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Dear Mr. Tallman:

Subject: Draft Safety Evaluation Report (SER) for Seabrook Station

Reference: NRC Letter to PSHH (Tedesco to Tallnan), Subject: Status
of Seabrook Licensing Review, July 2,1982

With regard to the referenced letter, sufficient progress has now been nade
in sore areas of the safety review to permit the issuance of related SER
sections in draft forn.

Enclosure 1 provides a copy of those SER sections that are sufficiently
complete for issuance of a draft edition. Enclosure 2 identifies the
additional information reouf red to complete the SER sections in Enclosure 1.
Enclosure 3 provides a brief statement describing the present status of
the review of those major sections not included in Enclosure 1.

In sone past OL application reviews, it has been a worthwhile effort on the
part of the applicant to send a representative, authorized to make binding
commitments for applicant action, to meet with the staff to participate in
the resolution of open items. You nay wish to consider making a similar
effort for the Seab ook safety review.

The NRC Project !!anager (!!r. L. Wheeler, 301/492-7792) is available to
provide additional assistance and coordination for such a neeting, and
to respond to any other concerns you may have regarding the SER.

/ Sincerely,

prisinal Sicnd 5

Thonas it. Novak, Assistant Director
for Licensing

Division of Licensing
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CRAFT

SAFETY EVALUATION
.

REPORT (PARTIAL)-
>.

. .
' '

RELATED TO THE OPERATION OF I

# *

i

! SEAER00K STATION
'

IUNITS N05. 1 AND 2
i

i

DOCKET N05. 50-443 AND 50 444!

i

i-

I

.' This partial draf t SEE has been assembled to identify the!

I

: cpen items for each enclosed section to permit the NRC and |;
-

.
!

applicant staffs to werk toward the objective of resolving
i

i them prior to issuance of the final SER. The follo.ving
!

sections are included in this part of the SER:
.

.

I
i

i 2.3 Meteorology 4.2 Fuel Design 4.2.1j 2.3.1 through through 4.2.31 2.3.5 4.3 Nuclear Design i2.4 Hydrologic Engineer- 4.2.1 through a.3.4
|ing 2.4.1 through 4.4 Thermal-Hydraulic Design2.a.9 i4.4.1 tnrcugn 0.4.8 i2.5 Geology and Seismology a.6 Functional Design of
|2. 5.1 through 2. 5. 5 Reactivity Controi System -

3.3 Winc and Tornado Load- 5.4 RCS Suosyster Analysis 5.1.11; ings 3.3.1 through 6.1 ESF Materiais 6.1.1 through' 3.3.2<

6.1.2
3.4 Water Level (Ficod) 6.3 Contrcl Room Habitability! Cesign 3.4.1 through 9.3 Process Auxiliaries 9.3.23.4.2 through 9.3.3
3.5 Missile Protection 9.a HVAC 9.4.2 throuch 9.4.5 1

j

3.5.1.1, 3.5.1.2 &
10.2 Steam /?cwer Ccr. version Featu.es !3.5.i.4 10.J.5 and 10.a.7

|3.6 Protection Against Pice 11.1 Scurce Terms
Ruotures 3.6.1 through 12.1 ALARA Program 12.1.1 through ;

,

' 3.6.2 12.1.3 '

3.7 Seismic Design 12.2 Radiation Scurces j! 3.7.1 through 3.7.3 12.2.1 through 12.2.2
! 3.8 Seismic Category I 12.3 Radiation Prctection Features f, Structures 3.8.1 through 12.3.1 through 12.3.3
I. , 8.;. :..

.

;3.9 ''echanical Systems and
j Com;cnents 3.9.i 5 3.9.4

thrcugn 3.9.6
.
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SAFETY EVALUATION REPORT) SEABROOK, DOCKET NOS. 50-443/444

2.3 METEOROLOGY

Evaluation of regional and local c li ma to logi c a l in-

formation, i n c lu di ng extremes of c li ma t e and severe

weather occurrences which may affect the design and

siting of a nu c le a r p la nt, i s r equi red to assure that
.

the plant can be designed and operated within the
requi rement s of C om mi s s i o n regu la t io ns . Inf o rma tio n

concerning a tmos phe ri c diffusion ch a ract eri stics of

a nu c le a r pow e r p la nt site is r equi red for a determina-

tion that radioactive effluents from postulated
a c ci de nt al releases, as well as routine ope rational

,

releases, a re wi thin Commi ssion guideli nes. Sec-
m

tions 2.3.1 through 2.3.5 have been prepa red in

accordance wi th the review procedures de s c rib ed in

the Standard R e vi ew P la n (N UR EG-0800), utilizing

information presented i n Sect ion 2.3 of the FSAR,

responses to requests for addi tional i nf o rma tio n,

and generally a va ila b le ref e rence materials as

described in the ap pr op ri a t e sections of the S t anda rd

R evi ew P la n.

2.3.1 REGIONAL OLIMATOLOGY

The c li ma t e of the region in which the pla nt is

located can be descriced as ge ne ral ly continental,

_.
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characterized by rapid changes in temperature and

marked extremes, but with marked martitime influ-
ences. The Gulf of Maine exerts a moderating

influence on temperature extremes in the immediate
coastal region. The mean annual temperature in the

area is about 7.2cc (45cF), ranging from about

-5.0cc (23 oF) in January to about 20.0oC (68cF) in
July. Annual precipitation in the area is about

1092 mm (43 inches).

The Seabrook plant is located near the principal
tracks of cyclonic storms that move across the

continental United States and southern Canada, as

well as storms that move northeastward along the

East Coast, resulting in frequently changing con-
ditions and a variety of severe weather phenomena.

About 26 thunderstorms can be expected on about

19 days each year, being most frequent in June,
July, and August. Considering the frecuency of

thunderstorms and the si:e of the structures of
the plant, the applicant has estimated that large

structures such as the centainment building uilt

average about one lightning strike every two years.

Hail often accomoanies severe thunderstorms. In

'
a
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the period 1955-1967, only 6 occurrences of hail

with diameters 19 mm (3 / 4 inch) or greater were

reported in the one-degree Latitude-longitude square
containing the site. However, in the same period,

23 such occurrences were reported in the adjacent
one-degree square to the west.

Tornadoes also occur in the area. The applicant

has reported that 69 tornadoes have occurred within

50 miles of the plant site in the period 1950-1977,
resulting in an annual tornado frequency of 2.5
occurrences. The amplicant has reported that the

.-

initial touchdown point for one tornado (J u ly 1968)
-

was approximately 2 miles from the site, but the

wind associated with the tornado was probably
100 mph or less. Assuming an average tornado path

area of 2.8 square miles, a recurrence interval for

a tornado at the plant site was computed to be about

once in 1100 years. The app li cant has determined

that the mean path area for tornadoes in the region of
i
.

the Seabrook plant is much smaller than 2.3 scuare
l
'

miles, which is based on tornadoes in Iowa. Use of

a smaller mean tornado path area wiLL result in a

correscondingly longer com=uted recurrence interval.

s.il; <I!
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The applicant has also examined occurrences of

waterspouts off the New Hampshire coast, and deter-

mined that 14 waterspouts were reported off the

coast between Boston and Portsmouth in the period

1959-1973, of which 3 probably caused coastal damage.

The design basis tornado characteristics selected

by the applicant conform to the recommendations of

Regulatory Guide 1.76, " Design Basis Tornado for

Nuclear Power Plants," for this region of th e
country. These characteristics are: rotational

.

speed - 290 mph; translational speed - 70 mph; and a
~

total pressure crop of 3 psi occurring at a rate of

2 psi /sec.

Hurricanes or remnants of hurricanes pass through
the region occasionally. The acplicant'has de-

termined that during the period 1871-1977, 43

tropical cyclones passed within 100 nautica l miles

of the site. Of these 43 trocical cyclones, only

3 were classifiec as hurricanes within 100 nautical
miles of the site.

High .inc sceecs also occur in the area as a result
of extratrocical cyclones. The highest " fastest mile"

' $
.t.f!.hu\ _-
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wind speed reported at Boston was 87 mph in September
1938. The applicant has selected an operating basis

wind speed (defined as the " fastest mile" wind speed

at a height of 30 feet with a return period ,fo

100 years) of 110 mph for consideration in plant
designs.

'

The applicant has examined 10 years (1961-1970) of

hourly data from Pease AFB and 29 years (1945-1973)

of hourly data from Boston to determine the meteor-

ological design conditions of the ultimate heat sink.

The applicant determined the 30-day period with the

largest difference between the daily average dry

bulb temperature and daily average wet bulb tempera-

ture to evaluate the maximum evaporative and drift

loss for the mechanical draft cooling tower used

as thg ultimate heat sink. Th e applicant also s/cbg
,. . . .

determined the maximum daily average and maximum

consecutive 30 day average wet bulb temperature to

evaluate minimum heat transfer to the atmosphere

for the ultimate heat sink. Secause the maximum

24-hour wet bulb temperature considerec in the cesign

of the ultimate heat sink 75cf has been exceeded in

ammmer

,
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the region (a maximum 24 hour wet bulb temperature

of 75.SoF was observed at Boston), the applicant

performed a supplemental analysis to demonstrate

that cooling water temperatures remain within

acceptable limits with wet bulb temperatures in

excess of 75.SoF under postulated accident conditions.
'

(see Sections 2.4.4 and 9.X.X of this report for a

determination of the adequacy of the ultimate heat
sink.) The meteorological conditions selected

by the applicant for the design of the ultimate

heat sink appear reasonably conservative., The

applicant appears to have analyzed available long-
term meteorological data in accordance with the

procedures described in Regulatory Guide 1.27,

" Ultimate Heat Sink for Nuclear Power Plants".

Heavy snowfall is not uncommon in the region.

Average annual snowfall at Portsmouth is about

1830 mm (72 inches). The applicant has estimated

the weight of the 100 year return period snowpack at
,

ground level to be 42 psf. The snowload for design

basis consideration (the weight of the 100 year
snowpack plus the weight of the 48 hour Probacle

Maximum Winter Precipitation) was determined to be
-

.

M.
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125.7 psf at ground level. Ice storms are not

uncommon in the area, with about 8 ice storms expected

each~ year. About 26 hours of freezing rain occur

each year at Portsmouth. Freezing rain is most

li k e ly in December and January.

The app li cant has considered extreme outdoor temper-

atures of 31.12C (883) and -17.8gC (OoF) in theF

design of the HVAC systems for all safety-related

buildings. The basis for the selection of these

temperatures were the 2 1/2% p robability of

occurrences (summer) and 97 1/2% (winter) probability

of occurrence values from the distributions presented

by ASHRAE. The diesel generators are designed for

temperatures of 35. doc (95 F) t o -34.4oc (-30c F ) .3

Extreme temperatures of 37.2gC (993F) and -30.6cc

(-23gF) have been recorted at Portsmouth. An ex-

treme maximum temperature o f 40.0cc (104c F ) has been

reported at Boston. Temperatures in excess of 32.2ec

(90gF) are expected at Boston about 12 days each year.

Temeeratures of 95gF or higher are expected every

two years. Temperatures of -17. Soc C0gF) or lower

are expected about 11 cays each year at Portsmouth.

Conditions with return ceriods of 100 years are

normally considerec for design of safety-related

.

D Sh
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auxiliary systems and c o m p o r. e n t s . The 100 year

return period extreme temperatures in the Seabrook

area are approximately 41.1 oc (106oF) and -35.6cc
- - -

C-32o F) . Further justification of the adequacy of
the extreme temperatures considered by the applicant

for the design of safety-related auxiliary systems
and components is required.

Large-scale episodes of atmospheric stagnation are
not common in the region. About 8 atmospheric stag-

nation cases totaling aoout 35 days were reported
in the area in the period 1936-1970. One of these

cases lasted 7 days or more.

As discussed above, the staff has reviewed available

information relative to the regional meteorological
conditions of importance to the safety design and
siting of this plant in accordance with the criteria

contained in Section 2.3.1 of the Standard Review
Plan. Based on this review, the staff concludes

that, with the exception of design basis temperatures
for auxiliary systems and components, the acclicant

has icentified anc considered acpropriate regional

.
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meteorological conditions in the design and siting
of this plant, and, therefore, meets requi rements of

10 CFR Part 100.10 and 10 C FR Pa rt 50, the Appendix A,

General Design Cri terion 2. The design basis tornado

ch a ract eri sti cs selected by the applicant c onf o rm to

the position set forth in Regula to ry Guide 1.76, and,

therefore, meets the requirement of 10 C FR Pa rt 50,
Appendix A, General Design C ri te ri on 4 to determine

an ac cep t ab le design basis tornado f o r mi ssile gene ra-
tion.

_-

2.3.2 LOCAL METEOR 0t0GY

C li ma to logi c a l data f r om Bos to n, Massachusetts,

Portsmouth, New Hampshire (Pease AFB), and available

onsite data have been used to assess local meteoro-
Logical ch a ract e ri stics of the p la nt site.

Precipitation i s well-di stribut ed throughout the year,
ranging from about 69 mm (2.7 inches) in June and

August, to about 117 mm (4.6 inches) in November.

Maximum and minimum monthly amounts of precipitation

observed in the area have been 350.5 mm (13.8 inches)
i n J anua ry 1958 at Portsmouth, and a trace (less than

it =
- f,dYb '-
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0.01 inch) in March 1915 at Boston. The maximum

amount of precipitation in a 24-hour period at Boston

was 213.4 -mm (8.4 inches) in August 1955, although

171.2 mm (6.74 inches) has been recorded in a 12-hour
period at Boston. Monthly snowfall is usually
heaviest in February (18.9 inches). The maximum

amount of snowfall in a 24-hour period was 548.6 mm

(21. 6 . i n c h e s ) at Portsmouth in December 1954.

Wind data taken from the 13.1 m level of the onsite
meteorological tower for a two year period ( Ap ri l

1979 - March 1980 and June 1980 - May 1981) indicate

prevailing winds from the west-northwest (about 18%
of the time). Winds from the southwest clockwise
through northwest occur almost 60% of the time.

Winds from the north-northeast occur least frequently
at about 2% of the time. The median wind speed at

the 13.1 m level is about 3 m/sec.

Neutral (Pasquilt type "D") concitions precominate,
occurring about 45% of the time. Moderately stable

(Pascuilt tyce "F") anc extremely stacle (PascuiLL

type "G") conditions occur acout 7% anc 6% of the
>q { N\ time, respectively.
.,. . S$a
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As discussed above, the staff has revi ewed available

information relative to local meteorological condi-

tions of importance to the safe des.ign and siting of

this plant in accordance with the criteria contained

in Section 2.3.2 of the Standard Review Plan. Based

on this review, the staff concludes that the appli-

cant has identified and considered appropriate local

meteorological conditions in the design and siting

of this plant and, therefore, meets the requirements

of 10 CFR Part 100.10 a nd 10 CFR Part 50, Appendix A,

General Design Criterion 2.

..

2 .3 .3' ONSITE METEOROLOGICAL MEASUREMENTS PROGRAM

An onsite meteorological measurements program at the

Seabrook site was initiated in November 1971. Meteoro-

Logical measurements were made on a 45.7 m (150 ft)

tower located along the Browns River north-northwest

of the reactor area. Wind speed and wind direction

were measured at the 9.1 m (30 ft) and 39.6 m (130 ft)
levels and vertical temperatures gradient was measured

between the 9.1 m and 39.6 m levels. Two years

(D e cembe r 1971 Novemoer 1972 and December 1972--

November 1973) of data from this tower were submitted

with the Construction Permit aoptication, and one

e3 3 q ?""
.!\ .
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year ( Apri l 1972 - March 1973) of data from this

program was included in the FSAR. However, wind

sensors were changed at the end of 1972 making a

composite data set somewhat suspect.

A new 64 m (210 ft) tower was erected at the same
location as the old tower in April 1979. Wind speed

and wind direction are measured at the 13.1 m (43 ft)
and 63.7 m (209 ft) levels. Because the base eleva-

tion of the meteorological tower is slightly lower

-

than plant grade, the applicant believes the 13.1 m

level represents approximately the 10 m leve8 in

the vicinity of plant st.uctures. Vertical tempera-

ture gradient is measurec between the 13.1 m and

45.7 m levels and between the 13.1 m and 63.7 m
levels. Ambient dry bulb and dew point temperatures

are measured at the 13.1 m level, and precipitation

| and solar radiation are measurec near the ground.
i

| A digital recorcing system is in use and analog

strip charts are utili:ec as backup. The entire

data collection system is calibrated cuarterly and

the calibration activities are cerformed uncer a

cuality assurance program whien meets the recuire-

ments of 10 CFR Part 50, Apoencix 2.
.

. _.- -
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The Applicant has provided two years (April 1979 -
,

March 1980 and June 1980 - May 1981) of meteorological
data. These data have been combined into a composite

set of joint frequency distributions of wind speed

and wind direction by atmospheric stability. Wind

speed and wind direction data were based on measure-
f

the(! .1 m level, and atmospheric stabiltyments at

was defined by the measurement of vertical temperature

gradient between the 13.1 m and 63.7 m levels. Data

recovery for the joint frequency distribution for

the composite two year period was in excess of 95%.

Although the measurement of vertical temperature

gradient between the 13.1 m and 63.7 m levels was

considered as the primary indicator of atmospheric

stability, the staff also examined atmospheric

stability determined by the measurement of vertical

temperature gradient between the 13.1 m and 45.7 m

levels for consistency, particularly with the earlier

data collection periods. A comparison of the avail-

able onsite meteorological data sets showed a signi-

ficant variability in the annual frequency of

unstable (Pasquilt types "A", "3", and C) and slightly

P
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stable (Pasquilt type "E") conditions using the verti-
'

cat temperature gradient between the 13.1 m and 45.7 m
levels. Atmospheric stability conditions were con-

,

siderably less variable when based on the measurement

of vertical temperature gradient between the 13.1 m
~i

and 63.7 m levels. Concurrent measurements of verti-
*

cal temperature gradient between the two intervals

since April 1979 have also indicated very different

atmospheric stability conditions on certain occasions,
particularly just after su nri s e when the lower measure-

ment interval i ndicated extremely unstable conditions

while the higher measurement interval indicated

neutral conditions. The-applicant has been requested
,

(Q 451.14) to provide an explanation of the year-to--

year variability in atmoscheric stability conditions

considering the atmospheric mechanisms for generating
'

thermal instability, the classification scheme used,
the location of the meteorological tower and the,

surface characteristics around the tower, anc the
,

location of the site. The applicant should also,

,

; address the differences in atmospheric stability
conditions indicated by concurrent measurements of

vertical temperature gracient between the two
;

. 4 m PWM
j
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intervals. Such differences could have a significant

impact on real-time assessments for emergency
-! planning and preparedness if one interval was to be

used as a backup to the other.

The staff has reviewed the onsite meteorological

measurement system in accordance with the criteria con-
,

tained in Section 2.3.3 of the Standard Review Plan.
The onsite meteorological measurement system conforms

to the guidance of Regulatory Guide 1.23, "Onsite

Meteorological Programs," and has provided adequate
,

data to represent onsite. meteorological conditions as
'

required in 10 CFR Part 100.10. The site data provide
,

an acceptable basis for making conservative estimates

of atmospheric dispersion conditions used for estimating
consequences of design basis accidents and routine

releases from the olant.

To address the meteorological requirements for emer-

gency preparedness planning outlined in 10 CFR

Part 50.47 and Apoendix E to 10 CFR Part 50, the

soplicant will be required to upgrade the operational
4

meteorological measurements program to meet the cri-

teria in MUREG-0654, Apoendix 2, " criteria for Prep-

aration and Evaluation of Radiological Emergency,

Td kpa..-

.
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Response Plans and Preparedness in Support of Nuclear

Power Plants." The upgrades must be in accordance

with the schedule of NUREG-0737, III.A.2, "Clarifica-
tion of TMI Action Plan Requirements." The upgrades

will consist of the addition of a viable backup
i meteorological measurements system and the demonstratec

capability for remote interrogation of meteorological
information by the utility, emergency response

organizations, and the NRC staff during emergency
situations. The incorporation of current meteoro-

, logical data into a real-time atmosheric dispersion

model for dose assessments will also be considered
as part of the upgraded capability.

2.3.4 SHORT-TERM (ACCIDENT) DIFFUSION ESTIMATES

To audit the applicant's estimates, the staff has

performed an indepence.: assessment of short-term

(less than 30 days) accidental releases from builcings
and vents using the cirection-decencent atmospheric

ciscersion model described in Regulatory Guide 1.145,
.

" Atmospheric Discersion Models for Potential Accident
i

Consecuence Assessments at Nuclear Power Plants," with

consiceration of increased lateral discersion curing
|
1
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stable conditions accompanied by low wind speed con-,

ditions. Two years (April 1979 - March 1980 and June

1980 - |4ay 1981) of onsite data were uced for this
evaluation. Wind speed and direction data were

based on measurements at the 13.1 m level and atmos-
pheric stability was defined by the measurement of

vertical temocrature gradient between the 13.1 m

and 63.7 m levels. A ground-level release with a

building wake factor, cA, of 1045 m2,was assumed.

The relative concentration (X/Q) value for the
0-2 hour time period was determined to be

2.7 x 10-4 sec/m3 at an exclusion boundary distance

of 914 m in the east sector. A nearly identical

value was calculated at the same distance in the east-
southeast sector. The X/G values for appropriate

time periods at the outer boundary of the low popu la-
tion zone (2012 m) are:

Time Period X/O (sec/mI]
0-8 hours 6.4 x 10-1
8-24 nours 4.5 x 10-1
1-4 days 2.0 x 10-1
4-30 days 6.7 x 10-1,

The acclicant has calculated similar X/0 values for

the 0-2 hour period at the exclusion area boundary ,-.
,III( h- <a-

, . - . . - - . - . - -
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and for the 0-8 hour time period at the LPZ distance.
The applicant has calculated substantially lower

values for longer time periods at the LPZ distance.

Based on the results of a study being performed by

the applicant on long-term atmospheric dispersion

conditions (see Section 2.3.5), the X/Q values for

the various time periods may be increased slightly.
Based on the above evaluation performed in accordance

with the criteria contained in Section 2.3.4 of the
Standard Review Plan, the staff concludes that the

applicant has considered appropriate atmospheric
'

dispersion estimates for ass'essments of the conse-

quences of radioactive releases in accordance with

the requirements o f 10 CFR Part 100.11. The atmos-

pherie dispersion estimates provided in this section
have been used by the staff in an independent assess-

ment of the consequences of radioactive releases for
design basis accidents.

2.3.5 LONG-TERM (ROUTINE) DIFFUSION ESTIMATES
1

To audit the aoplicant's estimates, the staff has

performed an independent calculation of annual average
!relative concentration (X/Q) and relative deposition I

;

~

be
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(D/Q) values using the straight-line Gaussian atmos-

pheric dispersion model described in Regulatory

Guide 1.111, " Methods for Estimating Atmospheric

Transport and Dispersion of Gaseous Effluents in

Routine Releases from Light-Water-Cooled Reactors."

The applicant is examining spatial and temporal

variations in ai r flow, particularly airflow reversals
during the onset of the seabree:e and curved tra-

jectories during the decay of the seabreeze, to
determine appropriate modifications to the results
of the straight-line model.

Releases through the two unit vents have been con-

sidered to be partially elevated based on the criteria
contained in Regulatory Guice 1.111. Intermittent

releases through each vent have been evaluated using
j the methodology described in NUREG-0324, "XOQD0Q
i

| Program for the Meteorological Evaluation of Routine

Effluent Releases at Nuclear Power Stations." Only

one year ( Ap ri l 1979 - Ma rch 1980) was availacle for

the calculation of annual average X/G and D/Q in-

cluded in the Draft Environmental Statement. These

estimates will be updated to reflect the acditional

year of onsite meteorological data now available, p

5

>se
.
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Based on the above evaluation pe rf ormed in accordance

with the c ri t e ri a contained i n Se ction 2.3.5 of the
Standard Review P la n, the staff concludes that the
ap p li c a nt has considered representative atmospheric

di spe rs ion estimates fo r demons trating c omp li an ce

with the num e ri c a l guides for doses contained in

10 CFR Part 50, Appendix I. The a tmo s ph e ri c di s-

pe rs ion estimates developed by the staff are included

in the assessment of the radiological impact to man

resulting from routine releases to the atmosphere

contained in the staff's environmental statement.

d

.
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i
Revised Draft Hydrologic Engineering Evaluation

i
Seabrook Nuclear Power Station !<

;
'O Units 1 and 2

Docket Nos. 50-443/444*

,

I

2.4 HYDROLOGIC ENGINEERING
'

4

2.4.1 Introduction

The staff has reviewed the hydrologic engineering aspects of the applicant's
,

design, design criteria and design bases of safety-related facilities at
, ,

the Seabrook Station. The acceptance criteria include the applicable,

GDC reactor site criteria (10 CFR 100), and standards for protection <

"

against radiation (10 CFR 20, Appendix Be Table II). Guidelines for

implementation of the requirements of the acceptance criteria are provided
.

*
in Regulatory Guides, ANSI Standards and Branch Technical Positions -

identified in SRP Secticn 2.4-1 through 2.4-14. Conformance to tne
'

acceptance criteria provides the bases for concluding that the site.snd
s

facilities meet the recuirements of Parts 20, 50 and 100 of 10 CFR with

!

respect to hydrologic engineering. - -

2.4.2 Hydrologic Description

'

The site is about 2 miles inland (west) from the Hampton and Seabrook Beachese

and about 1 mile east of the town of Seabrook, on the shore of the marsh area-

'
surrounding Hampton Harbor. The site lies within the Hampton Harbor water-

shed between Browns River and Hunts Island Creek. The proposed plant grade

.

h
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;; is 20 feet above mean sea level (MSL). Normal high tide is about 4.6 feet
.i

; i MSL. Significant hydrologically related plant features include intake and

discharge tunnels from the site into the Atlantic Ocean, an ensite intake

structure at the terminus of the tunnelse a mechanical draft cooling tower

! (ultimate beat sink), and various slope protection features around the
;

plant site.
!

1

I
l

Normal operation wilL utilize ence-through cooling, extracting water from
; and returning it to the Atlantic Ocean. The intake and discharge tunnels
; have been
! mooemet excavated through bedreck beneath the marsh, Hampton Harbor and,

|

the waterfront beach area to prevent disturbance of these areas. The
.

.
ciischarge outfalt will be about 5500 feet and the intake structure will be

a

about 7000 feet offshore frca Hamoten Beach..,

I

i

; Grcurd water is a major resource of the area. The plant will use ground

! water supolied by the City of Seabrock, NH. Plant operation or normal
,

'' ~

and-accidental effluents will not affect ground water users.

!
4

! The acplicant has provided nydrologic-descriptions of the site. The staff
i

4 has reviewed the applicant's information in accordance with procedures in

SRP Sections 2.4.1 and 2.4.2e and concludes that it is sufficient to meet

{ the requirements.of GDC-2.

-

|
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! 2.4.3 Flood Potential
|

Flcoding near the site has histcrically been caused by " northeasters" and
4

hurricanes. The applicants reocrted that the maximum tidal ficoding was'

the result of a northeaster en February 7, l978, which produced an estimated

tidal elevation of 9.1 feet MSL on the tJeu Hancshire coast; the maximum

; hurricane induced high water of 7.7 feet MSL was on December 29, 1959. The'

applicants considered several flooding sources in establishing the flooding

design basis for the site. These events include stream floodinge precipitation

induced flooding, flooding caused by seismically induced dam failurer ice.

flooding, t sunami induced flooding, surge and seiche flooding and combination

i of surge and stream flooding. The applicants state that the flooding design

basis would be established by the Probable Maximum Hurricane (PMH) coen

! coast surge with wind generated waves coincident with a Standard Project

Flood (SPF), which is m assumed equivalent to one-half of the

'

Probable Maximum Flced (PMF) en the Hampton Harbor watershed. The staff

does not cencur that the SPF/PMH ccmbined event is the appropriate
i

combination for this site. Current criteria for sites en watersheds less

than 300 square miles and subject to hurricane surge (AtlS tJ170, 9.2.2.2

Alternate IV) is a combination of a PMF and a PMH event.
i

2.4.3.1 Probable Maximum Flood (PMF) en Streams and Rivers
(

The applicants estimated the PMF for the Hampton Harbor watershed. The

i total drainage area to the Harbor is 47.4 scuare miless of which 12.2 square '

| miles are submerged. The probable maximum precipitation (PMP)r used to

|

t

(

.,
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'estimate the PMF, was based on Hydrometeorological Report No. 33, " Seasonal

i Variation of the Probable Maximum Precipitation East of the 105th Meridian

for Areas from 10 to 1000 square Miles and Durations of 6,12, 24, and

48 Hours", U.S. Weather Service.

Precipitation losses assumed in the analysis were conservative. The

runof f models for the watershed were developed using standard methods.

The flood hydrograph and astronomical tide were routed into the Harbor

such that the peak effect (high water) was identified. The resultant water

level at the plant site was 8.9 feet MSL. Wave ef fects were not evaluated

because this stillwater level resulting from the PMF was well below the

design basis water level, discussed in Section 2.4.3.6 of this report.

We have reviewed the FSAR material presented in accordance with the procedures

described in SRP Sections 2.4.2 and 2.4.3, and conclude that the plant meets

: the requirements of GDC-2 with respect to flooding on streams and rivers
:

caused by intense precipitation.

.

I 2.4.3.2 Intense Local Precipitation

Safety-related structures, systemse and componentse including the roofs

of safety-related buildings, are protected from the effects of the local

!
Probable Maxixum Precipitation (PMP).

!

4

.

O
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The applicant has indicated that roofs of safety-related buildings are

designed to dispose of local severe precipitation up to and including the

local Probable Maximum Precipitation. All safety-related buildings

! (except containment enclosure) are designed with relatively flat roofs

having an inclination of approximately 1%. Parapets around the perimeters

of safety-related buildings have been designed low enough (approximately

9 inches higher than the roof crown) so that if internal roof drains become

clogged, thereby causing impoundment /j water would overflow before basic, ,

roof loading would be exceeded.

There is an underground storm drainage system designed to carry runoff from

the local PMP and the site is graded so that there would be less than 1/2

foot of pending. At the request of the staffe the applicant analyzed for

the case of complete blockage of the storm drainage system. They concluded

that pending with blocked site drainage would be less than 0.6 feet.

; Entrances to safety-related buildings are at least Elevation 21.0 (one

.

foot above plant grade) or are provided with cne foot high curbs. During

early stacas of the plant designs the applicant assumed plant grade at

j El 20.0 ft (MSL). Later refinements of the plant grade have established
i

; drainage patterns which are controlled by the crown elevation of the roads

at Elevation 20.5 ft (MSL). We have asked the applicant to reanalyze the

effects of intense local precipitation on the safety related facilities,'

'

using the current controlling plant design grades and building layout at

the site.
.

4
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Using the procedures described in SRP Section 2.4.2r we have reviewed

the applicant's methods of runoff analysis for site drainage during the<

local PMP. The staff concludes that the applicant must reanalyze the

effects of intense local precipitation with respect to current

controlling plant grade elevations and layout of buildings on the site.

2.4.3.3 Potential Dam Failures M

The applicant reports only two small artificial ponds upstream of the

site and concludesthat they represent no hazard to the safety related

facilities of the plant. Using the procedures described in SRP Section

2.4.4, we have reviewed the applicant's submittale and conclude that the

plant meets the requirements of GDC-2 with respect to hydrologic aspects

of dam f ailures.

2.4.3.4 Ice Flooding

The applicants reported that ice up to one foot thick has occurred in the

vicinity of the site. However, due to topographic considerationse ice

blockage of waterways would not produce water levels in excess of the design

basis water level (PMH).

Based upon our review of the FSAR using SRP Section 2.4.7e the staffi

concludes that ice would not cause the design basis flood, and that the

plant meets the guidelines of R.G.1.102 and the requirements of GDC-2

with respect to ice flooding.

i

L
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2.4.3.5 Probable Maximum Tsunami Flooding,

The applicants evaluated historical tsunamis on the Atlantic Coast and

the causal mechanisms. The applicants conclude that while tsunamis may

occure they will not exceed the design basis water level of the PMH.

'

Based upon our analyses using SRP Section 2.4.6e the staff concludes that

the plant d::!; . ;_n:-i; meets the guidelines of R.G.1.102 and the...

4

requirements of GDC-2 with respect to tsunami flooding.
!

2.4.3.6 Probable Maximum Surge and Seiche Flooding

Major historical surge flooding on the New Hampshire coast has been

induced by " northeasters" rather than by hurricanes. The applicantse

however, analyzed the potential surge flooding from both the probable

maximum northeaster (PMN) and the Probable Maximum Hurricane (PMH) and

concluded that the PMH would produce the design basis water level at the

plant site. The parameters for the PMH were obtained from HUR 7-97e

" Interim Report - Meteorological Characteristics of the Probable Maximum

Hurricaner Atlantic and Gulf Coast of the United States," E.S.S.A. (now

NOAA), May 7, 1968. The reference provides a range of characteristics to,

define the size (radius to maximum winds) and speed (forward translation)

of the hurricane. The PMH results f rom the most critical combination of

theser and other characteristicsi including a postulated critical track to

the site. Characteristics identifying the PMH for the site are a Central

.

._ . . --
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Pressure Index (CPI) of 27.42 inches of mercury, asymptotic pressure of

30.42 inches of mercury, radius of maximum winds of 56 nautical miless

maximum forward speed of translation of 52 knots, and maximum 10 minute

sustained wind speed of 129 knots. Coincidentally the applicants assumed

an astronomical tide of 10.6 ft. mean low water.

The applicants coastal surge estimate also includes consideration of an

initial rise of 0.9 feet (sea level anomoly). The design basis opsn

coast surge near the site was calculated by the applicant to have a still

water level of 14.5 feet MSL. The staff concurred with this estimate in

the CP review on the basis of an independent assessment.

S e3e
~;.. on the open coast would affect the site by increasing the water level

in Hampton Harbor, adjacent to the site. The flood in Hampton Harbor was

calculated by " routing" the open coast storm surge and including the

effects of runoff from heavy precipitations wind setup across the bay and

wind waves coming from offshorer or generated within the bay. The applicant

assumed that the precipitation runof f was from the Standard Project Flood
O ct 3

(SPF), which M taken as see 4 half -- :r--L J.'that for the PMF.

Flow into Hampton Harbor from the Atlantic Ocean was calculated on the basis

of the inlet widths open coast water level and harbor water level. The

analysis includede in addition to the highest open coast surger a hurricane

.

.- -%y.m v., .
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f which gave a smallere but longer lasting surger in order to explore the
J

possibility that this combination would result in a higher flood level in

Hampton Harbor. Thisi howevere proved not to be the case. Setup caused

by hurricane winds blowing across the harbor was added to the water level
f

computed from the SPF runoff and PMH surge to give a design basis
i
'

stillwater level of 15.6 feet MSL at the site. The staff concurred at
'

the CP stage with the applicant's prediction of stillwater level at the
!

site.'

.

The applicants estimated the waves and wave runup at the site coincident

with the SPF/PMH surge. The estimate was based on consideration of mcdified

deep water waves entering the harbor through the entrance and regenerated

waves inside the harbor. The maximum runup elevation on the north and

northeast sides of the site are 19.6 feet MSL and 18.0 feet MSL, respectively.

The southeast side of the siter particularly at the vertical seawalle would

be subject to extensive wave overtopping in such a situation. The revetments

and seawalls themselves have been designed to survive the PMHr including
1

wave impact forces and erosion of their foundations. Based on our review

of the design the staff concludes that these shore protection features would

survive the Design Basis Flood.

The height of the shore protective structures relative to the design basis

stillwater level would preclude transmission of waves from this event across

plant grade and safety related structures wille thereforer not be subjected

to wave forces. Howeveri runof f through the site from waves overtopping
!

'
w,

|
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j the seawall combined with that from local intense precipitation will

j result in water elevations above plant grade. At the CP licensing stage

the applicant indicated that the effects of local intense SPF precipitation 1,

or plant grade (Elevation 20.0 ft MSL) was used in ccebination with the
i

overtcpping waves. The resulting maximum fleeding elevation occurring at
,

! the time of peak overtcpping was 20.6 feet (M SL) . This value utili:ed

available drainage capacity in the storm drainage system.
t

.

d

Since the issuance of the SER-CPr ANSI Guide N170 has suggested that for

drainage basins of less than 300 square miles, the Prebable Maximum Flood

(PMF) resulting from the PMP should be combined with the Probable Maximum
1

Hurricane for the determination of Design Basis Flood. At the request of
,

the staf f, the applicant analyzed the potential increased surge level

over the originally determined level in Hampton Harbor for the case of the
<

PMF combined with the PMH. They determined that the combined event would
,

increase the stillwater level less than 0.1 feet above that calculated
III

forthePfF/FMHevente primarily because the storm surge dominates ine

flood still water level. The staf f has requested the applicant to provide
de.hi|tS

. a dated &md analysis to support this contention. The staff has further

requested the applicant to evaluate the effect en the wave overtopping rate

resulting from the PMF/PMH event and determine the maximum flooding level
i
* resulting from this wave overtepping runoff and concurrent PMP runoff and

to justify the crediti if takene for flow through the storm drainage system.'

,

J
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Based upon our analyses using SRP Section 2.4.2, 2.4.5, and 2.4.10, t he
'

: staf f cannot conclude that the plant design for direct. storm surge flooding

meets the guidelines of R.G.1.102 and the requirements of GDC-2, because

the flooding level on plant grade resulting from wave overtopping runoff

and concurrent PMP runoff associated with the PMF/PMH event remains an
- ,

I open item.

!

2.4.4 Flood Protection Requirements,

The flood design bases for the site comprise intense local precipitation
j and the PMH induced'stillwater-level with coincident wavese wave runup,

'

i

and wave overtopping.

Flood protection from the Design Basis Flood and associated wave runup
''

is provided by riprap revetments with slopes of 1 on 1.5, a vertical

4

,
seawalle and retaining walls. This shore protection has been designed to

!

withstand the effects of direct wave attack and the hydrostatic and
<

hydrodynamic forces associated with the Design Basis Flood. The vertical
I

; seawall and certain sections of the riprap revetment (to a lesser extent)

I are subjected to wave overtopping. The wave overtopping at the vertical

! seawall is the major source of runof f thrcugh the plant site and the
I'

resultant pending. Problems that remain outstanding all relate to the wave
,

# overtopping during the PMF/PMH event. They are as follows:

!

a

1

I

i

-
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a) scour protection of plant grade behind the vertical seawall and

adjacent to electrical manholes #13/14 and #15/16e

b) routing of the combined runoff from PMP and PMF/PMH wave overtopping

through the plant site particularly as associated with buildingsr

crown of roadse and/or obstacles constricting flow and increasing

ponding level, and

c) identification of plant access that are effected by locally increased

pending level.

Based upon our analysis using SRP Sections 2.4.2, 2.4.5 and 2.4.10 the

staff cencludes that the applicant has not shown that the plant design
.

flood protection meets the guidelines of R.G.1.102 and the requirement

of GDC-2 as noted above regarding scour protectioni ponding levelse and

plant access affected by pending.

.

2.4.5 Cooling Water Supply

2.4.5.1 Description of Normal and Emergency Supply

Condenser cooling water and service cooling water are supplied to the plants
,

from the Atlantic Ocean through a tunnel bored in rock. The intake structure
,

is located offshore in about 60 feet of water. Normal once through

condenser and service cooling water for both units is provided through the

j -foot diameter intake tunnel at a flow rate of 824,000 gallons per minute

.

.
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(412,000 gallons per minute per unit). Normal full power operation of

service cooling water for both units is supplied at the flow rate of

42,000 gallons per minute (21,000 gallons per minute per unit). A minimum
|

flow rate of 19,600 gallons per minute for both units (9,800 gallons per

minute per unit) is required for emergency shutdown.

The service water pum p bay is supplied with two lines from the intake

structure. The discharge structure, also located in deep water, may

be used to supply service water in the event of the intake line being -

unavailable. The applicant has also provided mechanical draft cooling

towers which could be used to supply emergency cooling water for plant

shutdown irrespective of the normal system.

2.4.5.2 Adecuacy of Cooling Water Supply

The applicant analyzed the adequacy of the cooling water supply from

the effects of severe natural phenomenon. While ice up to one foot

thick has occurred near the site, the submerged of fshore location of the

intake and discharge structures would make them immune to ice blockages.

Thus we conclude that the intake and discharge structures are adequately

protected against ice effects.

The applicants reported the minimum historical astronomical tide for

Hampton Harbor is -6.3 feet MSL. The maximum set down due to the PMH wind

mmp-

. \
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field blowing offshore was estimated to be 3 feet and was assumeo coincident

with the minimum astronomical tide. The resultant water level would be

-9.3 feet MSL. The ocean intake and discharge structures would be ldfI

submerged and thus functional during this event.
,

i

The applicant's describe the Ultimate Heat Sink as comprising the Atlantic

Ocean via the intake and discharge tunnels and a mechanical draft cooling

tower. The tunnels are not designed for the safe shutdown earthquake

(SSE). However, the ocean intake and tunnel could provide the required

emergency water flow with as much as 95 percent of the flow area blocked.

An alternate seismic Category I source of cooling is provided from a

mechanical draft cooling tower. The applicants state that the system

will meet the natural phenomena criteria and design meteorology suggested
| tar,, s+HI

in Regulatory Guide 1.27.4 /dequacy of this system is4under review by the

staff.

Based upon our reviews using the procedures described in SRP Sections 2.4.5r

2.4.7 and 2.4.11, and the guidance of R.G. 1.27, we conclude that with

respect to low water levels and ice blockages of the water intakesi the

plant design is acceptabler and meets the requirements of GDC 2. Our

evaluation of the Ultimate Heat Sink's ability to provide emergency cooling
! in accordance with the guidance in Regulatory Guide 1.27 is still under

review.

.

1

i
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' 2.4.6 Groundwater
, -

t
The site is underlain by relatively impermeable marine sediments. Beneath

these sediments are shallow unconsolidated surficial deposits which

constitute the principal aquifer in the area. The aquifer is composed of* ,

beach deposits, swamp deposits, and glacial drift. The drift is composed

of till, ice contact, margin and outwash deposits. Beneath these materials

is bedrock in which groundwater occurs only in fractures.-

.
The largest producing wells in the area are in the ice contact deposits of

a

; stratified sand and gravel. The for=ation provides the water supply for
i

| the communities of Seabrook, Salisbury, and Hampton.
I
!
i

i

The outwash deposits provide adequate supply for smaller users. Yields

! generally do not exceed 100 gpm. A few wells, delivering only a few

gallons per minuter are developed in the till and beach sands. Most

,

bedrock wells provide yields of less than 10 gpm.
'

.

The applicants will have no wells on siter but will obtain water from the

town of Seabrook. Normal operational usage will be about 200 gpm, which
.

4

will include potable and sanitary supply and makeup for the demineralized
,

water system and fire system. The estimated plant startup demand will be,

about 350 gpm. The groundwater supply is not essential for the safe
,

shutdown of the plant.

I

I

.
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There are no public water supply wells within 2 miles of the plant and

cnly 2 private wells within 1 mile of the site. The groundwater gradient,

is generally eastward at the plant site toward the neighboring narsh. All

of the existing wells are upgradient from the plante and therefore could

not be affected by accidental centamination of the ground water en the
,

site.
, .,

The design basis for groundwater hydrostatic loading of safety related,

structures is conservatively taken as plant grade of +20 feet MSL, even

though the water table normally is between about 10 and 17 feet MSL.

Our review was based on the guidance of SRP Section 2.4.12. We have

determined that the site does not affect the safety of neighboring

groundwater supplies, that emergency shutdown of the plant does not depend

on groundwater suppliese and that safety related structures have been

designed to conservative groundwater levels. We concluder thereferer

that the site meets requirements of GDC-2,10 CFR Part 100, and Appendix A

thereto,10 CFR Part 50, and GDC-4.

2.4.7 Accidental Releases of Liquid Ef fluents in Ground and Surface Waters

The accidental release of radioactive liquids to the ground or directly,

to surface water would not affect drinking water users. Radioactive

water which might be accidently released to the circulating water system

would be carried to the Atlantic Ocean where it would be highly mixed

by the discharge diffuser and be carried away by ambient ocean currents.i

4

~
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Radioactive contamination of groundwater would be transported in the

direction of the saltwater marsh and away from areas of groundwater,

usage. The staff has conservatively estimated the travel time from the

site to the waters of the marsh to be on the order of 170 days. Most

radionuclides would travel even slower because of sorption with sediments.

Concentrations of radionuclides in surface waters from such an improbable

release would be well below hazardous levelse for accidents within the

design basis. Furthermore, migration could be largely arrested before

radionuclides reached surface water.

The staf f therefore concludes that accidental releases of liquid

radioactivity from accidents within the design basis would not pose a

threat to public health and safetyr and that the plant meets the

requirements of 10 CFR Part 100 with respect to potential accidental

releases of radioactive ef fluent. The staff relied on the guidance of

SRP 2.4.12, 2.4.13, R.G . 1.113, 10 CFR Part 20 and 10 Part 100 in

performing its analysis.

2.4.8 Technical Specifications and Emergency Operation Requirements

Based upon our review in accordance with SRP Section 2.4.14, the staff

can not conclude at this time whether technical specifications or emergency

operating plans.are required for the fl. cod protection.

i
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2.4.9 conclusions
'

,

Based on our independent review and analysis as described abover the

!' staf f has requested the applicant to reanalyze the flood design bases and

to provide protection to the Seabrook Station from both locally severe

precipitation (up to and including the localized PMP) and from the
1

stillwater, waves, and wave runup and overtopping induced by hurricanes
1

as severe as a combined Probable Maximum Flood / Probable Maximum Hurricane

event. Wer therefores cannot conclude that the plant meets the requirements

! of GDC-2 with respect to flooding. The staff concludes the plant will not

! adversely affect groundwater users and any accidental spill will migrate

toward the adjacent tide water (marsh) areas rather than toward existing
i

j wells. Such spills, if allowed to proceeds would be diluted in Hampton

Harbor and be further diluted in the Atlantic Ocean. The staff continues

to review the conformance of the proposed ultimate heat sink design to

the suggested criteria of Regulatory Guide 1.27, and the hydrologic

criteria of GDC-44. ,

I.
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SEABRC0K STATION

ORAFT SAFETY EVALUATICN REPORT

GECLOGY AND SEISMOLCGY

2. 5 Geolecy and Seismolocy

In accordance with Sections 2.5.1, 2.5.2, and 2.5.3 of the revised Standard
Review Plan (NUREG-0800), the staff has reviewed pertinent seismological and
geological information that has become available since the issuance of the
construction permit (CP) Safety Evaluation Report (SER) and SER supplement in
1974. This new information includes evaluation of faults and other geologic
features found in excavations at the site, recently published literature
(inclucing both published and unpublished geological and seismological infor-
mation obtained from the NRC-sponsored New England Seismotectonic Stucy), and a
set of independently derived site-specific spectra. New data resulting frem
the recent central New Brunswick earthquake of January 9,1982 and the Ga:a,
New Hampshire earthquake of January 18, 1982, is not yet available and may be
important for our review. 'le have asked the apnlii W *c document these e cats,

.

and, specifically, to accress possible implications these events may have on
the choice of the maximum historical earthquake for the safe snutdown earth-

quake, the appropriate attenuation accel for tne northeastern United States,
the assumed relationship between peak vertical and horizontal acceleration, and
the probability of exceeding the operating basis earthquake during the operating
life of the plant.

Considering the information available at this time, tne staff reaffirms their
earlier conclusion, stated in the CP-SER, that the applicant has adequately
investigated and characterized the seismological and geologic hazards at the
site and, frcm the standcoint of those hazarcs, the site is accectable. In
particular, we conclude that:

(1) Geological and seismological investigations and information provided by
the acclicant and recuired by Acpencix A to 10 CFR Part 100 provide an

n- -

f.n~kki i
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adequate basis to establish that no capable faults exist in the plant
site area which would cause earthquakes to be localized there.

(2) There is no evidence that a potentiti exists for surface faulting at the
plant.

(3) The acceleraticn level (0.25 g) proposed for the safe shutdown earthquake is
an acceptable acceleration level to ancnor a Regulatory Guics 1.60 spectrum
for the seismic design of the plant in conformance with Appendix A to 10 CFR
Part 100.

In addition, the staff finds that the applicant has satisfied the requirements
of:

(1) Regulatory Guide 1.70 (Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants, Revision 2).

(2) 10 CFR 50. Accendix A (General Desian Criterion 2) with respect to
protection against natural phenomena such as earthquakes, faulting, and
collapse.

(3) 10 CFR Part 100 (Reactor Site Criteria) with respect to the identification
of geologic and seismic characteristics used in determining the suitabil-
ity of the site.

(4) 10 CFR Part 100, Accendix A (Seismic and Geolocic Sitino Criteria for
Nuclear Power Plants) with respect to obtaining the geologic and seismic
information necessary to determine (1) site suitability, and (2) the
approcriate design of the plant. In complying with this regulation the
applicant also meets the staff's guidance described in Regulatory,

Guide 1.132 (Site Investigations for Foundations of Nuclear Power Plants),
Regulatory Guide 4.7 (General Site Suitability Criteria for Nuclear Power
Stations), and Regulatory Guide 1.60 (Design Resconse Spectra for Seismic
Design of Nuclear Power Plants).
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A review of the bases for the staff's conclusions is given in the following
sections.

2.5.1 Basic Geolooic and Seismic Information

2.5.1.1 Recional Geolocy

The Seabrcok site is in the Seaccard Lowland Section of the New England
Physiographic Province (Fenneman, 1938 and Thornbury, 1965). The Seaboard
Lowland Section ranges in elevations from mean sea level (ml) to +500 feet ms1
near its boundary with the Upland Section.

The New England Physiographic Province is a northern extension of the
Appalachian Mountains wnich has been modified by glaciation. Bedrock is
generally overlain by a few feet to a few hundred feet of glacial deposits.

Based on our review of the Seabrook site, and past reviews of the Pilgrim 2,
Montague and New England 1 and 2 sites, the staff conludes that the Seabrook
site is within the New England-Piedmont Tectonic Province. This is in accord
with the tectonic province concept of King (1969), Rodgers (1970), Eardley
(1974) and Hadley and Devine (1974). The New England-Picemont Province is

comprised of Precambrian and Paleozoic basement and sedimentary rocks that have
been extensively folded, faulted, metamorphosed, and intruded by igneous rocks
during successive episodes of orogenic activity. Although we accept the larger
tectonic province, the New England-Piedmont Province in New England can be

further subdivided based on geology into the Southeastern New England Platform,
the White Mountain Plutonic Series, and the New England fold belt. The

Southeastern New England Platform is separated from the rest of the New England-
Piecmont Province in the site region by the Clinton-Newbury and Bloody Bluff
fault systems. The boundary farther to the south and west is the Honey Hill
and Lake Char thrust fault systems. It has been suggested (Rodgers 1972) that
these generally northerly dipping thrust faults and associated rocks of high
grade metamorphism represent a Paleozoic collision zone between a plate
containing the Southeastern New England platform and a plate containing the New
England fold belt.

. PV"
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The Southeastern New England Platform is composed of Precambrian granitic
basement rocks, Silurian and Devonian volcanic and instrusive rocks, Cambro-
Permian basins, an area with late Paleozoic intrusive and metamorphic rocks, and
the zone of mid-Paleozoic, post-metamorphic thrust faulting represented in the
site region by the Clinton-Newbury and Bloody Bluff fault systems.

The Southeastern New England Platform has undergone relatively little structural
deformation or metamorphic alteration since the Paleozoic (240 million years
before present mybp). Known faulting is related to basin development during
the Cambrian-Permian (570 mybp to 240 mybp). These basins include the Narragan-
sett, Boston, North Scituate, Woonsocket, and Norfolk.

The White Mountain Plutonic series is an elongate, north northwest oriented
group of alkaline intrusives that extend from northeastern Massachusetts
through New Hampshire. They were emplaced from Permian to Cretaceous. As a
result of reviews of the Indian Point 3, Seacrook, Montague, Pilgrim 2, and
New England sites, the staff Concluded that there was a spatial relationship
between the zone defined by these intrusives, which represent the youngest
significant deformation features in New England, and historic seismicity. The

largest New England earthquakes occurred within this zone, referred to herein
as the "New Hampshire-Cape Ann seismic zone" (Section 2.5.2.3.). The SeabrooK
site is located within this zone.

The New England fold belt of the New England-Piedmont Province consists of

major northeast-southwest striking anticlinaria and synclinoria composed of
metamorphic rocks and plutonic bodies. From the west in Vermont and western
Massachusetts to the Atlantic Coast these major folds are: the Green
Mountains - Sutton Mountain anticlinorium, the Connecticut Valley - Gaspe,
synclincrium, the Bronson Hill-Boundary Mountain anticlinarium, the Merrimack
synclinorium, and the Coastal anticlinarium. The site lies within the
White Mountain Plutonic belt where it cuts across the southern end of the
Coastal anticlinorium.

, 3 -=
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The site lies about 7 miles north of the Clinton{Newoury fault system.

-

This
fault system and other regional faults are discussed in greater detail in
Section 2.5.3.

2. 5.1. 2 Site Geolocy

The site is located on a small wooded peninsula which, before removal of
surficial soil, rose to an elevation of +20 to +30 ft msl. The peninsula is

bounded by marshes and tidal tributaries.

The site was underlain by a veneer of glacial till, which was removed from the
area where plant structures are located during site preparation activites.
Groundwater before construction was at a depth of 5 to 10 feet below ground
surface.

Bedrock on which the plant is founded consists of two principal lithologies:
metasediments of the Merrimack group, and quart: diorite of the Newburyport
pluton. Throughout the Cenozoic age and prior to glaciation, the site rock
had been exposed to subaerial weathering and erosion. The metasediments of the
Merrimack Group were weathered and eroded mucn more deeply than the more
competent quart; ..cita. Glaciation removed most of .ne weathereu soil and
rock thereby creating an irregular, rolling topograpny with valleys and
depressions where the Merrimack rocks outcropped and ridges and knobs where
the quart: diorite outcropped. Maximum relief of bedrock surface in the site
area was found to be on the order of 200 feet. Overlying this irregular bed-
rock surface are various thicknesses of till, outwash, and marine clays and silts.
Recent deposits of beach sands and gravels and peat are also present.

The Merrimack group (Rye, Kittery, and Eliot formations) is a fine grained rock
consisting of quartzite, schist, granulite slate, and phyllite. Recent inter-
pretations as to the age of these rocks are that tney are no younger than
Ordovician (435 mybp), and coula be as old as Precamerian. However,

previous investigators have assignec them to the period from Orcovician to
Devonian.

-
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The Newburyport Pluton at the site is a gneissoid quart: diorite containing ;

; intrusion breccia and inclusions of meta-sedimentary rock. It is currently
',

interpreted as having intr'uded into the rocks of the Merrimack Group during;

j the Acad1an Orogeny in the Devonian Period (410 mybp to 360 mybp). The pluton
has also been interpreted in the past as being older. The Newburyport pluton

4

; is truncated to the south by the Scotland Road fault, which is the northern-
,j most major splay of the Clinton-Newbury fault system. A different rock type

.
of unknown age is juxtaposed across the fault.

.

The Exeter pluton lies to the north of the site. Like the Newburyport, it is,

; a quartz diorite that has intruded the Merrimack Group. It has been dated as i

late Silurian to Early Devonian age (420 mybp to 390 mybp).,

,

.
The plant is located just south of the contact between the meta-sedimentary

] rocks of the Merrimack Group and the quart: diorite of Newburyport Pluton.
.

Excavation for the plant is within the quart: diorite pluton, however, two
large xenoliths of Kittery formation rock were encountered in the excavation:3

,

one in the area of the Unit 2 containment; and the other in the pumphouse
excavation.

The site area is crossed by numerous mafic dikes that' range in tnickness tram
'

1 inch to 20 feet, and are spaced from 30 to 300 feet apart. The dikes generally
| strike from N35 to 45 E and dip from 80 N to 75 S. Most of the dikes were

r
discontinuous in exposure, of short length, and formed an en efchelon, left-,

i

stepping pattern. Radiometric dating of these dikes indicates at least two
) periodsofhiacement,EarlyTriassic(236mybpto212 mybp)andUpper

Paleozoic (295 mybp to 255 mybp).

!
Structurally the site lies near the southwest flank of the southwest plunging

i Rye anticline. The Rye anticline strikes northeast and has influenced the
Y

structural fabric of both the Merrimack rocks and the Newburcort Pluton.,

A,

Numerous minor faults were mapped in the site excavations, these faults were
shown to be 200 million years old. Site faulting is discussed in Section 2.5.3.

, . s g r=,
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Based on the applicant's mapping of rocks in outcrop in the site area and in,

j site excavations, the most common joint trends within the tiewburyport Pluton
I were t1 30 to 45 E with steep dips to the northwest. Secondary trends of
j 143 0 to 50 W that dip steeply to the northeast were also mapped. Dominant

.

Joint trends in the metamorphic rocks ranged from t1 50* to 60 W to the north
away from the pluton, then swing to t1 30 to 45 E near the margin of the
tiewburyport Pluton. Foliation in both rock types strikes east-west and dips
vertical.

, In the plant area, jointing in the rock is relatively frequent in the upper
ten to twenty feet, but decreases substantially with depth. The deeper founda-
tions are as much as -63 feet below sea level. Weathering, which also character-
izes the upper ten to twenty feet, does not penetrate to the area of foundations
except along some of the joints, faults and shear zones. These features are
narrow, usually only a fraction of an incn wice. The applicant stated that

where these features were found to have undergone severe weathering below
foundation levels, the weathered material was removed. There are no potentially
unstable natural or cut slopes on the site.

Extensive geologic mapping was done in the circulating water system tunnels.
The circulating water system is made up of 2 ta..c.,.h extending from the plant
to the east: a discharge tunnel and an intake tunnel. The tunnels are about
16,500 feet and 17,000 feet long, respectively, and run parallel for about
10,000 feet at a distance apart of 90 feet on centers. Beneath the state park
at the coastline, the intake tunnel diverges to the northeast. The tunnels
slope landward from a depth below sea level of about 170 feet at the eastern
ends to 250 feet below sea level under the pumping house at the site. The

tunnels were machine bored by moles at a diameter of 22 feet.

The tunnel alignments are located along the contact between diorite of the,

tiewburyport pluton and metasedimentary rocks of the Kittery formation
(Merrimack group'eThe Kittery is basically 2 lithologies in the tunnel areas,
quartzite and mica schist. These rocks contain joints, folds and faults, and
have been intruded by steeply dipoing diacase dikes that are generally oriented
in a northeast-southwest direction.

.,

'
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In the intake tunnel quartzite is the most abundant rock type. Diorite is
present in the immediate site vicinity and land shaft area, and beneath the

! state park. Mica schist is the least abundant. Diabase dikes are present
'

) throughout the length of the intake tunnel.
.

i.

j Diorite is the most abundant rock type exposed in the discharge tunnel. It

j was penetrated between the plant and Hampton Marsh, under the eastern half of

Hampton Harbor, and under the far offshore area including the discharge
diffusers. Mica schist is the least common rock, and is present under the
western half of Hampton Harbor. Quartzite occurs in the tunnel associated with
or alternating with the diorite. As in the intake tunnel, diabase dikes are
present throughout the length of the discharge tunnel.

In the circulating water system tunr.els, jointing in the quart: diorite is
similar to that at the plant site, but orientations of joints in the metamorphic

,

j rocks are more diverse. This is believed to be true because the tunnels arei

; located close to the contact between the Newburyport pluton and the Merrimack-
'

.

country rock. Intrusion breccia is also common in the metamorphic rocks exposed
in the tunnel. Jointing appears to be most pronounced in association with con-
tacts between diorite and metasediments (especially schist). Joints are widely
spaced away from these cor. tacts particularly in the diorite.,

5 Weathering varied from rust-stained joints to total disintegration of rocks.
Intense weathering seems be concentrated along steeply dipping fractures or,

2

fracture zones and diabase dikes. In the intake tunnel, :enes of widespread
weathering are beneath the east side of Hampton Harbor within zones of exten-

; sive jointing and lithologic contacts. In the discharge tunnel the most-

extensive weathering was found near the shaft in the plant vicinity at the
diorite and quartzite contact, and in badly jointed mica schist beneath the
west side of Hampton Harbor.

s

Basedonourreview,whicnincluded3sitevisigtoexaminegeologicfeatures
-

exposed in the excavations and tunnels, we conclude that the applicant nas performed
an adequate investigation, prior to and during construction, to define the
regional and site geology. There are no geologic hazards in the site vicinity,

i
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and the rock is of high quality as demonstrated by the high pcrcentage of core
recovery in borings, laboratory test results, and high field ccmpression and
shear wave velocities.
2.5.2 Vibratory Ground Motion

The staff has reviewed the seismological and geological investigations performed
by the applicant to establish the acceleration for seismic design of the plant,
the precedures and analyses used by the applicant to determine the safe shut-
down earthquake and the operating basis earthquake, and the resulting seismic
design bases for foundations. All areas of review and review procedures

identified in Section 2.5.2 of the Standard Review Plan (NUREG-0800) were
followed. Our conclusions resulting from this review may be summarized as
follows: (1) Seismological information provided by the applicant and required
by Appendix A to 10 CFR Part 100 provides an adequate basis to establish that
no capable faults exist in the plant site area which would cause earthquakes to
be locali:ed there. (2) The acceleration level (0.25g) proposed for the safe
shutdown earthquake is the appropriate acceleration level for anchoring a
Regulatory Guide 1.60 spectra for the seismic design of the plant in conformance
with Appendix A to 10 CFR Part 100.

A review of the cases for the staff's conclusions reg dnig vibratary ground
motion is presented in Sections ?. 5.2.1 through 2.5.2.7.

2.5.2.1 Seismicity

In Section 2.5.2.1 of the Final Safety Analysis Report (FSAR) the applicant
presents the results of a thorough stucy of historical seismicity in New
England up to June, 1979. The study shows that New England is characterized
by the infrequent occurrence of Icw to accerate intensity earthquakes; con-
sidering past oatterns of population density and other factors, the early
record can be considered complete only for events with epicentral Modified
Mercalli (FM) Intensities of VII or greater. The largest earthquakes in New
England have occurred in a region extending frcm Cape Ann and Boston in
Massacnusetts to central New Hamoshire. These include the 1727 Newbury Event
(intensity VII (FM)), the 1755 Cape Ann Event (intensity VIII (F.M)), the 1817
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boburn Event (intensity VI (MM)), and two intensity VII (MM) events in 1940 at
Lake Ossippee, New Hampshire. The MM intensities of some of these events have
been reduced since the issuance of the CP-SER, following re-evaluation by the
U.S. Geological Survey (1980) and other investigators (Chiburis, 1981).

The Northeastern United States Seismic Network (NEUSSN), partially funced by
the NRC, has been in operation since 1975 and provides locations and magnitudes
of the more numerous, smaller earthquakes. Since the start-up of the NEUSSN,
the closest event to the site has been a magnitude 2.3 earthquake at a distance
of 3.4 km. This event is part of the low level of microearthquake activity
occurring throughout New England.

The staff considers the applicant's documentation of New England seismicity
to be excellent. However, since the issuance of the FSAR, significant seismic
activity has occurred in New England that also needs to be documented: the
central New Brunswick earthquake sequence beginning January 9, 1982 and the

Gaza, New Hampshire earthquake of January 13 (January 19, Greenwich Mean Time),
1982. The New Brunswick and New Hampshire earthquakes both produced no greater
than Intensity VI (MM) shaking, well below the design intensity for the Seabrook
site. However, the records from these events--t.te only strong-motion records
ever Obtaineu in New England- will provide import.am new information on the
cnaracter of earthquake ground motion in New England. The applicant is

documenting this new information and the staff will evaluate it as it becomes
available.

2.5.2.2 Geologic and Tectonic Characteristics of Site and Recion

See Section 2.5.1.1.

2.5.2.3 Correlation of Earthcuake Activity with Geolecic Structure or
Tectonic Provinces

In the CP-SER the staff determined that the site lay within a northwest-
southeast trending :cne (called the "Soston-Ottawa seismic belt") of potential
intensity VIII (MM) shaking, extencing from the Canadian Shielc through
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Montreal and Boston and out to sea. Evidence for the Bosto'n-Ottawa seismic
belt included the observation that seismicity within the belt.(with the,

exception of central Vermont) is high compared to the rest of New England, the
<

apparent coincidence with the belt of a zone of P-wave travel-time anomalies
,

,

relative to adjacent areas (Fletcher, et al. 1972), the inclusion within the
belt of the Monteregian Hills and White Mountain intrusives (plutons), and the

; possible association of the belt with the Kelvin seamount chain through an.

ancient fracture zone (LePichon and Fox, 1971). New evidence, however,
indicates that the Boston-Ottawa seismic belt may not be a continuous feature.
After further research, Fletcher, et al. (1978) concluded that there is no
apparent relationship between P-wave travel-time anomalies and the seismic belt.

A recent study by Sbar and Sykes (1977) suggests that the area of low seismicity
'

in central Vermont may be due to a mismatch (for the generation of earthquakes)
between the local direction of maximum compressive crustal. stress-(north south)
and the probable orientation of unhealed faults in central Vermont (also north-
south, parallel to the predominant structural trends).

,

On the basis of the new evidence, the staff concludes that the Seabrook site
lies within a seismic zone that extends from Cape Ann to centra? New Faspshire

~

(and not beyond), and that is ancmalous with respect to the New England Piedmont
! Tectonic Proui~- :s a wncle. Va-ic;s hjpothesc: ;* the config; ration and

nature of the New Hampshire-Cape Anne seismic zone have been advanced. Hadley

and Devine (1974) believe that epicenters may correlate with northeast-trending
faults in the area. In an extensive investigation conducted for the Pilgrim
Station Unit 2 (USNRC, 1977), Boston Edison Ccmpany concluded that the larger
earthquakes in this region are spatially and causally ~ related to cylindrical,
Mesozoic mafic plutons and tangential fault zones. The applicants f'r Seabrooka

; also subscribe to this position.
,

As stated in the Safety Evaluation Reports for Montague ' Station, Units 1 and
2 (USNRC, 1976) and Pi' % Onit 2 (USNRC,1977), the staff has found that the
New Hampshire-Cace W r 'usc zone is spatially associated with structures
represented by s . .* thallow intrusives and volcanic rocks of predominantly
Jurassic-Cretace as age. This :cne extencs in a north-northwest direction from
Cape Ann and includes the White Mountain magma series. However, as stated in
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..j the* Pilgrim 2 SER, we find, for the' purposes.of pcwer plant licensing, the
'

existing geologic and seismic data base is not sufficiently developed to allow.

..(
,,

.' : cprrelation of the larger earthquakes with structures near soecific known or. )y inferrehmafic plutons, as proposed by the applicants, or with scecific north-j
~

i ,

[' east trending structures. -Therefore, in conformance with Appendix A to 10 CFR4
,

'

Part."100, future earthquakes must be assumed to occur throughout the New
i Hampsnire-Cape Ann seismic zone.
+ '

.

.-

4

! l. 2.5. 2.4 - :M$imum Earthouake
, ,

~s".
_,j The 1755 Cape Ann event is the maximum historical earthquake within the New

b. i Hampshire-Cape Ann seismic zone, which includes the Seabrook site. This event,
'

which caused intensity VIII (MM) shaking, had a magnitude (mbLg) f approximately
; 6.0 (Street and Lacroix, 1979). Following Appendix A to 10 CFR Part 100, the;

t ' staff considers this to be the controlling earthquake in determining the Safe
Shutdown Earthquake. As mentioned above, the applicant maintains that the
larger earthquakes in New Englanc are related to known tectonic structures

- that are confined to a tectonic province different than that of the site.
However., for licensingzand design purposes, the applicant has assumed that the

i
e . . ,, -

1755 earthquake could occur at the site.
}v p --
6

), " 2.' 5. 2. 5 Seismic wave Transmission Characteristics of the Site
! x
, - -

I Ill seismic Category I structures are founded on sound bedrock or on engineered
'

backfill extending to sound bedrock. The bedrock compressional wave velocities
; range from 16,500 to 18,500 ft/sec and the bedrock shear wave velocities range
2 i

from 8,000 to 10,000 ft/sec, indicating quite competent rock in which no local4

: amplification or deamplification effects are expected. Fill concrete was used
'-

as the engineered backfill beneath the foundations of all seismic Category I
: structures except for safety-related electrical duct banks, five electrical

manholes, and the service-water pipes, all of which are founded on offsite,

'

f borrow or tunnel cuttings. The material properties determined by the applicant
'

for the bedroc_k and engineered backfill are reviewed in Section 2.5.4. The
.

effect of the offsite borrow and tunnel cuttings on the seismic response of the

. ,

.

. _, ..

i >
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j manholes, ductbanks and water pipes is incorporated in the seismic analysis of,

systems and subsystems, reviewed in Sections 2.5.4.7, 3.7.2 and 3.7.3.
4

I

|, 2.5.2.6 Safe Shutdown Earthcuake<

'

Following Appendix A to 10 CFR Part 100, the staff considers the 1755 Cape Ann
c

earthquake to be the controlling earthquake in determining the Safe Shutdown
Earthquake (SSE). We see no evidence such as the occurrence of numerous earth-
quakes of size similar to the 1755 event, or earthquake-localizing structures.

near the site, that would warrant the choice of an earthquake larger than the
| 1755 event for the SSE. Because the m = 5.7 central New Brunswick earthquakegg

occurred within the New England Piedmont Tectonic Province and was, apparently,
.

the largest earthquake to occur in central New Brunswick in historical times,
the staff has requested the applicant to document this event and specifically,
to assess the implications of its occurrence for the choice of the (maximum
historical) 1755 earthquake as the controlling earthquake. The applicant is

i currently preparing his response.
!

Given that the SSE corresponds to the occurrence of the intensity VIII (MM)
1755 Cape Ann earthauake at the site, the applicant claims and the staff

i
concurs that a Reg. Guide 1.60 response spectr ., asymptotic to ("ancnored it")

'

O.25g peak spectral acceleration at high frequencies, is an adequate and con-
servative representation of the SSE at the reactor foundation level with (no,

structure present). The 0.25g acceleration value fits the empirical relation
of Trifunac and Brady (1975) for the trend of the means of peak horizontal

l acceleration versus intensity. As stated in Section 2.5.2.6 of the Standard
Review Plan, the staff generally views a " reference acceleration for seismic
design" (high frequency asymptote of a Reg. Guide.l.60 design response spectrum)

-

as conservative if, when applied at the ground surface, it results in a value
at the foundation free-field level as large as would be obtained from the
empirical relation of Trifunac and Brady (1975),;

For vertical ground motion, the applicant assumes a reference acceleration forp

seismic design of 0.175g, somewhat greater than would be obtained from the
relation of Trifunac and Bracy (1975). Studies of western U.S. earthquakes

!-
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(e.g., Shannon & Wilson and Agbabian Associates, 1979) have shown that the
assumption is generally conservative that vertical ground motion levels are 2/3
those of horizontal motion. Relatively high peak vertical accelerations
recorded during past earthquakes appear to be related to site and fault condi-
tions not present at the Seabrook site. For instance, the high peak vertical
acceleration recorded at Station #6 during the 1979 Imperial Valley earthquake
is thought to be due to soil amplification from a strong near-surface P wave
velocity gradient (Mueller et al., 1982) and the interaction of the propagating
rupture with the thick sedimentary sequence (Archuleta and Spudich,1981). In
the case of the 1976 Gazli earthquake, high vertical accelerations were record-
ed at a site over a fault which ruptured vertically towards the surface
(Hartzell, 1980). The applicant is evaluating the levels of vertical and
horizontal ground motion recorded during the recent New Brunswick and New
Hampshire earthquakes; the staff will review the new information as it becomes
available.

Several studies have aided the staf f in judging of the adequacy of represent-
ing the SSE by a Regulatory Guide (R.G.) 1.60 design response spectrum
anchored at 0.25g. In one study, a " historical analysis" of past earthquakes
that have affected the site was performed for the staff by Lawrence Livermore
National Laboratory (LLNL). LLNL (Bernreuter, 1982) estimatec tne probability
that the ground motion at the Seabrook site has exceeded various levels, based
on the seismic history of the northeastern U.S. and some assumed attenuation
(decay of intensity with distance) model. No uncertainty was assumed for the
historical record though,in reality, there is considerable uncertainty in both
the locations and magnitudes of the events. The probabilities orire from the

assumed dispersion (expected scatter) of the data about the attenuation model.
The historical analysis, using the "Ossiopee" attenuation mocel (discussed
belcw), indicated probabilities of 1.0 x 10 2, 1.0 x 10 3, and 2.5 x 10 4 that,
in any random one year time interval from 1700 to 1978, the peak ground accelera-
tion at the Seabrook site exceeded 0.lg, 0.3g and 0.5g, respectively. Assuming

that future seismicity can be characterized by the seismicity of the past 280
years, the calculated probabilities represent estimates that these peak
acceleration levels will be exceeded in any one year period during the operat-
ing life of the plant. It should be pointed out that peak ground accelerationyune
is usually ' e. . than the reference acceleration for seismic design (.025g for
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; Seabrook), which is used to anchor the R.G. 1.60 design response spectrum.
LLNL assumed very conservative values for the magnitudes of the historical

! earthquakes that contribute most to the calculated seismic hazard, and
currently is performing a sensitivity study, incorporating more recent, lower

i magnitude estimates into the analysis. The staff will review the results of
this study as soon as they are available.

1

The staff has compared the 0.25g-R.G. 1.60 response spectrum with other,
independently derived spectral estimates appropriate for the Seabrook site.
The first comparison is with response spectra calculated from the records of

I

a set of Intensity VIII (MM) earthquakes that occured in the western U.S.
(O'Brien, 1980). Figure 2.5-1 shows 4.e.rthe upper bound, mean, and lower

bound of pseudo-relative velocity (PSRV) response spectra (for 5% damping)
of the data set plotted with the 0.25g-R.G.1.60 response spectrum; the
Seabrook design spectrum lies at about the upper bound of the data.
Uncertainties in this comparis.on result from the facts that: (1) intensity is

i a subjective, analyst-dependent parameter; (2) it is not clear that the inten-
sity at the recording site was the same as in the vicinities which were used to
characterize the records; and (3) these records were made at alluvial sites,
wnereas Seabrook is a rock site.

The second comparison is with spectra of earthquakes of nearly the same
magnitude as the postulated SSE, recorded at nearby rock sites. Street and
Lacroix (1979), using the falloff-of-intensity with-distance technique deve- ;

loped by Nuttli (1973) and the isoseismal map produced by Weston Geophysical
Research, Inc. (1976), estimated for the 1755 Cape Ann earthquake a body wave

magnitude (mg g) of approximately 6.0. LLNL, in a study performed for the
staff (Bernreuter, 1982), has collected fourteen rock-site records, obtained at
cistances (to the fault trace) from 3 to 25 km, of U. S. and Italian earth-

j quakes ranging in local magnitude (M ) fr m 5.5 to 6.4, with a mean value of
L

I 6.0. The range in magnitude is designed to account for the uncertainty in all
of the magnitude estimates, the relation between m and M , and the differencebLg
between eastern U.S. and western U.S. earthquakes. Figure 2.5-2 shows the
Seabrook SSE response spectrum plotted with the uoper bound, 84th percentile,
50th percentile, and lower bound of PSRV response spectra (for 5% damping) of

.
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the LLNL' data set; the SSE spectrum envelopes the 84th percentile spectrum.
i

Another study, performed by the applicant's consultants (Holt,1981), shows
that the Seabrook SSE spectrum also envelopes the 84th percentile of spectra,

'

from a similar suite of records. In previous applications of site specific
spectra for OL reviews (e.g., Sequoyah Units 1 and 2 and Enrico Fermi Unit 2),
the staff has accepted the 84th percentile spectrum as adequately conservative,
given the appropriateness of the suite of records with respect to the I

postulated SSE and the site conditions.

The third ccmparison is with probabilistic " uniform hazard" spectra. The

uniform hazard methodology, as developed during the Site Specific Spectra
Project (SSSP), produces pseudo relative velocity response spectra that have,
at all frequencies, equal probability of being exceeded within given time
periods, considering the integrated effect of earthquakes of different size (up
to some maximum size) recurring at different rates in different source zones
(TERA Corp. and LLNL, 1981). The calculated probabilities are intended to
reflect uncertainty due to the inherent randomness of earthquake occurrences
and earthquake effects. However, the probabilities themselves are uncertain
due to unknown errors in the attenuation model and input parameters used in the
calculations. The SSSP methodology attempts to account for the uncertainty in
the input parameters by incorporating a range af " expert" jucgements and then
evaluating the effect of the uncertainties on the calculated seismic hazard at
the site. For the Systematic Evaluation Program (SEP), the SSSP methodology
was applied to several sites in the northeastern U. S. (TERA Corp. and LLNL,
1981). Expert opinions were obtained regarding the configuration of seismic
source zones (regions of uniform seismic activity), the largest earthquake
expected in each zone, the appropriate attenuation model (for predicting ground
motion from an earthquake of a given size at a given distance), and explicit
descriptions of the uncertainty in each of the input parameters.

Using the models of the northeastern U. S. developed for the SEP program, LLNL
generated uniform hazard spectra for the Seabrook site (Bernreuter,1982) on
behalf of the staff. Spectra were generated for each of ten experts' overall
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earthquake occurrence models, assuming several different attenuation relation-
ships, then a single " synthesis" hazard spectrum was calculated using a complex,

weighting scheme using self weights supplied by the individual experts. In
Figure 2.5-3 the Seabrook SSE response spectrum is plotted with the synthesis
LLNL uniform hazard spectra (5% damping) for "1,000 year" and "4,000 year"

; return periods, assuming the Ossippee attenatuion relationship. The Ossippee
attenuation model is based on data from the 1940 Lake Ossippee, New Hampshire
earthquakes and has bean recommended previously by the staff for use in deter-
mining ground motion in the northeastern U. S. (Jackson, 1980).,

Figure 2.5-3 shows that the Seabrook SSE spectrum falls between the synthesis
curves for a "1000 year" return period and a "4C00 year" return period and,
thus, that the return period (inverse of annual risk of exceedance) for the
SSE lies between 1,000 and 4,000 years. For a number of reasons (Jackson, 1980),
the staff believes that "1000 year spectra," generated by the SSSP methodology,
are conservative and represent loads with true return periods greater than
1,000 years. Design spectra that were assumed to have return periods on the
order of 1,000 to 10,000 years have been accepted implicitly by the NRC in
recent licensing decisions (Jackson, 1980).

!

The staff = :'3.s that the c:,.r.b ned weight vi Je " historical" analysis,
; the ensemble of Intensity VIII (MM) spectra, the ensemble of close-in, rock site,
| magnitude 5.5-to-6.4 spectra, and the uniform hazard spectra is to support the

conclusion that the 0.25g-R.G. 1.60 response spectrum is an adequate and
conservative representation of the Seabrook SSE. The applicant presently ist

evaluating the strong motion data from the recent New Hampshire and New Brunswick

earthquakes with respect to current assumptions about earthquake ground motion
in the northeastern U.S. The staff will review this information and, ifs

necessary, reassess the appropriateness of the Seabrook SSE response spectrum. ,

The applicant has assumed a duration of strong ground shaking (acceleration
j greater than 0.05g) of 10 to 15 seconcs for the SSE. This is a conservative

estimate for Intensity VIII (MM) shaking at rock sites near the causative
; earthquake (e.g. Chang and Krinit: sky, 1977). The adequacy of the time history
a used for seismic analysis is reviewed in Section 3.7.1.
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' 2.5.2.7 Coeratinc Basis Earthouake
;

*

The applicant has characterized the Operting Basis Earthquake (OBE) by a
reference acceleration for seismic design of 0.125g; this acceleration level
corresponds to Intensity VII (MM) shaking, according to the relationship of
Trifunac and Brady (1975). The CBE acceleration level is one-half that of the

'

SSE, in accordance with Appendix A to 10 CFR Part 100, and is acceptable to
the staff. A preliminary seismic hazard analysis by the apolicant indicates a
probability of exceeding the CBE of 1.97 x 10 3 per year, or 7.6 x 10 2 over the
expected 40 year operating _ life of the plant; the staff finds this to be
conservative for an event that "could reasonably be expected to affect the
plant site during the operating life of the plant" (10 CFR Part 100, Appendix A,
Section III (d)). In response to a staff request for additional information,

(RAI 230.3), the applicant is repeating the seismic hazard analysis,

incorporating information gained from the recent New Hampshire and New Brunswick
earthquakes. The staff will review the updated procability analysis when it is
submitted by the applicant.

2.5.3 Surface Faultino

There are many faults in the site vicinity. Some of these faults are in the
. rock beneath the site. The faults that have been discussed in the literature,

and faults that have been discovered during the applicant's investigations have
been investigated and shown to be noncapable according to Appendix A. The

following paragraphs present the bases for that conclusion.
1

The most significant regional faults to the site are major thrust faults of the
Clinton-Newbury fault system and the Bloody Bluff fault system locatec within
an arcuate, generally east-vest trending zone between the as ea 7 to 30 miles

A
south of the site. The zone is characterized by many closely spaced east-
northeast striking, north dipping thrust faults, which alu have a comoonent of
dextral strike slip movements (Dennen, 1975). This zone of faulting is inter-
preted to represent a collision boundary between a plate containing the
southeastern New England Platform to the south and a plate containing the New
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England fold belt to the north. The zone of deformation curves to the
southwest and extends into eastern Connecticut. It is of Late Paleozoic age
(at least 240 mybp) and contains Early Paleozoic volcanoclastic rocks similar
to those in the Merrimack Group, and Early Paleozoic intrusive rocks and slices
of Precambrian rocks, and rocks like those found in the southeastern New
England Platform. (Cameron and Naylor, 1976; Nelson, 1976, and Schutts et al,
1976).

The thrust fault complex has been extensively investigated and mapped during
the NRC-sponsored New England Seismotectonic Study (Dennen, 1979, 1980), and

no evidence has been found that indicates recent movement. The northern most
fault of this system, the Scotland Road fault, has been investigated by the
Seabrook applicant using borings, trenching and geologic mapping.-

The NRC staff evaluated the applicant's work on the Scotland Road fault during the
CP review and concluded that it was not capable:

"The Scotland Road fault, as defined by A.F. Shride (1971), is interpreted
to be the Northeastern projection of the regional Clinton-Newbury fault,
an apparent thrust fault on whicn the hanging wall plate moved from north
to south over the footwall block. Va..vu, workers related this fault to

the Acadian orogeny or post-orogenic adjustments prior to the end of the
Paleozoic era. Shride's extension of this fault projects it to Plum
Island on the New Hampshire coast scme 7 miles to the south of the site.
Results of more recent investigations by J.R. Rand substantiate Shride's
interpretation. Subsurface investigations located the fault within 150
feet of the location inferred by Shride in his regional field studies.
Deformed rock within the fault zone has been annealed and radicmetric age
dating of several samples indicate the fault to be of early to middle
Permian age."

|

A large fault had been postulated north of the site by Novotny
(1963). Novotny interpreted it as a normal fault of unknown displacement which
formed the contact between the Kittery and Rye formations. He projected tne
fault trend for a distance of about 9 miles from New Castle, near Portsmouth,

;
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to North Hampton, where it is shown to die out against the Newburyport pit. ton
about one and one-half miles from the site. The postulate was based, int

; part, on an apparent unconformable stratigraphic relationship between the
Kittery and Rye formations. Time of faulting was interpreted by Novotny to be
during the Acadian orogeny, about 330 to 360 million years ago. J.R. Rand,
consultant for the applicants conducted an extensive investigation in the
area of the inferred structure including borings, trenching and geologic
mapping. This investigation failed to encounter any evidence of the fault.
The NRC staff evaluated this fault during the CP review. We conclude that the
fault, if it exists, is at least 330 million years old and not capable because
it apparently does not cut the Newburyport pluton..

.

During construction activities for the Seabrook plant and excavation of the
circulating water tunnels, numerous faults were encountered. It had been
expected that faults would be found based on geologic investigations of the
site and region around the site. The faults were investigated in considerable
detail by the applicant. The staff has completed its review of the data and
the applicant's analysis and coacludes that these faults are not cacable.

Faults exposed in the plant excavation were examined by NRC geologists on
8 June, 1978 ano 17 July, 1978. Some of the faults anc otner features exposed
in the circulating water tunnels were examined by an NRC geologist on
19 October, 1931.

Sixty-one minor faults were mapped in the excavation for the plant. None are
considered to be throughgoing in that all but one of them terminate with at

: least one end in the excavation, and many are of limited vertical extent. They

| appear to be centrolled by pre-existing joints or foliation planes. Displace-
! ments range frcm a few inches to several feet, and sense of movement is generally
i

normal.4

I
!

The applicant has categori;;ed all faults in the excavation into seven sets
es

based on orientations, attitudes, sg of displacement, physical characteristics
of the fault and lithologic relationsnips. The acplicant demonstrated by
cross-cutting relationships with other faults and/or diabase dikes that the

,
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; youngest faults last moved about the same time as pike emplacement (more than
L; 200 mybo). Bycrosscuttingrelationshipsandradfometricagedating,the

i applicant showed that all of the faults .were related to two periods of defor-tj mation, one in early Paleozoic, about the time of intrusion of the Newburyport
i Pluton (400 mybp); and the other during the early Mesozoic at the time of

intrusion of the diabase dikes,.more han 200 mybp. Additional evidence of
.;

antiquity was documented by mapping unfaulted Pleistocene sediments overlying
the faults.

t

} More than 100 faults were mapped in the circulating water tunnels. According to
the applicant all of these faults have similar orientations, attitudes, and
relationships to diabase dikes as the seven sets of faults mapped in the plant
excavations, and therefore are interpreted to have been formed by the same

I

tectonic mechanisms in the Paleozoic and Mesozoic Eras. NRC geologists visited
the site on several occasions to examine geologic features exposed in excavations,
including the circulating water tunnels. Based on our review of the applicant's
data, the scientific literature, including the results of the New England
seismotectonic study, and our observations during the site reconaissances, we
conclude that there are no capable faults in the site vicinity.
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2.5.4 Stability of Subsurface Materials and Foundations <s
.

g, a a b \2.5.4.1 Geolooic Features

2.5.4.1.1 General Plant Descriotion

The Seabrook Piant site is located 2 miles inland from the open Atlantic Ocean

coast of New Hamoshire about 13 miles south of the Maine state line and
1.5 miles north of the Massachusetts state line. The site is situated within
the Seabrook Lowland section of the New England Physiographic Province. The

topography of the Seabrook Lowland section is gently undulating rising gradually
from the seacoast to an elevation of $00' approximately 30 miles inland.

b. The

topography of the general Seabrook Station site area is flat, consisting ofvyv

g5 ~;h ~ in 2
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T* broad open areas of level tidal marshes. The plant site itself is located on
,

'

an outcrop of bedrock which was overlain by a thin veneer of glacial till prior
to construction. The outcrop rises out of the tidal marsh at this location to
form a peninsula composed of quartz diorite and included quartzitic bedrock.
All of the main seismic Category I structures were founded on sound bedrock or
on 3000 psi concrete backfill extending to sound bedrock. Table 2.5.4 below
lists the major seismic Category I structures, the approximate foundation
dimensions and the approximate bearing elevation of each foundation.

Table 2.5.4 Main seismic Category I structures
foundation data

Approximate ApproximateMain Category I foundation bearingstructures dimension elevation (MSL)
Containment structure 153' - 00* -40'
Containment enclosure 153' - ID** -40'

. 173' - 00*
Control building 138' x 90' +18'
Diesel generator building 95' x 90' -20' to +18'
Primary auxiliary building 145' x 79' -30' to + 3'
Fuel storage building 98' x 98' -21' to + 7'
Condensate storage tank 64' - 00* +17'
Circulating water pumphouse 114' x 130' -43'
Service water pumphouse 97' x 80' -43'
Service water cooling tower 312' x 61' -12
Intake transition structure 82' x 81' -49'
Discharge transition structure 77' x 77' -62'
"00 = Outside Diameter

"*IO = Inside Diameter

Electrical ductbanks, five electrical manholes and service water piping at the
site were founded on compacted granular backfill extending to sound bedrock.
The finished plant grade has been established at 20 feet above mean sea level
(MSL).

M3
t. . -) -

..: ..

04/30/82 2 SEABRC0K



. . . . -
- - --

. .

a. i
w.." .1 _

N In order to ensure the protection of plant safety related structures during
,' the period of peak probable maximum hurricane (PMH) surge activity, protective

structures including armor stone covered rip rap revetments; a vertical seawall;
and a concrete retaining wall are being placed along the portions of the site
perimeter which will be exposed to wave action.

2.5.4.1.2 Foundation Material

Category I structures are founded either on dioritic igneous rocks, quartzitic
metamorphic rocks, or on compacted granular backfill placed over competent
bedrock. The rocks underlying Category I facilities are not generally subject
to deep weathering effects and are not readily soluble or cavernous. The bed-
rock surface is overlain by relatively thin unconsolidated deposits of glacial
till which is, in turn, locally overlain by sandy outwash deposits and thin
marine clay. Organic marsh accumulations and sandy beach deposits are the
youngest materials in the area. The bedrock in foundation excavations is
generally fresh, hard, and unweathered. Weathering is significant only in a
10-20 foot zone associated with the top of bedrock. All surface materials were
removed in the area of Category I facilities in order to found the structures
on competent bedrock, concrete backfill over competent bedrock or compacted
backfill over bedrock.

The largest portion of the site, including Unit 1 and some Unit 2 facilities
are founded on a gneissoid phase of a quart: diorite intrusive, a hard, durable
crystalline igneous rock. The rock consists of a medium to coarse grained
quartz diorite matrix enclosing inclusions of fine grained diorite. The

balance of the Unit 2 foundations are founded on metamorphic rock consisting
of metaquartzite and granulite occurring as an inclusion in the enclosing
igneous mass. The physical, chemical and mechanical properties of the meta-
morphic rock are comparable for foundation purposes to those of the igneous
rock. Sections 2.5.1 and 2.5.2 of the FSAR contain details of the geologic
characteristic of the site bedrock.

. m. ,.2.5.4.2 Procerties of In-situ Materials 3

The applicant has concucted investigative programs to cetermine the engineering
properties of the foundation bearock materials at the site. The programs
04/30/82 3 SEABROOK
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3- included both laboratory and field in situ testing efforts. The reported
properties were derived from the following field and laboratory efforts
accomplished in conformance with the procedures identified below:

- Rock Quality Designation (RQD) - (Reference 1)
- Permeability of Rock - (Reference 2)
- Rock Density Testing - (ASTM D-2845)
- Unconfined Compression - (ASTM D-2938)
- Young's Modulus - (ASTM D-3148)

- Shear Modulus - (calculated)
- Poisson's Ratio - (ASTM D-3148)

- In situ Rock Stress - (Reference 3)
- Rock Hardness - (Reference 4)

J

2.5.4.2.1 Static Procerties

The results of the laboratory unconfined compression tests, Poisson's Ratio
tests and rock density testing provided the basis for the applicant's selection
of the static engineering properties of the bedrock materials. The range and
average of the test results are reported in Table 2.5.12 of the FSAR. The

applicant has taken due consideration of the effect of in situ geologic discon-
tinuities existing at the site as evidenced by the reported range of RQD values
of 49 to 87 percent and reduced the modulus values of the intact rock specimen
by 90 percent to :stablish appropriate conservative design properties for the
in situ rock mass.

Resultant statically determined properties representative of the intact rock
as reported by the applicant include:

Density: 2.8 g/cm (average)
Unconfined Compressive Strength: 6,000 - 34,000 psi

,,
S '', ' '-Young's Modulus (Tangent): 1.3 - 6.3 x 106 psi es?T c( u : 1*Poissons's Ratio: 0.17 - 0.36 1. , "

~ ~
,
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!. / 2.5.4.2.2 Ovnamic Procerties
'

s
'

*x..I
- Properties of the foundation rock determined from geophysical surveys are

discussed in subsection 2.5.4.4 below.
.

2.5.4.3 Exploration

The applicant has reported that during the period 1968 through 1979 a total of
345 borings and 200 seismic refraction and reflection surveys were accomplished
at and in the vicinity of the site. Additional in situ testing accomplished
included seismic cross-hole and up-hole surveys, in situ rock stress measurements
and water pressure permeability tests. Plate load tests were performed on test
fill sections of compacted backfill materials to measure the in situ modulus
ofthetestfillmaperials. Within the immediate plant site area a total of
112 borings were drilled to obtain data on the bedrock and overburden soils.
Soil and rock samples were obtained from each of the borings and rock core was

oriented in many of the borings to determine the strike and dip of joints,
_ g' N fractures, and foliations. Compression and shear wave velocity measurements,

s _ ,) were accomplished in boreholes in the vicinity of the reactor locations tos

obtain velocity data related to the rock mass properties of the bedrock using
up-hole and cross-hole techniques. The up-hole data were obtained by detonating
small charges in Boring No. B 38 located adjacent to the Unit 1 reactor site
and recording at the surface. Cross-hole data was obtained from surveys
performed in an array of 7 boreholes at the site. Bedrock density values were
obtained from representative core samples within the area.

In situ rock stress measurements were performed using the overcoring technique
in a borehole drilled adjacent to the Unit I reactor site for this purpose. A:

series of 11 in situ borehole expansion measurements were taken during over-
coring. The modulus of elasticity of the rock was measured by testing sections
of overcored annular cylinders of rock removed from the hole and the magnitude
and direction of the largest and smallest normal stresses in the horizoqtal
plane were then computed using the data generated. Results of horizontal
compressive stress measurements are presented in Section 2.5.4.2 of the FSAR.

,,,
. . ,* O ,P, $ i

, . .c *,~
* "
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Additional site investigations reported as accomplished-by the applicant
- *

i

relevant to the geotechnical aspects of the site include a comprehensive office
review of available published reports and geologic maps of the area.

;

Based upon the information presented in the FSAR it is the finding of the staff
that the applicant's site investigation efforts provide adequate coverage of
the site area in sufficient detail to provide a high level of confidence that
specific subsurface conditions have been adequately defined. The staff's review
of data presented reveals no evidence of significant areas of landsliding,
subsidence, uplift, collapse or solutioning in the vicinity of the site.

.

2.5.4.4 Geophysical Surveys

The applicant has accomplished a series of compressional "P" wave and shear
"S" wave velocity measurement at the site. Up-hole and cross-hole "P" and "S"
wave velocity measurements were made at 7 boreholes in the vicinity of the
reactor location. Laboratory sonic testing was also accomplished. Density
values used in estimating elastic properties of the in situ bedrock were
obtained from rock core samples also taken in the vicinity of the reactor sites.
The results of these investigation are presented in Table 2.5-12 of the FSAR.
A compressional "P" wave velocity range of 13,000 - 16,000 fps was measured by
the surface seismic procedure. A range of 14,500 to 20,000 fps was measured
using laboratory sonic techniques on intact rock cores. Shear "S" wave veloci-
ties measured using up-hole and cross-hole geophysical tests ranged between
8,000 to 10,000 fps. The density of rock core specimens tested ranged between
2-63 and 3.01 grams /cm . The range of Poisson's ratio calculated using "P"

3

and "S" wave values obtained from up-hole and cross-hole testing ranged between
0.29 and 0.35. The staff considers these values representative of the igneous
and metamorphic rocks of the site area (References 5, 6, and 7), and suitable
for use in design calculations, as appropriate.

,#2.5.4.5 Excavation and Backfill .>

, . .

2.5.4.5.1 Excavation ~
'

Excavation in soil overcurden ana rock was required at the site to establish
the planned foundation grace for plant structures. Overburden was removed by
04/30/82 6
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h^' conventional means. Rock excavation in partially weathered and sound rock was.

1 accomplished by controlled blasting and was nominally vertical except where
joint patterns and bedding planes controlled. After excavation all bedrock
surfaces were throughly cleaned, inspected and mapped in detail by qualifiedi

geologists. A summary map of site bedrock geology is presented in Figure 2.5-15
of the FSAR. A thorough discussion of the geology of exposed site foundation
excavation is presented in subsection 2.5.1.2.b.6 of the FSAR. Areas of over-
break or of overexcavation to remove weathered rock were backfilled with
3000 psi fill concrete produced and tested in accordance with Category I struc-
tural concrete procedures. Because calculated maximum expected rock heave at

the bottom of the reactor excavations was less than 0.25 inches, the applicant
'

did not implement a rock movement monitoring program. The applicant reports
that no instances or evidence of rock behavior or foundation movement
attributable to heave were observed during construction.

2.5.4.5.2 Backfill

The applicant has reported that approximately 500,000 cubic yards of engineered
backfill were used under and around all Category I structures in safety-related
areas. An additional 500,000 cubic yards of engineered backfill and random
fill material were used in nonsafety-related areas. Five types of engineered
backfill materials were used.

a) Fill Concrete - Fill concrete batched to attain a 28-day compressive
strength of 3000 psi was placed under all Category I structures except
ductbanks, manholes and service water piping runs from the top of sound
bedrock to the bottom of the structure. Locations and typical depth of
placement of fill concrete are presented in Figures 2.5-42 through 2.5-42d
of the FSAR. Aggregrates conformed to ASTM C-33. Portland Cement con-
formed to AS'M C-150 Type II. Concrete samples were taken in accordance
with ASTM C-172 and cylinders were made in accordance with ASTM C-31.

| Compressive strength was tested in accordance with ASTM C-39. The minimum

28-day strength reported by the applicant was greater than 3000 psi and
| the minimum 90-day strength was greater than 5000 psi.
!

| . -f?'
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b) Backfill Concrete - Backfill concrete proportioned to have a 28-day
< - s

'

compressive strength of 2000 psi was placed between rock excavation walls
and structure walls below the bedrock surface for all Category I structures.'

Typical sections for placement locations are presented in Figures 2.5-42
'

through 2.5-42d of the FSAR.
All backfill concrete conformed to the same

standards as fill concrete. The applicant reports that the minimum 28-day
compressive strength of the backfill concrete tested was greater than
3000 psi with a minimum 90-day strength of greater than 4000 psi.

c) Offsite Borrow - Offsite borrow was placed under, around, and above

safety-related ductbanks, four manholes, and ajacent to all Category I
structures above bedrock. The maximum depth of borrow beneath ductbanks

was 25 feet, beneath manholes 18 feet, and beneath service water piping
37 feet. The maximum depth of borrow adjacent to structural walls was
63 feet. Offsite borrow is described as a 1-1/2-inch maximum, gravelly
sand material containing no more than 10 percent passing a #200 sieve
(washed), with a coefficient of uniformity Cp greater than 3. Placement

-

of the borrow was controlled to obtain an in place density of greater than
95 percent Modified Proctor (ASTM 01557). The applicant reports that any
compaction layer (8" or less) that did not initially test at 95 percent
was recompacted until a minimum of 95 percent compaction was obtained.
The engineering properties of offsite borrow are presented in Table 2.5-15
of the FSAR. A peak friction angle (undrained triaxial - 95 percent com-
paction) of 36 was reported as representative of the borrow. A test fill

section was constructed of the offsite borrow and in situ Young's Modulus "E"
values were measured by plate test (Reference 8) to range between 10,000 -
30,000 psi (reloading) when tested in a field drained condition at 97
percent Modified Proctor density.

i

d) Tunnel Cuttincs - Tunnel cuttings produced by boring machines during'

excavation of the circulating water tunnels were placed over fill concrete
up to the foundation for one manhole in the vicinity of the turbine build-
ing for Unit 2, and in nonsafety related areas at the site. The cuttings
were not placed closer than 10 feet to any Category I structure. The
cuttings consisted mainly of quartzite, quartz ciorite, and shist. The
cuttings are oescribed as gravelly sand or sancy gravel and conformed to

. -c=
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, a gradation of 3" maximum size with 0-12 percent passing a #200 selve

} (washed) with a coefficient of uniformity Cp equal or greater than 5.
| Tunnel cuttings placed in safety related areas were compacted to 95 per-''

cent Modified Proctor (ASTM-01557) density. Engineering properties of
the tunnel cuttings are presented in Table 5-16 of the FSAR. Results of
plate load tests performed upon test fill sections constructed of these
materials to determine representative in situ Young's Modulus "E" are also
reported (Reference 8). Typical values measured were 54,000 - 67,000 psi
(reloading) when placement was controlled to greater than 95 percent compac-
tion and 25,000 - 40,000 psi (reloading) when no control was exercised
over placement.

e) Sand Cement - Sand cement batched to develop a 28-day compression strength
of 100 psi was used to provide embedment for a 180' section of 38 0 service,

water pipe placed in a rock trench between the service water pumphouse
and the discharge transition structure. The pipe was placed on top of
offsite borrow extending from the top of sound bedrock. The sand cement
was placed from the invert of the pipe to a height of approximately 6 feet
above the top of the pipe. Offsite borrow was then placed above the sand
cement embedment to finished grade. All sand-cement materials used con-
formed to the same standards as fill concrete. The applicant reports that
the minimum 28-day compressive strength of the sand cement tested was

greater than 130 psi and the minimum 90-day strength was greater than'

180 psi.,

Random fill backfill materials for nonsafety-related areas consisted of offsite
borrow, tunnel cuttings, and materials obtained from onsite excavations. Place-
ment of random fill material was controlled to provide in place densities of
90 percent of Modified Proctor (ASTM D-1557). The maximum depth of random fill
material placed within the general plant site area was approximately 40 feet.
Random fill was not placed closer than 10 feet to a safety-related facility.

2.5.4.6 Groundwater Conditions

The water table in the site area ranges between 10 and 17 feet below the natural
ground surface. The ground water is principally sus aineghy infiltrating

'\
\y_
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precipitation and no major aquifers underlie the site. The movement of ground-
<

water in the area of the site is toward the adjoining tidal areas. The appli-
cant reports the average permeability of the glacial till overlying the bedrock

'

and the bedrock itself to be less than 10 gallons per day per square foot.
During construction total inflow into excavation sites varied between 0 to
15 gallons per minute. A permanent dewatering system is not required for
groundwater control at the site and all safety-related structures have been
designed for hydrostatic pressure and uplift based upon an assumed groundwater
level at +20 feet MSL. A discussion of the relevant groundwater conditions,
flow and monitoring programs is presented in subsection 2.4.13 of the FSAR.

2.5.4.7 Resoonse of Soil and Rock to Dynamic Loading

For all seismic analyses for structures founded on rock, the applicant treated
the rock as a fixed boundary. All mathematical models used in the seisnic
analyses were, therefore, fixed against translation and rotation at their base.

,

Therefore, no dynamic rock properties were required in the analyses.

Four seismic Category I electrical manholes were founded on offsite borrow and
one manhole was founded on tunnel cuttings. Based upon results of tests accom-
plished in a test fill area the applicant developed representative strain
dependent shear moduli for the foundation borrow material. These values which
are reported in subsection 2.5.4.7 of the FSAR were used to cross check the
original seismic design and the results were reported by the applicant to be
satisf3ctory.

Buried seismic Category I piping systems were analyzed by the applicant by
demonstrating their capability to withstand soil strain and internal pressures
due to dynamic loading using the procedure of Iybal and Gooding (Reference 9).
Elastic properties used in the analysis for the embankment backfill material,

have been reported by the applicant in Section 2.5.4.7 of the FSAR. The

values reported were determined using results of field and laboratory testing
or calculated using the procedure presented in Reference 9.

.. , ?
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e] Based upon the information presented in the FSAR, the staff concurs with the
position of the applicant that all soil properties values used to estimate
soil loadings in the dynamic analysis were conservative and representative of
the inplace soils.

2.5.4.8 Licuefaction Potential
4

,

All Category I structures, electrical duct banks, manholes and piping will be
supportad on c.ompetent bedrock or on engineered backfill extending to competent
bedrock. Engineered backfill will also be placed around all Category I struc-
tures extending up to plant finished grade. Five types of engineered backfill
material _in various combinations were used in construction: fill concrete,
backfill concrete, sand cement, offsite borrow, and tunnel cuttings. Placement
of the offsite borrow and the tunnel cuttings was controlled beneath and
adjacent to Category I structures to achieve an in place minimum density of
95 percent Modified Proctor (ASTM 1557). Laboratory testing of the affsite
borrow and tunnel cutting materials to determine their cyclic strength char-
acteristics was not performed as the applicant concluded that such materials,
when compacted to at least 95 percent Modified Proctor, would not be susceptible
to l!quefaction when subjected to the postulated Safe Shutdown Earthquake (SSE)

This conclusion was based upon the results of laboratory triaxial testsevent.

which indicated that these materials when compacted to 95 percent Modified
-

Proctor are dilative during shear and thus a pore pressure increase would not
be sustained during earthquake induced shearing action.

The staff considers compaction to 95 percent Modified Proctor to be a
significant index of a low potential for liquefaction of in placed backfill
materials. The staff also recognizes that the backfill materials have other

.

favorable properties such as a relatively coarse grain size (significant amount
c

of gravel included with the sand) and good gradation (SW-GW) wnich also tend to
increase the resistance of the backfill material to potential liquefaction
(Reference 10). Considering these points, the staff accepts the position of
the acplicant and concludes with high confidence that the gravelly sand and
sandy gravel backfill materials compacted to 95 percent Modified Proctor are
not significantly susceptible to liquefaction and would not be susceptible to
liquefaction when exposed to the postulated SSE.

' ,
s
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- 2.5.4.9 Earthouake Design Basis

.-
!

The applicant has analyzed the stability of foundations under earthquake
loading conditions. A Safe Shutdown Earthquake (SSE) peak horizontal accelera-
tion of 0.25g has been selected as appropriate for the site. A peak horizontal
acceleration of 0.125g has been selected for the Operating Basis Earthquake
(OBE). The applicant has scaled the Design Response Spectra for horizontal
motions for both the SSE and the OBE based upon the above peak horizontal

accelerations and using the amplification factors and control points provided
in Nuclear Regulatory Commission Regulatory Guide 1.60. The derevation of the
Design Response Spectra for this site is discussed in FSAR Sections 2.5.2.6
and 3.7(B).l.1. The staff's evaluation of the applicant's selected earthquake
design basis is discussed in Section 2.5.2 of this SER.

2.5.4.10 Static Stability

2.5.4.10.1 Bearing Caoacity and Settlement
_

All major Category I structures are founded on sound bedrock or on concrete
backfill extending to sound bedrock. The applicant has estimated that the
containment enclosure structure with a maximum bearing pressure of 72 ksf
represents the most severe loading condit. ion in bearing on the site rock. The

staff has estimated the bearing capacity of the foundation rock using the pro-
cedures contained in Reference 7 and has conservatively determined that the
foundation rock provides a factor of safety of greater than 6 for all proposed
static loading conditions.

The applicant has estimated a maximum settlement for any Category I structure
founded on rock of less than 0.5 inches based upon elastic theory and consid-
ering recompression of rock rebound which occurred due to overburden excavation.
The staff has independently verified these findings using the procedures in
Reference 11 and concludes that an adequate margin of safety exists to assure
the static stability of plant structures founded on competent bedrock.

The applicant has identified the most severe static bearing conditions for
loads supported by compacted backfill material to be associated with the

.

.
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N foundation for the electric manholes with a maximum bearing pressure of 1.4 ksf.
The staff has independently estimated the bearing capacity of the inplace com-

.

pacted backfill when subjected to the maximum structure loading using the
procedures in Reference 7.

Results indicate that the backfill material can
be expected to safely support a loading of 1.4 ksf with a factor of safety of
greater than 10 and with a settlement of less than 1 inch. The staff concludes
that such a margin of safety is acceptable.

2.5.4.10.2 Lateral Leading

For static loading conditions, the applicant has designed rigid Category I
structure subsurface walls to resist at rest earth pressures determined using
Rankine's Theory (Reference 12), full static ground water pressure at all levels
below a grade elevation of 20-ft M , pressure due to surcharge loadings and /fSe
an additional pressure increment to account for the compaction of the backfill
material adjacent to the subsurface walls. An at-rest lateral earth pressure
coefficient of 0.5 was selected for design.

, For dynamic loading condition, the applicant has considered the maximum dynamic
pressure to be equal to the sum of the static at rest soil pressure, the hydro-
static pressure, the static pressure due to surcharge loadings, the additional
static pressure due to compaction of the backfill, the dynamic component of
the surcharge pressure, and a dynamic pressure increment due to earthquake
effects on the backfill. A dynamic coefficient of 0.28, which considers the
influence of both the horizontal and vertical acceleration components induced
in the soil by the SSE, was used by the applicant in estimating inertial forces.

t

The staff has evaluated the conservativeness of the applicant's estimate using
the procedures in References 12 and 13 and concludes that the applicant's
methods of estimating lateral earth pressures are in accordance with the current
state of the art and are sufficiently conservative to allow compliance with
the requirements of the Commission criteria identified in 10 CFR 50, Appendix A
and 10 CFR 100, Appendix A.

:
,
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2.5.4.11 Conelusion
---

s
'

)
.

: #

5
Based on the applicant's design criteria and construction reports and on the

{ i reported results of the applicant's investigations, laboratory and field tests,i .

and analyses, the staff concurs with the position of the applicant that the
,

] site and plant foundation materials will be adequate to safely support the
; Seabrook plant facilities during the planned life of the plant. The staff

concit.ces that the geotechnical engineering related site and plant foundation
; efforts of the applicant meet the requirements of the applicable rules and basic

,

acceptance criteria of the Commission contained in 10 CFR 50 and in 10 CFR 100
and in the regulatory positions contained in Regulatory Guides pertinent to

i

Section 2.5.4 of the Standard Review Plan (NUREG-0800) and are therefore,
,

acceptable.

e
2.5.5 Stability of Slopes

There are no offsite natural or man-made slopes whose failure under any
i

_ condition would adversely affect the safety of the plant. There are no onsite,

'
slopes whose failure under a seismic event would adversely affect the safety
of the plant. There are however onsite slopes associated with stone revetments

!

which are required for the protection of the site during peak Probable Maximum
Hurricane (PMH) surge activity. The applicant has designed the protective stone
revetments using Armor stone and riprap stone materials with stone size, layer
thickness, and slope geometry governed by the maximum wave conditions and coin-

'

cident stillwater levels expected during a PMH event. Details of the wave
{ design of the revetments are described in Subsection 2.4.5.5 of the FSAR. In
! addition the applicant has analyzed the stability of the revetment slopes and

|'

has presented information in Section 2.5.5 of the FSAR to demonstrate the

static and dynamic stability of these slopes under conditions to be expectedi

! during the operating life of the plant.

2.5.5.1 Sloce Characteristics
'
,

I

Two stone revetment designs were provided to protect portions of the perimeter
| of the plant that could be exposed to wave action during peak PMH surge.

Design "A" to be used along portions of the northeast perimeter, consists of a
' | - n 3 Y'
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6-foot layer of Armor stone each weighing between 1.5 to 3 tons, overlying a
)

3-foot layer of stone weighing 300 to 600 lbs each, overlying a 1.2-foot layer
of stone each weighing 15 to 30 lbs. Each stone layer of revetment "A" is to,

be constructed on a 1.5 to 1 slope. Design "B", to be used along portions of
the east, southeast and southern perimeter of the plant consists of a 3.6-foot
layer of Armor stone weighing between 700 to 1200 lbs each, overlying a 1.6-foot
layer of stone weighing between 70 to 120 lbs. Each stone layer of revetment
"B" will also he constructed on a 1.5 to 1 slope. The depth to bedrock beneath
the revetments varies from 0 to approximately 40 feet. Prio' to placing the
revetment stone the applicant has committed to removing al: topsoil and to
preparing the supporting surface consisting of either natural bedrock and/or
inplace dense glacial till, or offsite borrow compacted to 90% Modified Proctor
(ASTM D-1557) or greater to a nominal 1.5 to 1 slope. The applicant has also
committed to the placement of a polypropylene filter cloth between the revetment
stone and the supporting slope and toe materials to reduce potential for erosion

,

ar.d scour.

2.5.5.2 Design Criteria and Analysis

The applicant has analyzed the static stability of the highest section of the
revetment using the wedge analysis procedures published by the U.S. Army Corps
of Engineers (Reference 14). Properties of the revetment stone and the sup-
porting slope materials used in the analysis are presented in Table 2.5-20 of
the FSAR. The effective strength parameters used are as follows:

Revetment Stone: Cohesion = 0; O = 36*
Offsite Borrow: Cohesion = 0; O = 34*
Glacial Till: Cohesion = 0; J = 36

Results of the applicant's analysis indicate a minimum factor of safety against
shear failure under design static conditions of 1.51. Based upon these results
and using the criteria of Terzaghi and Peck (Reference 15) the staff concludes
that, for the static design loads considered, the reveteent slopes will remain
stable.
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Seismic stability analyses of the revetment designs were also accomplished by,

the applicant to determine potential revetment displacements which might occur
during seismic events. The analyses were performed using the 2-dimensional

finite element program " FLUSH" (Reference 16) with displacements computed using
Newmark theory for a wedge failure surface occurring under conditions corre-
sponding to Safe Shutdown Earthquake (SSE) loading. Properties of the revetment
stone and the supporting slope materials used in the analyses are also presented
in Table 2.5-20 of the FSAR. Results reported by the applicant indicate the
maximum expected displacement of the Armor stone would result in a less than
2 ft settlement of any portion of the revetment crest under seismic events of
magnitude up to the design SSE.

2.5.5.3 Conclusion

The staff finds that the methods and procedures used by the applicant to analyze
the stability of the slopes supporting the revetments under static and seismic
conditions are acceptable. Based upon the analyses presented by the applicant
the staff also finds that the slopes possess an adequate margin of safety
against failure during required plant operating conditions. To further assure
the safe functioning of the revetment slopes during the life of the plant the
staff requires that the applicant commit to developing an appropriate inservice
inspection and surveillance program for the revetments and to include the revet-
ments as items to be inspected under the purview of USNRC Regulatory Guide 1.127--
" Inspection of Water Control Structures Associated with Nuclear Power Plants."

The staff concludes that the geotechnical engineering related slope stability
efforts of the applicant meet the requirements of the applicable rules and basic
acceptance criteria of the Commission contained in 10 CFR 50 and in 10 CFR 100
and in the regulatory positions contained in Regulatory Guides pertinent to

Section 2.5.5 of the Standard Review Plan (NUREG 0800) and are therefore
acceptable.
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3.i".1 Wind Oesign Criteria

All Category I structures exp; sed to wind forces were designed to withstand the

effects of :ne design wind. The design wind specified has a velocity of 110 mph,

at 30 fee: above the nominal ground elevation based en a recurrence interval of

1CO years.

The procedures that were used to transform the wind velocity into pressure

leadings en structures and the asse:iated vertical distributien of wind pres-

sures and gust factors are in ac:Ordance with "Suilding Code Requirements

for Minimum Design Leads in Suildings and Other Structurese" ANSI Standard A

55.1 and ASCE pacer #3269.

The staff c ncludes that thc plant design is a :eptable and meets the require-

ments of General Design Criterien 2. This cen:Lucien is based en the 10llowing:
.

The a:plicant has met the requirements of GDC 2 with respect to the capability
of the structures to withstand design uind leading so that the design reflects

(1) approcriate consideration for the ecst severe wind recorded for

the site with an appreoriate nargin

(2) appropriate ccebinatiens of the effe::s of normal and accident

conditi ns with the eff ects of natural phen cena

(3) the inscrtance of the safety functicn to be perforced.

The applicant has met these requirements by using ANSI A53.1 and ASCE paper 3269e

which the staff has reviewed and fcund acceptabler to transform the wind velocity
in:0 an ef fective pressure en structures and for selecting pressure coefficients

.

ccrres; nding to the structural geccetry and physical 00nfiguration,

j=,c.. .
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The applicant has designed the plant structures with sufficient cargin to
| prevent structural damage during the most severe uind loadings that have been

determined apprcpriate for the site so that the requirenents of item (1) above3

are cet. In addition, the design of seismic Category I structures, as required,

by item (2) abover has included, in an acceptable manner, lead cc:binations
which occur as a result of the most severe wind load and the loads resulting,

f rca ner=al and accident cenditicns.
.

The procedures used to determine the leadings en structures induced by the
design wind specified for the p'. ant are acceptsble because these procedures
have been used in the design cr ccnventicnal structures and been proven to
provide a censervative basis whiche together with other engineering design
censiderations, ensures that the structures will withstand such envirencental
forces. The use of these procedures prevides ressenable assurance _that in the
event of design-basis winds, the structural integrity cf the plant structures
that have to be designed fcr the design wind will not be ic aired and, in cen-
secuence, safety-related systems and ccmpenents located within these structures

>

| are adequately protected and will perform their intended safety functicns if
needed. Thus, requirement of item (3) above is satisfied.

!

3.3.2 Tornado Design criteria

All Catescry I str,uctures exposed to tornado forces and needed for'the safe i

shutdewn of the plant were designed to resist a tornado of 290 mph tangential
wind velocity and a 70 mph translatienal wind velocity. The simultanecus
atmospheric pressure drep was assumed to be 3 psi at a rate of 2 psi /second.
Tornado missiles are also censidered in the design, as discussed in Section 3.54

: ,

of this report.

I'
1

^

The procedures that were used to transform the tornado wind velocity into
pressure loadings are similar to those used for the design wind leadings as
discussed in Section 3.3.1 of this report. The tornado missile effects were
determined using procedures to be discussed in Section 3.5 of this report.
The total effect of the design tornado en Category I structures is determined
by the apprcpriate cc binatiens of the individual effects of the tornado wind

I pressure, pressure drep, and tornade-associated missiles. Structures are
arranged on the plant site and protected in such a manner that collapse of
structures not designed fcr the tornado will not affect other safety-related
structures. .:'71, y

,
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The ::aff concludes that the plant design is acceptable and meets the repuire-
ments of General Design Criterien 2. This ccnclusicn is based en the following:

The applicant has met the requirements of GOC 2 with res;ect to the :tructural

capability to with:tand design tornado wind L0ading and tornado missiles so
that the design reflects

(1) apprcpriate ccncideration for the moct severe tornado recorded for
*

the site with an appropriate margin

(2) appropriate combinaticns of the effect; of normal and accident

conditions with the effects of the natural phenecena

(3) the importance of the safety function to be performed

The applicant has met these requirements by using ANSI A53.1 and ACCE paper
3269 to transform the wind velocity generated by the tornado in 0 an effective

pressure en :tructures and for selecting pressure Coefficients corres;0nding

to the structural geometry and ;hysical c nfiguration.

The applicant has de:igned the plant :tructures with sufficient margin to

crevent structural damage during the =00t severe tornado leadings that have

been determined aspecpriate for the cite : that the requirement: cf item (1)

above are met. In additiene the de:ign of seismic Category I structures, as

recuired which occur as a re: ult of the ecs severe tornad wind lead and the
loads resulting from normal and accident ccnditicn .

The procedures used to determine the leadings On structures induced by the

design-basis tornado specified for the plant are acceptable because these

procedures have been used in the design of conventional tructures and been

proven to provido a c0nservative basi: ,.hi:n : gether with other engineering

design consideration: ensures that the structures will witnctand such environ-

mental forces. The use of these procedures provides rea:cnable assuran:e that

in the event of design-basis tornada, the tructural integrity of the plant

structure: that have to be designed for the tenadoes will not be impaired and

in consequen:c, cafety-related systems and :Ompenent: located within these
structures are adecuately protected anc will perform their intended safety

functions if needed. Thus the requirement of item (2) above is satisfied.

. . . t-
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3.4.1 Flood Protection

The design of the facility for flood protection was reviewed in accordance with
Section 3.4.1 of NUREG-0800 (SRP). An audit review of each of the areas listed
in the " Areas of Review" portion of the SRP section was performed according to
the guidelines provided in the " Review Procedures" portion of the SRP section.
Conformance with the acceptance criteria, except as noted below, formed the
basis for our evaluation of the design of the facility for flood protection
with respect to the applicable regulations of 10 CFR 50.

The acceptance criteria are General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena," and 10 CFR 100, Appendix A, " Seismic
and Geologic Siting Criteria for Nuclear Power Plants," Section IV.C. The

second criterion concerning seismic and geologic siting criteria and seismically
induced flooding was not used. Our review for flood protection is concerned
not with the criteria for determining flood level; but rather, once the flood
level is established, we evaluate safety related structures, systems, and components
to assure that they are protected from flooding.

In order to assure conformance with the requirements of General Cesign Criterion 2,
"Deisgn Bases for Protection Against Natural Phenomena," we reviewed the overall
plant flood protection design including all systems and components whose failure
due to flooding could prevent safe shutdown of the plant or result in the uncon-
trolled release of significant radioactivity. The aoplicant has provided pro-
tection from inundation and the static and dynamic effects of flooding for
safety related structures, systems, and components by the use of exterior and
incorporated barriers as defined in Regulatory Guide 1.102, " Flood Protection
for Nuclear Power Plants," Position C.1 as described below.

The exterior barriers consist of a seawall, a retaining wall, and revetments
which protect the site at the perimeters exposed to seawater action. Plant
grade is at elevation 20' msl. The maximum standing water elevation above plant
grade is 20'6" msl. The recommendations of Regulatory Guide 1.59, " Design Basis
Floods for Nuclear Power Plants," have been followed in determining the maximum
water level.

;k
kJO
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Seismic Category I (safety-related) structures housing safety-related equipment -
-

are designed to withstand the 20'-6" msl water elevation, and all penetrations
in those structures below this level are watertight. The only access openingl," i P =
in any exterior wall that is at the maximum flood level is the movable steel ""' 4 d
door in the fuel storage building (located at elevation 20'-6" msl). Flood
protection for this building is provided by a curb at elevation 20'-6" msl
located behind this door. Groundwater seepage is prevented by the use of.

waterproofing membranes and water stops in the structural walls with sump pumps
in the buildings provided as a secondarf means of protection.

Within plant structures, safety-related equipment is protected against flooding
from failures in tanks, vessels, and fluid piping systems as identified in the
guidelines of Branch Technical Position ASB 3-1, " Protection Against Postulated

,

Piping Failures in Fluid Systems Outside Containment," by equipment location
and drainage as described under Section 9.3.3 of this SER.

Based on our review of the design criteria and bases, and safety classification
of safety-related systems, structures, and components necessary for a safe plant
shutdown during and following flood conditions, we conclude that the design of
the facility for flood protection conforms to the requirements of General Design
Criterion 2 with respect to protection against natural phenomena and the
guidelines of Regulatorf Guides 1.59, Positions C.1 and C.2, and 1.102, Position
C.1, concerning design-basis floods and protection and is, therefore, acceptable.
The design of the facility for flood protection meets the applicable acceptance
criteria of SRP Section 3.4.1.

.

; Anand 6/2/82 3 Seabrook SER Input /B

__

--



..-.-......--=.=.;=.= .c.

. >
. . e e

i
9

, . *h|j.::kM{J L
,

'

3.4.2 Water Level (Fleod) design Procedures
The design ficod level resulting frem the most unfavorable ccndition cr ccc-

bination of conditions that produce the maximum water level at the site is-

discussed in Section 2.4. The hydrostatic effect of the flood was considered*

in the design of all Category I structure exposed to the water head.

The procedures utiLi:ed to determine the loadings en seismic Category I structuresf
*induced'by the design fleed or highest grcundwater level.specified for the plant

are acceptable because these procedures provide a conservative basis for engi-
neering design to ensure the structures will withstand such environmental forces.

,

The staff concludes that the applicant has met the requirements of GDC 2 with*

respect to the structural capability to withstand the effects of the fleed or

highes groundwater level so that the design reflects
,

(1) appropriate consideration for the ecs sever'e fleed recorded for the

site with an apprcpriate margin
(2) apprcpriate ce=binatiens of the effects of normal and accident condi-

tiens with the effects of the natural phenenena

(3) the i=cortance of the safety function to be performed

The applicant has designed the plant structures with sufficient margin to

prevent structural damage during the most severe flced er grcundwater and :he
associated dynamic effects tha have been determined appropriate for the site

so that the requirements of item (1) above are met. In addition, the design
of seismic Category I structures, as required by ites (2) abover has included

in an acceptable manner load cc=binations which cecur as a result of the = cst

severe flecd or groundwater-related lead and the leads resulting from normal
and accident conditiens.

The precedures utilized to determine the leadings en seismic Category I struc-
,

tures induced by the design flood er highest groundwater level specified for
a

the plant are acceptable because these procedures have been used in the design
of ccnventional structures and have been proven to provide a conservative basis

which:0getherwithotherengineeringdesigncensideratiensensurest.}atthe
structures will withstand such envirennental forces.

'

.. . _ . . _ . . . _ . _ _ . . . . . _ . _ _ _ , . _ _ _ . _ _
* '
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('' , The use of these procedures provices reasonable assurance that in the event of
fleeds or high groundwater, the structural integrity of the' plant seismic*

Category I structures wiLL not be impaired and, in cense:;uence, seis=ic
Category I systems and components located within the'se s,tru:tures wiLL be

|

adequately protected and may be expected to perfers necessary safety functions,
as required, thus satisfying the requirement of item (3) abcde.

|
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hwsa _ L ~3.5.1.1 Internally Generated Missiles (Outside Containment) [ -

_

The design of the facility for providing protection from internally generated

missiles (outside containment) was reviewed in accordance with Section 3.5.1.1
of NUREG-0800 (SRP). An audit review of each of the areas listed in the
" Areas of Review" portion of the SRP section was performed according to the
guidelines provided in the " Review Procedures" portion of the SRP section..

Conformance with the acceptance criteria except as noted below formed the basis
for our evaluation of internally generated missile protection outside containment
with respect to the applicable regulations of 10 CFR 50.

Our review of internally generated missiles does not include turbine missiles,
since turbine missiles are evaluated separately by MTES in Section 3.5.1.3.

Protection of plant structures, systems, and components outside containment

that are requried for safe plant shutdown against postulated internally
generated missiles associated with plant operation was considered. Protection
provided against missiles generated by rotating or pressurized equipment as
identified in the requirements of General Design Criterion 4, " Environmental
and Missile Design Bases,"is provided by any one or a combination of compart-
mentalization, barriers, separation, and equipment design. The primary means
utilized by the applicant to provide protection to safety related equipment
from potential damage from internally generated missiles is through the use of
plant physical arrangement and by the design adequacy of plant equipment to
prevent missile generation. Safety-related systems are physically separated
from nonsafety-related systems, and redundant components of safety related

systems are physically separated so that a potential missile could not damage
both trains of the safety related systems. Stored fuel is protected from damage
by internal missiles which could result in radioactive release as identified
in the guidelines of Regulatory Guide 1.13, " Spent Fuel Storage Facility Design

;

Basis," by the fuel pool walls and by locating new and spent fuel in an area
with no high energy piping system or rotating machinery in the vicinity.

The applicant has provided an evaluation of potential missile sources from
rotating component failures and pressurized component failures. This evalua-
tion included internal missile sources such as valve stems, valve bonnets,

DRM' s-Anand 6/2/82 4 Seabrook SER Input /B
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temperature element-sensing wells, motor generator sets, and pump impelle
Based on the design of these components, the applicant concluded that none of
these are credible missiles. The applicant confirmed that pressurized
components designed in accordance with ASME Section VIII are not credible

missile sources since the components designed to ASME Section VIII (e.g.,
accumulators) have either appropriate impact test of material operating
temperatures that preclude brittle fracture. Remote location and separation
of safety-related systems trains provide further protection against the effects
of potential internally generated missiles.

Although the applicant has provided information which indicates that no credible
missiles should be postulated outside containment, we requested that further
assurance be provided that the turbine drive of the emergency feedwater (EFW)
turbine-driven pump is not a missile source or that missiles from the turbine
cannot damage safety-related equipment. The applicant responded that the
turbine is of solid wheel, single-stage design with an overspeed trip system
and therefore not considered a missile source. In addition, the turbine is

oriented perpendicular to the redundant train of the EW system which i_s further
protected by a partial barrier. However, we remain - rned about (1) the
proximity and exposure of the main EW r which is aligned opposite and Ck
parallel to the turbine e 1 stance of approximately 12 ft and without any h
barrier prot c': n, and (2) the ability of the partial barrier to protect the

-ariven emergency feedwater pump. -
*

Protection of safety-related equipment and stored fuel from the effects of
turbine missiles including compliance with the guidelines of Regulatory Guide
1.115, " Protection Against Low Trajectory Turbine Missiles" is discussed in
Section 3.5.1.3 of this SER.

We have reviewed the adequacy of the applicant's design to maintain the capa-
,

bilQa safe plant shutdown in the event of internally genera,tedgi.ssiles_
_ -

outside containment; Based on the above, we cannot concru'de that the design
.

-

is in conformance with the recuire_me.ntrof' General Design Criterion 4 withy ,' , 7. . , ,
,

,

respect to internally generated missile protection outside~ containment until
resolution id he above concern. We will recort resolution of this c::ncern in

.

::plement to this SER. -

' 9s gav
r 11- g;
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3.5.1.2 Internally Generated Missiles (Inside Containment) '

The design of the facility for providing protection from internally generated.

missiles (inside containment) was reviewed in accordance with Section 3.5.1.2
of NUREG-0800 (SRP). An audit review of each of the areas listed in the " Areas
of Review" portion of the SRP section was performed according to the guidelines
provided in the " Review Procedures" portion of the SRP section. Conformance

with the acceptance criteria formed the basis for our evaluation of internally
generated missile protection inside containment with respect to the applicable
regulations of 10 CFR 50.

Protection of plant structures, systems, and components inside containment that
are required for safe plant shutdown against postulated internally generated
missiles associated with plant operation such as missiles generated by rotating
or pressurized equipment as identified in the requirements of General Design
Criterion 4, " Environmental and Missile Design Bases," is provided by any one
or a combination of barriers, separation and equipment design. The primary
means of providing protection to safety-related equipment from potential damage
from internally generated missiles is provided by shield walls and separation
within the containment.

The applicant has provided an evaluation of potential missile sources inside
containment. The only credible potential missile sources identified are from
high energy systems as follows:

1. Control Rod Drive Mechanism Components: drive shaft, and drive shaft and

control rod cluster together.

'

2. Pressurizer: valves and heaters.

3. Te4 sriture and pressure se adr assemolies.

Characteristics were determined for each of the above potential missiles. The

applicant's analysis verified either that structures, shields, barriers, and/or
equipment orientation provide protection for safety-related equipment from tne

%") bfhia J.!
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above primary missiles and any secondary missiles generated by their impact,j
or that these missiles are of insufficient energy to cause unacceptable impact
or damage. The applicant's analysis also confirmed that no non-seismically

supportedcomponentswithinthecontainmentresultingravitationalmissiles?g.We have b a d {iwith potentially adverse consequences to safety related equipment.
reviewed the applicant's analysis and concur with the applicant's assumptions
and evaluation for potential missiles inside containment.

The applicant has analyzed the potential for the reactor coolant pump flywheel
to become a missile source as a result of flywheel failures in accordance with
the guidelines of Regulatory Guide 1.14, " Reactor Coolant Pump Flywheel Integrity."
The applicant's analysis evaluated the integrity of the flywheel under assumed

overspeed conditions of the pump as a result of pipe break at the pump discharge.
The analysis verified that failure of the flywheel does not occur and thus it
is not a postulated missile source. Refer to Section 5.4.1.1 of this SER for
further discussion of reactor coolant pump flywheel integrity and compliance
with the criteria of Regulatory Guide 1.14.

We have reviewed the adequacy of the applicant's design to maintain the capa-
bility for a safe plant shutdown in the event of internally generated missiles
inside containment. Based on the above, we conclude that through the use of
barriers, separation, and equipment design, the design is in conformance with
the requirements of General Design Criterion 4 with respect to missile protec-
tion and is, therefore, acceptable. The design of the facility for providing
protection from internally generated missiles meets the acceptance criteria of
SRP Section 3.5.1.2.

,

& A'

Anand 6/2/82 7 Seabrook SER Input /8

., . _ . . . . . _



, . . . . . . . . . . . . . . . . - .

* '
, ,

iliy
3. 5.1. 4 Missiles Generated by Natural Phenomena bd;

The tornado missile spectrum was reviewed in accordance with Section 3.5.1.4
of NUREG-0800 (SRP). An audit review of each of the areas listed in the " Areas
of Review" portion of the SRP section was performed according to the guidelines

-

provided in the " Review Procedures" portion of the SRP section except as noted
below. Conformance with the acceptance criteria formed the basis for our
evaluation of the tornado missile spectrum with respect to the applicable
regulations of 10 CFR 50.

The portions of the " Review Procedures" concerning the probability per year of
damage to safety-related systems due to missiles was not used in our review.
Our review for this section of the SRP is concerned with establishing the missile
spectrum, not with calculating the probability of damage.

General Design Criterion 2, " Design Bases for Protection Against Natural Phenomena,"
requires that structures, systems and components essential to safety be designed
to withstand the effects of natural phencmena, and General Design Criterion 4,
" Environmental and Missile Design Bases," requires that these same plant features
be protected against missiles. Tornado generated missiles are the only missiles
arising from natural phenomena that are of concern. The applicant has identified
the plant site in tornado Region I as defined in Regulatory Guide 1.76, " Design
Basis Tornado for Nuclear Power Plants," Positions C.1 and C.2, and has selected
as the design basis missiles those given for Spectrum A of Standard Review Plan
(SRP) Section 3.5.1.4 (Revision 2). The spectrum includes the weight, velocity,
dimensions, and impact area and is in accordance with Regulatory Guide 1.76.
We have reviewed this spectrum and conclude that it is representative of missiles
at the site and is, therefore, acceptable. Discussion of the protection (barriers
and structures) afforded safety-related equipment frcm the identified tornado
missiles including compliance with the guidelines of Regulatory Guide 1.117,
" Tornado Design Classification," Positions C.1 through C.3, is provided in Section
3.5.2 of this SER.

'

i-.

- l '0
N

fA discussion of the adequacy of barriers and structures designed to withstan
the effects of the identified tornado missiles is provided in Section 3.5.3 of
this SER. Based on our review of the tornado-missile spectrum, we conclude

Anand 6/2/82 8 Seabrook SER Input /B
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that the spectrum was properly selected and meets the requirements of denera* --J

Design Criteria 2 and 4 with respect to protection against natural phenomena
and missiles and the guidelines of Regulatory Guides 1.76, Positions C.1 and
C.2, and 1.117, Positions C.1 through C.3, with respect to identification of A we

f' . ,l
''

missiles generated by natural phenomena and is, therefore, acceptable. The

tornado missile spectrum meets the acceptance criteria of SRP Section 3.5.1.4

,

| :

)' L I: i'L' ' '
e

, . _ .

.
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d3.5.2 Structures, Systems and Components to be Protected from External
[ Generated Missiles

-

The design of the facility for providing protection from tornado generated

missiles was reviewed in accordance with Section 3.5.2 of NUREG-0800 (SRP).
An audit review of each of the areas listed in the " Areas of Review" portion
of the SRP section was performed according to the guidelines provided in the
" Review Procedures" portion of the SRP section. Conformance with the accept-
ance criteria, except as noted below, formed the basis for our evaluation of
the design of the facility for providing protection from tornado generated
missiles with respect to the applicable regulations of 10 CFR 50.

General Design Criterion 2, " Design Bases for Protection Against Natural Phenomena,"
requires that all structures, systems, and components essential to the safety
of the plant be protected from the effects of natural phenomena and General
Design Criterion 4, " Environmental and Missile Design Bases," requires that
all structures, systems, and components essential to the safety of the plant
be protected from the effects of externally generated missiles. The spectrum

of tornado missiles is discussed in Section 3.5.1.4 of this SER. The applicant
has identified all safety-related structures, systems, and components requiring
protection from externally generated missiles. All safety-related structures
(including containment, the primary auxiliary building, the fuel storage building,
the emergency feedwater pump building, and the main steam and feedwater pipe
chase) are designed to withstand postulated tornado generated missiles without
damage to safety related equipment with the exception of portions of the ultimate
heat sink mechanical draft cooling towers. Since these cooling towers are
required to function only in the case of a seismic failure of the main circulating
water tunnels to and from the Atlantic Ocean, only those parts of the cooling
tower structure which protect essential service water piping up to and including
the cooling tower pump discharge valves require missile protection.

Areas of the cooling towers not protected against missiles include the
nonessential air intake, tower pumps, fans, and gear boxes. The valve pit areas
of the intake and discharge transition structures and all other piping and
equipment associated with the service water system are protected from tornado
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| missiles. The portion of the intake and discharge transition structure not 41f'*Mr
i protected against tornado missiles which can affect vital station service water
j is sufficiently below water level to preclude the blockage of the service wa

i

| intakes by missiles. ,

/
\

-

'

FSAR Section 3.5.2 indicates that all safety-related systems and components
including outside air intakes and exhausts in safety-related structures and

'

stored fuel are located within tornado-missile protected structures or are!

'

provided with tornado-missile barriers or other protection or are oriented such
that tornado missiles do not present a safety hazard. However, FSAR Section,

6.4 indicates that the control room intakes are not protected from tornado
.

1 missiles (see SER Section 9.1.4). We require that the applicant clarify this
'

discrepancy,
i
.

Portions of safety-related systems which are buried, such as piping and electrical
circuits, are adequately protected by the overlying earth. The requirements
of General Design Criteria 2 and 4 with respect to missile protection and the
guidelines of Regulatory Guides 1.13, " Spent Fuel Storage Facility Design Basis,"
Position C.2, 1.27, " Ultimate Heat Sink for Nuclear Power Plants," and 1.117,>

" Tornado Design Classification," Positions C.1 through C.3, concerning tornado-
missile protection for safety-related structures, systems, and components

'

including stored fuel and the ultimate heat sink are met. Protection from
low-trajectory turbine missiles, including compliance with Regulatory Guice

i
'

| 1.115, " Protection Against Low-Trajectory Turbine Missiles," is discussed in
,

| Section 3.5.1.3 of this SER.

P

. Based on the above, we conclude that the applicant's list of safety-related
i

structures, systems, and components to be protected from externally generated
missiles and the provisions in the plant design providing this protection are
in accordance with the requirements of General Design Criteria 2 and 4 with
respect to missile and environmental effects and the guidelines of Regulatory,

Guides 1.13, Position C.2, 1.27, Positions C.1 through C.3, 1.115 and 1.117,
Positions C.1 through C.3, concerning protection of safety-related planti

features including stored fuel and the ultimate heat sink from tornado missiles

and are, therefore, acceptable, subject to clarification of the eranany

b.d.J ,
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f betneen FSAR Sections 3.5.2 and 6.4 regarding the tornado missile protection
i afforded the control room air intake. The design of the facility for providing

'| protection from tornado generated missiles meets the applicable acceptance
;

criteria of SRP Section 3.5.2 pending resolution of the above discrepancy.
L i,
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the effects of natural phenomena (tornace missiles' and environmental effects
including the effects of missiles, pipe whipping, and discharge fluids.

s

1 A
!

The procedures utilized to determine the effects and Loadings on seismic Category
I structures and missile shields and barriers induced by design-basis missiles.

selected for the plant are acceptable because these proceduras provide a con-
| servative basis for engineering design to ensure that the structures or barriers

are adequately resistant to and wiLL withstand the ef fects of such forces.

The use of these procedures provides reasonable assurance that in the event of
design-basis missiles striking seismic Category I structures or other aissile
shields and barriers, the structural integrity of the structures, shields, and
barriers wilL not be imoaired or degraded to an extent that wiLL result in a
loss of recuired protection. Seismic Category I systems and co ponents pro-
tected by these structues are, therefore, adecuately protected against the

( effects of missiles and wiLL perform their intended safety function, if need-

.

; ( be. Conformance with these procedures is an acceptable basis for satisfying
in part the requirements of GDC 2 and 4.

.
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3.6.1 Plant Design for Protection Against Postulated Piping Failures in Fluid
Systems Outside Containment'

LbkThe design of the facility for providing protection against postulated piping
failures outside containment was reviewed in accordance with Section 3.6.1 of
NUREG-0800 (SRP). An audit review of each of the areas listed in the " Areas
of Review" portion of the SRP section was performed according to the guidelines
provided in the " Review Procecures" portion of the SRP section. Conformance

with the acceptance criteria formed the basis for our evaluation of the design
of the facility for providing protection against postulated piping failures
outside containment with respect to the applicable regulations of 10 CFR 50.

General Design Criterion 4, " Environmental and Missile Design Bases," requires
that systems and components important to safety be appropriately protected
against dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failures. In order to meet
this requirement with regard to protection against pipe breaks outside contain-
ment, the applicant has designed the plant in accordance with the high energy
pipe criteria of Appendix B of Branch Technical Position (BTP) ASB 3-1,
" Protection Against Postulated Piping Failures in Fluid Systems Outside Con-
tainment," and moderate energy pipe criteria of Section B.3 of this position.
Compliance with these sections of BTP ASB 3-1 is compatible with the tendering
date for the Seabrook construction application (April 2, 1973). These criteria
concern failures in hign- and moderate energy fluid systems. The applicant
has identified the high- and moderate energy piping systems in accordance with
these guidelines and has also identified those systems requiring protection
from postulated piping failures.

The plant design accommodates the effects of postulated pipe breaks in high-
energy fluid piping systems outside containment with respect to pipe whip, jet
impingement and resulting reactive forces, and environmental effects, and the
effects of postulated cracks in moderate-energy fluid systems outside containment
with respect to jet impingement, flooding, and other environmental effects.
The means used to protect safety-related systems and components throughout the
plant include physical separation, enclosure in suitably designed structures
or compartments, drainage systems, pipe whip restraints,, ecuioment shields,
and equipment environmental qualification as required. [ ,4 4Q5 g*. ,

Anand 6/2/82 13 .Seacrook SER Input /B
_ . . _ . ~ _._. _ _
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The applicant analyzed high-energy piping systems for the effects of pipe whip, I

fet impingement, and environmental effects on safety-related systems and
:

structures. For moderate energy systems, protection of safety-related systems
from the jet, flooding, and other environmental effects due to critical cracks
is incorporated into the plant design. We have reviewed the applicant's analysis
and we conclude that the protection provided against pipe failure outside contain-
ment is in conformance with the guidelines of Branch Technical Position 'ASB
3-1.

The main steam and feedwater lines between the first pipe whip restraint inside
containment and the first pipe whip restraint outside containment have been
classified as part of the break exclusion boundary. Outside containment, this
portion of these lines is located in two pipe chases (east and west).

The applicant has performed a subcompartment analysis'for the pipe chases and

the main steam and feedwater lines in order to assure that the resulting jet
impingement and environmental effects from a postulated full flow area pipe
break in the main steam line will not result in adverse consequences. The

' ~

results of this analysis indicate that the pipe chase structural integ.-ity is
not affected by the pressure increase to 7 psig from the resulting blowdown.
Main steam isolation valve (MSIV) functional capability is assured by the
environmental qualification of system components to the expected condition of
325 F for 5 hours. The analysis also indicated that the MSIV closure will i "

terminate the blowdown from the steam generator in 5 seconds or less.
4 -

The nonsafety-related portions of the main steam and feecwater pipes leave' the '

-

~

pipe chases on elevated supports. Failures of the main steam lines leaving -

the east pipe chase present no problem to the emergency feedwater pump house
and other safety-related areas becausa of building / pipe orientations. However,

I the main steam and feedwater lines leaving the west pipe chase are routed'
,

adjacent to the east wall of the control building. A crack in,the_ main steam'
line which runs nearest to the control building wall could cause jet impingement
which might result in failure of the 2-foot-thick reinforced concrete wall,~

with formation of missiles inside the control building. This line is sleeved
along this wall and a pipe whip restraint bumper is provided y tna line elbow
to prevent damage to the control building wall. However, t'e/ seismic cateccryh

i " hh .
,

Anand 6/2/82 14 Seabrook SER Input /B L d Ul
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of the sleeve is not known. A staff evaluation of the design requirements for
thissleeve.kasnotbeencompletedandwillbepresentedinasupplementto
this SER.

*n S reM 5( [
The plant has the ability to sustain a high energy pipe break coincident wit L'uA 1

a single active failure in essential systems and retain the capability for safe
cold shutdown. F<.;r postulated pipe failures, the result.ing environmental effects
do not preclude the habitability of the control room, the accessibility of other
areas that have to be manned during and following an accident, and the loss of
function of electric pcwer supplies and controls and instrumentation needed to
complete a safety action. Further discussion of the environmental qualification
of safety-related equipment is contained in Section 3.11 of this SER.

w *" m=~ 'e the 2:igr :? tcri: ' r th: :: r;c c-j "r . : t : '::m ~ ~ + -

piping, the applicant originally indicated that the piping was not sidered i
either high or moderate energy. In response to our concerns .e applicant

responded that the EFE discharge lines upstr am of the - ual stop-check valves
would be considered moderate energy line , t ' a moderate energy failure.

study is now bei rformed. P ev licant's position on the steam,

supply line to e : FW tu 3. . ns - m of the normally closed steam admission
1 ,

valves MS; 12 an 113 is t,a i* oes not qualify as moderate energy piping
since it ' s vented a t. - ..o s phe re. It is our position that the piping
downstream of vap/ee V 127 and 128 is moderate energy in accordance with BTP.

MEB 3-1 and i uaject to through wall leakage cracks, since it will be period-
ically essurized for test and maintenance, but for less than two percent of

''
, _ 7 T_'*: " Y. ' ': ^ , - - -

'
'

-

'
Based on our review,' w " N '"at ith th: M = " nption, the applicant has-

adequately designed and protected areas and systems required for safe plant
shutdcwn following postulated events, including the combination of pipe failure
and single active failure and for the environmental effects of moderate-energy
pipe cracks. We conclude that with the above exceptions, the plant design meets,

the requirements of General Design Criterion 4 and the criteria set forth in
[ E. Branch Technical Position ASB 3-1 with regard to the protection of safety related

/

systems and components from a postulated high energy line break and with regard
i to the protection of safety-related systems and components frcm a costulated7-

_

-

p ,o-.mo
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W- 2.i :|moderate energy line failure. We further conclude that the plant design for ~

the protection of safety-related equipment against dynamic effects associated
with the postulated rupture of piping outside containment is acceptable, 7;tject
JT 2ticf::tuij 4caciuc.vu v 4' whc auv.e ido .L:.': d : n r . Li .;; .cgwrt -
on *ha er:!;t icc, v i 't::: in a gp;;.;;.,t t; thi: ::.1....e
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3.6.2 Determination of Rupture Locations and Dynamic

Effects Associated with the Postulated Rupture
of Piping

General Design Criterion 4, " Environmental and Missile
Design Bases", of 10 CFR Part 50, Appendix A, requires that

structures, systems, and camponents important to safety

shall be designed to be compatible with and to accommodate

the effects of the environmental conditions due to normal
operations, maintenance, testing, and postulated accidents,
including loss-of-coolant accidents. These structures,

systems, and components shall be adequately protected

against dynamic effects, including the effects of missiles,
pipe whipping, and discharging fluids, that may result from

equipment failures and from events and conditions outside
the r.uclear power plant.

Our review, conducted in accordance with Standard

Review Plan (NUREG 0800 dated July 1981), Section 3.6.2,

" Determination of Break Locations and Dynamic Effects

Associated with the Postulated Rupture of Piping", pertains
to the methodology used for protecting safety-related

structures, systems, and components against the effects of

T S I"
thri
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postulated pipe breaks both inside and outside containment.

We have used the review procedures identified in SRP 3.6.2

to evaluate the effect that breaks in high energy fluid

systems would have on adjacent safety-related structures,

systems, or components with respect to jet impingement and
pipe whio. We also reviewed the location, size, and

orientation of postulated failures and the methodology used

to calculate the resultant pipe whip and jet impingement

loads which might affect nearby safety-related structures,
systems, or components. The details of our review follows.

Pipe ship need only be considered in those high energy
picing systems having fluid reservoirs with sufficient
capacity to develop a jet stream. The criteria for

determining high and moderate energy lines is found in

Branch Technical Position ASB3-1 of Standard Review Plan
3.6.1, " Plant Design for Protection Against Postulated

Piping Failures in Fluid System Outside Containment". This

criteria has been used correctly by the applicant. A list

of all high energy systems is included in the FSAR.

For high energy piping within the containment

penetration break exclusion region, Standard Review Plan

v p ,. ' 5'
'3i ,
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'' 3.6.2 sets forth certain criteria for the analysis and4

:)
subsequent augmented-inservice inspection requirements.

1

.; Breaks need not be postulated in those portions of piping
within the containment penetration region that meet the

requirements of the ASME Code, Section III, Subarticle NE-

1120 and the additional requirements outlined in Branch
!

Technical Position MEB 3-1 of. Standard Review Plan 3.6.2.
. <

Augmented inservice inspection is required for those
.

portions of piping within the break exclusion region. The
2-

-
>

{ applicant has committed to perform a 100% volumetric testing;
-,

examination of all welds except socket welds on high energy
,

piping greater than 1-inch nominal pipe diameter in the

break exclusion region during each inspection interval.

Socket welds will be examined using surface examination
,

methods. We find the applicant's commitment meets our

criteria for the augmented inservice inspection program.,

, Additionally, the applicant has used an integrally
i

! forged flued head on all hot high energy piping containment
1

j penetrations (greater than 200 F) and seamless pipe welded
i

to flat plate heads on cold lines and lines less than 1"

nominal diameter. The flat plates are welded to sleeves' ,
,

'

{y anchored in the containment structure. All penetration
,

| 4

i
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sleeves are seat welded to the steel containment liner.
There are no process pipe welds within these protective

assemblies. The applicant has performed a detailed stress

analysis where welding to the outer pipe surface was

required. We conclude that the applicant's containment

penetration designs meet the criteria of Branch Technical

Position MEB 3-1.

For ASME Section III Class 1 high energy fluid system

piping, not in the containment penetration area, SRP (NUREG-

0300) Section 3.6.2 states that breaks are to be postulated

at every location where the cumulative usage factor, as

determined by the ASME Code, is greater than or equal to

0.1. In addition, breaks are to be postulated at those

locations where the primary or secondary stress intensity

range (including the zero load set) as calculated by

equation (10) and either equation (12) or (13) in Paragraph

N8-3653 of ASME Section III exceeds 2.4 Sm for normal and
upset conditions including the OBE.

In addition to postulating breaks in accordance with

the above stress intensity and cumulative usage criteria,

the applicant has postulated breaks at every fitting, weld
and terminal end.

- n n g*9.

I I.I [a .T a 'r

.bu N b



__ - _ - --- - -

* *
o .

For those ASME Class 1 piping systems where breaks

would not be postulated on the basis of stress or usage
factor, breaks were postulated at two intermediate locations

where the most severe effects would result, except for
primary loop piping. Primary loop piping breaks were

postulated according to Westinghouse topical report WCAP-
8082. We have reviewed this report and find its procedures
acceptable. The applicant has postulated breaks in ASME

Code Class 2 and 3 piping at all terminal ends and at

intermediate locations where the stress due to plant

operation conditions plus the OBE exceeds C.8 (SH + SA).

Where this stress criteria is not exceeded, the applicant
has postulated breaks at two intermediate locations based on
the highest stress. Breaks in non-seismic Category I piping
have been postulated at terminal ends and at all structural

discontinuities such as valves, tees, elbows and reducers.

In addition all piping located inside containment is seismic
Category I.

Based on the break postulation methodology used by the

applicant for safety related piping systems, we conclude

that the applicant's procedures meet the requirements of SRP
(NUREG-0800) 3.6.2.

D)
Sdh b
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We have reviewed the applicant's method for determining
break opening areas and break opening times. The applicant

has taken credit for limited break opening areas in the

primary coolant loop where pipe whip restraints are designed
to limit the break opening area. Specifically, the

applicant has limited the break opening areas of the reactor

pressure vessel inlet nozzles to 80 square inches and the

reactor pressure vessel outlet nozzles to 30 square inches.

Pipe whip restraints at these locations are designed for a
break opening area of 144 square inches. Break opening

times are instantaneous in the case of circumferential
breaks and one millisecond for longitudinal breaks. We find

the applicant's break opening area and break opening time

crocedures to be technically sound and consistant with the

requirements of SRP (NUREG-0800) 3.6.2.

%

In general, the applicant has not taken credit for

strain rate and strain hardening effects in pipe whip
restraint system analysis. With the exception of U-bolts

an'd crush pads the pipe whip restraints are designed to
remain elastic.

The applicant has provided drawings of break locations

showing types of breaks, structural barriers, restraint

locations and constrained directions for each restraint for

M R7""
-.
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the primary coolant loop and has conmitted to providing such
drawings for all break locations inside containment in the

FSAR.

We have reviewed the applicant's methodology for

analysis of jet impingement forces and we find it

acceptable.

Based on our review of FSAR Section 3.6.2, our findings
are as follows:

Our evaluation concludes that the pipe rupture

postulation and the associated effects are adecuately

considered in the plant design, and, therefore, are

acceptable and meet the requirements of General Design
Criterion 4. This conclusion is based on the following.

1. The proposed pipe rupture locations have been

adequately assumed and the design of piping restraints

and measures to deal with the subsequent dynamic

effects of pipe whip and jet impingement provide

adepuate protection to the structural integrity of

safety-related structures, systems and components.

y , q 3,,F'""~"i
s , a
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2. The provision for protection against dynamic effects

associated with pipe ruptures of the reactor coolant

pressure boundary inside containment and the resulting
discharging fluid provide adequate assurance that

design basis loss-of-coolant accidents will not be

aggravated by sequential failures of safety-related
piping, a'nd emergency core cooling system performance

will not be degraded by these dynamic effects.

3. The proposed piping and restraint arrangement and

applicable design considerations for high and moderate

energy fluid systems inside and outside of containment,

including the reactor coolant pressure boundary, will

provide adequate assurance that the structures,

systems, and components important to safety that are in

close proximity to the postulated oipe rupture will be
protected. The design will be of a nature to mitigate
the consequences of pipe ruptures so that the reactor

can be safely shut down and maintained in a safe

shutdown condition in the event of a postulated rupture
of a high or moderate energy piping system inside or
outside of containment.

-

*
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3.7.1 ' Seismic Input
__ .

The input seismic design rescense spectra for CBE and SSE are defined at the
bedrock. These spectra ec=cly with Regulatory Guide 1.60. All seismic Category I
structures, with the exception of electrical manholes and ductbanks, are fcunded
en the bedrock or concrete fill extending to the bedrock. The manhcLes and
ductbanks are fcunded en soil with maxi =um depth of soil between the fcundation
and ne bedrock being 18 feet. The scil amplificatien nenc:enen has been

I acccented f:r in the seismic analysis for manhcles but net for ductbanks. The
NRC staff is awaiting for further submittals en cuctbank analyses which account

'

for the soil acclification phenc=enen.
*

'j -

The damping ratics (excressed as a :ercentage of critical) used in the analysis
-

of varicus seismic Category I structures, systems, and ecmcenents are in ccecli-
*
g ance with these listed in Regulatory Guide 1.61, "Da cing Values for Seismicj

Design of Nuclear Power Plants."
, = =

I
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The staff concludes that the seismic design parameters used in the plant,

, ,

structure design are acceptable and meet the requirements of General Design
,

i
Criterien 2 and Appendix A to 10 'CFR Part 1CO.

This cenclusien is based on
. .

the. follcwing:
>

f

The a plicant has met the relevant requirements of GDC
,

,

2 and Ascendix A to 10
CFR Part 100 by appropriate censideration for the most severe earthquake re-,

ccrded for the site with an appropriate margin and censiderations for two leveis
t of earthquakes, the SSE and CSE.

The applicant has met these requirements by
; the use of the methods and precedures indicated belcw:

The seismic design respcnse spectra (CBE and SSE) applied in the design of
seismic Categcry I structures, systems, and cccconents comply with the reccm-

.

mendaticns of Regulstery Guide 1.60. The specific percentage of critical
damping values used in the seismic analysis of Category I structures, systems,

,

and compcnents are in confermance with Regulatory Guide 1.61. The artificial
synthetic time history used for seismic design of Categcry I plant structures,
systems, and components is adjusted in anclitude and frequency centent to cb-|

tain respense spectra that envelcp the design respense spectra specified fer
the site.

Confermance with the reccccendatiens of Regulatory Guides 1.60 and
1.61 assures that the seismic inputs to Category I structures, systems, and
components are adequately defined so as to form a ecnservative bcsis for the
design of such structurese

systems, and ccapenents to withstand seismic'

leadings.
.

.

j 3.7.2 Seismic System Analysis, and
4 3.7.3 Seismic Subsystem Analysis.

} The secpe of revieu of the seismic system and subsystem analysis for the plant
j included the seismic analysis methods for all Category I structu
i and ccmpenents. res, systems,

It included review of procedures for nedeling, seismic soil-
structures interactione develcpment of flece ressense spectrar inclusien ofi

'

tersienst effects, evaluation of Categcry I structure overturning, and deter-"

mination of ccaposite damping. The review has included design criteria and
i

procedures for evaluation of interacticn of ncn-Category I structures witht

!

Category I structures and effects of parameter varistiens en fleer response
spectra.

The review has also included criteria and seismic analysis r.rocedures
for Catescry I buried piping cutside the centainment,

i
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k The system and subsystem analyses were performed by the applicant on an elastibasis.
Modal response spectrum and time history methods form the basis for the

c
i

i
analyses of all major Category I structures, systems

,
4

e and components. When the; -. i,
medal response spectrum method was used, all modes except the closely spaced

,

modes are cc=bined by the SRSS method.
'

i

The method used to combine the closely i

spaced modes was in compliance with the intent of Regulatory Guide 1.92.
,

The

applicant has used a fixed-base lump mass model for all major seismic Category Istructures.
The square rcot of the sum of the squares of the maximum cc-directional

responses was used in accounting for three components of earthquake motiont

Flcor spectra inputs used for design and test verifications of structures
4 .

, systems, !
and compenents were generated from the time history methods, taking into account
variaticn of parameters by peak widening. A vertical seismic system dynamic-

analysis is employed for all structures, systems, and compenents. Torsicnal
effects and stability against overturning are considered. However, the accidental
torsien was not accounted for in the analysis.

The present staff position requires that the accidental torsien, based on the
)-

eccentricity.of 5% of the base dimension, be included in the design of structures
This is an additien to that which results from the actual geometry and mass

.

distributien of the building.
The applicant believed that the added accidental

j
torsion would not result in a need of modifying its structures, and the

{
confirmatory analyses subsequently performed have verified that.4

,

.

The staff concludes that the plant design is acceptable and meets the require
'

ments of GDC 2 and Appendix A to 10 CFR Part 100 with respect to the capability
-,

i

'of the structures to withstand the effects of the earthquakes so that the dsign reflects e-

(1).

apprcpriate censideration for the most severe earthquake recorded fer the
site with an apprcpriate m'argin (GDC2}; censideraticn of tuo levels Of:

! -

earthqu kes (Appendix A,10 CFR Part 100)
; (2)

apprcpriate ccmbinatien of the effects of normal and accident, cenditiens
with the effect of the natural phenomena

|
*
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i Sefere plant operaticn, the centainment will be subject to a structural integrity,

<,

: - ; acceptance tes: in accordance with Regulatory Guide 1.18. During the teste the'

i

1 c{ internal pressure will be raised to 1.15 times the containment design pressure.
1

!

The applicant has committed to perform an ultimate capacity analysis for the
j | containment. The ::RC staff will review the analysis.

,

The following conclusiens are subject to the review cnd approval of the ultimates

ca;acity analysis for the containment yet to be received frca the applicant,
i

'1
>
i

| The staff concludes that the design of the concrete centainment is acceptable
and meets the relevant requirements of 10 CFR Part 50, 3 50.55a, and General

Design Criteria 1, 2, 4, 16 and 50. This conclusien is based en the following:
(1) The acclican: has met the repuirements of Section 50.55a and GDC 1

| with respect to assuring tha: the cencrete containment is designed,
f abricated, erected, constructed, tested and inspected to quality

i standards centensurate with its safety function to be performed by
meeting the guidelines of regulatery guides and industry standards
incicated below.

I (2) The applicant has cet the repuirements of GDC'2 by designing the
concrete centaincent to withstand the most severe earthquske that

i .

has been established for the site with sufficient margin and the
effects of normal and accident conditicn with the effects of environ-
mental loadings such as earthquakes and other natural phenomena.

(3) The applicant has met the requirements of GDC 4 by assuring that the
design of the concrete centainment is capable of withstanding the
dynamic effects associated with missiles, pipe whipping, and dis-

,

charging fluids.
,

. (4) The applicant has met the requirements of GDC 16 by designing the
I

concrete centainment so that it is an essentially leaktight barrier
: to prevent the uncontrolled release of radicactive effluents to the

envirennent.

.

|
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) (5) The applicant has t..et the requirements of GDC 50'by designing the
concrete containment to acccmacdate, with sufficient margin, the de-i

;-

sign leakage rate, calculated pressure and temperature ccnditiens
} resulting frca accident conditions, and by assuring that the design
'

conditicos are not exceeded 'during the full ccurse of the acciden:
condition. In meeting these design requirements, the applicant has
used the recccmendaticns of Regulatory Guides and industry standards

,

indicated below. The acplicent has also performed apprcpriate analysis
which de=enstrates the ultimate capaci:y of the centainment subjected-

| to internal pressure lead.
4

:

The criteria used in the analysis, design, and constructicn of the cencrete
centainment structure to account for anticipated leadings and postulated
ccnditions that may be imposed upon the s:ructure during its service lifetime
are in confermance with established criteria, and with ccdes, standards, guides,
and specifications acceptable to the Regulatory staff. These include meeting
the pcsitiens of Regulatory Guides 1.10, 1.15, 1.13, 1.19, 1.35, 1.55, 1.90,
1.94, 1.103, 1.107, 1.136 cnd industry standard AS"E Soiler and Pressure Vessel
Ccde, Section III, Divisien 2.

The use of these criteria as defined by applicable ccdese standards, guides,
and specificaticos; the loads and loading cctbinations; the design and analysis

.

precedures; the structural acceptance criteria; the caterials, quality centrol
programs, and special construction techniques; and the testing and inservice
surveillance requirements, provide reascnable assurance that, in the event of'

earthquakes and varicu3 pcctulated accident: cccurring within and cutside the
centainment, the structure will withstand the specified design conditions with-

j cut icpairment of structural integrity or safety function of limiting the re-
lease of radioactive material.'

.

! 3.3.2 Steel Centainment
! tiet acplicable.

*
i
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' 3.3.3 Concrete and Structural Steel Internal structures
The containment interior ::ructures censist of wall e Ocmpartments, and flecrs.
The majcr code used in the design of concrete internal structures is ACI 313-71,

a

' "Suilding C:de Requirenen:: for Reinforced Concrete." For steel internal struc-
tures the AISC specifica:icne "Specificaticns for the Oecigne Fabricatione and
Brection of Structural Steel for Buildings," is u ed.

The ::ntainment :ncrete and ::cel internal :tructures were designed to resis
vari:us ecmcinaticn: of dead and live leads, accident-induced lead: including
pressure :nd je: loads, and seismic lead:. The lead ccmbinati:ns used cover these
ca:es likely to ::ur and include all leads which may a : simultanecusly. The
design and analysis procedures that were used for the internal structures are
the :sme as thcce en previcusly Licensed applica:icas and, in general, are in
ac:Ordance uith procedures delineated in the ACI 313-71 Ccdes and in the ASIC
;;ecification for concrete and :: eel structures, resce :ively.

The ::ntainment internal structure; were de:igned and prcportioned to remain
within limit: established by the staff under the varicus lead ccebinations.
These leads are, in general, based cn the ACI 313-71 Code and en the AISC

0;ecification for concrete and steel structures, ret;ectively, mcdified as
at;repriate for lead combinations that are censidered extreme.

The material: cf Ocn: ructicne their fabricatione ccnstructiene and installation,
are in accordance with ACI 313-71 Ccde and AISC specifica icn for cencrete and
steel structurece respectively.

The staff con:Ludes that the design of the containment internal structures is
acceptable and meets the relevant requirement: cf 10 CFR 50.55ai and GOC 1, 2,
4e 5, and 50. This ccnclu icn is ba ed en the fellcwing:

(1) The applicant has met the requiremen:s of Secticn 50.55a and GOC 1
with respect to ensuring that the containment internal structures are
designed, fabricated erectede cen: ructede tested, and inspected to
quality stancards c mmencurate with its safety functicn to be performed

.

by meeting the guid-lines of Regula:Ory Guides nd industry standards
indicated below. '
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(2) The acclicant has met the requirements of GDC 2 by designing the cen-
tainment internal structure to withstcr.d the most :evere earthquake that
has been established for the site with sufficient margin and the ccm-
binations of the effects of normal and accident ccnditicns with the
effects of envircnmental leadings such as earthquakes and c:her natural
phencmena.

(3) The a:plicant ha me the repuirement: of GDC 4 by en:uring that the
design of the internal tructure; is capable of withst:ndir.g the dy-

- namic effects as cciated with micsilec, pipe whippinge and di: charging
fluids.

(4) The applicant has met the requirements of GOC 5, " Sharing the Structures,
Sy: tem:r and Ccepenents," by demr.nstrating the structurese systems <
cnd ccmpenent: are no : hared between units er that if shared they have
dem:nstrated that sharing will not impair their ability c perform their

in ended safety functicn.

(5) The acplicant ha: met the requirement: cf 00C 50 by designing the con-
tainiment internal structure: to accomacdate, with sufficien; margin,
the design leakage rate and calculated pressure cnd temperature cen-

ditiens resulting frca accident ccnditices and by ensuring that the

design condition: are not exceeded during the full course of the

accident condition. In meeting these de:ign repuirement:, the 2;clicant

has used the reccamendation of Regulatory Guides and industry standards
indicated belcw. The applicant has also perfccmed apprcpriate analyses
which demonstrate that the ultimate capacity of the structures will

not be exceeded and establiches the minimum margin of safety for the
de:ign.

The criteria used in the design analysis, and censtructicn of the centainment

internal structures to account for anticipated leadings and pc::ulated condi-
- u --

tiens t.u.at may e impeced c>uring tu,eir cervice lif etime are in confccmance with.

estactiched criteria, cnd with code: standards and :pecificaticos acceptable
:: the staff. These include meeting :ne peci:icna cf regula: cry Guice 1.10e
1.15, 1.55, 1.57, and 1.94

.
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The use of these criteria as defined by applicable codes, standards, and spec-
~

ificatiens; the-leads and leading combinatiens; the design and analysis precedures;
the structural acceptance criteria; the esterialce quali:y centrol prograsse
and special constructicn techniques; and the testing'and inservice surveillance

recuirements provide reascnable assurance that, in the event of earthquakes and
varicus postulated accidents cccurring within the centainment, the interior

stru::ures will withstand the specified design conditiens uithcut' impairment of
structural integrity of the performance of required safety functicns.-

3.S.4 othe.- Category I Structures

Category I structures other than centainment and its interior structures are

all of structural steel and cencrete. The majcr code used in the design of
concrete Category I structures is ACI 313-71. For steel Category I structures,

the AISC, "Specificati:ns for the Designe Fabrication, and Erection of Structural
Steel for Buildings," is used.

,

The concrete and steel Category I structures uere designed to resist varicus
,

::binations Of dead leads; live leads; envirencental loads including winds,
Ornad:esi CSE, and SSE; and leads generated by postulated ruptures of high-

energy pipes such as reaction and jet impingement forcesi coccartment pressures,
and impact effects of whi; ping pipes.

J
'

:

The varicus Category I structures are designed and prcportiened to remain within
Linits established by the staf f under the varicus lead cc:binatiens. These

limits arer in general, based on.the ACI 318-71 Ccde and on the AISC specifica-
tien for concrete and steel structures, respectively, modified as appropriate
for lead :::binations that are censidered extrece.-

The applicant has been requested to assess and demonstrate that the design of
Category I structures comply with the requirements of ACI 349 00de as amended

i by Regulatory Guide 1.142.

The caterials of constructuion, their fabricatieni construction and installa-

f tiene are in accordance with the ACI 313-71 Ccde and AISC specification for
' cencrete and steel structurese respectively.

:
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There are no safety-related casonry walls for the Seabrock faciltiy.
.
- , ,

The staff cencludes that the design of safety-related structures other than

centainment is acceptable and meets the relevant requirements of 10 CFR 50.55a
anc GDC 1, 2, 4, and 5. This conclusion is based en the follcaing:

(1) The apolicant has net the requirements of 10 CFR 50.55a and GDC 1 with
respect to ensuring that the safety-related structures other than

containment are designeds fabricatedscrectedi constructedi testeds
;

and inspected to quality standards ceccensurate with its safety functicn-
,

||

to be performed by meeting the guidelines of Regulatcry Guides and
industry standards indicated below,'

i

i

(2) The a:plicant has met the requirements of GDC 2 by designing the safety-
related structures other than centainment to withstand the most severe
earthcuake that has been established for the site with sufficient margin !

j and the ce=binaticns of the effects of normal and accident ccnditions
Ii with the effects of envirennental leadings such as earthquakes and other

1
- ..atural phenomena.
' (3) The acclicant has cet the requirements of GDC 4 by ensuring that the

i

design of the safety-related structures is capable of withstanding the
dynamic effects assceisted with missiles, pipe whipping, and discharging
fluids.

(4) The applicant has met the requirements cf GDC 5 by dencnstrating that
'

SSC are n'ot shared between units or that if shared they have demon-
strated that charing will not impair their ability to perfora their

intended safety function.*

i (5) The acplicant has met the requirements of Appendix 9 of 10 CFR 50

j because his quality assurance program provides adequate measures for
icplementing guidelines relating to structural design audits.

,

d

; The critoria used in the analysise design, and ecostruction of all the plant
'

Categcry I structures to acccunt for anticipated loadings and postulated con-
diticns that may be imposed on each' structure during its service lifetime are
in confermance with established criteria, ccdes, standards, and specifications
acceptable to the staff. These include ceeting the positiens of Regulatery '

Guides 1.10, 1.15, 1.94.

i
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The use of these criteria as defined by applicable codes, standards, and spec-
i ificatiens; the loads and loading ccebinations; the design and analysis pro-
! cedures; the structural acceptance criteria; the naterials, quality centrol,

and speial constructicn techniques; and the testing and inservice surveillance
requirements provide reasonaole a:surance that, in the event of uinds, tornadces,

,

earthquakes, and varicus postulated accidants occurring within the structures,
the structures will withstand the specified design conditions withcut impair-

,f ment of structural integrity or the performance of required cafety functions.
;

1

| 3.3.5 Fcundations

Foundations of Category I structures are described-in FSAR Section 3.3.5.,

Prinarily, these foundations are reinforced ccncrete and of the cat type. The
najor ccde used in the design of chese concrete cat foundaticns is ACI 318-71'

Ccde. These concrete foundations have been designed to resist varicus ccabina-
! tiens of dead loads; live load =1 envirennental leads including uinde, tornadces,

CEE, and SSE; and lead: generated by pcstulated ruptures of high-energy pipes.
.

| The de ign and analysis procedures that were used for these Category I fcunda-

| tiens are the same as those acpreved cn previcusly licensed apolications and,
j in general, are in accordance with precedures delineated in the ACI 313-71.

; . Cede. The varicus Category I fcundations were. designed and prcportioned to
remain within limits established by the staff under the varicus load carbina-

,

tiens. These limit: are, in general, based en the ACI 313 Ccde and en the AISC
<

% ~:pecification for cencrete and steel structures, re:pectively, mcdified as|
apprcpriate for load cc=binations that are censidered extreme.

J

The materials of construction, their fabrication, constructicn and installation
are in acccedance with ACI 313-71 Code and AISC specification for concrete and
steel structures, respectively.

| The criteria that were u:ed in the analysis, design, and construction of all
! the plant Category I foundaticas to acccunt for anticipated loadings and postula-
[ ted conditions that may be imposed upon each fcundatien during its service life-

time are in conformance with established criteria, ccdes, standards, and-c;ecifi-,

I
catiens acceptable to the NRC staff.

I
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The staff concluces that the design of the seismic Category I foundaticns is,

s

accectable and meets the relevant requirements of 10 CFR 50.55a, and GDC 1, 2r
4, and 5. This conclusien is based on the follcuing:

(1) The applicant has met the requirements of 10 CFR 50.55a and GDC 1.with

respect to ensuring that the seismic Category I fcundations are designede
fabricated, erected, constructed, tested, and inspected to quality
standards commensurate with its safety functica to be performed by
neeting the guidelines of Regulatory Guides and industry standards.

indicated belcw.

(2) The applicant has net the requirenents of GDC 2 by designing the seismic
Category I fcundaticn Oc withstand the mest severe earthpuake that has
been established for the site with sufficient cargin and the ceabina-
tiens of the effects of normal and accident cenditions with the effects
of environmental leadings such as earthquakes and other natural phenecena.

(3) The applicant has me: the requirements of GOC 4 by ensuring that the
design of seismic Category I fcundatiens is capable of withstanding the
dynamic effects associated with missiles, pipe whipping, and discharging-
fluids.

(4) The applicant has ce: the requirements of GDC 5 by denenstrating that
SSC eithe.r are not shared between units or thate if sharede they have
demonstrated that sharing will not impair their ability to perfern-
their intended safety function.

The criteria used in the analysis, design, and construction of all the plant
seismic Categcry I fcundations to acccunt for anticipated leadings and postu-
lated conditiens that may be imposed upon each fcundation during its service
lifetime are in confermance with established criteriar codes, standards, and
s;ecifications acceptable to the staff.

The use of these criteria as defined by applicable codes, standards, and
specifications; the leads and leading ceabinations; the design and analysis
precedures; the structural acceptatance criteria; the materialse quali'ty centecle
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3.9 Mechanical Systems and Components

The review performed under Standard Review Plan

Sections 3.9.1 through 3.9.6 of NUREG-0800, " Standard Review

Plan", dated July 1981, pertains to the structural integrity
and functional capability of various safety-related
mechanical components in the plant. Our review is not

limited to ASME Code components and supports, but is

extended to other components such as control rod drive

mechanisms, certain reactor internals, and any safety-

related piping designed to industry standards other than the
ASME Code. We review such issues as load combinations,

allowable stresses, methods of analysis, summary of results,
and preoperational testing. Our review must arrive at the
con-lusion that there is adequate assurance of a mechanical

component performing its safety-related function under all

postulated combinations of normal operating conditions,

system operating transients, postulated pipe breaks, and
seismic events.

3.9.1 Special Topics for Mechanical Components

The review of this section was performed following
Standard Review Plan 3.9.1, "Special Topics for Mechanical

L
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Components". All areas of review and review procedures

identified in SRP Section 3.9.1 were followed. We have

reviewed the design transients and methods of analysis used

for all seismic Category I components, component supports,

core support structures and reactor internals designated as

Class 1 and CS under the American Society of Mechanical

Engineers Code, Section III, and those not covered by the
Code. The assumptions and procedures used for the inclusion

of transients in the fatigue evaluation of American Society
of Mechanical Engineers Code Class 1 and CS have been

reviewed. Our review also covered the computer programs

used in the design and analysis of seismic Category I

components and their supports and experimental and inelastic

analytical techniques. We found the plant acceptable in

these areas. Details of our review follow.

The applicant has provided a list of the design

transients and the number of cycles for each design
transient used for design. Fatigue evaluation of NSSS

components utilized five OBEs of ten cycles per earthquake.

Balance-of plant piping utilized 5 OBEs with twenty cycles
per OBE. This is in conformance with the requirements of

SRP 3.9.1. We conclude from our review of the design

transients and their respective number of transients that

they are acceptable.
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Analysis of mechanical components by the use of

computer programs was performed by the applicant. A list
..

showing all computer programs used by the applicant for
; st atic and dynamic analyses to determine the structural!

. ir.tegrity and functional capability along with a description
;_ of the program is included in the FSAR. Design control
l-

.neasures to verify the adequacy of the design of s a f e t y.-

related components is required by 10 CFR Part 50, Appendix
B. The Seabrook FSAR includes the' methods of verification,

, for all computer programs used in the design of safety-!
,

related mechanical components. Our review of the list of
computer programs and their verification methods finds them
generally acceptable. In the case of the computer program
"AOLPIPE", used by the applicant to evaluate loads and

&

, stresses in piping systems, the applicant has committed to
!
J

; expanding the verification methods to include the solution
; of benchmark problem number four from NUREG/CR 1677. Based!

on our review and the applicant's commitment, we find the
,

list of computer programs and their verification methods
acceptable.

> ^

1

i

In conjunction with contract personnel from the Pacific
j Northwest Laboratory, an audit of the seismic design
'
l

l
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procedures used by United Engineers and Constructors (UEC)

for the Seabrook Nuclear Power Plant was. performed. Results

of this audit provided reasonable assurances that the
.

analytical procedures used by UEC in their design of piping
for the Seabrook Nuclear Power Plant were acceptable.

Acceptance of the analysis results was based on 1) the ~

technical soundness of the analytical methods used, 2) the

degree of conformance to our acceptance criteria in the

Standard Review Plan, the General Design Criteria of 10 C F R-
-

50, and current Regulatory Guides, and 3) verification ci
,

stresses for selected piping systems under required load

combinations being within allowable limits of the applicabl'e
industry codes (i.e., ASME Section III) and NRC acceptance
criteria.

-

The applicant has not used the elastic plastic method

of analysis to evaluate safety-related coce or non-code

items for the faulted :ondition.

.

Material yield strengths used in elastic design were
taken from Section III of the Ameriran Society of Mechanical
Engineers Boiler and Pressure Vecsel Code. The applicant

has used stress allowables from the AISC " Manual of Steel

3p

,
1'



_ .. . . . . . . . .

**
.-- - - - - - - - - --

*
.

. ,

DlUJI
Construction" in the design of certain mechanical component
supports. For the faulted condition, tensile and bending

' stresses were limited'to 90% of the material yield strength,
and shear stresses were limited to 60% of the material yield
strength. No increase or multiplication factors were used

for bolts or buckling analysis. We find this methodology to

have a sound technical basis.

~

Based upon our review of FSAR Section 3.9.1 our
findings are as follows.

The staff concludes that the design transients and

resulti:g load and load combinations with appropriate

spe- ried design and service limits for mechanical

c o r a c.n e n t s is acceptable and meets the relevant requirements

of General Design Criteria 1, 2, 14, 15, 10 CFR Part 50,

Apcendix S, and 10 CFR Part 100, Appendix B. This

conclusion is based on the following:

l '. The acclicant has met the relevant requirements of

General D e s i g r. Criteria i4 and 15 by demonstrating that

the design transients and resulting loads ar. -d

combinations sith appropriate specified design and

Y..,23 U
r. a -
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service limits which the applicant has used for

designing Code Class 1 and CS components and supports,

and reactor internals provide a complete basis for

design of the reactor coolant pressure boundary for all
conditions Jnd events expected over the service
lifetime of the plant.

'
2. The applicant h a s n. e t the relevant requirements of

General Design Criteria 2 and 10 CFR Part 100, Appendix

A by including seismic events in design transients

which serve as design bases to withstand the effects of
natural phenomena.

3. The applicant has met the relevant requirements of 10
CFR Part 50, Appendix 9, and General Design Criteria 1

by having submitted information that demonstrates the

applicability and validity of the design methods and

computer programs used for the design and analysis of

seismic Category I Code Class 1, 2, 3 and CS

structures, and non-Code structures within the present

state-of-the-art limits and by having design control

measures which are acceptable to assure the quality of
the computer programs.
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3.9.4 Control Rod Drive Systems

Our review under Standard Review Plan Section 3.9.4
covers the design of the control rod drive system up tc its

interface with the control rods. We reviewed the

information in FSAR Section 3.9.4 relative to the analyses

and tests performed to assure the structural integrity and
functionality of this system during normal operation and

under accident conditions. We also reviewed the life-cycle

testing performed to demonstrate the reliability of the
control rod drive system over its 40 year life.

A detailed review of the design of the control rod

drive system with respect to its capability of controlling
reactivity and cooling the reactor core with appropriate

margin in conjunction with either the emergency core cooling
system or the reactor protection system was not performed

because of the system similarity with other Westinghouse
plants which were found to be acceptable. We are not aware

of.any significant design changes in the control rod drive
system for the Seabrook plant.
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Based on our review of the above information, wes

;

*

conclude that the design of the control rod drive system is

acceptable and meets the requirements of General Design
Criteria 1, 2, 14, 26, 27, and 29, and 10 CFR Part 50,
650.55a. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 1 and 10
'

CFR Part 50, 950.55a, with respect to designing

components important to safety to quality standards

commensurate with the importance of the safety
functions to be performed. The design procedures and

criteria used for control rod drive systems are in

conformance with the requirements of appropriate ANSI

and ASME codes.

2. The applicant has met the requirements of GDC 2, 14,

and 26 with respect to designing the control rod drive
system to withstand effects of earthquakes and

anticipated normal operation occurrences with adequate

margins to assure its structural integrity anc

functional capability and with extremely low

probability of leakage or gross rupture of reactor

coolant pressure boundary. The soecified design

transients, design and service loadings, combination of

i
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Loads, and limiting the stresses and deformations under

such loading combinations are in conformance with the

requirements of appropriate AfJSI and ASME Codes and

acceptable regulatory positions specified in SRP

Section 3.9.3.
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3.9.5 Reactor Pressure Vessel Internals

|

Our review under Standard Review Plan 3.9.5 is concerned
with the load combinations, allowable stress limits and

other criteria used in the design of the Seabrook reactor

internals. We have limited our review of SRP Section 3.9.5
to include the design and analysis of the reactor internals
and the deformation limits specified for those comconents.

A detailed review of the configuration and general
arrangement of the mechanical and structural internal

elements was not performed because of the similarity with

other Westinghouse plants which were found acceptable. We

are not aware of any significant design changes in the
reactor internals for the Seabrook plant.

The reactor internals for the Seabrook plant were

procurred before the implementation of Subsection NG.

'

The reactor internals have been designed to a level

ecuivalent with the requirements of Subsection NG, " Core

Support structures", of the American Society of Mechanical
| Engineers Code, Section III using the loads, load

combinations, and allowable stress limits as provided in

Section 3.9.5 of the Seabrook FSAR.

,
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Based on our review of FSAR Section 3.9.5, we conclude,

that the design of reactor internals is acceptable and meets

the requirements of General Design Criteria 1, 2, 4, and 10

and 10 CFR Part 50, 550.55a. This conclusion is based on
the following:

;

1. The applicant has met the requirements of GDC 1 and 10

CFR Part 50, 950.55a with respect to designing the

reactor internals to quality standards commensurate

with the importance of the safety functions to be

performed. The design precedures and criteria used for

the reactor internals are equivalent to the

requirements of Subsection NG of the ASME Code, Section

III.

2. The applicant has met the requirements of GDC 2, 4, and

10 with respect to designing components important to

safety to withstand the effects of earthquake and the

effects of normal operation, m a i rs t en a n c e, testing, and
*

postulated loss-of-coolant accidents with sufficient

margin to assure that capability to perform its safety
functions is maintained and the specified acceptance
fuel design limits are not exceeded.
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The specified design transients, design and service
loadings, and smbination of loadings as applied to the

design of the reactor internals structures and

comconents provide reasonable assurance that in the

event of an earthquake or of a system transient during
normal plant operation, the resulting deflections and

associated stresses imposed on these structures and

components would not exceed allowable stresses and

deformations under such loading combinations provides

an acceptacle basis for the design of these structures

and components to withstand the most adverse loading

events which have been postulated to occur during

service lifetime without loss of structural integrity
or impairment of function.

.
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3.9.6 Inservice Testing of Pumps and Valves

In Sections 3.9.2 and 3.9.2 of this SER, the staff

discussed the design of safety-related pumps and valves in
the Seabrook plant. The load combinations and stress limits
used in the design of pumps and valves assure that the

component pressure boundary integrity is maintained. In

addition, the applicant will periodically test and perform
periodic measurements of all its safety-related pumps and
valves. These tests and measurements are performed in

accordance with the rules of Section XI of the ASME Code.
The tests ver ify that these pumps and valves operate
successfully when called upon. The periodic measurements

are made of various parameters and compared to baseline

measurements in order to detect long-term degradation of the
pump or valve performance. The staff reviews the

applicant's program for preservice and inservice testing of

pumps and valves using the guidelines of SRP Section 3.9.6,
and gives particular attention to those areas of the test

program for which the applicant requests relief from the

recuirements of Section XI of the ASME Code.
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The applicant has not yet submitted its program for the

preservice and inserv1ce testing of pumps and valves.

Therefore, the staff's review of this program will be

discussed in a supplement to this SER.

One area of concern during our review is the periodic

leak testing of pressure isolation valves.

There are several safety systems connected to the

reactor coolant pressure boundary that have design pressure

below the rated reactor coolant system (RCS) pressure.

There are also some systems which are rated at full reactor

pressure on the discharge side of pumps but have pump

suction below RCS pressure. In order to protect these

systems from RCS pressura, two or more isolation valves are

placed in series to form the interface between the high
pressure RCS and the low pressure systems. The leaktight

integr'.ty of these valves must be ensured by periodic leak

testing to prevent exceeding the design pressure of the low

pressure systems and thus cause an intersystem LOCA.

The applicant has not yet provided a response to our

concerns regarding the periodic leak testing of the pressure

isolation valves,
c
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We will report the resolution of the above issues in a

supplement to this Safety Evaluation Report.
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4.2 Fuel Desien

The Seabrook fuel assembly described in the FSAR is a 17x17 array of fuel rods
having a diameter of 0.374 in. This design will be referred to as the Standard
Fuel Assembly (SFA) in the following paragraphs.

Section 4.2 of the FSAR presents the design bases for the SFA. For the Westing-
house analysis, plant design conditions are divided into four categories of
operation that are consistent with traditional industry classification (AtlSI
Standards N18.2-1973 and N-212-1974): Ccndition I is flamal Operation,
Condition II is Incidents of f*oderate Frequency, Condition III is Infrecuent

-

Incidents, and Condition IV is Limiting Faults. Fuel damage is then related
to these conditions of oceration, which are coupled to the fuel design bases

!

and design limits. The subsections of the design bases section address topics
such as (a) cladding, (b) fuel material, (c) fuel rod performance, (d) spacer
grids, (e) fuei assemblies, (f) reu.tivity control and burnable poisons (" core
ccmconents"), and (g) testing, irradiation, and surveillance. Thus, as part
of the discussion of the cladding design bases, material and mechanical

;:roperties, stress-strain linits, vibration and fatigue, and chemical procerties
are also presented. A similar acproach is taken for the other major subtopics.

The staff review and safety evaluation will follow SRP Section 4.2. The

objectives of this fuel system safety review are to provide assurance that
(a) the fuel system is not damaged as a result of nomal operation and antici-j

pated coerational occurrences, (b) fuel system damage is never so severe as to
prevent control red insertion when it is recuired, (c) the nuncer of fuei rod
failures is not underesticated for ::ostulated acticents, anc (d) ccolability
is always maintained. "ttot damaged" is defined as :"eaning that fuel reds do
not fail, that fuel system dimensions remain within coeraticnal tolerances,
and that functional cacabilities are not reduced belcw those assumed in the
safety analysis. ~his cbjective inclements GCC 'O and the cesign limits that

'

accenplish tnis are called s::ecified acceptable fuel design limits (SAFCLs).
" Fuel r0d failure" means that tne fuel red leaks and that the first #ission

? ? .] M
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j product barrier (the cladding) has, therefore, been breached. Fuel rod failures
'

must be acccunted for in the dose analysis recuired by 10 CFR Part 100 for,

postulated accidents. "Coolability," which is scr'etimes temed "coolable
i

gecmetry," means, in general, that the fuel asse-bly retains its rod-bundle
gecmetrical configuration with adecuate coolant channeling to pemit removal
of residual heat event after a severe accident. The general requirements to
maintain control rod insertability and core coolability appear repeatedly in,

the General Cesign Criteria (GDC 27, and 35). Specific coolability recuirements
for the loss-of-ccolant accidents are given in 10 CFR Part 50.46.

To meet the above-stated objectives of the fuel system review, the following
specific areas are critically examined: (a) design bases, (b) description and
design drawings, (c) design evaluation, and (d) testing, inspection, and sur-
'illance plans. In assessing the adequacy of the design, several items

involving operating experience, prototype testing, and analytical predictions
are weighed in tems of specific acceptance criteria for fuel system damage,
fuel rod failure, and fuel coolability. Pecently Westinghouse developed an
incroved fuel assembly design, which is described in WCAP-9500 and is called

Optimi:ed Fuel Assembly (0FA). WCAP-9500 was acproved by NRC (Rubenstein,1981).
The OFA design also censists of a 17x17 array of fuel rods having a diameter
of 0.360 in., which is scmewhat smaller than the standard assembly. Secause
the for.nat of WCAP-9500 followed Regulatory Guide 1.70, scme of the fuel
design bases and design limits for the CFA were not presented in WCAP-95C0 in

a fom that pemitted cross-checking with the acceptable criteria provided in
Section 4.2 of the SRP. Therefore several cuestions were issued (Rubenstein,
August 8,1980) to clarify the design bases and limits. Responses to these
cuestions are contained in letters frem Westinghouse (Anderson, August 15, 1980
and Acril 21,1991). These responses are acplicable to the Standard Assembly
as well (Petrick,Septencer 9, 1981). Reference to these cuestions and answers
will be mace at severa' places in the review :nat follows.

4.2.1 Cesien ?ases

Design bases for the safety analysis accress fuel system damage mechanisms and
suggest limiting values for im:cr: ant parameters such that carage will be.

,
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limited to acceptable levels. For convenience, acceptance criteria for these
,

design limits are grouped into three categories in the Standard Review Plan:
. .s

(a) fuel system damage criteria, which are most applicable to nomal operation
(H plant Condition I), including anticipated ocerational occurrences (E plant
Condition II), (b) fuel rod failure criteria, which apply to nomal operation
(H plant Ccndition I), anticipated operational occurrences (H plant Condition II),
and accidents (2 plant Conditions III and IV), and (c) fuel coolability criteria,
which apply to accidents (H plant Conditions III and IV).

4.2.1.1 Fuel System Damage Criteria

The following paragraphs discuss the NRC staff's evaluation of the cesign bases
and corresponding design limits for the damage nechanisms listed in the SRP.
These design limits along with certain criteria that define failure (see,

Section 4.2.1.2 of this SER) consti'.ute the SAFDLs required by GCC 10. The
design limits in this section should not be exceeded during nomal operation

j
_

including anticipated operational occurrences.

(1) Claddino Cesien Stress

The design basis for fuel red cladding stress as given in the rescense to
a0 231.2* is that the fuel system will not be damaged due to excessive fuel rod

cladding stresses. The design limit for fuel rod cladding stress under
Condition I and II modes of oceration is that the volume-averaged effective
stress ca!culated with the von tiises ecuation, c:nsidering interference due to
unifom cylindrical cellet-to-cladding can'.act (caused by pellet themal
expansien and swelling, unifom cladding creep, and fuel red / coolant system
pressure differences), is less than the Zircaloy 0.2 percent offset yield
stress as affected by terperature and irradiation. This is a traditional
limit consistent with previous Westinghouse design practice and is, therefore,
acceptable without further cccment except with respect to the credit that is
taken by Westinghcuse for irradiation-induced strengthening.

The MRC does not routinely grant crecit for irraciation-inducad strengthening
of the cladding, althougn the Standard Review Plan does not scecificially
creclude such practice. The staff has been consicering such a credit in its
ongoing review of a Xestingnouse topical recort en fuel material procerties,

'All cuest:cns anc rescenses referred to in tnis manner will be fcunc in the
corres:Oncence cited above. 3,,7
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UCAP-9179, but that credit has not yet been approved, tiotwithstanding, Westing-
house does, indeed, take irradiation strengthening into account in the design
analysis of fuel red cladding.

i

Secause current staff understanding is that typical design cladding stresses
under Condition I and II modes of operation are significantly below the 0.2
percent offset yield stress, the difference between irradiated and unirradiated
values appear to be unimportant in this application, and the staff concludes
that the cladding stress design-basis limits are acceptable.

(2) Claddina Cesien Strain

With regard to cladding strain, a design limit for fuel rod cladding plastic
tensile creep (due to unifam cladding creep and unifom cylindrical fuel
pellet swelling and themal expansion) of less than 1 percent frca the unirra-
diated condition is given in response to 0 231.2. Furthemore, the total
tensile strain transient limit (due to unifom cylindrical pellet themal
expansion during the transient) is stated to be less than 1 percent frcm the
pretransient value. While the s sff has not explicitly reviewed the supcorting
data for nomal operation (Cendition I), that value appears to be consistent
with past practice (no numerical value for nemal operation cladding strain is
provided as an acceptance criterion in the Standard Review Plan), and thus
there is reasonable assurance that 1 percent total plastic creeo strain is an
acceptable design limit for nomal oceration, including Conditien I pcwer
changes (load folicwing). For transient-induced defoma tion, the Standard
Review Plan indicates that 1 percent unifom cladding stnin is an accectable
damage limit that shculd preclude some types of pellet / cladding interaction
(PCI) failures. Such a limit, however, while consistent with past practice,
should not be construed to be a Orcadly applicable PCI damage linit because

,

there is ample evicence (Tokar, 'lovecter la,1979) that PCI failures can Occur
at less than 1 percent unifom c!acding strain. Westingncuse has indicated in
response to staff questien 231.22 that 1 percent clastic strain fica the
pretransient value is not meant to serve as a breacly a:plicable PCI criterion.
"evertheless, the staff fincs the 1 cercent cladding transient plastic strain
criterion to be an acce: able design 1%it for the tyce of acclication incicated
in SRP Section 1.2. For fuel assencly structural design, '|estingnouse set design

Seatrcok SER a-3

.

. - - ~

_., _~, .- -- - - - - -* * * - * - -



_ __

. s
. . . _ _ _ _ - . - . - . . . . . . ~ _a.- -.- - - - -

, . . .

.i

*

limits on stresses and defomations due to various nonacerational, operational,
and accident loads. As indicated in the FSAR, the stress categories and
strength theory presented in Section III of the ASTIE Code are used as a general4

guide. This is consistent with acceptance criterfon II. A.1(a) of SRP Section 4.2
and is acceptable.

(3) Strain Faticue

The strain fatigue criteria given in response to 0 231.2 are the same as those
described in SRP Section 4.2, viz., a safety factor of 2 on stress amplitude
or of 20 on the number cycles and are, therefore, acceptable.

(4) Frettina Hear

While tne Standard Review Plan does not provide numerical bounding-value
acceptance criteria for fretting wear, it does stipulate that the allowable
fretting wear shculd be stated in the safety analyis report and that the
stress and fatigue iinits should presume the existence of this wear.

From the response to Q 231.5, it can be seen that the Westinghouse design
basis for fretting wear is that fuel rods shall not fail during Ccndition I
and II events. Furthemore, Westinghcuse does not use an explicit fretting
wear limit in their stress and fatigue analysis for fuel rods. Mcwever,
Westinghouse does use a value (prcorietary) of wall thickness as a general
guide in evaluating cladding im;erfections, including fretting wear. Cladding
incerfections including fretting wear are thus considered in the stress and
fatigue analysis, albeit in a very cualitative, nonrigorous manner. In view
of the aoparently small effects of these defects and large stress and fatigue
margins (see Section 1.2.3.1(a) cf this Safety Svaluation Repert), this cesign
methcc is accectable.

The design basis for guide thimble tubes is trea?.ed differently by Westinghouse,
at describec in the res:anse to 0 221.a1. The cesign casis is that the thinning
of the guide thimble tube walls should not result in the failure of the fuel
assembly structural integrity cr 'uncticnacility of ne guide thimele tubes.
The staff fincs tnis to te an accectable design basis.
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With regard to a design limit for guide thimble tube wear, Westinghouse has
| detemined frem stress analyses that the most limiting load on the fuel assembly
j structure is that which might occur during a fuel handling accident. For the

analysis of this accident, Westinghouse uses a design criterion of 6 23 This'

design limit is therefore used for degraded guide thimble tubes and has been
previously accepted for Westinghouse fuels.

(5) 0xidation and Crud Builduo
,

The SFA design basis for cladding oxidation and crud buildup is that the
increase in cladding temperature due to cladding oxidation and crud buildup is
not excessive (see Overheating of Cladding, below).

Section 4.2 of the Standard Review Plan identifies cladding oxidatior and crud
buildup as potential fuel systen damage mechanisms. Because of the increased
themal resistance of these layers, there is an increased potential for elevated
tencerature within the fuel as well as the cladding. Because the effect of
oxidation and crud layers on fu.el and cladding temperature is a function of
several different parameters (such as heat flux and themal-nydraulic boundary
conditions), a design limit on oxide or crud layer thickness does not, per se,
preclude fuel damage as a result of these layers. Rather, it is necessary
that these layers be appropriately considered in other temperature-related
fuel system damage and failure analyses. This is, indeed, the accroach taken
by Westinghouse in the design of the Standard Fuel Assembly. The staff finds
this approach acceptable.

(6) Pod Bowina

Fuei rod bowing ir a phenomenon that alters the pitch dimensions between

adjacent fuel rods. Sowing affects local nuclear power ;eaking and the local
heat transfer to the coolant. Rather than placing design limits en the amount
of bowing that is penitted, the effects of bowing are included in the safety
analysis. Tnis is consistent with tne Standard Review Plan are is acceptable.
The methods used for predicting the degree of rod bowing are evaluated in
Section 4.2.2.1(6), and One inpact of the resulting bow magnitude is evaluated
in Sections J.2 and 4.4
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; (7) Axial Greuth

In the SFA design the core ccmponents recuiring axial-dimensional analyses are
the control rods, neutron source rods, burnable poisen reds, fuel rods, and
fuel assemblies (thimble plugging rods are emitted because they are short and

. not axial-growth linited). The axial growth of the first three of these
components is primarily dependent upon the behavior of :oison, source, or
spacer pellets and their 304 stainless-stael clacding. The growth of the
latter two is mainly governed by the behavice of fuel pellets, Zircaloy-a
cladding, and Zircalcy-4 guide thimble tubes.

>

The Westinghouse design bases for core ccmponent rods are that (a) dimensional
stability and cladding integrity are maintained during Condition I and II

'

events and (b) these components de not interfere with shutdcwn during
Condition III and IV events.

Westinghouse does not, per se, have design limits en the axial growth of their
control, source, and burnable poisen reds. However, allcwances are made to
accorredate (a) pellet swelling due to gas production and (b) relative itemal
excansien between the stainless-steel cladding and the encapsulated material.
Westinghouse does not account for irradiation growth of the stainless-steel
cladding and has cited exceriments (Foster anc Strain, October 1974) as justiff-
catien for the insignificance of irradiation gr:wtn of stainless-steel at PWR
ocerating conditions.

For the Zircaloy claccing and fuel assembly ccmponents, the axial-cimensional

behavior is governed by creep (due to :echanical or hydraulic loading) and
f r' adiation growth. The critical tolerances that require centrolling are
(a) the spacing between the fuel reds and the fuel assembly (shoulder gac) and
(b) the s: acing teSeen the fuel assemblies anc tne c:re internais. Failure
to acecuately design for the fomer may result in fuel rod bewing, and for the
latter may result in collapse of the nolddown s: rings. With regard to inadecu-
ately designed shoulder gaos, orcolems have been re:crted (Schenk. Oct cer 1973;
Kuffer and !.ut:,1973; and FSAR cf R. E. Ginna Unit 1,1972) in foreign,

(Obrigreim anc Ee:nau) and dcmestic (Ginna) plants that have necessitated re-
cischarge accificatiens to fuel assem: lies. *
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With regard to a. design * 's'for shoulder gap spacing, Westinghouse stated in
the responses to 0 231.2, 231.8, 231.25, and 231.40 that interference is
precluded by having clearance between the fuel rod end and the top and bottom
noz:les. The design clearance accommodates the differences in growth, fabrication
tolerances, and the differences in thernal expansion between the fuel cladding
and the thimole tubes. Westinghouse does not have specific limits on growth,
but does provide a gap spacing that is equal to or greater than a percentage
(the specific value is proprietary) of the fuel rod length. The percentage
value used by Westinghouse provides gap spacings that are similar to those
employed in other fuel vendor designs.

With regard to fuel assembly growth, Nestinghouse has a design basis that
there shall be no axial interference between the fuel assembly and upper and
lower core plates caused by temperature or irradiation. As a design limit,
Westinghouse orovides a. minimum gap .* proprietary value that is a fraction of
the fuel assembly length) between the fuel assembly and the reactor internals.

The above design bases and limits dealing with axial growth are acceptable.

(8) Fuel and Poison Rod Pressure

For Condition I and II events, the mechanical design basis for core component

rods described in the FSAR is that dimensional stacility and cladding integrity
are maintained. A necessary corollary of this design basis is that the criving
force, rod internal pressure, is never so great as to result in loss of dimensional
stability and cladcing integrity.

Section 4.2 of the Standard Review Plan identifies rod internal pressure as a
;otential fuel system damage mechanism. !n this sense, damage is defined as

an increasec :otential for elevated temteratures within the rod as well as an
increased potential for cladding failure. Althougn the Standard Deview olan
mentions only fuel and burnable ::af son rods, the mechanism also a::alies to
control rods, neutron scurce rods, and other core com enent rocs. Because rod
internal pressure is a criving force for, rather than a direct mechanism of,
fuel system damage, it is not necessa*y tnat a danage limit be sDecified. It

is only necessary that the Onenenenon te a;::rocef ately considerec in other
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; fuel system danage and fuel failure analyses. In other words, red internal
pressure must be considered in calculating the temperature of the red internals,*

cladding defomation, and cladding bursting.
.

i In order to sinclify the analysis of fuel systen damage due to excessive red
internal pressure, the Standard Review Plan states that rod internal gas
pressure should remain beicw the neninal system pressure during normal oceration
unless otherwise justified. !!estinghouse has elected to justify limits other
than that provided in the Standard Review Plan.

For the fuel reds, revised internal red pressure criteria as described in an
approved tcpical report (WCAP-8963) were used in the FSAR. Briefly stated,
these criteria allow the fuel red internal pressure to exceed the system
pressure under certain conditions: (a) the internal pressure is limited such
that the fuel-to-cladding gap does not increase during steady-state operation,
and (b) extensive decarture frca nucleate boiling (DilS) procagation dees not

i cccur for postulated transients and accidents. These criteria have been
previously approvec and remain acceptable.

.

For nonfueiec roas, the red in arnal pressura is limitac suca that the mecnanical
design limits, discussed in Secticn 1.2.1.S of the FSAR, are not exceeded for
Condition I and II events. This implies a stress limit of 2/3 of the material
yield stress and a strain linit of 1 ::ercent. These linits are unchanged frem
previously approved Westinghouse fuel designs and remain acceptable for this
FSAR.

(9) Assembly Lifteff

The Standard Peview Plan calls for the fuel assemcly holddown cacability
(gravity and springs) to exceed worst-case hydraulic icacs for nomal aceration,
which includes anticipated cperaticnal occurrences. The SFA design basis
Orovides for Oositive holddcwn for Condition I, but allows accentary liftoff
curing cne Ccndition !! event. This design basis is accectable proviced that
it can te shown :na: :ne affec:ad fuel assen: lies will reseat prc:erly withcut
damage anc without other adverte effects during the event. The ability Of the
affected fuel assen lies to satisfy this crevisi:n will be discussed in,

aragra:n 1.2.2.1.
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| (10) Control ??ateri'ai Leachine,

t

The Standard Review Plan and General Cesign Criteria require that centrol red
j reactivity be maintained. Control rod reactivity can sometimes be lost by I

leaching of certain poison materials if the control rod cladding has been
breached. Die mechanical design 5 asis for the control rods is stated in the
FSAR to be consistent with the loading conditions of Section III of the ASME

Code. Thus, the design basis for the SFA control rods is to maintain cladding !
!

integrity; because cladding integrity would ensure that reactivity is maintained,l $

this design basis might appear to be acceptable. However, under some circum-
-

stances, unexpected breaches might go undetected, so the staff does not noma 11y,

accept control red cladding integrity as a sufficient design basis. A discussion
' '

will be presented under Design Evaluation, paragraph 4.2.3.1, that shows that
adequate surteillance will be provided to ensure maintenance of reactivity.i

*

.

4.2.1.2 Fuel Rod Failure Criteria
i,

The NRC staff's evaluation of fuel red failure threshold for the failure
mechanisms listed in the SRP is presented in the following paragraphs. When
:nese failure :nresnoids are acti f ec : ,cr 3: 2r transient : er!!ien, they 3r3
used as limits (and hence SAFDLs), since fuel failures under those conditions
shculd not cccur (according to the traditional conser/ative interpretaticn of

f GDC10). When these tnresholds are acclied to accident analyses, the nunber of
i

fuel failures must be detemined for input to the radiological dose calculations,

recuired by 10 CFR 100. The basis or reason for establishing these failure1

:

thresnolds is thus predetemined, and only the threshold values are reviewed,

belcw
i

(1) Internal Hvdridinc

Hycriding as a cladeir.g failure ecnanism is. preclucec by c:ntrolling the
level of moisture and Other hydregenous incurities during fabrication, ts
cescribed in the revised res:cnse :: 0. 231.6, the moisture levels in the
uranium cioxice fuel are linited by 'destingneuse to less than or ecual to
20 ptm. This sceci#ication is ccmcatible with the tS7! s:ecificaticn for
sintered Uranium Dioxice c llets, wnich allows '' ag nycr gen ::er gram ofe

,

t
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uranium (2 pcm), and they are the same as the limits provided in the Standard
Review Plan; they are therefore acceptable.

,

(2) Claddino Collacse
1

2
,

If axial gaps in the fuel ;:ellet column were to occur due to densification,
i the cladding would have the potential of collapsing into a gap (flattening).'

3ecause of the large local strains that would result frem collapse, the cladding
i s a s sumed to f ail . As indicated in the FSAR and rescenses to 0. 231.2, 231.9
and 231.34, it is a 'destinghouse design basis that cladding collapse is precluced
during the fuel rod design lifetime. This design basis is the same as that in
the Standard Review Plan and is therefore acceptable.

(3) Overheating of Cladding,

,

The design basis as given in the FSAR for the prevention of fuel failures due4

to overheating is that there will be at least 95 percent :rebacility that
departure frca nucleate boiling (DNB) will not occur en the limiting fuel rods

.

during nomal operation or any transient conditions arising fecm faults of
mecerate frecuency :andition : and II events) at a 95 ::ercent confidence.

level. This design basis is censistent with the thermal margin criterion of
SRP Section 4.2 anc is, thus, acceptable. The scecific CNBR limits and methods
of analysis are reviewed in Section 4.a.

(4) Overneating of Fuel Pellets

t

i

As a second method of avoiding cladding failure due to overheating, '4esting-
house avoids centerline fuel :ellet melting as a design basis. This design;

| basis is the same as given in the Standard Review Plan and is thus acceptable.

The cesign limit corres onding to the design basis given ateve is tnat, during
acdes of c::eration associated with Condition ! and Conditien II events, there 2

is at least a 95 ercent crocability that the ceak k'#ft fuel red will not
exceed tne UO2 mel ting tem:erature. Tnis design limit is an accectacle re::re-
sentaticn of the cesign basis given crevicusly.

.

bd
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| (5) Pellet / Cladding Interaction
.'

5 As indicated in SRP Section 4.2, there are no generally apolicable criteriaI

for PCI failure. Powever, two acceptance criteria of limited application are
presented in the SRP for PCI: (a) less than 1 percent transient-induced clad-.

ding strain and (b) no centerline fuel melting. The response to Q. 231.2
indicates that the 1 percent cladding plastic strain limit is met for the SFA
design, and as stated in Section 4.2.1.2 of the FSAR, the SFA design ensures
that UO2 centerline melting will not occur through selection of a calculated
fuel centerline tem::erature of 2700*F as an overpower limit. Thus the SFA

design basis and limits agree with the only existing licensing criteria for
PCI.,

,

(6) Cladding Raoture

In the LOCA analysis for SFA-designed plants, an empirical model is used to
predict the occurrence of cladding ructure. The failure tancerature is ex::ressed

,

as a function of differential pressure acrose the cladding wall. There are no
specific design limits associated with cladding rupture, and the ructure model
is a portion of the ECCS evaluation model, which is documented in UCAP-8301
and WCAP-83C2.

j 4.2.1.3 Fuel Coolability Criteria

For major accidents in which severe fuel damage might occur, core coolability
must be maintained as recuired by several GDCs (e.g., GDC 27 and 35). The
following paragraphs discuss the staff's evaluation of limits that will assure
that coolability is maintained for the severe damage mechanisms listed in
Section 4.2 of the SRP.

(1) Frwentatien af E.mbri:: led C accine
i

For LCCA analysis, Westinghousa uses the accectance critaria of 22CO*F on :eak
i cladding :tecera tura and 17 percent on maximum cladding oxidation as ::rescribec

by 10 CFR 50.26.
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For events other th'an the LOCA, the flRC staff does not have separately estab-
;
;>

lished temperature or oxidation criteria. Yet it is clear that for short-tem
i

events such as locked rotor, the 2200*F peak cladding temperature and 17 percenti

! oxidation LOCA criteria are not really meaningful, because the temoerature,3

;
history for such an event is much shorter than that of a LOCA. For eventsI

'

such as locked rotor, therefore, k.ninghouse uses a unique ceak-cladding-'

temperature (PCT) criterion of 2700*F.
a

'

The Westinghouse 2700'F PCT limit was selected taking into consideration the

short time (a few seconds) that the fuel is calculated to be in Dil3 for a,

locked-rotor type event and the fact that the PCT and total cetal-water reaction
at the fuel hot spot would not be expected to impact fuel coolable geccetry.
While this limit has been used by Westinghouse for several years, the basis

.

for the limit has only recently been reviewed. However, a recent assessment
(Van Houten, February 23,1981) of the available experimental infomation

indicates that fuel rod cladding will, indeed, retain its red-like gecmetry
after ex:osure to short-tem (a few seconds) peak cladding temoerature of

i

2700*F. That conclusion is based on four Japanese re:: orts (Shic:awa, ffarch
!

1979; Hoshi, May 1980; JAERI. September 1980; and Fukishiro, October 1980)'

that describe experimental results for reactor test programs recorted since
>> 1979. The staff, therefore, concludas that there is reasonable assurance

that the 2700*F PCT limit for short-tem events such as locked rotor is an
acceptable coolability limit for the Westinghouse SFA design.

!

It should be noted that staff acceptance of the 27CO'F PCT limit for fuel rod
coolaoility is currently restricted to undercooling events such as locked

a rotor. For overpower events such as control rod efection, which involve a
:ellet-to-cladding mecnanical interaction, the staff has not detemined the

*

aoplicability of a PCT linit and currently uses a fuel rod enthaley criterien
of 280 cal /g for coolability of a red-ejection ac icent,,

' '

(2) Violent Exculsion of ruel Materiai
'

j'

:

The design bases that tnere shoulc be little cr no possibility of fuel discersal
in the coolant, gross lattice distortion, Or severe sncck ., aves are given in

Section 15.a.3.1.2 arc are ecuivaient to these in the Stancard Review ?lan.
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aThe design limits given in the FSAR are: MWOy|

(a) Average fuel pellet enthalpy at the hot spot will be below 225 cal /g for,

unirradiated fuel and 200 cal /g for irradiated fuel.

(b) Average cladding temcerature at the hot spot will be below the temperature
at which cladding embrittlement may be ex;:ected (2700'F).

(c) Peak reactor coolant pressure will be less than that which could cause
, pressures to exceed the faulted condition stress limits.

s

(d) Fuel melting will be linited to less than 10 percent of the fuel volume,

at the hot spot even if the average fuel pellet enthalpy is below the
limits above.

These limits are more conservative than tne single 280 cal /g limit given in
Regulatory Guide 1.77, they have been previously approved in the review of
WCAP-7588, and they remain acceptable.

(3) Claddina Balloonine and Flow 31ockace

In the LOCA analyses for SFA-designed plants, empirical models are used to

predict the ' degree of cladding circumferential strain and assembly ficw blockage
at the time of hot-rod and hot-assembly burst. These models are each excressed
as functions of differential pressure across the cladcing wall. There are no
specific design limits associated with ballooning and blockage, and the balloon-
ing and blockage models are portions of the ECCS evaluatien model, which is
documented in WCAP-8301 and WCAP-8302.

(J) Structuril 7anace #-en External Forces

Section 4.2.3.5 of the FSAR states that the fuel assemoly will maintain a;

Cecmetry that is cacable of being cooled uncer t."e worst case accicent

Cor.dition IV event arc :nat no interference between control rods and thimola
tubes will occur during a safe shutdown eartncuake. This is ecuivalent to the
design basis as cresented in tne Standard Review Olan anc is trerefore
acccatable.
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4.2.2 Cescription and Design Drawings

The description of fuel system ccmponents, including the fuel rods, bottcm and
'

too noz:les, guide and instrument thimble tubes, grid assemblies, rod cluster
control assemblies, burnable poison recs, neutron sources, and thimble plugs,
is contained in the FSAR Section 4.2.2. In addition, in Table 4.3-1 numerical
values are provided for various core cemponent parameters. While each parameter
listed in SRP subsection 4.2.2 is not provided in the FSAR, enough infomation
is provided in sufficient detail to provide a reasonably accurate recresentatien
of the SFA design and this infomation is thus acceptable.

4.2.3 Cesign Evaluation

Design bases and limits were presented and discussed in SER Section 4.2.1. In
this section we review W methods of demonstrating that the SFA fuel design,

meets the design criteria that have been established. This SER subsection will,
therefore, corres;cnd to subsection 4.2.1 of the SER point by point. The methods
of demonstrating that the design criteria nave been met include operating
experience, prototype testing, and analytical predictions,

i 4.2.3.1 Fuel System Damage Evaluation

The folicwing paragraphs discuss the NRC staff's evaluaticn of the ability of
tne SFA fuel to meet the fuel system damage criteria cescribed in Section
4.2.1.1. Those criteria accly only to nomal aceration and anticipated

<

transients.

(1) Claddine Cesien Stress,

As indicated in the resconse to ]. 231.2, Westinghcuse used its Per#crnance-
Jnalysis and Cesign (PAD) code to analy:e c:accing stress (WCAP-8720). Tha t

coda has been reviewed and fcunc acceptable (Stol:, February 9, 1979).
Typical calculated design values for cladding effective stress previded in
rescense to 0.231.2 a e considerably below the 0.2 cercent offset yield
stress design linit. Henca, the staff concluces . hat the SFA clacding stress
cesign limit has been cat.
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(2) Claddino Oesien. Strain -

The NRC-approved Westinghouse fuel perfomance code (PAD) was used in the

strain analysis, as indicated in the response to 0. 231.2. Typical design
values of steady-state and transient creep strain, as calculated by that code,

; are found to be below the 1 percent strain criterion. Hence, the staff concludes
i that the SFA cladding strain design limits have been met.
1

i

! (3) Strain Faticue
i

As indicated in the response to 0 231.2, Westinghouse used their approved PAD
code for the strain range and strain fatigue life usage analysis. Experimental

, data (proprietary) obtained frem Westinghouse testing prcgrams were used to
!

derive the Uestinghouse Zircalcy fatigue design curve, according to the resconse
to 0. 231.4 For a given strain range, the number of fatigue cycles is less
than that required for failure, considering a minimum safety factor of 2 on
stress amplitude or a minimum safety factor of 20 on the number of cycles,

! (the fatigue usage factor is less than 1.0). And the ccmputations were perfomed

with an approved code. Therefore, tne staff concludes that the SFA fatigue
design basis has been met.

(4) Frettire Wear

With regard to the Westinghouse fretting analysis of the fuel cladding, the
staff concledes the folicwing:

1

(a) The out-of-pile flow tests and analyses (MCAP-9a01) to detemine the

magnitude of fretting wear that is anticipated for the OFA design have
been previcusly reviewed and found acceptable (Rubenstein, April 23,1981).
Dese analyses are also accectably conservative for SFA acclications.

(b) UM c:erating experience demcnstrates that tne uncer :f 'retting-inducac
fuel failures is insignificant.

(c) There snculd be cnly a small cecendence of clacding stresses an fretting
wear because this tyce of wear is 1ccal at grid-contact locations and
relatively shalicw in deocn.

(d) The built-in conservatisms (tnat is, safety factors cf 2 en the stress
amoli uces anc 20 cn the num:er of cycles) in :ne strain fatigue analysis,
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as well as the calculated cargin to fatigue life limit adequately offset
the effect of' fretting wear degradation. / ~ . ' . ,,.

, , - ~,

Therefore, the staff concludes that the SFA fuel rods wil'1 p'erfom adequately
with respect to fretting wear. ~

' ' "*
4-

Fretting wear has also been observed on the inner surfaces of guide thimble
tubes where the fully withdrawn control roos reside. Significant wear is
limited to the relatively soft Zircaloy-4 guide thimble tubes because the 1

Inconel or stainless steel control rod cladairgs are relatively wear-resistant.
The extent of the wear is both time-dependent and lant-dependent and has, in
some ncn-Westinghouse cases, extended ccmpletely through the guide thimble -

tube wall .

-
.

Westinghouse has predicted t'ist an CFa ca i cperate under a rod cluster control
assembly (RCCA) for a period of time (cropr1etary) that exceeds tne amount of '

rodded time expected with current 3-cycle fuel schemes before fretting wear
degracation would result in exceeding thF present margin to the 6 g loaa
criterien for the fuel handling accident. However, the NRC recuirec several
applicants to perfom a surveillance program because of the uncertainties in
predicting wear rates for the standard 17x17 fuel assembly design. The

objective of this program is to demonstrate that there is no occurrence of
,

hole famation in redded guide thimble tuces, thus providing scce confidence
that scrammability is ensured. These' acolicants for .ed an owners' grouo,
wnich has submitted a generic report (Leasburg, ." arch 1,1982) that provices
post-irradiation examination results en guice ~thimole tube wear in tne
Westinghouse 17x17 fue' assembly design. Based on this recort, tne staff has
concluded (Rubenstein, April 19,1982) that the Westinghouse 17x17 fuel
assembly design is resistant,to guide thimble tube wear.

i.
_

'

(5) 0xica.icn and Crud Suilcuo
#

In the FSAR, T.here is no exclicit disc $ssicr of cladding oxidation, hydriding,
and crud builduo. The acclicaole codeis 'for cladding oxidation and cruc
builcuo are discussed in the su::ccrting documintation (Salvatori, January 2,
1973) for tne Westingneuse fuel perfor acce coce :A0-3.1. mese ccels were
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models were previcusly approved by the flRC staff. A new temperature-dependent
'

4

'

cladding oxidation model is also presented in WCAP-9179. Because the temperature-
independent model in PAD-3.1 is conservative with respect to the unapproved modelx

,

'^ [. ' '
in WCAP-9179, the staff continues to find the older models applicable. These
models affect the cladding-to-coolant heat transfer coefficient and the temper-'i;

'

ature drop across the cladding wall. "echanical prcperties and analyses of the"~
/ cladding are not significantly impacted by oxide and crud buildup. On the basis

[ ! of the Westinghouse discussion ( Anderson, 'anuary 12,1981) of the impact of
~ '

cladding hydriding on fuel perfomance, and on previous staff reviaw of thes

oxidation and crud buildup models, the staff concludes that these effects have
been adequately accounted for in the Standard Fuel Cesign.

.

(6) Rod Rewinn

The NRC has previously approved (l' eyer, l' arch 2,1978) the red bcwing
ccrrelation (Andersen, April 19,1978) that was used by the applicant.

(7) Axial Grewth

Relative to the discussion abcve (2.2.1) en stainless steel growth, the staff
is aware -of supporcing infomation (31cem, April 1972, and Appleby, Acril 1972)
that was not citec by Westinghouse, but which also imolies that irradiation
growth of stainless stee! should not be significant at the tem eratures and
fluer.ces that are asscciated with PUR cperation. Fur:nermore, because the staff
is unaware of any acerating experience that indicates axial-growth-related
proble'ns in Westingncuse MSSS plants, the staff concluces that Westinghouse
has made sufficient acccmmodations for centrc1, scurce, and burnable ;oisen red
axial red grcwth in their MSSS designs.

D e Westinghouse analysis of shoulder gao spacing for the SFA has fcunc that
{ interference will not occur until achieving burnucs beycnd traditional values.

The staff, therefore, fincs that the recuired shculder gas scacing has been
-

,
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reasonably acccmmodated. However, for extended burnup applications, the
adequacy of the spacing should be reverified. Furthemore, because stress-free
irradiation growth of zirconium-bearing alloys is sensitive to texture (preferred
cystallegraphic orientation) and retained cold work, which, in turn, are
strongly dependent en the specific fabrication techniques that are employed
during cceponent production, reverification of the design shoulder gap should
be cerfomed if Westinghouse current fabrication specifications are significantly
altered.

Finally, the staff finds the Westinghcuse analysis of fuel assembly growth to
be acceptable. However, as stated in the above discussion en shoulder gap
spacing, reverification of the fuel assembly growth should be perfomed if

,

significant changes are made in the Westinghouse current fabrication technicues.

(8) Fuel and Poisen Red Pressure

The analysis of fuel red internal p-essure for the Standard Fuel Design is
described in an approved tcoical report, WCAP-8963-A. The evaluation relies
on the Westinghouse PAD-3.3 fuel perfomance code, which has also been approved
(Stolz, FebrJary 9,1979) by the staff.

The analysis of ncnfueled rod internal pressure for the SFA is generally based
on Section III, Article ,1G-3CCO, of the ASME Code. Cantrol red, neutron
scurce rod, and burnable poisen red cladding is 10 percent cold-worked 204
stainless steel, which is not covered by the Ccce. Westinghcuse therefore
defines as the stress limit an intensity value Sm ecual to 2/3 of the material
yield stress. The yield for this material occurs at about e2,C00 psi. A
strain limit of 1 percent also acolies to the cladcing. Predicted maximum
values of red internal pressure have been provided in an answer to NPC cuestion
0 221.2 anc they are well below those incased by the claccing stress and
strain limits.

The staff concludes that there is acecuate assurance tha nonfueled care
ccmcenent rods can ccerate safety during Cencitions I anc !! meces of operation
even thcugn maximun ir.:ernal red cressure may exceed system cressure because
accrocria:e stress anc strain linits are met. '
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(9) Assembly Lif toff '

In response to the staff's cuestion on this topic, Westinghouse has confimed
that accentary liftoff will occur only during a turbine overspeed. Westinghouse
has further found that (a) proper reseating will occur after mcmentary liftoff,
(b) damage to adjacent assemblies will not occur even if one assembly is fully
lifted and the adjacent one remains seated, and (c) no ill consequences of
momentary liftoff are expected. The staff concludes, therefore, that fuel
assembly liftoff has been adequately addressed for the SFA design.

(10) Control Material Leachino

While the design basis for the SFA control rods is to maintain cladding integrity,
and , chile the probability of control rod cladding failures appears to be quite
low, the staff has considered the corrosion behavice of the Seabrook control
material and concludes that a breach in the cladding should not result in
serious consecuences because the hafnium or Ag-In-Cd absorber material is
relatively inert.

We have reviewed the use of the new Westinghouse hafnium control rods for
Ccemanche Peak and the Callaway Units (see paragraph 4.2.3.1(10) of
'IUREG-0830) and found the hafnium rods acceptable subject to seme recuired

surveillance. Surveillance of the new hafnium control rods will not be
required for Seabrook because of the first-use surveillance programs that
will be perfomed at Cccanche Peak and Callaway Unit 1.

4.2.3.2 Fuel Rod Failure Evaluation

The following paragrachs discuss the staff's evaluation of (a) the acility of
the SFA fuel to aceratre without failure during nomal oceration and anticipatec
transients, and (b) the accounting for fuel rod failures in the acclicant's

.

accident analysis. ~he fuel rod failure c iteria cescribed in Section 4.2.1.2r

were used for this evaluation.

7 -J
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(1) Internal Hvdridino it: tj
,

Westinghouse has used moisture and hydrogen centrol limits in the manufacture

of earlier fuel tyces and has found that typical end-of-life cladcing hydrogen
levels are less than 100 ppm -- a level below which hydride blister famation is
not anticipated in fuel cladding.

7he staff therefore concludes that reasonable evidence has been provided that
hydriding as a fuel failure mechanism will not be significant in the SFA.

(2) Claddina Collaase

in calculating the time at which cladding collapse will occur, Westinghouse
uses the generic methods described in WCAP-8377, which is approved (Stello,
January 14,1975) for licensing applications. Inputs to the analysis
include cladding ovality, helium prepressurization, free volume of tha fuel
rod, and limiting power histories.

Westinghouse adjusts the fuel roc pressure so that cladding collaase will not
occur at a residence time that is less than the design lifetime. Consecuently,
the staff expects that cladding collapse will not occur, but confimation
should be provided by the applicant by showing that the calculated cladcing
collaose time for Seabrook using WCAP-8377 mathods is more than the exoected
lifetime of the fuel.

(3) Overheatinc of Claddina

As stated in SEP Section A.2, adecuate cooling is assuned to exist when the
thermal cargin criterien to limit the decarture frcm nuclear boiling (D.':B) or
boiling transition in the core is satis #ied. The methcd employec to meet the
0713 design basis is reviewed in Section A.4 and will not be discussed here.

(4) Overneatinc of ~uel o -lietsc

The design evaluaticn of :ne fuel centerline melt limit is :er#cmec with the
Westingnouse fuel :erfomance code, P. D-3.3 (WCAP-8720). This coce, which has

;
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'
, been approved by the f!RC (Stolz, February g,1979), is also used to calculate

i initial conditions for transients and accidents described in Chapter 15 of the i

i Standard Review Plan (see paragraph 4.2.3.3(1) telow for further ccmments en
PAD-3.3).

'

,

; In applying the PAD-3.3 code to the centerline melting analysis, the melting
i, temcerature of the UO is assumed to be 5081*F unieradiated and is decreased2

by 53*F per 10,000 mwd /t. This relation has been alnost universally adcoted
by the industry and has been accected by the !!RC staff in the cast. The
expressions for themal conductivity and gap conductance, described in Section
4.4.2.11 of the FSAR, are unchanged frca that originally describea in the PAD
ccde. The staff censiders it unnecessary to further review these models.

i

In order to avoid using the PAD code to calculate a continucus set of burnup-
dependent ccnditions necessary to cause centerline melt, Westinghouse has

perfomed the calculation for a single case. This was done by assuming a U0
2

melting temcerature of aT0l*F, which corresponds to the melting temperature at
55,000 mwd /t, and melting occurred at a linear pcwer rating of approximately
21 kW/ft. The limiting local power for the worst Condition II transient,
boren cilution with autcmatic red centr:1, is less tnan er ecual to 13 kW/f t
for Westinghouse plants with 17x17 fuel. Thus, the centerline melt critsrien
is satisfied in an acceptable manner.

<

(5) Pellet /Claddinc Interacticn
.

The only two PCI criteria in current use in licensing (1 cercent clacding
strain and no fuel melting), while not broadly acplicable, are easily satisfied.,

As noted in the discussion of the cladding stress and strain evaluation,
] Westinghouse uses an accroved code (PAC) to calculate creep strain, and 'the

values calculated by that ccde are fcund to be below the 1 cercent strain>

critarien. And, as incicatea in the discussien on everneating failures, the
nc-centerline-ceit critarion is satisfied baced en an analysis (cescribed in
Chacter 15.4.5) of the boren dilutien event, unica is analy:ed with an accreved
ccde. Therefore, the two existing licensing criteria for FC: have been satisfied.

t
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'j In addition to the SRP-type treatment of PCI, however, responses to Q 231.23.

| and FSAR Section 4.2.3.3(a) address PCI frem the standcoint of its effect en4

; fatigue life. Thus, PCI produces cyclic stresses and strains that can affect:

! fatigue life of the cladding. Furthemore, gradual compressive creep of the
i

j cladding onto the fuel pellet cccurs due to the differential pressure exerted
on the fuel red by the coolant. Westinghouse contencs that, by using prepres-
surized fuel rods, the rate of cladding creep is reduced, trus celaying the

4

'

time at which fuel-to-cladding contact first cccurs. The staff agrees that
*

fuel rod prepressurization snould improve PCI resistance, alceit in a presently
| uncuantified amount.

.

) In conclusicn, llestinghouse has used approved methods to demonstrate that the
present PCI acceptance criteria have been met.,

4

(6) Claddin; Ruoture

Although a revised cladding rupture temperature correlation has recently been
>

apprcved (Ref.1) as an integral part of the 1981 ECC5 evalua-icn model, we
previcusly concluded (Ref. 2) that the old correlation in the earlier ECCS
evaluation eccei was non-conservative ever some regions of applicability.
To ccmcensate for this deficiency, supplemental calculations have been

recuired for each plant application that uses the earlier '!estinghcuse ECCS
evaluaticn model. Since the Seabrook analysis was done with this earlier
mor'el, sucolemental calculations should be provided to demonstrate that

) Seabrock wquid conform to the ECCS acceptance criteria of 10 CFR 50.a6 if
the MRC staff cladding ructure temperature model (Ref. 2) was substituted,

for the Westinghouse model centained in WCAP-2301.

,

This recuirement for succlemental ECCS calculations is the same as the present
requirement made for all coerning license acclicaticns and all ECC3 reanalyses
of coerating reactors (Eisennut '|cvemcer 9,1979, anc Centon .'!cvencer 25,1979}.
See Section 4.2.3.3(3) for a concurrent recuirement en cladding balicening anc
ficw blockage accels. The succlemental calculations nave not been crevidea for
Seatrcck. The everail incact of claccing ructure en the rescense of the SFA
cesign to the loss-of-coolant accicent is evalua ec in Section 15.5.5 anc not
reviewec furtner in this section.
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4.2.3.3 Fuel Coolability Evaluation

The following paragraphs discuss the staff's evaluation of the ability of
the SFA fuel to meet the fuel coolability criteria described in Section 4.2.1.3.-

| Those criteria aoply to postulateo accidents.

#

(1) Fracmentation of Embrittled Claddinc
;

The primary degrading effect of a significant degree of cladding oxidation is
embrittlement of the cladding. Such embrittled cladding will have a reduced
ductility and resistance to fragmentation. The most severe occurrence of such-

embrittlement is during a LOCA. The overall effects of cladding embrittlement,

on the SFA design for the loss-of-coolant accident are analyzed in Section
15.6.5 and are not reviewed further in this section.

One cf the most significant analytical methods that is used to provide input
to the analysis in Section 15.5.5 is the steady-state fuel ::erfomance code,
which is reviewed in Section 4.2. This code provides fuel pellet temperatures
(stored energy) and fuel rod gas inventories for the ECCS evaluation model as
prescribed by Apcendix K to 10 CFR 50.46. The code accounts for fuel themal
conductivity, fuel densification, gap conductance, fuel swelling, cladding
creec, and other phencmena that affect the initial stored energy.

Westinghouse uses a relatively new fuei perfomance code called PAD-3.3
(UCAP-8720). This new Westinghouse code was aporoved with four restrictions as

described in the staff's safety evaluation (Stol:, February 9,1979). Three
of tnose restrictions deal with numerical limits and have been met. The

.

fourth restriction relates to the use of the PAD-3.3 code for the analysis of
fission gas release from UO f r p wer-increasing conditions during nomal2

oceration. Bis res riction acclies to the SFa. Mcwever, Westinghouse has
stated that this restriction does not adversely affect the results of the
as-submitted safety analyses. Althcugn the staff believes that this is essentially:

a

correct, Westinghouse has precarea and submitted a detailed evaluation ( Anderson,
Cctocer 22,1979) of this restriction.

,

.

, '%,
. "J 4
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At this time, the staff has not completed its review of the Uestinghouse
] evaluation of this restriction. However, the review has progressed to the

'

point where the following conclusions can be nade:
)

(a) The Westinghouse evaluation of our restriction on the use of the PAD-3.3

code supports the aarlier statement that the restriction does not adversely
affect the results of the safety analyses performed for SFA.

(b) Based on additional information submitted by Uestinghcuse to confirm this
ccnclusion, the staff continues to find this result is essentially correct.

t

'

(c) Because the restriction pertains to the release of fission gases from the
fuel, any change in the staff's conclusion would not have significant
impact at low burnup, when the fission gas inventory in the fuel is low.

At this ' time, the staff can therefore state that for the first cycle operation
at full power, the restriction for FAC-3.3 is not significant and the analyses
presented in the FSAR are acceptable. The staff anticipates ccmpletion of its
review of the "estinghouse evaluation prior to the attainment of extended
burnuo at the Seabrock plant.

For non-LOCA events, the locked rotor accident (one-cuno sei:ure with three
locps operating) is the most severe undercooling event that is analyzed. This
event is analy:ed in Section 15.3.3 of the FSAR, where it is fcund that the
peak cladding tem:erature is 2250*F, wnich is well below the 27C0 F design,

limit. The analysis of this event is reviewed in Section 15.3.3 of this rescrt,
but it is clear that the SFA meets the non-LOCA ceak cladding temperature
design limit.

4

(2) '/iolent Excu1sien of ruei ?'ateri ti

The analysis that demonstrates that the design limits are met for this event
for the SFA is presented in Sectior.15.a.3 of tne FSAR and is reviewed in tnat
section of the recort.

i

e
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Although revised cladding strain and assembly ficw blockage correlations have,

recently been approved (Ref.1) as integral parts of the 1981 ECCS evaluation
medel, we previously concluded (Ref. 2) that both correlations in the earlier
ECCS evaluation model were non-conservative over scme regions of applicability.
To ccm;ensate for these deficiencies, sucplemental calculations have been
recuired for each plant acplication that uses the earlier Westingneuse ECCS
evaluation mcdel. Since the Seabrcok analysis was done with this earlier
medel, supplemental calculations should be provided to demonstrate that
Seabrock would conform to the ECCS acceptance criteria of 10 CFR 50.a6 if

the NRC staff cladding strain and assembly ficw blockage models ('ef. 2)
were substituted for the Westinghouse models contained in WCAP-8301 and
UCAP-8302.

This recuirement for sucolemental ECCS calculations is the same as the present
recuirement made for all operating license a:plications and all ECCS reanalyses
of operating reactors (Eisennut, November 9,1979, and Centen, i:cvember 25,
1979). (See paragrach (6) of Section a.2.3.2 for a concurrent recuirement en the
cladding rupture acdel.) The a:clicant has not yet pr0vided succlemental ECCS
calculations for the Seabrook plant.

The overall impact of clacding balicening ano assembly ficw bicckage ccels en
the respcnses of the SFA design to the loss-of-ccolant accident is evaluatec

,

in Section 15.6.5 and is not reviewed furtner in this section.

(4) Structural Damace frcm External Forces

Section a.2.2.5 cf the FSAR refers to UCAP-3235 for tnis analysis. The staff
has reviewed and accrevec another recer: (WCAP-9aC1) wnich essentially augments
the informatien presented in UCAP-8225 because bc h UCAP recorts apply :
similar assemblies. For the Seabr0ck acclica:icn, hcwever, the a;olicant must
cencnstrate c:moliance eith * :endix A of SRP Secticn 2.2. The applicant may
mar.e reference :: UCAP-8225 and UCAP-9201 00 ac: mplish this.:
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2|' 4.3 fluelear Desien -
-'

The Seabrook Units 1 nnd 2 ;cwer plants have a reactor core consisting of
193 fuel assemblies of the Westinghouse 17x17 design. The core has a design
heat cut::ut of 3800 themal Megawatts and 'is essentially identical to the
W. 3. McGuire reactor and other recent Westinghouse 4 locp reactors. We
have reviewed the nuclear design of the Seabrcok Units 1 and 2 reactors. Cur
review was based en infomation contained in the Final Safety Analysis Report
(FSAR), amendments thereto, and the referenced tcpical recorts. Cur review
was conducted in accordance with the guidelines provided by the Standard
Review Plan, Section 4.3.

4.3.1 Desian Bases

Design bases are presented which ccmoly with the a::plicable General Cesign
Criteria. Acceptable fuel design limits are scecified (GCC 10), a negative
prcmpt feectack coefficient is s;ecified (GDC 11) and tendency tcward
divergent c;:eration (power oscillation) is rot pemitted (GCC 12). Design
bases are presented which recuire a centrol and monitoring system (GCC 13)
which autcmatically initiates a racic reactivity insertion to ;:revent
exceeding fuel design limits in nomal c::eration or antici::ated transients
(GDC 20). The centrol system is recuired to be designed so that a single
malfunction or single operator error will cause no viclaticn of fuel design
limits (GDC 25). A reacter coolant beration system is ::rovided wnich is
capable of bringing the reactor to cold shutdown conditions (GDC 26) and the
control system is recuired to control reactivity changes during accicent
conditions when ceabined with the engineered safety features (GDC 27).;

Reactivity accident conditions are required to be limited so that no damage
,

to the reactor coolant system boundary occurs (GCC 28).
!

We fina the design bases presentec in the FSAR to be acceptable.
I

.
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4.3.2 Desian Descriotion

The FSAR contains the description of the first cycle fuel loading which
consists of three different enrichments and has a first cycle length of
approximately one year. The enrichment distribution, burnable poison
distribution, soluble coison concentration and higher isotope (actinide)
content as a function of core exposure are presented. '/alues presented
for the delayed neutron fraction and prcmpt neutron life-time at beginning
and end of cycle are consistent with those nomally used and are accept-
able.

Power Distribution

The design bases affecting power distribution are:

* The peaking factor in the core will not be greater than 2.50 during
nomal oceration of full power in order to meet the initial con-
ditions assumed in the loss of coolant accident analysis.

*
Under nomal conditions (including maxinum overpower) the peak
fuel pcwer will not precuce fuel centerline melting.

* The core will not operate during nomal operation or anticipated
cperational occurrences, with a power distribution that will cause
the departure frca nucleate boiling ratio to fall below 1.3 ('l-3
correlation with modified spacer factor).

:

( The applicant has described the manner in which the core will be operated and
power distribution monitorec so as to assure that these limits are met. The

core will be ccerated in the Constant a iai Offset Control (CACC) mode whichx

has been shown to result in peaking factors less than 2.32 for both constant
power and load following operaticn. Tne applicant has elected to use an

i incrovec load follow oackage, develooed by ',lestinghouse, in Seabrook t' nits 1.

and C.

| .
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CACC is described in WCAP-8385 (Proprietary) and .'WCAP-8403'(non-Proprietary),
" Power Distribution Control and Load Following Procedures." This report

'j contains methodology for operation with and without part length control rods.
The fomer made allows better return to power capability than the latter.

I

Use of part length rods has been withdrawn frcm Westinghouse reactors. The
improved load follow strategy provides a return to pnwer capability during"

operation without part length reds comparable to the level previously
obtainable frcm operation with part length rods.

The improved load follow strategy involves a redesigned control red bank
and modified overlap that allows greater reactivity insertion than the
fomer design bank within the constraints of a widened, asymmetric CAOC

'

band. The control band has been changed frem nine to five rods. The four
rocs removed frcm the control bank have been redesigned as a shutdown bank,
thus maintaining shutdown margins. (There are also an extra four rods
assigned to control grouc A, ccmpared to other Westinghouse reactors.)
The CACC band has been changed fren 25 to -3, -12,4 I (delta flux difference).
The greater inserted reactivity is available for return to power capability
upon control red withdrawal. Another element in the load folicw stratecy
is the use of mcdera:Or temcerature reductions to augment return to ;ower
capability. The temcerature reduction adds reactivity during rapid return
to power through the inherently negative acderator temcerature coefficient.

The analysis used to calculate the maximum :eaking factor which can occur
using the improved strategy expands the set in the CAOC taoical report to
18 calculational cases. Mcwever, with the redesigned control bank, maneuvers
resulting in greater control red insertion for a longer duration beccme
operationally practical but tend to become slightly more limiting in tems
of total peaking factors. Therefore, simulated load follow maneuvers which
return 4I to the target value (and thereby reduce control red insertion)
have been replaced by lead folicw strategies which maintain the deecer rod

insertion. As a result of cur evaluation, we agree with Westinghcuse's con-
clusien that substitution of these more conservative cases will maintain
the limiting nature of the 13 case icad following analysis.

t
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The analysis performed by Westinghouse indicated that the peaking factor
limit could not be met at BOL of Cycle 1 due to the wide AI band. This

I
resulted in limiting the width of the band for the first 20". of the cycleI
typically, and until 3,000 l'WD/ftTU burnup for Seabrook Units 1 and 2 to
the value of :5",f.I. This:5".M is the value previously justified by the
C/0C analysis. These features will be inccrporated in the Seabrook
Technical Specifications.

We conclude, for the reasons stated above, that the improvec load follow
package will continue to prevent the peaking factor limit frca being
exceeded in normal operation of the power plant, and therefore is
acceptable.

,

Two types of instrumentation systems are provided to monitor core power
distribution. Excore detectors are used to monitor core power, axial
offset and a imuthal tilt, and movable incore detectors pemit detailed
cower distributions to be measurec. These systems are used in operating
reactors supplied by Westinghouse and we find their use acceptable for
" abrook. In addition, the Seabrock incore system alsn contains a set of
fixed sel' powered neutron detectors not normally a part of a Westinghouse
design, but sinilar to systems in Ccmbustion Engineering and Babcock and
Wilcox reactors. Initial operation of tne reactor will not use these as
part of the measurement system tut will use the movable system in a standard

Eventual use of the fixed system will be centingent on accumulatingway.

data and approval of future license amencments with succorting analyses.

Reactivity Coefficients
a

The reactivity coefficients are excressiens of the effect On core reactivity
of changes in such core concitions as power, fuel and moderator temcerature,
moderator density, and boren concentration. These coefficients vary with
fuel burnup and power level. The acclicant has presented values of the

coefficients in the FSAR and has evaluated the uncertainties of these values.
He nave reviewed the calculated values of reactivi y c efficier.ts and have
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concluded that they a'dequately represent the full range of expected values.J

We have reviewed the reactivity coefficients used in the transient and,

accident analyses and conclude that they conservatively bound the expected,

values, including uncertainties. Further, moderator and power Doppler
coefficients along with boron worth are measured as part of the startup

'

physics testing to assure that actual values are within those used in
these analyses.>

Control

To allow for changes in reactivity due to reactor heatup, load following,
and fuel burnup with consequent fission product buildup, a significant
amount of excess reactivity is built into the core. The excess reactivity
is controlled by a ccmbination of full length control rods and soluble
baron. Soluble baron is used to controi changes due to:

*
Moderator density and temcerature chances frem ambient to operating
temce ratu res .

* Equilibrium xenon and samarium builduo.

* Fuel decletion and fission product bui1 duo - that portion not
c:ntroled by lumped burnable poison.

* Transient xenon resulting fr m load following.

1

4

Control rods are used to control reactivity change due to:

* Moderator reactivity changes fr:m hot :ero to full power.

* Fuel te9:erature changes (Cocoler reactivity changes).

Surnable poison recs ciaced in scre fuel assemolies are usec for adial
flux chacing anc to control cart of the reactivity enange due to 'uel
decletion and fissicn ;recuct builcut.,

,

'
;

qg mere
n

' '
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The applicant has provided data to show that adequate control exists to
satisfy the above requirements with enough additional control rod worth
to provide a hot shutdown effective multiplication factor less than the
design basis value of 0.937 during initial and equilibrium fuel cycles
with the most reactive control rod stuck out of the core. In addition,

the chemical and volume control system will be capable of shutting down
the reactor by acding soluble boron and maintaining it shut down in the
cold, xenon free condition at any time in core life. These two systems
satisfy the requirements of Gene al Cesign Criterien 25.

Ccmparisons have been made between calculated and measured control red bank

worth in operating reactors and in critical experiments. These camparisons
lead to the conclusion that bank worths nay be calculatad to within approxi-
mately ten percent. In addition bank worth measurements are perfomed as
part of the startup test program to assure that conservative values have
been used in safety analyses.

Based en these ccmparisons, we conclude that the acclicant has mace suitably
conservative assessments of reactivity control requirements and that
adecuate control red worths have been provided to assure shutdown capability.

The applicant is using hybrid 3 C control rods rather than the Ag-In-Cd3

alloy recs more ccmmonly used in Westinghouse reactors. This r:d uses
3 C pellets rather than Ag-In-Cd in the uccer regions of the red but is3

| otherwise similar to the usual r0d. The ;nysics aspects of this r0d were
! reviewed in connection with the Westinghouse topical recort on the 3 C3
; control rod, WCAP-8846, and it was concluded that the design is acceptable

(D. Ross, August 25,1977), and it is thus acceptable for use in the
Seabrock reactors.

Control ?cc 4tterns and Reactivity Worths
|
|

: The control rods are divided into two categorier - shutdown rods anc re<;ulating
rods. The snutdcwn rocs are always : moletely cut of tne care ..nen the reacter

| is at coerating conditions. Core cower cnanges are made with regulating rods

i
i.

I'C'
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which are nearly out of the core when it is operating at full power.

, Regulating red insertion will be controlled by pcwer-dependent insertion
limits required in the Tecnnical Specifications to assure that:

'

*
There is sufficient negative reactivity available to pemit
rapid shutdown of the reactor with adequate ma; gin.

* The worth of a control red that might be ejected is not
greater than that which has been shown to have acceptable
consequences in the safety analyses.

We have reviewed the calculated rod worths and the uncertainties in these
worths, and conclude that rapid shutdcwn capability exists at all times in
core life assuming the most reactive centrol red assembly is stuckout of
the core.

Stability

The stability of the Seabrcok Units 1 and 2 cores to xenon induced scatial

oscillations is discussed in the FSpR. The overall negative reactivity
(power) coefficient provides assurance that the reacter will be stable
against total ;;cwer oscillation. The acclicant also concluded that sustained
radial or a:imuthal xenen oscillatiens are not possible. This conclusiac
is based on measurements on an operating reactor of the same dimensions
which showed stability against these oscillaticns. !!e ccncur with this
conclusicn.

This core is predictec to be unstable with respect to axial xenon
oscillations after about 12000 "egawatt days per ton of ex;:csure. The
a::::licant nas acce::tably snown that axial oscillaticns may be controlled
by the regulating reds to crevent reaching any fuel damage limits.

Seatr0ck SER a.3-7
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j Criticality of Fuel Assemblies
|
.

Criticality of fuel assemblies outside the reactor is precluded by adecuate
design of fuel transfer and storage facilities. The applicant presents
infomation on calculational techniques and assumptions used to assure that
criticality is avoided. He have reviewed this infomation and the criteria
wnich will be employed and find them to be acceptable.

'!essel Irradiation

'lalues are presented for the neutron flux in various energy ranges at mid-
height of the pressure vessel inner boundary. Core flux shapes calculated by
standard design methods are input to a transport theory calculation (Sn) which
results in a neutron flux of 2.1 x 1010 neutrons per scuare centineter per
second having energy greater than 106 electron-volts at the inner vessel
boundary. This results in a fluence of 2.2 x 1019 neutrons per scuare centi-

:eter for a forty year vessel life with an 20 percent use factor. The metheds
'

used for these calculations are state of the art, anc we conclude that accept-
able analytical precedures have been used to calculate the vessel fluence.
The Materials Engineering 3 ranch will review the recuirements for surveillance
programs and the pressure-temperature limits for operation.

1.' 3. 3 Analytical t'etheds

The applicant has described the ccmcuter programs and calculational

tecnniques used to obtain the nuclear cnaracteristics of the reactor design.
The calculations consist of three distinct types, which are perfomed in
sequence: detamination of effective fuel temperatures, generation of
macrosccpic few-group parameters, and soace-dependent few-grouc diffusien
calculations. 7,e :r grams usec (e.g. , LASER, T.C'!KLE, LEOPARD, TURTLE
and 04:0A) have been a: plied as part of :ne applications for most earlier
Westinghouse designed nuclear plant facilities and the predicted results
have been ccmpared with measured characteristics obtained during many
startup tests for first cycle anc reload cares. These results have
validated tne acility of these me necs to predict ex=erimental results.

Seatrook SER * 3-8.
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We, therefore, conclude that these methods are acceptable for use in
calculating the nuclear characteristics of the Seabrook Units 1 and 2.

4.3.4 Summary of Evaluation findines

The Seabrook nuclear design was reviewed according to Section J.3 of the
Standarc Review plan (!NREG-0800). All areas of review and review procedures
fran that section have been followed either for this reactor or for previous
similar reactors (e.g., Trojan and McGuire-1) or for Topical Report reviews.

The applicant has described the ccmputer programs and calculational technicues
used to predict the nuclear characteristics of the reactor design and has
provided examples to demonstrate the ability of the analyses to predict
reactivity and physics characteristics of the Seabrook Units 1 and 2 plants.

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission product buildup, a significant amcunt of
excess reactivity is designed into the core. The applicant has provided
substantial information relating to core reactivity balances for the first
cycle and has shown that means have been incorporated into the design to
control excess reactivity at all times. The applicant has shown that

sufficient centrol red worth is available to make the reactor succritical with
an effective multiplicaticn factor no greater than 0.987 in the hot concition
at any time curing the cycle with the most reactive control red stuck in the
fully withdrawn position. On the basis of cur review, we conclude that the
acplicant's assessment of reactivity control recuirements over the first core
cycle is suitably conservative, and that adepuate negative worth has been
provided by the control system to assure shutdcwn cacability. Reactivity
centrol recuirements will be reviewec for additieral cycles as this infor-
mation becones availabe. He also ccnclude that nuclear desigr bases,
features, and limits have been establisned in conformance with the repuire-
ments of General Design Criteria 10, 11, 12, 12, 20, 25, 26, 27, and 23.

,i " "
,

1 i i
Sw- d.
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4 This conclusion is based on the folicwing:

'

1. The applicant has met the requirements of GDC 11 with respect to prcmpt
inherent nuclear feedback characteristics in the power . operating range
by:

Calculating a negative Doppler coefficient of reactivity, anda.

b. Using calculational methods that have been fcund acceptable.

The staff has reviewed the Doppler reactivity coefficients in this
case and fcund them to be suitably conservative.,

;-

2. The applicant has met the requirements of GDC 12 with respect to

power oscillations which could result in conditions exceeding
specified acceptable fuel design limits by:

Showing that such power oscillations are not possible and/ora.
'

can be easily detected and thereby re edied, and

b. Using calculational methods that have been fcund acce:tacle.

3. The applicant has met the recuire-ents of GDC 13 with res;ect to
provisions of instrumentation and centrols to monitor variables and
systens that can affect the fissicn process by:

a. providing instrumentation and systens to monitor the core
power distribution, centrol red positions and catterns, andi

other process variables such as tencerature anc pressure, and

b. Provicing suitable alarms ard/or c:ntrol -ecm incications for
tnese monitored variables.

.

m
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i 4 The apolicant has met the requirements of GDC 26 with respe'ct to
provision of two independent reactivity control systems of
different designs by:

!

Having a system that can reliably control anticipateda.

operational occurrences,

b. Having a system that can hold the core subcritical under
; cold conditions, and
,

Having a system that can control planned, noma! power changes.c.

5. The applicant has met the reouf rements of GDC 27 with respect to
reactivity contrel systems that have a ccmbined capability in
conjunction with poison addition by the emergency core cooling
system of reliably controlling reactivity changes under postulated
accident conditions by:

Providing a covable control rod system and a licuid poisona.

system, and

b. Perfoming calculations to demonstrate that the core has
sufficient shutdown margin with the highest-worth stuck rod.

6. The applicant has net the reouf re.ments of GDC 28 with respect to

postulated reactivity accidents by (reviewed under Section 15.4.8):

Feeting the regulatory position in Regulatory Guide 1.77,a.
,

b. "eeting the criteria on the cacability to cool the core, and

Using calculational methods that have been found acceptable forc.

reactivity insertion accidents.

c ^ 9 (, ;.
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4j 7. The aoplicant has met the requirements of GDC 10, 20, and 25 with.

respect to specified acceptable fuel design limits by providing i

- I analyses demonstrating:

.

That normal operation, including the effects of anticipateda.

operational occurrences, have met fuel design criteria,

b. That the automatic initiation of the reactivity control system
assures that fuel design criteria are not exceeded as a result
of anticipated cperational occurrences and assures the autcmatic
operation of systems and ccmponents incertant to safety under
accident conditions, and

' 1

That no single malfunction of the reactivity centrol systemc.

causes violation of the fuel design limits.,

REFERE'!CES FOR SECTIC.'l J.3
,

D. F. Ross (t:RC), itemorandum to D. 3. Vassallo, " Review of Tocical Report
WCAP-2826," August 26, 1977.

'4 CAP-8385, T. t'ori ta, et al . , "Pcwer Distribution Centrol and Load
Follow Precedure, September 1971

1' CAP-83J6, " Hybrid 3;C Absorber Centrol Red Evaluaticn Report,"
September 1976.

1

'

i
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f f; 4.4 Thermal-Hydraulic Desien %M'.

4.4.1 Cesicn Criteria
.

The perfomance and safety criteria for the Seabrook units, as stated in
Section 4.4.1 of the FSAR, are:

(1) " Fuel damage (defined as penetration of the fission product barrier,
i.e. the fuel rod clad) is not expected during normal operation and
operational transients (Condition I) or any transient conditions
arising frem faults of moderate frequency (Condition II). It is
not possible, however, to preclude a very small number of rod
failures. These will be within the capability of the plant designbases."

(2) "The reactor can be brought to a safe state following a Condition
III event with only a small fraction of fuel rods damaged (see
above definition) althougn sufficient fuel damage might occur to
preclude resumption of operation without considerable outage time."

(3) "The reactor can be brcught to a safe state and the care can be
kept suberitical with acceptable heat transfer geometry following
transients arising frem Ccndition IV events."

4.4.2 Cesien Bases

The performance and safety criteria listed above are implemented thrcughthe following design bases.

4.4.2.1 Cecarture frem Nucleate Boiline

The margin to decarture frcm nucleate boiling at any point in the core
is ex::ressed in tems of the cesarture fr:m nucleate boiling ratio
(CMBR). The CNER is defined as the ratio of the heat flux recuired te
produce departure from nucleate boiling at the calculated local conditions
to the actual heat flux.

The themal-hydraulic design basis, as stated in Section J.J.1 of the
Seabecok FSAR, for the prevention of decarture from nucleate boiling isas follcws:

"Ce:arture from nucleate toiling (CNS) will not occur on at least
95 percent of the limiting fuel rods during normal aceration and
c::erational transients anc any transient concitions arising frcm
f aults of =ccerate frequency (Cendition I and II events) at a 95
:ercent conficence level."

... _ _ - -
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i 4.4.2.2 Fuel Tem:erature
f

| The fuel temperature design basis given in Section 4.4.1.2 is:
.

-t-
"During moces of operation associated with Condition I and II
events, there is at least a 95% probability that the peak KW/FT
fuel rods will not exceed the UO melting tem erature at the g5-

2percent confidence level.".

This design basis is evaluated in the Safety Evaluatien Re;crt. Section
1.2, " Fuel System Design."

'
4.4.2.3 C0re Ficw

,

'

Section 4.4.1.3 of the FSAR has the following core ficw design basis.
i

"A minimum of 94.2 percent of the thermal ficw rate will pass
} thrcugh the fuel red region and be effective for fuel red cooling."

4.4.2.4 Hydredynamic Stability

The hydrocynamic stability design basis given in Section 4.4.1.4 is:

" Modes of c:eraticn asscciated with Ccnditions I and II events
shall not lead to hydrocynamic instacility."

4.4.3 Thermal-Hvdraulic Cesien Methodolcev
.

4.4.3.1 Ce:arture fr:m 'lueleate Scilina

The thermal-nycraulic design analyses were performec using the W-3
critical heat flux (CHF) correlation in c:njuncticn with the THINC-IV
ccm: uter coce.

'

The W-3 correlatien was develoced frca data cbtained from ex;eriments
concucted witn fluid ficwing inside single heated tubes. As test
precedures ;ragressed to the use of red bundles instead of tubes, the
correlation was modified to include the effect: cf "R" mixing vana grids
anc axially ncnuniform ;cwer distributiens.

The a:Olicant has ;r ;csed a minimum CNSR cf 1.30 :: ensure that :nere
is a 95 tercent pro: ability at a 95 percent c nfidence level tha: CN3
will not occur en the limiting fuel red. The pre:osed use of the W-3
CHF correlation wi:n a minimum CNSR of 1.20 has been previcusly a:: roved
by ne staff.

L~WF
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THINC-IV is an open channel cc=puter code which detemines the coolant".
j density, mass velocity enthalpy, vapor void, static pressure, and CriBR

distributions along parallel flow channels within a reactor core. Ai
description of the THINC-IV code is given in WCAP-7956 and the design
acplication of the code is described in WCAP-8054.;

Both WCAP-7956 and"

WCAP-8054 have been reviewed and approved by the staff (Ross, April 10,
1978)_.

.

The staff has reviewed and approved the use of a unifom core exit
-

'

pressure gradient in the thermal-hydraulic design of Westinghouse'

reactors (NUREG-0847). This approval is based on THINC-IV analyses which;
showed that the effects of a core exit pressure distribution on minimum
CNBR are negligible, (Eicheldinger, November 2, 1977). The staff has
also reviewed and approved the Westinghouse design approach used to
bound future cycles (NUREG-0847) .

t

Based on the information given above the staff concludes that the CNB
design methodology used for the Seabrook units is acceptable.,

4.4.3.2 Core Ficw

The core ficw design basis recuires that the minimum ficw which will
pass througn the fuel red regicn and be effective for f el red coolingg
is 94.2". of the primary ccolant ficw rate or 134.0 X 10" lbm/hr. The
remainder of ficw, called bypass flow, will be ineffective for coolingsince it will take the folicwing bypass paths:

(1) ficw through the spray no::les into the upper nead;

(21 flow into the red cluster control rod guide thimbles;

(.31 leakage frem the vessel inlet no::le directly to the vessel outlet
no::le;

(41 flow between the baffle and barrel; and

(51 flow in the gaps between the fuel assemblies.
.

The amcunt of bycass ficw is determined by a series of hycraulic resistance'

calculations on the core and vessel internals and verified by model flow
Since the amcunt of bypass flow is consistent with approvedtests.

clants of similar design, the staff concludes that the core bycass ficw
used in the design analysis, 5.33, is acce::tacie.

4.4.3.3 Hydrodynamic Insta::ility.

For steady-state heated ficw in parallel channels, the potential for
hydrodynamic instability exits.

,
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The applicant stated that the core was stable because Westinghouse
reactors will not experience any Ledinegg instability over Condition I
and II events and open channel configurations, which are a feature of
Westinghouse PWRs, are more stable than closed channel configurations.
This was shown by ficw stability experiments conducted by Kakac, et.al.
Additional experiments conducted by Kao, Morgan, and Parker, on closed

-

parallel channels at pressures uo to 2200 psia, shcwed that no flow
oscillations could be induced above 1200 psia. Finally, data from
numerous rod bundle tests performed over a wide range of operating
conditions snow no evidence of premature CNB er of inconsistent data
which might be indicative of ficw instabilities in the rod bundles.

The staff is conducting a generic study of the hydrodynamic stability of
light water reactors. Limitations to the thermal-Hydraulic design
resulting frcm the staff study will be ccmpensated for by approcriate
operating restrictions; hcwever, none are anticipated.

In the interim, the staff concludes that past operating experience, flow
stability experience, and the inherent thermal-hydraulic cesign of
Westinghouse PWRs serve as a basis for issuance of an operating license.

4.4.4 Fuel Rod Scwino

A significant parameter which affects the thermal hydraulic design of
the core is rod-to-rod bewing within fuel assemolies. The Westinghouse
methods for predicting the effects of red bcw cn CNB, WCAP-8691, Revisien
1, are under review by the staff. Therefore, the magnitude of rod bow
as a function of burnuo was evaluated based en interin metnods wnich
have been previously approved by the staff (Ross and Eisenhut, December16, 1976;

Ross and Eisenhut, Feeruary 16, 1977: Meyer, March 2, 1978).
The resultant reducticn in the departure from nucleate boiling ratio dueto rod bcw is given in Table 4.4.1.

Table 4.4.1 Red bow penalties

Burnue CNBR penalty
(MWD /MTU) (%)

0 0
3500 0
ECCO O

ICCCO 2.15
15000 0.54
200C0 6.72
250C0 S.59
3CCCO 10.27
35C00 13.07

1

aCCCG 19.09
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Price to issuance of the Technical Specifications, the staff will ensure
that the themal margin reductions given above have been acccmmodated~

using an acceptable method.

For Plants designed by Westinghouse, the staff has approved the following
generic margins, (Table 4.4-2), which may be used to offset the s eduction
in DNBR due to red bewing.

Plant-specific margins which could be available are:

(1) the Technical Specification minimum flow rate is greater than
the design ficw rate:

(21 the Technical Specification maximum T,y, is less than the design
T,y,; and

(3) the trip setcoints are more limiting than the thermal-hydraulic -

analysis indicates.

The applicant shculd insert into the basis of the Technical Specification
any of the generic or plant-specific margins that may be used to offset
the reduction in CNBR due to rec bowing.

Table 4.4.2 Generic margins

" reduction in red,

Margin bow penalties

The use of a design minimum CNER of 1.30 1.5
instead of the 95/95 CNER limit of 1.23.

A reduction in fuel red pitch for the hot 1.7
channel analysis.

The use of a Themal Diffusion Ccefficient 1.2
(TCC) of 0.038 instead of a TDC of 0.051.

The additicn of an extra grid in the design 2.9
of the Westingneuse 17 X 17 fuel assemtly

i relative to the 15 X 15 fuel design.
,

The use of a 0.36 multiplier on the eccified 1.7
spacer factor (F's) of One W-3 correlaticn
instead of a 0.38 multiclier.

Total generic margin wnich may be claimed. 9.1

;
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.h

4.4.5.1 Detection of Crud

Crud ceposits in the core and an associated change in core pressure drop
and flow have been observed in some pressurized water reactors, not of
Westinghouse design. The staff requested that the applicant provide a
description of the procecures to detect ficw degradation due to crud
buildup. The applicant responded that except for steam generator tube
plugging, there have been no reports of a significant ficw reduction in
a relatively short period of time at any Westinghouse plant.

The staff will ensure that tne Seabrook Technical Specifications contain
the requirement that the actual reactor coolant system (RCS) flow rate
be verified to be greater than or equal to the minimum design ficw rate
plus uncertainties at least once per 12 hours. In addition, we will
ensure that the applicant perform a channel calibration at least once
per 18 months.

With inclusien of the above requirements into the Technical Specifica-
tions, the staff concludes that the applicant res;cnse to our concerns
on crud deposits is acceptable.

4.4.P 'ow Measurement Uncertainties

In m ,,,onse to cur cuestian en crud deposits in the core, the applicant
crovided a description of the calorimetric ficw measurement system which
will be used by the Seabrook units. Individual coolant loop ficw is
calculated using the steam generator heat output, adjusted for pumo heat
input, and the enthalpy rise of the coolant. The total flow rate is
calculated by su= ting the individual ficws and is then used to calibrate
the ficw measured by the elbow taos lccated in each coolant loop.

By using a statistical error c mbination technicue, the applicant has
proposed an uncertainty of + 1.5% cn the calorimetric measurement. The
staff is presently reviewing the 1.5", calorimetric measurement uncertainty

,

on a generic basis (Rahe, March 31,1982). Although the calorimetric
measurement system is an acceptable means of measuring reactor flow, the
staff has raised a number of concerns en the values of the ccreenents'

ccmcrising the calorimetric ficw measurement uncertainty and how drift
associated with the elbcw ta;s is acc;un:ec for between cnannel calibra:icns,
prior to issuance of our for al SER the acclicant shculd suoply the same
information for the Seatrook units or reference the generic submittal.
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4.4.5.3 Loose parts Monitorino Systems

To date, the applicant has not precured the loose parts monitoring
sy tem (LFMS) to be installed at the Seabrook units. However, the
applicant has committea to provide a systE.n which will comply with
Regulatory Guide 1.133 and to provide an equipment description by June1982. Thir submittal shculd include a committment to supply a final
design report on the LPMS which contains a description of now the sy: tem
is in conformance with Sections C.1, C.2, C.3, C.4, C.5, and C.6 of
Regulatory Guide 1.133. We will address the acceptability of the LPMS
after we have reviewed the June submittal.

4.4.5.4 ICC Instrumentation

The acplicant did not provide information in resconse to fiUREG-0737 Item
II.F.2, " Instrumentation for Detection of Inadequate Core Cooling".
Therefore, the staff will require that the acclicant provide the doc-
umentation itemi:ed in Item 'II.F.2 of tiUREG-0737. Acceptable docu-
mentaticn must be provided and approved by the staff prior to issuanceof an operating license.

4. 4. 6 Themal-Hvdraulic Comcarison_

The themal-hydraulic design parameters for the Seabrook units are
compared to values for the McGuire and Trojan clants in Table 1.A.3. All
three plants were designed using the W-3 correlation and the THI!1C-IV
computer code.

i
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Table 4.4.3 Reactor design comparison :

_

.

Seabrook Trojan McGuire
, Units 1 & 2 SER SER

I. Performance characteristics:

~4eacter core heat cutput (#4T) 3,411 3,411 3,4112

System pressure, psia 2,250 2,250 2,250
' '

Minimum deosrture from nucleate
boiling ration

Typical cell 2.06 2.04 2.08. Thimbie call I 72 1 71 I 79Minimum CNBR 1.30 1.30 1.30Critical heat flux correlation W-3 W-3 W-3

II. Coolant flew:
i 6Total ficw rate (10 lb/hr) 142.1 132.7 140.3Effective ficw rate for heat6transfer (10 lb/hr) 134.0 125.7 134.0Averace velocity along fuel

rods (ft/s) 16.7 15.7 15.6 '

2Effective .ccre ficw area (ft ) 51.1 51.1 51.1
III. Ccolant temperature, 'F

Mcminal reactor inlet 558.8 552.7 558.1Averace rise in core 59.4 66.9 52.7pressure drop across core (psi) 27.9+ 5.6 27.9' 5.55.6

:V.i

i Heat transfer, 100 percent power:

Active hea;) transfer surfacearea (ft' 59,700 59,700 59,700Average heat flux
2(STU/hr-ft ) 189,2C0 189,200 129,300

,

Maximum heat.3 flux
(5 u/hr-ft-) a20,3C0 293,5C0 120,500Averace linear heat rate'

(kw/ft1 5.42 5.aa 5.44Peak linear cower resulting
frem overrower transients
and operater errors (kW/f-) 12.5 13.6 12.2
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| The major differences between the Trojan and Seabrook designs are an
|increase in the flew rates, an increase in the inlet temperature, and a

decrease in the average tem;:erature rise across the core. The increase;

l<

in inlet temperature results in a decrease in ther.al margin; however,
the increase in ficw rates and the decrease in the te cerature rise
ccmcensate fc. the inlet temcerature effe::. Therefore, the net result
is an increase in the CNBR for Seabrock and an increase in the ther almargin.-

The differences between McGuire and Seabrook are negligible.

The ccm arability of the Seabrook design to that of Trojan and McGuire
tne conclusion that the Seabrcok thermal-hydraulic design issue:cr:

acceptable.

t4.4.7 N-1 Loco 0:eration '

N-1 loop operation is wnen one reactor coolant loco is out Of service.)

Thus only three leccs are available to su; ply coolant to the reactor
<

Core.

In rescense to a staff questien, the acclicant stated that the initial
c erating license a: plication did not include ;;rovisions for three loop
c eration but that tney de intenc to submit the necessary infor ation to
succer: N-1 lec: 0:eration in the future.

The staff will insure that the Technical S ecifications centain the
a re;:riata provisions to pronibit N-1 lecp operation until the a;:plicant
submits the necessary infor a:icn which justifies this mcde of operatien.

4.a.3 Su : ary and Conclusion

The ther al-hydraulic design of the Seabrook units was reviewed. The
acceptance criteria used as a basis for cur evaluation are set forth in
Secticn a.a.II. "Ther al and Hydraulic Design Acce::ance Criteria,' of
the Stancarc Review Plan (SRP), NURSG-CECO. The scoce of the review
incluced the design criteria, core design, and the steady-state analysis
of the core thermal-hydraulic perfor ance. The review cencentrated on
the differences between the precosed core design and those designs whica
have been ;;revicusly reviewed and f und acce;: table by the staff..

Based en Our review, the staff c ncludes tha: the reac:Or Ore has been
cesigned with accrotriate margin to ensure that acce::able fuel cesign
limits are not exceeded during steady-state 0:eration or anticicated
ocerational occurrences. Therefore, the thermal-hydraulic design of the
care meets the recuirements of General Cesign Criterian 10 of 10 CFRPar: S0, Ac:endix A. The staff also concluces that with the exce:tions
of the L?MS recuirement and the d cumentation recuirements of Item
II.F.2 of NURSG-0727, tne a: licants FSAR is in c:nfer ar.ce with SRP
Sec icn a.a. :. rice :: issuance of cur far- ai SSR the a::itcant seculd
sue:ly :ne infor atien recuirec f:r the '_?MS, sue:ly :ne cccumentaticn
recuired by Item ~I.F.2 of NURSG-C757, anc crevice the flow measurement
infor aticn ciscussec in Section 2.1.S.2 of this re:crt.

i
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Finally, the staff will pronibit operation in the N-1 mode by including
. ,

,

appropriate provisions in the Technical Specifications unless that mode
.

'

of operation is evaluated and justified prior to issue of the license.,

o
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4.6 Functional Desicn of Reactivity Control Systems b )$1

,

.

'

The functional design of reactivity control systems was reviewed in &ccordance,

with Section 4.6 of NUREG-0800 (SRP). An audit review of each of the areas'

listed in the " Areas of Review" portion of the SRP section was performed
according to the guidelines provided in the " Review Procedures" portion of the
SRP section. Conformance with the acceptance criteria formed the basis for
our evaluation of the functional design of reactivity control systems with
respect to tne applicable regulations of 10 CFR 50.,

The functional designs of the reactivity control systems for the facility have
been reviewed to confirm that they meet the various reactivity control con-
ditions for all modes of operation. These are:

'

1. The capability to operate in the unrodded, critical, full power mode
throughout plant life.4

2.
,

The capability to vary power level from full power to hot shutdown and

assure control of power distributions within acceptable limits at any
power level.

3. The capability to shut down the reactor in a manner sufficient to mitigate
) the effects of postulated events discussed in Section 15 of this SER.

] The control rod drive system (CFDS), the safety injection system (SIS), and
the chemical and volume control system (CVCS) constitute the reactivity control
systems.

The CROS is composed of control rod drive mechanisms '.CRDMs) to wnich the rod

cluster control assemblies (RCCAs) are attached. The CRCM is a magnetically
!

operated jack. The magnetic jack is an arrangement of three electromagnets
which are energized in a controlled secuence to insert or withdraw the RCCAs;

in discrete steps. The RCCAs are divided into two categories: control and
shutdown.

D j=
js) J}~7j

-

:

|
,
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The control category RCCAs may be automatically inserted or withdrawn to

compensate for changes in reactivity associated with power level changes and,

power distribution, variations in moderator temperature, or changes in boron
*

concentration. The shutdown category RCCAs, which are fully withdrawn during
power operations, are used solely to insert large amounts of negative reactivity

,

to snut down the reactor. Refer to Section 4.3 of this SER for further dis-
cussions on these features.

The RCCAs are the primary shutdown mechanism for normal operation, accidents,
and transients. They insert automatically uoon a reactor trip signal.
Concentrated boric acid solution is injected by the SIS in the event of a loss
of coolant accident, steamline break, loss of normal feedwater flow, steam
generator tube rupture, or RCCA ejection, thereby complying with the require-

'

ments of General Design Criterion 29, " Protection Against Anticipated Operational
Occurrences.".

Failure of electrical power to an RCCA will result in the insertion of that
assembly as will shearing of the connection between the rod cluster control
assembly and control rod drive mechanism. Single failure of a rod cluster

control assembly is considered in transient and accident analyses which include
the most reactive rod cluster control assembly stuck outside the core, Analysis
of accidental withdrawal of a rod cluster control assembly is found to have
acceptable results. This conforms to the requirements of General Design
Criteria 23, " Protection System Failure Modes," and 25, " Protection System
Requirements for Reactivity Control Malfunctions."

The CROM operating coils are cooled by a flow of containment air provided by
four fans dedicated to that duty only. Hign-temperature alarms in the cooling
air outlet are provided to alert the operator to inadequate CRCM cooling. An

alarm is provided should a CROM cooling fan motor trip or if an insufficient
number of cooling fans are running. If all cooling capability were lost, the
reactor could be tripped and safely shut down. The cooling function does not
influence the safety of the CRCMs or their ability to trip the reactor when
required.

3RJF-m

'

Anand 6/2/82 18 Seacrook SER Input /B

. . _ .



. . . _ . _ _ _ . __ ._.. -__
- - - - - - ~ ~ ~ - - - -

'
. . ,.

,

4

'

The SIS is automatically actuated to inject barated water into the reactor coolant
system (RCS) upon receipt of a safety infection actuation signal (SIAS). High
pressure safety injection is accomplished by the centrifugal charging pumps

'

which take suction from the refueling water storage tank (RWST) and inject the
boric acid solution into the reactor coolant system via the boron injection
tanks (BITS). The SIS is further discussed in Section 6.3 of this SER. '

The CVCS is designed to accommodate slow or long-term reactivity changes such
as those caused by changes in reactor coolant temperature between cold shutdown
and operating temperature, burnup of fuel and burnable poisons and xenon transients.
The CVCS is used to control reactivity by adjusting the dissolved boron concentra-
tion in the reactor coolant system. The boron concentration is controlled to
allow maintaining the RCCA control bank within a prescribed band of travel to
compensate for reactivity changes associated with variations in coolant tempera-
ture, core burnup, and xenon concentration, and to provide shutdown margin for
maintenance and refueling operations or emergencies. A portion of the CVCS
(the enarging pumps, the boric acid transfer pumos, and the boric acid makeup
tank',) injects the desired concentration of boric acid solution into the reactor
coolant system for reactivity control. During normal operation the boric acid
concentration in the reactor coolant system is controlled by the CVCS boron
thermal regeneration subsystem and by the reactor makeup control subsystem.
The baron thermal regeneration subsystem is primarily designed to compensate
for xenon transients occurring during load follow but can also be used for
diluting the primary coolant during startup.

The reactor makeup control subsystem is designed to provide a manually preselected
makeup boron concentration to the charging pumos, by blending reactor makeup
water and boric acid solution. Under normal plant conditions the subsystem
operates in the " automatic makeup" mode to compensate for minor leakage of reactor,

coolant without causing significant changes in primary coolant boron concentration.
Operation in the dilution mode permits addition of a preselected quantity of

{ reactor makeup water and is performed to decrease the boron concentration during
startup and to compensate for fuel burnup. Operation in the boration made permits

j the adcition of a preselected cuantity of concentrated boric acid solution for
hot shutdown, and to compensate for xenon decay. p yi

i U n
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In summary, the concentration of baron in the reactor coolant system is changed
manually under the following operating conditions:

1. Startup - boron concentration decreased to compensate for moderator tempera-
ture and power increase

2. Load follow - boron concentration increased or decreased to compensate
for xenon transients following load changes

3. Fuel burnup - baron concentration decreased to compensate for burnup

4. Cold shutdcwn - baron concentration increased to compensate for increased
moderator density due to cooldown and xenon delay.

The CVCS is discussed further in Section 9.3.4 cf this SER.1

Soluble poison concentration is used to control slow operating reactivity changes.
If necessary, RCCA movement can also be used to accommodate such changes, but
assembly insertion is used mainly to control anticipated operational eccurrences
even with a single malfunction, such as a stuck rod. In either case, fuel design
limits are not exceeded. The soluble poison control is capable of maintaining
the core subcritical under conditions of cold shutdown, which conforms to the

requirements of General Design Criterion 26, " Reactivity Centrol System Redundancy
and Capability."

The reactivity control systems, including the addition of concentrated boric
acid solution by the SIS, are capable of controlling anticipated coerational
changes, transients, and accidents. For further information on tne performance
of the SIS and charging and barating portion of the CVCS with respect to
loss-of coolant accidents (LOCAs) and major secondary system pipe breaks, refer
to Section 6.3 of this SER. All accidents are calculated with the assumption
that the most reactive RCCA is stuck out and cannot be inserted, which complies
with the requirements of General Design Criterion 27, " Combined Reactivity
Control Systems' Capability."

.
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Compliance with the requirements of General Design Criterion 28, " Reactivity.

Limits," is discussed in Sections 4.3 and 15 of this SER.
.

I

Based on our review, we conclude that the reactivity control system functional
design meets the requirements of General Design Criteria 23, 25, 26, 27, 28,
and 29 with respect to its fail-safe design, malfunction protection design,
redundancy and capability, combined systems' capability, reactivity limits,
and protection against anticipated operational occurrences, and is therefore,

acceptable.

!
"

The control rod drive system meets the acceptance criteria of SRP Section 4.6.

;

I%
kf //
sJ y

|
t

|

.
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5.4.11
Pressurizer Relief Tank (Pressurizer Relief Discharge System)

!
|

The pressurizer relief tank was reviewed in accordance with Section 5.4.11 of
i

( NUREG-0800 (SRP).
An audit review of each of the areas listed in the " Area of

Review" portion of the SRP section was performea according to the guidelines
!

proviced in the " Review Procecures" portion of the SRP section. Conformance
with the acceptance criteria formed the basis for our evaluation of the pressur-
i:er relief discharge system with respect to the applicable regulation of 10 Part 50

.

.
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The pressurizer relief discharge system consists of the pressurizei relief .

1
tank, the discharge piping from the pressurizer relief and safety valves, the
relief tank internal spray header, the tank nitrogen supply, the vent to
containment, and the drain to the equipment and floor drain system. The

,

system is nonsafety related (Quality Group 0, nonseismic Category I) and is,

not part of the reactor coolant pressure boundary since all of its components
are dcwnstream of the reactor coolant system safety and relief valves. There-
fare, its failure would not affect the integrity of the reactor coolant pressure
boundary.

The pressurizer relief tank is sized to absorb the energy content of 110% of
the full power pressurizer steam volume through the primary relief and safety
valves, Other relief valves which discharge to the pressurizer relief tank
are from the residual heat removal system and from the chemical and volume
control system. Releases from these sources are less than the design basis
release from the pressurizer. The internal spray and bottom drain on the
pressurizer relief tank are used to cool the water within the tank. A nitrogen
blanket is also provided in the tank to permit expansion of entering steam and
to control the tank internal atmosphere. If a discharge exceeding the design
basis should occur, the rupture discs on the tank would pass the discharge
through the tank to the containment.

The contents of the tank can be draincd to the primary drain tank in the
equipment and floor drain system via the reactor coolant drain tank pumps.
The rupture discs on the pressurizer relief tank have a capacity equal to or
greater than the combined capacity of the pressurizer safety valves. The tank
and the rupture disc holders are designed for full vacuum to prevent collapse
if the contents cool following a discharge without nitrogen being added. The

pressurizer relief tank is provided with instrumentation to indicate pressure
! and temperature and alarms for high or low level, high pressure, and temperature.

The tank is separated from safety related equipment so that its failure would
not compromise the capability to safely snut down the plant, and further,
possible rupture disc fragments do not present a missile hazard wnen the disc
ructures. Thus, the requirements of General Design Criteria 2, " Design Bases
for Protection Against Natural Phenomena," and 4, " Environmental and Missile

''
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Design Bases," and the guidelines of Regulatory Guide 1.29, " Seismic Design
,

- | Classification," Positions C.2 and C.3, are satisfied.
>

'

Based on our review, we conclude that the pressurizer relief discharge system'

meets the requirements of General Design Criteria 2 and 4 with respect to the
need for protection against natural phenomena and internal missile protection
as its failure does not affect safety system functions. It meets the guide-,

lines of Regulatory Guide 1.29, Positions C.2 and C.3, concerning its seismic
classification and is therefore acceptable. The pressurizer relief tank meets,

the acceptance criteria of SRP Section 5.4.11.

4

.
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6.1.1 Post Accident Emergency Cooling Water Chemistry

! I. INTRODUCTION
-

!
'!

.. This review is related to providing and maintaining!a

.

the proper pH of the containment su m p water

following a design basis accident to reduce t-h e

likelihood of stress corrosion cracking ,of
.

'

austenitic stainless steel.
.

During the containment spray injection phase, the,

acplicant will educt 20 weight percent soc ium

hydroxide into the containment spray solution which
i

; is su p pl ied from the r e f u e l. i n g water storage tank

at a nominal concentration of 2000 ppm boron as
'

; boric acid. The injection phase containment spray!

pH v er su s time is discussed in SRP 6.5.2.
',

)

-During the containment spray r e c i r c u> l a t i o n chase a
J

.* fin &L pH of greater than 7.0 wilL be achieved in
2

.

*

j ' ' % ,9 ' ,'
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,

,, .. . _ _ _ . . . _ _ . . .~. -

_-_ , , . , _ _ . . __ , - - . - _ _, . , - -



-

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

. .. ..
2--.

'

I
-

' .

the sump once the borated water has thoroughly,

i
; mixed with the educted sodium h yd r o x i d e .
,

- 1

i -

!.

II. EVALUATION,
,

The post-accident cooling water chemistry has

been reviewed in accordance with Section 6.1.1
9

of the Standard Review Plan (NUREG-0800,,

Revision 2). ~

,

i
'

. 1

In the event of a LOCAr a sufficient quantity
of NaOH is used in the containment spray to

increase the pH of liquids in the containment

sump to above 7.0 after thorough mixing of the
,

containment spray solution and containment sump

water has occurred.

'

We evaluated the pH of the containment sump water
I

following mixing in the c on t a inmen t sump witn the
!

ec uc t ed sodium hydroxide. We verified byI

~

i independent calculations that sufficient sodium
.

hyd r ox id e is available to raise the containment
! ,

| sump water pH to greater than 7. This is
'

i
! consistent with the minimum pH of >7.0 required oy

<

| STP-MTES 6-1 of SRP Section 6.1.1 to reduce the
'

i 1
: ,

[ orobability of stress-corrosion cracking of
,

austenitic stainless steel comoonents.
|
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The applicant has taken exception to the SRP
d

j recommendation to provide an i nert cover gas on,

the sodium hydroxide storage tank to prevent

deterioration of the chemicals. However, the

applicant has not provided the information necessary
to complete our review. We wilL report the

'

resolution of this item after we receive the
i

i necessary information.
,

6.1.2 Organic Materials

I. INTRODUCTION

This evaluation is conducted to verify that

protective coatings applied i nside containment meet

the testing requirements of ANSI 101.2 (1972) and
.

the quality a s su r anc e guidelines of Regulatory
'

Gu id e 1.54. Compliance with these requirements

provides assurance that the protective coatings will

not fait under DBA conditions and generate significant
quantities of solid debris or combustible gas which

,

:ould complicate the accident ecnditions.

,

*

The protective coatings used in s id e containment have
i

been d em on s t r a t ed to withstand the design basis

accident conditions (consistent with the requirements,

i;

, ,

'
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of ANSI 101.2 (1972). Additionally, the protective

coatings have been applied in accordance with
'

quality a s su r a nc e requirements of Regulatory Guide
'! . 5 4, except in certain cases where non-LOCA qualified

coatings are used on smalL components with limited
sur1 ace area.

The non qua li f i ed coatings have been quantified by
the applicant. The control of combustible gases that
can potentially be generated from the organic

materials and from qualified and unqualified paints
is reviewed under Section 6.2.5. The consecuences

of solid debris that can potentialLy be formed from
unqualified paints are reviewed under Section 6.2.2.

.

II. EVALUATION AND FINDINGS
; The organic materials inside containment have been
t

reviewed in accordance with Section 6.1.2 of the
Standard Review Plan (NUREG-0800, Revision 2).

. .

Based on the acclicant's compliance with the applicable
Regulatory Guide and ANSI Standard, we conclude that

the pr ot ec t iv e coating systems and their applications
are acceptable and meet the requirements of

Appendix B to 10 CFR Part 50. This conclusion is,

US ' ?
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'

based on the applicant having met the quality .
assurance requirements of Appendix B t o 10 C FR

_

*

Part 50 since the coating systems'and their

applications meet the positions to Regulatory
Guide 1.54, " Quality Assurance Recuirements for

Protective Coatings Applied to Water-Cooled
)

Nuclear Power Plants" and the requirements of
ANSI N101. 2, "P rot e c t i ve Coatings (Paints) for,

L.ight Water Nuclear Reactor Containment Facilities."

These measures demonstrate their suitability to
withstand a postulated design basis accident (DBA)
environment.;

-
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6.4 Control Room Habitability 0 ..

The requirements for the protection of control room

personnel against radioactive and toxic hazards are

specified in GDC-4, " Environmental and Missile Design

Bases", GDC-5, " Sharing of Structures, Systems and

Components", and GDC-19, " Control Room". Th e aopli-

cant's design to meet the requirements includes

shielding and the provision of a control room emergency
ventilation and filtration system.

The staff review of control room habitability was
performed in accordance with Standard Review Plan

Section 6.4, " Control Room Habitability System" of

NUREG-0800, Regulatory Guide 1.78, " Assumptions for

Evaluating the Habitability of a Nuclear Power Plant

Control Room During a Postulated Hazardous Chemical

Release," and Regulatory Guide 1.95, " Protection of

Nuclear Power Plant Control Rcom Operators Against

an Accidental Chlorine Release". In addition, the

, review also satisfied the guidance of Task Action
!

Plan Item III.D.3.4, " Control Room Habitability" of

NUREG-0737. No review exceptions were applied by

the staff for the control rooms at Seabrook.

* 75"
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Two remote air intak es are used to furnish makeup..

air to both control rooms. The locations were

selected to prec lude both inlets from being simul-

taneously s u s c ep t ib le to either airborne radi oact ivi ty
or toxic chemicals. The eastern makeup air intake,

which is a s so ci a t ed with Unit 1 but which can be

used by either or both Units 1 and 2 at any time,

is located 350 feet northeast from the center of
the Unit 1 containment ctructure. Si mila rly, the

western intake is located 350 feet northwest of the
center of the Unit 2 containment structure.

Th e plac ement of the inlets has been designed so

that at least one of the inlets will be free of
radioactive contamination. One inlet will provide

sufficient makeup air to maintain both control

rooms at a positive pressure.

Meteorological instruments a re p rovided t o allow

t he ope rato rs to maintain a continuous supply of
makeup air. Self-contained breathing apparatus is

suppli ed to provide breathing p r ot ect ion in the
1

$ e .

.
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Following a LOCA, meteorological infermation in the

control room will indicate the wind direction and the

affected intake can be manually isolated by the

operator, or a high radtation signal will auto-

matically shutdown the makeup air intake fans and

close their discharge dampers. Once isolated, the

makeup air line from the isolated intake can be

purged by operation of a unit fan drawing from the

opposite intake. Controls for the four fans are

located in the control rooms of each unit.

The HEP A and carbon filtering system is automatically

initiated by the safety injection signal, or can be

manually initiated by the operator from the control

room at any time to prevent the build up of airborne

particulates and radioactive iodine in the control
,

room c o mp le x. Use of the system is beneficial in the

ramoval of smoke and other toxic chemicals.

i The licensee has designed the system to eliminate

potential adverse interactions between the control

room ventilation zones and adjacent zones tnat cculd

transfer toxic or radioactive gases. The ventilation

systems for the control room complex are entirely

_ --

-
.
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contained within the complex and no ducts or ventila-
, tion piping from any other zone panetrate the control

room envelope.

The dual int ak e ai r fans and their associated dis-
charge dampers are powered from the emergency

electrical distribution system, to ensure operating
power during all modes of operation. The instruaenta-

tion systems monitoring the air intakes are fed from
,

the vital cusses. This instrumentation includes
raciation monitoring and smoke detection.

I

When only one remote makeup air intake can be used, '

550 to 800 cfm makeup air will be available, 390 cfm

of which wiLL be exfiltrated and the balance of 160
to 410 cfm which wiLL be exhausted. Because the

diesel generator building and the control building are
seismic Category I structures, earthquakes up to and

including SSE event will not provide an exfiltration

path for control room comoLex air that wilL negate
the ability to maintain a positive pressure. The

intake air equipment and welded piping to the control,

room complex and between the control rooms is seismic
Category I.

--
-
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.' The staff finds that the control room habitability

system wiLL provide safe,'habitab'Le conditions within,

the control rooms under both'~ormal and accidentn
-

radiation and toxic gas conditions, including loss-
of-coolant accident conditions without personnel

receiving radiation exposures in excess of 5 rem

whole body, or its equivalent to any part of the
body, for the duration of an accident. Therefore,

the design meets the criteria identified i n G D C-4,
GDC-5 and GDC-19, as welL as that contained in

Item No. III.D.3 4, " Control Room H a bi t a bi li t y" of

NUREG-0737, and is acceptable.
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9.3.2 Process Sampling System"i

< .A
I. INTRODUCTION -

4

.

- Process sampling i s accomplished by four sub
J

systems: Reactor coolant samplings steam generator

blowdown sampling, , auxiliary system sampling and

secondary steam and water sampling. These four

sub systems combinede provide an overall primary

and secondary sangling capability. The primary

sampling systems are designed to cbtlect water
i

and gaseous samples contained in the reactor
.

coolant system and associated auxiliary system

process steams during all normal modes of operation.
'

The secondary sampling sys t em s are designed to

collect water and steam from the secondary cycle.
.

F
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Continuous secondary samples are analyzed

automatically for such parameters as pH,
.

dissolved ox ygen and conductivity. Additionally

grab samples are obtained for confirmatory
,

analysis of other chemical species. Provisions

are made to assure that representative samples

are obtained from well mixed streams or volumes; ,

of effluent by the selection of proper sampling

equipment and location of sampling points as
,

well as proper sampling procedures. The primary

sample lines penetrating the containment are
i

each equipped wi.th two normalLy elosed seisnic -

,

category 1 pheumaticalLy oper'ated isolation valves

which close on a containment isolation actuation .

signal.

II. EVALUATION AND FINDINGS -

The process sampling system has been reviewed in,

accordance with Section 9.3.2 of tne Standard Review

Plan (NUREG-0800, Revision 2).
|

. .

..

|
1

j The process sampling system includes piping,

, valvese heat exchangerse and other components *
l

! associated with the system from the point of

| sampling station, or local sampling point. Our

review included the provisions proposed to
, , . y mmo

U .i d Y i.i ]'sample atL principal fluid process streams Mud d'r5 J
|

!
,
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associated with plant ooeration and the

applicant's proposed design of these systems
.

including the location of sampling points, as *

.

shown on piping and instrumentation diagrams.

We determined that the proposed process sampling
system meets (1) the requirements of GDC 13 in

Appendix A to 10 CFR Part 5 0, b y sampling the

reactor coolants the safety injection tankse

the refueling water storage tanks the boric

acid mix tank, and the boron injection tank

for boren concentration, which can affect the
,

fission process for normal operation, anticipated

operational occurrencese and accident conditions; - -

(2) the requirements of GDC 14, by sampling the

reactor coolant and the secondary coolant for

chemical impurities to ensure that the reactor

coolant pressure boundary will have a low

probability of abnormal leakager rapidly

propagating failurer and gross ructure; (3)
. .

'

the recuirements of GDC 26 by sampling the

reactor coolante the refueling. water storage '

tanke and the boric acid mix tank for boren

concentrations for controlling the rate of
f

reactivity changes; (4) the requirements of ,WENe .

m +e,magge- ee apg e -e w ph e+e e
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GDC 63 by sampling the fuel pool and the gaseous
*

radwaste storage tank for radioactivity to detect

conditions that may result in excessive radiation

levels; and (5) the requiremente of GDC 64 by

sampling the reactor coolante the pressurizer,

the steam generator blowdowne the sump inside

containmente the containment atmosphere and the

gaseous radwaste storage tanks for radioactivity

that may be released from normal operationse

including anticipated operational occurrences

and from postulated accidents.

We further determined that the proposed process
.

sampling system meets (a) the standards of ANSI

N13.1-1969 for obtaining airborne radioactive
,

samolcs; (b) the requirements of 10 CFR Part

20. 9 ( c) and regulatory positions 2.dC2), 2.f(3),

2.1.(8) and 2.i.C6) of Regulatory Guide 8.8

revision 3, "In f orm a t i on Relevant to Ensuring -

,

I that Occupational R4diation Exposures at Nuclear

Power Stations Will Be As Low as Is Reasonably
.

Achievable," to maintain radiation exposures to

as low as is reasonably achieveablee by providing

(1) ventilation systems and gaseous radwaste

in1 p==
. .

E '. I '4

i
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treatment system to contain airborne radioactive

materials; (2) Liquid radwaste treatment system
.

to contain radioactive material in fluids; (3)

spent fuel pool cleanup system to remove radioactive

contaminants in the spent fuel pool water; and

(4) remotely operated containment isolation

valves to limit reactor coolant Loss in the event

of rupture of a sampling line; (c) the requirements

of GDC 60 to control the release of radioactive
s

materials to the environment by providing isolation

valves that wilL fail in the closed position;

and (d) regulatory positions C.1, C.2, and C.3

of Regulatory Guide 1.26, revision 3, "Guality

Group Classifications and Standards for Water ,

Steam , and Radioactive-Waste-Containing Components

of Nuclear Power Plants," and C.1, C.3, and C.4 of

Regulatory Guide 1.29, revision 3, " Seismic Design

Classification," by designing the sampling Lines

and components of the process sampling system to
'

conform to the classification of the system up

to and including the first isolation valves to

which each sampling line and component is connected, '

and thus meets the cuality standards requirements of

GDC 1 and the seismic requirements of GDC 2.

CRAU

- .- -. - - - - . - . . . . -



e * * *

**

p 9 *
M h .e m e-

*

.

hh( hb hN Y b8 W 0

.. otinc system a c c e r.- . t, t e .pec3esee ecocess -

.

.k
pfq . , L

,

JJ
, . . . . . . .

$I

y .
, v

.

%

e



_. _. _ __ _

; ,, -=
;

I.
'

i

!
l

}
,

!

!
%

._

!

.

9.3.3 Equipment and Floor Drainago System

The equipment and floor drain system was reviewed in accordance with Section 9.3.3
of NUREG-0800 (SRP). An audit review of each of the areas If sted in the
" Areas of Review" portion of the SRP section was performed according to the
guidelines provided in the " Review Procedures" portion of the SRP section.
Conformance with the acceptance criteria formed the basis for our evaluation

of the equipment and floor drain system with respect to the applicable regula-
tions of 10 CFR 50.

The nonsafety related (Quality Group D, nonseismic Category I) equ:pment and
floor drainage system includes all piping frcm equipment or floor drains to
the sump, sumo pumps, and piping necessary to carry pote'ntially radioactive
and non potentially radioactive effluents through separate subsystems.

-
-

Potentially radioactive drainage is collected in floor and equipment drain
sumps in each building and discharged to the racwaste processing system, thus
satisfying the requirements of General Design Criterion 60, " Control of Releases

oss

Anand 5/24/82 9-32 Seabrook SER Input /C
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of Radioactive Materials to the Environment." Drainage from non potentially
b radioactive sources such as turbine building liquid waste or roof drains is

processed in the industrial waste system or discharged directly offsite. The

containment penetration for the containment sumo pump discharge line is designed
to seismic Category I and Quality Group B requirements and is located in
seismic Category I, flood and tornado protected structures.'

Our review considered those safety systems needed to provide safe plant shut-
down and the physical location of those systems with regard to potential
in plant flooding. Because of their location at the lowest elevation in the
primary auxiliary building, the vaults which contain pumps and equipment
necessary for safe plant shutdown under accident conditions have been reviewed
in detail relative to their provisions for prevention of water accumulation.
There are two vaults in the primary auxiliary building of each unit. Each

vault is watertight and contains one train of residual heat removal, safety
injection, and containment building spray equipment. Each vault has a sump
equipped with redundant pumps and level switches and the separate discharge
piping contains redundant check valves. Drain water from these sumps goes to
the racwaste building. In this manner, each vault is not subject to back
flooding caused by water c.ccumulation in the other vault or from failure in
nonsafety related equipment.

All other safety-related equipment is located at higher elevations in the
primary auxiliary building and at higher elevations in other buildings. The

applicant has shown that drains in these areas assure that the worst-case

hypothetical leakage including failure of nonseismic fluid systems in safety-
related equipment areas does not result in a water level that will impair the
functioning of safety related systems before corrective action can be taken.

| Therefore, we conclude that the requirements of General Design Criteria 2
" Design Bases for Protection Against Natural Phenomena," and 4 " Environmental
and Missile Design Bases," and the guidelines of Positions C.1 and C.2 of
Regulatory Guide 1.29, " Seismic Classification," are satisfied.

J

Based on the above, we conclude that the equipment and floor drainage system
complies with the recuirements of General Design Criteria 2, 4, and 60 with

,

1 14
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respect to protection against natural phenomena, environmental effects (flooding),
; and releases of radioactive material to the environment and the guidelines of

Regulatory Guide 1.29 concerning seismic classification, and is, therefore,
acceptable. The equipment and floor drains system meets the acceptance criteria
of SRP Section 9.3.3. - .
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9.4.2
Spent. Fuel Pool Area Ventilation System (Fuel Storage Building Heating
and Ventilation)

The fuel storage building ventilation system was reviewed in accordance with'

i

Section 9.4.2 of NUREG-0800 (SRP). An audit review of each of th: areas
listed in the " Areas of Review" portion of the SRP section was performed
according to the guidelines provided in the " Review Procedures" portion of the
SRP. Conformance with the acceptance criteria formed the basis for our
evaluation of the fuel storage building ventilation system with respect to the
applicaole regulations of 10 CFR 50.

The fuel-handling storage building heating and ventilation system consists of
a nonsafety related normal heating and ventilation subsystem and a safety related
emergency air cleanup subsystem. The normal subsystem is designed to maintain
a suitaole temperature and envirar. ment during normal aceration, maintenance,,

testing, and periods of general personnel access. The emergency air cleanuo
subsystem operates during fuel handling and is designed to maintain a negative.

pressure within the fuel storage building, to remove and retain airoorne
particulates and iodine, and to exnaust filtered air following a fuel-handling
accicent.

.

I j

Anand 5/24/82 9-38 Seabrook SER Input /C
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The normal subsystem utilizes the primary auxiliary building ventilation
system as its air supply. This air is filtered and heated before reaching the
fuel-handling building (see Section 9.4.3 of this SER). Air is supplied to
the fuel-handling building by a single train which feeds a duct system which
distributes normal air to the spent fuei pool area and the spent fuel pool
cooling pump room. Normally air is exnausted by sweeping across the spent
fuel pool surface to an exhaust fan, isolation damper, and radiation monitor
to the unit vent. Building pressure is maintained slightly negative. Isola-
tion of the normal system frca the emergency air cleanup system is achieved by
seismic Category I parallel supply air dampers.

The emergency air cleanup subsystem is entirely seismic Category I, Quality
Group C, and is utilized whenever irradiated fuel not'in a sealed cask is
handled in the building or during an emergency condition. In the fuel handling
or emergency mode, the normal subsystem exhaust dampers are closed, the exhaust
fan stopped and intake air is modulated by the seismic Category I, redundant
normal supply dampers to maintain a negative building pressure. Air is exhausted
through the emergency cleanup air subsystem. The cleanup system consists of
redundant filter trains, redundant fans, ductwork, dampers, and controls.
Each filter train consists of demisters, heaters, medium efficiency filter,
HEPA filters, and carbon filters. Active components in each train are powered
from separate emergency (Class 1E) power supplies. During fuel handling, only
one filter train and fan will normally be operating. In the event of an
accident, the second filter train and fan can be manually started. In the
event of failure of an operating fan, the ductwork cross-connection will
ensure an adequate redundant air flow across the partially loaded or fully
loaded filter bed. Exhaust of the filtered air is through the radiation-monitored
unit vent.

The normal subsystem is not necessary for safe shutdv.vn operations. Air for

the entire fuel storage building heating and ventilation system is supplied as
part of the primary auxiliary building heating and ventilating system (see
Section 9.4.3 of this SER). The fuel storage building heating and ventilation
system is located in the primar/ auxiliar/ building, containment enclosure
ventilation area, and the fuel storage building which are seismic Category I,
flood and tornado protected structures (refer to Sections 3.4.1 and 3.5.2 of

Anand 5/24/82 9- Seabrook SER Input /C
.
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this SER). The nonessential normal subsystem is' separated from the essential

portions of the system such that its failure will not prevent essential safety
functions. Essential portions of the system itself are seismic Category I,
Quality Group C, and are physically separated from high-energy systems. Thus

the requirements of General Design Criterion 2, " Design Bases for Protection
Against Natural Phenomena," and the guidelines of Regulatory Guide 1.29,
" Seismic Design Classification," Positions C.1 and C.2, are met. Refer to
Sections 3.5.1.1, 3.6.1, and 9.3.3 of this SER for discussion of protection of
essential spent fuel pool area ventilation system components from internally
generated missiles, postulated failures in piping systems, and internal flooding.

Each station unit has its own independent fuel-handling area ventilation
system; thus the requirements of General Design Criterion 5, " Sharing of
Structures, Systems and Components," are not applicable.

The design described above meets the requirements of General Design Criteria
60, " Control of Releases of Radioactive Materials to the Environment," and 61,
" Fuel Storage and Handling and Radioactivity Control," and the guidelines of
Regulatory Guides 1.13, " Spent Fuel Storage Facility Design Basis," Position
C.4,1.52, " Design, Testing and Maintenance Criteria for Post Accident

Engineered-Safety-Features Atmosphere Cleanup System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants," Position C.2, and 1.140,
" Design, Testing and Maintenance Criteria for Normal Ventilation Exhaust
System Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear Power
Plants," Positions C.1 and C.2, are satsified.

Based on the above, we conclude t. hat the fuel storage building ventilation
system is in conformance with the requirements of General Design Criteria 2,
60, and 61 as they relate to protection against natural phenomena, control of
releases of radioactive materials, and radioactivity control, and the guide-
lines of Regulatory Guides 1.13, Position C.4, 1.29, Positions C.1 and C.2,
1.52 Position C.2, and 1.140, Positions C.1 and C.2, relating to protection
against radioactive releases, seismic classification, and system design for
emergency and normal operation, and is therefore acceptable. The fuel stoiage

. building ventilation system meets the acceptance critaria of SRP Section
.*9.4.2.

Anand 5/24/82 9-40 Seabrook SER Input /C
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9.4.3 Auxiliary and Radwaste Area Ventilation System (Primary Auxiliary1

Building Heating and Ventilating Systeo - Waste Processing Building
HVAC Systems)

The primary auxiliary building ventilation system and the waste processing
building ventilation system were reviewed in accordance with Section 9.4.3 of
NUREG-0800 (SRP). An audit review of each of the areas listed in the " Areas
of Review" portion of the SRP section was performed according to the guide-
lines provided in the " Review Procedures" portion of the SRP section.,

Conformance with the acceptance criteria formed the basis for our evaluation
that the above mentioned ventilation systems with respect to the applicable
regulations of 10 CFR 50.

The nonsafety related (nonseismic Category I, Quality Group 0) primary auxiliary
building (PA8) heating and ventilating system and waste processing building
(WPB) HVAC systems are designed to maintain a suitable environment for equipment
operation and personnel access and to limit potential radioactive releases to
the environment during all modes of operation. The systems include the following:
PA8 supply and unfiltered exhaust system, PA8 filtered exhaust system, and WPB
ventilation and heating system. The only portion of any of these systems
required for accident mitigation and safe plant shutdown is the unitized
equipment associated with cooling the primary component cooling and baron
injection pump areas. This equipment is discussed in Section 9.4.5 of this
SER. wnere it and other engineered safety feature ventilation systems are
discussed. Some ductwork and isolation dampers required for containment
isolation are seismic Category I, Quality Group 8. No other part of these

| systems is safety related.
|
.

| The nonsafety-related PAB heating and ventilating system serves the normal

| heating and ventilating requirements of the following areas: mechanical
; equipment room, chemical and volume control tank area, boric acid tank area,

degasifier areas, primary component cooling heat exchanger area, chiller pumo
area, heat exchanger and filter rooms, demineralizer rooms, pipe tunnel area,
fume hood, and charging pump rooms. Ventilation is provided by PAB supply

; fans furnishing filtered and heated 100% outside air to all areas of the
l

\
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MkPAB. Air is exhausted by either the filtered or unfiltered pst subsystems
depending on the potential for radioactive contamination.

The unfiltered subsystem normally operates with two of three exhaust fans on
and discharges to the plant vent. Each exhaust fan will deliver one half of
the total required exhaust air capacity. The third fan remains on standby,
and is controlled by the operator from the main control panel. Seismic Category
I, Quality Group 8, redundant dampers are installeo in the supply and exhaust
ducts between the PAB and the containment enclosure area to permit isolation

of the containment enclosure area in the event of a loss-of-coolant accident
(LOCA) or failure of the PAB supply / exhaust system.

The nonsafety-related PAB filtered exhaust subsystem draws air through a
filter train from the charging pump rooms, valve aisle, chemical and volume
control tank area, sample heat for filtration prior to exhausting to the unit
plant vent. The plant vent contains radiation monitors. The system, including
exchanger room, fume hood, letdown heat exchangers, pipe tunnel area and
degasifier area. The subsystem is manually controlled from the main control

room and consists of return ducting to a filter room containing a prefilter,
medium efficiency filter, HEPA filter, and a carbon adsorber section. The

subsystem is used to collect air from potentially contaminated areas in the
PAB and containment enclosure area while maintaining these areas at a slight,

negative pressure. In the event of a LOCA or a loss of the PAB filtered
exhaust subsystem, seismic Category I, Quality Group B, redundant dampers will
isolate the containment enclosure area from the PAB. The filter train and
associated fans are housed within a room which has its own ventilation and
heating systems. Ventilation is provided through redundant power roof ventilators
and redundant operable outside air louvers.

Control of the power roof ventilators and louvers is manually from the main
control panel or automatically by thermostats located in the filter room.
Since both louvers and power roof ventilators are redundant, a single failure
will not prevent operation of the filtered exnaust subsystem.
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The entire PA8 HVAC system is designed to control air flow from areas of low
potential airborne radioactivity toward areas of higher potential airborne
radioactivity safety-related isolation dampers and ductwork is housed in
seismic Category I structures which are designed to withstand the effects of
flooding and tornado missiles. Each plant unit has a separate PAB heating,
ventilating filtered exhaust system. A failure of any portion of the system
will not compromise plant safety. Thus the requirements of General Design
Criteria 2, " Design Bases for Protection Against Natural Phenomena," and 60,
" Control of Releases of Radioactive Materials to the Environment," and the
guidelines of Regulatory Guide 1.29, " Seismic Design Classification," Positions
C.1 and C.2, and 1.140, " Design, Testing and Maintenance Criteria for Normal

Ventilation Exhaust System Air Filtration and Adsorption Units of Light-Water-
Cooled Nuclear Power Plants," Positions C.1 and C.2, are satisfied.

The waste processing building (WPB) HVAC system provides filtered outside air
to ventilate or heat the WPB. This building is common for Units 1 ano 2. The

system is nonsafety related and nonseismic Category I with the exception of
certain ductwork over essential ecuipment which is seismically supported.

The WPB ventilation and heating system consists of two 50%-capacity supply
fans which draw outside air through filters and heating coils and into duct-
work distributing the air to all areas of the building. Air is supplied to
the waste gas compressor areas and the hydrogen surge tank cubicles to main-
tain acceptable limits for radioactivity and hydrogen concentration. A larger

quantity of air is exhausted from these areas than is supplied, resulting in
their being maintained at a negative pressure.

Three exnaust systems are used as part of the building normal exhaust system.
Two of tne normal exnaust systems are similar in that they do not filter the
exhaust air before discharging to the plant vent. The third exhaust system
collects air from areas which because of possible aircorne contamination
require filtration before releasing the exhaust air to the plant vent. Booster
fans in these three exhaust systems provide negative pressure in a controlled
manner.

-

h
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i In conjunction with the main system, sever hrhas are furnished additional
,

a

! nonsafety-related cooling or ventilation by air conditioning units (carbon,

delay bed units and polymer storage tank area) or by room ventilators (refueling
; water storage tank area, reactor makeup water storage tank area, baron waste
| storage tank areas and the elevator equipment room).

The amcient ca. bon delay bed areas are safety related, and the ductwork in

those areas is supported in such a manner so as to prevent its falling during
an SSE. Failure of the nonsafety related air conditioning systems servicing
the carcon delay bed areas may result in a reduction in the adsorbent quality
of the carbon delay beds. However, this will not result in an increase in the
release level at the plant vent since the radioactive gases will be recirculated,
or the system shut down, if necessary. Thus, the requirements of General
Design Criteria 2 and 60 and the guidelines of Regulatory Guides '.29, Position
C.2, and 1.140, Positions C.1 and C.2, are satisfied.

Those features of the auxiliary and radwaste area ventilation system which are
shared between Units 1 and 2 do not perform a safety function, and thus the
requirements of General Design Criterion 5, " Sharing of Structures, Systems
and Components," are not applicable.

i

Based on the above, we conclude that the auxiliary and radwaste area ventila-
tion systems are in conformance with the requirements of General Design
Criteria 2, 5, and 60 as they relate to protection against natural phenomena,
shared systems, and 4:ontrol of release of radioactive materials to the environment,
and the guidelines of Regulatorj Guides 1.29, Positions C.1 and C.2, and
1.140, Positions C.1 and C.2, relating to seismic classification and system
design for emergency and normal operation and are, therefore, acceptable. The

PA8 and WAB ventilation systems meet the acceptance criteria of SRP Section 9.4.3.

9.4.4 Turbine Area Ventilation System (Turbine Building Heating, Ventilation,
and Air Conditioning Systems)

The turbine building hearing, ventilation, and air conditioning systems were

reviewed in accordance with Section 9.4.4 of NUREG-0800 (SRP). An audit *
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! review of each of the areas listed in the " Area eview" portion of the SRP'

section was performed according to the guidelines provided in the " Review;

3 Procedures" portion of the SRP section. Conformance with the acceptance
'

criteria formed the basis for our evaluation of the turbine building heating,
! ventilation, and air conditioning systems with respect to the applicable
i

regulations of 10 CFR 50.

The turbine building heating, ventilation, and air conditioning systems consist
of independent systems for each unit. Each consists of air intake louvers in'

the lower outside walls and roof exhaust fans discharging to the environment.

Individual rooms within the turbine building have unitized air conditioning
and heating equipment where necessarj. The main turbine and heater bay areas
do not have heaters.

The system is classified as consafety related (nonseismic Category I, Quality
Group 0). The system maintains an acceptable environment for personnel and
the nonessential equipment served during normal plant operation. The system
has no safety functions. The system is separated from safety-related plant
systems and potentially radioactive areas; therefore, failure of the system'

will not compromise the operation of any essential plant systems or result in
an unacceptable release of radioactivity, and thus it meets the requirements
of General Design Criterion 2, " Design Bases for Protection Against Natural
Phenomena," and the guidelines of Regulatory Guide 1.29, " Seismic Design
Classification," Fosition C.2. Conversei,y, the requirements of General Design
Criterion 60, " Control of Releases of Radioactive Materials to the Environment,"
and the guidelines of Regulatory Guide 1.140, " Design, Testing, and Maintenance
Criteria for Normal Ventilation Exhaust System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants," are not applicable.

Based on our review, we conclude that the turbine building ventilation system
meets the recuirements of General Design Criterion 2 with respect to the need

for protection against natural phenomena as its failure does not affect safety
system functions, or result in release of radioactive material, and the guide-
lines of Regulatorj Guide 1.29, Position C.2, concerning its seismic classifica-
tion, and is, therefore, acceptable. The turbine building ventilation system
meets the acceptance criteria of SRP Section 9.4.4.

e
b

s
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j 9.4.5 Engineered Safety Feature Ventilation System (Containment Enclosure

Area Cooling and Ventilation System, Diesel Generator Building Heating
: and Ventilating System, 4-kV Switchgear Area, Battery Rooms and

Electrical Tunnels Heating and Ventilation Systems, Emergency Feedwater
! Pump House Heating and Ventilation System, Service Water Pump House

Heating and Ventilation System and Service Water Cooling Tower Heating
and Ventilation System)

The engineered safety feature ventilation systems were reviewed in accordance

with Section 9.4.5 of NUREG-0800 (SRP). An audit review of each of the areas
listed in the " Areas of Review" portion of the SRP section was performed,

according to the guidelines provided in the " Review Procedures" portion of the
SRP section. Conformance with the acceptance criteria formed the basis for
our evaluation of the engineered safety feature ventilation systems with
respect to the applicable regulations of 10 CFR 50.

Engineered safety features ventilation system provides ventilation for the
containment enclosure area, diesel generator building, 4-kV switchgear area,
battery rocms, electrical tunnels, emergency feedwater pump house, service
water pump house, and service water cooling tower.

The containment enclosure area cooling and ventilation system is designed to
remove equipment heat from the charging pump, safety injection pump, residuai
heat removal equipment, containment spray heat exchanger equipment, and pipe
penetration areas. During normal operation, makeup air is introduced into the
containment enclosure area from the primary auxiliary building ventilation
system through isolation dampers. Redundant fans, drawing air from the con-
*ainment enclosure, supply the above areas through redundant ducting and

j isolation dampers. Air frcm the areas supplied is exhausted through the
normal cleanup exhaust system to the atmosphere via the unit plant vent.
Following a LOCA, the emergency made is actuated and air is returned to the

containment enclosure cooling equipment area for recirculation, with no makeup
air introduced. This is accomplished by closing the makeup air isolation

-

dampers and the exhaust air isolation dampers, and opening the return dampers
from the cooled areas. Recirculation is through the containment enclosure
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i.k. pJYemergency air cleanup system which consist of redundant filter trains, fans,
dampers and controls and a common ductwork system. The air flow required toi

; maintain a negative pressure in the containment enclosure building and is
passed through demisters, HEPA filters, and carbon filters prior to exhausting
through the plant vent.

The containment enclosure cooling units, return fans, return and isolation
dampers, ductwork supports, and emergency exhaust air cleaning units are
classified as seismic Category I, Quality Group C, and are located in seismic
Category I, flood and tornado protected buildings (refer to Sections 3.4.1
and 3.5.2 of this SER).

.

The containment enclosure cooling units and return fans are redundant and,
thus, a single active failure will not prevent system function. Each cooling
unit is connected to a separate train of the emergency (Class lE) power supplies,
thereby ensuring availability of power in the event of loss of offsite power,
and eacn is supplied cooling water from a separate loop of the primary component
cooling water system. The makeup air and normal exhaust systems, except for
the isolation and return dampers, are not required to operate following a
LOCA. Nonseismic Category I portions of the system located in the vicinity of
safety-related systems are separated or supported such that their failure due
to a seismic event will not result in damage to essential equipment. The

containment enclosure area cooiing and ventilation system is independent for
each plant unit; hence, the requirements of General Design Criterion 5,
" Sharing of Structures, Systems and Components," are not applicable, and the

requirements of General Design Criteria 2, " Design Bases for Protection Against
Natural Phenomena," 4, " Environmental and Missile Design Bases," and 60,
" Control of Releases of Radioactive Materials to the Environment," and the
guidelines of Regulatory Guide 1.29, " Seismic Design Classification," Positions
C.1 and C.2, and 1.52, " Design, Testing and Maintenance Criteria for Atmosphere

i Cleanup System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants," Position C.2, and 1.140, " Design, Testing and Maintenance
Criteria for Normal Ventilation Exhaust System Air Filtration and Adsorption

| Units of Light-Water-Cooled Nuclear Power Plant," Positions C.1 and C.2, are
met.
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The diesel generator building (DGB) heating and ve tilating system i
once-through open system using ambient outside filtered air to provide all i

lcooling and heating during normal and emergency conditions to the diesel fuel
oil storage area, starting equipment, water cooling equipment, and lubrication
equipment. The system contains a full capacity supply and exhaust fan for
each diesel generator room of each plant unit. Outside air enters the building
through tornado-missile protected wall vents at an elevation over 20 feet
above grade and is filtered. A supply fan, drawing air from the diesel room,
delivers air to essential areas. A tornado missile protected roof exhaust fan
returns the heated air to the environment. Heating for the OG8 is provided by
four hot water unit heaters, unassociated with the cooling system. Ventilation
to the basement oil storage area is through open grating. Combustion air is
drawn from the open building area separately from the ventilation air.

All fans and dampers of the ventilation system are seismic Category I, Quality
Group C. The dampers fail open on loss of power and the fans are powered from
separate emergency (Class 1E) power supplies. The heating system, while not
safety related, has its hot water heating piping, unit heater, and ductwork
supports designed as seismic Category I, so that they will not fail in such a
manner that may damage safety-related equipment in the event of an SSE.

The DGB for each unit is separate; thus, the requirements of General Design
Criterion 5, " Sharing of Structures, Systems, and Components," are not acplicable.
Further, the DGB is not a source of radioactivity; thus, the requirements of
General Design Criteria 60, " Control of Releases of Radioactive Materials to

| the Environment," and the guidelines of Regulatory Guides 1.52, " Design,
Testing, and Maintenance Criteria for Post Accident Engineered-Safety-Feature

| Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-Water-Cooled
| Nuclear Power Plants," and 1.140, " Design, Testing and Maintenance Criteria

for Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants," are not applicable.

1

The OGB ventilation system is housed in the seismic Category I, flood- and
tornado protected DGB (refer to Sections 3.4.1 and 3.5.2 of this SER). Fire
dampers in the system ducts close and isolate the system upon activation of
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the associated diesel generator fire protection system. Thus, the require-
ments of General Design Criteria 2, " Design Bases for Protection Against
Natural Phenomena," 4, " Environmental and Missile Design Bases," and 17,
" Electric Power Systems," and the guidelines of Regulatory Guide 1.29, " Seismic
Design Classification," Positions C.1 and C.2, and item 2, subsection A of
NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator Reliability,"
concerning protection of essential electrical components from failure due to
dust accumulation are met.

The 4-kV switchgear area, battery rooms, and electrical tunnels heating and
ventilation system supplies outside amoient air to cool the 4-kV switchgear
rooms, batterj rooms and electrical cable tunnel areas to the contaiment
building. Heating of the air is provided by water or electrical heaters to
the cable spreading room and batterj rooms only. Outside air is drawn from
each room of the diesel generator building, through supply fans and ducting
into the various areas. Exhaust ducting removes the heated air through exhaust
fans directly to the outside environment through exhaust louvers. A separate
battery room exhaust fan is also provided for each train of batterf rooms.
Failure of the fan is alarmed in the control room to provide for protection
against unacceptable hydrogen accumulators.

Each unit has two redundant ventilation systems with full capacity supply and
exhaust fans cooling the three areas. All four systems (two for each plant)
are separate and independent; thus the requirements of General Design Criterion 5
are not applicable. The switchgear, batterj room and electrical cable tunnel
areas are not sources of radioactivity; thus the requirements of General

| Design Criterion 60 are not applicable. Each system is powered from the

j separate emergency (Class 1E) power supply serving its associated equipment
Thus, operation of at,least one division of miscellaneous electrical| room.

equipment and its associated battery is assured in the event of a single
failure in any system component.

The 4-W switchgear, battery rooms and electrical cable tunnel ventilation
system is classified as seismic Category I, Quality Group C, and all ducting
is seismically supported. The temperature of the battery rooms and switchgear

>

sb
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rooms is controlled. Off normal conditions are alarmed in the control room.
Fire dampers are provided in duct penetrations and/or ventilation openings in
fire walls. The system is housed in the seismic Category I, flood- and tornado-
protected control building (refer to Sections 3.4.1 and 3.5.2 of this SER).
The outside air intakes and exhausts are tornado missile protected. Thus, the
requirements of General Design Criteria 2 and 4 with respect to protection
against natural phenomena and assurance of proper operating enviconment for
essential equipment and the guidelines of Regulatory Guide 1.29 Positions C.1
and C.2, with respect to seismic classification are met.

The emergency feedwater pump house heating and ventilation system consists of

two redundant supply fans which take outside air directly through the purp
house walls by means of tornado missile protected and louvered intakes. The

air is forced throughout the pump house without ducting and is exhausted

through two redundant tornado-missile protected exhaust openings in the pump
house walls at the opposite end of the building from the supply fans. The

heating system consists of two 100%-capacity hot water systems with four unit
heaters distributed throughout the pump house. The ventilation system is
safety related and its associated heating system is nonsafety related.

The emergency feedwater pump house is independent for each unit and is not a

source of radioactivity; thus the requirements of General Design Criteria 5
and 50 are not applicable.

The redundant, seismic Category I, Quality Group C, pump room supply fans, and
supply and exhaust dampers are supplied from separate emergency (Class 1E)
power sources. Thus, ventilation is available in the event of an SSE, loss of
offsite power ar a single failure occur. Loss of air or electrical power to
the pneumatically coerated supply and exhaust dampers will cause them to fail
open. Fan trip and pump house high temperature are alarmed. Heating system,

i

operation is not required to assure proper operation of the pumping equipment
or the electrical equipment in the emergency feedwater pump house. If an

unlikely loss of the heating system occurs, the low temperature alarm will Q
alert the operator to a potential freezing situation, and corrective action
can be taken to prevent freezing.i
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The system is housed in a seismic Category I, and tornado protected
building (refer to Sections 3.4.1 and 3.5.2 of this SER). The outside air
intakes and exhausts are tornado missile protected. Thus, the requirements of

,

General Design Criteria 2 and 4 with respect to protection against natural
phenomena and assurance of proper operating environment for essential equip-
ment and the guidelines of Regulatory Guide 1.29, Positions C.1 and C.2, with
respect to seismic calassification are met.

The service water pump house heating and ventilation system consists of a pump
room area heating and ventilating system and a switchgear area heating and
ventilating system. The pump house and pump room and switchgear room are
common for both units. The pump room area system draws outside air through
four tornado missile protected intake louvers at one end of the building and
exhausts the air through four exhaust fans through louvers into a tornado-missile-
protected discharge plenum. Each of the four one-third capacity pump room
exhaust fans is powered from a separate emergency (Class 1E) power source from
each plant unit. The switchgear area has two trains of electrical equipment
each cooled by a separate ventilating system. Filtered outside air is supplied
through fans and ducting and fire dampers located outside in tornado missile
enclosures to the general area of each switchgear room. Air is exhausted to
the same discharge plenum used by the pump room area system. The two 100%-
capacity sucply fans for the switchgear room cool both trains of both units
and are powered from redundant Unit 1 emergency (Class 1E) power supplies.

I

The pump room exhaust fans, switchgear supply fans, and dampers are safety-
related and seismic Category I, Quality Group C. The above design assures
that the system can maintain the temperature below limits during both normal

l

and emergency plant operation including an SSE, loss of offsite power, and anyI

! single active failure. Thus, the requirements of General Design Criterion 5
with respect to sharing of systems between units are met.

;

| The pump room area is heated by nonsafety-related hot water unit heaters. A

| hot water heating line break or heating system failure will not affect the
operation of the service water pumoing equioment. The switchgear areas are
hea.ed with nonsafety-related electric unit heaters. Eacn area has two half-size
heaters. A failure of the heating system will not affect the operation of the

/
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(switchgear. Instrumentation is provided to alarm on'Ehe main control board
i high/ low temperature conditions in the service water pump and switchgear rooms

and operator action can be taken to restore heating as necessary.
s

Since the service water pump house is not a source of radioactivity, the
'

requirements of General Design Criterion 60 is not applicable.

The system is seismic Category I, Quality Group C and is housed in a seismic
Categorj- I, flood and tornado protected building (refer to Sections 3.4.1 and
3.5.2 of this SER). Thus, the requirements of General Design Criteria 2 and 4
with respect to protection against natural phenomena and assurance of proper
operating environment for essential equipment, sharing of systems between
units, and the guidelines of Regulatory Guide 1.29, Positions C.1 and C.2,
with respect to seismic classification are met.

The service water cooling tower heating and ventilation system consists of a
pump room area ventilating system and a switchgear room area heating and
ventilating system. The pump rocms are not provided with a heating system
because the water lines are drained in winter to preclude freezing. The pump

rooms are cooled by exhausting air through two redundant roof fans for each
unit. Air enters through tornado missile protected intakes at opposite ends
of the cooling tower. The redundant switchgear room areas are cooled by
outside air drawn from the building and ducted into the switchgear room areas
by separate supply fans. Air is exhausted directly through discharge wall
louvers. The nonsafety-related heating system for the switchgear rooms is
electrical and may not be available under emergency conditions but is not
required to assure a proper equipment operating environment. Pump and switch-

gear room fans are powered from redundant emergency (Class 1E) power supplies.
Althougn the cooling tower structure is common for both units, the individual
halves for each unit are ventilated by independent systems. Thus, the require-
ments of General Design Criterion 5 are not applicable. Since the service
water cooling tower is not a source of radioactivity, General Design Criterion
60 is not applicable.

~
'

.
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The system is seismic Category I, Quality Group C and is housed in a seismic
'

Categorf I, flood- and tornado protected building (refer to Sections 3.4.1 and
3.5.2 of this SER). Thus, the requirements of General Design Criteria 2 and 4
with respect to protection against natural phenomena and assurance of proper
operating environment for essential equipment and sharing of systems between
units and the guidelines of Regulatory Guide 1.29, Positions C.1 and C.2, with
respect to seismic classification are met.

The primary component cooling water (PCCW) pump and boron equipment areas

ventilation system is the only ventilation system in the primarf auxiliar/
building necessary for accident mitigation and safe plant shutdown. Normally,
air is supplied to and exhausted from the PCCW pump and boron equipment areas
by the main primary auxiliary building system (refer to Section 9.4.3 of this
SER). Should this system fail or the temperature reach 105 F, one each of the
two redundant supply and exhaust dampers will open and a separate PCCW and
boron equipment room fan will start. Should the temperature reach 110*F, the
second system fan will operate automatically in the same manner as the first.
These fans are powered from redundant emergency (Class 1E) power supplies.

The fans and associated automatic dampers are seismic Category I, Quality
Group C. The fans may be controlled manually from the main control board or
automatically.

In the above emergency condition, air is supplied from and discharged to the
outside through tornado-missile protected dampers. Outside air without addi-
tional cooling is adequate to maintain the temperature below the room limit
(117*F). In the event of a radioactive release in the area, the dampers can
be closed and the area air filtered through the normal primary auxiliary
building filtered exhaust system.

The above design assumes that system function is maintained in the event of a
failure of a single active component. The PCCW pumo and boron injection

equipment area ventilation system is not shared between units; therefore, the
requirements of General Design Criterion 5 are not applicable.

A[,*

::

#Anand 5/24/82 9-53 Seabrook SER Input /C
f



_._ 1.. ., ,_ _.,_ . m ;;. , ; . . ., . _ g-- m. --_ . : . . .

, ,

1 ~ - ,
.

j,

The system is housed in the seismic Category I, flood and tornado protected
primary auxiliary building (refer to Sections 3.4.1 and 3.5.2 of this SER).
The outside air intakes are tornado missile protected. Thus, the requirements

of General Design Criteria 2, 4, and 60 with respect to protection against
natural phenonena, assurance of proper operating environment for essential
equipment, con.rol of radioactive releases and the guidelines of Regulatory
Guide 1.29, Positions C.1 and C.2, with respect to seismic classification are
met.

Based on the above, we conclude that the engineered safety features ventilation

system is in conformance with the requirements of General Design Criteria 2,
4, 5, 17 (diesel generator room ventilation system only), and 60 as they
relate to protection against natural phenomena, assurance of proper operating
environment for essential equipment including the diesel generators and shared
systems and protection against unacceptable radioactive release and the guide-
lines of Regulatory Guide 1.29, Positions C.1 and C.2, concerning seismic
classification and NUREG-CR/0660, item 2, subsection A concerning protection

of the emergency diesel generation from unacceptable dust accumulation and is,
therefore, acceptable. The engineered safety features ventilation systems
meet the acceptance criteria of SRP Section 9.4.5.

,
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10.4.5 Circulating Water System

The circulating water system was reviewed in accordance with Section 10.4.5 of
NUREG-0800 (SRP). An audit review of each of the areas listed in the " Areas
of Review" portion of the SRP secticn was parformed according to the guide-
lines provided in the " Review Procedures" portion of the SRP section.
Conformance with the acceptance criteria formed the basis for our evaluation
of the circulating water system with respect to the applicable regulations of
10 CFR 50.

The nonsafety-related (Quality Group D, nonseismic Category I) circulating
water system provides cooling water to the main condensers to remove the heat
rejected by the turbine cycle. Three circulating water pumps for each unit
are located in the circulating water pump house. The pumps take suction on

the Atlantic Ocean through an undersea tunnel, pump the seawater through the
condensers, and return the water to the sea through another undersea tunnel.
The circulating water system is not required to maintain the reactor in a safe

| shutdown condition or mitigate the consequences of accidents.
t

The applicant has provided an analysis of the effects of possible flooding ofi

safety-related equipment as a result of a postulated failure in the circulating
water system. The circulating water system has the potential for flooding the a

turbine building to grade level if a line ruptured and the pumps were not shut
off. No safety related equipment is located in the turbine building, and no
below grade openings connect directly with any building containing safety related
ecuipment.

'
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Continued operation of the pumps would cause Le Ioiflowoutoftheturbine

l building through scuppers and doors to the yard ano .way from plant buildings.
Shutdown of the pumps would eventually stop the ties. Thus, a total failure

in the circulating water system will not result in flooding which would
compromise plant safety.,

Since no safety-related equipment is affected by a postulated failure in the
circulating water system, the requirements of General Design Criterion 4,
" Environmental and Misile Design Bases," with respect to protection of safety-
related systems from failure of nonsafety-related systems, are satisfied.

Indication of leakage or potential failure in circulating water system components
is provided to operators in the control room. Water level alarms are installed,

in pits in the turbine building and circulating water pump house. Pump shutoff
is accomplished manually by the operator. Condenser performance is monitored
by pressure and temperature indicators in the control room.

Based on our review, we conclude that the circulating water system meets the
requirements of General Design Criterion 4 with respect to protection of
safety-related systems from failures in nonsafety-related systems. We there-
fore conclude that the circulating water system is acceptable. The circulating
water system meets the acceptance criteria of SRP Sectica 10.4.5.

,
10.4.7 Condensate and Feedwater System

'
,

!

| The condensate and feedwater system was reviewed in accordance with Section

10.4.7 of NUREG-0800 (SRP). An audit review of each of the areas listed in
the " Areas of Review" portion of the SRP section was performed according to
the guidelines provided in the " Review Procedures" of the SRP section. Con-
formancs with the acceptance criteria formed the basis for our evaluation of
the condensate and feedwater system with respect to the applicable regulations
of 10 CFR 50.

1

The condensate and feedwater system provides feecwater from the condenser to
the steam generators and includes the piping and ccmconents from the condenser

Af
u. ' .
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hot well, through the condensate pumps, low pressure feedwater heaters, feed-
water pumps, high pressure feedwater heaters, and containment isolation valves
to the four steam generators.

The system serves no safety function (with the exception of containment isola-
tion integrity) and is therefore classified as nonsafety related (Quality
Group 0, nonseismic Category I). Adequate isolation is provided at connec-
tions between seismic and nonseismic Category I systems, and therefore failure
of nonsafety-related portions of the condensate and feedwater system will not
affect safe plant shutdown.

The portions of the system classified as safety related are: (1) the main
feecwater piping from the containment isolation and check valves to the steam
generators, (2) the piping in the main steam and feedwater pipe chases, and
(3) the interconnecting piping between the auxiliary feedwater system and the
feecwater lines.

These portions of the system are designed to seismic Category I,
Quality Group B requirements in order to assure feecwater isolation in accident
situations and are located in seismic Category I, floed and tornado protected

structures (refer to Sections 3.4.1 and 3.5.2 of this SER). Thus, the require-
ments of General Design Criterion 2, " Design Bases for Protection Against
Natural Phenomena," and the guidelines of Regulatory Guide 1.29, " Seismic
Design Classification," Positions C.1 and C.2 are satisfied. The structure
also provides protection against tornado missiles. The essential equipment is
separated from the effects of internally generated missiles and is not affected
by failures in high energy piping (refer to Sections 3.5.1.1, 3.6.1, and 3.11
of this SER). Thus, the requirements of General Design Criterion 4, " Environmental
and Missile Design Bases," are satisfied.

None of the condensate and feedwater
system is shared between units so that the requirements of General Design
Criterion 5, " Sharing of Structures, Systems and Components," are not acplicable.

Automatic isolation of the main feedwater system is proviced when required to
mitigate the consequences of a steam or feecwater line break. The pneumatically
operated main feecwater isolation valves (one per steam generator) close
within 5 seconds on receipt of an ESF actuation signal. Redundant feecwater
line isolation is provided by the fail closed main feecwater regulating valves
and bypass valves which serve as an acceptable backuc. The nonsafety-related

f b
Anand 5/24/82 IL d 10-6 Seacrook SER Inout/D "'



startup feedwater train supplying the main feedwatbr line is the normal means
for starting up and shutting down the plant. The safety-related auxiliary
feedwater trains automatically provide flow to the steam generators via the
main feedwater lines /or decay heat removal upon failure of the condensate and
feedwater system. Refer to Section 10.4.9 of this SER for further discussion
of the auxiliary feedwater system. Thus, the requirements of General Design
Criterion 44, " Cooling Water," are satisfied. The safety-related portions of
the system are located in accessible areas and receive periodic inspection and
testing in accordance with Plant Technical Specifications. Thus the require-
ments of General Design Criteria 45, " Inspection of Cooling Water System," and
46, " Testing of Cooling Water System," are satisfied.

The condensate and feedwater system is designed with features to preclude the
potential for damaging flow instabilities (water hammer). These features
include:

1. Providing the Westinghouse Model F steam generators with top discharge
feedrings fitted with J tubes to permit uncovering of the feedring without
subsequent drainage.

2. Installation of the feedwater piping from the feedwater isolation valve
to the steam generator in such a manner as to be self-venting, with the
steam generator being the high point of the system.

In addition, the applicant has agreed to perform tests to verify that unacceptable
j feecwater hammer will not occur using the plant operating procedures for

normal and emergency restoration of steam generator water level following loss
of normal feedwater. Thus, the guidance in Branch Technical Position ASB

10-2, " Design Guidelines for Water Hammers in Steam Generators with Top Feedringi

Design," has been followed.

Based upon the above, we conclude that the safety related portion of the con-
densate and feedwater system meets the requirements of General Design Criteria
2, 4, 44, 45, and 46 with respect to its protection acainst natural phenomena,
missiles and environmental effects, cecay heat removal function, inservice

m ~

I )
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inspection and testing, and mmets the guidalines of Regulatory Guide 1.29,
Positions C.1 and C.2, and Branch Technical Position ASB 10-2 with respect to
its seismic classification and design and testing for prevention of damaging
water hammer, and is therefore acceptable. The condensate and feedwater
system meets the acceptance criteria of SRP Section 10.4.7.

,
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| 11.0 Radioactive Maste Management

; .11.1 Source Terms .

I

' The applicant calculated the liquid and gaseous effluents from

the Seabrock Station utilizing the PWR GALE computer program. The,

| applicant utilized the source assumptions of Regulatory Guide 1.112,

" Calculation of Releases of Radioactive Materials in Gasecus and

Liquid Ef fluents from Light-Water-Cooled Power Reactors", and
.

4
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11.1 NUREG-0017, " Calculation of Releases of Radioactive Materials in'

Gaseous and Liquid Effluents from Pressurized 'n'ater Reactors (PWRs)".

Gaseous effluents were calculated from such sources as offgases

from the main condenser evacuation system; leakage to containment,

primary auxiliary building, and turbine building; noble gases

stripped from the primary coolant during nomal operation and at

shutdown; and cover and vent gases from tanks and equipment

containing radioactive material . Liquid effluents were calculated

from such sources as shim bleed, leakage collected in equipment

and floor drains of the turbine and primary auxiliary buildings,

steam generator blowdown, contaminated liquids from anticipated

plant operations such as resin sluices, filter backwash, decon-

tamination solutions, sample station drains, and detergent wastes.

'

The staff has performed an independent calculation of the primary

and secondary coolant concentrations and of the release rates of

radioactive materials using the information supplied in the appli-
.

| cant's FSAR, the GALE computer program, and the methodology pre-

sented in HUREG-0017. Table 11.1-1 presents the principal para-

meters which were used in this independent calculation of the

source terms. These source tems were utilized in Sections 11.2,

l
and 11.3 to calculate individual doses in accordance with the

!

| mathematical models and guidance contained in Regulatory Guide 1.109,
.

*

!
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, 11.1 " Calculation of Annual Average Doses to Man From Routine Releases

of Reactor Ef fluents for the Purpose of Evaluating Compliange with

10 CFR Part 50, Appendix I".

j Liquid effluents occur from the boron recovery system, the staam

generator blowdown system and the liquid waste system. The boron

recovery system was assumed to treat letdown from the primary cool-

ant system, valve leakoff and liquid collected in the primary drain

tank. Additional infomation with respect to flow rates, DF's,

fraction of primary coolant activity, etc., is contained in

Tables 11.1-1 and 11.1-2 under shim bleed and equipment drains and

the boron recovery system. The liquid waste system treats liquid

wastes collected in the floor drain tanks. Additional infomation

on the liquid waste system can also be found in Tables 11.1-1 and

11.1-2 under clean wastes. Infomation on the steam generator

blowdown system is also contained in the same Tables.

Airborne effluents occur from the nomal ventilation system, from

the radioactive gaseous waste system (RGWS), the main condenser air

ejector, and the turbine gland steam condenser.

All airborne ef fluents except those released from the turbine gland

steam condenser are passed through HEPA filters and charcoal ad-

sorbers prior to discharge.
,

a '=

'
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Table 11.1-1 Principal paraneters and conditions used in calculatin

releases of radioactive naterial in liquid and gaseous
effluents frca Seabrook, Units 1 and 2

Reactor power level (MWt) 3554
' Plant capacity f actor 0.80
Failed fuel 0.12%a
Primary system

5Mass of coolant (lb) 5.05 x 10
'

Letdown rate (gal / min) 75
3Shim bleed rate (gal / day) 1.44 x 10

Leakage to secondary system (lb/ day) 100
Leakage to containment building (lb/ day) b
Leakage to auxiliary building (1b/ day) 160
Frequency of degassing for cold shutdowns (times /yr) 2

-

Letdown cation demineralizer flow (gal / min) 0
Secondary system

7Steam flow rate (lb/hr) 1.5 x 104Mass of liquid / steam generator (1b) 9.55 x 10
3Itass of steam / steam generator (1b) 9.73 x 10
6Secondary coolant mass (lb) 1.80 x 10
3

Rate of steam leakage to turbjne area (lb/hr) 1.7 x 10
2.7 x 106Containment building volume (ft )

Frequency of containment purges (times /yr) 24
Containment 1ow volume purge rate (ft3/ min) 0
Containment atmosphere cleanup rate (ft"/ min) 4.0 x 103
Pre-purge cleanup time duration (br) 16
Iodine partition factors (gas / liquid)

Leakage to auxiliary building 0.0075
Leakage to turbine area 1.0
Itain condenser / air ejector (volatile species) 0.15

Licuid radwaste system decontamination factors

Boron Recovery Liquid Steam Generator
Material System Waste System Blowdown System

4 3 3Iodine 1 x 10 1 x 10 1 x 103Cesium, 4 x 10 1 x 10 1 x 10
rubidium

5 4 4'

Other 1 x 10 1 x 10 1 x 10 -

|
.

a
This value is constant and corresponds to 0.12% of the operating power
product source tem as given in NUREG-0017 ( April 1976).,

1%/ day of the primary coolant noble gas inventory and 0.001%/ day of -

the primary coolant iodine inventory.,

.
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Table 11.1-1
(continued)

Liquid !!aste Inputs

Decay
Flcw Rate Fraction Fraction Collection TimeStream (gal / day) of PCA Discharged time (days) (days)

*

Shimbleed Rate 1440 1.0 0.1 51.7 2.50Equipment Drains 300 1.0 0.1 51.7 2.50i Clean !!astes 1380 0.3 1.0 2.91 0.22
Blowdown 173000 - 1.0 0 0

Gaseous Waste Inputs
,

There is continuous stripping 'of full letdown flow
,

Holdup time for xenon (days) 68.0
Holdup time for krypton (days) 4.1:

Fill time of decay tanks (days) 0

!

i

i

i

!
i
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Table 11.1-2

Individual equipment decontamination factors

4 1. Evaporator
i

All nuclides
System except iodine Iodine

4 3Steam Generator Blowdown and Liquid waste system, 10 10
radwaste evaporator

3 2Boron recovery system, recovery evaporator 10 10

2. Demi neralizers

Cesium, Other
System Anions rubidium nuclides

Cesium renoval ion exchanger (H 80 ) 10 2 103 3Primary coolant letdown cation demineralizer 1 10 10,

Primary coolant letdown mixed bed demineralizer
(Li 80 ) 10 2 103 3

Recovery demineralizer 10 2 10

I

1

i <
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SEABROOK UNITS 1AND 2
SAFETY EV ALUATION REPORT ,

'

12 RADIATION PROTECTION

Summary Description

The staff has evaluated the proposed radiation protection program

presented in Chapter 12 of the Seabrook FSAR against the criteria

set forth in the Standard Review Plan (SRP), NUREG-0800, Chapter 12.

The radiation protection measures at Seabrook are intended to ensure

that internal and external radiation dose to plant personnele contractorse

and the general population due to plant conditionse including

anticipated operational occurrences, will be within applicable limits

of 10 CFR Part 20, and will be as low as is reasonably achievable (ALARA).

The basis of the staff's acceptance of Seabrook's radiation protection

program is that doses to personnel will be maintained within the

limits of 10 CFR 20e " Standard for Protection Against Radiation." The

applicant's radiation protection design features and program are con-
.

sistent with the guidelines of Regulatory Guide 8.8, "Information

Relevant to Ensuring That Occupational Exposures at Nuclear Power

Stations Will Be As Low As Is Reasonably Achievable " (Rev. 3). E=me

The applicant's radiation protection features will help to ensure that

occupational radiation exposures are maintained as low as reasonably

achievabler both during plant operation and during decommissioning.

On the basis of our review of the Seabrook FSAR, we have concluded that

i
the radiation protection measures incorporated in the design /and the

proposed radiation protection program will provide a reasonable assurance

that occupation doses will be maintained as low as is reasonably

achievable and below the limits of 10 CFR Part 20. These radiation design

]hk
.
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features and program are consistent with the guidelines of Regulatory
7!

Guide (Rev. 3)..

12.1 ASSURING THAT OCCUPATIONAL RADIATION DOSES ARE AS LOW AS
IS REASONABLY ACHIEVABLE CALARA)

s
The staff has audited the policy consideratione design considerations-

and operational considerations contained in the Seabrook Nuclear Power

Plant's FSAR ngainst the criteria set forth in NUREG-0800 (SRP),

Section 12.1. The staff review consisted of ensuring that the

applicant had either committed to following the criteria of the

regulatory guides and staff positions referenced in Section 12.1 of

the SRP or provided acceptable alternatives. In addit i oni the staff

selectively reviewed the applicant's FSAR against the specific areas

of review and review procedures identified in the SRP. This selective

review found the plant acceptable in these areas. Details of the

review follow.

12.1.1 POLICY CONSIDERATION

The applicant provides a management commitment to assure that Seabrook

will be designed, constructed and operated in a manner consistent with

Regulatory Guides 3.3r 8.10 and 1.3. The applicant has identified

the specific corporate plan to implement that policyr and specified

in detail facility and equipment design considerations to assure its

acconplishment. This objective is reached through administrative dose
, . . .

centrol procedurese adequate work planninge, safe practices in all,

activities related to unit operation. The Station Superintendent has

the overall responsibility for implementing the ALARA program. He

i a
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delegates this responsibility to the station Health Physics Supervisor,

who is re:ponsible for maintaining the health physics program and has

- the specific responsibility and authority for ensuring that the

radiation protection program maintains doses ALARA. The Health Physics

Supervisor is responsible for ensuring that the ALARA policy is

implemented and monitored. He wilL review dose records and wilL compare

results from past experience to assess the effectiveness of the ALARA

effort. Station management wiLL also review these records and seek to

identify exposure area that indicate dose trends and the need for

improvement in plant procedures or equipment. These policy consider-

ations meet the criteria af Regulatory Guide 8.8 and NUREG-0800 and

are therefore acceptable.

12.1.2 DESIGN CONSID ER ATIONS

The objective of the plant's' radiation protection design is to maintain

individual and collective doses to plant workers, including construction

workers, and to members of the general publice ALARA and to maintain

individual doses within the limits of 10 CFR 20. The general arrange-

| ments and shielding provisions of Seabrook are in accordance with
|

Regulatory Guide 8.3, and are designed to provide levels of dose to

coerating personnel that are ALARA. Radiation protection experience

from the Yankee Nuclear Pcwer operating plants (i.e., Maine Yankee,

Vermont Yankee and Haddam Neck) has been applied by the Yankee Nuclear
,

l
i Services Division who carries the responsibility and authority reouired
l

on alL engineering related matters.
I ,

$

,
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The applicant has used the following design features for assuring

that occupational radiation dose is ALARA. Whenever possibles piping

containing radioactive material is either run in shield pipe chases

or shielded cubicles to minimize exposure to plant personnel. High

radiation level equipment is located away from high frequency personnel

traffic ways; labyrinths and/or shielding doors are used to eliminate

radiation streaming; penetrations are made with as small as possible

diameters and are not in direct line with major radioactive sources;

radioactive components are located in separate shielded cubicles to

minimize exposure during maintenance and inspection activities; use is

made of low nickle and cobalt alloys to reduce crud buildup; provisions

are made for flushing and purging of contaminated systems; and valves

with improved design seats to allow less and faster maintenance are

located so that operation and maintenance is conveniently performed in

low radiation areas by use of extension stems offset from sources of

radiation. The radiation protection design review is an ongoing review

! throughout all phases of the design with formal reviews conducted at

|
regular intervals by the applicant, Yankee Atomic Electric Company,

Westinghouser and United Engineering and Construction I.cc. These

reviews consider source calculationse shield thickness calculationse
|
[ activation calculations and mapping of dose rates for a particular layout.

These design reviews and criteria conform with the guidelines of

Regulatory Guide 8.8 (Revision 3) nd the criteria of NUREG-0800 and

|

|
are acceptable. Additional radiation protection criteria relevant to

design features are discussed in Section 12.3

j ====
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12.1.3 OPERATIONAL CONSIDERATIONS

Operational considerations were factored into the design considerations

previously described and were derived from experience from operating

plants. Procedures pertaining to radiation safety for routine and

non routine activities are developed and recommended by health physics

personnel to assure that occupational dose is kept ALARA. Consequentlyr

the complexity for the performance of maintenances repaire surveillance

and refueling tasks will be factored into the radiation protection and

control procedures to minimize radiation dose in accordance with

Regulatory Guide 8.8. Some of these procedures include the use of

portable shielding; localized ventilation; training on a mock up of

a component, equipment or structure; pre-operational briefing by health

physics personnel; development and use of special tools; prefabrication

of ccmclicated ecuipment and structures and radiological surveillance

during jobs to identify changing conditions. The staffe concludes

that the policy considerations, design considerations and operational

considerations are in accordance with Regulatory Guides 8.8 and 8.10

:nd NUREG-0800 and are therefore acceptable.

| 12.2 RADIATION SOURCES

The staff has audited the contained and airborne radioactive source

terms provided in Section 12.2 and Chapter 11 of the Seabrook FSAR

j against the criteria set forth in NUREG-0800, Section 12.2. These

s ou rc e terms are used as inputs for dose assessment and for the design

of the shielding and ventilation systems. The staff review censisted
|
! of ensuring that the applicant had either committed to } tr aded the

'Il
d 8 41" iQn! J
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criteria of the regulatory guides and staff positions referenced in

Section 12.2 of NUREG-0800 or provided acceptable alternatives. In

additione the staff selectively compared source terms for specific

systems used by the applicant against those used for plant's cf

similar design. This selective review found the plant's source terms

equivalent to those used at other plants. Details of the review

follow:

12.2.1 contained and Airborne Radioactive Sources
- =..-

The applicant has used radiation source terms for normal operations

as inputs to shield design calculationse to determine personnel

protective measures and to perforn dose assessments, and determine

access controls. Source terms used to perform a radiation and shielding

review following an accidente in accordance with Section II.S.2 of

NUREG-0737, has not been addressed in the FSAR and is an open item.

Sources "or normal operations include neutron and gamma fluxes outside

the reactor vessel, coolant activitiese and fission and corrosion pro-

10ducts. Curing power operation, N determines the shielding require-
|

| ment of the secondary shield wall and portions of the chemical and
!

| volume ecntrol system. Source terms used for normal operation and

anticipated operational occurrences are baced on ANSI Standard N237
|

| " Radioactive Materials in Principal Fluids Streams of Light-Water

Cooled Nuclear Power Plantse" and Regulatory Guide 1.112. We therefore

find the contained sources used by tFe plant acceptable.

!
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Also sources of the maximum expected airborne concentrations during

reactor operations and at shut down have been tabulated inside major

plant buildups in frequently occupied areas due to equipment Leakage

based on typical data from operating plants. The assumptions and

parameters used in determining these leakage calculations are also

provided and found to be appropriate. Health physics and plant operat-

ing experience will be implemented to ensure that plant personnel will
not be exposed to concentrations of airborne radioactive material

exceeding tnose specified in 10 CFR 20.103 and will be maintained at

levels that are as low as is reasonably achievable. In accordance

with NUREG-0800s the sour:e terms used to develop airborne concentration

values are comparable to estimates by other applicants with similar

design and are acceptable. With respect to radiation sources due to

accident conditions, which is an area of review identified in the

Standard Review Plans the applicant has referenced Chapter 15 for

accident sources such as Design Basis Accidentsi Fuel Handlings and

Radwaste System Failure. However, these accidents should not affect

the design characteristics of the shield nor the ventilation system.

12.3 Radiation Protection Design Features

The staff has audited the facility design featurcsi shieldinge

ventilationi and radiation and airborne monitoring instrumentation

contained in the Seabrook FSAR against the criteria set forth in

NUREG-0800 Section 12.3. The staff review consisted of ensuring that

the applic:n had either committed to following the criteria of the

,

>=11/94 j
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regulatory guides and staff positions referenced in Section 12.3 of

NUREG-0800 or provided acceptable alternatives. In addition, the

staff selectively reviewed the applicant's FSAR against the specific

areas of review and review procedures identified in NUREG-0800. This

review found the plant acceptable in these areas. Details of the

review follow.

12.3.1 Facility Design Features

The applicant has addressed facility and equipment design considerations,

planning and procedure programs, and techniques and practices employed

in the overall design for maintaining doses ALARA. The FSAR was

reviewed with respect to:

(1) The description of equipment design to be used for assuring

that occupational exposure will be ALARA.

(2) Information concerning implementation of Regulatory Guide 8.8
.

Section C.2.

(3) The description of any special protection features that use

shielding, geometric arrangement or remote handling to reduce

occupational exposure.

The apolicant describes features including design for filterse

demineralizersi adsorber beds, recombiners, tanks, pumps and associated

piping with respect to shielding. Alt field run process piping
t.t -

potentially containing radioactive materials + positioned to limit
,

. . -
-
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exposure to plant personnel. Where necessary and practicable, interior

surfaces of piping and ductwork are designed to minimize contamination

buildup.

Equipment is placed so as to enhance removal operations to minimize

exposure; flush and drain connections will enable chemical decon-

tamination prior to maintenance of equipment; and sample stations are

locdted in shielded accessible areas to minimize personnel exposure

during sampling. Whenever permanent shielding is not feasible to

installs and where shielding may be requiredi the design philosophy

of the applicants which emphasizes adequate space for ease of motions

would allow portable shielding to be used. '

12.3.2 Shielding

The objective of the plant's radiation shielding is to provide protection

against radiation for operating personnel both inside and outside the
:

| plante and for the general publier during normal operation, anticipated
|

| operational occurrences and accidents. The shielding was designed to

meet the criteria of a radiation dose :ene system that is based on

[

! expected frequency and duration of occupancy. The design of the

radition shtelding will consider the dose rate criterion for each
,

|

:ene based on maximum access time estimates in each compartment within

| the :ene. The health phystes staff will update entry requirements in

|

|
acccedance with 10 CFR 20.203. Shielding anatysis were made using

|

accepted codess models and assumptions. The basic shiel ing analysis

was performed using computer codes accepted by the staff such as GAD,

DET
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Morse, CG and SHIELD. Resides limiting exposure to plant personnel,-

contractors, visitorsi etc.e the plant shielding also functions to

reduce neutron activation of equipmente piping supports etc. and to

limit radiation damage to equipment and materials to below the specified

integrated life dose limits. All concrete shielding in the plant is

based on the criteria of Regulatory Guide 1.69 which provides the

guidance on the fabrication and installation of concrete radiation

shields. The applicant has net provided a copy of the plant shielding

design review as specified in NUREG-0737, Item II.B.2 The staff has

concluded that the applicant has performed a shielding design review

in accordance with the criteria of NUREG-0800, except for that review
:: p: * . . :- ...

required by NUREG-0737, Item II.B.2, which is an open item.

12.3.3 Ventilation

The applicant's ventilation systems are designed to provide ventilation

| air suitable to ensure that : -b:rie plant personnel are not exposed_

:,.,..-
- to airborne concentrations exceeding those in 10 CFR 20.103e concen-

trations to which personnel may be exposed meet the requirements of

10 CFR Part 20. In the design of all ventilation systessi the applicant

intends to meet this objective and maintain exposures ALARA by (1)

directing the airflow from areas of lesser potential contamination to

areas of greater potential contaminations (2) providing airborne

radiation monitoringe (3) allowing adequate space around units for

servicing and replacementi (4) providing for ease in maintaing filters

to preclude additional radiation exposure. After initial operationste-

periodic testing for filters and adsorbers wilL be performed and

f
n .f
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frequency of changeout determined as a result of these

s
tests.

The design criteria are in actordance with the guidelines of Regulatory

Guide 8.8 and the atmospheric cleanup units conforms to Regulatory

Guide 1.52 with respect to occupational exposure. The staff concludes

that the appl.icant's ventilation system is designed to maintain

personnet exposures at a smalL fraction of 10 CFR Part 20 valuese

meets the criteria of NURE'G-0800 and, thereferer is acceptable with

the fotLowing exception. Location of ventilation system intakes have

not been identified so that intake of potentialLy contaminated air

from other building exhausts can be shown to be minimized. This is

an open item.

.
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ENCLOSURE 2

OPEN ITEMS RELATED TO ENCLOSURE 1
i

|

2.3.1 Justify design basis temperatures for safety-related auxiliary
systems and components.

2.3.3 (1) Applicant response to RAI 451.14 is under evaluation by the
NRC staff. (2) Upgrade the Meteorological Measurement Program to
comply with NUREG-0737, item III. A.2 and NUREG-0654.

2.4 Respond to RAIs to 240.38 through 240.41.
;

2.5 (1) Evaluate strong motion records of recent seismic activity (New
: Brunswick and New Hampshire events) and update related documents,
i particularly the FSAR, as appropriate. (2) Commit to developing

an inservice inspection program for revetments.

3.5.2 Clarify discrepency between FSAR Section 3.5.2 and 6.4 regarding
protection of control room air intakes.

3.7.1 Provide information on soil amplification for ductbank analysis.

3.9.6 (1) Submit a program for preservice and inservice testing of pumps
and valves. (2) Provide additional information on the periodic
leak testing of pressure isolation valves.

; 4.2.3 (1) Confirm that the predicted cladding collapse time exceeds the
expected lifetime of the fuel. (2) Provide supplemental ECCS cal-
culations. (3) Verify fuel assembly mechanical responses meet the<

requirements of NUREG-0609, Appendix E.

!
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Enclosure 3

I

Status of Review for the Remainder of the SER

1

Section 1 Incomplete sections require further progress for the entire
review (1.7 Outstanding Issues,1.8 Confirmatory Issues,1.9,

License Conditions).
*

,

Section 2 2.1 (Geography) and 2.2 (Nearby Facilities) are being'':vepared
by the staff. There may be a small number of open items.

,

! Section 3 3.1 (General) and 3.2 (Classification): the staff is evaluating
applicant responses. 3.9.2 (Dynamic Testing), 3.10 (Seismic.

'

Qualification), and 3.11 (Environmental Qualification) applicant
responses due.'

i

Section 4 4.2.4 (Surveillance)',and 4.5 (Reactor Materials): applicant responses
due.

Section 5 5.2 (RCS Boundary Integrity (RSB, ASR. MTEB)), 5.3 (Reactor Vessel
] (MTEB)'), 5.4 (Component Analysis): . applicant responses due.

i Section 6 6.1 (ESF Materials (MTEB)): applicant response due. 6.2 (Contain-
ment Systems): staff is evaluating applicant responses. 6.3 (ECCS):

'

applicant responses due (RSB RAIs). 6.5 (ESF Atmospheric Cleanup):
applicant responses due (ETSB concerns), staff is preparing AEB
portion. 6.6 (Inservice Inspection): applicant needs to submit

* ISI program.

Section 7 Several applicant responses due.,

Section 8 (Electric power Systems) Several applicant responses received;
several others due. Staff needs to develop a position on
associated circuits proposal by the applicant.

!

, Section 9 9.1 (Fuel Storage and Handling): applicant responses due. 9.2
| (Water Supply): applicant responses received. 9.3 (Process ,

Auxiliaries): applicant responses due for 9.3.1 (Compressed!

i Air) and 9.3.4 (CVCS). 9.4 (HVAC): applicant responses received, 9.5
i (OtherSystems): three fire protection responses due; one fire
| protection response received. Several PSB responses received, several

others due.
,

'

Section 10 10.2 (Turbine Generator): Several PSB responses received, others due.
! FSAR 10.2.3 (Turbine Disc Integrity) requires updating. 10.3 (Main
i Steam): applicant responses received. Small number of PSB responses
i due.

| Section 11 (Radwaste Treatment): applicant responses due.
i

j Section 12 (Radiation Protection): applicant responses due.
!

,

"

!

|
i
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Section 13 13.2 (Training Program): applicant STA proposal is under evaluation.
13.3 (Emergency Planning): applicant responses received. Several
milestones required. This is anticipated to be an open item
in the initial SER. 13.4 (Review and Audit): Technical Specification
due for NSARC; ISEG documents required. 13.5 (Plant Procedures):
Technical Specification required; additional work required on
0&M procedures; related Appendix 17A revi,ew is in progress. 13.6
(Physical Security): applicant responses due.

Section 14 (Initial Test Program): Several applicant responses received;
other responses are due.

Section 15 (Accident Evaluation): Several responses received; others are due.

Section 16 (Technical Specifications): Specific requirements for Technical
Specifications are incorporated into the related SER section.

Section 17 (Quality Assurance): Q-list response is being evaluated by the
staff.

Section 18 (Control Room Design Review): Staff and applicant preparations
are in progress.

I
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