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December 31, 1985

Docket Nos. 50-213

Director of Nuclear Reactor Regulation
Attn: Mr. Christopher I. Grimes
Integrated Safety Assessment Project Directorate
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

Haddam Neck Plant
Millstone Nuclear Power Station, Unit No. |
Masonry Wall Design, IE Bulletin 80-11
Request for Additional Information

In a July 22, 1985 letter(l) the Staff provided a request for additional
information for both the Haddam Neck Plant and Millstone Unit No. 1. In
addition a site visit/audit was requested to review calculations and discuss the
responses to the enclosed requests for additional i(\Sormation. As summarized in
the Staff meeting summary of November 14, 1985(2) the Staff an” licensees met
on October 28 - 30, 1985 to discuss and review plant modifications made in
response to IE Bulletin 80-11.

We have enclosed the responses to the requests for additional information
enclosed in the July 22, 1985 letter(l) and have also incorporated the Staff
comments provided during the October 28 - 30, 1985 site meeting. As identified
in the November 14, 1985 meeting summary(z the licensee committed to clarify
the effect of identified cracking on selected masonry walls by performing a plant
walkdown of Millstone Unit No. | to identify any wall cracking. This walkdown
was performed at Millstone Unit No. | and no cracking was identified as
discussed in the enclosed Millstone Unit No. | response. Connecticut Yankee
Atomic Power Company is still investigating this issue for the Haddam Neck
Plant and will provide a response to the NRC by February 14, 1986.
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(3. A. Zwolinski letter io 1. F. Opeka, dated July 22, 1985.

(2, m. Akstulewicz meeting summary, dated November 14, 1985,
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The attached responses provide our complete response to IE Bulletin $0-11, We
trust you will find this information satisfactorily.

Very truly yours,

CONNECTICUT YANKEE ATOMIC POWER COMPANY
NORTHEAST NUCLEAR ENERGY COMPANY

E
J. F. 0
Senior Vice President



Docket No. 50-245

Millstone Nuclear Power Station, Unit No. |

Response to Request for Additional Information
IE Bulletin 80-11, Masonry Wall Design

December, 1985



Introduction

In developing a response to IE Bulletin 80-11 at Millstone Unit
1, Northeast Nuclear Energy Company (NNECO) was faced with two
factors. First was the lack of seismic floor response spectra at
Unit 1, at that time being reviewed under the Systematic
Evaluation Program. Second, the plant operations schedule
necessitated addressing the bulletin prior to receiving final
acceptance criteria from NRC.

As a result, NNECO took a conservative approach to the evaluation
of the Unit 1 masonry walls, opting to implement modifications
rather than use detailed analysis for qualification. Masonry
walls and blockouts were checked against span tables which were
developed using very conservative procedures. Some blockouts
were qualified using a very conservative arching action approach,
and reinforced walls were qualified using a conservative static

approach. These procedures have been described in our previous
submittals.

A large percentage of the masonry walls and blockouts were
modified. The modifications consisted of structural
strengthening of both walls and boundary connections. In addi-
tion to seismic loads, pressure loads from pipe break and tornado
were considered. The implementation procedure resulted in
safety-related masonry walls having substantial, but unquan-
tified, margins of safety. In order to answer the present
request for additional information, it has been necessary to per-
form a complete review of the Bulletin 80-11 calculations. Table
I provides a summary of the pertinent data for each of the
safety-related masonry walls at Millstone Unit 1.



Subsequent to assembling the data in Table I, an evaluation was
performed to assess the margin of safety of each wall relative to
the SGEB criteria. The evaluation used simplified, hand
calculation techniques conforming to ACI 531-79 and the SGEB cri-
teria.

The evaluation procedure was as follows:

A1l walls and blockouts were considered to span either hori-
zontally or vertically. Calculations were based on simple
spans between supports. Cantilever and wing walls (one ver-
tical edge free) were converted to equivalent simple spans.

The wall fundamental frequency was computed based on the
governing span. The seismic acceleration applied was the SEP
floor response spectrum value at 7% damping, corresponding to
the computed frequency.

The bending and shear stress computed was the greater of
either seismic plus pipe break pressure, or tornado pressure.
Stresses were calculated on a static basis assuming simple
span bending. Seismic stresses were increased 30%.

Blockouts were assumed to transfer shear at unreinforced, mor-
tared boundaries, provided stresses were low. The maximum com-
puted shear stress at an unreinforced, mortared boundary was
less than 3 psi.

* Multi-wythe walls were treated as composite sections, provided
collar joint shear was low (the effect of this assumption is
discussed further below). The maximum computed collar joint
shear was less than 4 psi.



Penetrations in blockouts were neglected, provided stresses
were low. The maximum computed bending stress in a blockout
was less than 20 psi.

The results of the evaluation are shown in Table II. The seismic
accelerations are from the SEP floor response spectra for 7%
damping. Calculations performed during the original Bulletin
80-11 evaluation showed that deadweight, in-plane stress, and
drift effects were negligible. The allowable bending and shear
stresses given in Table II are based on ACI 531-79 and the SGEB
criteria. For reinforced walls, the allowable bending stress
shown is the allewable moment for the reinforced section divided
by the section modulus of the equivalent unreinforced section.

An additional analysis was performed to test the effect of the
composite action assumption for multi-whythe walls. The largest
block size used at Millstone Unit 1 was 12 inches thick. Table
I1-A presents results wherein all walls whose thickness exceeds
12 inches were assumed to be made up of 12-inch thick whythes.
Where the thickness was not an integral multiple of 12 inches, a
- smaller whythe thickness was used. The frequency and stresses
for a single whythe were computed assuming pressure loads were
equally distributed among the whythes. The results in Table II-A
show that the walls meet SGEB allowables even without the assump-
tion of composite action.

It should be noted that the results given in the following tables
are for comparison purposes only. The original Bulletin 80-11
calculations remain the calculations of record for Millstone

Unit 1.



Questio~ 1

In Response 10 of Reference 1, Northeast Nuclear Energy Company
(NNECO) indicated that the seismic evaluation of masonry walls
used the floor accelerations of the original design multiplied by
a factor of 5 (Response 6) and that this criterion would be com-
pared with the SEP floor response spectra. Provide a summary of
this comparison and the conclusions drawn from it and clarify
whether the SEP spectra were actually used.

Resgonse

In the original Bulletin 80-11 evaluation NNECO used the
following for seismic loads:

For unreinforced walls, an allowable span was used which (a)
made the wall frequency be greater than 20 Hertz and (b) made
the wall stress be less than the allowable using the floor
acceleration of the original design multiplied by 1.3,

For reinforced walls, there was no frequency restriction but
walls had to be within the allowable moments using the floor
acceleration of the original design multiplied by a factor of 5.

As described in the introduction, the present review used the SEP
floor response spectra. As shown in Table II, all walls except
T-18 meet the SGEB allowable stresses when SEP response spectra
are applied in conjunction with other extreme environmental loads
as defined in the Millstone Unit 1 FSAR. Wall T-18 meets the
SGEB allowable for seismic. For tornado pressure, a detailed
analysis showed that while stresses exceeded allowable at some
locations, overall stability of the wall was assured by the addi-
tion of structural steel.



Ouestion 2

Identify the 24 walls that have been qualified by arching action.
The NRC position on this issue states that the use of the arching
action theory to qualify unreinforced masonry walls is not accep-
table. These walls should be repaired so that they can be
qualified based on the SGEB criteria (3). (The NRC position is
enclosed as Attachment 3.)

Response

A total of 39 safety-related blockouts were qualified using
arching action. As originally reported, 24 blockouts were
qualified based on a generic arching action analysis. Four of
these were later found to be non-saefty related. Nineteen other
blockouts were qualified using special case arching analysis.
Arching action was used in cases where blockouts appeared to have
substantial caprcity, and modification would be difficult because
of accessibility or interference prchlems.

A1l of the blockouts qualified by arching action are constructed
of solid blocks and are multi-whythe with tight boundaries. In
the present review (without use of arching action), walls are
assumed composite if collar joint shear is low, and unreinforced
mortared boundaries are assumed to transfer shear if boundary
shear stresses are low, The results for the 39 blockouts pre-
viously qualified by arching action are presented in Table III.
As can be seen, a substantial margin of safety exists in com-
parison with SGEB allowables without the use of arching action.
The maximum bending stress is less than 3 psi, and maximum collar
joint shear is less than 4 psi. Both values are quite low.
Table III-A presents results when whythes are assumed
noncomposite (see discussion of Tables II and II-A in the
introduction). Stresses are still within the SGEB allowables.
Thus, these blockouts have adequate capacity to resist seismic
and pressure loads without relying on arching action,

-



Question 3

Identify the number of walls that required modifications in order
to be qualified under the NNECO reevaluation criteria, and spe-
cify how many of these can be qualified under the SGEB criteria
(3) design method after modification.

Response

One hundred forty walls and blockouts were modified under the
original 80-11 evaluation. The results of the latest review
(described in the introduction) for the modified walls are pre-
sented in Table IV, Each of the modified walls meets the SGEB
criteria.

Question 4

Exhibit C-2 in Attachment 2 of Reference 2 lists the allowable
shear stress for reinforced walls in flexure as 1.1 JFTE; this
agrees with ACI 531-79. However, the revised Exhibit C-2 in
Attachment 6 of Reference 1 lists the allowable value for out-of-
plane shear as 1.5 J?T;. Explain why this value was chosen for
reinforced walls.

Response

The allowable shear stress for reinforced masonry in bending
given in ACI 531-79 is based on beam bending of masonry spanning
openings such as doors or windows. In this case bending is in the
plane of the wall and reinforcement is provided horizontally to
carry tensile stresses (as in concrete beams).



In the original 80-11 evaluation, it was felt that out of plane
response of 2 wall was more analagous to a slab than a beanm, and
the allowable shear should be based on a peripheral shear model.
The value of 1.5 J?T; was derived using formulas for peripheral
shear in plain concrete slabs. However, as described below in
the response Question 5, the walls have adequate margin of
safety with respect to shear to also meet the ACI 531-79
allowable of 1.1 Jf'm.

Question 5

Exhibit C-2 in attachment 2 of Reference 1 indicated that an
increase factor of 1.5 for allowable masonry shear stress was
used for reinforced walls. If a basic allowable of 1.5 yf'm was
used (as suggested by Exhibit C-2 [1)) and an increase factor 1.5
was applied to it, that would be equivalent to applying an
increase factor of about 2 to the basic allowable found in ACI
§31-79, which is 1.1 J?7;. The SGEB criteria [3), however,allow
an increase factor of only 1.3 for masonry shear. Indicate
whether the maximum shear stress in the reinforced walls still
meets the SGEB criteria, which is based on ACI 531-79. 1If any
walls would not qualify, provide the percentages by which the SGEB
allowable are exceeded.

Response

Table V presents the results of latest review for reinforced
masonry walls, The allowable shear stress given is 1.1 J?T;; as
given in ACI 531-79, increased by a factor of 1.3 in accordance
with the SGEB criteria. A comparison of computed shear stress to
allowable shear stress shows that the reinforced walls still meet
the SGEB criteria.



Question 6

Indicate whether any walls at the Millstone Unit 1 were built
without mortar. If so, the walls must be modified so that loose
blocks do not impact safety-related equipment. Provide some
sample sketches or drawings of this type of modification if
applicable to this plant.

Response

None of the safety-related masonry walls at Millstone Unit 1 were
built without mortar.



TABLE 1

SUMMARY OF DATA FOR SAFETY-RELATED WALLS

Column (1): Wall identifier
(2)¢ Wall type: S = span wall
C = cantilever wall
W = wing wall
BO = blockout
V = vertical

(3): Whether wall was modified

(4): Whether wall was qualified by arching action
(5): Whether wall is reinforced

(6): Nominal wall thickness (inches)

(7): Weight of attachments (psf)

(8): Pipe break pressure load (psf)

(¢): Tornado pressure load (psf)

(10): Governing wall span (feet)
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TABLE 11

COMPARISON WITH SGEB CRITERIA

Column (1): Wall identifier
(2): Frequency (Hertz)
(3): Response spectrum acceleration (g's)
(4): Bending stress from SSE « PBOC (psi)
(5): Bending stress from Tornado (psi)
(6): SGEB allowable tensile stress (psi)
(7): Shear stress from SSE + PBOC (psi)
(8): Shear stress from Tornado (psi)
(9): SGEB allowable shear stress (psi) .
(10): Maximum collar joint shear stress (psi)
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Column {1):
(2):
(3):
(4):
(5):
(6):
(7):
(8):
(9):
(10):

TABLE II-A

COMPARISON WITH SGEB CRITERIA
{ NON-COMPOSITE)

Wali identifier

Frequency (Hertz)

Response spectrum acceleration (g's)
Bending stress from SSE + PBOC (psi)
Bending stress from Tornado (psi)

SGEB allowable tensile stress (psi)
Shear stress from SSE + PBOC (psi)
Shear stress from Tornado (psi)

SGEB allowable shear stress (psi)
Maximum collar joint shear stress (psi)



(2) 3) (4) (S) (6) (7) (8) 4 b (10)

(1)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

999999099999999

555555755555555
momommMmMmeLOHOMmOOMmOMmMm

.00000000000000

&
Q

C 00000000000000

13‘183139079018

. . - . . . . - . - - - - .

312344211120322

VOVVIIVVIDOVIYVIYVVY Y

¢ . @B ¢ 95 &8 % & & ¥ e ae
MmMMMMMMOOMOMMMMmMmMMmMmmm
VWOV UYVIVIDYVOVYVYVIYVIYWY

000000000000000

-
-
-
B
.
-
-
-
-
-
.
-
.
-

300000000000000
ANDAVONODNDNTNOWL N
g % & & F N & & & 68 F e DD
AR TONNNODONMO T M
NN A NTTTAd M NN
Vet M MmO MDY N~NND
TMHOTTOVODMOMOMTIMe T T
o B ¥ - & & . & ¥ . B B P E® & &
0000000 QQO0O00000
O MNMOMONDN DO NDOND W
MO ANNANMONONNNMN
4 )

OVNTAaANOAWCO D<A O
MO OTHO I NNODODNMM -
P MM T NN MOmMO
k- LM
ol o = - TTJv

t~

NA
NA
NA

35.9

35.9
0.0 38.9

3.0

0.0
0.
C.
0.
O.
0.

7.3

©.31
23 0.45 26.3
23 0©€.45 26.3
20 0.35 25.3
14.0
42 0.33 20.8

47 0.33
S7 0.30
112 0.30

54

T-34
T-36
T-38
45
T3
T=4GA
T-4B
T=-4C

T -

g aCaaCECa<C CT A aCaC<
ZLEZIZZZZZZZZERX ZEZZZLZZZZZZZZZIZZEZZ

NA

09999999999999900000099999990000

- . . . - . . - - . . - . - - - - - - . . . - - . . . . -

75555555555555577777755555557777
TOHOMOMMOMOmOOOOOOOOOHTTTTTTYTOmOMOMOOOMT TS

00000000000000000000000000010000

OOOOOOOCOOOOOOOOOOOOOOOOOOO”OOOO

MO AN AN AAAOVONNVOAMNMPOPOINOOAONMONNDON

. . . - . . . - - . - . . . . . . - - . . . . - - - . - - . - .

ONMNMOANAMON AATNHNAAAAANANNNNNNAOO

VOV WOVOVUVOVYVIYVYVIDVIOIDVYVOVVIYDVDIVVYVOVIVOVVYVIYYVOD Y

.« & 0 » % & & & 5 . 5 0 L I B ® % .9 % % 8 & &
333.-"33333332“3&37.‘w3333=m..-m=m33333333
VOUVVOVUVVUYUUVVIYVYVDIYIYWUYUNVIVOVVYIYVRDIYVYVVLDOYYOYDYY

000000000000000 2000000000000 0000

. . . . . - . - L - . . . . - - . . - . - . . - . - - . . . - -

OOOOOOOOOOOOOOOOOO00000000000000

@©

MO NOOTNDODO MDD ADNNADDADRNRAONNDONT Y
. » . - . - . . - . . . . . . . . . . L - LI . - - - . - - -
NVMOVADTOAITHN NV DTAOANOODOITNODONNRNANDO T T
Nm T N NANN THNNMDAMNNDeAANNN o “t
O:u3_bguéq‘s.bgas_Jnvs.bxus.bst,aA.SQ‘“q,S.bnvoﬁvo
MMUVVOVSLrNSTTTOIMOTMHMOOMNMOOOMHTOWDODMmMHmMMM
L . . . . . . . - - = . . . . . . L T . L . . . . . . L
OO0 0000000V O00O0O0O00OO00QLCOQO0OO0O0QO0OO0O0OO000 O
PN AADITDOOOMDNOADBOWVWAMNMTMODAMAN Nt MMN
MNNNNNNNNNNISAENNSTORNMONONNOOOOOD DN

ot (5] “t -

-
AN <0000 <CcOaQAVVON<<cHUUAMKOUENaAaMOODOEMmOANO
T I T TODONWNDAA o.1443333333u31111n222
ITEFANNNNNANO®MOF T NN 2.:;.5 | NN
= L1~ B ok O N T G T O B i B R B
TTTTTTTT..“.. ol ol Sl ol ol Sl ol ol ol S o B ol ol ol o
| 5]



(1)
T-22E
T-22F
T-220
T-29A
T-29B

T-50
T-5S3A
T-53B
T-53C
T=53D

T=5A

T-SB

T-5C

T-8D

T-SE

T=8F

T-56

T-SH

T=9

T=10

T=x1

T-12

T=13

T=20

T-95A,.B
T=22H
T=-52
T-89
T3

T=27
T=21A
T-21B
T-21C

T-32A,B
T-32C.D

T-47

TB-1

TE-2

TE-4

TB~5

TB-6
TB-13
TB-14
TB-15
TB-19
TB-20
TB-25
TB-26
TB-28
TB-29
TE-36
TB=-41
TB-43
TB-44
TB-45
TB-16
TB-22

(2)
145
209
543
25
19
20
34
24
21
120
104
€3
62
63
63
€3
€3
104
40
23
103
162
163
70
185
86
47
25
3
18

.
-

-
-

.
-

i1
34

-
-

i1
345

7
120
199
226
267
116
i03
104
127
285
27
199
339
129
360

s1

S2
339
103
127

(3)

0.0
0.30
©.30
0.45
0.3%
0.35
0.38
0.39
0.47
0.35
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
.30
0.30
0.30
0.30
0.30
0.33
0.43
.85
0.60
1.13
0.80
0.80
0.80
1.13
1.13
1.13
0.30
0.30
0.30
0.30
0.30
0.30
0.31
0.31
0.31
0.31
0.31
©.30
0.30
0.30

0.30
0.21
0.31
C.30
0.31
0.31

NOoONNVvVwIOUVUNOOWUE U

NN=NNON
NNWOURNABOSL W W

-
. . . -

e
N w
.

3.3

Cwauvnasn

. - . - . . .

[
NRQRWENOWFRFOPNFRONUMLNN

L NN
"R T R

PArONOWUNOT

. . e
. .
. .

000000

HPREPNERP BB RERERREBONSEBPNODONDO OO

NOO0OO0ODOO0ODODODOOOD0ODO0000000DO00O00ODOCOOO0™

0000000000000 0O0O0OD0O0O0C0O0OD0O0O0OOOD0COOO

PP OHPAODOO0OODOO00O000O0O0O00O0O0C0CO0O0O0OOO0OCOC

FPWNOANOOOOODOO0O0OO000000000000CO000O0OO0OO™

T
AV OFRP LIV RWROUIANNIENDVOVONDPONNDVAOVLUOODODUENOVLNONNPLPINNORWRLWWWWONW
wN wN

B
W
H
.
W

BPRONNOHOOPRPOPPPEPRLPEBOOOPHPORUNNUNWOWLN R ORE

. "
0000000000000 0O0O0O00O00O0OOCO

000000 0O0O0O0O0OOOOOOOOOO0OO

CO0O0000D000DOO0O0ODO0O0ODOO0O0O0O0OO0O
0000000000000 0ODO0CO0O0O

(9)

47.0
47.0
7.0
35.9
35.8
35.9
35.9
35.9
35.9
35.9
47.0
7.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
7.0
47.0
35.9
35.9
2.5
£2.5
S2.5
£2.5
52.5
82.5
S2.5
52.5
67.0
47.0
47.0
47.0
67.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0

(10)

NA
NA
NA
KA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
KA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA



(10)

(8) (9)

(7)

(4)

(3)

(2)
33% 0.3

(1)

127 0.31
93 0.31

290 0.30
286 0.30

290 0.30

TB-24
TB-35
TB-46

TB-3

TB-7
TB-30
TB-31

NA
NA
NA
NA

€« <<
zxz =

Q0000000

LI I I D R e
L el el Sl 5
vTeeYwvwTwwew

Q0000000

Q0000000

97766993

0.01.0.U.a1¢1

VIOV VVwODYY

- - . - - - -
™ mmmmnmo
T RV RV RV RV RV-RV.RV:

00000000

00000000

hvvwaorwvwOoa
-

MND AN OD
AN~

b

0.30
72 0.30

652 0.31
0.37

§2 0.37
§3 0.37
$2 0.37
104 0.37

431
652 0.30
S1

TB-32
Th=-37
TB-40
RB-1
RB-3
RB-4

1.8 0.0 47.0 NA

0.0 63.6

19.2

RB-S

0.0
o.o
O.

S 0
9 0
& o

9.
ie 0.39 28.
7.
13.6
SO 0.37 21.0
60 0.47 21.3
28.3
0.47 8.9
27 0.852 28.2

64 0.37
45 0.37
86 0.37
163 0.37
72 0.37
45 0.47

141

k-2
R~-3A
R-3B
R-3C

k-4

R-5

R-6
RB-2

R-9

R-10A
R-10B
R-13A
R-13B. C

VOV IVOYWOLY

2 B9 9@
mmmmmm
VVIYVYw

000000

0.
o}
o
0
(¢

0.52 24.5

31

c.0
0.0
0.0

.52 38.0
.52 52.4

0.55 36.3
15 0.87 4S8.2
S8 0.52 24.6
0.52 385.1
33 0.52 4&3.2
0.47 24.8

22
38
27
41
81

R-13D
R-13E
R-14
R-15A
R-18B
R-20
R-20B
R-8A
R-8B

.0 €3.6 1.6 0.0 47.0 NA

i12.2

104 0.47

L CEEECECECCCCaCaCC<
ZZZZZZZZZZZZZZZZZZZZZZ

0000000000000 O0CUY I

- - - - - . . - . . - - - . . - - - - . . .

ol el o ol ol o ol ol o e L B R R R
TECT I TODDD LW

0000000000000 O0OOOO0O0O00O00OQ

000000000000 O0OO0OO0O0O0QOQO

NVNOAMOMPMNMNDONONNGONT O OD

. . . . . - . - - . - - - - - - - - - - - -

A AN A AAAA0O A AA0OONMOMONNMM™

5665565665655655000000
& % & % 9 % & 9 -9 5 " 9 - 5 & & ¥ 29
3333333333333333888388
5666655656656655355555

MmMMmmmm
0000000000000000000000

0000000000000000000000

CDUNDVDUOUDNTLT AN AQANAMOMNOWVOO T W
. s . . . . - - . . - - . - . L - - - - -
OV ONO T ONT AN DL NMODONTN
e m Nt N ot NVLVWOIENN
PNNNSNAEAENDBRBRAEAEDRDNUDNOVUTIDOINONN
455535 OOMOMMMMMOMONONSTT TN
. - . - . . . . » . . . - . . - - - . -
COO0O00O00O0000O0QO0O0O00QCQO0OO0OCQCO0O0
VWTOoOWVWTIINRNTITNOMOWVWIDMAOA DMWY O D
ADUVMOTANETTNWNWNOMPDetdrt et NN
ot ot “t ™~ “tovd ot

-
ACHOUVUNODNONTID MO<OUA W
AWWW I oL .11111”231 .llnn
A T Y T I I I
[V R.unnn.xnnk.u P



(8) (9) (10)

(7)

(6)
0.0 35&.0
0.0 358.0
0.0 358.0
.0 388.0

—

8

(4)

(3)
19 0.52 74.4
1S 0.56 80.1
18 0.56 8€.7
19 ¢0.5€ 80.1

(2)

(1)
R-7C
R-12A
R-12B
k-12C

NA
NA
NA
NA
NA
NA
NA

wWwoOooOoo

'y

NN
nnwvwe e v
000000
Q000000

AMATENN

s . .

VN4 000
OQOO0O0Owwww
L I I I I I )
D DO ™MPHNM
%nacusqls,b

™
OC0O0OO000O0
QOO0 000
FNOMNMMNWUMM
L I D
DODNNT W
LB I (IS

o
aaNn~NNMNOW
VOVWOYmMmMmNN
L D L D I B
QO0OQO000O
PN O0mMmm
At @O DO W

M et -
<c@mOMmMOYUN O
W WD A AN
e I L |
I | I m@oam:
[+ A S

oW

O~«QO

0.37

€52 0.47

1014 0.47
S1

RB-27
RB-22
RB-24

NA

0.0 47.0

0.0 27.6 0.6

1.9

€52 0.47

RB-25
RB~-33
RB-26
RB-31

386 0.26
652 0©.52
652 0.52

1189 0.47
708 0.47

R=17A
R-17B



TABLE 111

BLOCKOUTS QUALIFIED BY ARCHING ACTION
COMPARISON WITH SGEB CRITERIA

Column (1): Wall identifier

(2): Frequency (Hertz)

(3): Response spectrum acceleration (g's)
(4): Bending stress from SSE + PBOC (psi)
(5): Bending stress from Tornado (psi)

(6): SGEB allowable tensile stress (psi)
(7): Shear stress from SSE + PBOC (psi)

(8): Shear stress from Tornado (psi)

(9): SGEB allowable shear stress (psi)
(10): Maximum collar joint shear stress (psi)
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TABLE III-A

BLOCKOUTS QUALIFIED BY ARCHING ACTION
COMPARISON WITH SGEB CRITERIA
(NON-COMPOSITE)

-

Column (1): Wall identifier

(2): Frequency (Hertz)

(3): Response spectrum acceleration (g's)
(4): Bending stress from SSE + PBOC (psi)
(S): Bending stress from Tornado (psi)

(6): SGEB allowable tensile stress (psi)
(7): Shear stress from SSE + FBOC (psi).

(8): Shear stress from Tornado (psi)

(9): SGEB allowable shear stress (psi)
(10): Maximum collar joint shear stress (psi)
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Column (1):
(2):
(3):
(4):
(5):
(6):
(7):
(8):
(9):
(10):

TABLE IV

MODIFIED MASONRY WALLS
COMPARISON WITH SGEB CRITERIA

Wall identifier

Frequency (Hertz)

Response spectrum acceleration (g's)
Bending stress from SSE + PBOC (psi)
Bending stress from Tornado (psi)

SGEB allowable tensile stress (psi)
Shear stress from SSE + PBOC (psi)
Shear stress from Tornado (psi)

SGEB allowable shear stress (psi)
Maximum collar joint shear stress (psi)
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
R=11 468 0.47 2.7 0.0 €3.6 1. 0.0 47.0 2.3
R-16C 144 0.52 9.6 0.0 63.6 3.0 0.0 47.0 4.5
RE-6 209 0.37 &.7 0.0 63.6 1.3 0.0 47.0 1.9
RB-10 133 0.37 7.4 0.0 63.6 i.6 0.0 47.0 2.7
RB-21 408 0.26 % 0.0 63.6 0.7 0.0 47.0 5.4
RB-23 5% 0.37 1.8 0.0 63.6 0.% 0.0 47.0 1.4
R-1A 11 0.44 63.0 0.0 3%8.0 3.2 0.0 52.% 0.0
R=-1D 13 0.42 S0.9 ©.0 3%8.0 2.8 0.0 &2.%5 0.0
R-7B 11 0.52 77.5 .0 358.0 3.6 0.0 52.%5 0.0
R-7C 11 0.52 74.4 0.0 3%8.0 3.8 0.0 52.%5 0.0
R=12A 11 0.56 80.1 0.0 358.0 4.1 0.0 82.% 0.0
R-12C 11 0.56 80.1 0.0 3%8.0 4.1 0.0 S$2.% 0.0
R-18A 11 0.6%9 98.7 0.0 356.0 5.1 0.0 852.%5 0.0
R-18B 10 0.69 110.0 0.0 3%6.0 5.3 0.0 52.% 0.0
R-18C 11 0.69 8.7 0.0 3%8.0 5.1 0.¢ 52.%5 0.0



TABLE V

REINFORCED MASONRY WALLS
COMPARISON WITH SGEB CRITERIA

-

Column (1): Wall identifier
(2): Frequency (Hertz)
(3): Response spectrum acceleration (g's)
(4): Bending stress from SSE + PBOC (psi)
(5): Bending stress from Tornade (psi)
(6): SGEB allowable tensile stress (psi)
(7): Shear stress from SSE + PBOC (psi).
(8): Shear stress from Tornado (psi)
(9): SGEB allowable shear stress (psi)
(10): Maximum collar joint shear stress (psi)



TABLE V

1 2) 3 (4) 5) 6) 7 (8) (9 10

T=2 14 0.60 177.1 Q06.5 672.3 10.8 24.7 §2.% 0.0
T-27 9 1.13 282.%5 657.6 672.3 13.%5 31.4 52.5 0.0
T=21A $ 0.80 331.2 0.0 672.3 15.9 0.0 §82.5 0.0
T-21B 9 0.80 319.9 452.5 672.3 15.4 21.7 8S2.5 0.0
T-2iC 9 0.80 331.2 651.3 672.3 15.9 31.3 852.5 0.0
T=32A.B 26 1.13 92.8 219.2 €72.3 7.7 18.1 92.9% 0.0
T-32C,D 9 1.13 274.7 653.6 672.3 13.2 31.3 S2.5 0.0
T=-47 9 1.13 270.8 651.3 672.3 13.0 231.3 82.%5 0.0
R-1A 11 0.44 63.0 0.0 358.0 3.2 0.0 $S2.% 0.0
R-l..c 10 O.‘s ‘.os 0.0 3“-0 3.4 0.0 5205 0.0
R-1D 13 0.42 650.9 0.0 358.0 2.8 0.0 852.% 0.0
R-1E 15 0.40 42.9 .0 358.0 2.5 0.0 82.85 0.0
R-7A 11 0.52 74.4 0.0 358.0 3.8 0.0 852.5 0.0
R-7B 11 0.8%2 77.% 0.0 358.0 3.6 0.0 82.85 0.0
R-7C 11 0©.852 74.4 0.0 358.0 3.8 0.0 862.5 0.0
R-12A 11 0.56 80.1 0.0 358.0 4.1 0.0 82.85 0.0
R-12B 10 0.56 86.7 0.0 358.0 4.3 0.0 62.%5 0.0
R=-12C 11 0.56 80.1 0.0 358.0 4.1 0.0 82.5 0.0
R-18A i1 0.69 98.? 0.0 358.0 6.1 0.0 82.5 0.0
R-18B 10 0.69% 110.0 0.0 358.0 .3 0.0 82.5 0.0
R-18C i1 0©.69 98.7 0.0 358.0 5.1 0.0 82.5 0.0



ESTION 7

Identify whetheyr anvy OA/OC records are available to ensule
conformance of masonry construction to desian drawinns and
specifications.

Rcsngnse

The safety-related masonry walls at the Millstone Urit | Power
Plant have bheen systematically analyzed for their tunctional
capahility. These evaluations were performed by Farthauake
Enagincering Services (FFP&), Roston, Massachusetts, ‘or NUSCO, in
response to and to the reaquirerents of NRC T&F Pulletin R0=]11,
The report of the reevaluation was submitted to NPC staff ner
Peference 4, The oriainal enaineerina, desinn, and construction
of these walls were by Ebasco Services, Incorporatec.

The inspection of construction and workmanshin of block walls was
controlled by use of the oriainal desion drawing anc the
adherence to the construction specification, Reference 1. The
specification guarantees the control of the construction
qualities by the contractors/subcontractors. The werk covered hy
this specification includes furnishing all laho:r, material,
tools, eauipment, scaffoldina and other appliances reauired to
perform the masonry work. The materials procured fcyr masonry
walls by this snecification were to the reauirements of ASTM
specifications. The construction aquality of these rasonry walls
was maintained at least eacual to the local bhuilding code and this
specification during the construction phase. Durinc this neriod
prints of the engineerina drawings were made availatle to
facilitate the contractors to follow the seguence. The
inspection of the work was reserved by the enaineers to monitor
and check that the workmanship and seauence of construction were
to the drawing requirements, Therefore, it can be concluded that
the masonry walls at Millstone Unit 1 (MP]l) were encineered,
designes, built, and inspected by a systematic manney.

Sections 4.5 and 4,6 of the latest ACI 531-79 building code
requirements for concrete masonry structures provides the
specification of material accentance for masonry work and the
inspection requirements durina the construction phase. Though
the referenced specification for the masonry work ie much earlier
than this ACI buildina code requirement, the requirements imposed
by the specification meet or exceed the intent of the ACI
building code.

Moreover, as part of the reevaluatjon report, the MP]l farilities
were surveyed by the team of engineers to obtain the field data.
The survey of the facility includes visual inspection of the
masonry walls as to its soundness, such as cracks ir the blocks/
joints, chippings, or any such physical damages. The drawings
and other documents used in gatherina necessary data found that
the masonry wall thicknesses, locations, and material were



consistent with the physical as-built conditions, This infers
that an inspection program existed during the course of
construction and thus Reference | was effectively enforced,
Purina the modification staqe, reinforcing bars were encountered
when attempting to holt through masonry blocks. These observas-
tions provide further contirmation that walls were reinforced pey
the orianinal design drawinas,

In order to enhance the confidence level, samrles of blocks
collected randomly have been tested for compression and watey
absorption according to the requirements of ASTM C=140, Peference
1. The specimen's compressive strenath from the tests in npsi on
aross area indicated that the hlocks have an inherent hinheyr
strenath, Table 7«1, as compared to the values used in the
reevaluation report, Neference 4,

The relative strennth values sunanests that the values in Tanle
7-1 used in the final report using criteria, Reference 2, are
conservative,

Barad upon the nrecedina information, it can be concluded tha*
corformance of masonry construction to dollqn drawinas and
specifications was maintained.



Petevencraere

l. Fbasco fervices, Incornorated, Specification for Masonry for
Millstone Nuclear Power Station Unit 1, document HNo.
MPC=t1I=-A3, Revision 1, dated October 5, 1967,

2. Design criteria No. IC=], Revision 3, by Earthauake
Engineerinag Services (FRS), Roston, Massachusetts, for
Millstone Nuclear Power Station Unit 3, attachment to
Reference 4.

3. Concrete block wall test report, nroject No, 50,858, by
Brinas, Norwell, Massachusetts, dated Auqust 13, 1905,

4, W. G, Counsil letter to B, R, Grier, NRC, subject: Millstone

Power Station Unit 1, I&F Bulletin 80<11, Masonry Wall
Desinn, MNortheast ''tilities, Novembey 4, 1980, ANIN21,

CS=D6=22




TARLF 7=]
MASONRY RLOCKS STPRMNGTH PROPFPTIES

Tested ASTM Plock Tyre
Comn, Stress Used in Masonty
On lalls Reevaluation
Test ross Area keport
Descrintion Samples In Psj f'm Values in Psi Pemarks
Blocks
a. AS™ C-140 Random From
(HollOd Unit) m:’h. B]dﬂ. ],62%. - Rﬁf. 3
b. ASTM (=90 - 1,350.
c-129 Ref. 1 - ‘ 630, Ref, 2
C"l‘S - 1.080.
Plocks
a. AS™ C-140 Random Fyrom 4,010, ~ Ref., 2
(100/s01id unit) Aux. Blda.
b. AS™M C-90 - 1,350.
C"129 kfc 1 - 6300 hf. 2
C’l‘S - 1.080-

Cs-D6-23



AUDIT QUESTION

Provide a survey of masonry walls at Millstone Unit No. 1 to
identify any signs of cracking.

RESPONSE

In response to the above request, a walkdown of the walls
included in the IE 80-11 bulletin was performed. This walkdown
encompassed almost all walls in the program with the exception of
a small number of walls which were inaccessible due to high
radiation levels. The walkdown revealed no indications of
cracking or other signs of distress.

Subsequent to the above survey, 33 walls were randomly chosen and
their original walkdown drawings obtained. These drawings were
reviewed to determine if the original evaluation indicated any
signs f cracking or distress. The examination showed 20 walls
which were noted as having some form of cracking prior to
modifications. It is noted that the majority of cracking was
along the boundaries with only a few locations where step cracks
were shown. These 20 walls were resurveyed to verify the
indications on the walkdown drawings were addressed. In all
cases modifications were employed which eliminated any adverse
effects these cracks would have on the walls structural
integrity. These modifications included installation of plates
or angles along the boundary or grouting of step cracks.

Based upon this survey the applicant feels that all structural
discontinuities were addressed in the original evaluation and
have not reappeared. Therefore, the assumptions made in response
to the IE 80-11 bulletin about the physical condition of . he
walls remains valid.
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In order to respond to the questions, a review of the calcula~-

tions was performed. This review indicated that the walls could

INTRODUCTION TO REQUEST FPOR ADDITIONAL INFORMATION
MASONRY WALL DESIGN, IE BULLETIN 80-11
HADDAM NECK PLANT
DOCKET NO. 50-213

be grouped into five categories which are:

D.

d.

Walls CYPAB 107 and 108, CYDG 1002 and 1003, and
CYTB 2005 were actually column strips at the edge
of reinforced concrete walls., These column strips
were tied to the wall by anchor bolts which were
drilled through the column strips into the walls.
The anchor bolts bear on the columns by base
plates. Thus, these column strips become an
appendage to the reinforced concrete wall and the
allowable stresses in blocks are nonsignificant.

Walls CYPAB 201, 202, 203, and 204 were modified
and qualified as structural walls in the SEP
program. These four walls were modified to act as
reinforced shear walls, and after modifications
behave as reinforced concrete sections. The
accelarations used on these walls were directly
from the SEP program. Therefore, these walls fall

outside the scope of the IE Bulletin and will not
be considered further.

Walls CYPAB 102, 103, and 104; CYSB 1002; Cysm
1003; and CYTB 1008 were qualified by assuming that
they could fail but a metal barrier was erected so
that the blocks could not fall and impact
equipment., Hence, allowable stresses are not a
factor in this case,

Walls CYPAB 101C, 101D, 101E, and CYDG 1004 were
qualified as having lower stresses than allowables
in accordance with NUSCO criteria. The only
modifications to these walls were to add angles and
plates on the boundaries for stability
considerations. These four walls may be impacted
by criteria changes. However, these walls were
analyzed using very conservative analytical
techniques.

The rest of the walls were modified structurally as
their stresses were higher than allowable stresses
in the USCO criteria. The modifications, in
general, reduced wall stress substantially below
allowables and that i{s expected to be a favorable
factor when comparing them with allowables in the
NRC criteria which are not significantly lower than
those in the NUSCO criteria.



QUESTION 1

In Response 17 of Reference 1, Connecticut Yankee Atomic
Power Company (CYAPCO) indicated that the seismic evaluation
of masonry walls used estimated floor spectra based on the
Interim Seismic Design Ground Spectrum and that this
criterion was later compared to the SEP floor response
spectra. Provide the conclusions that were drawn from this
comparison and clarify whether the SEP spectra were actually
used,

Rup_onu

Table 1 lists all the block walls at the CY plant at the
time of the NRC IE Bulletin 80-11 project. The table also
summarizes the available data in response to Question 1 of
the recent NRC inquiry. The column of design responses
gives the accelerations in (g) used to evaluate the walls.
These accelerations are 1.3 times the spectral accelerations
for the fundamental frequency of the wall. The 1.3 factor
is (per criteria) to allow for contribution of higher modes.
The spectral accelerations are from the floor response
spectra used in the Bulletin effort.

The SEP response accelerations are unfactored spectral
accelerations from the SEP floor response spectra for the
fundamental frequency of the walls., The SEP floor response
spectra were developed for the Category I structures of the
CY plant and were available after the IE Bulletin 80-11
effort had been concluded. As noted in the table, the SEP
program did not require spectra develo,ed in all the
buildings which had walls in the IE Bulletin 80<11 scope.

Walls CYPAB 107 and 108, CYDG 1002 and 1003, and CYTR 2005
were actually column strips at the edge of reinforced
concrete walls., These column strips were tied to the wall
by anchor bolts which were drilled through the column strips
into the walls, The anchor bolts bear on the columns by
base plates. Thus, these column strips become an appendage
to the reinforced concrete wall and the allowable stresses
in blocks are nonsignificant.

Walls CYPAB 201, 202, 203, and 204 were modified and
qualified as structural walls in the SEP program, and as
stated earlier need not be discussed further.

Walls CYPAB 102, 103, and 104; CYCT 1001y CYSB 1002, and
1003; and CYTB 1008 were qualified by assuming that they
could fall but a metal barrier was erected so that the
blocks could not fall and impact equipment. Hence,
allowable stresses are not a factor in this case.



wall CYPAR 101C was originally qualified on the basis of
arching ac'ion. A reevaluation of this wall indicates that
the wall in its present configuration is not safety related;
i.e., ta.lure would not jeopardize any safety-related
equipment. In the original evaluation many walls were
classifiec safety related on a very conserxrvative basis.

The rest of the walls were qualified on the bas s of
modifications designed to reduce allowable stresses to
comply with criteria developed for this project. During the
design of the modifications, the calculation files show that
the designer did one of the following:

a. Calculated those stresses being considered as
controlling and compared them to allowables.

b. Calculate! demand forces (morents, shears, and
axial forces) which were considered to be
controlli~rg arnd compared them to allowables.

¢. Calculatud displacements and compared them
with allowables.

The stress ratio (R,) column in Table 1 gives the maximum
ratio of celculated stress to SGEB allowable str:sses for
those walle for which stresses were calculated as described
in (a) above. This ratio is not calculated for those walls
where the :itresses were not calculated specifically.
Howaver, those stresse; can be calculated now and the rvatios
Rl ascertained,

The stress ratio (R,) column in Table 1 estimates the ratio
of calculated atrcn‘es to SGEB allowable stress if the walls
were qualified to the SEP floor response spectra (where
applicable). The calculated stresses for the modified walls
are based un a set of very conservative assumptions. Som?
of the more significant of these are:

a. The spectra accelerations used for the design
of modifications is from an envelop of floo-
response spectca at the top and bottom of tLhe
walls rather 'hun an average of the two which
whuld have been more appropriate.

b, The fur amental frequency of the modified
walls and the stress calculations were
unitormiy based on one-way action of the
walls., Plate (two-way) action of tle walls
would be more appropriate and lead t> lower
¢ilculated stresses.

¢, Codirectional forces on the wall wers combined
on an absolute sum basis rather than on the
basis of SR8, The later combination would be



more appropriate and lead to lower calculated
stresses,

d. Factoring the spectral accelerations from the
fundamental mode of the wall by 1.3 to reflect
contribution of higher modes is very
conservative,

e. The SEP floor response spectra are envelopes
for the whole floor. Using a floor spectra at
the location of the block wall would be more
appropriate and lead to lower spectral
accelerations.

f. In response to Question 7, some insitu test
data is presented for masonry units at the
site. As can be seen from Table 7-2, the
allowable stresses are higher for the in-place
properties than those used in the original
calculations. Therefore, it would be more
appropriate to base the Rl and R2 ratios on
the insitu properties.

g. Recent investigations indicate that the
criteria initially used to classify walls as
safety related was very conservative.
Therefore, some walls whose ratio R, is
greater than unity may not be requizod for
safe shutdown of the unit. PFurther investiga-
tions could be made to determine the actual
safety category of walls as needed.

A review of the table indicates a portion of the walls with
a stress ratio R, greater than unity. As stated previously,
CY PAB 101C has Been determined to be nonsafety related, and

therefore the stress ratio Rz greater than one is of no
significance.

In order to address the stress ratios exceeding unity, a
syetematic evaluation of the conservatisms mentioned above
hayv been performed. This evaluation was initiated for

CY “AB 101E, which exhibited the highest stress ratio R
(3.19). The original analysis was investigated in dota?l
and four areas of obvious conservatism were chosen for
evaliation. Some of these areas included a more rigorous
calculation of the walls frequency so that a more
appropriate spectral acceleration is chosen, and also
including the effects of higher modes thereby eliminating
the need to amplify the fundamental mode by 1.3. The
spectra at the top and bottom of the wall which is much more
appropriate was utilized. Finally, the maximum moment in
the wall was calculated on a much more rigorous bases
utilizing two-way action. This reevaluation resulted in the
reported stress ratio R being reduced from 3.19 to an



acceptable value of 0.76. The more rigorous frequency
portion contributed 72.4 percent, multi-mode consideration
13.6 percent, utilizing average spectra 9.1 percent, and
revised moment calculation contributed 4.9 percent to tha
total reduction. This evaluation has demonstrated the
conservatisms inherent in the original evaluation, and ' hat
by eliminating these reduces the ratio R. to an accepti.b.ie
level. Therefore, it can be concluded taat the SEP spectra

and SGEB criteria have no adverse impact on the original
evaluation.



QUESTION 2

With respect to Attachment 2 in Reference 1, explain how the
wall attachment weights were determined. Indicate why these
forces are divided by the area of the entire wall.

Reagonse

The earlier submittal to NRC referred to in Question 2 of
subject NRC request was misleadina. It gave as an example
for anchor bolt pullout evaluation a case where the bolts
were qualified by inspection due to low pullout loads.
Calculations shown on the same sheet where equipment weight
was divided by total area of wall were for the purposes of
retrofit design rather than for evaluating pullout integriry
of appendage attachments. Attachment 1 to this response
gives two examples where the attachments were not qualified
by inspection and show a full evaluation of punching shear
in wall as well as bolt stresses vs. allowables per
criteria.



ESTION 3

With respect to Attachment 5, Section 5.1 (Appendix A) in
Reference 1, CYAPCO indicates that allowable stresses can be
increased by 33 percent for OBE seismic loadings. However,
the SGEB criteria, Section 3(a), expressly forbids the
increase of allowable stress when wind or seismic loads
(OBE) are involved. CYAPCO should identify the walls <hat
require an increase in allowable stress for OBE load
combinations in order to be gqualified. Also, pro” ..
actual percentage increase in allowable stress that is
needed to qualify these walls.

Resgonse

Although it was stated in Section 5.1 that OBE allowable
stresses could be increased by 33 percent, this was not
considered in the reevaluation. 1In response to the IE 80-11
Bulletin, only stresses for the SSE condition were
considered. This was because SSE yielded larger ratios of
actual stress t» allowable stress than the OBE even without
consideration of 33 percent increase.



QUESTION 4

In Response 11 of Reference 1, CYAPCO indicated that all
allowable stresses were increased by a factor of 1.67 for
load cases involving SSE. The SGEB criteria permit increase
factors of only 1.3 for masonry shear and tension normal to
the bed joint and 1.5 for tension parallel to the bed joint.
CYAPCO should identify those walls which would not qualify
if the SGEB factors were used and provide the percentages by
which the SGEB factored allowables are exceeded.

Resgonse

Table 1 presents the results of a comparison of the
calculated stresses to the SGEB allowables. The stress
ratios R, and R, indicate which walls do not meet the SGEB
criteriaas staaed. In response to Question 1, a number of
conservatisms that are inherent to these types of
calculations are presented. As stated in Question 1,
quantificac.on of these conservatisms for the largest ratio

R, indicate that overstressed conditions do not result from
u@ilization of SGEB criteria.




QUESTION 5

Identify the total number of walls that required
modifications in order to be qualified under the SGEB
criteria (2). Also, indicate how many of these are
unmortared walls.

Resgonse

All the walls investigated unde the IE Bulletin required
some form of modification. The introduction to these
responses describes some of the modificatinn types. It is
felt that if all the conservatisms were eliminated from the
original evaluations that the amount of overstressed
conditions would be negligible and additional modifications
would not be justified. This has been gquantified in
response to Question 1. There were three walls which were
unmortared in this evaluation, which were CYCT 1001, CY PAB
102, and CY PAB 103. These walls were qualified by addition

of barriers which prevented collapse of these walls onto
safety-related equipment.



QUESTION 6

In Response 8 of Reference 1, CYAPCO stated that one wall at
the Haddam Neck plant was analyzed using the "arching
action" technique. 1Identify this wall. The NRC position on
this issue states that the use of the arching action theory
to qualify unreinforced masonry walls is not acceptable.
These walls should be repaired so they can be qualified
based on the SGEB criteria (2). (The NRC position is
provided as Attachment 3.)

Resggnse

Attachment 2 gives revised calculations for wall CYPAB 101C
which shows that eliminating some of the exaggerated
conservatisms in the original analysis reduces wall stresses
to within allowable. These calculations are based on
original floor spectra and criteria used for IE Bulletin
80-11 work. The differences in the revised calculations
from those used for the original report are:

a. Tne original analysis calculated the wall
frequencies and stresses on the basis of a
24-inch vertical wall strip in beam action
with the mass of all the wall appendages
lumped in the middle of that strip. This is
clearly conservative as the wall aspect ratio
is 2:1 and thus will have considerable two-way
action.

In the revised calculations, the fundamental
frequency is calculated on the basis of a
simply supported plate with the mass of
appendages distributed over the whole plate.
This frequency is varied over a range of +15
percent to find the maximum response
acceleration per criteria.

b. The original criteria calculated the moment on
the wall due to the vertical accelerations on
the appendages and lumped all those moments
and added them on an absolute sum basis to the
out-of-plane wall moment at the center of the
24-inch strip.

The revised calculations calculate the
out-of-plane moment at the center of the plate
due to horizontal motions on the basis of ACI
code for two-way slabs. This is conservative
and plate theory will give lower moments. We
then added the moment from the bhulletin board
(which is the only appendage close to the
middle of the wall) due to vertical motions to
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the out-of-plane moments due to horizontal
motions on an SRSS basis.

The remainder of the stress evaluations are
the same as the old calculations. The final
maximum stress we calculate is 21.2 psi
compared with an allowable of 17.8 psi, or
20.5 psi based upon in-place properties,
according to the SGEB criteria.

As can be seen from Table 1, the ratio R
greatly exceeds unity. A recent investiation
of this wall has indicated that failure of
this wall would not affect safe shutdown of
the plant, and therefore the wall is not
safety related. Thus, the stress ratio R2
reported is acceptable.



QUESTION 7

Identify whether any QA/QC records are available to ensure
conformance of masonry construction to design drawings and
specifications.

Response

The safety-related masonry walls at the Connecticut Yankee Atomic
Power Plant have been systematically analyzed for their
functional capability. These evaluations were performed by
URS/Blume and Associates for NUSCO, in response to and to the
requirements of NRC I&E Bulletin 80-11. The original
engineering, design, and construction of these walls were by
Stone & Webster Engineering, Boston, Massachusetts,

The inspection of construction and workmanship of block walls was
controlled by use of the original design drawing and the
adherence to the construction specification, Reference 1. The
specification guarantees the control of the construction
qualities by the contractors/subcontractors. The work covered by
this specification includes furnishing all labor, material,
tools, equipment, scaffolding and other appliances required to
pecform the masonry work. The materials procured for masonry
walls by this specification were to the requirements of ASTM
specifications. The construction quality of these masoncry walls
was maintained at least equal to the local building code and this
specification during the construction phase During this period
prints of the engineering drawings were made available to
facilitate the contractors to follow the sequence. The
inspection of the work was reserved by the engineers to monitor
and check that the workmanship and sequence of construction were
to the drawing requirements. Therefore, it can be concluded that
the masonry walls at Connecticut Yankee (CY) were engineered,
designed, built, and inspected by a systematic manner.

Sections 4.5 and 4.6 of the latest ACI 531-79 building code
requirements for concrete masonry structures provides the
specification of material acceptance for masonry work and the
inspection requirements during the construction phase. Though
the referenced specification for the masonry work is much earlier
than this ACI building code requirement, the requirements imposed
by the specification meet or exceed the intent of the ACI
building code.

Moreover, as part of the reevaluation report, the CY facilities
were surveyed by the team of engineers to »btain the field data.
The drawings and other documents used in gathering necessary data
found that the masonry wall thicknesses, locations, and material
were consistent with the physical as-built conditions. This




infers that an inspection program existed during the course of
construction and thus Reference 1 was enforced to the fullest
extent.

In order to enhance the confidence level, samples of blocks
collected randomly have been tested for compression and water
absorption according to the requirements of ASTM C-140, Reference
4. The specimen's compressive strength from the tests in psi on
gross area indicated that the blocks have an inherent higher
strength, Table 7-1, as compared to the values used in the
reevaluation report, Reference 2, or the ACI 531-79, Section 4.3,
minimum values.

The attached table 7-2, which describes the relative strength
values, suggests that the values used in the final report are
conservative and well below the maximum values suggested by the
code.

Based upon the preceding information, it can be concluded that
conformance of masonry construction to design drawings and
specifications was maintained.
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TABLE 7-1

MASONRY BLOCKS PROPERTIES
COMPRRESSIVE STRESSES ON GROSS AREA

Test Test Results Values Used In
Description Samples Mean Values Final Report Remarks
Blocks
(1) Random 1,513 psi
(2)(a) ASTM C-129 Assumed - 350 psi Ref. 2
{b) ASTM C-90 - 1,000 psi
Gr. A

FS-D6-10




TABLE 7-2
MASONRY STRUCTURES BUILDING CODE
ALLOWABLE STRESSES, PSI

Values Values Factor of
Code Per From Safety
Description (Minimum) Report Test Code/Test
Compressive strength of £'m 800. 700. 1,000, 1.14/1.43
concrete masonty
Flexural (compressive) Fm 0.33 f'm 264. 231. 330. 1.14/1.43
Bearing
On full area Fa 0.25 f'm 200. 17S. 250. 1.14/1.43
or less
Shear
No shear reinforcement
Flexural members = ; % f'm 31.1 29.1 34.8 1.07/1.20
Shearwalls
M/VD_ > 1 0.9 f'm 25.5 23.8 28.5 1.07/1.20
H/Vd: <1 - 2.0 f'm 56.6 52.9 63.2 1.07/1.20
Tension
No tension reinforcement (mO = 1,000) (mo = 750.) (mo = 1000)
Tension normal to bed
joints
Hollow units F 0.5 m, 15.8 13.7 15.8 1.15/1.15
Tension parallel to
bed joints in running
bond
Hollow units F 1.0 m 31.6 27.4 31.6 1.15/1.15
Modulus of elasticity Em 1,000 f'm 800,000 420,000 1,000,000 1.9/2.38
Modulus of rigidity E
9 400 f'm 320,000 18,000 400,000 1.9/2.38




Audit Ouestion

Puring the site walkdown, several cracks were noted in walls CYTR
1009 and CYTR 1010, provide the staff a response on the cause of
the cracks and what action is required to address this issue.

Resnhnse

The licensee is still investigating these two areas and will have
a complete response for staff review by January 31, 1986.



RESPONSE TO QUESTION 1 OF NRC INQUIRY

ase

Calculated a SEP ragponso

wall ID Direction of Wall Fundamental Desggn accelerations

Number Response Orientation Frequency Response for 7% damping
(Hz) (9) (9)
CYPAB102 & N-S8 Out-of-plane NC 0.55 1.93
CYPAB103 E-W In-plane NC 0.55 1.66
CYPAB104 N-S Out-of-plane NC 0.55 1.93
E-W In-plane NC 0.55 1.66
CYPAB107 N-S Cclumn NC 0.55 1.93
CYPAB108 E-W NC 0.55 1.66
CYCT1001 N-£ “In-plane NC 0.55 NA
E-W Out-of-plane NC 0.55 NA
CYSB1002 N-S Out-of-plane 14.8 0.97 NA
E-W In-plane 40.5 0.61 NA

CYDG1001 N-S Out-of-plane >10 0.45 NA s

E-W In-plane >11.5 0.63 NA
CYDG1002 N-S Colurin >10 0.45 NA
CYDG1003 E-W >311.95 0.63 NA
2 78F1001 N-S Out-of-plane >33 0.34 NA
E-W In-plane >33 0.45 NA
CYSF1002 N-S In-plane >33 0.34 NA
E-W Out-of-plane >33 0.45 NA




Stress Ratio Stress Ratio
Ry )

Barriers added to contain wall
if failed

Barriers added to contain wall
if failed

Column strip bolted to concrete
wall

Barriers added to contain wall
if failed

Barriers added to contain wall
if failed

1.03 *

Column strip bolted to concrete
wall




Table 1 (continued)

ase

Calculated a? SEP regponso |

wWall ID Direction of wall Fundamental Design accelerations ‘

Number Response Orientation Frequency Response for 7% damping

(Hz) (9) (9) 4
CYPAB10O1lA N-S Out-of-plane 27 0.26 .54
E-W In-plane >33 0.26 .42
CYPAB101B N 60° E Out-of-plane >33 0.26 .43
N 30° W In-plane NC 0.59 1.93
CYPABL10O1C N-S Out-of-plane 17.8 0.36 0.95
E-W In-plane >33 0.26 0.42
CYPAB101D N-S In-plane 22.5 0.39 0.67
E-W Out-of-plane 16.5 0.39 0.81

CYPAB1O1E N-S Out-of-plane 16.5 0.39 1.12 4
E-W In-plane 22.5 0.39 0.56
CYPABIO1F N-S In-plane >33 0.26 0.46
E-W Out-of-plane 23 0.33 0.55
CYDG1004 N-S Out-of-plane 20.5 0.34 NA
E-W In-plane >33 0.21 NA
CY5B2002 N-S Out-of-plane 12.3 0.39 NA
E-W In-plane >24 0.50 NA
CYSB2003 N-S In-plane 24 0.39 NA
E-W Out-of-plane 11.8 0.50 NA
CYPAB105 N-S Out-of-plane 23.8 0.39 0.58
E-W In-plane 23.8 0.39 0.51

|
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Table 1 (continued)

2se
Calculated a SEP rogponlo
wWall ID Direction of wall Fundamental Des?gn accelerations
Number Response Orientation Frequency Response for 7% damping
(Hz) (9) (9)
CYTB1009 N-S Out-of-plane 13.4 0.98 0.€61
E-W In-plane >23 0.34 0.50
CYTB2004 N-S Out-of-plane 27.7 0.98 0.25
E-W In-plane >23 0.34 0.78
CYTB1010 N-S In-plane 23 0.34 0.50
E-W Oout-of-plane 11.6 0.65 1.33
CYTB2005 N-S Column 16 0.98 0.28
E-W 16 0.61 0.82
CYPAB106 N-S Out-of-plane 17 0.39 1.12
E-W In-plane 17 0.39 0.81
CYTB1007 N-8 Group of >13 0.98 0.42
E-W Several Walls NC 1.30 0.61
CYSF2001 N-S In-plane >33 0.24 NA
E-W Out-of-plane >33 0.45 NA
CYSB1003 N-S Out-of-plane NC 0.10 NA
E-W In-plane NC - NA
CYTB1008 N-S In-plane NC - .56

E-W Out-of-plane NC 1.30 0.78




Stress Ratio Stress Ratio
Ry Ry
0.68 1«30
*h
0.38 .04

Column strip bolted to concrete
wall

0.68 2.18
1.22 0.74
0.73 *

Barriers added to contain wall
if failed

Barriers added to contain wall
if failed




Table 1 - Notes

N-S means north-to-south; E-W means east-to-west. North is defined as "grid north"
Column means that the wall identification number represents a rectangular pilaster
NC means "not Calculated;" the peak of the response curve was used.

The design response is equal to 1.35, (S, is the response spectral acceleration).
Stress Ratio R; is the maximum ratio of calculated stresses to allowable stress per

Stress Ratio R, is equal to stress ratio R; factored by ratio of spectral accelerat
those estimated in IE Bulletin 80-11 project.

1.3 agep

ag
(*) identify walls in buildings which were not in the SEP scope-of-work.

R = Ry

(**) identify walls which were qualified to criteria other than stresses (e.g. all
displacements) .
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Comparison of SSE Stresses in CY Block Walls
With Allowable Stresses per NUSCO Criteria and NRC Criteria

an
Calculated Stresses in Wall
-
“ "
" a "
8E 53
. “g
Stress mE :: — o~ - . (=Y “wi [ e " G (=) 8 L . e
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* ( ) Allowable Stresses for Uninspected Walls
: ** Calculated Stresses Readily Available from Calculations




ATTACHMENT 1A

CALCULATION PACKAGE COVER SHEET

Project: Cann @eTicwT g\m &.out W avLs

Client: Nu.g_, Lo

cale. No: CHPRR\S A

subject: PYNBLMeIs oF Waul

This calculation package has been prepared, checked and
approved in accordance with procedures in the URS/Blume
Quality Assurance Manual.

Rev |Prepared By | Date | Checked By | Date | Approved By | Date

© | Tk I-It-ﬁw dtad B R Z I

URS/Blume 11/26/80
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