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BEFORE THE UNITED STATES ATOMIC ENERGY COMMISSION =

In the Matter of Docket No. 50-312

)
)
SACRAMENTO MUNICIPAL UTILITY DISTRICT )

(Rancho Seco) )

Supplement No. 1
Now comes SACRAMENTO MUNICIPAL UTILITY DISTRICT (SMUD) and amends
its above-numbered application by submitting herewith Supplement No. 1
This supplement reflects an increase in Reactor Building diameter, revised
Reactor Building design criteria, ner fuel handling method and revised
structural design bases.
Subscribed in Sacramento, California, this 15th day of December

1968.

Respectfully submitted,

SACRAMENTO MUNICIPAL UTILITY DISTRICT

Ny

By At / ';:’, ) 4__,‘__.:""( -
Paul E. Shaad
General Manager and Chief Engineer

E. K, DAVIS
DAVID S. KAPLAN
Attorneys for Sacramento Subscribed and sworn to before
Municipal Utility District me this 15th day of December
z 1968.
By / )
David §S. an \

attier, Notary Public in
the County of Sacramento,
California.

ssion expires January 12, 1972,
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Docket No. 50-312
December !5, 1968

SUPPLEMENT NO, 1
SACRAMENTO MUNICIPAL UTILITY DISTRICT
RANCHO SECO NUCLEAR GENERATING STATION

UNIT NO, 1

Supplement No. 1 to Sacramento Municipal Utility District's Preliminary
Safety Analysis Report reflects an increase in Reactor Building diameter
from 116 feet to 130 feet, revised Reactor Building design criteria, new
fuel handling methods and structural design bases. The Reactor Building
pressure transient analysis will remain approximately the same since the

Reactor Building height is reduced to 185 feet thus maintaining essentially
the same net volume as reported in the PSAR.

For clarity and completeness supplement No. 1 includes complete sections
of those areas modified as presented in the PSAR.
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Bl TABULAR CHARACTERISTICS

Table 1.3-1 is a comparative list of important design and operating char-
acteristics of the Rancho Seco Nuclear Generating Station, Crystal River
Nuclear Cenerating Plant Units 3 and 4 (Florida Power Corporation), Oconee
Nuclear Station Units 1, 2, and 3 (Duke Power Company), and Turkev Point
Units 3 and 4 (Florida Power and Light Compaany). The design and operating
parameters of the Crystal River, Oconee, and Turkey Point stations are
close to those of the Rancho Seco facility. The Crystal River and Oconee
units each have the same rated core power as the Rancho Seco facility and
are near~duplicates in other respects. The data in Table 1.2«1 represent
information presented in available station descriptions, and Safety Analysis
keports submitted for licensing.

The design of each of these stations is based on information developed from
operation of commercial and prototype pressurized water reactors over a
number of years. The Rancho Seco design is based on this existing power
reactor technology and has not been extended beyond the boundaries of known
information or operating experience.

The similarities and differences of the features of the reactor stations
listed in Table 1.2-) are discussed in the following paragraphs. In each
case, the item number used refers to the item numbers used in the table.

L.3 1 ITEM 1 - HYDRAULIC AND THERMAL DESIGN PARAMETERS

The parameters listed in this section are the same for the first three
columns and are similar to the Turkey Point units. The differences in power
level are reflected chiefly in the total heat output, core size (fuel ioad-
ing), coolant f{low rate, and total heat transfer surface. They amount only
to a scaling down of the parameters above for a decrease in the thermal
reactor power level, and do not alter the safetyv-related characteristics of
the reactors. The departure from nucleate boiling ratio (DNBR) and the
maximum ratio of peak-to-average total heat input per fuel rod (FAl nuc.)
are representative of a more conservative design for the B&W reactors than
for the other reactor presented. These comparisons are discussed in detail
in 3.2.3.2.

1.3.2 ITEM 2 -« CORE MECHANICAL DESICN PARAMETERS

The dimensions, materials, and technology for each of these reactors are
similar. (Note the same design basis for Rancho Seco, Crystal River, and
the Oconee units.,) This uniformity is again due to optimization of the
operating parameters for this type of reactor, and differences are related
to the power levels.

Supplement 1




Ranch
Item
1 Hydraulic and Thermel Design Parameters
Rated Heat Cutput (core), Mwt 2,k52
Rated Reat Output (core), Bru/hr 8,369 x
Maximun Overpower, % 1k
System Pressure (nominal), psia 2,200
System Pressure (wminimum steady state), psia 2,150
Power Distribution Fac-ors
Heat Generated in Fuel and Cladding, % 97.3
Fa, (nuclear) 1.85
iﬁh(nuclear) 3.15
Hot Channel Factors
! F, (nuc. and nech.) 3.24
DNB Ratio at Rated Conditions 2.27 (¢
1.60 (#
Minimum DIB Batio at Design Overpower .72 %
1.38 (8§
Coclant Flow
, Total Flow Rate, 1b/hr 131.3
Effective Flow Rete for Heat Transfer, 1b/hr 120.9
Effective Flow Area for Heat Transfer, £12 L7.75
Average Velocity Along Fuel Rods, f't/sec 15.70
Average lass Velocity, 1b/hr-fte 2.53 x
Coclant Temperature, F
Nominal Inlet 555
Maximum Inlet due to Instrumentation
Error and Deadband 557
Aversge Rise in Vessel 47.8
Average Rise in Core Lg.3
Average in Core 579.7
Average in Vessel 578.9
Nominal Outlel of Hot Channel - 6Ll 4
Average Film Coefficient, Btu/hr-ft<-F 5,000
i Averaze Film Tomperature Difference, T 31
! Kaat Transfer at 100% Power -
Active Heat Transfer Surface Area, ft°© L8, 57
| Average lcat Flux, Btu/hr-ft? 167,6
I Meximum Heat Flux, Btu/hr-ft 543,00
Average Thermal Output, kw/ft 5.4
‘ Maximum Thermal Output, kw/ft 17.5
| Maximue Clad Surface Temperature at
i Nominal Pressure, F €54
| Fuel Centrel Tenperature, F
[ Maximue at 100% Power L,160
‘l Maximum at 1147 Overpower 4,00
| Thermal Output, kw/ft at Meximum (vcrpower e
l 2 Core Mechanical Design Parameters
I Puel Assecmblies
Design CRA
R& Pitch, in. 0.558
r';
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TABLE 1.3-1
COMPARISON OF DESIGH PARAMETERS
iper station unit basis unless noted;

Seco Nuclear Crystal River Flant Oconee Nuclear Station
t No. 1 Unit 3 or & unit 1, 2, or 3 Turkey Point No. Jor b
2,452 2,452 2,097
of 8,369 x 106 8,369 x 106 7,157 x 106
1k 14 12
2,200 2,200 2,250
2,150 2,150 2,220
o7.3 97.3 97.4
I 1.85 1.85 1.75
3.15 3.15 3.12
’ 3.2h 3.24 3.25
3) 2.27 (¥-3) 2.27 (¥-3) 1.85 (w-3)
ru.ma) 1.60 (BAU-168) 1.60 (BAW-168)
3) 1.73 (W-3) 1.73 (W=3) 1.30 (w-3)
|-H-168) 1.38 (BAW-168) 1.38 (2Aw-168)
106 131.3 x 108 121.3 x 10° 100.6 x 196
106 120.9 x 10° 120.9 x 106 91.5 x 1
L7.75 b7.75 39.0
15.70 . 15.70 13.9
2.53 x 10° 2,53 x 10° 2.35 x 106
553 593 46,5
35T 55T 550.5
k7.8 ¥7.8 Sl
L9.3 49.3 59
279.7 579.7 271
378.9 578.9 5Th
Ehli b Gl & ChT
5,000 5,000 5,500
3 31 30
48,578 18,578 k2,460
167,620 167,620 164,200
| 543,000 543,000 533,000
5.4 5.4 5.3
7.5 17.5 17.3
654 65k 657
L,160 4,160 L,070
| I, 400 4, 400 4,270
' 19.9 19.9 19.4
|
+ CRA can CRA can RCZfCanless
0.558 0.558 0.563




rauLE 1,3=1(Cont inued)
Rancho Seco
Itenm Unit,
Overall Dimensions, in. 8.522 x 8.522
Fuel Weight (es UOp), 1t 201,520
Total Weight, 1b 283,200
Humber of Grids per Assembly 8
Fuel Rods
Number 36,816
Outside Diameter, in. 0.420
Diametral Sap, in. 0.006
Clac. Thickness, in. 0.02¢
Clad Material Zircaloy-b
Fuel Pellets
Material UO» sintered
Density, % of theoretical 95
Diameter, in. 0.362
Length, in. 0.8
Control Rod Assemblies (CRA)
Neutron Absorber 54 Ca-15% In
Cladding Material 304 S8 - col
Clad Thickness, in. 0.018
Number of Assemblies 69
NMusmber of Control Rods per Assembly 16
Core Structure
Core Barrel ID/OD, in. 147/150
Thermal Shield ID/OD, in. 155/159
3 Preliminary Nuclear Design Data
Structural Characteristics
Fuel Weisht (as U0p), 1b 201,520
Clad Weizht, 1b 3 000
Core Diameter, in. (equivalent) ]2é.9
Core lleight, in. (ective fuel) 144
Reflector Thickness and Composition
Top (water plus steel), in. 12
Bottom (water plus steel), in. 12
Sside (water plus steel), in. 18
HoO/U (unit cell - cold) 2.97
Number of Fuel Assemblies 177
Fuel Rods/Fuel Assembly 208
Performance Characteristics
loading Technique
Fuel Discharge Burnup, Mwd/Mtu 3 region
Averase First Cycle :
Bquilibriwa Core Average ég’g
Feed BEnrichments, w/o U-235 $
Region 1
Region 2 223
Region 3 2.90
Equilibrium 2.94
Control Characteristics
Effective Multiplication (beginnin; of life)
Celd, No Fower, Clean 1.302
Hot, lio Power, Clean 1.247
t, Rated Power, Xe and Su Equilibrium 1.158
Supplement 1 ?56 -




D, 1 Unit 3 or b Unit 1, 2, or 3 Turkey Peint No. 3 or &

e
8.522 x 8.522 8.522 x 8.522 8,426 x 8.426
201, 520 201, 520 179,000
283,200 283,200 226,200
8 & 8
36,816 36,816 32,028
0.420 0.420 0.k22
0.006 0.006 0.0065
0.026 0.026 0.0243
Zircaloy-k Zirealoy-b Zircaloy
U0p sintered U0, sintered U0, sintered
95 95 94-93
0.362 0.362 0.3669
0.8 0.8 0.600

0t Ag 5% 0d-15% In-80% Ag 5% Cd-15% In-80% Ag 54 0d-15% 1n-80% Ag

hoorhed 304 88 - cold worked 304 85 - cold worked 304 SS§ - cold worked
0.018 0.018 0.019
69 69 L1

| 16 15 20

\

| 147/150 147/150 133.5/137.25

| 155/159 155/159 141.0/147.5

|

| 201,520 201,520 179,000
43,000 43,000 35,600

’ 128.9 128.9 119.5

‘ 144 1Lk 144

| 12 12 10

| 12 12 10

i 18 18 15

r 4 i g

| 157

| 208 208 204

l 3 region 3 region 3 rezion
12,460 8,260 14,000
28,200 28,200 27,000

Nos. 1 and 3

| 2.29 2.2 2.28

| 2.64 2.47 2.43

| 2.90 2.77 2.73

| 2.94 3.09 e

! Nos. 3 and 4 Nos. 1 and 3 No. «

| 1.302 1.312 1.255 1.275

1.22_‘7 1.258 1.201 1.225
| 1.158 1.167 1.119 1 170W
E {

Crystal River Plant

Oconee Nuclear Station




¢ maure 1, 3e1 (Continued)
il
Rancho Seco N
Iten Unit No

Control Rod Assemblies

Material
Nunber of Assemblies
Ruzber of Absorber Rods per CRA

Total Rod Worth (el%), a,

Boron Concentrations

To Shut Reactor Down With Rods Inserted
(clean), cold/hot ppm
Ak)
Boron Yorth (hot), %(T |/ ppr

(2}
Boron Yorth (eold), %\ k //pps

Kinetic Characteristics

Ak)
Moderstor Temperature Coefficiernt, ( k /F'
Ok
Moderator Pressure Coefficient, ( k )/psi
a9
Moderator Void Coefficient, (T‘)/‘ void

{Ak\
Doppler Zoefficient, | K I/F

L Principal Desi_n Paraweters of the Reecior

Coolant System

System Heat Output, MWt

System Heat Output, Btu/hr

Operatin_ Pressure, psig

Resctor Inlet Tecperature, F

Reactor Cutlet Temperature, F

Number of Loops

Desi-n Pressurc, psig

Design Tenperature, F

Hydrostatic Test Pressure (cold), psis
Coolant Volume, including pressurizer, It
Total Reactor Flow, gpm

3

y Reactor Coolant System Code Recuirements

Reactor Vessel
Steam Generator

Tube Side
Shell Side

Pressurizer

Pressurizer Relief Tank
Pressurizer Safety Velves
Reactor Coclant Piping
Reactor Coolant Pump Casing

6 Principal Design Parameters of the

Reactdr Vessel

Material

5% cd-15% In-80%
€9
16

10.0

290/1080
1/100

1/75

+1.0 x 10°% to
-1.0 x 107 te
+1.0 x 10"‘ to -

-1.1 x 1072 to

55
5,

8\V1MCDN
Ne &
WA

o

V]

WM N
e

ASME III, Class

ASE I11I, Class
ASME II1I, Class
ASME III, Class
ASME III, Class
AE III

USASI B3l.l
AME III, Class

3A-533 Grade B
18-8 stainl
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plear Crystel River Flunt Oconee wuclear Station
1 Unit 3 or & Unit 1, 2, or 3 Turkey Point lo. 3 or b
—
he 5% Cd-15% In-80% Ag 58, 0d-15% In-80% Ag 5% Cd-15% In-80% AC
€9 69 L1
16 16 20
10.0 10.0 7.0
1290/1080 1290/1150 2300/2500
1/100 1/100 1/130
1/75 1/75 1/100
|
L0 x 1074 +1.0 x 10°% to -3.0 x 20°* | +1.0 x 210° to -3,0x 107 | +1.0 x 10% to -3.0 x 10°*
.0 x 10‘6 -1.0 x 1076 to +3.0 x 10’6 «1.0 x 10°° to 43.0 x 106 -1.0 x 10"© t043.0 x 10-6
.0 x 1073 +1.0x 10°% 0 -3.0 x 1073 | +1.0 x 10% t0 -3.0 x 10°3 | +0.5 x 103 to -2.0 x 1073
.7 x 105 2.1 x107 to -1.7x120°% | -1.1x10% t0 -1.7x 1075 | -1.0x 1075 to -2.0 x 207
\
|
\ ?,M;B & 2,468 3 2,097
| 8,423 x 10 8,423 x 10° 7,156 x 108
2,185 2,185 2,235
555 555 5465
603 03 600.¢
| 2 2 3
l 2,500 2,500 2,k85
| 650 £50 €50
| 3,125 3,125 3,110
11,800 11,800 9,800
I 352,000 352, 26€,L00
I
|
|
A ASME ITI, Class & ARE ITI, Class A ADE III, Cless A
I
A ASME III, Class A ARE 11I, Class A ASME III, Cless A
A ASME I1I, Class A ASE III, Class A ASE III, Class C
ASME III, (lass A ASE II1, Class A AS¥E III, Clsss A
E ASME III, Class C ARE III, Class C ASME 1II, Class C
| AME III ASE III ASE I1I
' USAST B3l.1 USAST B3l.1 USASI B3l.1
r ASME III, Class A AME III, Class A
{ clad with SA-S533 Grade B, clad with SA-533 Grade B, clad with SA-302, Grade B, clad with
tss steel 18-8 stainless steel 18-8 stainless steel Type 30k austenitic SS
I
l
\
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TABLE 1.3=1("ontinued)

Rancho Seco
Unit

No

Desizn Pressure, psig

Desizn Temperature, F

Operating Pressure, peiz

Inside Diameter of Shell, in.

Outside Diameter Across Nozzles, in.

Overall Heigzht of Vessel and Closure
Head (over CRD nozzles), ft-in.

Minimum Clad Thickness, in.

Principal Desi;n Parameters of the
Steam Generators

Number of Units
Type

Tube Material

Ghell Material

Tube Side Design Pressure, psig

Tube Side Desizn Temperature, F

Tube Side Desizn Flow, 1b/hr

Shell Side Desipn Pressure, psiz

Shell Side Design Temperature, F

Operating Pressure, Tube Side, Nominal, psig

QOperating Pressure, Shell Side, Maximum, psig

Maximum Moisture at Outlet at Rated Load, %

Hydrostatic Test Pressure (tube side-cold),
psig

Principal Design Parameters of the
Reactor Coolant Pumps

Number of Units
Type

Design Pressure, psig

Design Temperature, F

Operatin; Pressure, Nominal, psig
Suction Temperature, F

Design Capacity, cpm

Design Total Developed Head, ft
Fydrostatic Test Pressure (cold), psiz
Motor Type

Motor Pating (nominal), hp

Principel Design Parsmeters of the
Reactor Coolant Piping

Material
Hot leg (ID), in.
cold leg (ID), in.

2

Vertical, once-
with integral
heater.

Inconel

Carbon steel

2,500

€50

65.66 x 106

1,050

€00

2,185

310

35 F superheat

3,125

L
Vertical, singl

2,500

650

2,185

535

88,000

370

3,125

A-C Induction,
speed

9,000

Carbon steel cl

36
28
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Crystal River Plant
Unit 3 or &

Oconee Nuclear Station
Unit l,' 2. or 3

Turkey Point No. 3 or &

L} Sahee s

2,500
650
2,185
171
2k9

u2-0
1/8

2

Vertical, once-through
with integral super-
heater.

Inconel

Carbon steel

2,500

650

65.66 x 106

1,050

600

2,185
910
35 F superheat

3,125

L
Vertical, singzle stage

3,125

A-C Induction, single
speed

9,000

Carbon steel clea with SG
36
28

2,500
€30
2,185
i
akg

k2-0
1/8

2

Vertical, once-through
with integral super-
heater.

Inconel

Cerbon steel

2,500

€50

65.66 x 106

1,050

600

2,185

910

35 F superheat

3,125

L
Vertical, single stage

2,500

650

2,185

925

88,000

370

3,125

A-C Induction, single
speed

9,000

Carbon steel clad with S8
36
28

2,485
€50
2,235

155.5
2ko/235-3/8

L1-0
5/32

3
Vertical, U-tube with inte-
gral moisture separator.

Inconel
Carbon steel
2,485

650

33.53 x 10°
1,085

600

2,235
1,005
1/k

3,110

3

Vertical, single stage.
Radial flow with bottom
suction and horizontal
discharge.

2,485

650

2,235

S546.5

88,800

256

3,110

A-0 Induction, single
speed

5,200

Austenitic SS
29
27-1/2

0261 gaiog 7
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TABIF 1.3=1("ontinued)

Rancho Seco lNucle
Item Unit No,1
Between Purp and Steam Generator (ID), in. 28
10 Reactor Buildin; System Parameters
Type Steel-lined, prestres
post-tensioned corc
vertical cylinder w
flat bottom and shal
domed roof.
Design Parameters
Inside Diameter, ft 130
Height, Tt 185
Free Volume, ft3 2,005,000
Reference Incident Pressure, psi; 5.4
Reference Incident Eneryy (El)’ Btu 306,700,000
Energy Reguired to Produce Incident
Pressure (Ep), Btu 341,806,000
Ratio: Ej/Ep 0.897
Ratio: (B - Ey)/E; 0.115
Concrete Thickness, ft
Vertical Wall 3-3/4
Dome 3-1/4
Reector Building Leak Prevention Leak-tight penetration
and Mitization and econtinucus steel
liner. Automatic is|
tion where required.
Gaseous Effluent Purge Discharge vent sbove t
of Reactor Building
(~200 ft above grad
11 Engineered Safesuards
Safety Injection System
No. of liizh Head Pumps 3
No. of Low Head Pumps &
Reactor Buildin; Emergency Coolers
Neo. of Units
Air Flow Cap'y. Each, at Accident
Condition, cfm 40 ,000
Core Flooding System
No. of Tenks 2
Total Volume, re3 2,820
Postaccident Filters
No. of Units 2
Air Flow Cap'y. Each, at Post
Accident Conditiors, cfim 5k, 500
Type HE & Charcoal

o2

Supplement 1 _W—




Crystal River Plant
Unit 3 or 4

Oconee Nuclear Station
Unit 1, 2, or 3

Turkey Point lo. 3 or &

la-

28

Steel-lined, prestressed,
post-tensioned concrete,
vertical cylinder with
flat bottom and shallow
domed roof.

130
187
2,000,000
955
306,700,000

335,200,000
0.915
0.093

3-1/2

3

Leak-tight penetrations
and continuous steel
liner. Autonatic isola-
tion vhere reguired.

Dischar_e vent above top
of Reactor Building
(~200 ft zbove rade)

28

Stecl-lined, prestressed,
post-tensioned concrete,
vertical cylinder with
flat bottom and shallow
domed roof.

116

206
1,900,000
59

306, 700,000

31,806,000
0.897
0.115

3-3/4

3'1/‘1‘

Leak-tight penetrations
and continuous steel
liner. Automatic isola-
tion where required.

Discharge vent above top
of Reactor Building
(=200 ft above ;jrade)

None inside Reactor Building.
Leakage from penetrations
collected, filtered, and
discharzed through station
vent.

31

Stecl-lined, prestressed,
post-tensicned concrete,
vertical cylinder with
flat bottom and shellcw
domed roof.

3-3/4

3-1/4

Leak-1i-ht penetrations
and continuous stieel
liner. Automatic i
tion where reguired.

Through particulate filters
end monitors. Part of
the main exhaust system.

nw

50,000

< _H(
2 ,00(

None

“od

12

2

-
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1.3=1{"ontinued)

Rancho Se
Item Un
(Deleted)
Reactor Building Sprey
No. of Pumps 2
Including Spray Addjtive Injection Yas
Frercency Fower
Generator Units, No. 2
Type Diesel
Engineered Safejuards Opereble Froz All enginee
Erersency Power Source {minimun) equipment
being ope
site emer

0’64

Supplement 1



————

is capable of
rated from on-
ency power.

equipment is capable of
being operated from on-
site emergency power.

equipment is capable of
being operated from on-
site emergency power.

* Two 70 ¥W hydroelectric
units with one overhead and
one underground feeder,
Also, one of three Ll MVA
gas turbine units located
30 miles distant dedicated
soley for back up emer-
gency power,

o lluclear Crystal River FPlant Oconee Nuclear Station
|t No. ] Unit 3 or & Unit 1, 2, or 3 Turkey Point No. 3 or &
2 2 2
Yes lio No
3 e 2 for both Units
Diesel lot comperable¥ Diesel
red safeguards All engineered safeguards All engineered safeguards 1 High head Safety Injec-

tion (SI) pump

Low head SI pump
Containment air recircu-
lation units

Containment spray pump
Cervice water pump

A

b
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Tabular Characteristics \-

{

There are also small differences in the mechanical assembly of the fuel
rods and the number of control rods used between the first three columns
(B&W units) and the Turkey Point units. The increased number of control
rods in the B&W reactors provides for maneuverability and flexibility of
operation. The B&W reactors utilize a canned fuel assembly which provides
structural integrity and protection of the fuel rods against damage during
fuel handling operations.

1.3.3 ITEM 3 - PRELIMINARY NUCLEAR DESIGN DATA

Since these reactors have essentially the same core geometrical configura-
tion, the fuel loading differs by an amount proportional to the physical
size of the reactor core. Note that the design data for the Rancho Seco,
Crystal River, and the Oconee units are the same except for the first-cycle
burnup and feed enrichments. These differences reflect the greater first-
cycle burnup of Rancho Seco and Crystal River over Oconee. Oconee Unit 1
has a first-cycle fuel sharing program with Unit 2, which requires a lower
first-cycle enrichment for Unit 2.

The basis of the 2.97 (H,0/U) for the B&W units is the ratio of water
molecules to the atoms o% U metal in the fuel assembly envelope. This
value of the water-to-U-metal volume ratio, consistent with the entry for
Turkey Point Units 3 or 4, is 3.53. Each core has a three-region fuel
loading, but differs in the fuel burnup ratio that is to be used.

The B&W reactor designs offer 3.0 percent greater reactivity control in the
control rods over Turkey Point. This is reflected in the lesser concentra-
tion of boron that is required to control the reactivity over the lifetime
of the reactor core. Some slight differences are noted in reactivity
coefficients.

1.3.4 ITEM 4 - PRINCIPAL DESIGN PARAMETERS OF THE REACTOR COOLANT SYSTEM

Most of the features in this section are directly related to material proper-
ties and the amount of heat produced in the reactor core. Note that the B&W
units are identical. The parameters are scaled in proportion to the power

of the reactor. The major difference is the number of coolant loops required
to remove the heat produced.

For the B&W units, only two loops are required since once-through steam
generators are used instead of the U-tubes-in-shell design. The greater
cooling capacity of these steam generators permits a reduction in the
number of cooling loops for an equivalent amount of heat removed.

1.3.5 ITEM 5 - REACTOR COOLANT SYSTEM - CODE REQUIREMENTS

The B&W units are identical. Code requirements for the shell side of the
steam generator conform to the ASME III Class A specification. This is

1.3-8 Supplement 1



Tabular Characteristics

considered to be a contribution to the safety of the vessel since it enhances
the integrity because of the more stringent ASME III Class A design, material,
and quality control requirements.

1.3.6 ITEM 6 - PRINCIPAL DESIGN PARAMETERS OF THE REACTOR VESSEL

The B&W units are identical. These vessel designs are characterized by a
thinner thermal shield and a relatively larger diameter. The larger diameter
provides for additional water between the edge of the core and the vessel,
which leads to additional neutron attenuation.

X3 ¥ ITEM 7 - PRINCIPAL DESIGN FEATURES OF THE STEAM GENERATORS

The steam generators in the B&W units are the same. They are basically
different from the Turkey Point units since they are once-through design
and incorporate an integral superheat section.

1.3.8 ITEM 8 - PRINCIPAL DESICN PARAMETERS OF THE REACTOR COOLANT PUMPS

The B&W designs are the same. In each specific tabular parameter the relative
number or size is in proportion to the total amount of heat removed from the
core. The B&W reactor pumps have higher head and horsepower requirements

than the Turkey Point units have for approximately the same flow because of
the increased flow losses of the once-through steam generators and the use of
only two reactor coolant loops.

1.3.9 ITEM 9 - PRINCIPAL DESIGN PARAMETERS OF THE REACTOR COOLANT PIPIN

The B&W unit piping designs are the same. They utilize carbon steel clad
with stainless steel.

:3.10 ITEM 10 - REACTOR BUILDING PARAMETERS

All reactor buildings are basically of the same design and construction. The
differences are physical dimensions, amount of concrete shielding needed, and
design incident pressures, which are a direct result of station layout, engi-
neered safeguards, system capacities, and site location. The reactor building
design and shielding offer satisfactory protection to the surrounding popula-
tion in case of an accident and during normal operation of the generating
units.

b33 ITEM 11 - ENGINEERED SAFEGUARDS

Rancho Seco engineered safeguards are basically the same as Crystal River

in that they consist of two completely independent 1007 systems. Oconee

differs in that it includes a penetration room ventilation system for each unit.
Rancho Seco will use a spray additive injection in the reactor building spray
for iodine removal because of differences in designs and site characteristics.

L
! 3_q "-‘67
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5. CONTAINMENT SYSTEM

3.1 STRUCTURAL DESIGN

78 C% | GENERAL DESCRIPTION OF CONTAINMENT STRUCTURE

The reactor containment is a fully continuous reinforced concrete struc-
ture in the shape of a cylinder with a shallow domed roof and a flat
foundation slab., The cylindrical portion is prestressed by a post-
tensioning system consisting of horizontal and vertical tendons. The

dome has a three-way post-tensioning system, Hoop tendons are placed in
240 degree systems using three buttresses as anchorages, with the tendons
staggered so that half of the tendons at each buttress terminate at that
buttress, The foundation slab is reinforced with conventional reinforcing

steel. A welded steel liner is attached to the inside face of the concrete

shell to insure a high degree of leaktightness., The base liner is instal-
led on top of the structural slab and will be covered with concrete., The
structure will provide biological shielding for both normal and accident
situations,

The reactor containment will completely enclose the entire reactor and
reactor coolant system and ensure that an acceptable upper limit for
leakage of radioactive materials to the environment would not be exceeded
even if gross failure of the reactor coolant system were to occur, The
approximate dimensions of the reactor containment are: inside diameter,
130 feet; inside height, 185 feet; vertical wall thickness, 3-3/4 feet;
dome thickness, 3-1/4 feet; and the foundation slab, 8 feet. The building
encloses the pressurized water reactor, steam generators, reactor coolant
loops and portions of the auxiliary and engineered safeguards systems,
The internal net free volume is 2,005,000 cubic feet.

Full advantage is being taken in the design of this reactor building of
the experience gained in the review of similar designs with the AEC for
the Florida Power and Light Company's Turkev Point Plant, Consumers Power
Company's Palisades Plant, Wisconsin-Michigan Power Company's Point Beach
Plant and Duke Power Company's Oconee Nuclear Station, as well as contain-
ment designs by others which meet the same functional requirements.

Representative details of the construction that will be used are shown in
Figures 5.1-1, 5.1-2, 5.,1-3 and Table 5.1-1.

5:1,2 BASIS FOR DESIGN LOADS

The reactor containment will be designed for all credible conditions of
loading, including normal loads, loads during maximum credible accident,
test load, and loads due to adverse environmental conditions. The
following loadings will be considered:

a. The loading caused by the pressure and temperature transients
of the design base accident.

—i
b
/
«j‘

-

&
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Structural Design

b, Structure dead load

C, Live loads

d, Earthquake load

€. Wind loads

e External pressure load

The two critical loading conditions are those caused by the design base
accident resulting from failure of the reactor coolant system and those
caused by an earthquake,

S.1.8:1 Maximum Credible Accident Load

The minimum design pressure and temperature of the containment will be
equal to the peak pressure and temperature occurring as a result of the
complete blowdown of the reactor coolant through any rupture of the
reactor coolant system up to and including the hypothetical double-ended
severance of a 36-inch ID reactor coolant pipe.

The supports for the reactor coolant system will be designed to withstand
the blowdown forces associated with the sudden severance of the reactor
coolant piping so that the coincidental rupture of the steam system is
not considered credible.

Transients resulting from the design base accident and other, lesser,
accidents are presented in Section 14 and serve as the basis for a
containment design pressure of 59 psig.

The design pressure will not be exceeded during any sutsequent long-term

pressure transient caused by the combined effects of such heat sources as
residual heat and metal-water reactions, These effects will be overcome

by the combination of emergency-powered engineered safeguards and struc-

tural heat sinks.

Selaled Structure Dead Load

Dead load will consist of the weight of the concrete wall, dome, base
slab, and any internal concrete. Weights used for dead load calculations
will be as follows:

a, Concrete 148 lb/ft3

b, Steel reinforcing 489 1b/ft3 using nominal cross-
sectional areas of reinforcing
as defined in ASTM for bar sizes
and nominal cross-sectional
areas of prestressing

c. Steel lining 489 1b/ft3, using nominal cross-
sectional area of lining

. 1- - .
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Structural Design
5.1.2,3 Live Loads

live loads will include snow and ice loads on the roof of the containment
dome. The roof load will be 20 pounds per horizontal square foot,

zquipment loads will be those specified on the drawings supplied by the
manufacturers of the various pieces of equipment,

Live loads will be assumed for the design of internal slabs consistent
with the intended use of the slabs.

5.1,2,4 Earthquake Loads

Earthquake loading is predicated upon a design earthquake at the site
having a horizontal ground acceleration of 0.13g. In addition, a
maximum hypothetical earthquake having a ground acceleration of 0.25g
will be used to check the design to ensure no loss of function,

Seismic response spectrum curves are given in Appendix 5A for both
horizontal ground motion and vertical ground motion., A dynamic analysis
will be used to arrive at equivalent static loads for design. Seismic
loads will be combined as cutlined in Appendix 5A.

5.1.2.5 Wind Loads

Wind loading for the containment structure is based on Figure 1 (b) of
ASCE Paper 3269, '"Wind Forces on Structures," using the fastest wind
speed for a 100-year recurrence period. ASCE Paper 3629 will also be
used to determine shape factors, gust factors, and variation of wind
velocity with height, Based upon the site location and inland classi=-
fication the design wind velocity is 90 MPH at a reference 30 feet
above ground level.

5.1.2.6 External Pressure Load

External pressure loading with a differential of approximately two pounds
per square inch from outside to inside will be considered,

The external design pressure is equivalent to have a barometric pressure
rise to 31 inches of mercury after the containment was sealed at 29 inches
of mercury. Therefore, operation of purge valves will not be required

due to barometric changes during normal operation.

The external design pressure is also adequate to permit the containment to
be cooled to 60 F from an initial maximum operating condition of 120 F,
Therefore, operation of purge valves will not be necessary during this
condition. Vacuum breakers are not required,

| ¥
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Structural Design
5.1.3  CONSTRUCTION MATERIALS ‘

sasically four materials will be used for the foundation and the contain-
ment structure, These are:

a, Concrete

b. Reinforcing steel

Ca Steel prestressing tendons
d, Steel liner plate

Detailed specifications and working drawings for these materials and their
installation will be of such scope as to assure that the quality of work
will be commensurate with the necessary integrity of the containment struc-
ture.

Basic specifications for these materials include the following.

5.1.3.1 Concrete

All concrete work will be in accordance with ACI 318-63 "Building Code
Requirements for Reinforced Concrete" and to ACI-301 "Specifications for
Structural Concrete for Buildings." Concrete will be a dense, durable
mixture of sound coarse aggregate, fine aggregate, cement, and water, .
Admixtures will be added to improve the quality and workability of the
fluid concrete during placement and to retard the set of the concrete.
Maximum practical size aggregate, water reducing additives, and a low

slump of two to three inches will be used to minimize shrinkage and creep.
Aggregates will conform to "Standard Specifications for Concrete Aggregate"
ASTM Designation C33, Fine aggregate will consist of sharp, hard, strong,
and durable sand, free from adherent coatings, clay loam, alkali, organic
material, or other deleterious substances,

Acceptability of aggregates will be based on th¢ ASTM Tests as stated in
Section 5.4.3.1.

Cement will be Type II as specified in '"Standard Specifications for
Portland Cement' ASTM Designation C150 and will be tested to comply with
ASTM C-114,

Water for mixing concrete will be clean and free from any deleterious
amounts of acid, alkali, salts, oil, sediment. or organic matter,

The water will be potable and will not contain impurities in amounts that
will cause a change of more than 25 percent in setting time for the Portland
Cement, nor a reduction in the compressive strength of mortar of more than

5 percent as compared with results obtained using distilled water,

s |
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A water-reducing agent will be employed to reduce shrinkave and crecp of
concrete, Admixtures containing chlorides will not be used. The following
types of agent will be tested with the concrete materials selected [or the
containment structure,

1, Pozzolith No. 8

b. Pozzolith 100 R

L. Plastiment

d. Placewell LS
The agent selected will be the one providine the smallest shrinkave 15
determined by ASTM C-494, "Specifications for Chemical Admixtures for
Concrete,"
Concrete mixes will be designed in accordance with ACI 613 nsing miterials

qualified and accepted for this work. Only mixes meeting the design re-
quirements specified for containment structure concrete will be used,

Trial mixes will be tested in accordance with applicable ASTM Codes
indicated below:

Test ASTM
Making and Curing Cylinder in Laboratory C=192
Air Content C=231
Slump C-143
BEleeding Kot % ¥
Compressive Strength Tests c=39

Eight cylinders will be cast from each design mix for two tests on each of
the following days: 3, 7, 28, and 90, The concrete will have a desizn
compressive strength of 5000 psi at 28 days for the containment wall arnd
dome and 4000 psi at 28 days for the containment base slab.

Test cylinders will be cast from the mix proportions selected for con-
struction and the following concrete properties will be determined:

a, Uniaxial creep
b. Modulus of elasticity and Poisson's ratio

Cs Autogenous shrinkage

. : Bk — ALy Ly ]
d. Thermal diffusivicy ()m:?ﬁd
e. Thermal coefficient of expansion

9 Compressive strength
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|
Concrete samples will he taken from the mix according to ASTM C-172, . |
"Sampling Fresh Concrete.'" From these samples, cylinders for compression |
testing will pe made, They will be stripped within 24 hours after casting

and marked 4nd stored in the curing rcom. These cylinders will be made

in accorrance with ASTM C-31, "Tentative Method of Making and Curing

Concicte Compression and Flixure Test Specimens in the Field."

\
Slump, air content, and temperature measurements will be taken when |
cylinders are cast, Slump tests will be performed in accordance with |
ASTM C-143, "Standard Method of Test for Slump of Portland Cement Concrete."
Air content tests will be performed in accordance with ASTM C-231, "Standard |
Method of Test for Air Content of Freshly Mixed Concrete by the Pressure
Method." Compressive strength tests will be made in accordance with ASTM
C-39, "Method of Test for Compressive Strength of Molded Concrete Cylinders." ‘
|
|

Evaluation of compression tests will be in accordance with ACI 214-65,

A full-time inspector, who has had experience in concrete work, will con-
tinuously check the concrete batching and placing operations.

5:1.3:2 Reinforcing Steel

Reinforcing steel in the base slab of the containment structure and around
penetrations in the cylinder will be deformed billet steel bars conforming

to ASTM Designation A432-65, This steel has a minimum yield strength of
60,000 psi, a minimum tensile strength of 90,000 psi, and @ minimum elonga- ‘
tion of 7 percent in an 8 inch specimen. Deformed billet steel bars con-
forming to ASTM Al5 or A408 - Intermediate Grade will be used in the cylinder
wall and the dowed roof to control shrinkage and tensile cracks. This steel
has a2 minimum yield strength of 40,000 psi and a m'nimum tensile strength of
70,000 psi. The Al5 steel has a minimum elongation of 12 percent in 8 inch
specimen, while A408 has a minimum elongation of 10 percent in an 8 inch
specimen,

Mill test results will be obtained from the reinforcing steel supplier for
each heat of steel to show proof that the reinforcing steel has the speci-
fied composition, strength, and ductility., Splices in reinforcing bar
sizes No. 11 and smaller will be lapped in accordance with ACI 318-63, and
for bars larger than do., 11, Cadweld splices will be used,.

Welding of reinforcing steel, if required, will be performed by qualified
welders in accordance with AWS D12.1, "Recommended Practice for Welding
Reinforcing Steel, Metal Inserts, and Connections in Reinforced Concrete
Construction," but tack welding will not be permitted,

5.1.3.3 Steel Prestressing Tendons

There are a number of post teasioning systems suited to containment

vessels available in this country, The ultimate capacity of the wire or

strand systems presently considered suitable for this containment vary

from 494 kips to 2000 kips., Listed below are pertinent features of some .
of these post tensioning svstems:

0273
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Manufacturer Frevssinet BERV Stress Steel (SEEE)
Designation Wire strand Wires Wire strand
Ultimate Capacity 494 Kips 2000 Kips 792 Kips 1
Design Capacity 296 Kips 1200 Kips 468 Kips ls
£End Anchcrage Open end, male Buttonhead Swaged, threaded

and female cone collar and nut

The above systems have been used in foreign and domestic prestressed concrete |Sl
reactor vessels, containment structures and domestic conventional structures.

The design will permit the use of any system that meets the specified require-
ments,

The 12-0.5" Freyssinet system was used in the French containment vessel at
Brennilis. A larger Freyssinet system of 12-0,6" seven-wire strands is

being used for the prestressed reactor vessel at Wylfa, England. The 90 wire |Sl
BBRV tendons are presently being used for the secondary containment structures

at the Turkey Point, Palisades, Point Beach and the Oconnee plants. The 170

wire BERV tendons are currently being used for the Fort St. Vrain reactor

vessel., BBRV has the following US Licensees:

a. American Stress Wire Corp.

b. Prescon Corp.

¢. Joseph T. Ryerson & Sons, Inc.
d. Western Concrete Structures

: : 1
e. Prestressing Industries 'S

Stress Steel is the US licensee for the SEEE 19-0,5" strand svstem. The

0.5" strands are the same as used in the Freyssinet systems, The SEEE

strand was used as the prestressing for the French EDF-3 and EDF-4 reactor
vessels, SEEE has recently developed a 28-0,5" strand tendon based on the
same principles as the 19-0.5" strand tendon, The steel strand will conform
to "Specifications for Uncoated Seven-Wire Stress-Relieved Strand for Pre-
stressed Concrete,” ASTM A-416 with a minimum ultimate strength of 250,000

psi or seven-wire 270 K strands with minimum ultimate strength of 270,000 psi.
The minimum vield strength for all strands will not be less than 85 percent

of the specified minimum breaking strength,

The BBRV system is presented as the basis for licensing of the Rancho

Seco plant. If in the final design, a change in system is desired, SMUD
will apply for an amendment. The prestressing wire used in the tendons
will conform to "Specifications for Uncoated Stress-Relieved Wire for
Prestressed Concrete,’'' ASTM A-421. Anchorages will develop 100 percent
of guaranteed minimum ultimate strength of tendons. The tendons will be
housed in ungalvanized, spiral-wrapped, semi-rigid, corrugated sheath

and will be greased but not grouted. The préstressing wire will be pro-
tected against atmospheric corrosion during its shipment and installation,
and during the life of the structure. Prior to shipment the wire will

Supplement 1 5.1=7 0274 n“ I UT’




Structural Design

be coated with a thin film of petrolatum containing rust inhibitors, such
as Dearborn Chemical Company 500 R. The interior surface of the sheath-
ing is also coated with the same material during manufacture to protect
against rusting during shipaent, storage, and prior to filling with a
grease-like material. The sheathing filler material used for permanent
corrosion protection is a modified, thixiotropic, refined petroleum oil
base product such as Dearborn Chemical Company NO-Ox-Id CM Casing

Filler. It has a proven history of serving as a casing filler for cased
pipelines under railroads and highways. The material will be introduced
into the sheathing after stressing by pumping at ambient temperature.

The tendon anchorages will develop the minimum guaranteed ultimate tensile
strength of the prestressing steel without permanent deformation and with-
out excessive slip., The unit compressive stress developed by the bearing
plate under the anchorage will be in conformance with ACI Code 318-63,

Dynamic earthquake loading acceptance standards of the tendons and anchorages
are based on 500 cycles of rapid loading from a stress level of 0,70 f's
to a stress level of 0,75 f's and back again in cycles of 0.1 second.

The number of cycles where the peaks exceed one half of the maximum value
falls in the range between 20 and 30 cycles, A highly conservative factor
was applied to the number of observed cvcles to provide a margin of safetv
comparable to the reliance placed on the anchorage system in developing
the tendon.

Earthquake, wind, and accident loadings will not generate more than 100

cycles of maximum stress variations during the life of the plant, 1In addition,
the stress level due to these loadings will be between 0.60 f's to 0.64 f's,
which is on the safe side, Of this range of 0.04 f's only 10 percent is
actually due to seismic loading.

Anchorage performance requirements are now established by the Seismic Commit-
tee of the Prestressed Concrete Institute and published in their journal of
June, 1966, These requirements are as follows and will be met by the tendon
system:

"All anchors of unbonded tendons should develop at least 100 percent of the
guaranteed ultimate strength of the tendon, The anchorage gripping shall
function in such a way that no harmful notching effect would occur on the
tendon., Any such anchorage system used in earthquake areas must be capable
of maintaining the prestressing force under sustained and fluctuating load
and under the effect of shock. Anchors should also possess adequate reserve
strength to withstand any overstress to which thev may be subjected during
the most severe probable earthquake. Particular attention should be directed
to accurate positioning and alignment of end anchorages.'

l?"?S %
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The bearing plate is included as a part of the prestressing system and

at its interface with the concrete there is one of the greater inter-
actions with the structures., The average contact pressure hetween

bearing plate and concrete is limited to those permissible by ACI 318-563,
The maximum contact pressure exceeds the average at locations nearest
where ihe end anchor contacts the bearing plate, This results from a
bending of the bearing plate, It is possible that the bending stress near
the end anchor will reach yield since concrete differential creep will
increase the bending of the plate from its initially loaded condition,

and the largest bending stress in the bearing plate results from a vieid
moment for the plate. Although a difficult analytical problem, because

of the inelastic nature of the materials and difficulty in defining
boundary conditions, long experience and testing has shown that concrete
reinforcing as used under column base plates and prestressing bearing
plates, coupled with the bearing and base plate design approach, result

in bearing and base plates that have not failed even though exposed to
sub=zero temperatures in heavy industrial structures such as outdoor

steel mill crane columns, power plant coal crusher structures and trestle
columns. Also, communications with the chief engineer of an established
prestressing company indicates that they have not experienced bearing plate
failures when stressing tendons to 0,8f'g, the highest that had been planned
to be imposed on the bearing plates, even while stresssing in sub-zero
weather. Since the bearing plates are designed and tested to proven
standards; are not subjected to large cvcling loads or repeated impact
loads; and are used in a climate less extreme than those for which the
standards have been proven, it appears that they can satisfv the per-
formance requirements,

In determining the appropriateness of applyving NDT requirements, con~
sideration has been given to:

(1.) The proven history, as cited above, for the use of both
structural steel and post-tensioning systems under similar
or worse environments to that of this application.

(2.) The A-36 or similar steel used for the bearing plates is
in general a better quality steel than the A-7 that has
the proven history cited above,

(3.) The fact that neither the AISC Structural Steel Code nor the
ACI 318-63 has ever seen fit to incorporate such requirements

in those code.

The conclusion that is drawn from the above discussion is that brittle
fracture is not a problem for post-tensioning bearing plates,

QUG
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Certified test results of engineering data for the selected post-tensioning
svstem will be furnished upon selection of a vendor., These results will
include tests of ultimate strength, yield strength, wire area reduction,
jacking stress, initial prestress, effective prestress, stress-strain rela-
tions, and elongation at rupture, and dynamic fatigue characteristics of
the anchorages,

In addition, a number of assemblies will be made up with tendons and anchor-

ages as they would be for final installation. These sample tendons will be
used in static tests to failure, as appropriate.

¥ 1:3:4 Steel Liner Plate

The containment structure will be lined with welded steel plate conforming
to ASTM=-A442, Grade 60, to ensure low leakage. This steel has a minimum
yield strength of 30,000 psi and a minimum elongation in an 8 inch specimen
of 22 percent,

The design, construction, inspection and testing of the liner plate, which
acts as a leak tight membrane and is not a pressure vessel, is not covered
by any recognized code or specification. However, the liner plate and
structural shapes will be supplied to the requirements of ASTM A-442 '"Carbon
Steel Plates with Improved Transition Properties" and ASTM A-20, "Specifica-
tion for General Requirements for Delivery of Rolled Steel Plates of Flange
and Firebox Qualities,"

All components of the liner which must resist the full design pressure, such
as penetrations, are selected to meet the requirements of Paragraph N-1211
of Section III, Nuclear Vessels, of the ASME Code. ASTM A-516 Grade 60 or
70 made to ASTM A-300 is typical of a steel which meets these requirements
and will be used as a plate material for penetrations. This material has
excellent weldability characteristics and as much ductilityv as is obtainable
in any commercially available pressure vessel quality steel.

In accordance with ASME Code Case 1347, allowable stresses for A-516 Grade
60 and 70 are the same as those permitted for A-201 Crade B and A-212 Grade
B, respectively,

The A-442 material was chosen on the basis that it has sufficient strength
as well as ductility to resist the expected strzsses from design criteria

loading and at the same time preserve the required leak tightness of the
containment,

Q7Y
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The liner plate is designed to function only as a leak tight membrane. It

is not designed to resist the tension stresses from internal applied pressure
which mav result from anv credible accident conditions. The structural
integrity of the containment is maintained by the prestressed, post-tensioned
concrete, Since the principal applied stress to the liner plate membrane,
from shrinkage and creep of the concrete, will be in compression and no
significant applied tension stresses are expected from internal pressure
loading, there is no need to apply special nil ductility transition tempera-
ture criteria to the liner plate material, On the other hand, all material
for containment parts which must resist applied internal pressure stresses,
such as penetrations, shall be impact tested in accordance with the require-
ments of Paragraph N-1211 oi Section III, Nuclear Vessels, of the ASME Code.

A-442 steel is readily weldable by all of the commercially available arc
and gas welding processes,

A fundamental requirement for fabrication and erection of the liner plate

is that all welding procedures and welding operators be qualified by tests
as specified in Section IX of the ASME Code., This Code requires testing

of welded transverse root and face bend samples in order to verify adequate
weld metal ductility, Specifically, Section IX of the Code requires that
transverse root and face bend samples be capable of being bent cold 180
degrees to an inside radius equal to twice the thickness of the test sample.
Satisfactory completion of these bend tests is accepted as adequate evidence
of required weld metal and plate material compatibility,

Mill test results will be obtained for the liner plate material. The plate
will be visually checked for thickness, possible laminations and pitting.

The surfaces of the liner plate not to be embedded in concrete will be
protected by an initial surface cleaning and prime coat of paint applied
at the fabrication plant to protect it until installation. A suitable
finish paint will be applied to the éxposed surface after the plate is
installed.

5.1.4 CONTAINMENT STRUCTURE DESIGN CRITERIA

Safety of the structure under extraordinary circumstances and performance
of the containment structure at various loading stages are the main con-
siderations in establishing the structural design criteria.

. ¢S
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The two basic criteris are: .

a, The integrity of the liner plate shall be guaranteed
under all loading conditions.

b. The structure shall have a low-strain elastic response such
that its behavior will be predictable under all design
loadings.

The strength of the containment structure at working stress and over-all
vielding will be compared to various loading combinations to ensure safetv,
The containment structure will be examined with respect to strength, the
nature and the amount of cracking, the magnitude of deformation,and the
extent of corrosion to ensure proper performance., The structure will be
designed to meet the performance and strength requirements under the follow-

ing conditions:
a, Prior to prestressing
b. At transfer of prestress
&, Under sustained prestress

d, At design loads

e, At factored loads

Deviations in allowable stresses for the design loading conditions in the ‘
working stress method will be permitted if the factored load capacity criteria

are fully satisfied. All design will be in accordance with the ACI Code
318-63 unless otherwise stated herein.

No special design bases are required for the design and checking of the base
slab, It will act primarilyv in bending rather than membrane stress. This
condition is covered by the ACI Code 318-63. The loads and stresses in the
cylinder and dome will be determined as described below.

- P Ty Design Method

The structure will be analyzed using a finite element computer program for
individual and various combinations of loading cases of dead load, live
load, prestress, temperature and pressure. The computer output will include
direct stresses, shear stresses, principal stresses, and displacements of
each nodal point.

o2 &
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Stress plots which show the total stresses from appropriate combinations of
.oading cases will be made and areas of high stress will be identified. The
wodulus of elasticity will be corrected to account for the nonliner stress-
strain relationship at high compression, if necessary. Stresses then will 4
be recomputed if these are sufficient areas which require attention.

In order to consider creep deformations, the modulus of elasticity of con-
crete under sustained loads such as dead load and prestress will be differ- S1
entiated from the modulus of elasticity of concrete under instantaneous
loads such as internal pressure and earthquake loads.

The forces and shears will be added over the cross-section and the total 4
moment, axial force, and shear will be determined., From these values, the
straight-line elastic stresses will be computed and compared to the allowable
values, The ACI 318-63 design methods and allowable stresses will be used
for concrete and prestressed and non-prestressed reinforcing steel except as
noted in these criteria.

$.1.6,2 Loads Prior to Prestressing

Under this condition the structure will be designed as a conventionally
reinforced concrete structure. It will be designed for dead load, live
loads (including construction loads), and a reduced wind load. Allowable
stresses will be according to ACI 318-63 Code.

S:1.8:3 Loads at Transfer of Prestress

The containment structure will be checked for prestress loads and the

stresses compared with those allowed by the ACI 318-63 Code with the follow-

ing exceptions: ACI 318-63, Section 26, allows concrete stress of 0.60 f'.;

at initial transfer. In order to limit creep deformations, the membrane
compression stress will be limited to 0,30 f'ciy whereas in combination with |4
flexural compression the maximum allowable stress will be limited to 0.60 f'¢j
per the ACI Code.

For local stress concentrations with ron linear stress distribution as

predicted by the finite element analysis, 0.75 f'¢y will be permitted when |4
local reinforcing is included to distribute and control these localized

strains. These high local stresses are present in every structure but they

are seldom identified because of simplifications made in design analysis.

These high stresses are allowed because they occur in a very small percentage

of the cross-section, are confined by material at lower stress and would

have to be considerably greater than the values allowed before significant

local plastic yielding would result. Bonded reinforcing will be added to |4
distribute and control these local strains.
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Membrane tension and flexural tension will be permitted provided they do not
jeopardize the integrity of liner plate. Membrane tension will be permitted
to occur during the post-tensioning sequence but will be limited to 1.0 JT'C.
The stress in the liner plate due to combined membrane tension and flexural
tension will be limited to 0,5 fy. When there is flexural tension, but no
membrane tension, the section will be designed in accordance with section
2605 (a) of the ACI Code.

Shear criteria will be in accordance with the ACI 318-63 Code, Chapter 26

as modified by the equations shown in paragraph 5.1.4.6, using a load
factor of 1.5 for shear loads.

5.1.4.4 Loads Under Sustained Prestress

The conditions for design and the allowable stresses for this case will be
the same as above except that the allowable tensile stress in non-prestressed
reinforcing will be limited to 0,5 fy. ACI 318-63 limits the concrete com-
pression to 0.45 f'_  for sustained prestress load, Values of 0,30 f'. and
0.60 f'. will be used as described above, which bracket the ACI allowable
value., However, with these same limits for concrete stress at transfer of
prestress, the stresses under sustained load will be reduced due to creep.

5.1.4.5 At Design Loads

This loading case is the basic "working stress" design., The containment
structure will be designed for the following loading cases:

(a) D+F+L+T,

(b) D+F+L+P+T,

Where:

D = Dead Load

L = Appropriate Live Load

F = Appropriate Prestressing Load

P = Pressure Load (varies with time from design pressure to no pressure)
To= Thermal Loads due to Operating Temperature

TA= Thermal Loads Based on a Temperature Corresponding to a Pressure P
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Sufficient prestressing will be provided in the cylindrical and dome
portions of the vessel to eliminate membrane tensile stress (tensile
stress across the entire wall thickness) under design loads. Flexural
tensile cracking will be permitted but will be controlled by bonded
unprestressed reinforcing steel. The control of cracking under
operating condition denoted by equation (a) above will be in accordance
with the provision of ACI 318-63.

Under the design loads the came performance limits stated in 5.1.4.3 will
apply with the following exception:

(a) 1If the net membrane compression is below 100 psi it will be
neglected and a cracked section will be assumed in the computation
of flexural bonded reinforcing steel. The allowable tensile stresses
in boinded reinforcing will be 0.5 fy.

(b) When the maximum flexural stress does not exceed 6 J?Tz_ and the
extent of the tension zone is no more than 1/3 the depth of the
section, bonded reinforcing steel will be provided to carry the
entire tension in the tension block. Otherwise, the bonded
reinforcing steel will be designed assuming a cracked section.

When the bending moment tension is additive to the thermal tension,
the allowable tensile stress in the bonded reinforcing steel will
be 0.5 fy minus the stress in bonded reinforcing due to the thermal
gradient as determined in accordance with the method of ACI-505.

(¢) The problem of shear and diagonal tension in a prestressed concrete
structure should be considered in two parts: membrane principal
tension and flexural principal tension. Since sufficient pre-
stressing is used to eliminate membrane tensile stress, membrane
principal tension is not critical at design loads. Membrane
principal tension due to combined membrane tension and membrane
shear is considered under 5.1.4.6.

Flexural principal tension is the tension associated with bending
in planes perpendicular to cle surface of thie shell and shear stress
normal to the shell (radial shear stress).

The present ACI 318-63 provisions of chapter 26 for shear are ade-
quate for the design purposes with proper modifications as discussed
under 5.1.4.6, using a load factor of 1.5 for shear loads.
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Crack control in the concrete will be accomplished by adhering to the ACI-ASCE .

Code Committee standards for the use of reinforcing steel, These criteria are

based upon a recommendation of the Prestressed Concrete Institute, and are as
follows:

0.25 percent reinforcing shall be provided at the tension face
for small members

0.20 percent for medium size members
0.15 percent for large members

A minimum of 0.25 percent bonded steel reinforcing will be
provided in two perpendicular directions on the exterior
faces of the wall and dome for proper crack control,

The liner plate is attached on the inside faces of the wall and dome.
Since, in general, there is no tensile stress due to temperature on the
inside faces, bonded reinforcing steel is not necessary at the inside
faces,

5.1.4.6 Factored l.oads

The structure will be checked for the factored loads and locad combinations
given below,

The load factors are the ratio by which loads will be multiplied for design
purposes to assure that the load/deformation behavior of the structure is

one of elastic, low strain behavior, The load factor approach is being

used in this design as a means of making a rational evaluation of the iso-
lated factors which must be considered in assuring an adequate safety margin
for the structure. This approach permits the designer to place the greatest
conservatism on those loads most subject to variation and which most directly
control the overall safety of the structure., It also places minimum emphasis

on the fixed gravitv loads and maximum emphasis on accident and earthquake
or wind loads.

The final design of the containment structure will satisfy the following
load combinations and factors:

(a) C=1/0 (1.05D+1.5P+1.0Ta+1.0F)
(b) C=1/8 (1.05D+1.25P+1.0T,+1.25H+ 1.25E + 1.0F)

(c) C

1/0 (1.05D+1.25H+1.0R+1.0F+1.25E+1.0T;)
(d C€=1/ (1.0D+1.0P+1.0T +1.0H+1.0E'+1.0F)

(e) C=1/0 (1.0D+1.0H+1.0R+1.0E'+1.0F + 1.0T)

(Wind, W, replaces earthquake, E, where wind stresses control) i&i}ﬂ“—,-

Q283
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Where: C = required capacity of the structure to resist factored loads. '51
@ = capacity reduction factor (defined in Section 5.1.4.7)
D = dead loads of structures and equipment plus any other permanent loading
contributing stress, such as hydrostatic or soil, In addition, a portion
of live load is added when it includes items such as piping, cable and

trays suspended from floors. An allowance is made for future additional
permanent loads.

P = design accident pressure load
F = effective prestress loads
R = force or pressure on structure due to rupture of any one pipe

H = force on structure due to thermal expansion of pipes due to design
conditions

To= thermal loads due to the temperature gradient through wall during
operating conditions

To= thermal loads due to the temperature gradient through the wall and
expansion »f the liner., It is based on a temperature corresponding
to the factored design accident pressure.

E = design earthquake load
E'= maximum earthquake load
W = wind load

Equation (a) assures that the containment will have the capacity to with-
stand pressure loadings at least 50 percent greater than those calculated
for the postulated loss-of-coolant accident alone.

Equation (b) assures that the containment will have the capacity to with=-
stand loadings at least 25 percent greater than those calculated for the
postulated loss-of-coolant accident with a coincident design earthquake or
wind,

Equation (c) assures that the containment will have the capacity to with-
stand earthquake loadings 25 percent greater than those calculated for the

design earthquake coincident with rupture of any attached piping.
Equation (d) and (e) assure that the containment will have the capacity to

withstand either the postulated loss-of-coolant accident or the rupture of
any attached piping coincident with the maximum hypothetical earthquake.

0284
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The stress in prestressing steel and bonded reinforcing steel will be limited ‘
to fv, where fy is the guaranteed minimum yield stress given in the appropri-

ate ASTM specifications. The membrane compressive stress in concrete will

be limited to 0.85 f',. The flexural compressive stress in concrete will be

allowed to go up to f'¢ (28 day ultimate compressive stress). The ultimate

strength assumptions of the ACI code for concrete beams in flexure will be

allowed. The peak strain in the concrete due to secondarv moments, membrane

loads and thermal loads will be limited to 0.003 inch/inch.

The peak strain in the liner plate considering peak strain in the concrete
and flexural strain in the liner will be limited to 0.005 inch/inch.

The following criteria will be used for the design of membrane shear.

Principal membrane temsion in the concrete due to combined membrane tension
and membrane shear, excluding flexural tension due to bending moments or
thermal gradients, will be calculated.

When the value of principal membrane tension exceeds 3./l ., the combination
of reinforcing steel and prestressing steel will resist. the calculated value
of principal membrane tension without exceeding the above mentioned stress
limitation.

When the value of principal membrane tension does not exceed 3 inc and
when the principal concrete tension due to combined membrane t.asion, mem=-
brane shear and flexural tension due to bending moments or thermal gradients

will exceed 6 \'f'c’ bonded reinforcing steel will be provided in the follow- ‘
ing manner:

(a.) Thermal flexural tension - Bonded reinforcing steel will be
provided in accoraance with the methods of ACI-505, The
minimum area of steel provided will be 0.25 percent in each
direction.

Bending moment Tension - Sufficient bonded reinforcingsteel
will be provided to recist the moment on the basis of cracked

section theory using the yield stresses stated above with
the following exception:

When the bending moment tension is additive to the thermal
tension, the allowable tensile stress in the reinforcing steel
will be fy minus the stress in reinforcing due to the thermal
gradient as determined in accordance with the methods of
ACI-505,
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Shear stress limits and shear reinforcing for radial shear will be in accor-
dance with chapter 26 of ACI 318-63 with the following exceptions:

a, Formula 26-12 of the code shall be replaced by

Vei = Kb'd Jf'. + M, (ﬁg) + Vi (1)
where
K = [1.75 - 2036 , 4 0 np']
mp B

but not less than 0.6 for p'2 0.003.

For p'< 0.003, the value of K shall be zero.

) S rev
fer v E‘f'c‘fpe* fn'*fﬂ
fpe = Compressive stress in concrete due to prestress applied

normal to the cross-section after all losses, (including
the stress due to anv secondary moment) at the extreme
fibre of the section at which tension stresses are caused
by live loads

fn = Stress due to axial applied loads, (f, shall be negative
for tension stress and positive for compression stress).

f. = Stress due to initial loads, at the extreme fibre of a
section at which tension stresses are caused by applied
loads, (including the stress due to any secondary moment.
f; shall be negative for tension stress and positive for
compression stress.)

0

U
w

=
U]

f Sand
-*9{};ifﬁ—h.
-

Z
rh
0
-

V = Shear at the section under consideration due to the
applied loads.
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M' = Moment at a distance d/2 from the section under considera- .
tion, measured in the direction of decreasing moment, due
to applied loads.

V. = Shear due to initial loads (positive when initial shear
is in the same direction as the shear due to applied
loads.)

Lower limit placed by ACI-318-63 on Veqy as 1.7 b'd Jic' will not
be applied.

b, Formula 26-13 of the code shall be replaced by

Siasiroen . + £
Vew = 3.5 b'd JEc' i b (2)

The term f, is as defined above. All other notations are in
accordance with chapter 26, ACI-318-63.

(1) This formula is based on the recent tests and work done by
Dr. A, H, Mattock of the University of Washington.

(2) This formula is based on rhe commentary for Proposed Redraft
of section 2610-ACI-318 by Dr. A. H. Mattock, dated Dszcembhoo,

1962, '

When the above mentioned equations show that allowable shear in concrete
is zero, radial horizontal shear ties will be provided to resist all the
calculated shear.

Skt ,7 Yield Capacitv Reduction Factors

The yield capacity of all load carrying structural elements will be reduced

by a yield capacity reduction factor (§) as given below. The justification
for these numerical values is given in Appendix 5-E., This factor will pro-
vide for '"the possibility that small adverse variations ir. material streng:hs,
workmanship, dimensions, control, and degree of supervision while individually
within required tolerance and the limits of good practice, occasionally may
combine to result in undercapacity" (refer to footnote on page 66 of ACI
318-63 Code).

Yield Capacity Reduction Factors:

0.90 for concrete in flexure

0.85 for tension shear bond and anchorage in concrete

0.75 for spirally reinforced concrete compression members

= 2 =2 =
"

0.70 for tied compression members

QRB7? e '
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fabricated structural steel
reinforcing steel in direct tension
welded or mechanical splices of reinforcing steel
lap splices of reintorcing steel

prestressed tendons in direct tension

5.1.4.8 Prestress lLosses

In accordance with the ACI Code 318-63, the design will provide for pre-
stress losses caused by the following effects:

Seating of anchorage

Elastic shortening of concrete
Creep of concrete

Shrinkage of concrete

Relaxation of prestressing steel stress

Frictional loss due to intended or unintended -~urvature in
the tendons.

All of the above losses can be predicted with a reasonable degree of
accuracy,

The environment of the prestress system and concrete is not appreciably
different, in this case, from that found in numerous bridge and building
applications, Considerable research has been done to evaluate the above
items and is available to designers in assigning the allowances., Building
code authorities consider it acceptable practice to deveiop permanent
designs based on these allowances,

5:.1.6.9 Liner Plate Criteria

The design criteria which will be applied to the containment liner to meet
the specified leak rate under accident conditions are as follows:

a, That the liner be protected against damage by missiles.
(See 5.1.4,10)

That the liner plate strains be limited to allowable values
that have been shown to result in leak tight vessels or
pressure piping.

0288
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¢. That the liner plate be prevented from developing significant
distortion,

d. That all discontinuities and openings be well anchored to
accommodate the forces exerted by the restrained liner plate,
and that careful attention be paid to details of corners and
conrections to minimize the effects of discontinuities,

Pressure vessels, pressure piping, high pressure hydraulic tubing, and
similar containers are made by cold forming, drawing, and dishing operations
where strains may approach the elongation capacity of the material. (For
mild steel at failure, this elongation varies from 15 percent to 20 percent.)
These forming operations result in high strains both in tension and com-
pression, Vessels and piping components manufactured by these methods have
a history of high leak tight integrity proving that subjecting the steel
material to high strain does not affect its leak tight integrity,

The best basis for establishing allowable liner plate strains is considered
to be that portion of the ASME Boiler and Pressure Vessel Code, Section III,
Nuclear Vessels, Article 4, Specifically, the following sections have been
adopted as guides in establishing allowable strain limits:

a. Para. N-412 (m) Thermal Stress (2)
b. Para. N=414.5 Peak Stress Intensity

Table N-413
Fig. N-414, N-415 (A)

¢. Para. N-412 (n)

d. Para. N=415.1

Implementation of the ASME design criteria requires that the liner material
be prevented from experiencing significant distorticn due to the thermal

load and that the stresses be considered from a fatigue standpoint. (Para.
N=412 (m) (2).)

The following fatigue loads will be considered in the design of the liner
plate.

a, Thermal cycling due to annual outdoor temperature variations.
Daily temperature variations will not enetrate a significant
distance into the concrete shell to appreciably change the
average temperature of the shell relative to the liner plate.
The number of cvcles for this loading will be 40 cycles for
the plant life of 40 vears.

b. Thermal cvcling due to containment interior temperature vary-
ing during the startup and shutdown of the reactor system.
The number of cyvcles for this loading will be assumed to be
500 cvcles.

Q2R9 Ar—
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¢. Thermal cycling due to the MCA will be assumed to be one cyele,
Thermal load cycles in the piping systems are somewhat
isolated from the liner plate penetrations by the concentric
sleeves between the pipe and the liner plate. The attachment
sleeve will be designed in accordance with ASME Section III
fatigue considerations. All penetrations will be reviewed
for a conservative number of cycles to be expected during
the plant life.

The thermal stresses in the liner plate fall into the categories considered
in Article 4, Section III, Nuclear Vessels of the ASME Boiler and Pressure
Vessel Code. The allowable stress in Figure N-415 (A) are for alternating
stress intensity for carbon steels and temperatures not exceeding 700 F.

In addition, the ASME Code further requires that significant distortion of
the material be prevented.

In accordance with ASME Code Paragraph 412 (M) 2, the liner plate is re-
trained against significant distortion by continuous angle anchors and
never exceeds the temperature limitation of 700 F and also satisfies the
criteria for limiting strains on the basis of fatigue consideration.

Paragraph 412 (N) Figure N-415 (A) of the ASME Code has been developed as
a result of research, industry experience, and the proven performance of
code vessels. Because of the conservative factors it contains on both
stress intensity and stress cycles, and its being a part of a recognized
design code, Figure N-415 (A) and its appropriate limitations have been
used as a basis for establishing allowable liner plate strains. Since the
graph in Figure N-415 (A) does not extend below 10 cycles, 10 cycles is
being used for an MCA instead of one cycle.

Establishing an allowable strain based on the one significant thermal cycle
of the accident condition would permit an allowable strain (from Fig. N=4154)
of approximately 2 percent, The strain in the liner plate at

proportional limit will be approximately 0.1 percent. The liner plate will
he allowed to go bevond proportional limit strains during the accident
condition., Maximum allowable tensile or compressive strain has been
conservatively set at 0,5 percent (compared to 2 percent shown above). The
maximum predicted membrane strain in the liner plate during accident
conditions has been found to be 0,25 percent., The maximum combined membrane
and flexural strain is predicted to be 0,40 percent,

At the design accident pressure condition, there will be no tensile stress
anvwhere in the liner plate membrane. This is true both at the time of
initial pressure release and under any later pressure temperature condition.
The purpose of specifying an NDT temperature requirement is to provide
protection against a brittle fracture or cleavage mode of failure, However,
this type of failure is precluded by the absence of tensile stresses.

No allowable compressive strain value has been set for the test condition
because the value will be less than that experienced under the accident
conditions. The maximum predicted compressive membrane strain will be
approximately 0.07 percent.

Q2290 ggg‘*
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The maximum allowable tensile strain will be 0.2 percent under test condi-
tions, The predicted value will be very nearly zero.

The stability of the liner plate will be ensured by the stiffening and
anchoring of the plate to the prestressed concrete structure,

(Deleted)

The maximum compressive membrane strains are caused by accident pressure,
thermal loading, prestress, shrinkage and creep. The maximum strains will
not exceed .0025 in./in, and the liner plate will always remain in a stable
condition,

The conservative design approach of the stiffening system used in the liner
plate to prevent significant distortions at accident conditions, and strin-
gent welding and weld inspection requirements will ensure that the leak
tightness of the liner plate at accident conditions will not change from that
at the test conditions,

In isolated areas the liner plate may have initial inward curvature due to
construction. The anchors will be designed to resist the forces and moments
induced when a section of the liner plate between anchors has initial in-
ward curvature,

The anchor and welds will be designed to accommodate the differential
force or displacements caused by the partially restrained panel. The
liner plate will be anchored at all discontinuities to eliminate
excessive strains at the discontinuities. The forces in the liner plate
at the discontinuities will be evaluated by use of the finite element
computer program and the anchors will be designed to resist these forces.

At all penetrations the liner plate will be thickenea to reduce stress con-
centrations in accordance with the ASME Boiler and Pressure Vessel Code 1965,
Section III, Nuclear Vessels. The thickened portion of the lirer plate will
then be anchored to the concrete by use of anchor studs completelv around

the penetrations, For details of the penetrations see Figure 5.1-2. The
sleeves, pipe cap, and all welds associated with the penetrations will be
designed to resist all loads previously mentioned and also the prestress

forces and internal design pressure.

(Deleted)
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5.1.4.10 Missile Protection Criteria

High pressure reactor coolant system equipment which could be the source

of missiles is suitably screened either by the concrete shield wall enclosing
the reactor coolant loops, by the concrete operating floor or by special
missile shields to block any passage of missiles to the containment walls,
Potential missile sources are oriented so that the missile will be intercepted
by the shields and structures urovided. A structure is provided over the
control rod drive mechanism to block anv missiles generated from fracture of
the mechanisms,

Missile protection will be provided to comply with the following criteria,

a. The containment and liner will be protected from loss of
function due to damage bv such missiles as might be generated
in a loss-of-coolant accident for break sizes up to and includ-
ing the double-ended severance of a main coolant pipe.

b, The engineered safeguards svstems and components required to
maintzin containment integritv will be protected against loss
of function due to damage by the missiles defined below.

During the detailed plant design, the missile protection necessary to meet
the above criteria will be developed and implemented using the following
methods:

a. Components of the reactor coolant system will be examined to
identify and to classify missiles according to size, shape
and kinetic energv for purposes of analvzing their effects.

b. Missile velocities will be calculated considering both fluid

and mechanical driving forces which can act during missile
generation,

¢. The reactor coolant system will be surrounded by reinforced
concrete and steel structures designed to withstand the
forces associated with double-ended rupture of a main coolant
pipe and designed to stop the missiles,

d, The structural design of the missile shielding will take into
account both static and impact loads and will be based upon
the state of the art of missile penetration data,

The types of missiles for which missile protection will be provided are:

a, Valve stems

b. Valve bonnets M—

€ Instrument thimbles
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d. Various types and sizes of nuts and bolts

e. External missiles originating from loading conditions outlined
.. 2.9

(Deleted)

Protection is not provided for certain types of missiles for which postu-
lated accidents are considered incredible because of the material character-
istics, inspections, quality control during fabrication, and conservative
design as applied to the particular component. Included in this category
are missiles caused by massive, rapid failure of the reactor vessel, steam
generator, pressurizer and main coolant pump casings.

5.1:4:1) Main Steam Turbine Missiles

The turbine-generator supplier* has made a study of potential missiles
resulting from the failure of turbine-generator rotating elements operating
at design (115% of norwal operating) speed or, due to failure of components
that control admission of steam to the turbine, operating at excessive over-
speed, Historical reliability plus continued improvements in design indicate
that excessive overspeed is the only envisaged cause of turbine-generator
failure. An overspeed condition is verv unlikely because of the redundancy
and reliability of the turbine control and protection system and of the steam
system, Nevertheless, the consequences of a turbine-generator runaway caused
by all the steam admission valves stuck fully open upon a full load rejection
have been analyzed.

On the low pressure turbine, an anualysis was made of the bursting speed of
each disc based upon an ultimate tensile strength 20 percent greater than

the minimum guaranteed tensile strength, Each alloy steel disc is accurate-
ly machined and shrunk on to an alloy steel rotor. After shrinking on all

the discs, the blading is installed, and the finished assembly is balanced

to close tolerances. The completed rotor is tested at operating temperature
and overspeed. Based upon experience and tests, it is concluded that the
mode of failure of a disc, should it occur, is a rupture in two or four

parts. The maximum speed at which the unit might run with no disc failure

is 175 percent of nominal speed. At this speed the first discs will rupture.
Immediately following the rupture of the first discs, the steam flow between
the blades of the remaining discs would be significantly reduced, the turbine-
generator would slow down, and further disc failures would not be anticipated.
A disc rupture in the low pressure turbine would result in a missile which
would strike and deeply deform the inner cvlinder 1 causing some deformation
of the inner cylinder 2 and of the outer cylinder but will be contained
within the unit. Therefore, no outside missile is anticipated to be generated
from the low pressure turbine,

FWestinghouse Electric Corporation ' !
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On the high pressure turbine the maximum theoretical speed at which the unit
mayv run, based on the admission steam thermodynamic properties and blade
gceometry, is 205 percent of normal speed. As shown here before, the maximum
speed at which the unit may run, based upon the stress analysis of the low
pressure unit, is 175 percent of nominal speed. The minimum bursting speed

of the spindle, based on the minimum guaranteed mechanical properties of the
spindle material, is 270 percent of nominal speed. Therefore, it is concluded
that no missiles should be generated bv the high pressure turbine due to a
unit runaway,

A more complete description cf the results of the analysis of potential
turbine missiles is contained in a report titled Consideration of the
Consequences of a Turbine Generator Failure in Which Missiles are Generated,
included as Appendix 5=D.

3.1:5 STRUCTURAL DESIGN ANALYSIS

The containment structure will be analyzed by a finite element computer
program for individual loading cases of dead load, live load, temperature,
and pressure as described in 5.1.4.'.

The ACI-318-63 code design methods and allowable stresses will be used for

concrete and prestressed and non-prestressed reinforcing steel except as
noted herein,

- 758 T T S Critical Design Areas

Based on a recent design study of prestressed concrete containment structures,
it has been substantiated that the main areas for design analysis are:

a. The restraints at the top and bottom of the cvlinder

b. The restraints at the edge of the spherical sector dome

c. The stresses around the large penetrations

d. The behavior of the base slab relative to an elastic foundation

€., The stresses due to transient temperature gradients in the
liner plate and concrete

f. Stresses within the ring girder

2. Penetrations and concentrated loads

h. Seismic or wind loads

0294
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5.1.5.2 Analvtical Techniques

The containment structure analysis will be performed b, the finite element
method developed by E. L. Wilson, under sponsorship of National Science

Foundation Research Grant G18986. This program has been further developed
to apply to axisymmetric structures. Such a method of analvsis is normallv
used only for thick-walled structures where conventional shell analysis
yields inaccurate results. Good correlation has been demonstrated between

the finite element analysis method and the test results for thick wall model
vessels,

The design analysis for items a - f is done using the finite computer
program because all of the conditions are axisymmetric., Items g and h
non-axisymmetric and are handled by techniques described in 53.1.5.5,
5.1.5.6 and 5.1.5.7. Effect of the non-axisymmetric loads will be combined
with those obtained from the finite element technique.

The finite element technique is a general method of structural analysis in
which the continuous structure is replaced by a system of elements (members)
connected at a finite number of nodal points (joints). Conventional analysis
of frames and trusses can be considered to be examples of the finite element
method.

In the application of the method to an axisymmetric solid (e.g.,) a concrete
containment structure, the continuous structure is replaced by a system of
rings of triangular cross-section which are interconnected along circumferen-
tial joints, Based on energy principles, work equilibrium equations are
formed in which the radial and axial displacements at the ciriumferential
joints are unknowns of the system. A solution of this set of equations is
inherent in the solution of the finite element svstem.
The finite element grid of the structure base slab will be extended down
into the foundation material to take into consideration the elastic nature
of the foundation material and its effect upon the behavior of the base slab,
The use of a finite element analvsis will permit an accurate determination
of the stress pattern at any location on the structure. The analysis method
has been demonstrated on the following tyvpes of structures:

a., Arch dams (including a portion of the foundation)

b, Thick-walled prestressed concrete vessels

¢. Spacecraft heat shields

d. Rocket nozzles
The computer program used in the analysis will handle the following inputs:

a. Seven different materials

b. Non-linear stress-strain curves for each material

f("‘r‘ -
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¢, Any shape transient temperature curves
d. Any shape axisymmetric loading
The program outputs will be:
a, The direct stress and shear stress for each element
b. The principal stresses and their directions for each element
¢. The deflections for each nodal point

An auxiliary computer program will plot stress curves based on the above
analysis program outputs,

Additional information regarding this technique, the computer program emploved,

and a comparison of the results with other analvtical methods is contained
in Appendix 5-G.

5.1.5.3 Thermal Loads

The thermal loads are a result of the temperature differential within the
structure., The design temperature gradients for this structure are shown
on Figure 5.1-4, The finite element analysis was prepared so that when
temperatures are ziven at every nodal point, stresses are calculated at
the center of each element. This way the liner plate was handled as an
integral part of the structure, having different material properties, and
not as a mechanism which would act as an outside source to produce loading
on the concrete portion of the structure.

The liner plate is designed to have plastic deformation as a result of pre-
stressing and high thermal stresses.

The finite element method includes this analyvsis too, by successive approxi-
mations, changing the modulus of elasticitv of those elements which are
subject to stresses higher than the proportional limit,

The output of the computer analysis shows the effect of the thermal loads
on liner plate and concrete, The liner plate and the inside of the concrete
are subject to compressive stress and the outside of the concrete section is
subject to tension, These tension stresses balance the compressive stresses
so that, except close to any discontinuity, there is no resultant membrane
force. That is, all the compressive forces in the liner plate are carried

by the prestressed concrete and reinforcement near the outside surface of
the structure,

The compressive stresses in the liner plate exceed the proportional limit in
the case of the design basis accident. An increased temperature would keep
the liner pilaise in plastic conditioun, bl only a negligible additional stress
could develop, and thermal stresses would stay unchanged.
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5:1.5.4 Tendon Failure Analvsis

There will be approximately 156 vertical tendons and ?01 hoop tendons, The
hoop tendons will be placed in three 2407 sections around the c+linder using
thres buttresses as anchorages. Therefore., failure of a hoop tendon or a

series of adjoining tendons or spaced hoop tendons is limited between ?740°
segments of the containment vessel,

It is well known that all prestressed tendons are subject to the most
critical stress during initial tensioning. There will be a loss of prestress
on the order of 15 percent due to elastic and plastic losses, which will
reduce the stress level, Even at the factored yield loads, the stress in

the tendons will not be as high as during initial tensioning. FLach of the
tendons has been pre-tested at the time of initial jacking and the stress

in the tendons under accident loading is only 80 percent of this jacking
stress. This means that the possibility of tendon failure under desizn
accident loading is quite remote.

Although it is felt that there is ample reserve capacity in the tendon and
structure, the complex nature of the structural behavior makes it difficult
to predict the effect of a hypothetical series of tendon failures until the
final design is complete,

It is estimated that if two or three of the tendons fail during accident
conditions, and if they are side by side or close together, it will not
affect the integrity of the structure or the liner because the thick con-
crete walls will be sufficient to transmit the force from the ad joining
tendons without resulting in any serious local stresses.

25 Laded Stresses Near Equipment Openings

Analytical solutions for the determination of state of stress in the vicinitv

of equipment openings are obtained from reference to the following articles.

a, '"State of Stress in a Circular Cylindrical Shell with a
Circular Hole," by A, C. Eringen, 4. K. Naghdi, and C. C. Thiel
Welding Research Council Bulletin No. 102, January, 1965.

b. Samuel Levy, A. E. McPherson and F, C. Smith, "Reinforcement
of a Small Circular Hole in a Plane Sheet Under Tension,"
Journal of Applied Mechanics, June, 1948,

The analysis of the containment structure as a whole is first carried out
without considering the openings in it. This analvsis has been done by
using the finite element program,

The containment structure with the opening in it is then analvzed in the
following steps.

a, Formulation of differential equations for the shell in comilex

variable form with the center of the hole as tne origin
(See reference a above)

"
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b. Solution of the differential equations (See reference a above)
c. Evaluation of parameters in the solution (See reference a above)

d, Formulation of the boundary conditions based on the stresses
obtained from the vessel analysis above without the hole

e, Calculation of membrane forces, moments, and shears around
and at the edge of the opening

f. The wall thickness around the opening wili then be increased
and reinforced to carry the higher forces, moment, and shears.
The affect of the thickening on the stress concentration
factors will be considered using reference b above.

g. Evaluation of some of the effects of prestressing that are not
handled in reference a above

h. Finally, the design will be checked to ensure that the strength
of the reinforcement provided replaces the strength removed by
the opening. This check is to maintain a good degree of compat-
ibility between the general vessel chell and the area around
the opening.

Details of the reinforcing and deflected strand pattern around the equipment
hatch opening are shown on Figure 5.1-3,

The pattern of membrane stresses at design accident loading is not expected
to be significantly different from the pattern of membrane stresses during
the proof test, since the membrane stresses due to pressure are far more
significant than those due to dead load or ceismic load.

The deflection of the tendons does not significantly affect the stress
concentrations., This is a plane stress analysis, and did not include the
effect of the curvature of the shell; however, it gives an assurance of the
correctness of the assumed membrane stress pattern caused by the prestressing
around the opening.

The seismic load creates vertical membrane stress in the structure based on
a cantilevered circular beam subjected to base accelerations. The membrane
stresses at the opening are modified by appropriate stress concentration
factors,

The temperature variation through the concrete wall creates a stress condi-
tion like one caused by a moment, constant in all directions on the continuous
cylindrical or spherical surface., However, at any discontinuity, such as an
opening, stress concentrations occur.

0238
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Using the center of the opening as the reference point to relate the .
directions of moments, the radial moment is zero at the edge of the opening,

there being no resistance against radial rotation, The hoop moment is highl:

increased, the outside fiber being forced to take the shape of a larger

circle, while the inside fiber takes the shape of a smaller circle.

Away from the edge of the opening both moments gradually reach the constant
value on the undisturbed portion of the cylinder.

In the case of 1.5P (prestress fully neutralized) + 1.0T (accident tempera-
ture) the cracked concrete with highly strained tension reinforcement con-
stitutes a shell with stiffness decreased but still constant in all directions.
In order to control the increased hoop moment around the opening, the hoop
reinforcement should produce strength about twice that of the radial one,

In the case of accident temperature combined with low internal pressure, very
small or no tension develops on the outside, so the thermal strains will

be built up without the relieving effect of the cracks. However, as has
already been stated elsewhere, the liner plate will reach its yield stress,
and so will the concrete at the inside corner of the penetration, thereby
relieving once again the very high stresses, but still carrying the high
moment in the state of redistributed stresses.

For the analysis of the thermal stresses around the opening the same method
was used as for the other loadings.

At the edge of the opening a uniformly distributed moment equal but opposite .
to the moment existing on the rest of the shell was applied, and evaluated

using the methods of the preceding reference and the effects were superimposed

on the stressescalculated by the computer using the finite element method

for axisymmetric solids.,

3:1:3.6 Seismic Analysis

The loads on the containment structure caused bv earthquake will be
determined as a result of a dvnamic analysis of the structure. The dynamic
analysis will be made on an idealized structure of lumped masses and weight-
less elastic columns acting as spring restraints, The analysis will be
performed in two stages; the determination of the natural frequencies of the
structure and its mode shapes, and the modal response of these modes to the
earthquake by the spectrum response method. Appendix 5-A contains more
details on the seismic design basis for this plant.

The natural frequencies and mode shapes are computed from the equations of
motion of the lumped masses established in a stiffness of displacement
method and are solved by iteration techniques by a fully tested digital
computer program. The form of the equations is:

a

XKy @& = w ™ @

(K) = Matrix of stiffness coefficients including the combined

effects of shear and flexure s ‘
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(M) = Matrix of concentrated masses
(A) = Mat:ix of mode shape
@ = Angular frequency of vibration

The results of this computation are the several values of w_  and mode shapes
Ay for o =1, 2, 3 --- m where m is the number of degrees of freedom (i.e.,
lumped masses) assumed in the idealized structure.

The response of each mode of vibration to the design earthquake is then
computed by the response spectrum technique, as follows:

th

a. The base shear contribution of the n mode

¥ =W e Wy
Va .\n San (.\n'))

Where:
W, = Effective weight of the structure in the nth mode computed
from:

v
(™ x

A,
z”ZlAKP5:

, )
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)
X))

where the
w x

subscript x refers to levels throughout the height of the
strfucture.

th mode

Wn = Angular frequency of the n
San ¢ Wps ¥ ) = Spectral acceleration of a single degree of
freedom system with a damping coefficient of
Y, obtained from the response spectrum.
4 - A . 5 7 - - ¢ x ;
b. The horizontal load distribution for the n h mode is then
computed as:

xn “x/

Ihe several mode contributions are then combined to give the
final response of the structure to the design earthquake.

¢, Additional Considerations:

[he number of modes to be considered in the analvsis will be

determined at the time of [inal design to adequatel epresent
the structure being analyvzed, Since the spectral response
technique vields (he maximum value of response for each mode,
and these maxima do not occur «L the same time, Lhe response

of the modes of vibration will be combined on a root-mean-
square basis to obtain the most probable value of maximum

response, -8-8—_3-'""
0309
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Structural Design

The mathemetical model to be used in the earthquake analvsis of the concain-
ment siructure will be established with due consideration given to the
rotational and translational stiffness of the surrounding soil.

The following values of damping and ground acceleration will be used in the
analvsis together with the natural periods to obtain spectral accelerations:

Design Earthquake Maximum Hypothetical Earthquake
Type of Motion % Damping 7 Damping
Structural 2% 5%
Translation 30% 30%
Rocking 5% 9%

~-J

Wind Analysis

W
.
-
-
(91}
.

1

he loads caused by the incident design wind on the containment structu. e
are a function of the kinetic energy per unit volume of the moving air mass.
The product of f the air density and the square of the resultant
design velocity results in the dynamic pressure of the design wind.

The dynamic pressure (PSF) for stand:
15°9C at 760 mm of mercury in te )

zone is given by:

ird air at 0.07651 pcf
I t

-

q = 0.002558 v~

Similarly, the design pressure to be mutliplied by the projected elevation
area to obtain the total force on the structure includes the effect of the
shape coefficient (Cgq) and is given by:

p=gqxCq-= O.O?BSSSYZCQ

The shape coefficient includes the effect of drag, lift, shape, aspect ratio,
and surface smoothness. The containment structure has an aspect ratio (h/d)
of 1.48 and surface smoothness (t/d) of 1.57 percent. The shape coefficient

is found to be:
(d = 0.70

Where
h = Containment height above ground
t = Projection of buttresses
d = Maximum outside diameter of the containment struc

"
~
~
"
~
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- CONSTRUCTION PRACTICES AND QUALITY ASSURANCE

5.4.1 ORGANIZATION OF QUALITY ASSURANCE PROGRAM

Quality of both materials and construction of the containment structure will
be assured by a continuous program of quality control and inspection by
Bechtel Corporation, the Lngineer-Construction Manager, and bv the Appli-
cant.

Qualified field supervisory personnel and inspectors will be assigned to

the project to carry out the work in accordance with the specifications

and drawings. Project design personnel will make frequent visits to the

job site to coordinate the construction with the design. Inspectors will

be experienced and thoroughly familiar with the type of work to be
inspected, particularly in the field of prestressed concrete., The inspector
will be given complete access to the work and will perform such examina-
tions as are necessary to satisfy himself that the standards set forth in
the applicable codes and specifications have been met.

Where material does not satisfy the standards, he will have the authority
to stop work until the necessary alterations are made.
S5.4.2 APPLICABLE CONSTRUCTION CODES

The following codes of practice will be used to establish standards of con=-
struction procedure.

a. ACI 301 - Specification for Structural Concrete for Buildinzs
{proposed)

b. ACI 318 - Building Code Requirements for Reinforced Concrete
¢. ACI 347 - Recommended Practice for Concrete Formwork
d. ACI 605 - Recommended Practice for Hot Weather Concreting

e. ACI 613 - Recommended Practice for Selecting Propertions for
Concrete

e
<
~

f. ACl 8l4 - Recommended Practice Measuring, Mixing and

Placing Concrete

g. ACI 315 - Manual of Standard Practice for Detailing Reinfor: d
Concrete Structures

h, Part !'W - Requirements for I'nfired Pressure Vessels Fabricated
by Welding of Section VIII of the ASME Boiler and
Pressure Vessel Code

0233
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Construction Practices and Quality Assurance

f. AISC

Steel Manual, Code of Standard Practice .
j. PCI - Inspection Manual
k. AWS - Code for Welding in Building Construction (D 1.0-66)

1. AWS - Recommended Practices for Welding Reinforcing Steel,
Metal Inserts and Connections in Reinforced Concrete
Construction (D 12.1-61)

In every instance the construction procedure for the containment will equal
or exceed the recommendations set forth in the foregoing publications.

The extent to which each detailed procese will exceed standard require=
ments cannot be described without incorporating all applicable job specifi-
cations and anticipating hypothetical construction problems and conditions.
In general, however, wherever the applicable codes specify minimum and
ideal criteria, the ideal will be incorporated into the specifications,

5.5, CONSTRUCTION MATERIALS INSPECTION AND INSTALLATION
Materials to be used in the containment structure include concrete materials

reinforcing steel, prestressing svstem materials, and steel liner plate.
The user inspection and testing of cach material will be as follows:

5:6:3.1 Concrete Materials .

a. Cement

In addition to the tests required by the cement manufacturers,
the following user tests will be performed:

(1) ASTM C 114 - Chemical Analysis

(2) ASTM C 115

Fineness of Portland Cement
(3) ASTM C 151 - Autoclave Expansion
(4) ASTM C 191 - Time of Set

(5) ASTM C 109 - Compressive 3trength

(6) ASTM C 190 - Tensilc Strength

The purpose cof the above tests is to ascevtain conformance
with ASTM Specification C 150. In addition, tests ASTM C 191
and /ST C 109 will be repeated periodically during construce
tion to che .k storage environmental efiects on cement
characteristics. The tests will supplement visual inspection

of materia. storage procedures.
0lid
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Construction Practices and Quality Assurance

b. Water Reducing Agents
A concrete testing laboratory will perform the necessary
strength and shrinkage tests on various water reducing
agents to estabiish the particular additive with the most
desirable characteristics for this application.
c. Aggregates
U'ser tests of concrete aggregate include the following:
Test Basts For Results tc
be Achieved
ASTM No, Name
¢ 131 Los Angeles Abrasion ASTM Spec C-33 To conform
with specifi=-
cation
C L42 Clay Lumps ASTM Spec C-33 To conform
with specifi-
cation
b i By Material Finer than #200 ASTM Spec C-3° To conform
Sieve with specifi=-
cation
C 87 Mortar Making Properties ASTM Spec C=33 To conform
with specifi-
cation
C 40 Organic Impurities ASTM Spec C-33 To conform
with specifi-
cation
C 289 Potential Reactivity ASTM Spec C=-33 To conform
{Chemical) with specifi-
cation
C 136 Sieve Analysis ASTM Spec C=33 To conform with
specification
C 88 Soundness ASTM Spec C-33 To conform
with specifi=-
cation
Cc 127 Specific Gravity and ASTM Spec C=-33 Mix Design
‘bsorption Calculations
C 128 Specific Gravity and ASTM Spec C-33 Mix Desizn
Absorption Calculations
C 295 Petrographic ASTM Spec C-33 | To conform wit}
l specification

Supplement 1
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Construction Practices and Quality Assurance

In addition to the foregoing initial user tests, a dailv .
inspection control program will be carried on during con-

struction to ascertain consistency in potentially variable

characteristics such as 2radation and organic content,

d. Water

Water to be used in concrete mixing will be sampled and
analyzed by a qualified testing laboratory to assure con=
formance with specificat »ns.

5.4.3.2 Concrete
a. Design Mix

Design mixes and the associated tests will be provided by

a quaisfied concrete testing laboratory. The design of
mixes will Le in accordance with ACI 613 to obtain material
proportions for the specified concrete.

During construction the field inspection personnel will make
any minor modifications that may be necessitated by varia-
tions in aggregate gradation or moisture content.

b. Compressive Strength

Concrete strength, slump, and temperature inspections will ‘
be performed. The purpose of the tests and inspection is to

ascertain conformance to specifications. The basis for the

proposed inspection procedure is ACI Manual of Concrete

Inspection with upgraded modifications to meet the more strin-

gent requirements oi this application.

5.4.3.3 Reinforcing Steel

a., Material

All reinforcing steel will be user-testea in accordance with
ASTM specifications. Tests will includ- one tension and one
bend test per heat or per mill shipment, whichever is less,
for each diameter bar. Test samples will be obtained at the
fabrication plant. High strength bars will be clearly
icentified prior to shipment to prevent any possibility of
mix-up with lower strength reinforcing bars.

b. Mechanical Splices
The "Cadweld" inspection piugram is detailed in Appendix 5-C.

Ordinary welded splices will not be used for main bars in the
containment structure, as stated in 5.1.3.2,

Q2io
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Construction Practices and Quality Assurance

Fabrication

Visual! inspection of fabricated reinforcement will be
performed to ascertain dimensional conformance with specifi=-
cations and drawings.

Placement

Visual inspection of in-place reinforcement will be performed
by the placing inspector to assure dimensional and location
conformance with drawings and specifications.

5.4.3.4 Prestress System

Supplement 1

Wires

Sampling and testing of the tendon material used in construc-
tion will conform to ASTM Standard A-421 or ASTM A-416. The
following procedure will be used:

(1)

(2)

(3)

Buttonhead rupture tests from each reel of wire will be
made.

Each size of wire from each mill heat and all strands
from each manufactured reel to be shipped to the site
shall be assigned an individual lot number and tagged
in such a manner that each such lot can be accurately
identified at the job site. Anchorage assemblies shall
likewise be identified. All unidentified prestressing
steel or anchorage assemblies received at the job site
will be subject to rejection.

Random samples as specified in the ASTM Standards stated
above will be taken from each lot of prestressing steel
to be used in the work. With each sample of prestressing
steel wire or strand that is tested, there shall be sub=-
mitted a certificate stating the manufacturer's minimum
guaranteed ultimate tensile strength of the sample to be
tested. Stress-strain curves will be plotted and the
vield and tensile strength verified. For the prefabri-
cated tendons, one completely fabricated prestressing
test specimen 5 feet in length including anchorage
assemblage, will be tested for each size of tendon con-
tained in an individual manufacturing run. The anchorazes
will develop the minimum guaranteed ultimate strength of
the tendon and the minimum elongation of the tendon
material as required by the applicable ASTM specifica=-
tion,

Field inspection will ensure that there are no visible

mechanical or metallurgical notches or pits in the
tendon material.
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Construction Practices and Quality Assurance ‘

b. Installation ‘ |

All prestressing instailation work shall be continuously
inspected by a qualified inspector. All measuring equipment
used for installation will be calibrated and certified by an
approved indevendent testing laboratory. During stressing
operations, records will be kept by the engineer for use in
comparing force measurements with elongation for all tendons.
The resultant cross-reference will provide a final check on
measurement accuracy. Measurement accuracy and rejection
allowances will be in accordance with ACI-318, Chapter 26.

c. GCrease
Grease will be sampled after delivery and submitted to a

qualified testing laboratory for chemical analyvsis to establish
conformance with cpecifications.

5.4,3.5 Containment Liner

a. Steel Plate

Steel plate will be tested at the mill in full conformance
to the applicable ASTM specifications. Certified mill test
reports will be supplied for review and approval by the

engineer, .

There will be no impact testing done on the liner plate
material. The purpose of impact testing is to provide
protection against brittle failure. The possibility of a
brittle fracture of the liner plate is precluded because at
the design accident pressure condition there will not be any
tensile stress anywhere in the liner plate whether there is
instantaneous release of pressure or there is some time lag
in temperature load application. Therefore, the NDT temper-
ature of the liner plate loses significance.

b. Fabrication and Installation

Welding inspection will conform to the quality control
inspection procedure described in detail by Appendix 5-H.

Dimensional tolerances will be checked by an installation
inspector to prevent unanticipated installation deformations,
The radial tolerance will limit variation of the design
radius to + 1-1/2 in. 1In addition, no more than 3/4 in.

1 deviation in radius will be allowed on a single plate section
using a 15 ft template., The maximum inward deflection of the
liner plate between the stiffeners (spaced at 15 in.) will be
1/8 in. relative to a 15 in. straight edge.

7~
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Construction Practices and Quality Assurance
5.4.4 SPECIFIC CONSTRUCTION TOPICS

5.4.4.1 Bondingiof Concrete Between Lifts

Horizontal construction joints will be prepared for receiving the next lifc
bv wet sandblasting, by cutting with an aire-water jet, or by bush hammer-
ing. Surface set retardant compounds will not be used.

When wet sandblasting is to be employed, it will be continued until all
laitance, coating, stains, debris, and other foreign materials are removed.
The surface of the concrete will be washed thoroughly to remove all loose
material.

When air-water cutting is to be used, it will be performed after initial
set has taken place “ut before the concrete has taken its final set. The
surface will be cut with a high pressure air-water jet to remove all
laitance and to expose clean, sound aggregate, but not so as to undercut
the edges of the larger particles of aggregate. After cutting, the surface
will be washed and rinsed as long as there is any trace of cloudiness of
the wash water. Where necessary to remove accumulated laitance, coatings,
stains, debris, and other foreign material, wet sandblasting will be used
before placing the next lift, to supplement air-water cutting.

Horizontal surfaces will be wetted and covered with one-quarter inch to
one-half inch of mortar of the same cement-sand ratio as used in the con-
crete, immediatelyv before the concrete is placed.

Vertical joints will also be sandblasted or bush hammered, cleaned, and

wetted before placing concrete.

5.4.4.2 Prestressing Sequence

>

The detailed stressing sequence will be based on the following general
requirements to minimize unbalanced loads and differential stresses in the
structure.

a. Every second hoop tendon will be tensioned at the three
buttresses within a strip extending from 20 feet above
the construction opening to the bottom of the ring
girder,

. (Deleted)
¢, The alternate hoop tendons will be tensioned within a

strip extending from 30 feet above the construction open-
ing to one 50 feet below the bottom of the ring girder.

Q.
w
(1]
Q.
[
w
-
3
)
4]

The dome tendons will be fullv tension
balanced approach.
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Construction Practices and Quality Assurance

e, The construction opening will be closed.

f. The remaining tendons will be installed including button-
heads,

g. Every second hoop tendon in the lower region will be stressed
following the pattern used on the upper hoop tendons.

h. The vertical tendons will be tensioned.

i, All remaining tendons will be tensioned

The procedure for prestressing will be carefully worked out with the post-
tensioning vendor.

All procedures will be subject to the approval of the Engineer.

The Engineer will provide to the vendor prestressing forces for each tendon,
the anticipated concrete elastic, shrinkage, and creep prestress losses,

and the maximum prestress forces for each stage of prestressing. The
vendor will incorporate all this information along with any steel relaxa-
tion, friction, and anchorage losses to establish the initial jacking

force for each sequential operation.

Force and stress measurements will be made by measuring the elongation of
the prestressing steel and comparing it with the force indicated by the
jack-dynamometer or pressure gage. The gage will indicate the pressure

in the jack within plus or minus two percent. Force-jack pressure gage or
dynamometer combinations will be calibrated against known precise standards
just before application of prestressing forces begins and all calibrations
will be so certified prior to use. Pressure gages and jacks so calibrated
will always be used together.

During stressing, records will be kept of elongations as well as pressures
obtained. Lift-off stress reading will be taken at the end of each stress-
ing operation to check the actual stress in the tendon. Jack-dynamometer
or gage combinations will be checked against elongation of the tendons and
the cause of any discrepancy exceeding plus or minus five percent of that
predicted by calculations (using average load elongation curves) will be
corrected, and if caused by differences in load-elongation from averages
will be so documented. Calibration of the jack-dynamometer or pressure
gage combinations will be maintained accurately within above limits.

5.4.4,3 Liner Plate Sequence

The construction sequence of the containment liner plate is as follows:

a. Inserts for the erection of the floor and the first wall
section will accompany the placing of the base slab. The
installation and testing of the floor liner plate can be
done at anytime prior to the placing of the liner plate

protective slab.

Supplement 1
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Construction Practices and Quality Assurance

The first wall liner plate will be prefabricated, welded,
tested, and then installed after erection of the buttresses
in segments of approximately 120 degrees (center to center of
buttresses) in lifts of 10 ft, This is followed by the weld-
ing and testing of the remaining horizontal and vertical
seams. The installation of wall tendon tubes and reinforcing
steel is followed by the pouring of the walls in alternating
120 degree segments,

The procedure is repeated for the remaining lifts of the wall
in similar fashion, Liner plate erection is permitted to
reach two courses (approximately 10 ft, each) above the con-
crete pours provided adequate bracing is included.

Upon completion of the wall the erection trusses for the dome
are installed. The erection of the dome liner plate is
completed including all welding and testing., This is follow-
ed by a 7 in, concrete pour upon the entire dome area to
support the remaining dome concrete.

The above procedure is a general outline. The exact sequence of construc-
tion will be determined by the contractor and approved by the engineer to
ensure the quality of work.
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5.9 CONTAINMENT SYSTEM INSPECTION, TESTING, AND SURVEILLANCE

3:3:1 TESTS TO ENSURE LINER INTEGRITY

Construction Tests: These take place during the erection of
the containment building liner.

Pre-operational Tests: These are performed after the erection
of the structure is complete but before reactor operation.

5.5.1.1 Tests on Liner During Construction

Inspection procedures to be emploved during construction for the liner
seam welds, liner fastening, and around penetrations will consist of visual
inspection, vacuum box soap bubble testing, radiography, and dye penetrant

testing.

Supplement 1

Visual Inspection of Welds

All of the welding will be visually examined by a technician
responsible for welding quality control. The criteria for
workmanship and visual quality of welds will bte as follows.

(1) Each weld will be uniform in width and size throughout
its full length. Each layer of welding shall be smooth
and free of slag, cracks, pinholes, and undercut, and
shall be completely fused to the adjacent weld beads
and base metal. I[n addition, the cover pass shall be
free of coarse ripples, irregular surface, nonuniform
bead pattern, high crown, and deep ridges or valleys
between beads. Peening of welds will not be permitted.

(2) Butt welds shall be of multipass construction, slightly
convex, of uniform height, and have full penetration.

(3) Fillet welds shall be of the specified size, with full
throat and legs of uniform length.

Soap Bubble Tests

All of the welding which will be covered bv concrete or
otherwise inaccessible after construction will be vacuum box
soap bubble tested. In this test a vacuum box containing

a window is placed over the area to be tested and is
evacuated to produce at least 5 psi pressure differential.
Before the vacuum box is placed over the test area, a soap
solution is applied to the weld and any leaks will be
indicated by bubbles observed through the window in the

box. The soap solution consists of equal parts of corn
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Containment System Inspection, Testing, and Surveillance

syrup, liquid detergent, and glvcerin., The solution shall
be prepared not more than 24 hours preceding the test and
its bubble formaetion properties shall be checked with a
sample leak every half hour during the test.

Radiography

Radiography will be used as an aid to quality control, The
primary purpose of the liner plate and the welds therein is
to provide leak tightness integrity to the post-tensioned
concrete containment vessel. Structural integrity of the
containment is provided by the post-tensioned concrete and
not by the liner plate.

Radiography is not recognized as an effective method for
examining welds to assure leak tightness. Therefore, the
only benefit which can be expected from radiography in con-
nection with obtaining leak tight welds is an aid to quality
control. Random radiography of each welder's work will
provide structural verification that the welding is or is not
under control and being done in accordance with the previously
established and qualified procedures. Additionally, employ-
ing random radiographv to inspect each welder's work has been
proved by past experience to have a positive psychological
effect on improving overall welding workmanship.

The criterion for radiographic techniques shall be in
accordance with Paragraph I'W-51 of Section VIII of the ASME
Code. At least one spot radiograph shall be taken in the

first 10 feet of welding completed in the flat, vertical,
horizontal, and overhead positions by each welder. Thereafter,
approximately 2 percent of the welding will be spot examined
on a random basis, in such manner that an approximately

equal number of spot radiographs will be taken from the work
of each welder.

Dye Penetrant

Dye penetrant inspection will also be used as an aid to
quality control. The field welding inspectors will use dye
penetrant inspection to closely examine welds judged to be

of questionable quality on the basis of the initial visual
inspection. Also, dve penetrant inspection will be used to
confirm the complete removal of all defects from areas which
have been prepared for repair welding. Dyve penetrant inspec-
tion of liner plate welds will be in accordance with Appendix
VIiI, "Methods for Liquid Penetrant Examination," of Section
VIII of the ASME Boiler and Pressure Vessel Code.

oaz3 W7

5.5-2 Supplement 1



Containment System Inspection, Testing, and Surveillance
e. Initial Leak Test for Base Slab Liner Plate Welds

The welds for each section of base slab liner plate will he
vacuum box soap bubble tested immediately upon installation.
After successfully passing this leakage test, they will be
covered with test channels and the particular welds associated
with that section of liner plates will be pressure tested
using a Freon-Air mixture or soap bubble test at design pres-
sure for a period of at least two hours with no drop in
pressure. Any repairs will be carried out utilizing the same
high standards and control exercised in the initial constric-
tion.

5.5.1.2 Pre-operational Integrated Leak Test

The design leak rate will not be more than 0.1 percent by volume of the
contained atmosphere {z 24 hours at 59 psig. It has been demonstrated
that, with good quality control during erection, this is a reasonable
requirement.

The basis of the leak rate test is the reference volume method. Every
effort is made to demonstrate the leak tightness of the reference volume
system. The entire reference volume system is pressurized to a minimum of
100 psi gage with air containing 20 weight percent Freon. All reference
volume joints are bagged with plastic and the system held at this pressure
for 48 hours. The reference volume system, especially the juints, is
checked with a halogen leak detector to demonstrate integrity.

In addition to the usual calculation of leak rate as a function of pressure
differential, air is returned to the reactor containment at the conclusion
of the test through a precision gas meter until the differential pressure
is returned to its original condition. This provides a check on the
calculated leak rate. Reactor containment ambient temperature and humidity
are also measured during the course of the test to provide further backup
information.

The initial leak rate test consists of establishing a leak rate at design
pressure. Because the containment is a thick-walled concrete structure,
short-term temperature or meteorological variations should not have any
appreciable effect on the containment ambient temperature and pressure, [t
should, therefore, be possible to establish meaningful leak rates in a
shorter term test than might be required on a bare steel vessel. The con-
tainment will be held at each test pressure for a minimum of 24 hours.

3.5.2 STRENGTH TEST

A pressure test will be made on the completed building using air at 1.15
times the design pressure. This pressure will be maintained on the building
for a period of one hour. During this test, measurements and observations
will be made to verify the adequacy of the structure design.

022 -
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5.5.3 IN-SERVICE TENDON SURVEILLANCE PROGRAM

The in-service surveillance program for the containment structure consists
of evaluating the tendon system performance and the corrosion protection
system performance. Further, the containment structure is a passive type
system where mechanical operational failures are non-existent, thus only
requiring that the system remain in status-quo and available to perform
its function in the unlikely event that it will be required. It is the
intent of the surveillance programs to provide sufficient in-service his-
torical evidence necessary to maintain confidence that the integrity of
the containment structure is being preserved.

To accomplish the surveillance program, the following quantity of tendons
will be made available for inspection and lift-off readings.

Horizontal - Three 240° tendons comprising one complete hoop
system,

Vertical - Three tendons spaced approximately 120° apart.
Dome - Three tendons spaced approximately 120° apart.

The surveillance program for structural integrity and corrosion protection
will consist of the following operations being performed during each
inspection.

a. Lift-off readings will be taken for all nine tendons.

b. One tendon of each directionual group will be relaxed and
three wires or one strand removed as samples for inspection.

c. After the inspection the tendons will be retensioned to the
stress level measured at the lift-off reading, and then
checked by a final lift-off reading.

d. Should the inspection reveal any significant corrosion
(pitting, or loss of area), further inspection of the other
two sets will be made to determine the extent of the corro-
sion and its significance to thez load carrying capacity of the
structure, Samples of corroded wire or strand will be tested
to failure to evaluate the effects of any corrosion.

Inspection requirements for containment, as well as those for other sys-
tems, will be a part of the technical specifications for the plant and
therefore, will be included in the operating license application. Changes
in these inspection requirements or their elimination at any time during
plant life will be subject to AEC regulations governing technical speci-
fications and will require review and approval by the AEC after justifi-
cation by the applicant.

Conservative testing requirements will be established at the operating
license stage and nothing in the design of the containment will preclude

the testing of tendons or pneumatic testing of the containment during its
life.

-
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9.6  FUEL HANDLING SYS
9.6,1 DESIGN BASES

9.6.1.1 General System Function

The fuel handling system (Figure 9.6-1) is designed to provide a safe,
effective means of transporting and handling fuel from the time it reaches
the plant in an unirradiated condition until it leaves the plant after
postirradiation cooling. The system is designed to minimize the possibility
of mishandling or maloperations that could cause fuel assembly damage and/or
potential fission product release.

The reactor is refueled with equipment designed to handle the spent fuel
assemblies under water from the time they leave the reactor vessel until
they are placed in a cask for shipment from the site. Underwater transfer
of spent fuel assemblies provides an effective, economic, transparent radi-
ation shield, as well as a reliable cooling medium for removal of decav
heat, Borated water insures subcritical conditions during refueling,

9.6.1.2 New Fuel Storage Area

The new fuel storage area is a separate and protected area for the dry
storage of new fuel assemblies, The new fuel storage area is sized to
accommodate the maximum number of new fuel assemblies required for refueling
of the reactor as dictated by the fuel management program. The new fuel
assemblies are stored in racks in parallel rows having a center-to-center
distance of 21 in, in both directions, This spacing is sufficient to main-
tain a kgoggs of less than 0,9 when wet.

9.6.1.3 Spent Fuel Storage Pool

The spent fuel storage pool is a reinforced concrete pool lined with

stainless steel; it is located in the fuel storage building., The pool

is sized to accommodate 255 spent fuel assemblies which allows for a full '2
core of irradiated fuel assemblies in addition to the concurrent stcorage

of the largest quantity of spent fuel assemblies from the reactor as

established by the fuel management program, he spent fuel assemblies

are stored in racks in parallel rows having a center-to-center distance n»f

21 in. in both directions. Control rod assemblies requiring removal from

the reactors are stored in the spent .uel assemblies,

9,6.1.4 Spent Fuel Transfer Tube

Two horizontal tubes are provided to convey fuel between the reactor
building and the spent fuel storage pool. These tubes contain tracks for
the fuel transfer carriages, gate valves on the spent fuel storage pool
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Fuel Handling System

side, and a means for flanged closure on the reactor building side. The
fuel transfer tubes penetrate into the fuel transfer canal at the lower
depth, where space is provided for the rotation of the fuel tran:fer
carriage baskets containing fuel assemblies.

9.6.1.5 Fuel Transfer Canal

The fuel transfer canal is a passageway in the reactor building extending
from the reactor vessel to the reactor building wall., It is formed by an
upwarc extension of the primary shield walls. The enclosure is a reinforced
concrete structure lined with stainless steel; it forms a canal above the
reactor vessel, which is filled with borated water for refueling.

Space is available in the fuel transfer canal for underwater storage of
the reactor vessel internals upper plenum assembly,.

The deeper fuel transfer station portion of the fuel transfer canal, can be

used for storage of the reactor vessel internals core barrel and thermal
shield assemblies by temporarily removing the new fuel handling racks.

9.6.1.6 Miscellaneous Fuel Handling Equipment

This equipment consists of fuel handling bridges, fuel handling tools, new
fuel storage racks, spent fuel storage racks, new fuel handling racks, fuel
transfer containers, control rod handling tools, viewing equipment, fuel
transfer mechanisms, and shipping casks. In addition to the equipment
directly associated with the handling of fuel, equipment is provided for
handling the reactor closure head and the upper plenum assembly to expose
the core for refueling.

9.6.2 SYSTEM DESCRIPTION AND EVALUATION

9.6.2.1 Receiving and Storing Fuel

New fuel assemblies are received in shipping containers and stored dry in
racks having a center-to-center distance of at least 21 in. They are sub-
sequently moved into the reactor building in one of the following ways.

a., After reactor shutdown, new fuel assemblies can be transferred
from new fuel storage area into the reactor building through

the equipment hatch and stored directly in the new fuel handl-
ing racks in the transfer canal adjacent to the transfer tubes,

b, After reactor shutdown, new fuel assemblies can be transferred
from the new fuel storage area into the reactor building trans-
fer canal by way of the spent fuel storage pool with the use
of the fuel transfer carriage and the fuel transfer tubes.

08 T
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Fuel Handling System

9.6.2.2 Loadin&and Removing Fuel

Following the reactor shutdown and reactor building entry, the refueling
procedure is begun by removing the reactor closure head and control rod
drives assembly, Head removal and replacement time is minimized by the

use of two stud tensioners, The stud tensioner is a hydraulically operated
device that permits preloading and unloading of the reactor closure studs
at cold shutdown conditions. The studs are tensioned to their operational
load in two steps in a predetermined sequence. Required stud elongation
after tensioning is verified by micrometer measurements,

Following removal of the studs from the reactor vessel tapped holes, the
studs and nuts are supported in the closure head bolt holes with specially
designed spacers. Removal of the studs with the reactor closure head mini-
mizes handling time and reduces the chance of thread damage.

The reactor closure head assembly is handled by a lifting fixture supported
from the reactor building crane, It is lifted out of the canal onto a head
storage stand located on the operating floor. The stand is designed to pro-
tect the gasket surface of the closure head. The lift is guided by two
closure head alignment pins installed in two of the stud holes. These pins
also provide proper alignment of the reactor closure head with the reactor
vessel and internals when the closure head is replaced after refueling.

The studs and nuts can be removed from the reactor closure head at the stor-
age location for inspection and cleaning using special stud and nut ‘handling
fixtures. A stud and alignment pin storage rack is provided.

The annular space between the reactor vessel flange and the bottom of the
fuel transfer canal is sealed off, before the canal is filled, by a seal
clamped to the canal shield plate flange and the reactor vessel flange.
The fuel transfer canal is then filled with borated water.

The upper plenum assembly is removed from the reactor by the reactor
building crane and stored under water on a stand on the fuel transfer canal
floor using a lifting device with special adapters.

Refueling operations are carried out using the fuel handling bridge cranes
which span the fuel transfer canal., One bridge is used to shuttle spent
fuel assemblies from the core to the transfer station and new fuel assem-
blies from the new fuel handling racks to the core. During this operation
the second bridge relocates partially spent fuel assemblies in the core as
specified by the fuel management program.

Fuel assemblies are handled by a pneumatically operated fuel handling tool
attached to a telescoping and rotating mast which moves laterallv on the
bridge. Control rod assemblies are handled by a control rod handling tool
attached to a second mast located on the bridges in the reactor building.

The fuel handling bridge moves a spent fuel assembly from the core under
water to the transfer station where the fuel assembly is lowered into the
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Fuel Handling System

fuel transfer carriage fuel basket., The control rod handling tool attached
to the second mast is used to transfer a control rod assemb'y to a new fuel .
assembly in the adjacent new fuel handling racks. This new fuel assembly

with contreol rod assembly is carried to the reactor by the fuel handling

tocl and located in the core.

Spent fuel assemblies removed from the reactor are transported to the spent
fuel storage pool f{rom the reactor building via the fuel transfer tubes by
means of motor driven fuel transfer carriages. The spent fuel assemblies
are removed from the fuel transfer carriage basket using a pneumatically-
operated fuel handling tool attached to a movable mast located on the fuel
handling bridges. These motor-driven bridge span the spent fuel storage
pool and permit the refueling crew to store or remove new fuel assemblies
in any one of the many vertical storage rack positionms.

S1

F The fuel transfer mechanisms are underwater motor-driven carriages that run
on tracks extending from the spent fuel storage pool through the transfer
tube and into the reactor building. Rotating fuel baskets are mounted on
one end of the fuel transfer carriages to receive fuel assemblies in a ver-
tical position. The hydraulically operated fuel baskets on the end of the
carriages being used for refueling are rotated to a horizontal position for
passage through the transfer tubes, and then rotated back to a vertical
position in the spent fuel storage pool for vertical removal of the fuel
assemblies,

Once refueling is completed, the fuel transfer canal water is drained by

suction through a pipe located in the deep transfer station area. The

canal water is pumped to the borated water storage tank to be available ‘
for the next refueling or for emergency cooling following a loss-of-coclant

accident.

During operation of the reactor, the carriage is stored in the spent fuel
storage pool, thus permitting the gate vaive on the spent fuel storage pool
side of the transfer tube to be closed and the blind flanges to be installed
on the reactor building side of the tube, .
The spent fuel storage pool has space for a spent fuel shipping cask, as
well as for required fuel storage. Following a sufficient decay period,
the spent fuel assemblies are removed from storage and loaded into the
spent fuel shipping cask under water for removal from the site. Casks up
to 100 tons in weight can be handled.

A decontamination area is located in the building adjacent to the spent
fuel storage pool; in this area the outside surfaces of the casks can be
decontaminated before shipment by using steam, water, or detergent solu-
tions, and manual scrubbing to the extent required.
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Fuel Handling System

9.0.2.3 Safety Provisions

Safety provisions are designed into the fuel handling system to prevent
the development of hazardous conditions in the event of component mal-
functions, accidental damage, or operational and administrative failures
during refueling or transfer operations.

All fuel assembly storage facilities, new and spent, maintain an eversafe
geometric spacing of 21 in, between assemblies. The new and spent fuel
storage racks are designed so that it is impossible to insert fuel assem-
blies in other than the prescribed locations, thereby ensuring the necessary
spacing between assemblies, Although new fuel assemblies are stored dry,
the 21 x 21 in. spacing ensures an eversafe geometric array in unborated
water, Under these conditions, a criticality accident during refueling

or storage is not considered credible.

All fuel handling and transfer containers are also designed to maintain

an eversafe geometric array., Mechanical damage to the fuel assemblies
during transfer operations is possible, although remote. Since the fission
product release would occur under water, the amount of activity reaching
the environment will present no appreciable hazard. A fuel handling acci-
dent analysis is included in Section 1l4&.

All spent fuel assembly transfer operations are conducted under water. The
water level in the fuel transfer canal provides a minimum of 10 ft of water
over the active fuel line of the spent fuel assemblies during movement from
the core into storage; this limits radiation at the surface of the water to
less than 10 mrem/hr. The spent fuel storage racks are located to provide
a minimum of 13 ft of water shielding over stored assemblies to limit radi-
ation at the surface of the water to no more than 2.5 mrem/hr during the
storage period. The depth of the water over the fuel assemblies, as well
as the thickness of the concrete walls of the transfer canal, is sufficient
to limit the maximum continuous radiation levels in the working area to

2.5 mrem/hr.

Water in the reactor vessel is cooled during shutdown and refueling by the
decay heat removal system described in 9.5, In case of a power failure,
this system will be operated by the auxiliary power supply. The spent

fuel storage pool water is cooled by the spent fuel cooling system as
described in 9.4, A power failure during the refueling cycle will create

no immediate hazardous condition owing to the large water volume in both

the fuel transfer canal and spent fuel storage pool., With a normal quantity
of spent fuel assemblies in the storage pool and no cooling available, the
water temperature in the spent fuel storage pool would increase as discussed
in 9.4.2.3.

During the refueling period the water level in both the fuel transfer canal
and the spent fuel storage pool is the same, and the fuel transfer tube
valves are continuously open. This eliminates the necessity for interlocks

between the fuel transfer carriage aund fuel transfer tube valve operations.
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Fuel Handling System

The simplified movement of a transfer carriage through the horizontal

fuel transfer tubes minimizes the danger of jamming or derailing. To

cope with such an eventuality, the open tube design provides access to

the entire length of the fuel transfer carriage travel from the fuel trans-
fer canal. All operating mechanisms of the system are located in the fuel
storage building for ease of maintenance and accessibility for inspection
before the start of refueling operations,.

During reactor operation bolted and gasketed closure plate located on the
reactor building flange of the fuel transfer tubes, prevent leakage of water
from the spent fuel storage pool into the transfer canal in the event of a
leak through the fuel transfer tube valve. Both the spent fuel storage
pool and the fuel transfer canal are completely lined with stainless steel
for leak-tightness and ease of decontamination. The fuel transfer tube
will be appropriately attached to the liner to maintain leak integrity,
The spent fuel storage pool cannot be accidentally drained since water
must be pumped out through a suction pipe. The fuel transfer mechanisms
are designed to permit initiation of the carriage travel and the carriage
fuel basket rotation from the building in which the carriage fuel basket
is being loaded or unloaded.

All electrical gear is located above water for greater integrity and ease
of maintenance. The hydraulic systems that actuate the rotating fuel
baskets use storage pool water for cperation to eliminate contamination.

The fuel transfer canal and storage pool water will have a boron concentra-
tion of 2,270 ppm. Although this concentration is sufficient to maintain
core shutdown if all of the control rod assemblies were removed from the
core, only a few control rods will be removed at any one time during the
fuel shuffling and replacement. Although not required for safe storage

of spent fuel assemblies, the spent fuel storage pool water will also be
borated so that the transfer canal water will not be diluted during fuel
transfer operations.

The fuel handling bridge mast travel is designed to limit the maximum lift
of a fuel assembly to a safe shielding depth,

Relief valves are provided on each stud tensioner to prevent overtensioning
of the studs due to oxcessive pressure,

Gross failures of fuel are prevented by safety margins in the design and
control of the core. The fuel assembly utilizes a free-standing Zircaloy
fuel rod of sufficient length to accommodate the expected fission gas
release from the fuel.

Any leaking fuel assemblies will be removed from the core for verification
of leakage and placed in a failed fuel container. This operation is done

in the fuel transfer canal and completely seals ,ff the leaking fuel
assembly before the fuel transfer mechanism tramsfers it out of the fuel
trancfer canal into the spent fuel storage pocl. The design of the failed
fuel containers will comply with 10 CFR 71 so that a defective fuel assembly
can be safely stored and shipped while sealed in the failed fuel container.

Q252

-~ n :
9,.6-6 jappfément 1



Fuel Handling System

9.6.2,4 Operational Limits

Certain manipulations of the fuel assemblies and reactor internals during
refueling may result in short-term exposures with radiation levels greater
than 2.5 mrem/hr, The exposure time will be limited so that the integrated
lyses to operating personnel do not exceed the limits of 10 CFR 20.

The fuel handling bridge is limited to the handling of fuel and control
rod assemblies and reactor closure head studs only. All lifts for handling
the reactor closure head and reactor internals will use the reactor

building crane.

Travel speeds for the fuel handling bridge, masts, and fuel transfer
carriage will be controlled to ensure safe handling conditions.
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APPENDIX 5A

DESIGN BASES FOR
STRUCTURES, SYSTEMS AND EQUIPMEN

1.0 GENERAL

The design bases for structures for normal operating conditions are governed
by the applicable building Jdesign codes. The design bases for specific
systems and equipment are stated in the appropriate PSAR Section. The basic
design criterion for the maximum hypothetical accident and seismic conditions
is that there be no loss of function if that function is related to public
safety.

2.0 CLASSES OF STRUCTURES, SYSTEMS AND EQUIPMENT
2«1 CLASS 1

Class 1 structures, systems aud equipmen:t are those whose failure could
cause uncontrolled release of radioactivity or those essential for immediate
and long-term operation following a loss-of-coolant accident. They are
designed to withstand the appropriate seismic loads and other applicable
loads without loss of function., Wien a system as a whole is referred to

as Class 1, portions of the system not associated with the loss of function
criteria, may be designated as Class 2, Class 1 structures will be
sufficiently isolated or protected from Class 2 structures to ensure that
their integrity is maintained at all times.

The following are Class 1 structures.
® Containment structure shell
® JNuclear service spray ponds and pipe lines

® The auxiliary building tnat houses engineered safeguards systems,
control room, and radiocactive materials

® Fuel storage facilities
e Supports for Class ' svstem components

® Storage Reservoir

Class 1 equipment and systems are as folliows

® Reactor vessel and internale including control rods and control
rod drives

e Primary coolant system components (steam generators, pressurizer,

pumps, etc.) and piping, including vent and drain piping inside the
containment
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e Containment penetrations up to and including the first isolation

valve outside containment '
.

Main steam and main feedwater piping up to the code limit of ASME
Boiler and Pressure Vessel Code Section I. (Stop Valves)

e Atmospheric dump and main steam safety valves and associated piping
from main steam headers

@ New and spent fuel storage racks and fuel handling equipment

@ Motor-driven and steam-driven auxiliary feedwater pump, condensate
storage tank and associated piping

® Emergency diesel generators intluding fuel supply
e Containment building crane (unloaded condition)

e Control boards, switchgear, load centers, batteries, transformers
and cable runs serving Class 1 equipment

® Nuclear service raw water system
® Nuclear service cooling water system
e Containment spray system

e Containment 2ir recirculation

® Low pressure injection and decay heat removal

e Core flooding injection tanks and piping

e High pressure injection, make-up and purification
e Borated water storage tank

e Radioactive waste treatment

e Spent fuel cooling and clean-up

® Plant Vent
2sd CLASS 2

Class 2 structures, svstems, and equipment are those whose failure would not
result in the release of radioactivity and would not prevent reactor shutdown.

3.0 DESIGN BASES

3.1 CLASS 1 STRUCTURES DESIGN w

3ulsl Containment Structure

The design of the containment structure for all credible conditions of loading .
including normal loads, accident loads, rhermal loads and environmental loads
(including seismic) is found in Section 5, Containment System.
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3.1.2

3.1.3

Supplement 1

Storage Reservoir

The design cf the storage reservoir is found in Appendix 2G, Storage
Reservoir Criteria.

Structures Other Than Containment and Reservoir

a,

Normal Operations

Loads encountered during normal plait operation including design
earthquake loads are resisted by the structure using design
methods of appropriate standards and codes insofar as they are
applicable. Normal allowable stresses are used for this load
condition,

Accident, Wind and/or Seismic Conditioms

Class | structures are, in general, proportioned to maintain
elastic behavior when subjected to various combinations of

dead loads, accident loads, thermal loads, wind loads and/or
earthquake loads. Concrete structures are designed for ductile
behavior wherever possible; that is, with steel stress control-
ling the design.

The final design of Clasr 1 structures other than the contain-
ment structure satisfies the following load combinations and
factors.

1.0p + 1.0L + 1.0H

1.00 + 1.0H + 1.0E/W

1/® (1,00 + 1.08 + 1.0E")
1/ (1.0D + 1.0R)

1.0D + 1.0R + 1.0E'

o G B P
"

In arzas where dead load subtracts from critical stress 0.90 D
will be used.

A = capacity of the structure based upon allowable code
stresses with no stress increase.

Y = required yield capacity of the structures.

D = dead load of structure and equipment plus any other
permanent loads contributing stress, such as soil or
hydrostatic loads. In addition, a portion of "live
load" is added when such load is expected to be present
when the plant is operating. An allowance is also made

. for future permanent loads.

L = appropriate live load

R = load on structure from reaction or pressure due tO
rupture of any one pipe.

H = load on structure due to thermal expsnsion of pipes
under operating conditions.

E = "design earthquake" load resulting frem (Figure 3A-1)
ground surface acceleration of 0.13g.

E' = "maximum hypothetical earthquake" load resulting from
(Figure 5A-2) seismic ground surface acceleration of
0.25g.

W = wind load i W
O!Q(:‘s g

(w1

3
t
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= 0.90 for reinforced concrete in flexure. .
0.85 for tension, shear, bond, and anchorage in rein-

forced concrete,

0.75 for spirally-reinforced concrete compression members,

0.70 for tied compression members.

0.90 for fabricated structural steel.

0.90 for mild reinforcing steel (not prestressed) in

direct tension.

0.95 for prestressed tendons in direct tension.

=) SessS |as
oo

The containment structure and engineered safeguards systems
components are protected by barriers from all credible missiles
which might be generated from the primary system. Local vielding
or erosion of barriers is permissible due tc jet or missile impact,
provided there is no general failure. Missile barriers are de-
signed on the basis of absorbing energy by plastic yielding.

The final design of the missile barrier and equipment support
structures inside the containment will be reviewed to assure
that they can withstand applicable pressure loads, jet forces,
pipe reactions and carthquake loads without loss of function.
The deflections or deformations of structures and supports will
be checked to assure that the functions of the containment and
engineered safeguards equipment are not impaired.

The maximum displacement of structures, systems and equipment
will be considered so the design and ma jor components will have
structural separation (with the exception of the fuel transfer
tube) which will allow for aifferential movement. The found-
ation material is uniform and of such a nature that no perma-
nent settlement or tilting will result from seismic loads.

3.2 CLASS 1 SYSTEMS AND EQUIPMENT DESIGN

Components and systems classified as Class 1 will be designed in accordance
with the following criteria

a,

For Case I stress intensities shall be maintained within the
allowable working stress limits accepted as good practice, and
where applicable, as set forth in the appropriate design stan-
dards, e.g., ASME Boiler and Pressure Vessel Code and USASI
B31.1 Code for Pressure Piping.

For Cases II, III, and IV stress intensities and the correspond-
ing strains shall be limited so that the function of the com-

ponent or system shall not be impaired as to prevent a safe
and orderly shutdown of the plant,

0239 §o— ®
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Case Loading Combination Stress Limits

¢ Design loads + design earthquake loads P,s 1.0 §,
P!+Pbs 1.5 8§,

I1 Design loads + maximum hypothetical Pm % 1.2 Sm

earthquake loads
P! + Pys 1.2 (1.5 Sy)

E = 5 4 Design loads + pipe rupture loads P.s1.28)

B + By < 1.2 (1.5 5)

v Design loads + maximum hypothetical P,s 2/3§, 3
earthquake loads + pipe rupture loads
Pl + P,s 2/3 8,

* where Pm = Primary general membrane stress intensity

Allowable membrane stress intensity

&

P! = Primary local membrane stress intensity

o
o
]

Primary bending stress intensity

w
L}

a Ultimate stress for unirradiated material at
operating temperature

* (1) All symbols have the same definition or connotation as those
in ASME B&PV Code Section III, Nuclear Vessels.

* (2) Portions of systems or components not covered by ASME B&PV Code
Section III will be designed in accordance with applicable codes
using the stress limits stated above,

* (3) The limits given above are for primary stresses; general mem-
brane, local membrane, and bending. B3ased on available stress-
strain curves, the corresponding strains will be about 20% of
the uniform strain or less. This applies to all pertinent
material, in the unirradiated condition. 4

* (4) Maximum local strains, due to P, + P, will be in the order of
3% for carbon steel and 107 for type 18-8 stainless steel for
cases [ and II in unirradiated material. For Cases III and IV
the piping will be restrained to prevent secondary damage.

All components will be designed to insure against structural instabilities I3

regardless of stress levels, G g 5 -
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Adequate flexibility will be provided in piping and other interconnecting
elements to allow for differential .aovement during an earthquake.

3.3 CLASS 2 STRUCTURES, SYSTEMS AND EQUIPMENT DESIGN

All Class 2 structures, systems and equipment are designed in accordance
with the applicant's scandard practice. However, in no case will the
design criteria in this classification be less restrictive than that
required by standard applicable codes and standards of the requirements
of the Uniform Building Code.

4,0 EARTHQUAKE LOADS FOR CLASS 1 STRUCTURES, SYSTEMS AND EQUIPMENT

Seismic Forces (E and E') == AEC publication TID 7024, "Nuclear Reactors
and Earthquakes," is used as the basic design guide for seismic analysis.,

The "design earthquake," to be used for this plant, has a maximum ground
acceleration of 0.13g horizontally. The "maximum hypothetical earthquake"
has a maximum ground acceleration of 0.25g horizontally.

Seismic loads on structures, systems and equipment are determined by
realistic evaluation of dynamic properties and the acceleration from
response spectrum. The response spectra for the horizontal component are
given in Figures 5A-1(a) and S5A-2(a), and the response spectra for the
vertical component are given in Figures 5A-1(b) and SA=2(b).

The structures, systems and equipment will be designed for the horizontal
component, the vertical component or a combination of the horizontal and
vertical components acting simultaneously.

023
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3.0 DAMP LNG *

Stress Level

e

Z Critical

Damping

Tvpe and Condition
of Structure

Percentage
Critical D

1. Low, well below a. Vital piping )5
proportional limit, b. Steel, reinforced or
stresses below 1/-. prestressed concrete, 0.5 to
vield point no cracking, no
joint slip
2. Working stress, no a, Vital piping 0.5 to
more than about 1/2 b. Welded steel, pre-
vield point stressed concrete, 2
well reinfurced
concrete (only slight
cracking)
¢. Reinforced concrete
with considerable } to
cracking
i, Bolted and/or riveted
steel 5 to
3, At or just below a. Vital piping 2
vield point ol Welded steel,
prestressed concrete
(without complete 5
loss in prestress)
¢c. Prestressed concrete
with no prestress left 7
d. Reinforced concrete 7 to
e. Bolted and/or riveted 10 to
steel
3 All ranges Rocking of Entire Structure 5 to
Translation of Entire Struc- 307
fure
} rence 8
R rence 3, 6, 7
0232 5 i
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6.( LOADINGS COMMON TO ALL STRUCTURES

Ice or Snow Loading = A uniform distributed live load of 20 pounds 1
square foot on all rcofs provides for any anticipated snow and/or ic:

)
loading.
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FIGURE 5A-1 (a)
DESIGN EARTHQUAKE
HORIZONTAL RESPONSE SPECTRUM

SACRAMENTO MUNICIPAL UTILITY DISTRICT
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