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components, such as piping and strainers are not listed; they may be found
by reference to the P&ID's (Chapters 5.0, 6.0, and 9.0) where the exact
boundaries are indicated.

Al pressure containing components in Safety Classes 1, 2, and 3 are designed,
manufactured, and tested in accordance with the rules of the ASME Boiler

and Pressure Vessel Code, Section III. Components in Safety Class 4 are
designed and constructed with appropriate consideration of the intended
service using applicable industry codes and standards. The relationship
between safety class and code class is shown in Table 3.2-2. A higher code
class may be used for component without changing the safety class or affecting
the balance of the system in which it is located.

Fracture toughness requirements are imposed on materials for pressure
retaining parts of ASME Class 2 and 3 CESSAR system components. Test
methods, acceptance, and exemption criteria are in conformance with the
ASME Code, Section III.

The safety classification system is also used to identify those components

to which the requirements of 10CFR50, Appendix B, are applicable. Components
in Safety Classes 1, 2, and some components in Safety Class 3 are designed

and manufactured under a riqorous quality assurance program reflecting the
requirements of Appendix B, and are designated Quality Class 1. The Quality
Class 1 quality assurance program is described in Chapter 17. Components
which do not serve a safety related function are designated Quality Class

2. Quality Class 2 components will be designed and manufactured in accordance
with the pertinent requirements of the Quality Assurance Program as given

in Chapter 17.

The quality class of major mechanical and electrical components are shown
in Table 3.2-1 and Section 3.11, respectively, in conjunction with the
safety and seismic classifications.

The use of the avove outlined safety and quality classification systems

meets the intent of Reqgulatory Guide 1.26 and the requirements of 10CFRS50
Section 50.55a.

Amendment No.
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TABLE 3.2-1 (Cont'd.) (Sheet 2 of 20

CLASSIFICATION OF
STRUCTURES, SYSTEMS, AND COMPONENTS

Chemical and Volume Control System (Cont'd.

Boric acid condensate ion exchanger

Reactor drain pumps

Holdup pumps

Reactor drain tank

Holdup tank

Equipment drain tank

Refueling water tank

Reactor makeup water tank

Gas stripper

Purification filters

Reactor drain filter

Seal injection filters

Reactor makeup filter

Boric acid filter

Letdown Strainer

Preholdup Strainer

Boric Acid Condensate lon
Exchanger Strainer

lon Exchanger Drain Header Strainer

Boric Acid Batching Strainer

Chemical Addition Strainer

% % % % % B % % X * * * =

Fuel Handling System

Refueling Machine

Fuel Transfer System

1. Transfer Carriage

2. Upending Machine

3. Hydraulic Power Unit

Fuel Transfer Tube, Valve
| CEA Change Platform
| Long and Short Fuel Handling Tools
| Reactor Vessel Head Lifting Rig
: Upper Guide Structure Lifting Rig
| Core Barrel Lifting Rig
| Spent Fuel Handling Machine

New Fuel Elevator
| Underwater Television
' Dry Sipping Equipment
Refueling Pool Seal
In-Core Instrumentation and CEA Cutter
Extension Shaft Uncoupling Tool
Fuel Transfer Tube Blind Flange
CEA Handling Tools

Safety

Class

)

BLWNWBNWNWaENWEBEBALBBWS

B s b

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

Seismic
Category

N/A
I
N/A
N/A
N/A
I
I
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

P ot et PO P = P =t PO PN = NI NI PO N NN

NN

PO NN ORI NN
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Component
Identification

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 3 of 20)

___Location/Description

Reactor Coolant System (RCS) (12)

RC-212
RC-214
RC-215, 216,
233, 333,
235, 335
RC-248, 249,
256, 257,
RC-206, 207,
RC-204, 205
RC-239
RC-200, 201,
RC-240, 241,
236, 237
RC-100E,
RC-244
RC-210,
RC-211
RC-292, 293,
296, 297,
RC'7529 753!
RC-712, 713,
RC-446, 447,
450, 451,
RC-772, 773,
RC-868, 869,
700, 701,
RC-724, 725,
736, 737,
RC-430, 431,
344, 345,
RC-380, 381,

213,

Chemical and

CH-100
CH-101
CH-103
CH-104
CH-110P
CH-110Q
CH-112
CH-113

100F

232,
234,

332,
334,

252,
260,
208,

253,
261
209

202,
242,

203
243,

238

294,
298,
754,
714,
448,
452,
774,
870,
702,
726,
738,
432,
346,
382,

295,
299
755
715
449,
453
775
871,
703
727,
739
433,
347
383

Reactor vessel vent
Refueling level indicator
RCS drains

Reactor coolant pump (RCP)

level indicator
pressure indicator
vent

safety

spray line

Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer

Pressurizer spray line control
Pressurizer spray line check

Sample System

Reactor Vessel Closure tead Leakoff
RCS pressure differential

RCP
RCP
RCP

Seal Housing Drain
Vent
HP Cooler

RCP
RCP

HP Cooler vent
filter drain

RCP seal cooler pressure

RCP controlled bleedoff

RCP vapor seal pressure indicator

Volume Control System (CVCS) (12)

VCT Vent Isolation

Letdown Check

VCT Vent Pressure Indicator Isolation
VCT Vent Isolation

Letdown Control

Letdown Control

VCT Gas Supply Line Check

VCT Level Indicator Isolation

Amendment No. 7

March 31,

Safety Seismic
Class_  Category
1 I
1 I
1 I
2 I
2 I
2 I
1 I
1 I
1 I
1 I
1 I
2 I
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2 I
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2 I
2 I
2 I
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Component

__ldentification _

CH-114
CH-115
Ch-=116
CH-117
CH-118
CH-124
CH-126
CH-127
CH-128
CH-129
CH-130
CH-13]

CH-132
CH-134
CH-135
CH-136
CH-137
CH-138
CH-139
CH-143
CH-144
CH-145
CH-146

CH-147

CH-152
CH-153
CH-154
CH-155
CH-156
CH-157
CH-158
CH-159
CH=161
CH-164
CH-165

Ch-166
CH-172
CH-174
CH-176
CH-177

TABLE 3.2-1

SAFETY CLASS i, 2 & 3 VALVES
(Sheei 4 of 20 )

__Location/Description

VCT Level Indicator Isolation

VCT to EDT Relief

VCT Local Sample Line Isolation

CVT to DRDH Isolation

VCT Check

RWT Supply Isolation

BABT Line to RWT Isolation

BAC Line to RWT Check

RWT Level Indicator Isolation

RWT Level Indicator Isolation

BAMP Recirc Isolation

Boric Acid Filter D/P Indicator
Isolation

BAMP Discharge Filter Vent

BAMP to DRDH Isolation

RWT Level Indicator Isclation

RWT Level Indicator Isolation

RWT Level Indicator Isolation

RWT Level Indicator Isolation

Gas Stripper to VCT Check

BAMP Suction Isolation

RWT to PCPS Isolation

BAMP Suction Isclation

RAMP Discharge Pressure indicator

Isolation

BAMP Discharge Pressure Indicator

Isolation
BAMP Discharge Isolation
BAMP Discharge Isolation
BAMP Discharge Check
BAMP Discharge Check
RWT Level Indicator Isolation
RWT Level Indicator Isolation
RWT Level Indicator Isolation
RWT Level Indicator Isolation
Boric Acid Makeup to VCT Check
Boric Acid Filter Bypass
Boric Acid Filter D/P Indicator
Isolation

Boric Acid Makeup to VCT Isolation
Boric Acid Makeup to VCT Isolation

Boric Acid Makeup Cross-connect

Boric Acid Local Sample Isolation

Boric Acid Line to Charging Pump
Suction Check

Safety
Class
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TABLE 3.2-1
SAFETY CLASS 1, 2 & 3 VALVES

. (Sheet 5 of 20)

Component Safety Seismic Quality
Identification =~ Llocation/Description Class ~ Category Class
CH-179 RMW Line to Charging Pump Suction 2 I 1

Check
CH-184 RMW Line to VCT Check 3 I 1
CH-185 RMW Local Sampie Isolation 3 I 1
CH-185 VCT Check 2 I 1
CH-160 RWT Gravity Feed Check 2 I 1
CH-192 BAMP to RWT Recirc 3 I 1
CH-197 Sampling System Check 2 [ ]
CH-198 RCP Controlled Bleedoff Isolation 2 I 1
CH-199 RCP Controlled Bleedoff to RDT Relief 2 I 1
CH-201P Letdown Backpressure 2 I 1
CH-201G Letdown Backpressure 2 I 1
CH-203 Auxiliary Spray 1 [ 1
CH-204 PRM Flow Control 2 I 1
CH-205 Auxiliary Spray 1 I 1
CH-210Y Boric Acid Makeup Control 3 I 1
CH-231P Seal Injection Isolation 2 I 1
CH-240 Charging Line Backpressure 1 [ 1
CH-241 Seal Injection Flow Control 2 I 1
CH-242 Seal Injection Flow Control 2 [ ]
. CH-243 Seal Injection Flow Control 2 I ]
CH-244 Seal Injection Flow Control 2 I 1
CH-255 Seal Injection Containment Isolation 2 [ 1
CH-300 RCP Controlled Bleedoff Pressure 2 I 1
Indicator Isolation
CH-305 RWT Gravity Feed Check 2 I 1
CH-306 RWT to SIS Check 2 I 1
CH-314 Hydrostatic Test Pump Isolation 2 I 1
CH-315 Charging Pump to EDT Relief 2 I 1
CH-316 Charging Pump Suction Isolation 2 I 1
CH-317 Charging Pump Suction to DRDH 2 I 1
Isolation
CH-318 Charging Pump to EDT Relief 2 [ 1
CH-319 Charging Pump Suction [solation 2 [ 1
CH-320 Charaing Pump Suction to DRDH 2 I 1
Isolation
CH-321 Charging Pump * R 'ief 2 [ 1
CH-322 Charcing Pr ¢ 1 1s0lation 2 [ 1
CH-323 Charging |« 2 to DRDH 2 [ 1
Isolatior
CH-324 Charging Pump Relief 2 I 1
CH-325 Charging Pump Relief 2 I 1
CH-326 Charging Pump Relief 2 I 1
CH-327 RWT Gravity Feed Isolation 2 I 1
CH-328 Charging Pump Discharge Check 2 I 1
CH-329 Charging Pump Discharge to DRDH 2 [ 1
Isclation

Amendment No. 7
March 31, 1982




Component
__Identification

CH-330
CH-331
CH-332

CH-334
CH-335
CH-336

CH-337
CH-339
CH-340
CH-341
CH-342
CH-343
CH-344
CH-345
CH-346
CH-347
CH-348
CH-349
CH-350
CH-351
CH-352
CH-353
CH-354
CH-355
CH-356
CH-357
CH-358
CH-359
CH-360
CH-361
CH-362
CH-363
CH-364
CH-366
CH-367
CH-368
CH-369
CH-370
CH-371
CH-372
CH-373
CH-374
CH-375

TABLE 3.2-1

(Sheet 6 of 20)

___Location/Description

BAMP Line to HT Isolation

Charging Pump Discharge Check

Charging Pump Discharge to DRDH
Isolation

Charging Pump Discharge Check

Charging Pump Discharge Isolation

Charging Pump Discharge to DRDH
Isolation

Charging Pump Discharge Isolation

Charging Pump Discharge Isolation

Letdown Control Valve Isolation

Letdown Control Valve Isolation

Letdown Control Valve Isolation

Letdown Control Valve Isolation

Letdown Flow Indicator Isolation

Letdown to EDT Relief

Letdown Pressure Control Isolation

Letdown Backpressure Valve Isolation

Letdown Backpressure Valve Isolation

Letdown Backpressure Valve Isolation

Letdown Backpressure Vavle Isolation

Letdown Flow Indicator Isolation

Letdown Pressure indicator Isolation

Sampling System Isolation

Letdown to EDT Relief

Letdown Filter Bypass

Letdown Filter D/P Isolation

Letdown Filter D/P Isolation

Letdown Filter Isolation

Letdown Filter Vent

Letdown Filter Isolation

Letdown to OPNDH Isolation

Shutdown Coolina Check

Shutdown Cooling Isolation

PRM and Boronometer Isclation

~etdown Filter Vent

PRM Flow Control Valve Isolation

PRM Flow Control Valve Isolation

[X Isolation

[X Check

IX Vent to GWMS

I[X Resin Fill Isolation

Letdown Filter Isolation

[X Isolation

Letdown to DRDH Isolation

Safety
Class_
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Component,
Identification

CH-376
CH-378
CH-379
CH=-380
CH-381
CH-382
CH-383
CH-384
CH-385
CH-386
CH-237
CH-2389
CH-391
CH-392
CH-393
CH-394
CH-395
CH-396
CH-397
CH-398
CH-399
CH-400
CH-401
CH-402
CH-403
CH-404
CH-405

CH-406

CH-407
CH-408
CH-413
CH-414
CH-415
CH-418
CH-419
CH-420
CH-421
CH-422
CH-423

CH-424
CH-425

(Sheet 7 of 20)

Location/Description

Letdown Filter Isolation
[X Isolation

RSSH to IX Isolation

[X to SWMS Isolation

IX Bypass

IX Isolation

I[X Isolation

IX Check

[X Bypass

[X Vent to GWMS

I[X Resin Fill Isclation

[X Isolation
NOCCIL & yy ',‘,.,1,‘.]‘0"

Mol LU LA aovivL

[X to SWMS Isolation

[X Isolation

RHTX Vent

IX Bypass

[X Isolation

LPSI Check

LPSI Isolation

IX Isolation

RSSH to IX Isolation

IX to SWMS Isolation

I[X Vent to GWMS

I[X Resin Fill Isolation

IX Check

[X Isolation

Charging Line Backpressure D/P
[solation

Charging Line Backpressure D/P
I[solation

[X D/P Isolation

[X D/P Isolation

PRM Bypass

Letdown Strainer Bypass

[X Isolation

Letdown to VCT Isolation

Letdown Strainer to SWMS Isolation

IX Effluent Sample Isolation

Boronometer Isolation

PRM Flow Indicator Isolation

PRM Flow Control Spring Loaded Check
Bypass

PRM Flow Control Bypass

Charging Line Pressure Indicator
Isolation

Safety
Class
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Seismic Quality
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Component

_Identification

CH-426
CH-427
CH-428
CH-429
CH-431
CH-433
CH-434
CH-435

CH-436
CH-437

CH-438
CH-439

CH-440
CH-444
CH-445
CH-449
CH-450
CH-459

CH-460
CH-461
CH-464
CH-465
CH-466
CH-467
CH-468

CH-469

CH-470
CH-471
CH-472
CH-462
CH-473
CH-474
CH-475
CH-476
CH-477
CH-478
CH-479
CH-480
CH-485
CH-486

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES

(Sheet 8 of 20)

__Location/Description

Letdown Sample Isolation

Charging Line Flow Indicator Isolation
Charging Line Flow Indicator Isolation

Charging Line Isolation

Auxiliary Spray Check

Charging Line Check

Charging Line Backpressure Bypass

Charging Line Backpressure Spring
Loaded Bypass Check

Hydrogen Addition Line Isolation

Charging Pump Pressure Switch
Isolation

Charging Pump Pressure Switch
Isolation

Charging Pump Pressure Switch
Isolation

Charging to HPSI Check

Letdown Heat Exchanger Vent

Letdown Line Vent

PRM and Boronometer Check

RDH to EDT Check

FDT Line to GWMS Pressure Indicator

[solation
EDT Level Indicator Isolation
EDT Level Indicator Isolation
EDT to RDP Check
RDP Suction Isolation
RDP Suction Isolation
Gas Stripper to GWMS Isolation
RDP Discharge Pressure Indicator
Isolation
RDP Discharge Pressure Indicator
Isolation
RDP Discharge Check
RDP Discherge Check
RPP Discharge Isolation
EDT Drain Isolation
RDP Discharge Isolation
Reactor Drain Filter Bypass
RDP Discharge to RDH Isolation
Reactor Drain Filter D/P Isolation
Reactor Drain Filter Isolation
Reactor Drain Filter Isolation
Reactor Drain Filter D/P Isolation
IDH to EDT Check
Pre-Holdup IX to RSSH Isolation
Pre-Holdup IX DiDH Isolation

Safety
Class
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Component

_Identification

CH-488
CH-489
CH-490
CH-491
CH-492
CH-493

CH-494
CH-495
CH-49
CH-500
CH-501
CH-505

CH-506

CH-507
‘ LH-510
CH-512

CH-513
CH-514

CH-515
CH-516
CH-520
CH-521
CH-523
CH-524
LH-526
CH-527
CH-530
CH-531
CH-532
CH-536

CH-560
CH-561
CH-562
CH-563
CH-564
CH-565

CH-566
CH-567

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 9 of 20)

___Location/Description

Pre-Holdup 1X D/P Isolation

Pre-Holdup Strainer to SWMS Isolation

Pre-Holdup IX Isolation

Pre-Holdup IX Strainer Isolation

Pre-Holdup IX D/P Isolation

Pre-Holdup IX Effluent Sample
[solation

RSSH and RDP to RDH Check

Pre-Holdup IX to RWT Isolation

Pre-Holdup IX to GS/EDT Isolation

VCT Inlet Diverting

VCT Discharge Isolation

RCP Controlled Bleedoff Containment
Isolation

RCP Controlled Bleedoff Containment
Isolation

RCP Controlled Bleedoff Containment
Isolation

RWT Recirc

VCT Makeup Supply Isolation

VCT Vent

Boric Acid Makeup Bypass to Charging
Pumps

Letdown Isolation

Letdown Isolation

Purification and Deborating IX Bypass

PRM and Boronometer Bypass

Letdown Isolation

Charging Line Isolation

Letdown Control Valve Bypass

Load Follow Supply

RWT Suction to ESFP's Isolation

RWT Suction to RSFP's Isolation

RWT Suction to RDP's Isolation

RWT Gravity Feed to Charging Pumps
Isolation

RDT Suction Isolation

RDT Isolation

RDH Isolation

EDT Discharge Isolation

ELT Vent Isolation

Pre-Holdup IX Bypass

Gas Stripper Diversion

Diversion to HT from VCT Iniet

Safety
Class_
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TABLE 3.2-1
SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 1C of 29)
Component Safety Seismic Quality
__Identification  location/Description __ Class ~ Category  Class_

CH-580 RMWS to RDT Isolation 2 I ]
CH-612 Seal Injection Line Vent Isolation 2 I 1
CH-613 Seal Injection Line Vent Isolation v, I 1
CH-674 Seal Injection Vent 3 I ]
CH-639 Charging Line Check 2 I 1
CH-642 Hydrostatic Test Pump Isolation 2 I 1
CH-643 VCT Vent to GWMS Isolation 3 I 1
CH-645 Gas Addition to VCT Isolation 2 I 1
CH-646 RCP Controlled Bleedoff Line Check 2 I ]
CH-647 RWT Recirc Check 2 I 1
CH-648 RWT Recirc Sample Isolation 3 [ 1
CH-649 Boric Acid Line to RWT Isolation 3 I 1
CH-653 Boric Acid Line Isolation 3 [ 1
CH-654 MSH to Gas Stripper Isolation 3 I 1
CH-655 Pre-Holdup IX to Radiation Monitor 3 [ 1

Isolation
CH-656 Gas Stripper to HT Isolation 3 [ 1
CH-657 EDT Relief to Misc Radioactive Sump 3 I ]
CH-659 Chemical Addition Line Isolation 2 I 1
CH-660 Gas Stripper Iniet Isolation 3 I 1
CH-663 Reactor Drain Filter Vent 3 I 1
CH-665 RDP Discharge Sample Isolation 3 I ] 7
CH-668 BAM Line to VCT Check 3 I 1
CH-686 Holdup Pump Bypass to Reactor Drain 3 [ 1

Filter Isolation
CH-721 Letdown to Pre-Holdup IX Isolation 3 I 1
CH-722 Letdown to Pre-Holdup IX Check 3 [ 1
CH-723 Reactor Drain Line Sample Isolation 3 I ]
CH-724 Pre-Holdup IX Isolation 3 I 1
CH-725 Pre-Holdup IX Check 3 I 1
CH-726 Pre-Holdup IX Resin Fill Isolation 3 I 1
CH-727 Pre-Holdup IX D/P Isolation 3 I 1
CH-728 Pre-Holdup IX Vent Isolation 3 I 1
CH-730 Pre-Holdup IX to SWMS Isolation 3 [ 1
CH-740 RCP Controlled Bleedoff Test 2 I 1

Connection Isolation
CH-741 RCP Controlled Bleedoff Test 2 I 1

Connection Isolation
CH-742 RCP Controlled Bleedoff Test 2 I ]

Connection Isolation
CH-743 RCP Controlled Bleedoff Test 2 [ 1

Connection Isolation
CH-753 BAMP Recirc Isolation 3 [ 1

Amendment No. 7
March 31, 1982



Component

CH-755
CH-756
CH-757
CH-787
CH-789
CH-796
CH-797
CH-798
CH-800

CH-802
CH-804
CH-805
CH-807
CH-809
CH-810
CH-812
CH-814
CH-815
CH-816
CH-818
CH-819
CH-821
CH-822
CH-823
CH-825
CH-826
CH-830
CH-831
CH-833

CH-834

CH-835
CH-836
CH-839
CH-843
CH-344
CH-845
CH-848

CH-849

CH-853
CH-854
CH-855
CH-856

SAFETY CLASS 1, 2 & 3 VALVES

Safety
Class

Gravity Feed to Charging Pump Isolation
Gravity Feed to Charging Pump Isolation
Gravity Feed to Charqing Pump Isolation

Seal Injection

Check

Seal Injection Flow Indicator Isolation
Charging to HPSI Isolation
Charging to HPSI Isolation
Charging to HPSI Isolation

Seal Injection
Isolation
Seal Injection
Seal Injection
Seal Injection
~eal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection
Seal Injection

Seal Injection Test Connection

[solation

Seal Injection Te<t Connection

Isolation
Seal Injection
Seal Injection
Seal Injection

Flow Indication

Check
Flow Indicator
Flow Indicator
Check
Flow Indicator
Flow Indicator
Check
Flow Indicator
Flow Indicator

Isolation
Isolation

Isolation
Isoaltion

[solation
Isolation

Filter Isolation
Filter Isolation
Filter Isolation
Filter I[solation

to DRDH Isoaltion

to DRDH Isolation
Filter D/P Isolation
Filter D/P Isolation
Nitrogen Supply te EDT Isolation
Nitrogen Supply Pressure Control

Check
Isolation
Isolation

RHTX Vent Isolation

Seal Injection
Seal Injection
Seal Injection
Isolation
Seal Injection
Isolation

Filter Vent
Filter Vent

Test Connection

Test Connection

Letdown Line Test Connection Isolation

Charging Line Test Connection Isolation

Letdown Line Test Connection Isolation
BAMP Suction Line Test Connection

Isolation
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Seismic Quality
Category Class
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Component

__Identification

(4-858
CH-859

CH-860

CH-861
CH-862
CH-863
CH-865
CH-866
CH-867
CH-868
CH-869

Safety Injection and Shutdown Cooling

SI-104
SI1-105
S1-140
SI-141
SI-150
SI1-15]
S1-157
S1-158
SI-161
S1-162
SI-170
S1-172
SI-174
SI-175
SI-176
S1-177
S1-180
SI1-182
S1-184
S1-185
SI1-191
SI-192
S1-193
S1-194
S1-200
S1-201
51-202
S1-203

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES

(Sheet 12 of 20)

___Location/Description

RSSH Line to EDT Check

Seal Injection Test Connection
Isolation

Seal Injection Test Connection
Isolation

RSSH to EDT Isolation

RMWT Supply to RDT Isolation

Chemical Addiition Isolation

Seal Injection Relief to EDT

Seal Injection Check

Seal Injection Check

Seal Injection Check

Seal Injection Check

CSP Suction Isolation

CSP Suction Isolation

Sump Suction Thermal Relief
PCPS Suction Thermal Relief
PCPS Suction Thermal Relief
Sump Suction Thermal Relief
CSP Suction Check

CSP Suction Check

PCPS Discharge Thermal Relief
PCPS Discharge Thermal Relief
SOCHX Vent

SDCHX Drain

CS Flow Inst Isolation

CS Flow Inst Isolation

CS Flow Inst Isolation

CS Flow Inst Isolation

SDCHX Vent

SDCHX Drain

LPSI-CSP Interconnection
LPSI-CSP Interconnection

CS Header Relief

PCPS Discharge Thermal Relief
PCPS Discharge Thermal Relief
CS Header Relief

LPST Suction Check

LPSI Suction Check

Sample Line Isolation

Sample Line [solation

Systems (SIS) (SC

Safety
Class

3
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Component

S1-204
S1-205
51-206
SI1-207
SI1-208
SI1-218
SI1-219
S1-256
SI1-257
S1-260
S1-262
SI1-264
SI-266
S1-268
S1-285
51-286
S1-287
S1-288
S1-289
S1-298
SI-306
S1-307
S1-400
S1-402
SI1-404
S1-405
S1-407
S1-408
S1-409
S1-416
S1-417
S1-418
SI-419
S1-420
SI1-421
51-424
S1-426
S1-427
S1-429
SI1-433
S1-434
S1-435
S1-436

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES

(Sheet 13 of 20)

PCPS Suction Isolation

Sump Suction Check

Sump Suction Check

Sump Suction Test

Sump Suction Test

HPSI Orifice Bypass

HPSI Orifice Bvpass

PCPS Suction Isolation

PCPS Sample Isolation

SDCHX Vent Isolation

SODCHX Drain Isolation

SDCHX Vent Isolation

SDCHX Drain Isolation

PCPS Sample Isolation

RWT Recirc Lire Relief

RWT Recirc Line Relief
SDCHX Bypass Relief

RWT Return Relief

SDCHX Bypass Relief

RWT Line Isolation

SCS Bypass Flow Control

SCS Bypass Flow Control

RWT Peturn Line Isolation
HPSI Suction Isolation

HPST Discharge Check

HPSI Discharge Check

RWT Return Line Relief
Pressure Gage Isolation

HP Header Relief

Pressure Gage Isolation
HPST Header Relief

Shutdown Purif. Suction Isolation
Shutdown Purif. Suction Isolation
Shutdown Purif. Isolation
Shutdown Purif. Isolation
HPST Mini-flow Check

HPSI Mini-flow Check

HPSI Discharge 5SS Isolatioun
Shutdown Cooling Line SS Isolation
LPSI Discharge Pressure Ind. [so.
LPSI Discharge Check

LPSI Discharge I[solation
LPSI Discharge Isolation

Safety
Class
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Seismic Quality
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Component

__Identification

SI1-437
S1-438
SI1-439
S1-440
S1-441]
S1-442
S1-443
S1-445
S1-446
S1-447
S1-448
S1-449
S1-450
SI1-451
S1-454
S1-455
S1-458
ST1-459
S1-460
51-461
S1-462
S1-463
S1-464
S1-465
S1-470
51-473
51-474
Si-476
S1-478
SI-482
SI1-483
S1-484
S1-485
S1-486
S1-487
S1-508
S1-509
SI1-550
S1-551
SI1-552
SI-553
S1-554
SI-555
S1-604
SI-609

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 14 of 20)

_____location/Description

LPSI Flow Inst. Isolation
LPSI Flow Inst. Isolation
LPSI Discharge Relief to EDT
LPSI Flow Inst. Isolation
LPSI Flow Inst. Isolation
PCPS Suction Isolation

PCPS Suction Isolation

LPSI Suction SS Isolation
LPSI Discharge Check

LPSI Discharge Check

LPSI Mini-flow Check

LPSI Discharge Relief to EDT
LPSI Discharge PCPS Isolation
LPSI Mini-flow Check

LPSI Discharge PCPS Isolation
LPSI Discharge PCPS Isolation
LPSI Discharge PCPS Isolation
RWT Return Line Isolation

RWT Return Line Isolation

SIT to EDT Isolation

SIT Local Sample Isolation
SIT Isolation

RWT REturn Line Isolation

RWT REturn Line SS Isolation
HPSI Suction Isolation

SIT Relief to RDT

SIT Relief to RODT

HPSI Discharge Isolation

HPSI Discharge Isolation

CSP Discharge Pressure Ind. Iso.
CSP Discharge Pressure Ind. Iso.
CSP Discharge Check

CSP Discharge
CSP Mini-flow
CSP Mini-flow
Charging Pump
Charging Pump

Check
Check
Check
Isolation
Isolation

LPSI Suction Test Isolation
CSP Suction Test Isolation
HPSI Suction Test Isolation
HPSI Suctinn Test Isolation
CSP Suction Test Isolation
LPSI Suction Test Isolation
HPSI Hot Leg Injection Isolation
HPSI Hot Leg Injection Isolation

Safety
Class

Seismic
Category

Quality
Class
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TABLE 3.2-1

. SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 15 of 20)

Component Safety Seismic Quality
Identification ~ location/Description _~ Class = Category  Class
SI-657 SDCHX Discharge Throttle 2 [ 1
51-658 SDCHX Discharge Throttle 2 I 1
ST1-659 Mini-flow to RWT Isolation 2 1 1
SI1-660 Mini-flow to RWT Isolation 2 I 1
S1-661 RDT Isolation 2 [ ]
51-664 CSP Mini-flow Isolation 2 I 1
S1-665 CSP Mini-flow Isolation - 1 1
SI-666 HPSI Mini-flow Isolation 2 [ i
SI-667 HPSI Mini-flow Isolation 2 I 1
51-668 LPST Mini-flow Isolation 2 I 1
SI1-669 LPSI Mini-flow Isolation 2 [ 1
SI1-671 CSS Isolation 2 I 1
S1-672 CSS Isolation 2 [ 1
SI-673 Containment Sump Isolation 2 I 1
S1-674 Containment Sump Isolation 2 I 1
SI-675 Containment Sump Isolation 2 I 1
S1-676 Containment Sump Isolation 2 I 1
S1-678 CSP Flow Control 2 I 1
SI1-679 CSP Flow Control 2 I 1
SI1-682 SIT Fill Line Isolation 2 [ 1
S1-683 LPSI Pump Suction Isolation 2 I 1
S1-684 CSP Discharge Isolation 2 [ 1
S1-685 LPSI Disch. SDCHX Intake Cross Connect 2 I 1

Line Isolation
S1-686 SDCHX Disch. LPSI Header Cross Connect 2 I 1
Line Isolation
S1-687 SDCHX Disch. Isolaticn te CSS Header 2 I 1
51-688 SDCHX Spray Bypass 2 I 1
S1-689 CSP Discharge Isolation 2 I 1
S1-692 LPS1 Suction Isolation 2 I 1
S1-693 SDCHX Spray Bypass 2 I 1
S1-694 LPSI Disch. SDCHX Intake Cross Connect 2 I 1
Line Isolation
SI1-695 SDCHY Disch. Isolation to CSS Header 2 I ]
S1-696 SDCHX Disch. LPSI Header Cross Connect 2 I 1
Line Isriation
SI-698 HPSIP O+ fice Bypass 2 [ ]
S1-699 HPSIP urifice Bypass 2 I 1
SI-113 HP Header Check 1 I 1
SI-112 LP Header Check 1 i 1
SI-11% HP Header Flow Ind. Isolation 2 I 1
SI-116 HP Header Flow Ind. Isolation 2 I 1
. S1-117 SIT Pressure Ind. Isolation 2 I ]
SI-119 SIT Pressure Ind. Isolation 2 I 1
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Component

_Identification

SI1-123
S1-124
51-125
SI-126
SI-127
SI1-129
S1-133
S1-134
SI1-135
$I-136
SI1-137
SI1-139
SI1-143
51-144
S1-145
S1-146
S1-147
51-149
SI-164
SI-165
S1-166
SI-169
SI1-179
SI1-189
SI1-210
SI-211
SI-""2
S1-213
51-214
SI1-215
SI-216
S1-217
51-220
S1-221
S1-222
S1-223
S1-224
S1-225
S1-226
SI1-227
SI-228
S1-229
51-230
S1-231

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 16 of 20)

___Location/Description

HP Header Check

LP Header Check

HP Header Flow Ind. Isolation
HP Header Flow Ind. Isolation
SIT Pressure Ind. Isolation
SIT Pressure Ind. Isolation
HP Header Check

LP Header Check

HP Header Flow Ind. Isclation
HP Header Flow Ind. Isolation
SIT Fressure Ind. Isolation
SIT Pressure Ind. Isolation
HP Header Check

LP Header Check

HP Header Flow Ind. Isolation
HP Header Flow Ind. Isolation
SIT Pressure Ind. Isolation
SIT Pressure Ind. Isolation
CS Header Check

CS Header Check

HP Header Relief tec EDI

HP Header Relief to EDT

HP Header Relief to Cont. Sump
HP Header Relief to Cont. Sump
SIT Fill & Drain Isolation
SIT Relief to Atmosphere

SIT Level Ind. Isolation

SIT Level Ind. Isolation

SIT Locai Sample Isolation
SIT Check

Injection Line Press. Ind. Iso.

Safety Inj. Line Check

SIT Fill & Drain Isolation
SIT Relief to Atmosphere
SIT Level Ind. Injection
SIT Level Ind. Injection
SIT Local Sampie Isolation
SIT Check

Inj. Line Pressure Ind. Iso.
Safety Inj. Line Check

SIT Level Ind. Isolation
SIT Level Ind. Isolation
SIT Fill & Drain Isolation
SIT Relief to Atmosphere

Safety

Class
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Component

Identification

S1-232
SI1-233
51-234
SI-235
S1-236
S1-237
SI1-238
S1-239
SI1-240
S1-241
SI1-242
51-243
S1-244
SI-245
SI1-246
51-247
51-248
S1-249
SI1-258
SI-259
S1-321
SI-322
SI1-331
S1-332
SI-468
S1-469
S1-500
S1-501
51-506
SI-510
SI-511
SI1-516
S1-522
S1-523
SI1-525
51-526
$1-532
SI1-533
S1-535
SI-536
S1-605
S1-606
S1-607
S1-608

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES

(Sheet 17 of 20)

___location/Description

SIT Level Ind. Isolation

SIT Level Ind. Isolation

SIT Local Sample Isolation

SIT Check

Inj. Line Pressure Ind. Iso.
Safety Inj. Line Check

SIT Level Ind. Isolation

SIT Level Ind. Isolation

SIT Fill & Drain Isolation
SIT Relief to Atmosphere

SIT Level Ind. Isolation

SIT Level Ind. Isolation

SIT Local Sample Isolation

SIT Check

Inj. Line Pressure Ind. Iso.
Safety Injection Line Check
SIT Level Ind. Isolation

SIT Level Ind. Isolation

SIT Level ind. Isolation

SIT Level Ind. Isolation

HP Hot Leg Injection Isolation
Hot Leg Check Leakage Valve

HP Hot Leg Injection Isolation
Hot Leg Check Leakage Valve

HP Header Relief to EDT
SDC Line Relief tc RDT
CSS Test Line Isolation
CSS Test Line Isolation
HP Header Pressure Ind.
CSS Test Line Isolation
CSS Test Line Isolation
HP Header Pressure Ind. Iso.
HP Header Check

HP Header Check

HP Header Flow Ind. Isolation
HP Header Flow Ind. Isolation
HP Header (Check

HP Header Check

HP Header Flow Ind. Isolation
HP Header Flow Ind. Isolation
SIT Atmospheric Vent Isolation
SIT Atmospheric Vent Isolation
SIT ATmospheric Vent Isolation
SIT Atmospheric Vent Isolation

—
w
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Safety
Class
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Component

~Identification

Si-611
SI-612
S1-613
S1-614
SI-615
S1-616
SI-617
S1-618
SI-619
S1-621
S1-622
51-623
SI1-624
SI-625
S1-626
S1-627
51-628
S1-629
S1-631
51-632
SI-633
SI-624
S1-635
S1-636
51-637
SI-638
51-639
S1-641
SI-642
S1-643
S1-644
S1-645
S1-646
S1-647
51-648
SI1-649
S1-651
S1-652
S1-653
SI-6%4
S1-655
S1-656
SI1-690
SI1-691

TABLE 3.2-1

SAFETY CLASS 1, 2 & 3 VALVES
(Sheet 18 of 20 )

SIT Fill & Drain Isolation
SIT N, Supply Isolation

SIT A%mospheric Vent Isolation

SIT Isolaticn

LPSI Header [solation

HPSI Header Isolation

HPSI Header Isolation

Check Valve Leakage Line Iso.
SIT N, Supply Isolation

SIT F%ll & Drain Isolation
SIT N, Supply Isolation

SIT A%mospherir Vent Isolation

SIT Isolation

LPSI Header Isolation

HPSI Header Isolation

HPS1 Header Isolation

Check Valve Leakage Line [so.
SIT N, Supply Isolation

SIT Fgll & Drain Isolation
SIT N, Supply Isolation

51T A%mospheric Vent Isolation

SIT Isolation

LPSI Header Isolation

HPSI Header Isolation

HPSI Header Isolation
Check Valve Leakage Line Iso.
SIT N, Supply Isolation
SIT F$11 & Drain Isolation
SIT N, Supply Isolation
SIT Atmos. Vent Isolation
SIT Isolation

LPST Header Isolation

HPS1 Header Isolation

HPSI Header [solation
Check Valve Leakage Line [so.
SIT N, Supply Isolation
S¢S Sfiction Line Isolation
SCS Suction Line Isolation
SCS Suction Line Isolation
SCS Suction Line Isolation
SCS Suction Line Isolation
SCS Suction Line Isolation
SCS Warmup Line Isolation
SCS Warmup Line Isolation

__Location/Description

Safety
Class
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TABLE 3.2-1
(Sheet 19 of 20)

. NOTES: (1) Two safety classes are used for heat exchangers to distinguish primary
and secondary sides where they are different.

(2) Only those core support structures necessary to support and restrain
the core and to maintain safe shutdown capability are classified as
Seismic Category I.

(3) Loss of cooling water and/or seal water service to the reactor
coolant pumps (RCP's) may require stopping the pumps. However, the
continuous operation of the pumps is not required during or following
an SSE. The auxiliaries are therefore not necessarily Safety Class
3 or Seismic Category I. Provision for cooling water to the pump
bearing 0il cooler and pump motor air cooler will not comply with
the requirements of Requlatory Guide 1.29 (see Subsection 5.4.1.3). |6

(4) Only those structural portions of the RCP's which are necessary to
assure the integrity of the reactor coolant pressure boundary are
Safety Class 1.

(5) Safety class of piping within the reactor coolant pressure boundary
(as defined in 10CFR50) is selected in accordance with the ANSI N18.2
criteria identified in Subsection 3.2.2. For purposes of CESSAR, 6
Safety Class 1, 2, 3, 4 of ANSI-N18.2 are equivalent to Quality
. Groups A, B, C, D of Requlatory Guide 1.26.

(6) Flow restricting orifices are provided in the nozzles for the RCS
sampling lines, the pressurizer level and pressure instruments, the
RCP differential pressure instrument lines, the common SI header
pressure instrument lines, the RCP seal pressure instrument lines,
the charging line differential pressure instrument line, and the SI
hot leg injection pressure instrument lines, to limit flow in the
event of a break downstream of a nozzle. The orifice size, 7/32 inch
diameter x 1 inch long, precludes exceeding fuel design limits while
utilizing minimum makeup rates. This permits an orderly shutdown in
the event of a downstream break in accordance with General Design
Criterion 33 (see Section 3.1.29). A reduction may, therefore, be made
in the safety classification of lines downstream of the orifice.

(7) The pressure boundary housing for this component is a reactor vessel
appurtenance and is Safety Class 1 and Seismic Category I, as 6
described in 3.9.4.3.

(8) Core Support structures are designed to the criteria described in
3.9.5.4.

(9) CEA and fuel assemblies are designed to the criteria described in 4.2.

(10) Reactor coolant pump auxiliary components required for lubrication 7
and cooling of pump seals and thrust bearings are Quality Class 2.
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(1)

TABLE 3.5-1
(Sheet 1 of 2)

KINETIC ENERGY OF POTENTIAL MISSILFS

(1) Initial Kinetic Weight

[tem Energy (ft-1b) (1b)
Reactor Vessel
Closure Head Nut 1,706 100
Closure Heat Nut
and Stud 5,226 577
Control Rod Drive
Assembly 57,600 1100
Steam Generator
Primary Manway
Stud and Nut 71 4-1/4
Secondary Handhole
Stud and Nut 7 1.15
Secondary Manway Stud 7 3.36
Pressurizer
Safety Valve
With Flange 89,230 550
Safety Valve
Flange Bolt 15 3.7
ower Temperature
Element 288 3
Manway Stud and Nut 71 4-1/4
Main Coolant Pump
and Piping
Temperature Nozzle
with RTD Assembly 1,095 8
Surge and Spray
Piping Thermal Wells
with RTD Assembly 277 3-3/4

All materials are steel.

Impact Section

Annular Ring, OD = 10-2/16"

ID = 6.9"
Solid Circle, 6-3/4" Diameter
1.875" dia. solid circle within

a concentric 7" dia. by .109"
wall shroud

Solid Circle, 1-1/2" Diameter

Solid Circle, 3/4" Diameter

Solid Circle, 1-1/4" Diameter

Solid Circle, 2" Diameter

Solid Circle, 1-14" Diameter

Edge of Solid Disk 2-3/4"
Diameter and 1/2" Thick

Solid Circle, 1-1/2" Diameter

Edge of Solid Disk 2-3/4"
Diameter and 1/2" Thick

Edge of Solid Disc 2-3/4"
Diameter and 1/2" Thick

(continued) Amendment No.
March 31, 1982
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TABLE 3.5-1 (Cont'd.) (Sheet 2 of 2)

KINETIC ENERGY OF POTENTIAL MISSILES

Initial Kinetic Weight
[tem Energy (ft-1b) (1b) Impact Section
Main Coolant Pump Edge of Solid Disk 2-3/4"
Thermal Well with RTD 1,095 8 Diameter and 1/2" Thick

iment



For Class 2 and 3 pressure retaining parts of active pumps, the primary
membrane stress is limited to the allowable stress value S, and primary
membrane plus bending stress is limited to 1.55 for each of the loading
combinations associated with the upset, emergency and faulted plant operating
conditions.

The stress criteria of the ASME Code, Section III are applied in the design
of component supports to the same Code Class as the pressure boundary
involved within the jurisdictional boundaries defined in the code for the
loading conditions defined above. Those steel support structures which are
considered to be an extension of the building structure, but supplied with
the pump assembly (i.e. bedplates), are designed to the stress criteria of
the AISC Manual of Steel Construction.

In addition, the Safeguard Pump assemblies are required to be capable of
#ithstanding the fo'lowing thermal transients:

a) HPSI and LPSI, suction temperature increases from 40°F to 300°F in 10
seconds. After each temperature change the end point is assumed to
hold until temperature equilibrium is attained. Temperature returns
to 40°F in several days. This transient would be applied a minimum of
10 times during the design life of the pump.

b)  LPSI shutdown cooling operation applied for 500 cycles as foliows:

1. Suction temperature increases from 70°F to 350°F in about 1
’ minute.
2. Suction temperature descrease from 350°F to 70°F in several
hours.
3.9%2 Pump and Valve Operability Assurance
:9.3.2.1 Non-NSSS Active ASME Code Class 2 and 3 Pumps and Class 1,

2, and 3 Valves
See Applicant's SAR.

3:9. 3. 2.2 NSSS Active ASME Code Class 2 and 3 Pumps and Class 1, 2
and 3 Valves

3.9:3.2.2.) Operability Assurance Program

Active pumps and valves are defined in Regulatory Guide 1.48 as components
that require a mechanical motion in performing a safety function. The
operability (i.e., performance of this mecnanical motion) of active components
during and after exposure to design bases events is confirmed per the
recommendations of Regulatory Guide 1.48 by:

A. Designing each component to be capable of performing all safety func-

tions during and following design bases events. The design specifica-
. tion includes applicable loading combinations, and conservative design

3.9-39



limits for active components, consistent with the recommendations of .
Requlatory Guide 1.48. The specification requires that the manufacturer

demonstrate operability by analysis or test (footnotes 6 and 11 of
Regulatory Guide 1.48). The results are independently reviewed by the

NSSS Supplier considering the effects of postulated failure modes on
operability. {

B. Analysis and/or test demonstrating the operability of each design
under the most severe postulated loadings which are combined in a
manner consistent with the recommendations of Regulatory Guide 1.48.
Methods/results ¢f operability demonstration programs are detailed in
Sections 3.9.3.2.2.2 and 3.9.3.2.2.3, 7

C. Inspection of each component to assure compliance of critical parameters
with specifications and drawings. This inspection confirms that
specified materials and processes were used, that wall thicknesses met
code requirements, and that fits and finishes met the manufacturer's
requirements based on design clearance requirements.

3

D. Shop testing of each component to verify "“as built" conditions as b
defined in Sections 3.9.3.2.2.2 and 3.9.3.2.2.3.

£, Startup and periodic inservice testing in accordance with ASME Boiler
and Pressure Vessel Code, Section XI to demonstrate that the active
pumps and valves are in operating condition throughout the life of the

plant. ‘ll"

NSSS active pumps are listed below with a brief description of active
safety function of each., NSSS active valves are listed in Table 3.9.3-3.

Active Components Active Safety Function
High-pressure safety injection pumps Operate at flowrates to runcut
Low-pressure safety injection pumps Operate at flowrates to runout
Charging pumps Operate
3.9.3.2.2,2 Operability Assurance Program Results for Active Pumps
3.9.3.2.2.2.1 High- and Low-Pressure Safety Injection Pumps. Opera-

bility of the high- and low-pressure safety injection (HPST and LPSI) pumps
under faulted conditions has been demonstrated by analyses of the assemblies
and by analyses and tests of the motors in accordance with the recommendations
of Regulatory Guide 1.48.

Amendment No. 7
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For the HPSI pumps, the manufacturer has shown that allowable stresses are
not exceeded, that clearances are acceptable and that shaft and pedestal
bolt deflections do not cause stresses to exceed the normal values indicated
by past experience for other pumps of the same type.

For the LPSI pumps, the manufacturer has shown that allowable stresses are
not exceeded and that clearances remain acceptable under faulted loadings.

Where necessary, lumped mass models are used with the computer programs to
determine the natural frequencies and displacements. The models are conser-
vative (i.e., simplifications tend to make them more flexible).

Operability was demonstrated under the following loads;

HPSI Pump LPSI Pump
Horizontal seismic, g's 1.1 1.1
Vertical seismic, g's 2 1.1 1.1
Design pressure, 1b/in. 2050 2050
Suction nozzle max, resultant force, 1b 4000 4000
Suction nozzle max, resultant moment, ft-1b 12000 50000
Discharge nozzle max, resultant force, 1b 2500 6500
Discharge nozzle max, resultant moment, ft-1b 2500 16000

To verify "as built" conditions the HPSI and LPSI pumps were hydrostatically
tested in accordance with the ASME Boiler and Pressure Vessel Code, Section
IIT to confirm acceptability of structural integrity of pressure retaining
parts, tested for seal leakage, and tested for performance and NPSH charac-
teristics in accordance with the Hydraulic Institute Standard to verify
operation within specified parameters. The motors were built as Class IE
and were tested in accordance with IEEE Standard 112A-1964 to verify opera-
tion within specified parameters. Additionally, the motors were qualified
to IEEE Standard 323-1974 and IEEE Standard 344-1975 to assure operability
during and following design basis events.

3.9.3.2.2.4.2 Charging Pumps. The charging pumps have a relatively
complex geometry, which is difficult to analyze. Therefore, a simplified
analysis and type test were used to confirm the charging pump operability
during and following a DBE.

Amendment No.
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A sinusoidal test with simultaneous 1.5 g horizontal and vertical accelera-

tions was conducted. The test on the pump assembly, including its supports, {7
showed no significant natural frequencies in the 1 to 33 Hz range. The
fundamental linear natural frequency of the rotating parts of the pump was

shown to be greater than 73 Hz. The base of the test pump had a fundamental
natural frequency above 33 Hz. Therefore, the System 80 pumps are rigid to
postulated seismic input.

The test pump was vibration tested with 2410 psig internal pressure, 1825-

pound axial force and 610 ft-1b moment on the suction nozzle, and 1650-

pound axial force and 550 ft-1b moment on the discharge nozzle. Simultane-

ous 1.59 accelerations is applied to the horizontal and vertical axes by

driving the assembly in a 45 degree plane. The test was run with the

horizontal input parallel to the motor axis. It was repeated with the i7
horizontal input directed 90, 180, and then 270 degrees from the direction

for the first test.

The pump was subjected to two sinusoidal sweeps at 1/2 octave per minute in
each direction with 1.0g peak accelerations, limited to 12-inch double
amplitude, from 1 to 35 Hz. One of the sweeps in each direction was with

the pump operating and one with the pump idle. The test shows that no
resonances applicable to operability are in the range of concern, and the
unit is therefore rigid to the postulated seismic input. The assembly,

both operating and nonoperating, was exposed to a 1.5g horizontal and
vertical 30-second sinusoidal dwell at 2.5, 10, 12.25, 20, 23.8 and 33 Hz.
The pump was shown to operate normally, and no evidence of damage or deteri- | 9
oration to critical parts exists. The 1.5g horizontal and vertical accelera-
tions exceed the applicable response spectra. The successful test on these
pumps demonstrates that the System 80 pumps operate during and following

the postulated seismic event.

To verify "as built" conditions the charging pumps were hydrostatically
tested in accordance with the ASME Boiler and Pressure Vessel Code, Section
[I1 to confirm acceptability of structural integrity of pressure retaining
parts, tested for seal leakage, and tested for performance and NPSH charac-
teristics in accordance with the Hydraulic Institute Standards to verify
operation within specified parameters. The motors were built as Class IE 7
and were tested in accordance with IEEE Standard 112A-1964 to verify opera-
tion within specified parameters. Additionally, the motors were qualified
to IEEE Standard 323-1974 and IEEE Standard 344-1975 to assure operability
during and following design basis events.

3:.9.3.2,2.3 Operability Assurance Program for Active Valves

Safety related active valves must perform their mechanical motion in times
of an accident. The qualification program assures that these valves will
operate during a seismic event. Qualification tests and/or analyses are
conducted for all active valves.

Class 1, 2 and 3 valves are designed/analyzed according to the rules of the
ASME Boiler and Pressure Vessel Code, Section III, Section NB-3500, NC-
3500, and ND-3500 respectively.

Amendment No. 7
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Procurement specifications for safety related active valves stipulate that
vendor shall submit either detailed calculations and/or test data to demon-
strate operability when subjected to the specification loading and stress
criteria (normal through faulted conditions). The decision to accept
actual or prototype test data, or analysis for operability assurance is
made during the normal design and procurement process. The decision to
test is based on (1) whether the component is amenable to analysis, (2)
whether proven analytical methods are available, and (3) whether applicable
prototype test data is available. If analysis or prototype test data is
not sufficient, testing is conducted to qualify the component or to verify
the analytical technique.

Where appropriate, valve stem deflection calculations are performed to
determine deflections due to short term seismic and other applicable load-
ings. Deflections so determined are compared to allowable clearances. It
must be noted that seismic events are of short duration; thus, contact (if
it occurs) does not demonstrate that operability is adversely affected.
Cases where contact occurs are reviewed on a case by case basis to deter-
mine acceptability.

The operability of active Code Class 1, 2 and 3 components is assured
through an extensive program of design verification, qualification testing
and thorough surveillance of the manufacturing, assembly and shop testing
of each active component. Each aspect of the design related to pressure
boundary integrity and operability is either tested or verified by calcu-
lations. Procedures for testing are developed by component manufacturers
and reviewed and approved by the NSSZ supplier before the tests are con-
ducted. The design analyses of the component take into consideration
environmental conditions including loadings developed from seismic, opera-
tional effects, and pipe loads. Where necessary and feasible, the con-
clusions of these analyses are confirmed by test.

On all active valves, an analysis of the extended structure is also per-
formed for static equivalent seismic SSE loads supplied at the center of
gravity of the extended structure. The maximum stress limits allowed in
these analyses show that structural integrity is within the limits devel-
oped and accepted by the ASME Code.

The safety-related valves are subjected to a series of tests prior to
service and during the plant life. Prior to installation, the following
tests are performed; shell hydrostatic test to ASME Sections IIl require-
ments, backseat and main seat leakage tests, disc hydrostatic test, func-
tional tests to verify that the valve will open and close within the spe-
cified time limits, operability qualification of motor operators for the
environmental conditions over the installed life (i.e., aging, radiation,
accident environment simulation, etc.) according to IEEE 382. Cold hydro
qualification tests, hot functional qualification tests, periodic in-
service inspections, and periodic inservices operation are performed in-
situ to verify and assure the functional ability of the valves. These
tests ensure the reliability of the valve for the design 1life of the plant.
The valves are designed using either stress analyses or the pressure con-
taining minimum wall thickness requirements.

Amendment No. 7
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A1l the active valves shall be designed to ave a first natural frequency
which is greater than 33 Hz. This is shown by suitable test or analysis.

The above outlines in general the methods used to assure valve operability.
Fach vendor's specific program is described in the plant specific FSAR.

In addition to the above, the following specific operability assurances are
provided for the various type valves:

3:9:.3.8:2.3:1 Pneumatically Operated Valves

Pneumatic operated valves are furnished by several vendors in CE System 80
Nuclear Power Plants. Methods of operability demonstration are discussed in
general but will be discussed in detail in the plant specific FSAR subject to
the vendor(s) utilized. Spring actuation of the valve is the required active
safety function. Loss of electric power or supply air will result in

venting of the actuator and return of the valve to the safe position. Each
vendor provides their own method to demonstrate valve operability. The
operability for these valves is demonstrated by analysis, test or by a
combination of analysis and test. The vendor considers concurrent loads
including seismic, design pressure and pipe loads.

The three-way solenoid valve was qualified by test to IEEE-382-1972, IEEE-
323-1974 and 1EEE-344-1975. Testing included thermal aging, radiation
aging, wear aging, vibration endurance, seismic event simulation, and loss
of coolant accident. All test results provided satisfactory evidence of
air solenoid valve operability.

Limit switches, used to determine valve position, were qualified by testing
to IEEE-323-1974, IEEE-344-1975 and I1EEE-382-1972. Switches were success-
fully performance tested for aging simulation, wear aging, radiation ex-
posure, seismic qualification, and design basis event environmental con-
ditions. For valves outside of containment and utilizing EA-170 limit
switches, the switches were seismically qualifieg to IEEE-344-1975 and were
tested to sustain radiation dosages up to 2 x 107 rads.

3.9.3.2,2.3.2 Motor Operated Valves

Motor operated valves are qualified by analysis as a minimum as described
above. The analysis for each valve assembly considers the effects of seismic
loads, design pressure, and piping reaction forces to provide assurance of
operability.

To provide full qualification of the motor operated valve actuator, en-
vironmental and seismic qualification tests were conducted to simulate the
following conditions:

A. Inside Containment (LOCA)

B. Outside Containment
C. Seismic Qualification
D. Steam Line Break Accident

Amendment No. 7
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Mid-size valve actuators were subjected to complete environmental qualifi-
cation consisting of inside containment and outside containment. Each
qualification exposed the actuator tc thermal and mechanical aging, radia-
tion aging, seismic aging, environmental transient profile test, and steam
line break. For the steam line break test an actuator was subjected to a
very high superheated temperature to demonstrate that the electrical com-
ponents of the actuator never exceeded the saturated temperature correspon-
ding to the ambient pressure for the short duration of the test. This
short term test proves the existing qualification envelopes the steam line
break for superheated temperatures as high as 492°F for a few minutes.

The qualification of the mid-size valve actuatur was used to generically
qualify all sizes of mid-size valve actuator operators for the environ- |
mental test conditions in accordance with IEEE-382-1972. All sizes are !
constructed of the same materials with components designed to equivalent
stress levels, and to the sane clearances and tolerances with the only
differnece being in physical size which varies corresponding to the dif-
ferences in unit rating.

All the qualifications were conducted per IEEE 382-1972 and meet the re-
quirements of IEEE 323-1974 and IEEE 344-1975 as they apply to vaive motor
actuators. Further, since the actuators performed satisfactorily without
maintenance throughout the various qualifications, the valve actuators are
fully qualified for use in CE Nuclear Power Generating Plants.

3:9.3.2.2.3.3 Pressurizer Safety Valves

Pressurizer Safety valves are 6 x 8 valves. Operability has been successfully
demonstrated by a combination of dynamic testing and analysis or by static
testing. Operability was successfully demonstrated with a 6q9 seismic load

by one vendor or with a 7.1g seismic load by another vendor. Dynamic testing
has demonstrated that the natural frequency of both valves was greater than

33 Hz. A summary of the test programs follows:

~i

A. Vendor A Safety Valves
I, Natural Frequency Demonstration

Vibration input was in a single, horizontal direction. It was
established by previous experience that the horizontal direction
was more significant than the vertical direction, and that there
was no material difference between teh various horizontal direc-
tions. The frequency of vibration was increased from 5 to 75 Hz
at a rate of 1 octave per minute. Accelerometers were mounted
on the valve assembly. The actual natural frequency under test
conditions was 38 Hz.

2. Operability Demonstration
A series of tests demonstrated that the valve would fully open

and reseat during and after a seismic acceleration. Vibration
input ranged from 3 to 69 and 10 to 33 Hz. The tests were
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performed using saturated steam. In addition, analysis was used
to establish the significance of nozzle loading. The results
indicated that deformation was significantly less than the inter-
nal clearances. This loading was therefore negiected in the
seismic operability tests.

Vendor B Safety Valves

1. Natural Frequency Demonstration
A resonance survey was performed along three orthogunal axes with
one axis being the centerline of the outlet port. (Valve mounted
on inlet port.) No resonant frequencies were detected in the
range of 1-50 Hz on any axis.

2. Operability Demonstration

A series of tests demonstrated that the valve would fully open
and reseat during and after applying the following loading com-
binations: Static seismic loads up to 7.1g were applied to the
valve in the direction of least bending stiffness. In addition
the maximum permissable piping loads were applied concurrently.
The tests were performed using saturated steam. Valve operation
was satisfactory.

EPRI Testing of Safety Valves

One manufacturer's valve was tested in the EPRI Test Program under
full pressure and full flow conditions. This testing has demonstrated
that stable valve operation under these conditions is dependent upon
the inlet pipe configuration, built up back pressure range and blow-
down setting. FPrior to plant startup the inlet pipe configuration and
built up back pressure range for eacnh specific plant will be examined
by CE and the applicable valve vendor. If necessary, the valves will
be adjusted to provide blowdown settinags which will result in stable
valve operation. These blowdown settings will be recommended by the
vendor and approved by CE. These adjustments will be based on the
results obtained in the EPRI Test Program. Required adjustments to
the valve to assure operability will be documented in the plant spe-

cific FSAR.

3.9.3.2.2.3.4 Check Valves. The check valves are characteristically

simple in design and their operation will not be affected by seismic accelera-!

tions or the maximum applied nozzle loads. The check valve design is

|

compact and there are no extended structures or masses whose motion could _
cause distortions which could restrict operation of the valve. The nozzle |

loads due to maximum seismic excitation will not affect the functional

ability of the valve since the valve disc is designed to be isolated from |
the casing wall. The clearance supplied by the design around the disc will
prevent the disc from becoming bound or restricted due to any casing dis-
trotions caused by nozzle load. Therefore, the design of these valves is

3.9-44b
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such that once the structural integrity of the valve is assured using

standard design or analysis methods, the ability of the valve to operate

assured by the design features. In addition to these design considerations,

the valve will also undergo, (1) stress analysis including the SSE loads,

(2) in-shop hydrostatic tests, (3) in-shop seat leakage test, and (4) 7
periodic in-situ valve exercicing and inspection to assure the functional

ability of the valve.
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3.9.3.3 Design and Installation Details for Mounting of Pressure Relief
evices

See Applicant's SAR.

3.9.3.4 Component Supports

Supports for ASME Section III Code Class 1 components in the CESSAR scope
are specified for design in accordance with the loads and loading combinations
discussed in Section 3.9.3.1.
Ariendment No.
March 31, 1982
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In addition to the normal operating and seismic supports, component stops
are employed to limit displacements for postulated pipe breaks. Where a

component stop is designed solely to control movement following a postulated

pipe break, only the design loading combination (d) of Section 3.9.3.1 is

specified.

Component supports which are loaded during normal operation, seismic and
following a pipe break are specified for design for loading combinations
(a) through (d) of Section 3.9.3.1. Component stops which are loaded only
following a pipe break are specified for design for loading combination
(d). Design stress limits applied in evaluating loading combinations (a),
(b), and (c) of Section 3.9.3.1 are consistent with the ASME Code, Section
I1I. The design stress limits applied in evaluating loading combination
(d) of Section 3.9.3.1 are in accordance with the ASME Ccde, Section III.
Loads in compression members are limited to 2/3 of the critical buckling
load.

For design criteria for restraints provided solely to control movement of
postulated broken piping, see the Applicants SAR.

To insure that pipe restraints and component stops do function independently
of the normal support system, the motions of the intact pipe due to all
normal and upset plant conditions and vibratory motion of the SSE are
calculated and used to specify a minimum clearance between the pipe and the
restraint. Wherever possible, gaps between pipes and restraints are
maximized to avoid possible contact during plant operation. Where a parti-
cular location requires minimizing a gap, special features are provided to
permit adjustment of the gap size during hot functional testing in order to
decrease the uncertainty in the calculated pipe motion in the vicinity of
the restraint. See Applicants SAR for details of pipe restraint design.
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VALVE
NG,

Sl
S1
SI
S1
S1
S1
SI
S1
S1
S1
S1
SI
S1
51
S1
S1
S1
SI
51

S1

o5 3

134
143
144
164
165
179
189
215
217
225
227
235
237
245
247
321
322

331

ST 532

S1

SYSTEM NAME

(safety function)

Safety Injection
(Operate)

Safety Injection
(Operate)

Safety Injection
(Operate)

Safety Injection S

(Operate)
Safety Injection
(Operate)
Shutdown Cooling
Relief
(Operate)

Safety Injection
(Operate)

Safety Injection

(Operate)
Safety Injection
(Operate)
Safety Injection
(Operate)
Safety Injection
(Operate)

Safety Injection

(Operate)

Safety Injection ¢

(Operate)

Safety Injection !

(Operate)
Safety Injection
(Operate)
Safety Injection
(Close)
Safety Injection
(Operate)
Safety Injection
(Close)
Safety Injection
(Operate)

Safety Injection §

(Operate)
Safety Injection

(Operate)
Safety Injection

(Operate)

Sys.

Suction

Sys.
Sys.

Sys.

,\y 18

Sys.,

TABLE 3.9.3-3

(Sheet 1 of 8)

LINE
SIZE

12

4
12
10
10

VALV
TYPE

Swing
Swinq
Swing
Swing

Swing

6 x 10 Relief

6 x 10 Relief

14
14
14
14
14
14
14

14

Swing
Swing
Swing
Swing
Swing
Swing
Swing
Swing
Globe
Globe
Globe
Globe
Swing
Swing
Swing

Swing

NSSS SEISMIC 1 ACTIVE VALVES

E

Check
Check
Check
Check

Check

Check
Check
Check
Check
Check
Check
Check

Check

Check
Check
Check

Check

ASME
SECTION I11
CODE CLASS

1
1

ACTUATOR

TYPE

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Motor

Fneumatic

Motor

Pneumatic

None
None
None

None
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TABLE 3.9.3-3

NSSS SEISMIC I ACTIVE VALVES

(Sheet 2 of 8) | 7
ASME
VALVE SYSTEM NAME L INE VALVE SECTION 111 ACTUATOR
NC. (safety function) SIZE TYPE CODE CLASS TYPE
S1 605 Safety Injection Tank 1 Globe 2 Solenoid
Vent (Operate)
S1 606 Safety Injection Tank 1 Globe 2 Solenoid
Vent (Operate)
SI 607 Safety Injection Tank ] Globe 2 Solenoid
Vent (Operate)
SI 608 Safety Injection Tank 1 Globe 2 Solenoid
Vent (Operate)
SI 611 Safety Injection Tank 2 Globe 2 Pneumatic
Fi11 Valve (Close)
SI 613 Safety Injection Tank 1 Globe 2 Solenoid
Vent (Operate)
SI 614 Safety Injection Tank 14 Gate ] Motor
Isolation (Operate)
SI 615 LPSI Header Isolation 12 Globe 2 Motor
Valve (Operate)
SI 616 HPST Header Valve 2 Globe 2 Motor
(Operate)
SI 617 HPSI Header Valve 2 Globe 2 Motor
(Operate)
SI 618 Leakage Return to RWT 1 Globe 1 Pneumatic
(Close)
S1 621 Safety Injection Tank 2 Globe 2 Pneumatic
Fill valve (Close)
SI 623 Safety Injection Tank 1 Globe 2 Solenoid 7
Vent (Operate)
SI 624 Safety Injection Tank 14 Gate 1 Motor
Isolation (Operate)
SI 625 LPSI Header Isolation 12 Globe 2 Motor
Valve (Operate)
SI1 626 HPS1 Header Valve 2 Globe 2 Motor
(Operate) ‘
SI 627 HPSI Header Valve 2 Globe 2 Motor {
(Operate) |
SI 628 Leakage Return to RWT 1 Globe 1 Pneumatic |
(Close) ]
SI 631 Safety Injection Tank 2 Globe 1 Pneumatic
Fill Valve (Close) |
SI 633  Safety Injection Tank ] Globe 2 Solenoid ;
Vent (Operate)
S1 634 Safety Injection Tank 14 Gate ] Motor l
Isolation (Operate) ! .
ST 635 LPSI Header Isolation 12 Globe 2 Motor

Valve (Operate)
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VAL

VE

NO.

636
637
638
641
643
644
645
646
647
648
651
652
653
654
655
656
690
691
157

158

SYSTEM NAME
(safety functi

HPS] Header Valy
(Operate)
HPSI Header Valy
(Operate)
Leakage Return t
(Close)
Safety Injection
Fill Valve (Clos
Safety Injection
Vent (Operate)
Safety Injection
Isolation (Opera
LPSI Header lsol
Valve (Operate)
HPSI Header Valv
(Operate)

TABLE 3.9.3-3

NSSS SEISMIC 1 ACTIVE VALVES
(Sheet 3 of 8)

on)

e

o

0 RWT
Tank

e)
Tank
Tank
te)

ation

e

HPS1 Header Valve

(Operate)
Leakage Return t
(Close)
Shutdown Cooling

(Operate)
Shutdown Cooling
(Operate)
Shutdown Cooling
(Operate)
Shutdown Cooling
(Operate)
Shutdown Cooling
(Operate)
Shutdown Cooling
(Operate)
Safety Injection
(Operate)

Safety Injection S

(Operate)
Safety Injection

(Operate)
Safety Injection

(Operate)

0 RWT
Suction
Suction
Suction
Suction
Suction
Suction

Sys.

LINE
SIZE

2
2

14

12

16
16
16
16
16
16
10
10
18

18

VALVE
TYPE

Globe
Globe
Globe
Globe
Globe
Gate
Globe
Globe
Globe
Globe
Gate
Gate
Gate
Gate
Gate
Gate
Globe
Globe
Swing Check

Swing Check

ASME
SECTION 111
CODE CLASS

2
2

ACTUATCR
TYPE

Motor
Motor
Pneumatic
Pneumatic
Solenoid
Motor
Motor
Motor
Motor
Pneumatic
Motor
Motor 7
Motor
Motor
Motor
Motor
Motor
Motor
None

None
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TABLE 3.9.3-3

NSSS SEISMIC I ACTIVE VALVES
(Sheet 4 of 8) | 7.
ASME
VALVE SYSTEM NAME LINE VALVE SECTION 111 ACTUATOR
NO. (safety function) SIZE TYPE CODE CLASS TYPE

SI 200 Safety Injection Sys. 20 Swing Check 2 None
(Operate)

SI 201 Safety Injection Sys. 20 Swing Check 2 None
(Operate)

SI 205 Safety Injection Sys. 24 Swing Check 2 None
(Operate)

S1 206 Safety Injection Sys. 24 Swing Check 2 None
(Operate)

SI 306 Safety Injection Sys. 10 Globe 2 Motor
(Operate)

SI 307 Shutdown Cooling Sys. 10 Globe 2 Motor
(Operate)

SI 404 Safety Injection Sys. 4 Swing Check 2 None
(Operate)

SI 405 Safety Injection Sys. 4 Swing Check 2 None
(Operate)

SI 424 Safety Injection Sys. 2 Lift Check 2 None
(Operate)

SI 426 Safety Injection Sys. 2 Lift Check 2 None
(Operate)

SI 434 Safety Injection Sys. 10 Swing Check 2 None
(Operate)

Si 446 Safety Injection Sys. 10 Swing Check 2 None
(Operate) 7

SI 448 Safety Injection Sys. 2 Lift Check 2 None
{Operate)

SI 451 Safety Injection Sys. 2 Lift Check 2 None
(Operate)

SI 484 Safety Injection Sys. 10 Swing Check 2 None
(Operate)

SI 485 Safety Injection Sys. 10 Swing Check 2 None
(Operate)

S1 486 Safety Injection Sys. 2 Lift Check 2 None
(Operate)

S1 487 Safety Injection Sys. 2 Lift Check 2 None
(Operate)

SI 604 HPS1 Hot Leg Isolation 3 Gate 2 Motor
(Operate)

SI 609 HPSI Hot Leg Isolation 3 Gate 2 Motor
(Operate)

ST 657 Shutdown Cooling 16 Butterfly 2 Motor
(Operate)

SI 658 Shutdown Cooling 16 Butterfly 2 Motor

(Operate) ‘
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VALVE

659
660
664
665
666
667
668
669
671
672
673
674
675
676
678
679
682
683
684
685
686

687

TABLE 3.9.3-3

(Sheet 5 of B)

SYSTEM NAME L INE
(safety function) SIZE
Mini Flow Isolation 4
(Operate)
Mini Flow Isolation 4
(Operate)
CSP Mini Flow Isolation 2
(Operate)
CSP Mini Flow Isolation 2
(Operate)
HPSI Pump Mini Flow s
[solation (Operate)
HPST Pump Mini Flow 2
[solation (Operate)
LPSI Pump Mini Flow 2
Isolation (Operate)
LPSI Pump Mini Flow "4

Isolation (Operate)
Containment Spray Isolation 8
valve (Operate)

Containment Spray Isolation 8
Valve (Operate)

Sump Suction Isolation 24
(Operate)

Sump Suction Isolation 24
(Operate)

Sump Suction Isolation 24
(Operate)

Sump Suction Isolation 24
(Operate)

CSP Flow Control Valve 10
(Operate)

CSP Flow Control Valve 10
(Operate)

SIT Fill Line 2
(Close)

LPSI Pump Suction 20
(Operate)

CSP Discharge 10
(Operate)

LPSI Discharge 10
(Operate)

SDCHX Discharge 20
(Operate)

SDCHX Discharge 10

(Operate)

VALVE
TYPE

Globe
Globe
Globe
Globe
Globe
Globe
Globe
Globe
Gate

Gate
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Butterfly
Globe
Gate

Gate

Gate

Gate

Gate

ASME

SECTION II1 ACTUATOR
CODE CLASS TYPE

2 Solenoid

2 Solenoid

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor

2 Pneumatic

2 Motor

2 Motor

2 Motor

2 Motor

2 Motor
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VALVE
NO.

CH
CH
CH
CH

CH

CH

o

CH 5

CH

CH

CH 5

CH
CH

CH

CH !

CH

328
331
334
431
433
440
4G4
505

506

516

523

TABLE 3.9.3-3

NSSS SEISMIC I ACTIVE VALVES
(Sheet 7 of 8)

SYSTEM NAME
(safety function)

Charging Line Check
(Operate)

Charying Line Check
(Operate)

Charging Line Check
(Operate)

Auxiliary Spray Check
(Operate)

Charging Line Check
(Operate)

HPST Header Check
(Operate)

RMW Supply Line to RDT

Check (Operate)

RCP Controlled Bleed-0Off

Containment lsolation
(Close)

Letdown Isolation Valve
(Close)

Charging Line Isolation
Valve (Open)

RWT Suction Isolation
(Operate)

RDT Suction Isolation
(Close)

RDT Suction
(Close)

RMW Supply Isolation to

RDT Iso. (Close)

Charging Line Check Valve

(Operate)

Injection Check

(Operate)

Injection Check

(Operate)

Injection Check

(Operate)

Isolation

Seal
Seal

Seal

LINE
SIZE

2
2

VALVE
TYPE

Lift Check
Lift Check
Lift Check
Lift Check
Lift Check
Lift Check
Lift Check
Globe
Globe
Globe
Globe
Globe
Globe

Gate

Gate

Globe
Globe
Globe

Lift Check
Lift Check
Lift Check

Lift Check

ASME
SECTION 111
CODE CLASS
2

2

ACTUATOR
TYPE

None
None
None
None
None
None
None
Pneumatic
Pneumatic
Pneumatic
Pneumatic
Pneumatic
Motor
Motor
Motor
Pneumatic
Pneumatic
Pneumatic
None
None
None

None
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VALVE
NO.

CH 812
CH 835
CH 866
CH 867
CH 868
CH-869
RC 200
RC 201
RC 202
RC 203
RC 244
IR 100
IR 118
IR 120
[R 130
IR 680
IR 681
IR 682

IR 683

NOTE:

TABLE 3.9.3-3

NSSS SEISMIC I ACTIVE VALVES
(Sheet 8 of 8)

SYSTEM NAME
(safety function)

Seal Injection
(Operate)
Injection
(Operate)
Injection
(Operate)
Injection
(Operate)
Injection
(Operate)
Injection
(Operate)
(Operate)

Seal
Seal
Seal
Seal
Seal

(Operate)
(Operate)
(Operate)

RCS (Operate)
[odine Removal
(Operate)
lodine Removal
(Operate)
lodine Removal
(Operate)
[odine Removal
(Operate)
lodine Removal
(Operate)
lodine Removal
(Operate)
lodine Removal
(Operate)
lodine Removal
(Operate)

3 (Operate)
closing.

N
.

Check
Check
Check
Check
Check

Check

Sys.
Sys.
Sys.
Sys.
Sys.
Sys.
Sys.

Sys.

LINE
S1ZE

1

1-1/2

1
1

1/2
1/2
1/2
1/2
1/2
1/2

8

VALVE
TYPE_

Lift Check
Lift Check
Lift Check
Lift Check
Lift Check
Lift Check
Safety

Safety

Safety

Safety

Check

Vacuum Breaker
Vacuum Breaker
Check

Check

Globe

Globe

Globe

Globe

ASME

SECTION ITI ACTUATOR
CODE CLASS TYPE

1 None

2 None

1 None

1 None

1 None

1 None

i None

1 None

1 None

1 None

1 None

2 None

2 None

2 None

2 None

2 Solenoid

2 Solenoid

2 Solenoid

2 Solenoid

is defined as valve being capable of both opening and

(Close) is defined as valve being capable of moving to or maintaining
a closed position.

5. (Open is defined as valve being capable of moving to or maintaining

an open position.
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3.1 ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT

The desian criteria with respect to environmental effects on the electrical
and mechanical equipment of the Reactor Protective System and the Engineered
Safety Features System to ensure acceptable performance in all environments
(normal and accident) depend upon equipment location and function. Such
equipment i5 qualified to meet its performance requirements under the
environmental and operating conditions in which it will be required to
function and for the length of time for which its function is required. As
far as practical, equipment for these systems is located outside the Containment
Building or other areas where adverse environmental conditions could exist.
Compatability of mechanical and electrical equipment with environmental
conditions is provided within the following desian criteria:

A. For operation under normal conditions the systems are designed and
qualified to remain functional after exposures within the following
ranges of environmental conditions:

1. Design temperatures maintained at the equipment location during
normal operation by the ventilating and cooling system described
in Section 9.4, Temperature ranges are given in Appendix 3.11A,
Table 3.11A-1 thru 3.11A-14.

2. Relative humidity ranges are given in Appendix 3.11A, Table 3.11A-1]
thru 3.11A-14.

3. Pressure ranges are given in Appendix 3.11A, Table 3.11A-1 thru
3.11A-14,

4, Maximum expected inteqrated radiation exposures for 40 years at
the equipment location during normal operation are given in
Appendix 3.11A, Table 3.11A-1 thru 3.11A-14.

B. In addition to the normal operation environmental requirements giver
in listing A above, the mechanical and electrical components required
to mitigate the consequences of a design basis event (DBE) or to
attain a safe shutdown of the reactor are designed to remain functional
after exposure to the environmental conditions anticipated following
the specific DBE which they are intended to mitigate. Anticipated
environmental conditions and requirements are listed below.

1. The temperature, pressure, and humidity ranges following the
design bases accidents such as the loss of coolant accident
(LOCA), the main steam line break (MSLB), control element assembly
ejection, or feedwater line break (FWLB), "Worst Case" combined
(LOCA & MSLB) are indicated in Appendix 3.11A.

rNY

The time integrated post accident radiation doses are indicated

in Appendix 3.11A. Equipment will be designed for the types and
levels of radiation associated with normal operation plus the
radiation associated with the 1imiting design basis accident (DBA).
If more than one type of radiation is significant each type may be
considered separately.

Amendment No.
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3.11.1 EQUIPMENT TDENTIFICATION AND ENVIRONMENTAL CONDITIONS

Appendix 3.118B lists and categorizes systems required to mitigate a DBE or
to attain a safe shutdown. Specific equipment and components for each
system are discussed in the appropriate section of the safety analysis
report as referenced in Appendix 3.11B. The major component categories,
such as motor-operated valves, pump motors, instrumentation and pressure
boundary equipment in each system, and the location of the components by
area are also provided.

3.11.2 QUALIFICATION TESTS AND ANALYSES

Qualification tests and analyses performed in accordance with the methodologies
defined in CENPD 255 Rev. 03 on NSSS instrumentation and electrical equipment
(including pump and valve motors and electrical accessories) fulfill the
requirements of IEEE Standard 323-1974, and "Category 1" of NUREG 0588. For
mechanical equipment, environmental qualification is based on engineering, 7
evaluation, and material selection where sufficiently reliable data is

available.

3.41.¢.1 Component Environmental Design and Qualification for
Normal Operation

Equipment Tisted in Appendix 3.11B is designed for 40 years of continuous
operation in the temperature, pressure, humidity, and radiation environment
that exists at the equipment location during normal operation, assuming
proper routine preventive maintenance is performed, such a periodic replace-
ment of seals and packing.

Appendix 3.11A provides the ranges of the design temperatures, pressure,
and humidities, as well as the exposures to chemical spray and radiation
for each area in which safety-related equipment listed in Appendix 3.11B is
located.

3.11.2,2 Component Environmental Design and Qualification for Operation
After a Design Basis Event

Fquipment listed in Appendix 3.11B is designed to remain functional in the

temperature, pressure, humidity, and chemical spray environment conditions

that exist at the equipment location after the design basis LOCA. This
equipment is also designed for the maximum calculated integrated radiation

Amendment No. 7
March 31, 1982

3.11-2



exposure after the design basis LOCA, as discussed in Section 3.11.5. The
temperature, pressure, and humidity environment inside the containment

after a LOCA is discussed in detail in Section 6.2.1.3. The containment
Spray characteristics are given in Section 6.2.2.1. The integrated post-
accident radiation dose for thuse aceas at which equipment is located is
given in Appendix 3.11A. The temperature, pressure, and humidity environment
inside the containment after a MSLB is discussed in detail in Section
6.2:1.4,

The requirements of the General Design Criteria, Appendix A to 10CFR50, are
met as follows:

. Criterion 1 - Quality Standards and Records, refer to Section
- 4 P
. Criterion 4 - Environmental and Missile Design Basis, refer to

Subsection 3.1.4,

Criterion 23 - Protection System Failure Modes, refer to Section
3.1.19.

. Criterion 50 - Containment Design Basis, refer to Sections
3.1.43 and 6.2.1.

The requirements of the Quality Assurance Criterion 111, Appendix B to
10CFRS0 are met as discussed in the Design and Procurement .A. Program
(See Chapter 17).

The recommendations contained in the documents discussed below, listings A
through D, and other applicable Requlatory Guides and Standards have also
been utilized.

A. Regulatory Guide 1.30, Quality Assurance Requirements for the Installa-
tion, Inspection, and Testing of Instrumentation and Electric Equipment.

B. Regqulatory Guide 1.73, Qualification Tests of Electric Valve Operators
Installed Inside the Containment of Nuclear Power Plants, A descripiton
of the tests and analysis by which active NSSS valves are qualified is
provided in Section 3.9.2.2.

. The qualification methods and documentation requirements of [EEE
Standard 323-1974, 1EEE Standard for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations and "Category 1" of NUREG 0588,

are discussed in CENPD-255 Rev. 3 (Reference 1). | 7
D. Pressure boundary components inside the containment are designed for
the appropriate temperature and pressure environment in accordance with ! 7

the applicable code to which the component is constructed.

Qualification testing is not considered necessar, for such components.

Amendment No.
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RADIATION IN HARSH AND NON-HARSH ENVIRONMENT

Electrical Equipment will be designed for the types and levels of radiation
associated with normal operation plus the radiation associated with the
1imiting Design Basis Accident (DBA). These levels are defined in Appendix
3.11A. If more than one type of radiation is significant, each type may be
applied separately.

Electrical Equipment which is exposed to radiation above 104 Rads will be
irradiated to its anticipated Total Integrated Dose (TID) prior to type testing
unless determined by analysis that radiation does not effect its ability to
perform its required function. Where the application of the accident dose is
planned during DBA testing, it need not be included during the aging process.

Electrical Equipment which will be exposed to radiation levels 104 Rads or
below will be analyzed to be determined whether low level radiation could
impact its ability to perform its required function.

Electrical Equipment will be qualified to the typical radiation environments
defined in Appendix 3.11A, as required.

Gamma
Cobalt-60 is considered an acceptable gamma radiation source. Other sources
may be found acceptable, and will be justified. Electrical Equipment will be
tested to typical gamma radiation levels defined in Appendix 3.11A.

Beta

Electrical Equipment exposed to beta radiation will be identified and an
analysis will be performed to determine if the operability of the equipment is
affected by beta radiation ionization and heating effects. Qualification will
be performed by test unless analysis demonstrates that the safety function

will not be degraded by Beta exposure. Equipment will be tested and/or
analyzed to the beta radiation levels defined in Appendix 3.11A. Where testing
is recommended, gamma equivalent radiation source will be used.

Neutron

Electrical Equipment exposed to neutron radiation will be identified and
neutron radiation levels defined. When actual neutron dose qualification
testing is not performed, an equivalent gamma radiation dose will be used for
qualification testing to simulate neutron exposure. The basis for establishing
an equivalent gamma radiation dose will be provided.

Paints/Radiation Effects
Electrical Equipment; an analysis will be performed addressing paint exposure
to beta and gamma radiation, if required. Qualification of painted equipment

will be by test if analysis indicates that the safety function of the equipment
could be impaired by paint failure due to radiation.

Amendment No.
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Chemical Spray

After a postulated accident, such as the LOCA or MSLB, components located in
the Containment Building may be exposed to a chemical spray from a solution
used to remove iodine from the containment building atmosphere. Equipment will
be envircnmentally tested to these conditions and performance requirements
demonstrated during and after the test. The most severe spray composition will
be determined by single failure analysis of the spray system. Corrosion
effects due to long term exposure will be addressed, as appropriate.

Where qualification for chemical spray environment is required, the simulated
spray will be initiated at the time shown in Appendix 3.11A.

Typical values of chemical spray composition, concentration and pH are defined
in Appendix 3.11A, Tables 3.11A-1, 3.11A-2 and 3.11A-13.

3.11.3 QUALTFICATION TEST RESULTS

3.11.3.1 N55S Instrumentation and Electrical Equipment

Qualification testing and analyses of NSSS Instrumentation and Electrical
Equipment are discussed in Reference 1.

3. 132 NSSS Mechanical Equipment

Qualification tests results and analyses of NSSS Mechanical Equipment are
provided in Section 3.9.2.2 .

3.11.4 CLASS TE INSTRUMENTATION LOSS OF VENTILATION EFFECTS

Loss of ventilation is discussed in the Applicant's SAR. Interface criteria
are presented in Chapter 7.

Class 1E equipment which is located in the control room or similar areas
includes the following:

Plant Protection System Cabinet (PPS)

Auxiliary Relay Cabinet (ARC)

Auxiliary Protective Cabinet (APC)

Main Control Panels

Process instrument Cabinet
Other instrumentation, such as process transmitters and signal converters and
the reactor trip switchgear system circuit breakers, are located in the
Auxiliary Building or Containment Buildirg. Equipment in these areas is
qualified for the maximum expected temperature, radiation, humidity, and
pressure under which the equipment is expected to operate.
The following are the normal and abnormal environmental conditions for which

C~-E Clasa IE safety-related equipment is qualified to operate according to the
service location of the equipment and the exvected environmental condition.
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Appendix 3.11A, Tables 3.11A-1 thru 3.11A-14 which define typical environmental
conditions and associated environmental test profiles are defined in Figures
3.11A-6A thru 3.11A-10.

3:10.5 CHEMICAL SPRAY, RADIATIC', HUMIDITY, DUST, SUBMERGENCE, AND
POWERSUPPLY VOLTAGE AND FREQUENCY VARIATION

3.11.5.1 Chemical Environment

Engineered Safety Feature Systems are designed to perform their safety-related
functions in the temperature, pressure, and humidity conditions described in
Section 3.11.1 and Sections 6.2 and 6.3, In addition, components of ESF
systems inside the containment are designed to perform their safety-related
functions in the presence of the existing chemical environment, resulting from
the boric acid and hydrazine soluticons recirculated through the Safety
Injection System (S1S) and Containment Spray Systems (CSS). The SIS is
designed for both the maximum and long-term boric concentration and pH. These
chemica! environment conditions are given in Appendix 3.11A.

. 011.5.2 Radiation Environment

The components in the Engineered Safety Feature and Reactor Protection Systems
are designed to meet their performance requirements under the environmental and
operating conditions in which they will be required to function and for the
length of time for which their function is required. The components are
designed to ensure acceptable performance under normal operational radiation
exposure in addition to the single most adverse post accident environment. The
normal operational exposures are based on the design source terms provided in
Section 11.1 and Section 12.2. Radiation environments for those crmponents for
which the most adverse accident conditions are post LOCA are based on the
source term assumptions consistent with Regulatory Guides 1.4 and 1.7.
Radiation environments for those components for which the most adverse accident
condition is other than the LOCA (such as the main steam line break, feedwater
line break or CEA ejection) are based on conservative estimates of the fuel
assembly gas gap activities and maximum Reactor Coolant specific activities as
discussed in Section 11.1.

HUMIDITY

Equipment not subjected to steam environments during DBE testing will be
environmentally tested to short term high humidity levels prior to operation
and performance requirements demonstrated during and after the test. Equipment
that is subjected to steam environments will be subjected to the appropriate
test profiles in Appendix 3.11A.

DUST

Dust environments will be considered when establishing service conditions and
qualification requirements. The potential effects of dust exposure will be
evaluated relative to effects upon equipment safety function performance.
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Where dust could have a degrading effect on equipment safety function
performance, it will be addressed in the qualification program through the
development of a maintenance program and/or an upgrading of equipment interface
requirements,

SUBMERGENCE

Equipment locations and operability requirements wiil be reviewed to establish
whether or not specific equipment could be subject to submergency during its
required operating time. Flood levels both inside and outside containment will
be reviewed and potential impacts on equipment qualification appropriately
addressed. Where operability during submergency is required, qualification
will be demonstrated by type test and/or analysis supported by partial type
test data,

Power Supply Voltage and Frequency Variation

Power supply voltage and frequency variation is addressed in several areas
throughout the equipment design and verification process. During the design
process interface requirements dictate the acceptable range of power supply
variation. Equipment specifications incorporate these interface requirements
into the design to ensure acceptable operation within the defined range of
power supply voltage and frequency variation. Upon equipment fabrication and
completion, design verification tests are performed to demonstrate design
adequacy.
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APPENDIX 3.11A

TYPICAL ENVIRONMENTAL CONDITINNS AND TCST PROFILES

~J4

FOP

STRUCTURES AND COMPONENTS

This appendix defines the generic environmental qualification requirements for
CESSAR scope structures and components., The requirements are given in
cateqories which combine various locations and conditions of desian for

environmental qualification purposes.
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3.11A-1 DEFINITION OF ©NVIRONMENTAL CONDITIONS AND PROFILES

The purpose of this appendix is to define typical environmental conditions
and associated environmental test profiles.

SUMMARY

Figures 3.11A-1A through 3.11A-5 provide typical post accident environmental
conditions. These figures are not "test" profiles and therefore do not include
margin,

Tables 3.11A-1 through 3.11A-14 provide a series of tables titled "Category
“XX"" Environmental Conditions". These tables were developed for the purpose
of defining a limited set of clearly established environmental conditions
that could be associated with specific equipment and/or locations. Appendix
3.11A utilizes and illustrates this approach by correlating a generic piece
of equipment with its corresponding environmental category designator.

These tables also do not define actual test conditions or parameters and
therefore do not include margin.

Figure 3.11A-6A and 3.11A-6B are the in-containment test profiles that
correspond to the post accident environmental conditions defined in Fiqgures
3.11A-1A through 3.11A-5 and Tables 3.11A-1, 3.11A-2 and 3.11A-13. Both
Figure 3.11A-6A and 3.11A-6B incorporate and illustrate required marqin.
For an explanation of the use of these profiles see Section 3.4.1 of CENPD
255, Rev. 03.

Figures 3.11A-7 through 3.11A-10 are test profiles for equipment located
outside containment. These test profiles also do not incorporate marqgin.

The test profiles included herein represent "typical" examples of qualifica-
tion test profiles and are not intended to represent the complete set of all
test profiles utilized.

ENVIRONMENTAL CONDITIONS

A. Tables 3.11A-11 and 3.11A-2 list typical parameters for design basis
accident conditions inside containment (Environmental Categories
”A“‘" dnd “A’Z”).

B. Table 3.11A-3 lists typical parameters for normal environmental conditions
inside containment (Environment Category "B").

£ Tables 3.11A-4, 3.11A-11 and 3.11A-12 list typical parameters for normal
environment conditions outside containment (Environment Cateqories "C",
qul and "K“).

D. Tables 3.11A-5 through 3.11A-10 list tynical parameters for abnormal
environment conditons outside containment (Environment Cateqories "D",
“E“g "F”. an’ an al]d ”I").
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Table 3.11A-13 lists typical "Worst Case" parameters for valves inside
containment (Environment Category V-1).

Table 3.11A-14 lists typical "Worst Case" parameters for valves outside
containment (Environment Category V-2).

Figures 3.11A-1A through 3.11A-5 provide profiles for typical post
accident environment conditions.

Figures 3.11A-6A and 3.11A-6B represent simulated environmental profiles
for equipment located inside containment, as appropriate (Environment
Categories "A-1", "A-2" and "V-1").

Figures 3.11A-7 and 3.11A-8 represent simulated environmental conditions
for equipment located outside containment, as apnropriate (Environment
Category "C").

Figures 3.11A-9 and 3.11A-10 will be used to simulate environment
conditions for equipment located outside containment, as appropriate
(Environment Categories "H" and "J").
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TABLE 3.11A-1

CATEGORY "A-1" ENVIRONMENTAL CONDITIONS
(LOCA:  IN-CONTAINMENT)

ENVIRONMENTAL
PARAMETERS RANGE AND DURATION
TEMPERATURE, °F FIGURE 3.11A-1A

R ———— B
PRESSURE, PSIG FIGURE 3.11A-1B
HUMIDITY SUPERHEATED STEAM/

AIR MIXTURE 7
RADIATION, RADS FIGURES 3.11A-4 AND 3.11A-5
CHEMICALS NOTE "1
k TTLE A TS AL LT L ElS

NOTE 1 - 4400 PPM BORON AS .80, 50-100 PPH HYDRAZINE AS N.H, AND P4
T0 10.
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TABLE 3.11A-2

CATEGORY "A-2" ENVIRONMENTAL CONDITIONS
(MSLB: IN-CONTAINMENT) |

ENVIRONMENTAL
PARAMETERS RANGE DURATION

FIGURE 3.11A-3 ; 0-12 MIN.

TEMPERATURE, °F

FIGURE 3.11-1A (AFTER 12 MIN.)

SAME AS LOCA PROFILE
PRESSURE, PSIG FIGURE 3.T11A-1B

SH STEAM/AIR i

MIXTURE | 0-12 MIN. '
HUMIDITY

el SAT. STEAM/AIR MIXTURE (AFTER 12 MIN.)
RADIATION, RADS 4.5 x 10 v (T1D) ;

| CHEMICALS NOTE "1 |

{
NOTE 1 - 4400 PPM BORON AS H3B03. 50-100 PPM HYDRAZINE AS N?HA AND PLA
TO 10.

Amendment No. 7
March 31, 1982



TABLE 3.11A-3

CATEGORY "B" ENVIRONMENTAL CONDITIONS
(NORMAL:  IN-CONTAINMENT)

ENVIRONMENTAL
PARAMETERS RANGE DURATION
TEMPERATURE, °F 55 T0 122 CONTINUOUS}
!
PRESSURE, PSIG 0-5 CONTINUOUS |
T B
HUMIDITY, : 20-90 CONTINUOUS |
!

RADIATION, RADS
(TID)

NOTE '1'

CHEMICALS

M. —

NOT APPLICABLE

NOTE 1 - DOSE VARIES WITH COMPONENT (SEE CESSAR-F, TABLE 3.11B-2)
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TABLE 3.11A-4

CATEGORY "C" ENVIRONMENTAL CONDITIONS

ENVIRONMENTAL
PARAMETERS RANGE DURATION
I . LR ————
TEMPERATURE, °F 55 T0 104 CONTINUOUS |
}
1 l
PRESSURE, PSIG 0 ; CONTINUOUS |
HUMIDITY, % 20-90 | CONTINUOUS
% NOTE "1 i
RADIATION, RADS i ?
_(TID) ! NOTE '2" |
} 2}
CHEMICALS . NOT APPLICABLE

NOTE 1 - AT OR ABOVE 80°F, THE MOISTURE CONTENT IS THAT WHICH PRODUCES 90°
RELATIVE HUMIDITY AT 80°F (DEWPOINT OF 77°F).

NOTE 2 - DOSE VARIES WITH COMPONENT (SEE CESSAR-F, TABLE 3.11B-2).
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‘III' TABLE 3.11A-5

CATEGORY "D" ENVIRONMENTAL CONDITIONS

ENVIRONMENTAL RANGE OR
PARAMETERS MAX IMUM DURATION
s - - — e — — .y - e il S~ D St et s A_Tw ———— —— —*‘—1
104-120 | 4 HR.
!, S
TEMPERATURE, °F | i t
' ,
| 1
{ |
|
' 104 TO 5% AFTER 4 HR.'!
. PRESSURE, PSIG 0 ALL
1 DURATION !
HUMIDITY, ©20-90
' NOTE '1° NOTE '2'
6 7
RADIATION, RADS 4 X 10° v (TID)
CHEMICALS NOT APPLICABLE

NOTE 1 - AT OR ABOVE 80°F, THE MOISTURE CONTENT IS THAT WHICH PRODUCES 902
RELATIVE HUMIDITY AT 80°F (DEWPOINT OF 77°F). AT OR ABOVE 120°F,
THE MOISTURE CONTENT IS THAT WHICH PRODUCES 99% RELATIVE HUMIDITY
AT 120°F (DEWPOINT OF 116°F).

NOTE 2 - LIMITED TO 8 HOURS OUTSIDE THE NORMAL RANGE OF CATEGORY "C" UNLESS
OTHERWISE SPECIFIED.

—— e e e e et
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TABLE 3.11A-6 ‘

CATEGORY "E" ENVIRONMENTAL CONDITIONS

ENVIRONMENTAL RANGE OR
PARAMETERS MAX IMUM DURATION
’ |
55 TO 330 @ 0 - 3 MIN.

| TEMPERATURE, °F
|

PRSI, R——'

|
; 104-55 E AFTER 3 MIN. | '
T !
) ; i
3 | 0-3 MIN. | ;
| |
' PRESSURE, PSIG 1 i
0 ‘ AFTER 3 MIN. | ‘
SN R S B
| 100 | 0-3 MIN.
:HUMIDITY, % %
‘ NOTE '2° | AFTER 3 MIN. | |
| (NOTE '1') | |
,b"'—"—' i j‘ {
RADIATION, RADS 10° (T1D) | |
CHEMICALS NOT APPLICABLE |

-—

NOTE 1 - LIMITED TO 8 HOURS QUTSIDE THE NORMAL RANGE OF CATEGORY "C" UN[ESS
OTHERWISE SPECIFIED.

NOTE 2 - AT OR ABOVE 80°F, THE MOISTURE CONTENT IS THAT WHICH PRODUCES 907 :
RELATIVE HUMIDITY AT 80°F (DEWPOINT OF 77°F).
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ENVIRONMENTAL
PARAMETERS

TABLE 3.11A-7

CATEGORY "F" ENVIRONMENTAL CONDITIONS

RANGE DURATION

TEMPERATURE, °F

FIGURE 3.11A-2 (NOTE '2')

-

v - ——

I |
PRESSURE, PSIG 0 ; ALL DURATION
HUMIDITY SAT. STEAM/AIR NOTE ‘2"
——— - MIXTURE e
RADIATION, RADS NOTE '1'

. CHEMICALS

NOT APPLICABLE

R L — e ————— —— - -~

NOTE 1 - FOR UNCONTROLLED AC%[SS AREAS 1 X 1Ga ¢ (TID) AND FOR CONTROLLED

ACCESS AREAS 4 X 10

(TID).

NOTE 2 - LIMITED TO 8 HOURS OUTSIDE THE NORMAL RANGE OF CATEGORY "C" UNLESS

OTHERWISE SPECIFIED.
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TABLE 3.11A-8
CATEGORY "G" ENVIRONMENTAL CONDITIONS !
ENVIRONMENTAL
PARAMETERS RANGE DURATION
TEMPERATURE, °F FIGURE 3.11A-2 (NOTE '1') |
e |
PRESSURE, PSIG 0 ALL DURATION ;
|
HUMIDITY SAT. STEAM/AIR NOTE '1° '
MIXTURE Ao ’
RADIATION, RADS 3.1 x 10% v (TID)
CHEMICALS NOT APPLICABLE |

e e e —— —

NOTE 1 - LIMITED TO 8 HOURS OUTSIDE THE NORMAL RANGE OF CATEGORY "C" UNLESS
OTHERWISE SPECIFIED.
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‘ TABLE 3.11A-11
CATEGORY "J" ENVIRONMENTAL CONDITIONS
ENVIRONMENTAL
PARAMETERS RANGE DURATION
| I |
| TEMPERATURE, °F | 65 TO 85 | CONTINUOUS |
- J |
| PRESSURE, PSIG | 0 | CONTINUOUS ;
et | | |
HUMIDITY, 40-60 | CONTINUOUS |
RADIATION, RADS <10° (T1D) |
’ CHEMICALS NOT APPLICABLE

Amendment No. 7
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TABLE 3.11A-12

CATEGORY "K" ENVIRONMENTAL CONDITIONS

(OUTSIDE PLANT BUILDINGS)

ENVIRONMENTAL
PARAMETERS RANGE DURATION
| TEMPERATURE, °F -30 T0 120 ' CONTINUOUS |
PRESSURE, PSIG 0 | CONT INUOUS
]i
HUMIDITY, 20-90 | CONTINUOUS
NOTE '1' |

F

i
;RADIATION, RADS

10% (T1D)

*h_

|
| CHEMICALS

NOT APPLICABLE

NOTE 1 -

AT OR ABOVE 80°F, THE MOISTURE CONTENT IS THAT WHICH PRODUCES 90
RELATIVE HUMIDITY AT 80°F (DEWPOINT OF 77°F).
THE MOISTURE CONTENT IS THAT WHICH PRODUCES 90% RELATIVE HUMIDITY
AT 120°F (DEWPOINT OF 116°F).

AT OR ABOVE 120°F,
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TABLE 3.11A-13
CATEGORY "V-1" ENVIRONMENTAL CONDITIONS

(WORST CASE: IN-CONTAINMENT): NOTE 3
. ENVIRONMENTAL PARAMETERS RANGE DURATION
NORMAL 60 - 122 CONTINUOUS
| LOCA FIGURE 3.11A-1A
TEMPERATURE, °F
Al
‘ FIGURE 3.11A-3 0-12 MIN.
MSLB |- —

FIGURE 3.11A-1A | AFTER 12 MIN.

A ---..}-__

:
i
|
!,___
| NORMAL 0-5 CONTINUOUS
| PRESSURE, PSIG | LOCA FIGURE 3.11A-1B
z o
| e
| | MsLe FIGURE 3.11A-1B
L._, PPV S S S 4
NORMAL NOTE '1°
f’“‘“’ '

| LOCA | ey ALL DURATION
i - — |
| |
| HUMIDITY, SH. STEAM/AIR |
| MSLB MIXTURE 0-12 MIN.
| SAT. STEAM/AIR | g
| e | AFTER 12 MIN.
}- G |
! RADIATION, RADS 1 x 10 (T1D) !
| CHEMICALS NOTE '2°
.

NOTE 1 - 95% RELATIVE HUMIDITY (RH) AT 60 TO 80°F. FOR 80°F TO MAXIMUM

TEMPERATURE FIXED MOISTURE CONTENT IS EQUIVALENT TO 95% RH AT 80°F.
NOTE 2 - 4400 PPM BORON AS H,80,, 50-100 PPM HYDRAZINE AS N,H, AND pH

. NOTE 3 -

4 T0 10.

COMBINED "WORST CASE" CONDITION FOR NORMAL/LOCA/MSLB ENVIRONMENTS.
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TABLE 3.11A-14
CATEGORY "V-2" ENVIRONMENTAL CONDITIONS
(WORST CASE: OUTSIDE CONTAINMENT): NOTE 2
ENVIRONMENTAL PARAMETERS RANGE ; DURATION ?
i’
| nommaL | 60-104 ! CONTINUOUS
LOCA FIGURE 3.11A-2
TEMPERATURE, °F
60-330 0-3 MIN.
MSLB ;
FIGURE 3.11A-2 AFTER 3 MIN.
NORMAL 0 CONTINUOUS
T
PRESSURE, PSIG | LOCA 0 ALL DURATION |
— ‘ |
|
I3 0-3 MIN. ; 7
5 | |
| MSLB | ; i
| | | s
z | 0 ; AFTER 3 MIN. |
| NORMAL ( NOTE '1' 3}
HUMIDITY, ’ | SAT. STEAM/AIR ¥
g LOCA | MIXTURE ALL DURATION |
i | SAT. STEAM/AIR |
MSLB , MIXTURE | ALL DURATION |
i
RADIATION, RADS | 5 x 107 (TID) :
{ i
l CHEMICALS NOT APPLICABLE ;
— S I : )

NOTE 1 - 95% RELATIVE HUMIDITY (RH) AT 60 TO 80°F. FOR 80°F TO MAXIMUM
TEMPERATURE FIXED MOISTURE CONTENT IS EQUIVALENT TO 95% RH
AT 80°F.

NOTE 2 - COMBINED "WORST CASE" CONDITION FOR NORMAL/LOCA/MSLB ENVIRONMENTS.
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C-E TYPICAL CONTAINMENT ATMOSPHERE TEMPERATURE Figure
BUBTE CONDITION FOLLOWING LOCA 3.11A-1A
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TYPICAL ANNULUS ATMOSPHERE TEMPERATURE Figure
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D. Faulted Conditions

Condition IV incidents are postulated events whose consequences are such

that integrity and operability of the nuclear energy system may be impaired.
Mechanical fuel failures are permitted, but they must not impair the operation
of the engineered safety features (ESF) systems to mitigate the consequences
of the postulated event. Condition IV incidents are listed below:

1. Safe shutdown earthquake (SSE)

2. Loss-of-coolant accident (LOCA)

3. Combined SSE and LOCA

4. Locked coolant pump rotor

5. Major secondary system pipe rupture

6. CEA ejection

e Major fuel handling accident (fuel assembly and grapple are disengaged)
B et Fuel Assembly Structural Integrity Criteria

For each of the design conditions, there are criteria which apply to the

fuel assembly and components with the exception of fuel rods. These criteria
are listed below and give the allowable stresses and functional requirements
for each design condition. Criteria for fuel rods are discussed separately
in Section 4.2.1.2.

A. Design Conditions I and 11

pm . Sm

pm ' pb 3 Fssm

Under cyclic loading conditions, stresses must be such that the cumulative
fatigue damage factor does not exceed 0.8. Cumulative damage factor is

defined as the sum of the ratios of the number of cycles at a given cyclic
stress (or strain) condition to the maximum number permitted for that condi-
tion. The selected limit of 0.8 is used i1 place of 1.0 {which would correspond
to the absolute maximum damage factor permitted) Co provide additional

margin in the design.

Deflections must be such that the allowable trip time of the control element
assemblies is not 2xceeded.

B. Design Condition III
Pm < 1.5 S
P_+P < 1.5 FSSm

4.2-3



Deflections are limited to a value allowing the CEAs to trip, but not neces-

sarily within the prescribed time. .
C. Design Condition IV
P« Sm
P, *+ P < FS:
where S' = smaller value of 2.4 S _or 0.7 S .
m m u
B If the equivalent diameter pipe break in the LOCA does not exceed
0.5 square foot, the fuel assembly deformation shall be limited to
a value not exceeding the deformation which would preclude satisfac-
tory insertion of the CEAs.
" 8 For pipe break sizes greater than 0.5 square foot, deformation of
structural components is limited to maintain the fuel in a coolable
array. CEA insertion is not required for these events as the
appropriate safety analyses do not take credit for CEA insertion.
< % For the upper and fitting springs, calculated shear stress must not
exceed the minimum yield stress in shear.
7
4, For the spacer grids, the predicted impact loads must be less than
the tested grid capability, ad defined in Reference 50.
D. Nomenclature ‘
The symbols used in defining the allowable stress levels are as follows:
=" Caiculated general primary membrane stress(a)
Pb = Calculated primary bending stress
ay Design stress intensity (B}ue as defined by Section III, ASME Boiler
and Pressure Vessel Code
Su = Minimum unirradiated ultimate tensile strength
FS = Shape fafégr corresponding to the particular crosss section being
analyzed
S& = Design stress intensity value for faulted conditions
The definition of S' as the lesser value of 2.4 S_and 0.7 S, is contained 7
in the ASME Boiler dnd Pressure Vessel Code, Sectfon 111. Y
a. Pm and Pt are defined by Section III, ASME Boiler and Pressure Vessel
Code.
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the unirradiated yield strength is conservative because the yield
strength of zircaloy increases with irradiation. The use of the two-
thirds factor ensures 50% margin to component yielding in response to
primary stresses. This 50% margin together with its application to the
minimum unirradiated properties and the general conservatism applied in
the establishment of design conditions is sufficient to ensure an
adequate design.

c. The shape factor, FS. is defined as the ratio of the "plastic" moment
(all fibers just at’the yield stress) to the initial yield amount
(extreme fiber at the yield stress and all other fibers stressed in
proportion to their distance from the neutral axis). The capability of
cross sections loaded in bending to sustain moments considerably in
excess of t?f} required to yield the outermost fibers is discussed in
Timoshenko.

L ¥ o B Material Selection

The fuel assembly grid cage structure consists of 10 Zircaloy-4 snacer
grids, 1 Inconel 625 spacer grid (at the lower end), 5 Zircaloy-4 guide
tubes, 2 stainless steel end fittings, and 4 Inconel X-750 coil springs.
Zircaloy-4, selacted for fuel rod cladding, guide tubes and spacer grids,
has a lTow neutron absorption cross section, and high corrosion resistance to

reactor water environment. Also there is little reaction between the cladding

and fuel or fission products. As described in Section 4.2.3, Zircaloy-4 has
demonstrated its ability as a cladding, CEA guide tube, and spacer grid
material.

The bottom spacer grid is of Inconel 625 and is welded to the lower end
fitting. In this region of local inlet turbulence, Inconel 625 was selected
rather than Zircaloy-4 to provide additional strength and relaxation resist-
ance. Inconel 625 is a very strong material with good ductility, corrosion
resistance and stability under irradiation at temperatures below 1000F.

The fuel assembly lower end fitting is of cast 304 stainless steel (Grade
CF-8) and the upper end fitting assembly consists of two cast stainless
steel plates and five Type 304 stainless steel machines alignment posts.
This material was selected based on considerations of adequate strength and
high-corrosion resistance. Also, Type 304 stainless steel has been used
successfully in almost all pressurized water reactor environments, including
all currently operating C-E reactors.

4.2.1.1.3 Control Element Assembly Guide Tubes

A1l CEA guide tubes are manufactured in accordance with Grade RA-2, ASTM
B353-71, Wrought Zirconium and Zirconium Alloy Seamless and Welded Tubes for
Nuclear Serivce, with the following exceptions and/or additions:

A. Chemical Properties

Additional limits are placed on oxygen.
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. D. Specific Heat of UO2

The speciféﬁoyeat of UO2 is described by the following temperature dependent

equations.
T < 2240F
6
C. = 49.67 + 2.2784 x 1037 . 3:2432 x 107
P (T + 460)°

T > 2440 F

C = -126.07 + 0.2621T - 1.399 x 10741 + 3.1786 x 107813

p
- 2.483 x 107214

where:
Cp = specific heat, BTU/ft3 -« °F
T = temperature, °F
Nk 1:8:4.8 Mechanical Properties

’ A.  Young's Modulus of Elasticity

The static modulus of clasticity of unirradiated fuel of 977 7D and deformed
unda2r a strain rate of 0.097 hr * is given by (Reference 21).

6

E = 14.22 (1.6715 x 107 - 924.47)

where,

E = modulus of elasticity in psi,
T = temperature in °C in the range of 1000 to 1700°C.

B. Poisson's Ratio

The Poisson's Ratio of polycrystalline U0, has a value of 0.32 at 25°C based
on Reference 66. The same reference noteg a 10% decrease in value over the
range of 25 to 1800°C. Assuming the decrease is linear, the temperature
dependence of the Poisson's Ratio is given by

= 0.32 - 1.8 x 1072 (1-25)
where;

Poisson's Ratio
temperature in “C in the range of 25 to 1800°C.

T

‘ At temperature above 1800°C, a constant value of 0.29 is used for Poisson's
Ratio.
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Yield Stress (not applicable)

o

D. Ultimate Stress (not applicable)

E. Uniform Ultimate Strain (not applicable)

4.2.1.2.5 Fuel Rod Pressurization

Fuel rods are initially pressurized with helium for two reasons:

A. Preclude clad collapse during the design life of the fuel. The internal
pressurization, by reducing stresses from differential pressure, extends
the time required to produce creep collapse beyond the reaguired service
life of the fuel.

B. Improve the thermal conductivity of the pellet-to-clad gap within the
fuel rod. Helium has a higher coefficient of thermal conductivity than
the gaseous fission products.

In unpressurized fuel, the initially good helium conductivity is eventually
degraded through the addition of the fission product gases released from the
pellets, The initial helium pressurization results in a high helium to
fission products ratio over the design life of the fuel with a corresponding
increase in the gap conductivity and heat transfer. The effect of fuel rod
power level and pin burnup on fuel rod internal pressure has been studied

parametrically.

The initial helium fill pressure will “e 380 PSIG. This initial fill l .
pressure will be sufficient to prevenc clad collapse dis ussed in Section

4.2.3.2.8 and will produce a maximum EOL internal pressure consistent with

the criteria of Section 4.2.1.2.1. The calculational methods employed to

generate internal pressure histories are discussed in Reference 14.

4.2.1.2.5.1 Capacity for Fission Gas Inventory. The greater portion
of the gaseous fission products remain either within the lattice or the
microporosity of the UO, fuel pellets and do not contribute to the fuel rod
internal pressure. Howgver, a fraction of the fission gas is released from
the pellets by diffusion and pore migration and thereafter contributes to

the internal pressure.

The determination of the effect of fission gas generated in and released
from the pellet column is discussed in Section 4.2.3.2.2. The rod pressure
increase which results from the release of a given quantity of gas from the
fuel pellets depends upon the amount of open void volume available within
the fuel rod and the temperatures associated with the various void volumes.
In the fuel rod design, the void volumes considered in computing internal
pressure are:

Fuel rod upper end plenum

Fuel-clad annulus

Amendment No. 7 .
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C. Inconel Alloy 625 (Ni-Cr-Fe)

Configuration
(as absorber) Cylindrical bar
Outside aiameter, inches 0.816 +0.002
Inside diameter, inches Solid
Length of cylinder,
inches 74.375 (Part length CEA)
Density, 1b/in.> 0.305
Ultimate tensile2
Strength, 1b/in. 120-150
Specified minimum yield
strength @ 650F, ksi 65
Elongation in 2 inches,
% 30
Young's modulus, Ib/in.2
at 70F 29.7 x 10°
at 650F 27.0 x 10°

Thermal conductivity
(Btu/h-ft-°F):

70F 8.7
600F 8.2
Linear *hermal expansion 7.4 x 10-6
(in./in.=°F) (70 to 600F)
4.2.1.4.2 Compatibility of Absorber and Cladding Materials

The cladding material used for the control elements is Inconel Alloy 625.

The selection of this material for use as cladding is based on consideration
of strength, creep resistance, corrosion resistance, and dimensional stability
under irradiaticn and also upon the acceptable performance of this material
for this application in other C-E reactors currently in operation.

A. 84C/Inconel 625 Compatibility
Studies have been conducted by HEDL(38) on the compatibility of Type 316

stainless steel with B4C under irradiation for thousands of hours at tempera-
tures between 1300 and 1600F. Carbide formation to a depth of about 0.004
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inch in the 316 stainless steel was measured after 4400 hours at 1300F.
Similar compound formation depths were observed after ex-reactor bench
testing., After testing at 1000F, only 0.001 in./yr of penetration was
measured. Since Inconel 625 is more resistant to carbide formation than 316
stainless steel, and the expected pellet/clad interfacial temperature in the
standard design 15 below B800F, it is conciuded that Bac is compatible with
Inconel 625.

4.2.1.4.3 Cladding Ztress-Strain Limits
The stress limits for the Inconel Alloy 625 cladding are as follows:

Design conditions of Non-Operation, Normal Operation, and Upset Conditions:

P < Sm
P * Pp < Fsm
The net unrecoverable circumferential strain shall not exceed 1% on the cladding 7

diameter, considering the effects of pellet swelling and cladding creep.

Design conditions of Emergency Conditions:

Pm “« 1.9 Sm

Pm + Pb < 1.5 Fssm

Design conditions of Faulted Conditions:
m<3 m

P+ P
1

<F S
n s> m

b

where Sm is the smaller of 2.4 Sm or O.7Su
For definition of Pm, Pas 5.3 5.5 5 and Fs' see Section 4.2.1.1.1. For
the Inconel 625 CEA clasding, the vaYue of Sy, 1s two-thirds of the minimum
specified yield strength at temperature. ‘

For Inconel 625, the specified minimum yield strength is 65,000 1b/in.2 at
€50F .

f = Mp/My where Mp is the bending moment required to produce a fully plastic
sdction and My is the bending momemt which first produces yielding at the
extreme fibers of the cross-section. The capability of cross-sections

loaded in bendina to su.tain moments considerably in excess of that required
to yield the outermost fiber is discussed in Reference 1. For the CEA

cladding dimensions, !S =-1. 33
Amendment No. 7 ‘
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The values of uniform and total elongation of Inconel Allcy 625 cladding are

estimated to be as follows:
.F]uence (E >1 MeV), nvt 1 x 10%2 3 x 10%2
Uniform elongation, % 3 1
Total elongation, % 6 3
4.2.1.4.4 Irradiation Behavior of Absorber Materials

A. Boron Carbide Properties

| &

Swelling. The linear swelling of B C increases with burnup according
to the relationship:

%L = (0.1) 810

Burnup, a/o

This relationship was obtalne? gsom experimental irradiations on
high density (>90% TD) wafers a?goye11ets with densities
ranging between 71 and 98% TD Dimensional changes were
measured as a function of burnup, after irradiating at temperature
expected in the design.

Thermal Conductivity. The thermal conductivity of unirradiated
73% dense B,C decreases linearly with temperatures from 300 to
1600 F, accérding to the relationship:

i ca],gm- K-s

This relationship was obtained froT4T?asurements performed on
pellets ranging from 70 to 98% TOD.

The relationsnip between the thermal conductivity of irradiated

73% TD B C pell? 3 and temperature given below was derived from
measured va1u§§ on higher density pellets irradiated to fluences
out to 3 x 10°° nvt (E >1 MeV).

- 1 cal/cm-°K-s5
2.17 (38 + 0.025 T)

where T = temperature, °K

Thermal conductivity measurements of 17 B,C specimens with densities
ranging from 83 to 98% TD, irradiated at iemperatures from 930 to
1600F showed that thermal conductivity decreased significantly

after irradiation. The rate of decrease is high at the lower
irradiation temperatures, but saturates rapidly with exposure.

Helium Release. Helium is formed in B,C as B]O burnup progresses.
The fraction of helium released from the pellets is important for
determining rod internal gas pressure. The relationship between

Amendment No.
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helium fgésase and irradiation temperature given below was developed
at ORNL to fit experimental data obtained from thermal reactor
irradiations.

%He release = e(C-1.8SD)e§$
where:

Constant, 6.69 for pellets

Fractional density, 0.73 for C-E pellets
Activation energy contant, 3600 cal/mole
Gas constant, 1.98 cal/mole - °K

Pellet temperature, °K

—_TOOO
Hnunau

This expression becomes

-1820

% He release = 208 e | +5

when the above parameters are substituted. In this form, design

values for helium release as a function of temperature are generated.

The 5% helium release allowance (the last term in the expression)

was added to ensure that design values lie above ali reported

helium release data. Calculated values of helium release obtained

from the rec n dggign expression lie above all experimental

data points €385 939) 134y obtained on B,C pellet specimens irradi- ‘
ated in thermal reactors.

Pellet Porosity. Experimental evidence is available(45) which

shows that for pellet densities below 90%, essentially all porosity
is open at beginning-of-life. Irradiation-induced swelling does

not change the characteristics of the porosity, but only changes

the bulk volume of the specimens. Therefore, the amount of porosity
available at end-of-life is the same as that present at beginning-
of-life.

B. Inconel 625

|

Swelling. Available information indicates that Inconel 625 is
highly resistant to raggation swelling. Exposure of Inconel 625

to a fluence of 3 x 10°° nvt (E>0.1 MeV) at a temperature of 400E48)
(725F ) showed no visible cavities in metallographic examinations

so that swelling, if any, would te very minor. DirectzQeasurements
made after exposure of Inconel 625 to a fluence 5 x 10 nvt (49)
(E>0.1 MeV) as LMFBR condit}gns showed no evidence of swelling.
Further exposure to 6 to 10 nvt (E>0.1 MeV) at 500°C (932°F)
showed essentially no swelling as measured by immersion density,
but digpshow small cavities. Thus, Inconel 625 after fluences of

3 x 10" nvt (E>1 MeV) is not expected to swell.
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2.  Ductility. The ductility of Inconel 625 decreases after irradia-
tion. Extrapolation of lower fluence data on Inconel 625 and 500
indicates that the valuegzof uniform and total elongation of
Inconel 625 after 1 x 10°° nvt (E >1 MeV) are 3 and 6%, respectively.

3. Strength. The value of yield strength of Inconel 625 increases
after irradiation in the manner typical for metals. However, no
credit is taken for incrzases in yield strength in the design
analyses above the value initially specified.

4.2.1.5 Surveillance Program
4.2.1.5.1 Requirements for Surveillance and Testing of Irradiated Fuel
Rods

High burnup performance experience, as described in Section 4.2.3 has provided
evidence that the fuel will perform satisfactorily under the design condi-
tions. The current core design bases do not include a specific requirement

for surveillance and testing of irradiated fuel rods. C-E, however, has
instituted a fuel surveillance program on each reactor core produced. Under
this pregram, selected fuel assemblies are characterized during the fabrication
process. Detailed measurements of important fuel pellet and cladding attri-
butes, as well as dimensional characteristics of the fuel assembly structure,
are made and recorded. In addition, special examination equipment is

available to repeat the measurements of these characterized fuel assemblies

in refueling pools. The fuel assembly design allows disassembly and reassembly
to facilitate such inspections. Thus, should the need arise, irradiated

fuel rod examination can be accomplished.

A fuel rod irradiation program has been developed to evaluate the performance
of fuel rods designed for use in the 16 x 16 fuel assembly. The program
includes the irradiation of six standard 16 x 16 assemblies, two each for 1,
2, and 3 cycles, respectively, in the Arkansas Nuclear One-Unit ¢ reactor.
Each assembly will contain a minimum of 50 precharacterized, removable rods
distributed within the assembly to obatin a spectrum of exposure levels for
evaluation purposes in interim and terminal examinations. Interim examination
of all six assemblies is planned during refueling shutdowns after each

cycle.

The ANO-2 fuel rods and specific components of the fuel rods have recieved a
detailed pre-characterization. The program calls for substantial cladding
characterization to include mechanical properties, texture, hydride orientation
and out-of-reactor low strain rate behavior. In addition to the ID and 0D
dimensional data normally obtained on the clad tubing material, a minimum of
300 fuel rods will be measured to obtain as-loaded dimensions. Sufficient
fuel rods will be profiled to obtain diameter and ovality measurements such
that changes in these parameters can be tracked by similar measurements
during interim inspections. Also, a random selection of approximately 100
U0, pellets from each lot per batch used will be characterized dimensionally
ang the density distribution will be determined. About one-half of these
pellets will be placed in known axial locations in selected fuel rods while
the remainder will be set aside as archives.
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A poolside non-destructive examination will be made during each of the first
three refuelings at ANO-2. The six 16 x 16 assemblies with characterized

rods will be removed from the reactor at each refueling and moved to the

spent fuel pool for leak testing (if failed fuel is in the core) and for
visual inspection. The length of the assembly and peripheral rods will be
measured. During the shutdown, a target of 20 pre-characterized rods per
batch will be scheduled for examination and measurement. At some time after
the refueling outage, pre-characterized rods retained in discharged assemblies
will be measured. A target of 100 rods will be eddy current tested after

each shutdown.

§.2.2 DESCRIPTION AND DESIGN DRAWINGS

This subsection summarizes the mechanical design characteristics of the fuel
system and discusses the design parameters which are of significance to the
performance of the reactor. A summary of mechanical design parameters is
presented in Table 4.2-1. These data are intended to be descriptive of the
design; limiting values of these and other parameters will be discussed in
the appropriate sections.

4.2.2.1 Fuel Assembly

The fuel assembly (Figure 4.2-6) consists of 236 fuel and poison rods, 5
guide tubes, 11 fuel rod spacer grids, upper and lower end fittings, and a
holddown device. The outer guide tubes, spacer grids, and end fittings form
the structural frame of the assembly.

The fuel spacer grids (Figure 4.2-7) maintain the fuel rod array by providing
positive lateral restraint to the fuel rod but only frictional restraint to
axial fuel rod motion. The grids are fabricated from preformed Zircaloy or
Inconel strips (the bottom spacer grid material is Inconel) interlocked in

an eqg crate fashion and welded together. Each cell of the spacer grid
contains two leaf springs and four arches. The leaf springs press the rod
against the arches to restrict relative motion between the grids and the

fuel rods. The perimeter strips contain features designed to prevent hangup
of grids during a refueling operation.

The ten Zircaloy-4 spacer grids are fastened to the Zircaloy-4 guide tubes
by welding, and each grid is welded to each guide tube at eight locations,
four on the upper face of the grid and four on the lower face of the grid,
where the spacer strips contact the guide tube surface. The lowest spacer
grid (Inconel) is not welded to the guide tubes due to material differences.
It is supported by an Inconel 625 skirt which is welded to the spacer grid
and to the perimeter of the lower end fitting.
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. lower end fitting in four places.

The upper end fitting is an assembly consisting of two cast 304 stainless

steel plates, five machined posts and four helical Inconel X-750 springs.

The end fitting attaches to the guide tubes to serve as an alignment and locating
device for each fuel assembly and has features to permit 1ifting of the fuel
assembly. The lower cast plate locates the top ends of the gquide tubes and

is designed to prevent excessive axial motion of the fuel rods.

The Inconel X-750 springs are of conventional coil design having a mean
diameter of 1.856 in., a wire diameter of 0.316 in., and 16 active coils.
Inconel X-750 was selected for this application because of its previous use
for coil springs and good resistance to relaxation during operation.

The upper cast plate of the assembly, called the holddown plate, together
with the helical compression springs, comprise the holddown device. The
holddown plate is movable, acts on the underside of the tube sheet tubes

and is loaded by the compression springs. Since the springs are located

at the upper end of the assembly, the spring load combines with the fuel
assembly weight to counteract upward hydraulic forces. The determination

of upward hydraulic forces includes factors accounting for flow maldistribu-
tion, fuel assembly component tolerances, crud buildup, drag coefficient,

and bypass flow. The springs are sized and the spring preload selected such
that a net downward force will be maintained for all normal and anticipated
transiet flow and temperature conditions. The design criteria limit the
maximum stress under the most adverse tolerance conditions to below yield
strength of the spring material. The maximum stress occurs during cold
conditions and decreases as the reactor heats up. The reduction in stress

i~ due to a decrease in spring deflection resulting from differential thermal
expansion between the Zircaloy fuel bundles and the stainless steel internals.

During normal operation, a spring will never be compressed to its solid
height. However, if the fuel assembly were loaded in an abnormal manner
such that a spring were compressed to its solid height, the spring would
continue to serve its function when the loading condition returned to normal.

The lower end fitting assembly is a simple stainless steel casting consisting
of a plate with flow holes and a support leg at each corner (total of four legs)
that aligns the lower end of the fuel assembly with the core support structures
alignment pins. Each alignment pin is required to position the corners of

four lower end fittings. A center post is threaded into the central portion of
the flow plate and crimped into position.

The four outer quide tubes have a widened reqion at the upper end which
contains an internal thread. Connection with the upper end fitting is made
bv passing the externally threaded end of the guide posts through holes in
the lower cast flow plate and into the guide tubes. When assembled, the
fiow plate is secured between flanges on the guide tubes and on the quide
posts. The connection with the upper end fitting is locked with a mechanical
crimp. Each outer guide tube has, at its lower end, a welded Zircaloy-4
fitting. This fitting has a threaded portion which passes through a hole in
the fuel assembly lower end fitting and is secured by a Zircaloy-4 nut.

This joint is secured with a stainless steel locking ring tack welded to the
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The central instrumentation guide tube inserts into a socket and a sleeve

in the upper and lower end fittings, respectively, and is thus retained
laterally by the relatively small clearance at these locations. The upper
end fitting socket is created by the center guide tube post which is threaded
into the lower cast flow plate and tack welded in two places. The lower end 7
fitting sleeve is an extension from the center post of the lower end fitting
assembly. There is no positive axial connection between the central guide
tube and the end fittings.

The five quide tubes have the effect of ensuring that bowing or excessive
swelling of the adjacent fuel rods cannot result in obstruction of the
control element pathway. This is so because:

A. There is sufficient clearance between the fuel rods and the guide tube
surface to allow an adjacent fuel rod to reach rupture strain without
contacting the guide tube surface.

B. The quide tube, having considerably greater diameter and wall thickness
(and also, being at a lower temperature) than the fuel rod, is considerably
stiffer than the fuel rods and would, therefore, remain straight,
rather than be deflected by contact with the surface of an adjacent
fuel rod.

Therefore, the bowing or swelling of fuel rods would not result in obstruc-
tion of the control element channels such as could hinder CEA movement.

of fuel and poison rods, of an irradiated fuel assembly. The fuel and

poison rod lower end caps are conically shaped to ensure proper insertion
within the fuel assembly grid cage structure; the upper end caps are designed
to enable grappling of the fuel and poison rod for purposes of removal and
handling. Threaded joints which mechanically attach the upper end fitting

to the control element guide tubes will be properly torqued and locked

during service, but may be removed to provide access to the fuel and poison
rods.

The fuel assembly design enable reconstitution, i.e., removal and replacement .

Loading and movement of the fuel assemblies is conducted in accordance with
strictly monitored administrative procedures and, at the completion of fuel
loading, an independent check as to the location and orientation of each
fuel assembly in the core is required.

The serial number provided on the fuel assembly upper end fitting enables
verification of fuel enrichment and orientation of the fuel assembly. The
serial number is also provided on the lTower end fitting to ensure preservation
of fuel assembly identity in the event of upper end fitting removal. Additional
markings are provided on the fuel rod upper end caps as a secondary check to
distinguish between fuel enrichments and burnable poison rods, if present.

During the manufacturing process, the lower end cap of each rod is marked to

provide a means of identifyirg the pellet enrichment, pellet lot and fuel

stack weight. In addition, 2 quality control program specification requires

that measures be established for the identification and control of materials,

components, and partially fabricated subassemblies. These means provide .
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assurance that only acceptable items are used and also provide a method of
relating an item or assembly from initial receipt through fabrication,
installation, repair, or modification to an applicable drawing, specification,
or other pertinent technical document.

8, 8.4.2 Fuel Rod

The fuel rods consist of slightliy-enriched U0, cylindrical ceramic pellets,
a round wire Type 302 stainless steel compresgion spring, and an alumina
spacer disc located at each end of the fuel column, all encapsulated within
a Zircaloy-4 tube seal welded with Zircaloy-4 end caps. The fuel rods are
internally pressurized with helium during assembly. Figure 4.2-8 depicts
the fuel rod design.

Each fuel rod assembly includes both a serial number and a visual identifica-
tion mark. The serial number ensures traceability of the fabrication history
of each fuel rod component. The identification mark provides a visual check

on pellet enrichment batch during fuel bundle fabrication.

The fuel cladding is cold worked and stress relief annealed Zircaloy-4
tubing 0.025 inches thick. The actual tube forming process consists of a
series of cold working and annealing operations, the details of which are
selected to provide the combination of and properties discussed in Section
4.2.1.2.2.

The U0, pellets are dished at both ends in order to better accommodate
therma? expan§ion and fuel swelling. The density of the UO in the pellets
is 10.38 g/cm”, which corresponds to 94.75% of the 10.96 g/gm theoretical
density (TD) of UD,. However, because the pellet dishes and chamfers consti-
tute about 3% of tﬁe volume of the pellet stack, the average density of the
pellet stack is reduced to 10.06 g/cm™. This number is referred to as the
"stack density".

The compression spring located at the top of the fuel pellet column maintains
the column in its proper position during handling and shipping. The alumina
spacer disc at the lower end of the fuel rod reduces the lower end cap
temperature, while the upper spacer disc prevents UQ, chips, if present,

from entering the plenum region. The fuel rod plenuﬁ which is located above
the pellet column, provides space “cr axial thermal differential expansion

of the fuel column and accommodates the initial helium loading and evolved
fission gases. (See Section 4.2.1 2.5.1 and 4.2.1.2.5.2.) The specific
manner in which these factors are taken into account, including the calculation
of temperatures for the gas contained within the various types of rod internal
void volume, is discussed in Reference 14.

4.2.2.3 Burnable Poison Rod

Fixed burnable neutron absorber (poison) rods, Figure 4.2-9, will be included
in selected fuel assemblies to reduce the beginning-of-1ife moderator coeffi-
cient. They will replace fuel rods at selected locations. The poison rods
will be mechanically similar to fuel rods, but will contain a column of
burnable poison pellets instead of fuel pellets. The poison material will
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be alumina with uniformly-dispersed boron carbide particles. The balance of
the column will consist of alumina pellets, with the total column length the
same as the column length in fuel rods. The burnable poison rod plenum
spring is desinged to produce a smaller preload on the pellet column than
that in a fuel rod because of the lighter material in the poison pellets.

Each burnable poison rod assembly includes a serial number and visual identifi-
cation mark. The serial number is used to record fabrication information

for each component in the rod assembly. The identification mark is unique

to poison rods and provides a visual check on the pellet boron content

during fuel bundle fabrication.

4.2.2.4 Control Element Assembly Description and Design

The control element assemblies consist of four, and twelve neutron absorber
elements arranged to engage the peripheral guide tubes of fuel assemblies.

The neutron absorber elements are connected by a spider structure which
couples to the control element drive mechanism (CEDM) drive shaft extension.
The neutron absorber elements of a four element CEA engage the four corner
guide tubes in a single fuel assembly. The four element CEAs are used for
power shaping functions and make up the first control rod group to be inserted
at high power. The twelve-element CEAs encage the four corner guide tubes

in one fuel assembly and the two nearest corner guide tubes in adjacent fuel
assemblies. The twelve element CEAs make up the balance of the control

groups of CEAs and provide a bank of strong shutdown rods. The control
element assemblies are shown in Figures 4.2-3 and 4.2-5. The pattern of

CEAs (total of 89) is shown in Figure 4.2-10. Note that up to eight additional
CEAs may be installed if desired for additional flexibility or future use.

Part-length CEAs are differentiated from full-length CEAs by using alphanumeric
serialization instead of the numerical system used on the full-length CEAs.

The control elements of a full-length CEA consist of an Inconel 625 tube
loaded with a stack of cylindrical absorber pellets. The absorber material
consists of 73% TD boron carbide (B,C) pellets, with the exception of the
lower portion of the elements, whicﬂ contain reduced diameter Bdc peliets
wrapped in a sleeve of type 347 stainless steel telt metal.

The design objective realized by the use of felt metal and reduced B,C
pellets in the element tip zones is that as the B,C pellets swell dué to
irradiation, the felt metal sleeve compresses as 3 result of the applied
loading. This compression limits the amount of induced strain in the clad-
ding. Therefore buffering of the CEA following scram, which occurs when the
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B. Short-term axial load due to the impact of the spring loaded CEA spider
against the upper guide structure support plates at the end of a CFA
trip.

For trips occurring during normal power operation, solid impact is not
predicted to occur due to the kinetic energy of the CEA being dissipated
in the hydraulic buffer and by the CEA spring.

G Short-term differential pressure load occurring in the hydraulic buffer
regions of the outer guide tubes at the end of each trip stroke.

The buffer region slows the CEA during the last few inches of the trip
stroke. the resultant differential pressyre across the guide tube in
this region is predicted to be 200 1b/i5. , and this gives rise to
circumferential stresses of 3300 1b/in,“, which is less than one-
quarter of the yield stress, for a very short term. The trip is assumed
to be repeated daily. However the resultant stress is too small to

have a significant effect on fatigue usage.

For conditions other than normal operation, the additional mechanical loads
imposed on the fuel assembly by an OBE (equivalent to one-half DBE), DBE,
and large break LOCA and their resultant effect on the control element guide
tubes are discussed in the following paragraphs:

§.2.3.1.2.1 Operating Basis Earthquake (OBE). During the postulated
OBE, the fuel assembly is subjected to lateral and axial accelerations

which, in turn, cause the fuel assembly to deflect from its normal shape.

The method of calculating these deflections is described in Section 3.7.3.14.
The magnitude of the lateral deflections and resultant stresses are evaluated
for acceptability. The method for calculating stresses from deflected

shapes is described in Reference 50. The fuel assembly is designed to be
capable of withstanding the axial loads without buckling and without sustaining
excessive stresses.

4,2.3.1,2.2 Safe Shutdown Earthquake (SSE). The axial and lateral
loads and deformation sustained by the fuel assembly during a postulated SSE
have the same origin as those discussed above for the OBE, but they arise
from initial ground accelerations twice those assumed for the OBE. The

analytical methods used for the SSE are identical to those used for the OBE.

4.2.3.1.2.3 Loss-of-Coolant Accident (LOCA). In the event of a large
break LOCA, there will occur rapid changes in pressure and flow within the
reactor vessel. Associated with the *ransient are relatively large axial
and lateral loads on the fuel assemblies. The response of a fuel assembly
to the mechanical loads produced by a LOCA is considered acceptable if the
fuel rods are maintained in a coolable array, i.e., acceptably low grid
crushing. The methods used for analysis of combined seismic and LOCA loads
and stresses is described in Reference 50.

4.2.3.1.2.4 Combined SSE and LOCA. It is not considered appropriate

to combine the stresses resulting from the SSE and LOCA events. Nevertheless,
for purposes of demonstrating margin in the design, the maximum stress
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intensities for each individual event will be combined by a square root of
sum of the squares (SRSS) method. This will be performed as a function of
fuel assembly elevation and position, e.g., the maximum stress intensities
for the center guide tube at the upper grid elevation (as determined in the
analysis discussed in the above paragraphs for SSE and LOCA) will be com-
bined by the SRSS method. It is expected that the results will demonstrate
that the allowable stresses described in paragraph 4.2.1.1 are not exceeded
for any position along the fuel assembly even unaer the added conservatism
provided by this load combination.

To qualify the complete fuel assembly, full-scale hot loop testing is being
conducted. The tests are designed to evaluate fretting and wear of components,
refueling procedures, fuel assembly uplift forces, holddown performance and

-
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compatibility of tne fuel assembly wit: “aterfacing reactor internals, CEAs
and CEDMs under conditions of reactor water chemistry, flow velocity, tempera-
ture, and pressure. The test assemuly wii! be identical to the 16 x 16 five
guide tube design. The test will be run for approximately 2000 hours with
completion scheduled to be timely for the first System 80 plant to go on-
line.

Mechanical testing of the fuel assembly and its components is being performed
to support analytical means of defining the assembly's structural characteris-
tics. The test program consists of static and dynamic tests of spacer grids
and static and vibratory tests of a full-size fuel assembly. These tests as
well are scheduled for completion to support the first System 80 unit o go
on-line.

4.2.3.1.3 Spacer Grid Evaluation

The function of the spacer grids is to provide lateral support to fuel and
burnable poison rods in such a manner that the axial forces are not sufficient
to buckle or bow the rods and that the wear resulting at the grid-to-clad
contact points will be limited to acceptably small amounts. It is also a
criterion that the grid be capable of withstanding the lateral loads imposed
during the postulated seismic and LOCA events.

fuel assemblies are designed such that the combination of fuel rod rigidity,
grid spacing, and grid preload will not result in significant fuel rod
deformation under axial loads, and the long-term effects of clad creep
(reduction in clad 0D), the reduction of grid stiffness with temperature and
the partial relaxation of the grid material during operation ensure that
this criterion is also satisfied during all operating conditions. Moreover,
inspection of irradiated fuel assemblies from the Maine Yankee (14 x 14),
Calvert Cliffs (14 x 14) Palisades (15 x 15) and Omaha (14 x 14) reactors
has not shown significant bowing of the fuel rods. In view of these factors
and the similarity of these design to the Standard System 80 designs, it is
concluded that the axial forces applied by the grids on the cladding will
not result in a significant degree of fuel rod bow. The intluence of fuel
rod lateral deflection is discussed further in Section 4.2.3.2.6. Additional
discussion of the causes for and effects of fuel rod bowing are contained in
Section 4.2.3.2.6 and in Reference 53.

The capability of the grids to support the clad without excessive clad wear
s demonstrated by out-of pile flow testing, to be completed as described
above, on the Standard System 80 assembly design and by the results of post-
irradiation examination of grid-to-clad contact points in Maine Yankee fuel
assemblies which showed only negligible clad wear (Reference 51).

The capability of the grid to withstand the lateral loads produced during

the postulated seismic and LOCA events is demonstrated by impact testing the
reference grid design, both at room temperature and at operating temperature,
and comparing the test results with the analytical predictions of the seismic
and LOCA loads.
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b. Adequate margin to criticality shall be provided for full
rack loadings of fuel assemblies having a mechanical design
similar to that described in Chapter 4.0 and enrichments up
to 3.7 w/o U-235.

c. The degree of subcriticality provided shall be consistent
with the requirements of ANSI Standard N18.2 Section 5.7.4.1.

Independence
Not Applicable
Thermal Limitations

1. Cooling air shall be provided to the CEDM's at a minimum flow
rate of 700 SCFM per CEDM at a temperature in the range of 80F-
120F.

2. Drains, permanently connected systems, and other features of the
spent fuel pool shall be designed so that neither maloperation
nor failure can result in loss of coclant that would uncover the
stored fuel.

3. Spent fuel pool cooling shall be capable of removing the decay
heat generated from 1 complete core of spent fuel placed in the
pool 7 days after shutdown in addition to 1/3 of a completed core
that has been in the pool 90 days after shutdown.

Monitoring

1. Low water level alarms shall be provided for the refueling pool
and the spent fuel pool.

2. 4 system shall be provided to monitor the Reactor Coolant System
for internal loose parts. The system shall have the ability to
detect a loose part striking the internal surface of Reactor
Coolant System components with an energy level of one-half foot
pound or more. The system shall have alarm and recording capability.
The system design shall be suitable for the temperature and
humidity environment experienced in the area where the equipment
normally operates.

Operational/Controls
Not Applicable
Inspection and Testing

1 B In service Inspection shall be performed in accordance with
Section X1 of the ASME Code.
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Chemistry/Sampling

Not Applicable

Materials

1. See Section 5.1.4.L.3
System/Component Arrangement
Not Applicable

Radiological Waste

Not Appiicable

Overpressure Protection

Not Applicable

Related Services

1. For refueling operations, the containment tuilding crane shall
have a minimum capacity of 225 tons.

a. A hoisting speed of 6 inches per minute or less shall be
utilized during refueling operations. .
b. A load measuring device shall be provided for use during

heavy lifts.

C. A low inching speed is required during those portions of the
1ift when close tolerance surfaces are engaging each other.

2. An overhead crane shall be provided in the new fuel storage area
to facilitate handling of new fuel.

a. The crane capacity shall be at least 1 ton to accommodate
the weight of a fuel assembly.

b. A vertical hoisting speed of 6 feet/minute or less shall be
provided.

C. The crane load shall be capable of being limited to prevent
the hoist load from exceeding 5000 pounds when handling fuel 9

assemblies.
3. See Section 5.1.4.P.3
Environmental

Not Applicable
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. TABLE 4.2-1

MECHANICAL DESIGN PARAMETERS
(Sheet 1 of 4)

Core Arrangemnent

Number of fuel assemblies in core, total 241
Number of CEAs 89
Number of fuel rod locations 56,876
Spacing between fuel assemblies, fuel rod surface to
surface, inches 0.208
Spacing, outer fuel rod surface to core shroud, inches 0.214
Hydraulic diameter, nominal channel, feet o 0.0393
Total flow area (exgluding guide tubes), ft 60.9
Total core area, ft 112.3
Core equivalent diameter, inches 143.6
Core circumscribed diameter, inches 152.46
Total fuel loading, Kg U (assuming all rod locations are fuel 3
rods) 102.7 x 10
Total fuel weight, 1b UO2 (assuming all rod locations are fuel 3
rods) 257.1 x 10
Total weight of Zircaloy, 1b 3 71,758
Fuel volume (including dishes), ft 409.6
‘ R L N L _Fuel Assemblies - N
No. of Enrichment No. of Poison Rods
Batch Assemblies (wt%) U-235 __per Assembly
AD 69 1.92 0
B1 a4 12 rods wita 1.92 16
208 rods with 2.78
B2 64 12 rods with 1.92 16
208 rods with 2.78
Co 40 12 rods with 2.78 0
224 rods with 3.30
Cl 24 12 rods with 2.78 16

208 rods with 3.30
24T

Fuel Rod array square 16 x 16
Fuel Rod Pitch, inches 0.506

Spacer Grid

Type Leaf spring
Material Zircaloy-4
Number per assembly 1

‘ Weight each, 1b | % J
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TABLE 4.2-1 (Cont'd.

MECHANICAL DESIGN PARAMETERS

(Sheet 2 of 4)

Fuel Assemblies (Cont'

)

d.)

Bottom Spacer Grid
Type
Material
Number per assembly
Weight each, 1b (with skirt)
Weight of fuel assembly, 1b
Outside dimensions
Fuel rod to fuel rod, inches
Fuel Rod
Fuel rod material (sintered pellet)
Pellet diameter, inches
Pellet length, inches
Pellet density, g/cm>
Pellet theoretical density, g/cm3
Pellet density (% theoretical)
Stack height density, g/cm’
Clad material
Clad ID, inches
Clad 0D, (nominal), inches
Clad thickness, (nominal), inches
Diametral grap, (cold, nominal), inches
Active length, inches

Plenum length, inches

Leaf spring
Inconel 625
1

3.2

1436

7.972 x 7.972

u,
0.325
0.390
10.38
10.96
94.75
10.061
Zircaloy-4
0.332
0.382
0.025
0.007

150

9.677
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TABLE 4.2-1 (Cont'd.)
. MECHANICAL DESIGN PARAMETERS

(Sheet 3 of 4)

_Control Element Assemblies (CEA) __Full Length Part Length
Number 76 13
Absorber elements, No. per assy. 12 and 4 4
Type Cylindrical Cylindrical
rods rods

Clad material Inconel 625 Inconel 625
Clad thickness, inches 0.035 0.035
Clad 0D, inches 0.816 0.816
Diametral gap, inches 0.009 0.009
Elements

Poison material B,C/Felt metal Inconel/B,C

4 4
. and reduced
dia. B4C

Poison length, inches 135-1/2/12-1/2 75/16
84C Pellet

Diameter, inches 0.737/0.674 0.737

Density, % of §heoretica1 density 73 73

of 2.52 g/cm
Weight % boron, minimum 7.5 7.5

_____Burnable Poison Rod

Absorber material A1203-84C
Pellet diameter, inches 0.307
Pellet length, inches, min 0.500
Pellet density (% theoretical), min 93

. Theoretical density, A1,0,, g/cm3 3.94
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