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Plate for Vessels

Carbon steel SA-516, Grade 70 carbon steel 
plates for pressure vessels for 
moderate and lower temperature 
service.

Austenitic stainless steel SA-240, Type 30i1.

Forgings

Carbon steel SA-350, Grade LFl for welding.

Austenitic stainless steel SA-182, Grade F30J4.

The corrosion of the steel containment face In contact with the 
containment concrete is not a design consideration since portland 
cement concrete provides good protection to embedded steel.  
The protective value of the concrete is ascribed to its alkalinity 
and relatively high electrical resistivity in atmospheric exposure.  

ACI Committee 201 Report "Durability at Concrete in Service" 
Identities three basic conditions as being conducive to the 
corr03sion of steel in concrete [14J.  

1. The presence of cracks extending from the exposed surface 
of the concrete to the steel.  

2. Corrosion cells arising tram electro-potential differences 
in the concrete Itself.  

j 
3. Electrolysis by induced currents in the concrete or steel.  

With respect to condition (1) the base consists at a 3-foot-thick 
concrete embedment surrounding all the steel containment. The 
cracking under the worst of cases is considered minimal. This 
quantity far surpasses minimum cover recommended by ACI 201-1 
In the most corrosive marine environment.

Carbon steel

Austenitic stainless steel

SPA-5.l, E 70 Classification.  
Submerged Arc SFA-5.17, EL or EM; 
Gas metal Arc SFA-5.18, ETO-S-l 

through E70-S-6; 
Gas Tungsten Arc SPA-5.18, E70-S-l 

through E70-S-6.  

SPA-5-4 E308 or E309 Classificationi

SPA-5.9* ER308 or ER309 
Classification.
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Structural Steel 

Plates, bars, and shapes ASTM4 A 36.  
(other than vessel plates) 

Plates (leak chase SA-516, Grade 70.  
and built-up sections) 

Plates (platform walkways Regular quality carbon steel 
and personnel lock floor nonakip 3400 
plate) 

Gasketing materials, including 0-ring seals and flexible membrane 
seals, shall be of ethylene propylene diene monomer (EPDM) material 
or other suitable elastorners in continuous rings and with a 
Shore A durometer hardness of 40o-60.  

Seals~and gasket materials are required to withstand radiation 
of 10u Rad s.  

3 .8-2.6.2 Corrosion Protection 

Potential. corrosion of the steel containment h9s been considered 
at both the embedded bottom liner in conjunction with the con
cretc, at the inner face In the region of the ice condenser, 
and at the outer face exposed to the annulus atmosphere.  

The conditions which determine t. -rosion are basically the 
electro-potential of the materia-a involved, the presence of 
oxygen and in electro~lyte, temperature and any induced 
electro-potential from extraneous sources. These have been 
evaluated In the determnfnation of corrosion.  

The containment material is to specification SA-516, Grade 70 
being a 1 percent mannanese, 0.3 percent silicon low carbon 
steel, and has interfaces with concrete. Thus no unfavor~.ble 
electro-potentials exist In the materials.  

The climatic conditions f"or T3hattanooga, Tennessee, show an 
ambient annual temptrature range of 0.7 to 100OF [3]. The 
corresponding temperature for the steel containment in the 
region of the ice condenser are approximately 320F to 1200P.  

Austenitic stainless Steel SA-351, Grade CFUM.  
(for personnel lock 
equalizing valve bonnet, 
ball, and body)
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Cold finished steel (for 
lock and hatch mechanisms) 

Bar and machine steel (for 
lock and hatch mechanisms)

Paat erners 

Carbon steel

Austenitic stainless steel 

Carbon steel (for platform 
bolts and nuts)

ASTM A 108, Grades 1018 to 1050 
Inclusive.  

ASTM A 576, special quality$ carbon 
content not less than 0.30 percent.  

SA-320, Grade L7 or L143; SA-193s 
Grade B7; or SA-194, Grade 2H or 7.

SA-193, Grade B8. or SA-1911, 
Grade U.  

A 307, Grade B.

Welding Electrodes

Carbon steel 
(for fittings or couplings)

Pipe

Carbon steel

Austenitic stainless steel 

Carbon steel (for leak 
chase piping and platform 
handrail piping)

SA-105, SA-181, Grade II, or 
SA-2314, Grade WPB.  

SA-333, Grade 1 or 6. seamless, or 
SA-155, Grade KCF7O, electric 
fusion-welded.  

SA-312, Grade TP316, seamless, 
SA-358, Class 1, Grade 316, 
electric fusion-welded.  

SA-53 or SA-106.

Castings

Carbon steel

Carbon steel (for lock 
and hatch mechanisms)

SA-216, Grade WCD, or SA-352, 
Grade LCB.  

SA 27, Grades 70-36.

The potential for developing corrosion cells was kept to a 
minimum by limiting the soluble salts and chlorides in the con
crete. Further, the continuing corrosion of iron under these 
conditions requires that the hydrogen deposited at the cathode 
to freed or combined with oxygen. Since both these mechanisms 
are prevented by the concrete the corrosion cells are polarized, 
and the reaction is brought to a standstill.
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To preclude the development of induced electric currents and In 
keeping with good construction practice, all electrical equip
ment and structures are grounded as determined by the resis
tivity of the foundation materials for the site. Foundation 
material resistivity surveys were made and the result considered 
In the design and determination of the extent of the grounding 
mat.  

The seasonal variation of steel containment temperature in the 
region of the ice condenser eives rise to a range of relative 
humidity from 4 percent at 1200P to 415 percent at 320?. This 
Is based 'on saturated air leaking from the cooling ducts at a 
temperature of 10OF and rising to the steel containment tempera
ture at the containment surface.  

The annular region exterior to the steel containment is essen
tially airtight. Only during periods of shutdown during which 
access doors are open will this seal be broken. In the event 
of a pipe rupture In the annular region, water would be removed 
by a drainage system at the base of the annulus.  

Any Ingress of moisture to the interior steel containment face 
Is prevented by sealing the outer periphery of the ice con
denser adjacent to the steel containment, and by the vapor bar
rier on the inside face of the duct panels at the boundary of 
the Ice bed. In the event of any abnormal ingress of moisture 
through the seal, the leakage air from the cooling ducts has 
the capacity to absorb moisture up to the limits of the rela
tive humidities quoted above. In addition, any moisture remain
Ing will have a tendency to migrate to the colder enhd of the 
temperature gradient; i .e., for all steel containment tempera
tures above 100F. moisture will migrate towards the cooling air 
ducts, where it will be evaporated as the cooling air Increases 
In temperature in the course of its passage through the ducts.  

For steel containment temperatures below 320P any moisture at 
the steel containment face will be frozen, this condition per
taining to relative humidities greater than U'5 percent, and 
steel containment temperatures below 10OF when the migration of 
moisture could take place from the air cooling ducts to the 
steel containment.  

In the event of actuation of the containment spray, water would 
be applied to the interior surface of the steel containment.  
Most of the water would be removed by the drainage system and 
the small. aw-ount Of Moisture remaining would be removed from 
the steel containment surface by evaporation.
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Several references have been established, which give corrosion 
data ror the limits of the conditions described above.  

For low alloy steels in any Industrial atmosphere long-term 
tests Indicate a maximum total corrosion of 0.016 inch In 4I0 
years (based on 14g/ag dm in 18 years [5].  

For dry inland conditions which more closely simulate the steel 
containment conditions the total corrosion for the plant life
time is approximately 0.010 inch (6] [7). This is accounted 
for by the fact that below relative humidities of 65 percent, 
iron oxide Itself forms an adherent film affording good protec
tion to further corrosion [8). Furthermore, at temperatures 
below freezing, ion transport in the electrolyte is almost 
entirely inhibited, obviating the mechanisms of corrosion.  
This is supported by data for corrosion from Normal Wells. 
latitude 650N. where the prolonged winter temperatures and lower 
annual average reduce the corrosion rate by a factor of 50 as 
compared with Penn State [9], which is applicable to Watts Bar 
Nuclear Plant.  

It is concluded that the maximum total corrosion for any exposed 
Internal surface of the steel containment in the region of the 
Ice condenser in 0.010 to 0.015 inch over the lifetime of the 
plant. In general, the corrosion in the region of the ice con
dinser is expected to be loes than in other areas of the contain
ment, which can be readily inspected.  

3.8.2.6.3 Protective Coatings 

Protective coatings weri applied to all exposed steel surfaces 
of the containment vessel. Surfaces embedded in concrete will 
not be coated. Coating systems used on the inside of the con
tainment vessel were selected on the basis of their ability to 
withstand not only normal operating conditions but design tasis 
accident conditions as well. The coating must be able to with
stand a DBA without being removed from the surface, so that It 
will not Interfere with emergency pumping and spraying systems.  
The coating Systems were subjected to tests designed to deter
mine their radiation resistance, decontaminability, resistance 
to decontamination chemicals, and resistance to accident condi
tions. The accident conditions tests include exposuer to steam 
and boric acid spray solutions under temperature-time condi
tions which are more severe than those that would be encountered 
In a design basis accident.  

All exterior vessel shell surfaces and metal surfaces of plat
forms, floor plate, ladders, walkways, attachments, and accem
sories located In the annular space surrounding the containment 
vessel were cleaned in accordance with the requirements of Steel 
Structures Painting Council Surface Preparation Specification
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No. 6. Commiercial Blast Cleaning, latest edition. After 
cleaning and having passed Inspection, one ccmplete prime shop 
coat or Carboline Carbozinc 11 paint (dry film thickness~ was 
not le3E than 2-1/2 mils) was applied in accordance with the 
manufacturer's instructions.  

All Interior surfaces of the containment vessel shell and metal 
surfaces of attachments thereto, except those parts embedded in 
the base slab and identified as the liner and areas within 2 
Inches of field-welded joints, were given one prime coat of 
Carboline Carbozinc 11 within 8 hours after blast cleaning in 
accordance with Steel Structures Painting Council Surface Pre
paration Specification No. 10, Near-White Blast Cleaning, latest 
edition. The primer was topcoated by TVA field forces with an 
epoxy coating as recommended. The surfaces of the vessel in 
the annular space were coated with materials selected for the 
ability to provide protection against atmospheric corrosion.  

3-8.2.6.4 Tolerances 

The containment vessel as constructed does not exceea the applic
able tolerance requiremients of the ASME Code for fabrication or 
erection.  

The out-of-roundness tolerance does not exceed 1/2 of 1 percent 
of the nominal inside diameter.  

The deviation from a vertical line of the vertical cylindrical 
portion adjacent to the ice condensers is limited to + 2 inches 
for the height of the ice condensers.  

Threaded studs for attaghment of ice condenser outer duct panels 
do not vary from their theoretical location by more than +1/4~ 
inch.  

Penetrations do not vary from their theoretical location by 
more than +1/2 inch.  

3.8.2.6.5 Vessel Material Inspection and Test 

ASTM standard test procedures were employed for the liner and 
shell plates to ascertain compliance with ASTM specifications.  
Certified cooies of mill test reports of the chemical and phys.
ical properties of th~e steel were submitted to TVA for approval.  
Tests for qualifying welding procedures and welders were also 
submitted for approval. All vessel preseure bount'ary material 
was test'cl (one test for each heat of steel) to determine Its 
Nil Ductility Transition Temperature (NDTT). These tests were 
conducted to meet the requirements of ASHE Boiler and Pressure 
Vessel Code, Section III, Paragraph NB-2300. The tests were 
conducted at a maximum temperature of 00F.
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Ultrasonic inspection was required for all pressure boundary 
plates subjected to tensile forces normal to the plate surface.  
This inspection was performed in accordance with ASME Boiler 
and Pressure Vessel Code, Section III, 113-2530.  

3.8.2.6.6 Impact Testing 

Charpy V-notch impact tests were made of material, weld deposit 
and the base metal weld heat affected zone employing a test 
temperature of not more than 300? below minimum operating tem
perature. The requirements of the ASZ4E Code, Paragraph NB-2300 
were met for all materials under jurisdiction of the code. All 
weld procedure qualifications for procedures used on the con
tainment vessel shell also meet code requirements for ductility.  

3.8.2.6.7 Post-Weld heat Treatment 

Field welded join~ts did not exceed 1-1/2 inch and therefore the 
containment vessel as a completed structure did not require 
field stress relieving. Insert plates at penetration openings
did not exceed 1-1/2 inches In thickness and stress relieving 
was not required by ASME Code before or after they were welded 
to adjacent plates. Post-weld heat treatment, where required, 
was performed as required by and In accordance with the ASME Code.  
3.8.2.7 Testing 

3.8.2.7.1 Bottom Liner Plates Test 

Before concrete was placed over the bottom liner, the leak 
tightness of this liner was verified. All liner plate welds 
were vacuum box tested for leak tightness. Upon completion of 
a successful leak test, the welds were coveruei withi channels, 
and the channels were leak tested by pressurization to 15 pig.  

3.8.2.7.2 Vertical Wall and Dome Tests 

Welds In the cylinder wall and dome In ASME Code Section. III, 
Categories A and B, were 100 percent radiographed. Welds in 
Categories C and D were examined by magnetic particle, liquid 
penetrant, or by ultrasonic methods.  

3.8.2.7.3 Soap Bubble Tests, 

Upon completion of the construction of the containment vessel, 
a soap bubble test was conducted with the vessel pressurized to 
5 psig. Soap solution was applied to all weld seams and 
gaskets$ Including both doors of the personnel airlocks.
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A second soap bubble inspection. test was made at 13.5 psig upon 
completion of the overpressure test in accordance with the 
requirements of the ASME Code.  

Any leaks detected by soap bubble test which could affect the 
integrity of the vessel or which could result in excessive leak
age during the leakage rate tests were repaired prior to pro
ceeding with the testo.  

3.8.2.7.41 Overpressure Tests 

After successrul completion of the initial soap bubble test, a 
pneumatic pressure test was made on the containment vessel and 
each of the pers-,rinel airlocks at a pressure of 16.9 psig.  
Both the inner a.id the outer doors of the personnel airlocks 
were tested at this pressure. The test pressure in the contain
ment vessel was maintained for not less than 1 hour.  

3.8.2.7.5 Leakage Rate Test.  

Following the successful. completion of the soap bubble and over
pressure tests, a leakage rate test at 15 psig pressure was 
performed on the containment vessel with the personnel airlock 
inner doors closed.  

The contractor performed the leak rate testing by the "Absolute 
Method," which consists of measuring the temperature, pressure, 
and humidity of the contained air, and making suitable correc
tions for changes in temperature and humidity.  

Equipment and instruments were calibrated and certified before 
any pressure tests wereeiinitiated.  

Continuous hourly readings were taken until it was satisfac
torily shown that the total leakage during a consecutive 214 
hour period did not exceed 0.1 percent of the totalcontained 
weight of air at test pressure at ambient temperature in accor
dance with the requiremfriats of 1OCFR5O, Appendix J.  

The Contractor and Engineer's representatives reviewed the leak
ago rate data duaring the t~est to determine adequacy of the test, 
authorize terminations or require continuation of the test.  

3.8.2.7.6 Operational Testina 

After completion of the airlocks, Including all latching mecha
nism, interlocks, etc., each airlock was given an operational 
test consisting of repeated operation of each door and mocha
nism to determine whether all parts ars operating smoothly with
out binding or other deteat&. All defects encountered were
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corrected and retested. The process of testings correcting 
detectas and retesting was continued until no d-tects were 
detectable.  

3.8.2.7.7 Leak Testing Airlocks 

The airlocks were pressurized with air to 16.9 psig. All welds 
and seals were observed for visual signs of distress or notice-.  
able leakage. The airlock pressure was then reduced to 13.5 
psig, and a thick soap solution was applied to all welds and 
seals and observed for bubbles or dry flaking as indications of 
leaks. All leaks and questionable areas were clearly marked 
for identification and subsequent repair. During the overpres
sure testing, the Inner door was locked with hold-down devices 
to prevent upsetting of the seals.  

The Internal pressure of the airlock was reduced to atmospheric 
pressure and all leaks repaired after which the airlock was 
again pressurized to 13.5 psig with air and all areas suspected 
or known to have leaked during the previous test were retested 
by above soap bubble technique. This procedure was repeated 
until no leaks were discernible ý,y this means of testing.  

3.8.2.7.8 Penetration Tests 

Type B tests were perform4ed on all penetrations with test bel
lows and/or pressure tan In accordance with thee requirements 
of 1OCPR5O, Appendix J. See Chapter 6 for Imposed leak rates' 
and tests performed on penetrations.  
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II 

Using Program 31623# 
Sum The Harmonics 
Calculate Maximums# 
store Required Data 
For Suckling Check.  

ANALYSIS REPORTMD 

Figure 3.6.2-13

Mactel Areas of 
Shell Having Vert.  
Stiffening on Prog 
3761. Save Resulting 
Shell Stiffness 

Matrices.

Using Program 
31374, Combine 
stiffness Matrices 
From Above with 
Those Generated 
For Shell Sections 
With No Vertical 
Stringers & Save.  
Also Calculate 
Natural Frequencies.

Using Prog 11622, 
Calculate Fourier 
Amplitudes of the 
Input Pressure 
Versus Time,
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