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TWO NORTH NINTH STREET, ALLENTOWN, PA. 18101 PHONE; (215) 770.5151

NORMAN W. CURTIS

Vice President-Engineering & Construction<Nuclear B . (5) J—' ]_ / /

770-5381

June 10, 1981

Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Project Management
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U.S. Nuclear Requlatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION ’
CONSTRUCTION NOISE PROGRESS REPORT

ER 100450
PLA-837

FILE 991-2

Dear Mr. Schwencer:
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Enclosed for your information are forty copies of the annual Construction
Noise Progress Report, "Sound Level Measurements Near Susquehanna Steam
Electric Station Site Construction 1980."

Very truly yours,

JW}/M%@

N. W. Curtis

Vice President-Engineering & Construction-Nuclear
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SUBJECT: Study on Torsional effect on the seismic
response analysis of (1) ESSW Pumphouse
(2) Diesel Generator Building

As requested by NRC analysis has been performed to study the effects of -«
including torsion in the dynamic response analysis for (a) ESSW Punphouse
(b) Diesel Generator Building.

The Analytical Procedure used in this study consists of:
(i) The eccentricities of these structures were calculated.

(ii) The structures were represented by a fixed base 3-D stick models
with structural masses properly lumped at the calculated
eccentricities, as shown in Figure 1 and 2.

(iii) Modal frequency analyses of the 3-D stick models were performed
to determine the structure frequencies.

(iv) The frequencies determined are then compared with the corresponding
frequencies associated with the fixed base models having zero o
eccentricities.

The results of camparison for the ESSW Pumphouse is shown on Table-1
and for the Diesel Generator building is shown on Table-2. These
results indicate that there are insignificant shifts in the structural
frequencies by including the eccentricities in the dynamic analysis.

From the results of this study, it is concluded that the structures
modeled by lumped stick models without the inclusion of eccentricities
in the dynamic analysis is adequate for the prediction of desired
structural responses.

— CoTaoltr 9100126000 :
Qive- __olofer
f
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NODES X ¥ z
1 0.0 0.0 | 660.0
2 0.0 0.0. | 685.5
3 0.0 8.0 | 685.5
4" 0.0 0.0 | 716.0
5 0.0 1.1 | 716.0

ESSW PUMP HOUSE
- o 3-D STICK MODEL
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Table-1: ESSW PUMPHOUSE:

Frequencies with and without
eccentricities
(See Figure-1l)

Frequencies (cps)

I |
| I
|  Mode | I
; # | With Eccentricity | without Eccentricity
| I
, 1 } 13.93 % 13.94
| 2 | 18.05 | 18.06
| | [
| 3 | 28.94 { 28.97
| I
| 4 | 38.83 | 40.01
I | I
Table-2: DIESEL GENERATOR BUILDING:
Frequencies with and without
eccentricities
(See Figure-2)
| |
| | Frequencies (cps)
|  Mode | I
l # |  With Eccentricity | without Eccentricity
I |
{ 1 { 8.86 } 8.96
| 2 ! 9.65 | 9.71
| |
= 3 = 22.56 l 23.42
[ 4 { 31.69 I 32.04
|
| 5 | 33.45 I 33.66
| I |

WP26/26~1
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SUBJECT: Equivalence of Fixed Base and Flexible Base Models
used for the analysis of Primary Containment
for seismic loads.

N

In continuation of our response to the NRC question 130.20 as desired by
NRC, a study has been made on the above subject. The object of this
study is to demonstrate that as the shear wave velocity is increased, the
results from the flexible base model converge to the results of the fixed
base model.

The study considers the vertical seismic analysis for SSE for (a) a fixed
base model (b) flexible base models for various foundation flexibililites
defined by shear wave velocities Vg, 2Vg, 5Vg, 10Vg where Vg for the
Susquehanna site is 6200 ft./sec. This corresponds to an equivalent
vertical spring constant as shown in Table-l. A sketch of the flexible
base vertical seismic model is shown in figure 3.7b-8 of FSAR (See
Attachment #1).

A damping value of 5% of critical was used for all fixed base structural
modes. The damping determination technique described in reference 3.7b-3
of FSAR [BC-Top—4A, Rev. 3, Appendix D] has been used to calculate the
camposite modal damping for the flexible base model.

The results for the fixed base and the flexible models are shown in Table-2

and Table-3, in terms of frequencies and modal danping values. The

seismic (SSE) responses in terms of axial forces are presented in Table—4.

The results indicate the following:

(a) Table-2: Frequencies values approach fixed base conditions for
Ws.

(b) Table-3: Modal damping values approach the fixed base condition
for 5Vg.

(c) Table-4: Seismic responses approach fixed base conditions for
2VS.

These results demonstrate that as the shear wave velocity is increased to 2 to
5 times the actual site shear wave velocity, the results from the flexible
base model converge to the results of the fixed base model. Thus use of the
flexible base model for the seismic ?nalysn.s of the contaimment structure is

more realistic. ;

WP26/25-1
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Spring Constants.

@ Table-l: CONTAINMENT: Equivalent Vertical

From FSAR Section 3.7b.5, Reference 3.7b-3
(BC~-Top-4-A, Page 3-15)

Equivalent 4GR .
Vertical Spring Constant, k, = ——————
(1-P)

Where "D Poisson's ratio = 0.3

R = Radius of Circular base mat = 50 ft.
G = Shear Modulus = € Vs2

Vg = Shear Wave Velocity = 6200 ft./sec.

e - v - e .= Mass density of foundation medium =-4.3478E-3 ~ -~ -
k.sec?/£t4 (¥ = 140 1bs/cft.)

G Vg = Vg kz

4,78E07 k/ft.

Vg = 2Vg kz = 1.912E08 k/ft.
Vg = 5Vg kz = 1.195E09 k/ft.
Vg = 10Vg k;, = 4.78E10 X/ft.

WP26/25-2




Table-2: OONTAINMENT: Vertical Seismic Model
Flexible Base Vs. Fixed Base Frequencies. (Cps)
Frequencies (Cps)
I |
Mode | Flexible Base |  Fixed
# | | [ | | Base
| Vg = | | | [
| 6200 ft/sec. | 2V, | 5Vs | v, |
| | = | | = |
1l { 16.19 lI 17.24 Il 17.45 } 17.47 } 17.48
| I I | ]
2 | 20.95 | 23.18 | 24.09 | 24.23 | 24.28
[ | | | |
| | | | |
3 | 38.24 | 38.63 | 38.75 | 38.77 | 38.78
| | | | |
Table-3: CONTAINMENT: Vertical Seismic Model
Flexible Base Vs. Fixed Base
"Modal Damping (% Critical)
Modal Damping (% Critical) '
| | | "
| Mode | Flexible Base | Fixed
| # | | | | | Base
[ | Vg = | | | I
Il | 6200 ft/sec. | 2Ve | 5Vs | 10V, |
| | - | | - |
| 1 | 9.3 | 5.3 I 5.0 | 5.0 | 5.0
| | I | | |
| | | I ] |
I 2 | 9.1 | 6.1 | 5.0 | 5.0 | 5.0
| | | | | |
| | | | | |
} 3 ; 5.0 = 5.1 = 5.0 { 5.0 { 5.0

WP26/25-3






Table-4: CONTAINMENT: Axial Forces (SSE) (kips)

See Figure 3.7b-8 of FSAR, (Attachment #1)

for location of members.

—— e L S S Set S S S—— — — — — — — — S—— G— — — — P S— = W— S—— —— T S— — ST——) —— — — — S— S St ey TP St miet® s

Member I Flexible Base ; Fixed

# | [ I I | Base
| Vg = I I | |
| 6200 ft/sec. | | 5Vs I ove 1 .

1 { 14.5 { i 22.2 { 21.9 { 21.9
2 ," 84.7 } } 130.0 } 127.7 } 127.8
3 : 239.9 : { 367.7 : 360.8 { 361.1
4 I 412.2 } { 629.1 I 617.0 } 617.6
5 } 576.5 ’ = 874.9 : 857.7 : 858.4
6 = 734.5 : { 1106.6 !W 1084.3 l 1085.1
7 = 866.9 I =»71296.1 = 1269.5 = 1270.3
8 { 991.5 } } 1468.5 } 1437.7 ; 1438.4
9 : 1095.4 } l 1607.5 : 1573.1 { 1573.7
10 I 1319.0 = = 1774.7 ,= 1733.2 } 1733.2
1 } 1479.1 I = 1956.7 I 1909. 4 { 1908.7
12 { 1611.6 : ; 2078.2 { 2025.5 } 2024.0
13 l 1701.4 } { 2128.2 } 2071.5 { 2069.0
14 { 34.9 { } 33.1 { 31.7 { 31.6
15 } 127.3 { { 119.6 ; 114.3 l 113.8
16 } 201.3 I { 185.9 { 176.9 l 176.2
17 { 843.4 } = 787.2 I 743.4 } 739.6
18 I 899.6 : : 835.9 } 789.3 } 785.2
19 i 759.5 { i 680.6 { 642.5 } 639.2
20 i 799.1 i i 712.5 i 672.5 E 669.1

WP26/25-4
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TABLE-4 (Cont'd)

WP26/25-5

} Member } Flexible Base , Fixed

I # I | I | | Base

I | v = I I I ’ I

| | 6200 ft/sec. | 2Vs__ | 5Vs | 10V |

I 21 I 829.5 } 786.9 I 734.8 I 693.5 I +689.9
} 22 = 845.3 } 797.2 { © 743.3 { 701.5 { 697.8
{ 23 { 602.9 ! 611.5 I 571.5 = 540.0 { 537.3
} 24 } 602.9 I 611.5 I 571.5 I 540.0 I 537.3
} 25 { 76.9 { 78.2 'I 73.2 I 69.3 : ' 68.9
{ 26 I 234.2 } 238.4 I 223.1 I 211.0 I 209.9
, 27, {;NL Las.s } , 426.1 ;} 398.4 ‘E_ 376-§~“f.=am;§7%;7=»_,
} 28 { 1701.3 { 2177.3 I 2128.2 { 2071.5 } 2069.0
{ 29 : 845.3 { 797.2 { 743.3 I 701.5 l 697.8
i 30 5 83.2 i 82.6 'i 80.9 i 77.1 E 77.5
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SUSQUEHANNA SES UNIT 1 AND 2
DOCKET NUMBERS 50-387 AND 50-388
CATEGORY I MASONRY WALLS

PRFAMELE: .

Safety related masonry walls are interior partitions whose primary
function is to provide shielding and fire protection. Masonry walls
are not used as primary shear walls for seismic resistance of the
structure. All category I masonry walls are reinforced with all
cells fully grouted. The infill material of double wythe walls is
either grout or concrete. The minimum specified compressive strength
for grout, concrete, and mortar is 2500 psi. Mortar infill is not
used on SSES masonry walls. Metal ties, between the wythes of
double wythe walls, are provided at 24" spacing maximum in horizontal
and vertical directions. Seismic design is in accordance with

SSES FSAR Section 3.7. Allowable stresses are as noted in FSAR
Section 3.8, Table 3.8-8 and Table 3.8-9. Safety related masonry
walls are Q-listed and have been added to the FSAR Design Criteria
Summary (Table 3.2-1), in response to NRC, Quality Assurance Branch,
Question No. 260.1~b (34).

QUESTION NO. l:

In your response to Question 2, you indicated that Sm is the allowable
stress as specified in UBC. For extreme and/or abnormal

loading combinations, you increase the allowable stress by a factor
of 1.67, which is in conformance with the practice of SRP Sections
3.8.3 and 3.8.4, for reinforced concrete structures. However,
concrete masonry walls are quite different from reinforced concrete
walls, particularly the unreinforced ones, the use of such a practice
may not result in an adequate design. Depending on the types of
stress, that is, tensile, shearing or axial compressive, the factor
may vary from O to 2.5 (see enclosure 2). Specify the masonry

design strength fp; used in Susquehanna masonry walls and the allowable
values for all types of stresses.

RESPONSE :

Code allowable stresses for masonry tension, shear, campression, and
bond are increased by a factor of 1.67 for load cambinations involving
abnormal and/or extreme environmental conditions which are credible
but highly improbable. Since code allowable stresses are generally
associated with a factor of safety of 3, the 1.67 increase provides

a factor of safety against failure of 1.8 (3 =+ 1.67) (see Table 4 for
the increase allowed for each type of stress). There are no unreinforced
masonry walls on SSES project. Susguehanna SES masonry walls are
designed based on an ultimate compressive strength, f'y,, of 1500 psi as
specified in UBC 1976, for solid grouted hollow masonry. Minimum
capressive strength at 28 days for mortar, grout, and concrete is

2500 psi. Materials are in accordance with FSAR Appendix 3.8C. '

The allowable stresses are as listed in Table 1.

WP26/15~1 -1-
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TABLE ‘1.

SSES ALLOWABLE STRESSES

Materials and

Allowable Stress: URC - 1976 (1)

Stress Type psi
1. Mas : f'm = 1500 (see note 2)
Campression: .
Flexural .33f'p = 500
Axial .20£' x  (1-(h/40t)3) h = clear height, in.

N

Flexural Shear

Bond (deformed bars)
Bearing

Bed Joint tension

Normal
Parallel

Modulus of elasticity, En
Modulus of rigidity, E,

Reinforcement:

Tension:
Grade 40 Steel
Grade 60 Steel

Campression:
Grade 40 Steel
Grade 60 Steel

t = wall thickness, in.
1.1 Fo= 43
140
25F', = 375
(See note 3)
25

1,500,000
600,000

1000£ 'y
400£'

20,000 (used for ties only)
24,000

16,000 (used for ties only)
24, 000 . *

Notes: (1) For stress increase allowed for‘ abnormal, or extreme environmental

load combinations - See Table 4.

(2) Ultimate compressive strength as speéified in UBC - 1976 for solid
grouted hollow concrete units -~ Grade N.

(3) Zero tension normal to bed joint is used. .

QWP26/15—2






@ QUESTION NO. 2

In the note to your response to Question 2, you stated that the
allowable shear or tension between masonry block and concrete
or grout infill is considered to be equal to three percent of
the campressive strength of the block. The allowable shear or
tension as specified by you is in the staff's opinion tco

high. To specify the allowable shear or tension of the vertical
joint between wythes in terms of the compression strength of .
the block is in the first place unconservative and the use of
seemingly low percentage of 3% may actually result in an
allowable shearing stress greater than its corresponding
strength. Therefore, a revision of the stress criterion is required.

RESPONSE s

The specified shear and tension, for the interface of masonry
block and concrete or grout infill, of three percent of
canpressive strength, f£'p, is based on the relationship 1.1 ',
given in ACI-531-79. For f'y = 1500 psi, this relationship yields
a value of 43 psi compared to 45 psi (.03 x 1500) allowed for
evaluation of project masonry walls. The difference of 2 psi is
justified by the fact that the ultimate conpressive strength of
masonry f'y, is generally higher than 1500 psi.

e The values for shear and tension as specified above have been

used only as a guide in evaluating double wythe walls, where

infill thickness is greater than 8 inches (24" thick walls and larger).
For walls having an infill thickness of less than 8 inches (total

of four walls), zero tension/shear is assumed for evaluation purposes.

For SSES masonry walls, the actual shear stress, as detemmined by VQ/Ib

for uncracked sections, and in the campression zone of cracked sections
ranges fram 5-10 psi; except for three walls. For these three walls shearing
stress is in the range of 10-15 psi.

QUESTION NO. 3

In your response to Question 4: (1) It is indicated that

response spectrum method is used for the dynamic analysis of

the concrete masonry walls. Bowever, there is no mention as to
which of the response spectra is used, upper floor or lower floor
response spectrum or the average of the two. It is required that
an upper bound envelope of the individual floor is used. (2) Thouch
the use of ACI 318 formula the cracking of concrete masonry wall is
considered. The use of such a formula is questionable in view of
the fact that in a concrete masonry wall the weakest section is the
bed joint and the modulus of rupture is equal to that of neither
the concrete block nor the mortar. Indicate how the modulus of

0 rupture is established in your camputation.

WP26/15-3 -3-
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RESPONSE ITEM (1):

; & Response spectrum for the lower floor has been used for evaluation of

: cracked/uncracked behavior of masonry walls, as applicable, for

; vertical motion, and for walls cantilevered from the floor. For

. horizental motion, the lower floor response spectrum has been used

: in the initial evaluation of cracked/uncracked behavior, as applicable,
for walls spanning between two floors and walls having side connection
at concrete walls. These walls have also been re-evaluated based

on the average acceleration of the upper and lower floors. Where

the upper floor acceleration is less than the lower floor acceleration,
the lower floor acceleration is used. For justification of using
average acceleration, see Enclosure 1.

RESPONSE ITEM (2):

Although ACI-318 formula is derived for cracked concrete

sections, the use of the formula for masonry walls takes into
consideration the difference in material strengths. The difference
between masonry behavior and concrete behavior is recognized and
allowances are provided in selection of seismic acceleration within

a frequency variation of plus or minus fifteen percent of the
natural frequency.

The modulus of rupture (f).) for masonry is approximated by increasing
the UBC allowable flexural tensile stress by a factor of safety of

3 and then applying a 33% reduction to arrive at a lower bourd

value. This value is used only for stiffness and frequency calculations
of the cracked section and not for strength. Allowance for uncertainties
in the modulus of rupture is accounted for in the frequency variation of
+ 15% of the natural frequency.

QUESTION NO. 4:

In response to Question 5, it is stated that when the design stresses
of masonry walls exceed the allowable stresses, fixes are designed
such that the criteria is satisfied. Indicate the nutber of walls
where such fixes are needed and provide examples.

RESPONSE s

The number of masonry walls requiring fixes for cracked section
criteria is 36. Wall location, thickness, and elevation are as
shown in Table 2. Typical fixes are shown in details type 1, type
2, type 3, ard type 4 (see Enclosure 2).

‘ WP26/15-4 -4-
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SSES — MASONRY WALLS
WALLS WHICH REQUIRED FIXES FOR CRACKED SBECTION CRITERIA

TABLE 2

BLDG. } FLOOR ELEVATION { Tnxcﬁﬁééé ; NO. OF WALLS REF. DWG.
Control } 656 '-0 { 8" : 2 | c-1301
Control } 741'-0 : 6" l 2 { C-1304
Control { 741'-0 { 8" } 3 l C-1304
Control { 753'~0 ’ 8" { 1 ; C-1304
Contxol } 771'-0 } 8" } 16 { C-1304
Control { 783'-0 { 1'-0" ; 3 : C-1307
Control } 806'-0 : 8" ’ 3 ; C-1308
Control : 806'-0 : 1'-0" ; 1 } C-1308
Reactor = 728'-0 { 8" } 1 = C~1202
Reactor ; 799'-0 } 8" = 4 ; C-1205

WP26/15-5 —5-

Frocmmewt r @wme o ow
[







-

e -

[

. e

QUESTION NO. 5:

Provide justification for any deviation from the attached staff's
interim criteria in your design and analysis of the masonry walls.

RESPONSE:

Deviations and justification for differences between SSES criteria and
SEB interim criteria are as noted in the following paragraphs.

Items which are not specifically addressed are in accordance with the
criteria or not applicable to the project.

ITEM NO. 1l: General Requirments

The materials, testing, analysis, design, construction and
inspection related to the design and construction of safety-
related concrete masonry walls shall conform to the applicable
requirements contained in Uniform Building Code - 1979, unless
specified otherwise, by the provisions in this criteria.

RESPONSE:

Uniform Building Code, 1976 edition, has been used for design and
evaluation of Susguehanna masonry walls. A cawparison of 1976 and
1979 editions of UBC shows no significant difference in criteria
applicable to SSES masonry walls. In addition, ACI-531-79 is used
to supplement UBC allowable stresses, and ACI-318 1977 in stiffness
calculations.

ITEM NO. 2: ILoads and Load Combinations

The loads and load cambinations shall include consideration of
normal loads, severe environmental load, extreme environmental
load, and abnormal loads. Specifically, for operating plants,
the load cambinations provided in plant's FSAR shall govern.
For operating license applications, the following load
carbinations shall apply for definition of load terms, (see
SRP Section 3.8.4.11-3).

RESPONSE:
For comparison of SEB interim load combinations and load combinations
used for masonry walls evaluation see Table 3. Definition of terms
is as shown below.

Notation

D = Dead load of structure plus any other permanent loads
contributing stress.

L = [Live loads expected to be present when the plant is operating,
including movable equipment, piping, cables.

WP26/15-6 -6~
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Design basis accident pressure loads.

Steam/water jet forces or reactions resulting from rupture of
process piping.

Thermal effects during normal operating conditions including
temperature gradient and equipment and pipe reactions.

Force on structure due to thermal expansion of pipes under
operating conditions. .

Added thermal effects (over and above operating thermal
effects) which occur during a design accident.

Force on structure due to thermal expansion of pipes under
accident conditions.

Load due to Operating Basis Earthquake.
Load due to Design Basis Earthquake.
Wind load.

Tornado wind load.

Force on blockwall due to story drift under Operating Basis
Farthquake Loading.

Force on blockwall due to story drift under Safe Shutdown
Earthquake Loading.



Q TABLE 3. - QCOMBINATION COMPARISON

[ LOAD | I

I COMBINATION |  SEB INTERIM CRITERIA I SSES FSAR CRITERIA | COMMENTS
| | |

I | 1. D+L |.1. P+L I

I | 2. D+L+E | 2. D+L+E+Dg | '

|  Service | 3. D+L+Ww | 3. Not Applicable INo wind pressure

|  Load I I I

| Condition | la. D+ 1L+ Ty + Ry | la. D+ L + Ty + Hy |-

I | 2a.D+L+ Ty +R,+E | 2a. D+L + Ty +Hy +E I

: } 3a. D+ L+ Ty +R, + W : 3a. Not Applicable INo wind pressure

I

l | [ : I

| Extreme envi- | 4. D+L +T, +R, +E' | 4. D+L+ Ty +Hy +E' +D'g [

=ronmental ; 5. D+ L+ Ty + Ry + W = 5. D+ L+ Ty +Hy +W ISeenotez

| abnormal | 6. D+ L+ Ty +Ry + 1.5P, | 6. D+ L+ (Ty +Ty) +R+ |See note 1

I [ | 1.25 P + Hy I

I I I I

| I I I

| I I I

| abnormal/severel 7. D+L+T; +1.25P, +1.0 | 7. D+ L+ (To +Ty) + 1.25 Py +R + |

| environmental | (Yp + ¥4y +¥y) + 1L.25E + Ry | 1.25 E + Dg |

I I I |

| abnormal/ | 8 D+L+T3 +Ry+1.0P+ | 8 D+L+ (To+Ty) +R+1.0P + |

| extreme I 1.0 (Yy +Y5 + ¥y) + L.0E' | 1.0 E' + D'g |

| environmental | I |

: conditions : } . ,

Notes: (1) Abnormal load cambination in SSES-FSAR Table 3.8-9. Part C will be revised to read

D+L+ (To + Ty) + R+ 1.5 P, + Hy. All
unchanged.

(2) W' does not include W, tornado missile.

other locad cambinations will remain

Masonry walls are not used for protection

of safety related equipment against tornado missiles.

WP26/15-8
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ITEM NO. 3: Allowable Stresses

Allowable stresses provided in chapter 24 of UBC-79, as
supplemented by the following modifications/exceptions shall apply.

(a) Wwhen wind or seismic loads (OBE) are considered in the
loading conbinations, no increase in the allowable stresses
are permitted.

RESPONSE:

'

Design and evaluation of masonry walls is based on a 33% increase in

the allowable stress. This increase is permissible per UBC, 1979 and per
ACI-531-79. The factor is also campatible with the 25% increase in
stress noted in SSES FSAR for Working Stress Design Method.

ITEM NO. 3: (b) Use of allowable stresses corresponding to special

inspection category shall be substantiated by demonstration
of campliance with the inspection requirements of the NRC
criteria.

RESPONSE:

Stresses corresponding to special inspection have been used in the
design and evaluation of SSES masonry walls. Inspection required to
assure that masonry construction is in accordance with Appendix "D"

and amendments to the PSAR, and to assure that materials are in
accordance with FSAR Appendix 3.8C is implemented. Documentation of this
inspection is in project jobsite files.

ITEM NO. 3: (c¢) For load conditions, which represent extreme environmental,

abnormal, abnormal/severe envirormental, and abnormal/
extreme environmental conditions the allowable working
stresses may be multiplied by the factors shown in the
following table: (See table 4).

WP26/15-9 —O-
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TABLE 4.

STRESS INCREASE FACTOR COMPARISON

masonry walls

| | | [
} = SEB | SSES {
| |

| | FACTOR | FACTOR | JUSTIFICATION/COMMENT |
f I [ | |
| Axial or flexural | | | . |
| compression | 2.5 | 1.67 | See Response Question #1 |
| | | | |
} Bearing , 2.5 , 1.67 } " }
| Reinforcement stress | | | |
; except shear { 2.0 { 1.67 I See note 1 I
| Shear Reinforcement | 1.5 | 1.5 | Anchor bolts are not used|
| and/or bolts | | | in safety related masonryl|
[ | | | walls |
| | | | |
| Masonry tension | | I |
| Parallel to bed joint | 1.5 | 1.5 | =
| | | |

} Shear carried by masonry { 1.0 I 1.67 I See note 2 =
| Masonry tension perpendicular | | | |
| to bed joint I | I |
| For reinforced masonry | 0 | 0 | ]
} For unreinforced masonry , 1.0 } N/A } No unreinforced - =
| | | I [

(1) Shall not exceed .90 fy

(2) The actual shear stress carried by masonry is within the allowable shear stress
given in UBC Table 24-H with no increase factor applied.

RESPONSE :

See table above.
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QUESTION MO. 5: Design and Analysis Considerations

; 11';" ITEM 4g:

In new construction, no unreinforced masonry wall is permitted, also
all grout in concrete masonry walls shall be compacted by vibration.

RESPONSE:
a. There are no unreinforced masonry walls in SSES project.

b. Cell grout and/or infill grout or concrete is compacted by
either mechanical vibrators or by rodding.

ITEM 4i:
Special constructions (e.g., multiwythe, composite) or other items
not covered by the code shall be reviewed on a case by case basis for
their acceptance.
RESPONSE:

Double wythe walls are designed as camposite sections, except as
noted in response to Question No. 2. Allowable stresses are per
ACI-531-79.

ITEM 43:
G Licensees or applicants shall submit QA/QC information, if available,
for staff's review.

RESPONSE :

Applicable QA/QC information is available at SSES jobsite and will be
submitted upon request.

WP26/15-11 -11-







r ox mrew %2

oo

WP26/23-1

ENCLOSURE 1.
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AVERAGE RESPONSE SPECTRA
(13 PAGES)






@

Fa-

JUSTIFICATION OF USING APPROXIMATION METHOD TO

DETERMINE MAXIMUM WALL PANEL RESPONSES TO SEISMIC MOTION

The evaluations herein demonstrate that: (1) The use of the
average floor acceleration response spectra to calculate the
response of the wall panel is appropriate, and (2) The use

of uniform inertia load with magnitude equal to the average
spectral acceleration for the fundamental mode, in calculating
the maximum seismic responses is a good approximation, even
considering the higher mode effect.

For the purposes of this evaluation, the seismic response of
a simply-supported, uniform beam simulatihg a strip of the

wall panel with unit width is considered, as shown in Figure 1.

(1) Use of Average Spectra

The equation of motion of an undamped, simply-supported beam
can be written in terms of the total displacement with respect
to some fixed reference axis as:

at2 ax? (1)
\

Where m and EI are the mass density and flexural rigidity of
the beam. Denote the seismic excitations at the ends of the
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the beam as U, and U,. Then the total displacement u(x,t)
can be expressed in terms of the two seismic motions and the
relative displacement to the seismic motions as: )

u(x,t) = (x/L) Uy, + (1 -x/L) u, + r(x,t) (2)

Where L is the lengEh of the beam. The relation expressed by
the above equation is shown in Figuré 2. The relative dis-
placement r(x,t) needs to satisfy the following simply-
supported conditions:

r(o,t)

r(L,t) =0 , (3)

3 | = 3 = 0 (4)
2| 2

Substitute Equation 2 into Equation 1, the equation of motion
in terms of relative displacement r(x,t) can be expressed as:

W37 4 proor - = m(x/L) Uy - m(1 - x/L)U, (5)

ax?
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The eigen-function solutions for the homogeneous equation
associated with Equation 5 that satisfy the boundary condi-
tions specified by Equations 3 and 4 are: :

P L

S s

BN

sin n;x t'n=1, 2, 3, «.. ,

and the corresponding frequencies of vibration are:

2 2
W =N n El{ n= l, 2, 3' * o e
n J mb (6)
e So, the solution of Equation 5 can be expressed as:
r(x,t) = ) a,(t) sin 0I7X (7)
n=1 L

latter by sin nnx, and then integrate it with respect
L

to x over the full length of the beam, the equation of motion
can be transformed into modal equations of motion as:

Substitute Equation 7 into Equation 5, and multiply the
EC-9
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Ty bpea ke (T

Ta L A4 2 .o e\
' a w .a = i
n+ nn -rn(a'*' b n=l' 3’ 5[ e e o
2 ‘ (8a)
and
‘ 2 G, _ U
a w ,a -
n + n'n - rn.&a - b) n = 2' 4’ 6’ o o0
2 (8b)
where I'y, = participation factor
. 4 (9)
nn .
G If damping in the form of modal damping ratio is included,
Equations 8a and 8b becomes:
o P 2 Y3 e N
an * 28wpan + w0 A, o rn(?a + Ub) n=13,5,...
2 (10a)
and *
(XY * 2 i hind .e )
an + 2ppwpan + W pag o rn(?a B b) n=2,4,6,...
2 : (10b)

Where £, is the damping ratio of the nth mode.
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Equation 10a means that the odd-number modes which are sym-
metrical about the mid-span of the beam will be excited by

the average of the two seismic excitations; while equakion

10b means that the even-number modes which are antisymmetrical
about the mid-span of the beam will be excited by half of the
difference between the two seismic excitations.

Expressing the maximum modal displacement response in equa-

tions 1l0a and 1l0b in terms of absolute acceleration response
spectra gives:

|anhmx<kn| Sa@nﬂ;ﬂ +Sb@n;ny]
5y I 4
< 4mL4 Sa¢n¥n) + Sbn,2n)
n%; OEI 2 (11)

n=12,3,...
This illustrates that the use of the average of two floor accelera-

tion response spectra to calculate the modal response of a wall
panel is appropriate.



(2) Contribution of Higher Modes

From Equation 11, the relative importance of modes can.be
evaluated by examining the frequency ratios, modal partici-
pation ratios, and maximum modal response ratios for constant
acceleration which can be shown as:

“1 : “2 : “3 P e e e =13:4:9:... (12)
’Pl : rz : r3 e o o =12 =1/2 2 1/3 ¢ . . . (13)
El : Eg : 32 Pe e . = 1 :-_1 : l : . . . (14)
w2l w22 w23 32 243

For an SRSS method of combining maximum response, the contri-
bution of higher modes is clearly negligible.

If for example, the fundamental frequency wl is above 8 H,,
the second frequency is above 32 H, which’'is already in the
rigid range, i.e., in the range of no amplification. Thus
the S, and Sy values associated with modes other than the
fundamental will be the Zero-Period-Acceleration (ZPA) values
of the two seismic motions U, and U,. Using the absolute sum

L ) Jn Ao Caal,
(ABS) method of combining the modal maximum responses,; the con-

tribution of higher modes is not more than .4% of the fundamental.

mode.

EC-9




The relative importance of modes can also be evaluated by
examining the moment and shear responses in the beam for

A}

each mode, as shown in the following.

The moment in the beam due to the ntP mode can be evaluated by:

(15) °

n = 112,31000

The moment at the mid-span of the beam is contributed only
by the symetrical modes and can be expressed as follows:

(L) « dmi? [ SalEn,on) * Sp (En,on) (16)
n\2 '

3.3 2

n= 113'51000



For a constant spectral acceleration, the contibution to the
mid-span moment of the beam from each mode can be expressed in

Ay

the following ratio:

L : L : M (L O s 1 1 s ... (17)
Ml(2) M3(2 5(2 1 27 125

Using the SRSS Method of combining modal responses, the con-
tribution of the higher modes to the mid-span moment is less
than 1% of that from the fundamental modes. Using the ABS
method of combining modal responses, the contribution of
higher modes is less than about 5%.

+The shear force in the beam due to the nth mode can be eval-

uated as:

3
0 (X) = EI &~ _ | a sin(hsX
n aX3 n L

< 4mL Salén,on) + 5y (En,%n) cos (nnx) (18)

n2n2 2 L

n = l’2’3'4,00.
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The maximum shear occurs at the support of the beam and can
be expressed as: |

Q (0)- c4mL Salén,wn) + Sy (En,wn)—‘ (19)
" J

n=nx 2

n = 1,2'3,41000

The contribution of the higher modes to the maximum shear at
the beam support relative to that of the fundamental mode can
be evaluated by comparing the modal effective masses (MEM)
associated with the fundamental mode and the higher modes. The
modal effective mass of the fundamental mode is "

MEM = 8mL - 0,81 mL (20a)

a2

The modal effective mass associated with modes higher than the
fundamental mode can be calculated as

MEM] = (1 - 0.81)mL = 0.19 mL (20b)

The ratio of MEMj TO MEM; is 0.19/0.81 = 23%. That is the |
contribution of higher modes to the maximum shear is at most

23% of the contribution due to the fundamental mode. This

ratio does not take into account the ratio of the spectral



‘ EC-9

accélerat%dn for the fundamental mode to the ZPA value for
the highef modes. When the difference in spectral accelera-
tions is accounted for, the contribution of higher modes to
the maximum shear would be less than 23%. For example, if
the spectral acceleration for the fundamental mode is 1.5
ZPA, then the ratio of higher mode contribution would be
0.19/(0.81 x 1.5) = 16%.

(3) Uniform Inertia Load Approximation

Using the modal responses, the maximum moment and shear of the

beam can be calculated. This moment and shear can then be
compared to the moment and shear based on a uniform inertia

load using the average of the two floor spectral accelerations

at the fundamental mode of the beam.

" The maximum moment occured at the mid-span of the beam induced

by a uniform load with the following magnitude:

£(X) = m Sa (Ellwl) ; sb (El,wl) (21)

can be expressed as:

M*(E) = mL? |Sa (Barw3) *+ Sp (£3,u3) (22)
2 2
8

-10-
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From Equation 16, the moment at the mid-span of the beam due
to the fundamental mode is: '

A Y

" (E) camp? | Sa (81/93) + Sy (51'“1’] (23)
1 3 2 |

-t

The maximum difference between the moments from Equations 22
and 23 is about 3%.

The ﬁaximum shear occurred at the support of the beam induced

by the uniform load expressed in Equation 21, can be written
as:

Q*(O) = m_L Sa (Ellwl)q o+ Sb (El,wl)’, (24)
2 2
. d

From Equation 19, the shear at the support of the beam due to
the fundamental‘mode is:

0 (0) <4mL’| Sa (81:91) + Sp (£3,u3) . (25)
1 2 2

m

EC-9
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The shear from Equation 24 is greater than the shear from
Equation 25 by about 25%. This margin can well cover the
contribution to the shear due to the higher mode effect,
as discussed previously.

From the above comparison, it can be concluded that 'the use
of a uniform inertia load with the magnitude of the averaged
floor spectral acceleration at the fundamental mode, provides
a good approximation for calculating the seismic response

in the wall panel.

-12-
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ENCLOSURE 2

TYPICAL WALL FIXES

TYPE 1
TYPE 2
TYPE 3
TYPE 4
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REPORT OF PERFORMANCE TEST FOR PUMP S/N 107384

A performance test was conducted 8 September |976 for a pump on order

006-36051 (AE 231).

Al} necessary data assoclated with the hydraulic

performance was obtalned, The serial numbers for the Imp

casings are as follows:

Vibration was found to be satisfactory as indicated
The NPSH points for a flow of 3004 GPM towards shut-off h
Curve N-83!, Rev, 0 and fall on the head capacity curve.
3625 GPM to runout Is also plotted on N-83], Rev. 0.

¢ )
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\}MPLQ' # £ a/-co00]

eller and

S'fage No, Casings lmgel lers .
| 66044 57303
- 2 64953 68422
3’ 64946 68449
4 . 64957 55611
5. 64703 69496
6 70976 68404 <

by the data sheets.
ave been plotted on
The NPSH data from

e o

~Z o~
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cmul@nmmﬁ:

RUCLEAR ENERGY Dvision

u] Refor to EDS Nowe

O Approved. Nofurther action req'd.
0 Avproved. Submit certified copy.
X Cortified by Setier and Approved

TPz AE CED

-

-

e " CERTIFICATE OF COMPLAINCE

resmon 23
>/

’

The performance test on Pump S/N 107384 on orcier 006-36051 (AE 23]) was

conducted tn accordance with Procedure CQCP-1085, Rev, 4
- conducted In the Cameron shell,

except the test was

224/ B,

. 7 R. Lemp.
- * Cameron Test Dept.
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SUSQUEHANNA STEAM ELECTRIC STATION, UNITS 1 AND 2
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REPORT OF PERFORMANCE TEST FOR PUMP S/N 0573314

A performance test was conducted 26 July 1976 for a pump on order
006-36049 (AE 234). All necessary data associated with the hydraulic
performance was obtained. The serial numbers for the impeller and casings .
are as follows: : e

[EE gt ——

Stage ° Casings " lmpel lers
! 59910 ' 66465 :
{ 2 58664 66235
. 3 . 58665 - 68009
4 59882 65490

The vibration was found to be satisfactory as ‘indicated by the Data
Sheets. The NPSH points for a flow of 9898 GPM towards shut-off have
been plotted on Curve N-810, Rev., 0 and fa2ll on The head capacity curve.
The NPSH data from 12081 GPM to runout is aiso plotied on N-8i0, Rev: 0.
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| | KUCLEAR ENERGY DIVISION
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CERTIFICATE OF COMPLIANCE

The perforr«ance test of pump S/N 0573314 on order 006-36049 (AE 234) was
conducted in accordance with Procedure OQCF-‘ 1085, R v. 4.
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SUBJECT: Study on Torsional effect on the seismic
response analysis of (1) ESSW Pumphouse
(2) Diesel Generator Building

As requested by NRC analysis has been performed to study the effects of -«
including torsion in the dynamic response analysis for (a) ESSW Punphouse
(b) Diesel Generator Building.

The Analytical Procedure used in this study consists of:
(i) The eccentricities of these structures were calculated.

(ii) The structures were represented by a fixed base 3-D stick models
with structural masses properly lumped at the calculated
eccentricities, as shown in Figure 1 and 2.

(iii) Modal frequency analyses of the 3-D stick models were performed
to determine the structure frequencies.

(iv) The frequencies determined are then compared with the corresponding
frequencies associated with the fixed base models having zero o
eccentricities.

The results of camparison for the ESSW Pumphouse is shown on Table-1
and for the Diesel Generator building is shown on Table-2. These
results indicate that there are insignificant shifts in the structural
frequencies by including the eccentricities in the dynamic analysis.

From the results of this study, it is concluded that the structures
modeled by lumped stick models without the inclusion of eccentricities
in the dynamic analysis is adequate for the prediction of desired
structural responses.

— CoTaoltr 9100126000 :
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Table-1: ESSW PUMPHOUSE:

Frequencies with and without
eccentricities
(See Figure-1l)

Frequencies (cps)

I |
| I
|  Mode | I
; # | With Eccentricity | without Eccentricity
| I
, 1 } 13.93 % 13.94
| 2 | 18.05 | 18.06
| | [
| 3 | 28.94 { 28.97
| I
| 4 | 38.83 | 40.01
I | I
Table-2: DIESEL GENERATOR BUILDING:
Frequencies with and without
eccentricities
(See Figure-2)
| |
| | Frequencies (cps)
|  Mode | I
l # |  With Eccentricity | without Eccentricity
I |
{ 1 { 8.86 } 8.96
| 2 ! 9.65 | 9.71
| |
= 3 = 22.56 l 23.42
[ 4 { 31.69 I 32.04
|
| 5 | 33.45 I 33.66
| I |

WP26/26~1
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SUBJECT: Equivalence of Fixed Base and Flexible Base Models
used for the analysis of Primary Containment
for seismic loads.

N

In continuation of our response to the NRC question 130.20 as desired by
NRC, a study has been made on the above subject. The object of this
study is to demonstrate that as the shear wave velocity is increased, the
results from the flexible base model converge to the results of the fixed
base model.

The study considers the vertical seismic analysis for SSE for (a) a fixed
base model (b) flexible base models for various foundation flexibililites
defined by shear wave velocities Vg, 2Vg, 5Vg, 10Vg where Vg for the
Susquehanna site is 6200 ft./sec. This corresponds to an equivalent
vertical spring constant as shown in Table-l. A sketch of the flexible
base vertical seismic model is shown in figure 3.7b-8 of FSAR (See
Attachment #1).

A damping value of 5% of critical was used for all fixed base structural
modes. The damping determination technique described in reference 3.7b-3
of FSAR [BC-Top—4A, Rev. 3, Appendix D] has been used to calculate the
camposite modal damping for the flexible base model.

The results for the fixed base and the flexible models are shown in Table-2

and Table-3, in terms of frequencies and modal danping values. The

seismic (SSE) responses in terms of axial forces are presented in Table—4.

The results indicate the following:

(a) Table-2: Frequencies values approach fixed base conditions for
Ws.

(b) Table-3: Modal damping values approach the fixed base condition
for 5Vg.

(c) Table-4: Seismic responses approach fixed base conditions for
2VS.

These results demonstrate that as the shear wave velocity is increased to 2 to
5 times the actual site shear wave velocity, the results from the flexible
base model converge to the results of the fixed base model. Thus use of the
flexible base model for the seismic ?nalysn.s of the contaimment structure is

more realistic. ;

WP26/25-1
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Spring Constants.

@ Table-l: CONTAINMENT: Equivalent Vertical

From FSAR Section 3.7b.5, Reference 3.7b-3
(BC~-Top-4-A, Page 3-15)

Equivalent 4GR .
Vertical Spring Constant, k, = ——————
(1-P)

Where "D Poisson's ratio = 0.3

R = Radius of Circular base mat = 50 ft.
G = Shear Modulus = € Vs2

Vg = Shear Wave Velocity = 6200 ft./sec.

e - v - e .= Mass density of foundation medium =-4.3478E-3 ~ -~ -
k.sec?/£t4 (¥ = 140 1bs/cft.)

G Vg = Vg kz

4,78E07 k/ft.

Vg = 2Vg kz = 1.912E08 k/ft.
Vg = 5Vg kz = 1.195E09 k/ft.
Vg = 10Vg k;, = 4.78E10 X/ft.

WP26/25-2




Table-2: OONTAINMENT: Vertical Seismic Model
Flexible Base Vs. Fixed Base Frequencies. (Cps)
Frequencies (Cps)
I |
Mode | Flexible Base |  Fixed
# | | [ | | Base
| Vg = | | | [
| 6200 ft/sec. | 2V, | 5Vs | v, |
| | = | | = |
1l { 16.19 lI 17.24 Il 17.45 } 17.47 } 17.48
| I I | ]
2 | 20.95 | 23.18 | 24.09 | 24.23 | 24.28
[ | | | |
| | | | |
3 | 38.24 | 38.63 | 38.75 | 38.77 | 38.78
| | | | |
Table-3: CONTAINMENT: Vertical Seismic Model
Flexible Base Vs. Fixed Base
"Modal Damping (% Critical)
Modal Damping (% Critical) '
| | | "
| Mode | Flexible Base | Fixed
| # | | | | | Base
[ | Vg = | | | I
Il | 6200 ft/sec. | 2Ve | 5Vs | 10V, |
| | - | | - |
| 1 | 9.3 | 5.3 I 5.0 | 5.0 | 5.0
| | I | | |
| | | I ] |
I 2 | 9.1 | 6.1 | 5.0 | 5.0 | 5.0
| | | | | |
| | | | | |
} 3 ; 5.0 = 5.1 = 5.0 { 5.0 { 5.0
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Table-4: CONTAINMENT: Axial Forces (SSE) (kips)

See Figure 3.7b-8 of FSAR, (Attachment #1)

for location of members.

—— e L S S Set S S S—— — — — — — — — S—— G— — — — P S— = W— S—— —— T S— — ST——) —— — — — S— S St ey TP St miet® s

Member I Flexible Base ; Fixed

# | [ I I | Base
| Vg = I I | |
| 6200 ft/sec. | | 5Vs I ove 1 .

1 { 14.5 { i 22.2 { 21.9 { 21.9
2 ," 84.7 } } 130.0 } 127.7 } 127.8
3 : 239.9 : { 367.7 : 360.8 { 361.1
4 I 412.2 } { 629.1 I 617.0 } 617.6
5 } 576.5 ’ = 874.9 : 857.7 : 858.4
6 = 734.5 : { 1106.6 !W 1084.3 l 1085.1
7 = 866.9 I =»71296.1 = 1269.5 = 1270.3
8 { 991.5 } } 1468.5 } 1437.7 ; 1438.4
9 : 1095.4 } l 1607.5 : 1573.1 { 1573.7
10 I 1319.0 = = 1774.7 ,= 1733.2 } 1733.2
1 } 1479.1 I = 1956.7 I 1909. 4 { 1908.7
12 { 1611.6 : ; 2078.2 { 2025.5 } 2024.0
13 l 1701.4 } { 2128.2 } 2071.5 { 2069.0
14 { 34.9 { } 33.1 { 31.7 { 31.6
15 } 127.3 { { 119.6 ; 114.3 l 113.8
16 } 201.3 I { 185.9 { 176.9 l 176.2
17 { 843.4 } = 787.2 I 743.4 } 739.6
18 I 899.6 : : 835.9 } 789.3 } 785.2
19 i 759.5 { i 680.6 { 642.5 } 639.2
20 i 799.1 i i 712.5 i 672.5 E 669.1

WP26/25-4

— — — —— — T S—— T Ga— T DD E— T — — — —— AE—— — — f— ——— —— — S Sm— — A S S—— A SE— S S— — S S S SE— — —— ——— S— —
N




TABLE-4 (Cont'd)

WP26/25-5

} Member } Flexible Base , Fixed

I # I | I | | Base

I | v = I I I ’ I

| | 6200 ft/sec. | 2Vs__ | 5Vs | 10V |

I 21 I 829.5 } 786.9 I 734.8 I 693.5 I +689.9
} 22 = 845.3 } 797.2 { © 743.3 { 701.5 { 697.8
{ 23 { 602.9 ! 611.5 I 571.5 = 540.0 { 537.3
} 24 } 602.9 I 611.5 I 571.5 I 540.0 I 537.3
} 25 { 76.9 { 78.2 'I 73.2 I 69.3 : ' 68.9
{ 26 I 234.2 } 238.4 I 223.1 I 211.0 I 209.9
, 27, {;NL Las.s } , 426.1 ;} 398.4 ‘E_ 376-§~“f.=am;§7%;7=»_,
} 28 { 1701.3 { 2177.3 I 2128.2 { 2071.5 } 2069.0
{ 29 : 845.3 { 797.2 { 743.3 I 701.5 l 697.8
i 30 5 83.2 i 82.6 'i 80.9 i 77.1 E 77.5
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SUSQUEHANNA SES UNIT 1 AND 2
DOCKET NUMBERS 50-387 AND 50-388
CATEGORY I MASONRY WALLS

PRFAMELE: .

Safety related masonry walls are interior partitions whose primary
function is to provide shielding and fire protection. Masonry walls
are not used as primary shear walls for seismic resistance of the
structure. All category I masonry walls are reinforced with all
cells fully grouted. The infill material of double wythe walls is
either grout or concrete. The minimum specified compressive strength
for grout, concrete, and mortar is 2500 psi. Mortar infill is not
used on SSES masonry walls. Metal ties, between the wythes of
double wythe walls, are provided at 24" spacing maximum in horizontal
and vertical directions. Seismic design is in accordance with

SSES FSAR Section 3.7. Allowable stresses are as noted in FSAR
Section 3.8, Table 3.8-8 and Table 3.8-9. Safety related masonry
walls are Q-listed and have been added to the FSAR Design Criteria
Summary (Table 3.2-1), in response to NRC, Quality Assurance Branch,
Question No. 260.1~b (34).

QUESTION NO. l:

In your response to Question 2, you indicated that Sm is the allowable
stress as specified in UBC. For extreme and/or abnormal

loading combinations, you increase the allowable stress by a factor
of 1.67, which is in conformance with the practice of SRP Sections
3.8.3 and 3.8.4, for reinforced concrete structures. However,
concrete masonry walls are quite different from reinforced concrete
walls, particularly the unreinforced ones, the use of such a practice
may not result in an adequate design. Depending on the types of
stress, that is, tensile, shearing or axial compressive, the factor
may vary from O to 2.5 (see enclosure 2). Specify the masonry

design strength fp; used in Susquehanna masonry walls and the allowable
values for all types of stresses.

RESPONSE :

Code allowable stresses for masonry tension, shear, campression, and
bond are increased by a factor of 1.67 for load cambinations involving
abnormal and/or extreme environmental conditions which are credible
but highly improbable. Since code allowable stresses are generally
associated with a factor of safety of 3, the 1.67 increase provides

a factor of safety against failure of 1.8 (3 =+ 1.67) (see Table 4 for
the increase allowed for each type of stress). There are no unreinforced
masonry walls on SSES project. Susguehanna SES masonry walls are
designed based on an ultimate compressive strength, f'y,, of 1500 psi as
specified in UBC 1976, for solid grouted hollow masonry. Minimum
capressive strength at 28 days for mortar, grout, and concrete is

2500 psi. Materials are in accordance with FSAR Appendix 3.8C. '

The allowable stresses are as listed in Table 1.

WP26/15~1 -1-
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TABLE ‘1.

SSES ALLOWABLE STRESSES

Materials and

Allowable Stress: URC - 1976 (1)

Stress Type psi
1. Mas : f'm = 1500 (see note 2)
Campression: .
Flexural .33f'p = 500
Axial .20£' x  (1-(h/40t)3) h = clear height, in.

N

Flexural Shear

Bond (deformed bars)
Bearing

Bed Joint tension

Normal
Parallel

Modulus of elasticity, En
Modulus of rigidity, E,

Reinforcement:

Tension:
Grade 40 Steel
Grade 60 Steel

Campression:
Grade 40 Steel
Grade 60 Steel

t = wall thickness, in.
1.1 Fo= 43
140
25F', = 375
(See note 3)
25

1,500,000
600,000

1000£ 'y
400£'

20,000 (used for ties only)
24,000

16,000 (used for ties only)
24, 000 . *

Notes: (1) For stress increase allowed for‘ abnormal, or extreme environmental

load combinations - See Table 4.

(2) Ultimate compressive strength as speéified in UBC - 1976 for solid
grouted hollow concrete units -~ Grade N.

(3) Zero tension normal to bed joint is used. .

QWP26/15—2






@ QUESTION NO. 2

In the note to your response to Question 2, you stated that the
allowable shear or tension between masonry block and concrete
or grout infill is considered to be equal to three percent of
the campressive strength of the block. The allowable shear or
tension as specified by you is in the staff's opinion tco

high. To specify the allowable shear or tension of the vertical
joint between wythes in terms of the compression strength of .
the block is in the first place unconservative and the use of
seemingly low percentage of 3% may actually result in an
allowable shearing stress greater than its corresponding
strength. Therefore, a revision of the stress criterion is required.

RESPONSE s

The specified shear and tension, for the interface of masonry
block and concrete or grout infill, of three percent of
canpressive strength, f£'p, is based on the relationship 1.1 ',
given in ACI-531-79. For f'y = 1500 psi, this relationship yields
a value of 43 psi compared to 45 psi (.03 x 1500) allowed for
evaluation of project masonry walls. The difference of 2 psi is
justified by the fact that the ultimate conpressive strength of
masonry f'y, is generally higher than 1500 psi.

e The values for shear and tension as specified above have been

used only as a guide in evaluating double wythe walls, where

infill thickness is greater than 8 inches (24" thick walls and larger).
For walls having an infill thickness of less than 8 inches (total

of four walls), zero tension/shear is assumed for evaluation purposes.

For SSES masonry walls, the actual shear stress, as detemmined by VQ/Ib

for uncracked sections, and in the campression zone of cracked sections
ranges fram 5-10 psi; except for three walls. For these three walls shearing
stress is in the range of 10-15 psi.

QUESTION NO. 3

In your response to Question 4: (1) It is indicated that

response spectrum method is used for the dynamic analysis of

the concrete masonry walls. Bowever, there is no mention as to
which of the response spectra is used, upper floor or lower floor
response spectrum or the average of the two. It is required that
an upper bound envelope of the individual floor is used. (2) Thouch
the use of ACI 318 formula the cracking of concrete masonry wall is
considered. The use of such a formula is questionable in view of
the fact that in a concrete masonry wall the weakest section is the
bed joint and the modulus of rupture is equal to that of neither
the concrete block nor the mortar. Indicate how the modulus of

0 rupture is established in your camputation.
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RESPONSE ITEM (1):

; & Response spectrum for the lower floor has been used for evaluation of

: cracked/uncracked behavior of masonry walls, as applicable, for

; vertical motion, and for walls cantilevered from the floor. For

. horizental motion, the lower floor response spectrum has been used

: in the initial evaluation of cracked/uncracked behavior, as applicable,
for walls spanning between two floors and walls having side connection
at concrete walls. These walls have also been re-evaluated based

on the average acceleration of the upper and lower floors. Where

the upper floor acceleration is less than the lower floor acceleration,
the lower floor acceleration is used. For justification of using
average acceleration, see Enclosure 1.

RESPONSE ITEM (2):

Although ACI-318 formula is derived for cracked concrete

sections, the use of the formula for masonry walls takes into
consideration the difference in material strengths. The difference
between masonry behavior and concrete behavior is recognized and
allowances are provided in selection of seismic acceleration within

a frequency variation of plus or minus fifteen percent of the
natural frequency.

The modulus of rupture (f).) for masonry is approximated by increasing
the UBC allowable flexural tensile stress by a factor of safety of

3 and then applying a 33% reduction to arrive at a lower bourd

value. This value is used only for stiffness and frequency calculations
of the cracked section and not for strength. Allowance for uncertainties
in the modulus of rupture is accounted for in the frequency variation of
+ 15% of the natural frequency.

QUESTION NO. 4:

In response to Question 5, it is stated that when the design stresses
of masonry walls exceed the allowable stresses, fixes are designed
such that the criteria is satisfied. Indicate the nutber of walls
where such fixes are needed and provide examples.

RESPONSE s

The number of masonry walls requiring fixes for cracked section
criteria is 36. Wall location, thickness, and elevation are as
shown in Table 2. Typical fixes are shown in details type 1, type
2, type 3, ard type 4 (see Enclosure 2).

‘ WP26/15-4 -4-
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SSES — MASONRY WALLS
WALLS WHICH REQUIRED FIXES FOR CRACKED SBECTION CRITERIA

TABLE 2

BLDG. } FLOOR ELEVATION { Tnxcﬁﬁééé ; NO. OF WALLS REF. DWG.
Control } 656 '-0 { 8" : 2 | c-1301
Control } 741'-0 : 6" l 2 { C-1304
Control { 741'-0 { 8" } 3 l C-1304
Control { 753'~0 ’ 8" { 1 ; C-1304
Contxol } 771'-0 } 8" } 16 { C-1304
Control { 783'-0 { 1'-0" ; 3 : C-1307
Control } 806'-0 : 8" ’ 3 ; C-1308
Control : 806'-0 : 1'-0" ; 1 } C-1308
Reactor = 728'-0 { 8" } 1 = C~1202
Reactor ; 799'-0 } 8" = 4 ; C-1205

WP26/15-5 —5-
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QUESTION NO. 5:

Provide justification for any deviation from the attached staff's
interim criteria in your design and analysis of the masonry walls.

RESPONSE:

Deviations and justification for differences between SSES criteria and
SEB interim criteria are as noted in the following paragraphs.

Items which are not specifically addressed are in accordance with the
criteria or not applicable to the project.

ITEM NO. 1l: General Requirments

The materials, testing, analysis, design, construction and
inspection related to the design and construction of safety-
related concrete masonry walls shall conform to the applicable
requirements contained in Uniform Building Code - 1979, unless
specified otherwise, by the provisions in this criteria.

RESPONSE:

Uniform Building Code, 1976 edition, has been used for design and
evaluation of Susguehanna masonry walls. A cawparison of 1976 and
1979 editions of UBC shows no significant difference in criteria
applicable to SSES masonry walls. In addition, ACI-531-79 is used
to supplement UBC allowable stresses, and ACI-318 1977 in stiffness
calculations.

ITEM NO. 2: ILoads and Load Combinations

The loads and load cambinations shall include consideration of
normal loads, severe environmental load, extreme environmental
load, and abnormal loads. Specifically, for operating plants,
the load cambinations provided in plant's FSAR shall govern.
For operating license applications, the following load
carbinations shall apply for definition of load terms, (see
SRP Section 3.8.4.11-3).

RESPONSE:
For comparison of SEB interim load combinations and load combinations
used for masonry walls evaluation see Table 3. Definition of terms
is as shown below.

Notation

D = Dead load of structure plus any other permanent loads
contributing stress.

L = [Live loads expected to be present when the plant is operating,
including movable equipment, piping, cables.

WP26/15-6 -6~
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Design basis accident pressure loads.

Steam/water jet forces or reactions resulting from rupture of
process piping.

Thermal effects during normal operating conditions including
temperature gradient and equipment and pipe reactions.

Force on structure due to thermal expansion of pipes under
operating conditions. .

Added thermal effects (over and above operating thermal
effects) which occur during a design accident.

Force on structure due to thermal expansion of pipes under
accident conditions.

Load due to Operating Basis Earthquake.
Load due to Design Basis Earthquake.
Wind load.

Tornado wind load.

Force on blockwall due to story drift under Operating Basis
Farthquake Loading.

Force on blockwall due to story drift under Safe Shutdown
Earthquake Loading.



Q TABLE 3. - QCOMBINATION COMPARISON

[ LOAD | I

I COMBINATION |  SEB INTERIM CRITERIA I SSES FSAR CRITERIA | COMMENTS
| | |

I | 1. D+L |.1. P+L I

I | 2. D+L+E | 2. D+L+E+Dg | '

|  Service | 3. D+L+Ww | 3. Not Applicable INo wind pressure

|  Load I I I

| Condition | la. D+ 1L+ Ty + Ry | la. D+ L + Ty + Hy |-

I | 2a.D+L+ Ty +R,+E | 2a. D+L + Ty +Hy +E I

: } 3a. D+ L+ Ty +R, + W : 3a. Not Applicable INo wind pressure

I

l | [ : I

| Extreme envi- | 4. D+L +T, +R, +E' | 4. D+L+ Ty +Hy +E' +D'g [

=ronmental ; 5. D+ L+ Ty + Ry + W = 5. D+ L+ Ty +Hy +W ISeenotez

| abnormal | 6. D+ L+ Ty +Ry + 1.5P, | 6. D+ L+ (Ty +Ty) +R+ |See note 1

I [ | 1.25 P + Hy I

I I I I

| I I I

| I I I

| abnormal/severel 7. D+L+T; +1.25P, +1.0 | 7. D+ L+ (To +Ty) + 1.25 Py +R + |

| environmental | (Yp + ¥4y +¥y) + 1L.25E + Ry | 1.25 E + Dg |

I I I |

| abnormal/ | 8 D+L+T3 +Ry+1.0P+ | 8 D+L+ (To+Ty) +R+1.0P + |

| extreme I 1.0 (Yy +Y5 + ¥y) + L.0E' | 1.0 E' + D'g |

| environmental | I |

: conditions : } . ,

Notes: (1) Abnormal load cambination in SSES-FSAR Table 3.8-9. Part C will be revised to read

D+L+ (To + Ty) + R+ 1.5 P, + Hy. All
unchanged.

(2) W' does not include W, tornado missile.

other locad cambinations will remain

Masonry walls are not used for protection

of safety related equipment against tornado missiles.

WP26/15-8
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ITEM NO. 3: Allowable Stresses

Allowable stresses provided in chapter 24 of UBC-79, as
supplemented by the following modifications/exceptions shall apply.

(a) Wwhen wind or seismic loads (OBE) are considered in the
loading conbinations, no increase in the allowable stresses
are permitted.

RESPONSE:

'

Design and evaluation of masonry walls is based on a 33% increase in

the allowable stress. This increase is permissible per UBC, 1979 and per
ACI-531-79. The factor is also campatible with the 25% increase in
stress noted in SSES FSAR for Working Stress Design Method.

ITEM NO. 3: (b) Use of allowable stresses corresponding to special

inspection category shall be substantiated by demonstration
of campliance with the inspection requirements of the NRC
criteria.

RESPONSE:

Stresses corresponding to special inspection have been used in the
design and evaluation of SSES masonry walls. Inspection required to
assure that masonry construction is in accordance with Appendix "D"

and amendments to the PSAR, and to assure that materials are in
accordance with FSAR Appendix 3.8C is implemented. Documentation of this
inspection is in project jobsite files.

ITEM NO. 3: (c¢) For load conditions, which represent extreme environmental,

abnormal, abnormal/severe envirormental, and abnormal/
extreme environmental conditions the allowable working
stresses may be multiplied by the factors shown in the
following table: (See table 4).

WP26/15-9 —O-
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TABLE 4.

STRESS INCREASE FACTOR COMPARISON

masonry walls

| | | [
} = SEB | SSES {
| |

| | FACTOR | FACTOR | JUSTIFICATION/COMMENT |
f I [ | |
| Axial or flexural | | | . |
| compression | 2.5 | 1.67 | See Response Question #1 |
| | | | |
} Bearing , 2.5 , 1.67 } " }
| Reinforcement stress | | | |
; except shear { 2.0 { 1.67 I See note 1 I
| Shear Reinforcement | 1.5 | 1.5 | Anchor bolts are not used|
| and/or bolts | | | in safety related masonryl|
[ | | | walls |
| | | | |
| Masonry tension | | I |
| Parallel to bed joint | 1.5 | 1.5 | =
| | | |

} Shear carried by masonry { 1.0 I 1.67 I See note 2 =
| Masonry tension perpendicular | | | |
| to bed joint I | I |
| For reinforced masonry | 0 | 0 | ]
} For unreinforced masonry , 1.0 } N/A } No unreinforced - =
| | | I [

(1) Shall not exceed .90 fy

(2) The actual shear stress carried by masonry is within the allowable shear stress
given in UBC Table 24-H with no increase factor applied.

RESPONSE :

See table above.
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QUESTION MO. 5: Design and Analysis Considerations

; 11';" ITEM 4g:

In new construction, no unreinforced masonry wall is permitted, also
all grout in concrete masonry walls shall be compacted by vibration.

RESPONSE:
a. There are no unreinforced masonry walls in SSES project.

b. Cell grout and/or infill grout or concrete is compacted by
either mechanical vibrators or by rodding.

ITEM 4i:
Special constructions (e.g., multiwythe, composite) or other items
not covered by the code shall be reviewed on a case by case basis for
their acceptance.
RESPONSE:

Double wythe walls are designed as camposite sections, except as
noted in response to Question No. 2. Allowable stresses are per
ACI-531-79.

ITEM 43:
G Licensees or applicants shall submit QA/QC information, if available,
for staff's review.

RESPONSE :

Applicable QA/QC information is available at SSES jobsite and will be
submitted upon request.

WP26/15-11 -11-
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JUSTIFICATION OF USING APPROXIMATION METHOD TO

DETERMINE MAXIMUM WALL PANEL RESPONSES TO SEISMIC MOTION

The evaluations herein demonstrate that: (1) The use of the
average floor acceleration response spectra to calculate the
response of the wall panel is appropriate, and (2) The use

of uniform inertia load with magnitude equal to the average
spectral acceleration for the fundamental mode, in calculating
the maximum seismic responses is a good approximation, even
considering the higher mode effect.

For the purposes of this evaluation, the seismic response of
a simply-supported, uniform beam simulatihg a strip of the

wall panel with unit width is considered, as shown in Figure 1.

(1) Use of Average Spectra

The equation of motion of an undamped, simply-supported beam
can be written in terms of the total displacement with respect
to some fixed reference axis as:

at2 ax? (1)
\

Where m and EI are the mass density and flexural rigidity of
the beam. Denote the seismic excitations at the ends of the
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the beam as U, and U,. Then the total displacement u(x,t)
can be expressed in terms of the two seismic motions and the
relative displacement to the seismic motions as: )

u(x,t) = (x/L) Uy, + (1 -x/L) u, + r(x,t) (2)

Where L is the lengEh of the beam. The relation expressed by
the above equation is shown in Figuré 2. The relative dis-
placement r(x,t) needs to satisfy the following simply-
supported conditions:

r(o,t)

r(L,t) =0 , (3)

3 | = 3 = 0 (4)
2| 2

Substitute Equation 2 into Equation 1, the equation of motion
in terms of relative displacement r(x,t) can be expressed as:

W37 4 proor - = m(x/L) Uy - m(1 - x/L)U, (5)

ax?
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The eigen-function solutions for the homogeneous equation
associated with Equation 5 that satisfy the boundary condi-
tions specified by Equations 3 and 4 are: :

P L

S s

BN

sin n;x t'n=1, 2, 3, «.. ,

and the corresponding frequencies of vibration are:

2 2
W =N n El{ n= l, 2, 3' * o e
n J mb (6)
e So, the solution of Equation 5 can be expressed as:
r(x,t) = ) a,(t) sin 0I7X (7)
n=1 L

latter by sin nnx, and then integrate it with respect
L

to x over the full length of the beam, the equation of motion
can be transformed into modal equations of motion as:

Substitute Equation 7 into Equation 5, and multiply the
EC-9
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Ty bpea ke (T

Ta L A4 2 .o e\
' a w .a = i
n+ nn -rn(a'*' b n=l' 3’ 5[ e e o
2 ‘ (8a)
and
‘ 2 G, _ U
a w ,a -
n + n'n - rn.&a - b) n = 2' 4’ 6’ o o0
2 (8b)
where I'y, = participation factor
. 4 (9)
nn .
G If damping in the form of modal damping ratio is included,
Equations 8a and 8b becomes:
o P 2 Y3 e N
an * 28wpan + w0 A, o rn(?a + Ub) n=13,5,...
2 (10a)
and *
(XY * 2 i hind .e )
an + 2ppwpan + W pag o rn(?a B b) n=2,4,6,...
2 : (10b)

Where £, is the damping ratio of the nth mode.
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Equation 10a means that the odd-number modes which are sym-
metrical about the mid-span of the beam will be excited by

the average of the two seismic excitations; while equakion

10b means that the even-number modes which are antisymmetrical
about the mid-span of the beam will be excited by half of the
difference between the two seismic excitations.

Expressing the maximum modal displacement response in equa-

tions 1l0a and 1l0b in terms of absolute acceleration response
spectra gives:

|anhmx<kn| Sa@nﬂ;ﬂ +Sb@n;ny]
5y I 4
< 4mL4 Sa¢n¥n) + Sbn,2n)
n%; OEI 2 (11)

n=12,3,...
This illustrates that the use of the average of two floor accelera-

tion response spectra to calculate the modal response of a wall
panel is appropriate.



(2) Contribution of Higher Modes

From Equation 11, the relative importance of modes can.be
evaluated by examining the frequency ratios, modal partici-
pation ratios, and maximum modal response ratios for constant
acceleration which can be shown as:

“1 : “2 : “3 P e e e =13:4:9:... (12)
’Pl : rz : r3 e o o =12 =1/2 2 1/3 ¢ . . . (13)
El : Eg : 32 Pe e . = 1 :-_1 : l : . . . (14)
w2l w22 w23 32 243

For an SRSS method of combining maximum response, the contri-
bution of higher modes is clearly negligible.

If for example, the fundamental frequency wl is above 8 H,,
the second frequency is above 32 H, which’'is already in the
rigid range, i.e., in the range of no amplification. Thus
the S, and Sy values associated with modes other than the
fundamental will be the Zero-Period-Acceleration (ZPA) values
of the two seismic motions U, and U,. Using the absolute sum

L ) Jn Ao Caal,
(ABS) method of combining the modal maximum responses,; the con-

tribution of higher modes is not more than .4% of the fundamental.

mode.
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The relative importance of modes can also be evaluated by
examining the moment and shear responses in the beam for

A}

each mode, as shown in the following.

The moment in the beam due to the ntP mode can be evaluated by:

(15) °

n = 112,31000

The moment at the mid-span of the beam is contributed only
by the symetrical modes and can be expressed as follows:

(L) « dmi? [ SalEn,on) * Sp (En,on) (16)
n\2 '

3.3 2

n= 113'51000



For a constant spectral acceleration, the contibution to the
mid-span moment of the beam from each mode can be expressed in

Ay

the following ratio:

L : L : M (L O s 1 1 s ... (17)
Ml(2) M3(2 5(2 1 27 125

Using the SRSS Method of combining modal responses, the con-
tribution of the higher modes to the mid-span moment is less
than 1% of that from the fundamental modes. Using the ABS
method of combining modal responses, the contribution of
higher modes is less than about 5%.

+The shear force in the beam due to the nth mode can be eval-

uated as:

3
0 (X) = EI &~ _ | a sin(hsX
n aX3 n L

< 4mL Salén,on) + 5y (En,%n) cos (nnx) (18)

n2n2 2 L

n = l’2’3'4,00.
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The maximum shear occurs at the support of the beam and can
be expressed as: |

Q (0)- c4mL Salén,wn) + Sy (En,wn)—‘ (19)
" J

n=nx 2

n = 1,2'3,41000

The contribution of the higher modes to the maximum shear at
the beam support relative to that of the fundamental mode can
be evaluated by comparing the modal effective masses (MEM)
associated with the fundamental mode and the higher modes. The
modal effective mass of the fundamental mode is "

MEM = 8mL - 0,81 mL (20a)

a2

The modal effective mass associated with modes higher than the
fundamental mode can be calculated as

MEM] = (1 - 0.81)mL = 0.19 mL (20b)

The ratio of MEMj TO MEM; is 0.19/0.81 = 23%. That is the |
contribution of higher modes to the maximum shear is at most

23% of the contribution due to the fundamental mode. This

ratio does not take into account the ratio of the spectral



‘ EC-9

accélerat%dn for the fundamental mode to the ZPA value for
the highef modes. When the difference in spectral accelera-
tions is accounted for, the contribution of higher modes to
the maximum shear would be less than 23%. For example, if
the spectral acceleration for the fundamental mode is 1.5
ZPA, then the ratio of higher mode contribution would be
0.19/(0.81 x 1.5) = 16%.

(3) Uniform Inertia Load Approximation

Using the modal responses, the maximum moment and shear of the

beam can be calculated. This moment and shear can then be
compared to the moment and shear based on a uniform inertia

load using the average of the two floor spectral accelerations

at the fundamental mode of the beam.

" The maximum moment occured at the mid-span of the beam induced

by a uniform load with the following magnitude:

£(X) = m Sa (Ellwl) ; sb (El,wl) (21)

can be expressed as:

M*(E) = mL? |Sa (Barw3) *+ Sp (£3,u3) (22)
2 2
8
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From Equation 16, the moment at the mid-span of the beam due
to the fundamental mode is: '

A Y

" (E) camp? | Sa (81/93) + Sy (51'“1’] (23)
1 3 2 |

-t

The maximum difference between the moments from Equations 22
and 23 is about 3%.

The ﬁaximum shear occurred at the support of the beam induced

by the uniform load expressed in Equation 21, can be written
as:

Q*(O) = m_L Sa (Ellwl)q o+ Sb (El,wl)’, (24)
2 2
. d

From Equation 19, the shear at the support of the beam due to
the fundamental‘mode is:

0 (0) <4mL’| Sa (81:91) + Sp (£3,u3) . (25)
1 2 2

m

EC-9
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The shear from Equation 24 is greater than the shear from
Equation 25 by about 25%. This margin can well cover the
contribution to the shear due to the higher mode effect,
as discussed previously.

From the above comparison, it can be concluded that 'the use
of a uniform inertia load with the magnitude of the averaged
floor spectral acceleration at the fundamental mode, provides
a good approximation for calculating the seismic response

in the wall panel.

-12-
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REPORT OF PERFORMANCE TEST FOR PUMP S/N 107384

A performance test was conducted 8 September |976 for a pump on order

006-36051 (AE 231).

Al} necessary data assoclated with the hydraulic

performance was obtalned, The serial numbers for the Imp

casings are as follows:

Vibration was found to be satisfactory as indicated
The NPSH points for a flow of 3004 GPM towards shut-off h
Curve N-83!, Rev, 0 and fall on the head capacity curve.
3625 GPM to runout Is also plotted on N-83], Rev. 0.

¢ )
. WL SUSQUEHANNA 1,2

\}MPLQ' # £ a/-co00]

eller and

S'fage No, Casings lmgel lers .
| 66044 57303
- 2 64953 68422
3’ 64946 68449
4 . 64957 55611
5. 64703 69496
6 70976 68404 <

by the data sheets.
ave been plotted on
The NPSH data from

e o

~Z o~
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cmul@nmmﬁ:

RUCLEAR ENERGY Dvision

u] Refor to EDS Nowe

O Approved. Nofurther action req'd.
0 Avproved. Submit certified copy.
X Cortified by Setier and Approved

TPz AE CED

-

-

e " CERTIFICATE OF COMPLAINCE

resmon 23
>/

’

The performance test on Pump S/N 107384 on orcier 006-36051 (AE 23]) was

conducted tn accordance with Procedure CQCP-1085, Rev, 4
- conducted In the Cameron shell,

except the test was

224/ B,

. 7 R. Lemp.
- * Cameron Test Dept.
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REPORT OF PERFORMANCE TEST FOR PUMP S/N 0573314

A performance test was conducted 26 July 1976 for a pump on order
006-36049 (AE 234). All necessary data associated with the hydraulic
performance was obtained. The serial numbers for the impeller and casings .
are as follows: : e

[EE gt ——

Stage ° Casings " lmpel lers
! 59910 ' 66465 :
{ 2 58664 66235
. 3 . 58665 - 68009
4 59882 65490

The vibration was found to be satisfactory as ‘indicated by the Data
Sheets. The NPSH points for a flow of 9898 GPM towards shut-off have
been plotted on Curve N-810, Rev., 0 and fa2ll on The head capacity curve.
The NPSH data from 12081 GPM to runout is aiso plotied on N-8i0, Rev: 0.
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CERTIFICATE OF COMPLIANCE

The perforr«ance test of pump S/N 0573314 on order 006-36049 (AE 234) was
conducted in accordance with Procedure OQCF-‘ 1085, R v. 4.
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