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: This draft SER has been assembled into one document to

, identify the open items from each review area, identified as

| of the date of issue of this draft, so that the NRC and The

| Cleveland Electric I1luminating Company staffs can work

{ toward the objective of resolving them prior to issuance of

i the final SER The Table of Contents conforms with NUREG-0800,

and lists those NUREG-0800 sections for which draft evalua-

| tions are included in this draft SER. Where draft evaluations
were not available at the time of assembly, the corresponding

ctions of NUREG-0800 have not been listed in the Table of
Contents The respective draft evaluations for the remaining
| ections of NUREG-0800 will be relcased as soon as they become
| available. In each of the sections included and not included
{ in this draft SER, there is still potential for additional
L open items
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Status of Geology-Seismology Input to the safety Evaluation Report

\

The Geosciences Staff review of the Perry Nuclear Power Plant, Units 1 and 2

Final Safety Analysis Report is incomplete peniting (1) staff evaluation of

the Cleveland Electric I1luminating Company's (CEI) responses to nine of the

twenty NRC and USGS questions ard (2) applicant submission of responses to

the eleven remaining NRC questions. The eleven responses are expected sometime

during early December, 1981,

The two most significant issues to be resalved are (1) the determination of

the capability or non-capability of the Cooling Water Tunnel faults and (2)

a characterization of the SSE response spectra using either intensity or site

specific relationships. Regarding fault capabi.ity both the USGS and the NRC

have asked gquestions related to this issue. The applicant has responded to the

USGS questions, but not the NRC's. CEI's responses to the seismicity issue have

been received, but have not yet been thoroughly evaluated by the staff. The evaluation

of these two significant issues as well as the others (see enumeration below, will

be initiated shortly after the GS8's receipt of the eleven outstanding RAI

responses. In 3ddition to the two pre&iously discussad matters, other itams

identified by the staff and requiring resolution include:

1. Tectonic Province - The applicant is proposing that the Grenville Front,
located to the east of the Anna, Ohio area constitutes a tectonic province
boundary in western Ohio, thus oronibiting the migration of that esvent
t3 the site area in northeastern Ohio,

2. Updating the FSAR = The utility has been asked to provide assurance that

both the geolegic and seismologic information is current,
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Response Spectra - CEI has been asked to compare the site response spectra

to that suspected to have been'generated in the past by earthquakes in

the Cleveland area,

Of fshore Geophysical SurQeys - A number of geophysical surQeys have been
conducted inlake Erie near the site. Consequently, the applicant

has been asked to identify the various suréeys and assess the value of

the informaticn derived as a basis for geologic structure definition.

08F Exceedence Probability - The utilty has been asked to discuss and pro&ide
the basis it used in describing the plant lifetime OBE exceedance probabilty.
Possible Geologic Structure - A number of anomalies (some based upon geophysical
data; others upon well hole information), seQeral within 5 miles of the site,
have been identified in the FSAR., The applicant has suggested that a numoer
of these anomalies may be fault controlled. The NRC has asked CEI to

present its bases for identification of the anomalies.

Regional Faulting - Surface and subsurface faulting has been obserQed

within 8 miles of the Perry site, The utility has been asked to discuss

the faults in detail, tringing out the relationship of the regional

£3ults to the Cooling Water Tunnel faults.

Lineament Analysis = CEIl has been asked to conduct a lineament analysis

of the area within § miles of the Perry plant.

Additional NRC gquestions may be asked as a result of our evaluations of

(1) the applicant's recently-submitted nine responses and (2) the not-yet-

received responses to the remaining eleven questions.



2.0 SITE CHARACTERISTICS
2.1 GEOGRAPHY AND DEMOGRAPHY,
2.1.1 SITE LOCATION AND DESCRIPTION

The site for the Perry Nuclear Power Plant, which is a proposed

two unit plant, consists of 1100 acres of Land located in Lake
County in northeast Ohio. Ffigure 2.1 shows the site location
relative to the surrounding srei. The site is about seven miles
northeast of Painesville, tne county seat, and 35 miles northeast

of Cleveland, the largest c¢ity ir the area., The site toundary

and plant features are indicated on Figure 2.2. The plant exclusion
area boundary is shown on Figure 2.3. Residential communities

and other lLandmarks in the area within 10 miles of the site are
illustrated in Figure 2.4. The coordinates of the Perry Unit 1
reactor are 41°48'4.,2" nortn latitudz and 81°8'36.6" west longitude.
The Universal Transverse Morcatcr (UTM) cocrdinates are L,627,498
meters north and 488,079 metars cas:, in zone 17, The site is

iy a rura’. arca alorg the scutheastern shoreline of Lake Erie

about 50 feet above the lcw water datum, on an ancient Lake plain
which slcpes gently toward the Lake. Approximately 45% cf the site
Lland area i3 covered with woocalana, the rest is used mostly for

farmland and nursery stock.

-—
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EXCLUSION AREA AUTHORITY AND CONTROL

L)
-

The appolicant has cefinec the exclusion area for the Perry site

as a circular area with a 2500 ft. (884 metars) radius, measurec
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from the center of unit #1. .Thc applicant owns all of the land
and controls all of the mineral rights in the exclusion area, both
on the Land and within 1800 feet of all plant safety related
structures lLocated in Lake Erie. There are no residents Lliving

within the exclusion area.

There are no roadways or railroads traversing the exclusion area.
Activities within the exclusion area unrelated to plant (unit 1)
operations are limited primarily to activity associated with the
construction of unit 2 and the water related activities on nearbdy
Lake Erie. Formal arrangements have been made with the U . foast
Guards, in case of emergencies, to control that portion cf the
exclusion area which extends into Lake Erie. Refer to Section 13.3

of this report for more details of these arrangments.

Wwe conclude, by virtue of ownership of the lLand and control of the
mineral rights within the exclusion area, arnd on the basis that
suitable arrangments have been made t0 control all activity on
that portion of Lake Erie within the exclusion area, that the
applicant has the authority to determine all acitivities within

the exclusion area, as requirec by 10 CFR Part 100. We alsco
conclude that activities unrelatec to plLant operation within the

exclusion area will not interfere with normal plant operation.

LY
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2.1.3 POPULATION ULISTRIBUTION

The resident population in the vicinity of the Perry site is
shown as a function of distance in the table below. 1983 is the
estimated year of plant startups, while 2020 is the nearest census

year to the end of plant Llife.

TABLE 2.1 RESIDENT POPULATION VS. DISTANCE

0-1 0-2 0-3 0-4 0-5 0-10
Year Miles Miles Miles Miles Miles Miles
1978 103 1818 5723 10643 16875 73134
1683 103 1818 5725 10648 16885 74085
2020 115§ 2043 6431 11958 18959 86443

The closest residence is about 3200 ft. (975 meters) from the

reactor. The nearest community in the vicinity of the site is

North Perry, located 1.5 miles southwest of the plant with a 1980
population of 896. The closest Llarge community nearby is Painesville.,
about seven miles southwest of the plant with a population cf

16,251 in 1980. The population within five miles of the site in

1978 was 16875 and u;thin ten miles it was 73134. As can be seen

in Table 2.1 the population within five miles is cnly expected tO
increase by ten persons in the five year pericd between 1978 and

1983, and by 2084 persons during plant Life (2020). The appglicant
Y 2
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)
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reported that there was 2,480,678 people Living within 50 miles

of the Perry site in 1978. in 1980 this figure dropped to
2,451,640, and it is expected to decrease to 2,435,526 by 1983.

The applicant expects the population in this area to continu\t to
decline until about 1990 when they predict a population of
2,401,526. By the year 2000 it is projected that the population
will start to increase again and in the year 2020 it is expected

to reach 2, 413,435 which is still below the 1978 population figure
within 50 miles. The closest major city within 50 miles of the sitc
is Cleveland, located 33 miles southwest, with a 1980 population

of 572,657, The applicant predicted a negative pcocpulation growth
rate for the area within 50 miles of the site during the Life of
the plant as compared to a 0.48%/year grcwth predicted by the

Bureau of Economic Analysis for this-area.

The applicant has selected a Low populaticn zone for the site

with a radius of 2.5 miles (4023 meters), measured from a3 point
midway between units 1 and 2. As with mcst ¢f the lancd surrcunding
the Perry plant, some portions of the site property within the LPZ
are farmland, ~amlsa forestec areas'and nurseries. A small
fraction of this property managed by private ingividuals will

still be productive after unit #1 goes into ocperation, Sut—wiei_Da.

| Sttt e g ——————— _  TRhere were about 4225 resicents
Living within the LPZ in 1978. This figure is not expected to

- -

vary appreciably during the Life of the plant. The peak transient



population in the LPZ in 1979 was approximately 1575/day during
the school year. Of these, 175 are employed by the Neff-Perkins
Company which is located 3000 feet from the plant. The remaining
1400 persons attend three schools, each 2.2 miles from the plant.
The contribution éizz’the various parks and camps in the LPZ is
small. There are no other institutions within the LPZ. Section

13.3 of this report provides a discussion of the Emergency

Preparedness Plans for protection of the public in the area.

The applicant has indicated that the nearest densely populated
center, as defined by 10 CFR Part 100, of about 25,000 or more
persons is Painesville, Ohio. The population of Painesville was
17, 407 in 1975 and 16,351 persons in 1980. However, the combined
pcpulation of Painesville and the communities immediately
surrounding it is expected to exceed the 25,000 person criteria
befare the end of plant Life and thereby become the nearest
densely populated center. The distance from the closest corporate
boundary of Painesville (6 miles) to the site is at lLeast cne and
sre=tnird times the distance to the LPZ outer radius, as reguirec

by 10 CFR Part 100.

"

O0n the pasis of the 10 CFR Part 100 definitions of the exclusion

area, the lLow populaticn zone and the population center cistances

[



our analysis of the onsite meteorological data from which
relative concentration factors (X/Q) were calculated (See
section 2.3 of this report), and the calculated potential
radiological dose consequences of design basis accidents

(5ee Section 15.0 of this report), we have concluded that the
exclusion area, low population zone and population center

distance meet the criteria of 10 CFR Part 100 and are acceptable.
2.2 NEARBY INDUSTRIAL, TRANSPORTATION., AND MILITARY FACILITIES

2.2.1 TRANSPORTATION ROUTES

Thare are no roads traversing the Perry exclusion area. Lockwood
and Center Roadss, which formerly ran through the exclusion area
have been withdrawn from public use. Lockwood Road terminates

at the site boundary and Center Road terminates at the exclusion
ares and is now used as the plant access roac inside the exclusion
area. Several highways pass within five miles of the Perry

plant. The clcsest highway, U.S. Route 20, is located one mile
scuth=-southeast of the plant., State Route 84 ang Interstate 90
run parallel to U.S. 20 at distances of 3.5 and 5 miles.,
respectively. State Route 2 joins U.S. 20 in an easterly direction
about four miles scuthwest of the plant, and State Route €28 which

acts each of the above menticned

wr

runs north and south., inter

highways apgproximately five miles east of The applicant

! »
Pla.. v
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has performed a survey of the traffic and hazardous materials
transported on all roacds uitﬁin five miles of the plant. An
analysis on the effects of potential explosive hazards and

toxic material releases transported on the highways in the area
was performed. The applicant concludes that the separation
distance as well as the nature of the roads in the vicinity of the
plant is sufficient to preclude adverse effects on the plant in
the event of such explosions or releases. The staff, after

reviewing the applicants datar, concurs.

There are three railroad Lines in the vicinity of the plant, the
Norfolk and Western (N&W), Consolidated Rail Corporation (Conrail).
and the Fairnort, Painesville and Eastern (FPRE). The FPEE is a
local Line responsible for operations on the CEIl owned rail spur
which serves the Perry site. Conrail and N&W which are larger
systems, operate on longer distance routes., These three rail

Lines run across northern Chio and converge in a major corricor
about three miles south of the plant at its closest point, These
railroads transport practically all types of hazardous materials
that are lLegally transgcortead. The applicant has evaluated the
potential conseguences cf a hypothetical propane explosion, anc

the release of toxic materials such as chlorines 2and ethylene oxide.
The Perry clant is equippoed with detectors which will automatically

isolate the contrcl room in the event of a chlorine or ethylene
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oxide release, and based on the distance involved, the applicant
concludes that there will be no adverse effects on the plant from
accidental explosions on the railroads. The staff concurs with

this analysis.

Lake Erie is the only navigable waterway in the vicinity of the
Perry site The neaicst shipping channel in Lake Erie is about
two miLesAM"'The applicant has analyzed the effects of
an explosion on the closest safety rela °»d structures at the

plant and has concluded that the distance, almost two miles from
the shipping channel, precludes any adverse effects on plant
operations. The potential loss cf cooling water as a result of
waterborne collisions involving the intake and discharge structures
was also considered. These structures, which are separated by

at least one-third of a mile, are located in approximately 20 feet
of water within one=half mile of the choreline and about 1.8 miles
¢rom the nearest shipping channel, These structures are designed
with additicnal physical protection to minimize the consequences
of impact so that the probability of flow blockage in the intake
and gischarge structures is extremely remote. Based on the
separation distance and design features of the cooling structures
we conclude that activities on this porticn of Lake Erie will not

sffect the operation of the plant.,

3]
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Based on the nature cf the transportation routes., the separation
distances involved and prcvi;us staff review experience, we
conclude that accidents associated with nearby transportation
routes will not present a hazard to the safe operation of Perry

Unit 1.
2.2.2 NEARBY FACILITIES

There are no military bases or missile installations within 10
miles of the Perry site. There are no airports within five miles
of the plant. A small sod airstrip is located about 4.5 miles
east-southeast of the plant which bases four single engine planes
with only one operation per week. Within 10 miles there are two
airperts with one paved runway each, Casement airport, located
six miles south-southwest, bas. - 40 single and tuint’:ngine air- %
craft and has about 15 to 20 flights/day. Concord airport,
located 10 miles scuth=southwest, bases 39 single engine &nc 3
twin engine aircraft but does not keep any operations reccorcs.
Another airport, Lost Nation, is .ocated 15 miles southwest.,
bases 150 aircraft and has aimost 70,000 flights/year. The
nearest major airport with commercial tacilities is Hopkins

Internaticonal Airport about 45 miles southwest of the site,

[ Y
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There are no Low level military aircraft training routes near

the site. There are four low altitude (V10, V188, v188-10 and
V14-W), and two high altitude (J584 and J29-82) airways within

a 10 mile radius of the site. At its closest point, the

centerline of V10 and V188 are each located about 1.5 miles south-
west and west-northwest, respectively. Vv188-10 is 3.5 miles north-
northwest and V14=-W is 6.5 miles north of the plant. The center=
lines of J584 and J29-82 aro'four miles north=northeast and 9.5

miles south-southeast of the plant, respectively.

The applicants assessment of aircraft hazards at the site has been
independently verified by the staff. We have concluded that the
probability of an aircraft crash causing radiological consequences
in excess of the guidelines of 10 CFR Part 100 are within the
acceptance criteria of Standard Review Plan Section 2.2.3 (less

than about 10-7 per year), and is, thertfore, acceotable.

There are five industrial firms within five miles cf the plant.

The NEff-Perkins Company is located 300C feet west-southwest cf
Wl

the plant, Perry Coal & “Company, Calhioc Chemicals, Inc..

and the A. A. Covell Company are all south of the plant 3. 1 -

and 4.3 miles, respectively. Glyco Chemicals is five miles west~-

southwest of the plant, The applicant has performed an analysis

of the various chemicals or nazardous materisls which are stored

and/or used at the cifferent facilities, ancd has conclucec that

because of the distances invclved from these facilities to the

a=IC
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site and the gquantities of material available, thcrdo not

present a hazard to the plan;. Butadiene, which is stored at the
Calhio Chemical Company (3.5 miles) was considered as being a
potential threat to the plant, but according to the criteria of
Regulatory Guide 1.78 this material does not pose a problem.

We concur with this analysis. There is no appreciﬂyae change or j&
expansion of industrial facilities anticirited in the immediate

vicinity of the plant in the foreseeable future.

There are 13 pipelines within the site environs, These are all

gas pipelines which vary in size from 1.25" to 20" with operating
pressures ranging from 35 psi to 150 psi. As a result of t;ﬁ;
staff's concern at the construction permit stage, the 20" ,-1‘{:;9 <
(which was initially a 16" Line) has since been upgraded and
relocated to its present position. The applicant performed an
analysis of each of the 13 pipelines tc determine the Llimiting
notemntial accident conditions. The analysis indicated the closest
sigpeline, four inches in diameter operating at 35 psi and 3C00 feet
scuthwest of the plant, and the Largest piceline, 20 inches in

erating at 150 psi and 3200 feet southeast cf the plant
v
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Jere the two Lines presenting the greatest potential threat to
operations at the plant. The analysis was Sased on potential

accidents involving the release of gas and tne detcnaticn of
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considered to be a credible event and that concentrations at the
plant air intakes from a gas leak would be below the Llower
flammable Limit and would not affect the safety of the plant. The

staff concurs in this,

The staff also had some concern during the CP stage about the
underground gas storage facilities in the vicinity of the plant.,
particularly propane storage. The staff informed the applicant
(SER=CP and subseguent Amendments) that we would require the
applicant to establish a separation distance of one mile between
any potential underground storage release pcint and the nearest
safety-related structures of the plant. CEI has respcnded (FSAR)
by obtaining all the propane storage rights within at least one
mile of the plant which will maintain an adeguate separation
distance between a potential release point and the nearest safety
related structures. We conclude that this acticn will Llimit any
adverse consequences to the Perry plan. resulting from a postulated

well=heas release.

There are several active oil and gas preoducing wells within five
miles of the plant. The cicsest gas well is lccated cne mile

northeast, and the closest oil well is 1.5 miles west=-scuthwest

- &
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e plant. In cur July 17, 1981 lLetter to CEIl, the staff
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diticnal information in order to complete its review

«
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operating license application., On Septemter 11, 1921, CEI

SRS



responded to all the reguests except the one pertajning to the

A

N\

oil and gas wells, and stated that this reply would be forthcoming

by mid=-November. We have not received CEI's response at this

time and, therefore, cannot make a finding on this matter. We

expect

this item to be satisfactorily resolved prior to plant

cperation, and will report the results of our evaluation in the

final safety evaluation report.

el

On the
review
and in

to the

CONCLUSIONS

basis of the information provided by the applicant, and our
based upcon criteria in 10 CFR Part S0, Appendix A, GDC&.,
Standard Review Plan Section 2.2.3, we have determined, subject

satisfactory evaluation of the gas and oil well analysis

by CEl, that the Perry plant is adeguately protected and can be

operated with an acceptable degree of safety considering the

activities at nearby transportation, industrial, and military

facilities.
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Fiqure 2.3
Exclusion Area Boundary
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; SECTION 3
o e

LESIGN OF STRUCTUEES, Coppousu7s EPUIPAENT
o
i AND 5SS TEMS. - )

OFEN LELS

| secrion 3.4./ - FLOO0D PROTECTION - We have viot compledect. owir

Veview OF THE ALPLICANTS RESponseé T guation 4/0.5 concernning
i ternal //we(/v?. No ackein rzl,ulnf;(. by Fhe applicant
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QUESTIONS Oft PERRY FSAR

3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

3.2.1 Seismic Classification
3.2.1, Page 3.2-1

It states in the FSAR that structures, ccmponents and systems designated
as Safaty Class 1, 2, or 3 are classified as Seismic Category I except for
some portions of the radicactive waste treatment handling a~* disposal
systems. There are several items in Table 3.2-1 in conflic. with this
statement.

3.2.1, Page 3.2-2

"The saismic classification indicated in Table 3.2-1 meets the require=-
ments of Regulatory Guide 1.29." It is also stated in Section 1.8 that
the Perry plant complies with all the regquirements of Regulatory Guide 1.29.
Does this mean that seismic Category I cooling water is provided to tne
recirculation pump during normal operation and following LOCA?

Table 3.2-1, Page 3.2-9

Quality assurance requirements should be addressed in this table.

Table 3.2-1, Page 3.2-9
what design requirements were used in the cesign of the reactor oressure

esseil skire?

-

Table 3.2-1, Page 3.2-9

Justify the non-seismic classification of the contral rods. Note 7
ices not zpply to the control rods.

[ 3%

-3

Tabie 3.2-1, Page 3.2-9
Provide an explanation for the "I, NA® saismic classification for

relief valve discharge piping.



Table 3.2-1, Page 3.2-10

How much of the main steam piping, bDetween the M.0. stop valve and
the turbine stop valve, is located in the Auxillary Building? My

Table 3.2-1, Page 3.2-28 —

There appears to be a discrepancy in the seismic classification of the
discharge tunnel. The discharge tunnel and the diffusor nozzle are seismic
Category [. The tunnel entrance structure and downshaft are not. Provide
clarification for this apparent contradiction.

Table 3.2-1, Page 3.2-25

What is the seismic classification of the Containment Vessel Cool’ng

Units?

Table 3.2-1, Page 3.2-34

Note 19 is an exception to Regulatory Guide 1.29 and should be included
in Section 1.8.



3.6 PROTECTION AGAINST OYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED
RUPTURE OF PIPING .,

3.6.2 Determination of Break Locations and Dvnamic Effects Associated with
the Postulated Rupture o’ Piping

3.6.2, Page 3.6-7 3

In Section 3.6.1 references are made to "elastic/plastic pipe whip
restraints or pipe supports which eliminate pipe whip damage". Details of
how pipe supports are designed for pipe whip protection and an example of
such an analysis are needed.

3.6.2.1.4, Page 3.6-10

4ow is it determined that "“The intarnal energy associated with whipping
is insufficient to impair the safety function of any structure, system or

compenent to an unaczeptable lavel"?

3.6.2.1.5, Page 3.6-11

Plant loading conditions for evaluating pipe break are t0 include normal
and upsat conditions plus an 0BE. Assurance must e orovided that SRV
discharge loads are included in the upset cenditions.

-

, Page 1.3-11

2
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Zor ASME, Section [II, Class 1 piping designed to saismic Category !
s+andards, oreaks due to stress are T2 he postulated at the following

locaticns:
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(1) 1If €q. (10), as calculated by Paragraph NB-3653, ASME Code Section III,
exceeds 2.4 S, then Egs. (12) and (13) must be evaluated. I[f either
Eq. (12) or (13) exceeds 2.4 Sg,-a- break must be postulated. In gther
words, a break is postulated if

Eq. (10)>2.4-5 and Eq. (12) > 2.4 5

or
Eq. (10)>2.4 Sm and Eq. (13) > 2.4-5m

(2) Breaks must also be postulated at any location where the cumulative
usage factor exceeds 0.1.

The above criteria is evaluated under lcadings resulting from normal and up-
set plant conditions including the CBE.

Any deviations from the above criteria must be justified.

31.6.2.1.5, Page 3.6-11
Are there any hign energy Class 2, Class 3, or 831.1 lines? If so,
what criteria is used for postulating breaks in these lines?

1.6.2.1.5, Page 3.5-12

Any instancas wnere longitudinal break areas are less than one circumfer-
ential pipe area must be identified. The analytical methods recresenting
tast resylss and dased on a mechanistic aporoach must be expiained or
justified. Provice exampies of a typical amalysis.

How are energy resarvoirs of sufficient capacity to ceveiop 2 jet
flow detarmined? What are justifiadie Tine restrictions? Provide the
(#ication. Any instances wnere flcw limiters are used shculd be

isantifieg and justified.



3.6.2.1.7.1, Page 3.6-15

For ASME, Section III, Class 1'piping designed to seismic Category I
standards, breaks need not be postulated providing the following stress
criteria is met.

(1) If Eq. (10) as calculated by Paragraph NB-3653, ASME Code, Secticn III
does not esceed 2.4 Sm. a break need not be postulated.

(2) 1If Eq. (10) does exceed 2.4 S, Then E£qs. (12) and (13) must be
evaluated. If neither Eq. (12) or (13) exceeds 2.4 5., 2 break need
not be postulated. In other words, a break need not be postulated if

Eq. (10) < 2.4 5,

or
Eq. (10) > 2.4 Sm and Eq. (12) < 2.4 Sm

and Eq. (13) <« 2.4 5,

(3) Breaks need not be postulated as long as the cumulative fatigue usage
factor is less than 0.1.

(4) For plants with isolation valves inside containment, the maximum stress,
as calculated by £q. (9) in ASME Code Secticn 111, Paragraph NB-3632
under the loadings of internal pressure, dead weight and a postulated
piping failure of fluid systams upstream or downstream of the containment

penetration area must not exceed 2.25 S“.

The apove criteria is evaluated uncer lcadings resulting from normal and
Josax olant conditions including the 0BE.

In addition, augmentad inservice inspecticn is reauired on a1l piping
in the break exclusion-area.

The applicant must provide assurances thnat their critaria for 2iping

in *he break axclusicn areas ~amplies with the requirsments cutlinea above

a2
and thcsa of 3tandard Review Plan 3.5.2.



1.6.2.1.7.1, Page 3.6-15

Are there any Class 2, Class 3 or 831.1 piping in the break exclusion
areas? If so, what criteria is used for their design?

3.6.2.1.7.1, Page 3.6-15 ——— - -

A list of all systems in the break exclusion area is needed. B8reak
exclusion area should be shown on the appropriate piping drawings.

1.6.2.1.7.2, Page 3.6-15

Provide an example of the detailed stress amalysis done cu 2 welded
attachment to the process pipe. In addition, provide details of the stress
analysis done on the head fitting for the main stzam line.

3.6.2.2.1, Page 3.56-17

Provide a list of all locations where limitad break cpening areas have
heen used. Provide justification for each location and details of any
inelastic analysis used.

31.6.2.2.1, Page 3.6-17

Provide a 1ist of all locations where Break cpening times greater than
one millisecsnd have Seen used. Provide and justify any experimental data

-

and analytical theory.

o

’c
-
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5.2.2.2, Page 3

drovide assurance that all potential targets are evaluated wnen consicering

ipe wnip.

w

3.6.2.2.2, Page 3.68-20

-

dravide a definition for 1imits of s=rain wnicn are similar %o strain

lavels allcwed in restraint plastic memoers.




3.6.2.2.2, Page 3.6-20

"Piping systems are designed so that plastic instability does not occur
in the pipe at the design dynamic and static loads unless damage studies
are performed which show the consequences do not result in direct damage
to any essential system or component." Provide a 1ist of where this
technique has been used and an example of the studies performed.

Py - o~ % A
. - - - " -~

3.6.2.3.1, Page 3.6-23

It {5 the staff's position that when evaluating jet impingement loads
all potential targets must be evaluated. Provide assurances that your
analysis for jet impingement effects have included all possible targets.

3.6.2.3.1, Page 3.6-29

What service limits are used for piping when evaluating jet impingement
loads?

3.6.2.3.1, Page 3.6-3C

dow is it determined that the dymamic lecad factor (D F) is suitable?

Oravicde an example of its use.

31.6.2.3.1, Page 3.56-30
Zar snucbers, wnat are the "other simultanecus loads" that are compined

5y the SRSS method?

@
'



3.6.2.3.3, Page 3.6-33

“Piping integrity usually does not depend upen the pipe wnip restraints
for any loading combination." List all those locations where intagrity
of the piping depends upon the pipe whip restraints.

3.6.2.3.3, Page 3.6-33

what service limits are used in the design of the pipe whip restraints?

3.6.2.3.3.1, Page 3.6-33

what critical locations inside containment are monitored during hot
functicnal testing?

2.6.2.3.3.1, Page 3.5-40

Any locations whers the increase in the yield or ultimate strengths,

af the material used for pipe whip restraints, exceeds 10% must be identifiec.

Justification for any increase greater than 10% must also be provided.

3.6.2, Tables

Provide a schedule for the completicn of any tabie that is incom»lete.
3.5.2, Figure 3.5-66

Are all pestulatad break locations in the recireulation system sncwn?
31.5.2, Figures 3.8-71, 3.5-73, 7.3-74, 3.6-77, 3.5-78, 3.8-79, 3.8-30

where are Sreaks postuiated in these figures?

.2, Figure 3.8-7%

o

Indicata the location of valves in this line.

Uy
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3.7.3 Seismic Subsystem Analysis

3.7.2.1.2.5, Page 3.7-11

The discussion on "Different 3eismic Movement of Interconnected
Components” requires some clarification. "The stresses thus obtained for
each natural mode are then superimposed for all modal dispiacements of the
structure by the SRSS (square root sum of the squares) method." Provide
an example of what was done here.

3.7.2.1.2.5, Page 3.7-1

What criteria was us/d to determine whether or not a mode was significant?

3.7.2.1.2.5, Page 3.7-11

"when a component is covered by the ASME Boiler and Pressure Vessel
Code, the stressas due to relative dispiacement as obtained above are
treated as secondary stresses.” Does this statement pertain to piping or

supports?

3.7.3.1.1, Page 3.7-20

"Seismic analyses were performed for those subsystems that could de
modeled to correctly predict the seismic response." What procedure was
ysad for the other systems? Provide an axample of some of thcse systems.

3.7.3.1.1, Page 3.7-21

What is meant by "Closely spaced in ahase medes™?

3.7.3.2.), Page 3.7-21

“ow many stress cycles are used in the 30P design?
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1.7.3.3.2.1, Page 3.7-23
Part (a) discussing decoupling of main steam and branch lines is not
a criteria.
3.7.3.3.2.2, Page 3.7-24

Mention is made of using 33 hertZ as 2 frequency cutoff for seismic
analysis. At some point in the FSAR the applicant must aduress the
#requencies of 50 to 60 hertz and greater than come from the suparession
pool hydrodynamics.

3.7.3.5, Page 3.7-25

“For flexible equipment, the equivalent static load is taken as the
product of 1.5 times the equipment mass and the peax floor respons2 spectrum
value.” Regulatory Guide 1.100 allows the use of the 1.5 factor for
verifying the integrity of frame type structures. For equipment having
configurations other than 2 frame type structure, justification is required
for use of the 1.5 factor.

3.7.3.7.1, Page 3.7-26

what procedure is used for compining closely spaced modes of systams
in the 30P scope?

3.7.3.7.2, Page 3.7-25

The refarenced eguation should be 3as follows

N N 11/2
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3.7.3.8.1, Page 3.7-28

Justification =ust be provided that the modeling of valves with off-
set motor operators is detailed enough to provide acceleration values to

be used for valve qualification.

3.7.3.8.1, Page 3.7-28

"In addition, the effects of the modes not included are added to the
SRSS response as one term, using the acceleration at the highest frequency
from the SRSS response under 33 hertZ to obtain the total response.”
Provide an example of what was done here.

Table 3.7-11, Page 3.7-54

Provide a detailed explanaticn of the information in this table.



-2

3.9 MECHANICAL SYSTEMS AND COMPONENTS

3.9, Page 3.3-1

Any references to the ASME Boiler and Pressure Vesse! Code should
indicate what part is being referenced.

31.9.1.2, Page 3.9-1

Methods of verification are required for all NSSS computer codes
used in the analysis.

3.9.1.2.6, Page 3.9-16

A1l computer programs used in the design and analysis of systems
and components within the 80P scope must be listed. Methods of verifica-
tion are required for all 30P programs.

3.9.1.4.12, Page 3.9-26
[t is stated that alastic-plastic methods of analysis may be used

for some components. We would like to review the analysis procedures
that would be used if an elastic-plastic analysis was done.

3.9.2, Page 3.3-27
More cetail is needed for the NSSS and 30P preoperaticnal vibration testing
program. what laocations will Se monitored. what tyces of instrumentation
will Be used. wWhat are the actual values that will De used for deflection
and stress 1imits.
The staff's position s that acceptancs limits for vibration sheula
se based on half of the encurance 1imis 3as defined Dy the ASME Coce at
10° cycles. we «i1]l require a copy of your results from your srecperiticonal

yibration %2sting program.




3.9.2.1.2, Page 3.9-29

“The piping system dces 'shakedown' after a few thermal expansion
cycles." Provide an explanation of this statement.

31.9.2.4, Page 3.9-65

"tn addition to the above components, vibration measurements of the
core spray sparger will be neasured during precperational testing of
that system at the designated prototype 251 8WR/6 plant (Grand Guif)."
Show how this is applicable to Perry.

3.9.2.4.1, Page 3.9-86

Provide a commitment that Perry will be in compliance with Regulatory
Guide 1.20 for prototype reactors.

3.3.2.5, Page 3.9-67

"These pericds will be determined from a comprenensive dynamic mode!
of the RPY and internals with 12 degrees of freedom." It is not clear
what is actually done here. How can 3 mode] be comprehensive and have

only 12 degrees of freedom?

3.9.2.58, Page 3.9-68

It appears that some results from Grand Gulf will be used in the
avaluation and quaiification of the reactor internals at Perry. ShCw

shat the similarity between the Two 35213 of intarmals is sufficient o alicw

direct comparisons.

3.3.3, Page 3.3-83

Several referencas are mace thrcugnout shis sacticn to allcwabie
seresses for Solting. Specifically, wnat allowabie stress limits are
scad for tolting for (a) 2quicment anchorage, (5) ccmoonent susceres,

ané (2) flancad connections? where are these 1imits defined?



3.9.3.1.2, Page 3.9-78
Are there any Class | systems in the BOP scope of responsibility?

31.9.3.4.1, Page 3.9-107

"For the NSSS scope of supply, all valve cperatcrs which are mounted
on Class 1 piping will not be used as attachment points for component
supports.” What about Class 2 and 3 piping? This questicn also applies
to the 80P scope of responsibility.

3.9.3.4.1, Page 3.9-109

Provide more detail on the testing done on snubbers.

3.9.3.4.4, Page 3.9-112

What elastic-plastic analysis has been done cn supports? Provice
an example of this analysis.

31.9.4.3, Page 3.9-114

Reference is made to allowable deformation in the title of this
section but there is no discussion of allowable deformations in the taxt.

3.9.5.1.1.8, Page 3.5-120

Recently, cracking has been observed in 8WR jet pump holdacwn Seams.
The resolution of this problam may affect the cesign or testing of the
Serry jet pumps (see I&Z Zulletin 30-07).
3.9.5.1.1.10, Page 3.5-12]

and Conwel Red Drive Ratarn bual mod 5 catiensg

What fseawater sparjer design, is used at Perry? Provide a cocmmitment

A
to NUREG-Q619.



3.9.5.3.3, Page 3.9-129

Have the reactor internals placed in the "other internals” category
been seismically analyzed to show that they will not compromise the integrity
of seismically qualified reactor intarnals?

3.9.6, Page 3.9-131

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 Selow RCS prassure. In order to pretect :hese systems from RCS
oressure, two or more isolation valves are placed in series to form the
interface between the hignh pressure RCS and the low pressure systems. The
leak-tight intagrity of these valves must be ensured by periodic leak
testing to prevent excseding the design pressure of the low pressure systems
thus causing an intersystem LOCA.

Pressure isolation valves are required to te category A or AC per
IWV-2000 and to meet the appropriate requirements of IWV-3420 of Section XI
of the ASME Code except as discussed below.

Limiting Conditions for Operaticn (LCO) are required to be adced to
she tachnical specification which will reguire carrective acticn; i.e.,
shutdewn or system isolation when the fina)l apporoved leakage 1imits are
not met. Also, surveillance requirements, which will state the acceptable

leak rate testing frequency, shall be provicded in the technical soecifications.

dSerindic leak tasting of each Dressurs? isglaticn valve i3 recuired
=3 se performed at l2ast once per 23Ch refueling outage, after valve
naintanance prior to return 0 service, and for systems rated at less than
30% of 3CS design pressure 2ach time the valve has moved from its fully
~losea position unlass justification is given. The testing interval should
average aporoximataly cne year. Laak testing snould alsc be performed
aftar all disturcances to the valv - are ~cmpleta, orior to reacning 2cwer

speration fallowing a refueling cutage, maintanance, 2tC.

le
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The staff's present position on leak rate limiting conditions for
operation must be equal to or less than 1 gallon per minute for each
valve (GPM) to ensure the integrity of the valve, demonstrate the adequacy
of the redundant pressure isolation function and give an indication of
valve degradation over a finite period of time. Significant increases
over this limiting valve would be an indication of valve degradation
from one test %G another.

Leak rates higher than 1 GPM will be considered if the leak rate
changes are below 1 GPM above the previous test leak rate or system design
srecludes measuring 1 GPM with sufficient accuracy. These itams will be
reviewed on a case by case basis.

The Class 1 to Class 2 boundary will be considered the isclation point
which must be protected by reduncant isolation vaives.

In cases where pressure isolation is provided by two valves, beth
«i11 be independently leak testad. When three or more valves provice

.isolation, only two cf the valves need to be leak tastad.

Provide a 1ist of all pressure isolation valves inciuded in your
testing program along with four sets of Piping and I[nstrument Diagrams
which describe your reactor coolant system pressure isolation valves.

1so discuss in detail how your leak testing program will conform to the

above staff oositien.

Table 3.9-1, Page 3.9-134

Joes this table apply to Perry?

Taple 3.3-1, Page 3.9-135

shat does "1vrww*! pefar to?

*able 3.3-1, Page 3.3-138

4ow many ACS cycles are incluced in the design of Perry?



Table 3.9-1, Page 3.9-136

Standard Review Plan 3.9 requires 5 0BEs of 10 cycles each. If
fewer cycles are used, justification must be provided.

Table 3.3-3, Page 3.5-14]

The acceptance criteria should reference the ASME Code Service Limits.

A similar table is needed for the 80P.

Table 3.9-3a, Page 3.9-143

“The results of stress and fatigue usage analysis are given in
detail in the vessel manufacturer's stress report and in new loads
avaluation by GE within the code limits." Provide clarification of this

statement.

Table 3.9.3m, 3.9.30, 3.9.3q and 3.3.3h

Some values in these tables are missing. Provide a schedule for
their completion.

Table 3.3-3s, Page 3.3-22%

Pravide an explanation for the results in this table.

Table 3.3-28, Page 3.5-282

where are the loads used in this table defined? How are these

lcads compined?

Taple 2.9-32, Page 3.3-297

Has Z3. b) been uysed? [f so, provide the supcorting data. I[¥
not, delata the acuaticn from the table.

Table 3.3-33, Page 3.3-298
4ave fas. 2), f), or 3) been usad? 1f so, pre ide the supporting

data. If not, delete these squations from the table.

o Lan,



Table 3.9.34, Page 3.9-301
Has Eq. ¢) been used. If so, provide the supporting data. 1¢
not, delete the equation from the table.

ADDITIONAL QUESTIONS . | :
Table 3.2-1, Page 3.2-8 Peshe i e

What design requirements were used in the design of the core support
structures?

3.6.2.1.6, Page 3.6-13

Regardlz:ss =¥ the ratio of longitudinal to hoop stress, both a longitudinal

split and a circumferential break should be postulated at any location where
the cumulative usage factor is greater than 0.1.

3.9.1.1.1, Page 3.9-1

How many cycles due to SRY discharge are included in the analysis?

3.9.2.5, Page 3.9-67

Previous analyses for other nuclear
nts and their supports may be subjected to previously under-
he conditions that result from the

t various leccations.

system compone
Lg=imated asymmetric loads under ¢
postulation of ruptures of the reactor csolant piping a

The applicant has described .ne .esagn of ’*e peactor intermals for

hiowdown loads enly. The applicant should alse sravide information on

asymmetric loads. I% ig, therefore, necessary T reassass the capability

thesa reactor systeam compecnents o assure +hat the calcuylated dynamic
asymmetric loads resylting from these sostulated pipe ruptures will e within

A\-

+hne bounds necessary <0 provice !
cafely %o a cold shutacwn conditicn., The reactor systam comoonents that

require reassas:zment snall incluge:

plants have shown that certain reictor

hign assurance that the reactcr can e drougnt

R



a. Reactor pressure vessel

b. Core supports and other reactar intermals

c. Control rod drives

d. ECCS piping that is attached to the primary coolant piping
e. Primary coolant piping . —

f. Reactor vessel supports

The following information should be included in the FSAR about the
effects of postulated asymmetric LOCA loads on the above mentioned reactor
system components and the various cavity structures.

1. Provide arrangement drawings of the reactor vessel support systems in
sufficient detail to show the geometry of all principai elements and
materials of construction.

2. If a plant-specific amalysis will not be submitte. for your plant,
provide supporting information to demonstrate *nat the generic plant
analysis under consideration adequately bounds the postulated accidents
at your facility. Include 2 comparison of the gecmetric, structural
mechanical, and thermal-hydraulic similarities between your facility
and the case analyzed. Discuss the affects of any differences.

3. Consider all postulated breaks in the reactor coolant piping system,
including the following locaticns:

Staam line nozzles to piping terminal ends.
Feedwater nozzle to piping terminal ends.

c. Recirculation inlet and outlet nozzles t2 recirculation piping
terminal enas.

Provide an assessment of the affects of asymmetric pressure di7Ter
on the systems and compenents listad above in ¢mbination with a
external loadings including safe shutdown earthquake lcads and cther

3lowdown jet forces at the lccaticn of the ruoture (reacticn forces
sransient differential pressuyrss in the annular regicn between the
and the wall, and transient differential pressures across tne core
witnin the reactor vessel.

i
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faulted condition locads for the postulated breaks described above. This -
assessment may utilize the following mechanistic effects as applicable:

a. Limited displacement -- break areas

b. Fluid-structure interacticn

c. Actual time-dependent forcing function
d. Reactor support stiffness

e. Break opening times.

4. 1f the results of the assessment on item 3 above indicate loads leading
to inelastic action of these systems or displacement exceeding previous
design limits, provide an evaluation of the inelastic behavior (including

train hardening) of the material used in the system design and the
effact of the load transmitted to the backup structures to which these
systems are attached.

For all analyses perfcrmed, include the method of analysis, the structural
and hydraulic computer codes emplcyed, drawings of the models employed

and comparisons of the calculated to allowable stresses and strains or
deflections with a basis for the allowable values.

sy
.

§. Demonstrata that safety-related components will retain their structural
integrity when subjected to the cambined loads resulting from .he loss-
of-coolant accident and the safe shu.down ear*rquake

7. Demonstrate the functicnal capability of any essential piping wnen
subjected to the combined loads resulting from the loss-of-coolant

accident and the safe shutdown 2arthquake.

The aoolicant has outlined his apporocach for detarmining the forcing
func=ions considered in the system and ccmoonent dynamic analyses of reactor
structures for normal operation and anticipated transients. These methoads
are a combination of analytical methods and predictions basad on cata from
arevicusly tasted reactor intarnals cf a similar design. The forcing funciion
information is compined with dynmamic modal anmalysis to form a basis for

intarsretation of the sre-ocperational and initial star<up test results.

Modal stressas are calculatad ang reiaticnshios are obtained Cetween senscr
resooneas and ceak component stresses for 2ach oFf the lower moces.

-
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3.9.3.3-2, page 3.9-106
analys:s

Provide justification for using & modified static amesysds on the safety
relief valve piping in the suppression pool and explain what is used for the
“conservative dynamic load factor®. in the analysis.

Provide the time-history transient forces resulting from the SRV actuation
used in the SRV piping and support desian including the loads developed from
the discharging water slug.

Discuss the types of supports used on the SRV piping in both the drywell
and suppression pool and proQide drawings of the supports.

Provide the tvpe of safety relief valves used in the plant , the valve
opening time, and the sequences of valve actuation used in the analysis.

3,9.3.4.6, page 2,9-113

Are the stress due to differential anchor movements considéred as primary
or secondary stresses for B0OP supports?

(J



TO ALL APPLICANTS:

Due to a long history of problems dealing with tnoperable and incorrectly
installed snubbers, and due to the potenttal safety significance of failed
snubbers in safety related systems and components, 1t is -equested that
maintenance records for snubbers be documented as follows:

Pre.service Examination

A pre-service examination should be made on all snubbers listed in tables
1.7-4a and 3.7-4b of Standard Technical Specifications 3/4.7.9 This exami-
nation should be made after snubber_installation but not more than six months.
prior to initial system pre-operational testing, and should as a mimimum verify
the following: .

(1) There are no visible signs of damage or impaired operability as a
result of storage, handling, or installation.

(2) The snubber location, orientation, position setting, and configuration
(attachments, extensions, etc.) are according to design drawings and
specifictions.

(3) Snubbers are not seized, frozen or jammed.
(4) Adeguate swing clearance is provided to allow snubber movement.

(5) 1f applicable, fluid is to the recommended level and is not leaking
from the snubper system.

(6) Structural connections such as pins. fasteners and other connecting
hardware such as lock nuts, tabs, wire, cotter pins are fnstalied
correctly.

1€ the period between the initial pre-service examinaticn and fnitial system
pre-gperational test exceeds six months due to unexpected situations,
re-sxam.nation of items 1,4, and 5 shall be performed. Snubbers which are
installed incorrectly or otherwise fail to meet the apove requiremenis mus®

be repaired or replaced and re-examined in accordance with the above criteria.

Pre.Qperational Testinag

During pre-operational testing, snubber thermal movements for sysiems whose
operating temperature axceeds 250° F should be verified as folliows:

(a) During initial system heatup anc cooldown, at specified temperature
intarvals for any system which attains operating temperature, verify
the snubber expected thermal movement.

() For those systems which do not attain sperating temperature, verify
via observation and/or calculation tha: the snubber will acccmmodace
the projected thermal movement.

(¢) Yerify the snubber swing clearance at specified heatup and csoldewn
¢ad for

intarvals. Any discrecencies or inconsistencies shall be evaluated
cause and correctad prior %o proceeding to the next specified interval.

A



- -

The above described operability program for snubbers should be included
and documented by the pre-sarvice inspection and pre-operational test

programs.

The pre-service inspection must be a prerequisite for the pre-gperational
testing of snubber thermal motion. This test program should be specified
in Chapter 14 of the F3SAR. :

)
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110.0 MECHANICAL ENGINEERING BRANCH

It is the staff's position that all essential safety-related

instrumentation lines should be included in the vibration monitoring-- — -

program during pre-operational or start-up testing. We reguire that -
either a visual or instrumented inspection (as appropriate) be con-

ducted to identify any excessive vibration that will result in fatigue - —

failure.

Provide a list of all safety-related small bore piping and instrumentation
lines that will be included in the initial test vibration monitoring

program,

The essential instrumentation lines to be inspected should include
(but are not limited to) the following:

a) Reactor pressure ;essel level indicator instrumentation
lines (used for monitoring both steam and water levels).

b) Main steam instrumentation lines for monitoring main.
steam flow (used to actuate main steam isolation valves
during high steam flow).

c) Reactor core isolation cooling (RCIC) instrumentation
lines on the RCIC steam line outside containment (used
to monitor high steam flow and actuste isolation).

d) Control rod drive lines inside containment (not normally
pressurized but required for scram).
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. SIS MECHANICAL ENGINEERING BRANCH

There are several safety systems connected to the reactor coolant pressure

buundary that have design pressure below the rated reactor coclant 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 pressure, two or more isolation valves

are placed in series tc form the interface between the high pressure RCS and the r =
low pressure systems. The leak tight integrity of these valves must be ensured

by periodic leak testing to prevent exceeding the design pressure of the Tow

pressure systems thus causing an inter-system LOCA.

Pressure fsolation valves are required to be category A or AC per [WV-2000 and
to meet the appropriate requirements of IWV-3420 of Section XI of the ASME
Code except as discussed below.

Limiting Conditions for Operation (LCO) are required to be added to the technical
specifications which will require corrective action i.e., shutdown or system
fsolation when the final approved leakage 1imits are not met. Also surveillance
requirements, which will state the acceptable leak rate testing frequency, shall
be provided in the technical specifications.

Periodic leak testing of each pressure isolation valve is recuired to be perfocrmed
at least once per each refueling outage, after valve maintenance prior to return

to service, and for systems rated at less than 50% of RCS design pressure each

time the valve has moved from its fully closed position unless justification is
given. The testing interval should average to be approximately one year., Leak
testing should also be performed after all disturbances to the valves are complete,
prior to reaching power operation following a refueling outage, maintenance and

etc.

The staff's present position on lTeak rate limiting conditions for operation

must be equal to or less than 1 gallon per minute for each valve (GPM) to ensure
the integrity of the valve, demonstrate the adequacy of the redundant pressure
isolation function and give an indication of valve degradation over a finfte
perfod of time. Significant increases over this limiting valve would be an
indication of valve degradation from one test to ancther.

Leak rates higher than 1 GPM will be considered {f the leak rate changes are
below 1 GPM above the previous test leak rate or system design precludes measuring
1 GPM with sufficient accuracy. These items will be reviewed on a case by case

basis.

The Class 1 to Class 2 boundary will be considered the fsolation point which
must be protected by redundant isolation valves.

In cases where pressure isolation is provided by two valves, both will be inde-
pendently leak testad. When three or more valves provide isolation, only two of
the valves need to be leak tested.

Provide a 115t of all pressure {solation valves included in your testing program
along with four sets of Piping and Instrument Diagrams winich describe your reaczor
coolant systam pressure fsolation valves. Also discuss in detail how vour leak
testing program will conform to the above staff position.




MECHANICAL ENGINEERING BRANCH
DRAFT SAFETY EVALUATION REPORT

PERRY NUCLEAR POWER PLANT UNIT I

3.2 CLASSIFICATION OF STRUCTURES, SYSTEMS, AND COMPONENTS

R — e e A —

3.2.1 Seismic Classification

General Design Criterion 2, "Design Bases for Protection Against Natural
Phencmena," of 10 CFR Part 50, Appendix A, in part, requires that nuclear
pewer plant structures, systems, and components important to safaty be
designed to withstand the effects of earthquakes without loss of capability
to perform their safety function. These plant features are those necessary
to assure (1) the integrity of the reaczor coolant pressure boundary, (2)
the capability to shutdown the reactor and maintain it in a safe shutdown
candition, or (3) the capability to prevent or mitigate the consequences of
accidents which could result in potential offsite exposures cemparable to
16 CFR Part 100 guideline exposures. The eurthauake for which these plant
faatures are designed is defined as the safe snotdown earthquake (SSE) in
10 CFR Part 100, Appendix A. The SSE is basad upen an evaluation of the
maximum earthquake potential and is that sarthquake which procuces the
maximum vibratory ground motion for which structures, systems, and ccmponents
important to safety are designed 0 remain functional. These plant features
that are sesigned to remain functional if an SSE occurs are designatad saismic
Cateqory [ in Regulatory 3uide 1.29. Regulatory Guide 1.29, "Seismic
Cesign tlaesification," is the principal decument used in our review for
identifying those nlant features imgortant to safety wnich, as a minimum,
should ne designed %o seismic Categery I requiremenzs. Our reviaw of N
seismic classification of structures, systems, and c~moonents (excluding
slectrical features) of Perry was serformed in accorgance with the guicance
in Standard Review Plan 3.2-1, "Saismic Classification.”



The structures, systems, and components important to safety of Perry
that are required %o be designed %0 withstand the affects of an SSE and
remain functional have been fdentified in an acceptable manner in Table 3.2-1
of the Final Safety Analysis Report. Table 3.2-1, in part, identifies major
components in fluid systems, mechanical systems, and associated structures
designated as seismic Category [. In addition, piping and instrumentation
diagrams in the Final Safety Analysis Report identify the interconnecting
piping and valves and the boundary limits of each system classified as seismic
Category 1. - We have reviewed Table 3.2-1 and the fluid system piping and
instrumentation diagrams and have some question concerning part of this
taple.

1+ states in the FSAR that structures, components and systams designatad
as Safety Class 1, 2, or 3 are classified as seismic Catagory I except for
some portions of the radicactive waste treatment handling and disposal
systems. T1nere are saveral items in Table 3.2-1 that conflict with this
statement.

"The seismic classificaticn indicated in Table 3.2-1 meets tne require-
ment of Regqulatory Guide 1.29.* It is also stated in Saction 1.8 that the
Perry plant complies with all of the requirements of Regulatory Guice 1.89.
Does +his mean that seismic Categery 1 cooling water is provided =2 the
recirculation sumes during normal operation and o, J«ing a LCCA?

what design reguirements were usad in the design ¢f the reactor pressure
vessel skirt and the core supoort structures?

Quality assurance regquirements snould be addressad in Table 3.2-1

The non-saismic classification af the control rods should 2e justified.
Nota 7 cdces not apply to the control rods.

rovide an explamation for the "I, NA" seismic classificaticn for
ralief valve discharge piping.

“ow mucha of the main steam pi121Nng, setween tne M.0. stop valve and tne

syraine s=op valve, is located in the Auxillary 3uilging?




There appears to be a discrepancy in the seismic classification of
the discharge tunnel. The discharge tunnel and the diffusor nozzle are
seismic Category I. The tunnel entrance structure and downshaft are not.
Provide clarification for this apparent contradiction.

what is the seismic classification of the Containment Vessel Cocling -
Units?

Note 19 is an exception to Regulatory Guide 1.29 and should be
included in Section 1.8.

Based upon our review of FSAR Section 3.2.1 and subject to the satisfactory
rasolution of the open items, our findings will be as foliows.

We have reviewed Table 3.2-1 and the fluid system piping and instrument
diagrams and we conclude that the structures, systems, and components
imocrtant to safety of Perry have been properly classified as seismic
Category [ items in conformance with Regqulatory Guige 1.29, Revisien

All other structures, systems, and ccmponents that may be required for
speration of the facility are not required ts be designed tc sefsmic Category
[ requirements, including those porticns of Categery ! systams such as
vent lines, fi11 lines, drain lines, and test lines on the downstream
side of isolation valves and cortions of these systams which are not

required %o perform a safaty functicn.

We conclude that the structures, s;'stems, and csmponents important 0
safety of Perry that are within the sccee of the Mechanical EZngineering
Jranch and are designed to withstand the effects of an SSE and remain
functicnal are properly classified as saismic Catagory I {tems in accordance
xith Requlatary Guide 1.22 and constisutes an acceptable sasis for satisfying,
in oar+t, the requirements of General Cesign Criterion 2, and is, therefore,

accentable.
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3.3.3 System Quality Grouo Classification

General Design Criterion 1, ‘Quality Standards and Records,"” of
10 CFR Part 50, Appendix A requires that nuclear power plant systams and
components important to safety be designed, fabricated, erected, and tested
to quality standards commensurate with the importance of the safety
function to be performed. These fluid system, pressure-retaining compcnents
are part of the reactor coolant pressure boundary and other fluid systems
important to safety, where reliance is placed on these systems: (1) o
prevent or mitigate the consequences of accidents and malfunctions originating
within the reactor ccolant pressure soundary, (2) to permit shutdown ¢f the
reactor and maintain it in a safe shutdown condition, and (3) ®o0 retain
radicactive material. Regulatory Guide 1.25, “"Quality Group Classification
and Standards for wWater-, Steam-, and Radioactive-waste-Containing Components
of Nuclear Power Plants,” is the crincipal document used in our review for
identifying on a functional basis tne compcnents of those systems imgortant
+o safety that are Quality Groups 8, C, and 0. Section 50.53%a of 10 CFR
Part 50 identifies those American Society of Mechanical Engineers (ASME)
30iler and Pressure Vessel Code, Section III, Class 1 components that are
part of the reactor coolant pressure boundary (RCP8). Conformance of these
2CP8 components with Section 50.55a of 10 CFR Part 30 is discussed in
Caczion 5.2.1.1 of this Safety Evaluation Recort. These RCP8 compenents
are designated in Regulatory Guide 1.26 as Quality Group A. Certain cther
3028 comoonents wnicn meet the axclusion recuirsments of footnota 2 of the
mila are classified Quality Group 3 in acsoraance witn Regulatory Guide 1.25.
Jur review of the gquality groud classificaticn or Jreszure-retaining
ssmoonents of fluid systems important to safety for Perry was serformed
in accardance with the guidance in Ssandard Zaview 2lan 2.2.2, “Sys=am
Juality Group Classification.”

The systams ana components important to safaty of Perry have ceen
isentified in an acceptable manner in Table 3.2-1 of the Final Safety inalvsis
lesors. Tasle 3.2-1, in 2arT, identifies the majcr components in fluig
systams such as pressure yeszals, heat axcnangers, StIrige tanks, pumps,

piping, and valves and necnanical systams, such as cranes, refueling

R L S



platforms, and other miscellaneous handling equipment. In additiocn, the
piping and instrumentation diagrams in the Final Safety Ana.ysis Report
{dentify the classification boundaries of the interconnecting piping and
valves.

We have reviewed the applicant's use of the NRC Quality Group system
in Table 3.2-1 and on the system piping and instrumentation diagrams and we
canclude the pressure-retaining components of fluid systems important o
safety have been properly classified and meet the guidance in Regulatory
Guide 1.26, Revision 2.

We conclude that the applicant's classification of fluid system pressure
retaining components important to safety complies with Standard Review Plan
Section 3.2.2, Regulatory Guide 1.26 and satisfies the applicable pertions
of General Design Criterion 1.

o



Draft Safety Evaluation Report
PERRY NUCLEAR POWER PLANT

Auxiliary Systems Branch

3.4.1 Flood Protection

“Design Bases for Protection Against Natural Phenomena" and 10 CFR Part 100,
Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants,"
Section IV.C., our review of the overall plant flood protection design included

ali systems and components whose failure due to flooding could prevent safe shut-

down of the plant or resuit in uncontrolled release of significant radicactivity.

The applicant has sited the plant (at elevation 620 ft mean sea leavel (ms1)) on a
bluff on the shore of Lake Erie approximately 48 ft above the mean lake elevation
(572 ft ms1) thus providing a “Ory Site" as defined in Regulatory Guide 1.102,
‘Flood Protection for Nuclear Power Plants." In addition, the applicant has
provided a seismic Category I pressure relief underdrain system to control the
level of the water table at elevation 530 ft ms) without pumping. Calculations
show that the maximum surge flood (setup plus wave runup) elevation of Lake

Erie to be 608 ft msl. Calculations of flooding due to a probable maximum preci=
pitation (PMP) show that the water level on plant grade does not exceed the

floor level of the buildings. Flooding from streams or rivers is not possible
because of the nature of the plant site. (Refer to Section 2.4 of this SER

for further discusson on flooding.) Thus the guidelines of Regulatory Guide

1.53, "Design Basis Floods for Nuclear Power Plants," are met.

In order to assure conformance with the requirements of General Design Criterion 2,
safety-related systems and components that must be protected against floocing

Nave Deen identified and are located in safety-related structures. Al] penetra-

tions in these structures below the 530-ft level are watertight. These structures |
are also provided with waterstops in all construction joints below level 530 ft

and are provided with waterproof coatings. Within these structures, protection

against flooding from failures in fluid 21ping systems as identified in the

PERRY--SER-SEC-3. AL INPUT



guidelines of Branch Technical Position ASB 3-1, “Protection Against Postulated
Piping Failures in Fluid Systems Outside Containment," is provided by placing
critical equipment in watertight qpbiclos. This feature is discussed in more
detail 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 and 10 CFR Part 100, Appendix A with respect to
protection against natural phenomena and the guidelines of Regulatory Guides 1.59
and 1.102 concerning design basis floods and flood protection and is, therefore,
acceptable, pending review of the interval flood analysis.

(The information promised in reply to question 410.5 concerning internal flood
analysis was received; however, we have not completed our review of this

item. ] We will report on the resolution of this matter in a suppliement to this
SER.

3.5.1.1 Internally Generated Missiles (Outside Containment)

General Design Criterion 4, “Envircnmental and Missile Design Bases,” requires
protection of plant structures, systems, and components outside containment,
whose failure could lead to offsite radiological consequences or that are
required for safe plant shutdown, against postulated missiles associatad with
plant operation. The missiles considered in this evaluation incluce those
missiles generated by rotating or pressurized (high-energy fluid system)
equipment. The protection is provided by any one or a combination of compart-
mentalization, barriers, separation, and equipment design. The primary means
of providing protection to safety-related equipment from damage resulting from
internally generated missiles is through the use of plant pnysical arrangement.
Sarety-related systems are pnysically separated from nonsafety-related systems
ing regundant components of safety-relateq systams are physically separatad
such that potential missiles couid not damage both trains of safaty-related
equipment. Storea spent fuel in the intermediate building is protected from

damage dy internal missiles which could result in radicactive release in
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accordance with the guidelines of Regulatory Guide 1.13, "Spent Fuel Storage
Facility Design Basis," by the fuel pool walls and by preventing the location

of high energy piping system or ratating machinery in the vicinity of new or
spent fuel. ' .

The applicant provided an evaluation of potential missile sources on the basis
that a single failure could result in their becoming potential missiles. The
potential missiles resulting from this analysis are instrumentation wells and
resistance temperature detectors in high energy systems. Maximum volociti&s.
weights and postulated trajectories for these missiles were determined. The
analysis verified that plant features, walls and redundant system separation
prevented these missiles from causing adverse effects on safety-related systems
and components. We concur with the applicant's assumptions and evaluation for
potential missiles outside containment.

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-
bility for a safe plant shutdown and prevent unacceptable radiological release
in the event of internally generated missiles outside containment. Based on
the ibove, we conclude that the design is in conformance with the requirements
of General Design Criterion 4 as it relates to protection against internally
jenerated missiles, and the guidelines of Regulatory Guide 1.13 as it relates

to protaction of spent fuel from internal missiles and is, therefore, acceptable.

3.5.1.2 Internally Generateg Missiles (Inside Containment)

A1l plant structures, systems, and components (S5C) inside containment whose
failure could leaa to offsite radiological conseguences or that are reguired
for safe plant shutdown must be orotected against the effects of internaily
jeneritad missiles in accorcance with the reguirements of General Design
Criterion 4, "Environmental and Missile Sesign Bases." Potential missiles
that could be generated inside containment are from failures of rotating

b‘
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components, pressurized component (high-energy fluid system) failures, and
gravitational effects.

The applicant's analysis of rotatibg equipment (pump impellers, compressors,
fan blades, motors and couplings) failures indicates that equipment design
prevents such components from becoming sources of potential missiles. Genera-
tion of missiles from ove speed of both the motor and impeller of the reactor
recirculation pump following a postulated full double-ended pipe break in
either the suction or discharge 1ine of the pump is a generic problem which is
being reviewed by the staff under Task Action Plan B-68, "Pump Overspeed
Quring a LOCA." At this time, we believe that the probability of such an
event that would result in damage to safety-related equipment is acceptably
Tow for licensing and operation of this plant. Should the results of our
generic study indicate the need for any cesigr modifications, the applwcant
will be required to satisfy these requirements.

The applicant considered the following for potential missiles from pressurized
high-energy fluid systems: valve bonnets; safety relief valves; unrestrained
piping such as instrument connections, vents and drains; valve stems; temperature
detectors (thermowells); nuts and bolts; and pressurized gas bottles and
accumulators. The applicant performed analyses to demonstrate that the design
of the above components either prevents the generation of missiles as a result
of a single failure, or, if generated, the missiles either have insufficient
energy to cause unacceptable damage, or else adequate compartmentalization,
separation or barriers are provided for protection of safety-related eguipment.
Missile characteristics, trajectory and impact area were included in this
analysis as appiicable. The applicant also analyzed the effects cf secandary
nissiles generated Dy those primary mis- [les determined acove. This analysis
‘ndicated that secondary missiles will nc affact safety-related systems or
components. wWe have reviewed tne resuits of the appliicant's internally generateg
missile analysis inside containment and agree with the conclusion that unaccept-
able damage to safety-related equipment will not occur

In acaition, the applicant evaluated the potential for gravitational missiles
insige containment. All nonsafety-related components are supported to prevent
their collapse in an SSE.

01/12/82 I PERRY SER-SEC 5.4 1~ INPLE
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Spent fuel stored within the containment is located in an area separated from
the potential internal missile sources previously identified. The upper
containment pool walls also provide protection from potential internally
generated missiles. Thus the guidelines of Regulatory Guide 1.13, “Spent Fuel
Storage Facility Design Basis," are satisfied.

We have reviewed the adequacy of the applicant's design to maintain the capability
for a safe plant shutdown and prevent unacceptable radiological release in the
event of internally generated missiles inside containment. Based on the

above, we conclude that the design is in conformance with Genera) Design

Criterion 4 as it relates to protection against internally generated missiles,

and Regulatory Guide 1.13 as it relates to protection of spent fuel from

internal missiles and is, therefore, acceptable.

3.5.1.4 Missiles Generated by Natural Phenomena

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 phenomena, and General
Design Criterion 4, "Environmental and Missile Design Bases," requires that
these same plant features be protected against missiles. The missiles generated
by natural phenomena that are of concern are those resulting from tornadoes.

The applicant has identified a spectrum of missiles for a tornado region 1

site as identified in Regulatory Guide 1.76, "Design B3asis Tornado for Nuclear
Power Plants." The spectrum includes the weight, velocity, kinetic erargy,
impact area and heignt, penetration depth, and minimum available concrete
thickness providing protection. We have evaluated this spectrum and conclude
that it is representative of missiles at the site and is, therefore, acceotable.
A discussion of the protaction afforded safety-relatecd equipment from the
identified tornado missiles including compliance wi*h the guidelines of Regulatory
Guige 1.117, "Tornado Design Classification," is provided in Section 1.5.2 of
this SER. A discussion of the adequacy of barriers and structures gesigned to
withstand the effacts of the identified tornaco missiles is provided in

section 3.5.3 of this SER. Based upon our review of the tornado missile
spectrum, we conclude that the spectrum was properly selected and meets the
requirements of General Design Criteria 2 and 4 with respect to protaction
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against natural phenomena and missiles and the guidelines of Regulatory Guides
1.76 and 1.117 with respect to identification of missiles generated oy natural
phenomena and is, therefore, acceptable.

3.5.2 Structures, Systems, and Components to be Protected from Externally =
Generated Missiles

General Design Criterion 2, "Design Bases for Protection Against Natural
Phenomena," requires that all structures, systems, and conbonents 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 Perry site is located in tornado region 1 as identified in Regulatory
Guide 1.76, "Design Basis Tornado for Nuclear Power Plants.” The tornade
missile spectrum is discussed in Section 3.5.1.4 of this SER.

The applicant has identified all safety-related structures, systems, and com=
ponents requiring protection from externally generated missiles. All safety-
related structures are designed to withstand postulated tornado generated
missiles without damage to safety-related equipment [except for ventilation
openings described in Section 9.4.3 of this SER]. Al]l safety-related systems
and components and stored fuel are located within tornado-missile-protected
structures or are provided with tornado missile barriers. QBuried safety-related
systems such as piping and electrical circuits are adeguately protectec Sy the
overlaying earth and adeguate manhcles where necessar,. The ultimate heat
sink, Lake Erie, has inherent protection against natural phencmena. Penaing
resolution of the concern identifiad in Section ¥.4.3 of this SER, the reguire-
ments of General Design Criteria 2 and 4 with respect to missile protacticn

ang the guidelines of Reguiatory Guides 1.13, "Spent Fuel Storage Facility

T

Design Basis,"” 1.27, "Ultimate Heat Sink for Nuclear Power Plants,"” and 1.117,

"~y

“Tornado Design Classification," concerning tornado missile protection for
safety~related structures, systems, and comgonents including storcd fuel and

the ultimate heat sink are met. Protaction from low=trajectory turbine missiles

including compliance with Reguiatory Guide 1.115, "Protecticn Against Low-Trajectory
Turbine Missiles," is discussed in Section 3.5.1.3 of this SER.

S
-
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Based on i
ey ::: az:;o and pending resolution of the concern identified in Section
. 5 , we conclude that the applicant’
list of safety-

poc-duit H afety-related
iy a.dsystms. ?nd components to be protected from externally generated
ot n th: provisions in the plant design providing this protection are

ance with the requirements of Gen

eral Design Criteria 2

fo o : and 4 with
Guf:.s 1t:3n1:st1c and environmental effects and the guidelines of Regulato

.13, 1.27, 1.115 and 1.117 concerning protection of safety-related ;fant

features including stor

ed fuel! and the ultimate i
i " .
gt acc.ptablé. eat sink from tornado missiles
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3.6 PROTECTION AGAINST OYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED
qUPTURE CF PIPING

The review performed under this section pertains to the applicant's
program for protecting safrty-related components and structures against the
effacts of postulated pipe sreaks Soth inside and outside containment.

The effect that breaks or eracks in high or mederate energy fluid systems
would have on adjacent safety-related components or structures has been
ement, pipe whip, and environmental

+ion of these safety-
thin suitably

analyzed with respect t0 jet imping
effects. Several means are ysad to assure the protec
related items. They include physical separatien, enclosure wi

sssign structures, the use of pipe wnip restraints, and the use of

squipment shields.
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3.6.1 Plant Oesign for Protection Against Postulated Piping

Failures in Fluid Systems Qutside Containment

The staff's guidelines for meeting the requirements of General Design Criterion 4,
"Environmental and Missile Design Bases," concerning protection against pcstulated
piping failures in high-energy and moderate-energy fluid systems outside
containment are contained in Branch Technical Position ASB 3'1t "Protection
Against Postulated Failures in Fluid Systems Cutside Containment." The applicant
has identified all high- and moderate-energy piping systems in accordance with
these guidelines anc 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 postu'aied cracks in modera a2=2nergqgy

fluid systems outside containment with rasr:c ) Jet impingement, flooding
and other environmental effects. The . .. . i to protect safety-related
systems and components throughout the - .an. Jde physical separation,

enclosure in suitably designed structures or compariments, drainage systems,
pipe whip restraints, equipment shields, and equipment environmental qualifica=

tion as required.

The applicant analyzed hign-energy piping systems for the effects of pipe
wnip, jet impingement, and environmental effects on safety-related systems ang
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
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analysis and we conclude that the protection provided against pipe failure out-
side c.ntainment is in conformance with the guidelines of Branch Technical
Position ASB 3-1.

The main steam lines which include the outboard isolation valves and the
feedwater lines are all located in the common auxiliary building steam tunnel
and have been classified as part of the break exclusion boundary. The applicant
has performed a subcompartment analysis for the steam tunnel and the main
steam lines in order to assure that the resulting jet impingement and environ-
mental effects from a postulated full circumferential pipe break in one of
these lines or a feedwater line will not result in adverse consequences. The
results of this analysis indicate that the steam tunnel structural integrity

is not affected by the pressure increase from the resulting blowdown. Main
steam isolation valve (MSIV) functional capability is assured by the environ-
mental qualification of system components to the expected condition of 330°F
for one hour. The analysis also indicated that the MSIV claosure will tarminate
the blowdown at 5.5 seconds.

The plant has the ability to sustain a high-energy pipe oreak coincident with

a single active failure in essential systems and retain the capahility for

saie cold shutdown. For postulated pipe failures, the resulting environmental
effects do not preclude the habitability of the control roum, the accessibility
of other areas tha” have to be manned during and following an accident, and

the loss of function of electric power supplies and controls and instrumentation
needed to complete a1 safety action. Further discussion of the environmental
qualification of safety-related equipment is contained in Section 3.11 of this
SER.

3ased on our review, we find that the apoiicant has adequately designed ang
protacted ireas and systems required for safe piant shutdown following postulated
events, incluaing the combination of pipe failure and single active failure.

ve conclude that the plant design meets the reguirements of General Design
Criterion 4 ang the criteria set forth in Branch Technical Fosition ASE 3-1

#1101 regara to the protaction of safety-related systems and components from a
postulated hign-energy line break and with regard to the protection of safety-
related systems and components from a postulated mocderate-energy line failure.

Dajty
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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 acce_ptable.

AVl
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3.5.2 Determination of Break Locations and Dynamic Effects Associated with

the Postulated Rupture of Piping

Our “view under Standard Review Plan 3.6.2 was concerned with the
locations cnosen by the applicant for postulating piping failures. We also
reviewed the size and orientation of these postulated failures and how the
applicant calculated the resultant pipe whip and jet impingement locads which
might affect nearby safety related components.

Standard Review Plan 3.6.2 also sats forth certain criteria for the
analysis and subsequent in-service inspection of high energy piping in the
break exclusion area of containment penetration. Breaks need not be
postulated in thosa portions of piping that meet the requirements of the
ASME Code, Section III, Subarticle NE-1120 and the additional design
requirements outlined in 8ranch Technical Position MEB 3-1. Additional
in-service inspection is also required for those porticns of piping.

The following discusses open issues found in cur review of FSAR
Section 3.6.2. It concludes with our findings contingent upon resalution
of all open issues.

Condimued ow wekt page.




In Section 3.5.1 references are made to “elastic/plastic pipe wnip
restraints or pipe supports which eliminate pipe whip damage." Details
of how pipe supports are designed for pipe whip protection and an example
of such an analysis are needed.

Pipe whip need only be considered in those high energy piping systems
having sufficient capacity to develop a jet stream. The means for determining
high and moderate energy lines is found in Regulatory Guide 1.46, "Protection
Against Pipe Whip Inside Containment”. This criteria has been used correctly
by the applicant. Some additional information is required to clarify this
section. How is it determined that the "internal energy level asscciated
with whipping is insufficient to impair the safety function of any system
or component to an unacceptable level"? Details should be provided of any
flow restrictors used.. Methods used to determine fluid reservoirs with
sufficient capacity to develop a jet stream should alsoc be provided.

For determining stresses or fatigue usage factors that require 2 pice
Sreak to be postulated, plant loadings are to be those resulting from
normal and upset conditions plus an OBE. Assurances must De provided that
loads due to SRY actuation and discharge are included in the upset conditicns.

Far ASME, Section III, Class 1 piping designed %o seismic Category I

standards, breaks due =0 stress are to te pestulatad at the following
1

ocations:

re -

(1) a. (10), as calculated by Paragrach NB-36%3, ASME Coce Section [IL,

..

-
-

i

shen £gs. (12) and (13 must ce evaluated. [f either

L
1]

xcaeds 2.4 S

g. (12) or (13) exceeds 2.4 S_, 2 break must be postulated. In otner

»

m W

words, a break is postulated 1f

3. (10) » 2.4 5 anu Eq. (12) > 2.4 5
ar
cq. (1C) » 2.4 S_1 and 3. (13) » 2.4 Sm



(2)

The
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<>

Breaks must also be postulated at any location where the cumulative
usage factor exceeds 0.1.

above critaria is evaluated under loadings resulting from normal and up-
plant conditions including the OBE.

Any deviations from the above criteria must be justified.
Are there any high energy Class 2, Class 3 or 3831.1 lines? If so,

what criteria is used for postulating breaks in thesa lines?

exc
rep
Jus
to

sei
nee

(1)

(2)

Any instances with limited break openings or break opening times
eeding one millisecond must be identified. Any analytical metheds,
resenting test results or based on a mechanistic approach, used to
tify the above must be provided and explained in detail. This aoplies
containment and annulus pressurization as well as general pipe break.

For those portions of ASME, Section 111, Class 1 piping designed to
smic Category [ standards and included in the break exclusion area breaks
4 not be postulated providing the following stress criteria are met.

1f Eq. (10) as calculated by Paragraph NB-2653, ASME Cade, Section III
does not excsed 2.4 Sm' a break need not be postulated.

[f Eq. (10) does exceed 2.4 S“. then £qs. (12) and (13) must e
evaluated. If neither Eg. (12) or (13) exceeds 2.4 Sm. a break need
not be postulated. In other ~ords, a break need not oe sostulated if:

Eq. (10) < 2.4 S

or
€q. (10) > 2.4 Sm and £3. (12) < 2.4 Sn

and

3reaks need not te postulated as long as the cumuiative fatigue usacge

factor is less than 0.1.
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(4) For plants with isolation valves inside containment, the maximum stress,
as calculated by Eq. (9) in ASME Code Section III, Paragraph NB-3622
under the loadings of internal pressure, deadweight and a postulated
piping failure of fluid systems upstream or downstream of the contain-
ment penetration area must not exceed 2.25 Sm.

The above criteria is evaluated under loadings resulting from normal and
upset plant conditions including the OBE.

In addition, augmented inservice inspection is required on all piping
in the break exclusion area.

The applicant must provide assurances that their criteria for piping
in the break exclusion arezs complies with the requirements outlined above
and those of Standa~d Review Plan 3.6.2.

Are there any Class 2, Class 3, or 831.1 piping in the break exclusion
areas. If so, what criteria is used in their design?

A 1ist of all systems included in the break exclusion areas must 2e
included in the FSAR. In addition, break exclusion areas should te shcwn
on the appropriate piping drawings.

Provide an example of the detailed stress analysis done on 2 welded
attachment to a process pipe. [n addition, provide details of the stress
analysis docne for the head fitting for the main steam Tine.

When providing protecticn from pipe whip, assurances must be provided

snat all potaential targets are examined. Provide a definition for limits
af¥ s=rain wnich are similar to strain levels aliowed in rastraint plastic

-
nembers.

‘oiping systems are designed so that slastic instability dces not occur
in the pipe at the design dynamic and static lcaas unless damage studies are
serformed wnich snow the conseguences 2o not resylt in direct gamage to any
sssential system or comgonent." Provide a 1ist of lccaticns where this

sachnique has seen used and an axamplie of the studies performed.

LY
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when evaluating the effects of jet impingement loads it is the staff's
position that all potential targets must be evaluated. Assurances must be
provided that your analysis has considered all potential targets. What
service limits are used for piping wnen evaluating jet impingement loads?

Reference is made to the use of a suitable dynamic load factor (OLF). .
Provide an example of its use. How is it determined that it is suitable?

In the discussion about snubbers, reference is made to "other simultaneous
loads". It further states that these loads are combined by SRSS. What are
these loads?

"piping integrity usually does not depend upcn the pipe wnip restraints
for any loading combination.” List all those leocations and loading compinations
where it does. What service limits are used in the design of the pipe whip

restraints?

During hot functional testing what critical locations inside containment
are menitored?

Standard Review Plan 3.6.2 allows 2 10% increase in yield strength to
account for strain rate effects. Any locations where an increase in the
yield or ultimate strength greater shan 10% has been used must be identified.
Justification for any increase greatar than 10% must also be provided.

Qur review of Section 2.6.2 includes all tables and figures. We have
several cuestions pertainint to tables and figures.

Srovide a schedule for the completion of any table that is inccmpieta.
Are all postulated bSreak locations in the recirculation system snown
(Figure 3.6-66)7 Where are Dreaks postulated in these figures (Figures
3.5-71, 3.6-73, 7.3-74, 3.8-77, 3.6-78, 3.6-79, 3.5-80)? Indicate the

location of valves in this .ine (Figure 3.58-75).

Uy



Based on our review of FSAR Section 3.5.2 and subject to the satisfactory
resolution of the identified open items, our findings will be as follows:

The applicant has proposed criteria for determining the location, type,
and effects of postulated pipe breaks in high energy piping systems and
postulated pipe cracks in moderate energy piping systems. The applicant
has used the effects resulting from these postulated pipe failures to
evaluate the design of systems, components, and structures necessary to
safely shut the plant down and to mitigate the effects of these postulated
piping failures. The applicant has stated that pipe whip restraints, jet
impingement barriers, and other such devices will be used to mitigate the
effects of these postulated piping failures. :

Wwe have reviewed these criteria and have concluded that tney provice for
a spectrum of postulated pipe breaks and pipe cracks which includes the
most likely locations for piping failures, and that the types of breaks and
their effects are conservatively assumed. We find that the methods usad
to design the pipe whip restraints provide adequate assurance that they will
function properly in the event of a postulated piping failure. We further
onclude that the use of the applicant's propesed pipe failure criteria in
designing the systems, components, and structures necassary to safely shut
the plant down and to mitigate +he consequences of these postulatad piping
failures provides reasonable assurance of their ability to gerform their
safety function following a failuyre in high or moderate energy piping systems.
The applicant's criteria comply with Standard Review Plan Section 3.5.2
and satisfy the aoplicable porticns of General Design Criterion 4.

v A b



3.7.3 Seismic Subsystem Analysis

The review performed under Standard Review Plan Section 3.7.3 included
the applicant's dynamic analysis of all seismic Category I piping systems.
In addition to operating transient loads such as suppression pool loads,
this analysis also considers abnormal Toadings such as an earthquake.

For the dynamic analysis of seismic Category I piping, each pipe 1in§
was idealized as a mathematical model consisting of lumped masses connected
by elastic members. The stiffness matrix for the piping system was
determined using the elastic properties of the pipe. This includes the
effects of torsional, bendirg, shear, and axial deformations as well as
change in stiffness due to curved members. Next, the mode shapes and the
undamped natural frequencies were obtained. The dynamic response of the
system was calculated by using the response spectrum method of analysis. For
a piping system which was supported at points with different dynamic excita-
tions, the response spectrum analysis was cerformed using the enveliope
response spectrum of all support points. Alternately, the multiple support
axcitation 7 alyses methods may have been uysed where separate acceleration
time-nistories were applied to each piping system support points.

The following discusses open issues found in our review of FSAR
section 3.7.3. It concludes with our findings wnich are contingent upon
the resolution of all open issues.

The discussion on wnifferent Seismic Movement of Interconnectad
Components” requires some clarification. "The stresses thus obtained
éar 2ach natural moce are then superimcosed for all modal displacements
af the structure Dy the SRSS (square root sum of the sauares) methed."
Provide an example af this type of analysis.

what criteria is used 0 detarmine whether or not 3 mode is significant?

"y .n a comocnent 1S covered by the ASME 3oiler and Pressure Vessal
Code, the stresses cue +o ralative displacements as obtained accve 2re
sreatad as seconcary stressaes.” Does tnis s=atement perzain 0 piping

or supoorts?
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"Seismic analyses were performed for those subsystems that could be
modeled to correctly predict the seismic response.” What procadure was
used for the other systems? Provide an example of those systems and the
analysis done.

It is the staff's position that closely spaced modes be combined by one of
the procedures identified in Regulatory Guide 1.92. What procedure is used
in the BOP design to account for closely spaced modes? What is meant Dy
“Closely spaced phase modes"? Show how modal phasing can be determined
from a response spectrum analysis. |

Standard Review Plan 3.7.3 requires that 5 OBEs of 10 cycles each

be used for design. Any deviations from the requirements of the SRP must
be justified. How many OBE cycles are considered in the NSSS and 80P

designs?

In the discussion concerning the modeling of piping part (a) discussing
decoupling of the main steam and branch lines is not a criteria.

Mention is made of using 33 hertz as a cutoff frequency for seismic
analysis. At some point in the FSAR the applicant must address the
freauencies of 50 to 50 hertz and greater that ccme from the suppression

sool hydrodynamics.

"Car flexible equipment, the 2quivalent static load is taken as the
sraduct of 1.5 times tne equipment mass and the peak figor respeonse spectrum
value." 2eaulatory Guide 1.1C0 ailows the use of the 1.5 facter for verifying
the intagrity of frame type structures. For squipment having configuraticns
atner than a frame type structure, justification is required for the use

-

of the 1.5 factor.
Ahcn using the doudble sum methed to compine modal resccnses, the
sradu.t of tha rescensas of the zlosely spacad mcaes shoulid Se taken as

an absolut2 value.

B e L
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Assurances must be provided that the modeling of valves with offset
motor operators is detailed enough to provide acceleration values to be
used for valve qualification.

"In addition, the effects of modes not included are added to the
SRSS response as one term, using the acceleration at the highest frequency
from the SRSS response under 33 hertZz to obtain the total response.”
Provide an example of the anmalysis done here.

The information presented in Table 3.7.11 is not straightforward.
Provide an ex;lanation of this table.

Based on our review of FSAR Section 3.7.3 and subject to the satisfactory
resolution of the identified open jtems, our findings will be as follows:

The scope of review of the seismic system and subsystem analysis for
the Perry plant included the seismic analysis methods for all Category I
systems and components. It included review of procedures used for modeling
and evaluating Category I systems and components. The review included design
critaria and procedures for evaluation of the interaction of non-Catagory I
piping with Category I piping. The review also included criteria and seismic
analysis procedures for reactor internals and Category I piping outside

containment.

The system and subsystem analyses are performed Dy the applicant on
an elastic basis. Modal response scectrum multicegree of freecom and time
history methcds form the Baser for the analyses of all major Category !
systems and :zcmpenents. when -ne modal resconse spectirum method is used,
gcverning restonsa sarameters are ccmoined Jy the sguare rgot ¢t the sum
3% tne squares rule. However, tne apsolut2 sum of tne modal resconsas are
used for modes with closaly snaced frecuencies. The scuare root of the sum
of the sguares of the maximum codirectional respensas is usad in accounting
far tnree ccomocnents of the sarthcuake motion for both the time history and
~acoonse scectrum metheds. A vertical saismic systam synamic analysis 1s
amployed for all systems anc ccmpenents.

we conclude that tne seismic system and subsystam analysis procacurss
and criteria proposed by tne agolicant provice an acceptable basis for th

saismic design of systems and components.

<
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3 9 MECHANICAL SYSTEMS AND COMPONENTS

The review performed under Standard Review Plan Secticns 3.9.1 through
3.9.6 pertains to the structural integrity and cperability of various
safety-related mecha:;.ical components in the plant. Our review is not limited
to ASME Code components and supports, but is extended ot other components
such as control rod drive mechanisms, certain reactor intarnals, ventilation
ducting, cable trays, and any safety-related piping designed to industry

standards other than the ASME Code. We review such issues as load comb..ations,

allowable stresses, miincds of analysis, summary results, and pre-operational
testing. Our review must amive at the conclusion that there is adeguate
assurance of a mechanical component performing its safety-related function
under all postulated combinations of normal operating conditions, system
operating transients, postulated pipe hreaks, and seismic events.

3.9.1 Scecial Tooics for Mechanical Components

The review performed under Standard Review Plan Section 3.9.1 pertains
to the design transients, computer programs, experimental stress analyses and
elastic-plastic analysis methods that were usad in the analysis of seismic
Category ! ASME Code and non-Code itams.

Additionally, we have contracted with Pacific Northwest Laboratories
+0 serform an indepencent analysis of a sample piping system in the Perry
slant. This analysis will verify that the sample piping system meets the
1001 fcable ASME Code requirements. We will report the resuits of tnis
incependent piping analysis in a supplement to this Safety Evaluation Rescre=.

Computar programs were used in the analysis of specific cocmponents.
A liss of the computar programs usad in the dynamic ancd static analyses <o
ietarmine the structural and functional integrity of these components must
se included in the FSAR aleng with a brief description of sach program.
Design control measures, «hicn are required by 10 CFR Part 3C, Apoendix 2,

~aquire that verification of the computar programs alsg be inclucea. The

apolicant has not provided verificaticn for all of the listed computar grograms.

o A
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In addition, the programs DYREC and DYNAL are'not included in the
list of computer programs used.

Any reference to the ASME Boiler and Pressure Vessel Code should
include the part being referenced.

How many SRY cycles have been used in the design of components and
systems for the NSSS and BOP scope? How many ADS cycles?

It is stated that elastic-plastic methods of analysis may be used
for some components. We would like to review the analysis procedures
that would be used if an elastic-plastic analysis was done.

Based upon our review of FSAR Section 3.9.1 and contingent on the
satisfactory resolution of the open items, our findings will be as follows.

The methods of analysis that the applicant has employed in the design
of all seismic Category I ASME Code Class 1, 2 and 3 components, component
supports, reactor internals, and other non-Code items are in conformance
with Standard Review Plan 3.9.1 and satisfy the applicable portions of
General Design Criteria 2, 4, 14 and 18.

The criteria used in defining the applicable transients and the ccmputer
codes and analytical methods used in the analyses provice assurance that
she calculations of stresses, strains, and displacements for the above noted
items conform with the current state-of-the-art and are acecuats for the

design of these itams.

3.3.2 Dvnamic Testing and Analvsis of Systams, Ccmoonents, and fquioment

- -

The review performed under Standard Review Plan Sectien 3.3.2 pertains
*5 the criteria, testing procedures, and dynamic anaiysas emoloyed by the
apolicant to assure the structural intagrity and operability of 2iping systams,
mechanical squipment, reactor internals and their supcocrs under vibratory
loadings. Seismic qualification of satety-related mecnanical equisment will

~e reyiewed Dy the Zguicment Qualification 3ranch.

S -
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Piping vibration, thermal expansion, and dynamic effects testing will
be conducted during a precperaticnal tasting program. The purpose of these
tests is to assure that the pipin§ vibrations are within acceptable limits
and that the piping system can expand thermally in a manner consistent with
the design intent. Ouring the Perry plant's precperational and startup
testing program, the applicant will test various piping systems for abnormal
steady-state or transient vibration and for restraint of thermal growth.
This test program must comply with the ASME Code, Section I[II, paragraphs
NB-3622, NC-3622, and ND-3622 which requir. that the designer be responsible
by observation during startup or initial operation, for ensuring that the
vibration of piping systems is within the acceptable levels. [In addition,
pipe whip restraint initial clearances will be checked, as will snubber

response. The tast program should consist of a mixture of instrumented measure-

ments and visual ohservation by gqualified personnel. The applicant will be
required %o provide a summary of the results of this test program upen its

completion.

The applicant's discussion of the testing program in the FSAR is too
general and should be redone. More detail of what will actually be dene
must be provided. The applicant has not given a clear description of the
NSSS acceptance criteria for steady-state piping vibrations. The 2CP program
nas not been adequately described. What are the acceptance criteria for
staady-state vibrations? £,r transient vibration? Will snubbers 2e cnecked?
To wnhat transients will the piping Ge subjected? which lines, if any, will be
instrumentad? I[f not instrumented, how will the visual observations e
serfarmed and on what size pipe lines? The staff's positicn is that
accentanca limits for vibraticn s@ouid se based on half the ancurance lim. 2
1s defined by the ASME Code at 10° cycles.

Tn *he discussion cn thermal expansicn tasting of the main staam line,
~aference 15 made to the piping system shaking down afier a few thermal
axpansion cycles. Provice an axglanation of this statement.

it atad in the FSAR that Perry will be the srototype for the

‘-
.- )

wi

Srovide 3 commitment that the tasting program will be

-~ - =y
e

238 2WR/S.
equivalent %o that reguired By Requlatory Guide 1.20 for prototype reacisrs.
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"In addition to the above components, vibration measurements of the
core spray sparger will be measured during the precperational testing of
that system at the designated prototype 251 8WR/6 plant (Grand Gulf)."
Show how this will be applicable to Perry.

It appears that some results from Grand Gu'f will be used in the
evaluation and qualification of reactor internals at Perry. Show that
the similarity between the two sets of internals is sufficient to allow
direct comparisons.

"These pericds will be determined from a comprehensive dynamic model
of the RPY and intermals with 12 degrees of freedom." It is not clear
what is actually done here. How can a mode! be comprehensive and have
only 12 degrees of freedom?

Previous analyses for other nuclear plants have shown that certain reactor
system components and their supports may be subjected to previously under-
estimated asymmetric loads under the conditions that result from the
sostulation of ruptures of the reactor coolant piping at various locations.

The applicant has described the design of the reactor internals for
blowdown loads only. The appiicant should also provide information on
asymmetric loads. It is, therefore, necessary to reassess the capability of
shese reactor Systam compone: .ts to assure that the calculated dynamic
asymmetric loads resulting from these postulatad pipe ruptures #il1l be within
the bounds necassary to provide high assurance that the reactor can e orougnt
safely to a cold shutdown condition. The reactor System ccmeonents that

require reassessment shall incluce:

a. Reactor pressure vessel

5. Core supperts and cther reacior intarnals

Control rod drives

ECCS niping that is attached to the primary ccolant piping

Primary coolant piping

e 2]

w v

eactor vessal supports
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The following information should be included in the FSAR ahout the

effects of postulated asymmetric LOCA loads on the above mentioned reactor
system components and the various cavity structures.

|

Provide arrangement drawings of the reactor vessel support systems in
sufficient detail to show the geometry of all principal elements and
materials of construction.

If a plant-specific analysis will not be submitted for your plant,
provide supporting information to demonstrate that the generic plant
analysis under consideration adequately bounds the postulatad accidents
at your facility. Include a comparison of the geometric, structural
mechanical, and thermal-hydraulic similarities between your faci11ty'
and the case analyzed. DQiscuss the effects of any differences.

Consider all postulated breaks in the reactor coolant piping systiesm,
including the following locations:

Steam line nozzles to piping terminal ends.
Feedwater nozzle to piping tarminal ends.
c. Recirculation inlet and outlet nozzles to recirculaticn piping

tarminal ends.

Provide an assessment of the effects of asymmetric pressure differentials*
on the systems and compcnents listad above in compinaticn with all
axtarnal loadings including safe shutdown sarthquake loads and cther
faylted condition loads for the pestulated breaks gescribed above. This
assassment may utilize the following nechanistic effects as applicable:

Limited displacement -- Dreak areas

(& B

Fluid-structure intaracticn
Actual time-dependent forcing function

“

Reactor support stiffness
a. Break opening times.

“
-

she location of the rupture (reacticn farces),
sressures in the annular regicn between the comccnent
sient differential pressuyres across the core barrel

3
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4. 1If the results of the assessment on item 3 above indicate loads leading
to inelastic action of these systems or displacement exceeding previous
design limits, provide an evaluation of the inelastic behavior (including
strain hardening) of the material used in the system design and the
effect of the load transmitted to the backup structures to which these
systems are attached.

5. For all analyses performed, include the method of analysis, the structural
and hydraulic computer codes employed, drawings of the models employed
and comparisons of the calculated to allowable stresses and strains or
deflections wich a basis Tor the allowable values.

Demonstrate that safety-related components will retain their structural
integrity when subjectad to the combined loads resulting from the loss-
of-coolant accident and the safe shutdown 2arthquake.

(e )

b

Demonstrate the functional capability of any essantial piping when
subjected to the combined locads resulting from the loss-of-coolant
accident and the safe shutdown earthguake.

The applicant has outlined his aporoach for determining the forcing
¢.nctions considered in the system and component dynamic analyses of reactor
structures for normal operation and anticipated transients. These methods
are a combination of analytical methods and predictions based on data from
sreviously tested reactor internals of a similar design. The forcing functicn
information is combined with dynamic modal analysis %o form a basis fer
intaroretation of the pre-gperational and initial startup test results.

Modal stressas are calculated and relationsnips are cttained Zetwesen Sensor
resoonsas and peak component stressas for 2ach of the lower modes.



The applicant has committed to vibrational measurement and inspection
programs to be conducted dur1ng preoperational and initial startup testing.
The wpplicant should cortrirm wha™ +esTAl
esesma, will be in accordance with the guidelines of Regulatory Guide 1.20,

“Comprehensive Vibration Assessment Program for Reactor Internals Ouring

Precperational and Initial Startup Testing" for prototype plants.

These tasts will be conducted in three phases. These ave precperational
tasts prior to fuel loading, zero-power tests with fuel, and initial start-
up tasts. Ouring preoperational testing, steady-state test conditions
will include balanced (two-pump) and unbalanced (one-pump) operation of
the recirculation system with flow over the full range up to rated flow.
Transient flow conditions will include single and dual pump trips from
rated flow. Test duration will ensure that a minimum of 105 cycles of
vibration will be experienced by the critical components. Inspection of
internals will be canducted before and after the test. The zero-power
tests with fuel are to verify the anticipated effects of the fuel on the
vibration responsa of internals prior to criticality. Test flow conditions
will be similar to the preoperational tests. During the initial startup
tasts, flow conditions will be similar to the other tests excapt that power
«ill be up to 100 percent of rated. The primary purpose of these tasts is
to verify the anticipated effect of two-pnase flow.

Jisration sensor types will include strain gages, displacament sansors
(1inear variable transformers), and accelercmetars. Accelerometers wil' De
srovided with double intagration signal conditioning t2 give a dirolacement
sutout. Sensor lecations and measured parameters will incluce the following:

Too of shroud head, lateral accelaration and disolacament.
Top of snroud, lateral displacement.
Jet oump riser braces, tending and extansion strains.
Jer sump diffuser, lateral motion or Sending strain.
Control rod drive housings, tending strain.
Incore nousings, benaing strain.
Core spray internal piping, tending siral in.
The applicant will 2e required to provide a or ief summary of the resuits

of this test program upon its cocmopietion.

i
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Recently, cracking has taen observed in 8WR jet pump hold down beams.
The resolution of this problem may affect the design or testing of the
Parry jet pumps. (See IE Bulletin 80-07.)

———

Based upon our review of FSAR Section 3.9.2.1 and contingent upon the
satisfactory resolution of the open items, our findings will be as follqus:

The vibration, thermal expansion, and dynamic effects tast program
which will be conducted during startup and initial operaticn on specified
high and mocderate energy piping, and all associated systems, restraints and
supports is an acceptable program. The tests provide adequate assurance that
the piping and piping restraints of the system have been designed to withstand
vibrational dynamic effects due to valve closures, pump trips, and other
operating modes associated with the design basis flow conditions. In
addition, the tests provide assurance that adequate clearnaces and free move-
ment of snubbers exist for unrestrained thermal movement of piping and
supports during normal system heatup and cooldown operations. The planned
sests will develop loads similar to those experienced during reactor operation.
This test program complies with Standard Review Plan Section 3.9.2 and
constitutes an acceptable basis for fulfilling the apolicable reguirements
of General Design Criteria 14 and 15.

Based upon our review of FSAR Section 3.9.2.3, 3.3." .4, and 3.9.2.6 and
subject to resoluticn of the above open issue, our findings are as follows:

The preoperational vibration program planned for the reactdr internais
sravides an acceptable basis for verifying tne cesign adequacy of these intarnals
under test loading conditions camparable to thesa that will te experienced
iuring oceration. The compination of tests, predictive analysis, and post-
sas= inspection provide acecuate assurance that %he reaczor internals will,
during their servica 1i€atime, withstand the flow-incucad vidrations of
reactor operaticn without loss of structural intagrity. The intagrity of
+he reactor internals in service is 2ssential to assure tne croper positioning
3f reactor ‘uel assemdlies and unimpaired cgeraticn of the cantrol rod
assemplies o fermit safe reactor speraticon and snutacwn. The concduct of
tne precgeraticnal yisration tests is in conformance with tne provisions of
Requlatory Guide 1.20 and Srandard Review Plan Secticn 3.5.2, and satisfies

she applicable requirements of General Design Critaria 1 and 4.

2-32
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The applicant has analyzed the reactor, its intermals, and unbrecken
loops of the reactor coolant pressure boundary, including the supports,
for the combined lcads due to 2 simultaneous loss-of-ccolant accident
and safe shutdown earthquake. we cannot finalize our review in this area
until the applicant submits the information requested under the new loads

program, (annulus nressurizatioh)

Based upcn our review of the FSAR Section 3.9.2.5 and subject T2 re_clution
of any open items, our findings are as follows:

The dynamic system analysis performed Dy the applicant provides an
acceptable basis for confirming the structural design adequacy of the reactor,
its intarnals, and unbroken piping loops to withstand the combined dynamic
loads of postulated loss of coolant accident (LOCA) and the safe shutdown
earthquake (SSE). The analysis provides adequate assurance that the
combined stresses and strains in the components of the reactor coolant
system and reactor internals do not exceed the allowable stress and strain
limits for the materials of construction, and that the resulting deflections
or displacements at any structural elements ,f the reactor intearnals will
not distort the reactor intarnals geometry to the extent that core coeling
may be impaired. The methods used for component analysis have been found
to be compatible with those used for the sysiem analysis. The proposed
combinations of component and system analyses are, therefore, acceptable.

The assurance of structural integrity under LOCA and SSE conditicns
far the most adverse postulated loading event provides adced confidence
shat the design will withstand a spectrum of lesser pipe breaks and seismic
loading events. Acco olishment of the dynamic systam analysis constitutes

- 7.8.2

an acceptabla basis for complying with Standard Review Plan Section 2.7.C

——— -
2
-

and for satisfying the apolicable requirements oF General Cesign Criteria

and 4.
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3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports, and
Core Support structures

Our review under Standard Review Plan Section 3.9.3 is concerned with
the structural integrity and operability of pressure-retaining components,
their suoports, and core support structures which are designed in accordance
with the American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessal Code, Section III, or earlier industrial standards. This review is
divided into three parts, each of which is discussed briefly below.

The first area of review is the subject of load combinations methodology
used in load/response combinations and allowable stresses. The applicant has
proQided 1 commitment that all ASME Class 1, 2, and 3 components, component
supports, core support structures, control rod dr1§e components, and other
reactor internals have been analyzed or qualified in accordance with the ref-
erenced loading combinations.

saveral references are made throughout +his section to allowable st.esses
for bolting. Specifically, what allowable stress limits are used for bolting
for (a) equipment anchorage, (b) compenent supports, and (e¢) flanged
connections? Where are these Timits defined?

Are there any Class 1 systems in the 80P scope of responsibility?

The tables in this section provide the major source of infgrmation. Thesa
sanles should be carefully examined by the applicant to ensure clarity
anad continuity.

3ased on our review of FSAR 3.9.32.1 and contingent upcn the satisfactory

recalution of the open issue, our findings will te as follows:

The specified design and service cambinations of lcadings as applied
+5 ASME Code Class 1, 2, and 3 pressure retaining components in sysiams
designed to meet sefsmic Category [ standards are such as to provide assurance
that, in the event of an sarthquake affecting the sita or other service
loadings due tO potulatad 2vents or systam operating transients, tne
resulting combined stresses imposed on systam components will not excaed
allowable stress and strain limits far the materials of construction.
Limiting the stresses under such loading combinaticns provides 2 conservative

L 8
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basis for the design of system components to withstand the most adverse
combination of loading events withaut loss of struc ural integrity. The
design and locad combinations and associated stress and deformation limits
specified for ASME Code Class 1, 2, and 3 components comply with Standard
Review Plan Section 3.9.3 and satisfy the applicable porticns of General
Design Criteria 1, 2, and 4.

The second area of review in this section concerns the criteria used by
the appiicant in designing its ASME Class 1, 2, and 3 safety and relief
valves, their attached piping, and their supperts. We have specifically

reviewed the applicant's compliance with Regulatory Guide 1.67, "Installation

of Overpressure Protective Devices". We ~equire furrher~ clarificahen cf
T™he analyses per~formed on +he SRV pPng amd LwppeTT .
Based upon our review of FSAR saction 3.9.3.3 and contingent upon the

satisfactory resolution of the open items, our findings will be as follows:

The criteria usad in the design and installation of ASME Class 1, 2,
and 3 safety and relief valves provide adequate assurance that, ynder
discharging conditicns, the resulting stresses will not exceed allowable
stress and strain limits for the materials of construction. Limiting the
stresses under the loading combinatians associated with the actuation of
these pressure relief devices provides a conservative basis for the design
and installation of the devices to withstand these loads without loss of
s=ructural integrity or imiairment of the gverpressure srotaction functicn.
The criteria used for the casign and jnstallation of ASME Class 1, 2, and
3 gverpressure relief devices cocnstitute an acceotable tasis for meeting the
applicablae requirements of General Cesign Criteria 1, 2, 4, 14, and 15 and
are consistent with those sgecified in Requlatory Guide 1.£7 and Stancard Review
Plan Section 3.9.3.

The third area of our review in this section was the criteria used Dy
sne applicant in the design of ASME Class 1, 2, and 3 compecnent sSupports.
111 ecomconent supperts have been designed in accoraance with Subseczicn NF

v

af tne ASME Cacde, Section Lll.
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We have reviewed the applicani's design criteria pertaining to buckling
of component supports. With respect to buck1ing, we find the applicant's
criteria acceptable. As preQious1y discussed, the allowable stress limits
for support bolting of Class 1, 2, and 3 components should be provided.

The applicant states that “For the NSSS scope of supply, no valve
operators which are mounted on Class 1 piping will be used as component
supports.”. Are any valve operators mounted on ASME Class 2 and 3 or
ANSI 831.1 piping used as component supports? If so, provide a listing
of these and an example of the analysis done. Similar information is also
required for the BOP scope of responsibility.

Not enough detail is provided on the design and testing of snubters.
Do the design loads on the snubbers include those frem SRV discharge and
the LOCA? What are the criteria used for the snubb r tests? A descripticn
of the actual tests are 5150 required.

Into what category are the stresses due to differential anchor support
movements placed for supports in the BOP scope of responsibility.

what elastic/plastic analysis has been done on supports? Provice
an example of a typical analysis.

Based on our review of FSAR section 3.3.3.4 and contingent upon
resolution of the open items, our findings will be as follows:

L Y
Ay
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The specified design and service loading combinatiors used fcr the design
of ASME Code Class 1, 2, and 3 component supports in systems classified as
seismic Category [ provide assurance that, in the event of an earthgquake or
other service loadings due to postulated events or system operating transients,
the resulting combined stresses imposed on system components will not exceed ..
allowable stress and strain limits for the materials of construction.

Limiting the stresses under such ioading combinations provides a conserva-

tive basis for the design of support components to withstand the most adverse
combination of loading events without loss of structural integrity or supported
component operability. The design and sarvice load combinations and associated
stress and deformation limits specified by ASME Code Class 1, 2, and 3
component supports comply with Standard Review Plan Section 3.2.3 and satisfy
the apclicable portions of General Design Criteria 1, 2, and 2.

31.9.4 Control Rgd Orive Systems

Qur review under Standard Review Plan Section 3.9.4 covers the design
of the hydraulic control rod drive systam up to its interface with the
control rods. We reviewed the analyses and tests performed to assure the
tructural integrity and operability of this systam during normal operation and
under accident conditions. We also reviewed the life-cycle testing rerformed
to demonstrate the reliability of the control red drive system over its
4Q-year life.

The agolicant has made reference T2 allowable ceformaticns Sut tney are
not deined or listed. This must be included in the FSAR.

3ased upon our review of FSAR Section 3.3.4 and contingent ucon the
satisfactory resoluticn of the ccen items, our findings are 2as follows:

The design critaria and tne testing program conducted in verification
of =ne mecnanical operapility and life cycle capapilities of the conral rod
irive system ire in conformance «i=n Standard Review Plan Section 3.5.4,
“he use of thes2 criteria provice measgnable assyrance that the systam aill

-

-
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sunc=ion r~eliably when recuired and will form an acces
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satisfying the mechanical reliability regquirements o7 General Design
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3.3.5 Reactor Pressure Vessel Intermals

Qur review under Standard Review Plan Section 3.9.5 is concerned with
the load combinations, allowable stress limits, and other criteria used in
the design of the Perry reactor internals. The applicant has stated that
the reactor internals have been designed in accordance with Subsection NG,
“Core Support Structures”, of the ASME Code, Section III. The description
of the configuration and general arrangement of the reactor internal
structures, components, assemblies :nd systams has been reviewed and found

to be guite complete.

what feedwater sparger design is used at Perry? The applicant should
provide a commitment to NUREG-0618.

Have the reactor internals placed in the "other intarnals" category
been seismically analyzed to show that they will not compromise the
integrity of seismically qualified reactor internals during the SSt.

Basad upon our review of FSAR Section 3.3.5 and contingent upon the
satisfactory resolution of the open items, our findings will be as follows:

The specified transients, design and service loadings, 2and combination
of loadings as applied to the design of the Perry reactor internals provide
reasonable assurance that in the event of an garthquake or of a system
transient during normal plant cperation, the resulting deflections and
associatac stresses imposed on these reacior internals would not exceed
allowable stressas and deformation limits for the materials of construction.
Limiting the stresses and deformations under such loading comoinations
arovides an acceptable basis for the design of thesa reactor intarmals
=5 withstand the most adverse loading events wnich have sean postulatad
to occur during the service lifatime without loss of structural integrity
sr impairment of function. The design procsdures and criteria used by the
applicant in the design of the Perry reactor internals comply with Standarg

Review Plan Secticn 3.9.5 ang constitute an accentable basis for satisfying
4 mnmn

tne applicable reguirements of General Oesigon Criteria 1, 2, ¢ and IC.

v
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1.9.5 Inservice Testing of Pumos and Valves

In Sections 3.9.2 and 3.9.3 of this Safety Evaluation Report we
discussed the design of safety-related pumps and valves in the Perry
facility. The design of these pumps and valves is intended to demonstrate
that they will be capable of performing their safety function (open, close,

start, etc.) at any time during the plant life. However, to provide added »

assurance of the reliability of these components, the applicants will
periodically test all its safety-related pumps and valves. These tests are
performed in general accordance with the rules of Secticn XI of the ASME
Code. These tests verify that these pumps and valves operate successfully
when called upon. Additionally, periodic measurements are made of various
parameters and compared to baseline measurements in order to detect long-
tarm degradation of the pumo or valve performance. Qur review under
Standard Review Plan Section 1.9.6 covers the applicant's program for
sreservice and insarvice testing of pumps and vaives. We give particular
at*ention to those areas of the test program for which the applicant
requests relfef from the recuirements of Section X! of the ASME Coce.

The applicant must provide a commitment that the inservice tésting of
ASME Class 1, 2, and 3 components will be in accordance with the revised
ryles of 10 CFR, Part 50, Section £0.55a, paragraph (g).

The applicant has not yet submitted its program for the preservice and
insarvice testing of pumps and valves; therefore, we have not vet completed
our review.

Any reguests for ralief from ASME Section XI should be submitted as
soon as possible.

There are saveral safaty systams connecsad to the reactor csolant
pressure boundary that have design pressure below the ratad reacior coolant
system (RCS) oressure. There are also some systams whicn are rated at full
reactor gressure on the discharge side of pumps but have oSump sucticn beiow
RCS aressure. [n order T0 orotact these systems fram 2CS oressure, twWo Or
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more isolation valves are placed in series to form the interface between the
high pressure RCS and the low pressure systams. The leak tight integrity of
these valves must be ensured Dy périodic leak testing to prevent exceeding
the design pressure of the low pressure systems, thus causing the inner-
system LOCA.

Pressure isolation valves are required to be category A or AC per . o
IWV-2000 and to meet the appropriate requirements of [WV-3420 of Section XI
of the ASME Code except as discussed below.

Limiting Conditions for Operaticn (LCC) are required to be added to the
technical specifications which will require corrective action; i.e., shut-
down or systam siolation when the final approved leakage limits are not
met. Also, surveillance requirements, which will state the acceptable leak
rate testing frequency, shall be provided in the technical specifications.

Periodic Teak tasting of each pressure isolation valve is reguired to
be performed at least once per each refueling outage, after valve maintenancé
prior to return to service, and for systems rated at less than 50% of RCS
design pressura each time the valve has moved from its fully closed position
unless justification is given. The testing should also be performed after ail
disturbances to the valves are complete, prior to reaching power operaticn
following a refueling cutage, maintenance, etc.

The staff's present position on leak rate 1imiting conditions for
speraticn must te 2qual to or less than 1 gallen per minute for each valve
(GPM) to ensure the intagrity of the valve, demonstrate the agecuacy of the
redundant sressure isolation function and give an indicaticn of valve
deg~adazion over a finite cericd of time. Significant increasas over this
limiting value would be an indication af valve degradaticn from cne test to
another.

Leak rates higner than 1 GPM will be considered if the leak rata
cnanges are bSelow 1 GPM alove the previous test leak rate or systam design

srecludes measuring 1 GPM with sufficient accuracy. These itams will te

reviewed on 2 case by base basis.

.-

)
3



‘ &

The Class 1 to Class 2 boundary will be considered the isolation point
which must be protected by redundant isolation valves.

In cases where pressure isolation is provided by two valves, both will
be independently leak tasted. When three or more valves provide {solation,
only two of the valves need to De leak tazsted.

Provide a 1ist of all pressure isolation valves included in your
testing program along with four sets of Piping and Instrument Diagrams
which describe your reactor coolant system pressurs isolation valves.
Also discuss in detail how your leak testing program will conform to the

above staff position.
we will report the resolution of these issues in a supplement to the
Safety Evaluation Report.

L
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4.3 Nuclear Design

The staff review of the nuclear dcsjqn was based on information supplied by the
applicant, in the FSAR and the referenced topical reports. The staff review
was conducted within the guidelines provided by SRP Section 4.3.

4.3.1 Design Bases

Design bases are presented which comply with the applicable GOC. Acceptable
fuel design limits are specified (GOC 10}, a negative prompt feedback
coefficient is specified (GOC 11), and tendency toward divergent operation
(power oscillation) is not permitted (GOC 12). Design bases are presented
which require a control and monitoring system (GOC 13) that automatically
initiates a rapid reactivity insertion to prevent exceeding fuel design limits
in normal operation or anticipated transients (GDC 20). The control system is
required to be designed so that a single malfunction or single operator error
will cause no violation of fuel design limits (GDC 25). A standby liquid
control system is provided which is capable of bringing the reactor to cold
shutdown conditions (GDC 26), and the control system is required to control
reactivity changes during accident conditions when combined with the engineered
safety features (GOC 27). Reactivity accident conditions are required to be
limited so that no damage to the reactor coolant system boundary occurs

(GDC 28).

The staff finds the design bases presented in the F3AR acceptable.

4.3.2 QDesign Description

Descriptions of the first cycle enrichment distribution, burnable poison
loading, piutonium buildup, delayed neutron fraction, neutron lifetine, and
core burnup have been provided. The values presented for these parameters are

consistent with the design bases and are acceptable.

Power Distribution

The staff has reviewed the methods used by GE to pradict power distributions
during core lifetime (see Section 4.3.3 nelow). These methods have been
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compared to measured powar distributions in operating BWRs to demonstrate their

il acceptability. Power distributions are controlled during reactor operation by
adherence to predetermined control rod sequences so as to limit the maximum
heat generation rate and minimum critical power ratio to values specified in
the Technical Specifications. Power distributions will be monitored during
reactor operation by the incore detector system. This system, described in the
GE Topical Report APED-5076, "Incore Monitoring System for General Electric
water Reactors," consists of a source range monitoring subsystem (up to 10-%
full power), an intermediate range monitoring subsystem (10-% to 0.2 full
power), and an average power range monitoring subsystem (~0.05 - 1.5 full
power). In addition a traversing incore probe (TIP) subsystem is used to
calibrate the local power range monitors and to cbtain detailed axial power
distributions.

The intermediate range and average power range monitoring subsystems are each
equipped with trips to scram the reactor if core flux levels reach undesirable
values. These systems satisfy GOC 13 with respect to neutron flux moritoring.
A comparison of calculated and measured power distributions is given in
NEDO-20946, "BWR Simulator Verification Methods" (see Section 4.3.3 below).
This comparison demonstrates that GE design methods are capablie 6! adequately

representing reactor cperating states.

The staff concludes that discussions of power distributions in Section 4.3 and

in the other documents referenced above are acceptable. The staff further

concludes that the information presented concerning monitoring of power

distributions presented in the FSAR and in Topical Report NEDO-20340, "Process

Computer Performance Evaluation Accuracy." is acceptable.

Reactivity Coefficients

The most significant reactivity coefficients with respect to the stapility and

dynamic behavior of the reactor are the voig coefficient and the Joppler

coefficient., Of less significance is the moderator temperature coefficient.

The fuel temperature, or Doppler, coefficient of reactivity will be negative it
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all operating conditions and times in life. The moderator void coefficient
will also be always negative. The presence of negative Doppler and void
coefficients during all operating conditions satisfies GOC 11 which requires a
negative prompt reactivity coefficient in the power operating range. The
moderator temperature coefficient may become slightly positive for certain
cperating conditions (very low power at end of life), but its effect is
overshadowed by that of the other coefficients. GE has submitted a Topical
Report, NEDO-20964, "Generation of Void and Doppler Reactivity Feedback for
Application tc BWR Design," which describes the methods used to obtain void and
Doppler Reactivity coefficients. This report is currently under review (see
Section 4.3.3 below), and the staff concludes, based on the review to date,
that predictions of the various reactivity coefficients are suitably performed.

The calculated values of void and Doppler coefficients are multiplied by design
conservatism factors and used in a point kinetics neutronics mode! to calculate
the results of plant transients. Comparison of such calculations with
experiments (for example, the Peach Bottom 2 turbine trip tests) have shown
them to be nonconservative for certain core-wide transients involving
overpressurization and rapid veid collapse. Accordingly, the staff requires
that such transients be analyzed by the recently approved ODYN cédo. which is
described in NEDQ-24154, "Qualification of the One-Dimensional Core Transient
Mode! for Boiling Water Reactors," Volumes 1, 2, and 3. This code has been
verified by comparison with the Peach Bottom 2 tests and others. The staff
concludes that the ODYN code provides an acceptable calculaticn of
pressurization transients when used in the manner prescribed in the letter
dated February 4, 1981 from R. Tedesco (NRC) to G. G. Sherwood (GE). The point
kinetics code is acceptable for other transients when the design conservatism

factors are used.

Control Reaquirements

To allow for changes in reactivity due to reactor heatup (fuel and mocerator
temperature rise and void formation), load following (transient xenon),
equilinrrium xenon and samarium, ana fue! burnup with consequent fission product
buildup, a significant amount of excess reactivity is built into the core at
beginninc of life. In BWRs this excess reactivity is accounted for by the
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control rods except for a portion of that needed to account for fuel burnup.
That portion is accounted for by burnable poison located in the fuel
assemblies. The burnable poison also functions to shape the radial and axial
power,

The applicant has presented data to show that sufficient control exists to

satisfy the above requirements with enough additional control to provide a cold

xenon-free effective multiplication factor <0.99 at the most reactive point in
the core lifetime with the rod having the highest worth stuck out of the core.
NEDO-2904¢ provides comparisons of calculated and measured cold critical states
and provides a demonstration that calculation of shutdown margins is adequate.
The staff concludes that suitably conservative assessments of reactivity
control requirements have been made and that adequate reactivity control has
been provided to ensure shutdown capability, even with one rod stuck out of the
core

A standby liquid control system is provided which is completly independent of
the contrul rod system and is capable of shutting down the reactor and
maintaining it in the cold shutdown state at any time in core life. This
satisfies the shutdown reactivity reguirement of GDC 26. '

Contro! Rod Patterns and Reactivity Worth

Startup and operation of the reactor will be performed by manipulation of
control rods and control of recirculation flow. The controi rods will be
withdrawn “n sequence according to predetermined patterns. These patterns are
established in such a way that the foliowing design criteria are met:

(1) Control rod worths shall be limited so as to have acceptable consegquencas
if a rod is dropped from the fully inserted to a withdrawn position (rod

drop accident).

Contral rod withdrawal increments of rod worth snall pe limited s0 that

~~
ra
~

withdrawal of a controcl rod by one notch does not produce a period that

cannot be handled by the operator.
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(3) In BWR-6 reactors, certain of the rcds may be withdrawn ir. gangs of three
or four rods at a time. Analyses have been done to show that the above
design criteria are met for such withdrawals.

Ouring operation, the rod patterns are monitored by the rod pattern control
system function of the rod control and information system up to the preset
power level (~20 percent power). Above this power level, rod worths are not
sufficient to violate the above criteria. The rods are withdrawn in the tarked
position withdrawal sequence which is described in Topical Report NED0-21231,
"Banked Position Withdrawal Sequence.” This report has been reviewed and
accepted by the staff, and the staff conc’udes that this operating mode is
acceptable for use in the Perry reactor.

Stability

The stability of large beiling water reactors to xenon cscillations has been
discussed in the GE Topical Report APED-5640 "Xenon Considerations in Design of
Large Boiling Waters Reactors." These studies show that a BWR will be stable
to any xénon-induced power oscillation because of the damping effect of the
large, negative, spatially varying void coefficient. In addition, attempts to
induce undamped xenon oscillations in operating BWwRs confirm the presence of a
large damping effect.

The staff concurs with the conclusion that large 8WRs will be stable to
xenon=-induced power oscillations.

This satisfies part of GOC 12, which requires that power oscillations which can
result in conditions exceeding specified acceptable fuel design limits are not
possible ar can be reliably and readily detacted and suppressed.
Thermal-hydraulic stability is discussed in Section 4.4 below.

Criticality of Fuel Assemblies

The staff has reviewed the information presented regarding criticality of fuel
assemplies in storage and handling operations. Calculations are performed for

nigher=than-normal enrichment fuel assemblies, and no credit is taken for
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burnable poison in the fuel. The K.ff value for two bundles side by side in a )
pool is ~0.74. Four bundles in a square arrangement have a K‘ff value of

~0.90. An array of 12-14 fuel bundles is required for criticality if no

gadolinia is assumed to be present. An array of 16 to 20 fresh fuel bundles

are required for criticality if gadolinia is assumed to be present.

Vessel Irradiation

Neutron fluences at the inside surface of the pressure vessel have been
calculated using a one-dimensional discrete ordinates code in an infinite
cylinder geometry. Design radial and axial power distributions are used and
the calculation is performed with the axially peaked value of the flux. An
azimutha)l peaking factor is applied to the calculated flux to obtain the peak
in the azimuthal direction. Operation at full power for 40 years with an

80 percent utilization factor was assumed. Anisotropic scattering effects were
included outside the core and the resultant fluence was 4.3 x 1018 neytrons per
em® for neutrons having energies greater than one million electron-volts.

The staff concludes that the calculation method used to obtain the vessel
fluence is state of the art and is acceptable. The staff further concludes
that the core and externals have been properly modelled and that suitable
values of vessel filuence have been obtained.

4.3.3 Apalytica) Methods

The staff reviewed and evaluated the information presentad on the analytical
methods. The basic calculational procedures which are used Dy GE for
generating neutren Cross sections are part of its so-called Lattice Physics
Model. In this model, the neutron spectrum is divided into energy regions and
3 different technigue is used in each region. The fast groups (fission sgurce
energy range) are treated by multigroup integral collision probabilities to
aczount for geometrical effects in fast fission. Epithermal cross sections are
calculated by the 81 method of the wicely used GAM code. Resocnance energy
sross sections for this energy range are calculated by using the intarmediate
resonance approximation with energy- and pesition-depencent Dancoff factors
included. The thermal cross sections are ccmputed by a THERMOS-type program.
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This program accounts for the spatially varying thermal spectrum throughout a
fuel bundie. These calculations are performed for an extensive combination of
parameters including fuel enrichment and distribution, fuel and moderator
temperatures, burnup, voids, void history, the presence or absence of adjacent
control rods, and gadolinia concent.-ation and distribution in the fuel rods.

As part of the Lattice Physics Model, three-group two-dimensional XY diffusion
calculations for one or four fuel bundles are performed. In this way, local
fuel rod powers can be calculated as well as single bundle or four bundle (with
or without a control rod present) average cross sections.

GE has submitted a licensing topical report NEDE-20913-P, “Lattice Physics
Methods," which describes in detail the procedures outlined above. The staff
has reviewed this report and has concluded that the discussion therein permits
a knowledgeable person to conclude the methods employed are state of the art.
The staff further concluded that the methods satisfy the provisions of the SRP
for core physics methods and are acceptable.

The single- or four-bundle average neutron Cross sections which are obtained
from the Lattice Physics Model are used in either two- or three-dimensional
diffusion calculations. Two-dimensional XY calculations are usuél]y performed
in three groups at a given axial location to obtain gross power distribution,
and reactivities. The three-dimensional diffusion calculations use one energy
group and can couple neutronic and thermal-hydraulic phencmena. These
three-dimensional calculations are performed using 24 axial nodes and one
radia) node per fuel bundle. This three-dimensional calculation provides power
distributions. void distributions, control rod positions, reactivities,
eigenvalues, and average Cross sections for use in the one-dimensional axial
calculations. The three-dimensional calculations have Deen described in a3
tspical report, NEDO-20953, "Three Dimensional BWR Core Simulator”. The staff
has reviewed this report and has reached similar conclusions to those reached
for the Lattice Physics Methods report.

The one-dimensional calculation referred to above is a space-time diffusion

cal-ulation which is coupled to a single channel thermal-nydraulic medel. This
axial calculation is used to generate the scram reactivity function for various
core operating states. This one-aimensiona)l space-time coce nhas Deen compared
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by GE with results obtained using the industry standard code, WIGLE, and shown
to be conservative. The staff consultant, Brookhaven National Laboratories,
has performed an extensive study of BWR scram reactivity behavior (BNL-NUREG-
50584, "A Dynamic Analysis of BWR Scram Reactivity Characteristics") and has
concluded that the end of cycle all rods out configuration represents the
limiting condition for BWR scram system effectiveness. Thus, the staff con-
cludes that the method and assumptions used by GE to obtain the scram reactis-
ity curve are acceptable. (See discussion under Reactivity Coefficients above
for application of the scram curve.)

The Doppler, moderator void, and moderator temperature reactivity coefficients
are generated in a straigntforward manner from data obtained from the Lattice
Physics Model. The effective delayed neutron fraction and the prompt mode
neutron lifetime are computed using the one-dimensional space-time code. The
power coefficient is obtained by appropriately combining the moderator void,
Doppler, and moderator temperature reactivity coefficients.

GE has submitted a licensing topical report, NEDO-20964, “"Generation of Void
and Doppler Reactivity Feedback for Application to BWR Design." The staff is
currently reviewing this report. Based on the review to date, the staff does
not anticipate any major changes to the methods. (See comment in Section 4.3.2
above. )

The effect of spatially varying xenon concentrations on the stability of a
boiling water reactor is specifically discussed in GE Topical Report APED-Z640.
These studies show that a BWR wil)l be stable to any xenon-induced power
oscillations because of the damping effect of the large, negative, spatially
varying void coefficient.

“omparisions between calculated and measured local and gross power distribu-
tions have been presented by the GE in two topical reports, NEDO-20939,
‘Lattice Physics Methods Verification,” and NEDQ-20G46, "SWR Simulator Methods
Jerification.® Local (intra-bundle) power distridution comparisens i °re mace
to data obtained from critical experiments and from gamma 3Cans performed on
operating plants. Gross radial ana axial power distributions obtained from

operating plants have been compared with values predicted by the ZWR simulator

.
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code. These comparisons have yielded values for calculational uncertainties to
be applied to power distributions. Comparisons have also been made of calcu-
lated values of cold, xenon-free reactivity and hot operating reactivity of a
number of operating reactors as a function of cycle exposure. These compari-
sons have been used to establish shutdown reactivity requirements.

The staff has reviewed the two topical! reports, NEDO-20939 and NEDO-20946, and
found them acceptable for reference in licensing actions.

4.3.4 Evaluition Finding

The applicant has described the computer programs and calculational techniques
used to predict the nuclear characteristics of the reactor design and has pro-
vided examples to demonstrate the ability of these methods to predict experi-
mental results. The staff concludes that the information presented adequately
demonstrates the ability of these analyses to predict reactivity and physics
characteristics of the Perry plant.

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission product buiidup, a signficaﬁt amount of
excess reactivity is designed into the core. The applicant has provided sub-
stantial information relating to core reactivity requirements for the first
cycle and has shown that means have been incorporated into the design to con-
trol excess reactivity at all times. The applicant has shown that sufficient
contro] rod worth is available to shut down the reactor with at least a 1.0
percent dk/k subcritical margin in the cold condition at any time during the
cycle with the highest worth control rod stuck in the fully withdrawn positiocn.

On the basis of its review, the staff concludes that the applicant's assessment
of reactivity control requirements over the first core cycle is suitably con-
servative, and that adequate negative worth has been provided by the control
system to ensure shutdown capability. Reactivity control requirements will De
reviewed for additional cycles as this information beccmes available.
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The staff concludes that *he nuclear design is acceptable and meets the
requirements of GOC 10, 11, 12, 13, 20, 25, 26, 27, and 28. This conclusion is
based on the following:

(1) The applicant has met the requirements of GOC 11 with respect to prompt
inherent nuclear feedback characteristics in the power operating range by

. calculating a negative Doppler coefficient of reactivity
. using calcuiational methods that have been found acceptable

The staff has reviewed the Doppler reactivity coefficients in this case
aqd found them to be suitably conservative.

(2) The applicant has met the requirements of GDC 12 with respect to power
oscillations that could result in conditions exceeding specified
acceptable fuel design limits by:

showing that such power oscillations are not possible and/or can be
easily detected and thereby remedied

using caiculational methods that have been found acceptable

The staff has reviewed the analysis of these power oscillations in tnis
case and found them to be suitably conservative.

(3) The applicant has met the requirements of GDC 13 with respect to provision
of instrumentation and controls to monitor variables and systems that can

affect the fission process Dy
providing instrumentation and systems to monitor the core pcwer
distribution, control rod positions and patterns, and other process

variables such 3s temperatyre and pressure

providing suitable alarms and/or control room indications for these

monitored variables
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(3)

(4)

B AL L

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 Dy:

. showing that such power oscillations are not possible and/or can be
easily detected and thereby remedied, and

. using calculational methods that have been found acceptable

The staff has reviewed the analysis of these power oscillations in this
case and found them to be suitably conservative.

The applicant has met the requirements of GOC 13 with respect to provision
of instrumentation and controls to monitor variables and systems that can
affect the fission process by

. providing instrumentation and systems to monitor the core power
distribution, control rod positions and patterns, and other process

variables such as temperature and pressure

. providing suitable alarms and/or control room indications for these
monitored variables

The applicant has met the requirements of GDC 26 with respect to provision
of two indepencent reactivity controcl systems of different designs by

having a system than can reliably control anticipated cperational
occurrences

having a system that can hold the core subcritical under cola
conditions

naving a system that can control planned, ncrmal power changes
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(5) The applicant has met the requirements of GOC 27 with respect to
reactivity control systems that have a combined capability in conjunction
with action by the emergency core cooling system reliably controlling
reactivity changes under postulated accident conditions by

. providing a movable control rod system and a liquid poison system

. performing calculations to demonstrate that the core has sufficient
shutdown margin with the highest worth stuck rod

(6) The applicant has met the requirements of GDC 28 with respect to
postulated reactivity accidents by

meeting the fuel enthalpy limit of 280 cal/gm
meeting the criteria on the capability to cool the core

using calculational methods that have been found acceptable for
reactivity insertion accidents

(7) The applicant has met the requirements of GOC 10, 20, and 25 with respect
to specified acceptable fuel design limits by providing analyses
demenstrating

that normal operition, including the effects of anticipated
cperational occurrences, have met fuel design criteria

that the automatic initiation of the reactivity control system
ensures that fuel design criteria are not exceecded as 3 result of
anticipated operational occurrences and ensures the automatic
operation of systems and components important to safety under
accident conditions

that no single malfunction of the reactivity control system causes

violation of the fuel design limits
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4.4 Thermal Hydrau'ic Design

4.4.1 Thermal Hydraulic Design Bases

The thermal-hydraulic safety design bases for Perry Units 1 and 2 can be
summarized as follow:

(1) No fuel damage cccurs as a result of moderate frequency transient events.
Specifically, the minimum critical power ratio (MCPR) operating limit is
specified such that at least 99.9 percent of the fuel rods in the core are
not expected to experience boiling transition during the most severe
moderate frequency transient events.

(2) The core and fuel design basis for steady-state operation, i.e., MCPR and
LHGR limits, have been defined to provide margin between steady-state
operating conditions and any fuel damage condition to accommcdate uncer-
tainties and to assure that no fuel damage results aven during the worst
moderate frequency transient condition at anytime in life.

(3) No undamped cscillations or other hydraulic instabilities should occur for
normal operation nor for the most severe moderate frequency transient
event.

4.4.2 Thermal-Hydraulic Design Methodology
4.4.2.1 Critical Power Ratio (CPR) Correlation

The occurrence of beiling transition is a function of the local steam quality,
oiling length, mass flow rate, pressure, flow geometry, and local peaking
pattern. The (critical) quality at which boiling transition occurs as a
function of the distance from the equilibrium boiling boundary is predicted By
the GEXL (General Electric Critical Quality, x: - Boiling Length) correlation.
The 3EXL correlation is descrited in the General Electric Company Topical
Reports, NEDO-10958A, "General Electric Thermal Analysis Basis (GETAB): C(lata,
Correlation, and Design Application," January 1977 and NEDE-24156, "Basis for
aWR 5 8 x 8 Fuel Thermal Analysis Application," Decemoer 1372. The figure of
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merit used for reactor design and operation is the critical power ratio, the
ratio of the critical bundle power to the operating bundle power. This
correlation and supporting topical .reports have been reviewed and approved by
the staff. .

Critical power tests have been run on prototypical 8 x 8 fuel bundles with two
water rods. Test data for cosine axial heat flux shapes indicate that the
water rods do not affect the GEXL capability of predicting the bundle critical
power performance for hundle radial peaking patterns typical of 8 x 8 retrofit
fuel. We have previously found that the GEXL data base, which includes top and
bottom peaked axial heat flux distributions, combined with the two water rod
data demonstrate the adequacy of the GEXL correlation to predict critical powe=
in both 8 x 8 and 8 x 8 retrofit bundles. We have previously concluded that
the GEXL correlation is acceptable for both 8 x 8 and 8 x 8 retrofit fuel
app’ication.

4.4.2.2 Thermal Hydraulic Stability

Recent BWR fuel design changes, decreasing the fuel rod size and increasing the
gap conductance (due to prepressurization of the fuel), are reduéing BWR
stability margins. The maximum decay ratio for most BWRs has increased and now
exceeds 0.5, which has been the General Electric design criteria for BWR
stability. GE now proposes a decay ratio of 1.0 for their thermal hydraulic
stability criteria.

The Perry stability analysis resulted in a maximum decay ratio of 0.37 for
end-of-life cycle. The staff has not approved the proposed stabilitv criterion
of a 1.0 decay ratio or the FABLE Code used to calculate the decay riatio. This
code is described in General Electric Company Topical Report,

NEDO-21506, "Stability and Dynamic Performance of the General Electric Boiling

sater Reactor," January 1977.
To further evaluate this criterion and other stabflity criteria, we are per-

forming a generic study of the hydrodynamic stability characteristics of lignt

water reactors under normal operation, anticipated transients, and accident
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conditions. The results of this study will be applied to our review and
acceptance of stability analyses and analytical methods now in use by the
reactor vendors. The staff has previousiy approved for operation cycle 1 core
designs having calculated maximum decay ratio values as high as 0.7 during
initial cycle. We have not accepted the analyses for later cycles which have
higher calculated decay ratios, comparable to the 0.97 value calculated for
Perry.

While we continue our generic evaluation, we have concluded that the Perry core
design stability will be acceptable for cycle 1 only.

However, in order to provide additional margin to stability limits, natural
circulation operation of Perry Units 1 and 2 will be prohibited until our
review of these conditions is completed. Any action resulting from our study
will be applied to Perry Units 1 and 2. The applicant has indicated in
response to our question that they will accept the resolution of this issue
done by Licensing Review Group II (LRG-II) and the staff. This is acceptable
to the staff. In addition, we will condition the cperating license to require
that a new stability analysis be submitted and approved prior tc second cycle
operation. .

4.4.3 Design Abnormalities
4,4.3.1 Crud Deposition

Crud deposition causes flow reduction in some light water reactor cores. How-
ever, measurement of core flow by jet pump pressure drop and core plata pres-
sure drop will provide adequate indication of flow reduction, if it should
occur. Technical Specifications will be modified to require that the core flow
be checked at least once every 24 nours to verify that the core flow is con-
sistent with the rated flow along the pcwer/flow control line. This frequency
is sufficient to detect crud deposition effects. For pressure drop considera-
tions in design analysis, it is assumed that a conservative amount of crud s
deposited on the fuel rods and the fuel rod spacers. This is reflectad in a

decreased ‘low area, increased friction factors, and increased spacer 0SS

coefficients. The effect of this crud deposition is to increase the cor

P
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pressure drop by approximately 1.7 psi. We conclude that the assumptions
regarding crud deposition used in design analyses in conjunction with the
required flow monitoring are acceptable.

4.4.4 Loose Parts Monitoring

The applicant has provided a description of the Loose Parts Monitoring System
(LPMS) which will be used by Perry Units 1 and 2. The design will include two
sensors at each selected natural collection region. Twelve sensing channels
(6 channel pairs) will be provided to detect a loose part that will weigh
0.25-30 Tbs and will impact with kinetic energy of 0.5 ft-1b within 3 ft of
each sensor. In response to a question, the applicant has committed to follow
the recommendations of Regulatory Guide 1.133, Revision 1 (May 1981). Alarm
settings will be established based on the baseline data taken during startup
testing at selected nominal power levels. The staff has evaluated the Perry
Units 1 and 2 LPMS by comparing it with the equipment and procedures used on
other comparable plants, taking into account pertinent differences. In
addition the applicant has provided a detailed discussion of the operator
training program for operation of the LPMS, planned operating procedures and
record keeping procedures. We will require that location of the required
sensors, limiting conditions for operation, and surveillance requirements be
included in the Technical Specifications in accordance with Regulatory

Guide 1.133, Revision 1 (May 1981). We will require that the notification of
loose parts be done as summarized in Regulatory Guide 1.16, "Reporting of
Operating Information - Appendix A Technical Specifications. Based on our
review and the design and submittal commitments made by the applicant, the
staff concludes that an acceptable LPMS and program will .e impiemented for

Perry Units 1 and 7.
4.4.5 Thermal-Hydraulic Models

Steady-state thermal hydraulic analyses was performed using the muitichanne!
thermal-nyadraulic model ISCOR computer code. The ISCOR code and another GE
Code PANACEA (3 dimensional BWR core simulator) use the same steacy state
thermal hydraulic mode! as described in NEDO-20953A, cated January 1377. The

staff finds this description is inadequate. In response to cur guestion, the
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applicant has committed to supply proper documentation of the ISCOR code. The .’
steady-state operation MCPR limit originally proposed was based upon calcula-
tions using the REDY midel described in General Electric Topical Report,
NEDO-10802. The results from tests performed at Peach Bottom-2 revealed that
in certain cases the results predicted by REDY are nonconsarvative. Therefore,
we are requiring the applicant to use the ODYN code to analyze the following
transients: (1) feedwater controller failure - maximum demand, (2) generator
load rejection, and (3) turbine trip with and without bypass. The QDYN code

is described in General Electric Topical Reports NEDO-24154 and NEDE-24154-P
and has been previously accepted by the staff.

The MCPR during significant abnormal events is calculated using SCAT code, a
transient core heat transfer analysis code. This code is based on a multinode,
single channel thermal-hydraulic model which requires simultaneous solution of
partial differential equations for the conservation of mass, energy, and
momentum in the bundle, and which accounts for axial variation in power
generation. The primary inputs to the model include a physical description of
the bundle, and channel inlet flow and enthalpy, pressure and power generation
as functions of time. This code is described in detail in General Electric
Topical Report, NEDO-20566. In response to our question, the applicant has
agreed that they have used modified SCAT code in conjunction with COYN code for
GETAB MCPR evaluation of all the transients. The applicant has committed to
supply the proper documentation of this code. Upon receipt of proper docu-
mentation from the applicant, we will verify that these codes are acceptable
and that the applicant has calculated correctly the steady-state operating
limit for the minimum critical power ratio.

4.4.6 Thermal-Hydraulic Comparison

A summary of the thermal-hydraulic parameters for Perry Units 1 and 2 is given

in Table 4.4-1. A comparison with the parameters for Hatch=2 and Grand Gulf

core designs are given for reference. The Hatch-2 core design has been ore-
/iously approved in the Safety Evaluation Report issued in June 1978 ana Hatch-2
is an operating reacter. The Grand Gulf Core aesign has been previous'y approved

in the Safety Evaluation Report issue. in august 1981,
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The primary difference in core design between Perry Units 1 and 2 and Grand
Gulf Units 1 and 2 and Hatch=2 is size. Perry Units 1 and 2 have 748 bundles
compared to 800 bundles for Grand Gulf and 56U bundles for Hatch-2. Perry and
Grand Gulf have higher power density compared to Hatch-2. The design thermal
power for Perry is 3579 MWt compared to 3833 MWt for Grand Gulf and 2436 MWt
for Hatch=2. The average orifice pressure drop for Perry as compared to Grand
Gulf and Hatch-2 is lowest in the central region of the core (5.71 psia vs.
5.78 psia vs. 8.0 psia) and is higher than Hatch-2 and lower than Grand Gulf in
the peripheral region of the core (18.68 psia vs. 19.16 psia vs. 16.52 psia).
Hatch=2 is a BWR/4 core and Perry and Grand Gulf are BWR/6 cores. All use the
prepressurized 8 x 8 retrofit (P8 x 8R) fuel assemblies. The Perry thermal
hydraulic design is comparable to that of Grand Gu!f and Hatch-2.

.4.7 Single Loop Operation

Since no analysis has been presented for minimum critical power ratio limits or
stability characteristics for single loop operation, we will require by
Technical Specifications that single lcop operation will not be permitted until
supporting analyses are provided and approved.

4 4.8 Conclusions and Summary

The thermal-hydraulic design of the core for Perry has been reviewed. The
acceptance criteria used as the basis for our evaluation are set forth in the
Standard Review Plan (SRP), NUREG-0800 in 4.4, Soction II, "Thermal and Hydrau-
1ic Design Acceptance Criteria." The scope of (ur review included the design
criteria, core design, and the steady-state analysis of the core thermal-
hydraulic performance. The review concentrated on the differences between the
proposed core design and those designs that have deen previgusly reviewed and
found acceptable by the staff. [t was found that all such differences were
acceptaple. Perry's thermal-hydraulic analyses were performed using
appropriate methods and correlations and this is acceptabie to the staff.

The staff concludes that the initial core has been designed with appropriate

margin to ensure that acceptaole fuel design limits are nct exceeded during
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> Table 4.4-1 Thermal-hydraulic design parameters

Hatch=2 Grand Guif 1 & 2 Perry 14&2

(218-560) (251-800) (278-748) i
Design thermal output = MWt 2,436 3,833 3,579
Final feedwater temperature (FFWT) - °F 420 420 420
Steam flow rate at FFWT - 106 1bs/hr 10.47 16.49 15.4
Core coolant flow rate - 106 1b/hr 77.0 112.5 104.0
Feedwater flow rate - 106 1b/hr 10.44 16.46 15.367
Steam pressure, nominal in steam down - psia 1,020 1,040 1,040
Steam pressure, nominal core design - psia 1,035 1,085 1,055
Average power density - kw/liter 49.15 54.1 54.1
Maximum ]inear thermal output - kw/ft 13.4 13.4 13.4
Average linear thermal output = kw/ft 5.38 5.9 5.9
Core total heat transfer area - ft2 54,879 78,398 73,303
Fuel type P8 x B8R P8 x SR P8 x 8R
" “ater rods per bundle 2 2 2
_.ore inlet enthalpy at FFWT - Btu/1b 526.9 527.9 } 527.7
Core maximum exit void within assemblies - ¥ 76.3 76.0 76.0
Core average void, active coolant - % 42.2 41.0 41.4
Active coolant flow area per assembly, in2 15.824 15.164 15 164
Core average inlet velocity, ft/sec 6.6 7.07 6.98
Total core pressure drop - psia 23.9 26.74 26.40
Core support plate pressure drop - psia 19.46 22.32 2.9
Average orifice pressure drop psia
central region 8.0 5.78 8.71
Peripheral region 16.82 19.16 18.68
Numper of fuel rods per bunale 62 62 62
Rod outsice diameter = in
Fuel rod 0.483 0.483 0.483
water rod 0.591 0.591 0.591
Active fuel! length = in 150 150 150
Red pitch = in 0.640 0.640 0.540
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steady-state operation and anticipated operational occurrences. The thermal-
hydraulic design of the initial core, therefore, meets the requirements of
General Design Criterion 10, 10 CFR Part 50, and is acceptable for preliminary
design approval. This conclusion is based on the applicant's analyses of the
core thermal-hydraulic performance which were reviewed by the staff and found
to be acceptable.

The applicant has committed to a preoperational and initial start-up test pro-
gram in accordance with Regulatory Guide 1.68 to measure and confirm thermal-
hydraulic design aspects. The staff has reviewed the applicants preoperational
and initia) start-up test program and has concluded that it is acceptable.
However, prior to final design approval and issuance of an operating license,
the staff will require the applicant to resolve the following:

Provide acceptable documentatior of the ISCOR code used in the thermal-
hydraulic analyses and modified SCAT Code (for use with CDYN Code) used

in all the GETAB-MCPR evalution of the transients for Perry.

Provide by separate amendment, the operating limit MCPR as calculated by
including the ODYN methods.

The following items need to be addressed in the Technical Specifications:

Single loop operation is not permitted unless supporting analyses are
provided and approved,

Operation in a natural circulation mode is not permitted while we continue

our generic evaluaticn of thermal-hydraulic stapility for BwRs, and

The core flow should be checked at least once every Z4 hours to account
for possible effects of crud depcsition.
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In addition, a license condition will be imposed as follows:

Operation beyond Cycle 1 is not permitted until stability analysis is
provided and approved. '

The applicant's response to Item IT.F.2, "The Need for Additional Instrumenta-
tion for Detection of Inadequate Core Cooling (ICC)," of NUREG-0737, "Clarifi-
cation of TMI Action P<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>