
ACCESSION NBR:
FAC IL: 50-387

50-388
AUTH. NAl'1E

KEISER> H. M.
REC IP. NANE

ADENSAN E.

l 0
REGULATORY INFORNATION DISTRIBUTION SYSTEN (R IDB)

8606270213 DOC. DATE: 86/06/24 NOTARXZED: NO DOCKET I
Susquehanna Steam Electric Station> Unit 1> Pennsglva 05000387
Susquehanna Steam Electric Station> -Unit 2> Pennsglva 05000388

AUTHOR AFFXLIATION
Pennsylvania Power h Light Co.

RECIPIENT AFFILIATXON
BNR Prospect Directorate 3

SUBJECT: Forwards response to request For addi inFo re proposed
Amends 80 8c 30 to Licenses NPF-14 ~c NPF-22.respectively
revising Tech Specs to reFlect incorporation oF FiFth diesel
generator into plant design. Three oversize drawings encl.

DISTRIBUTION CODE: A001D COPIEB RECEIVED: LTR ENCL SIZE:
TXTLE: OR Submittal: General Distribution
NOTES: icy NNSS/FCAF/Pl'1. LPDR 2cgs Transcripts.

1 cg NNSS/FCAF/PN. LPDR 2cg s Transcr i p ts.
05000387
05000388

RECIPIENT
ID CODE/NAI'1E

BNR EB
BNR FOB
BWR PD3 PD 01
BMR PSB

INTERNAL: ACRS
ELD/HDS4
NRR/ORAS
RQN1

09

EXTERNAL: EQ8cQ BRUSKE> S
NRC PDR 02

NOTES:

COPIEB
LTTR ENCL

s

0
1 0

i 1+

ADN/LFNB
SCB

04

LPDRNSXC'305

RECIPIENT
ID CODE/MANE

H4lR EICSB
HWR PD3 LA
CAl'1PAGNONE
HWR RSB

COPIES
LTTR ENCL

y~

i i+

c
lMcP

TOTAL NUNHER OF COPIES REGU1 RED: LTTR 33 ENCL



(«i',$
« k*I 'I ~

~~
««

~~I~
~

~ ~
~

~ ~ ~

~

~
L «« ~~

~ ~ ~
~

l ~
~ N44 s ' 4" "s <.en ."

k
'k A k <l (3 ()'ll,

1 ' ) «,kj«l'v glJ g "I'«

II 'i ", ««5' '11

1 "+i j; 'ill l <«kf

fk, ~ . I», ~ 'C.k ~ lgkk 1, R l

" <<q1i(

* k 6 ~ Il ~

vk I l

"«

>l«i ui

'1'««)

l A I .j « ', v k .)$ 1

'2 ' > '> i 'R
'kf'>Q'4

' g v"; f'k f„iA
'7"if(''k9 ": '' (f ',) j l% '

v ll «Al«l ff

'«

g«/
'l

,6

I I

'«

c'
I, g«g

grl

«

6, ~
'

l «

6P



Pennsylvania Power & Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215 I 770.5151

Harold W. Keiser
V/ce President-Nuclear Operations
21 5/770-7502

JUN 24 3986

Director of Nuclear Reactor Regulation
Attention: Ms. E. Adensam, Project Director
BWR Project Directorate No. 3
Division of BWR Licensing
U.S. Nuclear Regulatory Com'mission
Washington DC 20555

SUSQUEHANNA STEAM ELECTRIC STATION
REQUEST FOR ADDITIONAL INFORMATION
FOR PROPOSED AMENDMENT NO. 80 TO
NPF-14 AND PROPOSED AMENDMENT NO. 30
TO NPF-22
PLA-2668 FILE R41-2/A17:-2

DOCKET NOS 50-387
AND 50-388

Dear Ms. Adensam:

The purpose of this letter is to transmit additional information requested by
your Staff related to the subject proposed amendments which are the technical
specification changes reflecting incorporation of a fifth diesel generator
into the Susquehanna design.

Specifically, PPGL was requested to:

Provide a typical calculation for the diesel generator E facility
cable tray supports.

This calculation is provided as Attachment 1 to this PLA.

Provide the tornado barrier design calculation for the diesel
generator E facility removable wall section.

This calculation is provided as Attachment 2 to this PLA.
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Provide clearer copies of the FSAR revisions previously submitted
under PLA-2645 dated May 19, 1986.

These copies are provided as Attachment 3 to this PLA.

Clarify that the Standard Review Plan acceptance criteria responses
(provided under PLA-2645 dated May 19, 1986) take precedence over any
deviations between those responses and the reference material also
provided under PLA-2645.
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JUN 24 $86
SSES

Ms. E. Adensam
PLA-2668

FILE R41-2/A17-2

The SRP responses reflect the latest information available and do
take precedence over the reference material.

If you have any further questions please contact D. J. Walters at (215)
770-7861.

Very truly yours,

H. . eiser
Vice President — Nuclear Operations

cc: M. J. Campagnone
L. R. Plisco

USNRC
USNRC
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OVERVIEW~0
CABLE TRAY SUPPORT DESIGN

or t e
"E" DIESEL GENERATOR FACILITY

The attached drawings C5025, C5030 and C5033 sheet 1; and Calculation SC-DB-08
Set B provide a sample of cable tray support design pertaining to the "E"
Diesel Generator Facility.

Cable tray routing is shown on drawing C5025. Support numbers are identified
on this routing (i.e. Ql ). The Cable Tray Su ort Schedule provides a
correlation between the support number (i.e. 1 ) and the support detail (i.e.
detail 1 ). The support detail is shown on rawing C5030. The dimensions
and reference elevations on the support schedule correlate to this detail.
The support type (i.e. T) on the schedule is described on drawing C5033
sheet 1. The connection details (i.e. A, F, K, H) indicated on the support
detail, are shown on drawing C5033 sheet 1.

Calculation SC-DB-08 Set B provides a design basis to detail 1. Sheets 2
through 6 provide an overview and inputs to the calculation. Sheet 11
provides the correlation between generic support types (i.e. Type Ia) and the
support details (i.e. Details 1, 12, 13). Sheets 13 through 21 provide the
design basis to Detail l.
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1~)~2.4.16 Standby yc Pawed'uP21X

'The Standby ac Paver Supply System consists of four diesel-
qenerator sets. The diesel-generators are sized so that three
diesels can supply all the necessary pover requirements for one
unit in the desiqn basis accident condition, plus the necessary
required loads to effect the safe shutdavn of the second unit.
The diesel qenerato s are specified to start up and attain rated
voltaqe and frequency within 10 seconds. Pour independent 4 kV
enqineered safety feature switchqear assemblies are provided for
each reactor unit. Each diesel-qeneratar feeds an independent
kV bus for each reactor unit.
Each diesel-qenerator star+s automatically upon loss of off-site
pover or detection of a nuclear accident. The necessary
enqineered safety feature system loads are applied in a preset
.ime sequence. Each generator opera+es independently and vithout
parallelinq during a loss of off-site power or IOCA signal.

1.g.g.4.17 dc Power Supply

Fach reactor unit is provided vith four independent 125 V and +vo
independent 250 V dc systems. Each dc system is supplied from a
separa+e battery bank and battery charger. The 125 V dc systems
are provided to supply s+.ation dc control pover and dc power to
four diesel qenerators and their associated switchgears. The 250
V dc systems are provided to supply pover required for the larger
loads such as dc ma+or driven pumps and valves.

The 125/250-V dc System is desiqred to supply pover adequate to
satisfy the engineered safety fea+ure load requirements of the
unit with the postulated loss of off-site power and any
concurrent sinqle failure in the dc system.

1~2,)~4~18 R~sgdgal Heap femoral Service Mator system

A Residual Heat Removal Service Mater System is provided to
emove the heat re]ected by the Residual Hea+ Removal System

during shutdovn operation and. accident conditions.

1,2,g,4, 19 emergency Service Mater System

0
Ro v. 35, 0 7/84 1. 2" 21

The Emergency Service Mater System supplies vater to cool the
standby diesel-generators and the PCCS and Engineered Safety Features
~quipment rooms, and o+her essential heat loads.
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Pover from the qenerators is stepped up from 24 kV to 230 kV on
Unit No. 1 and from 24 kV to 500 kV on Unit No. 2 by the unit
main transformers and supplied by overhead lines to the 230 kV

'and 500 kV switchyards, respectively.

The elect,ric power distribution system includes Class IE and non-
Class IE ac and dc pover systems. The class IF. power system
supplies all safety related equipment and some non-class IE loads
while the non-Class IE system supplies the balance of plant
equipment.

The Class IF. ac system for each unit consists of four independent
load qroups. Two independent off-site pover systems provide the
normal electric power to these qroups. Fach load group includes
4.16 kV switchqear, 480 V load centers, motor control centers and
120 V control and instrument pover panel. 'The vital ac
instrumentation and control power supply systems include battery
systems, static inverters. Voltaqes listed are nominal values,
and all electrical equipment essential to safety is designed to
accept a ranqe of,+10 percent in voltage.

Four independent diesel qenerators are shared between the two
units. Each diesel generator is provided as a standby source of
emerqo.ncy power for one of the four Class IE ac load groups in
each uni+. Assuminq the total loss of off-site pover and failure
of one diesel qenerator, the remaining diesel generators have
sufficient capacity to operate all the equipment necessary to
prevent undue risk to public health and safety in the event of a
desiqn hasis accident. on one unit and a forced shutdown of the
second unit.
The non-Class IE ac system inrludes 13.8 kV switchqear, 4.16 kV
switchqear, 480 V load cente s and motor control centers.

Four independent Class IE 125 Vdc batteries and tvo independent
Class IE 250 Vdc batteries and associated battery chargers
provide direct current power for the Class IE dc loads of each
unit. Pover for non-Class IE dc loads is supplied from the Class
IE 125 and 250 V batteries throuqh an additional circuit breake-
for redundant fault protection.

These svstems are discussed in Chapter 8.

Rev. 35, 07/84 1. 2-26
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the north and west branches of the Susquehanna River. Post-olean
advances did not reach the site vicinity (Ref. 2.5-5 and 2.5-6) .

Peltier (Ref. 2.5-5) mapped discontinuous kame terraces along the
Susquehanna River in the site vicinity. The highest such terrace
formed by ice marqinal streams occurs at about 650 feet above sea
level at the site. Ref.er to Subsections 2 5.1 2 2 and
2.5.1.2.3..3 for further discussion of Pleistocene erosion and
deposition at the site.
Since the retreat of the Wisconsinan ice sheets from the region,
broad regional uplift appears to have occurred, probably at least
in part as a result of crustal rebound subsequent to the removal
of'ce load. Erosion has continued and scil profiles have
for med.

5~$ ,$ ~5 Rngj,geegjgg Geology )valuation

Site subsurface exploration is described and discussed in
subsection 2. 5. 4. 3. Laboratory tests of foundation materials,
and in situ geophysical tests of the foundation materials are
discussed in Subsections 2. 5.4.2 and 2.5.5. Geologic mapping of
the final foundations is described in Subsections 2.5.1.2.2 ~

2.5.1.2.3 and 2.5.4.1.3. It was concluded from these studies and
evaluations that the site geologic and foundation conditions are
entirelv suitable for the construction and operation of the
@lant.

2.5.1~).5~1 Ggogogic Conditions Under Category 1 Structures

dlYl QLcse,l
M)m~ 4~
hcsel ynero4x'

build) ac)

All Seismic Category l plant facilities, except the spray pond~
awk the Enqineered Safequard Service 'Rater (ESSM) pumphouse and
pipeline are founded on bedrock. The ESSW pipeline trench is
excavated aartly in soil and partly in rock. The location of
these facilities is shown on Figure 2. 5-24.

The foundation rock is a hard, indurated siltstone, a member of
the Devonian Nahantanqo Formation. Xn the foundations area it is
quite massive and litholoqically homogeneous, with bedding
qenerally not well defined, and lacking the bedding plane
.fissility usually associated with .less well indurated shaly
silts+ones and silty shales. Xn places +he rock exhibits a slaty
cleavaqe, further evidence of its indurated nature. All Category
1 rock foundations were excavated to unweathered bedrock.
Geologic maps and sections of the Cateqory 1 excavations in rock

.are shown in F'ures 2.5-18 and 2.5-19. Nore detailed discussion
of the foundation qeologic conditions is contained in Subsections

Fev. 35, 07/84 2. 5-56
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2.5.1.2.2 and 2.5.1.2.3. Engineerinq properties of the
foundation rock are described in Subsection 2.5.4.

The spray pond is situated over a glacial or preglacia1, east-
wast trendinq bedrock valley as outlined by contours on top of
bedrock (Fiquxe 2.5-17) . The valley is filled with dense
gravelly and sandv glacial outwash and till deposits which attain
a maximum. thickness of about 110 feet adjacent to the spray pond
area. They were deposited no later than the Olean substage
(early Qisronsinan) of the Qisconsinan glaciation which occurred
over 50,000 years ago. Xn general, the deposits are permeable
and consist of a sequence of sand, qravel, and boulders overlain
bv sand and gravel, overlain in turn by silty sand. The entire
sequence is highly variable in qrain size distribution and
sortinq. and contains discontinuous pockets of similar materials.
As a rule, grain size decreases and sortinq increases toward the
top of the sequence.

The southwestern +ip of the spray pond is cut,into bedrock while,
the remainder was excavated in these permeable glacial materials.
The thickness of the qlacial deposits beneath the bottom of the
spray pond ranges from zero at +he rock contact to 93 feet at the
eastern end of the pond. The spray pond is lined to minimize
seepage losses to the underlving permeable glacial deposits. The

,
foundation of the pumphouse structure located at the southeastern
corner of the pond is underlain by 35 to 60 feet of qlacial
material. The FSSw circulation pipelines between the pumphouse
arrl the plant intersect bedxock at an elevation of 668 feet,
approximately 260 feet southeast of the pumphouse (refer to
Figure 2.5-17A) . A qeoloqic map of the spray pond area is
oresented on Fiqure 2.5-15. Further discussion of conditions at
+he ESSR pumphouse and spray pond are contained in Subsections

, 2 5.1.2.2, 2.5.3 and 2.5.5.

Cl

natural slopes adjacent or close to the principal plant
structuxes are relativelv flat. Host of these slopes are
composed of soil: few rock slopes occur (Fiqure 2.5-17 shows
areas of rock outcrops).

Pev. 35, 07/84 2.5-57

North of. the spray pond the Trimmers Rock Foxmation forms a
relatively steep ridqe rising approximately 380 ft. above'he
pond. The south-facing slope of this ridqe is essentially a rock
slope underlain by flagqy, resistant sandstone thinly mantled
with soil and rock fragments. The closest approach of this slope
to the spray pond is alonq the northern perimeter of the pond;
the toe of the slope, at elevation 710-720 feet, is 250 feet or
more from +he edge of the pond (at elevation 679 feet) The
maximum slope alonq the ridqe is about 2 horizontal to 1
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1,000 ft. This rock contains no unstable minerals and provides
highly stable foundation conditions.

Soils at the site are;glacial in origin, deposited mostly by
fiowing qlacial meltwater, much under torrential conditions.
The soil is noncalcareous. Host of the rock fragments consist of
indurated sandstones. 'the origin and mineralogy of +hese soils
is such that they present no hazardous conditions (refer to
Subsection 2 5. 1. 2. 5. 7) .

2.R,4,g Propegties of Subsurface materials

'Ad d~c5el ~
heK kvdiad

6'v1

Ql lip

A few of +he safety-related principal plant structures are
founded or. soil. These structures consist of the Engineered
Safeguard Service Mater (ESSM) pumphouse, the spray pond, and
portions of the Seismic Cateqory I oipeline linking the reactor
building to ~he sora ond Nost other plant structures are

n ed on rock. The location of these structures is shown on
Figure 2. 5-24; soil and rock foundations are identified on Figure
2. 5-17A.

~he static and dynamic enqineerinq properties of the site bedrock
and ovorhurden'soils were determined by field investigation and
laboratory testina. The results of laboratory testinq of the
materials sampled from the prospect site are covered in two
r.. ports (Bof. 2. 5-q7 and 2.5-98) .

A detailed study of the soil properties at the site of'he spray
pond and ESSM pumphouse is given in Subsection 2.5. 5.

The Ca+eqo=y I reacto buildinqs and diesel generator building,
as well as the non-Category I turbine and radwaste buildings (see
Fiqure 2.5-24) are founded on unwea+hered siltstone bedrock. The
sil+ston~, a member of the Nahantanqo Formation of Devonian age,
is hard and indurated, and in the foundations area is
litho1oqically homogeneous with bedding generally no+ well
defin~d, and lackinq .he beddinq plane fissility usually
associated with less well indurated shaly siltstones and silty
=.ha 1.~s. In places 'he rock exhibits cleavage, further evidence
of i'.s indurated nature.

=n +ho. aroa of the principal plant structures, bedrock bedding
where observed generally dips qently (less than 100) south;
locally, such as north of the circulatinq water pumphouse, beds
din ..lightly north. At the north end of the radwaste building
and the north side of the tJnit 1 coolinq tower, bedding dips more

P~ v. 35, 07/84 2. 5-89
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steeolv north. The cleavage is steeply inclined to the south.
~inor lickensided beddinq plane shears and )oint planes occur in

'hefoundations as described in Subsections 2.5.4.1 and
2. 5. 1. 2. 3. All such shears beneath the principal'lant
foundations are fully healed w'th unweathered calcite and quartz
mineraliza+ ion and do not adversely affect the strength and
competence of the foundation rock. Further evidence of the
healed nature of these ..hears is furnished hy the RQD values and
core recovery rates in horinqs that penetrated bedding plane
."hear h (refer to Fiqure 2. 5- 18 and discussion in Subsection
2.5..4. 1) at elevations below the bottom of the foundati.on of the
orincipal plant s+ructures, such as in borinqs 302, 309, and 314.
tn all casos RQD values are above 35 percent through the shear
@lane; in most cases, RQD values exceed 80 or 90 percent and core
recovery was close to 100 percent (Further information on
foundation qeoloqic conditions is presented in Subsection
2.5. 4.1) .

Tvnical values of unconfined compressive strength of unweathered
siltstore underlvinq the p incipal plant foundations zange from
3,650 to 16,000 psi (see Table 2.5-3) . The modulus of
deformation determ'ned from these laboratory tests on core
samples ranqes from 3.1x10~ +o 9.4x10~ psi. These values
ndicate strong, competent rock.

P-wave measurements were made by Dames and Noore i.n the
laboratory on individual core specimens. The cores were from
horinqs 303, 314, and 315 which are located ~ respectively, near
-.h~ Unit 1 turbine building condensate pump pit at the center of
the tJrit 1 reactor, and at the center of the Unit 2 reactor. The
averaqe seismic P-wave velocity determined for 10 samples at or
below foundation grade beneath power block s+ructures is
13,236 fps. For three samples from boring 303 in the tJnit 1

turbine building, the average Vp value is 14,272 fps, or
aoproximat~ly 14,000 Eps. These determinations are listed in
Tables 2. 5-4 anR 2.'5-5.

Fock quali~y designation (PQD) measurements made by Dames and
Hoor~ on rock cores from below the foundation elevations in tlte
"eac~or, turhino, radwaste, diesel generator, and circulating
water pumol.ouse foundat-ons exceed 80 percent (refer to boring
logs, Ref. 2.5-97) .

J'n the reactor area, cross-hole and down-hole measurements 'of in
situ sei. mic velocities show high values. The measurements were
made hy teston Geophysical Fnqineers, Inc., June 8 - August 6,
.1971 usinq horeholes 105, 303, 307, 314, 315, and 316 (refer to
Figure 2. 5-29) . Values o bt ain ed from the cross-hole array for
the eleva".ion interval 550-640 ft NSL are 16,000 fps for the P-
wave velocity and 7500 fps for the S-wave velocity in the reactor
area (design elevation of bottom of reactor foundations, 639 ft
."ISL) . The results of the down-hol~ measurements yield values
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tha+ are sliqhtly lower, by a fac or of about 15 percent; that,
ls, a V value af about 14,000 fos and V of about 6,200 fps.
These in site resul+s are in qood aqreement vith the laboratory
determina+ions. Additional cross-hole and up-hole in si+u
seismic velocity measurements were made in the spray pond area
(Ref. 2.5-99}. Results of the cross-hole explorations at the
site are further discussed in Subsections 2.5.4.2.2 and 2.5.4.4.

Plate load tests vere carried out on sound rock near the center
of the Units 1 and 2 reactor building excavation in the vicinity
of horina 105 (refer to Figure 2.5-18) . plates, 24, 13.5, and

in. in Riameto.r were subjected to successively increasing total
laadinqs of 7, 22, and 60 tons per square foo+ (tsf),
resoectively. A total deflection of .062 in. occurred vhen the
24 in. plate vas loadeR to a maximum of 7 tsf. An additional
Reflection of 0.036 in. vas recorded on subsequent loadinq to
22 tsf, and another 0.036 in. of Reflection on application of the
<0 tsf maximum 'load, producinq a total settlement of 0. 134 in.
for +he three-staqe loading to 60 tsf. Recovery of the rack by
elastic rebound upon release of these loads vas substantial: 68,
75, and 80 percent repeatable elastic recovery of the total
Ro.flections ve e recorded after release of the 7, 22, and 60 tsf.
loadinqs, respectively. Additiohal deflections due to cyclic
loadinq vere small. Application of 14 cycles of load at 7, 15,
and 30 tsf resulted in additional settlements of only 0.012,
0.00'l, arrl 0.002 in., respectively, over the corresponding single
loadinqs. These results are consistent vith the high modulus
values arR seismic velocities of the foundation rock, a nd
indicate structurally stronq, competent material for foundations
in unveathered rock.

It i., concluded from the engineering properties of the
unwo.athered he<lrock of the Mahantango Formation +hat the rock
provides adequate support for the major plant structures under
both sta+ie and dynamic conditions. Set+lement af structures
unde sta .ic loadinq is insignificant. It consists of pseuda-
elastic cnmnression of the underlying rocks and occurs
~ssential ly upon load apolicatian. Moreover, the bedrock will
urderaa ro loss of strenqth and vill experience negligible
aRRitional sett.lement under earthquake loadinq.

summary of the properties of the foundation rock is compiled in
able 2.5-5.

2,5,4, 2~2 Pgogortios of Foundation Soils

The results of detailed exploration of the soils in the spray
pand a ea are given in Subsection 2.5.5. Only information on the
properties of the pumphouse foundation soils is given in this
sul."-er. ion.

el ~K dl~l geneM< ~
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hand fuel gngfu d>e~f r)ene>nv 6 building

he natural soils at +he pumphouse site are normally consolidated
~nd consist prerlominantl y of sand, qravel, cobbles, and boulders.

-.he soils are poorly stratified, startinq as sand or sandy
ara vol a+ the surface and grading to mostly cobbles and boulders
near herl ock." The depth of the soil deposit below foundation
grade rana~s from about 35 ft at the south end cf the pumphouse

o shout 60 ft at the north end. A subsurface cross-sec+ion
,hrouqh ~h ~ pumphouse site is shown on Figure 2.5-30, cross-
s~ction D-D. The soils below the foundation level are
nr~dominartlv sandy aravels with large amounts of cobbles and
bn»1ders. The properties of these sandy and gravelly soils are

follows:

yroXLrns4Jy ci)n4 (S)
4e+ and keen@) (zo) &d
bf aand,gravel,and lxuQ~
<re belm 4e 4endaHon
grade nf diesel ~
~K Srdiesel 9enerelnr
6 building ok gap44

end enJ sov46 end~pecH very.

Gra in Size Dis+ribut ion

Grain size'distribution tests were made on most of the
split spoor. samples for classif ication purposes. Sieve
and hydrometer aralyses were performed according to ASTH
Procerlure D-422. The range of grain size curves is
".-".own on Fia»re 2.5-31. The mean grain size (D50) of
t,he qravellv soils, which are the predominant material
below the pumphousey was founrl to be in +he ranqe of 4.5
to 25.0 mm. Wherever the sand is present below the
pumphouse, the D50 size is in the range of 0.14 to

and diesel @el +6K 4r diesel generoHv c'oildl
AQ

Relative Density

F~lative density rlata were derived from standard
pen~+ration test results usinq th'e Gibbs and Holtz
procedure (Fef. 2. 5-100) . This procedure is valid for
normally consolidated sands.

are deseI fuel
rdkselg~&

bu) lding .2. 5-92Pev. 35, 07/84

values of relativo density ohtainerl in this way are
..ummarizerl on Fiaure 2.5-32. A direct comparison of
relative d~nsi'y. from '>I ~ values qiven in Figure 2. 5-32
a",.d from undisturberl samples and/or in site density
t-~s+s cannot be made because no relative density tests
were marie. The soil deposits are qlacial in nature.
The deposits are auite variable in particle size and
..or+ina anrl conta''n discontinuous sand pockets and
a ra ve'rocko. s. Grain size in general increases with
d .p+h. At ~he foundation level of the pumphouse~ the
maximum sizes of the particles are in the range of 3 to
l2 inches. Undisturbed tube samples could not be
obtained in the gravelly soils. The gravel also will
influence the results of in site density tests so that
they may not represent the in site condition as a whole.
<he Standard Penetration resistance versus elevation is
qiven on Fiqure 2.5-33. The 'N'alues will be
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influenced by qravel. Because of this the
blowcounts were not considered representat
conditions. A value of N = 40 was selecte
Of +he 49 standard penetration tests made
foundation level at the ESSH Pumphouse

higher
've of site

for design.
eneath the
exceeded 40

blows per foot. Of the 6 values that ere less than 40
blows per foot only one was less than 30 blows per foot.

and ~ (e) s4a~Q pen~a4ian @st
c) Static, gpd Qggaygc Sheep S+gength benea4h+be4~4 4u:l+~ng Corhhs <gael

QcMm~r 6 ulldtrl p

Undisturbed samplinq of qravelly soils was not possible.
Therefore, shear strenqth testinq was conducted only on
the sands. The shear strength of the qravelly soils was
then conservatively assumed to be equal to that of the
sa nds.

The details of the testinq procedures and selection of
design strenqths are qiven in Subsection 2.5.5. The
effective angle of internal friction was selected from
the +est data to he 350 (Fiqure 2.5-34) . The cyclic
shear stress ratios at the two effective consolidation
pressures 1.0 ksf and 6.0 ksf were determined to be
0.320 and 0.260, resnectively, for 5 loadinq cycles
(Figure 2.5-35, Subsection 2.5.5) . A linear
relationship was assumed in computinq cyclic shear
stress ratios at other effec~ive consolidation
oressures.

d) Sh~a wave Volocitg and Shear Noduli

Cross-hole shear wave velocity measurements were
performed by Meston Geophysical Engineers, Tnc. (ref.
2.5-99) . Compressional and shear wave velocities
obtained from the measurements are qiven on Figure 2.5-
36.

Shear moduli were computed from the values of shear wave
v~loci+y:

G = — VY 2

g S

who,re:

G = shear modulus, psf

Y = unit weiqht, pcf

q = gravitational acceleration, ft/sec~
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v = shear wave velocity, fps

A discussion on hnv the shear modulus is influenced by
t~e confininq pressure, the s+rain amplitude, and the
relative donsi+y„is qiven in Subsection 2 ~ 5.5. 2.

I
2.5.4 3 Pxoloration~ ~

~he location of all. field explorations is shovn on the plot plan,
F'qure 2.5-22.

A total of. approximately 250 exploratory borings vas made in soil
and rock at the site. Borinqs were logged in detail; boring loqs

~ are contained in Ref.s. 2.5-97, 2.5-98 and 2.5-99 and Appendix
2.SC. he soils ve e classified in accordance with the Unified
Soil classification system. Rock loqs include RQD (rock quality
desiqnation) values. Coring in rock vas performed usinq NX
dou-tie-tubed corinq equipment.

An inves4~V4n
erg~ (Sonny

Z ~7) ues~4nl >n

iggg 4 o
ckcftA'lllc So>l

and rode,
IKB44hS ih
ed~

gesera+e &
but)din) arcs,

nq lqsace
aonWned i'~

Appeedie 2 5,<

Drillinq vas conducted in late 1970 (100 and 200 series borings)
+o establish qeneral qeoloqic relationships over the si+e area
and to determine general soil and rock conditions at the site. A

mare intensive program (300 series borings) was conducted in the
sprinq of 1971 to define foundation conditions in the principal
plant structures area. Four 45-degree angle hales were drilled
in +1~ reactor area. Additional explora+ion drilling vas
necessary to locate the si+e for the 'Susquehanna River intake and
lischarqe structures (700-900 series borings), to define soil and
rock condi+ions at the spray pond and ESS'R pumphouse site (1100
series and same 400 series borinqs), and to investigate
foundation conditions for the cooling tovers (borings B1 to B10)
~nd the ra'road spur and bridge over State Highway'1 (borings
417 to 455 and 92q to 040) . Becaus~ of the safety rela ed

Ca+~gory T) unction of the spray pond~aa8 FSSM pumphouse, the aQd~el~l
~xplnration program for these facilities vas comprehensive and
included spli+ spoon and undisturbed samples, laboratory testing, d~,i+„Q[+hvdroloaic ..urvevs, permeability +ests, and seismic cross-hole 'g'bund>H)~

+ 'and up hole surveys. After comple xon of q.oloqxc borings,
static water levels vere measured in some of the borings drilled
on +he site. perforated plastic pipes were installed in a number
of the borinqs to allov collection of future vater level da+a.
these bnrinqs are denoted on the plot plan, Figure 2.5-22-

Forty-seven test pits were excavated by backhae at selected
locations to observe soil and rock conditions. Tvo north-south
trenches totalling over 700 ft in lenqth were excavated to obtain
informat'on on physical properties, structure, and variability of
th~ rear-surface materials at the site. Laqs of the test pits
and trenches are compiled in Appendix 2. SC.
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5 4 5 2 1 >xc~v„.tions in Rock

All seismic cateqory I rock foundations vere carried to or veil
bolov unveathered hedrock. Rock foundations for the turbine and
radvaste buildings, although they are not Seismic Ca+eqory I
structures, were prepared according to the same general
oroco.dures and cri+eria used in preparing the Seismic Category I
rock foundations.

Excava+ion of rock proceeded hy initial ripping of any weathered
surficial rock material followed vhere necessary by line blasting
and presplittinq in boles drilled to provide slopes of 1

horizontal to 4 ver+ical. Essentially vertical slopes in
unweathered rock prnved stable throughout the duration of
construction and no special protective measures vere required.
weathered rock was cu+ on slopes of 1 horizontal to 2 vertical.
In a few places, vire mesh vas used for protection of higher
veatbered rock slopes +hat vere exposed for extended periods.

The surface of, the excavated foundation rock was scaled to remove
loose debris and petted with water or air to remove loose
fraqments and to prepare the surface for concrete. Before
placement nf structural concrete or concrete backfill to design
e].evation, all Seismic Cateqory I foundations vere inspected by
an enqineerinq qeolnqist to verify the suitability of the rock
and i~s ornper surface preparation to receive concrete. All
fourdation rock hearinq a Seismic Cateqory I structure vas
qeo]oqica] ly mapped (see Piqure 2.5-18}.

Foundations for each of the coolinq towers (nonseismic-Category I
s+ructures) consist of 40 individual pedestals supporting the
columns ard ex+ended to bedrock. Excavation proceeded by cuttinq
a rinq trench and prenarinq for each pedestal a suitable surface
in unweathered or partly weathered bedrock by rippinq or blasting
as necessary, followed by scalinq and getting.

During cons ruction of prircipal plant structures founded or.
rock. excavations extended below the vater table and some
devaterinq was required. Due to the lov permeability of the
rock, qroundvater inflov vas small. Devaterinq was accomplished
by surface drains and sumps.

4.5,2.2 Excavations in Soilj & A ~

andd>esel I QnK4'v d~l
$8@~~ &'vndlng

The excavaticn for the spray pond ~ ESSQ Pumphouse was
Dro.dominantly in soils. Excavation proceeded initially by using
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larqe earth moving equipment, then finished by using more refined
procedures. On completion of excavation, the surface layer nf
+he natural soil formation was recompacted as follows:

a) For soils having not more than 12 percent. passing the
Nn. 200 sieve size, 80 percent relative density as
determined by ASTI D2049

b) For all other soils, 95 percent of maximum dry density
as. determined by ASTI D1557

7est Results a"e included in Appendix 2.5C. The location of test
snocimens with respect to the spray pond is shown on Figure 2. 5-
59. A statistical analysis of the test results was made and is
summarized on Figure 2.5-60. The required compaction was met or
exceeded.

/

A protective concrete ma+ was immediately placed over the
compacted soil under the ESSM Pumphouse and a minimum of 5 in.
thick reinforced concrete liner placed over the entire spray pond
aro.a.

All temporarv slopes in soil were formed at a maximum slope of
1 1/2 horizontal to 1 vertical. The temporary slopes in the
v<ci nity *of the ~SSW pumphouse were protected wi+h a 3 in. layer
of concrete to maintain +he natural soil formation intact. All
pe rmanen'lopes in soil were formed at a slope of 3 horizontal
+o 1 vertical.
The excavation for +he Seismic Category 1 pipelines in soil was
carried'out similarly. All slopes were cut at a maximum of 1 1/2
horizontal to 1 vertical. The minimum clearances were 1 ft
beneath ~he pipe and 2 ft +o the sides.

2 ~ 5 4 ~ 5 ~ 3 Backfill gnd Compac:tion

a~nerall v, the excavated area, for a minimum distance of 10 ft
=urroundinq +he major structures, was backfilled with a non-
corrosive lean mix concrete known as sand-cement-flyash backfill.
A minimal amount of backfillinq has taken place using qranular
backfill, wi+h the exception of the spray pond and vicinity
addressed later in th's"section.
-he Seismic Category T pipelines were generally backfilled with
the sand-cement-flyash; otherwiso qranular material was used.

Buried Seismic Cateqory I electrical ductbanks are composed of
reinforced concre+e encasements around plastic cr metal ducting;
the concrete encasement being cast direc+ly against the excavated
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grade. Granular or sand-cement-flyash backfill was used the same

as for buried pipes.

The properties of these respective backfills were as follows:

a) Sand-Cemen~-Plyash

He iqh+
Slump

Strenqth

110 lb/cu ft minimum
3 in. minimum
6 in. maximum
40 psi mini~urn at 28 days

Granular

Granular backf ill was well-graded, sound, dense, and
durable material. Tt consisted of sand, gravel or
crushed rock and did not contain any topsoil, humus,
brush', roots, peat, sod, cinders, shale, rubbish or
other perishable materials, or portions of clay, waste
concrete, trash, or frozen material. No more than five
percent by weiqht passed the No. 200 sieve. The maximum
size of the material was 4 in. in confined areas where
hand tampinq was required and 6 in. in other areas.

The placement specification of these respective backfills was as
follows:

Sand-Cement-Flyash

Sand-cement-flyash backfill was either mixed at the
batch plant or obtained from an offsite source, conveyed
+o the point of placement'by truck, and placed in lifts
not exceeding 30 in. in height. The maximum rate of
pour did not exceed 4 ft/hr. It was vibrated in place
with a@proved equipment. It was pro+ected from freezing
+emperatures for a minimum of 3 days.

b) G anular

Granular backfill was placed in maximum 8 in. loose
horizontal layers, moisture conditioned, and compacted
to at least 80 percent relative density as determined hy
A STN *D2049.

Raekfi11 material within 2 ft of. structures and in areas
where large construction equipment could not be used or
where there was a danger of damage to structures was
compacted go the specified density by hand operated
~quipment.

SmalL areas resultirq from dental excavaticn beneath the spray
oond concre+e liner received a shallow levelinq course. ~ The
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mat~ ial and placement specification for this type of fill
(arbitrarily designated Fill Type A) was as follows:

Fill Type A, Material

The maximum size of this material was 4 inches and no more
than 5 percent ) y dry weight passed t.he Ho. 200 sieve.

Fill Type A, Placement

Fill <ype A was placed in maximum 6 inch uncompacted layers,
moisture cond''ned, and compacted to at least 80 percent
relative density as determined by ASTN D2049.

>he area to +he south and south-east of the spray pond was filled
in a controlled manner. The material and placement specification
for this type of fill (arbitrarily desiqnato.d Pill Type '8') was
as follows:

Fill Type 8, Material

The maximum size of this material was 12 inches and no more
~ than 3S percent by dry weight passed the No. 200 sieve.

Fill <ype 8, placemen+

Fill ~ype 8 was placed in a 15 inch maximum uncompacted layer
+hirkness, moisture conditioned, a'nd compac+ed to satisf y
both of the followinq requirements:

a) A~ least 80'%elative density as determined by ASTÃ
D2049 for material havinq not more than 12% passing the
)to. 200 sieve or 90'%f maximum dry density as
determineR by ASTN Dl557 for all other material.

b) Irrespective of the compacting effort required to
satisfy part a) above, the fillwas compacted in one of
the followinq manners as a minimum effort:

Usinq a crawler tractor hav.inq a'eight at least
~anal to that o f a D8 Caterpillar tractor with
bulldozer blade. Each track overlapped the
Drecedh nq track by not less than four inches. Mhen
the tractor has made one entire coverage of an area
in this manner, it was consiRered to have made one
oass. Fach fill lift was compacted with four

passes'easing

a vibratory roller of minimum weight. 20,000
mounds having a roller width of approximately 78
inches and a diameter of approximately 60 inches.
The oiler had a vibrator frequency range of
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be+ween 1100 and 1600 vibrations per minute anR had
minimum vihratory dynamic force nf 40,000 pounds.

Th~ roller speeR did not exceed 3 mph and each
track ovetlaooed the precedinq one by at least
inches. Mhen +he roller had made one entire
roveraqr of an area in this manner, it was
conside ed to have made one oass. Fach filllift
was compacted with four complete passes.

iii,) Using a hand controlled vibrato y compactor in
locations inaccess'ble by tractor or vibratory
compac.ors was on the basis of the demonstrated
ability of the compactor +o compact the materia1 +o
+he same density as the contiguous backfill.

.est results are included in Appendix 2. ).C. The location of
specimens with respect to the spray pond is shovn on Figure

2.5-59. A statistical analysis of the test results was made and
is summa. ized on Piaure 2.5-60. The required compaction was met
or exceeded.

.o rompute the late..al pressures acting on subte ranean walls,'ll backf..'l was conservatively assumed to be qranular. The
static and dynamic enqineerinq properties of +his granular
backfill was assumed as follows:

Bulk unit weight, Yb

Satu a ted unit. weight, Y

135 pcf

140 pcf

Coefficiert ac+'e earth
pressur~, V~ 0. 30

Coefficient earth pressure
"a~-r~~c+ ~< K 0 70

.he romou~ation of s+atic and dynamic lateral soil pressures
acti nq on subterranean wa11 is addressed in Subsection
2. ).4.10.2.

2.5.4.5.4 Bedding Material for Seismic Category E Pipes anR
>lee»ica] Duct Ban ks14

Yhe heddina material was sand-cement-flyash as defined in Section
2. 5. 4.5.3,of th~ FSAR.

The excavation was made to„original qround or in sand-cement-
f') yash t)arkfill to requireR bedding subgrade. The bedd inq
suhqrade was insoected and verified to'e sound and dense mee+inq
visua\ r quirements for backf'll adequate for support of bedding
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material, th» mee~inq sp~cification intent. Th~ suhqrade vas
also inspected for unsuitable'aterial such as water, frozen,
organic nr de}eteric»s ma+erial. Such material, when found, was
removed ~

The ~n0-rement-flya. h beddinq material vas ~ither mixed a+ the
l atch plant or obtained from an approved offsita source. The
sand-cem~n~-flyash vas then placed in lifts not exceeding 30
inch~s in height nor 4 fee+ per hour. For pipes the pour was
hro»qht +o th pipe spring line an4 was allowed,o set. Fo duct
?anks th~ heddinq was no". placed until the duct bank concre+e
reachod ~he reouired s.renqth. Sand-cement-flyash was then
nour~d +o the top o. the duct bank and allowed to set.

I
Analysis of the relevant field tests for bedding material is
included in +he summary aiven in Table 2.5-61..

5.4.6 ( roundwate~ Condi+ions.2p. ~ A ~ . — sa

Soerizl measures for control of qroundvater levels beneath
a~i. mir. Category I plant structures founded on rock are not
required. How~v~r, control of qroundvater levels and seepage is
needed at the snrav oond; discussion of. design criteria for
s+ahility of +he spray pond is presented in Suhsection 2.5.5.

periodic vater level readinqs were obtained in the vicinity of
principal plan+. (pover block) structures between December

1q70 and Auaust 1972. Groundvate fluctuations ranged from 1.5
in d il 1 holes 209, 311, to 6.2 f in drill hole 213.

<! o maxim»m qroundvater level measured in the plant strurtures
Quri na th' preronstruction period ranged from approximately

690 f. a. ~he v~st ~dqe of +he site of the .urhine building, to
abou+ 655 ft a. the east edqe of the site of the reactor
? uildinqs (refer to Figure 2. 5-55) . These levels were obviously
influenced by the +opoqraphic high of 749 ft just west of the
site of th ~ power block strurtures. However, subsequent
~xravat.ion and grading 'n these areas prerlude vater levels from
risinq to this height. in the future.
0»ring construction, the area just west of "he pover block
,tructures vas qradod to eleva+ion 710 ft or less. Excavations
fnr the fo»ndatiors of the principal plant struc+ures ex~ended
l elov the wa~er «.able and some minor devato.rinq vas required ~

nue to t}e low ne me~bility of the rock, qroundvater inflow vas
,".-mall and was confined to seepage from fractures. Devaterinq vas
accomplished by pumpinq from lov" areas and sumps. Qhere seeps
ve e noted issuinq from fractures in the rock, holes were drilled
ir+n the fractures and pipes caulked in the holes to control
wa+er while the mudmat vas placed. In the foundation fo" tha
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reactor huildinq (elevation 639 ft) and in the turbine condensate
pump pit (at elevation 635 ft), hydrostatic oressure caused
liftinq of small areas of the 3 inch thick concrete mudmat that
had heen placed over +he impervious membrane. Approximately 20
relief wells drilled throuqh the mudmat released the pressure ard
al lowed + he, mat +o settle back to its original position. The
weiqht of the structural concrete slab subsequently placed on
.his mudmat wa more than suffi'cient to resist any uplift
pres sures.

The hiqh~st seeps no+ed in +he foundation rock durinq
construe+ion vere at elevation 642 ft, ir. the radvaste building
~xcavation and at about +he same elev~tion in th~ pipe t"ench in
«h~ . outhern part of the Hnit 2 turbine building. Some seeps
were also noted in the founda ti on rock for the reactor buildings

eleva+ion 639 ft and in sumps belov this. To the west of. the
.urbine building in ~he circulatinq vater pumphouse excavation,
va?r r vas noted to en+er the excavation to an elevation of
anproximat ~ly 660 ft. Hydrostatic liftinq (described above) of
the impervious membrane did not occur at four. dation elevations
ahove 640 ft.
h<ldi+iona 1 informat on with regard to groundwa+er monitoring and
water tabl~ fluctuations in the principal plart structures area
's provided in Subsection 2.4.13 and Tables 2.4-31 and 2.4-32.

k

A'. tho. spray pond, wate level information taken between July 29,
1974 and Auaust 4, 1975, and from January through Harch 1977,
indicate a minimum wa+er level fluctuation of 4.0 ft recorded at
nhserva«ion wolls 1111 and 1113, and a maximum fluctuation of 7.0
ft in 11~5. Additional discussion of qrcundvater fluctuatiors ir
".he sunray'ond ar~a can he found in Subsect'on 2.5.5. Because
q oundva er levels ~-. the pond vill be higher t.han the maximum
oro1ecteR flood elevation (refer to Piqure 2.5-38 and Subsection

respec .ively), floodinq conditions v.'l not siqnificantly
a+ fer« t he around wa+ er levels.

Local v~11m vi«hin +wo mil~s of the plant site were invontoried
and «he informa ion is qi.ven in Table 2. 4-22.

<rourdwater flows away from the principal
-o «he nor~h, east,, and south. However,
direction of flow is to the east and sout
0. 05 and '. 06, respectively. 'The flov ra
~~timateR t o h~ less thar. 1 ft per day as
2. 4. 13. Groundwat~ contours a t the. site
2. 5-38.

plant structures area
the predominant.

heast at gradients of
te in bedrock is
discussed in Subsection
are shown on Figure

P~rmoahility of tho. intact bedrock at the
ft/v~ar.,h~ averaqe permeability of the
-he moray oond is 2,000 ft/year; however,
consiRera b3, y excee0eR in somo tests. For

site is less than 1

qlacial materials at
this value ha s heen
a complete description
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nf permeahility at +he spray nond and plan+ structures areas,
consult Su? octions 2.5. 5 an<i 2. 4. 13, respective) y. Measured
nnrmi abi 1 i "y values may he found in Table 2.4-33 and 2. 4-34.

2.$ .4,7 p~spon5e of Soil. and cock +o Dynamic Loading

7,, ?.4.7.1 Resnons~ ef Rock to Dynamic Load'ng

Rock at '.h~ site voulrl be unaffec+ed by dynamic loading from
ea thauake .. Durina historical time, no Pennsylvania earthquakes
have been f 1t at +h~ site. Approximately 14 earthquakes
oriqinatir q outside P>nnsylvania could have been felt at thesit., hu., vith a probable maximum in.ensity of only IV on the
"odified Nercalli Scale. Ground motion at this 'n+ensity .vould
!:ave had no effect on the site.
The compressional and shear wave velocities of sound, unweathered
foundation rock 'n the reactor area (Vp = 14,000 to 16,000 fps; V

6,200 o 7,500 fpsl indicate that the rock possesses a high .

"iqidity and provides effective resistance against dynamic loads
.or all structures founded upon it (refer to Table 2.5-5) . Such

'".ock vill not be subject to any loss of 'strength under earthquake
1 oddinqs ~

2.5.4.7.2 Resnon e of Soil to Dynamic Loadinq

1'?.e analysis of earthauake-induced soil strain and settlement of
he spray pond and ESSM num phouse are qiven in Subsection 2. 5. 5.

Tf +he sands at the si.e behave like dry sand d»ring an
-art? quake, the settlement will be less than 0. 05 in. If the
..-and deoosits are sat;ura+ed and excess pore pressures develop,

hey v'l r~consolidate followinq he earthquake and se+tlements
un to 1.7 in. at. the east end of t.he pond and»p to 1.0 in. at
+? e FSS w pum pho use ma y he expected.

The bearing capacity of. the pumphouse mat footing vas evaluated
) y the followinq squat ion (Ref. 2. 5-115):

wher o.:

1/2 BY N + Df (N -1)f q

»1+imato bearinq capacity
v'dth of the footinq
unit weight of the "soil
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depth of surcharge

g , H = hearinq capacity factors

This equation was derived for the static condition; however, a
conservative evaluation of the bearing capacity for the dynamic
rondition ran be made by assuminq that, during dynamic loading,
the footinq has an effective width equal to 1/3 of the actual
'footinq (Ref. 2.5-115) . Substitutinq all values qiven in
Subsection 2.5.4.10.2 into the equation hut usinq B=21.3 ft
instead of 64 ft, the ultima+e bearing capacity was calculated to

52 kips/sq ft. The corresponding factor of safety aqainst
bearing failure is 17.

Soil structure interaction has been address'ed in Subsection
3.7.2.4. The analysis and desiqn of buried pipelines has been
addressed in Subsertion 3.7.3. 12.

<or the soil su@ported spray pond, ESSW pumphouse and Seismic
Ca+o.qory l pipelines, the liq»efaction potential was evaluated.
The soil underneath thyrse structures is predominantly sand,
@ra ve l, co bh1 es, an 6 hou lde rs.

"he liq»efaction potential of the soils beneath the spray pond
and the ESSM pumphouse is discussed in detail in Subsection
2.5.5. he minimum fac+or of safety against liquefaction for
".hese st.uc'.uro.s was fo»nd to be 1.26, which is larger than the
m'nimum acceptable factor of safety of 1.20.

The ~oil s»oported Seismic Category I pipelines are underlain hy
the same qlacial deposits as the spray pond area and the maximum
oredirto..rl wa+er l~vel below the pipelines is lower than that
»nder the pond. Hence, liauifaction potential of the soils
b~noath the seismic Ca+eqory I pipelines is no qreater than that
of soils beneath the spray pond.

2. 5 4, 9 Ea gthquake Design Bases

The d~siqn bases for +h'e SSE and OBE are addressed in Subsections
2.5.2.6 and 2.5.2.7.
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2.5.4 10 Static Stabilitv0 ~

2.5.4.10.1 S+atic Stability of Safety-Bela>ed Structures
Sgggorted og Jock

<he reactor hu'dinqs, control struc+ure, and the. diesel
qene ator building, all of which are Seismic Cateqory I
structuros, are founded on sound, unweathered silts+one bedrock.
<he Soismic Category I pipelines linkinq the reactor buildings
with the spray pond are trenched partly in soil and partly in
bedrock.

>ho. strenq+h of the unweathered bedrock- amply accommodates the
1oads of +he plant providinq hiqhly stable foundation conditions.
As measured in +he Seismic Cateqory I reactor area, compressional
velocities are in +he ranqe of 14,000 to 16,000 fps; shear wave
velocity ranges between 6,200 and 7,500 fps. Static
Reformational modul's measured on rock cores vary between 3.1
+o 9.4x10~ psi (refer to Table 2.5-3) . Measurements of
unconfined compressive strenqth of unweathered foundation rock.
from the vicini+y of the principal plant st"uctures were between
3,650 and 16,000 nsi (Table 2. 5-3) . Static properties of the
foundation rock are summarized in Table 2.5-5. Loads induced by
the, plant struc+ures 'are less than the allowable bearinq pressure
of the rock and far below the ultimate bearinq capacity. The
struc+ural 1oads will produce no siqnificant total or
differential settlement of the foundations.

Safety-related structures founded on rock were designed for a
hydro tatic qroundwater loading caused hy a maximum qroundwater
level of 665 f+. This is higher than the expected maximum water
level, as discussed in Subsection 2.4.13.

?.5.4.10.2 Static Stability of Safety-Belated Structures

<he mat footing of. the PSST pumphouse is 112 ft long, 64 ft wide,
~nd 3 ft thick. The total dead and live loads are 20,000 kips
and 2,100 kips, resnectively. The corresponding unit pressures
are 2.80 ksf and 0. 30 ksf, respectively. The bottom of the mat
is at elevation 657 f+.

The ultimate hearing capacity of the mat can be estimated by the
fol 1 owinq ~qua+ion (Bef. 2. 5-115):

q' 1/? 8 Y N + D (N - 1)
d f g

Where:
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q' ultimate bearing capacity
d

8 = width of the mat = 64 ft
Y = unit weight of the soil = 130 pcf

Df depth of surcharge, conservatively assumed to abc
zero

N ~Ny'"q bearing capacity factors

38, and 33, respectively (Fef. 2.5-115)
correspondinq to p = 35O (Subsection 2.5.4.2.2)

The ul+imate bearing capacity of the mat foundation was found to
be 158 kips/sa ft. The factor of safety was computed to he 51,
which indicates no danger in overstressinq the supportinq
granular soil. Therefore, the allowable bearing pre'ssure and
settlement of the mat footing were evaluated by the method of
limi~inq settlements suggested by Peck, Hanson, and Thornhurn
(Be<. 2.5-116) . The allowable bearing pressure for a maximum
settlement not to exceed 2 in. was computed by the formula:

Vhere:

allowable hearinq pressures, tsf
number of blows per foot in the standard
po.net ation test

""n Cw correction factors for "N", for the effects of
overburden pressure and location of groundwater
surface

A conserva~ ive N value of 40, was selected to represent the soils
l.elow +h~ ma+ foundation (El~vation 657 ft, Fiqure 2.5-38) . The
Standard Penetration Tests below the foundation level were made

an average overburden pressure of about 6,000 psf (Fiqure 2. 5-
39); the corresponding correction factor C„was obtained from
Fiqure 19.6 of Ref. 2.5-115 to be 0.63. Assuminq that the
arounrlwat e surface is at 7 ft below the mat and no surcharqe,
the correction factor C was computed to be 0.55 by equation 19.4
of Ref. 2. 5-115.

Th~ allowable bearing pressure was computed to he 6.0 kips/sq ft
based on the, values of N Cn and C given above. At this
bearinq pressure, the settlement of the mat foundation should be
less than 2 in. and the differential settlement should be less
than 3/4 in. Therefore, bv proportion, for a desiqn total
pressure of 3.1 kips/sq ft, the corresponding maximum and
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giffozential settlements would be less than 1 in. and 1/2 in.,
r~spectivelv. Settlement in sand and qravel deposits .occurs
aim'ost simultaneously with +he application of lead. Since more
'han RO percent of. the total load is dead load, then less than
0.2 in. nf settlement is expected after the completion of the
construct ion.
~he structural stability of the ESSW pumphouse is discussed in
Subection 3.8.4 and 3.8. 5.

The ..ustaiped load from the spray pond is less than the veight of
overburden removed; therefore, there is an adequate factor of
safety aaainst overstressing the underlying soil- Soil rebound
durina excavation in qranula" soils ot .the type found at the
spray pond is insiqnificant.
~he maximum predicted elevation of the water table is. below the
base of th~ sprav pond and ESSR pumphouse; therefore, hydrostatic
water loadinas were not considered in the design of these
structures. A full discussion of the vater table in this
vicinity is in Subsection 2.5.5.
The lateral earth pressure actinq on subterranean walls of
Se'mic Category l structures was computed assuming qranular
backfill havinq the properties stated in Subsection 2.5.4.5. 3.
The coefficient of earth pressure «at-rest« was used.
Additionallv, the walls vere designed for surcharge loadinqs and
dynamic soil pressu es as appropriate. The typical pressure
diaqrams and combinatiors are shovn on Figure 2.5-39.

>!ater levels in the spray pond area are discussed in Subsection
2.5. 5. 1. 2. Contours of the groundwater table in the spray pond
area are shown on Fiqure 2. 5-38. Profiles of measured and
projected prnfiles of the qroundwater table beneath the spray
pond are shown on Figure 2.5-40.

2.5,4.11 Desian Crit~ria

2.5.4.11.1 Oesian Criteria of Safety-Belated Structures
og Rock

he plant structures founded on rock are designed for a maximum
~cceleration of, 0.10q from an occurrence of the SSF. event. From
considerati'on of its enqineerinq properties, it is evident that
the foundation rock will not be measurably affected by seismic
loadinas, and nealiaible additional foundation settlement vill
accompany these maximum potential dynamic loads. The maximum
contemplated total static and dynamic loads of 40 tsf are only a
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2. 5-115 peck, B. B., Hanson, R. E.. and 'Thronburn, T.H., 1974,
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The ESWS is desiqned to

a) Supply cooling water to the RHR pumps and their
associated room coolers during the several non-emerqency
modes of RHR pump operation such as fuel pool coolinq,
normal shutdown, and hot standby

b) Supply cooling water to the various diesel generator
heat exchanqers, RHR pumps, room coolers, RBCCW and
TBCCW heat erchanqers during emerqency shutdovn
conditions such as a LOCA.

The ESWS pumps are located in the ESWS pumphouse with the RHRSM
pumps. The ESWS pumphouse is designed as Seismic Category I and
+he PSWS consists of +wo redundant loops {denoted A and B) each
capable of providing 100 percent of the cooling water required byall the PSP equipment of both Units 1 and 2 simultaneously. The
system is designed o that no sinqle active or passive component
failure vill prevent i+, from achieving its safety related
oh)ective.

The syste*m star+s automatically on a diesel start signal.
Fo additional discussion, see Subsection 9.2.5.

+g fio«(jy ~ /PHD dm ( cp0roM ig prbbd6d a5 o ~cp4ce~~
Diesel Generators ~g~<f'~ ~ ~g g~A ss housed <6 accpacakc ~is&«+cqyvg +

Quildi~g
-The four diesel qenerators are housed in a Seismic Cateqory I
structure. They are separated from each other by concre+e valls
vhich provide mis ile protection. Loss of one diesel generator
will no+ impair the capab=litv to safely shutdown hath units,
since .this can he done wi+h three diesel generators. Por
addi'.ional discussion, see Subsection 8.3.1.4.

Por descriptions of the Diesel Generator Fuel Oil System, Coolinq
Water Svs+em, Air Startinq System, Lube Oil System, and the
Intake and Exhaust Systems see Subsections 9.5.4, 9.5.5, 9.5.6,
9.5.7, and 9.5. 8 respect.ively.

Por missile protection see Subsection 3 5. Separation is
discussed in Section. 3. 12 and 8. 3.

The spray pond provides the water for both the ESWS system and
the RHRSW systems. It is the ultimate heat sink for both Units 1

and 2. The return lines from the ESWS and the RHRSW are combined
and the total quantity of water from both these systems is
discharged throuah spray networks, vhich dissipate the heat back
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fol]owinq a loss-of-coolant accident to assure that core coolinq,
containment inteqrity, and other vital safety functions are
maintained.

'

provisions shall be included to minimize the probability of
losinq electric power from any of the remaining supplies as a
result of, nr coincident with, the loss cf pover generated by the
nuclear power unit, the loss of pover from the transmission
netvork, or the loss of power from the onsite electric pover
supplies.

Two offsite power transmission systems and four onsite standby
diesel qenerators with their associated battery systems are
provided. Either of the two offsite transmissicn pover systems
or any three of the four onsite standby diesel generator systems
have sufficient capability to operate safety related equipment
for coolinq the reactor core and maintaininq primary containment
inteqrity and other vital functions in the event of a postulated

'accident in one unit vith a safe shutdown of the other unit ~

The two independent offsite power systems supply electric power
to the orsite power distribution system via the 230 kV
transmission grid. Each of the offsite power sources is supplied
from a transmission line which terminates in svitchyards (or
Substatinns) not common to the other transmission line. The tvo
transmission lines are on separate rights-of-vay. These tvo
transmission circuits are physically independent and are desiqned
to minimize the possibility of their simultaneous failure under
operatinq and postulated accident and environment conditions.

Fach offsite pover source can supply all Enqineered Safety
Feature (ESF) buses through the associated transfo"mers. Power
is available to the FSF buses from their preferred offsite power
source durinq normal operation and from the alternate offsite .

ower source if the preferred power is unavailable Each diesel
qenerator supplies standby power to one of the four ESP buses in
each unit. Loss of both offsite power sources to an ESP bus
results =in automatic startinq and connection of the associated
diesel qeneratoryvitbin 10 seconds. Loads are progressively and
sequentially added to avoid qenerator instabilities.
There are four independent ac load groups provided to assure
independenre and redundancy of equipment function. These meet
the safety requirements assuminq a sinqle failure since any three
of the four load groups have sufficient capacity to supply the
minimum loads required to safely shut dovn the unit. Independent
routinq of the preferred and alternate offsite pover source
circuit, to the ESF buses are provided to meet the single failure
safety requirements.
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Principal Coaponents (34~)

PSAR
Sectinn

Saucce.
of
S 'ipplY

laca-
t lan

(2) v

Quality
r,coup
Classi- Safely

Clg ~

(4) 0

Pci.nripal
Construc-
tion
Codes arid
Q 't a L: d g L' ~3

Se is al.c
Category

Duality
Assurance
Reauireaenl. Caeaeii ts

Puap aotors, fuel oil systea

Diesel qcneratars
r'.lectrical nodules vith safety
functions

Cal lc, vith safety functions

Diesel fool storaqc tanks
Diesel lul'e oil systea pipinq
and valves

Heat excbanqecs: 1acket vatec
and luhe oil

Pilter housinqs
Lube oil hcatec
Lube oil circulatinq puap
Diriscl startinq aic systca
pipinq and valve froa dovnstrcaa
of tee fo'.lovinq coaprcssor dis-
charqi. ta enqine skirl

Pipinq and valves, others
hir rereivcrs
Coapcessocs
Jacket coolinq vator pipinq
Coolinq 1acket vater heater
Coalinq 1acket vatcc heater puap
Air Intake C exhaust pipinq

(except aufflers and
expansion paints)

Dirty lube oil drain tank

G

ri
C

C
Hh
D

~ Ci

P

P

P

G

G

G

G

G

C

Ci

D

C
D

'

Hh
D

C

NA

P/PC/glj O~C Ctg Hh

P/?L C, 4$ Nh

Pl@.. C.C.~ Hh

P/0< G,+~ NA

0

IPEF-279/
323
IEEE-279/
323/383III-3
831. 1

3
Other
Other

III-3/
TPNA C
VXII/Hh
HONP.

Hh

I
HA
NA

III-3
Other
3
Other
Other
Othcc
other
3

831. 1.0
III-3
Nh
83l l
Hh
Hh
III-3

Nh
I
HA
NA
Hh
Hh
I

other NON~ Hh

TEF.F.-323/ I
344
IEFE-387

Y

H

Y
H

N

H

Y

15

24

9.4 1

r ontrol Poan C Coaputcc Rooa llVAC

Notors CS Hh 3 HPtlh llC1 I
IEP.P.-3II4/
323

Rev. 36, 07/85 Refec to the Ceneral Notes at the end of this table.
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TABLE 3.2-1 (Continued)

QualitySource'roup
FSAR , of Loca- Classi- Safety
Section ~Su ~l tion fication Class

(1) R (2) * (3) * (4) *

Principal
Construc-
tion
Codes and
Standards

(5) *

Pa e 22

Quality
Seismic Assurance
~Cate or ~Re uirement Comments

(6) * (7)"

Instrumentation Associated with
Ot er St stems Re unbred for Safet 7.6

Spent fuel pooling cooling system
Fuel handling area ventilation
isolation system

Control room panels
Local instrument racks associated
with safety related ecuipment

Instrumentation Associated with

P
P

R NA

R 'A
CS NA

ALL Nh

IEEE-279 I
IEEE-279 I
IEEE-279 I
IEEE-279 I

Y
Y

S stems Not Re uvre or Sa et

Seismic instrumentation
Area radiation monitoring

Leak Detection Instrumentation

7.7

P
P

ALL NA
ALL NA

Other Nh
Other NA

I
NA

Y
N

Temperature elements
Differential temperature sw'tch
Differential flow indicator
Pressure switch
Differential pressure indicator

switch
. Differential flow summer

Process Radiation Honitors

Electrical modules, main steam
line and reactor building
ventilation monitor

Cable, main steam line and reactor
building ventilation monitors

Electric S stems

En ineered Safet Features AC
~ua ment 8.3

GE CRR T NA
GE C R '.NA
GE CS NA
GE ~ C,R NA

'E

GE
CS
CS

NA
NA

GE R NA 2

P R NA - 2

IEEE-323 I
IEEE-323 I
IEEE-323 I
IEEE-323 I
IEEE-323 I
IEEE-323 I

IEEE-323 I
IEEE-279/ . NA
323/383

Y
Y
Y
Y

Y
Y

39
39
39
39

39
39

15

4.16 kV switchgear

Rev. 35, 07/84
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TABLE 3.2-1 (Continued) Pa e 23

Principal Components (34*)

Quality
Source Group

FSAR of Loca- Classi-
Section ~Su ~1 tion fication

(1) * (2) * (3) *

Safety
Class

(4)

'rincipalConstruc-
tion
Codes and
Standards

(5) *

Seismic
C~ate ot

(6)"

Quality
Assurance
Recenirement Comnente

(7) *

480 V load centers

480 V motor control centers
'f.)4 KV -980< 7c~~kr~~ - DIG'C

En ineered Safet Features DC
~EII> ment

125 V and 250 V station batteries
and racks, battery chargers

125 V switchgear and distribution
panels

)25M Mcki Conbol
~-Dl(l'C'20

V Vital AC S stem E ui ment,

Static inverters

120 V distribution panels

8 ~ 3

8.3

P O~ PALS NA

P/l5l( 0,05 NA

0 h(A

CSi(l5 NA

P/6W CS NA 2

('s

CS NA

CS,R NA

IEEE-308/ I
323/344
IEEE/308/ I
323/344
~66/gory/

Ez.s/MM

IEEE-308/ I
323/344

IEEE-308/ I
323/344~ boa/
mM/Syc/

IEEE-308/ NA
323/344
IEEE-308/ I
323/344

Electric Cables for ESF E ui ment 8.3

5 kV power cables

600 V power cables

Control and instrumentation cables

Hiscellaneous Electrical

P (j)( ALL NA

P (lQ ALL NA

P,&l4 ALL NA

IEEE-323/
383
IEEE-323/
383
IEEE-323/
383

NA

NA

15

15

15

Primary containment building
electrical penetration assemblies

Conduit supports, safety related
'Tr~ 4 Tray supports, safety related

Emergency lighting systems
Emergency communications systems
Diesel generator

TratlajOr hate.lg - 0/C~C
QCl'~'ivltlkl~Qpl~ b/geC

Rev. 35, 07/84

P C

P,~ ALL
P,el( ALL
P,( )( ALL
P,~ ALL
PIp. G

C5'G

* Refer to the

NA
NA
NA
NA
NA

A>A
pDA
General

2
2
2
Other
2
z.
2.

Notes at

IEEE-317/ I
344/383
IEEE-344 I
IEEE-344 I
IEEE-344 I
NONE NA
IEEE-387 I
~em 72)I3qg
~6e~ ~I~W4

the end of this

Y
Y
Y
N
Y

Y
"r

table.
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15
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TABLE 3.2-1 (Continued) Pa e 26

FSAR
Sect:on

Source
of
~Su ~l

Loca-
tion

Quality
Group
Classi-
fication

Safety
Class

Principal
Construc-
tion
Codes and
Stardards

Seismic
C~ate ur

Quality
Assurance
~ue uireeeet Cuaueeute

Principal Components (34'l (1l'2l'3) (4l* (5) 4

(6)'emineralized

Water Hakeu S stem 9.2.9

Tanks
Pumps

Hotors
Pxping and valves

~Buildiu

Reactor Building
Pressure resistant doors

Watertight door
R. B. Equipment door
Primary Containment

Access hatches/locks/doors
Liner plate
Penetration assemblies
Vacuum relief valves
Downcomers
Downcomer Bracing

Diesel generator building
Control structure
Radwaste and offgas building
Turbine building
Administration building
Circulating water pump house
ESSW pumphouse
Low Level Radwaste Holding Facility
D)E,S EL dj 8 A) g gA|'Og, L ~l<Mtj

Structures

P
P
P
P
P
P
P
P
P
P
P
P
P
P

'jgH

CW D
CW D

CW NA
ALL D

R 8
R 8

R 8
R 8
C 8

C 8
C 8
C 8
C 8
C 8
C 8
G NA
CS NA
RW NA
T NA
0 NA
0 NA
0 NA
0 NA

I)f'3E gA

Other
Other—

Other
Other

2
2
2
2
2
2
2
2
other
Other
Other
Other
3
other

VIII-1
831.1.0/
Hyd.I
NEHA HG1
831.1.0

ACI/AISC
ASTH/AhS
AISC
ASTH/AMS
ASTH/AWS
ACI/AISC/III
III-HC
III-HC
III-HCIII-2III-2
AISC
ACI/AISC
ACI/AISC
ACI/AISC
ACI/AISC
ACI/AISC
ACI/AISC
ACI/AISC
ACI/AISC/
UBC

Ac@~

NA
NA

eh A
NA

NA
NA
I
I
I
I
I
I
I
I
I
NA
NA
NA
NA
I
NA

Y
Y
Y
Y
Y
Y
Y
N

N
N
Y.
N

24

27, 30

29

44

22
21

Roof Scuppers anc Parapet Openings
Spray pond a Emergency Spillway
Condensate storage tank
Spent fuel pool
Spent fuel pool liner
Refueling water storage tank
Pipe Whip Restraints

r
Rev. 35, 07/84

P
P
P
P
P
P
P

R,CS,G
0
0
R
R
0
R,C

NA
NA
D
NA
NA
D
NA

2
3
Other
2
2
Other
3

ACI/AISC
ACI
D100
ACI/AISC
ACI/AISC
D100
AISC

NA.
I
NA
I
I
NA
I

Refer to the General Notes at the end of this table.

Y
Y
N
Y

N
Y
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TABLE 3.2-1 (Coritinued) Pa e 27

PS RR

Si.cr. ion

Quality
Source Group
ut Loca- C lassi-
~Su ~l tron fication

Principal
Construc-
tion

Saiury Codes und
Class Standards

Seismic
C~ate or

Quality
Assurance
~Re uireaent Cotrtente

Principal Components (34 (I)'2) R (3) '4) '5) 1 (6) ~

Hissile Barriers for safety
related equipment

Biological shielding wxthxn
Primary containment, reactor
Building and control building

Safety rclared masonry walls

P C,R, NA
CS,SW,
G

C,R ~ NA
CS
R,G, NA
CS

0 her ACI/AISC I

Other ACI/AISC I
Other ACI/UBC I

Rev. 35R 07/84 'efer to the General Notes at the end of this table.
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TABLE 3 '-1
SSES DESIGN CRITERIA SUNDRY (Continued)

Pa e 29

General Notes and Comments

1) GE ~ General Electric
PL ~ Pennsylvania Power a Light

P ~ Bechtel as agents for Pennsylvania Power -a Light
NA ~ Not Applicable, see comments

piabpeu(DcI X5 Asarrs Pox prk~yLospA p~~tA(.>+pp
2) Location

C Part of or within primary containment

R Reactor Building

T Turbine Building

CS Control Structure

RW Radwaste and Offgas Building
A)b)c 4D

G Diesel GeneratorgBuilding

Intake Structure. "

A Administration Building

CW Circulating Water Pumphouse

SW Engineering Safeguards Service Mater (ESSW) Pumphouse

CA Chlorine and Acid Storage Building

0 Outdoors~)ns ate, „

3) A,B,C,D - Quality group classification as defined in
Regulatory Guide 1.26. The equipment shall be constructed in
accordance with codes listed in Tables 3.2-2, 3.2-3, and 3.2-
4 ~

NA - Not applicable to quality group classification
4) 1,2,3,4, other = safety classes defined in ANSI-N212 and

Section 3.2.3.

NA - Not applicable to safety classification

Rev. H~
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-TABLE 3.2-1

SSES DESXGN CRITERIA SUMMARY (Continued)
Pa e 29

General Notes and Comments

1) GE = General Electric
PL = Pennsylvania Power & Light
P = Bechtel as agents for Pennsylvania Power & Light

QkQ N 6I~Sh H>L~ LJC. ~~ 4'r
NA = Not Applicable, see comments

/

2) Location

C Part of or within primary containment

R Reactor Building

T Turbine Building

CS Control Structure

RW Radwaste and Offgas Building

G,, Diesel Generator Building
'Qg c D l6 5 ~)- 4 ~M GRAToR 'E gglLJtHq
I Intake Structure

A Administration Building

CW Circulating Water Pumphouse

SW Engineering Safeguards Service Water (ESSW) Pumphouse

CA Chlorine and Acid Storage Building

0 Outdoors, Onsite

3) A,B,C,D - Quality group classification as defined in
Regul'atory Guide 1.26. The equipment shall be constructed in
accordance with codes listed in Tables 3.2-2, 3.2-3, and 3.2-
4.

NA — Not applicable to quality group classification
4) 1,2,3,4, other = safety classes defined in ANSI-N212 and

Section 3.2.3.

NA - Not applicable to safety classification

Rev. 35, 07/84
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WrMQ 7 oA Qt8G 5

hll exposed st uctures are designed for wind loading.

The desiqn'ind velocity for all st uctures is 80 mph at 30 ft
above ground for a 100-vear recurrence inte-val. 'the'design win%
veLocitv 's baseR on Figure 5 of Ref~renew 3.3-1. (Befe ences
are I'sted in Subsection 3. 3. 3} .

The v. tica'aLocitv d'stribution is has+4 on 7ablo. 1(a) of
>eference 3.3-2. The veloci" y distribut'on is tabulated in
>able 3.3-1.

h gust fa to of 1.1, as qi'ven in preference 3.3-2 ~ is used.

Qwiggmggg iog of, gpoLgeg goggeg

~he procedure used to transt'orm the wind velocity into an
effective pressure applied to exposed surfaces ot'tru"tures is
as Resc KbeR in Peference 3.3-2 and is summarixeR as follows:

The 6vnamic pressure is qiven by".

q ~ 0.002558 V* yhere,

Dynamic pressure in psf

Mind velocity in mph (desiqn wind veloce,ty x gust
4 a'z +r) ~

The local pressure ai any poin'. on,.he surface of a building is
.qual to:

x Cp she e

Co = Pressure coefficient

~ev. 35, 07/80 3 3 1
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. he .otal pressure on a building is equal +o:

g xCD vhee,

CD - ~ Shape coef ficient.
The Susquehanna StS structures have sloping roofs vith a pitch
Less than 20 deqrees. The follovinq are values for cp and cD .
(See Reference 3.3-2, p. 1151 and Piqure 7)

Cp for vind var d vali ~ 0. 8 (press ar e)

Cp for leevard vali ~ -0.5 (suction)

Cp for vindvard slope ~ 0

Cp for leevard slope ~ -0 6 (suction)

CD - 1.3 (press. are)-

wind loads on structures are tabulated in Table 3.3-1.
Brposed tanks are designed to resist a miniaae mind load of 30
psf on the vertical pro1ection ~ based on Reference 3.3-3. Forcvlindrical tanks, vind is considered acting on six-tenths of thevertical pro]ection. No increases in allovable vorking stresses
are peraitted for these structures for Loading conditions
involvinq wind.

2a2i2 XQENMQ MQXBH

Table 3.3-2 lists the systems that are protected against
tornadoes and the enclosures vhich provide this protection. This
table is based on NRC Regulatory Guide 1.117 (Reference 3.3-4)

3 3 2~" haul,iaah~m Qmiua Zar~m&za

The follovinq design paraaeters are used for the design of
tornado-resistant stractares 'and are based on Reference 3.3-5:

) ~~gQ Pg~QkggRg (Fog ~ PgrJC TVRag oyHeR Tgphf DIE$ EL

O'CNERhToA? 'g S'IL bi4 g )Tangential speed: 300 aph

Translational speed: 60 mph

Rev. 35, 07/84 3 ~ 3 2
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b) Pressare DifferentiaL Between the Inside and
gg~g~gg g yggggggg Q Fal Taucroaes o THE/ 1'HAI4 rl>tsc4

A pressure drop of 3 psi at the rate of 1 psi p. r'econd.

c) +ogggQg-Qggegyhgg 5

These are discussed in Subsection 3.5.1.4 ~

INs~a7''~Q~g~p

QQfeXIJMQjQQAf QQX~co5 oR,QX3gfM

The follovinq procedures are used to transform the tornado
loadinqs in to effective loads 'n structures:

a) Qgnymgg Qggd go~ggg
A procedure the same as the one utilized to transform
the vind velocity into an effective pressure, as

.described in Subsec.ion 3.3.1.2, is used vith thefollovinq exceptions: .

1) velocity and velocity pressur~ are assumed not to
vary vith height.

2) The gast factor is taken as unity

Leeward s action on valls: 115 ps f

As shown in Figure 5 of Reference 3.3-5, and as
explained therein, the equivalent anif orm tornado vialvelocity on the building due to a tangential componentof 300 mph and a translational component of 60 mph is
220 mph. On Susquehanna SES the pressure loads are
calculated on the basis of a uniform 300 mph vind
velocity and are as follovst p~C,. SyRuc YuR,Eg oTHER Tired

g)IESEL +EN E'RAyog 4'8u/4DINq. F' b ~d» 8Windward pressure on walls: 185 psf
<6C p~f

Total design pressure: 300 psf yy*ps/

Suction (uplift) on roof: 140 psf. 199 pay
"The turbine building is designed to resist the tornado
loadinq assaminq 2/3 of the metal s.'ding and the roof
deck being blovn avay. However, all the frames are
design ed for the full tornado 1 oa ding.
The metal siding and'he, roof deck of all s.ractures are
not designed to resist full tornado loading."

Rev. 35, 07/84 3 ' 3
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b) Q4g fgxegMZ ~zemQRR JaKLCCM

Differential pressure loading is calculated using the
follovt,ng pressure-time function:
The differential pressure is assumed to vary from zero
to 3 psi at the rate of 1 psi/sec, remain at 3 psi for 2
seconds an d th en return to zero a t 1 psi/sec.

r i / devout panels are used as necessary on safety relatedstructures to minimize differential pressure.
c) ~gggg-Qggg "~~ 5ggg~gg

Tornado-generated 'ssiles are classified as iven in
Table&3.5-4AHp he barrier design procedures are
described in Subsection 3.5. T. 3 S'-+a

Loadings a), b), and c) are combined in the follosing manner toobtain the total tornado loading:
RE ~ Mv

(iii)
(iv)

(v)

(vi)

W~ ~ Wp

.VI ~ ~ wm

Q ~ ~ Me+0.5Rp

I~ ~ Qv+Qm

Qi ~ Rvt0 ~ 5Qp+Wm

@here,

W ~ ~ Total tornado load

Wv ~ Tornado mind loa d
I

Rp ~ Tornado differential pressure load, and

Mm ~ Tornado missile load

3.3.2.3 Effect of Pailure of Structures or Components Not
Q~aisnai far Zaraadu Laaia

Structures not designed for tornado loads a"e checked to ensurethat during a tornado they vill not generate missiles that have
more severe effects than those listed in Table 3.5-4.

Rev. 35, 07/84 3. 3-4
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The modes of failure of these structures ar analyzed to verify
that they vill not collapse on safety related structures.

3~/~/ gg~~g~S

3 ~ 3-1

3 ~ 3-2 ~

3 '-3

3.3-4.

3.3-5 ~

'H.C.S. Thoa ~ «Nev Distributions of pxtreae Rinds in the
United States", gg~ggg gg fQe f~tgfugag Q~igggjgg, ASCE
(July 1968), pp 1787.

«Rind Porces on Structures«, ASCE Paper No. 3269,
Transactions, Voluae 126, Pact ZZ (1961), p 1124.

"Steel Tanks, Standpipes, Reservoir< and Elevated Tanks
for Rater Storage«, A%MA Standard, D100-73.

e

«tornado Design Classification>, US NRC Regulatory Guide
1.117, (June 1976) .

J.A. Dunlap and Karl Wiedner, "Nucl ar Pover Plant
Tornado Design Considerations«,Journal of the Pover
Division, ASCE, ('Aarch 1971) .

Rev~ 35, 07/84 3. 3-5





dl Qynamxc wand loading ( for Qiese!. Generator 'E'uild1nig) .

Tangential Speed: 360 mph
Tran'sin tiona L Spec<!: 70 mnh

generator ' 'uilding. inu i;!e a nd ou ts ado o:.','. z e so l

A pressure drop of 3 psi at the rate of 2 psi per second.

lNSERT '

'hedifferential pressure is assumed to vary from zero to 3 psi
at the rate of 2 psi/sec, remain at 3 psi for 2 seconds and then
return to zero at 2 psi/second. ('~ second ( paa. D)saba@ 4N Ha RA7o R 6 5uii
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TABLE 3.3-2

TORNADO WIND PROTECTED SYSTEMS AND TORNADO
RESiSTANT ENCLOSURES

(Pg l of 2)

Protected S stem Tornado Resistant Enclosure

Reactor coolant pressure
boundary

Reactor Building

Reactor core and reactor
vessel internals

Reactor Building

3. Systems or portions of
systems required for

a) Reactor shutdown

b) Residual Heat
Removal

Reactor Building

Reactor Building

c) Cooling the spent
fuel storage pool

Reactor Building

d) Makeup water for
primary system

Reactor Building

e) Systems necessary to
support service
water, cooling water
source, and component
cooling

ESSW Pumphouse and Reactor
Building

4, Reactivity control
systems

Reactor Building and Control
Building

, Control r'oom Control Building

6. Monitoring, actuating,
and operating systems
important to safety

Reactor, Building and
Control Building

Electric and mechanical
devices and circuitry
between the process
sensors and the input
terminals of the
actuator systems involved
in generating signals
that initiate protective
action

Reactor Building, Diesel
Generator Building, and ESSW

Pumphouse

SSL

Suit,ale~

Rev. 35, 07/84
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TABLE 3.3-2 (Continued)

(Pg. 2 of 2)

8.

Protected S stem

Long-term emergency
core cooling system

Class 1E electric
systems

Tornado Resistant Enclosure

Reactor Building, Diesel
Generator Building, and
ESSW Pumphouse yggSEc CE4<<47o8

b uja b'av'AAll Seismic Category I
structures

Rev. 35, 07/84
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3~4 MggSg I lyly ZXrQOgg Pg SgG

As disc»ssed in Section 2.4, all Seismic Cateqory I structures
ar-.~ snrure 'aqainst floodinq d»e ~o probable maximum flood (PllF)
of the S»san~hanna -~iver or probable maximum precipitation (PIP)
or. the area surroundinq the plant. Therefore, special flood
protection meas»res are»nnecessary. The Seismic Category I
structures have, how~ver, been desiqned for hydrostatic loads
resultinq from qroundvater. as discussed in Section 3.8. The
aroundwat~r table is at elevation 665 RSL in the mair; plant area.

A Oostulated break in the coolinq tover basins cr of the vater
delivery pinos to the basin could result in a build-up of vater
aqainst ~he valls of either or both of the ESSQ pumphouse and the.
urbine t »ildinq. In the event of such vater build-up hreachinq

~he turhin~ huildinq vali, water that would not be intercepted by
the floor drains or qrilles and thus vould flov through the
turbine t uildinq to the reactor buildinq vould be prevented from
endanqerinq equipment in the latter by means of vatertiqht doors.
Flood vater h»ildinq up aqainst the ESSM pumphouse vould also be
Dre vented f"cm enterinq the huildinq by means of vatertiqht
doors. Impact forces and water pressure due to flood water vill
not endanqer the inteqrity of the ESSW pumphouse.

All safe'y-related systems are located in the Reactor Building,
Oiesel Gen>rator Buildinq, Control Structure and the Enqineere
Safequard S~rvics Mater (ESSM) Pumphouse. QQJgg ggQg~yog '8'

Ic..e
Sufficient physical separation between these buildinqs is
provided tn prevent internal spreadinq of any floods from one
buildinq '.o another.

redundant Enoineered Safoty Features, pumps and drives, beat
axchanners and associated pipes, valves and instrumentation in
the reactor tuildinq suhgect to potential flccdinq, are housed in
separate vatertiqht rooms, with the exception of HPCI and RCIC
rooms in limit 2. Seismic Cateqory I level detectors trip alarms
in the -: in control room vhen tne vater level ia any room exceeds
the set point. Isolation of the floor drainaqe lines f rom these
rooms is provided by outside manual valves.

All other rooms in the reactor buildinq and control structure
containinq safety related eq»ipment vhich are subject to
ootential flnodinq by process fluid leakage or fire protection
water are provided vith at least one open flcor drain.

Floods in excess of the. approximately RO qpm flcor drain capacity
increase th~ vater level in the affected area and are released
throuqh th~ door-to-floor clearance of these rocms.

Rov ~ 35i, O'7/R4
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Refer to Subsection 9.3.3 for a detailed description of the
reactor buildinq and control structure drainaqe system.

L

The four diesel qenerator sets are housed in individual vater
tiqht compartments within the diesel generator building. Ploor
drain line branches from each of these compartments are equipped
winch check valves to prevent backfloodinq from the common sump.

I'he

ESSM pumphouse is divided into tvo redundant compartments.
Ploodinq from internal leakage vould, therefore, only affect one
of the redundant pump sets. The control and electrical panels
are aounted nn minimum 4 inch hiqh concrete pads or structural
supports. nperatinq floor openings allov drainaqe of any leakaqe
to the ESSV pump suction space belov or to a reserve sump space
that could be emptied wit.h a portable pump.

The HPCT at.d RCZC rooms in Unit 2 are interconnected through a
vent plenum vhich leads to the comaon blowout panel. Ploodinq in
either room could potentially spill over to the other via t.he
vent path. The vent path 'is 10'-8" above the f loor. A moderate
energy pipe break in each room has been postulated and analyzed
in consistc nre with BTP APCSB3- l. It is conservat ively
estimated. vithout taking credit. for floor drain capacity, thatit vill take approximately 13 hours for the aaximua moderate
o.nerqy pipe crack leakaqe in the RCIC rooa to overflov into the
HPCI room, and '5 hours from HPCI room to RCIC room ~ The maximum
moderate. onerqy pipe crack leakaqe that cannot be isolated from
outside these pumo rooms vill take approximately 23 hours to
overflow from RCIC room to the HPCI room and 6 hours to overflow
from HPCX room to RCIC room. There is sufficient time to
identify the pipe failure and take appropriate action to mitigate
the consequence of pipe failure prior to overflcv occurred
bet veen t hr « t vo interconnected rooms.

IN 7Hj QSE Oi~ C)IESEC C0 EAFg47o 4 4 J3V IC6Av'4>

P'Long 44 4 IQS gy'l. 4'gg - g 4 gf'gu/PPEb w]7II cggcA ~4

P~, <zg7 8pcA; Fcoobwlg /Rod r//'E 3uIIbrr/g Su /f ~ 4g< Aoo4f of

7PE P EsEQ 4A'A(EN/7og 8' 9/(b//If w/I 4 RF u~ ~ r
po7 Egg/4a /boob /4q 8p' FIEF Plo7ccrror/ AI4 TER 44f Plovrb+D

tNI7II Ic Coo@ >RA /4$ .
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Cai~erainl hij;@raff
Zn V-232 ~ 000 movements x0 ~ 1 2x1 0-«/mj>x ~ 04m j

.Og x 10- ~ per year.

Tn y-106 . 3,000 movements x 1.9 x 10-aa/mim x .04
. 23 x 10-~ oer year.

The sum af these event orobabilities at the Susquehanna SES siteis abaut 9. 3 x 10-.

3~5~2 sXsZXZB ZQ 8X ZRQXKXX2

ais~ii,e Zroiaatian Quails@ Xhilaaua5x

Svstems that are reviewed far missile pratection are listed in
"Subsection 1. 12. 2.

Far internallv qenerated missiles, protection is provided through
basic staticn component arrangement so that, if equipment failure
occurs, the missile does nat cause the failure of a Seismic
Cateqory I structure or anv safety related system. Where it is
impassible +o provide protection through station layout, suitable
ohvsical barrie s are provided whose functian is either toisolate th~ missile or to shield the critical system or

'omoonent.Zn addition, redundant Seismic Category I components
are suitablv orotected so that a sinqle missile cannot
. imultaneously damage a critical component and its backup system.

3 5 2 2 8 Zucf >."og Degigggd tg ~w'ghstgg0 8>ss&e Effects

Seismic C'a+ >qo". v I structures are designed to withstand
postulated external or interna~ missiles which may imoact th~m.
Table '-? is a list of the structures desiqned to withstand
external tornado qenera+ed missiles, and the safety related
equipment which thev protect. The missiles are listed in Table$
3. 5-4~~p 5.$'a P SIv4grg o%w'h4A J)j~g4 (j~~ E, QvlQla]$

ohg 'Ihc, D>cs@L Q~~~ ~g gg)L.y(gg
ycypeoHu+'he

structures and barriers are desiqned in accordance with the
procedures detailed in Beference 3.5-5. The procedures include:

Pev. 35, 07/84 3.5-33
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a) prediction of local damage (penetration, perforation,
and spallinq) in the impact area including estimation
of the depth of penetration

) ) Fstimation of barrier thickness required to prevent
~ po.rforation

c} predic ion of the overall structural response of thi
barrier and portions thereof to missile impact.

Thc use of a ductility ratio higher than 10 bat less than the
allowables given in Reference 3.5.5 vill be qovetned by the
fol}cvinq conditions:

(1) Reinforced concrete barriers
Th~ allowable displacement of reinforced concrete
flexure members ran be based on an upper limi't for
plastic hinqe rotation reas follows:

d
r& = 0 ~ 0065 — ( 0 ~ 07

wh~re

d = distance from compression face to centroid of tensile
steel reinforcement (inch)

c = distance from compression face to the neutral axis at
ultimate strength (inch)

This conditinn is given in section C 5 of Appendix C and
commentary to A ppendir C of ACI 34g p>

(2) S~~el bar"iers

Tc insure the ability of a steel beam to sustain ful).y
plastic behavior and thus to possess the assumed
d»ctility at elastic hinqe formation, it is, necessary
that the elements of the beam section meet minimum
~hiekn-.;s rerruirements sufficient to prevent local
bucklinq failure.
The conditions to preclude local buckling as giver. in
A T~C "tanual ar e sa t is fied.

Rev. 35, 07r84 3 '-34
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3M~9 MMXZXKgi

3 ~ 5-1 ~

3 5-2.

3. 5-,3.

3.5-4.

3 ~ 5-5.

Gp Nemo Report «Hypothetical Turbine Nissile Data-
38 inch Last Stage Bucket Units«(Narch 16, 1973).

GE Nemo Report "Hypothetical Turbine Nissiles - General.
Discussion« (Narch 13 '973) ~

GE Nemo Report "Hypothetical Turbine Nissiles-
Probabilit y of Occurrence" {Narch 14 ~ 1973) .

D.C. Gonyea, «hn Analysis of the Enerqy of Hypothetical
wheel Hissiles Escaping from Turbine Casings«, GE
Technical Information Series No. Dt73SL12
(Febr»ary 1973) ~

"Desiqn of, Structures for 5issile Impact«< BC-TOP-9A,
Rev. 2, Bechtel Power Corporation, San trancisco,
California (September 1974) ~

3 ~ 5-6 ~

3 ~ 5-7

3 ~ 5-8

3. 5-9

3.5-10

3 ~ 5-11

3. 5-12

3. 5-13

V.S. army, "Structures to Resist the Effects of
Accidental Explosions« ~ Dept; of the Army+ NavY, and
hir Force, (1969) .

Nuclear Regulatory Coaaission, «Standard Reviev Plan
Section 3.5.1.6«, NUREG-751087, (24 Nov 1975) ~

Solomon, K.A., "Hazards Associated vith Aircraft and
ilissiles", presented at American and Canadian Nuclear
Society Neeting, Toronto, Canada, {June, 1976) .

Solomon, K.A. ~ "Estimate of probability that an
Aircraft vill impact the PVNGS", NOS-1416, NUS Corp.,
( June 1975) ~

National Air Transportation Safety Board ~ «hnnual
Peviev of hircraf t Accident Data", Published 1972 and
annually thereafter.
Che1apati, C. V., Kennedy g R. P., and Sall, I. B. g

Probabilistic Assessment of hircraft Hazard for Nuclear
pover Plants, Nuc. Eng. Design 19,336 (1972) .

Barber, R. B., Sage/ goggCggggggg Spy'@pact Toy/
gggggggpgg~gg„Speal)],ygj gg), Bechtel Corp., (Oc to her,
1973) .

Vasallo, F. A., Qjgsjgg Tmpact Jesting of gej,ngogced
„Cogcge+e pagegg, Prepared for Bechtel Corp., Calspan'orp., (January, 1975) .
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3 ~ 5-14

~. 5-1'5

3 f -l'7

National Defense Research Committee, gff~gy Qg~g~~t
egg fgpgqgjQg, Suaaary .echnical Report of Division
Voluae 1, Qashinqton, DC, 1946

Gwaltney, R. C., Qj,syfgg G~gegagigg gad ggcgyctigg gg
hi95J RhheX GQQ1RQ PQ~RJa&MQQQgge ORHL NSIC 22 Oak
R idge National Laboratory Oak Ridge, Tennessee, for
the O.S.h. E,C ~, (Septeaber, 1968) ~

05. htV CL,E A R PEAUI.AToRQ CoMM<SSIOQ

~rAN~ARQ RaViaW PLAN 3 5 ~ l'+
Nuasc- o8oo ( t'vie esi)

Q.g ~ NVC k.fAR gE4ULATog'f

STAHlhRy PEV>CN PLAN 3 W. y ReV. I

guREg - 08do ( ZULV (PSi)
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TABLE 3 ~ 5-4a

Tornado-Generated Missile Parameters for Diesel Generator
'E'uiiding.

I'U. s s I.l8 ( ib) (=vs>

A) Wood plank, 4 in. x 12 in.
x 12 ft., traveling end-on 108 440

B) S teel pipe, 3 in. dia.,
ScheduLe 40, 10 ft.
long, traveling end-on

C) Steel pipe, 6 in. dia.,
Schedule 40, 15 ft. Long

72

285

147

170

D) Steel pipe, 12 in. dia.,
~Ht DV45 4o~ IC PT. Io~g

E) SteeL rod 1-inch dia.
x 3 ft. long

F) Automobile flyinq through
the air a" no" more than 25 ft.
above the ground and ha;inc
contac" ar a o". "0 sc.

750

4000

155

317

X9 3

G) UtiLity pole L3. > in. dia,
35 ft. long 1490 211

Note:

C'<
>

t.>e ho-x'n "al: i lou~ ties menu oned above.
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XMhX 2~2=4

~ TORNADO-GENERATED EMISSILE PARA%ET ERS

(Pyg STRUCKdg ES OTHER THhH PI856L 684NRAT 44 5 QQL giga)

!i~silo
Mood plank 4 in. x 12 in. x
12 ft, travelinq end-on

Steel pipe, 3 in. dia.,
Schedule 40, 10 ft long,
travelinq end-on

Automobile flvinq through
the air at not more than
25 ft above the qround and
having contact area of
20 sq ft.

Meiqht
Alba.

108

76

4000

Ve locit y

/mph'00

100

Steel rod 1-inch diameter
x 3 feet long 216

tltilitv pole 13-1/2 inch
diameter, 35 feet long acting
not more than 30 feet
above the ground 1490 144

The vertical velocities vill be considered equal to 90% of the
horizontal velocities mentioned above.

Rev. 35, 07/84
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This sec+ion describes the seismic design requirements and
met horls used for Susquehanna SES and the seismic desiqn and
analysis of non-NSSS equipment. Seismic design of HSSS equipment
is descri.bed in Section 3.7a.

*3, ' XL.7b ~~ SEI SHIQ ~~%PUT

3 71. 1 1 Desiar, Rosoonse Soectra.* 'K X
7+c dieselym~ra*r ~ hei'~~ ~V «~ „~ 3 "+

p~<jfn pp~h J ha~ bus gulch'domo &on +'«
$~1Vdn l)l Ayu/8&<&/de/j>d R8r I (486'I'
Fiju<s 3. 7b -lOP. Wru 9.'7b -/05).

Srali Seismic~

~ d~e'l ygee
8 &cilia'l+<

The site desiqn resnonse spectra fo rock oun e structures are
illustrated on Figures 3.7b-1 and 3. -2 for the harizontal
components of the Operatinq Basis Eart quake (OBE) and Safe ~e~'C
Shutdown Farthquake (SSE) respectively. The design earthquake is
assumed to be t'e free field motion at the base mat of the
structure without the effect of the structure. For all Seismic
Cateaory I structures founded on rock the horizantal ground
acceleration 'values are 5 and 10 percent of gravity for OBE and
SSF. respectively (refer ta Subsections 2.5.2.6 and '2.5.2.7) .
However. Seismic Category I structures founded on soil, and the
spray pond have been desiqnerl for qround accelerations of S

percent (OBE) and 15 percent (SSE) of gravity. The maximum
qround displacement is taken proportional to the maximum ground
acceleration and is set at 40 in. for a qround acceleration of
1.0 qravity. or Ae di~ genecaWv '& aciG4

The base diaqram of all design spectra consists of three parts:
the maximum ground acceleration line an the left part, the
maximum q" aund displacement line on the right part, and the
middle part depends on the maximum pseudo-velocity

For various dampinq values, the numerical values of design
disnlacements and accelerations for the horizontal component
rlesiqn response spectra are obtained by multiplying the values of
the maximum ground displacement and acceleration b the
corresponding factors given in Table 3.7b-1. For ~ d~~ genensbr & oci4<y
+ e.numcnc, vance ~ ea~spondi n havl~Aa1 campog~4 +llaw Regula~ Qo'1dc. lotto; Rav. l ~

Cia acce eratxon lin~s of the design response spectra are rawn
parallel to the maximum qround acceleration line between the
freauency lines of 6.67 cps (control point B of Figures 3.7b-1
and 3.7b-2) and 2 cps (control poi.nt C) ..'The acceleration lines
converge at the )unction of the maximum qrcund acceleration line
and the 33 cps frequency line (control point h). For frequencies
hiqher than 33 cps, the maximum qround acceleration line
represents the desiqn response spectra. The displacement lines

e Re v. 35, 07/84 3. 7b-1
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are drawn parallel to the maximum ground displacement line. Thc
maximum pseudo-velocity is assumed to be constant. Lines were
dravn parallel to the constant velocity lines ccnnectinq the
acceleration lines. at control point C and the displacement lines.
@sinn response spectra values for the vertical coaponent of the
earthquake are taken as 2/3 of the corres ondin values of the
horizontal com onent of the earthquake. For +hcci~e'pcrt~WE'aha, cryoQ~y

6vi'dc /&o, ~ /is 6/loiticd, 788 iie&ca/greui duclcraW7'ore ve/ups are ~ miii~c9~s'/orjgyp4190~d
he site desiqn spectra deviate from those suqgeste n

Regulatory Guide 1.60. Figures 3.7b-102 through 3 ~ 7b-105 provide
comparison of the tvo. The dampinq values for the NRC spectra
are those sPecified by Requlatory Guide le61 for reinforced
concrete structures..+hedieefgeaakrk';g,'/„g~~~ p„~ /,QQ Q„/~d /g/ gyp8'/dw&,

7/~1 g De@i,c(ll Xgme HB,sposhy

f„<//gz~s~« ~~op ~ o+vc+it s, QC8f++AegieselgCeet8kr 8 vsci 6 5/
A synthetic time history motion> is generated by modifying the
actual records of the 1952 Taft earthquake according to'he
techniques proposed in Reference'.7b-1. Figure 3.7b-3 shovs the
normalized synthetic time history motion. The duration of the
time histcry is 20 sec. The time interval of the time history is
0.005 sec.

Figures 3 ~ 7b-4 and 3. 7b-5 show a comparison of the time histor y
response spectra and the design response spectra for 2, 3, 5, and
7 percent dampinq values. The spectra are computed at the
fnllovinq frequency values (in cps):

0.2 to 1.0 (increment of 0.05)

1.0 to 10.0 (increment of 0. 1)

10.0 to 30.0 (increment of 1-0)

Figure 3.7b-6 shows a comparison of the time history response
-pectra and the design response spectra for 2 and 5 percent
dampinq values for a frequency range between 0.2 and 1.0

cps,'ithintervals of 0.0125 cps. All the above figures show that
the time history response spectra envelop the design. response
spectra.

For Phe disuse/c/eiierakr H'AcYVy Zhe horgiiiifalnrti/uerkca/ sy~ ~r. ppppe /pi5~y ppfpp/47/5 ~Q s ~4
I'o +g«e 7,7b-lo7and3,7b-lo8 respect]eely, 75''ura+wof +hase@'me,/ig+r ~ j 25gec~A'.

+' h~''.oI d . Rg 3.7)-gg+drv g,yg /,y I,o >,~oAtu'.
P q md fed~ii(n ~pe~ spate~ kr za6 <Ad 7 pence'tt+ Jampittp vchlves ~ f4.>~c&a~ ~ %~+~«<> <~<s«~ » sM~ Revi~ta 'Plm a,q, l J tilq l9p l gQ 6'f '44'sovc,

olq~~s >4~~ WH +~+et. 'to~tt) ~use, aqua rn <y~ chco-„~ cepcw ta cl<~t t "<d ivysa~ M~d Petit~ Pl~
aev. 35, 07/84 3.7b-2
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Table '3.7b-2 summarizes the dampinq values used on Susquehanna

Nd /he pe

fudging

+
gerber
qeoeraW'E

'c'4,4y

They are expressed as a percentage of critical dampinq and
are based on Reference 3.7b-2. r+ i~e ycnirz~r 'g; y +/~ ~~1+<</~ggy~:~n ~ QchtE J,ulcer.0 ano'~suinmari Wrn hre g7b-7
T e ESSW pump ouse, p pxnq to t e reactor ux nq an e spray
nond are tho. only Seismic Category I structures and systems
founded on soil. The equivalent sprinq constants and the soil
Rampinq coefficients used in the analysis of the ESSQ pumphouse
are shovn in Table 3.7b-3. These values are based on formulae
contained in Table 3-2 of Reference 3.7b-3. A lumped
representation of soil structure interaction vas used.

Soil structure interact'on is also considered in the generation
of the response spectra for the containment. As in the ESSQ
pumphouse, a.lumped representation of the soil structure
in+eraction is considered. Table 3.7b-3 shovs the equivalent
sprinq and Rampinq coefficients used in the containment model.

All,Seismic Cateqory I structures, vith the exception of ESSW
pumphouse and the spray pond, and its pipe supports are founded
on rock. For the structural analysis of the rock based
s+r»ctures, soil structure interaction is considered to be
neqliqible due to the hiqh stiffness of the rock which has a
modulus of elasticity of approximately 3.0x10~ psi. However, the
response spectra of +he containment are derived from a model that
considers the flexibilityof the rock.

The properties of the rock and soil supporting the ESSW pumphouse
are shown in Table 3.7b-4. Discussion of the embedment of
-structures in soil vill be limited to the ESSW pumphouse, since
all the other structures are founded on rock.

The ESSW pumphouse is 59 ft hiqh and rests on a 64 ft x 112 ft
reinforced concrete mat foundation. The embedment depth of the
fo»'ndation is 29 ft. The depth of soil belov the mat foundation
varies from 35 'to 60 ft. The soil is predominantly sand, gravel,
cobbles, and boulders. Near the surface, the soil is primarily
sand and sandy qravel. With increasing depth, the soil chanqes
to more cobbles and boulders. Near bedrock, the soil is mostly
cobbles and boulders.

The site qeoloqy is discussed in detail in Section 2 5

Rev. 35, 07/84 3 7b-3
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7b,2 SEISMIC SYSTEM ANALYSIS«4

f

Section 3.2 identifies Seismic Category I structures, systems,
and components. Seismic Category I structures are considered
seismic systems an 1 are discussed here. Seismic Category I
systems and components are considered seismic subsystems and are
discussed in Subsection 3.7b. 3. Seismic systems are analyzed for
both the OBE and SSF,.

7Q~g~3 <ejsmic gnglgsjg gythodg

The response spectrum method, as described in Section 4.2. 1 of
Reference 3.7b-3, is used for seismic analysis of Seismic
Category I structures. Separate lateral and vertical analyses of
structures are performed. The responses are then combined to
oredict the total response of the structure.

A time history analysis of the Seismic Category I structures is
done to qenerate the re ponse spectra at the various mass points
of the model.

The mathematical models used for these analyses are lumped mass,
stick models. The same models were used for both the response
spectrum and time history analyses with the exception of
containment., In this case, the time history analysis used the
flexible base models shown in Piqures 3.7b-7 and 3 ~ 7b-8 ~ whereas
the structural analysis used a fixed base model. The fixed base
model differs from the flexible base only in that the soil

. springs and dampers are assumed to be infinitely rigid, which
results in a fixed base. The equivalency of the two models
determined by comparing their dynamic characteristics is
discussed in answer to NRC puestion 130. 20 in Volume 16 of FSAR.

The mathematical models of the reactor and control building are
shown on Fiqures 3.7b-9 through 3.7b-11.

For all models, the masses are located at elevations of mass
concentrations, such as floors and roofs. However, in the case
of the containment which is a structure of continuous mass
distribution, masses are lumped at approximately 15 ft intervals
alonq the containment shell and reactor pedestal. These methods
of mass distribution are in accordance with the procedures of
Section 3.2 of Reference 3. 7b-3 to provide an adequate number of
masses.

The reactor and control buildinqs act as a single structure due
to the monolithic construction. The entire reactor and control

Rev. 35, 07/84 3. 7b-4
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building structure is shovn as a single unit in Figure 3.7b-12.
Both the control'uildinq and the line 29 wall of the reactor
buildinq are cannected to the P-line vali, vhich is common ta
hath the reactor'nd control buildings. In the east-west
direction, the control buildinq and the line 29 wall are

'onsideredto respond as a sinqle unit.

The horizontal mathematical models are shovn on Figures 3.7b-9
and 3.7b-10. The sticks represent shear valls located at the
base mat eleva+ion in the reartor building in the direction of
the earthquake motion. In the east-vest model (Figure 3.7b-9),
the con+rol buildinq is lumped entirely on the line 29 stick.
The entire control building is considered to cantribute to the
stiffness of'he line 29 stick. In the north-.south direction,
the control huildinq has its own stick connected to the P-line
wall by springs.

The sprinqs between the sticks represent the flexibilityof the
floor slab connectinq each stick. Since these sprinqs act in the
direction of the earthquake motion, the model allows relative
displacement between sticks.

Fiqure 3.7b-11 shows the vertical earthquake model of the reactor
and control buildings. The left stick represents the steel
columns. The right stick represents the shear valls of both the
reactor and rontrol buildings. The floors are represented by
lumped masses and beam elements with the appropriate stiffness to
capture the out of plane flexural vibration. Vertical
translational coupling sprinqs are provided to represent the
couplinq stiffness of the floor slab betveen the vali and column
sticks. Mass numbers 8, 55, and 57 represent the fuel pool
qirder masses. Mass numbers 34, 35, 41, 43, 44, 46, 53 and 54
represent the floors between the fuel pool girders and
columns/walls. Fiqure 3.71-13 shows the correlation betveen the
model mass points and the actual structure.

To more accurately determine the dynamic characteristics of the
mathematical models the modulus ot elasticity for concrete used
in the analysis, is determined based on test results of concrete
samples obtained from the plant site. The modulus value used is
720,000 ksf

The seismic analysis of the Seismic Category I structures
considers all modes whose frequencies are less than 33 cps.
However, i f a structure has only one or tvo mades vith a natural
frequency below 33 cps, then the three lowest modes are used. If
a structure has three or less degrees of freedom, then all modes
are considered in the analysis. p~,~~~«~~~~

I+>~ weie considercdl

Rev. 35, 07/84 3. 7b-5
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The Seismic Category I structures are supported by continuous
hase mats; therefore, relative displacement of supports is not a
consideration.

Nonlinear responses are not considered since the Seismic Category
I structures are designed to remain elastic.

37b~g~g hlgfgg~a ggggugggiys agQ Respggge Loads

The natural frequencies of the containment and the reactor and
control huildinq below 33 cps are shown in Tables 3.7b-5 and
3.7b-6- respectively. The first seven frequencies of the reactor
and control huildinq in the east-west direction are dependent
upon the location of the reactor building cranes.

The siqnificant mode shapes of the containment and the reactor
and control buildinq are shown on Fiqures 3.7b-14 throuqh 3.7b-
43. The mode shapes for containment are for the horizontal and
vertical directions. The reactor and control building mode
shapes are far each of the three principal directions: east-
vest, no th-south ~ and vertical. As with the frequencies, the
first seven mode shapes of the reactor and control building in
the east-vest d.rection depend on the location of the cranes.
Piqures 3.7b-20 throuqh 3.7b-26 show that it is the
superstructure of the reactor building.that is excited at these
lov freauo.ncies. The location of the cranes is noted on the
fiqures.
Fiqures 3.7b-44 thr'ough 3.7b-57 show the response (i e.,
displacements, acce]erations, shear forces, bending moments, and
axial farces) of the containment for both OBE and SSE. The
response of the reactor and control buildinq is shown on Pigures
3.7b-58 through 3.7h-79.

Response spectra at critical locations are shovn on Pigures 3.7b-
80 throuqh 3.7h-101. The curves are shawn for each of the three
principal directions at the dampinq values used for each design
earthquake (see Subsection 3. 7b. 2. 15 for further discussion of
damning values) . A brief description of the location of each
series of curves is provided belov with the correspondinq figure
numbers.

Fiqur es 3. 7h-80 t hrouq h 3. 7 b-83

Figures 3. 7h-84 throuqh 3.7b-89

Piqures 3. 7b-90 throuqh 3.7h-95

RPV Pedestal

Refuelinq brea

Diesel Generator Pedestal

Rev. 35. 07/84 3. 7b-6



pp

D@ G'~ . Pv~
C pp'~ 3 74 —l<$ +~ > 7L ~lf5) ~ ~~~

JZe ~M~~~ ~ ~,~~ a

,'MJ MMyi m '~
I P

d2 ~
si

p4 ~DR '8 '~W~~. ' l
~. gc ~~cd...

~ P~ DR e'~~ ~
Q ~ slier ~~ (~~3gL-l~)~'~P~ 3

\

tT&n ~".w - 'c ~~ ~~~ Dew'~/+ ~
~ ~ ~





SSES-PS AR

Piqures 3.7b-96 throuqh 3.7b-101 Operating Ploor of ESSQ
Pumphouse

3 2b 2 2 Procrdaze Used fan 8aM.Sag

Seismic systems and subsystems were defined in Subsection 3.7b.2.

All equipment, components, and pipinq systems are lumped into the
supportinq structure mass except for the reactor vessel, which is
analyzed usinq a coupled model of the containment structure and
the reactor vessel (refer to Fiqures 3.7b-7 and 3.7b-8) . See
Section 3. 2 of reference 3. 7b-3 for the criteria of lumping the
equipment, components and piping systems into the supporting
structure mass.

Adequacy of the number of masses and degrees of freedom is
discussed in Subsection 3.7b.2.1.

Each Seismic Category I structure is considered to be independent
because of a qap between adjacent structures. For example,
there is a 2 in. horizontal qap between the reactor and control
building and the containment above the foundation mat.

To form these qaps rodofoam material (Ref. 3.7b-12) was used.
Rodofoam was left in place in the followinq areas:

(1) Joints where the provided actual qap is 0-5 inch greater than
that oriqinally specified on the civil drawinqs.

(2) Joints where the interaction forces between structures due to
presence of rodofoam cause insignificant effect. on shear and
moment..

3,7Q,2~4 Soig Stgggtggg Igtej MX2,os

All Seismic Cateqory I structures, except the ESSif pumphouse and
spray pond, are founded on rock. The seismic analysis of these
structures is done assuminq a fixed base.,As stated in
Subsection 3.7b.2.1, the containment response spectrum curves are
qenerated from a flexible base model. The rock is assumed to be
a homoqeneous material comprisinq an entire elastic half-space.
The soil springs and dampers used to represent the effect of the
soil are discussed in Subsection 3. 7b. 1. 3.

Rev. 35, 07/84 3.7b-7
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The FssM pumphouse is supported by natural soil formation;
consequer tly, soil structure interaction has been considered in
the analysis of th~ pumphouse. Information regarding soil
characteristics, foundation embedment, etc., is contained in
Subsection 3.7b.1.4. The soil structure interaction anal.ysis is
performed usinq the lumped sprinq approach. The soil is
considered a homoqeneous material. 'he equivalent spring
constants and the soil dampinq coefficients are discussed in
Subsection 3. 7b. 1.-3.

The seismic analysis of the spray pond is discussed in Subsection
2.5. 5.

7h.2 5 Deyelooment of Floor Resoonse spectra

A time history analvsis is used to develop the floor response
spectra. The mathematical models used for this analysis are
discussed in Subsections 3. 7h. 2. 1, 3.7b. 2.3, and 3 7b 2

The floor response spectra are calculated at the frequencies
listed in Table 5-1 of Reference 3.7b-3. Structural frequencies
up to 33 cps are used. for +As divot gnarl/o» g 'g«%'ly, p/te X/oor»w~ncc s~a uterc

0'cn~r~<~d'/Wnc b<gocnChes ~r E~yu/ /cry'A'ol'ice //2Z, Aav. /
1,7b 2 6 Th~ee Components of Earthauake Notion1ah . a

Independent analyses are done for the'ertical and two. horizontal
(east-west 'and north-south) directions. For design purposes, the
response value used is the maximum value obtained by adding the
response due to vertical earthquake with the larger value of the
response due to one of the horizontal earthquakes b the absolute
sum met hoh . ~r tbc oirsc ~~ra/or ~ Petri'li'ly, ~e res~nees u'uc.*~r~ gimuldoncous orthogonal Compn6Ã>

o an cowhyve~ ere donrbinor/'by ghoeguare roo< of~ sum o14he, cpgrcy»n~~~r Qgg/g/o Cj„Cp

The modal responses, i.e., shears, moments, deflections,
accelerations, and inertia forces, are combined by either the sum
of the absolute values method or by the square root of the sum of
the squares method. When the latter method is used, the absolute
values of closely spaced modes for each group are added first and
then combined with the other modes or groups of closely spaced
modes by the square root of the sum of the squares method. Two
consecutive modes are defined as closely spaced when their
frequences differ from each other, by 0.5 cps or less

Rev. 35, 07/84 3.7b-8
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3.71.2.8 Interaction of Non-Cateqory I Structures with

Ron-Cateqory I structures that are close to Seismic Category I
structures,'iz., the turbine and radwaste buildings, have been
desiqned to withstand an SSE. Dynamic analyses of these
structures were done by the response spectrum method.

The remaininq non-Cateqory I structures were designed for seismic
loads accordinq to the UBC (Ref. 3.7b-O) . The collapse of any of
these remaininq non-Cateqory I structures will not cause the
failure of a Seismic Cateqory I structure.
Structural separations have been provided to ensure that
interaction between Category I and non-Category I structures does
not occur. * The minimum separation at any point is maintained at
one and a half times the absolute sum of the predicted maximum
displacemerts of the two structures.

The rodofoam material wh'ich 'was used to form the separation gaps
was lef+ in olace in some areas as mentioned in Section 3.7b.2.3

3.7b.2.9 Effects of Parameter Variations on Floor Response
Spectra

To account for variations in the structural frequencies owinq to
uncertainties in the material properties of the structure and to
approximat'ns in the modelinq techniaues used in the seismic
analysis, the computed floor response spectra are smoothed and
peaks associated with each of the structural frequencies are .

broadened. The parameters, which are considered variable, are
the masses, the modulus of elasticity of the material, and the
cross-sect ional properties of the members. - In addition,
variation in the structural frequency is also taken into account
because t)ie base of the structures may not be fully fixed as
assumed in the analysis.

Rev. 35, 07y80 3.7b-9
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Jot

nf. Natural frequency of the building at a peak
value of the floor response spectra

Anf

~nfm

An fe

To tal va'ria t ion in nf
Variation in nf due to variation in the mass

Variation in nf due to variation in the
modulus of elasticity of the material

hnf Variation in nf due to variation in the
S cross-sectional properties of the members

factor of 0.05 is used to account for the decrease in nf .due to
the possibility that the base of the structures may not be fully
fixed.
Since it is hiqhly improbable that the maximum variations in the
ind'ividual parameters vould occur simultaneously, ~nf is
determined bv the square root of the sum of the squares of the
individual variations as follows:

The maximum

~il~<~s~r< 0aM s Ist &res

increase in nf is given by:
2

(6 fm)' (~e)' (~~)
2(~ ) + (deaf ) + (hnf ) + (0.05)

c~cludi'n Qe, Chemic'i enersib. + Fecigg
the .followinq values of s Hf are used:

+ dnf = 0.12 nf
-0. 14 nf

7" 2 10 U~e of Constant Ve~t'c~l Static Pagtors

I

Constant vertical static factors are not used in the seismic
desiqn of Seismic Category I structures. The methodoloqy used
for the vertical seismic analysis is similar to the horizontal
analysis.

/or +he Ch~fpeneekv E fWi~IA/, +hecompU>&floor fcsponse 5~a uvre smo~edand'peak
Nig&i&moce~WiVh ca& ~urn.a/ & ver ~S IpZr<ased'y +/~ re& ~
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Torsional effects for the diesel generator building and ESSE
pumphouse are accounted as follows:

A static analysis vas done to account for torsion on these two
structures. For the ESSM pumphouse the eccentricity vas
determined by the distance between the center of mass and the
center of. riqidity of the structure. The inertia force from the
response spectrum analysis was applied at the center of mass.
The resultinq t.orsional moment is equal to the inertial force
times the eccentricity. The shear forces due to the torsional
moment vere then distributed to the walls. The torsional shear
forces are distributed accordinq to the method described in
Section 3..4 of Reference 3. 7b-5.

In the diesel generator buildinq, torsion is considered due to
the eccentricity caused by the difference in rigidities of the
east a'nd west shear valls. The torsional shear forces are
assumed to be taken entirely by east and west valls only.

Torsional effec+s are negligible for the containment because of
the symme+ry of the structure.
The reactor/control building is modeled for horizontal dynamic
analysis as multiple sticks coupled by springs .representing the,
shear stiffness of the floor slabs. Each stick represents a
magor structural shear wall. The mass and stiffness distribution

. of the structural walls is such that torsional effects are
properly represented in the dynamic analysis.

Torsional effects for the diesel generator building, ESSM
pumphouse, and reactor/control buildinq are also discussed in
response to NBC questions 130. 21 and 130.22.

Fiaures 3. 7b-4 throuqh 3.7b-6 shov that the response. spectra of
the time history envelop/ the desiqn response spectra at all
frequencies. The time history has been used to qenerate response.
spectra. in the structures but has not been used to calculate
forces in +he structures. Besponse in containment ~ a typical
Category I Structure, obtained from the response spectrum
analysis compare closely with those obtained from time history
analysis based on studies comparinq displa erne
accelerations obtained by the tvo methods- Pr+hediesejgpnera&r 8
above Ave eo~perjso~ are shocvn i~ Pjurcs 3.7g -10'yg 3 7Q (/8 I
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13 Methods fog Seismic ggalggis og Dams

kr /he die~gerierdk 8 d
wire ~a/ oaeleraA'on a4each 4/mrDam.. ar'e not provided on Susquehanna SES.
erevsWon,d'ue@ynmr+gueKe

r'-~rponm6 neulkriV +a Hhe iirnddl conrbinaCi'orrdescrr'Md'n sub'*~~ ypp.g.7 err ~~~3.7b. 2. 1g Dr termination of Seismic Category S ruc ure Nnprrie~<r ~erhrnin~
tlvegiugqjng 5omgG™

T ~ ~ n
r.„xdr dirrg mr. dirac'/genera*r ~ ~d~'i'r ~/

The overturninq moments for Seismic Cateqcry I structures is the
sum of, the moments at the base of each stick of the mathematical
model. For each stick, the moment at the base is determined by
combininq the model overturninq moments. The moments are
combined hy the methods described in Subsection 3.7b.2.7.

The components of the earthquake motion used are the same as
those discussed in Subsection 3.7b.2.6.

Subsection 3.8. 5 discusses the factor of safety against
overturninq for several loadinqs which include seismic loads.

3~7 b~gc 1$ A ny

ling

js proc r. Qugr„. fog DympiM

he structures consist of reinforced concrete and welded/bolted
st"uctural steel. Dampinq values for these materials are shown
in Table 3.7b-2. However, in the seismic analysis of the
structures dampinq values of 2 and 5 percent are used for OBE
and SSH respectively for reinforced concrete, as well as
welded/bolted structural steel, Therefore, analysis of composite
model dampinq is not necessary.

A]l Seismic Cateqory I structures except the ESSM pumphouse and
spray pond and its pipe supports are founded on rock.
Consequently, soil dampinq values are calculated for the ESSM
Dum chouse as described in A ppendix D of Ref erence 3. 7b- 3 ~

The interaction dampinq values for the time history analysis of
the containment are also calculated by the method described in
Appendix D of Peference 3.7b-3.

@i+he di~~genrir~r K X~<ili'ly.+hedampinq w/ue~ 4r va~om waar'isis are sp~n ~n la,ge p gt 7
~ ~'~ ~1<"~ <~s~WAII Otvbno~ ~panto.<H 4vwgd ffcr~'+ ~key~,ls,,c~~<Q ~~

~~Ilk&lA chC~QQQ Lot~ Q~gQ ~u(ey) Q~ Qy [ S~$ p q 2 ) ) ~ 4
~

(~)
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As explained in Subsection 3.7h.2, this section discusses the
seismic analysis of subsystems, i.e., equipment, pipinq, Class IF.
cable trav.= and supports for Seismic Cateqory I HVAC ducts and
cable trays.

g.7Q~g~g Seigyjc Agglgsgg methods

g 7b./~1~1 >qujpment

Seismic qualification of equipment is performed by using'ne of
the followinq methods:

a) A nalysis

b) Dynamic testinq

c) Combination of analysis and dynamic testinq

* S. W . XX3.7b 3 1 1 1 Ana~~~~sis

Seismic qualification of equipment is performed by analysis when
~he equipment can be adequately represented by a model and the

. analysis can determine its structural and functional adequacy.
The analvsis can either be an equivalent static analysis or a
dynamic ana] ysis.

Fquivalent static analysis is described in Subsection 3.7b.3.5.

Dynamic analysis can be classified into three cases according to
the relative riqidity of the equipment based on the maqnitude of
the fundamental natural frequency. Dynamic Analysis refe" to
Seismic Loads only, a discussion of the Hydrodynamic Load can be
found in the DAR Subsection 7.1.7.

For structurally simple equipment, which can be represented by a
one deqree of freedom system, the dynamic load consists of a

static load obtained as the eauipment weight time the
acceleration correspondinq to the equipment's natural frequency.
Xt the fundamental frequency is not know, the peak acceleration
from the response spectra is taken.

Rev. 35, 07/80 3. 7b-13
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For riqid equipment having a fundamental frequency greater than
33 Hz, the dynamic load consists of a static load obtained as the
equipment's weiqht times the acceleration corresponding to 33Hz.

For structurally complex equipment, which cannot be classified as
structurally simple or riqid, the equipment is idealized by a
mathematical model and dynamic analysis is performed using
standard analy+ical procedures. An alternative method used for
verifying structural integrity of members physically similar to
beams and columns-is the static coefficient method. In this
method no determination of natural frequency is made. Dynamic
forces are calculated as product of the weiqht and peak
acceleration of response spectra multiplied by a static
coefficient of 1.5.

Dampinq values used are qiven in Table 3.7b-28% ~itb t

* x %2r ZQ .= g3.7b 3 1 1 ~> D .amic Testing
ll

Dynamic beesting is performed when analysis is insufficient to
determine either the structural or functional adequacy of the
equipment or both. Typical test methods used are as follows:

a) Sinqle frequency sine beat test

b) Sinqle frequency dwell test

c) Ãultifrequency test

All seismic qualification tests subject +he equipment to
excitation for at least 30 seconds.

certain equipment i qualified by a combination of analysis and
dynamic testinq.

3,7b~g~g,g Pzpxng Systems
pe PEG 502,Rev 0 (Q 31b -~4)

Rp-TOp-l, Rev. 3 (Ref. 3.7b-6) describes the methods used for
seismic analysis of piping systemsy Reference 3.7b-6 is followed
on Su quehanna SES with the followin xce tions:

found in aA 5eisgic. Gkayy 'I gknc4~ta, ended >g

Medi'ese( enerawr 'O'ci libJ.
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In seismic analysis the modal responses are combined by SRSS and
low< r dampinq values than specified in Reference 3.7b-6 are used.

See Subsection 3.71. 3.7.
Agg 50p gev, O(gag.3, lQ )W)g~'b~g ~ NQ&bds ~M4f~<s51ic QN&l)sls D

die~el snare,w~ 6'cllc

'the cable trays are seismically qualified by the capacity
evaluation method vhich consists of the follovinq:

a) Calculation of the fundamental frequency of the cable
tray based on the tray properties obtained from static
tests

b) Sei mic load computation based upon the tray frequency,
he possible support frequencies and the design spectra

c) Calculation of the tray allovable capacity

d) Evaluation of the tray capacity by interaction formulae
Fir +he diise/gne~r E Wli'$y ~NWeM>She anQs 4. i's oaed in hev o a~~ Q> z~ ),)

The supports of HVAC ducts are analyzed by the response spectrum
method.

3. 7b 3 1. 5 Concrete Block masonry Structures (Blockvalls)

The dynamic analysis of safety related concrete masonry
blockwa lls n Class I structures. is performed by the response
spectrum method. Response spectrum for the lower floor has been
used for vertical motion and for walls, cantilevered from the
floor. For horizontal motion, the acceleration of the lower
floor or average of the lover and upper floor, vhichever is
qreater, is used in determining inertia loads. Frequency
calculations for blockvalls supporting class I attachments or
located in areas of class I equipment are based on either cracked
section, partially cracked section, or uncracked section
properties: whichever represents the condition based upon the
calculated loads.

partiallv cracked section analysis is based on the follovinq ACl
318 (Ref. 10A of Table 3. 8-1) formula

I

Re v. 35, 0 7/84 3. 7b-15
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e

where,

(N /N ) > I < (1 " (5 /1 ) )cr a g cr a cr

>e effective moment of. inertia of. cracked Section

moment of inertia of cracked Section

bend'nq moment applied to the blockwall

I = Gross ection moment of inertia (uncracked)
g

"cr = crackinq., bendinq moment = gg gyt
fr = modulus of rupture for masonry = 50 psi

modulus of rupture for concrete = 6 f' psi

Yt = distance from centroid aris of qross section to the
ext.reme fiber in tension.

For assessinq the effects of frequercy variations on the
responses, the variable items such as boundary conditions, mass,
modulus 'of elasticity, crackinq moment are considered. Damping
values used are in accordance with Table 3.7b-2. The response of
attachments to hlockwalls is determired as described in
Subsection 3.7b.3.1.1.1.

The three components of earthquake motion are combined in
accordance with Subsection 3.7b.2.6.

3.7h.3.1.6 Supports of Seism'ic Category I Electrical Raceway
QXstemQ

This section defines the procedures used fcr the design of the
supports of electrical raceway systems, i.e., cable tray,
conduit, and wireway gutter systems, subject to the seismic and
other applicable loads. The raceway support system usually
consists of raceways, horizontal and vertical support members and
lateral and lonqitudiral bracing members.

Ro v 35 ~ 07/8Q 3. 7h-16
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3~7b,g~g Q~g Loading Comp|gafgogs
Wn a)I See~a Cakgop I DrvcA~s, arcs+ +he Chem/ gene'rd+r H Pari I 4y, Abt

adequacy of raceway systems to withstand seismic and other
applicable static loads is determined according to the loading
combinations and allowable responses given below:

gguatgon Load Combination

Normal D + L P - See note

Normal/Se ver e D+L+ E See Notes 2 5 4

(Equation 2 applies only to
connections for fatique
considerations.)

Abnormal/Extreme D+ Ei See Notes 2, 3, 6 4

Notes: 1.. For notations, see Table 3.8-2.

2. The followinq equation is applicable for bending in
overhead connections:

OBE

+

SSE

1.0

wh~re:

Total number of load/stress cycles per earthquake.

OBE

SSE

3 0

Allowable number of load/stress cycles per OBE event.

Allowable numher of load/stress cycles per SSB event.

The followinq criteria are used for checking the
members. In no case shall the allowable stress
exceed 0 90F in bendinq, 0.85P in axial tension
or compression, and 0.50F in shear. Where the
desiqn is governed by requirements of stability
(local or lateral bucklinq), the actual stress
shall not exceed 1.5P

Allowable shear and normal loads in connections are
determined from the manufacturers'ata or from
code allowable stresses whichever is applicable.

Rev. 35, 07/84 3. 7b-17
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. he allovable values are increased 50% for load
combination equation 3..

3~7b~g~1~6~$ Qnalgtgcy 1 Techgggugs
Zn al/9e~nrir.''Agog js6vckrrs, r~cepf Wedi~elgenaro/or+ 4cialp'ach'r

ev'Haa.of two methods of analysis is used. Method 1 is 'a
simplified method of analysis which determines the fundamental
frequency of braced supports using tvo dimensional analysis.
Frequencies are determined in each of .three principal directions.
Then loads are determined by takinq the spectral accelerations
times the weiqht; and stresses are determined from static
analysis. All members and connections are checked using stress
criteria.
method 2 uses a three dimensional computer analysis and includes
springs to represent joint stiffnesses. Response spectrum
analyses are done to determine stresses and deformations. The
number of stress cycles is deterained by multiplying the time of
maximum earthquake motion hy the natural frequency of the system.
The allowable numher of cycles is taken from Reference 3.7b-8 for
the joint rotations calculated. Only overhead connections are
checked for fatique since the test results tref. 3.7b-8, pg. 7-
19) demonstrate that failures occur only in overhead connections.

The basis for the design criteria and analysis method 2 is the
"Cable Tray and Conduit Racevay Test Proqraa" (references 3.7b-7
throuqh 3.7-10) .

Ba75~3ala6~2 Q53mpiQQ

~ ~(1 peri mic ~pen((~>~xi ~c ~ W e di~elpenerok E 4~'li'Q damping

iKB~Kg of 7% of the critical is used for the design of all
racevay systems. The test proqraa demonstrates that for cable
tray systems dampinq is, in general, much hiqher than 7'%.
Reference 3.7b-7 recommends usinq 20% but values up to'0% are
reported. The recommended dampinq values, developed from the

-+est program and based on lower bound values, are shovn in Figure
3.7b-106. Dampinq is amplitude dependent, i.e., it increases
vith increasing amplitude of input motion. For conduit systems
the dampinq increases with increasing amplitude, but is much
lover than for cable tray systems. This 7% is a realistic value
for input motion exceedinq 0. lq for conduit systems. Mirevay
gutters were not tested; however, the manner in which they are
constructed - with 'more bolted connections and more cables than
conduit. — provides more damping mechanisms that are present in
conduit systems so that 7% is a conservatively low dampinq value.

Bev. 35, 07/8Q 3 ~ 7b-18
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/~7' g 6~0 Q2yrafg~n Bgggg ggj;f~hggke ~gg)

The OBE is considered in the load combinations only for the
overhead connections which are checked for fatigue. The OBE

stresses are not checked during design for tvo reasons: first,
raceway systems do not fail in a brittle or catastrophic mode as
demonstrated by the test program in which such failures did not
occur and t.he electrical systems vere able to continue to
function in all cases. Thus, there is no need to limit the OBE

stresses to the low levels usually used to preclude such
failures. Second, the OBE stresses vill always he less than the
SSE stresses as demonstrated below.

In all cases the ZPA values are high enough to use 7% damping
based on Figure 3.78-106 since they all exce'ed O.lg. A

comparison of respon e spectra for correspondinq damping values
demonstrates that for all response spectra the OBE acceleration
values are less than the correspondinq SSE acceleration values.
(See References 3.7b-8 and 3.7b-10) Thus the OBE acceleration
response and stresses are belov the SSE acceleration response and
stresses.

3.7b g 2 De+egmigagion of Ngabeg og gagtQguakg Cycles

In qeneral, the desiqn of the equipment is not fatigue controlled
because the equipment is elastic and the number of cycles in an
earthquake is lov.

Equipment .«hat is qualified by analysis is designed to remain
elastic durinq the earthquake. Any fatique effects in tested
equipment are accounted for hy performing extended duration test
on selected specimens. Consequently, the number of cycles of the
earthquake has been accounted for.
Tn order to conduct a fatique evaluation for nuclear Class I
piping, the 'number of cycles for a given load set is obtained.
This is done by considerinq ten maximum stress cycles per
earthquake and five OBE's and one SSE to occur vithin the life of
t he plant.

The models are developed to represent the equipment Tvo or
three dimensional models are used depending on the complexity of
the equipment. The boundary conditions are modeled to ref lee+

Rev. 35, 07/84 3. 7b-19
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the in-plant mounting conditions. The equipment is represented
by lumped mass models. Massless elastic members are used to
connect t he masses.

Supports for HVAC ducts are modeled as two dimensional, lumped
mass, plane frame models. The masses are lumped at the center of
the ducts. The cable tray support analytical techniques are
discussed in Subsection 3.7b.3.1.6.2.. The cable tray properties
are determined from the load deflection tests (see Reference
3.'7b-11) .

Sections 2.0 and 3.0 of Reference 3.7b-6 discuss the techniques
and procedures used to model piping other than the buried type.

7h. '3~4 gasjs for .Selection gf ggeguenc~es

The natural. frequencies of components are calculated. If the
- natural frequency of the component falls within the broadened

peak of the 'response spectrum curve, then it is designed to
withstand the peak acceleration.

$ ~7b /~5 gee of„Eggigggent Stptig goaQ /ethos of~n~ysis

The equivalent static load method of analysis is used when the
natural frequency of the equipment is not determined. If t ie
equipment can be adequately represented by a single degree of
freedom system, then the applied inertia load is equal to the
weiqht of the equipment times the peak value of the response
spectrum curve. If the equipment requires more than one deqree
of freedom for an adequate representation, then a factor of 1.5
is applied to the peak of the response spectrum curve.

Sec iont' ~.2 and Appendix D of Reference 3.7b-6 discuss the use
* 'le toof 'equivaleni static load method of analysis as a'pplxca e o

Dip lnq ~

7p~Q 6 Tggge.'Coggogengg of garthgugkg gotggn

For equipment, cable trays, and supports, for cable trays and HVAC

ducts, the three spatial components of the earthquake're
considered in the same manner as for structures (described in
Subsection 3.7b.2.6) .

Rev 35, 07g84 3. 7b-20
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criteria used for combining the results of horizontal and
vertical seismic responses for piping systems are described in
Section 5.1 of Reference 3.7b-6

aaahiaaaiaa uCMaiaLJhmmaaaa
(~~++ ~i~~c C v' n~G~F b>J

The aodal resnanses of equipaenthare caabined by the square root
of !he sum of the squares method The absolute values of tva
closely spaced modes are added first before coebininq vith the
other modes by the square root of the si ~ of the squares method.
Tvo consecutive mades are defined as closely spaced shen their
t'regqoncies differ fraa each other hy 10 percent or less

Q3 ~M Os~i' 6w ~ P +
> ~ ~~ ~cwu24 ~Ay.~~

Procedures given in Regulatary Guide 1.92 for coabining modal
responses, vben closely-spaced aades are Present, are not
complied vith in the seismic response spectra analysis for
p n ng> hll modal responses are combined by square root of suI
of squares (SRSS) in. the response spectra aethad of modal
analysis for seismic loading (OBE and SSE) ~ Seismic response
snectra used in the piping analysis corresponds to conservative
aypinq values of 1/2f. fpr OBE and 1% far SSE. 74.lance'nq ~rum m4~ "C ~ilia ~ig~pc ncL to WOL ~is%I)9'a P+~v 4+ Civics /@4'/ y

the procedures u ed in evaluating the piping systea for
hydrodynamic loads (SFV and LOCk) by response spectra method is
in compliance ~1th Regulatory Guide 1.92 ~ The aadal responses in
!hi case a e combined in accordance arith section 5 2 of BP-,TOP-
1, Pev. 3 ~ vhich has been accepted hy the WRC staff, per the
let ter da t ed September 29 ~ 1976 ~ fraa Karl Kniel~ Chief Light
Rater Reactors Branch Na. 2 ~ Givision of Prefect Banaqeaent to
Burton L. Lex, Bach!el Paver Corporation.

The criteria used for piping systems are described in Sections
5. 1 and 5. 2 af Reference 3. 7b-6

2~7@,g~R„)nalX 3,%41 2ZQQe@~,LC Cog QgQg

The design criteria and the analytical procedures applicable to
Dining systems are as dwsczibed in Section 2.0 of Reference 3.7b-
6. The methods used to consider differential pipinq support
movements at different support points are as described in Section
4.0 af Reference

3.7b-6.'ev.
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3.7b. 3.9 Nultiply Supported Eguipment and Cosponents vith
B.'acier~ Xnan.z

II

For rable ~revs and ducts vhose supports have tvo distinct
inputs, a response spectrum curve is used that envelopes'the
curves at tl e two locations Section 4.0 cf Reference 3.7b-6
discusses ~he me~had's used for the analysis of multiple suppor edpiping svstems

2 70 2 12= 2s aX Ca~a|;nnX Z~Z|;i~1 ~~a XX&Zra

Constant vert ical static factors are not used in the seismic
design of subsystems.

3,7b.,)~ ~1:ataianel Zffma afMCauhzia Naama

7he torsional effects of valves and other eccentric aasses arR
considered in the s ismic analysis of piping by the techniques
discus ed in Section 3.2 of Reference 3.7b-6.

3.70.2.32 furl 0: faxing <a'CaaZXM H,Z4aa Xzaieaa~C Zonal~

Puried Sei"-mir. Category I pining has been analyzed and designedfor seismir. efforts in arcordance vith Section 6.0 of Reference
3.71-3q <;<4 2<4,c~oce, ~.'Tb" l8 4 - ~ ~ "F-" P'-ilig ~

-.he magori'.v of th~ anticinated sett,lement due to'tatic loadingof the R."SM Pumphouso vill have cccurred prier to ccnnecting the
pining to 'he building. Guring a SSE event,, the differential
settle meant hdtv:~n tl ~. pumphouse and ~he surrounding soi.l vhich
supports >h~ vining, vill be less than one inch (see subsection
2.". > ~ 7 for iu--her discussion of settlements) ~ ~ his aoveeentvill he nccomeodnted hy the piping vithout exceeding code
all cvable stresses.

counsels on the Susen~hanna SES are ron-Seismic Category I.

Rev. 35, 07rAO 3 'b-22
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3.7b-12
a

RcRotoxm Tl marufac-u" ed by W. R. Gtace 8 co. og
oouiva lcn equal.

9 7h(-5 hf.//. Xgha/ ~ g.~ ~jr;„~
5/~~~ ~6 < ~ 4sau +~~~ SH~+~
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l7

(Percent of Critical Damping)

Structure or Component3
Operating Basis

Earthquake (OBE)~
Safe Shutdown

Earthquake (SSZ}

Equipment and Large-diameter
piping systems , pipe diameter
great than 12 in.
Small-diameter piping systems,
diameter equal to or less than
12 inc ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~

Welded steeL structures ,2

2

Bolted steel structures

Reinforced concrete structures

~In the dynamic analysis of active components as defined in U.S. NRC
Regulatory Guide 1.48, these values should be used for the SSE.

aInclude both material and structural damping. If the piping
system consists of only one or two spans with Little structural
damp':-., use ;-"'s for small-"'meter piping.

aIf the maximum combined stresses due to static, seismic, and
other dynamic loading are significantly lower than the yield
stress and 1/2 yield stress for SSZ and OBE, respectively, in
any structure or component, damping values lower than those
specified above should be used for that structure or component
to avoid underestimating'the amplituide of variations or
dynamic stresses.
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