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1. SUMMARY

This report, prepared for Dairyland Power Cooperative (DPC) presents the results of
the structural analysis performed by Nuclear Energy Services, Inc. (NES) to verify the
adequacy of the shutdown condenser during the Safe Shutdown Earthquake (SSE). The
dead load, live load, pressure, and seismic stresses were found using conventional
approximate methods. The main concern comes from local stresses placed on the

shutdown condenser during a seismic event.

"here are two areas where these local stresses exist, at the saddle supports and at the
nozzles. After evaluating the primary stresses on the snutdown condenser, local
stresses were evaluated. An in-depth study was made to find local bending stresses

generated by the saddle supports during the seismic event. Nozzle loads were aiso
checked with respect to local effects.
This report presents the final results for all parts of the shutdown condenser with the
exception of the internals (tube bundle, baiiles, tube bundle supports, etc.) and the 14-
inch vent line nozzle. These final results indicate that the mgjor structural
components will maintain their integrity during the SSE event.
SRR -
Preliminary analysis of the internals, using simplified analytical methods, indicates
that stresses in the tube bundle may exceed their allowable during the SSE event.

westigation will be required before a conclusion can be made on the

The local stresses generated by the l4-inch diameter vent line will depend on the final
support configuration on that line. These stresses will be maintained below allowables
by suitable support modifications to the vent line, if required, The l4-inch vent line is

the subject of a separate report.

The validity of the results presented in this report is contingent upon completion of

the modifications recommended in Reference 4.
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2. INTRODUCTION

This report, prepared for Dairyland Power Cooperative (DPC) presents the results of a
stress and seismic analysis for the LaCrosse Boiling Water Reactor (LACBWR)
shutdown condenser. The LACBWR shutdown condenser was designed and
manufactured by the Struthers Wells Corporation of Warren, Pa. in 1964. The
~ondenser is located in the reactor containment building on a platform ten feet above
the main floor. Figure 1 shows the shutdown condenser and its location with respect

to the containment building.

At the LACBWR plant, the shutdown condenser system provides a backup heat sink for
the reactor in the event that the reactor is isolated from the main condenser. The
shutdown condenser is automatically started when the reactor building steam isolation
valve or turbine building steam isolation valve is not fully open, or when the reactor
pressure exceeds 1,325 psig. These are emergency conditions that also provide a

scram signal to the reactor safety system.

The shutdown condenser is a horizontal U-tube heat exchanger with reactor steam

condensing inside the tubes. Reactor coolant sensible and latent heat is transferred to

boiling, demine ali%heu side. The shell side vapor is vented directly
. : ¢ - el e TR ST I
to the outside atmosphere vi " mﬁ.‘—rhe heat removal capacity of the

shutdawaecandenser is well in excess of reactor decay heat generation rate for all

i ——

times following reactor shutdown. The system provides adequate emergency shutdown e -
cooling capability by cooling reactor water to 300° F at a rate of 50° F/hour.
However, the normal mode of operation for reactor water cooling below is 470° F is

the decay heat cooling system.

Natural circulation is the driving force behind the shutdown condenser system. Steam
flows from the main steam lines into the shutdown condenser located ten feet above
the main floor of the containment building. Condensate is collected in the lower

channel section and is returned to the feedwater lines by gravity flow.

The shutdown condenser is a safety related piece of equipment. Its ability to operate

during and after tha SSE became an object of review of the LACBWR Safety Review




DOCUMENT NO

1125
NUCLEAR ENERGY SERVICES, INC

Committee. This analysis will also form a significant input to the Structural and
Seismic Analysis portion of the NRC's Systematic Evaluation Program review of
LACBWR.

The LACBWR shutdown condenser was originally designed to ASME Code Section VI,
Division I. Division | of Section VIII does not call for a detailed stress analysis but
merely sets the wall thickness necessary to keep the basic hoop stress below the
tabulated allowable stress. It does not require a detailed evaluation of the higher
more localized stresses which are known to exist, but instead allow for these by the
safety factor and a set of design rules. The analysis performed herein uses methods
described in the ASME Section VIII Division 2. This provides a means whereby one can

evaluate those vessels subject to severe service stresses.

L& s as SRE s <& saah < . & & &4
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3. DESCRIPTION

The shutdown conden<er is a horizontal U-tube heat exchanger. The reactor steam is
condensed in the tubes, and the cooling water is evaporated in the shell (see Figure 2).
It was designed in accordance with Section VIII, Division I of the ASME Code, as
modified by Code Case 1270-N. The tube-side design pressure and temperature are
1415 psia (internal) at a temperature of 650 F. The shell-side design pressure and
temperature is 75 psi (Ext), 40 psi (Int) at 2750F. The shutdown condenser was
designed to absorb without damage the thermal and physical shock of going from cold
shutdown to operation at design condition in five (5) seconds, for 50 cycles during a 20-

year unit lifetime.

The basic configuration of the shutdown condenser is shown in Figures 2 and 3. Major
dimensions are given and further information is available in Reference 1. The shell of
the condenser i1s made of 5/8-inch SA-285-C carbon steel. The heads at either end are
5/8 inch and 7/16 inch SA-285-C steel. The inlet channel is forged SA-105-2 steel |-

3/4 inch thick with a 15% monel cladding on the inside.

The internal U-tubes are Wolverine type S/T U-tubes 5/8 inch OD x 0.065 inch average
wall. They are constructed of 70-30 copper-nickel alloy. The shell is exposed to only

- minor pressure whereas the tubes and channel inlet are exposed to reactor design

0
efigssie of [ UMypsia at 650°F.

The shutdown condenser is about 18 feet in length and is supported on two saddles.
These saddles are welded to the shell and bolted for support to wide flange beams.
Slotted holes are supplied at one support to allow for thermal expansion updn heatup.

- L - - > o —
There are three nozzles of major interest; the 14-inch diameter vent nozzle, the 6-
inch diameter main steam inlet and the 6-inch condensate return line. All of the
above items are indicated in Figures 2 and 3. The l4-inch vent line is the topic of a

separate report.
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&. APPLICABLE CODES, STANDARDS AND SPECIFICATIONS

The following design specification, Regulatory Guides and Codes have been used in the

analysis of the shutdown condenser.

ASME Boiler and Pressure Vessel Code, Section VIII, Division |

ASME Boiler and Pressure Vessel Code, Section VIII, Division 2

American Institute of Steel Construction, Manual of Steel Construction, 8th

Edition

USNRC Standard Review Plan, Section 3.8.4, Other Category | Structures
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5. LOADING CONDITIONS

The ioads that were evaluated with respect to the shutdown condenser are as discussed
below. The shutdown condenser was designed in accordance with Division 1 of Section
VIIl of the ASME Pressure Vessel Code as modified by Code Case 1270-N. Secondary
stresses were assumed to have been addressed in the original analysis and are not
discussed in this report. Fatigue considerations have also been omitted from this

report as they have previously been addressed in Reference 2.

Primary stresses were evaluated using the following load conditions; dead load, live
load, pressure load, and SSE seismic loads. These loads were combined to evaluate the

stresses in the vessel as follows:
1. 5kSpm=D.L.+L.L.+P+E
Where:

Stress intensity in tension
Factor for load combination
-
Live Load stress
= Pressure Load stress

= Seismic stress due to SSE event

The OBE was not considered since the stresses with the SSE case were within the OBE

< -
allowable (kS = 1.0 x Sip).
5.1 DEAD LOAD AND LIVE LOAD CONDITION
The following procedure was used to find the maximum dead load stress in the

shell or inlet channel. The operating weight of 28 kips was divided into a 22 kip

load and a 6 kip load as shown in Appendix A. The stresses were evaluated
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5.2

5.3

assuming the tank acted as a simply supporte¢ beam. The maximum bending
stress in the sheli and inlet channel was found by dividing the maximum moment
by the appropriate section modulus. The stresses were small (below 1.0 ksi).

PRESSURE LOADING CONDITION

The internal pressure stresses were calculated using the following formulas from

Reference 7.

For a cylindrica! shell:

e 2 SEt
Longitudinal Stress S| = P="p~0"

SEt
Circumferential (hoop) Stress Sz =™ p0"

The external pressure was also checked using criteria presented in ASME

Division | and 2.
SEISMIC LOADING CONDITION

The seismic stresses were found using the dead load simple beam analysi

- ® il &
g-values were found using stiffness calculations contained in Reference 4. A
summary of these g-values are included in Appendix A. Seismic bending stresses

are a small part of the total primary stress collection.

During a seismic event, the shutdown condenser saddles and nozzles would
transfer localized loads to the shell. It is these loads that produce the majority
of primary stresses generated in this analysis. These loads were evaluated using

more complex methods described in Section 7.
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6. STRUCTURAL ACCEPTANCE CRITERIA

The following criteria was used to evaluate the structural acceptance of the shutdown
condenser. This is taken from ASME, Section VIII, Division 2, Appendix &4, Figure 4-
130-1.

S',... P’IMOIY

Cotegory Generc|l Membroane | Locel Membrene Bending

Description | Average primary Average siress |[Component of
(For ex- siress across across soy primary stress
amples, solid section, solid section. proportional
see Excludes discon- |Considers dis- 1o distance
Table tinvities and contiouities from centroid
4-120.1) concentrations, but not con- of solid
Produced only by |centrations. section, Ex-
mechanical loads. |Produced only cludes discon-
by mechanical tinvities and
loads, concentrations
Produced only
by mechanica!
loads,

Py

Combination
of stress
components
and allow-

able limits

of stress

intensities.

Figure 4-130.1, Stress Categories and Limits of Stress Intensity

FORM =NES 205 2/80




112%
NUCLEAR ENERGY SERVICES, INC

DOCUMENT NO

The value of S, is found for the material used in Section AM of Section VIII, Division
2 and are listed below:

For:
18.3 Ksi @ 200°F
Sm = 17.7 Ksi @ 300°F Table ACS-1

SA-285C
SA-105-2 Sq, = 17.4 Ksi @ 650°F Table ACS-I|
The allowable stress intensity for the shell materials (SA-285-C) is:
1.5 kSm = 1.5 x 1.2 x 17.85 = 32.13 Ksi @ 275°F
The allowable stre_s intensity for the inlet channel material (SA-105-2) is:
1.5 kSm = 1.5 x 1.2x '7.4 =31.32 Ksi @ 650°F
The value of k is found from Table AD-150.1 (Reference 3, Division 2) reproduced
below.
TABLE AD-150-1
STRESS INTENSITY k FACTORS FOR VARIOUS LOAD COMBINATIONS

Load Combination Calculated Stress
Condition  (See AD-110) k Factors Limit Basis

A. The design pressure, the dead 1.0 Based on tie

load of the vessel, the contents corroded thickness
o SRS, ¢ S TNOEEEE |, eI m posesmeEd R St esigrpe tal s
of the mechanical equipment, and temperature
external attachment loads

Condition A above plus wind . Based on the

load corroded thickness
at design metal
temperature

Condition A above plus earth- 1.2 Based on the

quake load corroded thickness
at design metal
temperature

Condition A above plus loads . Based on the

resulting from wave action corroded thickness
at design metal
temperature

Note: The condition of structural instability or buckling must be considered.
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7. METHOD Oi* ANALYSIS

SHUTDOWN CONDENSER VESSEL ANALYSIS

Analysis of the shutdown condenser included considerations of two basic stress
categories. Those two categories are defined as primary stresses and secondary

stressez. A brief discussion of these stress categories and how they apply to the

vessel is given below.

Secondary stresses are stresses that must satisfy an imposed strain pattern
rather than being in equilibrium with an external load.. The basic characteristic
of secondary stresses is that they are sc!f-limiting. Local yielding and minor
distortions can satisfy the discontinuity conditions or thermal expansion which
cause the stress to occur. Secondary stresses will not cause catastrophic failure
unless fatigue conditions develop. The secondary stresses were evaluated during

the original design and will be assumed valid for the purposes of this analysis.

Primary stresses are those developed by the imposed loading which is necessary
to satisfy the laws of equilibrium between external and internal forces and
moments. The basic characteristic of a primary stress is that it is not self-
limiting. If a primary stress exceeds the yield strength of material through the
entire thickness, the prevention of failure is entirely dependent on the strain-
hardening properties of the material. The primary stresses may cause

catastrophic failure or gross distortions to occur.

The primary stresses are further broken down into three sub-categories; general

primary membrane stress, local primary membrane stress and primary bending

stress.

The general primary membrane stress is one which is so distributed in the
structure that no re-distribution of load occurs as a result of yielding. The
general primary membrane stress in the shutdown condenser is due to the
internal pressures. The pressure will produce a stress completely across the

cross-section of the shell.
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The se ~nd sub-category is the local primary membrane stress. These are
stres-es produced in the vessel by external loads and moments at a permanent

support or at a nozzle connection.

The last sub-category of primary stress is the primary bending stress. These
stresses come from the bending of the vessel itself. Their magnitude s
proportional to the vessel stiffness properties, weights, and support conditions.
The bending that occurs will come from the dead load, live load and seismic load

bending moments.
SHELL STRUCTURAL ANALYSIS

The shutdown condenser is supported by two saddles. During a seismic event
forces and moments would be generated to the shell by the saddles. Gross
failure of the shutdown condenser shell or internal tubes would result in breach

of containment.

Static loads were used to evaluate the shutdown condenser shell and saddle
supports. These loads were found using stiffness values, frequency and g-values
from the analysis of the shutdown condenser platform (Reference 4). Therefore,
the validity of the results of this report is contingent upon completion of the

modificat “ns recommended in Reference 4.

The areas around the saddle were investigated through the use of a finite
element analysis using the ANSYS computer code (Reference 6). The area of
concern is indicated on Figure 4 and 5. This area was broken down into a series
of finite elements as shown in Figures 6 and 7. The nodes about which the

elements were located are shown in Figures 8 and 9.

Static loads were placed on the computer model of the saddle and reaction
forces and stresses found. These stresses were then added to dead load, live load

and internal pressure, and seismic stresses in the shell.

FORM =NES 205 2/80
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7.3 CHANNEL OR SHELL INLET ANALYSIS

Calculations were done by hand except for nozzles. Evaluation of nozzle
stresses was done using the compuier program WERCO (Reference 5). This
program uses formula developed by the welded research council and presented in
WRC Bulletin 107 (Reference 13). These stresses were then added to the dead
load, live load, pressure, and seismic stresses. Nozzle loads were derived from
Reference 10 and !1.

7.4 SHUTDOWN CONDENSER SADDLES

The saddles were analyzed using the ANSYS model Described in Section 7.2 and
is shown in Figures 6 thru 9. The stresses were compared to the allowables of
the AISC Manual. The results are presented in Appendix A. The anchor bolts
were also checked for their structural integrity. Their stresses are within the

allowables in Reference 12.
7.5 SHUTDOWN CONDENSER NOZZLES

The nozzles of the shutdown conWated using a computer program
called "WERCO". The "WERCO" program was written to perform the stress

Tt Ulations as presented in the Welding Research Council (WRC) Bulletin No.

107, entitled "Local Stresses in Spherical and Cylindrical Shells due to External
Loadings" (Reference 13). The Bulletin contains a series of non-dimensional
curves that are used to obtain the stresses at four locations in the shell around
the shell to attachment juncture. The WERCO Program then selects appropriate
factors from the non-dimensional curves presented in the Bulletin and calculates
the stresses at four locations around the attachment and on the interior and
exterior surfaces of the shell at those same locations. The typical model used
with the WERCO program is shown in Figure 10.

The loadings for nozzle evaluations were taken from References 10 and Il.

FORM = NES 205 2/80
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7.6 SHUTDOWN CONDENSER INTERNALS

Some preliminary static, linear hand calculations were done to check the
integrity of the U-tubes. After completing these calculations, stresses were
found io be above the allowable for the material. It is felt at this time that the
application of such analysis would not be applicable due to the complexity of the
individual U-tube configuration, existing water in shell and U-tube bundle
support configuration. Further studies would have to be done to assure the
structural integrity of the shutdown condenser internals.

- FORMENES2082/80
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8. RESULTS OF ANALYSIS

The results of the seismic, structural and stress analysis on the shutdown condenser

. shell performed using the ANSYS computer code are contained in Reference 9.

I Appendix A contains detailed calculations of dead, live, pressure and seismic loads for
use as input for the ANSYS program. It also contains input and r.sults for the 6"

l mainsteam inlet and condensate outlet nozzle analyses.

Saddle stresses and bolt load calculations are included in Appendix A.

A summary of the maximum stresses and the appropriate allowables and channel inlet
are given in Table | of the report. Table 2 contains similar informaiton for the saddle
and bolts.

FOR’M =NES 205 2/80 e T NN
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9. CONCLUSIONS

The LACBWR shutdown condenser was evaluated for the SSE seismic loading in

combination with pressure, dead + live load with respect to primary stresses. The

l results indicate that the shutdown condenser main structure will maintain its

I modifications are made to the platform (See Reference &).

the internals.

be that the line will not place excessive stress on the condenser shell.

structural integrity during the SSE event. This conclusion assumes that recommend

The U-tube bundle and internals could not be judged by the analysis done so far. The
stresses appear to be above the allowables using simplistic approximations. Further

studies or alterations may be required to make meaningful conclusions with r2gard to

The stresses placed on the shell due to the l4-inch vent line are being evaluated in a

separate analysis. An acceptance criterion on the results of the vent line analysis will

FORM = NES 205 2/80
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9. CONCLUSIONS

The LACBWR shutdown condenser was evaluated for the SSE seismic loading in
combination with pressure, dead + live load with respect to primary stresses. The
results indicate that the shutdown condenser main structure will maintain its
structural integrity during the SSE event. This conclusion assumes that recommend

modifications are made to the platform (See Reference 4).

The U-tube bundie and internals could not be judged by the analysis done so far. The
stresses appear to be above the allowables using simplistic approximations. Further
studies or alterations may be required to make meaningful conclusions with regard to

the internals.

The stresses placed on the shell due to the l4-inch vent line are being evaluated in a

separate analysis. An acceptance criterion on the results of the vent line analysis will

be that the line will not place excessive stress on the condenser shell.
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TABLE 1
(psi)

Shell
Circumferential Longitudial

MAXIMUM STRESSES FOR THE SHUTDOWN CONDENSER

Channel Inlet
Circumferential Longitudinal

Internal Pressure 2288 1124
Dead Load Bending +

Seismic N/A 200
Local Bending Due

to Saddle . 6230* 6230*
Nozzle Stresses

6" Mainsteam N/A N/A
6" Feedwater Condenser N/A N/A

* Use worst stress in both direction

Combined Maximum Stress In Shell =
2288 + 6230 = 8,518 psi
Which is less the allowable
of 32,130 psi

15389 6987
N/A 200
N/A N/A
7322+% 7322%
5897 5897

In Channel Inlet =

15389 + 7372 = 22,711 psi
Which is less the allowable
of 31,320 psi ~
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TABLE 2
SUMMARY OF RESULTS OF THE SADDLE AND BOLT ANALYSIS
(ksi)
Bending About Bending About Combined
__Axial Stress Minor Axis Major Axis Stress Ratio
fa 1.6 Fa f,, L6F,, f, 1.6 Fy
Saddle 0.372 33.15 8.44  34.56 0.457 34.56 0.248
: Combined
Tension Shear Stress Ratio
ft Ft f\.' Fv
Bolts 3.15 16.7 5.16 10.0 0.705
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MODEL AREAS

AFIGURE 4. SHUTDOWN CONDENSER MODEL AREA
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AFIGURE 6. SHUTDOWN CONDENSER SHELL ELEMENTS
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AFIGURE 8 SHUTDOWN CONDENSER SHELL NODES
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