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Objective

The anchorage for the Letdown Heat Exchanger, CH-7, is an outlier according to GIP (ref. 1)
screening guidelines. The objective of this caiculation is to resolve the heat exchanger's A-46
outlier issue, by means of conventional engineering calculations.

Analytical Approach

The heat exchanger is supported on two saddle. The saddles are anchored into concrete piers
by 2 - 7/8 J-Bolts per saddie and one of the saddles’' base plate is anchored by slotted holes in
the longitudinal direction of the tank. Hence, the critical anchorage will be at the saddie with-out
the slotted holes. i e the fixed end saddle.

The outlier will be resolved by comparing the anchorage capacity to the demand. The capacity
consists of anchor holt and saddle stress aliowables. The anchor bolt allowables are subject to
reduction factors due to concrete embedment, edge distance and strength.

The demand consists of nozzle loads due to operating conditions, thermal and seismic loading,
In addition to the heat exchanger's seismic inertia loads. These loads will be transferred to the
fixed end base plate and summed up. First, the seismic loads will be summed by using the
SRSS method and, then added to the dead loads.

The spectral accelerations used to calculate the heat exchanger's seismic inertia loads in the
analysis is computed in reference 5. Also, the concrete used for anchorage has a minimum 28
day compressive capacity of 4000 psi according to reference 6.
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8. "Design Compressive Strength of Concrete at Ft. Calhoun”, R. E. Lewis of OPPD,
September 16, 1993, S&A ref 93C2777-LRC0-047.

7. "Auxiliary Building Foundation Plan El. 971'-0", Outline - Sheet 3", Omaha Public
Power District, Dwg. # 11405-S-49.

8. "Auxiliary Building Equip. Supports. Outline 8 Reinforcement Sheet 2". Omaha
Public Power District. Dwg. # 11405-S-69.
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Institute of Steel Construction Inc., 1989

11."Seismic Verification of Nuclear Plant Equipment Anchorage (Revision 1), Vol. 1:
Development of Anchorage Guidelines’, EPRI NP-5228-SL, June 1991,
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Summary

The calculation that follows resolved the A-46 outlier issue for the Letdown Heat Exchanger,
CH-7. The anchor bolt allowable was derived through the use of plain bar bond strength and
shear cone capacity, including the available pier reinforcement. Then. by using a yield line
analysis method, the saddle base plate capacity was found to exceed the anchor bolt tensile
allowable, hence the tensile allowable is governed by the base plate.

The calculation shows the heat exchanger's fundamental frequency within the rigid range,
hence, the 5% floor response spectrai acceleration is used. Following the demand calculation
on the critical bolt, the bilinear formulation for shear-tension interaction was used and the
anchor bolt was found to be adequate.

Finally, the saddle stresses were checked and the saddle were also found adequate. Hence,
the heat exchanger's anchorage meets the A-46 requirements set forth by the GIP (ref. 1) by a
margin of 1.3, hence, the outlier issue is resolved.
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Date: September 16, 1993
Author: R. E. Lewis, P.E.

Subject; Design Compressive Strength of Concrete at Ft. Calhoun

References:

1) D2sign Basis Document Containment, SDB~CONT-501, Rev. 5

2) Design Basis Document Auxiliary Building, SDB-AUX-%502,

Rev. §

As identified in the attached éexcerpts from Ref. 1 & 2, the normal
weight concrete (deeignated ae Class B), used throughout
Containment and the Auxiliary Building, was required to have a
minimum 28 day compressive strength of 4000 pei. Nearly all

concrete anchorages are develorad in this concrete.

Heavy weight concrete (designated as Class Cga. used for some

shielding walls, was required to have a miniwum

day compressive

strength of 3000 psi. Some anchorage may be installed in thisg

concrete.

Class A concrete, used in the Containment shell, was required to
have a minimum 28 day compressive strength of 5000 psi. Only a few

anchors are installed in this concrete.

Concrete floors are generally covered & 2° topping of light

weight concrete, sloped toward floor ains, having a tested

average 28 day strength of over 4000 pei.
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Conta tumene
Ft. Calhoun Station SDED.CONT-350)

Public Poweyr Districe

‘00

.1.1.2

6€.1.1.3

Section &

RESICN REQUIRRMPNTS

SYSTEM DESICN REQUIRDMENTS

mwmm

Layout Requirements

The containment Structure leyout must include provisions to permit

hcCesr to system components for maintenance, repair, refueling, and
Uparation,

Openings in the interior concrete valls and floors must be provided
ang grating used where possible, without reducing the necessary
Shielding, to allow depressurization of all compartments in order
Lo minimize differentis) Pressure across the walls and floors dus

to & Design Basis Accident (DBA) (Ref. 1.2, Supplement 2. Question
10.1).

Environmentasl Conditions

The containment Structure., irzluding access openings and
petuetrations, and ARy necestary containment hest removal systems
shall be designed so that the Containment structure can sccommodate
vithout exceeding the design leakage rate the pressures and
temperatures tesulting from the lergest credible energy release
following o loss-of-coolant accident  (LOCA), including o
considerable wmergin for effects from metal-veter or other chemical
teactions that could cccur ss & consequence of failure of emergency
core cooling systems (Ref. 2.1, Criterion £9).

Material Requiremency

The requirements for ftructural materisls used in the design of the
contalmment structure &re specified Lelow. These requirements must
be used when evaluating the effeces of modifications on the
existing contsinment structure.

R Concrete

Concrete used in the containment structure s of three
cluunuuons. Class A, Clase B, gnd Class C.

ftructure. Class A concrete Bust have & minimuw 28 day
Compressive strengch of 5,000 Pei (Ref. 5.1, Puge M2-4),

1 of 27
Revigion: 2
Date: 1/92
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= must be wused for Structures within the
containment strycture &nd the access tallery beneath the
conceinment foundation mar. Class B concrete must have »

minisus 28 day compressive strength of 4,000 psi (Ref. $.1.
Page H2.4),

~ Dust be used in localized portions of the
containment structure where special shielding provisions are
required, Class C concrete Sust have & minimum 28 day
compreseive strengeh of 3,000 pei and a density of not less
then 225 pounds per cubic foot (Ref. 5.1, Page H2-10) For

locations of type C concrete see PLDED-NU-¢3, Personnel
Protection,

3 Reinforcing Steel

Reinforcing steel in the portion of the mat beneath the
containment stryucture shall conform to ASTM A432 with & minimum
yield strength of 60,000 pei.

Reinforcing steel in the balance of the structure must be
intermediate §rade deformed bars conforming to ASTM AlS with s
minimm yield strength of 40,000 pei (Ref. 5.1, Page H3.1).

B Velding of Reinforcing Steel

Mechanical bute splices (other than lapped) must be provided by
means of the Cadweid process employing *T* series comnectors
denigned o develop the specified censile strength of the
reinforcing seeel. No individual splice shall have lese then
123 percent of che minimum yield strength of the bar being
*pliced (Ref. 5.3, Peges H3-1 and H3-2),

§ Structursl Steel Members

Structural steel shapes and plates must conform to ASTM Al6
with & minionm yield ftrength of 36,000 psi (Ref. 5.1, Page

B Velding of Structursl Steel

The +elding of structural steel must be in compliance with AlsC
v {cation for Design, Fabrication and Erection of
tel Steel Buildinge* and AWS P1.0-40, *Standard Code for

¢ Cas WVelding in Building Construction (Ref. 5.1, Page
,'

2 of 27
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€.1.1.3 Material Requirements

The requirements for structural paterials used in the original
deeign of the suxiliary building are specified below.

These requirements mUSt be used when evaluating the effecty of
modifications on the existing suxiliary buflding $tructure.

Concrete

Normal weight concrete (designated as clase B) must bave & 28 day
Comprezsive strength of 4000 pei. Heavy concrete (designated as
clses C) must have o 28 day compressive strength of 30C) psi and a
density of 225 pef (Ref. 5.1, Section ‘Concrete®),

Welding of Structural Steel

The welding of Structural steel must be in compliance with Aws
D1.0-40, Standard Code for Arc asnd Gag Welding in Building
Construction (Ref. 5.1, Section *Structural Steel").

Welding of Reinforcing Stesl

Mechanical buttsplices (other thas lepped) must be provided by
means of the Cadweld process employing °*T* geries connectors
designed o develop the tpecified tensile strength of cthe
reinforcing steel. No individusl splice shall have less than 128
percent of the minimm yield stremgth of the ber being spliced
(Ref. 5.1, Section "Reinforcing Steel”).

Reinforcing steel in the auxiliary building mat and Superstructure
must be intermediste grade deformed bars with minioum yield
strength of 40,000 Pl (Ref. 5.1, Section "Reinforcing Steel*).

Structural Steel Hembery

Structursl geeel shapes and plates Bust have & ginioum yield
Strength of 36,000 psi (Ref, 3.1, Section *Structural Steel*),

Structural Steel Bolting

All field connections must be made with high-strength steel bolts
in friction type comnections (Ref. 5.1, Section "Structural Steel*
6.02),

Spent Fuel Pool Liner

The spent fue) Pool liner material Sust be competible with the
requirements of EDED-AC-6FP.102, Spent Fuel Storege and Fuel Pool
Cooling.
2 of 11
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