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UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C.

,-het

Nos.

50-438

and

50-439

20545

SEP 14 1973

Tennessee Valley Authority
ATTN: Mr. James E. Watson
Manager of Power
818 Power Building
Chattanooga, Tennessee 37401
Gentlemen:
In order that we may continue our review of your application for a
license to construct the Bellefonte Nuclear Plant Units 1 and 2,
additional information is required. The information requested is
described in the enclosure and pertains to Chapters 3, 4, 5, 6 and 15
of the Preliminary Safety Analysis Report.
In order to maintain our licensing review schedule, we will need a
completely adequate response to all enclosed questions by November 1,
1973. Please inform us within 7 days after receipt of this letter
of your confirmation of the schedule date or the date you will be
able to meet. If you cannot meet our specified date or if your reply
is not fully responsive to our request, it is highly likely that
the overall schedule for completing the licensing review for the
pioject will have to be extended. Since reassignment of the staff's
efforts will require completion of the new assignment prior to
returning to this project, the extension will most likely be greater
than the delay in your response.
Please contact us if you have any questions regarding the information
requested.
Sincerely,

A. Schwencer, Chief
Pressurized Water Reactors
Branch No. 4
Directorate of Licensing
Lnloste

See ne-xt page

Tennessee Valley Authority
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Enclosures:
1. Request for Additional Information
2. Structural Design Criteria for Category I
Structures Outside.the Containment
3. Pipe Whip Analysis
4. Preoperational Piping Dynamic Effects
Test Program
5. Electrical and Mechanical Equipment
Seismic Qualification Program
6. Class 2 & 3 Pump Operability Assurance
Program
7. Class 2 & 3 Valve Operability Assurance
Program
8. Class 1 Pump Operability Assurance
Program
9. Class '1 Valve Operability Assurance
Program
10. Acceptability of Computer Programs
Analysis of Mechanical Components
and Equipment
cc:

Mr. R. H. Marquis
General Counsel
629 New Sprakle Building
Knoxville, Tennessee 37902

SEP 1 4 1973

a

ENCLOSURE 1
REQUEST FOR ADDITIONAL INFORMATION
TENNESSEE VALLEY AUTHORITY
BELLEFONTE NUCLEAR PLANT, UNITS 1 AND 2

DOCKET NOS. 50-438 AND 50-439

3.0

3.23

3.24
3.25

3.26

DESIGN OF STRUCTURES,

COMPONENTS,

EQUIPMENT AND SYSTEMS

In Section 3.3.2.3, state the maximum tornado wind loading which
the turbine building frame and girt system may see before the
metal siding panels become missiles. Discuss the possibility
that the building frame will be subjected to loads greater than
that for which they are designed in the event that all or part
of the panels do not fail at their expected maximum load capacity.
the
Describe the procedures which will be used to floodproof
structures described in Section 3.4.4.
In Section 3.5.4, the methods for predicting the overall structural
structural
response of the barriers to the missile impact, including
2,
Enclosure
described.
be
stability and deformations, should
Con
Outside
Structures
I
Category
"Structural Design Criteria for
the
identify
that
criteria
tainment", presents a set of acceptable
information needed for evaluation.
The procedures described in Section 3.7.1.6 for seismic analysis
Evalu
of Category I structures founded on soil are inadequate.
on an
based
be
should
effects
ation of soil-structure interaction
of the
consisting
system
integrated dynamic model, i.e., a coupled
model
soil
proposed
structure and the soil medium. Use of the
State
for soil structure interaction study.is not acceptable.
for
methods
your intent to adopt one of the following acceptable
soil-structure interaction analysis:
non-linear stress
(a) A finite element approach with appropriate
strain and damping relationship for soil.
dampings
(b) Lumped springs to represent the soil with appropriate
to
corresponding
damping
(not more than 10% of critical
horizontal and vertical springs), utilizing a variation in the
soil properties corresponding to the span of maximum and minimum
strain levels so that the floor response spectra obtained envelop

I

-2

representative floor response
finite element approach. If spectra obtained using the
a nonlinear finite element
approach is used, identify
the manner in which
variation in
the properties of the soil are
accounted for.
(c) A continuous shear beam
employing a
spring model, such as thetechnique
method developed by multiple-soil.
Schnabel et al.*
(This method is acceptable only
when the structure is shallowly
embedded.)
3.27

3.28

With respect to Section 3.7.2.1.1,
provide analytical definitions
for the shape factors of Table
3.7-3 and the shear factors used
in Table 3.7-6. Discuss pertinent
assumptions adopted
lating these factors for the
calcu
prestressed and. reinforced in
concrete
sections. If the cracking of
reinforced concrete sections was
considered in calculation of the
factors, discuss the basis for
such a consideration.
With respect to Section 3.7.2.1.1.1,
to account for the effects of concretediscuss the means adopted
cracking on stiffness
properties of the interior concrete
structure listed in Table
3.7-6. Referring to the equipment
weights listed in Table 3.7-7,
indicate all the equipment included
in the weight list and dis
cuss the basis for lumping the equipment
to their appropriate
mass points shown in the same
table.

3.29

Indicate the specific section in which
seismic analysis of the
secondary containment structure is
presented. Discuss the
specific method used to account for
the stiffness changes of
the secondary containment due to concrete
cracking under various
load conditions.

3.30

With respect to seismic modeling of
the auxiliary control build
ing and referring to Figure 3.7-22,
provide
not extending the lumped-mass representation justification for
all the way down to
elevation 580.0 ft. and assuming
the slab at elevation 610.0 ft.
to be fixed.

3.31

The procedures for combining multi-component
seismic response as
proposed in Sections 3.7.2.9, 3.7.3.7
and 3.7.3.8 are not accept
able. State your intent of adopting
the square root of the sum
*Schnabel, P. B., Lysmer, J., Seed, H.
B. (1972),
Program for Earthquake Analysis of Horizontally "1SH-AKE, A Computer
Layered Sites," A Report
on Research Sponsored by the National
Science Foundation, Report No.
EERC-72-12, December 1972.

I.

3

of the squares method in combining seismic responses due to each
of the three component earthquakes.
3.32

Provide the criteria for judging whether a given Category I
system or component should be considered as a part of the seismic
system analysis or should be treated as one.of the many subsystems
in a plant and analyzed accordingly for its seismic response
with an appropriate floor response spectrum used as subsystem
input motion. Also discuss the basis for your criteria.

3.33

In Section 3.'7.3.6.1.3, unless otherwise justified,
the spectrum curve associated with the elevation closest to, and
higher than, the center of mass should be used.

3.34

The method described in Section 3.7.3.5 is not acceptable for
application to subsystems with multi-mode responses. If the
simplified seismic analysis is adopted, a 1.5 factor should be
applied to peak values of the floor response spectrum curve to
obtain equivalent static loads .for subsystems with multiple con
tinuous spans. For subsystems with simple or cantilevered span
configurations, a factor less than 1.5 could be used in calculat
ing the equivalent static loads if proper justification of the
lesser factor is provided.

3.35

With reference to Section 3.7.3.8, the proposed adoption of
vertical seismic loads equivalent to two-thirds of the pertinent
horizontal ground response at locations where vertical structural
rigidity exists is not acceptable. Use appropriate vertical floor
response spectra to calculate needed vertical seismic loads and
revise the section accordingly.

3.36

In Section 3.7.3.12, use of guard-boxes and flexible joints to
protect Category I buried piping systems from damage induced
by'differential movements is mentioned. Discuss with the aid of
analytical expressions, specific methods of analysis-adopted to
calculate seismic responses such as shears and moments etc. of
the guard boxes, joints, bends and buried pipes due to ground
seismic excitations.

3.37

With respect to the seismic instrumentation program, state your
procedures for detailed comparisons between measured seismic
responses of seismic Category I structures and equipment and
the corresponding responses determined from original seismic
analyses. Details to be followed in.calibrating the originally
established seismic design model should be provided.

Also state possible dispositions which will be taken if the com
parison between results of the seismic response analysis, based
on the "calibrated dynamic model" and that of the original seismic
analysis, show a significant discrepancy.
3.38

In Section 3.8.1.1, the general layout of the reinforcing steel
in the dome, the cylindrical wall, .the 5' ring slab, the tendon
gallery and the base slab of the interior structures should be
provided. In Particular, the reinforcing details at the junction
of the wall and foundation ring, the wall and the dome and the
containment base slab and the interior concrete.base slab should
be provided, as well as, the typical reinforcing details around
penetrations and the arrangement of any radial ties in the dome
and any shear reinforcement in the cylinder wall.

3.39

On recent applications the acceptable reference for the design
of concrete containments and their foundations has been the
April 1973 version of the proposed ACI-ASME (ACI-359) Code
with the.following modifications:
(a) On Table CC-3200-1
-

Y. jet impingement loads, and Y .impact loads
oi missiles associated with loss-of-coolant accidents,
should be included in this table.
The 6th combination, representing "Abnormal" load
conditions,.should not include Y r in combination with
1.5P.

-

In the 7th, 8th and 9th combinations, representing

"Abnormal/Severe Environmental" and "Abnormal/
Extreme Environmental" load conditions, the "&/or"
between R and Y should be deleted and, in addition
to R andaY , the combinations should include Y. and
Yoa

r

.

m
-

-

The maximum value of P , T , R ,Y ,Y. and Y ,in
cluding an appropriateadynamica fac or,Jshouldme
applied simultaneously in the applicable combinations
unless a time-history analysis is performed to justify
otherwise.
Local stresses due to Y , Y., and Y may exceed .the
allowable provided there is no lossmof function.

-5

(b) On CC-3411.5
-

This paragraph should be revised to indicate
that, under
no conditions, shall the tangential shear
stress carried
by the concrete, v , exceed 40 psi and
60 Psi for the
7th and 9th combinations of Table CC-3200-,
representing
Abnormal/Severe Environmental and Abnormal/Extreme
Environmental conditions,
respectively.

(c) On CC-3421.1.
The footnote on page 196
that the 33-1/3% increase should be revised to indicate
in allowable stresses is
permitted only for temperature
loads and not for
seismic or wind loads.
(d)

On CC-3422.1
-

Item (c) should be deleted.

(e) On CC-3422.2
The footnote on page 197 should
be deleted.

-

Wf)

3.40

-

At the present time, the proposed
code does not provide
any provisions for tangential
shear
for prestressed
concrete containment; however,
since
these structures
are normally in compression,
the
provisions
of the
ACI-318-71 Code for shear.are
applicable.

Although this code has only
been
all future concrete containments issued for trial use and comment,
and their foundations should
designed to a level of conservatism
be
no less than that proposed
this code with the above
by
modifications. Therefore,
all of the
provisions in PSAR.Sections
3.8.1.1 through 3.8.1.7 and
through 3.85.7 should be
compared with those of CC-1000 3.8.5.1
CC-9000 to determine that
through
your proposed criterion is
equal to or
better than that proposed
by the code. All
sistencies or omissions
incon
that are encountered deviations,
should be discussed
and sufficient justification
should be provided to demonstrate
that the proposed margin of
safety is adequate.
In Section 3.8.1.2, describe
the extent of compliance
with, and
justify any deviation from,
Regulatory Guides 1.54 and
1.55
recently issued in June 1973.
in addition, the latest revision
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of Regulatory Guide 1.10, dated January 2, 1973, should be used
for reference. It should be noted that this guide is applicable
to all Category I concrete structures and that the reference in
Section 3.8.1.6.3.3 to an earlier issue of this guide is not
acceptable. Furthermore, Regulatory Guide 1.35 (issued 2/5/73),
which has been referenced in Section 3.8.1.7.4.1, also should be
referenced in Section 3.8.1.2. Since the number of tendons to
be made available for.surveillance does not conform to the position
of this guide, clarify the statement in Section 3.8.1.7.4.1
that the proposed.program complies with this guide and justify
your proposed deviation from it. Where applicable, this
request also applies to Sections 3.8.3.2 and 3.8.4.2.
3.41

In Section 3.8.1.3.1, state the design pressure and corresponding
design temperature which governs the design of the containment
and describe the analytical methods used to insure that there are
no other combinations of pressure and temperature which will be
more critical in the design.

3.42

In Section 3.8.1.4.1.2, the connection of the primary containment
base slab and the interior concrete base slab has not been included
in the list of critical design areas. It appears that any
differential motion between these two slabs could jeopardize the
integrity of the liner. Therefore, provide a discussion of
the extent to which your analysis has considered the behavior
of this joint and provide sufficient justification for all assump
tions made.

3.43

In Section 3.8.1.7.2, the acceptance requirements for the pressure
test should more clearly define the.minimum requirements to be met
by the test. In particular, maximum crack widths expected during
the test and after the completion of the test should be provided.
Furthermore, state the bases on which the 30% tolerance from the
theoretical predictions was established.

3.44

The structural design criteria for the internal structures of the
containment as stated in Sections 3.8.3.3 and 3.8.3.5 are not
adequate. An acceptable set of criteria for Category I structures
outside the containment is contained in the attached Enclosure 2
entitled "Structural Design Criteria for Category I Structures
Outside the Containment." These criteria, where applicable, are also
acceptable for structures inside the containment. Sufficient
information should be provided to establish the extent of compliance
with these design criteria. Where inconsistencies or deviations
from these criteria are proposed, justifications should be provided
to demonstrate that your criteria are equivalent with respect to
the applicable safety margins.

- 7 -

3.45

Clarify whether Section 3.8.1.6.1.2 (on Page 3.8-27)
also applies
to Sections 3.8.3.6.1 and 3.8.4.6.1. If not, provide
a summary
of the material specifications to provide information
on the
engineering properties of the concrete referenced
in these two
sections.

3.46

In Section 3.8.4, the manner in which the turbine
building and
the service building will be designed to prevent
failure of these
structures under seismic conditions with consequent
damage to the
auxiliary control building has not been discussed
as stated in
Section 3.2.1.1.

3.47

In Section 3.8.4.1.1, the general layout of the reinforcing
steel
in the dome and wall of the secondary containment should
be pro
vided. In particular, the reinforcing details at the base,
at the
dome-wall interface and around major penetrations should
be described.
State the magnitude of the negative pressure in the
cylinder and
clarify if this load is included in the design.

3.48

In Section 3.8.4.1.7, provide a design sketch of the Category
I
retaining walls showing the location of the walls and their re
lationship to the reactor building, auxiliary-control building
and
the borated water tanks. Sections through the wall should
indicate
the elevation at the top and bottom of the wall and the relation
ship between the wall and the soil backfill and foundation
rock.

3.49

The structural design criteria for seismic Category I structures
as specified in PSAR Sections 3.8.4.3 and 3.8.4.5 are not
adequate.
An acceptable set of criteria is contained in the aforementioned
Enclosure 2. Sufficient information should be provided to
establish the extent of compliance with these design criteria.
Where inconsistencies or deviations from these criteria are
proposed, justifications should be provided to demonstrate that
your criteria are equivalent with respect to the applicable
safety
margins.

3.50

In Section 3.8.4.3.1, clarify which structures will be designed
to include the effects of H, H' and H" and state for each.struc
ture the design elevations which will be used in computing the
hydrostatic pressure resulting from the maximum normal ground
water, maximum record flood elevation and probable maximum flood.

3.51

Figures 3.8-27, 3.8-28 and 3.8-40A indicate that the top of the
base slab is at El. 622.0' and the liner is at El. 618.0'. How
ever, Section 3.8.5.1.3 states that a 2' concrete slab will be

- 8 -

3..52

3.53

3.54

3.55

Placed above the liner. Furthermore,
Fig. 3.8-1 appears to
indicate that the lineris
at El. 620.0'. The above inconsis
tencies should be clarified.
In addition, indicate the typical
locations in which the section
shown in Fig. 3.8-40A is meant
be used and clarify if the
to
reinforcement for all vertical
walls
can be properly anchored in
accordance with the provisions
of
ACI-318-o without penetrating
the liner plate.
The structural design criteria
proposed for the containment
interior structure foundation
as stated in Sections 3.8.5.3.3
and 3.8.5.5.3 are not adequate.
Since this foundation is part
of the containment boundary,
it should be designed to the
same
requiremen
imposed on the primary containment
foundation.
The structural design criteria
(including the structural steel for the reactor vessel supports
ring structure) as stated in
Sections 3.8.5.3.4 and 3.85.4.4
In addition, the design criteria should be more clearly defined.
which will be used to design
the structural steel steam
generator anchorage as
shown in
Figures 3.8-41 and 3 .8 -4a and
all
other
anchorages
ofthis type
should be provided. The proposed
subsection NF ofthe
Section III, ".Requirements
for Component Supports" has ASE Code,
been
written to cover the design
of such supports. Sufficient
justi
ficatio'n should be provided to
demonstrate that theSproposed
margin of safety in your criteria
is at least equal to this code.
The method of analysis for the
reactor vess el support, including
sketches of the analytical models
used for input to any computer
programs, should be provided.
Sections 3.6.1 and 3.6.2
in the PSAR reference Topical-Report
No. TDA-TR-1, "Protection Against
Pipe Whip Resulting from Piping
Ruptures" for the criteria for
postulating pipe break locations
and orientations inside containment.
This report does
not totally conform to the criteria
for
postulating pipe breaks
inside containment which have
been accepted for recently licensed
plants. Acceptable criteria
are presented in Regulatory
Guide
No. 1.46, "Protection Against
Pipe Whip Inside Containment."
Provide criteria consistent with
Regulatory Guide 1.46 or provide
justification for any differences
from the Regulatory.Guide.
Supplement th e information in
Section 3.6.3 of the PSAR by
pro
viding a detailed description
of the methods to be used for
defining the following forcing
functions:

- 9-

(a) The jet impingement force acting on an adjacent object from
the postulated pipe rupture. Include the magnitude variation
with distance and time, jet geometry such as trajectory and
angle of dispersion, shape effects of the impinged object, and
the loading distribution on the impinged surface.
(b) The jet thrust reaction acting at the break location of the
pipe. Include the direction, rise time, and time variation in
magnitude due to system configuration, pipe internal friction,
extent of upstream energy reservoir, possible flow limiter
along the flow path, and the initial state of pressure and
temperature inside the pipe.
The forcing functions should adequately represent the jet
stream dynamics and flow phase considerations.
3.56

With respect to Section 3.6.4 of the PSAR, provide a description
of the dynamic analysis methods and procedures which will
be used
to verify the design adequacy of pipe whip restraints or
to deter
mine the loading imparted from the unconstrained whipping
pipe to
impacted structures. The acceptable analytical procedures
are
attached in Enclosure 3 entitled "Pipe Whip Analysis".

3.57

Supplement the information presented in Section 3.6 of the
PSAR
by providing the design criteria to be employed.to assure
that
high energy fluid piping systems outside containment
will
comply
with General Design Criterion #4. An acceptable method
for.
compliance would be physical separation or isolation of
high
energy piping systems from other systems, structures or
components important to safety. Indicate how Bellefonte
Nuclear
Plant Units 1 & 2 will achieve compliance.

3.58

The information presented in Section 3.9.1.1 of the PSAR does
not
satisfy the requirements concerning a proposed preoperational
piping dynamic effects test program for plants currently
undergoing
review. An acceptable program is outlined in Enclosure
4 entitled
"Preoperational Piping Dynamic Effects Test Program". State your
intention to develop such a program for submittal.in the
FSAR for
Bellefonte Nuclear Plant Units 1 & 2.

3.59

Section 3.7.2.1.2 of the PSAR implies that seismic analysis
alone is one of the methods of evaluation to qualify mechanical
equipment. Provide the specific criteria that will be
used to
guarantee operability of mechanical and electrical equipment

-
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-

under faulted condition loads when a dynamic analysis without
performance testing is employed in the design of this equipment.
For example, if it can be conservatively demonstrated that
structural integrity alone can assure operability of such
equipment, analysis without testing may be used. Acceptable
criteria for qualification of mechanical and electrical equipment
are outlined in Enclosure 5 entitled "Electrical and Mechanical
Equipment Seismic Qualification Program".
3.60

To verify the design adequacy of reactor internals to withstand
flow-induced vibrations under operating transients, supplement
the information in Section 3.9.1.3 of the PSAR by providing
a preoperational flow-induced vibration test program as described
in Regulatory Guide 1.20. Clarify whether any valid prototype
plant is applicable to Bellefonte 1 & 2. Any design differences
between the designated prototype plant and Bellefonte 1 & 2 which
may lead to different response behavior of the reactor internal
structures under flow-induced vibration should be identified.
State your intention to perform either an instrumented prototype
vibration test or a confirmatory test for Bellefonte 1 & 2 in
accordance with Regulatory Guide 1.20. In addition, if the
elements of the intended preoperational vibration test program
differ substantially from those recommended by Regulatory Guide
1.20, the basis and justification for these differences should be
provided.

3.61

The response to Request 3.3 in Amendment 1 to the PSAR is not
acceptable. The ASME Code represents minimum standards for
design. In addition to these standards, assurance must be provided,
in the PSAR, that all ASME Class 2 and 3 components can maintain
structural integrity and perform their safety functions under
loadings associated with normal, upset, emergency and faulted
conditions.
Verify that stress analyses will be performed on
all safety related ASNE Class 2 and 3 components including active
pumps and valves and provide the stress limits which will be
used in the design of all such components for the above noted
conditions. Revise Section 3.9.2.3 in the PSAR, if applicable.
Acceptable criteria are outlined in Regulatory Guide 1.48, "Design
Limits and Loading Combinations for Seismic Category I Fluid
System Components." The criteria currently recommended by the
ASME Section III Task Group on Design Criteria for Class 2 & 3
Components are also acceptable.

3.62

The information presented in Section 3.9.2.4 of the PSAR is
incomplete. Designing ASME Code Class 2 and 3 active pumps
and valves to the criteria suggested in this section may not

-
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necessarily guarantee operability. Acceptable criteria for these
components are presented in Enclosure 6, "Class 2 & 3 Pump
Operability Assurance Program" and Enclosure 7, "Class 2 & 3
Valve Operability Assurance Program." Supplement the information
in Section 3.9.2.4 by describing a program which will be consistent
with the criteria in Enclosures 6 and 7.
In addition, the information presented in this section should
indicate that tie applicant is cognizant of current industry
programs concerning codes for the design of pumps and valves,
e.g., the ANSI N45 Working Group.
3.63

Supplement.the information presented in Sections 3.9.2.5
and 5.2.2 of the PSAR and in the response to Request 3.4, Amend
ment 1 to the PSAR by providing a more detailed sketch of the
ASHE Class 1 and 2 safety and relief valves, including their
piping and support restraint systems. Include actual levels of
the set discharge pressures in each valve. Demonstrate that
designing the piping system to accept the net torque resulting
from two safety valves operating simultaneously on the same
side of the line will induce the maximum effect of forces and
moments at any point in the system. Describe the methods and
procedures which will be used to define the forcing functions
and specify the amplification factors to account for dynamic
effects.

3.64

The qualification program given in Section 3.10 is inadequate
to confirm the functional operability of Seismic Category I
electrical equipment and instrumentation under the disturbance
of the safe shutdown earthquake. An acceptable qualification
program is given in the aforementioned Enclosure 5. In addition,
to make Topical Report BAW-10003 applicable to Bellefonte, the
seismic testing presented in the report should be compared with the
parameters of the input motion required to qualify the equipment.
Of particular interest are the amplitude and frequency content
of input motions and the possible directional coupling in equip
ment response.

-
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3.65

Regarding Section 3.7.4, Seismic Instrumentation Program, the
Regulatory position is that you should provide instruments which can
promptly provide the response spectra to the plant operator
in order to compare it with the site design response spectra
so as to aid the operator in taking appropriate action if an
earthquake larger than the prescribed level were to occur. Such
an instrument is a multielement seismoscope. This instrument can
also aid in verifying the analytical models and damping factors
used in the seismic analysis. In addition to the seismic instrumentation
described in the PSAR, several multielement seismoscopes will also
be required at selected locations of Category I structures, systems
and components. Locations of installation should be determined from
a dynamic analysis such that the maximum motion be recorded
and that the most pertinent data be obtained. Describe how you will
comply with this position.

3.66

The design criteria discussed in Sections 3.9.2.2 and 5.5.14 of
the PSAR may not guarantee operability of the supported component.
Provide the criteria utilized to ensure that all supports for
Category I, ASME Class 1, 2.and 3 active components will be
designed so that they will not deform to the extent that would
impair the required operability of the active component, e.g.,
the specification of maximum allowable support deformation limits
for the most adverse loading conditions in the design specification
for each active component.

-

13

-

4.0

REACTOR

4.5

Describe the analytical work and testing that is
planned or has been completed in order to verify the design
adequacy of the control system to drive a "stuck" control element
past a postulated obstruction within a fuel assembly guide tube.
Of particular interest is the behavior of a control element within
the guide tube arrangement when being driven against a significant
obstruction (i.e. - 200 to 300 pounds of drive thrust required)
while in a nearly withdrawn position. Include information on slot
and-spider clearances within the plenum guide tube. Include an
analysis of stress and deformation levels in the spider for such
a stuck-element condition for each of the 3 element position cases.
List the operational history of the control system design.

4.6

Referring to B&W Topical Report BAW-10000 pages C-38 to C-42, B&W
established with respect to certain Westinghouse DNB data that:
Ca) CHF calculated with TEMP and W-3 agrees with CHF calculated
with THINC and W-3 within ±10%.
(b)

CHF calculated with TEMP and B&W-2 agrees with the measured
CHF, except the mean value is offset 8% (measured COF
exceeds calculated CHP).

On these bases B&W concluded in BAW-10000 (page C-40) that the
Westinghouse methods and TEMP "provide a conservative estimate
(averaging 8% low) of the DNB heat flux within large sized bundles
containing mixing vane grids."
Reconcile the difference between (1) the similarities of Westinghouse
and B&W methods and results discussed above and (2) the remarkably
dissimilar results for the Bellefonte DNB ratios when using B&W-2
versus W-3 or W-3S as shown in Table 4.4-2 of the PSAR.
4.7

Provide or reference a detailed description of the calculational
model used in the hydraulic instability analysis discussed on
-pages 4.4-27 and 4.4-28 of the PSAR. For the two pump operation
depicted in Figure 4.4-25, indicate whether these two pumps were
in one loop or one pump in each of the two loops. Provide the
results of this.analysis'for the other case if single loop
operation is contemplated.

-
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5.0

REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.9

TID-7024 is referenced in Section 5.1 of
design guide for the seismic analysis of
components. TID-7024 does not represent
analysis and should therefore be deleted
to seismic analysis should be identified

5.10

With respect tp Table 5.1-8 in the PSAR, discuss the rationale used
to arriveat a number of only one design cycle for Safe Shutdown
Earthquake.

5.11

With respect to Section 5.2.1.6 in the PSAR, the stress limits in
the ASME Section III Code, 1971 are not acceptable for the design of
active pumps and valves. Acceptable criteria for the design of ASME
Class 1 active pumps and valves require the use of normal design rules
and/or normal stress limits under the loadings associated with emergency
and faulted conditions. State your intention to conform to these
criteria.

5.12

Supplement the information presented in Section 5.2.1.7 of the PSAR by
providing a more detailed description of the proposed programs to assure
operability of Class 1 active pumps and valves under faulted condition
loads. Acceptable criteria for these programs are presented in
Enclosures 8 and 9 entitled "Class 1 Pump Operability Assurance Program"
and "Class 1 Valve Operability Assurance Program," respectively.

the PSAR as being the basic
the reactor coolant system
current standards for seismic
as a reference. Any references
in Section 3.7.

As discussed in Request 3.62, the information presented in this section
should indicate that the applicant is cognizant of current industry
programs concerning codes for the design of pumps and valves, e.g.,
the ANSI N45 Working Group.

5.13

Supplement the information presented in Section 5.2 of the PSAR
by providing the information outlined in Enclosure 10, "Acceptability
of Computer Programs Analysis of Mechanical Components and Equipment."
Identify any of the computer programs described in Appendix 3.8B of
the PSAR which are applicable to Category I systems, components or
equipment. For those computer programs which are applicable, supplement
the information in Appendix 3.8B to satisfy Enclosure 10.

5.14

On pages 5.3-2 and 5.3-3 in the discussion of the Integrated Control
System (ICS), a table of limiting power levels is presented for
various RC pump operating conditions. Provide the bases on which these
power levels were chosen. Since the LOCA and other accident analyses

-
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assume full power, 4 pump operation as initial conditions, indicate
the analyses that have been performed to show that other permissible
initial conditions (such as given in the table on page 5.3-3) do not
yield more severe results in the event of an accident or transient.
5.15

Indicate whether the B&W computer code SPLIT (BAW-10071, July 1973) was
used in the idle pump flow performance analyses.

5.16

Indicate the date that the overpressure protection report discussed
on page 5.2-9 will be filed.

5.17

Describe design 'considerations which facilitate inservice inspection
of steam generator tubes and tube sheets.

-
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6.0

ENGINEERED SAFETY FEATURES

6.26

The Interim Policy Statement of June 1971 and its Amendment require
that the ECCS design break spectrum extend from small leaks
accommodated by normal charging systems up to the double ended break
of the largest pipe in the reactor coolant system. Statements at
6.3-1 of the SAR indicate that the Bellefonte ECCS design spectrum is
from 0.5 ft2 to 15.75 ft2 . Thus the PSAR is incomplete in this
regard. Provide the following information concerning small breaks.
(a) Indicate the largest break size which can be accommodated by
the normally operating charging system without requiring ECCS
actuation.. State the assumptions and analysis methods used to
compute this break size.
(b)

Provide an analysis of the small break ECCS design spectrum
(up to 0.5 ft2 ). Detail of documentation should be comparable
to BAW-10052.

(c) Document and discuss in detail those changes in small break
analysis techniques which have been made by B&W as a result of
recent licensing cases and the ECCS rulemaking hearing Docket
RM 50-1. Include considerations of analysis and experimental
confirmation of the following key aspects of these analyses:
(1)

phase separation throughout the RCS (bubble rise).

(2)

spatial nodalization (numerical solution convergence).

(3)

core heat transfer regimes.

(4) steam generator model.
(5)

reactor coolant pump model.

(6) two.phase coolant distribution in core (level swell or
frothing).
(7) sequential delineation and explanation of all events
occurring in the secondary system which affect heat transfer
and fluid flow in the primary system.
(8) countercurrent steam/liquid flow.in the cold legs.at later
stages of coolant injection.

-
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The PSAR in Section 6.3 describes design considerations given to the
possible failure of single active components in the ECCS. No
consideration is given to failures of passive components. For long
term core cooling following a LOCA, describe the information available
to the reactor operator in the event that coolant delivery to the core
is interrupted for whatever reason; i.e., active or passive failure.
Describe the remote isolation capability that is available to the
reactor operator for use in switching from a disabled ECC delivery
chain to an intact .chain.
The response to Request 6.5 addressed an 11.17 ft2 cold leg break.
Where is this pipe and why was it not included in Topical Report
10045? This break size is also referenced on page 6.2-39 of the

PSAR.
6.29

For the spectrum of LOCAs analyzed, provide the temperature history of
the control rod poison material.

6.30

For the combinations of reactor coolant pump operating conditions
proposed in 4.4.3.1, provide detailed calculations of transients and
accidents initiated from these conditions.

6.31

Justify the.assumption on page 6.2-19.that there will be four feet of
water above the reactor building floor at elevation 622 by providing
the appropriate containment volumes and the number of gallons of water
required to fill
the reactor building to this level.

6.32

Describe any modifications to the ECCS design required to meet the
abundant core cooling requirement of General Design Criterion 35 for a
core flooding line break.

6.33

Provide information (not presently in the PSAR or BAW-10045) to reflect
any ECCS redesign and to answer Regulatory staff concerns on B&W
Topical Report BAW-10048 (covered in an August 21, 1972 letter
to B&W and their reply dated September 18, 1972).

6.34

Address the effects of fuel densification, as described in the
November 14, 1972 staff report on reactor safety and operation.

-
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15.0

ACCIDENT ANALYSES

15.1

For the engineered safety systems, provide lists of equipment required
to function after each accident or incident evaluated in Chapter 15.
For components powered by onsite or battery power indicate which ones
are operating during normal plant operation..

15.2

Indicate whether the peak thermal power can ever exceed the rated
power during a ;tartup accident (page 15.1-13).

15.3

In the analysis presented for the control rod accidents, indicate
whether credit is taken for concentrated boric acid injection from
the Chemical Addition and Boron Recovery System. Indicate the
reasons to preclude the need for the one system by Bellefonte Units 1
and 2 simultaneously (see page 9.3-37). Clarify which portions of
this system are shared by the two units, and how this system is
activated.

15.4

During control rod insertion, describe the consequences of a feed
block control valve failure to close resulting in continued addition
of deborated water to the make-up system.

15.5

In the analysis for startup of an inactive coolant loop (pages 15.1-30
to -32) clarify the following:
(a)

Initial power level is assumed to be 55%, yet on page 5.3-3
the ICS is said to limit the power to 45% for two pump operation.

(b)

Instantaneous increase of flow from 50% to 100% tends to
overestimate the rate of core coolant temperature decrease, to
underestimate time required to reach overpower trip, and to
underestimate the core thermal power and pressure transients
which lag the neutron power transient. That is, the analysis
may be nonconservative.

15.6

For theLoss of Normal Feedwater, provide plots of DNBR versus time.

15.7

Expand Figure 15.1.9-1 to include plots of DNBR and RCS pressure as
functions of time.

15.8

Provide results corresponding to Figure 15.1.10-1 for the no load
initial conditions.

15.9

Expand Figure 15.1.10-2 to include a plot of minimum DNBR versus time.
Present identical curves as shown in this figure and including minimum
DNBR for the case corresponding to reactor at rated power.

-
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15.10

The PSAR does not, for the spectrum of accidents analyzed, mention the
severance of the pressurizer line. Indicate what size hot leg break
corresponds to this event. Describe why this event
is equivalent
to a hot leg break of that size as stated.

15.11

Provide in Section 15.1.13 a discussion of the events following the
opening of a pressurizer safety valve as required in the
October 1972, "Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants".

15.12

Provide DNBR and Pressure versus time for both of the steamline breaks
considered in Section 15.1.14. Provide the design basis and descriptions
for the reverse-flow check valves in the 29 inch steam lines. Describe
the analysis or experiments planned to demonstrate the adequacy of the
design of the check valves. Describe the provisions made for tests
and inspections of these valves during normal operation. Provide an
analysis for the operation of these valves for a steam line break.
Provide a figure showing and identifying the nodes and volumes used to model
a steam line break. Describe the computational method used in the
steam line break analyses or provide a reference to an applicable
B&W Topical Report if one has been submitted.

15.13

Regarding Section 15.1.18, Rod Ejection Accident:
(a) Describe in detail the maximum expected control rod worths as
compared to the maximum control rod worths used in the .rod
ejection analysis for both zero power and rated power for BOL
and EOL. The quoted maximum ejected rod worth at rated power
(BOL) of 0.65% Ak/k for example, appears quite high to be the
actual expected rod worth at these conditions. Describe fully
any conservative assumptions made concerning these rod worths.
(b) Provide representative pressure versus time (during accident)
curves.
(c) Justify that a clad-temperature limitation relating to clad
embrittlement is not required.
(d) What is the minimum reactor period allowable during startup?
Verify that the ejected rod worths used in the analyses include
sufficient conservatism to account for the reactivity due to the
minimum allowable period.
(e) Explain pressure vessel damage calculation in more detail as
related to the maximum control rod worth. It.is stated that
all fuel that exceeds the melting threshold is fragmented,
dispersed into the coolant, and quenched to the coolant average
temperature. If this is true, it conflicts with the parametric
study of peak enthalpy versus rod worth where the peak enthalpy
of the hottest rod is shown to be approximately 220 cal/gm for
a 0.8% Ak/k rod, well below the 280 cal/gm threshold.

ENCLOSdRE 2
STRUCTURAL DESIGN CRITERIA FOR
CATEGORY I STRUCTURES OUTSIDE THE.CONTAINMENT
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A.

INTRODUCTION
A to 10 CFR Part 50, "General
General Design Criterion 4 of Appendix
Plants," necessitates that struc
Design Criteria for Nuclear Power
as Category I structures, shall
tures important to safety, classified
and to be compatible with,
be designed to accommodate the effects of,
with normal operation, main
the environmental conditions associated
These structures shall.be
tenance, testing and postulated accidents.
effects, including the effects
appropriately protected against dynamic
fluids associated with
of missiles, pipe whipping, and discharging
accidents, and from events and
rupture
pipe
high-energy
postulated
unit.
conditions outside the nuclear power
structural design criteria
This document presents a set of acceptable
and assuring the
that identify needed information for evaluating
required protection.

B. LOADS, DEFINITION OF TERMS AND NOMENCLATURE
of terms will apply to all
The following nomenclature and definition
the criteria that follow in this document.
to be postulated in a
All the major loads to be encountered and/or
listed, however, are
nuclear power plant are listed. All the loads
structures and their elements
not necessarily applicable to all the
combinations for which each
in a plant. Loads and the applicable load

a. ~
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on the conditions to which
depend
designed-will
be
structure has to
could be subjected.
that particular structure
B. 1NORMAL LOADS
plant
be encountered during normal
to
loads
those
are
Normal loads
They include the following:
operation and shutdown.
D

----

L

----

including
moments and forces,
related
their
and
Dead loads

if any.
and prestressing loads,
loads,
equipment
any permanent
and forces, including
and their related moments
Live loads

vary with
and other loads which
loads
equipment
any movable
pressures,
like soil and hydrostatic
occurrence,
and
intensity
a
due Lo variation i heating
differences
e
prares
an:!
changes,
cooling and outside atmospheric
0----

or shutdo-wn
during normal operating
loads
and
Thermal effects

or steady
the most critical transient
on
based
conditions,
state condition,

R 0

B.2

shutdown conditions,
normal operating or
during
reactions
Pipe

state condition,
transient or steady
critical
most
the
based on

SEVERE EIvi

OvNTAL

S
AD
LO

infrequently be
those loads that could
are
loads
Severe eavironmental
this category are:
plant life. Included in
the
during
encountered

Feqo

Basis Earthquake or, if an
Loads generated by the Operating
by half the Safe Shut
OBE is not specified, loads generated
specified, they shall be the
down Earthquake. If both are

-

largest of the two, and
wind specified for the plant.
Loads generated by the design

W
B. 3

UXTREMfE YNVZ.ONMrENTAL

LOADS

but
are those loads which are credible
loads
environmental
Extreme
are highly improbable.
Feqs
S----

-

They include:

Shutdown Earthquake, and
Loads generated by the Safe
tornado specified for the
Loads generated by the design

pressure,
due to the tornado wind
loads
include
They
plant.
pressures, and due to
differential
created
tornado
to
due
tornado-generated missiles.

B.4

ABNOPMAL LOADS

generated by a postulated high-energy
Abnormal loads are those loads
thereof.
a building and/or compartment
within
accident
break
pipe
following:
Included in this category are the
within or across a compart
Pressure equivalent static load
P -by the postulated break, and
ment and/or building, generated
factor to account for the
including an appropriate dynamic
dynamic nature of the load.
T

generated by the
Thermal loads under thermal conditions
postulated break and including T.

conditions generated by the
Pipe reactions under thermal

Ra

postulated break and including R0
structure generated by the
Equivalent static load on the
the postulated
high-energy pipe during
reaction on the broken
dynamic factor to account
appropriate
an
including
and
break,

r-

the load.
for the dynamic nature of
-

Y--

gen
static load on a structure
Jet impingement equivalent
break, and including an appropriate
erated by the postulated
the load.
the dynaic. nature of
for
account
to
dynamic factor
load on a structure gen
,Missile impact equivalent static
break, like pipe whipping,
erated by or during the postulated
for
aynamic factor to account
and including an appropriate
the dynamic nature of the load.

rY Y
for Pa
In determining an apprQpriate equivalent static load
may be assumed with appropriate
andY, elasto-plastic behavior
will not result
long as excessive deflections
as
and
ratios
ductility
in loss of function.
B.5

OTER

DEFINITIONS

S is the required section strength
S---- For concrete structures,
and the allowable
based on the Working Stress Design methods
8.10 of ACI 318-71.
stresses defined .in Section

i

.-

-

-6
For structural steel, S is the required section strength based on the
elastic design methods and the allowable stresses defined in Part 1
of the AISC "Specification for the Design, Fabrication and Erection
of Structural Steel for Buildings," February 12, 1969.
The 33% increase in allowable stresses for concrete and steel due to
seismic or wind loadings is not permitted.

U

---

For concrete structures, U is the section strength required

to.resist design loads and based on methods described in
ACI 318-71.
Y

---

For structural steel, Y is the section strength required to

resist design loads and based on plastic design methods
described in Part 2 of AISC "Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings,"
February 12,

C.

1969.

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR CATEGORY I CONCRETE
STRUCTURES
The following presents an acceptable set of load combinations and

allowable design limits for Category I concrete structures outside
the containment.

To assure that the structural integrity will be

maintained when required, limits on the resulting stresses and.the
required strength capacities are recommended for Service Loads,
including earth'quake (OBE or 1/2 SSE) and wind loads, and for Factored

-
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including earthquake (DBE or SSE),

Loads,

tornado and pipe break

thereof.
effects and various combinations

C.A

LOAD COMBINATIONS FOR SERVICE LOAD CONDITION'S

method or the Strength Design method
Either the Working Stress Design

may be used.
a)

should
following load combinations
If the WSD method is used, the
be satisfied:
)

S= D + L

2)

S

D + L + Feqo

3)

S

D + L+

W
and ,

If thermal stresses due to T

are present and are secondary

the following combinations should
and self-limiting in nature,
also be satisfied:

la) .3S =D + L + To +0 R0
+0 Ro0 + Feqo

D + L + T

2a) 1.3S

+R

3a) 1.3S= D + L + T

+W

value or being completely absent
Both cases of L having its full
Should be checked for.

b)

used, the followingload cornbine
If the Stiength Design method is

tions should be satisfied:
1) U = 1.4 D + 1.7 L + 1.3 T

+ 1.3 R

2)

1.3 T + 1.3 Ro
U = 1.4 D + 1.7 L + 1.9 Feo +

3)

U

-

1.4

D

+

1.7

L

+ 1.7

W+

1.3

T

+

1.3

R0

-8

Both cases of L having its full value or being completely absent
should be checked for and the following combinations should be
also satisfied:
2a) U

1.2 D + 1.9 Feqo

3a) U

1.2 D + 1.7 W

LOAD COMBINATIONS FOR FACTORED LOAD COMDITIONS,

C.2

For these conditions, which represent Extreme Environmental, Abnormal,
Abnormal/Severe Environmental and Abnormal/Extreme Environmental condi
tions, respectively, the Strength Design method should be used and the
following load combinations should be satisfied:
4) U

D+.L+T

0

5)

D

0

U

L+T

6) U = D + L+ T

+R

+Feqs
0P~
It
0a

+R

+1.5P

7) U = D + L + T a + Ra + 1.25 PY+
a
8)U

r

.+Y
3

25

m

Feqo

D + L + T a + Ra + 1.0 P a + 1.0 (Yr + Y3 + Ym ) + 1.0 Feqs

In combinations (6), (7) and (8), the maximum values of Pa' T, Ra'
Ti

Y

and Y

,

including an appropriate dynamic factor, shall be

used unless a time-history analysis is performed to justify otherwise.
For combinations (7) and (8), local stresses due to the concentrated
loads Y , Y and Y , may exceed the allowables provided there will be
rn
l
no loss of function of any safety-related system.

S

-

--

9 -

-

completely absent
Both cases of L having its full value or being
should be checked for.

D.

CATEGORY I STEEL
LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR
STRUCTUR"S
load combinations and
The following presents an acceptable set of
structures outside the
allowable design limits for Category I steel
containment.

will be main
To assure that the structural integrity

stresses and the required
tained when required, limits on the resulting
Loads and for Factored
strength capacities are recommended for Service
Loads.

D. 1

LOAD COMBINATIONS FOR SERVICE

LOAD

CONDT11ONS

Part 1 of AISC, or
Either the elastic working stress design methods of

2 of AISC, may be used.
the plastic design methods of Part
a)

methods are used:
If the elastic working stress design

1)

S=D+L

2)

S= D + L + Feqo

3)

S =D + L + W

If thermal stresses due to To and R

are present and are secondary

combinations should
and self-limiting in nature, the following

also be satisfied:
R

la) 1.5 S

D + L + To

2a) 1.5 S

D + L + T0 + R0 + Feqo

3a)1.5S

D+L+T 0 +R

0

+W

10

absent
full value or being completely
its
having
L
of
cases
Both
should be checked for.

are used:
If plastic design methods
3 T + 1.3 R0
1) Y 1.7 D + 1.7 L + 1.
T + 13 R + 1.7 Feqo
2) Y =1.7 D + 1.7 L + 1.3 0

b)

Y

3)

1.3 Ro + 1.7W
1.7 D + 1.7 L + 1.3 To +

absent
full value or being completely
Both cases of L having its
should be checked for.

D.2

LO D CONDITIONS

FACTORED

LOAD COMBIATIONS FOR

should be satisfied:
The following load combinations
used:
stress design methods are
a) If elastic working
4)

1.6 S =D + L + T

5)

1.6 S

8

b)

+W t

D + L + T

+P a
a
) + Feqo
+ P + 1.0 (Yf j + Y r + m
1.6 S =D + L + T a + R a
a
D + L + T + R + P + 1.0 (Y + Y + YM + Feqs
1.6 S
r
a
a
a

6) 1.6 S

7)

D + L+ T

a

+ R

are used:
If plastic design methods
4)

.90 Y

+ Ro + Feqs

D+ L +

0

5)' .90 Y =D + L

0

t

To + Ro +Wt

7)

1.5 P a
90 Y =D + L + T a +R a +
+ Y + 1.25 Feqc
+ 1.25 Pa + 1.0 (Yj + Y r
M,
R
+
T
+
L
+
D
Y
.90
a
a

8)

Y =D
.90
8) * =++a

6)

..

+ Feqs

+ R

0

a

+ Yr
+ :1. 0 (Y.
a' + 1.0 Pa
.3
a
a

m)Y+ 1.6 Fegs

m

when it can
loads can be neglected where tha
(b),therme1
and
nature and
In combinations D.2(a)
and Self-limiting in
secondary
are
triy
that
shown is ductile.

rial

In combinations (6), (7) and (8), the maximum values of P , T
YJ

,

R ,

Yr and Ym, including an appropriate dynamic factor, shall be.used

unless a time-history analysis is performed to justify otherwise.
For combinations (7) and (8), local stresses due to the concentrated
loads Yr Y. and Y may exceed the allowables provided there will be
no loss of function of any safety-related system.

Furthermore, in

computing the required section strength, S, the plastic section modulus
of steel shapes may be used.
E.

ACCEPTABLE PROCEDURES FOR D TERIXATI ON OF THE EFFECT OF MISSILE
IMPACT GN CONCRETE AND STEEL STRUCTURES

Missile barriers, whether concrete.or steel

shall be designed with

sufficient strength to stop the postulated missile.

To accomplish

this objective, prediction of local and overall damage due to the
missile impact is necessary.
Local damage prediction, in the immediate vicinity of the impacted
area, includes estimation of the depth of penetration and whether
secondary missiles might be generated by spalling in case of concrete
targets.

Overall damage prediction includes estimation of the struc

tural response of the target to the missile impact, including struc
tural stability and deformations.
In.general, missiles are characterized by impact velocity, missile
mass and impact area.

Procedures used in determining these parameters

are not within the scope of this document.
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E.1
a)

LOCAL DAMACE PREDICTION
In Concrete
There are several empirical equations available to estimate the
missile penetration into concrete targets.

The most commonly

used equation is the modified Petry equation, as given by
A. Amirikian in "Design of Protective Structures," Bureau of
Yards and Docks, NP-3726 (1950).

This equation, having been

widely used, is presently acceptable.

Should other equations

be used, however, the level of conservatism in these equations
should be comparable to that of the modified Petry equation.
Actual testing for determining penetration in concrete is
acceptable.

b)

In Steel
Extensive series of tests were conducted by the Stanford Research
Institute on penetration of missiles into steel plates.

The

results of these tests were summarized by W. B. Cottrell and
A. W. Savolainen in Chapter 6 of Vol. 1 of U. S. Reactor Contain
ment Technology, ORNL-NSIC-5.

Equations for penetration of

missiles into steel plates presented in this chapter, having
widely been used, are acceptable.

Should other formulas be used,

however, the level of conservatism in these formulas should be
comparable to that of those referenced above.
determining penetration in steel is.acceptable.
.:.~ ~.

~'

Actual 'testing for

-

E.2
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OVERALL DAMAGE PREDICTION

The response of a structure to a missile impact depends largely on
the location of impact, e.g. midspan of a slab or near the support,
on the kinetic
on the dynamic properties of the target and missile and
energy of the missile.

In general, it will be conservative to absorb

energy in the
all the missile kinetic energy into structural strain
target.

and local
However, energy losses due to missile deformation

penetration may be accounted for.
penetrate the
After a check has been made on whether the missile will
from which
barrier or not, an equivalent static load can be determined
that might be
the structural response, in conjunction with other loads
methods.
present, can then be evaluated using conventional

An acceptable

in a paper by Williamson and
procedure for such an-analysis is presented
Effects of Fragments
Alvy, of Holmes and Narver, Inc. entitled "Impact
Striking Structural Elements," NP-6515 (1957).

Should other methods

methods should be
be used, however, the level of conservatism of these
comparable to that in those referenced above.
RESTRAINTS
ACCEPTABLE PROCEDURES FOR DESIGN OF STRUCTURAL PIPE

F.

from the
Protection of Category I structures, systems and components
pipe ruptures may be accom
dynamic effects of postulated high-energy
pipe restraints in critical
plished in some situations by providing
should function
locations on the piping systems. These restraints
-

,.

-.
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pipe,
mainly by preventingthe ruptured

or portions thereof,

from

the ruptured pipe from whipping
becoming a missile, and by preventing

an
not capable of resisting such
systems
critical
and impacting
and live load
may be independent of dead
restraints
The
impact..
However, should a pipe whip
supports and of seismic restraints.
and/or
also as an operating dead load
restraint be intended to function
should be considered in the
loads
applicable
all
seismic restraint,
design of the restraint.
F.1

ANALYSIS

THOD

restrains may consist of an energy
The structural analysis of pipe
estao
collapse mechanism is first
balance approach, where a potential
by
mechanism will reach its limit,
this
of
displacement
The
lished.
when the external work available
conservation of energy principles,
done on the restraint.
equals the internal work
where mass
include kinetic expressions
External work expressions may
expressions
pipe are known. Internal work
and velocity of the ruptured
force
by the area under a resisting
represented
graphically
are
displacement curve.
F .2

ALLOABLE

YIELD

STENGTH

would
that the structural restraint
strain
of
rate
high
Due to the
and partly due to the strain-hardening
experience after pipe rupture,

-

15 -

may be
of the material used
strength
yield
effects, the static
increased by 15%.
F3

ALLOWABLE -STRAIN~S

acceptable,
of ultimate strain are
50%
to
up
of
In generals strains
buckling is critical
n loss of function. huere
to
should be limited
members
the
on
load
the
in compression members,
load.
90% of the buckling
-.4

GAP EFFECT

and restraints, the kinetic
Where gaps are provided between pipes
be critical and should
restraintfmay
the
impacting
pipe
energy of the
pipe after r
the kinetic energy of the
Moreover,
igncred.
be
ntt
considered.
and should also be
critical
more
be
bound may
F.5

ANCHOR DESIGN

steel structures.
in concrete and/or
anchored
be
Pipe restraints should
the
in the structure by loading
induced
stresses
and/or
Strains
should
and the design of the structure
restraint should be considered
already presented in this document.
be in accordance with criteria

ENCLOSURE 3
PIPE WHIP ANALYSIS

motion caused by the dynamic
Analyses are required to assure that pipe
effects of postulated design basis breaks will not impact or overstress
to safety to the extent
any structures, systems or components important
The analysis methods
precluded.
or
that their safety function is impaired
loadings in terms of:
used should be adequate to determine the resulting
a.

b.

the whipping
the kinetic energy or momentum induced by the impact of
important
component
barrier or a
pipe, if unrestrained, on a protective
to safety,
by the impact and
the dynamic response of the restraints induced
rebound if any, of the ruptured pipe.

of jet thrust force as required
The basis used to determine.the magnitude
in dynamic analysis should be provided.
in II and III are acceptable
The methods of dynamic analysis specified
criteria are met:
provided the following associated
I.
A.

b.

Pipe Whip Dynamic Analysis Criteria
be performed for each
An analysis of the pipe run or branch should
rupture at the design
longitudinal and circumferential postulated
basis break locations.
branch prior to postulated
The loading condition of a pipe run or
temperature, and stress state
rupture in.terms of internal pressure, with reactor operating condition
should be those conditions associated
(normal and upset).

analysis need only
For a circumferential rupture, pipe whip dynamic or branch which is
pipe
.the
be performed for that end (or ends) of
having a sufficient
connected to a contained fluid energy reservoir
capacity to develop a jet stream.
the piping or piping/
d. Dynamic analysis methods used for calculating
following
developed
thrust
jet
the
restraint system response to
of:
effects
the
for
account
postulated rupture should adequately

c.

of the system,
(1) mass inertia and stiffness properties
as permitted by gaps between
(2) impact and rebound (if any effects
piping and restraint)

and
(3) elasticed inelastic deformation of pileg and/or restraint
(4) limiting boundary conditions.
e.

The allowable design strain limit for the restraint should not exceed
0.5 ultimate uniform strain of the materials of the restraints. The
method of dynamic analysis used should be capable of determining the
inelastic behavior of piping-restraint system response within these
design limits.

f.

A 10% increase of minimum specified design yield strength (Sy) may be
used in the analysis to account for strain rate effects.

of:
g. Dynamic analysis methods and procedures should consist
system or
(1) a representative mathematical model of the piping
piping/restraint system,
(2) the analytical method of solution selected,
design basis
(3) solutions for the most severe response among the
breaks analyzed,
conservatism.
(4) solutions with demonstrable accuracy or justifiable
h.

II.
a.

The extent of mathematical modeling.and analysis should be governed by
criteria.
the method of analysis.selected among those specified by these
Acceptable Dynamic Analysis for Restrained Piping Systems
systems
Acceptable Models for Analysis for ASME Class 1, 2 and 3 piping

are:
are interconnected
(1) Lumped-Parameter Analysis Model; Lumped mass points
effects of the
stiffness
by springs to take into account inertia and
numerical
by
system, and time histories of responses are computed
effects.
integration to account for gaps and inelastic
(2).Energy-Balance.Analysis Model; Kinetic energy generated during
the first quarter cycle movement of the ruptured pipe as imparted
to the piping/restraint system through impact is converted into
and the
equivalent strain energy. Deformations of the pipe
energy. For
absorbed
of
level
the
restraint are compatible with
on the
impact
upon
occur
applications where pipe rebound may
be used
should
1.5
of
factor
restraint an additional amplification
to
order
in
to establish the magnitude of the forcing function
the
after
determine the maximum reaction force of the restraint
than
first quarter cycle of response. Amplification factors other
1.5 may be used if justified by more detailed dynamic analysis.

(3)

III.

by
Sta t Analysis Model - The jet thru force is represenLtea
ruptured
the
and
ng,
rvatively amplified static 1
ac
factor of 3 can
amplification
An
system is analyzed statically.
function if the
be used to establish the magnitude of the forcing
However, a factor
piping and restraint system remain elastic.
obtained by com
as
value
based on selection of a conservative
dynamic analysis
parison with the factors derived from detailed
performed on comparable systems is also acceptable.

Acceptable Dynamic Analysis for Unrestrained Pipe Whip

is acceptable.
a. Lumped-Parameter Analysis Model as stated in II.a(l)
b.

c.

d.

IV.
a.

b.

acceptable.
Energy-Balance Analysis Model as stated in II.a(2) is
deducted from
The energy absorbed by the pipe deformation may be
the total energy imparted to the system.
movement should
The assumptions used to guide the mechanism of pipe
be justified to be conservative.
compatible with
The results of analysis should be expressed in terms
of the impacted
the approach used for verifying the design adequacy
structure.
Flow Thrust Force
jet flow at the
The time function of the thrust force induced by
(1) the initial
design basis pipe break location should consider:
transient function.
pulse, (2) the thrust dip, and (3) the
when conditions-as
A steady state forcing function can be used
should have a magnitude
specified in e below are met. The function
not less than
T

KpA

where
system pressure prior to pipe break
p
A = pipe break area, and
thrust coefficient.
K
following:
Acceptable K values should not be less than the
steam/water mixture
(a) 1.26 for saturated steam, water and
(b) 2.00 for subcooled water-nonflashing.
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c.

A pulse rise time not exceeding one millisecond should be used for
the initial pulse, unless longer crack propagation times or rupture
opening times can be substantiated by experimental data or analytic
theory.

d.

The transient function should be provided and justified. The shape
of the transient function, IV a.(3) above, should be related to the
capacity of' the upstream energy reservoir, including source pressur
fluid enthalpy, and the capability of the reservoir to supply high
energy flow stream to the break area for a significant interval. T
shape of the transient function may be modified by considering the
break area and the system flow conditions, the piping friction loss,
the flow directional changes, and the application of flow limiting
devices.

e.

The jet thrust force may be represented by a steady state function,
b above, provided the following conditions are met:
(1) The transient function, IV a.(3) above, is monotonically
diminishing.
(2) The energy balance model or the static model is used in the
analysis. In the former case, a step function amplified to the
magnitude as indicated in II.a(2) is acceptable.
(3) The energy approach is used for the impact effects of the
unrestrained piping.

ENCLOSURE 4
PREOPERATIONAL PIPING DYNAMIC EFFECTS TEST PROCRAM4.
Preoperational piping vibrational and dynamic effects testing should be
conducted during startup functional testing on piping systems and restraints
classified as ASME Class 1 and Class 2 components. The purpose of these
tests is to confirm that these components have been designed to withstand
the dynamic loadings from.operational transient conditions that will be
encountered during service as required by ASME Code Section III, par.
NB-3622.3 and NC-3622.* An acceptable test program to confirm the ade
quacy of the designs should consist of the following:
a. A listing of the different flow modes of operation and transients
such as pump trips, valve closures, etc. to which the components
will be subjected during the test.** For example, the transients
associated with the Reactor Coolant System heatup tests should
include, but not necessarily be limited to:
(1) Reactor coolant pump start
(2) Reactor coolant pump trip
(3) Operation of pressure-relieving valves
b.

A list of selected locations in the piping system that will be
subjected to visual inspection and measurements (if needed) as
performed by the piping designer during these tests. For each
of these selected locations, the allowable deflection (peak-to
peak) criteria that will be applied to establish that the stress
limits are within the design levels should be provided.

c.

If vibration is noted beyond the acceptance levels set by the
criteria of b. above, corrective restraints should be designed,
incorporated in the piping system analysis and installed. If.
during the test, the piping systems restraints are determined to
be inadequate or damaged,.corrective restraints should be installed
and another test should be performed to determine that the vibrations
have been reduced to an acceptable level.

*Reference ASME Code Section III, "Nuclear Power Plant Components"
**Additional guidance for the selection of.such transients is provided
in the AEC Guide for Planning of Initial Startup Programs" December 7,
1970.

ENCLOSURE 5
ELECTRICAL AND MECHANICAL EQUIPMENT SEISMIC QUALIFICATION PROGRAM
I.

Seismic Test for Equipment Operability
1. A test program is required to confirm the functional oper
ability of all Seismic Category I electrical and mechanical
equipment and instrumentation during and after an earthquake
of magnitude up to and including the SSE.
2.

The characteristics of the required input motion should be
specified by one of the following:
(a) response spectrum
(b) power spectral density function
(c) time history
Such characteristics, as derived from the structures or systems
seismic analysis, should be representative of the input motion
at the equipment mounting locations.
Oper

3.

Equipment should be tested in the operational condition.
ability should be verified during and after the testing.

4.

The actual input motion should be characterized in the same
manner as the required input motion, and the conservatism in
amplitude and frequency content should be demonstrated.

5.

Seismic excitation generally have a broad frequency content.
Random vibration input motion should be used. However,
single frequency input, such as sine beats, may be applicable
provided one of the following conditions are met:
(a) The characteristics of the required input motion indicate
that the motion is dominated by one frequency (i.e., by
structural filtering effects).
(b) The anticipated response of the equipment is adequately
represented by one mode.
(c) The input has sufficient intensity and duration to excite
all modes to the required magnitude, such that the testing
response spectra will envelope the corresponding response
spectra of the individual modes.

6.

'The input
principal
unless it
along the

motion should be applied to one vertical and one
(or two orthogonal) horizontal axes simultaneously
can be demonstrated that the equipment response
vertical direction is nQt sensitive to the vibratory

-2
and vice versa. en the
moton along the horizontal direction,
the inputs
input, the time phasing ofsuch that a
frequency
single
of
case
directions must be
in the vertical and horizontal
input is avoided.
purely rectilinear resultant
7.

meet the following requirements:
The fixture design should
service mounting
(a) Simulate the actual
to the test item.
coupling
(b) Cause no dynamic

1. Seismic
1.

2.

Desig

A

acy of

Supports

of
be performed for all supports to
Analyses or tests should
equipment and instrumentation
electrical and mechanical
towithstand seismic
ensure their structural capability
excitation.
the following:
The analytical results must include
should
to the mounted equipment
motions
input
in
required
stated
The
as
(a)
in the manner
be obtained and charactenized
Section 1.2.
be
the support structures should
of
stresses
NF
combined
(b) The
Section III, Subsection
within the limits of ASME
(draft version) or other
"Component Support Structures"
comparable stress limits.

equipment installed. If the
Supports should be tested with
the support test, the response
equipment is inoperative during
should be monitored and
at the equipment mounting locations
stated in Section 1.2. In
characterized in the manner as
the
be tested separately and
should
equipment
case,
a
such
be more conservative
Actual input to the equipment should
than the monitored response.
in amplitude and frequency content
are
L.2, 1.4, 1.5, 1.6 and 1.7
4. The requirements of Sections
supports.
equipment
the
conducted on
applicablewhen tests are

3.

ENCLOSURE 6
CLASS 2 & 3 PUMP OPERABILITY ASSURANCE

PROGRAM

The operability of ASME Class 2 & 3 "active" pumps under plant
conditions when their safety function is relied upon to effect
either a plant shutdown, or to mitigate the consequences of an
accident may be demonstrated by either of the following programs:
1.

An individual pump, selected as a prototype pump, may be
tested in the manufacturer's shop, provided the test conditions
imposed are equivalent to the combined plant conditions which
the pump is expected to withstand at the time when the "active"
function is required.

2. An individual pump, selected as a prototype pump, may be
tested in-situ following installation in the system during
the performance of the system preoperational functional tests,
provided the test conditions duplicate those conditions when
the "active" function is required.
In either of the test programs, 1 and 2 above, vibratory excitation
of the pump to simulate seismic loading may be demonstrated (a) by
a separate test under conditions sufficiently severe to provide
adequate margins for assurance of operability under combined plant
loading conditions or (b) by seismic dynamic analysis of critical
pump components.
3.

An individual pump, selected as a prototype pump, may be
tested partially (a) in the manufacturer's shop under those
test conditions as limtied by the test facility, (e.g.,
pressure temperature loadings) (b) in a testing laboratory
for simulated seismic excitation loadings, and (c) in the
plant after pump installation for confirmation of operability
under flow conditions during system preoperational hot
functional tests. The distribution of test parameters handled
by each testing group may have variations depending upon the
pump testing requirements.
Such a test program should be supplemented by analyses as
required under test program 2. above.

4, An.individual pump, selected as a prototype may be tested
completely in-situ following installation in the system during
the performances of the system preoperational functional tests.
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such test conditions to
Vibratory excitation of the pump under
induced by mounting devices
represent seismic loadings may be
and the controls
which will vibrate principally the pump operator
mounted on the pump system.
to a prototype
5. Pumps that can.be demonstrated to be equivalent
test requirements of a
pump, which has successfully met the
may be exempted from testing
pump operability assurance program,
provided:
pump are documented and
(a) the test results of the prototype
available and
exempted pump are equivalent
(b) the loading conditions for the
prototype pump.
to those imposed during testing of the
group of similar pumps
The prototype pump may be selected from a
pump used in one
which will be used in the plant. A prototype
for another
pump
nuclear power plant qualifies as a prototype
conditions of both plants,
plant provided the system operating the time when the "active"
at
and the pump loading conditions
function is required are equivalent.

I

ENCLOSURE 7
CLASS 2 & 3 VALVE OPERABILITY ASSURANCE PROGRAM

The operability
conditions when
effect either a
an accident may
programs:

of ASME Class 2 & 3 "active" valves under plant
their respective safety function is relied upon to
plant shutdown or to mitigate the consequences of.
be demonstrated by any one of the following acceptable

be tested
1. An individual valve, selected as a prototype valve, may
in the manufacturer's shop, provided the test conditions imposed
during the demonstration of valve opening and/or.closing are
the valve-is
equivalent to the combined plant conditions which
function is
expected to withstand at the time when the "active"
size valves).
required (such a test program may be practical for small
be tested in
2. An individual valve, selected as a prototype valve, may
manufacturer's shop under test conditions which simulate separately
each of the plant loadings which the valve is expected to withstand
in combination during valve opening and/or closing.
which demon
Such a test program should be supplemented by analyses
strate that the individual test loadings are sufficiently higher
assurance
than the plant loadings,.to provide adequate margins for
the
addition,
In
of operability under combined loading conditions.
component
critical
in
analyses should demonstrate that the strains
are greater, by
parts of the valve under individual test loadingsmay
experience under
a substantial margin than those which the valve
the combined plant loading conditions.
3.

may be tested
An individual valve, selected as a prototype valve,
test conditions
those
partially (a) in the manufacturer's shop under
as limited by the test facility, (e.g., pressure temperature loadings)
loadings,
(b) in a testing laboratory for simulated seismic excitation
of
confirmation
and (c) in the plant after valve installation for
system preoperational hot
operability under flov conditions during
functional tests. The distribution of test parameters handled by
valve
each testing group may have variations depending upon the
testing requirements.
as required
Such a test program should be supplemented by analyses
under test program 2. above.

4. An individual valve, selected as a prototype may be tested completely
the performances
in-situ following installation in the system during
tests.
of the system preoperational functional

-

2

under such test conditions to
Vibratory exc,itation of the valve
induced by mounting devices.
represent seismic loadings may be
the valve operator and the controls
which will vibrate principally
mounted on the valve system.
equivalent to a prototype
5. Valves that can be demonstrated to be
of a valve
valve, which has successfully met the test requirements
testing
from
be exempted
operability assurance program, may
provided:
valve are documented and
(a) the test results of the prototype
available and
exempted valve are equivalent
(b) the loading conditions for the
of the prototype valve.
to those imposed during testing
from a group of similar valves
The prototype valve may be selected
A prototype valve.used in one
which will be used indthe plant.
a prototype valve for another
nuclear power plant qualifies as
conditions of both plants,
plant provided the system operating
at the time when the "active"..
and the valve loading conditions
function is required are equivalent.

ENCLOSURE 8
ASSURANCE PROGRAM
OPERABILITY
CLASS 1 PUMP
plant conditions
Class 1 "active" pumps under
a plant
Theo perability of ASME
either
upon to effect
when their safety function is relied
be
may
of an accident
shutdown, or to mitigate the consequences
programs:
demonstrated by either of the following
as a prototype pump, may be tested
An individual pump, selected provided
the test conditions imposed
in the manufacturerts shop,
which the pump
are equivalent to the combined plant conditions"active" function
the
when
is expected to withstand at the time
is required.
a prototype pump, may be tested
2. An individual pump, selected as
the system during the performance
in-situ following installation in
tests, provided the test
of the system preoperational functional
when the "active" function
conditions duplicate those conditions
is required.

1.

2 above, vibratory excitation
In either of the test programs, 1 and
be demonstrated (a) by
of the pump to'simulate seismic loading may
sufficiently severe to provide
a separate test under conditionsof operability .under combined plant
adequate margins for assurance
analysis of critical
loading conditions or (b) by seismic dynamic
pump components.
3.

be tested
as a prototype pump, may
test conditions
An individual pump, selected
those
under
shop
partially.(a) in the manufacturer's
pressure temperature
as limited by the test facility, (e.g.,
for simulated seismic excit
loadings) (b) in a testing laboratory
after pump installation for
ation loadings, and (c) in the plant
during system
confirmation of operability under flow conditions
of test.
distribution
The
tests.
preoperational hot functional
group may have variations
parameters handled by each testing
requirements.
depending upon the pump testing
by analyses as required
Such a test program should be supplemented
under test program 2. above.

completely
as a prototype may be testedperformances
the
4. An individual pump, selected
during
system
in the
in-situ following installationfunctional tests.
preoperational
system
of the
to
pump under such test conditions
which
Vibratory excitation of themay
devices
be induced by mounting,
represent seismic loadings

9
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mounted
operator and the controls
will.vibrate principally the-pump
on the pump system.
to be equivalent to a prototype
5. Pumps that can be demonstrated
of a pump
met the test requirements
pump, which has successfully
may be exempted from testing
operability assurance program,
provided:
pump are documented and
prototype
the
of
results
(a) the test
available and
equivalent
for the exempted pump are
conditions
loading
the
(b)
pump.
testing of the prototype
to those imposed during
from a group of similar pumps
The prototype pump may be selected A prototype pump used in one
which will be used in the plant.
a prototype pump for another
nuclear power plant qualifies as
both plants,
operating conditions of
system
the
provided,
plant
at the time whenthe "active"s
and the pump loading conditions
function is required are equivalent.

ENCLOSURE 9
PROGRAN
CLASS 1 VALVE OPERAkBILITY ASSURANCE

under plant conditions
The operability of ASME Class 1 "active" valves
either a
function is relied upon to effect may be
safety
respectiv'e
their
when
of an accident
plant shutdown or to mitigate the consequences
programs:
acceptable
following
demonstrated by any one of the
valve, may be tested
1. An individual valve, selected as a prototype
imposed
provided the test conditions
are equiv
closing
in the manufactUrer.s shop,
and/or
valve opening
during the demonstration of
is expected
conditions which the valve
alent to the combined plant
required
is
the "active" function
to withstand at the time when
practical for small size valves).
(such a test program may be
may be tested
selected as a prototype valve,
sepa
simulate
which
2. An individual valve,
test conditions
in manufacturer 's shop under
to
which the valve is expected
rately each of the plant loadings
valve opening and/or closing.
withstand in combination during
which
be supplemented by analyses
Such a test program should
sufficiently
are
test loadings
demonstrate that the individual
provide adequate margins
to
loadings,
plant
the
higher than
under combined loading conditions.
for assurance of operability
strains
should demonstrate that the
In addition, the analyses
test
individual
of the valve under
in critical component parts
which
those
than
substantial margin
loadings are greater, by a
the combined plant loading
under
the valve may experience
conditions.
as a prototype valve,.may be
selected
valve,
individual
An
3.
manufacturer's shop under those
tested partially (a) in the
test facility, (e.g., pressure
test conditions as limited by the
laboratory for simulated
temperature load'ngs) b)iateting
valve
and (c) in the plant after
seismic excitation loadings,
conditions
flow
of operability under
installation for confirmation
distrib
The
hot functional tests.
have
during system preoperational
may
by each testing group
ution of test parameters handled
valve testing requirements.
variations depending upon the
as required
be supplemented by analyses
such a test program should
under test program 2. above.
com
as a prototype may be tested
the
4. -An individual valve, selected
during
instal lation-in the system
pletely in-situ following
tests.
preoperational functional
performances of the system

92
Vibratory excitation of the valve under such test conditions to
represent seismic loadings may be induced by mounting devices
which will vibrate principally the valve operator and the controls
mounted on the valve system.
5. Valves that can be demonstrated to be equivalent to a prototype
valve, which has successfully met the test requirements of a
valve operability assurance program, may be exempted from testing
provided:
(a) the test results of the prototype valve are documented and
available and
(b) the loading conditions for the exempted valve are equivalent
to those imposed during testing of the prototype valve.
The prototype valve may be selected from a group of similar valves
which will be used in the plant. A prototype valve used in one
nuclear power plant qualifies as a prototype valve for another
plant provided the system operating conditions of both plants,
and the valve loading conditions at the time when the "active"
function is required are equivalent.

ENCLOSURE 10

COMPUTER PROGRAMS ANALYSIS
ACCEPTABILIOFTY'
MECHANICAL COMPONENTS AND EQUIPMENT

OF

static
will be used in dynamic ofandSeismic
that
programs
computer
of
1. A list
loads and deformations
to
analyses to determine mechanical
and equipment and the analysis
Category I structures, components
including a brief description
determine stresses should be provided
application.
of each program and the extent of its
Part
as required by Appendix B - 10 CFR
measures
control
design
The
.2.
applicability and valid
50 that will be employed to demonstrate thebe described by any of the.
should
ity of the above computer programs(or other equivalent procedures).
following criteria or procedures
program in the public domain,
(a) The computer program is a recognized
of use to justify its applicability
and has had sufficienlt history
The dated program
and validity without further demonstration.;
and
software or operating system,
version that will be used, the
be
to
must be specified
the computer-hardware configuration
use.
of
accepted by virtue of its history
to.a series of test problems,
(b) The computer program's solutions demonstrated to be substantially
have been
with accepted results,
byea similar, independently written
obtained
those
identical to
The test problems should be
program in the public domain.
or with the range of applicability
demonstrated to be similar to
computer program to justify,
for the problems ainalyzed by the
acceptance of the program.
substan
series of test problems are
a
to
solutions
program's
(c) The
-by hand calculations or from
tially identical to those obtained
results published in
accepted experimental test or analytical should be demonstrated
test problems
of
technical literature. .The
analyzed to justify acceptance
problems
to be similar to the

the program.
the results obtained from each computer
3. Provide a suary comparison of
from a similar program in the
program with either the results derived computer program or results
public domain, on a previously approved
response
typical static and/or dynamic
Include
problems.
test
form..
the
from
preferably in graphical
loading, stress, etc. comparisons

