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DIABLO CANYON NUCLEAR POWER PLANT - UNIT 1

INDEPENDENT DESIGN VERIFICATION PROGRAN

INTERIN TEOBIICAL REMRT-

IEAT EXCH4marat
,

This is the forty-third of a series of Interim Technical Reports

prepared by the DOIPP-IDVP for the purpose of providing a conclusion of
the program.

This report provides the analytical results and conclusions of the
IDVP with respect to the initial sample for heat exchangers. The

initial sample consists of the Component Cooling Water Heat Exchanger
(CCWNX) as it is the only heat exchanger which was analyzed for Hosgr1
by PG&E or its seismic service related contractors. All EDI files

initiated for the COSIX have been closed.

As IDVP Program Manager, Teledyne Engineering Services has approved
this ITR-43, including the analytical evaluation and conclusicns
presented. The methodology followed by TES in performing this review
and evaluation is described in Appendix D to this report.

ITR Reviewed and Approved

IDVP Program Manager

Teledyne Engineering Services
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Assistant Project Manbger
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1.0 INTRODUCTION._

,

Purpose and Scope

This interim technical report summarizes the
verification analysis of the initial sample of heat
exchangers at Diablo Canyon Nuclear Power Plant,
Unit 1 (DCNPP-1). Tne initial sample consists of.

the component cooling water heat exchanger, as it is
thn only heat excnanger required for Hosgri
qualification that was analyzed by PGandE an'd/or its
seismic service-related contractors.~

This report is one of many interim technical<

reports of the Independent Design Verification
Program (IDVP). Interim technical reports include
references, sample definitions and descriptions,
methodology, a listing of Error and Open Items, an
examination of trends and concerns, and a conclusion
(Reference 1). This report presents results and
conclusions of the component cooling water heat
exchanger verification analysis and a review of the
design analysis. It also serves as a vehicle for
NRC review and will be referenced in the IDVP Phase
I Final Report.

Snmmarv

; Robert L. Cloud and Associates (RLCA) performed
a verification analysis for the component cooling
water heat exchanger at DCNPP-1. Results of the
verification analysis show all loads and stresses to
be below the bllowables. Discrepancies in the'

design analysis have been noted. No additional
verification is required because the component
cooling water heat exchanger is the only heat

* exchanger required for Hosgri qualification that was
analyzed by PGandE and/or its seismic service-related

,

contracto rs.

l .
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*

Backcround

On Septemoer 28, 1981 PGandE reported that a
diagram error had been found in a portion of the
seismic qualification of the Diablo Canyon Nuclear
Power Plant Unit 1 (DCNPP-1). 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
i seismic service-related contractor. This sketen -

contained 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 earthquake.
This program was presented orally to the NRC in a
meeting in Bethesda, Maryland on October 9, 1981.

Robert L. Cloud and Associates (RLCA) presented
a preliminary report on the seismic reverification
program to the NRC on November 12, 1981 (Reference
2). This report dealt with an examination of thei

i,

interface between URS/Blume and PGandE.
,

The NRC commissioners met during the next week
to review the preliminary report and overall
situation. On November 19, 1981 an Order Suspending
License CLI-81-30 was issued which suspended the
Diablo Canyon license to load fuel and conduct low4

power tests at up to 5% of rated power at DCNPP-1.
This suspending order also specified that an
independent design verification program be conducted
to ensure that the plant met the licensing criteria.

PGandE retained Robert L. Cloud and Associates
as program manager to develop and implement a'

program that would address the concerns cited in the
Order Suspending License CLI-81-30. This program a

would provide for the independent verification of
| those buildings, equipment and components which had

already been evaluated by PGandE for the Hosgri 7.5M .

earthquake. The Phase I plan for this program was,

transmitted to the NRC staff in December 1981 and
discussed with the NRC staff in February 1982.
Phase I specifically deals with PGandE internal
activities and seismic service-related contracts
prior to June 1978.

L
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In March 1982, the NRC approved Teledyne
Engineering Services as program manager to replace
RLCA. However, RLCA continued to perform the
independent 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 (Reference 3). This plan
requires that a sample of piping, equipment,
structures and components be selected for

,

independent verification. The results of these
analyses are to be compared to the design analysis
results. If the acceptance criteria are exceeded,
an Open Item Report is to be filed. Interim
technical reports are to be issued to explain the
progress and conclusions of different segments of
the technical work.

*
.
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2.0 IDVP LICENSING CRITERIA

The IDVP used the Diablo Canyon Nuclear Power
Plant Unit 1 licensing criteria to analyze the
component cooling water heat exchanger (see Appendix
B). This criteria is contained in the FSAR
(Reference 4) and the Hosgri Report (Reference 5). -

Allowable criteria are those defined in Table
7-1 and 7-2 of the Hosgri Report (Reference 5).

'

Allowable criteria for concrete expansion anchors
have been taken from PGandE Engineering Standard
Drawing 054162, Revision 3, " Allowable Loads for
Concrete Expansion Anchors for Seismic and Static
Loading," (Reference 6).

Industry standards used for the verification of
the heat exchanger sample were the ASME Boiler and
Pressure Vessel Code (Reference 7) and the American
Concrete Institute Code (Reference 8) .

Loading combinations and structural criteria
from the Hosgri Report are also included in
Attachment 1 of the IDVP Phase 1 Engineering Program
Plan (Reference 3).

.
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3.0 VERIFICATION ANALYSIS FOR THE COMPONENT COOLING
WATER HEAT EXCHANGER

The component cooling water heat exchanger is a
shell and tuce type heat exchanger used to transfer
heat between fluid systems. It consists of rows of
tubes encased by a shell. Sea water passes through.

these tubes while treated plant water flows around
them within the shell. Two identical heat
exchangers (1-1 and 1-2) are located in the Unit 1

-

portion of the turbine building at elevation 85! *

feet.,

The heat exchanger is approximately 59 feet
long. It is supported by two saddle supports
which are anchored to concrete pedestals on the
floor slab. The shell has an outer diameter of
71-1/4 inches, is 1/2 inch thick, and has a
corrosion allowable of 1/16 inch thickness specified
by the manufacturer. The total weight of the heat
exchanger and the contained water is 184,000 pounds.
Maximum specified fluid operating conditions at the
inlet are 200 degrees Fahrenheit and 150 psi.

Plant water enters and exits through two
30 inch nozzles located on top of the shell just
outboard from each saddle support location. Sea
water enters and exits through two 24 inch nozzles
at opposite ends of the shell bottom. The sea water
inlet and discharge pipes are routed through'the
floor slab and connected to heat exchanger nozzles
through flexible couplings. The plant water inlet
nozzle enters the heat exchanger through a
reinforcing ring running circumferential1y around
the heat exchanger shell, while the outlet nozzle
attaches directly to the shell.

Figure 1 shows the general configuration of the
component cooling water heat exchanger.

> .

'

There are two saddle supports for each heat
exchanger. These are welded fabricated plate and
shell structures with reinforcing stiffener plates.

e A doubler plate is welded between the saddle. support
plate structure and the heat exchanger shell. Eight
1 inch and three 1-1/2 inch anchor bolts secure each
saddle support to the floor slab, as shown in Figure 2.

i.
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The saddle support at the fixed (North) end of
the heat exchanger has two pipe struts extending
from the floor to a point midway up on the saddle.
These pipes are welded to a steel base plate. Eight
1-1/4 inch concrete expansion anchors attach the
steel base plate to the floor slab. Figure 3 shows ,

the details of the fixed saddle support end.

At the fixed saddle support, three 1-1/2 inch
A307 steel anchor bolts are welded to a steel plate -

embedded in the floor slab. These bolts are
surrounded by a concrete pedestal whien extends up
to elevation 85 feet-9 inches (including grout) .
Williams Hollow Core Rock Bolts, 1 inch in diameter,
are installed into the floor slab.

r

Opposite from the fixed support, there is a
sliding saddle support with slotted bolt holes.
These allow for thermal expansion of the heat
exchanger and sliding of the support in the
longitudinal (North-South) direction. Figure 4
shows the general configuration of the sliding
saddle supports.

To resist shearing forces, each of the saddle
supports on heat exchanger 1-2 has steel plates
(shear keys) welded to the underside of the base
plate and embedded in the concrete pedestal. The
fixed-end support has two shear keys to resist shear
forces in the lateral direction, while a third shear
key is located at the pipe strut base plate to resist
longitudinal shear forces (Figure 5). The sliding
support has two shear keys oriented to resist
lateral shearing forces.

At the sliding end and at the pipe strut, heat
exchanger 1-1 has the identical shear key
arrangement as heat exchanger 1-2. Lateral shear
forces at the fixed support of 1-1, however, are
resisted by steel tee sections butting against the

-

concrete pedestal.

The saddle supports are constructed from A-36 .

,
steel. The pipe struts are A-53 Grade B steel, and

,

|
the heat exchanger shell material is SA-515 Grade 70
steel.|

- L-
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3.1 MEAT EXCHANGER SHELL AND SUPPORTS

After the IDVP field verified the dimensions
and configuration, a STARDYNE computer model was
developed.

The model consisted of a detailed representation
of the saddle supports and the adjacent heat -

exchanger shell section as well as a simplified
representation of the remaining portion of the
shell. Welded stiffener plates and gussets at the ,

supports were modeled in detail using quadrilateral
and triangular plate elements. Support plate
element thicknesses were specified so as to
correspond to actual thicknesses. Figure 6 shows
the general configuration of the STARDYNE Model.*

Also modeled with quadrilateral plate elements
was a 47 inch length of heat exchanger shell on
both sides of each saddle support. This length was
greater than the characteristic length required to
isolate the remainder of the shell from local
discontinuities and flexibilities at the
saddle-shell interface (Reference 9).

All elements in tne shell were proportioned
I such that the weight per unit length of the detailed

model was equivalent to the weight per unit length
of the total heat exchanger filled with water.

For the plate elements representing the shell,
the thickness of each element corresponded to the
actual thickness at the location modeled minus
1/16 inch allowed for internal corrosion. Thus, the

,

| thickness of the plate elements at the saddle-shell
' junction was increased to equal the total thickness

of the shell and attached doubler plate at that
location.

!

At the support location, a steel support ring
runs circumferential1y around the heat exchanger ,

shell. This ring was modeled as a series of beam
elements running between the appropriate plate node
points as shown in Figure 7.

G
-
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The remainder of the shell structure was
modeled using pipe elements with a uniform wall
thickness and diameter corresponding to the actual
heat exchanger shell (minus the corrosion
allowable). These elements were joined to the
plates by rigid beam elements running radially from
the pipe node point to each of the plate node points~

(see Figure 7).

The locations of the plate-pipe interfaces were.

sufficiently removed from the. key saddle support
area so that local discontinuity effects were not
introduced into the STARDYNE results. Therefore,
the effect of rigid beam elements on the overall
structural behavior was insignificant.

Heat exchanger nozzles were located along the
pipe element portion of the model. A rigid beam
element represented the connection between the pipe
elements located along the center line of the heat
exchanger and the nozzle location. The actual
nozzle was modeled with a pipe element.

_
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3.1.1 Boundary Conditions for Heat Exchancer

Shell and Suonorts

To model the boundary of the heat exchanger at
the point where it is attached to the piping, the
IDVP considered both sea water and plant water
nozzles as free ends for the following reasons. The -

seawater nozzles are attached to pipe lines through
flexible couplings. Although the plant water
nozzles are attached to piping, the effect of the .,

attached piping was accounted for by nozzle loads,
which were input separately as part of the model
loading.

For the fixed support, the base plate was
fixed only at anchor bolt points. This was also
true of the sliding end support, with the exception
that the restraint in the longitudinal direction was
released at each of the anchor bolt points. For
both the fixed and sliding supports, downward load
was distributed across the full contact area between
the base plate and the pedestal rather than being
concentrated at discrete points representing the
anchor bolts.

The ends of the pipe struts were considered
fixed to the ground.

.

o

O
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3.1.2 Loadino Conditions for Heat Exchancer
"

Shell and Succorts

The component cooling water heat exchanger
shell and support model was analyzed using the
criteria described in Section 2.0.

Natural frequencies and modeshapes were-

determined using the Lanczos modal extraction option
in STARDYNE (Reference 9). Natural frequencies were
found to exist in the flexible range (< 33 hertz).,

As a result, seismic loads were computed by a
response spectrum modal superposition method.

Separate loading cases were applied to the
STARDYNE model to determine loads and stresses due
to seismic, piping nozzle and deadweight loads.
Internal pressure stresees, determined oy hand
calculations, were combined with the STARDYNE
computer results.

Because the heat exchanger was found to be
flexible, Hosgri response spectra at 4% damping were
used as seismic input (Reference-.5). Vertical
response spectra were enveloped from. Figures 3-4 and
3-5 in the Hosgri report, while horizo~ntal response
spectra were enveloped from Figures 4-3 and 4-6
(Reference 5). The figures were enveloped only over
the range of accelerations from the lowest natural
frequency to the zero period acceleration.

Seismic response spectra were applied to
the model in combinations of: simultaneous North -
South horizontal and vertical loading; and

| simultaneous East - West and vertical loading.
|

Equipment seismic nozzle loads (Reference 10)
were applied as static forces at the nozzle-to-pipe
interface in the form of absolute static loads.
Deadweight was accounted for by applying a 1 g

- downward acceleration to the heat exchanger model.

To determine maximum loading at key areas,
loads from deadweight, internal pressure, and piping

,

nozzle loads were summed absolutely with the highest
set of results of two seismic loading comoinations.

e
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3.1.3 Loads and Stresses for Heat Exchancer
Shell and Succorts

The STARDYNE computer analysis calculated loads
and stresses from tne model for key areas (Reference 9).

The detailed model of the shell and supports -

permitted principal stresses to be obtained directly
from STARDYNE results. Maximum stresses for beam,
pipe and plate elements were compared to the
allowables. '

Each of the anchor bolt locations in the
STARDYNE model were modeled as fixed points, (except
for the longitudinal restraints released at the
sliding support). This permitted reaction forces at
each bolt location to be calculated. Maximum leads
were obtained for the 1-1/2 inch anchor bolts, 1 inch
rock bolts and 1-1/4 inch expansion anchors. These
loads were compared to allowables. Maximum stresses
were also evaluated for the concrete in which the
1 inch rock bolts are embedded.

For all bolts, reaction loads in the shear key
active direction were considered to be resisted by
the shear keys.e

For the evaluation of the 1-1/4 inch expansion
anchors at the pipe strut end, all forces and

*

moments were considered with the exception of the
longitudinal force to be resisted by the shear key.
Maximum pipe strut anchor reactions were used.

Each group of four expansion anchor bolts
around the individual pipe strut end was considered
to act independently. Net loads from the group
were evenly divided between bolts to permit
evaluation of a single bolt.

The shear due to out-of-plane moment was
resolved and added to the pure lateral shear to

'

determine net shearing force on each bolt. Uplift
due to in-plane moments was calculated and added to
the pure uplift. Uplift and shear forces were -

combined through an interaction formula and compared
_

to the allowable (Reference 6).

18
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The 1 and 1-1/2 inch ancnor bolts were
evaluated for uplift only, since the shear keys
resist lateral loads at the support. Longitudinal
shear loads at the bolts were assigned to the
snear key located at the pipe strut case plate.

Loads on the lateral shear keys at each support-

were determined by summing lateral reaction forces
at all anchor bolt location points for that support.
The shear key was assumed to resist this load..

For both the lateral and longitudinal shear
keys, fillet weld snear stresses and concrete bearing
stress were calculated and compared to tne allowable.

Shear stress at tne key fillet welds in the
support structure was evaluated. Net shearing force
and bending moment across the gross weld
cross-section was determined from STARDYNE results.
Maximum fillet weld shear stresses were calculated
at the saddle support base plate and gussets, and
then compared to the allowable. Shear stress in the4

pipe strut to base plate fillet weld was similarly
calculated for the largest loading and compared to
the allowable.

Pipe struts were evaluated for comoined axial
compression and local moment loads using STARDYNE
results. A limit analysis procedure was used to
determine the adequacy of the pipe strut, which is
essentially a short column.

The pipe strut material was assumed by the IDVP
| to be A-53 Grade A steel. Subsequent information

provided by the DCP showed the material to be A-53
Grade B steel. Therefore, the IDVP assumption gave
conservative results because the actual Grade B
steel is of higher strength than the assumed Grade A
steel. .

.

3.1.4 Results of Verification Analysis
|

The IDVP computed stresses at key areas and
', compared them to the allowable stresses as defined

by the licensing criteria. The results are given in
Table 1 and show that all the stresses from the
verification analysis are below the allowables.

19
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Bolts-Unlift Comonted Allowable

1-1/2 inch anchor oolts 50,990 lb 57,000 lb
1 inch rock bolts 11,610 lb 37,000 lb
l-1/4 inch expansion anchors * G.87 1.0

Shear Key-Loncitudinal -

Concrete bearing stress 1.94 ksi 2.31 ksi
Fillet weld shear stress 12.27 ksi 24.36 ksi

Shear Keys-Lateral

Concrete bearing stress 1.20 ksi 2.31 ksi
Fillet weld shear stress 18.48 ksi 24.36 ksi

Heat Exchancer Shell Maximum
Plate-Princioal Stress

Membrane stress 26.80 ksi 35.00 ksi

Heat Exchancer Saddle
Maximum Plate-Princioal Stress

Membrane stress 26.22 ksi 29.00 ksi

Saddle Succort Pillet Welds

Maximum shear stress 23.24 kai 24.36 ksi

Pice Strut to Base Plate Pillet Weld

Maximum shear stress 15.03 ksi 20.16 ksi

| Rock Bolt concrete Load (uplift) 148,000 lb 402,000 lb

Pine Strut Axial Comorension
and Bendino

interaction ratios ** 0.959 1.0 .

1.166 1.5

combined shear / tension ratio _*
'

** must meet both allowables

Table 1
Verification Analysis - Stresses
Heat Exchanger Shell and Supports

t,
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3.2 HEAT EXCHANGER NO22LER --

Because the IDVP model discussed in Section 3.1
represents only the heat exchanger shell and
supports, a second STARDYNE model was developed to
include the effect of the attached piping on the
nozzle loads. This model permitted the calculation
of nozzle loads arising from the attached piping-

constraint during seismic inertial motion (Reference
11). IDVP considerations for tnis model were:

~

1. Dynamic characteristics of the overall
heat exchanger structure had to be
adequately represented.

2. The stiffnesc contribution of the attached
piping had to be modeled.

To represent the overall dynamic characteristics,
the IDVP modeled a simplified version of the heat
exchanger and supports model described in Section
3.1. Figure 8 shows this simplified model. The
saddle supports were modeled using plate and beam
elements (see Figure 9). Local plate flexibilities
in the support regions were modeled in less detail
than in the first STARDYNE model.

The shell was modeled from pipe elements alone.
The base of the saddle support including the anchor
bolts was represented as rigid beam elements and
springs. Springs representing the anchor bolts
accounted for.any rocking behavior of the support.

The IDVP verified the accuracy of the second
dynamic model by comparing frequency and mode shape
results with those of the first model.

I
.

.

*
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To model stiffness contributed by the attached
piping, the IDVP included a portion of the attached
piping and supports as shown in the isometric
diagram in Figure 10. In contrast to the first
model, both heat exchangers were included. This was
necessary because the attached pipe lines at each
heat exchanger are connected. .

l
'

Because the model was used to determine
conscraint forces on the nozzles, the IDVP
considered only stiffness effects. Rigid and '

snucoer pipe supports were included. The effect of
pipe mass and its contents was accounted for by
using PGandE piping nozzle loads (see Section 3.2.2).

l
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3.2.1 Boundary Conditions for Heat Exchancer Nozzles

For the second model, the IDVP considered the
sea water nozzles as free ends because they are
attached to pipe lines through flexible couplings
(Reference 11).

.

For the plant water nozzles, the component
boundaries were extended to include part of the
attached piping and associat.ed supports (see Figure 10).
Each pipe support was modeled as a point of
restraint on the pipe. The direction of restraint
on the pipe corresponded to each pipe support's
specified line of action.

The base plate was modeled as a series of rigid
beam elements extending out to the anchor bolt
locations to represent the relative stiffness of
the base plate with gussets (see Figure 9) . A
length of rigid beam elements represented the line
of contact netween the support. The pedestal was ,

assumed to be fixed.

The anchor bolts were modeled as springs
between base plate rigid elements and fixed points.

; The stiffness of the springs was specified
as the axial stiffness of a portion of bolt without
bonding effect.

To verify the boundary conditions for the
nozzles, frequency and mode shape results from the
second model were compared to those from the
detailed shell and support model. The comparison
sh9wed that the boundary conditions described above
adequately model heat exchanger gross seismic motion
for the nozzle analysis.

,

i

I
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3.2.2 toadina conditions for Heat Exchancer Nozzles

Seismic nozzle loads resulting from the
constraint of attached piping were determined from
the second STARDYNE model for the two heat
exchangers (Reference 11). Inertial effects of the

-

attached piping on the nozzles were already factored
into PGandE's equipment pozzle loads (Reference 10).

Nozzle loads from the PGandE analysis were
given in the form of unsigned static forces and.

moments. These loads were calculated for the end of
the nozzle. To analyze the nozzle-shell junction,
the IDVP transferred the loads (forces and moments)
from the end of the nozzle to the mid-surface of the
shell.

.

O
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3.2.3 Loads and Stresses for Heat Exchancer Nozzles

Nozzle loads from seismic excitation of
attached piping and heat exchanger inertial loads
were applied at the nozzle-shell junction. Once
inertial loads on the nozzles were determined, tney
were combined witn PGandE attached piping nozzle -

loads to obtain total seismic nozzle loads. These
were then used to perform a modified Bijlaard
stress analysis as given in Welding Research Council .

(WRC) Bulletin No. 107, (Reference 12).

Stresses at the nozzle-shell junction were
calculated for the two nozzles with the highest
loading (Reference 11). Membrane and bending *

stresses in both the circumferential and
longitudinal directions were calculated at eight
locations of the nozzle-shell junction. Shell
pressure stresses were calculated by hand and added
to stresses induced by nozzle loads.

Stresses at the most highly stressed locations
were combined to determine primary longitudinal and
circumferential stresses,

f

.
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3.2.4 Results for Heat Exchancer NO221es,,
.

The IDVP calculated stresses at tne nozzle -
shell junction with the highese nec loading. These
primary stresses were compared to the allowables
defined oy the licensing criteria.

Location comnuted (ksil Allowable (ksi)*

Heat Exchanger 1-1 Inlet 35.2 54.0
,' Nozzle-Primary Stress,

Intensity
-

The results snow that the highest primary
stress is below the allowable.

1
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4.0 DESIGN ANALYSIS METHODS FOR THE COMPONENT COOLING
WATER HEAT EXCHANGER

The complete design analysis consisted of a set
of separate calculations for the heat exchanger,
shell, supports, foundation and nozzle-shell
junction done by both PGandE and their seismic
service-related contractor. *

Heat Exchancer Shell
.

In the portion of the design analysis for the
heat exchanger shell, longitudinal and circumferential
stresses were calculated (Reference 13). Stresses
for pressure, deadweight and seismic loading were
combined. Seismic stress was calculated as a
function of seismic acceleration. Combined stress
was divided into allowable stress, and a maximum
seismic acceleration capability was determined.
Simultaneous horizontal and vertical seismic,

accelerations were combined by considering vertical
acceleration as 2/3 that of tne horizontal.

The conclusion of the design analysis was that
the heat exchanger shell is capable of withstanding
a seismic acceleration of 7.86 g. This result'
exceeds the maximum postulated Hosgri acceleration
of 1.9 g.

The design calculation for the shell alone did
not include the contribution of piping nozzle loads.

Heat Exchancer Suenorts

ANCO Inc., a seismic service-related contractor,
performed a separate analysis for the overall heat

. exchanger and support structure for seismic loading
I (Reference 14). For this analysis, the heat

exchanger configuration was considered without

| support gussets, stiffeners and pipe struts, which
prior to 1978 had not been included in the original -

installed configuration.

The heat exchanger and support structure was
analyzed for seismic loading using the computer code

'

-

i EASE 2. No deadweight or nozzle loads were included.
| The ANCO, Inc. study concluded that additional

support bracing was required to reduce support
i loads.

~
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I A modirication to the heat exchanger and
supports was proposed, which included five axial
pipe struts and added lateral bracing. A simplifiedi

computer model of the heat exchanger including the
proposed modifications was developed and analyzed,
as snown in Figure 11. This analysis included the -

effect of the sliding support at one end.4 -

Frequencies and mode shapes were determined ;
,

from this model. A response spectra modal
,

superposition analysis was performed to determine4

seismic loading at the support.

Enveloped responae spectra at 4% damping were
applied in all three directions simultaneously.
Horizontal response spectra were applied in two
norizontal directions simultaneously and the

,

; vertical response spectrum was applied
simultaneously with the horizontal input. The'

i spectra used, though preliminary spectra,.were
identical to Hosgri spectra (Reference 14).

,

The remaining design calculations were
performed by PGandE rather than their seismic
service-related contractor (Reference 15).

4

For the support pipe struts, the design
analysis used support loads from the modified
analysis of ANCO, Inc. Net support reactions for'

the five longitudinal struts in the ANCO model were
i summed and considered as net reactions for the

,

actual configuration which consisted of two pipe
struts.

Maximum allowable loads for the actual pipe
strut configuration were calculated based on pipe
longitudinal loading, uplift on the concrete
expansion anchors, shear key stress, and shear key

,

to concrete bearing stress. A11owables were then
compared to computed loads for pipe strut reactions.

,

The result showed the loads to be below allowables.

I- A new computer model of the heat exchanger was
..

developed using the computer code STRUDL-II as shown'-

in Figure 12. This model, while similar to the one
used by the ANCO Inc., included the actual as-built
configuration of the two axial pipe struts. Piping
nozzle loads were applied and support reactions due
to nozzle loads were determined.
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Figure 11

ANCO Design Analysis Model
Simplified Heat Exchanger with tiodified Supports''
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! Longitudinal shear key-concrete bearing stress
due to nozzle loads was calculated and then combined
with stress from heat exchanger seismic loads. ,

!Loads and stresses for pipe strut loading, concrete
expansion anchors and the lateral shear key were
calculated for the heat exchanger seismic loading
alone. These were compared to the allowables. The

~

comparison showed that all loads on the support were
below the allowable. j

. .

The design calculation for pipe struts,

considered only axial loads on pipe members. End
moments on the pipes were not included in their
calculation.

For the 1 inch rock bolts and the lateral shear
keys, the design analysis used seismic support loads
from the modified seismic service-related
contractor's analysis. Lateral shear key stresses
and concrete bearing stress for lateral support
reaction forces were calculated and compared to
allowables.

Support uplift reactions were used to calculate
the tensile load and required embedment depths for
the rock bolts. This ensured that the shear stresses
for the rebar to grout, grout to concrete, and
concrete remain below allowables. These results
were used to specify the installation embedment
length of the rock bolts.

At the fixed end support of heat exchanger unit
1-1, tee sections were specified and designed to
account for insufficient embedment depth for the
lateral shear keys. The design was based on concrete
bearing stress and tee and weld stress. Lateral
support reaction loads were used to calculate
concrete bearing stress for the tee section butting
against the concrete pedestal. Stresses on the tee
section welds and at the attachment point to the -

base plate were also calculated. Results were used
to specify the size of the tee and its connections,

~
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Heat Excnancer NO221e-Shell Junction

In tne portion of the design analysis relatino
to the heat exchanger nozzle-shell junction
(Reference 16), stresses were calculated for tne
nozzle with the highest attached pipe nozzle
loading. Hosgri seismic, deadweight and normal
thermal nozzle loads were considered.*

The inclusion of thermal loads, however, is not
required because the Hosgri report requires that.

only those stresses produced by mecnanical loads be
used for the Hosgri evaluation (Reference 5). This
net nozzle loading (including thermal loads), was
not always the most conservative value when compared
to the seismic nozzle load alone. This is oecause
seismic nozzle loads were considered as signed (plus
and minus) loads and were algebraically summed with
normal thermal and deadweight loads.

The design calculation did not transfer forces
at the end of the nozzle to the nozzle - shell
junction. Because the attached piping nozzle loads
are computed at the end of the nozzle, loads used in
the design calculation for the evaluation of the
nozzle-shell junction were incorrect.

All stresses were considered as primary
stresses. Membrane and bending stresses were
comoined for the longitudinal and circumferential
directions. This stress intensity was
conservatively compared to the Hosgri faulted
condition allowable.

For membrane stresses, the design analysis
calculated local surface membrane stress by
including a local discontinuity stress concentration
factor (Reference 16). This calculation gave
conservative results which are not required for a
primary stress evaluation.

.
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5.0 COMPARISON OF VERIFICATION AND DESIGN ANALYSES

Generally, the verification and design analyses
used different approaches to analyze the heat
exchanger. Whereas the verification analysis used
an integrated analysis considering combined seismic,
deadweight, nozzle and pressure loads to evaluate

,

all key areas of the neat exchanger, the design
analysis used separate calculations to analyze
various key parts of the heat exchanger for separate
loadings. -

Heat Exchancer Shell

The verification astresses due to actual ,nalysis calculated shellcombined seismic, deadweight,
pressure and nozzle loads, and compared these
stresses to the allowables. The design analysis
calculated shell longitudinal and circumferential
stresses as a function of the seismic acceleration
plus pressure and deadweight load. These stresses
were set equal to the allowable to determine the
maximum seismic capacility of the shell.

Because different. approaches were used in the
verification and design analyses, they yielded
different results which could not be directly,

compared. Both analyses, however, determined that
the heat exchanger shell stresses were below the
allowables for Hosgri loading conditions.

Heat Exchancer Sunnarts

As described in Section 4.0, the design
calculations for the heat exchanger support used
loads developed from the seismic service-related
contractor's model (Reference 14). This model
considered a fixed support configuration with five
axial pipe struts as opposed to the two pipes that
are actually installed. Only seismic loads were
calculated; deadweight and nozzle loads were not. -

Pressure load was also not included since it was
irrelevant to the analysis of the support. Nozzle
loads were considered only for the shear key at the -

'- end of pipe struts,
i

In contrast, the verification analysis
developed loads and stresses for the as-built
configuration and considered seismic, deadweight,
nozzle and pressure loads together.

36
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The design calculation for tne pipe struts
summed the total reaction loads on the five struts
used in tne EASE 2 computer model and applied them
evenly to the two actual struts. Local bending
moments at the ends of the struts were not included.
The verificacion analysis included the two pipe
struts in their STARDYNE model and determined pipe

i axial and local bending loads directly.-

The verification and design analyses evaluated
shear keys using similar methods. The only,

difference was that the design analysis considered
nozzle loads only for the pipe strut shear keys.

The design calculation for the 1-1/4 inch
concrete expansion anchors evaluated only the
pullout loads from summed pipe strut upward
reactions. Verification analysis pullout loads
included both the upward reaction force and pullout
from local moment effects. In addition, the
verification analysis evaluated shear loads on the
1-1/4 inch expansion anchors. These loads result
from the lateral shear force acting perpendicular to
the shear key line of action and local moment effects.,

For the 1-inch rock bolts, the design analysis
compared uplift reaction force against the
manufacturer's load ratings. Required embedment
depth for concrete, grout and rock bolt was
calculated to develop required shear forces for
calculated uplift force. Since the design analysis
calculated minimum embedment depths, and the
verification analysis calculated shear stresses
based on the actual embedment depth, these results
could not be directly compared. Tne results of both
analyses, however, showed that all allowables were
met.

1

The design analysis obtained uplift reactions
for the four Williams Hollow Core Rock Bolts from
the seismic service-related contractor's computer.

load results. This was in the form of a point load
at the node point representing the approximate
location of the rock bolt group. The verification
analysis' STARDYNE model included the rock bolt"

locations as discrete points. Thus, the
: verification analysis was able to evaluate maximum

individual rock bolt load.

The design analysis did not evaluate the
t- 1-1/2 inch anchor bolts for the as-built support'

configuration, nor were the plate and weld stresses

37
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in the support structure evaluated. The IDVP
evaluated these and found that anchor bolt loads and
plate and weld stresses were below allowables.

Heat Exchancer Nozzle-Shell Junction

The design and verification analyses for the
nozzle-shell junction differed significantly in -

four areas of applied loading. First, the
verification analysis considered the effect of
additional nozzle load produced by constraint of ,

I attached piping during heat exchanger seismic
inertial movement, whereas the design analysis did
not.

Second, though both analyses used the same
tabulated piping seismic nozzle loads, the design
analysis did not transfer these loads, which were
computed at the end of the nozzle, to the
nozzle-shell junction. As a result of this
transfer, the resulting moment is increased by as
much as 51 per cent.

Third, the design analysis included thermal
nozzle loads in their evaluation. The verification
analysis did not include them since stress criteria

C (Reference 5) specify that only mechanical loads
are to be considered.

Fourth, the design analysis algebraically
summed thermal, deadweight and seismic nozzle loads;
these last were considered as signed (plus or minus)
loads. The IDVP determined that use of signed
seismic loads generated from response spectra
analyses is incorrect. The verification analysis
summed the loads absolutely irrespective of sign.

The verification analysis compared primary
stresses at the nozzle-shell junction to the
allowable and found stresses to be below the
allowables. The design analysis compared the sum of .

the primary and secondary stresses to the Hosgri
allowable. IDVP results show that if nozzle loads
were transferred to the nozzle-shell junction and

~

primary stresses-were conservatively combined with; i
the secondary stresses, the combined stress would
exceed the allowable used in the design analysis.
As discussed previously, the design analysis did not
transfer nozzle loads to the nozzle-shell junction.

38
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6.0 EOI REPORTS

The IDVP issued tnree EOIs for heat exchangers.
Two EOIs specifically address the component cooling
water heat exchanger. Appendix A snows the EOI
numoer, revision, date and status.

EOI 1088 was issued oecause tne differences.

oetween the verification and design analyses
exceed the acceptance criteria. The major factors

*
contributing to the differences are listed below.

,

1. The as-ouilt support configuration was not
used to generate seismic loads.

2. End moments on the pipe struts were not
considered in evaluating the struts.

3. Nozzle loads were not included in the
evaluation of tne entire support structure,

and shell.

4. Expansion anct.or bolts were not evaluated
for shear loads and the additional uplift due
to pipe strut end moments.

5. The nozzle-shell junction analysis did not
transfer loads from the end of the nozzle to
the nozzle-shell interface.

6. Seismic nozzle loads used in the nozzle-shell
analysis were considered as signed loads and
algebraically summed.

7. The effect of the additional load produced by
the constraint of attached piping during heat
exchanger seismic inertial movement was not
considered.

i

Items 1, 3, 5, 6 and 7 are considered to be
! errors; however, results of the verification

*

analysis showed all loads and stresses to oe below
allowables. Therefore, EOI 1088 was resolved as a
Class C error.

.
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EOI 1099 was issued because IDVP field
verification showed that stiffener plates and tee
section shear restraints on heat exchanger 1-1
were noc installed on heat excnanger 1-2.
Tnis discrepancy was not noted on the design
drawing. However, the IDVP determined that the ,

design analysis adequately accounted for the
stiffener plates and tee section shear restraints.
As a result of this EOI, the design drawing was
subsequently revised to show actual configuration. -

Therefore, EOI 1099 was classified as a deviation.

The IDVP issued one other EOI, which did not
deal specifically with the component cooling water
heat exchanger. EOI 978 resulted from the RLCA
" Preliminary Report, Seismic Reverification
Program," dated November 12, 1981 (Reference 3).

EOI 978 noted that the vertical response
spectra used in the NSSS supplier analysis of the
regenerative heat exchanger was two-thirds of the
filtered horizontal spectra, whereas two-thirds of
the unfiltered horizontal spectra should have been
used. When the IDVP reviewed the NSSS analysis
using the correct response spectra, all stresses
were shown to be below allowables. Therefore, EOI
978 was resolved as a Class C error.

.

e

+

k

k

40

:(.
,

, - . - - _ _ - , . - . _ _, - ,- , - , - .



7.0 EVALUATION

The IDVP performed a verification analysis for
the component cooling water heat exchanger. IDVP
results were compared to allowaoles and
verification and design analysis metnods were
compared.

*

Results of tne verification analysis show all
loads and stresses for the component cooling water
heat exchanger to be celow allowables. The concerns

*

that resulted in a Class C error are noced in
Section 6.0. No additional verification or sampling
is required. This is because the component cooling
water heat exchanger is the only heat exchanger
required for the Hosgri qualificacion that was
analyzed oy PGandE and/or its seismic service-related
contractors.

.
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8.0 CONCLUSION
i

'

Results of the verification analysis show that
all stresses were below the allowables for the l

component cooling water heat exchanger. As a i

result of comparing the design and verification
analyses, however, errors in the design analysis .

were noted. |

The component cooling water heat exchanger is
*

the only heat exchanger required for Hosgri
qualification that was analyzed by PGandE and/or
its seismic service-related contractors. Therefore,
no additional verification or sampling is required.

.

~
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E01 Status
,

Component Cooling Water lleat Exchanger
*Action PhysicalEDI

File No. Subject Rev. Date By Type Required l'.o d .

978 Regenerative lleat 0 2/8/82 RLCA PER/A PGandE
Exchanger - Incorrect 1 5/10/82 RLCA PER/C TES

,

vertical seismic input 2 6/7/82 TES ER/C PGandE No
t 3 6/21/82 TES CR None

.

1088 CCW Heat Exchanger - 0 5/14/82 RLCA OIR RLCA
Difference in results, 1 6/18/82 RLCA DER /A TES

,

Discrepancies in design 2 8/17/82 TES OIR RLCA'

analysis methodology 3 11/3/82 RLCA PER/A TES<

4 4 11/19/82 TES OIR RLCA
5 2/25/83 RLCA OIR RLCA
6 2/25/83 RLCA PER/C TES
7 4/7/83 TES ER/C PGandE
8 4/15/83 TES CR None No

!

! ? 1099 CCW Heat Exchanger - 0 8/4/82 RLCA OIR RLCA
~ Support as-built condition 1 8/16/82 RLCA PPRR/0lP PGandE

differs from design 2 8/20/82 TES PRR/0lP PGandE

j condition 3 11/4/82 TES OIR RLCA
' 4 2/16/83 RLCA PPRR/DEV TES No

5 2/25/83 TES PRR/DEV TES
6 2/25/83 TES CR None

i

I

i

e
'

siATUS: Status is indicated by the type of classification of latest report received by PGandE:
OIR - Open Iten Report ER - Error Report A - Class A Error
PPRR - Potential Program Resolution Report CR - Completion Report 8 - Class B Error

PRR - Program Resolution Report CI - Closed item C - Class C Error
PER - Potential Error Report DEV - Devletion D - Class D Error

DIP - Open Item with future action by PGandC
PilVSICAt. M00: Physical modification required to resolve the issue. Blank entry indicates that

endt fication has not been determined.
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Appendix B

Licensing Criteria

'

Component Loading Combinations Criteria
(1,2) (3) (6,7,8,9)

Tanks, Heat-Exchangers, Deadweight + Pressure c *2.0Sm -

Filters, Demineralizers + Seismic + Nozzle Loads (o, or o ) + ob #2.4Sg -

(1) Active : Mechanical equipment which is needed to go from normal full4 *

power operation to cold shutdown following the earthquake and
which must perform mechanical motions during the course of

i accomplishing its design function.
(2) Inactive : Mechanical equipment which is not required to perform mechanical

motions in taking the plant from normal full power operation to
cold shutdown following the earthquake.

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

(4) Piping loads at piping / active-valve interfaces shall be limited such that
maximum fiber stresses in the piping at the interface are less than the
piping yield strength at temoerature (S ).

y
(5) Valves, being stronger than the attached piping and having a proven history

without any gross failures of pressure boundaries, can safely transmit
piping levels without compromising their pressure retaining integrity.

. Therefore piping integrity assures valve integrity.
(6) e, = general membrane 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.
'

(7) local membrane stress.
og = includes the effect of discontinuities.This stress is the same as o , except that it

(8) ob = bending stress. This stress is equal to the linear varying portion 'fo
the stress across the solid section under consideration, excludes dis-
continuities and concentrations, and is produced only by mechanical loads.

(9) 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.-
.

i

'
Note: Taken from the Hosgri Report, Table 7-1, "Hosgri Seismic Evaluations,,.

Loading Combinations and Structural Criteria-Mechanical Equipment"

:
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Support Loading Combinations (3) Criteria (4,5,6,7)

Linear Supports (2) Deadweight + Seismic + Nozzle ASME Code Appendix XVII
Loads and Appendix F (Stresses

not to exceed S f
activecomponends)or

II)Plate and Shell Deadweight + Seismic + Nozzle e* <2.05
(Inactive Components) Loads

(cm+c) 2.4Sb -

Bolts Deadweight + Seismic + Nozzle ASME Code Appendix XVII
Loads and/or Code Case 1644

*

plus Appendix F '

(1) Plate and Shell Type Supports: Plate and shell type component supports
are suppcrts such as vessel skirts and saddles which are fabricated from
plate and shell elements and are normally subjected to a blaxial stress
field.

(E) Linear Type Support: A linear type component support is defined as acting
under essentially a single component of direct stress. Such elements may
also bc subjected to shear stresses. Examples of such structural elements
are: tension and congression struts, beams and columns subjected to bending,
trusses, frames, rings, arches, and cables. -

(3) Nozzle loads shall be those nozzle loads acting on the supported component
during the Hosgri earthquake.

(4) e ,= general membrane 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.

(5) Deleted
(6) ob = bending stress. This stress is equal to the linear varying portion of

the stress across the solid section under consideration, excludes dis-
continuities and concentrations, and is produced only by mechanical loads.

(7) 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.

,

Note: Taken from the Hosgri Report, Table 7-2, "Hosgri Seismic Evaluation
Loading Combinations and Structural Criteria Mechanical Equipment|

Supports" .

t

,

t
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KEY TERMS AND DEFINITIONS
USED IN THE HEAT EXCHANGER REPORT

(The definitions in this glossary establish the meanings
of words in the context of their use in this document.
These meanings in no way replace the specific legal and
licensing definitions.)."

Acceptance Criteria

- The comparison oetween the design analysis and the
independent analysis where the results must agree
within 15% and be below allowable. Failure to
meet this acceptance criteria results in the
issuance of an Cpen Item.

Allowaole Criteria

- Maximum allowable stress or load provided by the
licensing criteria.

ANCO,,Inc. -

- A PGandE seismic service-related contractor.

Axial Load

- Load acting on a member along the longitudinal
axis.

Closed Item

- A form of program resolution of an Open Item which
indicates that the reported aspect is neither an
Error nor a Deviation. No further IDVP action is
required (from Reference 17).

Completion Report

i - Used to indicate that the IDVP effort related too

the Open Item identified by the File Number is
complete. It references either a Program

,

|
Resolution Report which recategorized the item as
a Closed Item or a PGandE document which states,

that no physical modification is to be applied in
the case of a Deviation or a Class D Error (from
Reference 17).

G
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a

DCNPP-1

- Diablo Canyon Nuclear Power Plant, Unit 1

~~

Design Codes

- Accepted industry standards for design (e.g.,
AISC, AISI, ANSI, ASME, AWdA, IEEE).

EOI
*

- 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 a math-
ematical mistake, use of wrong analytical method,
omission of data or use of inapplicaolo 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 and, as a resu;t,
physical modifications or changes in operating
procedures are required. Any PGandE corrective

,

action is subject to verification by the IDVP.>

o 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 of more realistic calculations or retesting.
Any PGandE corrective action is subject to veri-
fication by the IDVP.

o 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
tney are suoject to verification by the IDVP.

.

o Class D: An Error is considered Class D if safety
related equipment is not affected. No physical
modifications are required, but if any are .

applied, they are subject to verification by the
IDVP (From Reference 17).

|
t
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Equivalent static method

- Static analyses methodology whereby an
acceleration figure is applied to the
component configuration.

FSAR

- FGandE's Final Safety Analysis Report

Gussec
d

- A plate for attaching structural members at a
joint.

4

Hosgri Criteria

- Licensing criteria referring specifically to
the postulated 7.5M Hosgri earthquake.

Hosgri Report

- A report issued by PGandE that summarizes their
evaluation of the DCNPP-1 for the postulated
Hosgri 7.5M earthquake. Includes seismic
licensing criteria.

Hosgri 7.5M Earthquake

- Maximum intensity earthquake for which the plant
is designed to remain functional. Same as safe
Shutdown Earthquake (SSE).

Inertial Loads

- Loads produced by inertial motion of a body.

Interim technical reports

- 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 portion.

j of the work which verifies acceptability.
Since such a report is a conclusion of tne'

program, it is subject to the review of the
'

| Program Manager. The report will be trans-
mitted simultaneously to PGandE and to the NRC
(From Reference 1).

O
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Licensing Criteria

- Contained in PGandE Licensing Documents,
includes allowable criteria (See Hosgri .-
Report definition).

Membrane Stress

- Component of normal stress (perpendicular to the
plane of reference) uniformly distributed and

,

equal to the average value of stress across the '

thickness of the section under consideration.

NRC ,-

- Nuclear Regulatory Commission.

NRC Order Suspending License CLI-81-30

- The order dated November 19, 1981 that sus-
pended the license to load fuel and operate
DCNPP-1 at power levels up to 5% of full power
and specified the programs that must be completed
prior to lifting of the suspension.

NSSS

- Nuclear Steam Supply System.
f

Open Item'

( - A concern that has not been verified, fully
understood and its significance assessed. The
forms of program resolution of an Open Item are
recategorized as an Error, Deviation, or a Closed
Item. (From Reference 17).

PGandE

- Pacific Gas and Electric Company.

Phase I Program

- Review performed by RLCA, RFR, and TES restricted ,
i

to verifying work performed prior to June 1978,!

I related to the Hosgri reevaluation design
activities of PGandE and their service-related

*

,
contractors.

Potential Program Resolution Report
and Potential Error Report

- Forms used for communication within IDVP.
O

C-4
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Primary Stress

- A normal stress (perpendic'ular to tne plane of
reference) developed by the imposed loading which
is necessary to satisfy the laws of equiliorium
for external and internal forces and moments.

Program Resolution Report

- Used to indicate that the specific item is no
longer active in the IDVP. It indicates whether
ene resolution is a closed Item, a Deviation, or.

that responsibility for an Open Item has been
transferred to the PGandE Technical Program.
Furtner IDVP action is required upon completion3

of the associated PGandE Technical Program Task
if the IDVP transfers an Open Item to PGandE or
if physical modifications are applied with respect
to a deviation (Reference 17).

Reaponse

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

Response Spectra

- Graph showing relationship between acceleration
and frequency. Used in seismic analysis.

Response Spectra Modal Superposition

- Dynamic analysis methodology whereby responses are
calculated separately on a mode-by-mode basis and
then combined.

RLCA

- Robert L. Cloud and Associates, Inc.

Sample

- Initial sample stipulated in Phase I Program
of equipment, components, and buildings to be
design verified by independent analysis.-

.

O
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Sampling Approacn

- Method used by the IDVP to determine the initial
sample (buildings, piping, equipment and compo-
nents) for analysis and to provide for sample
expansion when required.

,

Sample Space

- All buildings, equipment and components evaluated <

for the Hosgri 7.5M earthquake by PGandE and their
service-related contractors prior to June 1978.

Seismic
,

- Refers to earthquake.

Seismic Loads

- Loads produced by an earthquake.
,

Shear,

- Parallel to the plane of reference.,

,

Shear Keys

- Structural member inset in a slot or groove to+

resist planar forces.,
,

Shell and Tube Exchanger

- A device for the transfer of heat from a hot fluid
to a cooler fluid; one fluid passes through a
group (bundle) of tubes; the other passes around
the tubes through a surrounding shell.

Single Degree of Freedom Model'

,

i .

- Simplified mathematical representation of a '

structure.

SSE .- r
'

- Safe Shutdown Earthquake: Maximum intensity-
,

earthquake for which the plant is designed to
i remain functional (Hosgri 7.5M).

O
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SWEC

- Stone & Weoster Engineering Corporation

TES

- Teledyne Engineering Services

Verification Program

- Undertaken by the IDVP to evaluate Diablo;

Canyon Nuclear Power Plant for-compliance
with.the licensing criteria.

3

.

4

O
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(1 page )
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APPENDIX D

PROGRM MMAGER'S ASSESSMENT |
|
|

6

Independent design verification of the Component Cooling Water Heat !

' Exchanger (CCW HX) was performed in accordance with the Phase I Program
Management Plan Independent Design Verification Program, Engineering

Procedure EP-1014 and the Pro.iect Guide (Attachment 1 to EP-1-014). Thie
verification effort involved visits to the RLCA offices and detailed
discussion and review with the RLCA personnel of the analysis work
performed by RLCA. Independent review of the RLCA calculations was
carried out at the TES Waltham offices to verify that the method of
analysis, the choice of co guter program, and other analytical

assumptions were appropriate and the hand calculations were numerically
accurate.

The files issued by RLCA as Potential 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 assesment of the ispect of RLCA findings on the design adequacy of
the Component Cooling Water Heat Exchanger, TES, as Program Manager,
concludes that no additional verification or sanpling is required.

.

t
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Facilities Development J.O. No. 14296
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77 Beale Street
San Francisco, CA 94106 -
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Office of Nuclear Reactor Regulation
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Washington, D. C. 20555 ,
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SWEC INIERIM TECHNICAL REPORTS

Gentlemen: ;

|
Attached are Interim Technical Report, Number 20. Revision 1, entitled

| " Verification of the Mech-aical /Nucl' ear Design of the Control Room f
| Ventilation and Pressv Uzation System" and Interim Technical Report, j

%=her 22. Revision 1. entitled "Verificneinn of cha Mechartical/Nuclaar1
,

Portion of the Auxiliary Feedwater System." ,

;
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_
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PROGRAM MANAGER'S PREFACE
,

DIABLO CANYON NUCLEAR POWER PLANT - UNIT 1

INDEPENDENT DESIGN VERIFICATION PROGRAM

INTERIM TECHNICAL REPORT

VERIFICATION OF THE MECHANICAL PORTION OF

THE AUXILIARY FEEDWATER SYSTEM

This is Revision 1 to the twenty-second 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, recommendations and |
conclusions of the IDVP with respect to the initial sample.

As IDVP Program Manager, Teledyne Engineering Services (TES) has
,

approved this ITR, including the conclusions and recommendations. The ,

methodology followed by TES in performing this review and evaluation is .

I.

described by Appendix B to this report. j

t

|
'

ITR Reviewed and Approved'

*

IDVP Program Manager

Teledyne Engineering Services i..

t-

i. , . .

0.C. Stratouly
Assistant Project Manager
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SECTION 1

INTRODUCTION<

,

Stone & Webster Engineering Corporation (SWEC) reviewed the design of the'

Auxiliary Feedwater (AFW) System. The review was performed in accordance

with the SWEC Scope of Work defined in Appendix D (DCNPP-IDVP-PP-002) of the

IDVP Phase II Program Management Plan issued by Teledyne Engineering

Services (TES) as IDVP Program Manager.

This Interim Technical Report (ITR) discusses the analysis of the Mechani-

cal / Nuclear portion of the AFW System. Specific areas of review were:

.-

* Existing system design compared to the Technical Specifications!

System redundancy- *

i Hydraulic design*

t- System specified design pressure and temperature( *
.

Regulatory requirements*

j * Field verification of mechanical design.

5

Fire protection, high energy line breaks (HELBs), high energy line cracks
,

(HELCs), and moderate energy line breaks (MELBs) as they affect the AW

System are addressed in separate ITRs.

r .

For the mechanical portion of the AFW System, extensive documentation was,-

k
both reviewed and prepared. These documents were also used for other scopes*~

of work described in the other ITRs. PG&E documentation was supplied that

included approximately:
,

.,e

e

1-1
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|
!
,

600 pages of design criteria-related material*

* 100 pages of Final Safety Analysis Report (FSAR) description +

400 pages of related licensing documents and reports*

e

* 150 drawings

30 equipment and component specifications.*

In turn, the IDVP prepared documentation necessary for the review of this

material. This review resulted in and was documented by approximately:

400 pages of documented review task packages*

10 sketches and marked-up DCNPP-1 drawings*

!

* 300 pages of calculations including 20 computer simulations of
,

hydraulic characteristics.

100 hours of field inspection*-

' 40 hours of technical exchange background meetings.*

P-

:

.

This review provided the IDVP a high degree of understanding concerning the
P

licensing basis, as-built design, and performance characteristics of the AFW
,

System.

.

0

-
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SECTION 2

,

DEFINITION OF ITEMS REVIEWED

; The following subsections provide a brief Scope of Work for the AW System.

2.1 REVIEW 0F THE AFW SYSTEM DESIGN FOR COMPATIBILITY WITH THE TECHNICAL

SPECIFICATION REQUIREMENTS

The AFW system design was compared with the Technical Specification require-

ments. Items reviewed included water storage requirements, number of pumps

required to operate for various modes of plant operation, and system sur-

veillance testing requirements.

.

2.2 SYSTEM REDUNDANCY AND SINGLE FAILURE REVIEW-

..

-

A review of redundancy and single failure was performed to determine if the
.

AFW system design satisfies the single failure criteria as defined in the
,

FSAR, Sections 3.1.1 and 10.4.8.i

,-

i

2.3 SYSTEM HYDRAULIC REVIEW'

.

.

System hydraulic capabilities and Net Positive Suction Head available

(NPSHa) were calculated and compared to licensing commitments and equipmentu
|

capabilities. Pump driver power requirements were compared to installed,.

driver capability.

.

+

.
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2.4 SYSTEM DESIGN TEMPERATURE AND PRESSURE

_

The selected design pressures / temperatures for the piping, valves, fittings,
'and equipment were reviewed based on system operating conditions. Tempera-

ture conditions including the effects of outside environmental temperatures

were evaluated.

2.5 REGULATORY REQUIREMENTS

A review of the applicable sections of NUREG 0578, 0611, 0660, 0694, and

0737 requirements and the PG&E commitments to the Standard Review Plan

10.4.9, Revision 1, was performed.
.

2.6 FIELD VERIFICATION
,

,

A field inapection was performed to confirm that the overall as-built AFW'

|
| system arrangement is equivalent to that used in the various reviews and as

.

r

identified in the licensing documents.
,

e

b

9

:
P

.,

! !
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.

i
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SECTION 3

DESCRIPTION OF REVIEW
,

b Reviewing ITR No. 29, entitled " Design Chain - Initial Sample" determined

the service-related contractors and/or internal PG&E engineering groups

involved in the mechanical / nuclear design of the AFW System. The PG&E

Mechanical Engineering Group was identified as being responsible for the

mechanical / nuclear design of the AFW System. No service-related contractors

were identified. The review also identified an interface between PG&E and

Westinghouse for design criteria. The application of the Westinghouse

design criteria to the AFW system design by PG&E was reviewed; however, the

use of interface information by Westinghouse was not within the scope of

this review. The DCNPP-1 licensing documents pertaining to the AFW System
,

were reviewed and applicable licensing commitments were identified. The

detailed review, described in the following sections, was then conducted to

determine if the AFW system licensing commitments were satisfied.

3.1 REVIEW OF THE AFW SYSTEM DESIGN FOR COMPATIBILITY WITH THE TECHNICAL

SPECIFICATION REQUIREMENTS
i

*

The Technical Specifications are part of the operating license for the

DCNPP-1 and consist of a set of conditions which must be met during opera-

tion. The AFW system design was reviewed for compatibility with the speci-

fication requirements. The requirements can be grouped into the following, . ,

.r ,
areas with the applicable Technical Specification sections shown in paren-

theses.,

*9
n. . )

_

%f
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AFW system water supplies (Sections 3.7.1, 3/4.7.1, 3.3.3)*

Pump performance (Sections 4.7.1, 3/4.7.1) -
*

AFW system area temperature limits (Section 3.7.1)*

4

Power supply and load timer set points (Table 4.8-2).*

Water supply requirements included minimum allowable volume and tank level

indication. Westinghouse provided the minimum volume criteria for cold safe

shutdown (Westinghouse letter J. S. Fuoto to D. V. Kelley of PG&E, dated

December 2, 1975). SWEC performed an independent calculation to verify that

.the condensate storage tank capacity (primary AFW supply) meets Westinghouse

and Technical Specification criteria.
1

'

Pump performance requirements included minimum pump head and minimum flow
:

rate. Pump head requirements were compared to the pump vendor head versus |
. I

flow curves. The hydraulic calculations described in Section 3.3 were used |
.

1

to verify that required flow rates could be met. {
t'

!

!

!

AFW system area temperature limits were specified for both the motor-driven I
4 1

pump room and the area containing le. vel control valves LCV 113 and LCV 115.'

Location and control drawings were checked to determine if temperature indi-I

cators and recorders were provided for these areas.

l'

L. An electrical and control circuit review was made of the power supply and

load timer set points, as well as the minimum time for AW system operationc
.

.to verify that Technical Specification requirements were met.

.

ki

i

I

s
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The In-Service Inspection and Testing Program Plan plus the Techaical Speci-

fication Section 4.7.1 were reviewed to evaluate acceptance criteria for,

pump performance.
+

6

3.2 SYSTEM REDUNDANCY AND SINGLE FAILURE REVIEW

.

; Piping schematics and drawings depicting the power supply _and control cir-

cuits to components were reviewed to determine the capability of the AFW

System to meet the single failure criteria, as described in FSAR Sections

3.1.1 and 10.4.8. Various single active or passive failures were postu-

'
lated, including failure of a diesel generator or failure of individual

components, such as pumps, valves, piping, or instrumentation. Their effects
,

on the AFW System were evaluated. Loss of all offsite power was assumed to.,

e occur simultaneously with the postulated failure in all cases.

L

f

3.3 SYSTEM HYDRAULIC REVIEW

: The AFW System was hydraulicallj modeled with the computer program "HY-66 -,

Piping System Analysis Program," using the latest PG&E piping drawings and-

,

component hydraulic characteristics. Computer Program HY-66 has been docu-

mented in accordance with the requirements of the Stone & Webster Standard

Nuclear Quality Assurance Program. A calculation was performed to compare

u the computer program results with actual test data. The comparison was made

to . determine that the model could duplicate system characteristics within,-

t.

110 percent. This computer model was used to independently verify that
.

flow rates identified in FSAR Sections 6, 10, 15, 16, and PG&E responses to
.e_ j.

!
t'

u
o
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NRC IE Bulletin 80-04 were calculated correctly by PG&E. Accident condi-

tions and shutdown flows were also verified. For feedwater and main steam -

line break accidents, flow through the break and flows to the intact steam
4

generators were verified. Various component failures were evaluated to

determine worst case flows. NPSHa to the operating pumps was calculated for

all flow conditions, and the calculated NPSHa was compared to the required

NPSH shown on pump vendor documentation. The piping drawings were compared

to the piping schematics to confirm that the system arrangement was correct

for hydraulic modeling purposes.

The required motor horsepower for the motor-driven AFW pumps was calculated

and compared to vendor documentation for compatibility. The turbine driver

size was reviewed for capability and the capacity of its steam lines to pro-

' vide the required flow was determined. The set points of the Runout Control

System were reviewed and a failure analysis of the system was made to deter-
,

; mine the effects on the AFW System. Time to deliver water to the steam
L

generators was reviewed against Technical Specification Section 3.3.2 and
t

; FSAR Section 7.4.1. Additionally, logic diagrams were reviewed to determine,

if steam generator blowdown and sampling lines were isolated as specified inr

FSAR Section 10.4.8. The FSAR Chapter 15 accident analyses requiring AFW*-

(
system operation (refer to PG&E to NRC letter, dated October 9,1980, which

responded to NRC requests for information concerning the design basis of the

AFW system) assumed the blowdown valves were shut during the period when,

the auxiliary feedwater is operating.r
i

'

(_

r .

L j
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3.4 SYSTEM DESIGN TEMPERATURE AND PRESSURE

.

The major items reviewed included the following:

b

Specification of design pressure for pipe fittings, equipment, and*

stress input

* The isolation of low pressure components and piping from the

effects of the higher pressure portion of the system

A review of all equipment and components for compatibility with*

the specified design pressure.
,

t

FSAR Tables 3.2-3 and 3.2-4 were reviewed to identify the applicable piping

'

codes. Technical documentation including PG&E line designation tables,
,

specifications, drawings, and calculations were reviewed to identify the
.

design basis.

s

- An independent calculation and analysis were made to determine if the

selected design pressure met the applicable piping code requirements. The

pump curves, strangement drawings, and the piping code were used as the

basis for the calculation of system design pressure. Piping schematics were

reviewed to determine if low pressure components could be exposed to highu

pressure sources., - -

.

I

e

5s*
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The FSAR Sections 1, 2, 3, and 9 and Appendix 29, site weather iniormation

documents, and piping drawings were used to determine if the common suction .

line was susceptible to freezing.

t

3.5 REGULATORY REQUIREMENTS

Correspondence between PG&E and the NRC was reviewed to identify specific

commitments concerning modifications that would be made as a result of the

Three Mile Island (TMI) event. The PG&E responses to NUREG Documents 0578,

0611, 0660, 0694, and 0737 were specifically reviewed to identify licensing

commitments.
,

A comparison was made between the "NRC Standard Review Plan - Auxiliary

Feedwater System" SRP 10.4.9, Revision 1, and PG&E's commitments regarding

this SRP in its letter of March 13, 1980. The system design was reviewed to

I verify these commitments were met.
.

3.6 FIEI.D VERIFICATION
,

A field verification was made of the AFW System to confirm its overall

as-built arrangement; however, this verification did not include the dimen-

|
sional accuracy of pipe lengths as it applies to pipe stress analysis. The

as-built piping configuration was compared to the piping drawings to assure
,

no significant differences exist from a hydraulic operational viewpoint.
7

-
,

'
Specific items of review included:-

'
.

s v +

}

f

u
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A walkdown to determine if the overall as-built system was equiva-*

Lent to the piping schematics. Items checked included: line.

size, sequence of piping branch connections, installation of major
.

components, approximate piping lengths compared to the piping

drawings, and equipment elevations.

The ability to cross-connect the various water supplies to the AFW*

pumps suction was reviewed including the condensate storage tank,

firewater storage tank, reservoir, and seawater.

* The condensate storage tank configuration was reviewed to deter-

mine that it met the licensing commitments set forth in FSAR

Section 9, FSAR Appendix 2, and SER Supplements 7 and 8.

The steam supply to the turbine-driven AFW pump was reviewed for*

configuration and location of steam traps.

* The system valve type, pressure rating, manufacturer, and model

number were reviewed.
t

!

i
* TMI-related modifications were reviewed.

.

o
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SECTION 4

SUMMARY OF REVIEW RESdLTS
'

.

O This section provides a summary of the review results and identifies all

concerns raised as a result of this review.

4.1 REVIEW 0F THE AFW SYSTEM DESIGN FOR COMPATIBILITY WITH THE TECHNICAL

SPECIFICATION REQUIREMENTS

Within the scope of the IDVP Phase II Program Management Plan, the system

design was compatible with the applicable requirements of the Technical

Specifications. The AFW pumps can be tested in accordance with the Tech-

nical Specification Section 4.7.1 requirements.
,.

.

The condensate storage tank was found to contain sufficient reserve volume
' to meet the NSSS vendor criteria (Westinghouse letter J. S. Fuoto to D. V.

Kelley of PG&E, dated December 2, 1975), and a level switch initiates an

alarm in the control room before the minimum volume is reached. The tank

was also found to conform to all Technical Specification requirements

(Sections 3.7.1, 3/4.7.1, 3.3.3). The required level indication at the hot

shutdown panel was also located.

f

Review of the electrical drawings indicated that area temperature limits for
.

the motor-driven pump room and the LCV area are monitored and recorded by

temperature recorders. Logic diagrams indicate that when the temperature
*

rises 1 degree Fahrenheit above the design limit, an alarm is sounded in*

''

the control room.

u,

4-1
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.-

.

Power supply and load timer set points, as well as the minimum time required

for AFW system operation, were specifically stated in the Technical Specifi-
*

cation - Table 4.8-2. This review of design documents verified the system
9

design met the required Technical Specifications.

4.2 SYSTE1 REDUNDANCY AND SINGLE FAILURE REVIEW
~

.

The review verified that the AFW System has adequate mechanical and electri-

cal redundancy to meet the single failure criteria of FSAR Sections 3.1.1'

and 10.4.8 and can perform its intended safety function.
,

4.3 SYSTEM HYDRAULIC REVIEW
,

!
.c

[ The AW System was hydraulically modeled with a computer program (HY-66) to
! calculate system pressure and flow rates in the various operating modes and
7.. accident conditions. The computer program comparison to test data confirmed
[

,

that the model could reproduce system characteristics.

t.

[- The accident analysis calculations verified that the PG&E calculated flows
!

that are documented in PG&E response to NRC IE Bulletin 80-04 of April 30,"

1980, and FSAR Section 15.4.2 were conservative and, thus, acceptable. The

calculated flow for normal shutdown and cooldown verified for all possible
t

i.. pump combinations, including single pump operation, that the committed flow

rates in FSAR Sections 6,10, and 16 can be obtained. In addition, NPSHa
.

during accident and normal shutdown conditions always exceeded the vendor'

required NPSH.
-

-

( L. ;

s
-
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The AFW system piping schematic versus piping drawing review resulted in

only minor discrepancies, such as vent and drain placement. Differences-

were evaluated, and none were found that would affect safety, the hydraulic
d analysis, or licensing commitments.

The review of the motor-driven pump performance, using the most recent

field test data, verified that the pumps are capable of performing their

function without exceeding the nameplate motor horsepower. The review of

turbine steam supply line size and turbine characteristics indicates the

turbine-driven pump can supply the minimum required flow specified in FSAR

Sections 6, 10, and 16 over the expected range of steam generator pressures.

The review of system response time and blowdown and sampling line isolation<

circuits verified that all applicable licensing commitments from Technical'~

Specification Section 3.3.2 and FSAR Section 10.4.8 were met. The diesel
,

generator loading logic diagrams indicated full system flow will be avail-
.

able within the committed time from Technical Specification Table 8.3-5 and

FSAR Section 7.4.1. System logic diagrams indicated the blowdown and sampl-.

,

ing line valves receive a signal to close on automatic AFW system start.'

Computer hydraulic analyses performed using the runout control set points

indicated that less than the minimum required flow may be produced under

certain operating conditions. As a result, a concern over the design of the
.

,

safety grade flow limiting control scheme provided to prevent a motor-driven
e

AFW pump from running out on its pump curve in the event of a depressurized
,

steam generator was identified. Control valves LCV 110, 111, 113, and 115 ''
,

i

:
.

~
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.

normally respond to steam generator level. The addition of the runout con-
*

trol logic results in the valves responding to pump discharge pressure when

the pressure decreases to 1,360 psig. At 1,310 psig, the pressure signal
to

will provide the maximum flow limiting signal to the control valve which

results in the valve closing. The level control signal and the pressure

control signal may, at times, be commanding the valve to perform opposite

functions simultaneously. A concern existed that the flow limiting feature,
.

utilizing a pressure and level control loop linked to one valve, would not

perform its intended function without adverse interaction during all modes

of operation. The analyses indicated that the pressure control set points

may not be low enough to permit the minimum required flow to the steam gen-

erators when only one motor-driven pump is operating.

i' PG&E provided a resolution for this concern which consists of set point

changes and startup testing for dynamic stability. The resolution has been'

,

f
reviewed and an analysis of the new set points has been performed. Based on

.

the analysis of the new set points and the commitment to perform appropriate
f

!. startup testing of the Runout Control System, the resolution is acceptable.
i

.
;-

[' I'
4.4 SYSTEM DESIGN TEMPERATURE AND PRESSURE

i'

I' 'I
!. :-

The review of the selected design pressure for piping, fittings, components, ,

,. ,

!

;. and mechanical equipment, determined that the applicable design codes for

selection of design pressure were not met. These design codes require the ,

system to be designed for the most severe condition of coincident pressure,
~

temperature, and other loading. Additionally, the effects of static head, a

~

maximum sustained pressure at any pump load per ANSI B31.1 102.2.5(e) and i

j~

L.
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pressure surges must be accounted for. The design pressure shown in the

Line Designation Table does not meet the requirements of the code based on:.

1 Selecting 1,300 psia as a design pressure from a pump curve based' *

on nominal TDH at design flow. This does not account for suction

conditions or lower pump operational flows.

* The selected design pressure of 1,300 psia does not envelop the

sustained pressure developed during recirculation mode, including

suction static head, as documented in the Pre-Op Test Procedure

3.7 of September 15, 1980.

* Under many operating conditions, including rated flow, but

''

particularly reduced flow operation, the 1,300 psia is exceeded
m

(Pre-Op Test Procedure 3.1, Addendum 1, October 25, 1978).
I

L

The "K16" pipe specification rating is exceeded under some opera-*

tional conditions including operation in the recirculation mode.

* ANSI B16.5 900# flange ratings and valve ratings are exceeded

under turbine overspeed conditions at reduced flows and in the
,

recirculation mode.
.

..

In addition, the pipe stress analysis may be nonconservative due to use of a''

'

; low design pressure.
?

)-

?

!
.

,

*
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PG&E provided a resolution for this concern which consists of lowering the

turbine overspeed trip set point, recalculating system design pressure, and .

replacing system components which are rated below the new design pressures.
'

Independent calculations were performed to verify the new design pressures

are code acceptable and to determine whether equipment ratings will be ade-

quate. The analysis showed that the new design pressures are code accept-

able and the adequacy of equipment ratings will be determined af ter the

modifications are complete.

The protection of low pressure components and piping from the effects of

high pressure sources was reviewed. It was determined that the applicable
.

design code was not met. A valve was added by DCO-E-M-472 that provides

additional backpressure and flow through the turbine bearing coolers. Prior

r to this change, the system was code acceptable with the existing valve act-
;

ing as the division valve. The added throttle valve effectively becomes the'

f division valve, now violating Paragraph 102.2.5(a) of ANSI B31.1. Addition-
.

ally, the original valve is equivalent to a pressure reducing valve per
.

P 102.2.5(b). The low pressure portion does not have pressure relieving

i components downstream, violating Paragraph 102.2.5(b). The piping and com-

ponents are r.ot adequately protected against surges and a variety of operat-
|

|

[ ing conditions including: ,

l

Operating when aligned to the reservoir resultu4g in higher*
.

discharge pressure ;
-

,
,

L. ;

!

Turbine overspeed (testing or inadvertent) |:= f' * 3

L '

I

-

w ee
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Throttled pump 1-1 or running in recirculation mode*

.

Running pumps 1-1, 1-2, and 1-3 resulting in higher backpressure*

in the recirculation return line

* Inadvertent operation of valves including the valve with the

handwheel removed and Valve 22 in the bearing common discharge

piping to the 1-1 pump suction.

PG&E has provided a resolution for this concern which consists of modifica-

tions to the turbine pump recirculation lines. A design change has been

issued to implement these modifications. This design change has been

reviewed against the applicable code requirements for separation of low-

pressure piping from higher pressure piping. The proposed changes are in*

compliance with the code.

The review of components, by evaluating specification and manufacturer's
,

data, showed they were compatible with the existing specified pressure /

temperature. These items were re-evaluated in the design pressure resolu-

tion.

.

A review of valve actuator sizing indicated FCV 37, FCV 38, and FCV 95 were

designed to open and close against a maximum differential pressure of 805

psi. These valves could be required to operate against a differential pres- '

<

- :

sure in excess of 1,100 psi. As an example, FCV 95 may be required to open'~

[. during conditions where steam generator safety valves are lifting. '

' i
l'

r |

,!_
4
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PG&E has provided a resolution for this concern which consists of modifica-

tions to the gear ratio of the FCV 95 actuator in accordance with manufac- *

turer's recommendations. It has been determined that FCV 37 and FCV 38 do
(

not require modifications because these valves are not required to operate
,

,.
,

for safe shutdown of the plant.,

.

The AFW pump suction line from the condensate storage tank is common to all

three pumps for a portion of the system and was reviewed for susceptibility

to freezing conditions. Based on the site temperature data and the location

of piping, the common suction line was judged not to be susceptible to

freezing.

..

4.5 REGULATORY REQUIREMENTS.

r-

The review of licensing correspondence and commitments identified in Sec-'

.

tion 3.5 of this report was compared to the system design. This comparison

review indicated all commitments have been implemented.
,

4.6 FIELD VERIFICATION
.

The field verification resulted in two concerns regarding approved design

changes that were not made to the system; however, PG&E provided a resolu-

L tion subsequent to the field verification that resulted in a conclusion that

no technical concerns exist in the actual field installation of the system.
t- -

1
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One concern involved the AFW steam supply to the AFW turbine. PG&E believed

that condensate from steam line 593 (steam supply to the AFW turbine) was.

the cause of problems encountered during AFW turbine cold start testing.
' Design Change DC-1-G-M-1017 was written to add an additional steam trap to

line 593 between traps 104 and 105. Piping Schematic 102004, Sheet 5, was

revised in Change 10 to show the trap, but the piping drawing (500058,

Coordinate D-10) and the field piping have not been changed. The concern

was that excessive condensate may be present during operation and could

contribute to turbine cold start difficulties including overspeed trip;

however, startup testing performed successfully (DCP Procedure 3.7) without

the steam trap in place.

The other concern involved the long-term cooling water supply system. De-

sign Change ,DCO-E-M-404 R1 replaced a hose station with a single valve and-

cap. Piping Schematic 102016, Sheet SA, was revised to reflect the change.

Design Change DCO-G-M-2264 added a relief valve for overpressure protection

and the drawing was revised again. A check valve in the manifold line ori-
,

ginally shown in Revision 8 of the Piping Schematic, and shown to be removed

in DCO-E-M-404 R1, was identified in the field as installed; however, cur-

rent documentation shows it removed. The concern was that safety-related

! modifications were not implemented in the fie16 "' PG&E resolution for

this concern stated that the drawings were mistakenif revised but that the

; field installation is acceptable according to DCO-E-M-404-RI. It was deter-

mined that the field design is acceptable as is and no technical concern
'

exists.-

d

.

N
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SECTION 5

* E0I REPORTS ISSUED

n
Seven E0I . files have been issued for the verification of the Mechanical /

Nuclear portion of the AFW System. The status of these files is summarized

in Appendix A.

E0I File 8009 was issued because the most severe design condition of coin-

cident pressure, temperature, and other loadings had not been considered in

system design pressure and temperature selection. PG&E has re-evaluated the

AFW system design temperature / pressure and has provided a resolution for

this file which involves physical modifications. This resolution has been,

reviewed and found acceptable. The file remains open as an Error Class A*-

* pending IDVP verification of the modifications.
I

9

E0I File 8010 was issued because the inclusion of a valve in the system to

provide additional backpressure and flow through the turbine bearing coolers

violates the ANSI Code and leaves some components unprotected against pres-

sures resulting from a variety of operating conditionc. PG&E has provided a

resolution changing the piping configuration on the turbine pump recircula-

tion line. The change will be code acceptable. The file remains open as an
.

Error Class A pending IDVP verification of the modifications.

L

( E0I File 8015 was issued because the Technical Specification describing |
t
'' testing of the AFW pumps does not require measurement of pump flow during ,

i
il testing. The NRC has approved the Technical Specifications. The AFW sys- <

tem design does not permit pump testing in accordance with the Technical

5-1
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Specifications. The licensing commitment is satisfied. This file has been

closed. .

E0I File 8027 was issued because a design change (to add an additional steam

trap) was issued, but field piping does not show this change. The concern

is that safety-related modifications were not made in the field. There are

no technical concerns with the existing configuration. Design change pro-

cedures are addressed in the R.F. Reedy Scope of Work.

E0I File 8048 was issued because safety-related modifications were not

implemented according to approved documents. There are no technical con-
.

cerns with the existing configuration. Design change procedures will be
,.

reviewed.;.

g
1
i- E0I File 8060 was issued because of the concern that the AFW Runout Control

{' System will interfere with the delivery of design flow to the steam genera-
1-

tors. PG&E has provided a resolution involving changes to the runout con-
?

trol set points and startup testing of the Runout Control System. This

resolution is acceptable. This file has been closed.,.

i
k-

E0I File 8062 was issued due to the concern that the valve actuators may be'

undersized. PG&E has provided a resolution consisting of changes to FCV 95

.
and a licensing basis of why FCV 37 and FCV 38 are acceptable as designed,

t

This resolution has been reviewed and accepted. The file remains open as an
.,_

.

Error Class A pending IDVP verification of the modifications to FCV 95...

ts - .

j

r. .
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SECTION 6

EVALUATION OF REVIEW RESULT 9
.

3 ti .1 REVIEW 0F THE AFW SYSTEM DESIGN FOR COMPATIBILITY WITH THE TECHNICAL

SPECIFICATION REQUIREMENTS

The AFW system design is compat.ible with the Technical Specification

requirements. The ILVP acceptance criteria are met.

6.2 SYSTEM REDUNDANCY AND SINGLE FAILURE REVIEW

The system equipment redundancy and its ability to withstand a single fail-

ure were reviewed and found acceptable. Redundant sources of water for the

: AFW System that have been extensively reviewed by the NRC are provided. A
+

$ .o
single manual valve in the common suction line from the condensate storage

,

tank was identified by a PG&E system reliability analysis and locked open to

minimize the possibility of the valve being inadvertently shut which would

isolate the initial source of water to the AFW System. This valve was con-

firmed during the field verification as being permanently locked open. The

IDVP acceptance criteria are met.

6.3 SYSTEM HYDRAULIC REVIEW

t. The hydraulic review confirmed that the minimum required flow could be pro-
- vided as required in the DCNPP-1 licensing documents identified in Section
-

4.3 and that flows submitted to Westinghouse were conservative when compared
, ,

i

6-1
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W

to the independent calculated flow rates. The IDVP acceptance criteria are
*

met.

l
6.4 SYSTEM DESIGN TEMPERATURE AND PRESSURE

Based on the response to identified concerns on design pressure and tempera-

ture selection and specification of maximum differential pressure used for
.

valve actuator sizing, it has been determined that generic coacerns exist

which are discussed in ITH No. 34.

6.5 REGULATORY REQUIREMENTS
:

.

The regulatory requirements identified in Section 3.5 of this report and the.

{~
commitments made concerning them were reviewed. The commitments reviewed

,

i
were implemented as stated. The IDVP acceptance criteria are met.

|
. . .

t
6,

6.6 FIELD VERIFICATION
:

!.

Two E0I files identified approved design changes that were not implemented

in the field. Design change procedures are addressed under the R. F. Reedy'

i

Scope of Work. No technical concerns exist. The as-built configuration of
,

the AFW System is equivalent to the configuration used in the various IDVP

! reviews and identified in the licensing ' documents. The IDVP acceptance

I criteria are met.
.

|

.

'

.

!

u
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SECTION 7

.,
CONCLUSIONS

e

3 The following sections summarize whether additional verification or addi-

tional sampling of the items reviewed is required.

7.1 REVIEW OF THE AFW SYSTEM DESIGN FOR COMPATIBILITY WITH THE TECHNICAL

SPECIFICATION REQUIREMENTS

No additional verification or sampling is required.

.

7.2 SYSTEM REDUNDANCY AND SINGLE FAILURE RE"IEW
6

t

No additional verification or sampling is required.,

;

'
7.3 SYSTEM HYDRAULIC REVIEW

No additional verification or sampling is required.

7.4 SYSTEM DESIGN TEMPERATURE AND PRESSURE

Additional verification of PG&E designed safety-related systems is required

to determine if design tempratures and pressures were developed in accord-
- ,

ance with the applicable code and whether valve actuators are properly sized .
,

! I
L for differential pressure. This additional verification is further dis- j

l

[' cussed in ITR No. 34. |
C.

.
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7.5 REGULATORY REQUIRDfENTS

s

No additional verification or sampling is required.

(

7.6 FIELD VERIFICATION

No additional verification or sampling is required.

.
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APPENDIX A

DCATF IDVF STATUF RE'Om

ES'. 0 LATEST EEV. FEE lit

d
RILE NO. LATF REV. DATE BY 3TATUS MODS SUBJECT

S009 C09:3 0 $23913 SWEC GIR EVAL. CF CCM'LI M*E W/AN!! 0~,IE CF A G FIFING
\ S009 S20C13 1 C1031 SEC 8.8RR/0:F EVAL. OF CTJPLIACE W/USI CODE OF A W FIFING

SC09 ?~0713 S~1022 TES Fr.R/0IP EVAL. CF CC.9LIMCE W/M51 CDiE CF AN FIFING

E009 C0'13 3 !!:*13 TES CIR TWL. CF CC??.IACE W'MSI CfDE 0~ ATW 'I.tIF3

5009 !:0913 4 52C14 SE:C FER/A EV8* . C~ CC ?. NE L'MSI C *! *? AR FIFI.'i3.

C'? f209:3 5 S3:C:5 TES EFJA 7FS !?A*.. G~ CO.f.!AZE V 'Ar.S: ~2;I 0F ATW FIFY3

2009 !":913 4 S30309 SEC FER/A YeS EVat. CF C F.?LIAC E W/AN!I C CE OF A N FIFING

EM9 S*]e13 7 E33339 TES ER/A IFS EVAL. OF COH~LIA'i E W/MSI CC!! OT A~W FIFIn3

EC10 S20913 0 S200:3 SWEC OIR EVAL. OF C06LIMCE V/M31 COM FEAEING COOLER

8010 620'13 1 C09:3 SWEC OIR EVAL. Di CPJ'LIAKE Wito!! CO*E IE/J.IW3 C03.ER

6010 820713 2 E21001 SWEC FKF/0IP EVM.. OF CCK4!E~I V/eSI CODE PEAmG COOLER

8C10 C0'13 3 821022 TFS DIR EVAL. CF CCl*LIAC E W/ MSI CODI M.AEINC COOLER

SCIO S20?!3 4 8:1029 SWEC FEP/A EVV.. C~ CCh4 1 G CE W/a!! CODE IEARING COOLER

9210 C09:3 5 E21105 TES ER/A F?AL. CF CFL!ANCE UMSI C0K FERIN C03.ER

E010 R2C713 5 F30:13 TES DIR YES EVAL. C~ C:F:LIA FE W' PSI COLE IIAE NG COOLER

E010 S207!3 7 c30304 SUIC FEFJA YES TVAL. C. CE.tIPCE Wit.$I PRC FEA'IN3 C00' ER
~ *

-

5010 C0913 2 i30310 TIS FUA f!! E?tt. 6~ 00611 N E W/ d3I C0;'I IEA5. 4 CO2LER

E01: S*CC:7 0 320927 EWEC OIR G N !Yi F 3 CA?a:ITY
'2:5 820c27 1 8:1C01 SWEC FRR/0!F ' AUX N SYS FLOW CA'ACITY

E015 E20c27 2 821022 TES DIR AUY F'. SY! FLCW CAF C ITY

EC15 S2Cf27 3 3:1029 SWIC FER/B '"X 'W Sis R0W CAFACITY

5015 3:0927 4 321105 TES EFJB AUX N SYS FLOV.CAFACITY

8015 E20?27 5 530103 TES OIR AUX FW SYS ROW CAPACITT

E015 E20727 6 0 AUX N SYS R0W CAPRITY

2015 B2*927 7 630210 SWEC FFRR/CI A"X W SYS R0W CAPACITY

8315 620727 2 530225 TES FRt:iO:p t,UX FW SYS FICV (AS CITY

SC15 E? 727 9 S3025 TES FRP/CI t,L'X FW SYS ROW CAPACITY

6015 C0927 10 830225 TES CR E0 t/JX FW STS FLOW r# ACITY

AeWS STEAM S$ FLY TO M A N T W INEB0:7 22!?!3 0 82!013 SWEC 0 R
E27 5:1013 1 821014 SWEC FFER/CIF FVS STEu S7 PLY TO M AN MM

(IWS STEM SWFlY TO TKE AFP TWMFr7 22:013 2 S21029 MS F*R/0IP
ANS STM SW M.M AN WM3327 821013 3 830!!3 TES O!R
ANS Sim SWFtY W M G.WM

6027 521013 4 830209 SWEC FFER/CI
AFWS STEAA ! WPLT M Q M8027 E21013 5 830211 TCS FRR/CI

8027 521013 6 830211 TES CR FJ AIVI IIN N N
gv LO41.r;h CO?.!n miER S fFLT STSTFR

8048 F21025 0 621C25 EVEC OIR
trV LCAG TE'.M C03.DG h/.!ER $# PLT SISIG

20:3 E21025 1 821025 cWEC FFER/0!F A*i l"9 EE C01IO V*3I I# II$U
S048 C:C"'r 2 621029 TES FFFJOIP

tfW tC c 1Es.a CCCr! 9 wa:EK $1 4 1 STSi m,1025 3 o 4 111 TF.e, 0:R
...

2048 , y.,q, g7;y ggg;gc. ,

'EC ,tEUCI 'g 3 g3qg 9.,,gy gyggg
,

E048 S:10:5 4 830:09 r
,

5043 22!025 5 c20:11 iES FER/CI r Lty IFFM C07.!C niEP SIMY STSTD,

E:48 P210.5 5 c3C 11 Tu CR 3
n. s m Wr!N F'E M KP.Str u O .;

Sh0 E2K29 0 C1029 S E C 0:R , ,, g pg g gy,gga n.,'-

2050 ~~'0'''' 1 8 " 109 'Wr" ' FEE'tilF af,", 6 "

--* " - -~ -
fu ctutettS FCR tir!!!G FLCW TO KP. STEM OE4r '

A A'E CU#E0'I IO l I G FLCv tD F*S O W*
FS

$:3 2 'I aW CCms m taInu nCW M n'.Sua EN.3 ' 9 3~

60
sb!0b9

sit VEC FER/C10 9 4 #W CGxit*, S FOR LIh!T!4 RN M EEF. Sue M.
' - 0 * 5 "5 TES EK/C

2'50 AFW CC C RCLS FCR LIM!i!xG FLOW TO K P. STEAM GEN.
- ""

S CR NOc350 621029 6 63031 sca ,

p m CG TEOL VALYTS FCV37:33 AO 9J -
F:s2 E2:110 0 6:1:15 SEEC OIR"
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APPENDIX B

i

PROGRAM MANAGER'S ASSESSENT

'

Independent review by TES of the tasks performed by SWEC to verify
the Mechanical / Nuclear portion of the AFW System was done in accordance
with IDVP Phase II Program Management Plan dated June 18, 1982 and the

Engineering Procedure EP-1-014.

The review involved several visits to the site and the SWEC offices
for detailed discussions and review, with SWEC personnel, of the work

.

performed by SWEC including the methodology used in this task.
.

'

The files issued by SWEC were reviewed thoroughly and specific

E recomendations were made to the IDVP Program Manager delineating
' ' appropriate resolution.

'
t

I- As a result of the verification of initial sampling selected by

SWEC and the assessment of the impact of SWEC's findings. TES, as.-

Program Manager, is of the opinion that be::ause of the concern of design
'

pressure and temperature selection and specification of maximum

differential pressure used for valve actuator sizing, additional
verification is required.

.
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PROGRAM MANAGER'S PREFACE

~

DIABLO CANYON NUCLEAR POWER PLANT - UNIT 1

INDEPENDENT DESIGN VERIFICATION PROGRAM

INTERIM TECHNICAL REPORT

VERIFICATION OF THE MECHANICAL / NUCLEAR DESIGN OF THE

CONTROL ROOM VENTILATION AND PRESSURIZATION SYSTEM

This is Revision 1 to the twentieth 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, recomendations and
conclusions of the 10VP with respect to the initial sample.

,

As IOVP 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 B to this report.

ITR Reviewed and Approved
IDVP Program Manager
Teledyne Engineering S ices

. O G &atouly
D. C. Str
Assistant Project Manager
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SECTION 1,

INTRODUCTION.

Stone & Webster Engineering Corporation (ShTC) has reviewed the design of~

the Control Room Ventilation and Pressurization System (CRVP) in accordance

with the SkIC Scope of Work defined in Appendix D (DCNPP-IDVP-PP-002) of the

IDVP Phase II Program Management Plan issued by Teledyne Engineering

Services (TES) as IDVP Program Manager. The review included control room

cooling load; system air flow rates; applicable codes, standards and regula-

tory guides; system design temperatures and pressures; control room habita-

bility; Technical Specifications; system redundancy; and a field inspection.

The scope of this review is amplified below.
1

.

This Interim Technical Report (ITR) does not address the review of fire pro-

tection, high energy line break (HELB) or high energy line crack (HELC) or~

moderate energy line break (MELB) effects on the CRVP System. These reviews

are discussed in separate ITRs.

For the mechanical portion of the CRVP System, extensive documentation was

both reviewed and prepared. These documents may also have been used for

other Scopes of Work described in other ITRs. PG&E documentation was

supplied that included approximately:

.
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20 pages of FSAR description*

200 pages of related licensing documents and reports* ,

* 70 drawings 1ac'uding circuit schematics and wiring diagrams

*

30 specification .*

!

In turn, the IDVT' prepared dccumentation necessary for the review of this

! material. This rev!ew resu? to in ' and was documented by approximately:

300 pages vf doce;aented review task packages' *

5 sketches and marked-up drawings*

* 70 pages of calculations-'

i

* 100 hours of field inspection

40 hours of technical exchange background meetings.* ,

,

,

'.
I
;

This review provided the IDVP a high degree of understanding concerning the -

!

licensing basis, as-built design, and performance characteristics of the :
1
i

CRVP System. j

|

|

.

.

e
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SECTION 2

DEFINITION OF ITEMS REVIEWED.

The following subsections provide a brief Scope of Work for the CRVP System~

review.

;

2.1 CONTROL ROOM COOLING LOAD

Total system required cooling load was checked against the equipment capa-

city for all four design modes of operation.

2.2 SYSTEM AIR FLOW RATES

e .

i The required static pressures and flows were compared against the fans'

actual capabilities for all four design niodes of operation. The system air*

flow requirements were checked against ti.e actual system flow capability for

all four design modes of operation.

2.3 CODES, STANDARDS, AND REGULATORY GUIDES-

The codes, standards, and regulatory requirements applicable to the CRVP

system design were reviewed.
.

6
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i

'2.4 SYSTEM DESIGN TEMPERATURES AND PRESSURES

.

System design temperatures and pressures specified were checked for all
,

~

operating conditions. The system's compatibility with the specified design

pressure and temperature was reviewed.

2.5 CONTROL ROOM HABITABILITY

The ability of the CRVP System to maintain control room habitability was

reviewed based on the radiological and toxie environments identified in the

DCNPP-1 Licensing documents for the four design modes of operation, adverse

environmental occurrences, and subsequent to postulated accidents.

'

e

'
2.6 TECHNICAL SPECIFICATIONS REVIEW

.

The Technical Specifications requirements were reviewed to determine com-

patibility with the CRVP system design.

2.7 SYSTEM REDUNDANCY (OPERABILITY AND FUNCTIONABILITY)

.

.

A review of redundancy was performed to determine whether the CRVP system |
l

design satisfies the single failure criteria as defined in the DCNPP-1

licensing documents.
.

9

I

|

l
i
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2.8 FIELD INSPECTION

.

A field inspection was performed to verify that the as-built conditions of

- ' the CRVP System compared to the design documents and drawings used for IDVP

review.

.

#
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SECTION 3

. DESCRIPTION OF REVIEW

ITR No. 29, entitled " Design Chain - Initial Sample" was reviewed to-

determine the service-related contractors and internal PG&E engineering

groups involved in the mechanical design of the CRVP System. The results of

this review identified EDS Nuclear, Inc., as the only service-related

contractor. The PG&E Civil Engineering Group was directly involved in the

mechanical design of the CRVP System. The responsibilities and interfaces

between the service-related contractor and the PG&E Engineering Group were

identified. The DCNPP-1 licensing documents pertaining to the CRVP System

were reviewed and applicable licensing commitments were identified. The

detailed review discussed below was conducted to determine whether the CRVP
,

system licensing commitments were met. The detailed reviews described below

assumed single failures consistent with DCNPP-1 licensing commitme'nts.-

3.1 CONTROL ROOM COOLING LOAD

An independent calculation was performed to determine the total required

icooling capacity of the CRVP system's air-conditioning equipment for the

,
four design modes of operation described in FSAR Section 9.4.1. This was

done by identifying the major equipment in the control room during a site

visit. Vendor data, nameplate data, and conservative equipment efficiencies ,

**
were used to determine the amount of heat rejected into the control room.*

L
Outside design air conditions identified in FSAR Section 9.4 and equipment

J j
"

L i
1

, ,
,

&
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rejected heat were used to determine the maximum cooling load the air-

conditioning equipment would have to accommodate under the four modes of -

.

operation.
.

These maximum cooling loads were compared to the capacity of the air-condi-

tioning equipment identified on vendor data. The resulting control room

temperatures were independently calculated using vendor data for the cooling

coil, and compared to the design temperature committed to in the FSAR

Section 9.4.1. The calculated heat absorbed in the cooling coil under these

conditions was compared to the capacity of heat rejection by the compressor

and condenser as stated in the vendor documents to determine whether

adequate cooling capacity was provided.

. .

3.2 SYSTEM AIR FLOW RATES
.

The control room Certified Air Balance Test Report (Certificate No. 112068

of August 25, 1982) performed by PG&E was reviewed, and the recorded values

were _ compared to design air flow rates as shown in the PG&E Flow Diagram,

f (Drawing No. 511157, Revision 6) and duct drawings. Fans' static pressures

and motor brake horsepowers recorded in the Certified Air Balance Test

Report were compared against the nameplate ratings to determine whether they

can accommodate additional system resistances due to dirty filters. Air

flow rates taken from the Certified Air Balance Test Report were used to

calculate independently the resulting control room temperatures in Section
.

3.1. This calculation was used to determine whether adequate air is
.
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supplied to the control room to maintain air temperatures at the design

,
values identified in the FSAR Section 9.4.1. The air distribution from the

Certified Balance Test Feport was compared against the design flows on the

Flow Diagram (PG&E Drawing No. 511157, Revision 6). This was done to-

determine whether the system can be balanced as designed and whether the

actual intake and recirculation air flow rates match those values used in

the PG&E control room habitability analyses.

In addition, the results of PG&E Startup Test Procedure (No. 23.1, Revision
.

1

2, of June 11, 1979, and its Addendum No. 2 of December 29, 1981) were

reviewed to check the CRVP system's ability to pressurize the control room

under Mode 4 operation as stated in the FSAR Section 9.4.1.

.

3.3 CODES, STANDARDS, AND REGULATORY GUIDES
,

;

[.

i
PG&E purchase order specifications for the CRVP System equipment were re- [
viewed to determine whether the applicable codes, standards, and regulatory

,

:
- guides identified in the FSAR Table 9.4-6 were specified. !

)
I

3.4 SYSTEM DESIGN TEMPERATURES AND PRESSURES

Duct and equipment design temperatures and pressures as specified in PG&E

purchase order specifications were reviewed to ensure their compatibility

- with the actual pressures developed by the fans. Similarly, the design

temperature and pressure of the refrigerant piping and equipment as speci-
.

.

fied in the PG&E purchase order specifications were compared against those

values expected t.o occur during operation.

_
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3.5 C0hTROL ROOM HABITABILITY

.

The radiation dose calculation (EDS Nuclear Inc. , Calculation No. 006) and
'

chlorine concentration calculation (FSAR Section 9.4.1) were reviewed to

determine whether the values of air flow rates, control room volume, filter

efficiencies, damper closing time, detector response time, and infiltration

rate were input into the calculations correctly. These calculations were

also reviewed to determine whether the effects of single failure were con-

sidered in the calculations.

The HEPA/ charcoal filter unit design was reviewed. Filter efficiencies and

air flow capacities specified in the PG&E purchase orders specifications

were checked for conformance to the licensing commitments (FSAR Table .

15.5-30) during Mode 4 operation. In evaluating the filter efficiencies

'

used in the control room habitability analyses, an independent calculation

was performed to check the ability of the duct heaters upstream of the

filter unit to remove the moisture from the outside air and to maintain its

relative humidity at levels identified in Regulatory Guide 1.52.

The chlorine detector and radiation monitor purchase order specifications

were reviewed to determine whether the sensitivities and response times

specified to the vendors agreed with the design values identified in the

FSAR Section 9.4.1.

.
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3.6 TECHNICAL SPECIFICATIONS REVIEW

.

The Technical Specifications (Section 3/4.7.5) were reviewed to determine

whether they meet the guidelines for in place testing delineated in Reg--

ulatory Guide 1.52 and commitments of FSAR Section 16.5.9. This review was

also performed to determine whether the Technical Specifications (Section

3/4.7.5) requirements are compatible with the CRVP system design.

3.7 SYSTEM REDUNDANCY (OPERABILITY AND FUNCTIONABILITY)
P

A review was performed to determine whether the CRVP system redundancy meets
s.

single failure criteria consistent with FSAR Section 9.4.1 commitments.

This review was performed assuming a design basis accident concurrent with a
,

single failure.

.

Single, failures considered were failure of a vital bus or failure of an in-

_ dividual component, such as filtration train, fan, damper, air-conditioning

equipment, or instrumentation. The CRVP system flow diagram and duct draw-

ings identified in Section 3.2 were used as the basis for the review. The

emergency electrical power supply to system components was reviewed for two,

cases:b (1) Unit 1 and Unit 2 both operational; (2) Unit 1 only operational.

In addition, a review was performed of the CRVP system's operability and

b functionability. The PG&E Startup Test Procedure (No. 23.1, Revision 2, of
'

- June 11, 1979, and its Addendum No. 2 of December 29, 1981) was reviewed to
' determine whether the system is capable of operation in each of the four

.

W
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design modes identified in FSAR Section 9.4.1. The startup test procedure

was also reviewed to determine whether the system initiates Mode 3 or Mode 4 .

operation automatically upon each of the signals identified in FSAR Section

~

9.4.1.
.

3.8 FIELD INSPECTION j

A field inspection of the CRVP System was performed to compare the as-built.

configuration to the PG&E Flow Diagram (No. 511157, Revision 6) and duct |.

drawings used in the IDVP review. A walkdown of the system was performed.

Parameters such as number and sequence of fans, dampers, air-conditioning

equipment, duct layout, and location of radiation and chlorine monitors were

|

checked during the walkdown. 1

<

% |

|

i
-

I

b- .

I
'

'

t
I .
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SECTION 4

SUMMARY OF REVIEW RESULTS
.

. This section provides a summary of the review results and identifies all

concerns raised as a result of this review.

4.1 CONTROL ROOM COOLING LOAD

The total cooling load calculated by SWEC for Modes 1, 2, 3, and 4

operations is approximately 5 percent higher than the value shown in FSAR

Table 9.4-7. This value is considered to be within the e pected

calculational accuracy. Using the air flow rate from the Certified Air

Balance Test Report, the resulting control room temperature was calculated.
.

From this, the heat absorbed in the cooling coil was also calculated. This

calculated cooling load is within the nameplate cooling capacity of the,

compressor and condenser.

4.2 SYSTEM AIR FLOW RATES

The values recorded in the PG&E control room Certified Air Balance Test

Report (Certification No. 112068) for supply air, return air, makeup air,

and pressurization air under all four design modes of operation are within

10 percent of the design air flow rates indicated on the PG&E Flow Diagram

(No. 511157, Revision 6) and duct drawings. SWEC has determined, based on;

the control room temperature calculation identified in Section 4.1, that a

-
,

t

f
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variation of 10 percent in the air flow rates of the CRVP System would not

affect the system's ability to maintain the control room temperature below .

the limits delineated in FSAR Section 9.4.1.
.

-

The fan brake horsepowers recorded in the Certified Air Balance Test Report

were reviewed. For the supply faas, booster fans, and pressurization fans,

the recorded brake horsepowers indicate that the nameplate motor ratings are

adequate to accommodate system design air flows.

The resulting control room temperature was calculated based on the cooling

load calculated in Section 3.1 and the supply air flow recorded in the

Certified Air Balance Test Report. This calculated temperature is well

below the maximum allowable control room temperature based on instrument ,

limitations identified in FSAR Section 9.4.1.
,

.

The air distribution as recorded in the Certified Air Balance Test Report
|
'

matches the design values on the PG&E Flow Diagram and duct drawings. Also,

the actual intake and recirculation air flow rates recorded in the Certified

Air Balance Test Report match the air flow rates used in the PG&E control !

I
room habitability analyses. !

The results of PG&E Startup Test Procedure No. 23.1 were reviewed. The

control room pressure recorded under Mode 4 operation was above the 1/8-inch

W.G. positive pressure required in FSAR Section 9.4.1. '

.

;
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4.3 CODES, STANDARDS, AND REGULATORY GUIDES

.

The review of the PG&E purchase order specifications for the CRVP system
* equipment showed that the applicable codes, standards, and regulatory guides

identified in the FSAR Section 9.4.1 have been specified.

4.4 SYSTEM DESIGN TEMPERATURES AND PRESSURES

Review of the PG&E purchase order specifications indicates that the duct and

equipment design pressures match those recommended in the 1972 Equipment

Volume of the ASHRAE Haridbook for the maximum static pressures developed by

the fans. The actual fan static pressures as recorded in the Certified Air

Balance Test Report (Certificate No. 112068) are within the specified design,

pressures. In addition, the materials specified are adequate for the range
' of temperatures the system is expected to experience.

A review of the PG&E Specification No. 8771 for the refrigerant piping

system and valves indicates that the pressures and temperatures developed in

the refrigerant piping, valves, and fittings by the compressor and condenser

are within the specified design values.

4.5 CONTROL ROOM HABITABILITY

A review of the radiation dose calculation performed by EDS Nuclear Inc.-

|

(Calculation No. 006) indicates that the values of air flow rates, control
.

!room volume, infiltration rate, and filter efficiencies input into the
,

calculation agree with those identified in FSAR Section 9.4.1.

4-3
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The calculation also takes the effects of single failure into account by

assuming that the outside pressurization air flows through only one of the
'

two filter units.
.

A review of the chlorine concentration calculations (FSAR Section 9.4.1)

shows that the values of air flow rates, infiltration rates, and control

room volume input into the calculation match those values identified in the

FSAR. However, the value of damper closing time used in the calculations was

not the same as the value identified in FSAR Section 9.4.1. An independent

calculation showed that the chlorine detector response time could also vary

from that value used by PG&E under single failure. Therefore, an

independent calculation of chlorine concentration was performed using both

the value of damper closing time recorded in the PG&E Startup Test Procedure *

No. 23.1 and the calculated value for chlorine detector response time.
-

This calculated value of chlorine concentration is within the limits of

Regulatory Guide 1.52.

The air flow capacity of the HEPA/ Charcoal filter unit specified in the PG&E

| purchase order specifications ic equivalent to that value recorded in the
|

f Certified Air Balance Test Report, and, thus, meets the ' IDVP acceptance

criteria. Also, the filter efficiencies specified agree with those used in

the control room habitability analyses. In evaluating the filter efficiency

|
calculation was perf' armed to find the relative humidity| for methyliodide, a

.

of the air entering the filter unit. This calculated value is within the

limits of Regulatory Guide 1.52 necessary to allow the efficiency used in
,

the control room habitability analyses.
.. ,

i

4-4

- _1



_ _ - . . _ _

The PG&E purchase order specifications for chlorine and radiation monitors

were also reviewed. The review showed that the specified monitors' sensi-
.

tivities and response times agree with the values identified in FSAR Section

9.4.1. The duct drawings for the pressurization air intakes and - as-built-

configuration at the normal air intakes were reviewed during a site visit.

These reviews showed that the chlorine and radiation monitors have been

--located as indicated in the FSAR Figure No. 9.4-1.

4.6 TECHNICAL SPECIFICATIONS REVIEW
J

e

The requirements for in-place testing of the CRVP System stated in the Tech-,

nical Specifications (Section No. 3/4.7.5) ' conform to the guidelines of

Regulatory Guide 1.52 and commitments in FSAR Section 16.5.9. In addition,
.

'

the limiting conditions for plant operation stated in the Technical

! - Specifications allow the CRVP System to perform its design function,

assuming single failure except for adequacy of equipment electrical power

supplies. The adequacy of electrical power supplies is discussed below.

4.7 SYSTEM REDUNDANCY (OPERABILITY AND FUNCTIONABILITY)

A review of the PG&E Flow Diagram (No. 511157, Revision 6) and duct. drawings
^

for ' the CRVP System shows that the design of the CRVP System does include

redundant equipment. However, a review of the emergency electric power

'

supplies shows that adequate electrical power redundancy is not supplied to,

the CRVP System to meet the single failure criteria identified in FSAR
,

.

E t . ,

!
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Section 9.4.1. The concern exists that portions of the CRVP System required

to maintain the Unit I control room habitability are shared between Units 1 -

and 2 and, as such, are provided safety-related power from the Unit 2 diesel
.

generators and electrical system. If the Unit 2 safety-related electrical

system is not available, the CRVP System does not meet the single failure

criteria. Typical examples are given below:

With only Unit 1 power available, there 's no power available for*

the radiation and chlorine monitors located in the pressurizatica

system south remote air intake.

Failure of "H" Bus would result in no power available for the Unit*

1 air-conditioning equipment, which provides conditioned air to -

remove heat generated from the vital electrical equipment located
.

in the safeguards room.

* Failure of "H" or "F" Bus would result in no power available for

the normal air intake and exhaust motor-operated dampers which are

required to close and to isolate the control room envelope from

the outside contaminated air during a loss-cf-coolant accident

(LOCA) and to permit control room pressurization.

PG&E has provided a resolution for this concern consisting of physical
.

modifications to the CRVP System. These changes provide each equipment

train with both a Unit 1 and Unit 2 power supply. Redundant trains are
.

'
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powered from different vital buses. An independent failure analysis was

performed for Unit 1 operation assuming all trains are switched to their.

Unit 1 vital bus. The results of this analysis show that the modified

- system design can meet the FSAR single failure criteria.

Another concern is that portions of the Class CRVP System are shared by'

Unit 1 and Unit 2, and, as such, equipment is provided electrical power from

both the Units 1 and 2 safety-related electrical system. The FSAR states

that for a postulated LOCA in one unit the other unit must be shut down.

Further, Page 8.3-4 states that each unit is designed to withstand an

assumed failure of a vital bus. It is required to assume that offsite power

is lost coincident with the LOCA; therefore, it must be assumed that three

vital buses (one in the LOCA unit and two in the unit performing a shutdown)
,

do not have power available. Evaluation of the various combinations of

vital bus failures for a postulated LOCA in either Unit 1 or Unit 2 identi-*

fies conditions under which the CRVP System does not meet its design bases

as stated in licensing commitments. Typical examples are provided below:

.

* LOCA in Unit 2

Combinations of Vital Bus Failures: F2 Hi H2

F1 F2 H2

F2 G2 H1

- No power available to any of the above combinations of vital buses

would prevent the automatic closure of the outside air normal
.

l

.
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intake and exhaust motor-operated dampers. These dampers are

required to close in Mode 4 operation to permit control room pres- -

surization to 1/8-inch W.G. and reduce radioactivity inleakage.

Also, no power to vital bus combinations F2, H1, H2 and F2, G2, H1

would result in loss of power to the air-conditioning units which

provide cooling to the safeguards room which contains the vital

electrical equipment required for safe shutdown.
i

* LOCA in Unit 2

Combinations of Vital Bus Failures: F1 G1 H2

F1 H1 H2

F1 F2 H1

.

No power available to any of the above vital bus combinations

'

would prevent the automatic closure of the outside air normal

intake and exhaust motor-operated dampers. These dampers are

required to close in Mode 4 operation to permit control room pres-

surization to 1/8-inch W.G. and reduce radioactivity inleakage.

Also, no power to vital bus combinations F1, G1, H2 and F1, H1, H2
i

| would result in loss of power to the air-conditioning units which
, e

( provide cooling to the safeguards roosi, which contains the vital

electrical equipment required for safe shutdown.

I.

The modifications to the CRVP System proposed by the DCP will alleviate the

concern of not meeting single frilure criteria and will provide adequate
.

electrical power redundancy for the CRVP System.

4-8
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The Preoperational Test Procedure No. 23.1 performed by PG&E on the CRVP

System was reviewed. The test procedure indicated that the system did
.

switch to, and operate in, each of the four design modes of operation iden-

. tified in the FSAR upon manual initiation. Also, the report indicated that

the system did automatically initiate Mode 3 or Mode 4 operation upon simu-

lating each of tLe initiation signals identified in the FSAR.

4.8 FIELD INSPECTION

A complete walkdown of the CRVP System was performed. Those parameters

identified in Section 3.8 were found to be in accordance with the PG&E Flow

Diagram (No. 511157, Revision 6) and duct drawings.

D

.

.
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SECTION 5
,

,

I
E0I REPORTS ISSUED.

~

Two E0I files were issued for the verification of mechanical / nuclear design

of the CRVP System. The status of these files is summarized in Appendix A.

E0I File 8012 was issued because of the concern for lack of electrical power'

redundancy to provide adequate cooling and pressurization for the control

room if Unit 2 power supplies are not available. PG&E has reevaluated the

system electrical redundancy and has provided a resolution involving

physical modifications. These modifications provide the capability to meet

the single failure criteria. This file remains open as an Error Class A

pending IDVP verification of the modifications.,

'

E0I File 8016 was issued because of the concern for lack of redundancy to

provide adequate cooling and pressurization for the control room with both

Units 1 and 2 available. The modifications made in response to E0I File

' ' 8012 also provide the capability for the CRVP System to meet the single

failure criteria for two-unit operation; therefore, no other modifications;

|
| are necessary. This file has been closed.

I
!

. ,
,

I
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SECTION 6

EVALUATION OF REVIEW RESULTS

- 6.1 CONTROL ROOM COOLING LOAD

The cooling capacity of the CRVP system air-conditioning equipment identi-

fied a the FSAR is adequate for the calculated maximum cooling load and,

thus, meets the IDVP acceptance criteri:..

6.2 SYSTEM AIR FLOW RATES

The air flow rates recorded for the control room in the Certified Air Bal-

ance Test Report agree with those values identified in the PG&E Flow Diagram
i

and duct drawings and, thus, meet the IDVP acceptance criteria.

.

The calculated control room temperature is below the upper limit based on

instrument limitations identified in the FSAR and, thus, meets the IDVP

acceptance criteria.

'
,

6.3 CODES, STANDARDS, AND REGULATORY GUIDES

The codes, standards, and regulatory guides specified in the PG&E purchase

specifications agree with those listed in the FSAR and, thus, meet the IDVP

, acceptance criteria.

.

W
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. .a

6.4 SYSTEM DESIGN TEMPERATURES AND PRESSURES

.

The specified materials of construction for the CRVP System are adequate for
~

the static pressures recorded for the control room in the Certified Air

Balance Test Report and the temperatures identified in the FSAR. The

expected operational pressures and temperatures are within the specified

design values; therefore, the IDVP acceptance criteria are met.

6.5 CONTROL ROOM HABITABILITY

The parameters reviewed for the control room habitability analyses agree

with those identified in the FSAR and, thus, meet the IDVP acceptance

criteria. s

i

6.6 TECHNICAL SPECIFICATIONS REVIEW i
'

.y
| |

The review of the Technical Specifications showed that the CRVP system
i

design as described in the FSAR is compatible with the requirements of the t
i

technical specifications; therefore, the IDVP acceptance criteria are met. f
I

6.7 SYSTEM REDUNDANCY (OPERABILITY AND FUNCTIONABILITY) ,

.

The mechanical equipment redundancy and the system operability and function-
I

ability meet the acceptance criteria of the IDVP. However, the original <

'

emergency electrical power arrangement did not meet the IDVP acceptance
-.

)
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criteria for single failure. The major deficiencies in the emergency elec-

trical power redundancy arose because some safety-related Unit 1 equipment
.

was powered only from Unit 2 power supplies and, conversely, some safety-

related Unit 2 equipment was powered only from Unit 1 power supplies. The.

physical modifications proposed by PG&E will provide the capability to meet

the single failure criteria. These modifications will be field-verified by

the IDVP. The generic concern for shared power sources is discussed in ITR

No. 34.

6.8 FIELD INSPECTION

The as-built configuration of the CRVP System for those parameters

identified in Section 3.8 agrees with the configuration identified in the
e

FSAR and design documents and, thus, meets the acceptance criteria of the

IDVP..

!

!

|
'
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SECTION 7 '

CONCLUSIONS-

.

The following sections summarize whether additional verification or addi-

tional sampling of the items reviewed is required.

4

7.1 CONTROL ROOM COOLING LOAD

No additional verification or additional sampling is needed.

7.2 SYSTEM AIR FLOW RATES

No additional verification or additional sampling is needed.a

,

.

7.3 CODES, STANDARDS, AND REGULATORY GUIDES

No additional verification or additional sampling is needed.

.

7.4 SYSTEM DESIGN TEMPERATURES AND PRESSURES

| No additional verification or additional sampling is needed.

i

,

7.5 CONTROL ROOM HABITABILITY
;,

i.
I

No additional verification or additional sampling is needed. |'
!, :

h e

i
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7.6 TECHNICAL SPECIFICATIONS REVIEW

- \

No additional verification or additional sampling is needed.
I

7.7 SYSTEM REDUNDANCY (OPERABILITY AND FUNCTIONABILITY)

Since there is evidence of a generic concern in the design of shared systems

(between Units I and 2), additional verification, as discussed in ITR

No. 34, of the emergency electrical power supplies of shared systems is

required.

7.8 FIELD INSPECTION

<

No additional verification or additional sampling is needed.'

.
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APPENDIX A

.

i

LCNFF ILV~ STATUS REPORT

REV. 0 LATESI REV. ACTIDN

FI.E NO. LA'E REV. IATE FY STATUS DRG SUFJE2T

E012 820924 0 S20924 SWEC OIR SWIC CLASS 1 PORTIONS OF CRVr SYSTEM
E012 820924 1 821001 SWEC PPRR/ DIP TES CLASS 1 PORTIDNS OF CRVP SYSTEM
E012 820924 2 821022 TES DIR SWEC CLASS 1 PORTIONS OF"CRVP SYSTEN
8012 E20924 3 821103 SWEC PER/A TES CLASS 1 PORTIONS OF CRVF SYSTEM
S012 820924 4 821116 TES ER/A P01E CLASS 1 POR!!DNS OF CRVP SYSTEM
S012 620924 5 630311 TES DIR SWE: CLAS! I FORTIONS OF CRVP SYSTEM
2012 E20924 6 630311 SWEC FER/A TES CLASS 1 PORTIONS OF CRVP SYSTEM,

S012 820924 7 830315 TES ER/A PG1E CLASS 1 PORTIONS OF CRVP SYSTEn
5016 E20927 0 20927 SWEC OIR SWEC CL.1 PURIIDNS OF CRVP SYS. NOT MEETINS LES. BASIS

, 8:16 620927 1 821001 SWEC PFRR/0IP TES CL.! P3RTIONS OF CRUP SYS. NOT MEETING LES. BASIS
6 16 S20927 2 621022 TES DIR SWIC CL.1 P2RTIONS OF CRJ: SYS. N07 NEET!kE DES. Bt. SIS
501e 520927 3 621103 SWE2 PER/A TES CL.1 FORTIDh5 0F CRUF SYS. NOT REETING EES. BASIS
201: 220927 4 E21116 TES ER/A F01E CL.1 PORTIDh5 0F CRU; SYS, NOT MEETINS LES. BASIS
S016 620927 5 830225 TES DIR SWEC CL.1 PQRTIONS OF CRVP SYS. NOT MEETINS DES. BASIS
6016 620927 6 630310 SWEC FER/F TES CL.1 PORTIONS OF CRVF SYS. NOT MEEi!NG LES. PASIS
S016 620927 7 630328 TES PRR/ DIP POLE CL.1 FORTIONS DF CRVF SYS. NOT MEETING DES. BASIS
8016 E20927 8 S30328 TES PRR/CI P01E CL.1 PORTIONS OF CPVP SYS. NOT MEETING DES. PAS!F
B016 S20927 8 53CE28 IES CR NONE CL.1 PORTIONS OF CRVF SYS, N07 MEETINE LES. iAi!:
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APPENDIX B

PROGRAM MANAGER'S ASSESSMENT
,

Independent design verification of the tasks performed by SWEC to verify
the Mechanical / Nuclear Design of the CRVP System was done in accordance
with the IDVP Phase II Program Management Plan, dated June 18, 1982 and
the Engineering Procedure EP-1-014.

The task cf verification involved several visits to the SWEC offices and
detailed discussion and review with SWEC personnel of the work performed
by SWEC including the methodology and calculations used in this
evaluation.

The files issued by SWEC were reviewed thoroughly and speci fic
recommendations were made to the IDVP Program Manager delineating
appropriate resolution.

9 As a result of the verification of the initial sample by SWEC and the
assessment of the impact of SWEC findings, TES, as Program Manager is of

s- the opinion that because of the concern of shared power sources,
additional verification is required.
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ENG#EERING SEFNICES

PROGRAM MANAGER'S PREFACE

DIABLO CANYON NUCLEAR POWER PLANT - UNIT 1

INDEPENDENT DESIGN VERIFICATION PROGRAM.

INTERIM TECHNICAL REPORT,

,

ELECTRICAL EQUIPMENT BY ANALYSIS

This is Revision 1 to the thirty-third of a series of Interim

Technical Reports prepared by the DCNPP-IDVP for the purpose of

providing a conclusion of the program.

The original issue of this report contained the analytical methods
and results of the independent analyses, the concerns, recommendations,

7

and conclusions of the IDVP with respect to the initial sample for

electrical equipment qualified by analysis. This revision contains,

along with the initial sample results in the original report, the

results of the additional verification effort. All E0I files initiated
,

for this sample category, both in the initial sample and additional

verification evaluations, have been closed or identified as an error.

As IDVP Program Manager, Teledyne Engineering Services has approved

C' . this Revision 1 to ITR-33, including the conclusions and recommendations'

presented. The methodology followed by TES in performing this review
and evaluation is described in Appendix 0 to this report.

,

_

ITR Reviewed and Approved

IDVP Program Manager

Teledyne Engineering Services

R. Wray
'

Assistant Project Manager

i
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1.0 INTRODUCTION .

Purpose and Scoce

This interim technical report summarizes the
independent analysis and verification of tne initial
sample of electrical equipment qualified by analysis
at Diablo Canyon Nuclear Power Plant Unit 1 (DCNPP-1).

*
The electrical equipment sample consists of the hot
shutdown remote control cabinet and the main annunciator
cabinet.

.

In addition, this report summarizes the
verification of the natural frequencies for an
additional sample of electrical equipment qualified by
analysis at DCNPP-1. The sample consists of the local
instrument panels and the instrument AC panels.

Verification and specification of additional
samples is described in the Interim Technical Report
(ITR) #1, Revision 1 (Ref.erence 1). The IDVP
determined that instrument panels PIA, B and C,
though specified in ITR #1, Revision 1, were
analyzed by the manufacturer, and thus were not part
of the IDVP review scope.

This report is one of several interim technical
reports of the Independent Design Verification
Program (IDVP). Interim technical reports include
references, sample definitions and descriptions,
methodology, a listing of Error and Open Items, and
examination of trends and concerns, and a conclusion
(Reference 2). This report presents the results of
the IDVP electrical equipment analysis and serves as
a vehicle for NRC review. It will also be referenced
in the Phase I Final Report.

U This report does not include the independent
verification of Class 1E electrical components which are-

mounted to the hot shutdown remote control cabinet or
main annunciator cabinet. These items were qualified

,

i . oy shake table testing. The verification of the
electrical equipment qualified by shake table testing is

O the subject of a separate interim technical report
(Reference 3).

: Also not included here is'the verification of
Class 1E electrical components mounted to local
instrument panels or instrument AC panels. These items

6 were qualified separately.

1,

0
,
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summarv ;

Robert L. Cloud and Associates Inc. (RLCA) has
performed verification analyses for the Phase I
initial sample of electrical equipment qualified by
analysis. Loads and stresses were calculated and
compared to allowables. Methods and assumptions used
in the design analyses were compared to those in the!

verification analyses. Allowable criteria were met.

for the hot snutdown remote control cabinet, but were
exceeded for the main annunciator cabinet assembly.
A generic concern with regard to frequency assumptions.

was identified and recommendations were made.
&

As a result of the initial sample comparison, the
IDVP reviewed natural frequency assumptions for an
additional sample of electrical equipment qualified by
analysis. An error was identified in the design
natural frequency calculations. However, both the local
instrument panels and instrument AC panels were found to
meet the frequency criteria for rigid equipment.

) Backaround

On September 28, 1981 PGandE reported that a
t diagram error had been found in a portion of the

seismic qualification of the Diablo Canyon Nuclear
Power Plant Unit 1. This error resulted in an in-
correct 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 seismic
service-related contractor. This sketch contained
geometry incorrectly identified as Unit 1 geometry.

As a result of this error, a seismic reverif-
ication program was established to determine if the-
seismic qualification of the plant was adequate for
the postulated Hosgri 7.5M earthquake. This program,

was presented orally to the NRC in a meeting in
Bethesda, Naryland on October 9, 1981. -

' '

Robert L. Cloud and Associates (RLCA) presented
a preliminary report on the seismic reverification

U,,
program to the NRC on November 12, 1981 (Reference 4).
This report dealt with an examination of the
interface between URS/Blume and PGandE.

O
2

-
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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 licence to load fuel and conduct
low power tests up to 5% of rated power at DCNPP-1.
Thir suspending order also specified that an
independent design verification program be conducted
to ensure that the plant met the licensing criteria.

,

PGandE retained Robert L. Cloud and Associates
as program manager to develop and implement a program
that would address the concerns cited in tne order*

suspending license CLI-81-30. The Phase I Plan for
this program was tranmitted to the NRC staff in
December 1981 and discussed on February 1, 1982.
Phase I deals with PGandE internal activities and
seismic service-related contractors prior to June
1978.

On March 19, 1982 the NRC approved Teledyne
Engineering Services (TES) as program manager to
replace Robert L. Cloud and Associates (RLCA).
However, RLCA continued to perform the independent
review of seismic, structural and mechanical aspects
of Phase I.

The NRC approved the Independenc 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
i tnese 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.

.

[ ITR #33, Revision 0 was issued in February, 1983
'

l to describe the IDVP verification of an initial
sample of electrical equipment qualified by analysis.

- Two concerns were noted and recommendations were made
for additional verification. Results and conclusions of

J. this additional verification are reported in Section 5
of this ITR.'

|
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2.0 INDEPENDENT DESIGN VERIFICATION METHODS

2.1 PROCEDURES

The verification analysis used the following
procedures to analyze the seismic qualification of the
hot shutdown remote control cabinet and main annunciator
caoinet.,

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

* mathematically modeled to represent the equipment's mass
- and stiffness characteristics. From tnis model, natural

frequencies were determined. Applicaole seismic
accelerations were obtained using the natural frequencies
together with the appropriate Hosgri response spectra.
Forces and moments were calculated for the key areas.
Stresses were determined from the forces and moments.
These computed stresses were compared-to the allowable
stresses. Finally, the stresses computed by the IDVP
were compared to the stresses from the design analysis.

2.2 LICENSING CRITERIA

The IDVP used the Diablo Canyon Nuclear Power Plant
Unit 1 licensing criteria to analyze the hot shutdown
remote control cabinet and the main annunciator cabinet
assembly. This criteria is contained in the FSAR and the
Hosgri Report (References 5 and 6).

Allowable criteria have been taken from the " Steel
Construction Handbook, Seventh Edition" (Reference 7).
Allowable criteria for concrete expansion anchors have
been taken from PGandE Drawing 054162, Revision 3,
" Concrete Expansion Anchors for Seismic and Static
Loading," (Reference 8). Loading combinations are also
included in Attachment 1 of the Phase I Engineering

' ' , Program P3an (Reference 9).

.
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3.0 VERIFICATION ANALYSIS OF ELECTRICAL EQUIPMENT

3.1 HOT SHUTDOWN REMOTE CONTROL CABINET

The hot shutdown remote control cabinet
(called a panel in ene Hosgri Report) is located at4

the West end of the Unit 1 auxiliary building at'

elevation 100 feet. The cabinet contains,

indicators and manual controls for various pumps
and valves in the auxiliary feedwater, boration
control, and containment fan cooler systems.

O

The hot shutdown remote control cabinet is
designed to act as backup to the control room
instrumentation and controls and allows tne plant

'
-

to be brought to a hot shutdown condition. The
overall cabinet configuration is shown in rigure 1.
Figure 2 shcws the cabinet base and support
details.

The cabinet is made of 11 gauge steel. Its
dimensions are approximately 5 feet 10 inches wide,.
6 feet 6 inches high, and 3 feet deep. The cabinet
is oriented such that front-to-back corresponds to
the East-West direction. The front of the cabinet
has doors which enclose the 3/16 inch thick steel
instrument panels, one vertical and the other
diagonal, tilted at 30 degrees up from the -

horizontal. Instruments and switches are mounted
on both panels (see Figure 1). Steel separation -

barriers are welded to the back of the panels
to isolate va ~ as instruments. The rear of the
cabinet has doors which provide service access to
wiring and instrumentation.

A vertical 11 gauge sheet metal barrier
running the full height and depth of the cabinet

,

,' laterally separates the interior of the cabinet.
*

This barrier is also shown in Figure 1.,

;

The cabinet is mounted on four steel 4 inch
- channels which are welded to a box comprised of 10

inch I-beams. This box, in turn, is bolted to
,

o steel plates embedded in the concrete floor.

G
5

'
.

*
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3.1.1 Method of Verification Analysis

Overall Structure Characteristics

After field verifying the dimensions of tne
' hot shutdown remote control cabinet and its

supporting structure, the IDVP developed a.

mathematical model to simulate the equipment's mass
and stiffness characteristics. Overall cabinet
stiffnesses in the horizontal direction were

,

calculated for bending and shear (Reference 10).

These stiffnesses were calculated for a
reduced cross-section of the cabinet structure.
Instead of considering the full 36 inch depth of

,

i the cabinet in the front-to-back direction,
stiffnesses were calculated for the 20 inen
section of cabinet equivalent to the section of
upper cabinet above the diagonal panel (see Figure 1).
In addition, the model neglected shear stiffness
contribution of the interior steel barrier
and any stiffness contribution in this direction
from the doors.

.

The stiffnesses were used to develop a single
degree of freedom lump mass model to represent
overall cabinet dynamic characteristics. The
complete cabinet mass was lumped at the center of.

gravity. This model is more flexible than the
i actual case, and hence, is conservative because it

would yield lower natural frequencies and
a larger response. This model was used to
determine the front-to-back horizontal natural
frequencies.

i
- The IDVP examined the cabinet's configuration

.
and determined that the model of the cabinet in the'

front-to-back direction represented the most
flexible direction. Because the natural frequency

i in this direction was found to be greater than 33

[ hertz, the IDVP concluded that overall cabinet was'

rigid.
m

..

*
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Hosgri response spectra for 4% damping and
natural frequency results were used to determine
seismic accelerations (Reference 6). Torsional
accelerations of the auxiliary building were
included. The value of damping used, however, is
irrelevant because the cabinet was rigid (1 33,

hertz) and zero period accelerations were used. The
spectra considered in the verification analysis are
listed in Appendix C. The following seismic

*
accelerations were used:

.76 g Horizontal East-West

.97 g Horizontal North-South

.60 g Vertical

These accelerations were used to calculate the
loads and forces at key areas (see Table 1). Using
these forces and loads, stresses at key areas were
calculated and then compared to allowable stresses.

Local Dynamic Characteristics

To analyze the cabinet in greater detail, the
IDVP created a finite element computer model to
examine the local dynamic characteristics of the
cabinet's two instrument panels. Using plate
elements, a STARDYNE finite element model was
developed for the two instrument panels. The model
took into consideration instrument cutouts, major
instrument weights, and the welded separation
barriers. The configuration of the model is shown
in Figure 3. The weights of the instruments were
-lumped at the node points corresponding to the
instrument locations. The total weight of
instrumentation included in the model was

,
approximately 167 pounds.

.
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The 3/16 inch steel instrument panel is
intermittently fillet welded to 3 x 2 x 1/4 inch
and 2 x 2 x 1/4 inch angles along the perimeter and
is tack welded to the 11 gauge interior barrier
along the length of the barrier. The verification
analysis accounted for these attachment configurations
by using two separate computer models to bound the
analysis. The first model assumed the local panel-

edges to be simply supported, i.e., no moment
resistance at tne edges. The second model assumed
the edges to have a fixed boundary condition, i.e.,,

the edge support does have moment reF1 stance
capability.

Instrument panel frequencies vere calculated
from the finite element model, and a computer
response spectrum analysis was parformed to
determine the accelerations, loads and stresses.
Hosgri response spectra for 4% damping, were
applied at the edges in the model representing the
panel attachment to the caninet. Although Hosgri
response spectra apply to floor mounted equipment,
they also apply to these panels because the cabinet
to which they are attached is rigid, (1 33 hertz)
in all directions.

Calculated stresses were then compared to the
allowables.

3.1.2 Results of Verification Analvsis

The IDVP computed stresses at the following
key areas and compared them to the allowable
stresses (see Table 1). Both the stresses for the
cabinet and those stresses due to local dynamic
characteristics of the instrument panel are
presented.

.
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Hot Shutdown Remote Control Cabinet Computed Allowable

Kev Areas
Overall Caninet

Cabinet base angle to base
'

channel bolt stress
Tension * 1,113 psi 20,000 psi
Shear 457 psi 10,000 psi

4

Cabinet base angle stress 12,288 psi 22,000 psi

Base channel to I-beam weld stress * 1,088 psi 21,000 psi

Angle clip at I-beam tensile stress
Axial 427 psi (only combined
Bending * 9,984 psi stress compared)
Combined 10,411 psi 22,000 psi

Clip to I-beam bolt stress
Tension 2,591 psi 20,000 psi
Shear 687 psi 10,000 psi

I-beam anchor bolt stress
Tension * 10,792 psi 20,000 psi
Shear 687 psi 10,000 psi

Cabinet sheet metal stress 10,800 psi 22,000 psi

Side panel buckling load 1,260 lb. 11,737 lb.

Local Dynamic Characteristics
of Two Instrument Panels

Maximum combined panel stress 2,546 psi 22,000 psi

i

l *tiote: Those stresses marked with an asterisk
t

- show those key areas which are also explicitly
evaluated in the design analysis.

.

Table 1
Comparison of Computed and Allowable Loads and Stresses

in the Hot Shutdown Remote Control Cabinet

C
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A comparison of the computed stresses for the key
areas to the allowable stresses shows that the hot
shutdown remote control cabinet meets the allowable
criteria.

'

The natural frequency results from the bounding
local panel analyses showed the model with simply
supported edges has a first natural frequency in the
flexible range, and the model with fixed edges has a*

first natural frequency in the rigid range. These
frequencies are given below:

Simply supported edges 26.5 hertz
.

Fixed edges 42.7 hertz

The local panel was judged to be rigid because
the actual panel edge boundary conditions are
between fixed and simply sapported edges,-and the
intermittently fillet welded edges are more similar
to the fixed edge boundary condition.
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3.1.3 nesian Analysis Methods

The design analysis examined the front to back
vibrational frequencies using a lump mass model
with nine dynamic degrees of freedom (as shown in
Figure 4). The side-to-side and vertical natural'

frequencies were determined by inspection to be
greater than those for the front-to-back direction,
based on the fact that the doors are closed during-

normal plant operation (Reference 11). .

The design analysis calculated loads and
stresses using a one mode response spectrum
analysis. Key areas were examined for shear and
overturning moment loadings. Three key area
stresses were reported for the hot shutdown remote
control cabinet (shown in Section 3.1.5).

3.1.4 comparison of verification and Desian
Analysis Methods

Both the verification and design analyses of
the overall cabinet structure considered the
cabinet's front-to-back direction to be the most
flexible direction. However, the methodologies
used to represent the front-to-back charateristics
differed: while the verification analysis used a
single degree of freedom model based on a reduced
cross-section of the cabinet, the design analysis
used a lump mass and beam element model with nine
lumped masses. |

!
Both the verification and design analyses 1

found the lowest natural frequency to be in the '

C rigid range. Based on this result, both analyses |
- concluded that the cabinet natural frequencies in i

side-to-side and vertical directions were rigid.
,

l
The verification analysis also examined the j.

local instrument panel.
C-
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3.1.5 comoarison of verification and Desian
A; 31vsis Results

The IDVP compared the results of their
independent analysis listed in Section 3.1.2 with
the results of the design analysis as follows:,

Verification Design
Analysis Analysis*

Cabinet base angle to 1,113 psi 440 psi
channel bolt tensile
stress

Angle clip at I-beam 9,984 psi 8,000 psi
bending stress

I-Beam anchor bolt 2,482 lbs. 520 lbs,
tensile stress

Table 2

Comparison of Verification and Design Analysis Stresses
for the Hot Shutdown Remote Control Cabinet

Both the verification at.d design analysis
stress results are lower than the allowable stresses.
Although different methods and assumptions were
used, both analyses produced similar results.

The verification analysis used a single degree
of freedom model using a stiffness calculated from
a reduced cross section. The total mass of the
cabinet was lumped at the center of gravity. The

'

design analysis used a more refined model with nine
distributed lump masses.,

|
'

i
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3.1.6 Error and Ocen Them Recorts

The IDVP issued one EOI report specifically
for the hot shutdown remote control cabinet. Table
A1 shows the EOI file number, revision, date, and
status.

~

EOI 1087 reports differences of greater than
15% between the independent analysis results and
the design analysis results. This EOI was sub-
sequently closed because the IDVP showed all-

stresse's to be below the allowable stresses.

The IDVP issued three other EOI's not dealing
specifically with the hot shutdown cabinet, but as
a result of the RLCA Preliminary Report, " Seismic
Reverification Program," dated-November 12, 1981
(Reference 4).

EOI 1004 was issued because insufficient
documentation was available to verify the transmittal of
seismic information across the PGandE and the NSSS
(Nuclear Steam Supply System) supplier. The IDVP
has verified this interface through a review of
correspondence and an audit of the NSSS supplier.
This work is reported in IDVP Interim Technical
Report #11, Revision 0 (Reference 12). EOI 1004
was resolved as a closed item.

EOI 1006 was issued because insufficient
'

documentation was available to verify the interface
between PGandE and the groups performing electrical
equipment analysis. EOI 1006 was subsequently
closed because the IDVP sample analyses verify the
technical adequacy of the electrical equipment -

analyses without examination of the original
I interface.

EOI 1007 was issued because available records did
not adequately document the transfer of seismic
information between PGandE and their service-related-

contractors. EOI.1007 was subsequently closed because
the IDVP sample analyses verify the technical'-

: adequacy of the electrical equipment analyses
| without examination of the original interface.
l

i-
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3.2 MATN ANNUNCIATOR CABTNET

The main annunciator cabinet is an integrated
assembly comprised of nine separate cabinets housing
various electrical components of the main annunciator
system (see Figure 5). The cabinet is located on

-

elevation 127 feet in the auxiliary building below the
control room.in the cable spreading area. The main

,

annunciator system is used to sound alarms and light
indicator lamps in the main control room to signal the
plant operator.

.

Each of the nine structurally identical cabinets is
constructed of 12 gauge formed members and sheet metal.
They have doors in the front and rear which open to allow
access to the components mounted within. These doors run
the full length and width of each cabinet.and close

; out-of-plane from the cabinet structure (as opposed to
flush with the structure). The components are mounted on
internal racks. Figure 5 shows the general configuration
of the cabinet assembly.

The base of the cabinet assembly is welded to steel
plates embedded in the floor slab, and has a truss-type
brace tying the top of the cabinet assembly to an
adjacent concrete wall. The brace is attached to the top
of each cabinet through two steel channels which run
the full length of the cabinet assembly. Details of this
brace are shown in Figure 6.

.
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3.2.1 Method of Verification Analysis

The IDVP developed a mathematical model of the main
annunciator cabinet assembly after field verifying the
contiguration and selected dimensions of the cabinet and
truss bracing (Reference 13). A single typical cabinet
from the nine cabinet assembly was examined to determine
its individual structural characteristics. The structure

'

of this single cabinet was idealized as solely composed
of the four internal 12 gauge formed steel members
located at the corners of the cabinet. This simple model
was deemed to be an adequate representation because the-

front and back doors do not close in plane with the
cabinet structure and hence do not contribute to the
shear capabilities in that plane.

Figure 7 shows the verification analysis model for
the main annunciator cabinet.

The stiffness of each of the four 12 gauge
interior members was determined in the side-to-side
direction. On the basis of these calculated stiffnesses,
the stiffness of the complete cabinet assembly was then
determined. The North-South (side-to-side) model was
developed by first calculating the stiffness contribution
of the truss bracing in the North-South direction. This
stiffness was then included in the model with the cabinet
stiffness.

~

The base of the cabinet assembly, which is welded to
steel plates embedded in the floor, was assumed to be
rigidly attached to the floor slab for all models.

| The mass of each. cabinet was assumed to be uniformly
distributed along the height of the cabinet. This is a
conservative assumption because the actual cabinets.have
the heavier components located towards the bottom.

- The East-West (front-to-back) and vertical directions
were not examined.

.
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The natural frequency of the cabinet assembly
in the North-South directions was calculated as 7.6
hertz.

Seismic accelerations were cnosen from Hosgri
response spectra at 4% damping to correspond to the IDVP
natural frequencies. Since there are no response spectra
available for elevation 127 feet, acceleration values

'

were linearly interpolated between spectra values for
elevations 115 feet and 140 feet. The interpolation
also considered the height of the truss bracing
attachment point. The spectra used in the verification-

analysis are listed in Appendix C.

An equivalent static method was used to determine
the loads and forces from the 6.38g North-South seismic
accelerations. These loads and forces were then used to
calculate stresses at key areas (see Table 3). The
calculated stresses were then compared to the allowables.

3.2.2 Results of verification Analysis

The verification analysis computed loads and
stresses at the following key areas and compared
them to the allowables. The results show that the
bracing concrete expansion anchor loads and the interior
cabinet member loads for North-South loading exceed
allowables (EOI 949) .

.

Kev Areas Computed Allowable

North-South Loadina

Truss bracing expansion 2.04 * 1.0
anchor

Interior member bending 58.2 ksi 28.0 ksi
.

* Combined shear / tension interaction
,

. .

,
Table 3

Comparison of Computed and Allowable
Loads and Stresses in the Main Annunciator

Cabinet Assembly

-
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3.2.3 Desian Analvsis Methods

The design analysis of the main annunciator cabinet
assembly modeled the dynamic characteristics using a lump
mass and beam element computer model (Reference 14). The
model, shown in Figure 8, only accounted for the
front-to-back (East-West) motion of the cabinet assembly.

- The design analysis concluded that the cabinet assembly
is rigid in the side-to-side direction because the doors
were assumed to provide a substantial stiffness

. contribution in tnat direction when tney were closed.

The model lumped the structural properties of the
columns of adjacent cabinets together into a series of
individual beam elements. A rotal of 30 lump masses are
contained in the computer model. The mass of each
cabinet was equally distributed to three lump masses
located on each of the series of beams (see Figure 8 for
the design analysis model representation). These lump
masses are located at the center line of the horizontal
reinforcing members. The model was set up such that
degrees of freedom for the lump masses allowed for
front-to-back motion only.

For boundary conditions, the design analysis assumed
-that the bottom of the cabinet assembly is fixed to the
floor slab. At the top of the cabinet assembly, the model
was laterally restrained at the brace attachmenc points.

Natural frequencies in the rigid range were
calculated from this lump mass model. Seismic loadings
for the assembly location at elevation 127 feet were
obtained by interpolating between elevation 115 feet and
140 feet spectra. The seismic inputs used in the design
analysis were compared to the Hosgri spectra. EOI 1008
was issued to note that the design analysis seismic'
inputs were taken from preliminary spectra. These
seismic loadings were used to calculate stresses at fouro

key locations. These stresses were then compared to the
allowable stresses.
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3.2.4 Comnarison of Verification and Denian
Analysis Methods

The difference between the design analysis and the
verification analysis is that the design analysis assumed
that the cabinet assembly was rigid in the side-to-side
(North, South) direction. Thus, the design analysis did
not account for the effects of the amplified structural-

response in the side-to-side (North-South) direction.

The design analysis did not report loads and
,

stresses in the upper truss oracing. The verification
analysis of the connection between the truss bracing and
the wall showed that when the structural response in the
side-to-side (North-South) direction was accounted for,
the expansion anchor bolt loads exceeded the allowable
(E0I 949).

.
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3.2.5 Error and Oeen Item Recorts '

The IDVP issued two EOI reports for the main
annunciator cabinet assembly. Appendix A shows.the EOI
file number, revision, date and status.

EOI 949 was issued.because the loads (determined by
the IDVP) on the concrete expansion anchors" securing the-

truss bracing to the wall exceeded the allowable. In
addition, the'' design analysis assumed that the cabinet

. was rigid in the side-to-side direction. The concrete
expansion anchar loads exceeded allowables because the
design analysis did not examine the side-to-side motion
based on this rigidity assumption. The IDVP found the
side-to-side natural frequency of the structure to be in
the flexible range. ,

PGandE is modifying the main annunciator _ cacinet
assembly to make the cabinet assembly rigid in the side-
to-side direction. EOI 949 is described as an Error
Class A or B pending.IDVP verification of the
modification.

EOI 1008 was issued because the PGandE qualifying
analysis for the main annunciator cabinet assembly
referenced preliminary Hoagri response. spectra (dated
4/4/77). Results of the verification analysis indicate
that the use of preliminary spectra did not cause
allowables to be exceeded. EOI 1006 was classified as a
Class C Error.

.
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4.0 EVALUATION OF ELECTRICAL EQUIPMENT ANALYSIS -
INITIAL Sh!!PLE

4.1 TNTERPRETATION

Tne IDVP performed analyses for two initial
sauples of electrical equipmenc qualified uy

-

analysis: the hot sautdown caoinet and the main
annunciator cabinet assembly. The verification
analysis found tnat the allowable criteria were met
for tne hot shutdown remote control cabinet out were |

- exceeded in the main annunciator cacinec assemoly.

Three EOIs were issued as a result of tne |
comparison between tne verification ano design analyses
:aethods and results (EOIs 949, 1087, and 1008) . Two
concerns were noted:

o The assumption in the design analysis
that the main annunciator caoinet is
rigid in the North-South direction was
snown to be incorrect. Tnis leads to a
concern with rigidity assumptions
(EOI 949).

o Spectra not contained in the Hosgri
report were used in the analysis (EOI 1008).

4.2 RECOMMEMDATM

The following recommendations address the
concerns described in tne interpretation section:

o Review the adequacy of all assumptions used
in the frequency calculations for all
electrical equipment qualified by analysis.
These include instrument AC panel,
instrument panels PIA, B and C, and local
instrument panels. This additional-

verification is also described in ITR #1,
- Revision 1 (Reference 1).

.

o Review all seismic inputs as already set
forth in the DCP Corrective Action Program.

L
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5.0 ADDITIONAL VERIFICATION OF ELECTRICAL EQUIPMENT,

5.1 SCOPE OF REVTEW

The IDVP reviewed the design analysis for the local
instrumant panels and instrumcat AC panels selected for
additional verification. The recommendation for

'

additional verification called for review of the design
~

analyses for the. assumptions used in the natural
frequency calculations for all electrical equipment
qualified by analysis (see Section 4.2, first

- recommendation).

The recommendation in Section 4.2 regarding seismic
inputs is included in the DCP program of additional
activities. This work will be verified by the IDVP and
reported in a subsequent interim technical report
describing control and application of Hosgri spectra.

5.2 RESULTS OF REVIEW

The IDVP reviewed the frequency calculations in the
design analyses for the local instrument panels and the
instrument AC panels. An error noted that unconservative
static deflections were used in calculating the natural
frequency. As a result, natural frequencies were
overestimated. Hcwever, the natural frequency
calculated by the IDVP using the correct formulation
shows the panels to meet the frequency criteria, i.e.,
to be greater than 33 hertz.

5.3 COI REPORTS ISSUED

The IDVP issued one EOI report for the additional
verification of electrical equipment qualified by
analysis. Appendix A shows the EOI file number,

'

revision, data and status.

EOI 1117 wao issued because the design analysis-

used an unconservative static deflection in the
calculation of the instrument AC panel natural
frequency. As a result, the natural frequency was.

overestimated. However, an IDVP calculation using the

.

correct formulation determined that the panel had a
'

natural frequency greater than 33 hertz and thus met the
natural frequency criteria. Therefore, EOI 1117 was
resolved as a Class C error.

C
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6.0 CONCLUSION

The verification analysis for the initial sample of
electrical equipment qualified by analysis found that
the hot shutdown remote control caDinet meets the
allowable criteria. However, a comparison of the design

'

and verification analyses for the main annunciator
,

cabinet indicates that the design analysis used an
unrealistic assumption for the cabinet rigidity.
Results of the verification analysis show that, as a
result of postulated Hosgri seismic loading, allowable
criteria have been exceeded for the main annunciator-

cabinet assembly (EOI 949). Additional verification of
natural frequency assumptions was recommended.

The additional verification was performed to
address the concern identified in the initial sample.
One error has been noted arising from the additional
verification (see Section 5.2). However, the IDVP found
that the frequency criteria have Deen met for the local
instrument panels and the instrument AC panels selected
for additional verification.
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Appendix A*

Error and Open Item Reports

E01 Action Physical
File No. Subject Rev. Date By Type Required Mod.

! 949 Main Annunciator Cabinet- 0 1/20/82 RICA OIR RIfA
Stresses Exceed Allowables 1 4/21/82 RIfA PER/AorB TES

2 9/3/82 TES OIR RIfA Yes

1004 Docunentation of Formal 0 2/6/82 RIfA OIR RILA ,

Transmittals of ' spectra to 1 3/22/82 RIfA PPRR/DEV TES
Westinghouse (issued as a 2 4/17/82 TES PRR/0IP PGand8
result of the RIfA Pre- 3 5/24/82 'IES OIR RIfA
liminary Report, 11/12/82) 4 6/9/82 RIfA PPRR/CI TES

5 6/22/82 TES PRR/CI TES
6 6/22/82 TES CR tbne Ib

1006 Doctmentation for Elec- 0 2/6/82 RIfA OIR RILA-

trical Equipment Analysis 1 3/9/02 PJfA PPRR/CI TES
,

(issued as a result of 2 4/21/82 TBS CR None Ib'

the Preliminary Report,
t 11/12/82)

,

; s

1007 Docunentation for. Elec- 0 2/6/82 RIfA OIR RIfA
,

| trical Equipment Analysis 1 3/9/82 RIfA PPRR/CI TES

(issued ca a result of 2 4/21/82 TES CR ibne No

the Preliminary Report,
11/12/62)

'

1008 Main Annunciator Cabinet- 0 2/9/82 RIfA OIR RIfA
Preliminary Spectra 1 3/18/82 RIfA PER/C 'IES

2 6/8/82 TES ER/C 10andE
3 10/18/82 'IES CR !bne Ib

*

.

i

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

PHYSICAL M00: Physical modification required to resolve the issue. Blank antry indicates that
r7Wlf70ernfbra Cm rmR CmD dhY;rminedo
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Appendix A
'

Error and Open Item Reports
'

E01 Action Physical
File No. Subject Rev. Date By Type Required l',o d .

1087 lbt Shutdown Remote Con- 0 5/14/82 RILA OIR RIfA
j trol Panel 15% Difference 1 5/26/82 RILA PPRR/CI TES

2 5/28/82 RILA PPRR/CI 'IES'

3 6/23/82 TES PRR/CI TES.

I 4 6/23/82 TES CR None No*

1117 Instr. Power AC Panels, 0 3/16/83 RIfA OIR RILA!
'

tnconservative stiffness 1 3/16/83 RILA PER/C TES
calculated 2 3/26/83 'IES ER/C PGandE

3 4/19/83 'IES CR None No

.

!

1

$ Y
ro

!

i

i

!

!
?

,
'

STATUS: Status is Indicated by the type of classification of latest report received by PGandE:
; OIR - Open Ites Report ER - Error Report A - Class A Error

PPRR - Potential Program Resolution Report CR - Completion Report B - Class 8 Error;

PRR - Program Resolution Report CI - Closed Item C - Class C Error
! PER - Potential Error Report ' DEV - Deviation 0 - Class D Error
j OIP - Open Item with future action by PGandE

PilVSICAI. M00: Physical modification required to resolve the issue. Blank entry indicates that
'

d ifjf d i!n hag g t been determinedg.
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KEY TERMS AND DEFINITIONS USED IN
THE ELECTRICAL EQUIPMENT ANALYSIS REPORT

(Tne definitions in this glossary establish the meanings
of words in the context of their use in this document.
These meanings in no way replace the specific legal and

_
licensing definitions.)

Acceptance Criteria

- The comparison between the design analysis and
the independent analysis where the results must
agree within 15% and be below allowable. Fail-
ure to meet this acceptance criteria results in
the issuance of an Open Item.

Allowable Criteria

- Maximum stress or load provided by the licensing
criteria.

Closed Item

- A form of program resolution of an Open Item
which indicates that the reported aspect is
neither an Error nor a Deviation. No further
IDVP action is required (from Reference 16).

Completion Report

- Used to indicate that the IDVP effort related
to tne Open Item identified by the File Number
is complete. It references either a Program
Resolution Report which recategorized the item
as a Closed Item or a PGandE document which

- states that no physical modification is to be
applied in the case of a Devia, tion or a Class

*

D Error (from Reference 16).

O

o -
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DCNPP-1

- Diablo Canyon Nuclear Power Plant Unit 1

Design Codes

"

- Accepted industry standards for design (ex. AISC,
AISI, ANSI, ASi1E, AWA, IEEE).

- EOI

- Error and Open Item Report

Error Report

- An Error is a fe,rm of program resolution of an
Open Item indicating an incorrect result that has
been verified as such. It may be due to a math-
ematical mistake, use of wrong analytical
method, omission of data or use of inapplicable
data.

Each Error shall be classified as one of the
follo.ing:

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

o 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 of more realistic calculations or retesting.
Any PGandE corrective action is subject to veri .

'

fication by the IDVP.
'

.

P
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o 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.,

o Class D: An Error is considered Class D if
safety related equipment is not affected.
No physical _ modifications are required, but

'

if any are applied, they are subject to
verification by the IDVP (from Reference 16).

FSAR

- PGandE's Final Safety Analysis Report

Hosgri Criteria

- Licensing criteria referring specifically to
the postulated 7.5M Hosgri earthquake.

Hosgri Report

- A report issued by PGandE that summarizes their
evaluation of the DCNPP-1 for the postulated
Hosgri 7.5M earthquake. Includes seismic
licensing criteria.

Hosgri 7.5M Earthquake

- Maximum earthquake for which the plant is
designed to remain functional. Same as safe
Shutdown Earthquake (SSE).

O 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

O be in support of an Error, Open Item' or Program

5
B-3
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Interim Technical Report (cont)

Resolution Report or in support of a portion
of the work which verifies acceptability.

- Since sucn a report is a conclusion of the
program, it is subject to the review of the
Program Manager. The report will be trans-*

mitted simultaneously to PGandE and to the NRC
(from Reference 2).

.

Licensing Criteria

- Contained in PGandE Licensing Documents,
includes allowable criteria (See Hosgri
Report definition).

NRC

- Nuclear Regulatory Commission.

NRC Order Suspending License CLI-81-30

- The order dated November 19, 1981 that sus-
pended the license to load fuel and operate
DCNPP-1 at power levels up to 5% of full power
and specified the programs that must be completed
prior to lifting of the suspension.

Open Item

- A concern that has not been verified, fully
understood and its significance assessed. The
forms of program resolution of an Open Item are

| recategorized as an Error, Deviation,.or a Closed
'

Item. (From Reference 16).

I. PGandE
l

- Pacific Gas and Electric Company.
'

Phase I Program

f - Review performed by RLCA, RFR, and TES restricted
to verifying work performed prior to June 1978
related to the Hosgri re-evaluation design
activities of PGandE and their seismic service-related
contractors.

3

B-4
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Potential Program Resolution Report
and Potential Error Report

- Forms used for communication witnin IDVP.

Program Resolution Report
,

- Used to indicate that the specific item is no
longer active in the IDVP. It indicates whether
the resolution is a Closed Item, a Deviation, or-

that responsibility for an Open Item nas been
transferred to the PGandE Technical Program.
Further IDVP action is required upon completion
of the associated PGandE Technical Program Task
if the IDVP transfers an Open Item to PGandE or
if physical modifications are applied with respect
to a deviation (Reference 16).

Response

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

Response Spectra

- Graph showing relationship between acceleration
and frequency. Used in seismic analysis.

RLCA .

- Robert L. Cloud and Associates, Inc.

Sample

- Initial Sample stipulated in Phase I Program
. of equipment, components,.and buildings to De

design verified by independent analysis.-

.

O-
.
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Sampling Approach

- Method used by the IDVP to determine the initial
sample (buildings, piping, equipment and compon-
ents) for analysis and to provide for sample
expansion when required.,

SSE

- Safe Shutdown Earthquake: Maximum earthquake*

for which the plant is designed to remain
functional (Hosgri 7.5M).

Seismic

- Refers to earthquake data.

Single Degree of Freedom Model

- Simplified mathematical representation of a
structure.

TES

- Teledyne Engineering Services.

Verification Program

- Undertaken by the IDVP to evaluate Diablo
Canyon Nuclear Power Plant for compliance.
with the licensing criteria.

|

|
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Appendix C
l
'

Hosgri Response Spectra Considered

in IDVP Electrical Eculpment Analysis

(1 page)
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APPENDIX C '

HOSGRI RESPONSE SPECTRA CONSIDERED IN THE
IDVP ELECTRICAL EQUIPMENT ANALYSIS

Hot Snutdown Retooto Control Cabinet'

,

.

Horicontal: Figures * 4-114, 4-119, 4-123, 4-127
4-132, 4-137, 4-141, 4-145-

*
Vertical: Figures * 4-150

Main Annunciator Cabinet

Horizontal: Figures * 4-112, 4-113, 4-117, 4-118,
4-121, 4-122, 4-125, 4-126,

* Figure numbers correspond to tnose from the Hosgri
Report (Reference 6).
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ENGHEERING SERVICES

APPENDIX D

PROGRAM MANAGERS ASSESSMENT.

.

As IDVP Program Manager, TELEDYNE ENGINEERING SERVICES (TES) has".

* established a Review and Evaluation Team, headed by a qualified team
leader, as described in Section 7.4 (C) of the Phase I Program
Management Plan (Rev. 1). The assigned team leader for the area,
Electrical Equipment, included in the Interim Technical Report, has
personally discussed the procedures, approach, field trip files,

analyses, calculations, etc. with RLCA personnel. In addition, the TES

Team Leader has reviewed the Open Item Files pertaining to this area of
responsibility and, in particular, those fields for which RLCA has

issued Potential Program Resolution Reports ce Potential Error Reports,
and on the basis of this evaluation, has recommended appropriate
resolution to the IDVP Program Manager. Similar review procedures as
described above for the initial sample were followed in the review of
the RLCA additional verification.

Based on this review and evaluation process to date, the Team
Leader, along with the TES Program Management Team, has studied and has

,

'

concurred with the Interpretation and Recommendations outlined in

[ Sections 4.1 and 4.2 of this report as well as the Conclusions stated in
'

Section 6.0.'
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