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PROGRAM MANAGER'S PREFACE

DIABLO CANYON NUCLEAR POWER PLANT - UNIT I
INDEPENDENT DESIGN VERIFICATION PROGRAM

INTERIM TECHNICAL REPORT

TANKS

This is the third of a series of Interim Technical
Reports prepared by the DCNPP-IDVP for the purpose of
providing a conclusion of the program.

This report provides the analytical results, recom-
mendations and conclusions of the IDVP with respect to
the initial tank sample. An IDVP completion report has
been issued for all open item files initiated for the
tanks.

As IDVP Program Manager, Teledyne Engineering
Services has approved this ITR including the conclusions
and recommendations. The methodology followed by TES

in performing this review and evaluation is described by
Appendix D to this report.

ITR Reviewed and Approved
IDVP Program Manager
Teledyne Engineering Services

R. Wray
Assistant Project Manager
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INTRODUCTION

Pur ose and Sco e

This Interim Technical Report summarizes the
independent analysis and verification of the initial
sample of tanks at Diablo Canyon Nuclear Power Plant.
The tank sample consists o the boric acid, starting
air,receiver, and the diesel generator oil priming
tanks. This report is intended to present a con-

clusion on the tank sample and serve as a vehicle
for NRC review. This report will also be referenced
in the'Phase I Final Report.

Interim Technical Reports were discussed at the
June 10, 1982 Nuclear Regulatory Commission (NRC)

meeting in Waltham, Massachusetts. These reports
will include: analytical references, results, sample
defin'itions and descriptions, methodology, a listing
of Error and Open Items, an examination of trends
and concerns, and a conclusion.

In Section 9.1(6) of the Phase I Program Management
Plan, Revision 0 (Reference 1 ), the following
definition is given:

Interim Technical Reports are prepared when
a program participant has completed an aspect
of their assigned effort in order to provide
the completed analysis and conclusions. These
may be in support of an Error, Open Item or
Program Resolution Report or in support of a
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portion of the work which verifies accepta-
bility. Since such a report is a conclusion
of the program, it is subject to the review
of the Program Manager. The report will be
transmitted simultaneously to PGandE and to
NRC.
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Back round

On September 28, 1981 PGandE reported that a diagram error
had been found in a portion of the seismic qualification of
the Diablo Canyon Unit 1 Nuclear Power Plant (DCNPP). This
error resulted in an incorrect application of the seismic
floor response spectra for sections of the annulus of the
Unit 1 Containment Building. The error originated when PGandE

transmitted a sketch of Unit 2 to a consultant. This sketch
contained opposite hand geometry incorrectly identified as

Unit 1 geometry.

As a result of this error, a seismic reverification program
was established to determine if the seismic qualification of
the plant was adequate for the postulated Hosgri 7.5M earth-
quake. This program was presented orally to the NRC in a

meeting at Bethesda, Maryland on October 9, 1981.

Robert L. Cloud Associates presented a preliminary report for
the Seismic Reverification Program to the NRC on November 12,
1981. The NRC Commissioners met during the week of November

16, 1981 to review the preliminary report and the overall
situation. On November 19, 1981 an Order Suspending License
CLI-81-30 was issued which suspended PGandE's license to load
fuel and conduct low power tests up to 5g of rated power at
DCNPP-1. This suspending order also specified that an Inde-
pendent Design Verification Program be conducted to assure
that the plant met the licensing criteria.

PGandE retained Robert L. Cloud Associates (RLCA) as program
manager to develop and implement a program that would address
the concerns cited in the Order Suspending License CLI-81-30.
Phase I plan for this program was transmitted to the NRC on
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December 4, 1981 and discussed with the NRC staff on February
3, 1981. Phase I deals with seismic service related contracts
prior to June 1978.

On March 19, 1982 the NRC approved Teledyne Engineering Ser-
vices (TES) as Program Manager to replace R. L. Cloud
Associates. However, RLCA continued to perform the inde-
pendent review of seismic, structural and mechanical aspects
of Phase I.

The NRC approved the Independent Design Verification Program
Phase I Engineering Program Plan on April 27, 1982. This plan
dictates that a sample of piping, equipment, structures and
components be selected for independent analysis. The results
of these analyses are to be compared to the design analyses
results. If the acceptance criteria is exceeded, an Open Item
Report is to be filed. Interim Technical Reports are to be
issued to explain the progress of different segments of the
technical work.
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2.0 INDEPENDENT DESIGN VERIFICATION METHODS

2.1 PROCEDURES

RLCA used the following procedure for the
independent design verification analyses for
the diesel generator priming tank, the boric
acid tank and the diesel generator starting
air receiver tank.

First, the tank's physical dimensions were
verified in the field. Next, the tank was

modeled as a series of beams and masses to
determine stiffness and, from that,.the natural
frequency. RLCA determined seismic acceler-
ation using the natural frequency together
with the applicable Hosgri response spectra.
Forces and moments were calculated at key areas
using the equivalent static method. These
forces and moments were used to calculate
stresses and loads at key areas (for example,
nozzle attachments, bending moments at base,
anchor bolts, etc). Finally, RLCA 'ompared
their computed stresses to allowable stresses
and loads as designated by the licensing
criteria.



O.



2.2 LICENSING CRITERIA

RLCA used the Diablo Canyon Nuclear Power
Plant licensing criteria to analyze the boric
acid tank, starting air receiver vertical
tank, and diesel generator oil priming tank
and their support structures. This licensing
criteria is contained in the FSAR and the Hosgri
report (See Appendix B).

Attachment I of the Phase I Engineering Program
Plan (Reference 2) also includes these loading
combinations and structural criteria from the
Hosgri Report.
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3.0

3.1

INDEPENDENT ANALYSIS OF TANKS

DESCRIPTION OF'DIESEL GENERATOR OIL PRIMING

TANK

Three diesel generator oil priming tanks are
located at the northwest corner of the Unit 1

turbine building. Each tank consists of a

hollow cylinder made of stainless steel which
rests on a sup'porting structure or stand and
is anchored at the top by two perpendicular
lateral restraints, or upper supports. Figure 1

shows the position of the tank, tank stand,
upper supports and level indicator. Figure 2

shows the two upper supports which anchor the
tank and are placed at nin'ety degree angles.

A level indicator box is attached to the side
of the tank. The base of the tank support
structure is located at elevation 85 feet and the
upper supports are located at elevation 92 feet.
The tank itself has a height" of 13.25 inches and
a diameter of 16 inches. The height of the stand,
which includes an attached instrument mounting
channel, is 83.25 inches. RLCA conservatively
calculated the weight of the tank at 168 pounds
when full of d'iesel fuel oil and the weight of
the stand and instrument channel at 93 pounds.
The weight of the level indicator box is given at
29.5 pounds. This figure is very conservative
because the. weight of the boxed isolation valves
13.5'bs. is added to the actual weight of the
level indicator 16.0 lbs (see Figure 1).
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Method of Diesel Generator Oil Primin Tank
~Anal sis

RLCA calculated the stiffnesses for the tank/
supporting structure and attached level indicator.
Using these stiffness results, RLCA first
determined the frequency and then the applicable
seismic accelerations. Values for loads and
stresses were obtained by applying the acceleration
values to the RLCA model.

Stiffnesses were separately calculated for both
the vertical and horizontal directions. In the
vertical direction, the mass of the tank, stand,
upper supports and level indicator were lumped
at the top of a spring that represented the
support stand and anchor bolts. This model is
shown in Figure 3. Using the stiffness results,
RLCA calculated the first mode vertical frequency
as 204 Hertz.

The horizontal stiffness model takes into con-
sideration only the tank stand and upper sup-
ports as contributing to stiffness. The model
does not consider the tank itself nor the level
indicator for two reasons. First, the large
section modulus of the tank wall makes the tank
much stiffer than the supporting structure.
Second, the bottom of the tank is very close
to the upper supports, which are already in-
cluded in the model as a pin boundary condition.

The model is shown in Figure 4.

-10-
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RLCA calculated the horizontal stiffness by
assuming a uniformly loaded beam with an
additional center mass representing the inst-
rument channel and fixed and pinned boundary
conditions. From the stiffne'ss results, RLCA

calculated a first mode horizontal natural
frequency of 34.0 Hertz for the tank supporting
structure.
RLCA developed a model for the priming tank level
indicator as shown in Figure 5, and, from that,
calculated the level indicator frequency as 23

Hertz.

RLCA chose seismic acceleration values cor-
responding to the calculated frequencies from
appropriate Hosgri curves. The accelerations
are:

Tank and stand: '54g horizontal
.50g vertical

Level yndicator .85g horizontal
.50g vertical

RLCA obtained these acceleration values from
Hosgri spectra which had been generated for both
the floor elevation of 85 feet and the ceiling
elevation of 104 feet.

Using the Hosgri spectra RLCA calculated forces
and bending moments using an equivalent static
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method. Based on the forces and bending moment

calculations, stresses at key areas were evaluated
and compared to the allowable stresses defined in
the Licensing criteria (see Appendi») ~

Results of Di.'esel Generator, Oil 'Primin 'ank
~Arial sis

RLCA computed the stresses at the following key
areas and compared them to the allowable stress
defined in licensing criteria'See Appendix B).

Pipe stress at
base of stand

~Com uted

276 psi

Allowable

18,000 psi

Weld stress at
base of stand 532 psi 18,000 psi

Anchor bolt loads
at base

pullout force 1,800 lbs.
128 lbs.
shear force 1 500 lbs.
10.8 lbs.

Buckling load in
upper support

Pipe end fitting
load on upper
support

101 lbs.

101 lbs.

3,850 lbs.

600 lbs.

Bolt stress on
upper support

&ensile stress on
upper support

"Meld stress on
upper support

Anchor bolt load
on upper support

Revel indicator
stresses

-14-

804 psi

158 psi

393 psi

109 lbs.

6,750 psi.

12,000 psi

18,000 psi

18,000 psi

700 lbs.

23,925 psi
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Note: The stresses marked with an asterisk* show
the three key structural areas which are also
explicitly evaluated in the design analysis
(Reference 8).
The results show that the stresses RLCA

independently computed for key areas in the
sample tanks are well below the allowable
stresses.

Com arison of Inde endent and Desi Anal sis
Methods

The design analysis used a computer model to
calculate natural frequencies and the resulting
member loads from an equivalent static force
loading (Reference 8).

Because the analysis techniques are different,
the computer calculated results cannot be directly
compared with the results of the independent hand
calculations which used simplified, conservative
assumptions.

The seismic design analysis for the diesel oil
priming tank used a pre-Hosgri DDE computer
model. Hosgri seismic values were substituted
for the DDE seismic values.

To calculate stresses, the design analysis used
spectra which appear to be preliminary Blume
spectra. RLCA examined the design values and
determined that, with the exception of the level
indicator discussed in section 3.1.4, all values

-15-
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for the tank, stand and upper supports were
adequately represented.

Com arison of Inde endent and Desi Anal sis
Results

RLCA compared independent analysis results
listed in section 3.1.2 with the results in
the design analysis. The design analysis
reported three key stresses for the diesel
generator oil priming tank.

Independent Design~1' ') ~1
Tensile stress on
upper support

Weld stress on
upper support

Level indicator
stresses

158

393

6,750

*1,875

896

1,677

A comparison of these results shows that the
stress values determined by RLCA for two of
the three areas are much lower than those of
the design analysis. The discrepancy in the
level indicator stresses is a result of RLCA's
conservative calculations and the difference in
the level indicator weight.

In the case of the level indicator results,
(includes bending)

-16-
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RLCA conservatively calculated the level indicator
weight at 29.5 pounds (Reference 5). The design
analysis calculated a weight of 16.0 pounds by
neglecting the isolation value weight (Reference 11) ~

RLCA determined that this weight difference had
insignificant effect on design adequacy because of
the low level of stress.
EOI Re orts Issued

RLCA issued four EOI reports for the diesel
generator oil priming tank. Table A,-l shows

the EOI file number, revision, date, and
status.

EOI 1011 was issued because the design analysis
used preliminary Blume spectra. This item was
classified as a deviation.

EOI 1012 reported stress differences in excess
of 15% between independent stress values and
the design stress value. In this case, the
15% criteria was judged meaningless because
both stress values are low and RLCA stresses
were hand-calculated while the design stresses
were derived from a computer model. This item
was closed.

EOI 1015 was issued because the design analysis
used a damping value of 4% and NRC Regulatory
Guide 1.61 (Reference 3) specifies 3% damping
for equipment. Since the Hosgri report notes
the 4% as an exception, RLCA determined that this
value was acceptable and EOI 1015 was closed.

-17-
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EOI 1017 was issued because of a difference
between the independent and design analyses
in the level indicator weight (Reference 5).
This weight difference was determined to be
insignificant and EOl 1017 was classified as a

Class C error..

-18-
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3.2 BORIC ACID TANK

Two boric acid tanks for Unit 1 are located at
the east side of the auxiliary building. Each

tank has a flat roof, a semi-elliptical head at
the bottom, and is supported by a skirt. Figure

shows the configuration of the tank and skirt
supporting structure.

The tanks are located at an elevation of 115 feet.
The tank itself is 15 feet 9 inches high, 10 feet
in diameter and weighs 76,400 pounds when full of
boric acid solution. The skirt is 4 feet 6 inches
high.

3.2.1 Method of Boric Acid Tank Anal sis

First, RLCA developed a model based on the stiff-
ness properties of the tank and skirt. This model
was used to derive the response of the tank-fluid
system. After'tiffness results were calculated,
frequency was determined. RLCA compared these

C

results with the design analysis frequency results.
A second model was developed to obtain loads,
moments and stresses.

The TID-'.7024 approach (Reference 34 ) was initially
used by RLCA to construct an equivalent model as

shown in Figure 7 . In this approach, fluid effects
are considered and the tank is assumed to move

rigidly with a motion identical to floor motion.
A portion of the mass corresponding to the liquid
is treated as though attached to the tank with

-19-
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Roof

120"
Inner

Diameter

Tank

Skirt
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Bottom Head

Skirt Shell
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~ f ~ ~
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Figure 6

Boric Acid Tank - Elevation View
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Note: Semi-elliptical tank bottom is replaced by cylindrical section
as shown. This results in a conservative simplification.
Bottom of tank remains at 2 feet above base.

Figure 7

TID-7024 Model of Boric Acid Tank
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springs. RLCA calculated the lowest sloshing mode

at 0.55 Hertz. Next, tank frequencies were deter-
mined and compared with the design analysis results.
RLCA calculations showed the lowest structural mode

of the tank to be 24.8 Hertz. Because the Hosgri
peak seismic accelerations occur at approximately
10 Hertz, RLCA used the design analysis frequency
of 15 Hertz, which produced the highest loading.
Bolt tensile and shear stresses were conservatively
calculated. RLCA calculated the tank bending about
the neutral axis of the base. A shear shape factor
of .75 was used in determining the bolt shear areas.

Based on the design analysis frequency of 15,Hertz,
seismic accelerations at 4% of critical damping
were used as follows:

1.81 g : horizontal
0.60 g : vertical

From these accelerations, forces and bending moments

were calculated for key areas using an equivalent
static method.

Results of Boric Acid Tank Anal sis

RLCA computed the stresses at the following key
areas and compared them to the allowable stress
criteria defined in the Hosgri report'(see
Appendix B):

-22-





~Com uted Allowable

* Anchor bolt combined
tension-shear inter-

.72 1.0

action
Anchor bearing load ',410 psi
between anchor plate and concrete

1,980 psi

* Skirt buckling stress 4,670 psi 21,750 psi

Note: Those stresses marked with an asterisk(*)
show the key structural areas which are
also explicitly evaluated in the design
analysis.

The results show the stresses RLCA independently
computed in the sample tanks are below the allow-
able stress.

Com arison of Inde endent and Desi. n Anal si.'s Methods

The design analysis used a computer model to cal-
culate natural frequencies and the resulting member

loads from an equivalent static force loading,
Because the analysis techniques are different, the
computer calculated design results cannot be direct-
ly compared with the independent results which were
calculated by hand and used simplified conservative
approaches.

For the boric acid tank, the design analysis first
consisted of a vendor DDE analysis. Subsequently,

-23-
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the design analysis applied Hosgri criteria that
considered both fluid sloshing loads and structural
dynamic loads. RLCA determined that this design
sloshing analysis used the same methods as those
used in the independent analysis.

Using design data gathered from testing at the
plant site, a mathematical computer model was

developed to evaluate structural response. The
tank is modeled as a cantilever beam with lumped
masses and spring support at the bottom. This
model did not consider sloshing loads because the
design calculations showed that the tank structural
response was greater than the tank-fluid sloshing
response.

~ The boric acid tank design analysis is contained in
the Mechanical and Nuclear Engineering File 140.051,
Tab G, PGandE (Reference 26).

Com arison of Inde endent and Desi n Anal sis Results

The RLCA independent analysis results listed in
section 3.2.2 were compared with the results given
in the design analysis.

The design analysis reported two stresses which
RLCA compared with their independent results as
follows:

Independent
Anal sis

Design
~Anal sls

Skirt buckling
stress

4,670 psi ~ 7,536 psi

Anchor bolt loading .72 12,767 psi
-24- *(Maximum Principal

stress)
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The results for anchor bolts are not comparable
because design analysis calculates pullout stress
while the independent analysis calculates combined
tension-shear interaction. Both approches are
applicable.

A comparison of maximum normal skirt stress results
shows that the independent analysis results were
less than the design results. The results for an-
chor bolts are not directly comparable because the
design analysis calculates tensile stresses only
while the independent analysis calculates combined
tension-shear interaction. Both approaches are
applicable and resulting stresses are low.

-25-
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EOI Re orts Issued

RLCA issued one EOI (EOI 1030) for the boric acid
tanks. Table A-1 shows revision number, date and
status for EOI 1030.

EOI 1030 was issued for the following reasons.
First, when RLCA compared their results with the
design results, the maximum normal skirt stress
difference was in excess of 15K. In this instance,
the 15% difference is not meaningful because both
the independent and design results for this key
area were low and different analysis methods were
employed to obtain these results. This item is
closed.

Second, the design analysis did not explicitly
evaluate certain k'ey areas of the tank, for example,
the anchor bearin'g 'load between anchor plate and
concrete.
RLCA determined that the stresses in these areas
did not exceed allowable'see section 3.2.2) and
this item was closed.

Last, RLCA noted that an incorrect formula was

used in the design analysis to determine the skirt
area. In 'a subsequent and current design analysis,
the correct area was derived. Because the analysis
report with the incorrect formula was not indicated
as superseded, this item was classified as a dev-
viation.

-26-
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3.3 STARTING AIR RECEIVER 'VERTICAL TANK

There are six starting air receiver vertical
tanks located in the Unit 1 Diablo Canyon
Nuclear Power Plant. Two tanks are located on
opposite sides of each diesel generator unit.
A total of three diesel generator units are located
at the northwest corner of the turbine build-
ing. Each tank consists of a hollow cylinder
made of stainless steel with an elliptical head
at both the top and bottom. Each tank is sup-
ported by a skirt or stand ring which is anchored
by a base plate. Figure 8 shows the configuration
of the tank and stand.

The base of the tank is located at elevation
85 feet. The tank is 8.5 feet tall, 3 feet
in diameter, and was designed to ASME Code
Section VIII specifications. The tank. contains
compressed air at an operating pressure of
250 psig and has a total weight of 2,045 pounds.

3.3.1 "Methods of Startin Ai'r Receiver Vertical
Tank Anal sis

RLCA calculated stiffnesses for the baseplate,
stand ring and tank. From these results, fre-
quency and applicable seismic accelerations
were obtained. Acceleration values were applied
to the RLCA model to obtain loads and stresses.

RLCA used a single degree of freedom model to

-27-
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analyze dynamic response in both the horizontal
and vertical directions when loads were applied.
The tank was found to be rigid (greater than 33

Hertz) in the vertical direction. The zero
period acceleration was applied in the vertical
direction. In a simplified analysis (Reference
37), RLCA conservatively calculated the horizon-
tal frequency as 18 Hertz. The peak seismic
acceleration at 4X critical damping was applied
in the horizontal direction. RLCA chose seismic
acceleration values from the appropriate Hosgri
curves as follows:

2.0 g horizontal
0.5 g vertical

RLCA used the equivalent static method to cal-
culate tank seismic forces and loads. Stresses
at key areas were calculated and compared to
the allowable stresses as defined in'he licensing
criteria (See Appendix B).

RLCA used a computer analysis to determine the
local pressure discontinuity stress because the
support skirt is attached to the head by intermittent
fillqg welds. The local pressure discontinuity
result was used to calculate the total local
discontinuity stress when pressure, seismic
and deadweight loadings were combined.

-29-



O.

~ o



Results of Startin A'ir Receiver Vertical Tank
~Anal 'Sls

Base plate stress
+Anchor bolt combined
tension-shear inter-
action

1.0.87

RLCA computed stresses at the following key
areas and compared them to the allowable stresses
as defined in the licensing criteria (See Appendix B).

s

~Com need Allorr'able
24,417 psi 42,000 psi

*Stand ring baseplate
weld

1,252 psi 18,000 psi

Tank wall primary
stress 7,269 psi 35,000 psi

Stand ring at head
junction stress 3,903 psi 35,000 psi

'tandring head weld
shear stress 8,448 psi 21,000 psi

Skirt critical
buckling load

Judged less 1.5 x 10 lbs.
than allow-
able

Note: Those stresses marked with an asterisk"'how
the two key structural areas which are also explicitly
evaluated in the design analysis.

The results show that the stresses RLCA indepen-
dently computed for key areas in the sample tanks
are well below the allowable stresses.

-30-.
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Com arison 'of Inde endent and Desi 'n 'Anal sis
Methods

The design analysis used a computer model to
calculate natural frequencies and the resulting
member loads from an equivalent static method
loading. Because the analysis techniques are
different, the computer calculated results cannot
be directly compared with the results of the
independent hand calculations which used simplified
conservative assumptions.

To calculate stresses, the design analysis
uses spectra which although identical, are
not those given in the Hosgri report
(Reference 49).

The design qualification incorrectly considered
a 3R critical damping value where a 4% critical
damping value applies as specified in the Hosgri
criteria. However, damping is not a factor
because the tanks were considered to be rigid and,
for this regi'on, the acceleration values are
identical regardless of damping. The design
analysis used data from tests performed at the
plant site to develop a mathematical computer
model. The tank is modeled as pipe sections to
evaluate structural response.

RLCA found that the design inputs to the computer
model were correct and that the design analysis
horizontal natural frequency results closely
agreed with the results from the original

-31-
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testing at the plant site. This is to be expected
since the computer model was developed using test
results.

RLCA determined that in the design hand stress
analysis, the stress calculation for the stand
ring to baseplate weld was incorrectly labeled.
The actual, value calculated was load on the weld
in pounds per inch instead of pounds per square
inch as, labeled.
The starting air receiver vertical tank design
analysis is contained in the "Seismic Qualification
Summary, PGandE" (Reference 41),

Com arison of Independent and Desi n Anal sis Results

The RLCA independent analysis results listed in
section 3.3.2 were compared with the design analysis
results as shown below:

Independent Design~1'1
Horizontal natural
frequency

Anchor bolts

18 Hz

0.87

26 Hz

1357 lb/bolt
Stand ring/baseplate
weld shear stress 1252 psi 118 psi

A comparison of the horizontal frequency results
show that no gross differences exist. The results
for anchor bolts are not comparable, because the
design analysis calculates pullout'orce while the
independent analysis calculates combined tension-
shear interaction. Both approaches are applicable.
A comparison of the .stand ring/baseplate weld
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shear stresses shows both stresses to be low.

Error and 0 en Item Re orts

RLCA issued two EOI reports for the starting
air receiver vertical tank. Table A-1 shows the
EOI file number, revision, date and status.

EOI 1053 cites spectra curves in the analysis
that are not exactly the same as those in the
Hosgri report and a critical damping of 3%

which is more conservative than the 4% value
noted in the Hosgri criteria.

RLCA determined that the design spectra are
identical to the Hosgri spectra and that the
3% damping is conservative. Furthermore,
damping is not a factor because the tanks were
considered rigid. Therefore, EOI 1053 was
classified as a deviation.

EOI 1054 was issued because certain key areas
were not explicitly evaluated in the design
analysis and because the stress calculation for
the stand ring to baseplate weld was incorrectly
labeled. RLCA determined that the key areas
not explicitly evaluated in the design analysis
had low stresses (see section 3.3.2). The weld
calculation was judged to have been misapplied
and not incorrect engineering or a departure
from standard procedure. Therefore, EOI 1054
has been closed.
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3.4 EVALUATION OF TANK ANALYSES

3. 4.1 Inter retation

RLCA identified two concerns after examin-
ing the comparisons of independent and design
analyses described in sections 3.1.4, 3.2.4
and 3.3.4.

1) Seismic information (spectra) used
in the design analysis was not identical
to that in the Hosgri Report.

2) Certain key stress areas analysed by
RLCA were not explicitly evaluated in the
design analysis.

For the first concern, RLCA concluded that
although inapplicable seismic design inputs
were used, this had no effect on the final
stress result but could reflect design control
deficiencies. For the second concern, RLCA

concluded that there were no stresses above
allowable in the tank areas not explicitly
evaluated by the design analysis.

RLCA issued specific EOIs for these concerns
as documented in sections 3.1.5, 3.2.5 and
3.3.5.
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Recommendat ions

RLCA recommended additional verification to
address the concerns described above. This
recommendation was in the first RLCA Interim
Technical Report, "Additional Verification
and Additional Sampling", effective May 27,
1982. The recommendations are as follows:

1. Assemble and control the correct
seismic Hosgri response spectra and review
all Hosgri qualifications against the
controlled spectra.

2. Examine the tanks that were not included
in the independent analysis sample for areas
noted in the EOIs (outdoor water storage and

buried diesel oil tanks).

Further examination has shown that the massive
concrete encased outdoor water storage tanks
and buried diesel oil tanks are more logically
grouped with civil structures rather than the
original grouping with mechanical equipment.
The Interim Technical Report on additional
verification and additional sampling will there-
fore be revised to group these two tanks with
the civil structures.
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4.0 CONCLUSION OF TANK ANALYSES

The results of the independent analyses performed
by RLCA verified that the tanks met the DCNPP

Hosgri licensing criteria.
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5.0 REFERENCES

5.1 GENERAL REFERENCES

Reference No. Title RLCA File No.

DCNPP Independent Design
Verification Program, Program
Management Plan, Phase I,
Revision O,,March 29, 1982

P105-4-810-021

DCNPP Independent Design
Verification Program, Program
Procedure, Phase I, Engineering
Program Plan, Revision 0,
March 31, 1982

P105-4-810-021

U.S. Atomic Energy Commission
Regulatory Guide 1.61,
October 1973, Damping Values for
Seismic Design of Nuclear Power Plants

P105-4-810-021DCNPP Independent Design
Verification Program, Program
Procedure, Preparation of
Open Item Reports, Error Reports,
Program Resolution Reports and
IDVP Completion Reports, Revision 0,
March 31, 1982.
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5.2 DIESEL GENERATOR OIL PRIMING TANK

Reference No. Title
RLCA References

RLCA File No.

Diesel Generators Fuel Oil
Priming Tank - Revision 2,
Independent Analysis

P 105-4-550-002

Field Verification Notes P 105-4-591. 5-012

Conference Record — Anchor
Bolt Size

P 105-4-592-036

PGandE References
"Seismic Qualification Sum-

mary for the Diesel Oil
Priming Tank", 12/27/77, Rev.0,
from PGandE M&NE File 129.10,
Tab G. Computer printout not
included

P 105-4-435-018

"Diablo Canyon Diesel Gen-

erators Seismic Stress Ana-
lysis of Fuel Oil Priming
Tank", Rev. 1, 12/15/76, from
PGandE M&ME File 129.10, Tab

G. Pre-Hosgri analysis with
computer printout

P 105-4-435-007

10 PGandE Drawing 504487,
Rev. 2

P 105-4-453-003

"Information Concerning Review P 105 4 435 0]6
of Seismic Design of Diesel
Generator Fuel Oil Priming Tank",
1/6/82
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Reference No. Title RLCA File No.

PGandE Engineering Standard,
Drawing 054162, Rev. 3,
"Concrete Expansion Anchors
for Static and Seismic
Loading"

P105-4-455-054

13 PGandE Data on Level Indica- P 105-4-435-016
tor

14 PGandE Report: Seismic Evaluation
for Postulated 7.5M Hosgri
Earthquake

P105-4-200-001

Public Domain Re ferences

15 Marks Standard Handbook for
Mechanical Engineers, 8th
Edition, McGraw-Hill, 1976

16 AISC Manual of Steel Construc-
tion, 8th Edition, AISC, 1980.

17 Shock and Vibration Handbook,
Harris and Crede, 2nd Edition,
McGraw-Hill, 1976

18 ITT/Grinell 1979 General
Catalog

19 Formulas for Stress and Strain,
Roark, 5th Edition, McGraw-Hill,
1975
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Reference Ho. Title RLCA File No.

20 Hilti Architects and Engineers
Anchor and Fastener Design Manual

21 Piping Handbook, Crocker and King,
5th Edition, McGraw-Hill

22 ANSI B31.1, Power Piping, 1967 Edition,
w/Addenda

t

ASME Boiler and Pressure Vessel
Code, Rules for Construction of
Nuclear Power Plant Components,
Win'ter 1981 Addenda
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5.3 BORIC ACID TANK

Reference No. Title RLCA File No.

24

RLCA R'eferences

Boric Acid Tank Rev. 2

Independent Analysis
P 105-4-550-007

25 Field Verification Notes P 105-4-591.5-001

26

PGandE References

Tab G from PGandE M&ME File P 105-4-435-014
140.051

27 PGandE Drawing 102008,
Sheets 5B and 9, Rev. 9

P 105 -4-451-090

28 PGandE Equipment Nozzle
Load Review

P 105-4-435-005

29 PGandE Design Criteria
Memorandum M-9, Rev. 7,
11/17/81

P 105-4-200-003

30 PGandE Drawings:
DC 663234-3-2
DC 663234-4-2
DC 663234-5-3
DC 663234-6-2
DC 663234-8-2

P 105-4-459
P 105-4-459-010
P 105-4-459-011
P 105-4-459-012
P 105-4-459-013
P 105-4-459-014

31 PGandE Drawing 443483,
Rev. 6

P 105-4-455-008
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Reference No. Title RLCA File No.

32 PGandE Drawing 57726, Rev. 5 P 105-4-452-QQ9

33 PGandE Report: Seismic
Evaluation for Postulated
7.5M Hosgri Earthquake

P 105-4-200-001

Public Domain Documents

34 Atomic Energy Commission,
"Nuclear Reactors and
Earthquakes", TID-7024, Aug. 1963

35 ASME Boiler and Pressure
Vessel Code, Winter 1981/
Addenda

36 Roark, "Formulas for Stress
and Strain", Fifth Edition
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5.4 STARTING AIR RECEIVER VERTICAL TANK

Reference No. Title RLCA File No.

RLCA Refe'rences

37 Starting Air Vertical
Tank - Rev 0

Independent Analysis

P 105-4-550-008

38 Field Verification Notes P 105-4-591. 5-011

39 Telecon Record P 105-4-593-104

PGandE References

40 2/24/78 Letter from P.
Antiochos (PGandE) to
P. Chen (NRC), from PGandE

M&NE File 129.10, Tab G

P 105-4-435-020

41 Seismic Qualification
Summary, Rev.0, 12/27/77,
from PGandE M&NE File 129.10
Tab G

P 105-4-435-019

42 Computer Output from PGandE P 105-4-435-017
M&NE File 129.10, Tab G

43 Appendix 8 from ANCO Diesel P 105-4-445-003
Generators Test Report, from
PGandE M&NE File 129.10

44 PGandE Drawings:
438290 Revision 4

438296 Revision 14
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Reference No. Title RLCA File No.

PGandE Drawings(Cont'd):
438304 Revision 8

438464 Revision 19

438389 Revision 3

P 105-4-455-052
P 105-4-455-053
P 105-4-455-045

45 PGandE Drawing DC 663082-10-3 P "05-4-459-139

46 PGandE Drawing 102021,
Sheet 3, Revision ll

P 105-4-451-237

47 PGandE Equipment Nozzle
Load Review

P 105-4-435-005

PGandE Drawing 55718, Rev 6 P 105-4-452-001

49 PGandE Report: Seismic
Evaluation for Postulated
7.5M Hosgri Earthquake

P 105-4-200-001

50 PGandE Final Safety Analysis P 105-4-200-005
Report

Public Domain Documents

51

52

Harris and Crede, "Shock and
Vibration Handbook", 2nd Edition,
McGraw-Hill, 1976

Seto, "Theory and Problems of
Mechanical Vibrations", McGraw-Hill, 1964

53 Roark.and Young, '='Formulas for Stress
and Strain", 5th Edition, McGraw-Hill,
1975
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Reference No. Title RLCA File No.

ASME Boiler and Pressure
Vessel Code, Winter 1981
Addenda

55 Marks, "S tandard Handbook
for Mechanical Engineers",
8th Edition, McGraw-Hill, 1978

56 AISC, "Manual of Steel
Construction", 8th Edition, 1980

57 Swanson Analysis Systems,
ANSYS Computer Programs,
Revision 3, Version 67L, June, 1979
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0
TABLE

ERROR AND OPEN REPORTS
-TANKS-

EOI
File No.

1011

1012

Sub'ect

Diesel Generator Oil
Priming Tank - spectra

Diesel Generator Oil Priming
Tank - 15% difference-,

'Rev.

0

Date B

2/09/82 RLCA OIR
3/17/82 RLCA PPRR/DEV

,4/21/82 . TES . PRR/DEV.
7/09/82 TES CR

2/09/82 RLCA CI
.„ 4/21/82. TES — CR

Action
Re uired

RLCA
TES
PGE
NONE

Physical
Modifications

1015 Diesel Generator Oil Priming
Tank — damping

0 2/11/82 RICA
1 2/13/82 RLCA

:2 .. .4/17/82 - TES-

OIR
CI

RLCA
TES
NONE NO

1017 Diesel Generator Oil Priming
Tank — site glass weight

2/ll/82 RLCA OIR
3/10/82 RLCA PER/C
4/21/82 TES ER/C
7/09/82 TES CR

RICA
TES
PGE
NONE

1030

1053

Boric Acid Tank - 15%
differences & areas not
explicitly evaluated

Diesel Generator Starting Air
Receiver Tank - spectra and
dampkllg

2/25/82 RLCA OIR RICA
4/19/82 RLC'A PPRR/DEV TES
5/10/82 TES PPR/DEV and CI PGE
7/09/82 TES CR NONE

3/09/82 RICA OIR
3/22/82 RLCA PPRR/DEV
4/21/82 TES PPR/DEV
7/09/82 TES CR

1054 Diesel Generator Starting Air
Receiver Tank - 15% differences
& areas not explicitly evaluated

3/09/82 RICA OIR.
5/20/82 RLCA PPRR/CI
6/03/82 RICA PPRR/CI
6/22/82 TES PRR/CI
6/22/82 TES CR

RLCA
TES
TES
PGE
NONE

SZATUS: Status is indicated by the type of classification of latest report received by PGandE:
OIR - Open Item Report ER - Error Report A — Class A Error
PPRR - Potential Program Resolution Report CR — Completion Report ,- B — Class B Error
PRR — Program Resolution Report CI — Closed Item C — Class C Error
PER — Potential Error Report DEV — Deviation D — Class C Error
OIP - Open Item with future action

by PGandE

PHY KjDS: Physical rrodifications required to resolve the issue. Blank entry indicates that rrodification has not been determined.
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TABLE B-1

HOSGRI SEISMIC EVALUATION

LOADING COMBINATIONS AND STRUCTURAL CRITERIA

MECHANICAL EQUIPMENT SUPPORTS

(Taken, from Table 7.-2, Reference 14)

Support Loading Combinations (4) Criteria (5,6,7,8)

Linear Supports (3) Deadweight + Seismic
+ Nozzle Loads

ASK Code Appends XVII
and Appendix F

(Stresses not to exceed Sy for active
components)

Plate and Shell (2)
. '(Inactive Components)

Deadweight + Seismic
+ Nozzle Loads

(am + ab)

< 2.0S

< 2.4S

Deadweight + Seismic
+ Nozzle Loads

ASME Code Appendix XVII
and/or Code Case 1644
plus Appendix F

C

(1)

(2)

4 (3)

(4)

(5)

(6)
(7)

See Chapter 5 and 6 for reactor coolant supports.
Plate and Shell Type Supports. Plate and shell type component supports are supports 'such
as vessel skirts and saddles which are fabricated from plate and shell elements and are
normally subjected to a biaxial stress field.
Linear Type Support: A linear type component support is defined as acting under
essentially a single component of direct stress. Such elements may also be subjected
to shear stresses. Examples of such structural elements are: tension and compression
struts, beams and colurms subjected to bending, trusses, frames, rings, arches, and
cables.
Nozzle loads shall be those loads acting on the supported component during the Hosgri
earthquake.
a = general membrane stress. This stress is equal to the average stress across the
s81id section under consideration, excludes discontinuities and concentrations and 'is
produced only by mechancial loads.
Deleted
ab = bending stress. This stress is equal to the linear. varying portion of the stress
across the solid section under consideration, excludes discontinuities and concentrations;
and is produced only by mechanical loads.
S = Code allowable stress value. The allowable stress shall correspond to the highest
metal temperature at the section under consideration during the condition under
consideration.
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TABLE B-2

HOSGRI SEISMIC EVALUATIONS
LOADING COMBINATIONS AND STRUCTURAL CRITERIA

MECHANICAL EQUIPMENT[1]

(Taken from Table 7-1, Reference 14)

Component
(2,3)

Loading Combinations
(4)

Criteria
(7,8,9,10)

Tanks, Heat-Exchangers
Filters, Demineralizers

Deadweight + Pressure o <2.0S
+ Seismic + Nozzle Loads ( o or L)+ b <2.4S

(1) See Chapter 5 and 6 for reactor system.
(2) Active: Mechanical equipment which is needed to go from normal full power operation

to cold shutdown following the earthquake and which must perform mechanical
mtions during the course of accomplishing its design function.

(3) Inactive: Mechanical Equipment which is not required to perform mechanical m)tions
in taking plant from normal full power operation to cold shutdown following
the earthquake.

(4) Nozzle loads shall include all piping loads transmitted to the component during the
Hosgri earthquake.

(5) Piping loads at piping/active-value interfaces shall be limited such that maxixmm
fiber stresses in the piping at the interface are less than the piping yield strength
at temperature (Sy).

(6) Valves, being stronger than the attached piping and having a proven history without
any gross failures of pressure boundaries, can safely transmit piping loads without
compromising their pressure retaining integrity. Therefore piping integrity assures
valve integrity.

(7) om = general rrembrane stress. This stress is equal to the average stress across
the solid section under consideration, excludes discontinuities and concentrations
and is produced only by mechanical loads.

(8) oL = local membrane stress. This stress is the same as om except that it includes
the effect of discontinuities.

(9) ob = bending stress. This stress is equal to the linear varying portion of the
stress across the solid section under consideration, excludes discontinuities
and concentrations, and is produced only by mechanical loads.

(10) S = code allowable stress value. The allowable stress shall correspond to the
highest netal temperature at the section under consideration during the condition
under consideration.
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TABLE B-3

SECTION II - MECHANICAL EQUIPMENT R COMPONENTS

Structure, System, Component Design
Class

Code
Class

Design, Fabrication
Erection 6 Test Code

Diesel En ine Generatin S stems
Engine Starting Air Receivers

Chemical 5; Volume Control S stem
Boric Acid Tank E Heaters

ASME BGPV Code,
Section VIII

ASME BEPV Code,
Section VIII (no
code stamp)

(From Table 3. 2-4 of (Sheets 12 and 19 of 38) of Reference 50)

0
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.6 TABLE B-4

PRESSURIZED GAS CONTAINERS (Above 100 PSIG)

Vessel Design
Class

Design
Code

Design
Pressure

Vessel
Operating
Pressure

Vessel
Volume

Diesel
Generator
Starting
Air
Receiver

ASME BGPV
Code Sec.
VIII

342 psig 250 psig 53 cu.ft.

(A portion of Table 3.9-6'(Sheet 1 of 2) from Reference 50)
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.O TABLE B-5

TANK DESIGN

Storage
Function

Design
Code

Loads Considered
in the Design

Tank Plate
Material

Stress Limit
Maximum

Allowable
Tensile

Stress (psi)

Code

Boric Acid ASME Sec,
VIII,
Div.
(no code
stamp)

Design Pressure
Deadweight & DDE
(TID-7024)

ASTM A240
T304

16,000 ASME Sec.
VIII,
Div. I

4f

(From Table 3.9-2 (Sheet 1 of 2) of Reference 50)
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KEY TERM DEFINITIONS USED IN THE TANK REPORT

.S (This glossary gives general definitions for terms which in
no way replace the specific legal and licensing definitions.)

Acceptance Criteria — The comparison between the design
analysis and the independent analysis
result must agree within 15K and be
below allowable. Failure to meet this
acceptance criteria results in the is-
suance of an Open Item.

- Atomic Energy Commission

Allowable Criteria — Maximum stress or load provided by the,
licensing criteria.

Closed Item
4

— A form of program resolution of an Open
Item which indicates that the reported
aspect is neither an Error nor a Devia-
tion. No further IDVP action is
required (from Reference 4).

Completion Report — Used to indicate that the IDVP effort
related to the Open Item identified by
the File Number is complete. It
references either a Program Resolution
Report which has recategorized the item
as a Closed Item or a PGandE document
which states that no physical modifi-
cation is to be applied in the case of
a Deviation or a Class.C or Class D

Error (from Reference 4).

DCNPP - Diablo Canyon Nuclear Power Plant

Design Codes — Accepted industry standards for design
(ex. AI'SC, AISI, ANSI, ASME, AWWA, IEEE)
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— Error and Open Item Report

Error Report — An Error is a form of program resolution
of an Open Item indicating an incorrect
result that has been verified as such.
It may be due to mathematical mistake,
use of wrong analytical method, omission
of data, or use of inapplicable data.

- Each Error shall be classified as one
of the following:

,o

— Class A: An Error is considered Class A

if design criteria or operating limits
of safety related equipment are exceeded
as a result, and physical modifications
or changes in operating procedures are
required. Any PGandE corrective action
is subject to verification by the IDVP.

Class B: An Error is considered Class B

if design criteria or operating limits
of safety related equipment are exceeded,
but are resolvable by means or more
realistic calculations or retesting.
Any PGandE corrective action is subject
to verification by the IDVP.

Class C: An Error is considered Class C

if incorrect engineering or installation
of safety related equipment is found, but
no design criteria or operating limits
are exceeded. No physical modifications
are required, but if any are applied they
are subject to verification by the IDVP.
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Error Report (continued) Class D: An Error is considered Class D

if safety related equipment is not af-
fected. No physical modifications are
required, but if any are applied, they
are subject to verification by the IDVP.

(From Reference 4).

FSAR PGandE ' Final Saf ety Analysis Report

Hosgri Report - An ammendment to the licensing applica-
tion that summarizes the evaluation of
the plant for the postulated Hosgri event.
This amendment is a seismic report de-
veloped by PGandE that gives allowable
criteria (licensing criteria).

Hosgri Fault Geologic fault off the coast of
California.

Hosgri Event Postulated earthquake along the Hosgri
F,ault.

IDVP Independent Design Verification Program
undertaken by R. L. Cloud Associates,
R. F. Reedy, Teledyne Engineering and

Stone &, Webster Engineering to evaluate
Diablo Canyon Nuclear Power Plant
for compliance with the licensing
criteria.

Interim Technical Report Interim Technical Reports are prepared
when a program participant has completed
an aspect of their assigned effort in
order to provide the completed analysis
and conclusions. These may be in support
of an Error, Open Item or Program
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Interim Technical Report
(cont:)

- Resolution Report or in support of a

portion of the work which verifies.
acceptability. Since such a report is
a conclusion of the program, it is sub-
ject to the review and approval of the
Program bfanager. The report will be

transmitted simultaneously to PGandE

and to NRC. (From Reference 1).

Licensing Criteria Contained in PGandE Licensing Documents,
includes allowable criteria. (See

Hosgri Report definition.)

NRC — Nuclear Regulatory Commission

Open Item - A concern that has not been verified,
fully understood and its significance
assessed. The forms of program reso-
lution of an Open Item are recategori-
zation as an Error, as a Deviation, or
as a Closed Item. (From Reference 4).

PGandE - Pacific Gas and Electric Company

PGandE Technical Program — Verification program undertaken by PGandE

to evaluate DCNPP for compliance with
licensing criteria.

Phase I Program - Work performed by RLCA, RFR, TES res-
tricted to Hosgri-related efforts of
PGandE and their service contractors
prior to June 1978.

Phase II Program - Work performed by RLCA, RFR, TES and

Stone 6 Webster, includes non-seismic
related contracts prior to June 1, 1978,
PGandE internal design activities and

C-4
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Phase II Program (cont ) all service related contracts post
January 1978.

Potential Program
Resolution Report and
Potential Error Report

— Forms used only for communication within
the IDVP.

Program Resolution Report Used to indicate that the specific item
is no longer active in the IDVP. It in-
dicates whether the resolution is a

Closed Item, a Deviation, or that res-
ponsibility for an Open Item has been
transferred to the PGandE Technical
Program. Further IDVP action is required
upon completion of the associated PGandE

Technical Program Task if the IDVP trans-
fers an Open Item to PGandE or if physical
modifications are applied with respect to
a deviation (Reference 4).

Response — The motion resulting from an excitation
of a device or system under specified
conditions.

Response Spectra Graph showing relationship, between accel-
eration and time. Used in seismic analy-
sis.

RLCA — Robert L. Cloud Associates

RFR — Roger F. Reedy, Inc.

Samp le Initial sample (given in Phase I Program)
of equipment, components,and buildings to
be design verified by independent calcu-
lations.
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Sampling Approach — Method used by the IDVP to determine
the initial sample (buildings, piping,
equipment and components) for analysis
and to provide for sample expansion

when required.

SSE Safe Shutdown Earthquake: Maximum

intensity earthquake for which the
plant is designed to remain function-
al (Hosgri 7.5M).

Seismic — Refers to earthquake data.

Single Degree of
Freedom Model

Simplified mathematical representation
of a structure.

SWEC — Stone R Webster Engineering Corporation.

~ Tank Fluid Interaction — A method used to determine response of
tank structure-fluid system.

TES — Teledyne Engineering,"Services

Time History Analyses - Used to determine the dynamic response
of a system excited by acceleration as

a function of time.

Verification Program — Undertaken by the IDVP to evaluate
Diablo Canyon Nuclear Power Plant for
compliance with the licensing criteria.
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0< TELEDYNE
ENGINEERING SERVICES

APPENDIX D

PROGRAM MANAGER'S ASSESSMENT

Independent design verification of tanks was performed in

accordance with the Phase I Program Management Plan, Independent Design

Verification Program, Engineering Procedure EP-1-014 and the Project
Guide (Attachment 1 to EP-1-014) The task of verification involved

visits to the RLCA offices and detailed discussion and review with RLCA

personnel of the work performed by RLCA including the methodology used

in selection of tanks for design verification, the sampling philosophy

and criteria used with specific reference to judgment sampling and the

RLCA analyses, calculations, etc.

The files issued by RLCA as Program Resolution Reports or Potential
Error Reports were reviewed thoroughly and specific recommendations were

made to the IDVP Program Manager delineating appropriate resolution.

As a result of the verification of initial sampling selected by

RLCA and the assessment of the impact of RLCA findings on design

adequacy, TES, as Program Manager, is of the opinion that no additional
sampling or verification of additional tank designs are needed.
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