{Li61) w3mjag 9 wellaoy drgyvazeos 3o oes' et'e ineg (1>
*|jeeani

(1481) "1v 3o ‘insppin dagrerses gof - %00 dvp o¢
ssaiwg

(2481) 19 1 “qiaeppin faggerses yof - 0°90> dep 31
essinjerd

(L261) “1® 33 “wineppin dyjivizes gof - oo dop ¢

(L461) 1@ e ‘ieeppin poglaey 35 ( - § (00 sisquy (P, 1903) sjjjisuse Besy
P.3883) w94
S3weie ey T [£7% B (T | (/%) eer¥aig cos by
ey WOJINING GeBejImlINe N,

(18 J* o1 r00yg)

I-0°¢ Twvi




$3 1 &2
ER-OLS

Table 5.3-3

Woatesroar: 06 Gwaoo AN dne 0 waven B

Ravision 2

June 1982

(Sheet | of 2)

Sorwn | v Yoo
o - —— — - e a—
e
By
i ot e (R3] e [T — 8
- Clodwnvrowrove ¥ 13 Bel® T by © poos ¢
N arasesavay
LAR
e g
Ul s 4 v
" o SR @AM e e B e grisene .
» e o n Lo e oo @ ¢
s
1412 ) o Tna
n © vy wose Y e Y-y, "
ra s Varsaw e »w Y way e .
» Prastiwonats et ol o e PR v v .
* Pugseree e ) o W ey g .
n e (S 3] L B e gt .
L Chamvmnny s [T ™ W hay e #
> Brcmama oo Gan (=} e L .
. e L= e - WOU pim pwee .
» Cvomodh mme (¥ “e - WY s e .
® e o, mewDra) [ ¥ Va5 e W e e .
N 00 oy el s [ ¥ W e WG way g .
Chary-ang v
L Bl s S o e O war @t 0
» Wsennc W R b 'Y - W - g 5
Pnsongss
v Mos acyns pyviban o b - bere 1 e [T .
e o # e
o e e
=18 -7 tam [ 0 Y ’
Bes ar P
b
o mu
Cavmmnrs "
Tt s B “ w o ¢
W ceutamEn . 1) G W ‘
b
3 e e A '8 15 dame | 0% e ¢
| B fan 100N vy ’
LL LT GO et ’
T AN A - 1 [ Rp— !
¥ A e preem !
»n L v (%) P e G e, ]
i} L R e '
it O e e L '
i¥3 Wws v S N [
R
S 68 T on et coanane) V] o 4 s @ .
e
ba 0 t kemventin iR ’
me
ok EE e
v
e Wona WO Aot e it iw A e '
Bicen g b
L
" Bosnurnaa e s i te .:-,* ‘
-
A E e Lonwgied ) & oo Y evedan
(¥ [ Y5 any C
o 8 o W e .
gV L AP exmeaemrr .



Revision 2
June |982

Source: Seabrook Ststion FES; 1974

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE SUMMARY OF CHLORINE TOXICITY
SEABROOK STATION - UNITS 1 4 2 DATA ON MARINE LIFE
ENVIADNMENTAL RE®PORT
OPERATING LICENSE STAGE

| FIGURE § 3
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10.5 B10CIDE SYSTEXS
The {uformation {s this section has changed frow that presested im the
Sesbrook Station 1 and 2 ER-CPS, as noted belov. .

| The sathod of bdlofouling control selected for the circulating snd service
water systess for Besbrook Station is coutinuous low-level chlorination. As
described 1s Section 3.6 of the ER-OLS for the Sesbrook Station, sodium
hypochlorite solution vill be produced on site by four hyposchlorite gesarators
weing 1,200 gpw of sesvater takes from the circulating vater systes.
Injestion of about 2 ug/l of equivalent chlorine as bypochlorite solutico at
the throats of the three offshore intake structures will provide for the wain
injection polote. Mditional injection poiots are located is the trassition
structure, the circulating vater pump house, the service water pump house and
the discharge transition structure should it be secessary to inject booster

| doses to maintais en effective sotifoulsnt chlorice residual.

|

A coot analysis for both gesersting units iodicates that backflushing oo &

| schedule of twice & mouth during the fouling sesscn and omce & wounth during
the rest of the year would cost spprozimately §) willicn per year. if »
schedule of backflushing only once & wonth duriag the biofouling sesson is
possible, the cost will be reduced to spproximately $1.5 millicn per year.
Continuous lov- level chlorisation duricg @ siniler fouling seascn at an

fojection level of 2.0 wg/l will coet spproximately $1.4 million per year.
Sodium hypochlorite will be fojected at such a rate as to waintalo & level of
0.2 mg/l or lese of total residusl oxidast seasured as equivalent Cl, io the

discharge transition structure.

Vhile the coets for backflushing end ehlorination are similar for the minisum
expected treatment, backflushing poses the potential of & much greater
economic loss. The pronedurs Lo reverse the circulating water flow is complex
| and has the potestisl of feducing hydraulic snd thermal trapsients wvhich could
i result 1o @ plaat shutdowa. The resulting loss of electrical generation could
be considerable, approsching $1 sillion just to bring the two usits back to
’ 1002 power. Additional losses could aleo be focurred including the delay
‘ required to realigs sechanical end slectrical systems pefore the plant could
:
|

resume full power operaties.

Additions] ianfermation is presested in Sections 3.6 and 5.3 of the ER-OLS for
Sasbreck Staties.

10.5-1



When all the valves are out of service, the stesm generator safety valves
provide the relieving capacity required to maintain the steem system within
the design limits.

Mo effects of pipe breaks are considered, since all piping is located in the
turbine building where the effect of pipe breaks will not jeopardice the
safe shutdown of the plant.

1C.4.4.4 Tests and Inspections

During precperational and initial startup testing, the stesm dump systes
vill be tested to verify proper valve performance and overall system dynamic
response as described in Chapter lé&.

10.6.4.5 Instrumentstion Regquirewments

The steam dump system is controlled by & system wvhich compares turbine powver
to resactor power by means of temperature and pressure inputs. The epecific

wode of operation (Tyyy or steam pressure) can be selected through & selector
svitch mounted &t the main control board (MCB). Valve position indications

are also aveilable ot the MCE. The asteam dump control eyetem is discussed
in Subsection 7.7.1.8, and is analysed for the following control modes:

8. Load rejection
b. Plant trip
c. Steam header pressure

Interlocks are provided to block steam dump operations on low-low T.y' to
prevent excessive cooldown of the primary plant and to protect secondary
plant equipment if the condenser is unavailadble, as sensed by the condenser
pressure svitches and the circulating veter pump dreaker positions. Figure
7.2=1 (Sheet 10) shows the functional details and the interlocks pertaining
to the steam dump control systew.

10.4.5 Circulating Water System

The circulating vater system providas cooling water to the main condensers

te remove the heat rejected by the turbine cycle end suxiliary systems.
Discussions pertaining to the interface Between the circulating water systes,
the service water system and the ultimete heat sink are found in Subsections
9.2.]1 and 9.2.5.

10.4.5.1 Design Banes

.. T™he cireulating vater system design is based on an average ocesn
vater temperature of 550F, 4 combined condenser heat load for the
tvo unites of 1.6 x 1010 Beu/hr during normal full-load oparsting

conditions, and an average discharge vater temperature incresse of
39°F for normal operation with both units.
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b, The design of cthe system also includes the capability for furnish-
ing cgolin. water to the service water System, and returning it to
the circulating water discharge flow.

€. The circulating wveter system is designed to operate safely at.
extreme high tide and miniwum predicted tide (see Subsection
2.4.11.2), and to permit operation of the turbine generator during
condenser steam dump conditions without occurrence of & condenser

low vecuum trip.

d. Provisions for continuous low-level chlorination (as shown on Figure
10.4.3A), end heat treatment of the tunnels are ivcluded for control
of fouling by marine organisms.

e. The design of the circulating vater system structurec is non-seismic
Category I, with its components also non-seismic Category I and
non-safety related.

10.4.5.2 System Description

The general arrangesments of the various structures and components cowprising
the circulating vater system ere shown in Figures |.2-46 through 1.2~48 and
1.2-52 through 1.2-55. The circulating wvater system consists of the following

principal structures.

1) Two tunnels connecting the plant site with three submerged offshore
intakes and & sultiport discharge diffuser.

2) An intake transition structure.

3) A pumphouse.

4) A pair of flumes which join the intake transition structure to the
pumphouse.

$) A discharge trancition structure.

6) An underground piping system, interconnecting the pusps in the
pumphouse, the condensers, and the transition structures.

The flow diagrem of the circulating water system is showr in Figure 10.6-).
During normal operatiomns, the circulating water system provides a continuous
flow of approximately 390,000 gpm to the condensers of each unit and 21,000 gpm
per unit for the service water systes.

Starting 260 feet below the plant level (240 feet belov mesn ses level), at
the bottom of vertical 19'=0" finished diemeter land shafts, two tunoels
extend out under the ocean st en ascending grade of about 0.51 until they
resch their respective offehore terwminus locations about 160 feet below the
oceen's osurface. The tunnels, which are machine bored through bedrock to &
22'-0" dismetear, are concrete-lined to provide the finished 19 foot diameter.

10.6-12
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The intake tunnel is epproximately 17,000 feet long, and is connected to the
ocean by means of three 9'-108" finished dismeter concrete~-lined shafrs,
spaced betveen 103 end 1.0 feet spart and located approximately 7000 feet
off the shoreline in 60 feet of water. A submerged 30'-6" diameter concrete
intske structure ("velocity cap") is wounted on the top of each shaft to
winimize fish entrapmest by reducing the intake velocity. )

The discharge tunnel is spproximstely 16,500 feet long, and is connected to
the ocean by mesns of eleven, 5'<1" finished inside digmeter concrete~lined
shafte, especed sbout 100 feet apart, located approximately 5000 feet off the
Seabrook Besch shoreline in water up to 70 feet deep. A double-nozile fixture
is ettached to the top of each shaft to incresase the discharge velocity and
diffuse the heated water.

The circulating water portion of the pumphouse encloses six l&' wide circu~
lating water traveling screens (3 per unit) and six circulatiog vater pumps
(3 per unit). A seismic Category I reinforced concrete wall separates the
circulating water portion from the service water portion of the pumphouse
structure. The water is pumped through two 1l ft diemecer pipes (1 per unit)
leading to the condensers, end is returned through two 10 ft dismeter dis~
charge pipes (] per wnit) covoected with the tunnel trensitiom FLructures.
Water to the service vater section of the pumphouse is supplied by two pipe-
lines branching off each of the tunnel transition structures.

Fouling by growth of marine orgenisms is expeczed to occur from the point
where the sea water entars the intake structures up into the condenser. Con~
trol of fouling in the intake structures and inlet tunnel will be by con-
tinuous low-level chlorination. In eddition, hest trestment, where the
direction of flow in the tunnels is temporarily reversed, and the discharge
tempersture raised by recirculation is elso evailabdble as & means of control-
ling marine growth. In this mode, the varm vater from the condenser is
returned to ihe ocean through the intake tunnel, while the discharge tunnel
is used to supply ocesan water to the plant. To heat trest the discharge
pipes and tunnel, the temperature of the condenser outlet wvater is temporarily
raised by recirculating some of the discharge vater back to the condensers

through the pumphouse.

The pusphouse, pipes leading to the condensers, and the condensers can be
devatered, inspected, and clesned as required to control fouling.

10.6.5.3 Saefety Eveluation

Bince the circulating weter 2ystem 1 considered non-safety related, the
safety eveluation, therefore, concerns itself with the effect of a failure
of this system or eny of ite cowponents on safety related systems or

components.

1f the circulating water flow rate falls belov the minisum required smount
due to & malfunction in the system, the maio condenser may no longer be able
to ndequately condense sain steam, but there will be no effect on the safe

shutdown capebility of the plant.

10.64-1)
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ABSTRACT

|
1
|
\
1
On April 10, 1981, the Office of Inspection and Enforcement (IE) |
of the U.S. Nuclear Regulatory Commission (NRC) issued Bulletin !
81-03 requiring all nuclear generating unit licensees to assess |
the potential for biofouling of safety-related system components

as a result of Asiatic clams (Corbicula sp.) and marine mussels

(Mytilus sp.). 1lssuance of the Bulletir was prompted by the

shutdown of Arkansas Nuclear One, Unit 2 on September 3, 1980, |
as a result of flow blockage of safety systems by Asiatic

clams. Licensee responses to Bulletin 81-03 have been compiled

and evaluated to determine the magnitude of existing biofouling

problems and potential for future problems. An assessment of

the areal extent of Asiatic clam and marine mussel infestation

has been made along with an evaluation of detection and control

procedures currently in use by licensees. Recommendations are

provided with regard to adequacy of detection, inspection and

prevention practices currently in use, biocidal treatment

programs, and additional areas of concern. Safety implications

and licensee responsibilities are discussed. Of 79 facilities

licensed to operate, 17 have reported biofou' ing problems, 21

are judged to have high biofouling potential. 17 are judged to

have low or future potential, and 24 are jud =d to have little

or no potential, For 49 facilities under co struction, the

number of units for matching conditions of b >fouling are 3, 25,

15, and 6 in the same decreasing order of severity. The

Bulletin has bcen closed out for B85 of 129 current facilities.

Followup needed to close out the Bulletin for 21 operating

facilities and 23 facilities under construction is proposed in

Appendix C,

- & §

—— . . o w———
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CLOSEOUT OF IE BULLETIN 81-03:
Flow Blockage of Cooling Water to
Safety System Components by
Corbicula sp. (Asiatic Clam) and Mytilus sp. (Mussel)

1.0 INTRODUCTION

Contract NRC-05-80-251 and Task Order
NRC-05-82-249, this report provides documentation for the
closeout status of IE Bulletin 81-03., The following

documentation is based on the records obtained from the IE File,

the NRC Document Control System and the Cognizant Engineer's
File.

On April 10, 1981, the Office of In

of the U.S., Nuclear Regulatory Commission (NRC) issued Bulletin

81-03, requiring all nuclear generating unit licensees to assess
the potential for biofouling of safety~

at their facilities and to describe act

a result of fouling by Asiatic clams
(Corbicula sp.) and the marine mussel (Mytilus sp.). Issuance
of the bulletin was prompted by the shutdown on September 3,
1980, of Arkansas Nuclear One, Unit 2 because service water flow
through the containment cooling units was partially blocked by
extensive fouling by Asiatic clams. Simil:

spection and Enforcement (IE)

tilizing marine cooling water
sources, resulting from the mussel Mytilus sp. Since Bulletin
81-03 was issued, numerous other licensee event reports (LER)

have been filed regarding flow blockage resulting from clam or

mussel fouling, The significance of these events is explained
in the following excerpt from Page 3 of IEB 81-03;

"The event at ANO
(1) the fouling represented an actual com
i.e., inability of safsty system redundant components to
perform their intended safety functions, and (2) the
licensee was not aware that safety system components were
fouled. Although the fouling at ANO-2 developed over a

number of months, neither the licensee management control

System nor periodic maintenance or surveillance program
detected the failure,"

All utilities holding operating licenses or construction permits
were required to make an assessment of biofouling problems at
their respective facilities in accordance with specific actions
detailed in Bulletin 81-03 (see Appendix A)., The variety and
approepriateness of utility responses ranged co siderably as a

interpretation of actions required and



Consequently, a majority of licensee responses to the Bulletin
were judged to be deficient in one or more items and those
respondenis were required to provide clarification or additional

information.

This report represents an assessment of the biofouling problem
as it affects nuclear generating facilities throughout the
United States based on licensee responses to Bulletin 81~03 and
a review of technical literature pertinent to the problem, The
contents of this assecsment are in response to Task Orders 15
and 34 issued by IE for the performance of the following

specific objectives:

1. To review licensee responses to the Bulletin and arrive
at a final evaluation of each licensee's response
based on initial and supplemental replies and Bulletin
closeout criteriaj;

2. To develop a complete list of followup actions which
will be necessary to bring deficient licensees up to
acceptable closeout status;

3. To prepare a summarization of the extent of the pro-
blem including a detail of facilities presently having
either species in their vicinity, facilities reporting
fouling of safety-related systems, and facilities where
potential infestation exists;

4. To summarize detection and control practice currently
proposed by licensees; and

5. To provide recommendations for insuring tha detection
and prevention programs are properly carrie out by licen~-
sees, and to evaluate detection and control technology
considered effective ip prevention of biofouling due to
Asiatic clams or marine mussels.

2.0 ASSESSMENT RATIONALE

Evaluation of licensee responses, both initial and supplemental,
was conducted individually in consideration of the fact that
conditions and modes of operation differ greatly for each
facility. Final disposition for each generating unit was
arrived at through careful consideration of several judgment
factors developed in direct response to Bulletin closeout
criteria established by IE, Each licensee's response to
Bulletin 81-03 was assessed and a final disposition status
determined based on the following Bulletin closeout criteria:

1. Facilities which have been cancelled, indefinitely
deferred, or indefinitely closed.

2. Facilities which have submitted an acceptable pro-
gram for detecting and preventing future flow block~
age or degradation due to clams or mussels or shell
debris and which meet one of the following:




a. Facilities which do not have either Cor-
bicula sp, or Mytilus sp. in the vicinity
of the station in either the source or
receiving water bodies,.

b. Facilities which have either Corbicula sp.
or Mytilus sp. present in the vicinity of
the station in either the source or re-
ceiving water bodies and which have per-
formed an acceptable sampling of compon~-
ents which verifies that the station is
not infected.

¢, Facilities which are infested with either
Corbicula sp. or Mytilus sp. and which have
performed an acceptable program to confirm
adequate flow rates in the safety-related
systems.

Judgment factors utilized in arriving at a final disposition for
each licensee varied depending on mode of operation (open or
closed cycle), source of service water, operational status
(operational, low Power testing, construction phase,
construction halted, cancelled), and the likelihood of the

presence of either Asiatic clams or marine r sels in the source
water,

The adequacy of licensee programs for detern ing the presence
of either species in their vicinity was basec primarily on
whether or not environmental monitoring programs included
sampling for benthic macroinvertebrates and mussels. Those

In the case of those facilities where neither species was
reported to occur, descriptions of the field monitoring programs
specific to mussel or macroinvertebrate communities should have
been provided, as well as the date of last sampling., In the
absence of this information, a licensee could be considered not
to satisfy closeout criterion 2(a).

performance programs was considerably more subjective, depending
On operational status, mode of operation, source water supply,
and relative abundance of fouling clams or mussels in the
vicinity., Minimal inspection programs (annual inspection of
selected Components, inspections during refueling outages) of
safety-related Systems were considered adequate for those
facilities which do not presently have either species in their
vicinity; however, such 8 minimal program was considered
inadequate for a facility having a history of clam Or mussel
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reference to the closeout criterion identified for each., Those
facilities whose status is classified as "open" have not
satisfied all Bulletin requirements. An "open" classification
generally indicates that a licensee response was deficient in
some area, or that the final assessment was in disagreement with
the licensee's evaluation of biofouling problems or his proposed
control/prevention practices. All facilities whose Bulletin
status has remained "open" have proposed followup items
described in Appendix C, Within Appendix C, followup items a:e
grouped by NRC region and listed alphabetically by plant within
each region. Each followup item identifies the deficiency or
disagreement in the licensee's response and describes the
followup needed for Lulletin closeout.

3.0 SUMMARY

The principal objective of this summary is to assess tY%e extent
of biofouling of saf.ty-related systems attributable to Asiatic
clams or marine mussels and to evaluate the potential for future
fouling problems at bo\" operational and construction-phase
facilities, The second objective is to summarize and evaluate
existing and proposed detection and control practices for all
facilities responding to Bulletin 81-03. Inasmuch as Bulletin
81-03 was issued specifically with regard to Asiatic clams and
marine mussels, it is beyond the scope of this task to assess

existing and pctential biofouling problems associated with other
fouling organisms,

Background information relating to range, odes of infestation
and controlling environmental factors for siatic clams and
marine mussels is provided in Appendix A. +“hile both organisms

generally interact with nuclear facilities in the same manner
(i.e. through entrainment of larvae), there are several obvious
distinctions between tte two. Marine mussels (Mytilus sp.) are
indigenous to both the Atlantic and Pacific coasts of the United
States and limited in distribution to cool, marine

environments. Nuclear generating facilities sited along the
upper east coast and along the west coast, which utilize sea
water as their primary service water source, have generally
taken biofouling by marime mussels into close consideration
during plant design. Asiatic clams (Corbicula $p.), in
contrast, are exotic to North America and highly adaptable to a
wide variety of aquatic environments. Following their
introduction into the Columbia River in 1938, Asiatic clams have
expanded their range to include all major drainages on the west
coast, Gulf coast, east coast northward to the Delaware River
and extensively throughout the Mississippi and Ohio River
drainages. Recent accounts of Asiatic clam distribution
throughout the United States are reviewed by Iscm (1983) and
McMahon (1982)., Unlike othe: fresh-water mussels, Asiatic clams
do not require an intermediate fish host for transformation oy
larvae into adults and typically dominate mussel communities




vhere conditions are €2r0vabia Asiatic clams have received
considerably mire attention frnm the utility industry than
marine mussels by virtue of the facts that they are greatly
expanding their range and are n~t easily controlled by
conventional biocidal treatments. While marine mussels have 2
well defined reig~, Asiatic clams continue to invade new aquatic
systems and in sowe instance? where only marginally present now,
populations may ezpand to prioblem levels in subsequent years.

Biofouling of safety-related systems at nuclear generating
facilitier typicalij occurs in widely varying degrees in
essent.al service /ater system cemponents and fire protection
4ystems Essential service water systems are further broken
down into emergency cooling water systems, service water
systems, or essential raw cooling water systems. Because design
specisxications differ widely between individual nuclear
facillties, the opnm.rrunity for and severity of biofouling range
conshierably. An extey ive examination of engineering factors
affecting biofouling ol wuc.iear facilities has recently been
comp.eted by Johneon et a .(1983) and is not reviewed within
this text. Suffice it to say that individual facility design,
service water supply, and existing population levels of Asiatic
clrns or marine mussels -ecessitated an indeper~dent assessment
c. biofouling potential («r each facility cove 2d under this

sulletin,
3.1 BIOFOULING STATUS SU¥MARY

A total of 163 nuclear senerating units were requested to
respond to Bulletin 81,3, Seventy-nine of these units are
operational as ¢. this wioiting, 49 are under construction and 1
is licensed for low pows: testing. The remaining 34 units were
closed out from the Bulletin because their status is either
"cancelled", "construction halted", or "shut down
indefinitely". Consequeatly, the following summary concerns
only those 129 facilities considered active at this time.
Individual facility bulletin closeout status is provided in
Appendix P for all 165 nuclear units. A closed Bulletin status
vas selecy:d for 85 units and an "open" status for 44 units.
All units vhose status has remained "open" have been provided a
proposed followup action as listed in Appendix C. This final
disposir.on of licensie responses to Bulletin 81-03 should not
be interpreted to inf.r that a "-losed" classification is
indicative of no fouling problems or potential. Likewise, an
"open" classification does not automatically indicate an
immediats foul’'ng problem.

The general location, operational status and presence of fouling
clams or mussels for all 129 current facilities is presented in
Figure 1. While the presence of either Asiatic clams or marine
nussels at any given facility does not necessarily indicate
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existing fouling problems, it is readily apparent from this
figure why a majority of active nuclear generating units have
documented the presence of either Asiatic clams or marine
mussels in their source water supplies. The Asiatic clam was
the most commonly reported fouling organism, due primarily to
the fact that the majority of all nuclear facilities utilize
freshvater as their principle cooling source and that Asiatic
clams have successfully invaded most ma jor river systems within
the United States.

Final evaluations of biofouling status for operational and
construction-phase facilities are summarized in Tables 1 and 2,
respectively., Seventeen operational units have experienced
varying degrees of flow degradation in safety-related systems at
one time or another, 9 due to Asiatic clams and 8 due to marine
mussels (Table 1). An additional 21 operational units were
considered to have a high potential for fouling, 19 due to
Asiatic clams and 2 due to marine mussels. Seventeen
operational units were ranked as low or future potential fouling
due either to a very low incidence of occurrence of Asiatic
clams or marine mussels or the fact that Asiatic clams are
likely to become established in the source water supply in the
near future. Those 24 operational units ranked as having little
or no fouling potential were so designated :cause it appeared
unlikely that either fouling species would _.cur in the near
future.

Facilities under construction were also eva.uated and
categorized with respect to existing or potential fouling
problems (Tadle 2). Only three construction-phase units
reported existing fouling problems; however, 25 units under
construction were considered to have a high potential for
fouling when they becanme operational. The relatively low number
of units reporting existing fouling was assumed to be related to
the degree to which construction had advanced. If a plant had
no safety systems completed and filled with water, they could
not have a fouling problem. As construction advances and
systems are filled with raw water for a sufficient len,th of
time to allow infestation of fouling organisms, a unit's fouling
status may change, Fifteen units under construction were
considered to have low or future fouling potential for the same
reasons cited for operational units, while only six units were
ranked as having little or no fouling potential,

Although only 20 units (15.5 percent) of all 129 current
facilities have actually reported flow degradation of safety
system components due to Asiatic clams or marine mussels, these
20 units combined with those facilities believed to have a high
probability for fouling problems represents a total of 66
generating units, Based on this assessment, 51 percent of all
129 current nuclear generating units have a high potential for

7




experiencing flow degradation in safety-relatel systems as a
direct result of biofouling from Asiatic cJ)ams or marine
mussels. This figure is further compounded by ths possibility
thet Asiatic clams will broaden their range and inc:ease their
populations at several facilities presently rated a¢ having only
low or future potential fowlinrg problems. Bulletin 81-03 was
issued specifically with r-a3ard to Asietic clams and marine
sussels; however, it must a.iwo pe recnognized that several
facilities have experienced sustantial fouling problems due to
othar organisms not covered by the Bulletin. PResults of this
assessment indicate that tiofouvling of safety system compinents
by Asiatic clawns and marine m.ssels affects a significant number
of nuclear generating units throughout the United States, and
precautionary and corrective actions are warranted to ensure
reactor satervy and reliability.

3.2 DETECTION AND CONTROL PRACTICES

Licenvee responses to Bullexin 81-03 included a variety of
procedures for the detection ofi biofouling in safety system
compouents both in direct rvply to the Bulletin and as part of
their routine performance monitoring. Virtually all licensees
indicated adherence toO performance monitoring of safety-related
systems equipped with differential pressure or temperature
instrumentation., However, several licensees st .ed that
additional instrumentation would be added to th se systems most
susceptible to fouling as a result of inspectic s performed in
response to the lulletin. Most licensees utili =d visual
inspections as we.1 as performance monitoring { r detection of
biofouling; however, the frequency and intensity of visual
inspections ranged widely, Varying inspection efforts at
operational facilities were¢ to some degree based on recognition
of the potential severit, ¢f the problem and historic records of
syatem pericrmance and saintenance inspections. In a few
instances, little effort wvas expended in the performance of
visual inspections of salety systew components for the detection
of biofousling. Detection practices at construction-phase
facilities were limicted by the stage of completion and the
nurber of safety sysiens filled., Planned detection rractices
vere often parallel tc those adopted by sister units curreatly
in operation.

Detection practices propcuved by licensees ranged from simpiy
checking with downulreanm sarilities to deterxine any advance in
Asiatic clams in a particular drainage area, tc a rigorous
program involving frequent daily performarce checks and
quarter.y visuval inspections uf key safety system componernts.
Numerouvs licenszes indicated that detection practices would
consist of roatine performance checks and visual inspections
performed during required m¢intenance Or refueling outages. The




acceptability of a licensee's detection program was assessed
individually and deficiencies noted as followup actions in
Appendix C.

Biofouling control practices proposed by licensees were
considerably more diverse than detection procedures. Again, the
acceptability of a licensee's control procedures was assessed
individually based on the perceived probability of fouling
problems at a particular facility, For example, several
licensees stated that no control practices were in effect at
present but that appropriate methods would be considered when
and if necessary. In the absence of Asiatic clams or marine
mussels and the unlikely probability of their occurrence in the
near future, such responses were considered acceptable and no
followup actions were recommended. However, numerous facilities
affected by Asiatic clams or marine mussels inhabiting their
source water or occurring only occasionally within plant systems
failed to adopt any specific actions for biofouling control.
Several other affected facilities appear to have taken a "wait
and see" attitude to biofouling rather than developing effective
control methods to avert a potential fouling problem. In these
cases, specific followup actions have been proposed in an effort
tc emphasize the potential severity of the rroblem.

The most commonly referenced control method mployed by
utilities was chlorination, which was to be xpected since most
facilities were equipped for chlorination as a biocidal
treatment for other fouling agents. Other control methods
utilized included heat treatment, backflushing, manual and
mechanical cleaning, ffne mesh strainers and asphixiation.
Virtually every unit specifying an existing or planned
piofouling control program utilized more than one technique.
For purposes of thie evaluation, manual or mechanical cleaning
of fouled safety systems was not considered a control technique,
but simply corrective maintenance.

The relative effectiveness of various clam and mussel .ontrol
programs has received considerable attention from utility
personnel in recent years, The control method which has
undergone the greatest amount of changes is chlorination. It
has become generally accepted that conventioral chlorination
procedures, which usually consist of intermittent applications
for short time periods (less than 2 hours per day) at varying
dosages have been proven to be relatively ineffective as a
biocidal treatment for clams or mussels. Most fouling organisms
are able to endure these dosages by minimizing feeding and
respiratory functions and by burrowing into the sediments.
Regulatory restrictions have also played a major role in
modifying chlorination procedures. Effluent limitation for
steam electric power plants established by EPA (40 CFR Parts 125



and 423, Vol., 25, No. 200, October 14, 1980) proposed that total
residual chlorine (TRC) shall not exceed 0.14 ppm at the point
of discharge and that TRC may not be discharged from any point
source for more than 2 hours per day. However, power plants
that can demonstrate the need for chlorine to cortrol biofouling
may discharge the minimum amount of TRC necessary to effectively
control fouling as determined through a chlorine minimization
study. Several licensees have performed these studies and it
may well be in the best interest of other licensees to do so, as
there appear to be chlorination procedures which are effective
in controling biofouling from clams and mussels.

Boston Edison Company has initiated a mussel control program at
Pilgrim Nuclear Power Station which has nearly eliminated
serious mussel fouling problems (Marine Research Inc. 1983).
The program basically consists of continuous chlorination of the
salt service water system at 250 ppb TRC coupled with periodic
heat-treated backwashes of the intake structure and traveling
screens using temperatures of about 40°C for 0.5 hours
duration. TVA has also developed a program for control of
Asiatic clams which has met with apparent success at Bellefonte
1 and 2, Watts Bar 1 and 2 and Sequoyah 1 and 2. TVA's clam
control program includes straining of all ra: service water
through 1.26 mm media, continuous chlorinati n using sodium
hypochlorite injection in all safety-related systems at
concentrations of 0.6 to 0.8 ppm TRC during the entire clam
spawning season (.nlet temperature above 15.2°C) and frequent
monitoring of TRC concentrations throughout e¢ach system, Other
minor considerations have also been includ-d into TVA's clam
control program (Isom et al. 1983).

One of the most effective means of clam and mussel control
appears to be heated wate. vackflushing. Numerous experir nts
on Asiatic clams performed by TVA concluded that exposure o
veligers and adults to 47°C water for 2 minutes resulted in 100
percent mortality (Goss et al. 1979). Recent studies by Oak
Ridge National Laboratory (Mattice et al. 1982) further
concluded that heated water was equally as effective in killing
Asiatic clams as combined exposure to heated water and short
term chlorination, Northeast Utilities reported in their
response to the Bulletin thzt thermal backflushing with water
heated to 45°C for 20-minute periods has apparently been
successful in controlling mussel fouling at Millstone Power
Plant., Several marine facilities have incorporated heat
treatment capabilities in the design of their cooling water
systems for mussel control, but few nuclear facilities utilizing
freshwater appear to have such capabilities

Several other fouling control methods also show promise for the
control of clams and mussels., Recent studies by Mussalli et al.
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(1983) indicated that fine mesh strainers in conjunction with
controlled releases of Tributyl Tin Fluoride (TBTF) may be an
economical means of controlling biofouling by Asiatic clams and
mussels. Asphixiation of Asiatic clams, through application of
sodium-meta-bisulfite as an oxygen scavenger, has been used
successfully by Illinois Power Company at their fossil-fueled
Baldwin Station (Smithson 1981). Along this same line,
Commonwealth Edison Company (1983) is experimenting with carbon
dioxide injection as a means of Asiatic clam control.
Preliminary results indicated that exposure of clams to CO,
concentration of 500 mg/l for over 24 hours causes mortalities
in excess of 50 percent,

It has become obvious during this assessment that biofouling
control of safety-related systems due to Asiatic clams or marine
mussels can be accomplished through a variety of methods, either
alone or in combination. Numerous licensees appear keenly aware
of potential safety problems that could result from ineffective
control programs and some have implemented extensive biofouling
control procedures. However, a large number of licensees have
not adopted any firm plans or procedures for effective
biofouling control. In view of the high percentage of
facilities having sctrong possibilities for fouling problems, the
lack of specificity towards clam »r mussel control was
unacceptable.

Implementation of effective biofouling cont: ! programs at any
given facility undoubtedly necessitates con: dJeration of
oxisting problems, environmental limitation: system
adaptability for retrofitting and economic ¢ sts of retrofitting

and operation., Nevertheless, failure to effectively control
biofouling of safety-related systems could result in serious
reactor safety problems and incur economic costs far in excess
of appropriate control technology.

4.0 CONCLUSIONS

NRC's issuance of Bulletin 81-03, following vvents at Arkansas
Nuclear One, has effectively alerted the nuclear power industry
to a potentially serious problem in reactor safety 8“ofouling
of safety system components by Asiatic clams and ma. - mussels
is a recurring problem affecting nuclear generating units
throughout the United States. Biofouling represents a potential
common cause (or common mode) failure of safety systems which
may go undetected until the systems are inoperable.

A careful assessment of licensee responses to the Bulletin has
indicated that existing and potential fouling problems are
generally unique to each facility. Surprisingly, 51 peicent of
all active nuclear generating units were considered to have a



B —————

high potential for biofouling of safety-related systems due to
Asiatic clams or marine mussels. It is concluded that the
potential for biofouling affects a significant number of
facilities across the country and that appropriate precautionary
and corrective actions are warranted to ensure reactor safety
and reliability.

Licensee activities for biofouling detection and control ranged
widely and, in many instances, were judged inappropriate to
ensure safety system reliability., Effective methods for control
of clam and mussel fouling have been devised and other promising
techniques are in various stages of development. However, too
few facilities having a high potential for biofouiing have
adopted effective control programs. Those facilities with
existing fouling problems and those with a high potential for
fouling should develop and implement effective clam or mussel
control programs as soon as practicably possible. It is
recognized that cost for retrofitting and implementation of such
control programs could be considerable; however, concern for
reactor safety and reliability far outweigh the cost for
effective control programs,

Marine mussels have a well defined range and can easily be
accounted for; however, Asiatic clam populat: ns are expanding
their range into new stream systems, Conseq. ntly, these
facilities judged as having low or future fou.ing potential
should be urged to adopt effective detection ;rograms to ensure
that corrective actions can be taken before fouling problems
develop.

5.0 RECOMMENDATIONS

Inasmuch as the majority of all 129 current nuclear generating
facilities have reported the occurrence of either Asiatic clams
or marine mussels and the fact that £1 percent of these units
have been judged to have a high probability for fouling
problems, the question of reactor safety and system reliability
should not be taken lightly. It is recommended that each of the
44 followup items listed in Appendix C be addressed accordingly
and that final disposition for these licensees should be
acceptable to the Office of Inspection and Enforcement before
licensee status is considered "closed".

It is further recommended that NRC develop a compulsory
inspectiorn/detection program for all owners of operational and
construction-phase units. Such programs should be of sufficient
magnitude and frequency to ensure early detection of potential
fouling problems and implementation of appropriate control
procedures. The magnitude of this program should vary relative



to each facility, based upon historical problems, presence of
either fouling organism and whether the unit is operational or
under construction. For example, periodic sampling of the
source water body or annual inspections of safety systems may be
judged adequate for a facility where fouling organisms are not
currently present; however, for those facilities having existing
problems or high potential, NRC should consider an extensive
quarterly inspection program that covers all safety-related
systems including fire protection systems,

6.0 REMAINING AREAS OF CONCERN

The only remaining area of concern not previously addressed in
this report relates to the specificity of Bulletin 81-03 as
originally issued. Bulletin 81-03 requested all licensees to
assess potential fouling of safety-related systems by Asiatic
clams (Corbicula sp.) and marine mussels (Mytilus sp.); however,
during this assessment it was apparent that a number of
facilities located in estuarine environments and semi~tropical
marine areas were not affected by either Asiatic clams or marine
mussels. They were, however, affected by other fouling
organisms such as oysters, barnacles, bloodarks, etc., for which
no assessment was required. Concern rises from the fact that
since rather extensive fouling from these organisms has occurred
at some facilities, perhaps it has also occu “ed at other
facilities but was not reported in response o Bulletin 81-03.
In the interest of reactor safety, NRC shou! request that these
licensees perform a similar assessment of fc ling problems
attributed to organisms not originally cover d under Bulletin
81-03., 1In this regard, on July 21, 1981, I1E Information Notice
81-21, "Potential Loss of Direct Access to Ultimate Heat Sink",

was issued to advise nuclear power plants of other examples of
fouling problems.

7.0 DEFINITIONS

Indigenous - an organism which is native to a designated area.
Exotic - an organism which is not native to a designated area.

Ecosystem - a community of animal and plant life along with non-

living elements of the environment which function together to
support life,

Density - the number of organisms living within a given area.

Habitat - a specific combination of environmental qualities in
which a given organism or plant is typically found, 1.9. tar~

restrial, aquatic, freshwater, saltwater, temperate, trop-
ical,




High biofouling pctential - fouling organisms are present in- the
environment ad jacent to a unit and may be found in low
numbers within plant systems. Severe fouling could occur
with a large inc.ease in density of fouling organisms or with
a breakdown in control mechanisms,

Low or future fouling - fouling organisms are not in the immedi-
ate vicinity of the plant but could possibly become
established in the near future, thereby posing a threat for
severe fouling if left unchecked; >r fouling organisms are
present in the environment and may be in the plant, but the
fouling organisms do not appear to be dense enough to pose a
serious biofouling threat.

Little or no fouling potential - fouling organisms are not pre-
sently found in the environment of the plant, nor are they
likely to occur in the future.

Plankton - minute animal and plant life suspended in the water
column which are incapable of removing themselves from
suspension and are, therefore, susceptible to prevailing
currents, temperature and other water quality parameters.

Entrained - to be indiscriminately drawn into a facility as a
part of the intake water,
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IEB 81-03

UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

April 10, 1981
IE Bulletin 81-03 : FLOW BLOCKAGE OF COOLING WATER TO SAFETY SYSTEM

COMPONENTS BY CORBICULA SP. (ASIATIC CLAM) AND
MYTILUS SP. (MUSSEL)

Description of Circumstances:

On September 3, 1980, Arkansas Nuclear One (ANO), Unit 2, was shut down after
the NRC Resident Inspector discovered that Unit 2 had failed to meet the
technical specification requirements for minimum service water flow rate
through the containment cooling units (CCUs). After plant shutdown, Arkansas
Power and Light Company, the Ticensee, determined that the inadequate flow was
due to extensive plugging of the CCUs by Asiatic clams (Corbicula specins, a
non-native fresh water bivalve mollusk). The licensee disassembled the service
water piping at the coolers. Clams were found in the 3-inch diameter supply
piping at the inlet to the CCUs and in the cooler inlet water boxes. Some of
the clams found were alive, but most of the debris consisted of shells. The
size of the clams varied from the larvae stage up to one inch. The service
water, which is taken from the Dardanelle Reservo‘~, is filtered before it is
pumped through the system. The strainers on the - :rvice water pump discharges
were examined and found to be intact. Since these strainers have a 3/16-inch
mesh, much smaller than some of the shells found, 't appears that clams had
been growing in the system.

Following the discovery of Asiatic clams in the containment coolers of Unit 2,
the iicensee examined other equipment cooled by service water in both Units 1
and 2. Inspection of other heat exchangers in the Unit 2 service water system
revealed some fouling or plugging of additional coolers (seal water coolers
for both redundant containment spray pumps and one low-pressure safety injec-
tion pump) due to a buildup of silt, corrosion procducts, and debris (mostly
clam shell pieces). The high-pressure safety injection (HPSI) pump bearing
and seal coolers were found to have substantial plugging in the 1/2-inch pipe
service water supply lines. The plugging resulted from an accumulation of
silt and corrosion products.

Clam shells were found in some auxiliary building room coolers and in the
auxiliary cooling water system which serves non-safety-related equipment.

Flow rates measured during surveillance testing through the CCUs at ANO-2 had
deteriorated over a number of months. Flushing after plant shutdown initially
resulted in a further reduction in flow. Proper flow rates were restored only
after the clam debris had been removed manually from the CCUs.

The examination of the Unit 1 service water system revealed that the "(" and
"D" containment coolers were clogged by clams. Clams were found in the 3-inch
inlet headers and in the inlet water boxes However, no clams were found




APPENDIX A

IE Bulletin 81-03
Background Information
IE Information Notice 81-21

On April 10, 1981, the Office of Inspection and Enforcement of
the United States Nuclear Regulatory Commission issued IE
Bulletin 81-03 titled: "Flow Blockage of Cooling Water to Safety
System Components by Corbicula sp. (Asiatic Clam) and Mytilus
sp. (Mussel).”" A copy of this Bulletin and its included
"Description of Circumstances" follows.

Supplementary background information is provided to describe
distributien, mode of infestation and safety systems affected.

On July 21, 1981, NRC/IE issued following IE Information Notice
81-21 to inform utilities about biofouling situations not
discussed explicitly in IEB 81-03.
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in the "A" and "B" coolers. This fouling was not discovered during surveillance
testing because there was no flow instrumentation on these coolers.

The service water system in Unit 1 was not fouled other than stated above, and
the licensee attributed this to the fact that the service water pump suctions
are located behind the main condenser circulating pumps in the intake structure
It was thought that silt and clams entering the intake bays would be swept
through the condenser by the main circulating pumps and would not accumulate

in the back of the intake bays. In contrast, Unit 2 has no main circulating
pumps in its intake structure because condenser heat is rejected through a
cooling tower via a closed cooling system. As a result of lower flowrates of
water through the Unit 2 intake structure, silt and clams could have a tendency
to accumulate more rapidly in Unit 2 than in Unit 1. Ouring the September
outage, clams and shells were found to have accumulated to depths of 3 to

4-1/2 feet in certain areas of the intake bays for Unit 2.

The Asiatic clam was first found in the United States in 1938 in the Columbia
River near Knappton, Washington. Since then, Corbicula sp. has spread across
the country and is now reported in at least 33 states. The Tennessee Valley
Authority (TVA) power plants also have experienced fouling caused by these
clams. They were first found in the condensers and service water systems at

the Shawnee Steam Plant in 1957. Asiatic clams were later found in the Browns
Ferry Nuclear Plant in October 1974 only a few months after it went into
operation. This initial clam infestation at Browns “erry was enhanced by the
fact that, during the final stages of construction, the cooling water systems
were allowed to remain filled with water for long p~riods of time while the
systems were not in use. This condition was conduc ve to the growth and
accumulation of clams. Since that time, the Asiati:- clam has spread across

the Tennessee Valley region and is found at virtualiy all the TVA steam-electric
and hydroelectric generating stations. |

Present control procedures for Asiatic clams vary from st2tion to station and

in their degree of effectiveness. The use of shock chlorination during surveil-
lance testing as the only method of controlling biofouling by this organism
appears to be ineffective. The level of fouling has been reduced to acceptahle

levels at TVA stations by using continuous chlorination during peak spawning |
periods, ciam traps, and mechanical cleaning during station outages.

The results of a series of tests on mollusks performed at the Savannah River
facility showed that mature Corbicula sp. had as much as a 10 percent survival ‘
rate after being exposed to high concentrations of free residual chlorine (10

to 40 ppm) for up to 54 hours. When the clams were allowed to remain buried ‘
in a couple of inches of mud, their survival rates were as high as 65 percent. |

In studies on shelled larvae, approximately 200 microns in size, TVA reported
preliminary results indicating that a total chlorine residual of 0.30 to 0.40
ppm for 9t to 108 hours would be reguired to achieve 100 percent control of
the Asiatic clam larvae.
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Corbicula sp. has also shown an amazing ability to survive even when removed
from the water. Average times to death when left in the air have been reported
for low relative humidity as 6.7 days at 30°C (86°F) and 13.9 days at 20°C
(68°F) and for high relative humidity as 8.3 days at 30°C and 26.8 days at
20°C.

Corbicula sp. on the other hand, has shown a much greater sensitivity to heat.
Tests performed by TVA resulted in 100 percent mortality of clam larvae, very
young clams, and 2mm clams when they were exposed to 47°C (117°F) water for 2
minutes. Mature clams, up to 14mm, were also tested and all died at 47°C
following a 2 minute exposure. A statistical analysis of the 2 minute exposure
test data revealed that a temperature of 49°C (120°F) was necessary to reach
the 99 percent confidence level of mortality for clams of the size tested.

To date, heat has been shown to be the most effective way of producing 100
percent mortality for the Asiatic clam. At ANO, the service water system was
flushed with 77°C {170°F) water obtained from the auxiliary boiler for approx-
imately one half hour; 100 percent mortality was expected.

A similar problem has occurred with mussels (Mytilus sp.). Infestations of
mussels have caused flow blockage of cooling water to safety-related equipment
at nuclear plants such as Pilgrim and Millstone. Unlike the Asiatic clam,
mussels cause biofouling in salt water cooling systems.

The event at ANO is significant to reactor safety br:ause (1) the fouling
represented an actual common cause failure, i.e, inznility of safety system
redundant components to perform their intended safe:, functions, and (2) the
licensee was not aware that safety system component were fouled Although
the fouling at ANC-Z developed over a number of mon:ns, neither the licensee
management control system nor periodic maintenance or surveillance program
detected the failure.

ACTIONS TO BE TAKEN BY LICENSEES

Holders of Operating Licenses:

3 Determine whether Corbicula sp. or Mytilus sp. is present in the vicinity
of the station (local environment) in either the source or receiving water
body. If the results of current field monitoring programs provide reason-
able evidence that neither of these species is present in the local
environment, no further action is necessary except for items 4 and 5 in
this section for holders of operating licenses.

5 If it is unknown whether either of these species is present in the loca)
envirinment or is confirmed that either is present, determine whether
fire Jrotection or safety-related systems that directly circulate water
from the station source or receiving water body are fouled by clams or
mussels or debris ccasisting of their shells. An acceptable method of
confirming the absence of organisms or shell debris consists of opening

and visually examining a representative sample of components in potentially

affected safety systems and a sample of locations in potentially affected
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fire protection systems. The sample shall have included a distribution

of components with supply and return piping of various diameters which
exist in the potentially affected systems. This inspection shall have
been conducted since the last clam or musse! spawning season or within

the nine month period preceding the date of this bulletin. If the absence
of organisms or shell debris has been confirmed by such an inspection or
another method which the licensee shall describe in the response (subject
to NRC evaluation and acceptance), no further action is necessary except
for items 4 and 5 of actions applicable to holders of an operating license.

If clams, mussels or shells were found in potentially affected systems or
their absence was not confirmed by action in item 2 above, measure the
flow rates through individual components in potentially affected systems
to confirm adequate flow rates i.e., flow blockage or degradation to an
unacceptably low flow rate has not occurred. To be acceptable for this
determination, these measurements shall have been made within six months
of the date of this pulletin using calibrated flow instruments. Differ-
ential pressure (DP) measurements between supply and return lines for an
individual component and DP or flow measurements for parallel connected
individual coolers or components are not acceptable if flow blockage or
degradation could cause the observed DP or be masked in parallel flow
paths.

Other methods may be used which give conclusive evidence that flow blockage
or degradation to unacceptably low flow rates nas not occurred. If another
method is used, the basis of its acceptance fcr this determination shali

be included in the response to this bulletin

I[f the above flow rates cannot be measured or indicate significant flow
degradation, potentially affected systems shall be inspected according to
item 2 above or by an acceptable alternative method and cleaned as necessary.
This action shall be taken within the time period prescribed for submittal

of the report to NRC.

Describe methods either in use or planned (including implementation date)
for preventing and detecting future flow blockage or degradation due to
clams or mussels or shell debris. Include the following information in
this description:

a. Evaluation of the potential for intrus on of the organisms into
these systems due to low water level .~1 high velocities in the
intake structure expected during worst .ase conditions.

b. Evaluation of effectiveness of prevention and detection methods used
in the past or present or planned for future use.

Desc' ibe the actions taken in items 1 through 3 above and include the
following information:

a. Applicable portions of the environmental monitoring program including
last sample date and results.

——— T Ry " _,w LAl
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b. Components and systems affected.

c. Extent of fouling if any existed.

d. How and when fouling was discovered.
e. Corrective and preventive actions.

Holders of Construction Permits:

1. Determine whether Corbicula sp. or Mytilus sp. is present in the vicinity
of the station by completing items 1 and 4 above that apply to operating
licenses (OL)

- If these organisms are present in the local environment and potentially
affected systems have been filled from the station source or receiving
water body, determine whether infestation has occurred.

3. Describe the actions taken in items 1 and 2 above for construction
permit holders and include the following information:

a. Applicable portions of the environmental monitoring program including
last sample date and results.

b. Components and systems affected.

- Extent of fouling if any existed.

. How and when fouling was discovered.
e. Corrective and“preventive actions.

Licensees of facilities with operating licenses shall provide the requested
report within 45 days of the date of this bulletin. Licensees of facilities
with construction permits shall provide the report within 90 days.

Provide written reports as required above, signed under oath or affirmation,
under the provisions of Section 182a of the Atomic Energy Act of 1954. Reports
shall be submitted to the Director of the appropriate Regional Office and a
copy forwarded to the Uirector, Office of Inspection and Enforcement, NRC,
Washington, D.C. 20555.

This request for information was approved by GAD under a blanket clearance
number RO072 which expires November 30, 1983. Comments on burden and dupli-
cation should be directed to Office of Management and Budget, Room 3201,
New Executive Office Building, Washington, D.C. 20503.



BACKGROUND INFORMATION

The circumstances prompting the issuance of Bulletin 81-03 are
of a biological nature. This requires an entirely different set
of investigative procedures than normally utilized when
investigating mechanical failures of nuclear power plants,
Mechanical problems are usually more easily identified,
described, and resolved because they are based on specific
physical qualities. The Corbicula/Mytilus biofouling problem,
however, deals with living organisms which are capable of
responding to a given situation in a multitude of ways,
depending on numerous factors which can influence their
reactions. The following discussion details some pertinent
aspects of power plant fouling with either Corbicula or Mytilus.

1.0 Distribution

e S A e . . . s il ottt

Corbicula is found only in freshwater and therefore would not be

capable of infesting a power plant which utilizes saltwater., An
interesting aspect of Corbicula's distribution is that it is
still spreading to new areas where it has not been previously
reported. Corbicula is fairly widespread in the United States
(Figure A-1, Page A-9), although it has only been known to exist
in the continental United States since 1938 when it was
discovered in the Columbia River along the west coast of
Washington. Since then it has spread southward, eastward and
northward until most states have reported he presence of

Corbicula. Only north Atlantic, northern lains and northern

Rocky Mountain states do not have Corbicu! . yet. Comprehensive
historical reviews of the invasion of Cor! cula into the United
States are presented by Isom (1983) and Mc ahon (1982).

Two interesting facts about Corbicula's distribution in the
freshwater habitats of the United States are particularly
pertinent to power plant fouling., First, Corbicula is no doubt
still extending its range. Therefore, power plants which
presently do not have Corbicula in natural freshwaters ad jacent
to the facility may encounter its presence in the future.
Second, Corbicula may increase its density several magnitudes in
Jjust a few years in areas where it has recently become
established. (Corbicula will continue to expand its range and
increase its population density until it has reached the extent
of its limiting environmental factors and until it has reached a
balanced population within the ecosystem in which it becomes
established.

These facts become quite significant when attempting to
determine the extent of Corbicula fouling in the future.
History proves that any prediction as to the exact extent of
Corbicula's range can only be an estimate of reality, at best,
When evaluating the potential for fouling, a cautious approach
is warranted, as this may lead to the prevention of a serious,
unsuspected fouling problenm.
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In contrast to Corbicula, the marine mussel Mytilus is a native
of North American saltwater habitats and its range is well
established., It is distributed along the Atlantic seacoast from
Maine south to Cape Hatteras, North Carolina. South of Cape
Hatteras, summertime maximum temperature may exceed the 27°C
thermal limit of Mytilus. Mytilus is found along the entire
Pacific coast where the maximum summer temperature is cooler.
Since the range of Mytilus is well established, it can be
predicted accurately whether or not there is a fouling potential
at a given site.

2.0 Mode of Infestation

Corbicula and Mytilus release numerous (thousands per mature

adult) larvae during the spawning season in the warmer months.
These larvae are less than 200 microns long and become
planktonic, or suspended in the water column, when released by
the adult. Because they are planktonic, they are transported by
water currents and are therefore susceptible to entrainment
(indiscriminately being swept into a power plant as part of the
intake water). It is during this larval life stage that most
fouling individuals enter a power plant.

Once carried into a power plant, the larvae would easily be
swept through the entire system and discharged back into the
environment, except for a unique feature ¢ these larvae.

Corbicula and Mytilus larvae have the abi. ty to lay down a

byssol thread which is a sticky threadlike structure extending
beyond the opening of the developing shel!. Once inside the
power plant, the larvae can settle out in n area of low flow
and attach themselves to a firm substrate by means of the byssol
thread. There they continue to grow and develop their
calcareous, hard shell, filtering their food and oxygen from the
passing water. At this point they become dangerous threats to
fouling, If they begin to be transported zlong the system,
eventually their shells may become lodged in a constricted area
and begin to clog the system, Corbicula larvae do not normally
settle out and attach themselves in the area where they
eventually cause fouling and then begin to grow until they clog
the pipes, but rather they attach themselves upstream from a
critical area. Eventually living or dead shells are swept into
critical areas and begin to foul the system (Corbicula
Newsletter 8(2)1983).

3.0 Safety Systems Affected

Once established within a power plant, Corbicula and Mytilus are
capable of infesting non-safety as well as safety-related areas
of the plant, However, for the purposes of evaluating responses
to Bulletin 81-03, it is necessary to identify only those areas
that are safety-related. Corbicula and Mytilus have the
potential of fouling any safety system which utilizes raw water



inhabited by these organisms. As described by Johnson et al,
(1983), these systems include the essential service water system
and the fire protection system, The essential service water
system cools components within the reactor building which are
required for safe shutdown. The fire protection system is used
infrequently and is, therefore, a basically stagnant system,

The fire protection system normally draws its water directly
from the service water system or from the same intake structure.,

In order for Corbicula and Mytilus to infest the essential
service water system or the fire protection system, the
artificial environment within these systems must simulate a
natural environment capable of supporting clam or mussel life,.
This requires a suitable combination of critical environmental
fectors within the tolerance range of the organisms. These
factors include: 1) flow velocity, 2) food availability, 3)
oxygen, &) substrate, 5) water temperature, and 6) chemical
water quality. Flow velocity is most conducive to clam growth
when it is at a steady, low rate of flow. This usually provides
adequate oxygen and food, and allows particulate matter to
settle out, providing substrate material for the burrowing
instinct of these organisms. Water temperature can vary
considerably and still permit clam or mussel growth,
Temperatures between 18 and 25°C are most conducive to
settlement and growth, while prolonged temperatures above 33°C
would kill most clams or mussels, Chemical « ter quality is
usually suitable for clam or mussel growth i raw water is drawn
directly into the systems without any inject: n of biofouling
control agencies, such as chlorine., A more ¢ tailed discussion
of some of these environmental factors and h: nuclear power
plant engineering desigr affects these factors is presented by
Johnson et al.(1983), .
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE UF INSPECTION AND ENFORCEMENT
WASHINGTCY, D.C. 20555

July 21, 1981

IE INFORMATION NOTICE NO 81-21: POTENTIAL LOSS OF DIRECT ACCESS TO ULTIMATE
HEAT SINK

Description of Circumstances:

IE Bulletin 81-03, issued April 10, 1981, requested licensees to take certain
actions to prevent and detect flow blockage caused by Asiatic clams and mussels.
Since then, one event at San Onofre Unit 1 and two events at the Brunswick Station
have indicated that situations not explicity discussed in Bulletin 81-03 may

occur and result in a loss of direct access to the ultimate heat sink. These
situaticns are:

3 Debris from shell fish other than Asiatic clams and mussels may cause
flow blockage problems essentially identical to those described in the
bulletin.

2. Flow blockage in heat exchangers can cause high pressure drops that, in
turn, defrrm baffles, allowing bypass flow and reduci-3 the pressure
drop to near normal values. Once this occurs, heat erchanger flow
blockage may not be detectable by pressure drop measu-ements.

3. Change in operating conditions. (A lengthy outage with no flow through
seawater systems appears to have permitted a buildup of mussels in systems
where previous periodic inspections over more than a ten year period
showed no appreciable problem.)

We are currently reviewing these events and the responses of the licensees to
IEB 81-03. We expect licensees are performing the actions specified in IEB
81-03 such that cooling water flow blockage from any shell fish is prevented
or minimized, and is detected before safety components become inoperable.

On June 9, 1981, San Onofre Nuclear Generating Station Unit No. 1 reported
that as a result of a low saltwater coolant flow rate indication and an
apparent need for valve maintenance, a piping elbow on the saltwater discharge
Tine from component cooling heat exchanger E-20A was removed by the )licensee
just upstream of butterfly valve 12"-50-415 to permit visual inspection. An
examinatio: revealed growth of some form of sea mollusk such that the
cross-sectional diameter of the piping was reduced. The movement of the
butterfly valve was impaired and some blockage of the heat exchanger tube
sheet had occurred. Evaluation of the event at San Onofre is continuing.
However, the prolonged (since April 1980) reactor shutdown for refueling

and steam generator repair is believed to have caused the problem since
previous routine inspections conducted since 1968 at 18 month intervals had
not revealed mollusks during normal periods of operation.

A-10
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Two events at Brunswick involved service water flow blockage and inoperability
of redundant residual heat removal (RHR) heat exchangers, primarily due to
oyster shells blocking the service water flow through the heat exchanger tubes.
On April 25, 1981, at Brunswick Unit 1, while in cold shutdown during a
maintenance outage, the normal decay heat removal system was lost when the
single RHR heat exchanger in service failed. The failure occurred when the
starting of a second RHR service water pump caused the failure of a baffle

in the waterbox of the RHR heat exchanger, allowing cooling water to bypass
the tube bundle. The heat exchanger is U-tube type, with the service water
inlet and outlet separated by a baffle. The copper-nickel baffle which was
welded to the copper-nickel tubesheet deflected and failed when increased
pressure was produced by starting the second service water pump. The redundant
heat exchanger was inoperable due to maintenance in progress to repair its
baffle which had previously deflected (LER 1-81-32, dated May 19, 1981). The
licensee promptly established an alternate heat removai alignment using the
spent fuel pool pumps and heat exchangers.

As a result of the problems discovered with Unit 1 RHR heat exchangers, a
special inspection of the Unit 2 RHR heat exchangers was performed while

Unit 2 was at power. Examination of RHR heat exchanger 2A using ultrasonic
techniques indicated no baffle displacement but flow testing ind cated an
excessive pressure drop across the heat exchanger. This heat exchanger was
declared inoperable. Examination of the 2B RHR heat exchanger using ultrasonic
and ditferential pressure measurements indicated t~at the baffle plate was
damaged. The licensee initiated a shutdown using "e 2A RHR heat exchanger

at reduced cap-city (LER 2-81-49, dated May 20, 15-1)

The failure of the baffle was attributed to exces:s ve differential pressure
caused by blockage of the heat exchanger tubes. Tne blockage was caused by
the shells of oysters with minor amounts of other types of shells which were
swept into the heads of the heat exchangers since they are the low point in
the service water system. The shells resulted from an infestation of oysters
growing primarily in the 30" header from the intake structure to the reactor
building. As the oysters died their upper shells detached and were swept into
the RHR heat exchangers where they collected. Small amounts of shells were
found in other heat exchangers cooled by service water. Most of the operating
BWRs use U-tube heat exchangers in the RHR system. (The heat exchangers used
at Brunswick were manufactured by Perflex Corporation and are identified as
type CEU, size 52-8-144.)

The observed failures raise a question on the adequacy of the baffle design
to withstand differential pressures that could reasonably be expected during
iong term post accident cperation. However, it should be noted that since
the baffle. at Brunswick are solid copper-nickel as are the tubesheets and
the water ooxes are copper-nickel clad, the strength nf the baffles and the
baffle we ds is somewhat less than similar heat exchangers made from carbon
steel. Toerefore, heat exchangers in other BWR's may be able to tolerate
higher differential pressure than that at Brunswick without baffle deflection.
(Brunswick opted for copper-nickel due to its high corrosion and fouling
resistance in a salt water environment.)

A-11
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determine heat exchanger operability should consider that baffle failure could
give an acceptable dp and flow indications and thereby mask incapability for
heat removal. However, it is noted that shell blockage in a single-pass,
straight-through heat exchanger can readily be detected by flow and dp
measurement.

Evaluation of the events at Brunswick is still continuing. Under conditions

of an inoperable RMR system, heat rejection to the ultimate heat sink is
typically through the main condenser or through the spent fuel pool coolers.
This latter path consists of the spent fuel pool pumps and heat exchanger with
the reactor building closed cooling water system as an intermediate system
which transfers the heat to the service water system via a single pass heat
exchanger. These two means (i.e., main condenser or spent fuel pool) are not
considered to be reliable long term system alignments under accident conditions.

This informatior is provided as a notification of a possibly significant
matter that is still under review by the NRC staff. The events at Brunswick
and San Onofre emphasize the need for licensees to initiate appropriate actions
as requested by IEB 81-03 for any credible type of shell fish oy other marine
organisms; e.g., fresh water sponges, (not only asiatic clams and mussels). In
case the continuing NRC review finds that specific licensee actions would be
appropriate, a supplement to IEB Bulletin 81-03 may be issued. In the interim,
we expect that licensees will review this information for applicability to
their facilities.

No written response to this information is required 1f you need additional
information regarding this matter, please contact t e Director of the appro-

The use of differential pressure (dp) sensing between inlet and outlet to

priate NRC Regional Office.
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APPENDIX C

Region 1

1. Beaver Valley 1
Utility personrel responded to Bulletin 81-03 on May 26,
1981 and February 14, 1983, indicating that detection and
prevention of Corbicula fouling would be accomplished through
periodic flow performance tests and visual inspection, with
no mention of any biocide application,

Followup is suggested to verify that planned performance
testing and visual inspections are performed with sufficient
frequency to adequately detect and prevent fouling by
Corbicula.

2, Beaver Valley 2
Utility personnel responded to Bulletin <1-03 on July 9, 1981
and February 9, 1983, indicating that dr-eztion and preven-
tion of Corbicula fouling would be accor nlished through
periodic flow performance tests and vis.:l inspection, with
no mention of any biocide application,

Followup is suggested to verify that planned performance
testing and visual inspections are performed with sufficient
frequency to adequately detect and prevent fouling by
Corbicula.

l
l

3, Limerick 1 and 2
Utility personnel responded to Bulletin 81-03 on June 4, 198l
and March 18, 1983, indicating that recent benthic studies in
the vicinity of the plant had confirmed the presence of Cor-
bicula. No mention was made of inspection or detection pro-
cedures to be implemented as a result of these recent find-
ings. |

Followup is suggested to verify that procedures have been
developed for routine inspection and performance testing
of safety-related systems prior to and following plant

operation.
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4. Oyster Creek 1

Utility personnel responded to Bulletin 81-03 on May 29, 1981
and February 24, 1983, indicating that some fouling due to
Mytilus had been detected and that an effective inspection
program was being developed along with a chlorination feasi-
bility stuady.

Followup is suggested to verify that a comprehensive
inspection/monitoring program has been implemented and that
provisions for effective biocidal treatment have been
addressed.

5. Shoreham
Utility personnel responded to Bulletin 81-03 on July 7,

1981, March 30, 1982 and April 21, 1983, indicating that
mussel control would be accomplished through hypochlorite
application.

Followup is suggested to verify that an effective hypo-
chlorite treatment program has been developed and to
obtain details of the program.

Region 11

1. Catawba 1 and 2

Utility personnel responded to Bulletin 8l1- 3 on July 8,
1981, March 17, 1983, and September 16, 19> ., indicating that
Corbicula fouling had occurred in some syst ms inspected

but that preventive maintenance would consist only of period-
ic inspections and backflushing. No biocide application was
in effect at that time other than in the fire protection
systems.

Followup is suggested to verify that performance testing and
inspections are conducted on an adequate number of system
components frequently enough to preclude blockage due to
biofouling; and, in the event Corbicula fouling becomes a
significant problem, followup is needed to verify that
adequate clam fouling preventive measures, such as biocide
application, are implemented.

2, Farley 1 and 2
Utilitv personnel responded to Bulletin 81-03 on May 26,
1981, October 29, 1982 and March 22, 1983, indicating that an
extensive examination of mainly non-safety-related heat ex-
changers in Unit 1 found no evidence of Corbicula fouling and
that flow performance tests for Unit 2 were sufficient due to
its similarities to Unit 1.




3.

Followup is suggested to verify that additional repre-
sentative safety-system components for both Units 1 and 2
have been inspected and performance tested, and that such
inspections and performance tests will continue to be
performed with sufficient frequency to preclude any incidence
of flow blockage.

McGuire 1 and 2

Utility personnel responded to Bulletin 81-03 on May 22, 1981
and February 11, 1983, indicating that Corbicula were present
in the Stand-by Nuclear Service Water Pond but that no formal
program existed for inspection and no biocide treatment of
the Nuclear Service Water System was planned to be imple~-
mented.

Followup is suggested to verify that the licensee has taken
appropriate action with respect to potential fouling of the
Nuclear Service Water System, Fouling may have a high
potential in this system in light of the moderate fouling in
the Fire Protection System and the presence of Corbicula in
the service water pond.

North Anna 1 and 2

Utility personnel responded to Bulletin 81-03 on May 22,
1981, March 22, 1983 and March 24, 1982, indicating that,

while Corbicula were present in Lake An : and the Service
Water Reservoir, no evidence of fouling 1ad occurred within
safety systems. No mention was made of 'y existing or

planned biocide treatments or other con:rol procedures should

Corbicula infest safety systems in the future.

Followup is suggested to verify that the licensee has
developed contingency plans for clam fouling control for
safety systems receiving raw service water,

Surry 1 and 2

Utility personnel responded to Bulletin 21-03 on May 22,
1981, indicating that (a) salinity is too low for Mytilus,
(b) salinity is too high for Corbicula except during periods
of high rainfall in the James River Basin, (c) no Corbicula
fouling had been observed at the plant and (d) additional en-
vironmental sampling and observations would be performed
during periods of extensive rainfall.

Followup is suggested to obtain and evaluate a description of
the safety system visual inspection program, including all
components examined and scheduled inspection frequency. This
additional information was requested by NRC/IE January 21,
1983,




Region 111

1. Braidwood 1 and 2
Utility personnel responded to Bulletin 81-03 on July 9,
1981, February 8, 1983 and March 28, 1983, indicating that
no significant population of Corbicula existed in the Braid-
wood Cooling Lake.

Followup is suggested to verify that continued monitoring of
the cooling lake adequately addresses Corbicula infestation
and that effective biofouling preventatives are included in
safety-system plans for each unit.

2. Byron 1 and 2
Utility personnel responded to Bulletin 81-03 on July 9,
1981, February 8, 1983 and March 28, 1983, indicating that no
known populetion of Corbicula existed in the Rock River in
the vicinity of the Byron facilities.

Followup is suggested to verify that monitoring of the river
for possible future Corbicula infestation is continuing and
that appropriate provisions for biofouling control are in-
cluded in safety system plans for each unit.

3, Callaway 1
Utility personnel responded to Bulletin 81-03 on July 7,

1981, indicating that flow performance for the Fire Sup-
ression Water System (FWS) would be tested monthly, with no
mention of testing frequency for the Essen: ial Service Water
System (ESWS).

Followup is suggested to verify that performance testing for
for the ESWS is of sufficient frequency to preclude fouling
by Corbicula and that appropriate provisions for biofouling
control are included in the FWS and ESWS plans,

4, Dresden 2 and 3
Utility personnel responded to Bulletin 81-03 on May 26,
1981, August 23, 1982, February 8, 1983 and March 28, 1983,
indicating that Corbicula fouling of several heat exchangers
had occurred but that control through annual cleaning, in-
termittent hypochlorite injection and periodic flow reversal
had precluded any performance problems.

Followup is suggested to verify that installation of all
pressure gauges has been completed; that performance test-
ing and biocidal treatments are of sufficient frequency to
preclude flow blockage to any safety-related system; and
that vacuum dredging of intake bays during down time is
carried out,
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Fermi 2

Utility personnel responded to Bulletin 81-03 on July 7, 1981
and February 8, 1983, indicating that a quarterly detection
program for Corbicula infestation was being developed, with-
out mention of any source water body or cooling tower basin
sampling. :

Followup is suggested to verify that the planned detection
program has been implemented and that selected sampling
locations include the source water body and the cooling tower
basin,

LaCrosse

Utility personnel responded to Bulletin 81-03 on May 18, 1981
and March 15, 1983, indicating that no known population of

Corbicula had occurred upstream of the facility and that

routine monitoring in the plant vicinity would note any oc-
currence of Corbicula. No mention was made of sampling
methodology for determination of Corbicula presence.

Because Corbdicula have been reported upstream from LaCrosse,
followup is suggested to verify that monitoring activities
include appropriate sampling techniques for determining the
presence of Corbicula in the plant vicinity,.

LaSalle 1 and 2

Utility personnel responded to Bulletin [-03 on July 9,
1981, February 8, 1983 and March 28, 19~ , indicating that

Corbicula had been found in the cooling ake and that a

further assessment of their infestation would be conducted
during Spring 1983 to determine the extent of the population.

Followup is suggested to verify that this assessment has been
performed and to determine if followup actions (in-plant
inspections/performance testing) are warranted,

Marble Hill 1 and 2

Utility personnel responded to Bulletin 51-03 on July 3,
1981 and August 20, 1981, indicating that Corbicula were
present in the source water body but that firm plans for
biocide treatment and detection had not been developed.

Followup is suggested to verify that the permit holder has
implemented a program for routine flow performance testing
and inspection, and that provisions for biocide application
have been made.

Prairie Island 1 and 2

Utility personnel responded to Bulletin B81-03 on May 22, 1981
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and March 22, 1981, indicating that since their initial re-
sponse to the bulletin Corbicula had been encountered at the
plant.

Followup is suggested to verify that chlorination practices
and annual in-place inspections are sufficient to detect
and prevent possible future fouling of safety systems by

Corbicula.

10, Quad Cities 1 and 2
Utility personnel responded to Bulletin 81-03 on May 26,
1981, February 8, 1983 and March 28, 1983, indicating that
evidence of minor Corbicula fouling had occurred in some
non-safety-related systems but that no fouling was observed
in any safety-related system components. No provision had
been made for biocide treatment of any systems not already
so equipped.

Followup is suggested to verify that inspection schedules
and performance testing of safety system components are per~-
formed frequently enough to detect and prevent flow block-
age by Corbiculs and that planned biocide applications are
adequate for Corbicula control. The potential for more
serious fouling appears significant enough to warrant care-
ful examination of detection procedures.

Region 1V

1., Arkansas Nuclear One-Units 1 and 2
Utility personnel responded to Bulletin 81-03 on May 22, 1981
and March 22, 1983, indicating that chlorination for control
of Corbicula in service water systems would be performed once
every 14 days when service water is between 60°F and 80°F.

Followup is suggested to verify that such chlorination
practices have been effective in control of Corbicula
fouling.

2. Cooper Station
Utility personnel responded to Bulletin 81-03 on May 29,
1981, indicating that no environmental monitoring to detect
the presence of Corbicula has been performed since 1979,

Followup is suggested to determine whether monitoring of the
Missouri River for the presence of Corbicula should be
renewed.

3. River Bend 1
Utility personnel responded to Bulletin 81-03 on July 10,
1981, September 14, 1981 and February 14, 1983, indicating




that a routine surveillance schedule was being developed
which would be designed to detect flow blockage by Corbicula
in potentially affected systems.

Followup is suggested to ve..fy the details of this program
and document its implementation.

4, South Texas 1 and 2
Utility personnel responded to Bulletin 81-03 on July 9, 1981
and February 11, 1983, indicating that only portions of the
Essential Cooling Water System (ECWS) were sub ject to pos-
sible fouling by Corbicula but that quarterly flow monitoring
and intermictent chlorination would be utilized to detect and
prevent flow degradation.

|
|
Followup is suggested to verify that planned performance i
monitoring and chlorination practices are adequate for |
|
|
\

detection and prevention of possible future clam fouling of
the ECWS.

Region V

1. Diablo Canyon 1 and 2
Utility personnel responded to Bulletin 81-03 on July 21,
1981, indicating that Mytilus fouling was controlled by using
rejected condenser heat on a monthly basi-; however, no de- ‘
tailed description of the heat treatment rogram was pro-
|

vided as requested by NRC/IE January 21, 983,

Followup is suggested to verify specific details of the
mussel heat treatment procedures including all safety-related
systems receiving such application.

2. Palo Verde 1, 2 and 3 |
Utility personnel reponded to Bulletin 81-03 on June 3, 1981 |
and March 18, 1983, indicating that no monitoring effort or
inspection program had been or would be initiated to deter- |
mine the presence of Corbicula in the storage reservoir, due |
to the fact that all cooling water used at the plant was |
treated sewage effluent and as such Corbicula would not be

|
\

able to survive in such an environment.

Followup is suggested to verify that the aquatic environment
of the storage reservoir is presently free of Corbicula and
and that opportunities for future colonization are monitored.
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GSU
HL&P
HPSI
HQ

IEB
IELPCO

I >¢«ENDIX D

Abbreviations

Arkansas Nuclear One

Alabama Power Company

Arkansas Power & Light Company
Arizona Public Service Company
Boston Edison Company

Baltimore Gas and Electric Company
Centigrade

Containment Cooling Unit

Cancelled

Commonwealth Edison Company
Cleveland Electric Illuminating Company
Code of Federal Regulations
Cincinnati Gas and Electric Company
Construction Halted Indefinitely
Carbon Dioxide

Consolidated Edison Company of New York, Inc.

Construction Permit

Consumers Power Company

Carolina Power & Light Company
Contractor's Report

Connecticut Yankee Atomic Power Company
Detroit Edison” Company

Duquesne Light Company
Differential Pressure

Dairyleand Power Cooperative

Duke Power Company

Essential Cooling Water Systenm
Environmental Protection Agency
Essential Service Water System
Florida Power Corporation
Florida Power & Light Company
Fire Suppression Water System
Government Accounting Office
Georgia Power Company

Gulf States Utilities Company
Houston Lighting & Power Company
High-Pressure Safety Injection
Headquarters
Inspection/Enforcement Bulletin
Iowa Electric Light and Power Company



VYNP
WEPCO
WNP
WPPSS
WPS
YAECO

Vermont Yankee Nuclear Power Corporation
Wisconesin Electric Power Company
Washington Nuclear Project

Washington Public Power Supply System
Wisconsin Public Service Corporation
Yankee Atomic Electric Company

Lo
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REACTOR CODLANY SYSTEM

4.4 TEAM CENERATORS

LIMITING CONDITION FOR OPERATION

3.4.5 Each steam generator shall be OPERABLE.

APPLICABILITY: MODES 1, 2, 3, and 4.
AE?]QN:

With one or more steam generators inoperable, restore the fioperable generator(s)
to OPERABLE status prior to increasing T.vo above 200°F.

SURVEILLANCE REQUIREMENTS

4.4.5.0 Each stesm Qenerator shall be demonstrated OPERABLE by performance of
the following augmentea inservice inspection program and the requirements of
Specification 4.0.5,

4.4.51 Steam Generator i.nglc So\oct1on‘ggg_12!g§ggl%g ~ Eech steam generator
shal) be determined LE during shutdown Dy selecting and inspecting at

Teast the minimum number of steam generators specified in Table 4. 4-1.

4.4.5.2 Steam Generator Tube §,gplo Selection and ‘nggoct1on * The steam
generator tude minimum sample size, inspection result classification, and the
corresponding action required shal) be as specified in Tadle 4.4-2, The
fnservice inspection of steam generator tubes sha)) be performed at the fre-
quencies specified in Specification 4.4.5.3 and the 1nspected tudbes shal) e
verified acceptable per the acceptance criteria of Specification 4.4.5.4. The
tubes selected for each fnservice inspection shal) include at least 3% of the
total number of tubes in a)) steam generators; the tubes selected for these
fnspections shall be selected on & random basis except:

8. Where experience in similar plants with similar water chemistry
indicates critica) areas to be inspected, then at least 50% of the
tubes inspected shall be from these critical arsas;

b. The first sample of tubes selected Tor each inservice {nspection

(subsequent to the preservice inspection) of esch steam generator
shall {include:

SEABROOK = UNIT 1 3/4 4-13



REACTOR _COOLANT SYSTEM
STEAM GENERATORS

SURVEILLANCE REQUIREMENTS

4.4.5.20. (Continued)

1) A1 nmonplugged tubes that previously had detectable wall
penetrations (greater than 20%),

2) Tubes in those areas where experience has indicated potentia)
problems, and

3) A tube inspection (pursuant to Specification 4.4.5.44.8) snal)
be performed on each selectod tube. If any selected tube does
not permit the poasa?: of the eddy current probe for a tube

inspection, this sha

be recorded and an adjacent tube shal)l

be selected and subjected to a tube fnspection.

c. The tubes selected as the second and third samples (1f required by
Table 4 4-2) during each inservice fnspection may be subjected to o
partial tube inspection provided:

1) The tubes selected for thesy samples include the tubes from
those areas of the tube sheet array where tubes with
imperfections were previously found, and

2) The inspections include those portions of the tubes where
imperfections were previously found.

The results of each sample inspection shal) be classified 1nto one of the
following three categories:

Category

¢-1

C-2

c-3

Note:

SEABROOK = UNIT 1
\
i
|
|
|

Inspection loggl&l

Less than 5% of the total tubes inspected are
degraded tubes and none of the inspected tubes
are defective,

One or more tubes, but not more than 1X of the
tota) tubes inspected, are defective, or between
5% and 10X of the tota) tudes inspected are
degraded tubes.

Mors than 10% of the tota) tubes inspected are
degraded tubes or mors than 1X of the {nspected
tubes are defective.

In a)) inspections, previously degreded tubes must exhibit

significant (greater than 10%) further wall penetrations
to be included in the above percentage calculations.

3/4 414



REACTOR COOLANY SYSTEM

STEAM GENERATOR

SURVEILLANCE REQUIREMENTS

4.4.5.3 Inspection Fregquencies - The above required ingervice inspections of
steam gnnore%or tubes 95011 be performed at the following frequencies:

a.  The first inservice inspection shall be performed after 6 Effective

Full-Power Months but within 24 calendar months of fnftial criticality.

Subsequent inservice inspections shall be performed at intervals of
not Tess than 12 nor more than 24 calendar months after the previous
inspection. If two consecutive inspections, not including the pre-
service inspection, result in al) inspection results fal) ng in Cate-
gory C-1 or if two consecutive inspections demonstrate that previously
observed degradation has not continued and no additiona) degredation
has occurred, the inspection interva) may be extended to a maximum of
once per 40 months;

b. If the results of the inservice inspection of a steam generator
conducted in accordance with Table 4.4-2 at 40-month intervals fa))
in Category C-3, the fnspection frequency shal) be increased to at
Teast once per 20 months. The increase in inspection frequency
shall apply untf] the subsequent inspections satisfy the criteria of
Specification 4.4.5 3a.; the interval may then De extended to a
maximum of once per 40 months; and

€. Adgftional, unscheduled inservice inspecticns shall be performed on
each steam generator in accordance with the first sample inspection
specified in Table 4.4-2 during the shutdown subsequent to any of
the following conditions:

1)  Primary-to-seconcary tubes leak (not including leaks originating
from tube-to-tubesheet welds) in excess of the limits of
Specification 3.4.6.2, or

2) A seismic occurrence greater than the Operating Basis Earthquake,
or

3) A loss-of-coolant accident requiring actuation of the Engineered
Safety Features, or

4) A main stear Yine or feedwater )ine break.

SEABROOK = UNIT 1 3/4 &-15




REACTOR CODLANT SYSTEM

STEAM GENETATORS

SURVETLLANCE REQUIREMENTS

4.4.5.4 Acceptance Criteria

a8 As used in this specification:

1)

2)

3)

4)

5)

6)

7)

8)

9)

SEABROOK = UNIT

Igg{rfect1on moans an exception to the dimensions, finign, or
contour of a tube from that required by fabrication drewings or
specifications. Eddy-current testing indications below 20% of
the nominel tube wall thickness, {f detectable, may be
considered as fmperfections;

Degradation means a service-induced cracking, wastage, wear, or
general corrosion occurring on efther the inside or outside of a
tubde,;

Degraded Tube means a tube containing imperfections grester
than or equa! to 208 of the nomina) wall thickness caused by
degradation;

X Degradation means the percentage of the tube wal) thickness
affected or removed by degradation;

gofoct means an imperfection of such severity that it exceeds
e plugging Timit. A tube containing a defect 1s defective,

Plugging Limit means the fmperfection depth at or beyond which
the tube shall be resoved from service and s equal to 40% of
the nominal tube wall thickness;

Unserviceable describes the condition of a tube 17 1t leaks or
contains a defect large enough to affect its structural integ-
rity in the event of an Operating Basis Earthquake, a loss-of-
coolant accident, or a steam line or feedwater Jine break as
specifiod in Specification 4.4.5.3¢c., adove;

Tube Inspection means an inspection of the steam generator tube
rom the point of entry (hot-leg side) completely around the
U=bend to the top support of the cold leg; and

Preservice Ins fon means an inspection of the full length of
ube in each steam generator perforsed by eddy-current
techniques prior to service to establish a baseline congdition
of the tubing. This inspection shal) be performed prior to
inftia)l POWER OPERATION using the equipment and technigues
expected to be used during subsecuent {nservice inspections.
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REACTOR COOLANT SYSTEM
STEAM GENERATORS

SURVEILLANCE REQUIREMENTS

4 454 (Continued)

b.

4.4.5.5

l SEABROOK - UNIT 1 3/4 4-17

The steam generator shall be determined OPERABLE after completing
the corresponding actions (pug all tubes exceeding the Plugging
}i:;t :nu ;11 tubes containing through~wall cracks required by
eble 4.4-2,

R'E!'&l

Within 15 days following the completion of each inservice inspection
of steam generator tubes, the number of tubes plugged in each sieam
generator shall be reported to the Commfssion in a Specia) Report
pursuant to Spec'’fcation 6.8.2;

The complete results of the steam generator tube inservice {nspection
shall be submitted to the Commission 1n a Specia) Report pursuant to
Specification 6.8.2 within 12 months following the completion of the
inspection. This Spezia) Report shal) include:

1) Number and extent of tubes inspected,

2) Locetion and percent of wall-thickness penstration for each
indication of an imperfection, and

3) loentification of tubes plugged.

Results of steam generator tube inspections which fall into Category
C=3 shall be reported in a Specia) Repert to the Commission pursuant
to Specification 6.8.2 within 30 days and prior to resusption of
plant operation. This repert shall provide a description of investii-
getions conducted to determine cause of the tube degradation and
corrective measures taken to prevent recurrence.




TABLE 4 é-]
MIMIMUM NUMBER OF STEAM GENERATORS TO BE

INSPECTED DURING INSERVICE INSPECTION

(1)

No. of Steam Generators per Unit Four

Preservice Inspection Four

First Inservice Inspection Two

Second & Subsecuent Inservice Inspections One (1)
T TAT

The third and fourth steam generators that were not inspected during the
first inservice inspection shall be inspected during the second and third
inspections, respectively. For the fourth and subsequent inspections, the
inservice inspection may be limited to one steam generator on a rotating
schedule encompassing 12% of the tubes if the results of the previous in-
spections of the four steam generators indicate that al) steam generators
are performing in a )ike manner. Note that under some circumstances, the
operating conditions in one or more steam generators may be found to be
more severe than those in other stesm generators. Under such circumstances,
the samgle sequence shall be modified to inspect the most severe conditions.
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