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OBJECTIVE

Structural evaluation of the D.C. Cook Unit I steam generator lower assembly (SGLA) closure to
demonstrate that they will maintain their integrity during transportation.

INTRODUCTION

American Electric Power (AEP) Company has replaced the Donald C. Cook Nuclear Plant
(CNP) Unit 1 four steam generators (Reference 1) in the year 2000. The steam dome portions of
the old steam generators have been cut (Figure 1). The steam generator lower assembly (SGLA)
packages are currently stored on site and will be transported to Barnwell South Carolina for
disposal. These packages have been classified as SCO-il under 49 CFR Part 173 (Reference 2).
Per 49 CFR 173.427, the SCO-II class materials are required to be shipped using IP-2 packages.
Because of the unique size and shape of the SGLA, and controlled.handling process during the
transportation, an exemption from packaging requirement is requested from the DOT (Reference
3). A detailed handling and shipment plan is developed and will be adhered to during the
transportation of these assemblies. The ability of this plan to provide an equivalent safety as that
of an SCO-Il object shipped in an IP-2 package forms the basis of this exemption request.

The SGLAs have several openings that will be welded shut for the transportation. These
openings and their circumferential locations are listed in Table 1. The details of the closure of
these openings are shown in Reference 4, and Figures 2 to 4 of this document. The cut end of the
steam generator will be closed using a 3" thick end plate that will be welded to the body using
welds shown in Figure 4. Figure 1 of this document shows the location of openings that were
listed in Table 1 as well as the openings that are closed with their original covers (manways and
handholes).

Evaluations are provided in this document that show that all the closures of the SGLAs have
sufficient structural strength to maintain their integrity under the loading expected during the
road and railroad transportation of the SGLAs per References 5 and 6.

REFERENCES

(1) Westinghouse Electric Corporation Drawing No. 1097J74, Rev.4, "51 Series Steam
Generator General."

(2) Code of Federal Regulations, Title 49, Part 173.

(3) U.S. DOT exemption issued to Indiana Michigan Power for the transportation of the D.C.
Cook Unit 1 SGLAs from D.C. Cook to the Chem-Nuclear disposal site (pending).

(4) Bechtel Drawing No. 23733-M-003, Rev.1, "Steam Generator Lower Assembly Cover
Plates and Seal Plugs."

(5) Code of Federal Regulations, Title 49, Part 393.100.
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(6) AAR Manual, Rev.9, Section No.1, General Rules, 1993.

(7) AISC, Steel Construction Manual, Ninth Edition.

(8) Duratek drawing C-068-163033-001, Rev 0, "D.C. Cook Unit 1 SGLA General
Arrangement."

MATERIAL PROPERTIES

Shells

Specification: ASME SA-533 Type A, Class 1

Minimum Yield Strength, Sy = 50,000 psi

Minimum Ultimate Strength, Su, = 80,000 psi

Caps and Plugs

Specification: ASTM A-36

Minimum Yield Strength, Sy = 36,000 psi

Minimum Ultimate Strength, S. = 58,000 psi

Welds

Rod Specification: E-70xx Electrodes

Minimum Ultimate Strength, S. = 70,000 psi

ALLOWABLE STRESSES

Stresses in the caps and plugs and the welds are conservatively based on the AISC (Reference 7)
allowable value's for A-36 material.

Caps and Plugs

Allowable bending stress = 0.66 Sy = 24,000 psi

Allowable shear stress = 0.4 Sy = 14,400 psi

Welds

Allowable shear stress in fillet welds = 0.3 S. = 21,000 psi
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EVALUATION OF THE CLOSURES

The closures of the SGLAs are evaluated for the largest acceleration that they may experience
during the road and rail transportation per References 5 and 6. Of the two modes of
transportation, the largest acceleration on the SGLAs occurs during the rail transportation.
According to the requirements of the AAR Manual (Reference 6) the largest acceleration
experienced by the SGLAs is 3g in the longitudinal direction. Conservatively, 3g acceleration is
assumed to occur in all directions and the closures are analyzed for this loading.

Primary (Main) Inlet & Outlet Nozzle Closures (Reference 4, Detail 2)

The primary (main) inlet and outlet nozzle closures are shown in Figure 2. The closure plates are
3" thick and have a diameter of 35 inch. The weight of the closure plate is:

W = 7r/4x35 2x3x0.283 = 817 lbs

The maximum bending moment in the closure plate is:

Mc = qxa2x(3+v)/l 6

Where,

q = uniformly distributed load intensity for 3g acceleration

q=3x817/(7Ir4x352 ) = 2.55 psi

a = radius of the plate = 35/2 = 17.5 in

Therefore,

Mc= 2.55x1 7.52 x3.3/16 = 161 in-lblin

The maximum bending stress in the plate is:
NI

ab = 6xM/t?

Where,

t = plate thickness = 3"

Therefore,

Gb = 6x1 61/32= 107 psi << 24,000 psi O.K.

The closure plates are held by four 5/16" fillet welds 2" long (Reference 4). The remainder of the
circumference of the plate is seal welded. Taking no credit for the seal weld, the shear stress in
the fillet weld is:
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T, = 3x817/(4x2x0.707x5/16) = 1,387 psi

Considering the inertia load to act at the C.G. of the plate, the bending moment on the weld
group is:

M = 3x817x1.5 = 3,677 in-lb

Conservatively consider only two of the four welds to calculate the section modulus of the weld
group. Also assume these welds to be located at location diametrically opposite each other. The
section modulus for the weld group consisting of two 5/16" fillet welds, 2" long and 35" apart
about the axis parallel to the weld length is:

S = 2x35x0.707x0.3125 = 15.47 in3

Therefore, the shear stress in the weld group due to bending moment,

fib =3,677/15.47 = 238 psi

Total shear stress, X = 1,387 + 238= 1,625 psi << 21,000 psi O.K.

Manway Closures

The primary manways are closed with the original covers. These manways have a 16-inch inside
diameter; the covers are 4.60 inches thick and are 26.75 inches in diameter (Per the Figure 1-1
outline drawing listed in Reference 8). Then, the manway cover weight (Wm) is:

Wm = (7ri4)x26.752X4.60X (1/12) 3x490 = 733 lbs, say 1,000 lbs to account for the insert

Under 3g load the manway cover will be loaded by a uniform pressure of,

q= (3xl,000)/[(r/4)x16 2] = 14.9 psi

The primary side of these steam generators is designed for 2,485-psig internal pressure and is
hydro tested to-3,106-psig (Per the Figure 1-1 outline drawing listed in Reference 8). Under
these pressures the manways remain closed and sealed. Therefore, under the small 14.9 psi
transport loading the manways will remain intact.

Handhole Closures

The secondary handholes are closed with the original covers. These covers are fitted over 6"
diameter nozzles, each cover is 11.62 inches in diameter and is 1.60 inches thick (Per the Figure
1-1 outline drawing listed in Reference 8).

Then, the handhole cover weight (Wh) is:

Wh = (it/4)xl 1.622xl.60x (1/12) 3x490 = 48 lbs, say 80 lbs
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Under 3g load they will be loaded by a uniform pressure of,

q = 3x80/(n/4x62) = 8.5 psi

This pressure is even smaller than that of the manways shown above and therefore by the same
justification the handholes will remain intact during transportation.

Bottom Blow-Down, Shell Drain and Wide Range Water Level Tap Nozzle Closures
(Reference 4. Detail 31

The bottom blow-down, shell drain and wide range water level tap nozzle closures are closed
using plugs, as shown in Reference 4. The schedule of the plugs used for the closure of these
openings is also given in Figure 3 of this document.

Per Reference 4 drawing, all plugs are welded in place using continuous seal weld all around the
plug. For the evaluation purposes, this document considers a 1/8" continuous fillet weld all
around. Conservatively using the largest plug diameter (1.6875') and a plug length of 3 ¼4" to
calculate the maximum plug weight. The maximum plug weight (W) is:

W = (7r14) x 1.68752 x 3.25 x 0.284 = 2.1 lbs say 5 lbs

Calculating the weld shear stress using the smallest plug diameter, the weld shear stress (r) is:

r = 3x5/(icxO.57375x0.707xO.l25) = 94.2 psi <c 21,000 psi O.K.

End Closure (Reference 4. Detail 1)

The end closure of the SGLA is made from a 3" thick by 167.75" diameter cover plate. The
closure assembly is shown in Figure 4. The weight of the cover plate is:

W = (m4)x167.752x3x0.284 = 18,830 Ibs

The maximum bending moment in the closure plate is:

Mc = qxa2x(3+v)/l 6

Where,

q = uniformly distributed load intensity for 3g acceleration

q = (3xI 8,830)/[(r/4)xl 67.752] = 2.56 psi

a = radius of the plate = 167.75/2 = 83.875 in

Therefore,

M, = 2.56x83.875 2x3.3/16 = 3,715 in-lb/in
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The maximum bending stress (ab) in the plate is:

ab = 6xMct 2

Were,

t = plate thickness = 3"

Therefore,

ab = 6x3,715/32 = 2,477 psi <24,000 psi O.K

As shown in Figure 4, the maximum steam generator diameter (outside diameter at the transition
cone) is 171.75 inches that exceeds the desired 168 inches (14'-O'). To allow for a 14'-0"
maximum width, the transition cone will have to be trimmed. The 3" cover plate is held in place
by six segments of l2' fillet welds, 4" long each, and the remainder of the circumference of the
plate is seal welded (Reference 4). The worst-case orientation for the load carrying V2"
intermittent fillet welds is shown in Figure 4. At this particular orientation, the two 4" long
segments of the 1/2W fillet weld located at 900 and 270° (as shown in Figure 4) may also be
removed with portions of the transition cone shell. The weld evaluation presented herein ignores
any contribution from these two weld segments and assumes credit only for the other four
segments to withstand the transportation loading. Taking no credit for the seal weld, the shear
stress (Tv) in the fillet weld due to the shear load is:

r= 3x1 8,830 /(4x4x0.707x0.5) 9,988 psi

Considering the inertia load to act at the C.G. of the plate, the bending moment on the weld
group is:

M = 3x18,830xl.5 = 84,735 in-lb

Consider only four of the six welds to calculate the section modulus of the weld group. Also
assume these welds to be located at 600 from the horizontal axis as shown in Figure 4. The
minimum section modulus of the weld group is about the vertical, 0°-180°, axis of Figure 4, and
it is:

S = 4x4x0.707x0.5x(83.875xCos 60') 2/(2x83.875xCos 600) = 118.60 in3

Therefore, the shear stress (lb) in the weld group due to bending moment,

Xb = 84,735/ 118.60 = 715 psi

Total shear stress, l = Tr + ¶b = 9,988 + 715 = 10,703 psi <21,000 psi O.K
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CONCLUSIONS

It has been shown in this report that all the closures of the SGLA have adequate strength to react
to the load normally expected during its transportation by road or rail (per References 5 and 6).
The stress allowables based on the AISC criteria are satisfied by all the components of the
closure assembly with an acceptable margin of safety. The SGLAs will, therefore, remain
completely sealed and behave like a unitized body during transportation. An exemption from
packaging the SGLAs during transportation has, therefore, been requested from the DOT.
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Table 1: Location of the Welded Shut Protrusions on the D.C. Cook Unit I SGLA

Protrusion Circumferential Location from
the Top (Degrees), Figure 1

Primary Nozzle (Main) - Inlet 36.5

Primary Nozzle (Main) - Outlet 143.5

Bottom Blow-Down (Nozzle No.1) 90

Bottom Blow-Down (Nozzle No.2) 270

Shell Drain 206.5

Wide Range Water Level Tap 126.5

End Plate (Transition Cone Cover Plate) - (1)

N

Note:

(1) 3" End-plate is used to close the cut end of the SGLA.
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-PRIMARY
NOZZLE (MAIN, 2X)

(PRIMARY, 2X)

WIDE RANGE WATER
LEVEL TAP

-SUPPORT PAD (TYP. 4 PLCS)

PRIMARY NOZZLE (MAIN)

- 900
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SHELLK DRAIN-

END VIEW
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Figure 1: DC Cook Unit 1 SGLA Protrusion Location
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4 PLACES

CUT LINE
NOZZLE

Figure 2: Primary Nozzle (Main) - Inlet/Outlet Closure Details
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PlugDetil L

.~~~~~

PLUG SCHEDULE

"A" Plug Dimension

Closure Description Per Nominal Maximum Minimum Maximum Weld
Closur Desc S.G. I.D. Plug Dia. Plug Dia. Plug Length

Bottom Blow-Down Nozzle 2 1 23/32" 1.6875" 1.6675" 3 ¼" 1/8"

Shell Drain 1 1I 0.8125" 0.7925" 3 14" 1/8"

Wide Range Water Level Tap 1 3 4" 0.59375" 0.57375 3 ¼4" 1/8"

Figure 3: Small Nozzle Closure Using Plugs
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14'-O WIDE WINDOW

0 0

900 2700

60,
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N /180° A
U CNIERLINE | / TYP. 6 PLA CES

'N I

I

COVER PLATE 167.75' DAI. X 3' THK

STEAM GENERATOR O.D. - 171.75 -

Figure 4: SGLA End Closure Details



ATTACHMENT 3
SGLA GENERAL ARRANGEMENT

AND
CLOSURE DRAWINGS

(1) Westinghouse Drawing, (1097J74) "General Arrangement"

(2) "Figure 1-1 Outline from Westinghouse Electric Co
Steam Generator Manual for D.C. Cook" - 2 Pages

(3) Bechtel Drawing, 23733-M-003 Rev I - "Steam Generator
Lower Assembly Cover Plates and Seal Plugs"
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ATTACHMENT 4
TRANSPORTATION SYSTEM
GENERAL ARRANGEMENTS

DRAWINGS

(1) Duratek Drawing, C-068-163033-001 Rev 0, "D. C. Cook
Unit I SGLA General Arrangement"

(2) Duratek Drawing, C-068-163033-010 Rev 0, "D.C. Cook
Unit I SGLA Road Transportation General Arrangement"

(3) Duratek Drawing, C-068-163033-020 Rev 0, "D.C. Cook Unit I
SGLA Rail Transportation General Arrangement"


