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ENGINEERING EVALUATION OF THE WNP-2

SACRIFICIAL SHIELD WALL

SUPPLEMENT NO. 1

The purpose of this supplement is to formally reply to questions and concerns
on the subject report identified by the NRC at a meeting held on August 6, 1980,
in Bethesda. Six items remained open at the conclusion of that meeting. These
items, listed below, are discussed herein.

o Clarify the original intent of the dimensional tolerances associated with
the fabrication of the SSW.

o Provide the as-built dimensional information associated with the out-of-
roundness and verticality of the SSW adjacent to the 541'-5" elevation.

o Provide the design margin of,the original plug weld design.

o Provide an assessment of the secondary stresses of the, proposed partial
penetration weld due to its eccentricity.

o Discuss the leachability of lead from the selected shield material and
provide the results of the various qualification tests.

o Provide the rationale for leaving known defects in the SSW.

The first four (4) items are discussed in Burns and Roe Technical Memorandum .

No. 1196. In addition, the calculation of the design margin for the original
plug weld design is provided in enclosed sheet 70 of Burns and Roe calculation
number 6. 19.37.

Additional information on the shield material is provided in Burns and Roe
Technical Memorandum No. 1197.

The "Rationale for Leaving Existing Defects in the Sacrificial Shield Wall (SSW)"
is provided in an attached paper with the same title.
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INTRODUCTION

A conference on the evaluation of the Sacrificial Shield
Wall (SSW) was held at the offices of USNRC in Bethesda,
Maryland on August 6, 1980 attended by representatives of
USNRC, WPPSS, and Burns and Roe. At. the conference, repre-
sentatives of USNRC requested additional information relative
to the proposed correction weld at interface elevation 541'-'5".

Information to be furnished b'y Burns and Roe is included
herein under the following headings:

a. Erection tolerances and as-built deviations

b. Comparison of proposed correction with original
slot welds

c. 'tructural analysis of sidestepped load path at
interface.

ERECTION TOLERANCES AND AS-BUILT DEVIATIONS

At the conference NRC requested that information be
furnished relative to the basis for the tolerances specified
in the initial Burns and Roe report (WPPSS-74-2-R2) and

. relative to the as-built deviations used in the analysis of
the correction weld at the interface.
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The report addresses fabrication and erection tolerances
in Section VI. It describes acceptable tolerance levels
with respect to the plumbness of the wall, levelness of the
ring beams and circular alignment. In general, deviations
of — 1/8 inch (- 1/4 inch for overall verticality) are
indicated to be'cceptable. The discussion in Section VI
indicates that except for the levelness tolerance at the
interface at Elevation 541'-5" which is required to prevent
radiation problems, 'the tolerance requirements were adopted
to facilitate proper construction of the SSW. The following
quotation from the report summarizes the intent of the
tolerance requirements:

"Calling for specific tolerances on the drawings will
serve as a technique to enhance the construction of
a series of properly fitted..building blo&s. However,it is recognized that the above tolerances will be
difficult'to maintain. Therefc're, the contractor
will be permitted to submit, for approval, alternate
tolerances for achieving the intent of the design."

Information relative to the as-built dimensions of the
SSW used in the analysis of the interface correction weld is
included in pages 55-61, 64, 65 and'7-69 of Burns and Roe
Calculation No. 6.19.37 and in Burns and Roe. Technical
Memorandum No. 1173. These documents are provided in
Attachment 4 of the WPPSS report (Reference 1).

COMPARISON OF PROPOSED .CORRECTION WITH ORIGINAL SLOT WELDS

Calculations have been made to compare the capacity of
the proposed correction weld with that of the original slot
welds. The comparison is made on the basis of the design
margin which represents the ratio of the permissible stress
to the maximum stress under the design load..'The calcula-
tions show that for the design panel shear load (327;0 3cips
tangential and 27.4 Equips.radial), the design margin is 2.26
for the original slot welds and 2.39 for the proposed
correction weld. It is further noted that, whereas the
maximum stress in the slot welds prevails over the entire
surface of the welds, the maximum stress in the correction
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weld occurs*only at the extremity of the weld.. Thus, the
correction weld has additional capacity over that associated
with initial yield whereas the capacity of the slot welds
is limited to that at initial yield. Summarizing, the
proposed correction weld provides greater strength. than the
original slot welds.

STRUCTURAL ANALYSIS OF SIDESTEPPED LOAD PATH AT INTERFACE

As shown in the calculations (BGZ Calculation No. 6.19.37,
Attachment 4 of Reference 1) the design of the correction
weld has taken due account of the eccentricity of the design
shear load with respect to the correction weld. However,
question has been raised by HRC as to possible changes in
the internal force system in the Sacrificial Shield Wall
resulting from the sidestepping of. the loads through the
correction weld.

Analysis has been made of the perturbations in internal
SSW forces which result from the application of'moments
corresponding to the sidestepping of load at the interface.
The overall SSW structural model was investigated for the
effect of moments about the vertical axis applied at the nodes
of the interface with moment magnitudes equal to the panel
shear load times an eccentricity of half the wall thickness
(12 inches). The analysis was made for the case of annulus
pressures due to feedwater break. The commercially available
computer program, STRUDL, was used. The results show that
the maximum change in panel shear due to "the above applica-
tion of moment loads is less than 2 percent of the maximum
panel shear due to the feedwater break annulus pressures.
Thus, the effect, on the design panel shear for the correction
weld is not significant.

'repared by
M. H. Fialkow

Approved by
O'Donnell



BURNS AND ROE, iNC.
Hoed uarters Office-Oredefl, NJ,

WO No " ) Date ~ ~ » Book No. ~ page No.

Drawing No. . e

Gale. / fcl ~ Sheet~ nt onSheet
trod . + ~C!~~& Checked .~l ~f> >~ " Approve

tu f'Sc "Hc!IQ FoCP tjs. IC - fc.'gAC'70$ 5L96 ~ —S CICCII- ICIP'oL +eHIF I g M+I
I

SU5 JE.CT,' CORKE.C'Tfou MQAS~ PES AT' ju '7'ERFAR E E.L. ~~41 5

J. Ca+PAR)SO IJ Oj= l'RO POSI'rt, CORZeCl-IOV WITH OCI6ijJAL Sl oY Mj.CPS

),COaTEAr 7 KEQufPEHBQ I

e

rZ
; 'l4,0

ToTAL A ff uKL = 4~ %~4

'f;PPgPC,'f R.F 6t tjl~E.5'. 4-

, hREA b F SL07 &ELP
I

+,5 lc I . $ 4 it » l 7 ~

gLo f .'mEIOS

.9 A~h)-
'" CI!'L, S'L

V

PAtj t t.,
2j, '

2

e

! I
e e I

2 I I l I j 1 I l
I ~ I, '

I ~ . I 1 ! I

hIA x tot tth2 slee'st Jto ETo.
~ tt I! E Itr tt l.o At!! lt I

\

I R,<Ff=t To t~Z '9~
0 l ~ 0 k'A>IAL

~T= hh I e TA tt tj.

IO R,Sit tj LOA f I P ff'

f e I e

e ~

~
I

I

I
e

1

I'

I

e

II
I

I
e t

5l RES

wl. +
Cre-=——'--

I
Q+,0

e

I !
'

RADIAL

e

Cr ~<2,o I g,r I je TAttr

e,, ~ - ~-~~'I/--
I 4 ~ 0 RESULT'AuT

e

e

2 I ~

I t I
e

~ e e

lI 0"~ 1 =AtoerTteteLS 'Teeot (LoA22 ooMI. 5')
t e

I e I e I ~ '; t e f

I

I!
e

~ ! e I C ~

3. 'QEsl(u Ham 6f U
I
e
I

1

t

I e I
~ ~

l e ~

te

7115 P~ SIGd

~ I ~ I

HAE'6/jJ lS LESS. THOU 'i> H,= ~ 5't

For S~VE. t E.SlC 0 .. I.jjADjhl(,
~ 2

%1K'H corce<CT lod ~ cL 0

I
~ e

Co jJCLV51 0 Ij

PROPoSE P 50ECEC7johl uJXLP

0 LI6jubL 5Log WELLS.
2

QoV jp~5 QZF=ATE'g CA j'At I ~

Form BR 8002.2 {5/78j



TECHNICAL

~~ ah~4 ~ '&~ ~~ h 2 ~ a% ~~ f fVie We > A ~ K 8/15/80

cJB JEC ~

Peferences:

INTRODUCTION

1) WBGBR-215-9757: "NS-1 BISCO material
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A meetino was held between Washington Public Power Supply 'Sys .em and
the NRC on August 6, 1980 (in Bethesda, t1aryland) to discuss release
of the repair to the 541'" Elevation of the SSW in the WNP-2 primary
containment.



8tdrcs and Roe,Inc.

R. E. Snaith
Technical Memorandum No.

Page 2 of 7

INTRODUCTION (CONT'D)

One aspect of this repair involves the placement of shield .material
into gaps between shims. The shield material selected for this
purpose is BISCO Product NS-1 (high density). NS-1 (high density)
is a silicone elastomer filled with powdered pure lead (ill-by
volume) to form a resultant filled polymer of density greater than
150 pcf.

At this meeting, the NRC expressed concern about using lead in the
MNP-2 primary containment. Possible concerns intimated are the
following: Heavy metals, such as lead, induce metal-water reac-
tions (during LOCA situations) that result in the release of hydro-
gen; Lead in contact with stainless steel may also initiate stress
corrosion cracking in the stainless steel.

DISCUSSION:

In response to the above concern, the following points are made to
show that this concern for the aforementioned application is not
substantiated:

1) The powdered lead is bound within the matrix of the NS-1 polymer.
This is done by uniformly blending pure metallic lead powder into
the NS-1 matrix prior to curing. The polymer acts to coat and se-
cure -the lead particles, tbu~ entraining and physically binding
them into the NS-1 matrix.<

BISCO has conducted long-term thermal aging tests on this NS-1
matrix at various fixed temperatures. At the end of each test
period, the durometer, tensile strength, and elongation were
measured to analyze changes in the material. This testing was
conducted following ASTM standard tests D-676 for durometer, and

=D-412 for tensile strength and elongation. Minimal changt;g pere
observed during 5,160 hours of exposure at 190 C (374 F).i l~

Certain testing has also been done in excess of 310 C (590oF) for
up .o one week of observation. ~Nq observed melting or crumbling
of the materials was observed.(-*4>

Evaluations of carbon content, Hydrogen content, and physical
condition were also performed after 5,840 test hours at 70oC

(158 F), 150 C (.302,F), and 225oC (437 F). 'ecorded data indi-
cates a very slight decrease in carbon and

hydroxy~~
content and

no physical discernable change in the material.<

2) Lead melting or vaporization within the polymer will not
occur at accident condi lions with the improbable exception of a

direct, short-tern, localized, steap and water jet impingement
at a shield location during a LOCA.(*7) The melting point of
lead is 620 F. The design temperature of the MNP-2 primary
containment drywell is 340 F.
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DISCUSSION (CONT')

It should be noted, however, that even when the material, NS-1

(high density) is subject to high degrees of fire,.it has been
observed that the lead particles tend to agglomerate in the mix-
ture and bind to each other rather than come out of the matrix.
It is .re~orted that the NS-1 compound will begin to Char at 1,000
to 1,100 F., but it is to be noted that the thermal mass of the
material and the surrounding massive heat sink (SSM) will keep
this charing action to a minimum at these temperatures. It is .

significant to note that the material will maintain its body at
a temperature higher thorn ghat of the melting point of lead for
a short period of time.'1*4)

3) BISCO NS-1 (high density) exhibits stability under both high
temperatures and high radiation conditions. The bulk of BISCO's
radiation testing has been conducted at the University of Michigan
Ford Nuclear Reactor. These tests have included both high rate
and long-term tests in or adjacent to the core of the reactor as
well as $ggg-$ e~m testing in the spent fuel area - primarily a gamma

source.( "> (

The shield material has been found to withstand gamma exposures up
to 2 x 1011 ryd-gamma (with a concurrent neutron flux of approximately
1014 nvt).(*2> Properties such as tensile strength, elongation,
clast'.c modulus, hardness, and de-gassing were found acceptable
after these tests.<. 3)

4) Lead is not soluble in BWR environment water. Long-term water
soaking in the typical spent fuel pool environment or under simulated
LOCA conditions have no major observybje effects on BISCO NS-1 pro-
ducts. One such product is Boraflex(R) which is NS-1 binder filled
with Boron Carbide (.5 to 50% by Yolgme) as opposed to NS-1 binder
filled with lead (.11/ by volume).<"4> Testing performed on Boraflex(R)
can be used to qualify NS-1 (high density) for such properties as
water resistance and filler leachabHity.

Extended testing on Boraflex( ) has shown that there is little or no
chanoe in material over very long periods of observation. T/iq data
is detailed in BISCO's documentation package on the Boraflex'lR>
material and is verified by information provided by sources in the
industry at Dow Corning Corporation and the General Electric Company.(.*")

Tests on Boraflex( )included measuring tensile strength, elongation,
hardness, and de-gassing up to 1.06 x )010 rads exposure in dionized
and boronated water soak environments.< 3)
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DISCUSSION (CONT'D)

Ha"logen and boron leachability analyses in irradiated'environments
have also been performed. Analytical results of the leachability
tests strongly suggest the efficient encapsulant function of the
NS-l.polymer in preventing dissolution of contai'ned soluble
species.(*4) Since lead is insoluble, any leaching of the lead to the
primary containment 'environment is highly improbable.

It should also be noted that there are no recoverable accident
scenarios that entail flooding the prjmat'y containment above

the'hieldlocation elevation of 541'".<*8)

Boraflex( has been licensed for use in spent fuel racks by the
NRC under the following docket numbers: 50-266, 50-301, and 50-220.
Licensing is pending for the following docket numbers: 50-329,
50-410, 50-)3g 50=391, 50-390, 50-382, 50-269, 50-270, 50-282,
and 50-306.( ~)

5) The total volume of shield material needed to fill the forty
identified gaps is approximately 0.20 cubic feet. Since the shield
material contai ns lead 11% by volume, this corresponds to . 022 cubic
feei of lead. The gaps vary in size and are fairly evenly distri-„
buted throughout the 360 circumference at the 541'" E'levation.(* )

It shculd also be noted that once the gaps are filled with NS-1

(high density), the outer SSW openings of the gaps shall be welded
shut with a 2 inch circumferential weld around the SSW as .called out
in the .corrective action plan for the SSW plug weld deficiency. The
inner openings of the gaps will either have been sealed by existing
shims (15 cases) or sealed with back damming for the gap "fills"
greater than 3f3$ inch as called out in the shielding corrective
action plan.( ' It can thus be estab'lished that a very
small quantity of shield material will have an extremely limited
accessibility to the primary containment environment.

The amount of NS-1 (high density) needed to repair the concrete void
deficiency need not be addressed for this particular concern as the
shield material meets all the aforementioned points in this memoran-
dum and there will be no accessibility to the primary containment
environment since the shield'aterial will be enclosed within the steel
confines of the SSW

compartments.')

BISCO NS-1 polymer with lead has been widely used at various
nuclear power plants in this country.

At the Donald C. Cook and Davis Besse projects, it was used
within the containment in combination with approximately 125
volumetric fill of powdered metallic lead as radiation shielding
for penetration seals and pressure barriers. On Davis Bess'
Unit 1, material usage totalled in excess of 50,000 pounds.<*
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DISCUSSIOH (CONT'D)

At the Waterford-Project, NS-1 neutron shielding was,used as
specialized ex-core neutron shields around the neutron flux
detectors. Naterial usage in this application a~~roximated
10,000 pounds placing the material .into'voids.(*

NS-1 neutron shielding was used on the Materials Test Reactor
at Idaho Falls to provide a horizontal neutron shield that
would be compressible to eliminate a gap shine problem through
the joining surfaces of the concrete shield block assemblies.
In addition to providing the basic neutron shielding properties,
the HS-1 material also supports more t$ an 40 tons of concrete
shielding over the top of the reactor.< 4)

One other major use of NS-1 now being delivered by BISCO is the
current material they are providing for the LaSalle project in
Illinois, Units 1 and 2. In this case, they are manufacturing
neutron .shielding collars to be placed external to the sacri-
ficial shield wall pressure doors to provide a full neutron
attenuation equivalent to that of the normal concrete s'acrificial
shield wall. Under this condition the neutron shielding will be
exposed to certain amounts of direct radiation as well as high
temperatures yet it is designed to be relatively easy to handle
by one man as modular assemblies. BISCO is currently in produc-
tion on this material ag$ expect to be inplacing 25 to 30 tons
of material per unit.( "j The material will use HS-1 as the
basic binding. polymer.

CONCLUSION

In conclusion, the shield material to be used in the SSW, BISCO
Product NS-1 (high density), will not"-release its ll/ lead filled
contents to the primary containment environment. This is due to
the HS-1 polymer's ability to maintain mechanical and structural
integrity at elevated temperatures and high radiation exposures,
and the polymer's resistance to leaching in water-soak environ-
m nts.

Attachment I provides a material properties data sheet (supplied
by BISCO).
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PRODUCT TYPE;

'POLY? ™mR
<

DESCRiP TiOH-

D=qSi'v CO'LmOSiTE

NS-i (High Density)

Dimethyl Polysiloxane
(Synthetic Rubber)

". 4 cm/cc (150=.';/cu ..ft. ) nominal

CO? lPOSiTiON:
H — bt. S

C -Nt,S
0 — Nt. 0

Si — Vi't. %

Pol~aier

17. 5%
37.0%
41.1$

1.4 gm/cc

(87=."./cu.ft.)

PiLL.R, TYPE: Powdered Lead

VOLTE: 11% nominal

CO?:POSi TE:">7'".E SPREAD:AS'-84
AS 'i E-162
AST". E-119

T YSZLE STRr;HGTH:

"LONGATTON:

DURO?~ TER:

RADiATiO?i R.SiSTANCE:

e Less than 25
e Less than 20 rlame Spread
o Testeo for 5 hours duration {~~ 24963)

o 300 psi initial
o 100% initial
o over 60 Shore A initial
o over '1 x 10 Raos11

D'.TA» RO'"1:

HALOGEN CON ' i

Zirche & Bowman
"Effects of Radiation on Haterials

& Components", pages 90 to 100

University of ?dichican Test — Complete

Complies with recuirements o
Rec. Gu'oe 1.36

SU'P~i D r S A 2 licuid ano powder sys'em oes'cned
to be f:elo blenceo and propor onec.
installs as a licuid and cures -'oaetner
at room temperature within 10 hours of
mix'ng at 25'C {77'r). See BiSCO !3ix-
ina and installation Procedure.
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t I
RATIONALE FOR LEAVING EXISTING DEFECTS

IN THE SACRIFICIAL''SHIEL'0 WALL'SW

I. Introduction

A reviewof the as-built quality of the SSW revealed the presence of
a number of weld defects per AWS Dl.l.

Some of the defects were detected after completion of the structure
by visual inspection, the method of examination originally specified.
These defects do not meet the original design, weld quality criteria.
Other defects were detected by ultrasonic testing .(UT), an exami-
nation method more sensitive and stringent than the original inspection
criteria. These defects do not meet AWS Dl.l criteria for volumetric
inspection. However it should be noted that these defects would not
ha've been found by the contract inspection methods, and structures
built using only visual inspection for. welds during fabrication
would be expected to,contain subsurface defects.

An assessment of the structural integrity of the SSW in the as-built
condition concluded that all known defects will not prevent the
structure from performing its design functions, and therefore do not
require repair.

In general, further repair activities beyond those identified as
necessary in the original report are considered to present more
potential for detrimental effects on the SSW than for benefits to
be gained.

The completed SSW represents a highly restrained structure with the
fabrication, sequence completed. To perturbate this structure with
additional welding and localized preheats wher'e repair is not
required for design function should be avoided. Specifically, 'repair
of structurally non-significant defects under these conditions has
the potential for creating additional defects, such as cracks, which
are more harmful than the defects under consideration. Elaborate
precautions have been specified for the required weld repair at
elevation 541'-5" to minimize such concerns.

Some defects are inaccessible and/or extensive disassembly, welding
out of sequence and rework would be required for repair.

Additionally, access to many areas of the SSW is limited by subse-
quent attachments that, restrict the working conditions for normal
repair activities.

However, in consideration that some undersized fillet welds have a
significant reduction in their load bearing capacity, the Supply
System has elected to repair some defects of this type.



Specific defect considerations are discussed below.

II. Defects Not Being Repaired

A. El ectrosl ag Weld Indication

Of the 73 electroslag welds examined by UT under Task Force
direction, one contained an unacceptable indication. The
rejectable indication was a large reflector located in a
permanent steel backing shoe.

The defect is difficult to repair because of installed
piping interference.

The defect is not considered structurally significant for the
following reasons:

o The structural assessment provided in the original report,

o It is located in the backing shoe, and

o The weld function is redundant in that other weld joints
in that vicinity have the capability and responsibility
of transmitting the relevant loads.

B. Incomplete Penetration in Shielded Metal Arc .Welds (SMAW)

These defects were found by UT, directed by the Task Force.
Of six welds examined, one was rejected for incomplete
penetration in the weld root of a single bevel weld.

The defect has been assessed to be structurally acceptable
using the conservative static analysis discussed in the
original report.

Repair would require extensive excavation, preheating and
rewelding with the potential for creating additional and more
serious defects.

C. Incomplete Penetration in Flux Cored Arc Welds (FCAW)

Seven double bevel T-welds were examined by UT. Six were
found to have incomplete penetration in the root.

'Two single bevel welds were also found to have incomplete
penetration in the root by UT examination.

These defects have been found to be structurally acceptable
using the conservative static analysis discussed in the
original report.

2



The double bevel T-welds are located inside the SSW.

Their repair would require removal of external plates,
redesign of the joint configuration, preheating and
rewelding.

The single bevel joints are accessible, but extensive
, excavation, preheating and rewelding would be required.

In both cases, a potential for creating additional defects
by the repair exists.

D. Workmanship Defects Identified by Yisual Inspection

The following defect categories were identified by visual
inspection of the outside of the SSW:

o Porosity
o Undercut
o Arc Strikes
o Overlap

'~ o Crater Fill
o Excess Reinforcement

-« . o Localized Lack of Fusion
.o Convex Fillet.

As discussed in the original report, none of these defects
are structurally significant.

Repair would require grinding or arc air gouging, preheating
and rewelding. In the case of overlap and arc strikes,
rewelding would be necessary if the material thickness were
reduced below the design thickness.

Similarly, there is a potential for creating additional
defects during repair as discussed before.

III. Repair of Structurally Significant. Defects

The following defect categories were identified by visual
inspection:

o Undersize fillet welds

o Underfill on a butt weld .

The undersized fillet welds were assessed in the original report
for their potential foi causing failure of the SSW by plastic
coll.apse. It was concluded that failure by plastic collapse
will not occur.

Some of the undersized fillets have an effective loss of load
bearing cross section on the order of 50Ã or more. Because of the
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large reduction in cross-sectional area of some of these welds, the
Supply System will re-inspect the undersized fillet welds, care-
fully determine the amount by which they are undersized, and repair
those welds which have a reduction of load bearing cross section in
excess of 25K, provided that the repair has a minimum potential for
creating additional defects.

The underfill on the butt weld was not significant and will not be
repaired for similar reasons discussed above.
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