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QUESTION 1: When performing cost/benefit analyses of alternatives in NEPA
reviews, how does NRC factor into those analyses costs such as
those entailed in shutdowns (whether voluntary or by order or
Ticense conditions) of reactors because of safety concerns?

ANSWER: _ .

The cost associated with unschedu1ed shutdowns, whether voluntary or by order
or license conditions, is factored into NRC's cost/benefit analyses through the
forced outage rates. For generic purposes pianned outage rates (POR) of 12%

to 15% and forced outage rates (FOR), including shutdown to remedy safety con-
cerns, of 9% to 17¥ are representative for nuclear units. POR of 10% to 12%
and FOR of 10% tc i4i are -znresentative of large coei units with sulfur removal
equipment. These are equivalent to about a 75% to 80% availability factor for
nuclear and about 76% to 81% availability factor for coal units. Because of
distribution system reliability and other considerations, capacity factors are
generally a few percentage points less than the avai]abi]ity factors. Thus a
capacity factor of about 60% is reasonable for comparing the economics of coal
and nuclear. This is consistent with the historical capacity factor for large
base loaded coal and nuclear plants.

Genera]ly, the unit costs of e]ectricity.generation for nuclear and coal in NRC's
NEPA reviews are calculated for a range of capacity factors. Figure 1-1 shows
the sensitivity of generation cost as a function of capacity factor for both coal
and nuclear in the New Eng]and and North Central (MT, ND, SD, WY, CO and UT)
regions. These two regions represent the extremes for the cont1guous United
States. The capacity factor at which the cost of generation is equal for coal
and nuclear is about 60% in the North Central region and 40% in the New England
region.
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QUESTION 2: How has NRC assured that the codes being used in the reanalysis
of seismic design produce valid results?

ANSWER:

The Office of Nuclear Reactor Regulation has instituted a code verification and
confirmatory analysis program whereby the licensees and/or their contractors
were required to solve a set of piping benchmark problems devised by the NRC
staff. These problems consist of representative piping structures of varying
complexity subjected to seismic loading, for which solutions were determined in-
dependently by an NRC consultant, the Brookhaven National Laboratory. The
Ticensee-generated solutions have been compared with the benchmark solutions
and acceptable agreement has been found between them.

In addition to the benchmark problems, the licensees also provided to the NRC

a representative piping probiem from each of the affected plants, together

with their corresponding solutions. These problems were in turn solved indepen-
dently by the NRC consultant, who confirmed (by comparison of the solutions) that
the licensees' results were correct. This constituted the confirmatory analysis
portion of the program.

As a preliminary step to the analysis program described above, the NRC staff has
also reviewed the FORTRAN code 1istings of portions of the codes used for re-
analysis and has confirmed that the analytical a]gor1thms as programmed in these
codes conform to presently acceptable methods of seismic ana]ys1s of piping
structures.

These three steps (j.e. licensee verification analysis, independent confirmatory
analysis, and code 1isting review) provide reasonable assurance that the codes
used for reanalysis provide valid results.




QUESTION 3: What steps have been taken to assure other computer codes '
currently being used for reactor designs do not contain
errors?

ANSWER:

The code verification and confirmatory analysis program described in the res-
ponse to Question 2 is being extended and applied to codes used for seismic
analysis of piping structures by other licensees and their contractors. In
addition, a previously instituted research program at the BNL for generating
benchmark problems and solutions is also being extended to obtain benchmarks
for a broad variety of codes, by both analytical and experimental techniques.
The use of benchmark problems and solutions for code verification is des-
cribed in item (b) below.

i i ' ther
Although computer codes used in the analysis of structures and systems o
than pgping are not specifically reviewed by the staff, the applicability and
validity of these computer programs have been demonstrated by one of the
following criteria or procedures.

(a) The computer program is a recognized program in the public domain,
and has had sufficient history of use to justify its applicability
and validity without further demonstration. The dated program ver-
sion that will be used, the software or operating system, and the
computer hardware configuration must be specified to be accepted by
virtue of its history of use. :

(b) The computer program's solutions to a series of test problems, with
accepted results, have been demonstrated to be substantially identi-
cal to those obtained by a similar, independently written program in
the public domain. The test problems should be demonstrated to be
similar to or within the range of appiicability for the problems analy-
zed by the computer program to justify acceptance of the program.

(c) The program's solutions to a series of test problems are substantially
identical to those obtained by hand calculations or from accepted ex-
perimental test or analytical results published in a technical litera-
ture. The test problems should be demonstrated to be similar to the
problems analyzed to justify acceptable of the program.
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) QUESTION 4: Please 1ist each reactor which has been found since March 13,
. including the five reactors which were the subject of the
hearing, to have had an error in the seismic analyses of plant
design. In your response, please include:

(a) whether the reactor was shutdown because of theerror;

(b) whether the shutdown was voluntary or by order;

(c) the systems involved;

(d) whether the systems are safety related or non-safety
- related; and

(e) the resulting corrective measure if any.

ANSHER:

At the time of the original safety review of the plants in quest1on, specific
MRC (then AEC) guidance on acceptable methods for comb1n1ng seismic forces

did not exist. MNuclear industry practice to combine seismic forces for piping
systems varied; some design organizations used algebraic summation, others used
square root sum of the squares (SRSS) and others used absolute summat1on methods.
It has thus developed that a number of plants were designed using analysis
techniques, which were accepted practice to a portion of the nuclear industry

at the time (i.e., were state of the art) and are clearly unacceptable today.

In December 1974, when Regulatory Guide 1.92, "Combining Modal Responses and
Spatial Components In Seismic Response Analysis", was issued providing specific
gu1dance on acceptable methods, the staff did not rev1ew earlier plants to deter-
m1ne if unacceptable methods had been employed.

Our efforts to reevaluate the seismic analyses and des1gn of piping systems have -
been directed at only safety related systems since these are the systems which
are of importance to assure the protection of the public health and safety. The
.1ist of the plants which have been found thus far to have used the algebraic
summation technique for the combination of codirectional responses to multiple
earthquake input components is contained in the accompanying table, including
- whether or not the reactor was shut down, whether the shut down was voluntary
or by order, a general description of the system involved, and any correct1ve
measures.



TABLE FOR RESPONSE 4 (page 1 of 3) (as of 10/5/79) - -5

v
PLANT SHUTDOWN EXTENT OF SYSTEMS : i
. REQUIRED ANALYZED USING | P
. ALGEBRAIC SUMMATION >
ORDER |~ OTHER TECHNIQUE CORRECTIVE MEASURES
C t termi 8/ %79
Beaver Valley 1 | Yes Extensive omplete and Order ermjnated /9
Brunswick 1,2 | No Voluntary‘ Extensive Complete
Cobk 1, 2 No No Main Reactor Coolant Loop Complete i
. : and some lines inside |
containment -
Cooper - - No No SRV Yines Complete |
Fitzpatrick Yes Extensive Complete and Order terminated 8/14/79. " ?
Ginna No No Main Steam and RHR lines Complete | |
Indian Point 2 | No No 10 Lines Completed by licensee. Staff SER in preparation. f
Indian Point 3 No No Extensive Shutdown for refuelin A1l work to' be completed §
& !
s A T e
Maine Yankee Yes 19 lines (Initially thought |Complete and Order terminated 5/24/79 f
to be extensive) i
Millstone 1 No | No 2 systems (Control Rod Complete . , §
' Drive Exhaust and CU3 ' |
, Bypass) i
1 Miristone 2 No No 6 systems (Volume Control Complete 5
' Tank Changing Bypass, ' ;
Nitrogen Addition, Charging, i
Diesel Generator Exhaust, :
RCP Top Root Valve Instru- i
ment, SI and Containment :
Spray Test Line) g




TABLE FOR RESPONSE 4 (page 2 of 3) (as of 18/5/79)

PLANT - SHUTOOWN ' EXTENT OF SYSTEMS ' )

REQUIRED ANALYZED USING - -
| ALGEBRAIC SUMMATION | |
ORDER | OTHER TECHNIQUE | CORRECTIVE MEASURES
Hine Mile Pt.1|No No 7 systems (Reactor Recir- Complete

~ culation, Shutdown Cooling,
Emergency Condenser Returns,
Reactor Cleanup, Reactor
Drain, Reactor Feedwater

CRD).
Pilgrim 1 {No Tech Spec™ Recirculation and Main Comp1ete
. : Steam lines
Pt.Beach 1,2 [No | No ~ 2 CCW and 2 SW lines Complete
in radwaste system -
Robinson 2 . |Ho No Main Reactor Coolant CompTete
: Loop ‘ ,
' No Immediate . . . et :
Salem 1 . Action Lettdr Extensive . - Eﬁgggé{g?s and implementation of mod1f1cat1ons in
Surry 1,2 Yes , : Extensive Order permitting operation of Surry 1 issued 8/22/79.

Surry 2 shutdown for steam generator repair,

Turkey Pt. 3,4|No - No Main Reactor Coolant | Complete : ‘
: . Loop :

Zion 1, 2 No No Main Reactor Coolant Loop Complete

* During the aJgebraic{sum review, ghe 1icensee {dentified "as built"{problems

- With a numbey of_snu?bors. Tech Ypecs roquired plant shutdown undér these
conditions, . I :
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TABLE FOR RESPONSE 4 (page 3 of 3)

(as of 10/5/79) ' | T

e

PLANT. "
(Under Construction)

EXTENT OF SYSTEMS

ANALYZED USING .

ALGEBRAIC SUMMATION
TECHNIQUES

CORRECTIVE MEASURES

Sa]em 2

Forkéd River

WNP 1, 4

Extensive (Reactor Coolant System
excluded) ‘ |

Containment Spray

ASME Code Class 1 Reactor Coolant
System Branch Lines :

Reanalyses and implementation of- any ;i
required modifications prior to criticality. .

Reanalyses and implementation of any i
required modifications prior to receipt of
operating license,

Reanalyses and implementation of any :

required modifications prior to receipt of
operating license, :
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QUESTION S: (a) - What technical standards/methods are being used to determine
, the adequacy of design seismic events - those existing at
the time the 5 plants were licensed or those in existance
-at the time? If the former, please describe:

(b) The differences,
. (c) The rationale for not applying modern standards, and

{d) A brief assessment of the relation between the existing seis-
mic designs for the 5 plants and the existing standards.

ANSWER:

The analytical methods used in the reassessment of the three soil supported

plants (Surry 1 & 2 and Beaver Valley) were the same standards used to assess
plants applying for a license today, but the seismic inputs and other accep-

tance criteria were those approved in the Final Safety Analysis Reports (see
attached Table). The response of the structure (buildings) to an earthquake

in the original analytical method was overly conservative, therefore current

and more realistic techniques were used to model soil-structure interactions.

The seismic inputs, which included the original design earthquake and the assoc-
-iated damping values for structures and piping systems, were analyzed and compared
to an analysis which used current design earthquake and the corresponding damping
values. This comparison showed that the response of the structure and its equip-
ment were essentially the same. The original damping value used for the piping is
less than that required today resulting in a higher seismic load on the piping.
Therefore, the original design earthquake together with the originally assigned
damping values for structures and piping systems is acceptable when compared to
that which.is required today. Based on the assessment of the three soil-supported
plant design earthquakes and their damping values, the original design earthquakes
and damping values were determined to be adequate and conservative in comparision
with those which would be used today. :

"The other two plants (Fitzpatrick and Maine Yankee) are founded on bedrock. The
reanalysis of these plants was limited to a reanalysis of the piping systems and
did not include a reevaluation of building structures response to earthquakes.
However, in both cases the NRC staff reviewed the adequacy of the original design

- earthquake and structural damping values and determined that the seismic input to
the piping reanalysis was acceptable. The results of the Systematic Evaluation
Program's seismic review will be used as a basis for further seismic analysis

~at Maine Yankee. ) :



. TABLE FOR RESPONSE 5

TECHNICAL DATA

Report)

batween rigid
supports

- CURRENT IE . | | BEAVER
UNIT: - DESI6H SURRY MAIN FITZPATRICK | .
| 1& 2 YANKEE N VALLEY 1
_ PRACTICE ORGINAL DESTGH ORIGINAL DESIGH [ “ORIGINAL DESIGN ORI
EARTHQUAKE: | REGULATORY 4 g
oBe. | cuIde 1.60 07g .05 g 08¢ .06¢g |
DBE - ' A5 g 10g NEX d25¢ ‘
- VERTICAL 2/3 HORIZ. 2/3 HORIZ. 2/3 HORIZ. 2/3 HORIZ.
COMPONENTS 2 2 2 2 |
DAMPING: REGULATORY -
STRUCTURES GUIDE ],61 , CONCRETE % x | CONCRETE  n_
QOBE 5 % 2 % 2% 2% % 2% 8%
‘DBE 10 % 5 % 5 % 3% 1% 2% 7%
PIPING |
OBE 0.5% 1.0 %« 0.5% 0.5%
DBE 1.0 % # 2.0 % » 1.0% 1.0%
rochaws | e
. PROGRAMS FETY - "~ ALL > 6" ALL D" " "
: SEISMIC CATEGORY 1 " . >6 A 6
USED FOR & ASME SECTION 111 SOME < 6 SOME < 6" ALL >6 L. >
PIPE DIAMETER: PIPING ARE ANALYZED
L USING COMPUTER CODES
*Vdriﬂédﬂon done i % 0.5/1.0 for’ . # Steel frame » Total soll-
with 0.5% weided steel bolted/ riveted containment
( Ref.: Selsmic low-stress : sfructure
Design Reoview piping #% welded system
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QUESTION 6: (a) How do the percejved risks associated wit
(2) seismic design of the 5 plants compare with those associated

with the Babcock and Wilcox plants during the first five
weeks following the accident at Three Mile Island?

" (b) What factors led to the shutdown of all of the former within
"a few days of learning of the shortcomings, while some Babcock

and Wilcox plants never were shutdown?

ANSWER:

At the time the decision was made to require immediate shutdown of five plants
for seismic reasons, the perceived risk was as high or higher than in the case
of the other B&W plants after the Three Mile Island accident, some of which

" were allowed to continue operation while modifications were made.

The error in seismic design appeared significant in that a single event (of a
seismic nature) could damage the integrity of the reactor coolant system there-
by causing a LOCA and also preclude operation of the ECCS which is designed to
protect against the LOCA. An accident and the disabling of required protective
systems could occur as a result of not meeting a fundamental design criteria.
the basis of early recalculations by Stone and Webster for the Beaver Valley
facility, it appeared that the problem was widespread. In the judgment of the
Director of Nuclear Reactor Regulation, the problem was significant enough to

recommend shutting down the affected units.

On

On the other hand, a single event, including a seismic one, was not known.to
endanger the safe operation of a B&W plant after Three Mile Island. It is true
that a B&W plant did experience a real problem while a seismic event is hypo- |
thetical, but a TMI type of event was the result of several actions occurring 1in
a particular sequence. A repeat or a similar event was judged unlikely in

the very short term.

The confidence that there was no undue risk in the short term (few weeks) from

B&W reactors while additional modifications were made included:

1. The high state of readiness and training of operators to cope with feedwater
transients as a result of bulletins which were issued shortly after the TMI

accident.

2. The lowered likelihood of relief or safety valves 1ifting on feedwater
transients because of the reduced scram pressure setting and higher power
operated relief valve setting recommended by B&W and required by the NRC.

3. The low likelihood of failure of initiation of auxiliary feedwater.

4. Evaluations performed by B&W which were stated to show prediction of
the TMI voiding sequence and good cooling for several analyzed tran-
sients with failure of feedwater where high pressure safety injection
systems would need to be relied on. _ '

(Note: Although Commissioner Bradford agreed, at the time, that
these and other specific modifications were prudent and
provided a considerably enhanced level of assurnace, he
reserved final judgment until the completion of the then- . -
ongoing -generic review of feedwater transients in B&W
reactor and plant systems. Following completion of that
review, staff recommendations resulted in the temporary
shutdown of all other B&W nuclear power plants for additional
modifications.) : ‘ -



gUESTION'7aE What are the recurrence frequency and magnitude of the design
' basis and operating basis earthquakes at each of the 5 plants?

~ ANSWER:
" The Design Basis Earthquake or the Safe Shutdown Earthquake and the Operating

Basis Earthquake (OBE) are defined in detail in Appendix A to 10 CFR Part 100.
The design requirements for the OBE are such that the plant structures, sys-
tems and components necessary for continued operation, without undue risk to
the health and safety of the public, are designed to remain functional. In

the event of the occurrence of an earthquake, up to and including the OBE level,
no regulatory action would be required. If the OBE level were to be exceeded,
NRC Regulations require plant shutdown. Prior to resuming operation following
this shutdown the licensee weculd be reguired to demonstrate to the Commission
that no functional damage has occurred to those plant features necessary for
continued operation without undue risk to the health and safety of the public.
For earthquakes up to and including the SSE, it is required that the structures,
systems and components necessary to assure integrity of the reactor coolant
pressure boundary, the capability to shutdown the reactor and maintain a safe
shutdown condition and the capability to prevent or mitigate accidents leading
to unacceptable offsite exposure all be designed to remain functional. There-
fore, the SSE, not the OBE, is the important earthquake level on which to focus
attention from the standpoint of safety in the evaluation of the capability of
a plant to withstand a seismic event and safe shutdown. .

In his testimony of March 27, 1979, Mr. Denton presented some estimates of
recurrence frequency of the Design and Operating Basis Earthquakes at the
five plants. He indicated that the Design Basis (Safe Shutdown) Earthquake
had a chance of being exceeded at each of the four sites that was of the
order of 10-3 to 10-% per year. He also indicated that the chance of the
Operating Basijs Earthquake being exceeded was roughly estimated to be on the
order of five times that of the Design Basis Earthquake.

These numbers were based upon previous estimates of earthquake ground motion
exceeding a given peak acceleration at varjous locations throughout the eastern
United States. Because of the lower design acceleration and higher local seis-
micity, the Maine Yankee site appeared to be at the higher end of the risk of
exceedance range. In these estimates no attempt was made to expand upon the
applicability of or the uncertainty associated with these values. In response _
to your question we will supplement Mr. Denton's original testimony with a dis-
cussion of these factors and provide an updated and more site specific estimate
of recurrence frequencies.

. 1t should be pointed out first that probabilistic estimates of earthquake hazard

(recurruence frequency) were not used in defining the original earthguake re-
sistant design at the five plants. Those numbers presented previously by o
Mr. Denton and in this response represent a posteriori estimates of exceeding
original design ground motion parameters which were chosen in a deterministic

manner.

While probabilistic estimates of seismic hazard can be made, insight and great

care must be exercised in utilizing these estimates in the decision making pro-
cess.. Our experience indicates that absolute estimates of these hazards for a
site can vary by more than an qrder of magnitude, depending upon the choice of
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input parameters and assumptions. The choice of parameters and assumptions
will vary among expert seismologists. A thorough estimate of seismic hazard
should systematically include these varying opinions and should account for
the related uncertainty. This type of estimate could require a lengthy re-
search program which is at or possibly beyond the state-of-the-art.

In order to answer your question at this time we can only examine those

readily available studies that have included the different site regicns in
their estimates of seismic hazard and, by interpolation and extrapolation,
provide gross ranges of return periods. (recurrence intervals) for the different
design and operating basis earthquakes (see Table 7-1). These studies include
those performed by individual members of the U. S. Geological Survey, the
Canadian Department of Energy, Mines and Resources, the Applied Technology
Council and other seismologists.

The most important data base upon which all of these estimates ultimately
rest is the historic (non-instrumental) record of the feit effects of earth-
quakes. Converting these felt effects (earthquake intensity) into instrumen-
tally determined earthquake magnitudes or ground accelerations that may be
useful in design is itself a complex and often controversial task. This is

in great part due to the shortage of appropriately measured earthquake motion
in the eastern United States. The magnitude scale utilized in the table below
is that developed by Professor Otto Nuttli of St. Louis University and is
roughly equivalent to the Richter Magnitude (developed for California earth-
quakes) in the magnitude range of interest.

The return periods 1isted below are for earthquake ground motions used in the
design of the five plants. They do not represent return periods for exceeding
s"vuctural design Timits or for failure of any plant component. The ground

. ~ion at each site is specified in terms of two parameters:

1) Peak Ground Acceleration (PGA) ~ the most common description of earthquake
ground motion. This is the parameter used in most of the studies and can,
therefore, be determined directly. In our March 27, 1979 submittal to this
committee our initial judgement of earthquake recurrence was based solely
upon chances of exceeding the peak ground acceleration.

2) Response Spectrum (RS) - a method of characterizing the variation of level
of ground motion as a function of frequency. It can be shown that at very
short periods (high frequency) the value of the response spectrum is about
the same as the peak ground acceleration. The spectra used for design
are usually standardized shapes developed from studies of actual earthquakes.
Over the years, as the number of earthquakes recorded has increased, these
standardized shapes have changed. When the 5 plants were originally de-
signed, the response spectrum shape used at that time was different than
that which our present regulatory guides specify. In relating earthquake
response spectra to either intensity, magnitude or peak acceleration, we
have assumed that the level of ground motion indicated in the current re-
gulatory guide spectrum is appropriate. As a result the estimated return
periods associated with the response spectra shown on Table 7-1 differ
from those relying solely upon peak acceleration. '




TABLE 7-1

Estimated Magnitudes and Return Periods

1

for Design Earthquakes

Corresponding to the FSAR Peak Ground Acceleration (PGA) and

FSAR Response- Spectra

(RS) for the Four Reactor Sites

(From Extrapolations and Interpolations of Readily Available Studies)

DESIGN BASIS EARTHQUAKE (SSE)

OPERATING BASIS EARTHQUAKE

Plant Site  Magnitude Return Period (yrs) Magnitude Return Period (yrs)
Surgy A
pPGgA2 roughly 5.3 greater than 2500 yrs roughly 4.8 roughly 500 to 2500
RS roughly 4.8 roughly 500 to 2500 roughly 4.4 roughly 80 to 600
Beaver
Valley* . ,
PGA roughly 5.2 roughly 1000 to 10,000 roughly 4.8 roughly 250 to 2500
RS roughly 5.0 roughly 800 to 7000 roughly 4.6 roughly 150 to 1500

*NOTE - the Beaver Valley site has soil conditions which,when properly accounted
- for, could amplify the ground surface acce]erat1ons resuiting from bed-

rock motion.

This could lower the magnitude of the des1gn earthquake

and lead therefore to shortened return periods.

Fitzpatrick
PGA roughly 5.3 greater than 1000
RS roughly 4.8 ° roughly 300 to 4000

Maine Yankee
PGA
RS

roughly 5.0
roughly 4.5

Return periods are estimated average recurmrence inter

roughly 250 to 3500
roughly 50 to 700

roughly 400 to 6000

roughly 4.9
roughly 100 to 800

roughly 4.3

roughly 50 to 700

fough]y 4.5
roughly 20 to 100

roughly 4.0

:als Tor caringuakaes

of given size or grcauer over extremely long time 1nLLrvals (r*ny L3hns

;.e length of the return, period).

In no way are they m2ant to pradict

the actual occurrence or an eartnquake in a given year bhut rather the

average cheace of its happuaing,

Similarly the Timits of Lusse return

pericds- are not m2ant to derote strict boundaries in which all presznt or -

future estimates will be contained.

They are simply the bread band of

return periods determined from the interpolation and exircpolation of those -

studies examinad,

o0 earthqueke occurrance alone znd do not refer to
They provide lower becunds Tor th2 rziurn pericds for

nining or stiructures.

response spectra which could cause calculated stresses
these values calculated in the oricinal seismic analyses.

It should be emphasized that these return periods refer

assvnid response of tne

in ihe piping to appiroach
Consideraticn of

parameters such as the increase in allowable dampings for structures and piping,
ond soil/structure. interaction (where. app]xc*ble) would tend to prov1de &n

increase in this return period relative to the pipe strzss caleulat:
Extensive analyses would be reguired to.srovide en accur:zte

- increase for all of these p]ants.
upon the -compariscn of the soil/structure interacticn reinily
end the licensed spectra and dampings, the return pericds Tor carihguakes.

zd for desisn,

astimzta of this

‘o-cvrr, for Ccaver "']1-/ and Surry, bascd

'ses using current
with
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spectra for which calculated stresses in the pining would zporoach thair values
calculated in their reanalyses would tend to be roushly in iie range of these
given for the peak ground acceleration, rather than those given for the rcspeonse
spectra. .

PGA refers to peak ground qcce]eration and RS refers to response spectrum.




QUESTION 7b: Based on the reanalyses using acceptable procedures, what
are the recurrence frequency and magnitude of the earthquake
that would have resulted in stresses above the a11owab1e
Timit prior to any plant modifications.

ANSWER:

The review effort for the safety related piping systems on the 5 plants was
focused at determining the adequacy of the systems to resist the specified
earthquake design criteria and to implement any required modifications. It
was not directed at determining the earthquake level at which the systems as
built would reach their allowable stress limits prior to modification.

The determination tinat tiw stresses in a piping system are within allowable
Timits for the specified des1gn criteria requires not only an evaluation of
the stresses within the pipe itself, but also support and nozzle loads and
their resulting stresses. Add1t1ona11y, the seismic load is considered in
combination with other loads which also produce stresses in piping supports
and nozzles. This further complicates the estimation.of the earthquake Tevel
at which the allowable stresses would have been reached in the unmodified con-
dition. In addition, the seismic analyses of piping systems do not predict -
the exact stress levels in the piping under seismic levels. They merely pro-
vide stress magn1tudes for design purposes. It is impossible to uniquely charac-
terize the nature of the ground motion at a site as a function of earthquake
magnitude and to predict exactly the seismic responses of piping systems.

Using SSE design parameters and acceptance criteria (spectra, damping, allo-
wable stress limits, etc.), the earthquake peak ground acceleration level at
which allowable stress 1imits would have been reached in the as-built piping
systems may be estimated from the information we have to date for Beaver Valley
Unit 1. For Surry Units 1 and 2, Fitzpatrick and Maine Yankee, we do not pos-
sess sufficient information regarding the stress levels predicted in the un-
modified piping systems to make such an estimate. .

For Beaver Valley Unit 1, given the new response spectra based on soil/struc-
ture interaction considerations, reanalysis results to date indicate that six
pipe supports require modification, three snubbers must be added and at least
one branch connection reinforced in order to bring all pipe stresses, support,
and nozzle loads within their respective SSE allowable limits. However, many
other supports could not be found acceptable until the SSE seismic anchor
" movement load, originally included, was removed in accordance with current
ASME Code criteria. Several snubberS‘a1so could not meet original design




criteria and have been found acceptable after reevaluation of their capacity.
Without knowing specific magnitudes of overstress or overload conditions,

and given the acceptability of removing the SSE seismic anchor movement load
and the one time snubber loadings, about 95% of all calculated stresses,
support and nozzle loads would remain within their allowable SSE criteria

for a ground acceleration of 0.125g. Utilizing the extrapolations and in-
terpolations discussed in the response to 7a, this would roughly correspond
to an earthquake of magnitude 5.0 and would have a recurrence interval on
the order of thousands of years. The other 5% would require a substantial
reduction, to possibly as low as 0.05g, before they could meet their
allowable limits. Utilizing the extrapolations. and interpolations dis-
cussed in the response to 7a, this would roughly correspond to an earthquake
of magnitude 4.6 and would have a recurrence interval on the order of hundreds
of years or more. The same caveats discussed in 7a would also apply to these
rough estimates.




QUESTION 8: What are the estimated costs of the shutdowns of the 5 plants
in terms of dollars and barrels of 0i1? The underlying as-
sumptions should be stated. '

ANSHER:

NRC did not estimate a cost for the shutdown of Surry II, because it was al-
ready shut down at the time the error in seismic analysis was found.

For the other b]ants,.the operating utilities were contacted to determine cost

impacts. These costs agree with NRC calculations when the same assumptions
are used.

Beaver Valley

The replacement power for the 852 MWe unit is supplied by burning coal.  Assum-
ing a capacity factor of 74%, the monthly costs are $5.1 million for coal

- (11.23 mi1l1s/kwh), $0.8 million for purchase of power (1.76 mills/kwh) and
$0.5 million (1.1 mills/kwh) for increased cost of non-fuel operation and main-
tenance. A savings of nuclear fuel cost is about $1.7 million per month
(3.8 mills per kwh) leaving a net cost* of $4.7 million per month or $160,000
per day.

Maine Yankee

0i1 is burned for replacement power at $16 per barrel (27 mills per kwh) com-
pared to the nuclear cost of 3.3 mills per kwh. At a net capacity rating of
830 megawatts and a monthly capacity factor of 95%, 28,000 barrels of oil per
day would be required and the net cost* of replacement power would be about -
$450,000 per day.

Surry 1

The replacement power is supplied by burning oil at $18 per barrel (30 mills/
kwh) at a net capacity rating of 822 megawatts and a monthly capacity factor
of 75%, 23,000 barrels of 0il per day would be required and the net cost* of
replacement power would be about $340,000 per day.

Fitzpatrick

The replacement power is provided by burning oil at about $16 per barrel (27
mills/kwh). At a net capacity rating of 821 megawatts and at a 75% capacity
factor, the net cost* of replacement power is about $330,000 per day and re-
quires about 24,000 barrels of oil per day.

*The net cost is the cost of oil or coal minus the cost
of nuclear fuel not consumed. :




QUESTION 9: In the March 16 hearing, Mr. Denton remarked that much credit
for bringing the computer error to his attention goes to the
diligence of an NRC inspector who pursued the discrepancy in the
results of the old and new codes. Please provide the particulars
in a chronology of the surfacing of the discrepancy and an asses-
ment of the reasons for any delays. -

ANSWER:

As stated previously by Mr. Denton and reaffirmed herein, the NRC Inspector
deserves much credit for actively pursuing with Duquesne Light Company and
Stone and Webster Engineering the problem in pipe stress analysis. As the
enclosed chronology indicates, there was persistent NRC staff effort to ob-
t2in information that would accuretely define the safety issues so that
appropriate actions could be taken. An assessment of the potential safety
significance of the problem was considered throuchout the fact finding pro-
cess. The staff moved in a manner consistent with the safety significance
perceived at the time based on the information provided to the NRC. When the
cause of the discrepancy in the results of stress analyses was identified to
-ne NRC staff, prompt action was taken that led to the issuance of the Show
Cause Orders.

Attachment: Chronology Table




10/26/78

10/27/78

10/27/78

107 11/3/78

11/9/78

A

Prompt rebort LER 78-053/01P to NRC Region I wia

telecon from Duquesne Light Company. Reportad
information received from Stone and Webster that
hand calculation errors resulted—in-stress levels

" above ANSIB 31.1, 1967 but only in one case of six

flow paths.

Daily Report by Region I to I&E headquarters included
as 2 reportable occurrence - inadequate piping
supports during review of safety injection pipe
stress analysis by the A/E (SaW), several poimts

on the 6-inch and smaller piping were found to

be 1nadequate1y supperted. In the evemt of saiaty
injection system operation during a DSZ, 5 points
could exceed the code allowable stress. A design
change for safety injection piping supports will

be accomplished prior to wnit startup in mid-Kovember.

Written interim LER submitted by Duquesne Lickt
Company. DLC characterized the errors reported by
tone and Webster as resulting from 2 hand cal:uia..wn

method of .analysis.

IE Inspection 50-334/78-30 - Region I <ollowup on

24 hour report. Inspector raised a mmber of
questions including: What assurance can be given

to show that the calculational error applies enly

to the six points in question? To only the Safety
Injection system? To only the Beaver Valley Tacility?

Second interim LER submitted by Duquesne Light Company-

indicates that the original report was erronenus.. The
line stresses were thought to have been hand caleulated

~only, when in fact they were subsequently computer

calculated and found acceptable. DLC 21so indicated
that ‘2 full report on the s1tuanon was in preparation
by Stone and Webster, :




114-17/78

1/18/78

11/30/78
12701778
-12/04/78
12/05/78

TI06/78

-IE Inspe:.tnn 50-334/78-33 - Region I mspn:toré

followup but no information available cnsite.

Regien I Daily Report indicated a rerev-iew by
A/E found that the previously reported sondition was
erroneous and that no inadequately supmorted piping

-existed, 2 full report of the situatiom . is being prepared

by the A/E and a followup to the LER will be submitted
by the Licensee to NRC. .

Followup calls to site by the IE mspﬂ_c::or attempting

to seek additional mfomatwn.

Followup calls to site by the IE mspx::or attempting
to seek 2dditional information.

Followup calls to site by the IE insﬁor attempting
to seek additional information.

Followup calls to site by the IE inspe=tor attempting
to seek additional information.

LER 78-33/017-0. was submi‘cted to NRC by licensee.
Conclusion was that "corrective action has been

.reviewed, 2pproved and satisfactorily completed™. -

The repar" based on information supplied by Stecne
and Webster attributes the pipe overst=ess to difi-

erences between stiresses analyzed by PSTRESS code
- and those done by the chart method. Ii mentions

differences between PSTRESS and NUPIPE codes in
force summation but does not elzborat= on then.
¢+ concludes that PSTRESS used methods acceptable
for Beaver Valley Unit 1 generation plants. It
states that Reg. Guide 1.92 issued in December
1874 established for facilities docket=d aften

_April 1975 more conservative techniques for intra-

modal combinations of generalized lcadings. The
report states that ana1ys1s showed that -only one
safety injection system pipe required modification -
the addition of one snubber and the redesign of

one support. The attachment to this LER provided
additionz) historical informztion as Follows:




" * Duquesne Light.COmpany.reparted in an attachment

. to the December &§, 1978 LER 78-83/01T7-D that to
generate data needed for installation of 2 net
positive suction head modification.to the Beaver
Yalley Unit 1 safety 1naectuon system, they (Stona
and Webster) decidad to “code in" the six inch

* 81 lines into 2 currently used computer program
{(NUPIPE). DLC indicated original design used the
PSTRESS code. No results of an analysis at this
stage were reported by DLC to RRC.

Subsequent to the above activity the attachment states
the Beaver Valley Power Station was notified by

2 vendor that check valves in SI system were actually
heavier than used in design at construction stage.
This increased weight was used as input to the

2bove NUPIPE model and found not to "affect®™ the
piping design. The Architect Engineer (Stone and
Webster) also concluded that the hanger designs

need not be changed as a rasult of using the correst
(heavier) weight for these valves. However errors .
were said to have been discovered in the hand calcu-
lation method. It was determined that piping analysis
showed local overstress at several anchors but '
" no overstress in “the pipe" alone.

Per attachment to LER 78-53/017-0, a more thorough
evaluation was initiated to determine if "any other
‘annulus piping” originally desicned by the chart
(hand calculation) method was overstressed.

Per attachment to LER 78-53/017-0, licensee found tha%

SI lines had been "as-built”. reviewed in 1874 and that.

two of the six lines had been (2t that time) coded
into PSTRESS (not just hand calculation methoed).
The PSTRESS code was re-run using the correct

valve weights and resulted in acceptablie pipe stresses._’

Also per attachment to LER-78-83/017-0, Ticensee

states "The models run in PSTRESS and NUPTPE are
geometricelly similar; however, the mass distribution
and ‘support stifTfness are differenu Further, the
method oFf force surmation (intra-modal) is different. -
NUPIPE .ttilizes more conservative technigues for
intre-modzl combinations of generezlized loadings.

Ny
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.. " - These newer techniques arose foﬂowing establishment of

- Beaver Valley Unit No. 1 design criteria. 1In Decemder, .
1974, the USNRC published Regulatory Guide 1.52, apphcab'&e
to famhtws docketed after Aprﬂ 1875, which requared
the use of the more conservative conbmat'wns. The
PSTRESS methods used were accepted dynamic analysis |

- techniques for Beaver Valley Unit 1 generation p‘l ants,
and is the basis for all coputerized Cat=gory I §1pe
stress analysis psrformed™.

(It is RC understanding that results were unsatisfictory. .
on two of three lines, but snubber and scpport
medifications on one line reduced the. overstress
on the second 1ine such that no modifications on
thit, line wers necessary.) :

The pre December 6, 1878 review of annuics ssismic
piping was limited ¢o lines that had been previously
analyzed wusing the hand calculation methed (2-1/2
inch t0 § inch lines). 103 lines were identified,
£5 were reviewed and found acceptable. Licenses
noted that PSTRESS rasults were still available

for 48 of the 103 lines frea the 1974 2s built
review and were “acceptable”®.. -

Licensee notes its Engineering Department is “continuing
2 review of the architect-engineer ﬁndin-gs‘..

12711778 ' Followsp calls to site by the IE 1nsp=c._sr to seek
additional information. '

Region I IL inspzctoer telephoned NRR Licensing Project
Manager to obttain a2 conmtact for informal discussion of
technical questions. -
12712778 . . Region [ Dai‘iy Report - Further review of in-containment
‘ S] system p1p1ng Supports identified one 1ine requiring
support modification, attributed to an error in
original ﬂesmn cal cu'lanons.

12714778 - Regional inspzctor was telephoned by KRR individual
who w2s designated 2s comtact. Preliminary technical
Ciscussion was held abcout potential problems.




12/18-20/78

12/22778

1/18/7%

1723778 -

ibout
272778

2/2/78

2/3/78

3/1/78 -

" IE Inspection 50-334/78-34 - Region I $ollowup on

12/6 LER. During this inspsction, the inspector
reviewed the detailed report submitted to the licensee
by A/E and discussed the results of that review with
representatives of the licensee and A/E.

'Region I inspector discussed with NRR ¥ndividuals via

telephone questiong he had as a resul: of discussions
he had with SaW on 12/18-20/78. The RRC individuals
involved determined that therea was 2 possible problen.

Region I mail ed to IE Headquarters 2 memorandum
requesting that information be forwarded to NRR
for review. The memo defined concerns ¢o include:
1. Reconciliation of the differing zpalysis results -
to assure that the design methods irsed are
. neither incorrect nor unconservative.
2. The need for further licensee review of piping
potentially affected by any incorrect or
nonconservative calculation.

The IE Inspector prov'nded copy of the 91/18/79
memarandm to Licensing Proaect Manager .

Discussion between IE inspector and KRR project
manager determined that 2 formal transTer of lead
responsibility between IZE and NRR haZ not

been made’ of the 01/18/7¢% memorandum © NiR.

A formal reques for DOR's r.ngmeen rg Brench support

(TAC form) was prepared by the proj e:'.: manager.

IE inspector was informed by IE:HQ ..h: telephone
discussion had estzblished that NRR was working on
the problem and that 2 formal transfer of lead tn NRR
would be made. . .

During a2 conference call to DLC and SEW, 2 computer
run was reguested for DOR review. Since S&W
corporate policy was nct to provide such propristary
data, a2 meeting w2s set up for S&W to bring in

2 computer run Tor DOR review 2zt Bethesda. -



3/8/73

3/8/78
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" A technical meeting was held between DLC, S&W, and

the NRC staff to discuss and review the PIPESTRESS

and NUPIPE codes. The NRC approachéd the review

with the belief that the two codes were acceptable -
and that some modeling or input pretlem created the-
results in question. It was revezled that-the ———— -
PIPESTRESS code used an algebrzic summation of

seismic loads which in the absence of a detailed

time h'lstory ana‘lyns, gave unconservative results

in the seismic stresses. Hanagement was immediately
inforned and.2 management '!eve'l meeling arranged

ymh DLC and S&W. .

A management level meetmg was ho]d with DLC ard S&W to
arrangz for irmmediate review of the Bzaver Valley

pipe stress zanalyses. Commitments were requested of
S&W to identify the Systems and plants involved, the
inadequacies expacied and the reenalysis to comfimm
safe operation. Ko definitive information was :
available at that time. DLC was reguested to kave {ts
plant safety c:mmt tee review the situation.

Numerous staff meetings were held at Bethesda
scope the problem with respect to the effects i€ 2 seismic

" eavertt were to occur. Telecons were made to S&W

on the schedule of commitments for further infecrmation
on Beaver Yalley. The other utilities identified
by S&W as having plants with the same probiem were

‘notified. These plants and utilities were: Fi apa.rnk

Power Authority of the State of New York; Maine
Yankee, Maine Yankee Atomic Power Cc‘npany, Surry
1 and 2, Virginia Electric and Powzr Company.

The Chairman was advised. Three staff members were
sent to Boston to provide immediate review and
ana‘!ys1s of results. DLC sent eight pecple to Boston
to assist in exped1t1ng the review.

In view of the pr-ob'lems and with the DFfsite Safety Review

Comrnittes conzurrence, the Beaver Valley bnit 1 was’
placed in hot standby for the weeksnd by DLC

ot

to awz2it further zna2lyses from SaW.

:aff meetings continued as piesces ¢f information
were fed batk from Boston. The 1&:Z Duty Officers
were 2dvised of actions. The KSSS vendors:-for the
plarits were contacted t0 assure nc cther codes for

~




3/11/79

3/12778

pipe stress durmg that period used the same al gebraic

approach. A DOR Assistant Director wes semt €0
Boston to provide management review-2nd coordination.
S&W's computer was dedicated full -time to these
stress ca2lculations and extended work hours for data
reduction was instituted for S2W stzff. MRC options
were explored and draft materials developad to
support appropriate action based on the technical
results beconing availablie on Beaver Valley.

.Eaﬂy S&W reznalysis results on Beaver Valley runs

indicated problems with p1pes as weﬂ (originally
thought only supports). Licensees'-top management
was contacted to assure action underwzy by all

p1a-nts to identify inadequacies and cbtain reana2lyses
o7 stresses in all affected safety systems.

Additional ¢nformation from DOR staff in Boston
confirmed pipe stresses above allowable and unaccept=-
ab'le.

Arrangemants were made to brief the Commission

- on this matter. All the licensees were notis 1ed‘ of

2 pending decision.

In view cf the satety si gm"nan:e of this piatter as.
discussed above, the Director of the DFTice of
Nuclear Reactor Regu‘latwn proposed to the Commission
that the public health and safety reguires that

the present suspansion of operation of tha fTacility
should be comtinued: (1) until such time as the
piping systeas for all safety systems have been
reznalyzed for earthquake events to demonstrate
conformance with General Design Criterion RNo. 2.
using 2 piping analysis computer code which does’

not contain the arror discussed above, and (2)

if such reana'lys1s indicates that thare are camponents
which deviate from applicable ASMI Code requirements,
until such deviations are recn fied. The Commission
concurred in the NRR Director's decision. -

Prior to the NRC fin2l dezision to order the piants
shutdown, the Beaver Valley Offsite Safety Review
Committee recommended the faci‘lity be placed in
cold shutdown based on the dztz and angliysis resieves
from S&x. The DLC orderes the plant shutdowa.
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3/1&/78

2/16=17/78

.The licensees confirmed by telecon that the Brders
were received and provided times when each

facility would be in cold shutdown. A1l facilities
will be a2t or below 200°F by 10:40 p.m. on March 15,

© 1879 in conformance with the Order.

Subsequently 211 affected licensess were notified
by telephone that the Orders were executed =nd that a
copy would be transmitted by facsimile.

Meetings were held with Stone and Webster with the
tilities to discuss acceptable methods of zmalysis
for interim and long term fixes of the pipimgm and
supports.



QUESTION 10: Please provide available information on the recent earthquake
that occurred in the vicinity of the Maine Yankee plant. How

does it compare with the operating basis earthquake?

ANSWER:

A small earthquake (magnitude 4.0) occurred on April 17, 1979 at 9:34 p.m.,
local time, near Brunswick, Maine and about 10 kilometers west of the Maine
Yankee Plant site. The earthquake was felt over a broad area of New England
and was recorded at many of the NRC-supported seismograph stations of the
Northeastern U.S. Seismic Network. An intensity investigation conducted by
MIT suggested that the highest intensities were MM (Modified Mercalli) V. -
No damaged resulted anywhere from the earthquake. At Maine Yankee the licensee
informed the NRC that the earthquake was felt in_the control_room but not in
the containment. According to the licensee, there was one operating

strong motion recorder at the site (trigger set at 0.01g in the vertical
direction) and the earthquake did not trigger this device.

About 30 aftershocks were recorded in the first 24 hours following the earth-
quake. The largest of these aftershocks was magnitude 2.8. A plot of the
apicenter locations describes a cluster of events centered approximately 10
kilometers west-northwest of the Maine Yankee site. There are no known
structures in the vicinity of the earthquakes which the NRC staff believes

to be localizers of seismicity. '

. Approximately one day after the magnitude 4.0 earthquake, personnel from the
Massachusetts Institute of Technology and the Lamont Observatory installed
networks of portable seismographs in the epicentral area to record after-
shocks.. They monitored for several days and recorded only one aftershock.

Two additional aftershocks occurred on May 11 and 13, 1979. Their magnitudes
were measured at 2.3 and 2.7, respectively.

The NRC provided instrumentation for a sensitive portable seismograph network
in the epicentral area to attempt to detect and accurately locate any additional
aftershock activity. Weston Observatory of Boston College installed these
stations about June 1, 1979. The Maine Geological Survey maintains these
stations and performs preliminary analysis of the records, and Keston Observa-
tory performs detailed evaluations of the data. Very small earthquakes (about
magnitude 1) were detected on June 6, 1979 (two events) and June 18, 1979 in
the vicinity of the magnitude 4.0 earthquake. This portable network will

remain in operation through July, 1979 and will operate after July only if
there is additional activity. . .

e e e e 4 ¢ e,
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The NRC staff concludes that the Maine Yankee site did not experience
ground motion exceeding the Operating Basis Earthquake (OBE) from the
April 17, 1979 earthquake because:

1) The maximum intensities observed at the site are associated with .
ground motions less than those associated with the OBE.

2) The earthquake did not trigger the strong motion recorder at the site.

As noted in the answer to question 7a, the response spectra for the 0BE using
current NRC regulatory guide spectra approximates a magnitude 4.0 earthquake.
Given the wide range of expected acceleration levels, another earthquake of
the same size as the April 17, 1979 event located near the site might equal
or exiaed the OBE. '
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QUESTION 11: One of the plants ordered shut down is the_Sﬁrry Plant which
served as the model PWR for the Reactor Safety Study (RSS).
The RSS included an extensive design adequacy study.

(A) What was the finding of the study team with respect to
- the seismic design of Surry?

(B) What are the ramifications with respect to future
quantitative risk assessments? ‘

.

ANSHER TO 11A:

The Design Adequacy task of the Reactor Safety Study is reported in Appendix X
to WASH-1400. The method of combining modal inertial forces is discussed in
Section A6.3.3.1 of Appendix X (pp. X-47 - X-49). -This discussion states that
"The method of combining modal inertial forces in the principal directions to
determine seismic stresses is not correct.” However, it was the understanding
of the Reactor Safety Study Group that the absolute value of the model forces™
_ were combined, rather than the algebraic values. Thus, the Reactor Safety

Study concluded that the methed used ¥... leads to conservative results...".
We now know that this understanding was incorrect. The general findings of
the Reactor Safety Study regarding the seismic design of the PWR analyzed
(Surry) are presented on p. X-3 of Appendix X and are quoted below:

- L4 o : - CY i 1 i deSign. Of
w . 30 PYR items were examined with regard to seismic s not
Jor d to be adequate (83%). ODesign adaquacy Wi
these, 25 were foun q (reactor coolant pump nozzles,

smonstrated for five items (17%) . P |
?;Eagzggagifety injection system instrumentat1oq, rec;iculgﬁion
spray pump outside containment, the diesel QQQE’Atqrf‘fﬁ tion’vas
and the AC and DC switchgear), because sufficient 1n g\hi : 'For
not available to permit an assessment of adaquacy tg e wa'zétion
three items (the containment crane, the 1ow.he§d Si‘etﬁ lggt ke
pumps, and the reactor protect}on sygtcm), it haf .ound ¢ 2 cenic
design was adequate in that failure 1s}not expecied un.erb 1;;5 chan
ovcitation. However, the margin to fa1!ure'was fougd tO' ?‘fication
that normally expected considering applicable code and ngu; ieat!
requircments because either: (1) errors were found in as égsts S e
used in calculating stresses; Or (2) seismic qualification

"
not sufficicnt]y comprehensive or were not performed.

(Note: No seismic modifications to the Surry Power Station were made as
a result of the RSS conclusions.) :



ANSWER TO 11B:

The impact of seismic design deficiencies recently identified has been es-
timated to increase the risk and overall core melt probability by a factor

-of 3 to 4 over that estimated in the Reactor Safety Study. With respect to

future quantitative risk assessments, this deficiency, plus analyses per-
formed by others on seismic risk potential suggest the following:

‘1. A comprehensive design adequacy review is necessary when considering

the response to loadings not included in the available data base,
e.g., severe sgismic events.

2. A definitive need exists for improved modeling of the seismic contri-
bution to risk. In this regard, NRC has a large ongoing seismic
research program which is intended to provide the information needed
to define the seismic risk contribution more precisely.




QUESTION 12: Please 1ist all nuclear power plants that have been exported
' from the United States that were designed with the aid of the
erroneous computer code involved in the five plant shutdowns.

ANSKWER:

We are unaware of any nuclear power plants. exported from the United States
that were designed with the aid of ‘the computer code involved in the five
plant shutdowns. However, we are aware of a number of foreign organizations
which have entered into Royalty Agreements with A. D. Little, Inc. of
Cambridge, Massachusetts for the right to use ADLPIPE, a computer code

which utilizes the algebraic summation technique. A list of these organi-
zations is included in the attachment to this response.

¢
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April 19, 1979

Mr. Vincent S. Noonan, Chief
Engineering Branch
Division of Operating Reactors
U.S. Nuclear Regulatory Commission
Washington, .. 20375

Dear Mr. Nooman: ' . 98705

I an enclosing a memorandum which confirms the information furnished
at a2 meeting with you and other members of the NRC Staff Monday
afternoon, April 16, 1979.

I an sending a copy of this letter (and its attachments) to Johm
G. Davis, Acting Director, Office of 1l-soection and Enforcement,
under cover of transmittal, a copy of whicih is attached for your
information. : :

A copy of this letter and its attachments are being sent to the
organizations listed in Appendix II, who are ADLPIPE licensees.

As discussed at our April 16 meeting, we will verify the five
bench mark problem soluticus (after reseipt of the problems from
NRC) published in ENL-NUREG 21241-RS and BNL-NUREG-23645 utilizing
the present version of ADLPIPE, February 1977, Version 3C.

If vou desire any further information. dc nct hesitate to call.
Very truly vours,
\ ~
dﬂ/e.(&u.f7 corelA—
. W. Dingrell
sp

Encilosures Memorandum
Letter to John G. Davis from I. ¥. Dingwell of 4/19/7¢0
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A Srief Historv of ADLPIPE (see table 1)

Archur D. Little, Inc., first prepared a program in 1952 to compute
the flexibility and thermal deformations of piping svstems for a
private firm. An ASME paper was delivered in Aptil 1956, "The 6X6
Matrix Method of Piping System Stress Analysis". Lacer during the
liquid oxygen fueled ballistic missile program, Arthur D. Little,
Inc., adapted this program to make dynamic analyses of missile fueling

systems.

A new program, ADLPIPE, was developed in the period 1967-1968, first
for the static (deadweight, thermal, external force, applied displace-
ment) analysis of elastic piping systems. The program was written

in FORTRAN and designed to be independent of the particular computer
system used. The second development--also in 1968-~-{modification one)
was for the dynamic (modal) analysis of lumped mass piping systems.
The transient loading was described as a response spectra.

Following a prototype development period, a version was delivered in
August 1970 which enabled the user to implement ANSI B31l.7 “Nuclear

Pover Piping". This version could not produce a full stress report

but gave stresses for particular loadings. In 1972 a version was released
which enabled the user to produce a partial stress report to meet the
requirements of ASME Section III. 1In 1972.this version was relcased

to Control Data Corporation Cybernet. In 1973 the cemputition of facigue
uszge factors was completed. In 1974 a version was released for the
utilization of ASME Section III, 7Tlass 2. 1In 1975 a force time history
analysis was included for the calculation of hydraulic transients. At
the same time a one-dimensional thermal transient analysis was developed

for che requirements of ASME Class 1.

In 1976 the automatic computation of scisaic aﬂa]v5c= in accordanc= with
Regulatory Guide 1.92 was developed cacd checked. The complete matrix
anzlysis portion of the program was rewritten based zenerallv on the
cechniques of SAP IV with some improvements in the mztrix storage methods.
.7 addition, a. post-processor was developed which allowed the user to
make load se: combinations for use in zpplicaticns ether than Reogalatory
Guide 1.92. This version was released In February 1977 and upgTaded in
December 1977 and September 1978.

In the period 1968 to 1973, ADLPIPE was the onlv computer program (which
was available to the public) for computing piping responsce to various
stzzic and transient loads. oOther prosrans were in use, hut to our
knewledge, these were propticL;ry and not available Jor zeneral use.

Fre= its 1nceytxon, ADLPIPE could be u:zl-zed for 3 wzriety of stress
ca’zulartions not involving nuclear percer piping. In 1¢75 applications
were extended to meet the reauiremenis of chemical flant and refinery

Piring and petroleum tran.portation pipinz. :

Arthee D avde Ing



1967
1968

1969
1970
1971

1972

1973

1974
1975

1976

1977

1978

TABLE T

DEVELOPMENT OF ADLPIPE

Development of static load version

Delivery of static version
Delivery of prototype dynamic version

Delivery of static dynamic B31.7 version

Inclusion of ASME Section III Class 1
Inclusion of closz2ly spaced modes®

Inclusion of ASHME Section 1II Class 1 uscgze factors
Inclusion of Metric units

Inclusion of ASME Section III Class 2 zaadé 3, B3l.1l
Revised input organization

Force time history analysis
Transient thermal analysis {one-dimensional)

Inclusion of 1.92 modal summation (grou) method)
Inclusion of post-processor for new 1.%2 summation

Revised matrix storage and solutien

Arthar D ade Ine



Modal Analvsis by ADLITPYE During the Perlod 1968 Throuch 1676

In this period of time, ADLPIPE was licensed to sevaral clients and
released beginning in 1972 to several nationwide ccmputer service
bureaus. A listing of ADLPIPE versions and documentation is given
in Appendix 1. The names of ADLPIPE licensees and the cffective
dates of the license agrecments are given in Appendix II.

The development of the scismic analysis method was guided by available
literature and the desipn requirements of our clients. A method of
analysis was developed which was explained by two documents published
in 1969. These are enclosed as Appendix 1II, "Modiiica:xon One=-
Response to Ground Shock Spectra'" and Appendix IV, "Development of
Modal Participation Marrix for Ceneral Three-Dimension Shock Input to
Lumped Dynamic System". 1In Appendix III on page IIZ=3, 1 state "the
modal amplitude, q_, is thus evaluated as a scalar suozation of the
products of the nch vector of the modal psrtzclpatlcn zatrix and the
spectra amplitude (D,) '. The "spuctra amplitude" means the spectra
displacement components in the principal cocrdinates of the piping
system. From these modal amplitudes, a set of displacenents for each
mode of response is computed. At each point in the piping systen,
!:hree modal moment components are then computed, one of each principal
iaxis. - Each component was then squared and then the square root of the
‘sum of squares was taken. to combine the effect of all modes. This
concept was used to model earth motion along a vector vwhich was not
necessarily aligned with a principal axis but was skew and was decom-
posed to three components. The reason for this development is shown
in Figure 1 (page 4)-where a structure is not aligned with a global
coordinate system. An earthquake is assumed to act perpendicular to
one wall of the structure. Mathematically, the skew axis of the
earthquake is decomposed into two horizontal components in the global

3xes.

— - -

A user could calculate earthquake response with a vertical component
and a single horizontal component i (e LwD axes ware decoupled com-
bining several such analyses to create a worst case effect. A user
could make three or more different analyses, one for each principal

axis again combining the results.

Users who made a single analysis using a tri-directional earthquake

would have printed out 2 single set of modal moments. II one isolated
each response spectra component by a separate analysis and computed three
sets of individual moment components, the resultant from the single tri-
direcrional analysis would be the algebraic sum of each individual component
fur each earthquake directional component. The uprer level would be the
absolute sux of the intra-modal components. The lewer isvel could be

Zero within a mode. However, it is my view that th: inter-modal suizmation
using the scuare root sum of the squares would not =e zerc and, in Zae:x,
woulcd not vzry greatly (#33 percent) from a2 square reot sum of squares
{(SRSS) intrz-modal summation. A numericzl example is givern in Appendix
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UNIDIRECTIONAL EARTHQUAKE WITH SKEW COMPONZNTS

! <
% Com@, <—-N - f
TN A
™,

AN
4
x

Fé“""-..‘,- bAsars ¢
b4

2

v

‘0

A

genme  evenc em

7

w
s

A

forr i b de in



-~ L ];’.7"‘.

V, "Dvnamic Analysis dy ADLPIPE"™ which | distributed in 8§ sonbor
Prior to 1971 any combination of loads or earthquakcsz hza’ to be =ade

by hand or by another program. In 1972 I released z sux=z:zicn przce-
dure which enabled users to combine loads in accordance «wizh B31.7 and
Section III criteria. 1In 1973 the computation of fatigue usage factors
was released, which included the cyclic effects due zo various earth-
quake compomnents. If these summation techniques were usec, the user
could input several transient (earthquake) loadings znd coz=bine these
loadings, one by one, with a sustained loading (deadweight) to achieve
a "worst case" stress calculation.

Modal Analysis by ADLPIPE buring the Period 1977 to the Present

A new option was made available in ADLPIPE in February 1¢7

77 for the
computation of earthquake response in accordance with Rezulatory Guide

" 1.92, Revision 1, March 1976.

In addition, a pest-processor has heen developed which cuiblos Ths
user to make a number of combinations of directional =2arthzuzkes zffects

not included in Regulatory Guide 1.92.

Verificarion of ADLPIPE

Verification of ADLPIPE was undertaken in a series o {fum-<-meatal checks.

=zroC as an ADLPIPE .

In important modifications a supporting document was pregare
reference. The verification procedure was as follows.

The thermal and deadweight loadings were checked by z Hovgzard Bead and

4. ¥. Kellogg,

hand calculated systems given in "Design of Piping Svstexs™, .
Second Edition, 1956, and "Formulas of Stress and Straia", R.J. Roark,
McGraw-Hill. '

The dynamic analyses were checked by "Respomse of Structurzl Systzms to .
Ground Shock", Shock and Structural Response, ASME, 1960, in "ADLZIPE
Results of Model Given by Young (ADLPIPE Reference 4). ani "Dvnamin
Behavior of a Foundation=like Structure", Mechanical Inde¢-encdence Methods,
ASME, 1958, in "Experimental Verification of ADLPIPE Med :" (ADLTIPE
Reference 3).

The time history analvsis was checked by a scparate .zmalvsiczl scluzion

of the problem given in "Analytical Methods of Vibrationz,” paze 3935,

Leonard Meinovitch, "ADLPIPL Time Histo::r Response C:Im 2 owith oz

nown Solution for a Heavily Damped Svstem (ADLPIPE ;.2 . A
Cemputer

sccond check was made using "Pressurc Vesscl and Pipinmg 2372
Progress Verifiecation", ASHE, 1972 (Problem 5).

The thermal transjient amalvsis was veriidied Ly a sepirrze solivsls, "Tran-

fmmo.nioadr

sient Thermal Gradicnr Stresses', E.o L. Dranci, Heatlno, 00 ipwe o

M
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Conditioning, Volume &3, 1971, pages 152=2 e, "i0000ND Thermal Tramsient

Analvsis" (Reference 13).

been verified by a separate computer program for that purpese. A
report "ADLPIPE Modal Response Combination for Clossly Spaced Modes", is

available as ADLPIPE reference 24.

Various calculation procedures required by ASME Section I1I were verified
in ADLPIPE references 10, 11, and 18 entitled "ADLPITE Computation of
Bending Stress in Tees and Branch Connections, ASMZ Section III, Class

1 Piping", "ADLPIPE Cemputation of Resultant Mormern:s for Scetion III
Class 2 and 3 Stresses', and “ADLPIPE Stress Computation of Piping Compo-
nents: A Comparison with Hand Calculations for ANSI B3l and ASME Scction

III."

In 1978 an‘independent third party review of ADL?IPE (Section III, Class

. 1) was performed "Verification of ADLPIPE, ASIIE Seccion ITI, Class 1

Piping Stress Program", Teledyne Engineeriayg Services, Report No. TR-
2884-1, august 11, 1978.

_ ADLPIPE Development Folicvy

The following policies have been in effect during ths development of
ADL?IPE:

1l. The details of calrulation processes ares avzilable to the
public by free discribution 2f opurating manuzl. and reiorences.
These are tabulated in Appendix I. Each majcr new feature
of ADLPIPE is documented for user review.

2. Program listings are made available to licensees. Licensees
are not restricted from making program changes.

3. ADLPIPE is periodically imnrowed and wurlatasd znd licenseas
are notified cf zhe modifications at the fime ol the release
of the modified versioan.

4. ADLPIPE is hand checked wherever possibZe. *#hen this is not
poesible, ADLZIZE is checliad L7 experinoinzal results O Lue

resuits of other calculation procadures. Every modificatinm,
large or small, is checked.

S. Special versions of ADLPIPE will be written to a licensee's
- specification.  However, the vergion of ABLFITE reloased to
computer service bureaus generalls does act have such special
~addicions. '

6. O0ld versions of ADLPIPE are not retained B sreiar Do Little,
.Inc. 1Instead, deginnine in 1972, cll now versicons of ADLPIPEZ
were backward iIntegrated. The prosent wersisn of ADLPIPC

Sudhve D adde I




maintains all past features which have dezn =zde zvailable
to the users during the period 1971 to 167¢.

U ,’)W‘?M
I. W. Dinfwell
Arthur ). Little, Inc.
Cambridge, MA 02140
april 19, 1979
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APIPEADIX 1

ADLPITE VERSIONS AND DOCUNELNTII X

Version Documentation and Fea:urcs

April 1968 ADLPIFE Thermal, Static, Dyncmi- Fipe Stress Analysis
Operating Manual, undated.

April 1968 ADLPIPE Modification One: Thzsr=al. S:atic, Dynamic Pipe

August 1970

January 1971

July 1971

September 1971
Novefiber 1971
December 1971

June 1972

July 1972
December 1972

September .973

A e R 1, ALY i Fer o S e A ) ST e bt e R 3

e T i T e L S ey aans

Stress Analysis: Operating XNznual, first version dated
March 26, 1969. Features: T:zrmzl, deadweipht, external,
acceleration and shock loads; sinzlc load stress analvsis; .
code - B3l.1 (1955). ;

ADLPIPE....Static~Thermal-Dynz=ic ?ipe Stress Analysis
dated August 15, 1970
New Features: Code = B31l.1 (.927.; equatioms 9-13, B31l.7

ADLPIPE....5tatic-Thermal-Dynzxzic ?ipe Stress Analysis

dated January 15, 1971

New Features: Four modal summzoica techniques: maximum,
maximum ané scuzre2 root sux of squares of
remaininz modes, scuare root sum of squares,
absolute; sguarz rcat sum of squares for
stress cwlculacticas

ADL?IPE....Static~-Thermal-Dynz=iz Pipe Stress Analysis

dated Apnril 1, 1971

New Features: Stress summary rspc-t, B31l.7 for multiple
loads

ADLPIPE.....Static, Thermal, Z:nazic Pipe Stress Analysis
Input Preparation dated April .. 1372
New Features: ASME Sectien IZZ. Class 1 (1971), summary
stress repert ¢ =ultinle loads; closely
spaced medal s .m—z2zion
References: 1. ADLPIPE Mathzmzti:zzl Analrsis and
Logical Preccedurs
2. Section III fzmpl:z Pretlenm
3. Ezxperirent:! Toriigacien of ADLPIPE
4. ADLPIPE Rasulzs :I Modal Given by D. Young
5. ADLPIPE ¥ocdiZi:zzzion I, Response to Ground
Spucira _
6. Developnoent o2 ¥olial Partic’iration Matrix

for Genceral Tarce Ziz:znsion Siock Input to
Lumped Dyvanmiz Srszser
ADLPIPE.....Static, Thermal, l-nimiz Pipe Stress Analysis
Input Preparation dated .ovil -0

Enzlish and Mzooi: cnits: summary Stress
Teport, CToerten TI7 Diass T (1971); fatigue
anslesis (00 Tooradend] outpats:
isometrics fer ir-l7 Shoecning, dinensioned
= = -7 deformed piping

New Festures:

Cisometrics.,

Asthur D Lstde Ine
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May 1974

April 1975
July 1975

April 1976

References: 1. ADLPIPE Mathematical Sasalrsis and
: Logical Procedure
2. Soction I Sample Preblorn
3. Experimental Verifieazioa of ZDLIMIPE HOD 1
4. ADLPIPE Results of Modsi Give=z by D.
Young
5. Generalized Piping Syste= Resannse to
Ground Shock Spectra
6.- A Method of Computing Stress Range and
Fatigue Damage in a Nuclezr Pipinz System
by W. B. Wright and E. C. Rodzbauzh.

ADLPIPE.....Static, Thermal, Dynamic Pipe Stress Analysis
Input Preparation dated May 1974
New Features: Codes = B31l.1 (1973):
1, 2, 3
7. Section III Sample Proble=, Class 2, 3
8. ANSI B31.1 (1973) Sample Froblem

Secczion IZ1, Class

New References:

ADLPIPE...Static an” Dynamic Pipe Desigzn azd Stress

Analysis: Input Preparation Manual datec Januzry 1975

New Features: Revised input organ-zat-.n (gecmztry and
execution decks)

New Reference: 9. ADLPIPE April 1975 Release

ADLPIPE...Static and Dvnamic Pipe Design and Stress

Analvsis: Input Preparation Manual dazof Januzr-y 1976

New Features: Section III Class 1, 2, 3 (1974:; force

time history dvnamic analy¥sis

New References: J. Documentation of ADLPIPE Ier Static

' and Dynamic Loads and Stress Ivaluation,

September 1973. ‘
6. A Method of Cemputins Stress Range
and Fatigue Damzgze in a Wiclezr Piping
svaten, W. b. Wright anc L. C. kodabaugh,
Nuclear Engineering and Desizz, 22 (1972).
7. Sample Stress analvsis of ASME Section
I1IT Nuclear Class @ a=i Class 2, 3 Combined
Piring Svstem and aNST T3I.1 (1973) Piping
Svstem Ccmputed by FULPIPE.
8. ADLPIPE Shew Card Test Rucm, July 1975.
9, ADLPIPE April 1976 Releasc.
10, ADLPIPE Computat fon ol Bending Stress in

Tees :nplxl Braneci (:nnnu-L: i, SAME Scection Ll

Class ' Pipinz, Juix 2375,
i1, ADLYIPE Cemputaticn ~7 Resuitant Moments
for Seetion 111 Class 2 ol 3 ostresses
) -IH::.' .(}1' 1. . .
) C 20 ADLYIPE petectd ind Reduscion of Numer-
jcal .oun--s:: Tar with azs and Stiff

or
7

orhersy i G
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Rovalt- Agrecments

Northeast
Utilities Service
Company

= 1/01/77

- COMPANY ADDEﬁDUﬂ ETFECTIVE DATE EXPITATION DATC
Black & . 10/04/74 " perzeczual
Veatch
Blaw-Knox - 10/0%/67 - perretual
Brown & Root 11/07/75 perczetusl
Burns & Roe 7122777 perrecual
automatic extansion:
P.O. 8/19/77
1 PENDING
Comision 7/ 174 perpatual
Federal de 1 2/23/76
Electriecidad
Framatone 11/29/72 perpstual
1 11/16/75
2 7/20/76
Gibbs & Hill 2/20/70 Tperpetunl -
7/06/72 perpstual
1 11/01/78 auto=atic exutension
M. W, Kellogg 5/12/70 perpezual
Company" "
Charles T. 11/198/75 11/1¢°76
Main, Inc. P.o. 10/26/7% narpestal
. Montreal 4/18/72 pespetual
Engineering 1 6/25/75
Company &
Monenco Comput-
ing Service Ltd.
? auzcnazic exteasion

Power Piping Co.

5/12/70

Sahin Dy hatie I
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Royaltv Azreements (cont)

" COMPANY ADDEXDIM EFFECTIVE DAT

EXPIZATICN BaTE

Sener Ingeniera y 2/01/72 perpatual
Sistemas, S.A. 1 10/01/73
e 2 6/16/75
3 5/01/77
4 11/01/78
United 5/20/70 persatual
Engineers
& Constructors
Westinghouse . 11/27/67 perratucl

Electric
Corporation
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APPERDLN 11

v, MODIFICATION 1:  RESPGNNR To GRRig - 0 GG

The basic approach to be used in computing the reaponse of piping
systems to ground shock inputs in terms of displacescnt {or velocity ar
acceleration) spectra consists of pencrating the dvnasic propervties of

the system and applying a modal supurpesition method (or nornal mode

methnd) to define the structural responsce to the shocis inputs. The for-

mulation in terms of normal modes follows gencrally thie form discussed

by Youngf;) As formulated in this reference, the ceatrihutions {rom

the individual normal modes are defined in terms of a ncdal participa-

tion factor which depends uvpon the nommal siiape (eizemvestor) and the

distribution of the i.ad over the structurc. G.i= —ulation is appli-

cable, however, Lo systems excited by one-dimunsicnal si»wi only, i.c.,

with the inerrisl elements restricted to motjons in z ;lune. For the

general three-dimensional shock input and response casc, the contribu-

tions of the normal modes can be shown to be dcfineé in z modal partici-

pation matrix.

A description of tie steps leadiag to the cotorminagiien of tae re-

sponse due to ground shock is given in the followiaz parazrapiis.

A. Calculation of "Reduced"” Stiffness Matrix

In order to define the normal modes of the pipinug srstens, a flexi-
i L S Lhe mass

bility or stiffness mctiix relatiny Jorces and U Tle
points in the system must be generated. Foliowin: t.e rroccdure in

an W by N array

n

ADLPIPE, a network stiffness matrix is first fored
for a system of N netwoary paints. (Fuch of the o Nz 3 Torss" are

6 x 6 subsets.) The numbering of the networi poinis is -arried out in

e, e inlerior

Loe fn]luwinn priority:  fivst, Lhe mans peintsg oo

P . . . HETS
L S EAACACIRR ITY T I P 9N

branch polatsy and finally, the anchor pointo. i

1. Youny,, liana "K(-.-;lmn':-' aof Structaral e e
and Structural Kesponse, American Sceecicts o M 0 oloal Rnsiocers,

e Y., JUOU.

til=1i

Arthgr D Litltlc Inc
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thus formed will be orderced as indicated belos:

A mass points sub=malrix
B,.D, E " interior points sub-aatrices

C, F, G, ll, I anchor points sub=-matrices

As shown, the matrix is particioned into the tiiree cateporics of network

points. The formation of the complete matrix is carried out by ADLPIPE.

The rows and columns corresponding to anchor points arc now deleted

from the stiffness matrix, leaving a matrix characterizing mass points and

interior branch points only.

represents deflections at the mass points, and \l reprosents Jdeflee~
HETIR FYNTIINEY §

a
0
tions at the interior branch points. similarls:, r“ repre: . o

loads at the interior hranch points. In-the case

the maés points, and Fl

of free vibration, the .loads FO are inertial loads due te the =ass points

and the loads Fl are zero siace interiur networi: points are o: loaded.

The equations then become

From the sccond equation, 'A, = =F I e Nuhesgitutiarn ialn tine first

cqualion

Arthur D Little inc




deflections at mass points.

This results in a "reduced” stiffaess matrix, relating the forees and
This matrix is an n x n array where o s

the number of mass points. For inertia loads, this malriy cquation may

be written as

e s . e
B S Bl
~1
where I\R = (A-B E D)
B. Calculicic~ of Nerral Modes . ]
The eigenvectors, AO’ and the cigenvalues, “os for vach of tLhe
o :

normal modes arc computed by solviny the matrix cquation

for each of its n characteristic solutjons:  This cquation may be

solved by iterative procedurc when put into the form

This transformation is performed by deiining

o yl/2 172

M=
and vV .= Mllz A
n : O
. 11
thus defining the matrix A as i
-1/2 :
A= e W/

N

It assures that the iteration will converye and boave real and positive

. 2
c:;:vnv;lluvs( ).
- 2. wada, B. Stiffuness Hatriz Strw tural anale i .0 Jet Propulsion

Laboratory, Techaical Keport ol Ue=700 Octaher 1, 1960,

Thi=7
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With the matrix cquation in this torm, the itoaative procecs will
converge most readily on the ecigeavalue having the larpest mapnitude.
For grohnd shock response nﬁplicntiuns. it s murv.dvﬂirdhlv for the
process Lo converpe most fcadily to the smallest cigenvalue.  Conse- e

quently, the matrix cquations are put in the inverted form

where - C=aA " and An = l/m;

and application of an iterative method, such as the Stodola method,

will producé the successive modal frequencies (cipenvalues) and modal

columns (eigenvectors) oi a system in asceadinp order.

An alternative solution technique, which has been utilized in

ADLPIPE MOD 1 is the Jacobi method (3). In tiis proccedure, all of the

eigenvalues and eigenvectors are produced simulrancously with cnual.

accuracy. This method may, therefore, cmploy the matriz ecquation in

either form (i.c., with eigenvalues J/w: or .w)' In M00 ], the sccond

form, in terms of in' has been used. The modal fruquuncics are stored
in a “frequency vector", and the modal columns are stored in modified
form as columns in a "modal matrix". The modal columns arc modified by
first converting the Vn back to médal deflections \0 and tiien by nor-
malizing the column. Each of the set within a modal coliman, Jin.'now

represents a normalized deflection of mass i in mode n.

C. Calculation of :Equivalcnt Static Deflections

As indicated in the appendix, the modal amplitude U, is shown to be
given by the expression '
q =0 % ()
n g n
3. Greenstadt, J. "The Determination of the Charaeterisie Rn-!‘(:-; of a

Matriz by the Jacabi Method™, Cihapter 7 o Hotivermat il Mot i
for Dirital Computers, John Wiles, New York, 1999, A :

Arthur D Little Inc



where 'i‘“‘. is the modal participation matriz and O, ), in tine shoeck fne
put displacement for each courdinate and for cach mude. This general

‘three-dimensional form reduces to the simpler formulation : N

in the case that the iaput shock motion al the base is the same in
every coordinate. It is chis latter form which is developed by

Young (1).. For this onc=dimensional case as discussed in Referenee L,
the modal participation factor is dufined for cach node, wiile for the

general three-dinznsic-z. case, the modal partic. pation is defined for

each mass for cachh mode, and thus is in a squarc array form rather than
in a linear array {fomm.

The amplitudes (Di)n are obtained from the given input shock spec=
tra (e.g., Housnmer spectra for earthquake loadinzs). In these spectra,.
the amplitudes are defined by the modal fn.fquL-ncy and by tho coordinate
- axis, For vach valuc of b therefore, .'uni faor cacl coordinnle axis in
which there is a praescribed input spectra, we have a value of (i)‘._)".
The modal amplitude qa, is then evaluated as the scalar summation of the
products of the nth wvector of the modal. participation matrix and the

spectra amplitude ml)n' or, as given previouslsy,

The modal amplitudes are now converted to amplitudes in the original co-

ordinate system by the reclation

i in 'n

1. Youn;, Dana "Response of Steactural Svetems: to Grownd Shoer ", Shock

and Structural Response, American Socicty of Mechanical Ennincers,
N. Y., 1960. : :

B - I1=5
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This now provides a sct ot displacement:., o tar v of the n

modes. These individual sets of displacements can new be applicd to the

system as cquivalent static deflectionss

forces are obtained by the usual procedures of ADLPIPE.

Thes corresponding, network

1t sluml.d | {TQ

noted that the stiffaess matrix to be used for thin procedure must bee

that resulting when the rows.and eolumns corresponding to anchor points

are deleted, i.oce.,

. .. -] . . .
The reduced stiffness matrix (A=-BE D) cannot be usced, since interior

points (branch points) must be considered in the process of transferring

interior loads and deflections from point to peint.

ADLPIPE utilizes the network foree sets to penerate stresses for

each mode. The upberfbouhd for the stress levels at

system is given by the absolute summation of tiw stre

any point in the

sses penerated for

each mode. Such a summation assumes that the contributions from cach

mode reach their maximum value at the point in question at

the same

time. . Other methods of summation mav he used, of course, depending on

tihe degree of conscervatism desired in whe analysis.
native, for example, might be the sum

mental mode and the rms summation of the higher moade.

[ti=6

A Suepesled ._-xl(.cr-

of the contribution of the funda-

Anhyr D LittieInc



(wheepe 4. are the aodial calomns of Clie medal mat i <) aned the caapenpom:
in )

ding transformations between u, and a4, ﬁi il q". o and e and Hi and

ﬁn. We further define the gemeralized inertia by

M = § m.. +ik’+il

Because of orthopunality, the generalized inertia matrix in a diaponal

matrix, and hence may be written as

M= M S0

where sz = Kronecker delta.

Because of the symmetry of the inertia matrix, mij‘ the bilincar form

I m,. u, s. becomes
ig ij 3 74
Toom., . Q. b p,= R LM R oaop, = EM oq P
2 S T N 14
ijke ij ik 'k jL 't ki k Ko k
and the bilinear term ?. mij u, sjjalso becomes 7. mo Py
ij : : k
Similarly,  the quadratic forms T m,, o, u, and I m,, 5, s, become
ij 1 7j ij 7i 7§

- .2 W gt 82
z Mk (qk) and 7 Hk (pk) .
k k

The kinetic energy may, therefore, bec written as

] -2
T = . S T .
l 2 11 l”k oA | 1l'. AL NN !

From the definition of normal modes, we have P (L, - SR L
. 1] X i i
' R

where 4. is an cigenvector (modal column) :uwl «, 15 the corresponding

-
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civenvalue.
For the nth modal column and the nth cipenvalae, this becomes *
-2 . 0
).' lkij - (mn) mi_il ‘jn
J
or
. 32y .
- ’: k,, "', = (Ml ) }. m, . .
. b n i i
J J
. , )
Lok, % b, = (w Y8R m;, %, v, = b G
.. 1j jn is n . 1j jn s n o ns
ij ij
} _ 1
Now the potential energy is given by V = 3 z kii Y, ui
S ~
I .
2 .0 " “in In ‘is s
ijns
=2 !'. Lij ‘in 'js Ta qs)
ms T
= l" t: m 3 .
2 “ “a T “ns Tn s
ns
1, 2 2 )
-~ e VO - -
=3 %ag T a
.0
The appropriate form of Lagrange's cquation is
d. ,&T AU
dt (ac’;l_) +'.Tl =0
which gives the equations ol motion, i, + " . -ii,
The solution ¢t this cquation for the modal amplitude q, Qs

L

f B, (D

0

k

I .
sin o
w k

S (o) =

(L=TYdT

| Arthﬁr D Little Inc .




From the transformation cquation, the vector i‘;, in related to the vector

This

g which describes the accelcrations of the base of " the system.
1 -1 . ., . i
. + oA o the identity matrix.

k
. "

ol: ) s . A [; Y JUID i
ro lat -1"“ is l‘k = }l /) k!, ¢ Ulll r )l J k ¢ eme km
t .

) S -1, .. . =Ty
llence, 9 (t) = wr ,2: .é. qkl 52 (T) sin o (L=T)dT,

1
If [R—e (t)]k - -“-’k

displacement (D,), -'1[Rc (:)]klmnx. the input spectra

f Sz {t) sin v (t=T)dT and the shock input
0

arc defined as

the maximum modulus of the respoanse value K, (t). The modal amplitudes

now become q}.( £z b;i (Dl)k’ or q, < S ‘i'k, '(D‘:)k vhere '!','_i. is an clement
‘: .'_'- " .

of the modal participation matrix for mode k, mass poinl «.

In the special. case in which all of the c¢lements of 8§, are the same
and all of the (D{',)k are the same, this expreossion reduces to

lqklm.:lx = Dk ‘, q'k!!.

This is an alternative expression for Young's result

lqklmzx)’: = Uk " .

since it can be shown that the modal participation factor, Ty is equal

to The modal participation factor is appropriate, however, only

- g
« T -
o ke
for rhe special case when all of the elements of the base aceeleration
vectors 5§ are the smme.  This is dot the case, ol course, in thee-

dimensional shock motions with different shoch inputs (spectra) in the

various coordinate axes.

Arthu.r D Uttlelnc;.z‘.




. APPELI S Y .

DYNAMIC STRESS ANALYSIS By AbDLPIPE

by

I. W, Dingwell
Arthur D. Little, Inc.

&

On pageiS of the reference an expression for a set of displacements

is developed for each mass degree of freedom and for each mode:

Xy = ¢4
These displacements aré developed from the normalized set of displace-
ments q, as transformed by the modal matrix ¢in for mass direction i

and mode a.

The displacements, Xi, fepresent the zero to peak displacement of
each mass degree of freedom when subjected to a shock loading which is
described by a (displacement/velocity/accelecration vs. frequency) resgonse
spectra. The disp;acemen:s have a consistent set of algebraic signs
which define the mode shape of the deflected piping system. Reversing
the signs of the displacements gives the opposite peak modal deflec-

tions of the piping system. .

From this set of modal displacenen:s,.xi. the displacements of the
non-mass points,are calculated:. There are two types of non-mass points:
a) non-mass network points, and b) interior points wiihin a pipe section.
Since ADLPIPE uses a transfer matrix technique for combining several
pipe elements in series to formulate the stiffness of the section (a
section is a series of connected elemeﬁtss. the non-mass network points

.are calculated first, then those deflections are utilized to calculate
reactions at the network points. Finally, ihtefna] forces,  moments,
and deflections are calculated by transferring the initial boundary

conditions across each member in' a section.
Thus, for each mode, a set of moments js calculated:

ijn

ke

“Generalized Piping System Responsc to Ground Shock Spectra by
Irving W. Dingwell, Arthur D. Ljttle, Tnc., Cambridac, fassachusetts.

’ . \,-i
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APPENDIX IV
DEVELOPMENT OF MODAL PARTICIPATION MATRIZ FOR GLIERAL
THREE=D (MENSION SHOCK ISPUT 10 LUMPLED DYRAMIC SYSTIN*

The development of the modal participation factor in the nn&lysis_
of the response of a lumped dynamic syvstem to a onc=dimensional shock
input is carried oul hy Yuung-in vavfbucv I by application of Lagrange®s
equation with the system kineotic and potential energics expressed in
terms of normal coordinates. In this appendiz, this development is ex-
tended to include the general loadiog case i which diflernt shoek in=
puts are allowzd In each of tLhe system coordinat: axes. The terminoclogy

utilized by Young has been followed to the exient possible.

* For the lumped system defined by the symmelric inertia matrix mij

and by the stiffness matrix kij' let g be the clastic displacement in

i ) . . . .
the i coordinate, and let u, + Si be the ab=olute displacement. The
i and si are, in the general casce, six c¢lement vectors for each
mass point. .

elcments u
The kinetic energy T of the systoem is given by

'r-El Iom. (0 +35.) (i 4 &)
SIS Rt B

oo 1]
1]
=% (m, b G, +m G 5 +m b A 4m 5, &)
CHPPERR S EE S S T e A A

V= % Z ki' u; u,
ij J 1t 3
We introduce the normal coordinat es q (1) audop (1) by the linear
. 41 n

Lromsformal i ons

ui’ (L) = 7 ':'in q" ()
n .

si. (t) = :: c'jri Pn ()

*September 30, 1974
' V-1

Arthur DlitileInc



where k = orthogonal axis (X, Y, Z coordinate)
j = earthquake direction (X, Y, Z axis response
spectra) :
n = mode -

With a normal mode analysis, all coupling and phasv rclationships
between modes are unknown. * However,  since these moments have algebraic
signs and refer to a consistent qgsition on the piping surface, the

question of how to sum the modal moments arises.

The present version of ADLPIPE assumes that earth motion is oriented
along a single vector and is composed by a spectra with components in

the three orthogonal axes. Therefore, in a single mode, the piping

responds "in phase"

3
- M= g _ 'Mkjn (Equation 1)
J-l .
and the algebraic sum is taken of the motion which results from the

single earthquake. The response is iﬁdependent of axis orieamtationm.

Since there is no phase relationship between modes, 3 mean summa-

tion must be taken. The present version uses the square root sum of

squares. -
No=(2 (t ukjn)Z) (Equation 2)
n=1 j=1

There is an alternative. technique which impl-<es that closely’spaced
mocdes are coupled and are taken to be in phase. Therefcre, when that

occurs, the square root sum of s,uares is taken of the absolute sum

of the closely spaced modal m-ments.
For instance, modes 1 and 2 are closclr spaced

L5+ Doe 00 (Equation 3)
g

N oW
w
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The test for the closely spaced modes is:

(£, - fl) ’
if —=—F—= < k, then the bandwidth factor (k) for these modes

1
will cause the program to form an absolute sum. (This type summation

must be requested of the program by the analyst. At present, the factor
K in percent is entered in the Z2 field on the SHOCK card. If 22 = 0.,

then equation 2 is utilized.)
ALTERNATIVE SOLUTIONS

Awuumuuaummhnh:M:weﬁuuwymuyin@
‘earthquake is random and the component moments along each axis are
independent of one another. Realistically, the earthquake acts as
three different earthquakes, with the axis orientation a variable.
Therefore, since phase relationships are unknown, a mean solution is

taken independently-forfeach shock direction. In mode n,

3 - 1 ]
M. = (I M )2 /2 . ’ (Equation 4)

nk j‘l kjn '

Following the square root summation for the modes n to noox

Phax 3 : ) :
M o= Zl jillukdml L (Equation 5)
n= - .

Since the absolute sum is overly conservative, an alternative is to
take the maximum modal response plus the square root sum of the square

of the remaining moments.

3 | | Tmax ™" 3 L 1)2
M = (I |¥ ) + (L . (Z M. )9 (Equation 6)
Ik j=1 "kjm max n=l  j=l H(Jm

Each of rhese alternative solution summation schenes or variations there-

on can be inserted, upon request, inteo the ADLPIPE propra=.

The resulting stress analysis is dependent on the summation of the
modal moments. The example given hcre is not a statistical mean but
certainly indicates that the present version of ADLPIIE is unconservative
but realistic. As a consensus is frachcd. other su:municu,réchniques
will be introduced. '

vl
: Arthur D Little Ine
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Gllact tabt Endip b

made o~ 1

algebrale sum

SRSS

mode n =2

alpebraic sum

SRSS

mode w = 3

Mpebrale sum

SRSS

AL polint zero Ln ASME ‘Sectlon III Sample Pioblem (Class 1, Class 2)

TOTAL moment computed by

SRSS of alg. sum

SRSS of SRSS

Absolute sum of alg. sum

Abzolute sum of S5RSS

Max. + SRSS of alg. sum

Hax, 4+ SRSS of SRSS

- - (_
M M, M, -
Shock
Dir. x  -47467 ~1297 67221
y  -153624 -4199 217557
z  -27185 -743 38498
(Equation 1) -228276 -6239 323276
(Equation 4) 163071 4457 230936
Shack 4
Dir. X -27343 -5128 2882 .
y 159117 29843 -16774
z  -851446 -159690 89758 *
(Equation 1) =719672 ~134975 75866
(Equation 4) 866617 162535 91357
Shock . ' '
Dir. - x 101890 -- 3195 1426756
' v -29914 -938 -418883
z _ -B8862 -278 -124098
(Equatlion 1) 63114 1979 B53725
(Equation 4) 106559 3341 1492144
R S Bl pe
(M_x + ny + m, ) RATIO
(Equat ion 2) 757641 135133 944098 1218031 . 1.0
(Equation 4) 828241 162630 1512670 1761701 . 1.44
(Equation 1) 1011062 143193 1282867 1639664 1.34
(Equation 3) 1136247 - 170333 181447 2147615 1.26
(Equation 1) 956512 141520 1215783 1553406 y oo
(Equation 6) 1061416 168105 1740499

20465571
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QUESTION 13: We understand that certain shortcomings might have been
~ experienced with respect to informing all members of the
Commission of the development leading to orders for the
shutdown. Please clarify this matter and indicate any stops
.taken to improve communications to the entire Commission.

ANSHER:

The problems encountered regarding informing the Commissioners in a timely
manner of important matters has been addressed and rectified. The Director
of each NRC Office has been instructed that each Commissioner is to be
promptly and individually notified in such situations. It is our intention
‘that this occurrence will not be repeated.

Regarding the particular instance at hand, the five plant shutdown, the follow-
ing information is supplied for clarification. On Friday, March 9, the staff
was aware that an area of concern existed regarding the seismic design of cer-
tain nuclear power plants. Because of the preliminary nature of our informa-
tion, the potential severity of the problem was not identified at that time.
However, the information available to the staff had been communicated to
Chairman Hendrie. On the following weekend, NRC staff members went to Stone
and Webster offices in Boston for further information. It was at this time
that the potential magnitude of the problem was fully recognized and initial
steps toward issuing the show cause orders were taken. Because of the short
time period between our recognizing the need for the orders and their issuance
and because much of what precipitated the final actions occurred over the
weekend, the full Commission was not kept properly informed. The response -
to Question 9 provides a detailed chronology of these events.
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COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS
WASHINGTON, D.C. 20510

June 26, 1979

Mr. Joseph M. Hendrie

Chairman

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Chairman:

Please provide responses to the attached follow-up
questions to the Subcommittee on Nuclear Regulation's Hearing
on March 16 regarding the shutdown of five nuclear power
plants because of an error in the analyses of the seismic
design. So,that the record may be completed, we would
appreciate receiving your responses by July 20.

Sincerely,

. é/z /17

Gary Har
Chairman, Subcpmmittee on
Nuclear Reguldtion




FIVE PLANT SHUTDOWN

1. When performing cost/benefit analyses of alternatives in NEPA reviews,

how does NRC factor into those analyses costs such as those entailed
in shutdowns (whether voluntary or by order or llcense conditions) of
reactors because of safety concerns?

2. How has NRC assured that the codes being used in the reanalyses of

© seismic design produce valid results?

3. What steps have been taken to assure other computer codes currently
being used for reactor designs do not contain errors?

4. Please list each reactor which has been found since March 13, including
the five reactors which were the subject of the hearing, to have had
an error in the seismic analyses of plant design. In your response, please

include:

(a) whether the reactor was shutdown because of the error;
(b) whether the shutdown was voluntary or by order;
(c) the systems involved;

(d) whether the -systems are safety related or non-safety
related, and :

te) the resulting corrective measures if any.
5. (a) What technical standards/methods are being used to determine the

adequacy of design for seismic évents - those existing at the time the 5
plants were licensed or those in existance at this time? If the former, please

" describe:

(b) the differences;
(c) the rationale for not applying modern standards, and

(d) a brief assessment of the relation between the existing seismic
designs for the 5 plants and the existing standards.

6. (a) How do the perceived risks associated with the error in the seismic

design of the 5 plants compare with those associated with the Babcock
and Wilcox plants during the first five weeks following the accident at
Three Mile Island?

(b)What factors led to the shutdown of all of the former within
a few days of learning of the shortcomings, while some Babcock

and Wilcox plants never were shutdown?
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7. (a) Whatare the recurrence frequency and magnitude of the design basis
and operating basis earthquakes at each of the 5 plants?

(b) Based on the reanalyses using acceptable procedures, what are the
recurrence frequency and magnitude of the earthquake that would
have resulted in stresses above the allowable limit prior to
any plant modifications.

8. Whatare the estimated costs of the shutdowns of the 5 plants in terms of
dollars and barrels of 0il? The underlying assumptions should be stated.

8. In the March 16 hearing, Mr. Denton remarked that much credit for
bringing the computer error to-his attention goes to the diligence of an

NRC inspector who pursued the discrepancy in the results of the old and new

codes. Please provide the particulars in a chronology of the surfacing -

of the discrepancy and an assessment of the reasons for any delays.

10. Please provide available information on the recent earthquake that
occurred in the vicinity of the Maine Yankee plant. How does it compare
with the operating basis earthquake.

"11. One of the ﬁTths ordered shut down is the Surry Plant which served as
the model PWR for the Reactor Safety Study (RSS). The RSS included an
extensive design adequacy study.

(A) What was the finding of the_étudy team with respect to
seismic design of Surry?

(b) What are the ramifications with respect to future quantitative
risk assessments ? :

12. Please list all nuclear powerplants that have been exported from the
United States that were designed with the aid of the erroneous computer
code involved in the five plant shutdowns. ~

13. Wg understand that-certain shortcomings might have been experienced
with respect to informing all members of the Commission of the development
leading to.orders for the shutdown. Please clarify this matter and indicate
any steps taken to improve communications to the entire Commission.





