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11.1-1 
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11 RADIOACTIVE WASTES AND RADIATION PROTECTION 

11.1 GENERAL 

Waste disposal systems are provided to separate, treat, and dispose of 

radioactive liquid, gaseous, and solid waste materials. The Liquid, 

Solid, and Gaseous Waste Disposal Systems are connnon to both reactor 

units and designed to serve both units simultaneously. These systems 

incorporate one or 100re of the following basic processes: 

1. Filtration, to remove particulate matter • 

2. Evaporation, to concentrate radioactive constituents into a 

smaller liquid volume and to separate _liquid and· gaseous 

phases. 

3. Demineralization, to remove dissolved material. 

4. Baling, to reduce the volume of compressible wastes. 

5. Natural decay of radioactive isotopes. 

6. Dilution, to reduce concentration. 



11.1-2 
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Liquid, gaseous, and solid waste materials originate in the Reactor 

Cotilant System, the auxiliary and emergency systems, the Waste Disposal 

System, and as a result·of operation and maintenance procedures. Waste 

ma:t:'erials enter the Waste Disposal System directly from their source or 

via the Vent and Drain System (Section 9.7). 

Adequate sampling, analysis, and monitoring of the Waste Disposal System 

are provided to comply.with the design criteria. Process radiation 

mo~itors and flow measuring equipment are provided for surveillance of 

various station waste effluents and process streams to assure compliance 

wi~h applicable regulations and to provide early indication of possible 

malfunctions and hazardous conditions. 

Sufficient shielding is provided to reduce radiation to acceptable levels 

for normal operation and.incident conditions. Allowable dose rates are 

based on applicable regulations, expected frequency and duration of 

exposure to radiation. 
;-n~ 

Area radiation monitoring equipment, health physics facilities, environmental 

programs, and.administrative controls are provided for surveillance, control 

-of radiation and exposure levels. These ensure radiation protection for 

plant personnel and the general public in accordance with applicable criteria. 

Prior to Unit 1 operation, a radiological study o.f the environs was initiated 

(Section 11.3.5). It included an investigation of the background radiology 

• 

'I 

• 

• 
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relating to various forms of the aquatic and terrestrial environment. 

The nature and extent of the post-operational environmental survey will 

be determined on the basis of results from the pre-operational study • 
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11.2 RADIOACTIVE WASTE SYSTEMS 

11.2.1 DESIGN BASES 

11.2.1-1 
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The Waste Disposal System will be designed to produce effluents meeting 

the requirements of 10CFR20. 

The Liquid, Solid, and Gaseous Waste Disposal Systems are connnon to both 

reactor units. Each Waste Disposal System is designed to acconnnodate 

radioactive wastes produced during simultaneous operation of the two 

units. Both units are assumed to be operating on a daily load follow 

cycle using boric acid between 100 percent and 50 percent power • 

The activity levels are based on the assumption that one percent of the 

fuel rods in the core will have fuel cladding defects through which 

fission products may diffuse from the fuel pellets into the Reactor 

Coolant System. 

The systems are also designed to acconunodate the corrosion products 

originating in the Reactor Coolant System, and not removed in other 

systems . 
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11. 2. 2 SYSTEM DESIGN 

11.2.2-1 
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The Waste Disposal System and Radiation Monitoring System are designed to 

satisfy the applicable sections of the general criteria of Section 1.4. 

In addition, these systems are designed to limit discharge of radioactive 

materials from the station so as not to exceed the limits of 10CFR20 or 

the suggested criteria of _lOCFRlOO, and so as not to endanger the health 

of station operating personnel. Transportation of radioactive materials 

from the station is carried out in such a manner that will conform with 

all Federal, State and Local ordinances applicable • 
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WASTE DISPOSAL SYSTEMS DESIGN DATA 

Spent Resin Catch Tank 

Number 

Capacity, gal 

Design Pressure 

Design Temperature, °F 

Operating Pressure, psig 

0 Operating Temperature~ F 

Material 

Design Code 

High Level Waste Drain Tank 

Number 

Capacity Each, gal 

Design Pressure, psig 

De,ign Temperature, °F 

Operating Pressure 

i T OF Operat ng emperature, 

Material 

Design Code 

1 

2,019 

30 in. Hg vacuum to 
- 100 psig 

250 

. 50 

120 

Stainless Steel Type 3161 

ASME III C 

2 

2,390 

25 

200 

Atmospheric 

120 

Stainless Steel Type 316 

ASME III C 

-

•• 
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TABLE 11.2.1 (Continued) 

Low Level Waste Drain Tank 

Number 

Capacity Each, gal 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure 

0 i T OF perat ng emperature, 

Material 

Design Code 

2 

2,874 

25 

200 

Atmospheric 

120 

Stainless Steel Type 316 

ASME III C 

Waste Disposal Evaporator ·Distillate Accumulator 

Number 

Capacity, gal 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure, psig 

0 Operating Temperature, F 

Material 

Design Code 

1 

290 

100 

300 

15 

250 

Stainless Steel Type 304 

ASME III C 
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TABLE 11.2.1 (Continued) 

Waste Disposal Evaporator Test Tanks 

Number 

Capacity Each, gal 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure 

Operating Temperature, °F 

Material 

Design Code 

Contaiminated Drains Collection Tanks 

Number 

Capacity Each, gal 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure 

Operating Temperature, °F 

Material 

Design Code 

2 

548 

25 

200 

Atmospheric 

140 

Stainless Steel Type 304 

ASME Ill C 

2 

1,230 

25 

200 

Atmospheric 

120 

Stainless Steel Type 304 

ASME III C 

-

• 
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TABLE 11.2.1 (Continued) 

Contaminated Drains Filter Backwash Tank 

Number 

Capacity, gal 

Design Pressure 

D i T OF es gn emperature, 

Operating Pressure 

Operating Temperature, °F 

Material 

Design Code 

Spent Resin Dewatering Tank 

Number 

Capacity, gal 

Design Pressure 

Design Temperature, OF 

Operating Pressure 

Operating Te111pel;'ature, OF 

Material 

Design Code 

1 

250 

Atmospheric 

200 

Atmospheric 

120 

Stainless Steel Type 304 

None required 

1 

619 

From 30 in. Hg vacuum to 
25 psig 

200 

Atmospheric 

120 

Stainless Steel Type 316L 

ASME III C 



TABLE 11.2 .1 (Continued) 

Waste Gas Catalytic Recombiner 

Number 

Capacity. Feed, scfm 

Design Feed Pressure, psia 

Pesign Feed Temperature, °F 

Feed Composition, scfm 

Xe 

Kr 

Design Bleed Pressure, psia 

Design H2 Bleed Concentration 

Design Bleed Volume 

Design Code 

l 

1.31 

22 

70-120 

Max Avg 

1.14 0.0805 

0.04 0.026 

Trace 

Trace 

0.130 0.00922 

14.0 

0.1% Maximum 

10% of Feed 

ASME III C 

ll.2.2-6 
12-1-69 

Min 

0 

0 

0 

• 

• 

• 
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TABLE 11.2.1 (Continued) 

Waste Gas Decay Tanks 

Number 

. 3 
Capacity Each, ft 

Uesign Pressure 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, °F 

Material 

Design Code 

Earthqua~e Design 

Waste Gas Surge Tank 

Number 

Capacity, ft3 

Design Pressure 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, °F 

Material 

Design Code 

2 

434 

Outer Tank 

From 30 In. Hg 
vacuum to 
150 psig 

200 

Atmospheric 

120 

Carbon 

ASME VIII 

Inner Tank 

.From 30 In. Hg 
vacuum to 
150 psig 

200 

115 

140 

Stainless Steel 
Type 304L 

ASME III C 

Complies with Class I Requirements 

1 

15.7 

From 30 In. Hg vacuum to 30 psig 

300 

15 

120 

Stainless Steel Type 304 

ASME III C 
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TABLE 11.2.1 (Continued) 

Low Level Waste Drain Pumps 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

Head at Rated Capacity; ft 

Design Pressure, psig 

Materials 

Casing 

Shaft 

Impeller 

High Level Waste Drain Pumps 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

2 (one required) 

Horizontal Centrifugal 

3 

Mechanical 

50 

77 

. 150 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 

2 (one required) 

Horizontal Centrifugal 

2 

Double Mechantcal 

12 

60 

150 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 

• 
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TABuE 11,2,1 (Continued) 

Waste Disposal Evaporator ilottoms Pump 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

Waste Disposal Evaporator Distillate Pump 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

l 

Horizontal Centrifugal 

l 1/2 

Canned 

10 

44 

150 

Stainless Steel Type 316 

Stainless Steel Type 316 

Stainless Steel Type 316 

1 

Horizontal Centrifugal 

1 1/2 

Mechanical 

7 

44 

150 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 
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TABLE 11. 2 .1 (Continued) 

Waste Disposal Evaporator Test Tank Pumps 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

' Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

Contaminated Drains Transfer Pumps 

Number 

Type 

Motor Horsepower, hp 

Seal Type 

Capacity Each, gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

2 (one required) 

Horizontal Centrifugal 

5 

Mechanical 

50 

97 

150 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 

2 (orie required) 

Horizontal Centrifugal 

3 

Mechanical 

50 

79 

150 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 

• 

• 

• 
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TABLE 11.2.1 (Continued) 

~ent Resin Dewatering Tank Pump 

Number 

Type 

Motor Horsepower, hp 

seal Type 

Capacity, gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impe_ller 

Waste Disposal Evaporator Circulating Pump 

Number 

Type 

Motor Horsepower, hp 

Seal type 

Capacity,. gpm 

Head at Rated Capacity, ft 

Design Pressure, psig 

Materials 

Pump Casing 

Shaft 

Impeller 

1 

Horizontal Centrifugal 

10 

Mechanical 

100 

144 

375 

Stainless Steel Type 316 

SAE 4140 

Stainless Steel Type 316 

1 

Horizontal Centrifugal 

7 1/2 

Double Mechanical 

700 

13 

400 

Gould Alloy 20 

Stainless Steel Type 303 

Gould Alloy 20 
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TABLE 11.2.1 (Continued) 

Waste Disposal Evaporator Distillate Condenser 

Number 

Total Duty, Btu/hr 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, In/Out, °F 

Material 

1 

3.31 X 

Shell 

100 

338 

15 

250/250 

304SS 

Steam 

106 

, Fluid 

·Design Code ASME III C 

11.2.2-12 
12-1-69 

Tube ·--
150 

200 

75 

105/131 

304SS 

Water 

ASME III C • ,-

• 
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TABLE 11.2.1 (Continued) 

Waste Disposal Evaporator Reboiler 

Number 

Total Duty, Btu/hr 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, In/Out, °F 

Material 

Fluid 

Design Code 

Waste Disposal Evaporator Distillate Cooler 

Number 

Total Duty, Btu/hr 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, In/Out, °F 

Material 

Fluid 

Design Code 

1 

4.0 X 106 

Shell 

200 

388 

100 

338/338 

Carbon Steel 

Steam 

ASME VIII 

1 

330,000 

Shell --
100 

300 

· 75 

105/135 

Carbon Steel 

Water 

ASME III C 

11.2.2-13 
12-1-69 

Tube 

100 

350 

15 

250/262 

Incoloy 825 

Waste Liquid 
with up to 12% 
boric acid and 
up to 25% total 
solids 

ASME III C 

Tube 

100 

300 

30 

250/140 

304SS 

Water 

ASME III C 
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TABLE 11.2,1 (Continued) 

Waste Disposal Evaporator Bottoms Cooler 

Number 

Total Duty, Btu/hr 

Design Pressure, psig 

Design Temperature, °F 

Operating Pressure, psig 

Operating Temperature, In/Out, °F 

Material 

Fluid 

Design Code 

Process Vent Blower 

Number 

Type 

Motor Horsepower, hp 

Capacity.Each, scfll!, 

Differential Pressure, psi 

Sue ti.on Pressure, psia 

Design Pressure, psig 

Materials 

Casing 

Impeller 

Shaft 

1 

4.5xl0 5 

Shell 

150 

350 

75 

150/160 

Carbon Steel 

Water 

ASME VIII 

Tube 

100 

350 

25 

250/160 

304SS 

Waste Liquid 
with up to 12% 
boric acid and 
up to 25% total 
solids 

ASME III C 

2 (one required) 

Multi-stage Centrifugal 

7.5 

300 

2 

14.0 

15 

Cast Iron 

Aluminum 

Stainless Steel Type 304 

\ 

\ 
\ .\ 
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• 
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TABLE 11.2.1 (Continued) 

Waste Disposal Distillate Filter 

Number 

Retention Size, Microns 

Filter Element Material 

Capacity Normal, gpm 

Capacity Maximum, gpm 

Material 

Design Pressure, psig 

0 Design Temperature, F 

Design Code 

Low Level Waste Drain Filter 

Number 

Retention Size, Microns 

Filter Element Material 

Capacity Normal, gpm 

Capacity Maximum, gpm 

Material 

Design Pressure, psig 

Design Temperature, °F 

Design Code 

1 

5 

Fibre 

40 

75 

304SS 

150 

250 

ASME 

1 

5 

Fibre 

so 

75 

III C 

Stainless Steel Type 304 

150 

250 

ASME III C 
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TABLE 11.2.1 (Continued) 

High Level Waste Drain Filter 

Number 

Retention Size, Microns 

Filter Element Material 

Capacity Normal, gpm 

Capacity Maximum, gpm 

Material 

Design Pnissure, psig 

Design Temperature, °F 

Design Code 

Contaminated Drains Filters 

Number 

Filter Element Material 

Capacity Normal, gpm 

Capacity Maximum, gpm 

Material 

Design Pressure, psig 

Design Temperature, °F 

1 Design Code 

1 

6 

Fibre 

50 

75 

Stainless Steel Type 304 

150 

250 

ASME III C 

2 (one required) 

Fiber 

50 

75 

Stainless Steel Type 304 

150 

120 

ASME VIII 

• 

• 

• 
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11. 2. 3 LIQUID WASTE DISPOSAL SYSTEM 

11.2.3-1 
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The Liquid Waste Disposal System, as shown in Figs. 11.2.3-1, -2 and -3, 

receives liquid wastes, either directly from various sources or from the 

Vent and Drain System discussed in Section 9.7. The Vent and Drain System 

classifies process liquids either for re-use or for disposal. The influent 

from the Vent and Drain System to the Liquid Waste Disposal System is a 

small fraction of the Vent and Drain System throughput. 

System influents from the Vent and Drain System are discharged to either 

the high level waste dra:f,n tanks or the low level waste drain tanks, 
i ' 

according to influent activity level • 

Laundry waste, PCA shower drains, and PCA lavatory drains are discharged 

to the contaminated drain tanks. 

Laboratory drains and various flush lines from the drumming of concentrated 

liquid.wastes, including spent resin flush drains, are discharged to the 

high level waste drain tanks. 

The contents of the high level waste drain tanks, which may have activity 

-1 . . 
levels in the order of up to 10 uCi/cc are processed by evaporation. 

The evaporator subsystem is designed to produce liquid effluents of.an 

-4 -8 activity level no greater than 10 to 10 uCi/cc, which are pumped 

to the waste disposal test tanks. The contents of the test tanks are 



11. 2. 3-2 
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sampled to determine the radioactivity level and the chemical composition. 

The evaporator effluent in the test tanks, if contaminated, may be purified 

by circulating·the contents through a mixed bed demineralizer and filter 

or reprocessed. The test tank effluent is~ after confirmation that 

activity and chemical con~entrations are below the specified maximum level, 

discharged directly through the liquid waste radioactivity monitoring 

station and flow control station. Off gas from the evaporator is vented 

to the Gaseous Waste Disposal System. The concentrated bottoms in the 

evaporator is packaged for shipment offsite and ultimate disposal. 

Provisions are made for the transfer of the high level waste drain tank 

contents to the low level waste drain tanks, by means of a line under 

administrative control, in the event that the high level waste drain tank 

contents do not require evaporation. 

Provisions are also made for conveying the contents of the low level waste 

drain tanks and contaminated drain tanks to the high level tanks if the 
. ' . 

-3 activity level of any of these liquids should exceed about 10 uCi/ml. The 

contents of the contaminated drain tanks are filtered by the contaminated 

drain filters and conveyed into the liquid waste effluent header, where 

the effluent is monitored by a radiation monitor and ultimately disch~rged 

into the circulating water discharge canal_, via steam generator blowdown 

piping. If the activity level of the water exceeds the normal limits, it 

can be pumped to the high level waste drain tanks for reprocessing. 

• 

• 
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TABLE 11.2.1 (Continued} 

Waste Gas Compressor 

Number 

Type 

Motor Horsepower, hp 

Capacity Each, scfm 

Discharge Pressure at Rated Capacity, psig 

Design Pressure, psig 

Materials 

Cylinder 

Piston Rod 

Piston 

Diaphragms and Parts Contacting 

Waste Gas 

2 (one required) 

Diaphragm 

1 

1.5 

120 

220 

Carbon Steel 

Forged Steel. 

Nodular Iron 

304/316 ss 

11.2.2-15 
12-1-69 



TABLE 11.2.1 (Continued) 

11.2 .2-16 
12-1-69 

Waste Disposal Evaporator Distillate Demineralizers 

Number 

Design Flow, gpm/ft 2 

Demineralizer Resin 

Active Volume, cu ft 

Design DF 

Design Pressure, psig 

Design Temperature, 
O' 

F 

Material 

Design Code 

; 

Spent Resin Dewatering Filter 

Number 

Retention Size, Microns 

Filter Element Material 

Capacity Normal, gpm 

Capacity Maximum, gpm 

Material 

Design Pressure, psig 

Design Temperature, °F 

Design Code 

1 

10 

H-OH Mixed 

17 

15 

200 

250 

Stainless 

ASME III C 

1 

5 

Fibre 

100 

150 

Bed 

Steel Type 316L 

Stainless Steel Type 304 

150 

250 

ASME III C 

• 
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11.2.3-3 
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The contents of the low level waste drain tanks are discharged through 

filters and a radiation monitoring station to the circulating water 

discharge canal. If the activity level of this effluent is not within 

the discharge tolerance then it is pumped to the high level waste drain 

tanks for subsequent evaporation. 

All ·liquid waste discharges to the Circulating Water System and is 

monitored as described in Section 11.2.3 to provide radiation control 

of this discharge. Periodic sampling of the liquid waste effluent is 

conducted by station Health Physics personnel. The discharge rate is 

controlled by either of two parallel flow control valves; one handling 

low range, and the other handling high range flows. Excessive activities 

detected by the monitor overrides both valve controls and stops all 

discharge flow. 

The discharge flow from the Liquid Waste Disposal System is combined 

and mixed with the circulating water such that the net activity of the 

combin~d effluent does not exceed 10CFR20 unrestricted area limits. 



11.2.3.1 Components 

High Level Waste Drain Tanks 

11.2. 3-4 
.12-1-69 

Two high level waste drain tanks will be provided. Each tank has a capacity 

of 2,390 gal. Level indicators are provided. These are stainless steel 

tanks designed according to Section III C of the Boiler and Pressure Vessel 

Code. 

Low Level Waste Drain Tanks 

Two low level waste drain tanks are provided. Each tank has a capacity 

of 2,874 gal. Level indicators are provided. These are stainless steel 

tanks designed according to Section III C of the ASME Boiler and Pressure 

Vessel Code. 

Waste Disposal Evaporator and Auxiliaries 

One externally heated forced circulation evaporator with a feed and dis

tillate capacity of 6 gpm is provided. The evaporator shell is fabricated 

from a high nickel alloy in accordance with Section III Co~ th~ ASME Boiler 

and Pressure Vessel Code. Internals are fabricated from an austenitic 

stainless steel not susceptibl~ to stress cracking. 
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11.2.3-5 
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The external heat source is a shell and tube steam reboiler fabricated on 

the tube side from a high nickel alloy in accordance with Section III C of 

the ASME Boiler and Pressure Vessel Code, and TEMA Standards, and fab

ricated from carbon steel on the shell side in accordance with Section I!I C 

or the ASME Boiler and Pressure Vessel Code, and TEMA Standards. Dis

tillate is condensed in a water cooled shell and tube condenser fabricated 

from austenitic stainless steel in accordance with Section III C of the 

ASME Boiler and Pressure Vessel Code and TEMA Standards. 

The condensed distillate is held in the distillate accumulator. This tank 

is fabricated from austenitic stainless steel in accordance with Section III C 

of the ASME Boiler and Pressure Vessel Code . 

A distillate cooler is provided to further cool the distillate. The tube side 

of the distillate cooler is fabricated from austenitic stainless steel and the 

shell side from carbon steel in accordance with Section III C of the ASME 

Boiler and Pressure Vessel Code. 

Waste Disposal Evaporator Test Tanks 

Two waste disposal evaporator test tanks, each of 548 gal capacity, with level 

indicators are provided. These tanks are stainless steel and designed 

according to Section III C of the ASME Boiler and Pressure Vessel Code. 

Waste Disposal Evaporator Demineralizer 

One waste disposal evaporator demineralizer is provided for evaporator dis

tillate.polishing. The demineralizer is fabricated from austenitic 
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stainless steel not susceptible to stress cracking in accordance with 

Section III C of the ASME Unfired Boiler and Pressure Vessel Code. 

Waste Disposal Filters 

Liquid waste effluent filters and the distillate demineralizer filters 

will be cartridge type pressure filters. The vessels are fabricated 

from austenitic stainless steel in accordance Section III C of the 

ASME Boiler and Pressure Vessel Code. The filter elements are of the 

synthetic fibre disposal type. Filter cartridges are designed for 

removal as a single basket assembly. Contaminated drain tank filters 

are provided to remove lint and other laundry waste matter which could 

be radioactive. This filter is operated on a precoat-filter-backwash 

cycle. 

Pumps 

Centrifugal frame mounted pumps with single or double mechanical seals 

are provided. The waste disposal evaporator bottoms pump is a canned 

pump. One pump is provided for each tank with cross ties where appro

priate, such as on high level waste drain tank pumps. External cooling 

and seal water is supplied to radioactive pump seals as required. 

• 
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11.2 .4 SOLID WASTE DISPOSAL SYSTEM 

11. 2 .4-1 
12-1-69 

The Solid Waste Disposal System provides holdup, packaging and storage 

facilities for the eventual shipment offsite and ultimate disposal of 

radioactive waste material. Materials handled as solid waste include 

concentrated liquid wastes from the waste disposal evaporator, con

centrated boric acid not to be reused in the system from the boron 

recovery bottoms tank, spent re~in slurries, spent filter cartridges, 

and other miscellaneous solid materials resulting from station 

operation and maintenance. The operation of this system involves 

various unit operations described below • 



• 

• 
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11. 2. 4 .1 Solid Waste Handling Operations 

Drumming Operation 

11.2.4.1-1 
12-1-69 

The drumming operation involves the mixing of the concentrated solution 

in a drum with an absorbant and f:olidifier such as cement, the mixing and 

setting up of the mixture, and the storage of the drum for ultimate offsite 

disposal. 

The drunnning of concentrated evaporator bottoms is a batch process using 

cement and/or diatamaceous earth. Concentrated waste is mixed with the 

cement and/or diatomaceous earth as it enters the drum. The amount of 

waste liquid per drum is predetermined by analysis of the waste. The 

liquid waste is cooled in a heat exchanger prior to drumming. 

The drum is transported ~y overhead monorail to the drum rolling 
. ' 

machine, The concentrated waste and absorbant is mixed by means of 

rotating the drum. After a predetermined time, the drum is transported 

to a storage area. 

The radioactivity level on contact with the surface of the drum is 

measured, recorded, and attached to the drum in accordance with the 

applicable Federal Regulations. The drums are stored until such time 

as they are to be shipped offsite for ultimate disposal . 



· .. Baling Operation 

11.2 .4 .1-2 
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,,Contaminated solid material resulting from station maintenance is stored 

in specified areas of the auxiliary building and decontamination building. 

·. The items are placed in polyethelene bags, if required, during storage 

; ,with suitable labeling. 

Materials which are compressible, such as absorbant paper, cloth, rubber, 

and plastic are placed in 55 gal. drums. The drum and its contents, 

including the plastic bags, are placed in position on the solid waste 

baler. The compression plate compacts the contents of the drum into a 

high density bale. Additional compressible material is added and the 

contents of the drum recompacted until the drum is filled. During 1:he 

baling operation the area is closed and the ventilation air filtered to 

remove particulate matter. Contaminated metallic materials and other 

highly contaminated solid objects are placed inside a cylindrical concrete 

core at the center of a 55 gal. drum. The annular space between the core 

and drum and the bottom section of the drum is concreted prior to insertion 

of materials inside the core. After insertion of the contaminated materials, 

additional concrete is added to fill all remaining void spaces inside the 

drum. 

Spent Resin Handling Operations 

A spent catch tank properly shielded is provided to accumulate 

res~n from ion exchangers. A spent resin transfer system permits s1ent 

• 

• 

•• 
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11.2.4.1-3 
12-1-69 

resin to be flushed from the catch tank either to a disposable spent resin 

shipping cask or to a shielded tank truck. The disposable cask with its 

associated concrete shielding is normally in place and ready to receive 

high activity spent resin, while other casks may be in shipment to or from 

a licensed disposal site. To ready this equipment for receipt of spent 

resins, the shipping container and cask are placed in the spent resin cask 

pit at the decontamination building, with piping connections made up in 

advance. Provision is made to transfer spent resin directly to the dis

posable shipping drum from the ion exchanger. The spent resin from all 

hi'gh activity ion exchangers is handled in the same manner. 

The resin in an ion exchanger is considered to be "spent" when the 

decontamination factor drops below a predetermined value or the dose 

rate on the outside of the ion exchanger approaches predetermined limits. 

The unit is then isolated and primary grade water used to flush the spent 

resin into the spent resin catch tank. The spent resin remains in the 

catch tank and the flush liquid passes through a filter element and dis

charges by way of the spent resin dewatering tank and the Vent and Drain 

System into one of the high level waste drain tanks. When all spent resin 

from a single source is transferred to the holdup tank, the flushing flow 

is stopped. A similar procedure transfers the resin to the spent resin 

shipping cask. After transferring the resin to the disposable drum, the 

disposable drum is dewatered in its cask and stored in the yard storage 

area until it can be transported for ultimate disposal . 



Expended Filter Cartridge Handling Operations 

11. 2 .4.1-4 
12-1-69 

Filters in radioactive liquid service are reiooved from the service when 

the pressure drop across the filters becomes excessive or when the 

radiation level exceeds a predetermined maximum. The filter cover is 

opened by personnel using appropriate tools, and protected1 by a filter 

removal shield, when required. High activity expended filter cartridges 

in their.disposable basket are raised into the filter removal shield and 

placed in the filter shipping container shielded by a reinforced concrete 

shipping cask. Filter cartridges are packaged for ultimate disposal in 

55 gal. drums to the extent possible. In each case, the packaging procedure 

is appropriate for the prevailing conditions. 

Ultimate Disposal Operations 

All packages containing radioactive non-fis:donable material and the 

procedures used to prepare these for offsit(! shipment are in accordance 

with U. S. Department of Transportation regt,lations, All waste material 

is transferred either to a licensed disposa.1. contractor or to a common 

carrier for delivery to a licensed disposal contractor. 

• 

• 

• 
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11.2 .4 .2 Components 

Spent Resin Catch Tank 

11.2.4.2-1 
12-1-69 

One spent r~sin holdup tank is prnvided. The holdup tank is permanently 

installed in a concrete cubicle bl'low grade. The tank capacity is 

designed to contain the total dewatered resin volume of approximately 

four demineralizers. The vessel is designed according to Section III C 

of the ASME Code for Boiler and Pressure Vessels. 

· Baler 

One solid waste baler for contaminated, compressible materials is provided. 

Drum Roller 

Two 55 gal. drum rollers are provided for use at the bottoms drumming 

station. 

Spent Filter Shipping Cask 

Concrete shielded filter shipping casks, acceptable under the regulations, 

and related tools are provided. 



Spent Resin Dewatering Tank 

One spent resin dewatering tank is provided. 

11.2. 4. 2-2 
12-1-69 

The tank is designed in 

accordance with Section III C of the ASME Code for Boiler and Pressure 

Vessels. 

Spent Resin Disposable Shipping Drum and Ca,k 

A number of standard 55 gal. shipping drums and casks, acceptable under 

the regulations, are available, 

-• 

e 
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11.2.5 GASEOUS WASTE DISPOSAL SYSTEM 

11.2.5-1 
12-1-69 

The Process Vent Subsystem regulates the discharge of potentially high 

activity waste gases to the atmosphere. The Ventilation Vent Subsystem 

described in Section 9.13 will regulate the discharge of potentially low 

activity air streams to the atmosphere. Radioactive waste discharges from 

both subsystems are monitored by particulate and gas monitors described 

in.the Process Radiation Monitoring System described in Section 11.3.3 . 
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11.2.5.1 Process Vent Subsystem 

11.2.5.1-1 
12-1-69 

Gaseous wastes enter the Process Vent Subsystem from the Gaseous Waste 

Disposal System,from the stripper in the Boron Recovery System, the Vent 

and Drain System, various pressure relief valves and the Containment 

Vacuum System, as shown on Fig. 11.2.5-1, -2 • 

. Waste gases, primarily hydrogen, nitrogen and minor amounts of fission 

product gases, such as xenon and krypton, are removed from reactor coolant 

letdown by the stripper in the Boron Recovery System. The stripped gases 

are processed in the Gaseous Waste Disposal System • 

Before processing the stripped gases in the recombiner, nitrogen and oxygen 

are added as required and the entire mixture is preheated. The maximum 

hydrogen concentration is normally maintained at about 3 percent, which is 

below the lower hydrogen flammability limit of 4.4 percent. The gas 

mixture flows to the waste gas recombiner where about 99 percent of the 

hydrogen and oxygen is catalytically reacted to produce water vapor. 

The gas volume to the waste gas tanks from the recombiner is reduced by 

tenfold relative to the influent stripped gas entering from the boron 

recovery gas stripper. 

The effluent gas from the recombiner is cooled in the recombiner after

cooler and then flows to the moisture separator. Condensed liquid from 

these two vessels is drained to the Liquid Waste Disposal System. 



11. 2. 5 .1-2 
12-1-69 

The waste gas stream from the moisture separator is recycled to the 

.recombiners by the blowers. 

The recombiners are maintained at a preset pressure by bleeding from the 

recycle line upstream of the blowers using pressure control. The bleed 

stream is pumped from a.small surge tank to the buried gaseous waste 

decay tanks by diaphragm compressors. The redundant hydrogen analyzers 

on the effluent line from the moisture separator shut the valves in the 

bleed stream in event of a high hydrogen concentration in the effluent 

from the catalytic recombiner. 

Duplicate oxygen analyzers on the moisture separator effluent reset the 

oxygen addition controller. 

Redundant hydrogen analyzers on the recombiner feed.stream shut the two 

valves in series on the stripped feed for hydrogen concentrations exceeding 

4 percent. Simultaneously, redundant nitrogen purge lines open to dilute 

the hydrogen. 

Two double-walled waste gas decay tanks are provided. Each tank is buried 

for tornado protection. The inner tank is fabricated from austenitic 

stainless steei in accordance with Sestion III C and the outer tank from 

• 

• 
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11.2.5.1-3 
10-15-70 

carbon steel in accordance with Section VIII of the ASME Code for Boiler 

and Pressure Vessels. Sampling connections are provided for the tank 

contents, and for leakoff in the annular intercept space between the . 

tanks. The decay tanks have piping connections·for parallel operation 

with alternate feed and bleed. 

Overpressure relief protection is provided at the waste gas decay tanks 

in accordance with Section III C of the ASME Code. The protective devices 

consist of bellows sealed pressure relief valves followed by rupture disc 

assemblies. The use of bellow seals and rupture discs preclude leakage of 

the waste gas to the environment during normal operation of the Gaseous 

Waste Disposal System. The piping downstream of the protective devices 

relieve to the process vent through the radiation monitor station. 

Effluent from the waste gas decay tanks is mixed with dilution air, effluent 

from the Containment Vacuum System, and the aerated vents from the Vent and 

Drain System. The combined gaseous waste is filtered through charcoal 

filters prior to being released to the atmosphere, The process vent 

blowers maintain a small vacuum in the charcoal filters to prevent out-

leakage frotn the filter assembly. The decay tank pressure relief valves 

discharge to the discharge side of the process vent blowers. The decay 

tank contents are sampled prior to any release to the process vent. 



lL 2.5.1-4 
:)_2-1-69 

The entire disch~rge stream of radioactive letdown gas and dilution air 

is monitored for flow rate, pressure, temperature, and particulate and 

gaseous activity prior to release through the process vents. The total 

·flow is regulated by a flow control valve on the dilution air. The 

ratio of dilution air to waste gas letdown flow is such that the mixed 

streams never enter the flammability region of the air, steam, hydrogen 

phase diagram. 

The process vent and the process vent blowers are sized such that the 

minimum exit velocity is approximately 100 fps. Thi~ exit velocity 

prevents any significant downdrafting of the effluent with atmospheric 

winds as high as 35 mph. The process vent terminates at an elevation 

approximately 10 ft above the top of one of the containment structures. 

The process vent monitors are set such that the effluent activity 

release rate results in concentrations less than those limits provided 

by 10CFR20 at the site boundary. In the event that the activity of the 

effluent stream exceeds the setting of the monitors, the process vent 

control station automatically terminates the release of waste effluents 

from the waste gas decay tanks and isolates the Containment Vacuum System 

from the Process Vent Subsystem. The monitor also alarms in the Main 

Control Room prior to valve closure if the activity approaches a preset 

value. Subsequent restart of the system is manual in accordance with 

administrative procedures. Discharge of gases from the waste gas decay 

tanks is initiated and controlled separately. 

• 

• 

• 
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11.2.5.1-5 
12-1-69 

The Waste Gas Disposal Syscem is designed to provide adequate radioactive 

decay storage time for the waste gases and, in addition, provide long term 

holdup of these gases when either high flow letdown is required or adverse 

meteorological conditions make it desirable to discontinue release of 

waste gas to the environment. 

The combined volume of the two waste gas decay tanks is sized to process 

the gas stripped from the estimated annual average letdown flow of 17 gpm, 

based on simultaneous operation of two reactor units. 

The average gas stripping rate is a function of the average letdown flow 

rate, and this flow rate is dependent on the assumed plan of operation as 

described in Section 9.2. 

On this basis,. the to~al annpal letdown volume for two units is 8.22 x 106 gal 

and the average annual letdown flow rate for two units is 17 gpm. 

The case when one unit is four weeks behind the other unit in the cycle 

and the first unit is in the last eight weeks of operation results in a two 

month average letdown rate of 17 gpm with daily load follow of the two units. 

If the hydrogen volume is assumed to be 35 cc/kg and 90 percent of the 

total gas volume, then the hydrogen stripping rate at an annual average of 

17 RPID letdown is .0792 scfm and the total gas stripping rate is .088 scfm . 



11.2 .5 .1-6 
12-1-69 

The gas decay tanks are sized so that a 17 gpm letdown rate with the 

recombiner not operating gives an average holdup time equivalent to 

approximately 5 half~lives of Xe 133 (30 days). 

Assuming 1 percent failed fuel, the estimated curies of each radionuclide 

released from the station via the Gaseous Waste Disposal System are 

listed in Tables 11.2.2-1 and 11.2.2-2. Table 11.2.2-1 is for a waste gas 

cycle with the recombiner not operating, which is the design basis for the 

system, and Table 11.2.2-2 is for a waste gas cycle with the recombiner 

operating. With the recombiner not operating the gas cycle is 30 days' 

feed - 20 days' decay - 10 days' bleed; most of the gas is hydrogen. 

With the recombiner operating, the feed portion of the waste gas cycle 

can vary between 30 days and approximately 330 days, the time to reach 

maximum design pressure in the tank. To be conservative, 330 days' feed 

was chosen as the basis for Table 11.2.2-2, and the waste gas cycle 

considered was 330 days' feed - 20 days' decay - 10 days' bleed. 

In each case, it is assumed that all of the gases and 0.1 percent of the 

iodines are removed at the gas stripper and sent to the waste gas decay 

tanks. The system is operated so that one tank is on the feed portion 

of cycle while the other is on th~ decay and bleed portion. 

• 

• 
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11.2.5.1-7 
12-1-69 

The equilibrium reactor coolant activity is a function of the waste 

gas removal rate by the gas stripper. Using the parameters listed in 

Table 9.1-4 and a 17 gpm letdown rate to the gas stripper, the equilibrium 

coolant activity for each radionuclide was calculated. These are also 

listed in both Tables 11.2.2-1 and 11.2.2-2. 

As can be seen from the Tables, the yearly dose at the site boundary is 

about 0.019 Rem for continuous operation with a 30 days' feed - 20 days' 

decay - 10 days' bleed cycle and about 0.007 Rem for the 330 days' feed -

20 days' decay - 10 days' bleed cycle. Both of these values are well 

below the unrestricted area dose of 0.5 Rem set forth in 10CFR20 • 



EquillbrilD 
Coolant Curies in Tank 

Activity, at End of' Feed 

~ ,E,, Ci/cc C;i:cle 

1 
Kr 85 m 1,22 3,63 X 1~ 
Kr 85 3,25 X 10-i 1.25 X l 
J<.r 87 8,21 X 10- 7.96 1 
Kr 88 2.36 2 

4.92 X 10 
Xe 131 m 4.62 X 10• 1.95 X l~ 
Xe 133 m 1.33 5.41 X l 
Xe 133 80.9 -1 7,52 X 10 
Xe 135 m 7,13 X 10 1.40 
Xe 135 3.39 2.27 X 10\ 
Xe 138 4,50 X 10-1 9,59 X 10-
I 131 l.,72 , 2,29 X 10-l 

I 132 5,85 X 10•- 1.00 X 10-~ 
I 133 2.65 4,15 X 10-

4 
! 134 3.61 X 10-1 2,35 X 10:

3 
I 135 1.40 7,01. X 10 

Total 7.76 X JJf 

• 

TAm.E !,.1.2.2-1. 

ESTlMATED WASTE GAS RELEASE 
WITH RECOMBIN*8 NOT OPERATING 

Based upon gaseous activity f'r.m: _ 
a •. Waste gas cycle: 30 days' feed, 20 days' decay, 10 days' bl.eed 
b. Two units, 2,546 MWt each 
c, 11, f'ail.ed fuel 
d, 17 gpn total letdown flow rate to gas stripper f'rcm both units 
e, 1Cl0'1, of' gases agd 0.11, of' iodines removed in gas stripper 
f'. X/Q • 7. 5 x l.0- sec/m3 for calculating dose at site boundary 

Curies in Tank 
after 20 Days Discher~ Rate 1 Ci/Sec Curi.es Discharge 

Deca;i: ~ Final in One £1::cle 

2,05 X 10-35 2,14 X 10-41 .J..61 X 10-59 4,44 X 10-37 

1,25 X lo3 1.30 X 10-3 1.30 X 10•3 1.12 X 1o3 
0 0 0 0 

0 l 0 5 . 0 5 0 1 
6,16 X 10 6,43 X 10-

6 
3 .61 X 10:8 4.22 X 10 

1.30 1.36 X 10:
3 

6.66 X 10 
3 

3.70 X lg;l 
5.47 X 1o3 5.71 X 10_

31 
1.54 X 10-

4 
2.75 X 1 

5,70 X l.0•25 5,95 X 10_20 1,02 X 10-
2
t 2,07 X 10-26 

2.80 X 10-14 2,92 X 10 3 .24 X l()" 1.38 X 10-l.5 
0 0 -8 . 0 -8 0 

4,11 X 10-2 4,28 X 10 1.81 X ·10 2.48 X 10·2 

0 0 0 0 
5.44 X 10·9 5.68 X l0•l5 2.06 X 10·18 6.19 X 10-lO 

0 0 
3·.60 ~ 10-41 

0 
2,03 X 10-24 2.12 X 10-30 7 ,38 X 10-26 

6.78 X lo3 7.07 X 10•3 2,87 X 10•3 3,91 X 1a3 

• 

Total Curies 
Discharged 
Per Year 

5,40 X 10i;36 
1.36 ·x 10 . 

0 
0 2 

5,13 X 10 
4.50 

4 3,35 X 10 
2.52 x 10:iZ 
1.68 X 10 

0 -1 
3,01 X 10 

0 
7,53 X 10·9 

0 
8.98 X 10-25 

4.76 X 10
4 

u.2.5.1-8 
12-1-69 

Dose at Site 
Boundary, 

Rem Per Year 

6.4 X lv-42 

5 ,4 X i::,·3 
0 

0 -4 
1.6 X 10 

6 1.8 X 10:2 
1.3 X 10_31 3 ,Q X 10 
1.9 X 10-20 

0 
1.2 X 10•3 

0 
7,9 X 10-1.2 

0 
2 ,9 X 10·28 

1.9 X 10·2 

• 



• 

Equilibriuza 
CoolBIIt Curies in Tank 

Activity, at End of Feed 
Nuclide P.Ci/cc gzcle 

Kr 85 111 
1 

1.22 -1 3,63 X 1~ 
Kr 85 3,25 X 10.1 l.63 X 10 
Kr 87 8.21 X 10 7.96 
Kr 88 2.36 2 4,92 X l!r 
Xe·l31 Ill 4.62 X 10• 1.95 X 1~ 
Xe 133 111 1.33 5,42 X 1 
Xe 133 80.9 -1 7.68 X 10 
Xe 135 Ill 7,13 X 10 1.40 if 
J:e 135 3.39 2,32 X 1 l 
Xe 138 4,50 X 10-l 9,59 X 10• l 
I 131 1.72 2.48 X 10:

3 I 132 5,85 X 10•l 1.00 X 10 
I 133 2.65 1 4,23 X 10·: 
I 134 3,61 X 10• 2,35 X 10:

3 I 135 1.40 7,07 X 10 

Total 9.41 :it 1~ 

• 
.TAllIJ: ll,2,2-2 

ESTIMATED WASTE GAS REIBASE
WITH JIECCKBtm OPERATING 

Based upon gaseous activity fran: 
a. Waste gas cycle: 300 days' feed, 20 days' decay, 10 days' bleed 
b. Tvo uni ts, 2,546 MWt each 
C • 1~ failed fuel , 
d. 17 filJll total letdown flow rate to gas stripper from both uni ts 
e. 1001, of gases ~ O.l~ of iodines removed in gas stripper 
f. X/Q • 7. 5 x 10· sec/;J for ~elculating dose et site boundary 

Curies in Tank 
after 20 Days Discher~ Rate 1 Ci/Sec Curies Discharge 

Decez Initial Final in One ~cle 

2,05 X 1°4
35 -4 l.61 X 10-~9 4,44 X 1~37 2,14 X l!).

2 1,63 X 10 1.70 X 10 1,69 X 10• 1.46 X 10 
0 0 0 0 
0 0 -5 0 -5 0 1 

6.16 X 101 6.43 X a 
6 

3,61 X 10 
8 4.22 X lO•l 

1.30 1.36 X 10:
3 

6.67 X 10• 3,71 X 1~ 
5,58 X 1c3 · 5,82 X 10_

31 1,57 X 10:~l 2,8o X 10_26 
5,75 X 10·25 6,00 X 10.20 1.02 X 10.28 2.()9 X 10_

15 8.52 X 10•14 2,98 X 10 3,30 X 10 1.40 X 10 
0 0 0 0 -2 

4.44 X 10'.'.°l 4,64 X 10•8 l,96 X 10·8 2,69 X 10 
0 0 0 0 

5,50 X 10•9 5,79 X l0•l5 2,10 X 10•18 6,31 X lO•lO 
0 0 O ·-41 0 

2,05 X 10•24 2.14 X 10·30 3,63 X 10 7,44 X 10·26 

_2,19 X 104 2.28 X 10•2 1.85 X 10•2 1.75 X 104 

ll.2.5.,1-9 
12-1-69 

Total Curies 
Discharged 
Per Year 

4,44 X 1'137 
1.46 X 10 

0 
0 1 

4,22 X 10 l 
3, 71 X 103 
2.8o X 10_26 
2.09 X 10_15 
1.40 X 10 

0 
2,69 X 10•2 

0 
6,31 X 10-lO 

7.44 ~ 10-26 

1.75 X 10
4 

• 

Dose at Site 
Boundary, 

Rem Per Year 

-43 
5 .3 X 10 

3 5.8x 10-
0 
0 -5 

1.3 X 10_
7 1.5 X 10_
3 1.1 X 10_32 2,5 X 10_21 

1.7 X 10 
0 -4 

1.0 X 10 
0 

6.6 X l0-l3 
0 

2.4 X 10-29 

7.0 X 10•3 
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11. 2 .5 .2 Ventilation Vent Subsystem 

11.2.5.2-1 
12-1-69 

The Ventilation Vent Subsystem is considered to be a portion of the Gaseous 

Waste Disposal System only for purposes of radiological surveillance, and 

it is designed on this basis. However, since it handles air streams of 

very low activity levels, and since the gases to. be handled are 

. predominantly of nonradioactive origin, this subsystem has been considered 

as an auxiliary system for the purpose of this report. A full description 

of this subsystem is included in Section 9.13 . 
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11.2 .5. 3 Components 

Catalytic Recombiner 

11. 2 .5. 3-1 
12-1-69 

One skid mounted catalytic recombiner system is provided. The system 

includes duplicate full capacity catalytic recombiners, duplicate 

electric preheaters, one aftercooler-condenser, one; moisture separator, 

duplicate recycle blowers, duplicate hydrogen analyzers of the thermal 

conductivity type, for the recombiner influent and effluent, duplicate 

oxygen analyzers of the paramagnetic type on the recombiner effluent, a 

single oxygen analyzer on the recombiner influent, and one bleed stream 

cooler. The recombiner system operates at approximately 22 psia and has 

a feed capacity of '1.14 scfm. The diluent is nitrogen. The catalytic 

recombiner system is designed according to Section III-C of the ASME 

Code for Boiler and Pressure Vessels. 

Waste Gas Surge Tank 

One waste gas surge tank with a 15.7 ft3 capacity is provided. This tank 

is operated at a pressure of approximately 10 to 20 psia. The tank is 

fabricated from austenitic stainless steel in accordance with Section 

111-C of the ASME Code for Unfired Boiler and Pressure Vessels • 



Waste Gas Compressor 

11.2.5.3-2 
12-1-69 

Two waste ga~ compressors of the diaphragm type are provided. Each has 

a capacity of 1.5 scfm and is capable of a discharge 'pressure up to 

120 psig. The compressor heads are leak tested to insure that the 

leakage does not exceed a predetermined amount. 

Waste Gas Decay Tank 

Two buried waste decay tanks are provided. These tanks have double wall 

construction with feed and bleed lines, sample nitrogen purge, drain and 

relief valve lines to the inner tank, and sample, nitrogen purge, drain, 

and relief valve lines from the outer tank. An access opening is provided 

to the inner tank. In addition, adequate grounding and corrosion protection 

are provided. The inner tank is fabricated from stainless steel in 

accordance with Section III C and the outer tank from carbon steel in 

accordance with Section VIII of the ASME Boiler and Pressure Vessel Code. 

Process Vent Blowers 

Two full capacity dilution air blowers of 300 cfm capacity at 2 psis are 

provided. The blowers are a centrifugal type located in a field fabricated 

box with the blower suction from the box's interior. Some inleakage is 

tolerated. 

• 
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Charcoal Filters 

11.2. 5. 3-3 
12-1-69 

Two charcoal filter beds are provided to service approximately 300 scfm 

radioactive gas. The filters are maintained at a subatmospheric pressure • 
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11.2.6 TESTS AND INSPECTIONS 

11.2.6.1 Construction and Fabrication 

11.2.6-1 
12-1-69 

During the manufacturing period, the Applicant's inspectors inspected 

all equipment periodically, as required, to assure that all equipment 

had been provided in strict accordance with specifications. Shop 

hydrostatic and performance tests of principal equipment were witnessed 

by the Applicant's inspectors. Certified code inspection data sheets 

were provided by manufacturers for all equipment covered by ASME or 

other applicable codes • 

During the construction period, all pressure systems were subjected to 

field hydrostatic or pneumatic tests to verify the integrity of welded 

connections and to assure that the system as a whole functioned as 

intended. 

During the preliminary operation period, all equipment in the Waste 

Disposal System was tested to verify conformance with specification 

performance requirements. All control systems and interlocks were 

tested and operated to aspure sa::isfactory functional performance and 

reliability • 
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11. 2 .6. 2 Operation 

11.2.6.2-1 
12-1-69 

The basic function of the Waste Disposal System is to release controlled 

amounts of radioactivity to the environment with no undue effects on the 

health and safety of the general public. This is accomplished by assuring 

that all releases from the station are less than the maximum levels of 

radioactivity set by applicable regulatory agencies, as given in 

Section 11. 2 .1. 

The following is a list of the types and areas monitored to assure the 

proper functioning of the Waste Disposal System: 

1. Continuous Process Monitoring:· As described in Section 11. 3. 3, 

process radiation monitors continuously monitor certain key 

systems where radioactive material may exist. These monitors 

give an indication of the waste ·processing requirements of 

-certain systems •. 

2. Batch Sample Process Monitoring: As described in Section 9.6, 

batch samples are obtained from certain subsystems which provide 

information on the effectiveness of ion exchangers, filters, and 

evaporators. This gives an indication of the effectiveness of 

the various waste processing subsystems. Monitoring of the gas 

in the waste gas holdup tanks avoids storage of excessive activity • 



11.2.6.2-2 
12-1-69 

3. Continuous Monitoring of Discharge Effluents: As described in 

Section 11.3.3, radiation monitors continuously monitor discharges 

from the Process and Ventilation Vent Systems and the Liquid 

Waste Disposal and Servic~ Water Systems. These monitors give 

an indication of liquid and gas radiation discharges to the 

environment, and provided with automatic valve closure when 

radiation levels exceed a preset level, thus terminating 

discharge. 

4. Radiation Surveys on the Outside of Containers: Portable Geiger

Muller or scintillation detectors are used to survey spent resin 

casks and other containers for liquid and solid radioactive 

materials to assure acceptable contamination levels prior to 

handling or shipment. 

5. Radiation Survey of Solid Waste Containers: Radiation surveys 

and smear samples are taken of' all shipping casks, drums, etc. 

that contain solid waste to assure that such waste is properly 

contained and meets transportation regulations. 

6. Environmental Monitoring: As described in Section 11.3.5, 

environmental samples are taken to.indicate the effect of liquid 

and gas discharges on the environment and the compliance of these 

discharges with applicable regulations. 

• 

• 

• 
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11.2.6.2-3 
4-15-70 

To assure that the performance of the Waste Disposal Systems is meeting 

design criteria, the following checks are made: 

1. Standardized laboratory radiochemical analytical procedures are 

used to verify decontamination factors. 

2. Radiation monitors are periodically checked with remotely operated 

check sources and, in addition~ samples are withdrawn from the 

process streams being monitored for spot checks of the activity 

levels and monitor calibration. Those monitors which actuate 

control valves by a high radiation signal have check sources with 

sufficiently high count rates to actuate these valves for test 

purposes. 

3. Portable Geiger-Muller and scintillation detectors are periodically 

calibrated with known radiation sources in accordance with station 

standard health physics procedures. 

4. Radiation levels on the outside of components, .pumps, valves, and 

piping in the Waste Disposal Systems are monitored on a periodic 

basis to avoid inadvertent discharge of activity which may accumulate 

with time. 

I 
.I 
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11.3 RADIATION PROTECTION 

11.3.1 DESIGN BASES 

11. 3-1 
12-1-69 

Radiation protection, including radiation shielding, is designed to ensure that 

the criteria specified in 10CFR20 are met during normal operation and that the 

guidelines suggested in lOCFRlOO would be met in the event of the Design Basis 

Accident (Section 14.5.1). 

Allowable dose rates are based on the expected frequency and duration of occu

pancy. Occupancy time and dose rates are such that no personnel shall receive 

in excess of that recommended in 10CFR20 •. All dose rate calculations are based 

upon 1 percent failed fuel elements. Allowable dose rates will not exceed the 

following: 

Zone Description 

Full Power Operatid~ 

Continuous access (Zone I) 

Periodic access (Zone II) 

Limited access (Zone III) 

Contro.lled access (Zone IV) 
General 

Access to incore 
instrumentation. 

Maximum 
Dose Rate, 

mr,em/hr 

o.75 

2.5 

15 

15 

100 

Typical Locations 

Main Control Room,outside 
surface ~f containment, and 
all turbine plant and admin
istration areas 

Auxiliary and fuel building 
passageways in general, and 
inside reactor containment 
personnel lock 

Outside surf~ce of shielded 
tank shields 

Inside shielded equipment 
compartments 

Annulus between crane wall 
and containment wall 



Zone Description 

Access tn incore 
instrumentation 

Access to incore 
instrumentation 

Maximum 
Dose Rate, 
mrem/hr 

40 

20 

Hot Shutdown (after 15 min decay) 

Limited access (Zone III) 15 

Controlled access (Zone IV) >15 

11. 3-2 
12-1-69 

Typical Locations 

Vicini_ty of incore instru- · 
mentation transfer devices 

Vicinity of incore instru
mentation motors 

Reactor containment above 
charging floor and outside 
of crane wall 

Inside shielded equipment 
compartments 

Cold Shutdown for Mairitenance (after 8 hr decay) 

Periodic access (Zone II) 2.5 

Controlled access (Zone Iv)· >15 

Reactor containment above 
charging floor and outside 
of crane wall 

Inside shielded equipment 
compartments 

Cold Shutdown for Refueling (after 4 day decay) 

Periodic access (Zone II) 2.5 Reactor containment above 
charging floor, outside of 
crane wall, and adjace:nt to 
fuel transfer· canai· near 
incore instrumentation 

·devices 

Controlled access (Zone IV) >15 Inside shielded equipment 
compartments 

Surface of water over raised 
fuel elements 

Design Basis Accident Conditions 

Location 

Site boundary 

Main Control Room 

so Fuel element above up-ender, 
and above other fuel elements 
in fuel building 

Maximum Dose Criteria 

Whole Body 

25 rem in 2 hr 

2.5 rem in 31 days 

Thyroid 

360 reni in 2 hr · 

10 rem in 31 days 

• 

• 
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• 11.3.2 

11.3.2 .1 

SHIELDING DESIGN AND EVALUATION 

Primary Shielding 

11. 3-3 
12-1-69 

Primary shielding is provided to limit radiation emanating from the reactor 

vessel; the radiation consists of neutrons diffusing from the core, prompt 

fisaion gammas, fission product ganunas, and gammas resulting from the slowing 

down and capture of neutrons. 

The primary shielding is designed to: 

l. Attenuate neutron flux .to prevent excessive activation of unit 

~ components and structures. 

• 

2. Reduce the contribution of radiation from the reactor to 

obtain a reasonable division of the shielding function 

between primary and secondary shields. 

3. Reduce residual radiation from the core to level which does 

not limit access to the region between the primary and 

secondary shields at a reasonable time after shutdown. 

The primary shield consists of a water-filled neutron shield tank having a 

radial dimension of approximately 3 ft surrounded by 4 1/2 ft of reinforced 

concrete. The neutron shield tank is designed to prevent overheating and 

dehydration of the concrete primary shield wall and to prevent activation of 

the plant components within the reactor containment. A thermosiphon cooling 

system is provided for cooling the water in the shield tank. 



11,3-4 
2-15-71 

A 17 ft high x 2 in, thick cylindrical lead shield is located beneath the 

neutron shield tank to protect station personnel servicing the neutron detectors 

dur,ing reactor ·shutdown. 

In order to maintain the integrity of the primary shield, stre~ming shields 

fabricated from both masonite Benelex 401. and steel are provided in the 

ann~lar gap between reactor vessel flange and the primary shield concrete. In 

adaition, masonite and steel streaming shields located outside the primary con

crete shield are provided around all of the reactor coolant pipe penetrations. 

The primary shield arrangment is shown in Figures 11.3.2-1 and 11.3.2-2. The 

shield materials and thicknesses are listed in Table 11.3-2. 

11.3.2.2 Secondary Shielding 

Secondary shielding consists of reactor coolant loop shielding, reactor contain

ment shielding, fuel handling shielding, auxil Lary equipment shielding, and 

waste storage shielding. 

Nitrogen-16 is the major source o( radioactivity in the reactor cool lint ~urinp. 

normal operation and establishes the combined thickness of the crane and contain

ment walls. Activiated corrosion and fission products in the Reactor Coolant System 

establish the shutdown radiation levels in the reactor coolant loop areas. 
,:;. .. 

Tables 9.1-5 and 11.3-2 list the activities which were used in desip.ning the con

tairunent secondary shielding. Table 9.1-5 lists the fission product activities 

• 

• 

• 
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11. 3-5 
2-15-71 

in the Reactor Coolant System with 1 percent failed fuel. Table 11.3-1 lists 

the activated corrosion product activities and the N-16 activity at the reactor 

vessel outlet nozzle. 

Activated corrosion and fission products from the Reactor Coolant System are the 

radioactive sources for which shielding is required in the auxiliary and waste 

disposal systems. 

11.3 .2. 3 Reactor Coolant Loop Shielding 

Interior shield walls separate reactor coolant loop, pressurizer, incore instru

mentation, and containment access sectors. This shielding allows access to the 

incore instrument sector during nor·mal operation and facilitates maintenance 

in all sectors during shutdown. The crane support lfall provides limited access 

protection in the annulus between the crane wall and the reactor containment 

wall and provides part of the exterior shielding required during power operation. 

Shield walls are provided around each steam generator above the charging floor 

to a height required for personnel protection. The shielding arrangement is shown 

in Figures 11.3.2-1 and 11.3.2-2. The shield materials and thicknesses are listed 

in Table 11. 3-2. 

11.3.2.4 Reactor Containment ShieldinB 

The containment shielding consists of the steel-lined, steel-reinforced concrete 

cylinder and hemispherical dome as further described in Section 5. This shield

ing, together with the crane support wall, attenuates radiation during full 



11. 3-6 
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-p·ower operation at the outside surface of the containment to less than O. 75 mrem 

. per hr. In addition, it attenuates the dose rate from the Design Basis Accident 

t:'o design levels. 

11.3.2.5 Fuel Handling Shielding 

Fuel handling shielding is designed to facilitate the removal and transfer of 

spent fuel assemblies from _the reactor vessel to the spent fuel pit. It is 

designed to protect personnel against the radiation emitted from the spent fuel 

and ·control rod assemblies. 

The refueling cavity above the reactor vessel is flooded to El.+45 ft-4 in. to 

provide a temporary water shield above the components being withdrawn from the 

reactor vessel. The water height is thus approximately 27 ft above the reactor 

vessel flange. This height assures a minimum of 107 in. of water above a with

drawn fuel assembly at its highest point of travel. Under these conditions, the 

dose rate is less than 50 mrem per hr at the water surface. 

Upon removal of the fuel from the reactor vessel, it is moved to the spent fuel 

pit by the fuel transfer mechanism via the refueling canal. 

The spent fuel pit in the fuel storage building is permanently flooded to provide 

a minimum of 96 in. of water above a fuel assembly when being withdrawn from the 

fuel assembly transfer basket. Water height above stored fuel assemblies is amini

mum of 24 ft. The sides of the spent fuel pit, thre.e of which also form part of 

• 
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11.3-7 
12-1-69 

the fuel storage building exterior walls, are 6 ft thick concrete to ensure a 

dose rate of no more than 2.5 mrem per hr outside the building. 

Sixteen feet of earth shielding is provided above the fuel tran~fer tube- between 

the reactor containment and the fuel storage pit wall. 

11.3 .2 .6 Auxiliary Equipment Shielding 

The auxiliary components exhibit varying degrees of radioactive contamination due 

to the handling of various fluids. The function of the auxiliary shielding is 

to protect personnel working near the various auxiliary system components, such 

as those in the Chemical and Volume Control System, the Boron Recovery System, 

the ·waste Disposal System, and the Sampling System. Controlled access to the 

auxiliary building is allowed during reactor operation. Each equipment compart

ment is individually shielded so that compartments may be entered without having 

to shut down and, possibly, decontaminate the entire system. Ilmenite concrete 

is used in certain areas where substantial shielding is required and space is at 

a premium, such as the primary drain tank compartment and the mixed bed deminer

alizer compartments. 

All ion exchangers and the most highly contaminated filters are located in the 

ion exchange structure along the north wall of the auxiliary building. Each 

ion exchanger or filter is enclosed in a separate, shielded compartment.. The 

concrete thicknesses provided around the shielded compartments are sufficient to 

reduce the surrounding area dose rate to less than 2.5 mrem per hr and the dose 

rate to any adjacent cubicle to less than 100 mrem per hr. The shielding 



11.3-8 
12-1-69 

thicknesses around the mixed bed demineralizers are based upon a saturation 

activity which gives a contact radiation level of nearly 9t000 rem per hr. 

In many areast tornado missile protection in the form of thick concrete affords 

more shielding than that required for radiation protection. 

11.3.2. 7 Waste Storage Shielding 

The waste storage and processing facilities in the auxiliary building and decon

tamination building and the waste storage tanks in the yard are shielded to pro

vide protection of operating personnel in accordance with the radiation protection 

design bases set forth in Section 11.3.l. 

Periodic surveys by Health Physics personnel using portable radiation detectors 

ensure that radiation levels outside the shield walls meet design specifications, 

and establish access limitations within the shielded cubicles. In ~ddition, con

tinuous surveillance is provided at the auxiliary building drumming area and con

trol area by area radiation monitors. 

Area and process monitoring also ensures that any accidental radioactivity release 

would be detected within a reasonable period of time. The largest accidental 

radioactivity release from the Waste Disposal System would be the rupturing of 

one of the waste gas decay. tanks. An analysis of this accident is made in 

Section 14.4.2. Furthermore, periodi,c samples of .the gas in the waste gas decay 

tanks are .analyzed by Health Physics to ensure that the activity level in these 

tanks is never above the design level used in the accident analysis. 

• 
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• . 11.3.2.8 Accident Shieldi.,!!& 

11. 3-9 
12-1-69 

Accident shielding is provided by the reactor containment, which is a reinforced 

concrete structure lined with steel. For structural reasons, the thicknesses 

of the cylindrical walls and dome are 54 in. and 30 in., respectively. These 

thicknesses are more than adequate to meet the requirements of AEC Regulation 

lOCFRlOO at the exclusion boundary. 

Additional shielding is provided for the Main Control_ Room. This, together with 

the shielding afforded by its physical separation from the containment structure, 

ensures that an operator would be able to remain in the Main Control Room for 

31 days after an accident and not receive an integrated whole body dose in 

• excess of 2.5 rem. The calculational methods and radiation sources used in 

designing the Main Control Room shielding are discussed in Section 11.3.6, 

Control Areas. · 

• 

In addition, the Main Control Room will serve as a fallout shelter with a pro

tection factor of better than 500 as defined by the Office of Civil Defense • 



Isotope 

Mn 54 

Mn 56 

Fe 59 

Co 58 

Co '60 

N 16* 

TABLE 11. 3-1 

N-16 AND ACTIVITATED 
CORROSION PRODUCT ACTIVITY 

Activity, 
µCi/cc@ 500 F 

2.7 X 10-3 

s. 1 ·x 10-2 

8.3 X 10-3 

2.3 X 10-4 

9.2 X 10-4 

64.0 

*At the reactor vessel outlet nozzle at 2,546 MWt 

11. 3-10 
12-1-69 
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Symbol Figure 

A 2 

B 2 

C 2 

D 2 

E 2 

F 1 & 2 

G 2 

• H 1 & 2 

I 2 

J 2 

K 2 

L 1 & 2 

M 2 

N 2 

0 2 

p 1 

Q 1 

R 1 

s 1 

T 1 

• 

TABLE 11. 3-2 

CONTAINMENT SHIELDING SUMMARY 

Shield Description 

Neutron Shield Tank 

Primary Shield 

Supplementary Neutron Shield. 

Streaming Shield Ring 

Neutron Shield Tank Support 

Cubicle - Crane Support Wall 

Crane Support Wall 

Containment Wall 

Containment Dome 

Floor Elevation -3'-6" 

-Charging _ Floor 

Refueling Cavity Wall 

Missile Shield 

Refueling Cavity Water 

Removable Block Wall 

Fuel Trans. Canal Wall 

Fuel Trans. Canal Wall 

Fuel Trans. Tube Shielding 

Fuel Trans. Canal Wall 

Incore Inst. Cubicle Wall 

Material 

Water 
Steel 

Concrete 

Benelex 70 

Benelex 401 

Steel 
Lead 
Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Water 

Concrete 
(Ilmenite) 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

11. 3-11 
12-1-69 

Thickness, 

34 
3 

.54 

14 

5 

1 1/2 
2 
33 

24 

54 

30 

24 

24 

36 

24 

12 

54 

72 

36 

72 

42 

In. 



TABLE 11. 3- 2 (CONTINUED) 

Symbol Figure Shield Description Material 

u 1 Cubicle Wall Concrete 

V 1 Regep.. Heat Exchanger Wall Concrete 

w 1 Cable Vault Wall Concrete 

X 1 Auxiliary Fee4 Pump Cubicle Wall Concrete 

y 1 Safeguards Area Wall Concrete 

Notes: 1) All concrete is reinforced with steel. 

2) Figure 1 nieans "Figure 11. 3. 2-1," and Figure 2 

means "Figure 11.3.2-2." 

11. 3-12 
12::--1-69 

Thickness, 

30 

24 

24 

36 

24 

• 
In. 

• 

• 
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11.3. 3 PROCESS RADIATION MONITORING SYSTEM 

11. 3. 3-1 
4-15-70 

The Process Radiation Monitoring System continuously monitors selected lines con

taining, or possibly containing, radioactive effluent. Lines through which waste 

liquids and gases are discharged to the environment are also monitored. Its 

function is to warn personnel of increasing radiation levels which could result 

in a radiation health hazard and to give early warning of a system malfunction. 

The Process Radiation Monitoring System serving both units is comprised of 

28 channels (see Table 11.3.3-1) and four spare channels. 

Each channel has a readout at the Main Control Room and selected ones, as indi

cated in Table 11.3.3-1, have a readout at the detector location. In addition, 

each channel has an audible and visual alarm for radiation levels in excess of 

pre-set values, as well as a visual alarm for detector malfunction. The output 

from all channels is recorded on strip chart recorders which produce a con

tinuous record of radiation levels and radioactive discharges from the station. 

Each channel has its own power supply and check source, remotely operated from 

the Main Control Room, thus making it completely independent of any other channel. 

Adjustment of alarm set points, voltage, power, and other variables is made from 

the Main Control Room. The en.tire system is designed to be fail-safe, with 

emphasis on system reliability and availability. Certain channels, as indicated 

in the following text, actuate control valves on a high-activity alarm signal. 

Channels monitoring Unit 1 are supplied from the emergency bus for Unit l; chan

nels monitoring Unit 2 are supplied from the emergency bus for Unit 2; and chan

nels monitoring systems or areas common to both units can be supplied from the 

emergency bus for either Unit 1 or Unit 2. 



11.3.3-2 
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The type of detector, sensitivity, range, background radiation, and other infor

mation for each channel are listed in Table 11.3.3-1. A description of each 

channel is included in the following text. 

11.3 .3 .1 Process Vent Particulate Monitor 

This channel continuously withdraws a 10 sc.fm'sample from the process vent and 

passes the sample through a moving filter paper having a collection efficiency 

of 99 percent for particle sizes greater than 1.0 micron. The amount of depos

ited activity is continuously scanned by a lead-shielded beta scintillation 

detector. A high-activity alarm automatically initiates closure of the process 

vent discharge line valves. T·he sample ·system, which is common to both process 

vent monitors, includes a pump with 1.5 hp motor, a flowmeter, automatic pres

sure protective valves, a flow-regulating valve, and isolation valves. The 

sample system is controlled from the Main Control Room. 

11.3. 3 .2 Process Vent Gas Monitor 

This channel takes the continuous process vent sample, after it has passed through 

the particulate filter paper, and draws it through a sealed system to the process 

vent gas monitor assembly, which is a fixed lead-shielded sampler enclosing a 

beta scintillation detector. The sample activity is measured, and then it is 

returned to the process vent. A high-activity alarm automatically initiates 

closure of the process vent discharge line valves. A purge system is integra~ 

with the gas monitoring system for flushing the sampler with clean air for pur

poses of calibration. • 
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11.3.3.3 Ventilation Vent Particulate Monitor and 
Ventilation Vent Gas Monitor 

11. 3. 3-3 
2-15-71 

These two channels continuously sample the ventilation vent particulates 

and gas in. the same way as the two channels monitor the process vent sample. 

All equipment is identical with that of the two process vent channels, except 

(1) pressure-protecting valves are not required, (2) an in-line, easily removable, 

charcoal filter is provided between the particulate and gas monitor, and (3) 

a multiprobe isokinetic sampler is provided to obtain a representative sample 

in the 80 in. diameter duct. 

11. 3. 3. 4 Component Cooling Water Monitors 

These two channels continuously monitor the component cooling water by means 

of a ,5amma scintillation detector enclosed in 3 in, of lead shielding and 

mounted on the component cooling piping. The complex piping arrangement of 

this system dictates that two detectors are required to ensure that the 

system is properly monitored. Activity is indicative of a leak into the 

Component Cooling System (Section 9.4) from one of the radioactive systems 

which exchange heat to the .Component Cooling System. 

11. 3. 3. 5 Component Cooling Heat Exchanger 
Service Water Monitor 

'This channel continuously monitors the service water effluent from the four 

component cooling water heat exchangers. A 1-2 gpm sample of the ·service 



1.1 

11. 3. 3-4 
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water from each ·exchanger is drawn into a conmon header by a common pump 

powered by a 1/3 hp motor. The sample is passed through a liquid sampler, 

shielded by 4 in. of lead, enclosing a gamma.scintillation detector. Upon 

indication of activity, a valving arrangement allows the heat exchangers to 

be individually sampled to determine the origin of the activity. 

11.3. 3. 6 Liquid Waste Disposal System Monitor 

This channel continuously monitors t·he Liquid Waste Disposal System 

(Section 11.2~3) effluent by means of a gamma scintillation detector mounted 

in a split sampler which is clamped around the 2 in. discharge pipe. The sampler 

is shielded by 8 in. of lead to ensure a sensitivity of 4 x 10.-6 µCi/ml for 

Cs-137 in a background of 2.5 mrem/hr. The detector is located downstream of 

the last possible point of radioactive material addition. A high-activity 

alarm automatically initiates closure of a valve which terminates discharge 

from this system. 

11.3 .3. 7 Condenser Air Ejector Monitors 

Each of these identical channels (one channel per unit) continuously monitors 

the gaseous effluent from the condenser air ejectors by means of a G-M tube 

detector mounted in an in-line sampler surrounded by 2 in. of lead. Activity 

is indicative of a primary-to-secondary system leak. On a high-activity alarm, 

the flow is automatically diverted to the containment. 

• 
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11.3.3.8 Steam Generator Blowdown Sample Monitors 

11.3.3-5 
10-15-70 

Each of these channels (two channels per unit) monitors the liquid phase of the 

steam generators for radioactivity indicative of a primary-to-secondary system 

leak. The three steam generator blowdowns are combined and continuously moni

tored by one of the two detectors. Upon indication of radioactivity, a valving 

arrangement enables the steam generators to be individually sampled, in turn, to 

determine the source of the activity. Once it has been established which steam 

generator is leaking, one of the detectors monitors only the blowdown from that 

steam generator, while the other detector monitors the combined blowdown from the 

other two steam generators. After being monitored, the samples pass into the 

steam generator blowdown tank. The detectors are gamma scintillation detectors 

which are mounted in liquid samplers surrounded by 7 in. of lead. 

11.3.3.9 Recirculation Spray Cooler Service 
Water Outlet Monitors 

The recirculation spray coolers, as part of the Recirculation Spray System, 

(Section 6.3.1) operate only after the occurrence of a loss-of-coolant accident. 

There are four recirculation spray coolers per unit, and each service water out

let line from the coolers is monitored, thus giving a total of eight channels.· 

Each of these channels is identical. If the Recirculation Spray System is placed 

in service, a 5-10 gpm sample is drawn out of each service water outlet line 

I. 
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by a small pump with a 1/3 hp motor and passed through an off-line liquid 

sampler, where it is monitored for activity indicative of a leak in the respec

tive recirculation spray cooler. After passing through the liquid samples, 

which is located outside the containment behind heavy shielding, the sample is 

returned to the service water line. Each monitor consists of a gamma 

scintillation detector mounted in a standard off-line sampler surrounded by 

3 in. of lead. 

11.3.3.10 Reactor Coolant Letdown Gross Activity Monitors 

Each of the units has its reactor coolant continuously monitored by means 

of a sample taken from the letdown line to the Chemical and Volume Control 

System (Section 9.1). In this system, large variations in activity level are 

possible in the event of fuel assembly failure. This is a two-stage monitoring 

system consisting of a low-range channel and a high-range channel.There is 

one such system for each unit. After being withdrawn from the letdown line, 

the sample is passed through a delay line to allow N-16 to decay and then 

enters a sampler consisting of 2 gamma scintillation detectors surrounded 

by 7 to 8 in. of lead, and is then discharged to the volume control tank. Both 

detectors sit on a 1/2 in. removable stainless steel tube providing flow 

through the sampler. Shielded lead plugs are used to convert the two detectors 

into either high or low range letdown monitors. Normally, the low range 

detector will be sitting on the 1/2 in. tubing and the high range will be 

sitting on the shielded lead plug. In the event of a fuel element failure, 

the activity released could be. sufficient to raise the coolant activity level 

• 

• 

• 
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above 1.0 µCi/cc gross fission products. This causes the high-range monitor 

to begin to indicate activity level at 10-l µCi/cc, providing a one-decade 

·overlap. At this point, the high-range channel provides the activity data, and 

the low-range monitor can be converted into a high range monitor by inserting 

a shielded lead plug. 

11.3.3,11 Circulating Water Discharge Tunnel Monitors 

Each of these identical channels (one per unit) monitors the effluent (service 

water, condenser circulating water, and liquid waste) in the circulating water 

discharge tunnel beyond the last point of possible radioactive material addi

tion. A gamma scintillation detector slides into a capped pipe which is then 

inserted directly into the discharge tunnel and acts as a well. At the top 

of the pipe is a waterproof support assembly which encloses a check source. 

The entire device is waterproof. 

11.3.3.12 Ventilation Vent Sample Particulate Monitor 
and Ventilation Vent Sample Gas Monitor 

These two channels continuously sample one of seven areas located in the 

auxiliary, fuel or decontamination buildings for particulates and gas in the 

same way as the two channels monitor the process vent sample. All equipment is 

identical with that of the two process vent channels, except (1) pressure 

protecting valves are not required, (2) an in-line, easily removable, charcoal 

filter is provided between the particulate and gas monitor, (3) seven isokinetic 

samplers are provided, (4) an eight valve manifold (one spare valve) and control 

valves are provided, and (5) a control panel that will automatically switch the 

valves on a periodic basis to permit sampling from eight different areas. 
l 
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A manual positioner is also provided to permit locking in on any chosen area. 

The sequencing of the valves will be synchronized to the step advance programmer 

and the operator will be able to select a sampling time between 30 minutes and 

24 hours for each of the eight areas. 

• 

• 
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Monitor 

Process Vent Particulate 

Process Vent Gas 

Ventilation Vent Particulate 

Ventilation Vent Gas 

Component Cooling Water 

Component Cooling HX 
Service Water 

Liquid Waste Disposal* 

Condenser Air Ejector 

Steam Generator Blowdown* 

Recirc. Spray Cooler 

R.C. Letdown High Range* 

R.C. Letdown Low Range* 

C. W. Discharge Tunnel 

Vent. Vent Sample - Part. 

Vent. Vent Sample - Gas 

Spares 

No. 

1 

1 

1 

1 

2 

1 

1 

2 

4 

8 

2 

2 

2 

1 

1 

4 
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TABLE 11. 3. 3-1 

PROCESS RADIATION MONITORING SYSTEM 

Type of Detector Medium 

Beta Scint. Gas, air 

Beta Scint. Gas, air 

Beta - Scint. Air 

Beta - Scint. Air 

Gamma - Scint. Water 

Gamma - Scint. Water 

Gamma - Scint. Water 

G-M Tube Vapor 

Gamma - Scint. Water 

Gamma - Scint. Water 

Gamma - Scint. Water 

Gamma - Scint. Water 

Gamma - Scint. Water 

Beta - Scint. Air 

Beta - Scint. Air 

I 131 

Limiting 
Isotopes 

Sensitivity, 
µCi/cc 

1 x 10-9 (I 131) 

I 131, Xe 133, Kr 85 5 x 10-6 (Kr 85) 

I 131 1 x 10-9 (I 131) 

I 131,Xe 133, Kr 85 5 x 10-6 (Kr 85) 

Co 60, Cs 137 1 x 10-5 (Cs 137) 

Co 60, Cs 137 1 x 10-5 (Cs 137) 

Co 60, Cs 137 4 x 10-6 (Cs 137) 

I 131, Xe 133, Kr 85 4 x 10-3 (Kr 85) 

Co 60, Cs 13 7 

Co 60, Cs 137 

4 x 10-6 (Cs 137) 

3 x 10-4 (Cs 137) 

Co 60, Mixed Fission 1 x 10-l (Co 60) 
Products 

Co 60, Mixed Fission 1 x 10-4 (Co 60) 
Products 

Co 60, Cs 137 

I 131 

1 x 10-6 (Cs 137) 

1 x 10-9 (I 131) 

I 131, Xe 133, Kr 85 5 x 10-6 (Kr 85) 

* These channels also have local readout and alarm 

• 
Range, 
Decades 

3 

4 

3 

3 

3 

3 

4 

3 

3 

2 

4 

4 

3 

3 

3 

~faximum 
Background, 

mr/hr 

0. 7.5 

0.75 

0.75 

0.75 

0.75 

0.75 

2.5 

0.75 

2.5 

5.0 

2.5 

2.5 

0.05 

0. 75 

0.75 

r-' 
r-' 

N, 
IW 
r-' • 
Ul w 
I I 

-...J \0 
r-' 
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Monitor 

Process Vent Particulate 

Process Vent Gas 

Ventilation Vent Particulate 

Ventilation Vent Gas 

Ventilation Vent Sample Particulate 

Ventilation Vent Sample Gas 

Component Cooling Water 

Component Cooling HX Service Water 

Liquid Waste Disposal 

Condenser Air Ejector 

Stean Generator Blowdown 

Recirculating Spray Cooler 

R.C. Letdown High Range 

R. C. Letdown Low Range 

C.R. Discharge Tunnel 
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TABLE 11. 3. 3-2 

PROCESS RADIATION MONITORING SYSTEM 

COUNTING RATES OF LIMITING ISOTOPES (cpm/µCi/cc) 

I 131 

8. 7 X 1011 

8.5 X 106 

8. 7 X 1011 

8.5 X 107 

8. 7 X 1011 

8.5 X 107 

2.08 X 10 5 

Xe 133 

3.96 X 106 

3 .96 X 1Q7 

3.96 X 107 

8.25 X 104 

Kr 85 

1.04 X 10 7 

1.04 X 108 

1.04 X 108 

4. 85 X 103 

Cs 137 

4. 89 X 107 

7.16 X 107 

1.35 X 107 

7.16 X 10 7 

7 .16 X 10 7 

1. 99 X 108 

• 

Co 60 

8.0 X 107 

1. 52 X 108 

2.65 X 107 

1. 52 X 108 

1. 52 X 108 

9.92 X 102 

9.65 X 105 

5.52 X 108 ...... 
f-l 

N • 
IW 
f-l • 
lJl w 
I I 

-...J f-l 
f-l 0 
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11.3.4 

lLJ.4.1 

AREA RADIATION MONITORING SYSTEM 

General 

11.3 .4-1 
12-1-69 

The Area Radiation: Monitoring System reads out and records the radiation levels 

in selected areas throughout the station and alarms (audible and visual) if 

these levels exceed a pre-set value or if the detector malfunctions. With the 

exception of the containment gas and particulate monitors, each detector reads 

out and alarms both in the Main Control Room and a~ its station location. Each 

channel is equipped with a check source remotely operated from the Main Control 

Room. Strip charts produce a continuous permanent record of radiation levels 

while the detectors are functioning. Detectors monitoring Unit 1 are supplied 

with power from the emergency bus for Unit l; detectors monitoring Unit 2 are 

supplied with power from the emergency bus for Unit 2; and detectors monitoring 

areas common to both units have the capability of being supplied with power from 

the emergency bus for either Unit 1 or Unit 2. 

The alarm set point of each area monitor is variable, and is set at a level 

slightly above the normal backgroµnd radiation level in the respective area. 

The Area Radiation Monitoring System consists of the detectors listed in 

Table 11.3.4-1, plus the containment gas and particulate monitors for each unit 

described in the following text . 
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Th~ high range reactor containment area monitor is located outside the contain-
·;r;. 

ment structure. The detector is permanently mounted and aimed at the personnel 

hatch. 7 The monitor has a range of 0.1 to 10 mr/hr to measure the expected high 

ga~ dose rate in the containment following a loss-of-coolant accident. 

11.3. 4.2 Containment Particulate Monitors 

~is channel continuously withdraws a sample from the containment atmosphere 

into a closed, shielded system exterior to the containment. The sample is 

passed through a moving filter paper having a collection efficiency of 99 per

c~f for particles greater than 1.0 micron. The amount of deposited activity 

I is continuously scanned_ by a lead shielded beta-scintillation detector haviµg 
I -

. -9 a sensitivity of lxlO µCi/cc for I 131 in a background of 0.75 mr/hr. The 
) 

sample system, .which is common to both the particulate and gas monitors, includes 

a pump with a 1.5 hp motor, a flowmeter, automatic pressure protecting valves, a 

flow regulating valve, and isolation valves. The pump and motor are located 

inside the containment. A sample point is available for taking a sample of the 

containment atmosphere after an incident for spectrum analysis in the laboratory. 

-9 
Dur~ng refueling, if the I 131 concentration exceeds 9 x 10 µCi/cc, a high 

activity alarm automatically trips the containment. purge air supply and exhaust 

fans and closes the purge system butterfly valves, thus isolating the purge 

system. The counting rate of the limiting isotope, I 131, is 8.7 x 1ollcpm/µCi/cc. 
,{; 

11.3.4.3 Containment Gas Monitors 

This channel takes the continuous containment atmosphere sample, after it has 

passed through the particuiate filter paper, and draws it through an in-line, 

• 
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• 
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easily removable, charcoal cartridge arrangement to the containment gas 

monitor assembly, which is a fixed volume, lead shielded sampler enclosing a 

beta-scintillation detector. The sensitivity of this detector is 5 x 10-6 

µCj/cc for Kr 85 in a background of 0.75 mr/hr. The sample activity is 

measured, and then the sample is returned to the containment. 

During refueling, if the Kr 85 concentration exceeds 1 x 10-5 µCi/cc, a high 

activity alarm automatically trips the containment purge air supply and exhaust 

fans and closes the purge system butterfly valves, thus isolating the purge 

system. 

A purge valve arrangement blocks the normal sample flow to permit purging the 

detector with a "clean" sample for calibration. Purged gases are discharged 

to the containment. Protection and isolation are provided by the equipment 

described under "Containment Particulate Monitors" above. 

The counting rates of the limiting isotopes, I 131, Xe 133, and Kr 85 are 

8.5 x 10 7, 3.96 x 107, and 1.04 x 108 cpm/µCi/cc, respectively. 

11.3.4.4 Other Area Radiation Monitoring Equipment 

This equipment consists of fixed-position, ion-chamber type gamma detectors and 

associated electronic equipment. These channels warn personnel of any increase 

in radiation level at locations where personnel may be expected to remain for 

extended periods of time. All monitors have an eight-decade display (O.l to 10
7 

mr/hr), and for better resolution can also be set on any three consecutive decades 

within this range. The channels and their ranges are listed in table 11.3.4-1 . 
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fn addition, if the dose rate at the manipulator crane area monitor exceeds 

50 mr/hr during refueling, the alarm automatically trips the containment's 

purge air supply and exhaust fans and closes the purge system butterfly valves, 

thus isolating the containment from the environment. 

• 

• 

• 
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TABLE lL 3. 4-1 

AREA RADIATION MONITORING LOCATIONS, 
NUMBER, AND RANGES 

Channel Location (Number) 

Containment High Range Gamma (2) 

Manipulator Crane (2) 

Reactor Containment Area (2) 

In-Core Instrument Transfer Area (2) 

New Fuel Storage Area (1) 

Fuel Pit Bridge (1) 

Auxiliary Bu
0

ilding Control Area ( 1) 

Solid Waste Drum Storage and Handling Area (1) 

Sample Room ( 1) 

Main Control Room (1) 

Laboratory ( 1) 

Spare (2) 

Decontamination Area (1) 

11. 3. 4-5 
10-15-70 

Range, mr/hr 

0.1-10 7 

0.1-10 7 

0.1-10 7 

0.1-10 7 

0.1-10 7 

0.1-10 7 

0.1-10 7 

0.1-107 

0.1-10 7 

0.1-10 7 

0.1.:..10 7 

0.1-107 

0.1.-107 I 
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11. 3. 5 ENVIRONMENTAL SURVEY PROGRAM 

11.3.5-1 
10-15-70 

A post-operational radiation surveillance program has been developed using 

the knowledge and information obtained from the pre-operational surveillance 

program. The latter will have been in effect over a two year period and served to 

train plant personnel in sampling and analytical techniques, aid in 

identifying those "indicator samples" which may be an indication of a 

slow build-up of radioactivity in the envirornnent, establish the degree 

of variability between measurements resulting from seasonal changes in 

the weather since fluctuations do occur and are expected, generate 

meaningful environmental data based primarily on scientific and technical 

requirements, and establish correlation of data between the consulting 

service and the station's laboratory group. 

The ultimate objective of the post-operational surveillance program is 

verification of the adequacy of radiation source control. Therefore, 

analytical efforts are being directed toward those samples which have the 

ability to concentrate the radioelements of concern and afford an integrated 

and sensitive sampling mechanism. Milk, shellfish (oysters and clams)·, and 

silt are considered "indicator samples" and indicative of radioactivity levels 

in the environment .. Samples are collected from the environment surrounding 

the station on a quarterly basis. Radioanalysis of these samples indicates 

conditions both in time and space, and thus a slow build-up of radioactivity 

can be determined. In addition, comparison in the trends of radioactivity 

levels are more meaningful since the biological variation caused by using 

many different mediums has been eliminated. 

J 



Air Monitoring 
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Normally the gaseous wastes discharged from the station consist almost 

entirely of the noble gases, xenon and krypton. The radiation hazard 

from these gases, due to their inertness, is external radiation exposure. 

Therefore, radiation surveillance can be maintained by using devices to 

measure total external body radiation levels in the station environs. 

Thus, thermoluminesent dosimeters are placed at each of the nine air 

monitoring stations and read on a monthly basis. 

In order to meet the surveillance objective previously stated, it is 

desirable for the surveillance methods to indicate changes in radioactivity 

above background levels. Therefore, continuous duty air particulate samplers 

are also used to ensure that the station presents no hazard to the public. 

The nine air sampling stations are located at Hog Island Point, Bacon's 

Castle, Alliance, Colonial Parkway, Lee Hall, Fort Eustis, Newport News, 

Richmond, and the station site. Establishment of the air particulate 

network takes into account three general considerations: 

1.· The average meteorological conditions in the vicinity 

of the site. 

2. The current and projected population densities near 

the station. 

3. The proximity of other nuclear facilities. 

• 
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Air particulat_es are analyzed weekly for gross beta radioactivity.. Gamma 

spectrometry is also used to identify the gamma emitters if the sample 

activity is high enough to warrant such an investigation. Results to 

date indicate less than 1 pCi per cubic meter of gross beta activity 

at all stations. 

Milk 

It has been estimated that since a cow grazes over an area of 160 M2 per 

day*, cow's milk affords a good integrated sample. Since milk is one of 

the best and most direct biosamplers for determining the radiocesium, 

radiostrontium, and radioiodine levels in the environment, samples are 

collected from local dairy farms in the vicinity of the station. The 

Sr-90 and Cs-137 concentrations to date have been less than 20 pCi per liter. 

Iodine-131 has not been detected in any sample. 

Shellfish 

Shellfish have the ability to concentrate certain stable elements and 

radionuclides far above the normal concentrations found in their saline 

water environment. Oysters and clams, Crasostrea virginica and Mercenaria 

mercenaria respectively, found in the James River are thus one of the more 

sensitive mechanisms for the determination of radioactivity released from the 

station. Samples are collected from upstream of the station and downstream 

to Newport News. The net beta radioactivity content (gross beta minus the 

K-40 contribution) is determined and gamma spectrometry used to identify and 

*Wortley, G., "Contamination of Milk with Radionuclides Dispersed into the 
Biosphere," A report submitted to the Joint FAO/WHO Expert Committee on 
Milk Hygiene, WHO Headquarters, Geneva., Switzerland, (April, 1969), 
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quantify any gaillllla emitters. Net beta results to date indicate less than 

0.35 pCi per gm. wet weight. The only gamma emitter detected has been the 

naturally occuring radionuclide, K-40. 

Additional aquatic vectors useful as integrating samples have been 

investigated but none have proven as sensitive or indicative as shellfish. 

Silt and Sediment 

Since shellfish do not concentrate all radionuclides, river bottom sediment 

samples are collected upstream and opposite the station's intake and dis-

• 

charge canal. Due to the interaction of a number of mechanisms, radionuclides 

accumulate in silt and bottom sediments. These samples thus afford an integrated. 

sample indicative of average water concentrations. The net beta activity is 

determined and gamma spectrometry used to identify and quantify any gamma 

emitters. Results to date indicate less than 20 pCi per gm. for the net beta 

activity with the only gamma emitter being K-40. 

The collection and analysis of the above mentioned samples is yielding mean

ingful data that meets the primary objective. Should environmental radiation 

levels increase, the program will be expanded to include other samples that 

may be considered as vectors for transporting radioactivity from source to 

man. 

::::. pro gr am is periodically reviewed and evaluated to ensure maximum effective- • 
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Equipment 

11. 3. 5-5 
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Analytical equipment used at the station for the surveillance programs 

include: 

1. Nuclear Chicago Model 4336, Fifty Sample Automatic Low 

Background Gas Flow Planchet Counting System with a 

scintillation "guard" detector, dual scaler, and 

calculator. 

2. Nuclear Measurements Corporation, Model PC-3T 

3 • 

Proportional Counter. 

Nuclear Data Incorporated, Model 2200 Multichannel 

Pulse Height Analyzer System, 512 Channels, with fast 

speed printout, oscilloscope, X-Y plotter, and 3" x 3" 

Harshaw NaI(Tl) Detector . 
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11.3.6 CONTROL AREAS 

The Control Area is described in Section 7.7 

11.3.6-1 
12-1-69 

The design basis for the walls bounding the Main Control Room is that the radia

tion dose to personnel inside the Main Control Room be less than 2.5 rem from 

the Design Basis Accident. This dose includes the 31-day direct radiation dose 

from activity _inside the containment, assuming no cleanup, and the external 

radiation contribution from the postulated radioactive plume leaking from the 

containment (as discussed in Section 14.S.6) until Engineered Safeguards return 

the containment to subatmospheric pressure and terminate the leakage •. The 

radiation sources in the containment during the Design Basis Accident were 

calculated by the TID-14844 method and are plotted on Figure 14.5.6-4. These 

sources were assumed to be evenly distributed throughout the containment. The 

· containment was then treated as a volume source and the 31-day direct radiation 

dose inside the 24 in. thick concrete wall of t~1e Main Control Room was calculated 

using typical shielding computational techniques. The integrated whole body dose 

from this source is 0.029 rem. 

The radioactive plume was assumed to leak from the containment at a leak rate of 

0.1 percent of the contained volume per day until containment leakage was termin

ated after 40 min. Using Pasquill "F" meteorology conditions and a 1 m per sec 

wind speed, the plume was converted into a semi-infinite volume source surrounding 

the.Main Control Room. The dose rate from the plume was then calculated using a 

computer program developed specifically for this case. The integrated whole body 

dose from this source is 0.013 rem~ 
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Therefore, the integrated whole body dose from both sources is 0.042 rem in 

31 days. This dose is well below the criterion dose of 2.5 rem. Thus, the 

Main Control Room walls, which must be a. minimum of 24 in. thick.for tornado 

missile protection, provide more than adequate shielding from radiation. 

Special consideration has been given to the design of penetrations and structural 

details of the Main Contro,l Room so as to establish an acceptable condition of 

leaktightness. 

The air-conditioning systems are installed within the spaces served and designed 

to provide uninterrupted service under accident conditions. Upon an emergency 

'signal, the normal replenishment air and exhaust systems are isolated manually 
== - -- ·= •. = - = = • = = 

from the Main C9ntrol Room by tight closures in the ductwork. Breathing-quality 

compressed, air is supplied from high pressure storage bottles to maintain a small 

positive outflow from the Main Control Room for a period exceeding the containment 
' ' ' ' 

leakage peri9d. This outflow can be verified by means of a pressure gage reading 

.· .the, inside and outside pressure d:l,fference in inches of water. The Main- Control 

'and Relay Rooms are also provided with an emergency ventilation system fitted with 

particulate and impregnated charcoal filters to introduce cleaned outside air into 

the protected spaces upon depletion of the high pressure air. This can continue 

.indefinitely to hold the area pressure above atmospheric to assure outflow leakage. 

The radiation level in the Main Control and Relay Rooms is measured by gamma 

moni_tors to verify safe operating conditions. 

As a secondary precaution, personnel air-packs are available in the control .area. 

~ .. 
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llA.l ESTIMATED CONCENTRATIONS IN WASTE DISPOSAL 
SYSTEM WITH 1 PERCENT FAILED FUEL 

llA.l 
12-1-69 

A flow diagram of the Liquid Waste Disposal System is shown in Fig. 11.2.3.1, and 

Fig. llA-1 ts a flow chart, listing estimated quantities and activities of waste 

liquid. Also shown in Fig. llA-1 are the sources of radionuclides which require 

release from the station and the waste treatment which each undergoes. 

Tables llA-1 through llA-6 expand this information on a nuclide-by-nuclide basis, 

concluded by Tables llA-7 and llA-8 which list the estimated activity and discharge 

rate of each radionuclide from the station and the activity in the 'discharge canal. 

Tablea llA-9, 10 and 11 show how steam generator tube leakage affects station . 

discharge rate and activity in the discharge canal • 

These estimated activities are based upon the following conservative assumptions: 

1. Two units, 2,546 MWt each 

2. One percent failed fuel and equilibrium corrosion products i~ each unit 

3. DF of mixed-bed demineralizer equal to 10 for all radionuclides, except 

Y90, Mo99, Cel34, Csl36, and Cs137, for which DF equals 1 

4. 4 DF of waste disposal evaporator equal to 10 for all radionuclides 

5. Decay time of 10 hr for all radionuclides which pass through the waste 

disposal evaporator 
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6. No decay time for radionuclides which do not pass through the waste disposal 

-, evaporator 

7. Steam generator tube leakage of 1 liter/hour per unit 

In addition to.those radionuciides listed in the tables, a significant amount of 

tritium may be accumulated in the Reactor Coolant System. Tritium 'is considered 

separately because it is relatively insensitive to waste treatment. It is usually 

in the fo,rm of· tritiated water, ·which behaves in the liquid waste disposal system 

essentially the same as ordinary water. Assuming one unit on its equilibrium cycle 

and one unit on its initial cycle, it is conservatively estimated in Table 9.1-7 

that 5,495 curies per year of tritium may be available for release from the station. 

The-fraction of this amount which is actually discharged from the station depends 

upon the primary grade water management at the station. However, for this analysis 

the conservative assumption that all of the tritium produced is discharged. 

Based upon the above considerations, the fraction of each radionuclide in the 

mixture at the point of discharge from the station was determined. Assuming that 

these fractions remain constant and assuming that the discharge rate of tritium 

remains constant, the maximum permissible release rate of each radionuclide from 

the Waste Disposal System was calculated, as follows: 

I Let X = Gross activity{excluding tritium)discharge rate from the Waste 

Disposal System (µCi/sec) 

fi = Fraction of nuclide i in the nontritium mixture 

3H = Tritium 

• 

• 

• 
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tration. 
Xfi 

QDC 
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• Discharge rate of nuclide i in a nontritium mixture of known concent 

• Concentration in the discharge canal of nuclide i (µCi/cc} 

Where QDC • Discharge canal flow rate (cc/sec) 

10CFR20 requires that the concentrations of nuclides in the discharge canal be 

such that 

C Cb C 
1. 

a + + C < .. 

1 MPC MPCb MPC 
+ .... 0 

a C 

Therefore 

c3 m Xf1 
2. . I: < 

H + --- 1 
MPC

3 i ... 1 
Q,,~cI 

H 

and [ 1 J X < 

m 

i • 1 

As can be seen by examining Tables llA-7 and llA-8, even with 1 percent failed 

fuel, the total estimated activity level of all nuclides in the discharge canal 

excluding tritium will be. about 2,200 times below that allowed by 10CFR20. In 

the actual operation of the plant, it is anticipated that much less than 1 percent 

failed fuel will exist and that much less than 30 percent (assumed diffusion into 

reactor coolant) of the tritium produced in the core will be released. Accord

ingly, much leas activity should be discharged than assumed here. 
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ACTIVlTY FRCM LAUf\DRY DRAINS 

MIXED BEC OEMif\.CPTION= 
OF CF WASTE DISPCSAL SYSTEM FOR THIS SOURCE= 
CECAY ll~E IN ~ASTE CISP SYS 1HOURS)= 
rLCW RATt (GAL/Y~)= 

0 
l.OOE OC 
(). 0 
2.50E 0'5 

JF MIXEC BED DEMIN.CPTION= 1,INITIAL ACTIVITY PASSES THROUGH MIXED BED OEMIN 
~ITH OF Of 10 FOR ALL RADIDNUCLIDES, EXCEPT Y90,M099,CS134,CS136,AND CS137 

INITIAL ACTIVITY AFTER DISCHARGE RATE 
f\UCLTOE ACTIVITY TREATMENT FROM W.D.SYSTEM 

(UC/CCI (UC/CC) CCI/YR) 

MN:>4 4.c2CE-C9 4.62CE-09 4.372f-06 
/Jf\56 9.753E-C8 9.753E-08 9.229E-05 
CC58 3.935E-1C 3.935E-10 3.724E-07 
FE59 l.42CE-C8 l.420E-08 1. 344E-05 
CC6C l.574E-Q9 l.574E-C9 l .490E-06 
SR89 4.791E-{l9 4.791E-09 't• 534E-06 
SR90 -l .454E-10 l.454E-10 1.3 76E-07 
SR91 2.224E-09 2.224E-09 2.105E-06 
Y9C 1. 711 E-10 1. 711 E-10 l.619E-07 
Y91 8.384E-10 8.384E-l0 7.934E-Q7 
Y92 9.068E-10 9 .• Cl68E-10 8.582E-07 
Z.RSS 9.239E-10 9.239E-10 8. 744E-07 
NElS5 9.239E-10 9.239E-10 B.744E-07 
tJ. (JC; 9 3.8lcE-C6 3.816E-06 3.611E-03 
Il:31 2.874E-06 2.874E-06 2.720E-03 
1132 l.C69E-06 1. (J69E-06 l.OlZE-03 
1133 4.671E-C6 4.671E-06 4.420E-03 
1134 6.5C2f:-C7 6.502E-07 6.153E-04 
Il35 2.447E-C6 2.447E-06 2.315E-03 
TE132 3. l 82E-C 7 3.182E-C7 3.0lZE-04 
CS134 3.011E-C7 3.0llE-07 2. 850E-04 
CS136 4.44SE-('8 4.449E-D8 4.ZlOE-05 
CS137 l.66BE-D6 l.668E-06 l.579E-03 
BA140 2. 738E-l C 2.738E-10 2.591E-07 
LA14C 1. C6 lE-C9 l.061E-'-09 l .004E-06 
CE144 3.5S3E-G9 3.593E-09 3.4DOE-06 

TOTAL l.799E-C5 l.79'JE-05 l.7C3E-02 

I 



ACTIVITY FROM SAMPLING SINKS 

MIXED BED DEMIN.CPTION= 
OF OF WASTE DISPOSAL SYSTEM FOR THIS SOURCE= 
CECAY TIME IN ~ASTE DISP SYS (HOURS)= 
FLOW RATE (GAL/YR)= 

0 
l.OOE 04 
l.CCE 01 
9.ZOE 04 

IF MIXED BEC CtMIN.GPTION= 1,INITIAL ACTIVITY PASSES THROUGH MIXED BED CEMIN 
WITH OF OF 10 FDR All RAOIONUCLIDES, EXCEPT Y90,M099,CS134,CS136,AND CS137 

INITIAL ACTIVITY AFTER DISCHARGE RATE 
NUCLIDE ACTIVITY TREATMENT FROM w.o.SYSTEM 

(UC/CCI ( UC/CC l (CI/YR I 

MN54 Z.7CCE-03 2.698E-07 9.394E-05 
MN56 5. 7C!JE-02 3. 886E-07 l.353E-04 
CC58 2.300E-C4 z. 291 E-08 7. 978E-06 
FE59 8.3CCE-C3 8.247E-07 2.872E-04 
CC6C S.2CCE-C4 9.l99E-08 3.203E-0.5 
SR89 2.BCCE-03 2. 784E-07 9.6<J6E-05 
5«90 8.5COE-C5 8.50CE-0° 2. 960E-06 
SR91 l.300E-03 6.374E-08 2.220E-05 
Y90 l .OOOE-04 8.973E-09 3.125E-06 
Y91 4.9DGE-04 4.876E-08 l.698E-05 
Y92 5.30CE-04 7.724E-09 Z.6<:lOE-06 
ZR95 5.400E-C4 .5.376E-08 l.872E-05 
NBq5 5.40CE-04 5.356E-08 l.865E-05 
M099 2.23CE 00 Z.CllE-04 7.004E-02 
I 1 31 l.680E 00 f.621E-04 5.645E-02 
1132 6.250E-Cl 3.C71E-06 l.069E-03 
1133 Z.73CE 00 l.962E-04 6.834E-02 
1134 3;.800E-Cl l.381E-08 4.809E-06 
1135 l.43CE cc 5.089E-05 1. 772E-02 
TE132 l.86CE-01 l.702E-05 5.926E-03 
CS134 l.76CE-01 1.759E-05 6.l27E-03 
CS136 2.cOCE-GZ 2.082E-06 7 .251E-04 
CS137 9.75CE-Cl 9.750E-05 3.395E-02 
B.~ 140 l.6CCE-C4 l.564E-08 5.448E-06 
LA140 6.Zr:GE:-04 5.218E-08 l.817E-05 
C!:144 2 .1CCE-C3 2.09BE-07 7.306E-05 

TCTAL l.052E 01 7. 5CGE:-04 2.61ZE-01 
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ACTIVITY FRCM eORON RECOVERY LETDOWN 

MIXED REC DEMI~.CPTION• 

TABLE H A-3 

CF OF WASTE DISPOSAL SYSTEM FOR THIS SO~RCE= 
CECAY TIME IN WASTE DISP SYS (HOURS)= 
FLOW RATE !GAL/YRl= 

l 
l.OOE 04 
l.OOE 01 
l.23E 06 

IF MIXED SEC CEMIN.CPTION= 1,INITIAL ACTIVITY PASSES THROUGH MIXED BED DEMIN 
WITH OF OF 10 FOR ALL RADIONUCLIDES, EXCEPT Y9G,M099,CS134,CS136,AND CS137 

INITIAL ACTIVITY AFTER DISCHARGE RATE 
NUCLIDE ACTIVITY TREATMENT FROM W.D.SYSTEM 

(UC/CC) CUC/CCI (CI/YR) 

MN54 2.70CE-03 2.698E-08 l.256E-04 
MN56 5.70CE-02 3. 886E-08 l.809E-04 
C058 2.3GOE-C4 2.291E-09 l .067E-05 
FE59 8.3GCE-03 8.247E-08 3.840E-04 
C060 9.2CCE-04 9.199E-09 4.283E-05 
SR89 2.8COE-C3 2.784E-08 1. 296E-04 
SR90 8.500E-05 8.SOOE-10 3.958E-06 
SR91 l.3GCE-03 6.374E-09 2.968E-05 
Y90 l .COOE-04 8.973E-09 4.178E-05 
Y9 l 4.900[-04 4.B76E-09 2.270E-05 
Y92 5 .3COE-C4 7.724E-10 . 3. 596E-06 
ZR95 5. 400E-04 5.376[-09 2.503E-05 
NB95 5.400E-04 5.356E-09 2.494E-05 
/11099 2.230E CO 2. Cll E-04 9.364E-OL 
I131 l.680E CO l.621E-05 7 .547E-02: 
I132 6.25CE-Cl 3.071E-07 l.430E-03 
1133 2.73CE CO l.962E-05 9.l37E-02 
I 134 3.BOOE-01 l.381E-09 6.430E-06 
I135 l.43GE 00 5.089E-06 2. 369[-02. 
TE132 l.860E-Ol l.7G2E-'J6 7.923E-03 
CS134 l.76CE-Ol l.759E-05 8. l91E-02 
CS136 2.600E-C2 Z.082E-C6 9.694E-03\ 
CS137 9.750E-Cl 9.750E-05 4.540E-01 
BA14C, l.6COE-C4 l.564E-09 7. 283E-06 
LA140 6.2COE-C4 5.218E-C9 2.430E-05 
C!:144 2.100E-C3 2.098E-08 9. 768[-05 

TCTAL l.052E Cl 3.615E-04 l.683E QQ 



• 
ACTIVITY FRCH SPENT RESIN FLUSH 

MIXED BEC DEHI~.CPTICN= 
OF OF WASTE DISPOSAL SYSTEM FDR THIS SOURCE= 
CECAY TI~E IN ~ASTE OISP SYS (HOURS)= 
FLOW RATE (GAL/YR)= 

0 
l.OOE 04 

· l.OOE 01 
3.16E 04 

IF MIXED BEC OEMIN.OPTION= 1,INITIAL ACTIVITY PASSES THROUGH MIXED BED D~MIN 
WITH OF OF 10 FDR ALL RADIDNUCLIDES, EXCEPT Y90,M099,CS134,CS136,AND CS137 

HdTIAL ACT.IV I TY AFTER DISCHARGE RATE 
NUCLIDE ACTIVITY TREATMENT FROM w.o.SYSTEM 

(LC/CC) (UC/CCI (CI/YR) 

MN54 3. ':il SE-02 3.911E-06 4.679E-04 
MN56 8.265E-Ol 5.635E-Q6 6.741E-04 
C058 3. 335E-C3 3. 322E-07 3. 973E-05 
FE59 1. 203 E-Cl 1.196E-05 1. 430E-03 
C060 1. 334E-C2 l.334E-06 1.595E-04 
SR89 o.o o.o o.o 
SR90 o.o o.o o.o 
SR91 o.o o.o o.o 
Y90 o.o o.o o.o 
Y91 o.c o.o o.o 
Y92 o.o o.o o.o 
ZR95 o.o o.o o.o 
NB95 o.c o.o o.o 
M099 o.o o.o o.o 
I131 o.o o.o o.o 
1132 o.o o.o o.o 
I133 o.o o.o o.o 
1134 o .. o o.o o.o 
I135 o.o o.o ·o.o 
TE132 o.o O. C o.o 
CS134 o.o o.o o.o 
CS13t o.c o.o o.o 
CS137 o.c o.o o.o 
BA140 o.o o.o o.o 
LA14C (I. 0 O.G o.o 
CE144 o.o o.o o.o 

TCTAL l.OOJE co 2.317E-05 2.772E-03 
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ACTIVITY FRO~ LABGRATGRY ~ASTES 

~IXEO BEC CEMIN.CPTICN= 

·T Al?. t ... E l iA -.I; 

CF CF ~ASTE DISPOSAL SYSTEM FOR TH[S SOURCE= 
CECAY TIME JN 'ASTE DISP SYS (HOURS)= 
FLC~ RATE {GAL/YR)= 

0 
l.OOE 04 
l.OOE 01 
4.03E 04 

IF MIXED BEO OE~IN.CPTION= l,INITIAL ACTIVITY PASSES THROUGH MIXED RED DEMIN 
~ITH DF OF 10 FOR ALL RADIONUCLIDES, EXCEPT Y90,M099,CS134,CS136,AND CS137 

INITIAL ACTIVITY AFTER DlSCHARGE RATE 
NUCLIOI: ACTIVITY TREATMENT FROM W.D.SYSTEM 

(UC/CCI I UC. /CC) ICI/YR) 

MN54 7.7CCE-C6 7.693E-10 1.174E-07 
MN56 l.626E-C4 l. lCBE-09 l.691E-07 
C058 6.56CE-D7 6. 533E-ll 9.9661:-09 
FE59 2.367E-C5 2.352E-C9 3.588E-Q7 
(06( 2.624E-C6 2.623E-10 4.00ZE-08 
SR 89 7.S86E-C6 7.941E-l!J 1. 2ll E-07 
.SR90 2.424E-07 2.424E-ll 3.698E-09 
SRSl 3.7CEE-C6 1. 818 E- lD z. 773E-C8 
Y9(J 2.852E-C7 2.559E-ll 3.9C4E-09 
YS 1 l.3S7E-06 l.391E-10 2.121E-Cl8 
Y92 l.512E-C6 2.203E-ll 3. 3f0E-09 
ZR.95 l.540E-06 l.533E-1G 2.339E-f:8 
NB95 l.540E-06 1. 527E-10 2.330E-08 
MG99 6.36CE-03 5.736E-07 8. 750E-05 
1131 4.791E-C3 4.623E-07 7.052E-05 
1132 l.782E-G3 8.758E-09 l.336E-06 
[ 13 3 7.786E-C3 5.597E-07 B.538E-05 
1134 · l.C84E-03 3.S38E-ll 6.00BE-09 
1135 

' 
4.078E-C3 l.451E-07 2.214E-05 

TE:132 5.3C5E-04 4.853E-C8 7.404E-06 
CS134 5.02CE-C4 5.0l8E-08 7.654E-06 
CS136 7.415E-05 5.938E-09 9.C59E-('l7 
CS137 2.781.E-CJ 2.781E-07 4.242E-05 
RA14C 4.563E-C7 4.461E-ll 6.8D6E-09 
LA140 l.768E-C6 l.488E-10 2. 270E-D8 
Ct 144 5. 98<:lE-C6 5.983E-10 9.127E-08 

TCTAL 2.SSSE-C2 2.139E-06 3. 2 63E-i14 
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ACTIVITY FROM PRIMARY COOLANT SYSTEM LEAKAGE 

MIXED BED DEMIN.GPTION= 0 
OF OF WASTE DISPOSAL SYSTEM FOR THIS SOURCE; 
CECAY TI~E IN WASTE OISP SYS (HOURS)= 

l.OOE 04 
1.00E 01 
3.23E 03 FLOW RATE (GAL/YR)= 

IF MIXED BED DEM IN.OPTION= 1,IN[Tl~L ACTIVITY PASSES THROUGH MIXED BED OEMIN 
WITH o·F OF 10 FOR ALL RADIQNUCLIOES, EXCEPT y9o;i-!ac:i9,cs134,tsl36,ANO CS137 

INITIAL 
-NUCLIDE ACTIVITY 

CUC/CC) 

MN54 2.700E-03 
MN56 5.7COE-02 
0058 2. 300E-04 
FE59 8. 300E-03 
0060 9. 2COE-;-04 
SR8g 2.BOOE-03 
SR90 8.500E-05 
SR91 l.30CE-03 
Y90 · l .OOOE-04 
Y91 4.900E-04 
Y92 5.300E-04 
ZR95 5.4COE-04 
NB95 5.4CCE-C4 
M099 2.23CE co 
Il31 l.68CE 00 
[132 6.250E-Ol 
[133 2.730E 00 
I 134 3. B-OOE-01 
!135 l.430E co 
TE132 1.860E-Ol 
CS134 l.76QE-01 
CS136 2.600E-G2 
CS137 9.750E-Ol 
BA140 l.600E-C4 
LA140 6.2COE-04 
OE144 Z.lCJOE-03 

TOTAL l.052E 01 

ACTIVITY AFTER 
TREATMENT 

CUC/CC) 

.. -"·---~ -· .. ·-·· tS-tSC HA RG E. R"A TE 

FROM.w.o.;SVSTEM --- --- -· ..... - . - ·-
{CI/YR) 

2. 69 s E-O 1 .- - ·- - - --- - · -3:;-icii:J E=-oei-
3.886E-07 4.752E-06 
2. 291 E-08 .... - ---------·--2. BOlE-0-7 

8.247E-07 l.OOSE-05 
9.1~9~~0~ l.125E~06 
2. 7841:-07 3.404E-06 
8.500E-09 _______ . --· . . l.039E-07 
6.374E-08 7.793E-07 

· a-~·rnI:.:..09 ____ · - -- -- -----r.-o91i:-01 
4.876E-08 5.962E-07 
7 • 724E-09 ___ ·--·-·------ ··-·-- -· 9.444E-08 
5.376E-08 6.573E-07 
5.356E-08 . . .. 6.548E-07 
2.0llE-04 2.459E-03 
l.62TE~04- ····---------··---· ---.-G§ste.:...1J3 
3.071E-06 3.755E-05 
1·. 962£:-04 ·-- ·---------- -~-~.3'g9c-03 

l.381E-08 l.688E-07 
5. 0891:-0·5· -- ---- -~~--- . ·t,-~22·2 .. E--Oi+ 
l.702E-05 2.081E-04 
1. 75qe.:...05--·--·-------------··2;rsr1:::.::04 
2.082E-06 2.546E-05 
9. 750E-05 ·- -- - ' -- i-.-Ff2E=-03 
1.564E-08 l.913E~07 
5.ZlBE-08 ·····-6·;3ao1:-07 
2.098E-07 2.565E-06 

7.500E-04 .'J. l 70E,-O 3 
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_NUCLIDE 

H3 
MN54_ 
MN56 

_<;o 5 _8-
FE59 
~06_-0 
SR89 
SR90 
SR91 
Y9Q_ 
Y91 
!9-4 
ZR95 
~~9-~. 
M099 

_ l_l_JJ 
l.l32 
J.1~3. 
1134 
Jl.~~---
TE132 

_c_s_l.~!t 
CS13c 
~Sl.~ 7 
BA140 
LAl".o 
CE14'1 

TOTAL 

-r 

ACTIVITY IN WASTE DISPOSAL SYSTEM WITH N8 STEAM GEN LEAKAGE 

CALCULATE:O MAXIML;M ALLOWABLE DISCHARGE RATc l.Cl/YRl= 
~ALCULATEO fQJAL DlSCHAkGE FLOW RAT~ (GPM)= 

ACTUAL ACTUAL ALLOWABLE 
I.O.NlJMBER AC.JI VJ TY lJ I S (,ti , ___ R.A_JJ::. J,lIXT.MRE 

(UC/CCJ (Cl/YR) (Cl/YR) 

l 8 .813E-C l ;i.4S5E 03 5.495E 03 
-~ -1 ! 1 t2_l_"'.:_o 1_ __ 6. 9 !:>2 E-_04 _ l_._539E _QO 
3 1. 7<t'1f.-(.,1 1.0881:-03 2.407E 00 
~ 9 • .1.tbSC:-O':i s .•.. 9C.4c.-us l.307E-Ol 
5 3 .4C':t:.-G7 2 .12.SE-03 4.704E 00 
6 _3 ._80L_t"'.:Jd 2.37lE:-u4 5.246E-Ol 

- •.. -· -·- . - --------------

7 3.764[;-08 2 .• 34 7E".""04 S.l93E-Ol 
_8_ ~ ._l 45f ~_G9 J. •. J _f;, 3 E -9.9. l.585E-02 
9 £:i.786c.-09 5.478E-05 l .212E-O l 

.J._Q . 7_ • l't 2 E_-() 'i. 4.5181::-05 2.!_99_9~_:-02 
ll 6.SSlE-09 4.llOE-05 9.095E-02 
l~ l .16l_E-::09 _7 ~ f .'t ~ ~. -:.0. 9. l, !(:)µ 3 __ E_:-_Q2 
13 7 .2bTi:.-C'~ 4.531E-05 l .003E-Ol 
J.-~- J '!.f~Ql:-u9 4. 5_1,:'.f:t:::-:05_ 9_.990.E-0.2. 
15 l.62'1E-04 l.Ol3E 00 2.241E 03 
H) _ 2- .• J5.~l;:-;-~J-~ i •-~ I,,} E-_O 1. · 3.0~_5E 02 
17 5.o94E-J7 3.550E-03 7.857E 00 

.18 2,. qJ2..E_:".' 0 5 _l. P.9.Qt:.-:0 .. l -~-6_8]!: _.02. 
19 l.uCSt-07 6.2o7E-04 l.387E 00 
2_0 } .• l.l.7.E :-_09 -~_.!t).8 E-::0_2_ '}_._82_1E_Ol 
21 2.304E-06 l.437E-02 3.179E 01 
i~ _l • '.1-~_0E:"".Q_2 _8.855E-02 ~l..!.960E 02 
23 l.6821::-06 1. 049E:-02 2.321E 01 
.24 } ~ iUCE;:-0 5 4 .• .9 _g lJ-::JH .l.086E_03. 
25 2.115E-C9 J...319E-05 2.919E-02 
2/J 1.01eE:-::09 ~-~J~t;.-05 9 .• 7 6 7_E-02. 
27 2.836E-08 1~768E-04 3.913E-Ol 

8.9161:-Gl 5.497E 03 9.862E 03 

TOTAL (NCN-TRITIUM) 3. l65E-G"t l.973E 00 4.367E 03 

tASLE-UA~'7-
z-,r· '11 

9.86E 03 
3._1_3_ 

--- - - .. - --· ---

DISCHARGE RATE 
_ S INGL.E 
(CI/YR) 

4.617E 06 
l ._539E _9_?. _ 
l.539E 05 
1.3_85E_ M. 
7.695E 04 
4.61_7E C4 
4.617E 03 
4.61_7E 02 
7.695E 04 
3_.078E 04 
4.617E ·04· 
9_. 23'tE C4 
9.234E 04 
l.!' !li9J; .. 05 
6.l56E 04 
4. 6_17E 02 
l.231E 04 
_l.;39.J; _03 
3.078E 04 
6. l56E 03 
3.078E 04 
l .%85E_ 04 
9.234E 04 

_3.078E _c_~--
3.078E 04 
3.078E _04 
l.539E 04 

RATIO !:lf..A~_l,OWAB1,j:_ TO A_CTUAL _DISCHARGE _8ATE OF M[~J_U~J;:...tf.l<CL,_UDING H~ = ~_._2.1_3 E _Q_~ __ 



NUCLIDE 

H3 
MN54 
MN5Q.. 
C058 
ff.;~~ 
C060 
SB.a.2 
SR90 
SR9l_ 
Y90 

- -Y9l. 
Y92 
Z.89-5. 
NB95 
M.~ 
1131 
113Z 
1133 
ll3~ 
1135 
If.UZ. 
CS134 
CSl.~.~ 
CS137 
8Al4.0 
LA14C 
'-E.~4 

.J.OJ~l 

ACTIVITY IN CISCHARGc CANAL 

DlSCHARGt CANAL FLO~ kATe (GPMJ= 
JR_JTJLJM O.{SCHAR\;E "ATf: (CUR_It;~/)'J;_ARJ= 

HA!-F 
MPC LI fE 

!~ Q . .!NI..JM_!3ER (UC/CCJ (DAY 5 l 

l 3.000E-03 4.481E 03 
2 l.OOOE-04 3.12.lE 02 
} _l ~oco_E_-r,;_~ l_!..Ot?~-.Ql 
4 <;.OGCE-05 7.l61E 01 
5_ 5.0QCE-05 ~.506E 01 
6 3.0COE-C5 l.919i: 03 
J 3. Q_OO_E-06 _5. 109~ .. 01 
8 3.0GCE:-07 l.044E 04 

.'l S!OOCE-:-05 4~05.l,_E-oi 
10 2.000E-05 2.665E 00 
-~ I, 3 ._OOCE:-.0 5 !;i_.898E 0~ 
12 6.0CGE-05 l.499i:-01 
13 <:; ._QOOE~05 _6 • 5 il !:. __ Ql 
14 l .OCOE-C 4 3.503E 01 
1.2 ~-0.Qf)E-Q.5 z ..• 7 9 5 j:: ___ Q <;J 

16 3.0CuE-07 8.061E 00 
l.7 8.0dGE-06 9.583E-02 
lb 1.0001:-06 8.747E-(H 
1_9 2.CCCE-:-G5 3.646E-02 
20 4.000E-(16 2.795i:-Ol 
i1 2_. 0 ()..Q_t.':.O 5 3~i_47t;:. 0.0 
22 S.OOOE-06 7.567E 02 
2.-3. q_.Qp_OE::-Q2 J:. ~00 t;: .00 
24 2.CCOE-05 l. 0 88E 04 

.25 ,i:._OO.OE:-Q~ l.2.79E .Pl 
.26 2.0COE-05 l.674E 00 
21 1_~oocE-c ~ . 2.854E __ 0.2 

TA'6LE. J.J A - 5. 

A~l:UAL 
ACTIV1TY 
( UCfCCJ 

3.570E-06 
4.517E-13 
l-96 ?.E;::-1J.. 
3.836E-14 
l.;l8lt-12 
l.540E-13 
l.525E-13 
4.654E-15 
3.560E-i4 
2.93bE-14 
Z .6 7.0E::-14 
4.706E-15 
t.944E-14 
2..933E-14 
t?. 57.9.t::J_Q 
s.aa1E-11 
2.307E-12 
l.083E-10 
4.072E-l3 
2.883E-ll 
9. • 3.:3. 5_f~li 
5.754E-ll 
6 .815~:-12 
3.188E-10 
p. 569E_:-15 
2. b67E-14 
1.149E-l3 

,3 _! ~ 7}E __ "'.".Q9. 

.z..~ ls.~-~ .. 

RATIO 
(UC/CCJ 

IMPC 

t~J90E-03 
4.517E-09 
7.Q67E-:09 
4.262E-10 
2.762E-08 
5.134E-09 
5.082E-08 
1.s·s1 E-os 
7.ll9E-_10 
l.4o8E-09 
8 • 9 0 l f;- ],O 
7.843E-ll 
4.--9_0 7 t-:: 10 
2.933E-10 
1.645.E-05 
2e960E-04 
2.883E-07 
l.083E-04 
2.036E-08 
7.208E-06 
4.667E-0.7 
o.393E-06 
l.!' l_3t?!::-07 
l.594E-05 

7.73E 05 
5. ~.50.E 03 

.4 • 2.8 5 E-:.lO_ 
l.434E-09 
l.149E-08 

l.641E-03 

~LLC~A~l-J;. 
ACl'IVITY 
l LC/CCI 

3.57CE-06 
9.997E-10 
1. 5t4E_-.O<i 
E.489E-11 
3.05tE-09 
3.409E-l0 
3_. 374E;-:'..l9 
l.C30E-ll 
J.~7_8E-::ll, 
6.4Cj7E-ll 
~.CJ09E-_IJ .. 
l.041E-11 
~. 5l!>E:-ll 
6.491E-ll 
l ._45l:E-06 
l.96l:E-07 
5.105E-09 
2.396E-07 
9.012E-10 
6.381E-08 
2.066E,-08 
l.273E-07 
l •~<:H~E:-_Q8 
7.C56E-07 
l !' 89_6E-_ll 
6.346E-11 
2 .• 542E-l0 

. c. 408E-06 

_RATIO .. 
lUC/CC) 
IMP<;_ 

l.190E:'.'"~1 
9.99-JE-06 
.1. 56 4E-0'5 
9.433E-07 
6.113_1:-0~ 
l.136E-05 
~ .• 1?_5_1;_~.Q~ 
3.433E-05 
!.•..276E-06 
3.248E-06 
l_-9_70E-06 
l.736E-07 
l.OSbE-06 
6.491E-07 
_3.640E-02 
6.552E-Ol 
6.38-1E~04 
2.396E-Ol 
4.506E-O~ 
l.595E-02 
l.033E-03 
l.415E-02 
2.514E-04 
3.528E-02 
9.482E-07 
3. l 7'3E-06 
~. 542E--:05 

l.OOOE_OO 



ACTIVITY FROM STM,.GEN$BL0WDOWN 

MIXED BED DEMIN.OPTION= 
OF OF WASTE DI SP.OS.AL SYSTEM FOR THIS SOURCE= 
DECAY TIME IN WASTE DISP SYS (HOURS)= 
FLOW RATE (GAL/YR)= 

0 
1. OOE 00 
o.o 
l.14E 07 

IF MIXED BED DEMIN,.OPTION= 1,INITIAL ACT,IVITY PASSES THROUGH Ml>I.EO BED DEMIN 
WITH OF OF 10 FOR ALL RADIONUCLIDES, EXCEPT Y90,M099,CS134,CS136,AND CS137 

NUCLlDE 
INITIAL 

.... _ AC.Tl 1/lT Y 
(UC/CCI 

MN54 5.750E-07 
__ l'-IN5 6 ---------------- 9~5 OE-07 -··-· __ 

C058 . 4.820E-08 
FE59 _______________ l.740E-06 
C060 1. 970E-07 
SR89. --··---- __ ?.!>.900E...;07 
SR90 2.960E-08 

.·. SK'tl ··-------------------· 6.600E-08 ___ ....... . 
Y90 5.200E-08 

ACTIVITY AFTER 
TREATMENT 

(UC/CC) 

5.,750E-07 
. 9. 550E-07 

4. 820E-08 
1. 740E-06 
l. 970E-07 

.... _____ ·5. 900E-07 
2. 960E-08 

. ... __ 6.,600E-08 
5.200E-08 

vq1 ________________ i. I 70E-07 ________ _ J. l 70E-07 
2.030E-08 
l.240E-07 
l.270E-07 

V92 2. 030E-08 
lR95 -----·----·---- 1. 240E-07 ___________ _ 
NB95 l.270E-07 
M099 _____________ 5e l80E-04 __ _ 
I131 3.120E-04 
1132 3.,20E-os 
1133 2.,350E-04 
1134 2.320E-06 
I135 5.750E-05 
TE132 2.820E-05 
CS134 4.700E-05 
CS136 -···-· ... 3.670E-06 
CS137 3.710E-05 
BA140 - 2,. 940E-08 
LA140 8.7DOE-08 
CE144_ 4.460E-07 

TOTAL le281E-03 
. ·- -·- . --·-· - -- -· .. 

.. !.?o l§..QE-04 
. 3.120E-04 
i 3.520E-05 
1 2. 350E-04 

2.320E-06 
, ·s. 750E-05 
: z. 820E-05 

4.700E-05 
· 3.670E-06 
: 3. 7 lOE-05 

2. 940E-08 
a. 700E-08 

· 4e460E-07 

. 1. 281E-03 
I •. 

DISCHARGE RATE 
FROM W.D.SVSTEM 

(CI/YR) 

2 .. 490E-02 
4. l 36E-02 
2.,087E-03 
7.535E-02 
8 .. 531E-03 
2.555E-02 
1 .. 282E-03 
2.858E-03 
2. 252E-03 
5.067E-03 
8.791E-04 
5 .. 370E-03 
5,.500E-03 
2.243E 01 
.l.351E 01 
l.524E 00 
l.OlBE 01 
l .. 00.5E-Ol 
2.490E 00 
l.221E 00 
2.035E 00 
le589E-Ol 
l. 607E 00 
1.273E-03 
3 .. 768E-03 
l.931E-02 

5.548E 01 



e .-1111.e ti A -to 2-IS·'/I 
ACTIV1TY IN WASTE DISPOSAL SYSTEM ~ITH STEAM GEN LEAKAG~ 

CALCuLATEC MAXIMUM ALLOWABLE Dl5C.HARGE RATE (Cl/YR)= 7.03E 03 
CALCULAJ~L TOTAL DI~CHARGE FLOW ~ATE (G?MJ= 24.88 

ACTUAL ACTUAL ALLOWABLE DISCHARGE RATE 
~lJ_CLJDE I.O.NUMtiER A(; TI.VI fY OlSC.H. RATE . M_I )( T.V.BJ; -~ (NGLE 

(UC/CC) (Cl/YR) (CI/YR) (Cl/YR) 

t-13 l l.109E-01 5.495E 03 5.495E 03 '1.6l7E 06 

~N5't. 2 5 .1_6 71::-(i 7 2.S60E-Q2- 6. ~4.? E_:-:0.1 l ~ ~~_9J; C? 
MN56 3 tl.5c8E-J7 .:..244E-02 l.131E 00 l.539E 05 
C.058_ 't 4 ._3 3Jj:-:~ ~ .2 .1401:-.03 5. 721.E-02 l_.385E Q!;i_ 

FE59 &; l.5b4E-iJo 7.746[-02 2.065E oc 7.695E C4 
~ 

(:0~0 6 l.. 7 7Ci:.-O 7 8. 7_9_9. .E::. ::03 . ? ~-~ -~ 1E_::-..9J ~.!¢17E .Q4 
SR89 7 5.2C5E-G7 2.578E-0.2 6.872E-01 4.617E 03 

SR90 .a. 4._.6C2t:""'."J8 l • (. i:s_Si. E:-Q:3 ~!.4~9E-::-.Q_~ !t~9l7E. .Q_,2_ 

SR91 9 5.B8f.[-Ob 2.91:ic.-03 7.764E-02 7.695E 04 
Y.90 10 4_. q,;J~-:-Jld ?. !._?-5 7J:-:-_Q ;3_ o.l22E-02 ~-~OJ' ~-f; G_i 
Y9l 11 l.G31E-07 5.lCBE-03 l.361E-Ol 4.617E 04 

e Y92 .l2 l..789E""'."06 .. 8 ~_§_{?;h:-:O!t 2.36-2E-02 9.i;34E PA 
ZR95 13 i.CS3i:-07 5.41"5E:-03 l.443E-Ol 9.234E 04 

N69.5. .lit. l .e 1191:-::Dl . ;.i .•. 5~5E:-:Q3 1. 4.78 E-01 l •. 539E (!_~ 

M099 15 4.7321::-04 2.344c: (H 6.249E 02 6.l56E C4 
l_lll_ l.C2. -;. .} 5 =~-Q4. l ~.Jo~ E: ___ QJ 3. 638.E. 02 4.617E Q_2 

1132 17 3.Cb4:::-0:i 1. 526t::: OU 4.072E 01 l.231E 04 
1133 1.4 2.Gb8c-U4- 1 •. 0_3'1-~ Ql z_. 7 5.}i= . . O.l. l.~39E 0~ 
1134 19 2 .C4 lE-Co l..Ol-li::-01 2.694E 00 3.078E C4 

J.135 2.0. 5.il6c:-05 ?.• 53!fE .. Q_O 9.75~E 01 9 __ .156E 0_3 
TE132 21 2.4S4t.-v5 1.23tE 00 3.29.3E 01 3.078E 04 

C.5.1.l.4. 2i. ~. 2 b 7.t=""'."J!} 2. d ,<<;ti:: QO 5_. 66lE 01 1 .• 3_85.E ~.':t 
CS13b ~3 3.42:Cc:-uo l.bS4i::-ul 4.~15E 00 9.234E 04 
CS.J.3 7 2!t. 4. ,<~4E:-O~ . 2 • 0.5.l i: QO 5_. 590J: __ Ql 3_. 0 7. 8_1; (J.'.4 
BA14C 25 2 .5S7i::-Jo 1. 2. 8tE-03 3.428E-02 3.(l78E 04 
LA140 2:t: 7.694E-G8 3. 8 i ~_t::_-Q.3. l.Ol.t>E-01 3.07BE 04 
CE144 27 3.S.34E-Ci7 l.949E-02 5.195E-Ol l.539E C4 

TOTAL 1.1211::-01 5.552E 03 7.026E 03 

TGlAL CNCN-TRITll.iM) 1. H.OE-03 5.746E 01 l.531E 03 

/ 

RATIO CF ALLG~ASLE TO ACTUAL DISCHARGE RATE Of MIXTURE,EXCLUbING H3 = 2.665E 01 



NUCL ID!; 
-

H3 
MN54 
MN56 
C05B 
FE59 
C060 
SR89 
SR96 

__ SB_9J 
Y90 
Y91 
Y92 
l.B9_~ 
NB95 
_M099 
1131 
1.13 2 
1133 
I 134 
1135 
Jl;J 3.z_ 
CS134 
CS.l3Q. 
CS137 
a,U4Q 
LA 140, 
CE144 

TCTAL 

ACTIVITY IN DISCHARGE CANAL 

DISCHARGE CANAL FLOW KATE (GPM)= 
TRITIUM DISChARGE RATt (CUkIES/YEAR)= 

· H.ALF 
MPC LIFE 

l. 0. NLiMl3EI3 <uc,cc, (DAYS) 

l 3- ._Q_9_G_E =O 3 .4.481E 03 
i. l.OCCE-04 3.121E 02 
3 t•_QQ.9.t.="'."..~4 l .0_75E-Ol 
4 <;.QOOE-05 7.161E 01 
5 5.0GCE-C5 4.506E: 01 ·- -- - -- - - - - ----·-· -- --·-. --- -

6 3.0CCE-05 l.919E 03 
1 3.00.CE:-G6 5._l09E 01 
d 3.0GOE-07 l.044E: 04 
9 5.00_CE-05 4.0511:-0l 

10 2.000E-05 2.b65E: OCl 
AJ 3 .• OOOE-(' 5 5.898E 01 
12 6.0GOE-05 l.499E-Ol 
_ 13 6.000E:-05 o.521E 01 
14 l.,OOOE_:04 3.503E 01 
.15 4 .OO.QE-0.2_ _?_J95E OQ 
lo 3.00CE-07 8.061E Q(J 

. 1.7 8 .DGCE:-06 . 9.~83E-02 
lt:1 1.000£:-Cc 8.747E:-Ol 

_1_c; 2.000E-05 3 •. 646E.:O~ 
20 4.000E-06 2.795E-Ol 
i:.l 2.uM-05 3. 2}t 7EOO 
2.2 S.OOOE-06 7. 5o 7E· 02 
. 23 6. • 0.0 0 !:-:-0 :>. l.300E _O_Q 
24 2.000E:-05 1.088E 04 
2!:i 2.0CCE-:-0;, 1._2J~f _Ol 
26 2.000E-05 l.674E 00 
21 LOO.OE-0.5 2.854E 02 

TA-6Ll:E I l.1.t ... e I. 

ACTUAL RATIO . 
ACTIVITY (UC/CC) 
( UC/CC) /MPC 

3.570E-06 l.190E-03 
l.663E-ll l .6b3E-07 
_2. 758E-ll 2. 7~8E:-07 
l'.395E-12 1. 550E-08 
5.034E-ll l.007E-06 
5.697E-i2 l. 899 E-07 
l.675E-'-ll 5.585E-06 
8.375E-l3 z.-792E-06 
l.893E-12 3.785E-08 
l.493E-12 7.463E-08 
3.3l9E-12 l.l06E-07 
5.759E-l3 9.598E-09 
3.518E-12 5.864E-08 
3.603E-12 3.603E-08 
l.523E-08 3.808E-04 
8.868E-09 2 .956 E-02 
9.927E-J.O _lj_2~lf.-=.Q't 
6.721E-09 6.721E-03 
Q L~~9_E_:-j._l 3.284E-06 
l.647E-09 4.ll7E-04 
8.028E-10 4.014E-05 
l.380E-09 l.533E-04 
l.lOlE-10 l.835E-06 
l.363E-09 6.814E-05 
8 •. 358E:_:-.l3 4.179E-08 
2.477E..:..lz l.238E-07 
l .~66E--_lJ_ l_.2_96E~_06 

3.608E-06 3_._86~ E-02_ 

2-II•!/I. 

7.73E 05 
5.50E 03 . 

ALLOWABLE.. 
ACTJ-VITY 
CUC/CC) 

3.57CE-06 
,;; 433E-l0 
7.350E-l0 
3.717E-ll 

.l.342E-09 
1.51ae~10 
4.465E;-l0 
2.232E-ll 

-~. 045E-ll 
3.<.l78E-ll 

. a. 846E-ll_ 
l.535E-ll 

. 9. 378E-ll _ 
· 9 •. 602E-ll 
4.060E~07' 
2.364E-07 

.2.646E-08 
l.791E-07 

.l.751E-09 
4.3S9E-08 

-2...J.40E-oa 
3.678E-·oa 

. .. ~.!' 9~_4E_~Q9 . 
3.632E-08 

. 2 .• 22se..-11_ 
6.601E-ll 
~ .~ 15_E-l_Q_ 

4.5f5E;-06 

RATIO 
(UC/CCI 

/MPC 

l.l90E-03 .. 
4.433E-Oo 
7.350E-06 
4.130E-07 
2.683E-05 
5.0olE-06 
l.4B8E-04 
7.441E-05 
l.009E-Ob 
l.989E-06 
2.949E-0{> 
2.558E-07 
1.5631=-0~ 
9.602E-07 
1. Ol_S·E-02 
7.878E-Ol 
3.30.7E-03 
l.791E-Ol 
8~754E-05 
l.097E-02 
l.070E-03 
4.087E-03 
4.890E-05 
l.B16E-03 
l ._ll4E-06 
3.300E-06 
3-375E-05. 

1.oooe 00 
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DF 
I 

DF 104 
IOHR 
DECAY 

LAUNDRY DRAINS 

250,000 1.s,10-s 
GAL/YR J.lCi/CC 

CONTAMINATED WASTE 
DRAIN TANKS 

FILTER 

TO ENVIRONMENT 
1.70x 10-2 Ci/YR 

STEAM GENERATOR 

BLOW-DOWN 

l.14xl0 7 l.28xl0.3 

GAL/YR J.1 Ci /CC 

TO ENVIRONMENT 

55.5 Ci/YR 

SPENT RESIN FLUSH 

31,600 
GAL/YR I.OJ.I.Ci/CC 

CASK IN 
DECONTAM I NAT 10 N 

BUILDING 

WASTE DISPOSAL 
SYSTEM 

TO ENVIRONMENT 
2.77xlo-3 ci/YR 

SAMPLING SINKS 
(TURBINE BUILDING) 

' SUMP 

' WASTE TANK 

l 
WASTE DISPOSAL 

SYSTEM 

TOTAL 92,000 GA,L/YR 
10.5.JJ.Ci/CC' 

SAMPLING SINKS 
{AUXILIARY BUILDING) 

' SUMP 

' WASTE TANKS 

l 
WASTE DISPOSAL 

SYSTEM 

J ' J 
TO ENVIRONMENT 

2.61X 10-I Ci/Yfl 

LABORATORY 
WASTES : 

40,300 
GAL/ YR 0.03j.1.Ci/CC 

HIGH LEVEL 
WASTE DRAIN TANKS 

WASTE DISPOSAL 
SYSTEM 

TO ENVIRONMENT 

3.26x I0" 4 Ci/YR 

DFI04 
IOHR 

DECAY 

: 

PRIMARY COOLANT 
SYSTEM LEAKAGE 

3,230 
GAL/YR 10,5µ.Ci/CC 

SUMPS 

WASTE TANKS 

WASTE DISPOSAL 
SYSTEM 

TO ENVIRONMENT 
9.l 7x 10-3 Ci/YR 

DFI0 4 

10 HR 
DECAY 

Df 104 

!OHR 
DECAY 

85% 

LETDOWN TO 
BORON RECOVERY 

REACTOR COOLANT 
LOOP DRAIN 

8,000,000 
GAL/YR 10.5µ Ci/CC 

VENT AND DRAIN 

SYSTEM 

I 

PRIMARY 
DRAIN TANK 

TO BORON 

RECOVERY 

/5°/o 

' 
1,230,000 

I GAL/YR 

* 
I 
+ 

DF 10 4 
0 HR DECAY 
DFOFMIXED 
BED DEMIN 

FIG. IIA-1 
DEC.1,1969 

BORON RECOVERY TO WASTE DISPOSAL 
TEST TANKS 

PRIMARY GRADE TO ENVIRONMENT 
WATER SYSTEM 1.68 Ci/YR 

* OF OF MIXED DEMINERALIZER EQUALS 10 FOR ALL 
RADIONUCLIDES EXCEPT Y 90, M099, Cs 134, Cs 136, Csl37 

FLOW CHART--' ESTIMATED QUANT IT I ES 
LIQUID WASTE DISPOSAL 
SURRY POWER STATION 
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12 CONDUCT OF OPERATIONS 

12.1 GENERAL 

12.1-1 
12-1-69 

Vepco has a long history of building and operating safe electric gener

ating stations, both coal-fired and hydro, and safe transmission systems. 

Through thorough planning and careful implementation, Vepco has pioneered 

such industry milestones as a 500 kilovolt transmission system and new 

innovations in the Mine Mouth Station concept. In the cons.truction of its 

first nuclear station, Vepco has applied the same managerial techniques 

used in the past to enforce high standards of d~sign and construction. 

For the past fourteen years in the preparation for the eventual use of 

nuclear energy in the generation of electricity, Vepco has followed a 

policy of educating and training its officers, managers; and employees, 

both supervisory and non-supervisory, in the rapidly expanding nuclear 

field. Vepco management is consequently prepared for the added 

responsibility of operating its first nuclear generating station. The 

station has been constructed and will be operated in such a manner that 

the safety of the public and operating personnel will be assured. 



• 

• 
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12.2 

12.2.1 

ORGANIZATION 

12.2.1-1 
12-1-69 

NUCLEAR PARTICIPATION BY VIRGINIA ELECTRIC & POWER COMPANY 

Vepco has participated in nuclear power activities since the passage of 

the Atomic Energy Act of 1954. In 1954, Vepco participated in a series 

of studies with Stone & Webster Engineering Corporation. In 1955, the 

Company connnenced further studie~ with Carolina Power and Light Company, 

Duke Power Company, and South Carolina Electric & Gas Company. In 1956, 

they formed Carolinas Virginia Nuclear.Power Associates, Inc. (CVNPA), 

a nonprofit, membership organization. Subsequently, under the third 

round invitation of the Reactor Demonstration Program, CVNPA built and 

,operated the CVTR, a 65 MWt heavy water moderated and cooled, pressure 

tube reactor located at Parr, South Carolina. The CVTR achieved crit

icality for the first time in March, 1963, and produced its first electric 

power in December, 1963. From the early summer of 1964 to 1967, the CVTR 

produced electric power on a reliable basis. CVNPA, and Westinghouse as 

its subcontractor, carried out an extensive research and development 

program for the Commission, both before and after construction of the CVTR. 

The plant was deconnnissioned in 1967 after fulfilling the objectiyes of 

the program. 

Vepco was a significant participant in the work of CVNPA since its incorp

oration. Employees of Vepco served on the CVNPA Board of Directors and on 

several of the management committees, including the Steering Committee, 

the Technical Advisory Committee, and the Manpower Committee. Four Vepco 



12.2.1-2 
12-1-69 

employees were associated with CVNPA on a resident basis and had an 

integrated total of 22 man-years of project experience in responsible 

positions relating to design, engineering, construction, operation, 

maintenance, health physics, and chemistry. Individual periods of 

resident service with CVTR ranged from two to nine years. 

• 

• 

• 
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12.2.2 VEPCO ORGANIZATION 

12.2.2-1 
12-1-69 

The execution of the Surry Power Station project was solely the respon

sibility of Vepco. In this connection, Vepco engaged Stone & Webster 

Engineering Corporation as its agent for engineering and construction 

and contracted with Westinghouse Electric Corporation for furnishing 

the Nuclear Stearn Supply Systems, the nuclear fuel and the turbine 

generators. Dames & Moore, Inc. was retained to perform Site Geology, 

Hydrology and Seismology studies, and NUS Corporation was retained for 

Site Meteorology, Climatology, and general nuclear consultation. 

Station Organization 

The station's organization chart is shown in Figures 12.2-lA and 12.2-lB. 

The numbers shown in these figures for the Shift Supervisor, the Control 

Room Operator, the Assistant Control Room Operator, and the Auxiliary 

Operator are for one shift with one unit and two units respectively in 

operation. (Section 12.4) 

The minimum qualifications of the key supervisory positions are specified 

below: 

Manager 

Degree in Engineering or equivalent in technical education and experience. 

Sufficient station and supervisory experience as to be well versed in the 

design, operation, and maintenance requirements of power generating facil

ities. Specialized training in nuclear technology. 
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Superintendent-Station Operations 

12.2.2-2 
2-1-72 

Degree in Engineering or equivalent in technical education and experience. 

Supervisory experience in an operating nuclear facility and possession of a 

senior reactor operator license within 18 months after initial criticality of 

Unit No. 1. 

Operating Supervisor 

Degree in Engineering or equivalent in technical education and experience. 

Supervisory experience in an operating nuclear facility and possession of a 

senior reactor operator license. 

Supervisor-Electrical Maintenance 

Appropriate education and technical experience. Supervisory experience in 

the installation and maintenance of electric systems and equipment normally 

found in a power generating facility. 

Supervisor-Mechanical Maintenance 

Appropriate education and technical experience. Supervisory experience 

in the installation and maintenance of mechanical. equipment normally found in 

a power generating facility. 



Supervisor-Engineering Services 

12.2.2-3 
6-30-71 

Degree of Engineering or equivalent in technical education and experience. 

The ability to supervise and evaluate the performance of pressurized 

water reactors and reactor associated systems. 

Chemistry and Health Physics Supervisor 

Degree in Chemistry or Health Physics or equivalent in technical education 

and experience. Supervisory experience in these areas in an operating 

nuclear facility. 

The relationship of the Manager to other levels of company management is 

shown in Figure 12.2-2. 

Operating Lines of Authority 

Station Manager 

The Station Manager has supervisory control over all Vepco personnel 

assigned to the Surry Power Station and administrative control over all 

other personnel or persons within the site boundaries. 

He is responsible for maintaining the station as a functional part of 

the Vepco power generating system in a safe manner by insuring compliance 

with the Technical Specifications. 
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12.2.2-4 
6-30-71 

He is a member of the System Nuclear Safety and Operating Connnittee for 

Surry Power Station and the Chairman of the Station Nuclear Safety and 

Operating Committee. 

The Manager has the Superintendent - Station Operations, the Supervisor -

Engineering Services, and the Station Chemistry and Health Physics Super

visor reporting directly to him and is responsible for coordinating their 

functions. 

In general, the Manager is the representative of company management. 

He is empowered to implement all company policy with regard to the 

operations of the facility and is responsible for the coordination of 

tactical station functions with outside agencies and services. 

In the absence of the Manager the Superintendent - Station Operations 

assumes the.duties of this position. 

Superintendent - Station Operations 

The Superintendent - Station Operations has the responsibility of 

coordinating the work of the station operating and maintenance groups. 

He is responsible for the safe operation of the reactor plant and secon,dary 

plant and overall station maintenance and refueling operations. 



12.2.2-5 
6-30-71 

The Operating Supervisor, Supervisor-Electrical Maintenance, 

and Supervisor-Mechanical Maintenance report to him, and any 

functions that req~iri cbordinatibn with Engineering and/or 

Chemistry ahd Health Physic~ grou~~ a~e also his responsibility. 

He is the Vice Chairman of the Station Nuclear Safety and 

Operating Committee. 

The Superintendent reports to the Manager any unusual occurrences 

in connection with station operation. 

He is respbnsible for the ~aintenance-of complete oper~ting 

data and approval of any c~anges in operating procedures. In 

addition; he is r~spon~ibl~ for maintaining ~ersonnel AEC 

operating licenses on a current basis. 

In the absence of the Superintendent-Station Operations the· 

Operating Supervisor assumes the duties of this position. 

Operating Supervisor 

The Operating Supervisor·is responsible for the safe and 

productive operation of the station through direct supervision 

of the Shift Su~ervisors and thereby operation of the reactors 

and secondary plants. 

He is a member of the Station Nuclear Safety and Operating 

Committee. 

e 

e 



12.2.2-6 
6,.30 .. 71 

He is responsible for implementation of Operator Training policies. 

He endorses and/or implements any proposed changes to operating proce

dures and reports any unusual occurrences, deviations from the Technical 

Specifications, or unusual events to the Superintendent of Station 

Operations. 

In the absence of the Operating Supervisor a qualified engineer or Shift 

Supervisor, assigned by either the Station Manager or Superintendent -

Station Operations, will assume his duties. 

He ensures that all required operating data is properly logged or recorded 

and that complete records are maintained in regard to station operations. 

He ensures that each shift is adequately staffed and that reserve personnel 

are available. 

Supervisor -·. Engineering Services 

This Supervisor has the responsibility of a continuing technical evaluation 

of the performance of the station and has administrative control of the 

instrumentation group at the station. The non-supervisory engineering 

group and the Instrument Supervisor report directly to the Supervisor

Engineering Services and he in turn reports to the Station Manager. 

When necessary he coordinates his activities with the Superintendent

Station Operations, and the Chemistry and Health Physics Supervisor. 



12.2.2-7 
12-1-69 

He is responsible for originating any procedures involving experiments 

or tests on. the reactors or secondary plants. 

Fie 'is ·responsible. for pe~iodic dete~inations of fuel composition and 

. burnup. 

He is responsible for the determination of fuel loading sequences and is 

available for technical support during any refueling or fuel loading of 
. . . . 

the reacto'r;. 

He has the responsibility of obtaining performance data on overall 

station and equipment operation. 

He is 'responsible for evaluating and detennining the control· rod worths 

arid ~pe~ating sequences. 

He is responsible for resolving, by accepted engineering practices, any 

design modifications or engineering projects as the need arises at the 

station. 

His respo~sibility in nuclear and conventional station instrumentation is 

to' ensure. that all systems are properly functional, calibrated and checked 

on a specified basis. 

-

e 



12.2.2-8 
6-30-71 

This supervisor shall be a member of the Station Nuclear Safety 

and Operating Committee. His group also has the responsibility 

for originating all written technical reports for company and. 

regulatory purposes. 

Chemistry & Health Physics Supervisor 

This supervisor has the responsibility of insuring that all 

routine chemical analysis and evaluation is properly performed 

during all phases of station operation. He also directs the 

activities of the Health Physics group at the station, insuring 

that all data is correctly interpreted and acted upon when 

necessary. He is directly responsible to the Station Manager 

and coordinates his efforts with the Superintendent-Station 

Operations and the Supervisor-Engineering Services. He is also 

a member of the Station Nuclear Safety and Operating Committee. 

He is responsible for keeping records of radiological exposure 

to all persons working or visiting within the station's restricted 

areas as designated. This includes the organization of all such 

written reports required for company or regulatory purposes. 

He conducts regular surveys of the station and environs to 

ascertain the levels of natural and induced radioactivity. 

He has the responsibility of determining the radiation levels of all 

areas where work is to be conducted when it is anticipated such radiation 

may exist and has the responsibility of establishing, recording, checking, 

and suitable posting all areas where radiation is a known problem. 



12.2.2-9 
6-30-71 

He has the responsibility for keeping records and checking on 

all radioactive material release and shipments from the station. 

He has the responsibility of writing and amending the Health 

Physics Manual of Procedures and Safety Protection and insuring 

that all station personnel receive instruction in the implementation 

of such procedures. 

In general, the Chemistry and Health Physics Supervisor directs 

· the activities of his group in such a manner as to prevent the 

exposure of station personnel to excessive accumulative doses 

of radiation and to prevent the spread of radioactive contamination~ 

He further ensures that the chemical treatment of all liquid 

systems in the station are such that corrosion products and 

carryover are minimized. All activities in these areas are 

coordinated with other.station groups to ensure full awareness 

of problems when and if they arise. 

Supervisor-Mechanical & Electrical Maintenance 

The Supervisor-Mechanical Maintenance and the Supervisor-Electrical 

Maintenance have the overall responsibility of administering 

mechanical and electrical maintenance. They report directly to 

the Superintenden-Station Operations. The group working for these 

supervisors also includes the station labor force. 

e 
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12.2.2-10 
12-1-69 

They are responsible for the maintenance necessary to assure safe and 

prolonged operation of all station components not specifically assigned 

to other groups, and when required they direct approved station system 

modifications. They are responsible for the implementation of safe 

working practice within their group and coordinate their groups' 

activity with-both Operations and Health Physics. 

They have the responsibility of writing, and amending when necessary, 

maintenance procedures where such documentation is necessary and imple-

menting training programs within their group. 

They are responsible for keeping proper maintenance records and files . 

They are members of the Station Nuclear Safety and Operating Committee. 

Instrument Supervisor 

The Instrument Supervisor reports directly to the Supervisor of Engineering 

Services and coordinates the efforts of his group with the operating and 

maintenance groups. 

He is responsible for maintaining adequate and accurate instrumentation 

status on all station systems, and recalibrating instrumentation and 

controls • 



12.2.2-11 
12-1-69 

This supervisor is responsible for the training of his group and writes, 

and when necessary, amends the instrumentation procedures. He is further 

responsible for maintaining calibrated test instrumentation for test and 

experimental work. 

Shift Supervisors 

This supervisor has the responsibility of directing the actions of the 

station operators to ensure safe and prudent operation of the facility. 

He reports all abnormal occurrences to the Operating Supervisor. He 

also is responsible for the entire facility during the absence of his 

supervisors. 

He is responsible for ensuring that the operating procedures are kept 

on a current basis and when necessary initiates changes in operating 

procedures. He ensures that his shift is adequately manned and that 

other groups are called in to work when necessary. 

He keeps a shift log noting non-routine operations. 

In general, the Shift Supervisor is informed of all actions by other 

groups that affect the operation of the station. He is responsible for 

station security. 

The Shift Supervisor is responsible for the training of personnel assigned 

to his shift in coordination with the overall station training, and 

re-training programs. 

• 

• 



12.3 TRAINING 

12.3-1 
2-1-72 

The key staff complement for the Surry Power Station consists of selected 

individuals with nuclear and/or conventional power station experience who have 

attained a high level of development in the Westinghouse Nuclear Training Program. 

A number in this group have received additional training at the graduate level 

in Nuclear Engineering and Health Physics at the following universities: 

University of North Carolina at Chapel Hill 

North Carolina State University 

University of Virginia 

Under a contractual agreement with Westinghouse, a comprehensive training 

program involving reactor physics, actual pressurized water reactor operation, 

and the study of station component systems has been administered to nineteen 

members of the Surry nuclear engineering and operating staff. 

Many of the above group are available, and were available, for on site training 

duties. Training was given to all station personnel, varying according to need, 

As new employees join the station staff they will be entered in formal training 

programs. Training programs are also available to upgrade or to improve the 

skills of present employees at the station. 

Personnel to staff the Surry Power Station have been selected to insure that each 

individual possesses the education; training, and experience necessary to satis

factorily perform his assigned function. 

To augment the formal education, training, and experience received by station 

personnel prior to being stationed at Surry, numerous training programs have been 



12.3-2 
12-1-7] 

instituted to specifically familiarize employees with the Surry facility. 

Tables 12.3-1 and 12.3-2 summarizes by job classification the training received. 



COURSE NO. 

15 

TABLE 12.3-2 (CON'D) 

DESCRIPTION 

12.3-5 
2-1-72 

Basic radiological protection sponsored by 
U. s. Public Health Service. 
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Station Manager 
Supt.- Station Oper 
Supv.- Engr. Services 
Engineer 
Operating Supv. 
Shift Supervisor 
Control Rm. Oper 
Asst. Control Rm. Oper 
Aux. Operator 
Supv. - Chem. & H.P. 
Health Physclsts 
Chem. & H.P. Tech 
Instrument Supv. 
Instrument Tech 
Electrical Supv. 
Electricians 

. Maintenance Supv. 
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.. 
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X 
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COURSE NO. 

1 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

-- -- -- ------------------------

TABLE 12.3-2 
TRAINING PROGRAMS 

SURRY POWER STATION 

DESCRIPTION 

12.3-4 
12-1-71 

Health Physics I - A review of basic health physics 
to familiarize personnel with radiation hazards in the 
station and procedures to be followed to insure safe 
operation (40 hours) 

Health Physics II - A sequel to HP-I to acquaint 
supervisory personnel, health physics technicians, 
and operators with health physic procedures at the 
station. (40 hours) 

Westinghouse Reactor ;Operator Training Program -
Training which prepared supervisory and operating personnel 
for cold licensing through classroom and on-the-job
training at an operating reactor facility. (10 months) 

Westinghouse Atomic Power Division Training Program -
Introduction to reactor systems. (5 weeks) 

A Series - On-site training consisting of mathematics 
and theory of nuclear physics (6 weeks) 

B Series - On-site training consisting of a review 
of station systems and controls (18 weeks) 

Cold License Training - Accelerated review of systems 
and controls. (14 weeks) 

Hagan Control Training - ~ review of control instrumentation, 
operation, calibration, and maintenance, (2 weeks) 

Hagan Protection Training - A review of protection instru
mentation operatio.n, calibration, testing, and maintenance. 
(7 weeks) 

Reactor Protection and Engineered Safeguards Training -
· A detailed study of reactor protection and safeguards 
circuits (80 hours) 

Computer Training - Comprehensive training on P-250 
computer hardware. (14 weeks) 

Catalytic Recombiner Training - Review of operation and 
maintenance of recombiner system. (3 days) 

EHC System Training - A review of the operation and 
maintenance of the electrohydraulic_ control system 
(3 weeks) 

Radiation Monit'oring ....; A review of the use, calibration, 
and maintenance of radiation monitoring equipment. 
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12.4 SHIFT PERSONNEL 

12.4-1 
12-1-69 

The station is normally staffed to provide adequate coverage for the 

operation of both units, however, there are periods when only one unit 

will be operating. Listed below are the complements of both of these 

shift conditions. 

1. One Unit Operation 

1 Shift Supervisor 

1 Control Room Operator 

1 Asst. Control Room Operator 

2 Auxiliary Operators 

2. Two Unit Operation 

1 Shift Supervisor 

2 Control Room Operators 

2 Asst. Control Room Operators 

2 Auxiliary Operators 

Health Physics and Chemistry coverage will be available for all shift 

operations. 

Normally, four shifts report for work on a rotating basis, one shift 

always being off. 
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12.5 HEALTH PHYSICS 

12.5-1 
12-1~69 

Established administrative controls assure that all procedures and 

requirements related to radiation protection are followed by all station 

personnel. These procedures include a Radiation Work Permit System. All 

work on systems or locations where exposure to radiation or radioactive 

materials is involved requires an appropriate Radiation Work Permit before 

work can· begin. The radiological hazards associated with the job are 

determined and evaluated prior to issuing the permit • 



12.5.1 PERSONNEL MONITORING SYSTEMS 

12.5.1-1 
12-1-69 

Personnel monitoring equipment consisting of film badges or thermoluminescent 

dosimeters are assigned to and worn by personnel. within the restricted area 

of the Surry Power Station as required by 10CFR20. In addition, those 

persons who work in Radiation Control Areas or whose job _requires access 

to these areas are required to use one or more of the following types of 

monitors; pocket chambers, self-reading dosimeters, pocket high radiation 

alarms, wrist badges, and finger tabs in addition to the film badge. 

Records of radiation exposure history and current occupational exposure 

are maintained by the Health Physics group for each individual for whom 

personnel monitoring is required and is reported to the AEC as required by 

10CFR20. 

• 

• 
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12.5.2 PERSONNEL PROTECTIVE EQUIPMENT 

12.5.2-1 
12-1-69 

Special protective clothing is furnished and worn as necessary to protect 

personnel against contact with radioactive contamination. A change room 

is conveniently_ located for use of this protective clothing. Respiratory 

protective equipment is also available for the protection of personnel 

against airborne radioactive contamination, 



12.5.3 CHANGE ROOM AREA 

12.5.3-1 
12-1-69 

A .change room has been provided so that personnel may obtain clean 

protective clothing required for station work. This area is the main 

access dividing point between the "clean" and "Radiation Control" areas 

of the facility. The "Radiation Control" section of the change room is 

used for the removal and handling of potentially contaminated protective 

clothing after use. Showers, sinks, and necessary monitoring equipment 

also is provided in both sections of the change area, 

• 

• 

• 
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12.5.4 DECONTAMINATION FACILITY 

12.5.4-1 
12-1-69 

A Decontamination Facility is provided at the station for decontamination 

of large and small items of plant equipment and components as discussed 

in Section 9.14 • 



12.5.5 ACCESS CONTROL 

12.5.5-1 
12-1-69 

In order to protect personnel from access to high radiation areas, 

warning signs, audible and visual indicators, barricades and locked 

doors are used as necessary. Administrative procedures have been 

established to control access to radiation and high radiation areas. 

• 

• 



• 

-• 

• 

12.5.6 HEALTH PHYSICS LABORATORY FACILITIES 

12.5.6-1 
12-1-69 

Surry Power Station includes a Health Physics Laboratory with adequate 

equipment for det·ecting, separating, analyzing, and measuring the types 

of radiation of concern, and for evaluating any radiological problem which 

may be anticipated. Counting equipment such as G-M, scintillation and 

proportional counters, and scalers is provided in an appropriately designed 

counting roo~ for detecting and measuring radiation as well as equipment 

for the identification of specific radionuclides. Equipment and facilities 

for analyzing environmental survey bioassay samples are also included in 

the Health Physics Laboratory. 



12.5.7 HEALTH PHYSICS INSTRUMENTATION 

12.5.7-1 
12-1-69 

Portable radiation survey instruments are provided for use by Health 

Physics, operating, and maintenance personnel. A sufficient number 

are available to allow for use, calibration, maintenance, and repair. 

The types of instruments used include those for detecting and measuring 

alpha, beta, gannna, and neutron radiation. Fixed hand and foot monitoring 

instruments or G-M survey and count rate meters are located at exits from 

Radiation Control Areas. These instruments assist operating personnel 

in detecting and preventing the spreading of contamination. 

Portable survey instruments are also available at various locations within 

the Radiation Control Area as conditions warrant. 

Permanently installed area radiation monitoring equipment is included in 

the Surry facility. These detectors continuously monitor radiation levels 

within certain areas as discussed in Section 11.3.4. These monitors will 

have an indicator readout in the Main Control Room and present an audible 

alarm both in the area of concern and in the Main Control Room. 

• 

• 

• 



12.5.8 BIOASSAY AND MEDICAL PROGRAMS 

12.5.8-1 
4-15-70 

Appropriate bioassay samples are collected and evaluated as necessary 

from personnel who work in Radiation Control Areas as an aid in 

evaluating internal exposures. 

,. 

A comprehensive medical examination program, appropriate for radiation 

exposed workers is conducted to determine whether all workers are 

physically suited for radiation work. 

A more complete discussion of the emergency medical program is included in 

the Emergency Operating Procedures. 
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12.6 OPERATIONS PROCEDURES 

12.6-1 
12-1-69 

Detailed written procedures for all normal nuclear operations and for 

abnormal and emergency nuclear situations have been prepared. Included 

in the procedures is a plan to provide the necessary arrangement and 

organization of personnel to deal effectively with any foreseeable 

station emergency. The station design is such that none of the credible 

nuclear accidents will create an undue hazard to the public; however, 

organization for action in various types of emergencies has been pre

arranged. All station personnel are thoroughly familiar with the 

emergency plan, and practice drills are held as necessary for training • 
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12.7 RECORDS 

12.7-1 
12-1-69 

Records documenting the nuclear operation and maintenance of, modifica

tions to, the station are maintained on file at the station site. 

Operating records include appropriate log books, log sheets, data logger 

output, and recorder charts covering all aspects of operation. Detailed 

records of routine operational testing of nuclear safeguards systems and 

components are also maintained, Maintenance and modifications records 

are kept for documenting inspections, preventative maintenance, alterations, 

and repairs to mechanical, electrical, and instrumentation systems. Copies 

of administrative records such as personnel radiation exposure records, 

station licenses, and permits are maintained on file at the station • 
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12.8 REVIEW AND AUDIT OF OPERATIONS 

12.8-1 
12-1-69 

A review procedure has been established to review the following: 

1. All operating procedures 

2. All proposed tests and experiments 

3. Changes in design 

4. Proposed changes to the Technical Specifications 

5. Unusual occurrences 

6. Violations of the Technical Specifications 

In addition, occasional inspection of station operations. and other special 

reviews are performed as necessary. Two connnittees are planned for this 

purpose; a Station Nuclear Safety and Operating Connnittee, and a System 

Nuclear Safety and Operating Committee. The members of these connnittees 

and their responsibilities have been noted in the administrative controls 

section of the station Technical Specifications • 



12.9 INSERVICE INSPECTION 

12.9-1 
4-15-70 

The inservice inspection program for the Surry Power Station is designed to 

verify that the structual integrity of the reactor coolant pressure boundary 

is maintained throughout the life of the station, The program has been 

developed by adopting, insofar as practicable, the principles and intent 

embodied in the ASME Code for Inservice Inspection of Nuclear Reactor 

Coolant Systems. However due to the advanced stage of design and 

construction and the date of publication of the code, consideration has 

been given to the "Inservice Inspection Requirement for Nuclear Power Plants 

Constructed with Limited Accessibility for Inservice Inspection", dated 

January 31, 1969. 

The following components and areas are available for visual and/or 

non-destructive inspection: 

1. Reactor Vessel - The entire inside surface. 

2. Reactor Vessel Nozzles - The entire inside surface. 

3. Reactor Vessel Closure Head - The entire inside and outside 

surface. 

4. Reactor Vessel Studs, Nuts, and Washers. 

5. Field Welds between the Main Coolant Piping, Reactor Vessel, 

Steam Generators, Reactor Coolant Pumps, the Chemical and 

Volume Control Piping, and Safety Injection System Piping. 

6, Reactor Internals. 

7. Reactor Vessel Flange Seal Surface. 



8. Control Rod Drive Shafts. 

9. Control Rod Drive Mechanism Assemblies. 

-12. 9-2 
12-1-69 

10. Selected Areas of Reactor Coolant Pipe External Surfaces 

(except for the five foot penetration of the primary shield). 

11. Steam Generator - The external surface, the internal surfaces 

of the steam drum, and channel head. 

12. Pressurizer - The internal and external surfaces. 

13. Reactor Coolant Pump - The external surfaces, motor and 

impeller. 

14. Loop Stop Valves. 

15. Regenerative Heat Exchanger - The external surface and 

nozzle welds. 

The considerations which are incorporated into the Reactor Coolant System 

design to permit the above inspections are as follows: 

1. All reactor internals are completely removable. The storage 

space required to permit these inspections is provided. 

2. The closure head is stored dry in the containment structure 

during refueling to facilitate direct visual inspection. 

3. All reactor vessel studs, nuts, and washers are removed to 

dry storage during refueling. 

4. Provision is made to remove portions of the supplementary 

neutron shield of the coolant nozzles, and the insulation 

covering the nozzle welds may be removed. 

5 •. Access holes are provided in the lower internals barrel flange 

to allow remote access to the reactor vessel internal surfaces 

between the flange and the nozzles without removal of the internals. 

-

-
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12.9-3 
12-1-69 

6. A removable plug is provided .in the lower core support plate 

to allow access for inspectio~ of the bottom head without 

removal of the lower internals. 

7. The storage stands provided for storage of t~e upper internals 

package allows for inspection access to both the inside and 

outside of the structu.re. No permanent storage stand is 

provided for the lowe~ internals package. However, it can 

be removed from the reactor vessel and temporarily stored, if 

inservice inspection is required. 

8. The control rod drive mechanism is designed to allow removal 

of the mechanism assembly from the reactor vessel head by 

cutting of seal welds. 

9. Manways are provided in the steam generator steam drum and 

channel head to allow access for internal inspection. 

10. A manway is provided in the pressurizer top head to allow 

access for internal inspection. 

11. Insulation on primary system components (except the reactor 

vessel) and selected portions of the piping (except for the 

penetration in the primary shield) may be re~oved. 

Conventional non-destructive test techniques can be used for the 

inspection of primary loop components o.ther than the reactor vessel. 

The reactor vessel presents special problems because of radiation levels 

and underwater accessibility which severely restrict available test 

techniques. Several steps are incorporated in the design and manufacturing 
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procedures to prepare the vessel for non-destructive test techniques which 

may be available in the future. 

These are: 

l ,' Ultrasonic examinations and mapping on all internally clad 

surfaces of the vessel to provide a reference for future 

ultrasonic testing. 

2. The internal reactor vessel shell, in the core area, presen~s 

a clean, uncluttered cylindrical surface which should permit 

positioning of future test equipment without obstruction. 

3. During the manufacturing stage, additional areas of the 
. . 

reactor vessel were ultrasonic tested and mapped to provide 

a reference point for possible inspections in the future. 

The areas selected for ultrasonic testing and mapping include: 

a. Vessel flange radius, including the vessel flange to 

upper shell weld. 

b. Middle. shell course. 

c. ·Lower shell course above the radial core supports. 

d. Exterior surface of the closure head from the flange 

knuckle to the cooling shroud. 

e. Nozzle to upper shell weld. 

f. Middle shell to lower shell weld. 

g. Upper shell to middle shell weld. 

The pre-operational ultrasonic testing of these areas is performed after 

shop hydrostatic test. 

• 

• 
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The internal surface of the reactor vessel is inspected, periodically using 

optical devices over the.accessible areas. During refueling, the vessel 

cladding can be inspected in certain areas between the closure flange and 

the primary coolant inlet nozzles, and, if deemed necessary by this 

inspe.ction, the core barrel could be removed making the entire inside 

vessel surface accessible. If more advanced inspection methods (such as 

ultrasonic testing), 'are successfully ·developed for the vessel, these 

methods will be employed as appropriate. 

Externally, the control rod drive mechanism nozzles on the closure head, 

the instrument nozzles on the bottom of the vessel, and the extension 

spool pieces on the primary coolant outlet nozzles are accessible for 

inspection during refuelings. 

The closure head is examined visually during each refueling. Optical 

devices permit-visual inspection of the cladding, control rod drive 

mechanism nozzles, and the gasket seating surface. The knuckle 

transition piece, which is the area of highest stress of the closure 

head, also is accessible on the outer surface for inspection. 

Th~ closure studs are inspected periodically, and it is possible 'to 

perform strain tests during the tensioning which assists in verifying 

the material properties. 

A complete program dealing with the frequency of inspection and the 

methods of such inspections is defined in the Technical Specificat:ions. 
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The program was developed with an attempt to conform, where practical 

with the Code for Inservice Inspection of Nuclear Reactor Coolant 

Systems, dated January, 1970. Due to. the advanced stage of design 

and construction and the date of publication of the ASME Code, consideration 

has also been given to the "Inservice Inspection Requirements for Nuclear 

Power Plants Constructed with Limited Accessibility for Inservice 

Inspection", dated January 31, 1969. However, since proven practical 

methods of performing all the inspections as proposed in the ASME Code 

have not been fully developed, available methods that represent a logical 

approach to the intent of the code will be employed. 

In consideration of the Surry Power Station schedule of design and 

construction and the date of publication of the code, Technical 

Specifications describe the general degree of conformance to the 

USASI-N45 code. 

·e 
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13 INITIAL TESTS AND OPERATION 

13.1 TESTS PRIOR TO REACTOR INITIAL FUELING 

13.1-1 
12-1-69 

The comprehensive testing program ensured that equipment and systems 

performed in accordance with design criteria prior to fuel loading. 

As the installation of individual components and systems was completed, 

they were tested and evaluated according to predetermined and approved 

written testing techniques, procedures, or check-off lists. Field and 

Engineering analyses of test results were made to verify that systems 

and components were performing satisfactorily and to recommend corrective 

action, if necessary . 

The program included tests, adjustments, calibrations, and system 

operations necessary to assure that initial fuel loading and subsequent 

power operation could be safely undertaken. In general, the types of 

tests are classified as hydrostatic, functional, electrical, and 

operational. Functional tests verified that the system or equipment 

was capable of performing the function for which it was designed. 

Operational tests involved actual operation· of the system and equipment 

under design or simulated design conditions. 

Whenever possible, these tests were performed under the same conditions 

as experienced under subsequent station operations. During system tests 

for which unit parameters were not available and could not be simulated, 
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the systems were operational tested as far as possible without these parameters. ~, 

The remainder of the tests were performed when the parameters were available. 

Abnormal unit conditions were simulated during testing when such conditions 

did not endanger personnel or requipment, or contaminate clean systems. The de

tailed procedure took into account the predicted emergency or abnormal conditions 

involved in the tests program, and appropriate measures were included in the 

procedure. 

During the preoperational tests, piping systems were checked to insure correct 

and satisfactory performance under normal operating conditions, including ex

pected routine transients. Any abnormal conditions, such as water hammer, 

excessive vibration or displacement were noted and referred to the start-up 

engineer for investigation, If the conditions warranted, remedial steps were ~ 
implemented to correct the condition to insure the operational integrity of 

the system. If no abnormal conditions were observed, the system was deemed to 

be satisfactory and no other action taken. 

For purpose of illustration, a listing of representative tests required prior 

to initial reactor fueling is contained in Table 13.1-1. Additional information 

of pre-operational testing of specific components and systems is contained in 

the Inspection and Tests subsections of Sections 3, 4, 5, 6, 7, 8, 9, 10 and 11. 

The Quality Assurance Section (15.4.6) contains supplemental information con, 

cerning procedural and organizational matters. 

All systems have System Descriptions in which individual equipment tests are 

listed. • 



• 

• 

• 

TABLE 13.1-1 

13.1-3 
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OBJECTIVES OF SYSTEM TEST PRIOR TO INITIAL REACTOR FUELING 

SYSTEM TESTS. 

1. Electrical System 

TEST OBJECTIVE 

To ensure continuity, circuit integrity, and 

the correct and reliable functioning of 

electrical apparatus. Electrical tests were 

performed on transformers, ··switchgear, 

turbine-generators, motors, cables, control 

circuits, excitation switchgear, d-c systems, 

annunciator systems, lighting distribution 

switchboards, communication systems and 

miscellaneous equipment. Special attention 

was directed to the following tests: 

(a) High voltage switchgear breaker 

interlock test. 

(b) Station loss of voltage auto-

transfer test. 

(c) Emergency power transfer test. 

(d) Tests of protective devices •. 

(e) Eq~ipment automatic start tests. 

(f) Exciter check for proper voltage 

build up. 

(g) Insulation tests . 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

2. Voice Communication 

System 

3. Service Water System 

4. Fire Protection System 

5. Compressed Air System 

TEST OBJECTIVE 

To verify proper communication between all 

local stations, for interconnection to 

commercial phone service, and to balance 

and adjust amplifiers and speakers. 

To verify, prior to critical operations, 

the design head-capacity characteristics 

of the service water system, that the 

system would supply design flow rate 

through all heat exchangers, and would 

meet the specified requirements when 

operated in the safeguards mode. 

To verify proper operation of the system 

by ensuring the design intent.was met for 

the fire pumps, to verify that automatic 

start functions operated as designed, and 

to verify that level and pressure controls 

met specifications. 

To verify leak tightness of the system, 

proper operation of all compressors, the 

manual and automatic operation of controls 

at design set-points, design air-dryer cycle 

• 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

6, Reactor Coolant System 

Cleaning 

7. Ventilation Systems 

TEST OBJECTIVE 

time and moisture content of discharge air, 

and proper air pressure to each controller 

served by the system. 

To flush and clean the reactor coolant 

and related primary systems to obtain 

the degree of cleanliness required for 

the intended service. Provisions to 

maintain cleanliness and protection from 

contaminated sources were made after 

system cleaning and acceptance, 

After systems were flushed clean of 

particulate matter, the cleanliness of 

the system was maintained, Coolant 

was analyzed for chloride content, solids, 

pH, and conductivity. Oxygen content was 

analyzed and brought to specifications 

prior to exceeding 200°F, 

To verify proper operability of fans, 

controls, and other components of the 

Containment Ventilation System and 

Auxiliary Ventilation System, 



SYSTEM TESTS 

8. Condensate and 

Feedwater System 

9. Auxiliary Coolant 

Systems 

TABLE 13.1-1 (Continued) 

TEST OBJECTIVE 

13.1-6 
5-1-71 

To verify value and control ·operability 

and set-points, an inspection for 

completeness and integrity was made. 

Functional testing was performed when 

.the Main Steam System was available. 

Flushing and hydrostatic test were 

performed where applicable. 

To verify component cooling flow to all 

components, and tc verify proper opera

tion of instrumentation, controllers, and 

alarms. Specifically, each of the three 

systems; i.e., Component Cooling System 

(including the Charging Pump Cooling System), 

Residual Heat Removal System and Fuel Pit 

Cooling System, was tested to ensure: 

(a) All manual and remotely operated 

valves were operable manually 

and/or remotely. 

(b) All pumps performed their design 

functions satisfactorily. 

• 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

10. Boron Recovery System 

11. Chemical and Volume 

Co,ntrol System 

TEST OBJECTIVE 

(c) All temperature, flow, level, and 

pressure controllers functioned to 

control at the required set-point 

wheri supplied with appropriate 

signals. 

(d) All temperature, flow level, and 

pressure alarms provided alarms at 

the required·locations when the 

alarm set-point was reached and 

cleared when the reset point was 

reached. 

(e) Design flow rates were established 

through the principal heat exchangers. 

To verify valve and control operability and 

set-points, flushing and hydrostatic testing 

as applicable, inspection for completeness 

and integrity. Functional testing was per

formed when a steam supply was available. 

To verify, prior to critical operation, that 

the Chemical and Volume Control System 

functioned as specified in the system 



SYSTEM TESTS 

TABLE 13.1-1 (Continued) 

TEST OBJECTIVE 

13.1-8 
12-1-69 

description and appropriate manufacturers' 

technical manuals. More Specifically that: 

(a) All manual and remotely operated 

valves were operable manually 

and/or remotely. 

(b) All pumps performed to specifications. 

(c) All temperature, flow, level and 

pressure controllers functioned to 

control at the required set-point 

when supplied with appropriate 

signal(s). 

(d) All temperature, flow, level, and 

pressure alarms provided alarms at 

the required locations when the alarm 
I • , 

set-point was reached and cleared 

when the reset point was reached. 

(e) The reactor makeup control regulated 

blending, dilution, and boration as 

designed. 

· (f) The design seal water flow rates were 

attainable at each reactor coolant 

pump. 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

12. Safety Injection System 

TEST OBJECTIVE 

(g) Chemical Addition Subsystem functioned 

as specified. 

To verify prior to critical operation, 

response to control signals and sequencing 

of the pumps, valves, and controllers of 

this system as specified in the system 

description and the manufacturer's technical 

manuals; and to check the time required to 

actuate the system after a safety injection 

signal was received. More Specifically 

that: 

(a) All manual and remotely operated 

valves were operable manually and/or 

remotely. 

(b) For ¢ach pair of valves installed for 

' redundant flow paths, disabling one of 

the valves did not impair operation of 

the other. 

(c) All pumps performed their design 

functions satisfactorily . 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS TEST OBJECTIVE 

13. Containment Spray System 

(d) The proper sequencing of valves and 

pumps occurred on initiation of a 

safety injection signal. 

· (e) The fail position on loss of power 

for each remotely operated valve 

was as specified. 

(f) Valves requiring signals or high 

containment pressure to operate did 

so when supplied with these signals. 

(g) All level and pressure instruments 

were set at the specified points and 

provided alarm and reset at the 

required location(s). 

(h) The time required to actuate the 

system was within the design 

specifications. 

To verify, prior to critical operation, 

response to control signals and sequencing 

of the pumps, valves, and controllers as 

specified in the system description and the 

manufacturers' technical manuals; and to 

• 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

14. Fuel Handling System* 

TEST OBJECTIVE 

check the time required to actuate the 

system after a containment high-high 

pressure signal was received. More 

specifically, see the test objective 

listing for Safety Injection System 

above. 

To show that the system design is capable 

of providing a safe and effective means of 

transporti.ng and handling fuel from the 

time it reaches the station until it 

leaves the station. In particular, the 

tests were designed to verify that: 

(a) The major structures required for 

refueling, such as the reactor 

cavity, refueling canal, new fuel 

and spent fuel storage, and 

decontamination facilities, were 

in accordance with the design intent. 

(b) The major equipment required for 

refueling such as the manipulator 

crane, fuel handling tools, spent 

* Tests were conducted.with a dummy fuel element 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

15. Radiation Monitoring 

Systems 

16. Reactor Control and 

Protection System 

TEST OBJECTIVE 

fuel transfer system, operated in 

accordance with the design 

specifications. 

(c) All auxiliary equipment and 

instrumentation functioned properly. 

To verify the calibration, operability, 

and alarm set-points of all area radiation 

monitors, air particulate monitors, gas 

monitors and liquid monitors which are 

included in the process Radiation Monitor 

System and the Area Radiation Monitor 

System. 

To verify calibration, operability, and 

alarm settings of the Reactor Control and 

Protection System; to test its operability 

in conjunction with other systems. As an 

example, the Nuclear Instrumentation 

System tests are detailed below. 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

17. Nuclear Instrumentation 

System 

TEST OBJECTIVE 

To ensure that the instrumentation system 

was capable of monitoring the reactor 

leakage neutron flux from source range 

through 120 percent of full power and 

that protective functions were operating 

properly. In particular the tests were 

designed to verify that: 

(a) All system equipment, cabling, and 

interconnections were properly 

• installed. 

• 

(b) The source range detector and 

associated instrumentation responded 

to neutron level changes, and that 

the source range protection (high 

flux level reactor trip) as well 

as alqrm features and audible count 

rate operated properly. 

(c) The intermediate range instrumentation 

operated properly, the reactor protec

tive and control features such as high 

level· reactor trip and high level rod 

stop signals operated properly, and 



SYSTEM TESTS 

18. Radioactive Waste 

System 

TABLE 13.1-1 (Continued) 

TEST OBJECTIVE 

13.1-14 
12-1-69 

the permissive signals for blocking 

source range trip and source range 

high voltage off operated properly. 

(d) The poweir range instrumentation 

operated properly; the protective 

features such as the overpower trips, 

pennissive and dropped-rod functions 

operated with the required redundancy 

and separation through the associated 

logic matrices; and the nuclear power 

signals to other systems were available 

' and operating properly. 

(e) All auxiliary equipment such as the 

startup rate channel, recorders, and 

indicators operated properly. 

(f) All instruments were properly 

calibrated and all set-points and 

alarms were properly adjusted. 

To verify satisfactory flow characteristic:s 

through the equipment, to demonstrate satis

factory performance of pumps and instruments, 

• 

• 

• 



• 
SYSTEM TESTS 

• 

• 

13.1-15 
12-1-69 

TABLE 13.1-1 (Continued) 

TEST OBJECTIVE 

to check for leaktightness of piping and 

equipment, and to verify proper operation of 

monitors, alarms and controls. More 

specifically that: 

(a) All manual and automatic valves were 

operable. 

(b) All instrument controllers operated to 

control system at required values, 

(c) 

(d) 

All alarms were operable at required 

locations . 

All pumps performed their design 

functions satisfactorily. 

(e) All pump indicators and controls 

were operable at required locations. 

(f) The waste gas compressors and blowers 

operated as specified. 

(g) The gas analyzers and recombiners 

operated as specified. 

(h) The waste evaporator operated as 

specified • 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

19. Sampling System 

20. Emergency Power System 

TEST OBJECTIVE 

To verify that a quantity of representative 

fluid could be obtained safely from each 

sampling point. In particular the tests 

were designed to verify that: 

(a) All system piping and components 

were properly installed. 

(b) All remotely and manually operated 

valving operated in accordance with 

the design specifications. 

(c) All sample containers and quick-

disconnect couplings functioned 

properly. 

To demonstrate that the system was capable 

of providing power for operation of vital 

equipment under power failure conditions. 

In particular the tests were designed 

to· verify that: 

(a) All system components were properly 

installed. 

(b) Each emergency diesel functioned'. 

according to the design intent 

under emergency conditions. 

• 

• 

• 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

21. Hot Functional Tests 

TEST OBJECTIVE 

(c) The emergency units were capable of 

supplying the power to vital equip-

ment as required under Emergency 

Condit ions • 

(d) All redundant features of the system 

functioned according to the design 

intent. 

Using pump heat, the Reactor Coolant System 

was tested to check heatup and cooldown 

procedures to demonstrate satisfactory 

performance of components that are 

exposed to the reactor coolant temperature; 

to verify proper operation of instrumentiition, 

controllers and alarms, and to provide design 

operating conditions for checkout of auxiliary 

systems. 

The Chemical and Volume Control System was 

tested to determine that water could be 

charged at rated flow against normal 

Reactor Coolant System pressure; to 

check letdown flow against design rate for 

each pressure reduction station; to 
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TABLE 13.1-1 (Continued) • 

SYSTEM TESTS TEST OBJECTIVE 

determine the response of the system to 

changes in pressurizer level; to check 

procedures and components used in boric acid 

batching and transfer operations; to check 

operation of the reactor makeup control; to 

check operation of the excess letdown and 

seal water flowpath; and to verify proper 

operation of instrumentation controls and 

alarms. 

The Sampling System was tested to determine 

that a specified quantity of representative 

fluid could be obtained safely and at design 

conditions from each sampling point. 

The Component Cooling System was tested to 

evaluate its ability to remove heat from 

systems containing radioactive fluid and 

other special equipment, under varied service 

water conditions; to verify component cooling 

flow to all components; to verify that the 

charging pumps cooling water subsystem 

functioned as design and to verify proper 

operation of instrumentation, controllers 

and alarms. 

• 

• 
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• TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

22. Pressurizer Level 

Control System 

23. Rod Position 

• Indication System 

24. Reactor Thermocouple 

Instrumentation 

25. Auxiliary Stearn Generator 

Feedwater Pumps 

• 

TEST OBJECTIVE 

Following this hot functional the reactor 

internals were examined for evidence of 

vibration. 

To ensure that the system was capable of 

monitoring the full range of pressurizer 

level and to verify alarms and set-points. 

Also to verify that the system in conjunction 

with the Chemical and Volume Control System 

controls pressurizer level. 

To check the systems response to test signals 

and to verify correct indicating and control 

functions. After fuel loading and after 

the position indication coils were installed, 

a cali"i:,ration and complete operational check 

was performed by operating individual control 

rod drive mechanisms. 

To check and calibrate the system and 

compare thermocouple readings with other 

temperature instrumentation indications 

up to the maximum allowable temperature. 

To verify that all pumps performed their 

design functions satisfactorily. 
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TABLE 13.1-1 (Continued) 

SYSTEM TESTS 

26. Primary System 

Safety and Relief 

Valves 

27. Cold Hydrostatic Tests 

28. Main Steam 

Trip Valves 

TEST OBJECTIVE 

To verify correct relief and lift pressures 

as necessary. 

To verify the integrity and leaktightness 

of the Reactor Coolant System and auxiliary 

primary systems with the performance of a 

hydrostatic test at the specified test 

pressure. 

To verify that they will terminate steam flow 

to the turbine by testing at steam temperature 

and pressure associated with hot functional 

conditions. 

• 

• 

• 
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13.2 FINAL STATION PREPARATION 

13.2-1 
12-1-69 

Fuel loading began when all prerequisite system tests and operations were 

satisfactorily completed and the facility operating lic~nse was obtained. 

Upon completion of fuel loading, the reactor upper internals and pressure 

vessel head were installed and additional mechanical and electrical tests 

were performed. The purpose of this phase of activities was to prepare 

the system for nuclear operation and to establish that all design require

ments necessary for operation had been achieved, The core loading and 

post loading tests are described below • 



13.2.1 CORE LOADING 

13.2.1-1 
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The overall responsibility and direction for initial core loading was exercised 

by the Station Manager assisted by the Superintendent of Station Operations. The 

overall process of initial core loading was normally directed from the charging 

floor of the containment structure. Standard procedures for the control of 

personnel and the maintenance of containment security was established prior to 

fuel loading. Westinghouse provided technical advisors to assist during the 

initial core loading operation. 

The as-loaded core configuration was specified as part of the core design 

studies conducted in advance of station startup and as such was not subject 

to change at startup. If a fuel assembly had sustained mechanical damage 

during core loading operations, a replacement fuel assembly of the same type 

would have been used, if available, and the core loading would have continued 

according to the prescribed plan. If such an assembly had not been available, 

an alternate core loading scheme would have been devised which would have in

sured operation within technical specifications, and this scheme would have 

been invoked. 

The core was assembled in the reactor vessel, submerged in water containing 

enough dissolved boric acid (at least 1500 ppm boron) to maintain a core 

effective multiplication constant of 0.90 or lower. The refueling cavity 

was dry during initial core loading. Core moderator chemistry conditions 

• 

• 
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(particularly, boron concentration) were prescribed in the core loading 

procedure document and were verified periodically by chemical analysis of 

moderator samples taken prior to and during core loading operation. 

Core loading instrumentation consisted of two permanently installed source 

range (pulse type) nuclear channels and two temporary incore source range 

channels plus a third temporary channel which could be used as a spare. The 

permanent channels were monitored in the Main Control Room by licensed 

station operators; the temporary channels were installed in the containment 

structure and monitored by reactor engineering personnel. At least one channel 

and one temporary channel was equipped with audible count range indicators. 

Both channels and both regular temporary channels displayed neutron count 

rate on count rate meters and strip chart recorders. Minimum count rates 

of two counts per second, attributable to core neutrons, were required on 

at least two of the four available nuclear channels at all times during core 

loading operations. 

At least two artifical neutron sources were introduced into the core at 

appropriate specified points in the core loading program to ensure a neutron 

population large enough for adequate monitoring of the core. 

Fuel assemblies together with inserted components (control rod assemblies, 

burnable poison inserts, sourc~ spider, or thimble plugging devices) were 

placed in the reactor vessel one at a time according to a previously es

tablished and approved sequence which was developed to provide reliable core 

monitoring with minimum possibility of core mechanical damage. The core 
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loading procedure documents included a detailed tabular check sheet which 

prescribed and verified the successive movements of each fuel assembly and its 

specified inserts from its initial position in the storage racks to its final 

positions in the core. Multiple checks were made of component serial numbers 

and types at successive transfer points to guard against possible inadvertent 

exchanges or substitutions of components. 

An initial nucleus of eight fuel assemblies, the first of which contained 

an activated neutron source, was the minimum source-fuel nucleus which would 

permit subsequent meaningful inverse count rate monitoring. This initial 

nucleus was determined by calculation and previous experience to be markedly 

subcritical (keff= 0.90) under the required conditions of loading. 

Each subsequent fuel addition was accomplanied by detailed neutron count 

rate monitoring to determine that the just loaded fuel assembly had not 

excessively increased the count rate and that the extrapolated inverse count 

rate ratio was not decreasing for unexplained reasons. The results of each 

loading step was evaluated by the Applicant and technical advisors before the 

next prescribed step was started. 

Criteria for safe loading required that loading operations stop immediately 

if: 

a. The neutron count rates on all responding nuclear channels 

doubled during any si~gle loading step after the initial nucleus 

of eight fuel assemblies had been loaded. 

b. The neutron count rate on any individual nuclear channel increased 

by a factor of five during any single loading step. 

• 

• 

• 
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An alarm in the containment and Main Control Room was coupled to the source 

range channels with a set-point at five times the current count rate. 

This alarm would have automatically alerted the loading operation to an 

indication of high count rate and would have required an immediate stop 

of all operations until the incident was evaluated by the Applicant and 

technical advisors. 

In the event that the licensed station operator in the Main Control Room 

determined that an unacceptable increase in count rate was being observed 

in any or all responding nuclear channels, he executed one of, or 

combinations of, .the prepared special procedures which involved with

drawing fuel from the core, manually actuating the containment evacuation 

alarm, or charging of concentrated boric acid into the moderator. 

Core loading procedures specified alignment of fluid systems to prevent 

inadvertent dilution of the reactor coolant, restricted the movement of 

fuel to preclude the possibility of mechanical damage, prescribed the 

conditions under which loading could proceed, identified chains of 

responsibility and authority and provided for continuous and complete 

fuel and core component accountability . 



13.2.2 POSTLOADING TESTS 

13.2.2-1 
5-1-71 

Upon completion of core loading, the reactor upper internals and the pressure 

vessel head were installed and additional mechanical and electrical tests were 

performed prior to initial criticality. The final hydrostatic tests were con

ducted after filling and venting was completed. 

Mechanical and electrical tests were performed o~ the control rod drive 

mechanisms at both the cold and hot conditions. These tests included a complete 

operational checkout of the mechanisms. Checks were made to ensure that the 

control rod assembly position indicator coil stacks were connected to their 

position indicators. Similar checks were made on control rod drive mechanism 

coils. 

Tests were performed onthe reactor trip circuits to test manual trip operation 

and actual control rod assembly drop times were measured for each control rod 

assembly. By use of dummy signals, the Reactor Control and Protection System 

was made to produce trip signals for the various unit abnormalities that 

required tripping. 

At all_ times that the control rod drive mechanisms were being tested, the 

boron concentration in the coolant-moderator was large enough (approximately 

1500 ppm boron) that criticality could not be achieved with all control rod 

assemblies out. Furthermore, the number of control rod assemblies operated 

at any one time was restricted to no more than approximately half the total 

number of assemblies. 

• 
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A complete functional electrical and mechanical check was made of the 

incore nuclear flux mapping system at the operating temperature and 

pressure. 
I 
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13.3 INITIAL TESTING IN THE OPERATING REACTOR 

13.3~1 
12-1-69 

After satisfactory completion of fuel loading and final station tests, 

nuclear operation of the reactor was begun. This final phase of 

startup and testing included Initial Criticality, Initial Unit 

Verification Test, Zero Power Testing and Power Level Escalation. 

" The purpose of these tests was to establish the operational characteristics 

of the unit and core, to verify design prediction, to demonstrate that 

license requirements had been met, and to ensure that the next prescribed 

step in the test sequence could be safely undertaken. A brief description 

of the testing is presented in the followin~ sections. Table 13.3-1 

summarizes the tests which were performed from initial core loading to 

rated power • 



13.3.1 INITIAL CRITICALITY 

13.3.1-1 
12-1-69 

Initial criticality was established by sequentially withdrawing the 

shutdown and control groups of control rod assemblies from the core, 

leaving the last withdrawn control. group inserted far enough in the 

core to provide effective control when criticality was achieved, and 

then slowly and continuously diluting the heavily borated reactor 

coolant until the chain reaction was self-sustaining. 

Successive stages of control rod assembly group withdrawal and of boron 

concentration reduction was monitored by observing changes in neutron 

count rate as indicated by the regular source range nuclear instrumentation 

as functions of control rod assembly group position and, subsequently, 

of primary water addition to the Reactor Coolant System during dilution. 

Primary safety reliance was based on inverse count rate ratio monitoring 

as an indication of the nearness and rate of approach to criticality of 

the core during control rod assembly group withdrawal and during reactor 

coolant boron dilution. The rate of approach was reduced as the reactor 

approached extrapolated criticality to ensure that effective control was 

maintained at all times. 

Written procedures specified alignment of fluid systems to allow controlled 

start and stop and adjustment of the rate at which the approach to criticality 

could proceed, indicated values of core conditions under which criticality was 

• 

• 
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13.3.1-2 
12-1-69 

expected, specified allowed deviations in expected values, and identified chains 

of responsibility and authority during reactor operations. 

~-' 



13.3.2 INITIAL UNIT VERIFICATION TESTS 

13.3.2-1 
12-1-69 

Upon establishment of criticality, a series of tests was initiated to 

determine the overall unit behavior and to checkout the system under 

operating conditions. The initial tests consisted of selected zero 

power physics measurements and power escalation tests to ensure safe 

reactor operation while performing the overall unit checkout. 

The selected zero power measurements were made at or near operating 

temperature and pressure and were planned to consist of the last 

withdrawn control rod assembly group reactivity worth, boron 

concentration reactivity worth determined from data taken during the 

control rod assembly reactivity worth measurement, an isothermal 

temperature coefficient, and the control rod assemblies out critical 

boron concentration and power distribution. Concurrent tests were 

conducted on the unit instrumentation including the source and 

intermediate range nuclear channels. Control rod assembly operation 

and the behavior of the asso~iated control and indicating circuits 

were demonstrated under zero power operating conditions. The results 

of these tests and measurements were compared to the expected design 

behavior and a decision made by the Station Manager and technical 

advisors whether to continue with the preliminary testing or to do ,the 

complete zero power testing to better verify design values. The 

remainder of the initial station verification tests were performed 

during power escalation to no more than 40% of full power. 

• 
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13.3.2-2 
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The purpose of the above nuclear tests was to survey overall station 

performance and to determine the adequacy of the design and the 

integrity of the systems used. 

Detailed procedures specified.the sequence of tests and measurements 

conducted and the conditions under which each was performed. If 

deviations from design predictions existed, unacceptable behavior 

revealed, or apparent anomalies developed, the testing was suspended 

and the situation reviewed by the Applicant to determine whether a 

question of safety was involved, prior to resumption of testing, 



13.3.3 ZERO POWER TESTING 

13.3.3-1 
12-1-69 

A prescribed program of reactor physics measurements was undertaken to 

verify that the basic static and kinetic characteristics of the core 

were as expected and that the values of the kinetic coefficients assumed 

in the safeguards analysis were indeed conservative, 

The measurements were made at zero power and primarily at or near operating 

temperature and pressure. Measurements, to include verification of 

calculated values of control rod assembly group and unit reactivity worths, 

of isothermal temperature coefficient under various core conditions, of 

differential boron concentration reactivity worth and of critical boron 

concentrations as functions of control rod assembly group configuration 

were made. Relative power distribution checks were made in normal and 

abnormal control rod assembly configurations. 

Detailed procedures were prepared to specify the sequence of tests and 

measurements to be conducted and the conditions under which each was to be 

performed to ensure both safety of operation and the relevancy and 

consistency of the results obtained. 

• 
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13.3.4 POWER LEVEL ESCALATION 

13.3.4-1 
12-1-69 

When the operating characteristics of the reactor and unit were verified 

by the preliminary zero power tests, a program of power level escalation 

in successive stages brought the unit to its full rated power level. 

Both reactor and unit operational characteristics were closely examined 

at each stage and the relevance of the safeguards analysis verified 

before escalation to the next programmed level was effected. 

Reactor physics measurements were made to determine the magnitudes of 

reactivity effects, of control rod assembly group differential reactivity 

effects, of control rod assembly group differential reactivity worth and 

of relative power distribution in the core as functions of power level 

and control rod assembly group position. 

Concurrent determinations of primary and secondary heat balances ensured 

that the several indications of power level were consistent and provided 

bases for calibration of the power range nuclear channels. The ability 

of the Reactor Control and Protection System to respond etfectively to 

signals from primary and secondary instrumentation under a variety of 

conditions encountered in normal operations was verified. 

At prescribed power levels the response characteristics of the reactor 

coolant and steam systems to dynamic stimuli was evaluated. The responses 

of system components was measured for 10% loss of load and recovery, 50% 



13.3.4-2 
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loss of load and recovery, turbine trip, and trip of a single control rod 

assembly. 

After rated power level was achieved, a series of load follow tests was 

performed at selected power level escalation steps. The results of 

these tests gave actual reactor and unit behavior under operating 

conditions and was used to verify predicted load follow capabilities. 

Adequacy of radiation shielding was verified by gamma and neutron 

radiation surveys inside the containment and throughout the station site. 

The sequence of tests, measurements and intervening operations was 

prescribed in the power escalation procedures together with specific 

details relating to the conduct of the several tests and measurements. 

The measurement and test operations during power escalation was similar 

to normal operations. 

• 
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13.3.5 POST STARTUP SURVEILLANCE AND TESTING REQUIREMENTS 

13.3.5-1 
12-1-69 

Post startup surveillance and testing requirements are designed to provide 

assurance that essential systems, which include equipment components and 

instrument channels, are always capable of functioning in accordance with 

their original design criteria. These requirements can be separated into 

two categories: 

a) The system must be capable of performing its function, i.e., pumps 

deliver at design flow and heat, and instrument channels respond to 

initiating signals within design calibration and time responses. 

b) Reliability is maintained at levels comparable to those established 

in the design criteria and during early station life • 

The testing requirements, as described in the Technical Specifications, 

establish this reliability and, in addition, provide the means by which 

this reliability is continually reconfirmed. Verification of .operation 

of complete systems is checked at refueling intervals. Individual checks 

of components and instrumentation are made at more frequent intervals as 

outlined in the Technical Specifications. 

The techniques used for the testing of instrument channels included a pre

operational calibration which confirmed values obtained during factory test 

programs. These reconfirmed calibration values become the reference for 

recalibration maintenance at refueling intervals during station life, 

Periodic testing, as defined in the Technical Specifications, includes the 



13.3.5-2 
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insertion of a predetermined signal that wil~ trip the channel bistable. 

Indication of the operation is confirmed and recorded. 

Testing of components is initiated through manual actuation. If response 

times are important, they are measured and recorded. The capability to 

deliver design output is checked by instrumentation and compared against 

design data. Allowable discrepancies are established in the Technical 

Specifications. The component is operated sufficiently long to allow 

equalization of operating temperatures in bearings, seals, and motors. 

Checks are made on these parameters. The component is surveyed for 

excessive vibration. Readings are recorded. 

The Applicant believes that testing in accordance with the above described 

program provides a realistic basis for determining maintenance requirements 

and, as such, ensures continued system capabilities including reliability 

equal to that established in the original criteria. 

• 

• 

• 
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Test 

Control Rod 
Assembly Drop 
Tests 

Thermocouple/RTD 
Intercalibration 

Nuclear Design 
Check Tests 

Control Rod 
Assembly Group 
Worth 

Power Coefficient 
Measurement 

Automatic Control 
System Checkout 

Conditions 

a) Cold, Shutdown 
b) Hot, Shutdown 

Various temperatures 
during system heatup 
at zero power 

All two dimensional 
control rod assembly 
group configurations 
at hot, zero power 

All control rod 
assembly groups at 
hot, zero power 

0 percent to 100 
percent of rated 
power 

Approximately 
30 percent of rated 
power 

TABLE 13. 3-1 

INITIAL TESTING SUMMARY 

Objectives 

To measure the droptime of 
control rod assemblies under 
full flow and no flow conditions 

To determine inplace isothermal 
correction constants for all 
core exit thermocouples and 
reactor coolant RTD's 

To verify that nuclear design 
predictions for endpoint boron 
concentrations, isothermal 
temperature coefficients and 
power distributions were valid 

To verify that nuclear design 
·predictions for control rod 
assembly group differential worths 
with and without partial length 
control rod assemblies were valid 

To verify that nuclear design 
predictions for differential 
power coefficients were valid 

To verify control system 
response characteristics for the: 

a) Steam generator level 
control system 

Acceptance Criteria 

Droptime less than value 
assumed in Section 3, 
Safety Analysis Report 

Sensors showing excessive 
deviations from average 
were removed fro~ service 
or replaced 

Within limits established in 

FSAR 8p/~T and F~H 

Within limits established in . 
FSAR for 

~p/~h. ~p/h, 
ap/ah and ~p/h 

Technical Specification 
limiting values 

Safety Analysis Report 
criteria applicable 
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Test 

Power Range 
Instrumentation 
Calibration 

Load SY1ing Test 

Station Trip 

Pressurizer 
Effectiveness 
Test 

• 

TABLE 13.3-1 (Continued) 

Conditions 

During static and/or 
transient conditions 
at the following 
percentages of rated 
power: 

30 percent 
50 percent 
75 percent 
90 percent 

100 percent 
10 percent steps at 
the following percentages 
of rated power: 

50 percent 
75 percent 

100 percent 
Full Load Rejection 
from the following 
percentages of rated 
power: 

30 percent 
100 percent 

Hot, shutdown 

Objectives 

b) Control rod assembly 
automatic control system 

c) turbine control system 

To verify all power range 
instrumentation consisting of 
power range nuclear channels, 
incore exit thermocouple system, 
and reactor coolant RTD's were 
responsive to changes in reactor 
power level and to intercalibrate 
the several systems 

To verify reactor control 
perfor!rrance 

To verify reactor control 
performance 

To verify that pressurizer 
pressure was reduced at the 
required rate by pressurizer 
spray actuation 

Acceptance Criteria 

Verify that allowable 
errors sited in Tech
nical Specifications are 
met 

Unit performance criteria 
applicable 

Unit performance criteria 
applicable 

Unit performance criteria 
applicable 
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• 
Test 

Minimum Shutdown 
Verification 

Power Redistri
bution Follow 

RCC Out-of
Position Test 

I Step Load 
Reduction Test 

Conditions 

Hot, zero power 

75 percent of 
rated power 

50% peri;.ent of 
rated power 

Reduction frow 75 
percent to 25 r,er
cent of rated. power 

50 percent reduction 
from 100 percent of 
rated power 

• 
TABLE 13.3-1 (Continued) 

Objectives 

To verify the nuclear design 
prediction of the minimum shutdown 
boron concentration with one "stuck" 
control rod assembly 

To verify that out-of-core nuclear 
instrumentation adequately 
monitors changes in core power 
distribution under transient 
xenon conditions 

To verify that a single control 
rod assembly inserted fully or part 
way below the control bank is 
detected by out~of-cor~ nuclear 
instrumentation, core exit, thermo
~ouples under typical operating 
conditions and to provide bases 
for adjustment of protection system 
set-points 

To verify reactor control system 

• 
Acceptance Criteria 

Verify ~tuck control rod 
assembly shutdown criteria 

Technical Specification 
limiting values 

Inserted control rod assembly 
detectable with station 
instrumentation 

Unit performance report 
criteria applicable 
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Test 

Part Length 
Group Operational 
Maneuvering 

Load Cycle Test 

Dynamic Control 
· Rod Assembly Drop 
Test 

Turbine Generator 
Start up Tes ts 

Turbine Generator 

Control Valve 
Tests 

Acceptance Rtm 

Conditions 

90 percent of 
rated power 

40 percent to 
85 percent of 
rated power 

75 percent of 
rated power 

!> re- and P os t
Synch roni za ti on 

30 percent of 
. rated power 

7 5 percent of 
rated power 

100 hours at rated 
power 

TABLE 13.3-1 (Continued) 

Objectives 

To verify that the part length 
control rod assembly maneuvering 
scheme is effective in containing 
and suppressing spatial xenon 
transients 

To verify that all station systems 
are capable of sustaining load 
follow operations without 
encountering unacceptable oper
ational limits through a typical 
weekly. cycle 

To verify automatic_detection of 
. dropped control· rod assembly~ and 
subsequent automatic rod stop and 
turbine cutbac~ 

To verify that the turbine generator 
unit and associated controls and 
trips were·in good working order 
and ready for service 

· To· verify normal trouble free 
performance .·;f the turbine 
generator at lCM power 

To verify capabi+ity of exercising 
control valves at significant load 
and evaluate function of valves 
and controls 

To verify reliable steady state 
full power capability 

• 

_Acceptance Criteria 

Technical Specification 
limiting values 

Technical Specification 
limiting values for F

2
, 

power distribution 
shutdown margin 

Required power reduction 
and control rod assembly 
withdrawal block accomplish
ment 

Successful completion of 
all mechanical, electrical 
and control functional che~s 

Performance within 
manufacturers limitations 

Normal trouble free operation 
' 

100 hours reliable equilibrium 
opera:ion at full power 
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13.4 

13.4.1 

OPERATING RESTRICTIONS 

SAFETY PRECAUTIONS 

13.4.1-1 
12-1-69 

The measurements and test operations during zero power and power escalation 

were similar to normai station operations at power such that normal safety 

precautions were adequate • 



13.4.2 INITIAL OPERATION RESPONSIBILITIES 

13.4.2-1 
12-1-69 

The Applicant had overall responsibility for supervising and directing 

all phases of testing. Technical responsibility for each individual 

phase of actual startup resides with the functional group most directly 

concerned with the results of the phase. Stone & Webster and Westinghouse 

had onsite representatives of supporting functional groups to provide 

technical advice, recommendations and assistance in planning and executing 

the respective phases of unit startup. Specific responsibilities during 

each phase of testing are discussed in preceeding respective sections. 

All system operations in the testing program were performed by station 

operators in accordance with the approved written procedures. These 

procedures included such items as delineation of administrative procedures. 
l 

and test responsibilities, equ~pment clearance procedures, test purpose, 

conditions, precautions, limitations, and sequence of operations. 

Procedural changes were made only in accordance with an approved standard 

operating procedure that required review and approval of the changes by 

experienced supervisory personnel. 

T~st procedures stating the test purpose, conditions, precautions, limitations 

and criteria for acceptance were prepared for each test by station personnel 

with assistance from Westinghouse and Stone and Webster technical advisors. 

All such pr?cedures were reviewed and approved by the Applicants senior 

personnel in accordance with approved standard operating procedures prior 

to implementation. 

• 

• 

• 



13.4.2-2 
2-1-72 

As part of the precautions, all licensed Senior Reactor Operators and 

manufacturer's representatives whose equipment was being tested were 

instructed to stop a test or a portion of a test if the test was not being 

perfonned safely or in accordance with the written test procedures. The 

test procedure was required and was approved by the Station Manager or his 

representative. If substantial revision was required, however, the Station 

Manager reviewed the change with the same a~proach as a new test procedure 

before approving continuation. 

The Applicant had overall responsibility during plant startup, including pre

criticality tests, approach to criticality, and post-criticality operation. 

The station staff was assisted by the nuclear steam supply system supplier, 

Westinghouse Electric Corporation. Experienced Westinghouse rea~tor engineers 

were assigned to the station from fuel loading,through power ascension until 

completion of the 100 hour full load test. These reactor engineers had previously 

participated in reactor startups of similar units and were qualified and knowl

edgeable in reactor operations., At least one reactor engineer was on site during 

all shifts when the reactor was operating. The responsible shift reactor 

engineer reported directly to the Shift Supervisor and received instructions 

from him. The reactor engineer acted in an advisory capacity only - the Applicant 

retained responsibility and control of the unit. Reactor specialists, e.g. 

control engineers, etc., were available and utilized as required. 
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14 .1 GENERAL 

SAFETY ANALYSIS 

14.1-1 
2-13-70 

This section evaluates the safety aspects of the station and demonstrates 

that the station can be operated safely and that exposures from credible 

accidents do not exceed the guide lines of lOCFRlOO. 

This section is divided into subsections, each dealing with a different 

behavior category. These subsections are: 

1. CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS, SECTION 14. 2 

The incidents presented in Section 14.2 are associated with an individual 

tm.it within the station, and have no off-site radiation consequences. 

2. OTHER SINGLE UNIT ACCIDENTS, SECTION 14.3 

The accidents presented in Section 14.3 are the rupture of a steam 

generator tube, break of a steam line, and control rod ejection. 

3. GENERAL STATION ACCIDENT ANALYSIS, SECTION 14.4 

The accidents presented in Section 14.4 are associated with shared systems 

and facilities which may cause release of radioactive material to the 

environment. 



14.1-2 
2-13-70 

4. LOSS OF COOLANT ACCIDENT, INCLUDING THE DESIGN BASIS ACCIDENT 
.SECTION 14. 5 

The loss-of-coolant accident, or the rupture of a reactor coolant pipe, is 

the worst accident case and is the primary basis for the design basis 

accident; ·the unit design requirement. 

It is shown that even this accident meets the guide lines of lOCFRlOO by 

a wide margin, assuming that the core has been operating at its maximum 

expected reactor thermal power rating of 2546 MWt. 

-
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14.2.1 UNCONTROLLED CONTROL ROD ASSEMBLY WITHDRAWAL FROM A 

SUBCRITICAL CONDITION 

14.2.1 ... 1 
12-1-69 

A control rod assembly withdrawal incident is defined as an uncontrolled addition 

of reactivity to the reactor core by withdrawal of control rod assemblies re

sulting in a power excursion. While the probability of a transient of this 

type is extremely low, such a transient ·could be caused by a malfunction of the 

Reactor Control or Control Rod Drive Systems. This could occur with the 

reactor either subcritical or at power. The "at power" case is discussed in 

Section 14.2.2. 

Reactivity is added at a prescribed and controlled rate in bringing the reactor 

from a shutdown condition to a low power level during startup by control rod 

withdrawal. Although the initial startup procedure uses the method of boron 

dilution, the normal startup is with control rod assembly withdrawal. Control 

rod assembly motion can cause much faster changes in reactivity than can be made 

by changing boron concentration. 

The control rod drive mechanisms are wired into preselected banks, and these 

bank configurations are not altered during core life. The assemblies are 

therefore physically prevented from being withdrawn in other than 'their respective 

banks. Power supplied to the rod banks is controlled such that no more than 

two banks can be withdrawn at any time. The control rod drive mechanism is of 

the magnetic latch type and the coil actuation is sequenced to provide variable 

speed rod travel. The maximum reactivity insertion rate is analyzed in the 

detailed analysis assuming the simultaneous withdrawal of the combination of 

the two rod banks of the maximum combined worth at maximum speed. 



14.2.1-2 
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Should a continuous control rod assembly withdrawal be initiated, the 

transient will be terminated by the following automatic Safety Features: 

1. Source range flux level trip - actuated when either of two independent 

source range channels indicates a flux level above a preselected, 

manually adjustable value. This trip function may be manually 

bypassed when .either intermediate r~mge flux channel indicates a flux 

level above the source range cutoff power level. It is automatically 

reinstated when both intermediate range channels indicate a flux level 

below the source range cutoff power level. 

2, Intermediate range control rod stop - actuated when either of two 

independent intermediate range channels indicates a flux level above 

• 

a preselected, manually adjustable value. This control rod stop may • 

be manually bypassed when two out of the four power range channels 

indicate a power level above approximately 10 percent of full power. 

It is automatically reinstated when three of the four power range 

channels are below this value. 

3. Intermediate range flux level trip - actuated when either of two 

independent intermediate range channels indicate a flux level above 

a preselected, manually adjustable value. This trip function may be 

manually bypassed when two of the four power range channels are reading 

above approximately 10 percent of full power and is automatically 

reinstated when three of the four channels indicate a power level 

below this value. • 
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4. Power range flux level trip (low setting) - ac·tuated when two out of 

the four power range channels indicate a power level above approximately 

25 percent of full power. This trip function may be manually bypassed 

when two of the four power range channels indicate a power level 

above approximately 10 percent of full power and is automatically 

reinstated when three of the four channels indicate a power level 

below this value. 

5. Power range control rod stop - actuated when one out of the four 

power range channels indicates a power level above a preset setpoint. 

This function is always active. 

6 • Power range flux level trip (high setting) - actuated when two out 

of the four power range channels indicate a power level above a 

preset setpoint. This trip function is always active. 

The nuclear power response to a continuous reactivity insertion is characterize~ 

by a very fast rise terminated by the reactivity feedback effect of the negative 

fuel temperature coefficient. This self-limitation of the initial power burst· 

results from a fast negative fuel temperature feedback (Doppler effect) and 

is of prime importance during a startup incident since it limits the power to 

a tolerable level prior to external control action, After the initial power 

burst, the nuclear power is momentarily reduced and then if the incident is 

not terminated by a reactor trip, the nuclear power increases again, but at 

a much slower rate. 
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Termination of the startup i~~~~E:.1;~ by the above protection channels prevents • 

core damage. In addition, the reactor trip from high reactor pressure serves 

as a backup to terminate the incide~~ before an overpressure condition could 

occur. 

· ·Method of Analysis 

Analysis of this transient is performed by digital computation incorporating 

the neutron kinetics, including six delayed groups, and the core thermal 

and hydraulic equations. In addition to the nuclear flux response, the 

. average fuel, ijlad, and water temperature, and also the heat flux_response, 

are computed. 

In order to give conservative results for a startup incident, the following 

additional assumptions are made concerning the initial reactor conditions: 

1. Since the magnitude of the nuclear power peak reached during the 

initial part of the transient,' for any given rate of reactivity insertion, 

is strongly dependent on the Doppler power reactivity coefficient, a 

conservatively low value is used for the startup incident (See 

Figure 14. 2 .1-.1). , 

2. The contribution of the moderator reactivity coefficient is negligible 

during the initial part of the transient because the heat transfer 

time constant between the fuel and the moderator is much longer than 

the nuclear flux response time constant. However, after the initial 

• 

• 
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nuclear flux peak, the succeeding rate of power increase is affected 

by the moderator reactivity coefficient. Although during normal 

operation the moderator coefficient will not be positive at any time 

in core life, a conservative value of +l.OOxl0-4 ~k/°F has been used 

in the analysis since the positive value yields the maximum peak 

core heat flux. 

3. The reactor is assumed to be at hot zero power. This assumption is 

more conservative than that of a lower initial system temperature. 

The higher initial system temperature yields a larger fuel to 

water thermal conductivity, a larger fuel thennal capacity, and a less 

negative (smaller absolute magnitude) Doppler coefficient. The less 

negative Doppler coefficient reduces the Doppler feedback effect 
<-' 

thereby increasing the nuclear flux peak. The high nuclear flux peak 

combined with a high fuel thermal capacity and large thermal conductivity 

yields a larger peak heat flux. Initial multiplication (k) is assumed 
0 

to be 1.0 since this results in the maximum nuclear power peak. 

4. The most adverse combination of instrument and setpoint errors, as well 

as delays for trip signal actuation -and control rod assembly release, 'are 

taken into account. A 10% increase has been assumed for the powP-r range 

flux trip setpoint raising it from the nominal value of 25% to 35%. 

Reference to Figure 14.2.1-3, however, shows that the rise in nuclear 

flux is so rapid that the ~ffect of errors in the trip setpoint on the 

actual time at which the rods are released in negligible. In 



14.2.1-6 
12-1-69 

addition to the above, the rate of negative reactivity insertion 

corresponding to the trip action is based on the assumption that the 

highest worth control rod assembly is stuck in its fully withdrawn 

position. 

Results 

Figure 14.2.1-2 shows the effect of initial power level on peak heat flux 

for various reactivity insertion rates. It shows that peak heat flux 

initially decreases with increasing initial power level and then, depending 

on the rate, it increases again and approaches 35 percent of full power 

. (reactor trip is assumed to be initiated at this value). It can also be 

seen that for the faster insertion rates, which result in the greatest ., 

energy addition, the flux peak is greatest for the lowest intial power 

level. 

Figures 14.2.1-3 through 14.2.1-5 show the transient behavior for a reactivity 

insertion rate of 6 x 10-4 ~k/sec with the incident terminated'by reactor 

trip at 35 per cent power. This insertion rate is greater than that for the 

two highest worth banks, both assumed to be in their highest incremental worth 

region. It is also greater (by more than a factor of 10) than the maximum 

insertion rate of the part length control rod assemblies which is 5.25~10-5 

~k/sec. Figure 14.2.1-3 shows the nuclear power increase. The nuclear 

power is seen to increase to the trip point in 12.5 seconds. 

·The nuclear power overshoots to approximately 315 percent, but this occurs 

• 

• 

for only a very short time period. Hence, the energy release and the fuel • 

temperature increases are small. The thermal flux response, of interest 



• 

• 

• 

for DNB considerations, is shown on Figure 14.2.1-4. 
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The beneficial effect 

of the inherent thermal lag of the fuel is evidenced by a peak heat flux 

of only 67 percent of the nominal value. There is a larger margin to DNB 

during the transient since the rod surface heat flux remains below the 

design value, and there is a high degree of subcooling at all times in 

the core. Figure 14.2.1-5 shows the response of the average fuel, cladding, 

and coolant temperature. The average fuel temperature increases to 852°F 

which is lower than the nominal full power value of about 1475°F, The 

average coolant temperature increases to only 560°F • 

Conclusion 

Taking into account the conservative asst.nnptions with which the incident 

has been analyzed, it is concluded that in the unlikely event of a· control 

rod assembly withdrawal incident, the core and Reactor Coolant System 

are not adversely affected since the thermal power ·;ceached is a-illy 6 7 percent 

of the nominal value and the core water temperature reached is 560°F compared 

to 577°F for the nominal conditions. This combination of thermal power 

and core water temperature results in a DNBR well above the limiting value 

of 1.30. The peak average clad temperature (~600°F) is less than the nominal 

full power value of 633°F and thus there is no clad damage • 

J 
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UNCONTROLLED CONTROL ROD ASSEMBLY WITHDRAWAL-AT POWER 

An uncontrolled control rod assembly withdrawal at power ·results in an increase 

in core heat flux. Since the heat extraction from th~ steam generator remains 

constant until the steam generator pressure reaches the relief. or safety 

valve set point, there is a net increase in reactor coolant temperature. 

Unless terminated by manual or automatic action, th~ power mismatch and 

resultant coolant temperature rise would eventually result in DNB. Therefore, 

to prevent the possibility of damage to the cladding, the Reactor Protection 

System is designed to terminate any such transient before the.DNBR falls 

below 1.3 . 

The automatic features of the Reactor Protection System which prevent core 

damage in a control rod assembly withdrawal incident at power include the 

following: 

1. Nuclear power range instrumentation actuates a reactor trip if two 

out of the four channels exceed an overpower setpoint. 

2. Reactor trip is actuated if any two out of three tT channels exceed an 

o~ertemperature ·tT _setpo.int. . This _setpoint is automat;i..cal+y varied w~t_h __ 

axial power distribution to ensure that the allowable fuel power rating 

is not exceeded. 

3. Reactor trip is actuated if any two out of three 6T channels exceed 

an overpower AT st~tpolnt. Th l:-1 setpoint lf.1 automatically varied wtth 

axial power distribution to ensure that the allowable fuel power rati.ng 

is not exceeded. 
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4. A high pressure reactor trip, actuated from any two out of three pressure 

channels, is set at a fixed point, This set pressure is less than 

the set pressure for the pressurizer safety valves. 

5. A high pressurizer water level reactor trip, actuated from any two out of 

three level channels, is actuated at a setpoint. This nffords additional 

protection for control rod assembly withdrawal incidents. 

6. In addition to the above listed reactor trips, there are the following 

control rod assembly withdrawal blocks. 

(a) High nuclear power (one out of four) 

(b) High overpower t.T ( two out of three) 

(c) High overtemperature t.T (two out of three) 

The manner in which the combination of overpower and overtemperature 6T 

trips provide protection over the full range of Reactor Coo.lant System 

conditions is illustrated in Section 7. Figure 7.2-s·represents the allowable 

conditions of reactor vessel average temperature and 6T with the design po~er 

distribution in a two-dimensional plot. The boundaries of operation defined 

by the overpower 6T trip and the overtemperature 6T trip are represented as 

"protection lines" on this diagram. The protection lines are drawn to include 

all adverse instrumentation and setpoint errors, ~o that under nominal conditions 

trip would occur well within the area bounded by these lines. 

• 

• 

• 
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The utility of the diagram just described is in the fact that the operating 

limit imposed by any given DNB~ can be represented as a line on this coordinate 

system. The DNB lines represent the locus of conditions for which the DNBR 

equals 1.3. All points below and to the left of the line f9r a given pressure 

have a DNBR greater than 1.3. Th~ diagram shows that DNB is prevented for 

all cases if the area enclosed within the maximum protection lines is not 

traversed by the applicable DNBR line at_any point. 

The region of permissibl~ operation (power, pressure and temperature) iB 

completely bounded by the combination of reactor _trips: nuclear overpower 

(fixed setpoint); high pressure.(fixed setpoint); low pre~sure (fixed setpoint); 

overpower and overtemperature 6T (variable setpoints). These trips are 

designed to prevent a DNBR of less than 1.30. 

Method of Analysis 

The purpose of this analysis is to demonstrate the manner in which the 

above protective systems function for various reactivity insertion rates 

from different initial coriditions. Reactivity insertion rates and initial 

conditions govern which pz;otective function occurs first. 

Analysis is performed using several digital computer codes. First, the 

actual core limits are determined employing the W-3 DNB correlation described 

in Section 3. Protection lines, .illustrated in Figure 7.2-1 are then 
I 

selected and incprporated into a transient analysis by a de·tailed digital 

simulation of the unit. 
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In order to obtain conservatively low DNBR's, the following assumptions 

are made: 

1. Initial conditions assume maximum power and reactor coolant temperatures 

and minimum pressure; i.e. the power is assumed 2% high, the average 

temperature is assumed 4°F high, and the pressure is assumed 30 psi low. 

This gives the minimum initial margin to DNB. 

2. A ~ero moderator coefficient of reactivity was assumed corresponding 

to the beginning of core life. A conservatively ~mall (in absolute 

magnitude) Doppler power reactivity coefficient was used (see 

Figure 14.2.2-8). The assumed reactivity coefficients result in a 

minimum of negative feedback reactivity and, therefore, higher peak 

powers and temperatures. 

3. The reactor trip on high nuclear power is assumed to be actuated at 

a conservative value of 118 percent of nominal full power. The ~T 

trips include all adverse instrumentation and setpoint errors. The 

delays for trip signal actuation are assumed at their maximum values, 

i.e.0.5 seconds for the high nuclear power trip and 3.5 seconds for 

the ~T trip. 

4. The rate of negative reactivity insertion corresponding to the trip of 

the control rod assemblies is based on the assumption that the highest 

worth control rod assembly is stuck in its full withdrawn position • 

• 

• 

• 
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The effect of the control rod assembly movement on axial core power dis

tribution is accounted for by its effect of causing a decrease in over

temperature bT and overpower bT trip setpoints proportionate to the 

decrease in margin to DNB. 

Results 

Figures 14.2.2-1 and 14.2.2-2 show the response of nuclear power, average 

coolant temperature, pressure, and DNBR to a rapid control rod assembly 

' -4 withdrawal (6.0 x 10 bk/sec) incident starting from full power. The 

reactivity insertion rate is greater than that for the two highest worth 

banks both assumed in their highest incremental wortQ region. It is also 

greater (by more than a factor of 10) than the maximum insertion rate of 

the part lertgth control rod assemblies which is 5. 25 x 10-5 bk/ sec. Reactor 

trip on high nuclear power occurs approximately 2.4 seconds after start of 

the accident. Since this is rapid with respect to the thermal time constants 

of the plant, small changes in T and pressure result. A larger margin to avg 

DNB is maintained, the minimum DNBR being 1.53. 

The response of nuclear power, average coolant temperature, pressure, and DNBR 

. -5 
for a slow control rod assembly withdrawal (2.0 x 10 bk/sec) from full power 

is shown in Figures 14.2.2-3 and 14.2.2-4. Reactor trip on overtemperature 

bT occurs after approximately 48 seconds. The rise in temperature and pressure 

is larger than for the rapid control rod assembly withdrawal. The minimum 

DNBR reached during the transient is 1.36. 

Figure 14.2.2-5 shows the minimum DNBR as a function of reactivity insertion 

rate from initial full power operation. It can be seen that two 
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reactor trip channels provide protection over the whole range of reactivity 

rates. These are the high nuclear flux and overtemperature ~T trip channels. 

The cross over point between the two zones of effectiveness occurs when the 

-5 reactivity rate is 3.4 x 10 ~k/sec. The minimum DNBR is never less than 

1.34. 

Figures 14.2.2-6 and 14.2.2-7 show the minimum DNBR as a function of 

reactivity insertion rate for control rod assembly withdrawal incidents 

starting at 60 and 10 percent power respectively. The results are very similar 

to the 100 percent power case, except as the initial power is decreased, the 

range over which the overtemperature ~T trip operates is increased. In 

neither case does the DNBR fall below 1.30. 

Conclusions 

In the unlikely event of a control rod assembly withdrawal incident during 

power operation, the core and Reactor Coolant System are not adversely 

affected since the minimum value of the DNBR reached is in excess of 1.3 

for all control rod assembly reactivity rates. Protection is provided by 

the nuclear flux overpower, and the overtemperature ~T trips. The preceding 

sections have described the effectiveness of these protection channels. 

• 
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14.2.3 MAI.POSITIONING OF THE PART LENGTH CONTROL ROD ASSEMBLIES 

Part Length control Rod Assemblies 

The part length control rod assemblies us¢d to optimize the axial power 

d . ib i d t 1 i 1 · 1 ·11 · l 1str ut on an to con ro potent a axia xenon osc1 ations. A failure 

of the power supply will not cause these assemblies to drop into the core. 

Since the assemblies are controlled manually, the malfunctions that can occur 

' are due to operator action or inaction. 

The maximum assembly speed and incremental rod worth (see Sections 14.2.1 and 

14.2.2) of the part length control rod assemblies are such that if the operator 

continuously moves the assemblies erroneously the consequences are less severe 

than for the full length control rod assembly withdrawal cases considered in 

Sections 14.2.1 and 14.2.2. 

Since the part length control rod assemblies are used to counter xenon oscilla

tions having a period of about 30 hours, the part length assemblies need to 

be moved only at several hour intervals. It may be necessary to}nove the part 

length control rod assemblies during load changes, but that is not expected 

to be the normal case. 

The instrumentation system provides sufficient information to the operator-for 

positioning the part length control rod assemblies by displaying the top and 

bottom core power imbalance (out-of-core ion chamber current difference) in 

each quadrant of the core on the control board. Out of limit signals are 
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generated should the relative readings differ by a preset amount. The 

Reactor Protection System automatically resets the overpower and overtemperature 

trip settings to a level consistent with the power distribution. A reduction 

in the power capability might be necessary until the normal power distribution 

is restored. The Control and Protection System automatically initiates a 

turbine runba·ek and full length control rod assembly withdrawal stop to 

prevent an unnecessary trip caused by the trip se~point reductions. The Control 

and Protection System thus ensures that the core limits are not reached 

as a result of operator inact~on. Once the operator takes the. necessary 

steps to rectify the maldistribution in axial flux, the turbine load can be 

increased to the previous level. 

The operator is provided with actual assembly position indication for each 

part length control rod assembly and the demanded position of the part 

length control assembly rod bank on the control board. 

• 

• 

• 
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14.2.4 CONTROL ROD ASSEMBLY DROP 
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Dropping of a full length control rod assembly could occur only when the 

drive mechanism is de-energized. This would result in a power reduction 

and an increase in the hot channel factor. If no protective action occurred, 

the Reactor Control System wou~d restore the power to the level which existed 

l;?efore the incident. This would lead to a reduced safety margin or possibly 

DNB, depending upon the magnitude of the hot channel factor. 

If a control rod assembly drops into the core during power operation, it 

would be detected by either a rod bottom signal device or by the use of the 

out of core .ion chambers •1 The rod bottom signal device provides an individual · 

position indication signal for each control rod assembly. Initiation of 

this signal ··is independent of lattice location, reactivity worth, or power 

distribution changes inherent with the dropped control rod assembly. The 

other independent indication of a control rod assembly drop is obtained by 

using the out of core power range channel signals. This rod drop detection 

circuit is actuated upon sensing a rapid d~crease in local flux such as 

could occur from depression of flux in one region by a dropped control rod 

assembly. This detection circuit is designed· such that normal load variations 

do not cause it to be actuated. 

A rod drop signal from any control rod assembly position indication channel, 

or from one or more of the four power range channels, initiates protective 

action by reducing turbine load by a preset adjustable amount and blocking of 

further automatic control rod assembly withdrawal. The turbine runback is 

redundantly obtained by acting upon the turbine load. limit and on the turbine 

load reference. The control rod assembly stop is also redundantly actuated. 



Method of Analysis 
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The transient following a dropped ~ontrol rod assembly incident is detenninerl 

by a detailed digital simulation of the unit. The dropped assembly is 

assumed to cause a step decrease in reactivity and the core power generation 

is determined using a point neutron kinetics model. The overall unit.response 

is calculated by simulating the turbine load runback and blocking of automatic 

control rod assembly withdrawal. The analysis is p.erformei for th~· case in•· 

which the load cutback nearly matches the power decrease from the negative 
.. -3. 

reactivity for a dropped assembly (-2.6 x 10 6k), and also for the case in 

which the load cutback is greater than that required to match the worth 

,.;.3 
of the dropped assembly (-1.0 x 10 6k). In both cases. the load is assumed 

to be cut back from 102 to 76 percent of full load at a con·servatively 

slow rate of one percent per second. The actual. amount of load cutback to 

be used is determined during initial startup experiments and· is set to match 

the power reduction caused by· the highest worth dropped control rod assembly. 

The most negative values of moderato~ and Doppler temperature coefficients 

of reactivity are used in this analysis resulting in the highest heat flux 

during the transient. These are.a moderator temperature coefficient of 

-3.5 x 10-4 6k/°F and a Doppler coefficient of -i.6 x 10-5 6k/°F~ A control 

bank worth of 4 x 10-5 6k/in is assumed as equilibrium conditions are restored. 

The incident is analyzed at the foilowing initial conditions: 

Power: 

T : avg 

Pressure: 

102% nominal 

Nominal +4°F. 

Nominal -30 psi 

(2490 MWt) 

(578.4°F) 

. (2220 psis) 
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Results 
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Figures 14.2.4-1 and 14.2.4-2 illustrate the transient response following 

-3 ---- -
a dropped control rod assembly of -2.6 x 10 6k~ The coolant average 

temperature decreases initially due to the fact that more energy is taken· 

out of the primary system than is produced in tne core, then increases 

as the load is reduced and as the nuclear power increases because of th~i 

moderator negative reactivity feedback. The temperature then decreases 

slowly to a new steady-state value. The peak heat flux following the initial 

response to the dropped control rod assembly is 93 percent of nominal. 

At the time of the peak heat flux, the core average temperature has dropped 

by 3. 8°F and the pressure by 40 psi. 

· Figures 14~2.4-3 and 14.2.4-4 illustrate the transient response following a 

~pped control rod assembly of -1. x 10-3 6k. Again the coolant average temp

erature decreases initially, and then increases because of the negative 

feedback and the load Gutback. The equilibrium temperature is achieved 

in about four minutes. For this case the peak heat flux following the 

initial response to the dropped assembly is 98.0 per cent of nominal. At 

the same time the core average temperature drops by 1.0°F and the pressure 

by 12 psi. 

An analysis has been made of the amount of flux tilt that can be tolerated 

without core damage for the maximum full power operating conditions 

(2490 MWt power, core water inlet temperature of 547°F, primary pressure 
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of 2220 psia). The effect of the flux tilt was represented by an 

increase in the radial heat flux hot channel factor. It was found that 

this factor could be increased by 13 percent before reaching a DNBR 

of 1.30. During initial startup experiments, it is verified that the flux 

tilt caused by the worst dropped rod, coupled with the thermal flux, coolant 

temperature, and primary system pressure responses, will not result in 

a condition of DNB. 

Conclusions 

Protection for a dropped contro~_E_°.d ass~mbly is pr~vided by automatic turbine 

power runback and blocking of automatic control rod assembly withdrawal. The 

magnitude of the power cutback is determined during the initial startup tests. 

.~. 

As the analyses presented show, the protection system, in conjunction with • 

the load cutback, protects the core from DNB for a power tilt of 13 pe.rcent 

at maximum full power conditions •. At the reduced power condition following 

the control rod assembly drop, this allowable tilt is even greater. 

The power tilt is experimentally determined and the protection system 

set to maintain a DNBR greater tha_n 1. 30. 

• 
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14.2.5 CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION 

14.2.5-1 
10-15-70 

Reactivity can be added to the core by feeding primary grade water into the 

Reactor Coolant System via the reactor makeup portion of the Chemical and 

Volume Control System. The normal dilution procedures call for a limit on 

the rate and magnitude for any individual dilution, under strict administrative 

controls. Boron dilution is a manual operation. A boric acid 6lend system is 

provided to permit the operator to match the boron concentration of reactor 

coolant makeup water during normal charging to that in the Reactor Coolant 

System. The Chemical and Volume Control System is designed to limit, even 

under various postulated failure modes, the potential rate of dilution to a 

value which, after indication through alarms and instrumentation, provides 

the operator sufficient time to correct the situation in a safe and orderly 

manner. 

The opening of the primary water makeup control valve provides the only supply 1 
of makeup water to the Reactor Coolant System which can dilute the reactor 

coolant. Inadvertent dilution can be readily terminated by closing this 

value. In order for makeup water to be added to the Reactor Coolant System, at 

least one charging pump must also be running in addition to the reactor makeup 

water pumps. 

The rate of addition of unborated water makeup to the Reactor Coolant System 

when it is.not at pressure is limited by the capacity of the primary water 

supply pumps. The maximum addition rate in this case is 300 gpm with both 

primary water supply pumps running. The 300 gpm reactor makeup water delivery 

rate is based on a pressure drop .calculation comparing the pump curves with 

the system resistance curve. This is the maximum delivery based on the unit 
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piping layout. Normally, only one primary water supply pump is operating 

while the other is on standby. With the Reactor Coolant System at pressure, 

the maximum delivery rate is limited by the charging pumps. Assuming all 

three charging pumps are operating, the maximum deliver rate is 165 gpm. 

Normally only one charging pump is in operation. 

The boric acid from the boric acid tank is blended with primary grade water 

in the blender and the composition is determined by the preset flow rates 

of boric acid and primary grade water on the control board. In order to 

dilute, two separate operations are required. First, the operator must switch 

from the automatic makeup mode to the dilute mode. Second, the start button 

must be depressed. Omitting either step would prevent dilution. This makes 

the possibility of inadvertent dilution very remote. 

Information on the status of reactor coolant makeup is continuously availaQle 

to the operator. Lights are provided on the control board to indicate the 

operating condition of pumps in the Chemical and Volume Control System. 

Alarms are actuated to warn the operator if boric acid or demineralized water 

flow rates deviate from preset values as a result of system.malfunction. 

To cover all phases of unit operaiton, boron dilution during refueling, 

startup, and power operation are considered in this analysis. 

• 

• 

• 



14.2.5.1 Method of Analysis and Results 

Dilution During Refueling 

During refueling the following conditions exist: 

14.2.5-3 
4-15-70 

1. One residual heat removal pump is operating to ensure continuous mixing 

in the reactor vessel • . 

2. The valve in the seal injection water header to the reactor coolant 

pumps is closed •. 

3. The valves on the suction side of the charging pumps are adjusted 

for addition of concentrated boric acid solution •• 

· 4. The boron concentration of the refueling water is 2000 ppm, corresponding 

to a shutdown of at least 10 per cent ~k with all control rods in; 

periodic sampling ensures that this concentration is maintained. 

5. The source range detectors outside the reactor vessel are active and 

provide an audible count rate. During initial core loadin~, 

sources are installed in the core and BlO dete~tors connected to instru~ 

mentation giving audible count rates are installed within the reactor 

vessel to provide direct monitoring of the core. 

A minimum water volume in the Reactor Coolant System of 3345 ft 3 is considered. 

This corresponds to the volume necessary to fill the reactor vessel above the 
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nozzles to ensure mixing via the residual heat removal loop. A maximum 

dilution flow of 300 gpm, limited by the capacity of the two primary water 

supply pumps, and uniform mixing are also considered. 

The operator has prompt and definite indication of any boron dilution from 

the audible count rate instrumentation. High count rate is alarmed in the 

reactor containment and the Main Control Room. The count rate increase is 

proportional to the subcritical multiplication factor. At 1500 ppm, for 

example, the core is approximately 5 percent shutdown and the count rate 

is increased by a factor of 2 over the count rate at 2000 ppm. 

The boron concentration must be reduced from 2000 ppm to approximately 1000 

ppn before the reactor will go critical. This would take 57 minutes or about 

1 hour. This is ample time for the operator to recognize a high count rate 

signal and isolate the reactor makeup water source by closing.valves and stopping 

the primary water supply pumps. 

Dilution During Startup 

Prior to startup, the Reactor Coolant System is filled with borated (2000 ppm) 

water from the refueling water storage tank. Core monitoring is by external 

BF3 detectors. Mixing of the reactor coolant is accomplished by operation of 

the reactor coolant pumps. High source level and all reactor trip alarms are 

effective. 

e 
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In the analysis, a maximum dilution flow of 300 gpm is again considered. 

The volume of reactor coolant is approximately 7600 ft 3 which is the active 

volwne of the Reactor Coolant System excluding the pressurizer. 

The minimu:m time required to reduce the reactor coolant boron concentration 

to 1000 ppm, where the reactor would go critical with all control rod assem

blies in, is 98 minutes or about 1.5 hours. Once again this should be more than 

adequate time for the operator to recognize the high count rate signal 

and- terminate the dilution flow. 

Dilution at Power 

With the unit at power and the Reactor Coolant System at pressure, the 

dilution rate is limited by the capacity of the charging pumps. The effective 

reactivity addition rate for a boron dilution ·flow of 165 gpin (3 charging 

pumps in operation) at 574.4°F is shown as a function of Reactor Coolant 

System boron concentration in Figure 14.2.5-1. This figure includes the 

effect of increasing boron worth with dilution. The reactivity rate used 

in the following evaluation is 1.02 x 10-5 6k/sec based on a conservatively 

high value for the expected boron concentration (iSOO ppm) at.power. 

With the reactor in automatic control at full power, the power and temperature 

increase from boron dilution results in the insertion of the control rod 

assemblies and a decrease in shutdown margin. ·continuation of dilution and con

trol rod assembly insertion would cause the assemblies to reach the minimum 

limit of the rod insertion monitor in approximately 6.5 minutes assuming the 

control rod assemblies to be initially at a position providing the maximum 

operational maneuvering band consistent with maintaining a minimum control 
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bank incremental rod worth. Before reaching this point, however, two 

alarms would be actuated to warn the operator of the accident condition. 

The first of these, the low insertion limit alarm, alerts the operator 

to initiate normal boration. The other, the extra low insertion limit 

alarm, alerts the operator to follow emergency boration procedures. The 

low alarm is set sufficiently above the low-low alarm to allow normal 

boration without the need for ememgency procedures. 

If dilution continues after reaching the low-low alarm, it takes approximately 

16.3 minutes after the low-low alarm before the total shutdown margin (assuming 

one percent) is lost due to dilution. Therefore, adequate time is available 

following the alarms for the operator to determine the cause, isolate the 

primary grade water source, and initiate reboration. 

If the reactor is in manual control and the operator takes no action, the 

power and temperature will rise to the overtemperature AT trip setpoint in 

1.3 minutes as determined by a detailed digital simulation of the unit. 

The boron dilution accident in this case is essentially identical to a control 

rod ~sembly withdrawal accident. -5 The reactivity insertion rate of 1.02 x 10 

AK/sec from t~e boron dilution is well within the range of reactivity insertion 

rates considered in. section 14.2.2, "Uncontrolled Control Rod Withdrawal at 

Power". Prior to the overtemperature AT trip, an overtemperature AT alarm 

and turbine runback would be actuated. There are approximately 15 minutes 

available after a reactor trip before the reactor can return to critical 

assuming a 1% shutdown margin at the beginning of the dilution. 



• 

• 

Conclusions 
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Because of the procedures involved in the dilution process, an erroneous 

dilution is considered incredible. Nevertheless, if an unintentional dilution 

of boron in the reactor coolant does occur, numerous alarms and indications 

are available to alert the operator to the condition. The maximum reactivity 

addition due to the dilution is slow enough to allow the operator to determine 

the cause of the addition and take corrective action before excessive shutdown 

margin is lost • 

__J 



·e 

u 
w 
CJ) 

i::.:: 
w 
P-< 

L() 

I 
0 
.-I 

~ -cu 
13 
·n .µ 
<l -~ <l -.. 
w 
H 

~ 
z 
0 
H 
H 
i::.:: 
~ 
C/) 

z 
H 

>-< 
H 
H 
:> 
H 
u 
~ 
i::.:: 

• 

1.0 

0 
0 1000 

FIGURE 14.2.5-1 
2-13-70 

2000 2500 

INITIAL BORON CONCENTRATION, PPM 

VARIATION IN REACTIVITY INSERTION RATE 
WITH INITIAL BORON CONCENTRATION FOR 
A BORON DILUTION RATE OF 165 GPM 



• 

• 

• 

ll+.2.6 STARTUP OF AN INACTIVE REACTOR COOLANT LOOP 

14.2.6-1 
10-15-70 

The unit can be operated with an inactive reactor coolant loop in either of 

two ways. The pump in the inactive loop can be shutdown with the loop stop valves 

in the normal fully open position. In this case, because of normal flow developed 

differential pressure across the reactor vessel, a small reverse flow is developed 

in the inactive loop. The unit can also be operated with one or both loop stop valves 

in the inactive loop closed. In this case there is no reverse flow in the inactive 

loop and the unit operates the same as a unit with only two loops. In the follow-

in~ sections the startup of an inactive reactor coolant loop is considered both 

for the case of the loop stop valves initially open and for the case of the loop 

stop valves initially closed . 

Startup of an Inactive Reactor Coolant Loop

Loop Stop Valves Initially Open 

If the unit is operated with the pump in one loop shut down and with the stop 

valves open there is a reverse flow through the loop. The cold leg 

temperature in the inactive loop is identical to the cold leg temperatures 

of th1= active loops and to the reactor core inlet temperature. If the reactor 

is operated at power with all main steam trip valves and nonreturn valves open, 

there is a temperature drop across the steam generator in the inactive loop, and 

the hot leg temperature of the inactive loop is lower than the reactor core inlet 

temperature • 



14.2.6-2 
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Aiministrative procedures require that the unit be brought to a load 

of less than 25% of full power prior to starting a pump in an inactive 

loop in order to bring the inactive loop hot leg temperature closer to the 

core inlet temperature. The starting of the idle reactor coolant pump 

without bringing the inactive loop hot leg temperature closer to the core 

inlet temperature would result in the injection of cold water into the core. 

The cold water causes a rapid reactivity and power increase. 

Assumptions and Method of Analysis 

The following assumptions are made: 

1. 

2. 

3. 

Following the start of the idle pump, the inactive loop flow reverses 

and accelerates to its nominal full flow value instantaneously, i.e., 

there is no slip and the time to accelerate the pump and coolant is 

assumed to be zero. 

. -4 
A conservative negative moderator coefficient of -3.5 x 10 ~k/°F is 

assumed. 

-4 
A conservative low Doppler power coefficient of -0.7 x 10 ~k/% is 

assumed. 

4. The reactor is assumed to be initially at 62% of 2441 MWt with the 

secondary side of all three steam generators at the same pressure and 

reverse reactor coolant flow through the idle loop steam generator. 

Sixty two percent power is the maximum steady-state power level allowed 

with two loops in operation and the loop stop valves in the inactive 

• 

• 

• 
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loop open. The 62% includes 2% allowance for calibration and 

instrument errors. The high initial power assumed is conservative 

since it gives the greatest temperature difference between the 

core inlet temperature and the inactive loop hot leg temperature. 

5. The initial Reactor Coolant System average temperature in the active 

loops is at the nominal full power value plus 4°F. This is a 

conservatively high value for the initial average temperature including 

instrument errors and results in the minimum margin to core DNB limits. 

6. The initial Reactor Coolant System pressure is at the nominal value 

minus 30 psi. This is conservatively low value for the initial pressure 

including instrume~t errors and results in the minimum margin to core 

7. 

DNB limits. 

The initial reactor coolant loop flows are at the values with one pump 

shut down and two pumps running. The core flow is 65% of the value at 

nominal full flow. 

A detailed digital simulation of the unit including heat transfer to the 

steam generators of the active and inactive loops and Reactor Coolant System 

loop flow transit times was used to study the transient following the 

startup of an idle pump . 



Results 
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The results following the startup of the idle pump with the above listed 

assumptions are shown in Figures 14.2.6-1 and 14.2.6-2. The nuclear power 

increases to the trip point (assumed to be 118%) in 0.5 second. The nuclear 

power increase causing the trip occurs as a result of the increase in core 

flow which causes a decrease in core average temperature before the core inlet 

temperature begins to decrease. The thermal flux response, of interest for 

DNB considerations, indicates that the peak average thermal heat flux reaches 

only 80 percent of the nominal value. The core average temperature, core inlet 

temperature, and Reactor Coolant System pressure during the transient are also 

shown. Since the peak heat flux remains below the nominal value, the core is 

not adversely affected by the transient. The minimum DNBR during t~e transient 

has been calculated to be 2.35 and occurs at 1.3 seconds. 

The actual transient effects will be less severe than shown in Figures 14.2.6-1 

and 14.2.6-2 because of alleviating factors which have not been taken into 

account. For example, the time constant of the pump is likely to be about 

10 seconds which means that the change in core temperature occurs more gradually 

than shown in the figures. Furthermore, until the idle loop flow reaches 

at least 87% of its nominal value, the reactor is tripped at a power level 

considerablf lower than the 118% used in the above analysis. 

Conclm(ion 

.The transient results for the startup of an inactive ~·eactor coolant loop 

• 

• 

with the loop stop ,.Y.a:lves initially open show that there is a considerable • 

margin to a limiting DNBR of 1.3. 
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14.2.6.2 Startup of an Inactive Reactor Coolant Loop -

Loop Stop Valves Initially Closed 

14.2.6-5 
12-1-69 

If the stop valves in one loop are closed, the isolated section of the loop 

could cool down below the temperature of the active loops. Administrative 

procedures require that the unit be brought to zero load, the temperature 

of the isolated loop brought to within l0°F of the active loops, and the 

boron concentration of the isolated loop verified prior to opening the loop 

valves and returning the loop to service. 

Interlocks are provided to ensure that an inadvertant startup of an isolated 

loop which J;las a lower temperature or lower boron concentration than the core 

and active loops is relatively slow. The interlocks ensure that flow from 

the isolated loop to the remainder of the Reactor Coolant System takes 

place through the relief line bypassing the cold leg stop valve for a period 

of 1Jne hour before the cold leg stop valve can be opened. The flow through 

the relief line is made low (no more than 400 gpm) so that the temperature 

and boron concentration in the isolated loop are brought to equilibrium with 

the remainder of the system at a relatively slow rate should the administrative 

pro,:edures be violated and an attempt made to open stop valves when the 

isolated loop temperature or boron concentration,is lower than in the core 

and active loops. 

IntE~rlocks are provided to: . 

1. Prevent opening of a hot leg loop stop valve unless the cold 

leg loop stop valve in the same loop is fully closed. 



2. Prevent starting a reactor coolant pump unless: 

14.2.6-6 
6-30-71 

(a) The cold leg loop stop valve in the same loop is fully closed 

and the loop bypass valve is open, or 

(b) Both the hot leg loop stop valve and cold leg loop stop valve are 

fully open. 

3. Prevent opening of a cold leg loop stop valve unless: 

(a) The hot leg loop stop valve in the same loop has been fully 

opened for 1 hour, 

(b) The bypass valve in the loop has been opened for 1 hour. 

(c) Flow has existed through the relief line for 1 hour. 

(d) The cold leg temperature is within 20°F of the highest cold leg 

temperature in other loops and the hot leg temperature is within 

20°F of the highest hot leg temperature in the other loops. 

The interlocks are a part of the Reactor Protection System and include the 

following redundancy: 

1. Two independent limit switches to indicate that a valve is fully open . 

·-

... 
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Two independent limit switches to indicate that a valve is fully 

closed. 

3. Two differential pressure switches in each line which bypasses a 

cold leg loop stop valve to determine that flow exists in the line. 

Flow through the line indicates: 

(a) The valves in the line are open. 

(b) The pump in the isolated loop is running. 

The interlocks meet the IEEE 279 criteria and, therefore, cannot be negated 

by a single failure. The interlock on hot leg temperatures is a backup for 

the interlock on cold leg temperatures; Thus, the single failure criterion 

applies to the combination and not to each separately. 

With the above protection system interlocks, the following procedure is 

necessary in order to re-open loop stop valves once either stop valve in a 

loop has left the fully open position: 

a. The cold leg loop stop valve must be fully closed before the hot leg 

stop valve can be returned to its fully open position. 

b. Flow must have existed from the isolated portion of the system to the 

remainder of the system (maximum rate is 400 gpm) for at least 1 hour 

I 



I 

L 

1.4.2.6-8 
12-1-69 

through the line bypassing the cold leg stop valve and the isolated 

loop and active loop temperatures must agree to within 20°F before 

the cold leg loop stop valve can be opened. 

Assumptions and Method of Analysis 

The startup of an inactive reactor coolant loop with the loop stop valves 

initially closed has heed analyzed assuming the inactive loop to be at a 

boron concentration of O ppm while the active portion of the system is at 

1500 ppm, a conservatively high value for beginning of life. The flow 

through the relief line is assumed at its maximum value of 400 gpm. 

Results 

Even with the assumption that administrative procedures are violated to 

the extent that an attempt is made to open the loop stop valves with O ppm 

in the inactive loop while the remaining portion of the system is at 1500 

ppm, the dilution of the boron in the core is slow. The initial reactivity 

insertion rate is calculated to be 3.2 x 10-5 t:,.k/sec, considerably less than 

the reactivity insertion rates considered in sections 14.2.1 and 14.2.2. 

It takes 6 minutes after the beginning of dilution before the total shutdown 

margin is lost assuming one percent shutdown margin at the beginning of 

the accident. This is ample time for the operator t<_? reco.gnize a high 

count rate signal and. terminate the dilution by turning off the pump in 

the inactive loop or py berating to counteract the dilution. 

•• 

• 

• 
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The reactivity addition at end of life due to an attempt to open stop 

valves when the inactive loop temperature is less than the core temperature 

is smaller than the reactiyity addition considered in the above beginning 

of life case. 

Conclusions 

The transient results for the startup of an inactive reactor coolant loop 

with the loop stop valves initially open show that there is considerable 

margin to a,limiting DNBR of 1.3. With the loop stop valves initially 

closed, the redundant interlocks provided in the Reactor Protection System 

ensure that the temperature and boron concentration in an isolated loop 

are brought to equilibrium with the remainder of the system at a slow 

rate. Should administrative procedures be violated and an attempt made 

to open stop valves when the isolated loop temperature or boron concentration 

is lower than that in the core, the reactivity addition rate is slow enough 

to allow the operator to take corrective action before excessive shutdown 

margin is lost, 
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EXCESSIVE HEAT REMOVAL DUE TO FEEDWATER SYSTEM MALFUNCTIONS 

Reductions in feed~ater temperature or additions of excessive feedwater are 

means of increasing core power above full power. Such transients are· 

~ttenuated by the thermal capacity in the secondary plant _and :f,n the Reactor 

Coolant System. The overpower"".' overtemperature protection (nuclear over-. . . . . ., 

power and /:J.T trips) prevents any power increase. which _could lead to. a DNBR . 

less than 1. 30. 

An extreme. example of ex_cess heat removal from the primary system is the 

transient associated with the accidental opening of the feedwater bypass 

valve which diverts flow around the low pressure feedwater heaters. The 

function of this valve is to maintain net positive suction head on. the main 

feedwater pump in the event that the heater drain pump flow is lost, e.g., 

during a large load decrease • 

. In the event of an accidental opening, there is a sudden _reduction in- i_nlet 

feedwater temperature to the steam generators. This increased sub"".'cooling 

will create a greater load demand on the primary system. 

Method of Analysis 

Two cases have been analyzed to demonstrate .the unit behavior i;n the event 

of a sudden feedwater temperature reduction resulting from accidental opening 

of .the feedwater bypass valve. The first case was for an uncontrolled .reactor 

with a zero _moderator coefficient, since this repres~nts .a condition where 
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the unit has the least inherent transient capability. The second case 

was for a controlled reactor with a large negative moderator coefficient 

(3. 5 x 10-4 ~ k/°F). 

Initial pressurizer pressure (2220 psia), reactor coolant average temperature 

(578.4°F), tnd power (102% of full power= 2490 MWt are assumed at extreme 

values consistent with steady-state, full power operation to allow for 

calibration and instrument errors. This results in the minimum margin to 

core DNB at the start of the transient. The analyses were performed using a 

detailed digital simulation of the unit-including core kinetics, Reactor 

Coolant System, and the Steam and Feedwater System behavior. 

Results 

Figures 14.2.7-1 and 14.2.7.-2 show the transient without automatic reactor 

·control and with a zero moderator coefficient of reactivity. As expected, 

the average reactor coolant temperature and pressurizer pressure show a fair

ly rapid decreases as the secondary heat extraction remains greater than the 

core power generation. The core power level increases slowly and eventually 

comes to equilibrium at a value of 103.9% nominal. There is an increased 
/ 

margin to DNB because of the accompanying reduction in average temperature. 

The reactor would not trip •. There is a small increase in ~T as the heat 

transfer increases through the steam generator. 

Figures 14~2.7-3 and 14.2.7-4 illustrate the transient with automatic reactor 

control. A large negative moderator coefficient (-3.5 x 10-4 ~k/°F) is· 

assumed, which acts to increase power. The core power increase from the 
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negative moderator coefficient retards the decrease in coolant average 

temperature and pressurizer pressure, Steady-state conditions are reached 

with a minimum DNBR of 1,68. 

An evaluation of the accidental full opening of a feedwater control valve 

at full power has shown that·the consequences of this incident are no more 

sev·ere than those resulting from the opening of the feedwater bypass valve, 

The reactivity insertion rate 1:tt no load following an excessive feedwater 

accident has also been calculated with the following assumptions: 

l, A step increase in feedwater flow to one steam generator from 0 

to the nominal full load1 flow • 

2. The most negative reactivity moderator coefficient at end of life, 

The value used in the calculatton was that corresponding to Figure 

14.3.5~1 which is for a rodded core. The value when just critical 

at no load will be less negative. 

3. A constant feedwater temperature of 70°F, 

4. Neglect of the heat capacity of the Reactor -Coolant System and steam 

gene-rator shell thick metal. 

5, Neglect of the energy stored in the fluid of the unaffected steam 

gene-rators, 
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-4 The maximtnn reactivity insertion rate was calculated to be 3.9 x 10 

6k/sec which is less than the maximum reactivity insertion rate analyzed 

in Section 14.2.1, Uncontrolled Control Rod Assembly Withdrawal from a 

Subcritical Condition. It should be noted that if the incident occurs 

with the unit just critical at no load, the reactor may be tripped 

by the power range flux level trip (low setting) set at approximately 

25%. As shown in Section 14.2.1 there is a large margin to DNB with 

the above calculated reactivity insertion rate. 

Continuuous addition of cold feedwater after a reactor trip is prevented 

since the reduction of Reactor Coolant System temperature, pressure, and 

pressurizer level leads to the actuation of safety injection on low 

pressurizer pressure and level. The safety injection signal trips the 

main feedwater ptnnps and closes the feedwater pump discharge valves as 

well as closing the main feedwater control valves. 

Conclusions 

Representative transient results for excessive load increases due to cold 

feedwater addition have been shown which indicate that a core power increase 

is accompanied by-an average temperature decrease. This has the effect of 

maintaining considerable margin to a limiting DNBR of 1.3. It has b'een 

shown that the maximum reactivity insertion rate which occurs at no load 

following excessive feedwater addition is less than the maximum value 

considered in the analysis of a control rod assembly wJthdrawal incident 

from a subcritical condition. It has further been shown that automatic 

action occurs to prevent continuous cold feedwater addition after a unit trip. 

e 

• 

• 
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There is, thus, no radioactive release and no public hazard in the event of 

a rednction in feedwater temperature or an excessive feedwater incident . 
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14.2.8 EXCESSIVE LOAD INCREASE INCIDENT 

14.2.8-1 
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An- excessive load increase incident is defined as a rapid increase in steam 

generator steam flow that causes a power mismatch between the reactor core 

power arid the steam generator load demand. The Reactor Control System is 

designed to acconunodate a 10 percent step load increase or a 5 percent per 

minute;ramp load increase (without a reactor trip) in the range of 15 to 

100 percent of full power. Any loading rate in excess of these values may 

·cause a reactor trip actuated by the Reactor Protection System. If the load 

increases exceeds the capability of the Reactor Control System, the transient 

is terminated in sufficient time to prevent the DNBR from being reduced below 

1~30, -since the core is protected by the combination of the nuclear overpower 

trip and the overpower - overtemperature trips as discussed in Section 7. An 

excessive load increase incident could result from either an administrative 

violation such as excessive loading by the operator or an equipment mal

function in the steam bypas·s control or turbine speed control. 

For excessive loading by the operator or by system demand, the turbine load 

limiter keeps maximum turbine load from exceeding 100% rated load. 

During power operation, steam bypass to the condenser is controlled by 

reactor coolant condition signals; i.e., high reactor coolant temperature 

indicates a need for steam bypass. A single controller malfunction does 

not cause steam bypass; an interlock is provided ,which blocks the opening 

of the valves unless a large turbine load decrease or a turbine trip has 

occurred. 
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Four cases have been analyzed to demonstrate the unit behavior for a 10% 

step increase from rate load. The first two cases were for a manual controlled 

reactor at beginning of life (B.O.L., a = zero ~k/°F and end of life (E.O.L., 
m 

-4 
a. = -3.5 x 10 ~k/ 0 "J!) conditions, a is the moderator reactivity coefficient• 
m m 

Beginning of life represents a condition where the unit has the smallest 

moderator temperature coefficient of reactivity and therefore the least inherent 

transient· capability. The last two cases were analyzed for an automatic

control situation at B.O.L. and E.O.L. conditions. A conservative limit on 

the turbine valve opening was assumed corresponding to 1.2 times nominal 

steam flow at nominal steam pressure. Initial pressurizer pressure ~2220 psia), 

reactor coolant average temperature (578.4°F), and power (102% of full power= 

2490 MWt.) are asstnned at extreme values consistent with steady-state, full 

power operation, to allow for calibration and instrument errors. This results 

in the minimum margin to core DNB at the start of the transient. The analyses 

were performed using a detailed digital simulation of the unit including core 

kinetics, Reactor Coolant System, and the Steam and Feedwater System behavior. 

Results 

Figures 14.2.8-1 through 14.2.8-4 illustrate the transient with the reactor 

in the manual control mode. As expected, for the BOL case with a very slight 

power increase, the average temperature shows a large decrease. This results 

in a DNBR which increases above its initial value. For the EOL case, there is 

a much larger increases in reactor power due to the moderator feedback. A 

• 

• 

• 
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minimum DNBR of 1.55 is reached for the EOL, manually controlled case. 

Figures 14.2.8-5 through 14.2.8-8 illustrate the transient assuming the 

reactor is in automatic control. Both the BOL and EOL cases show that core 

power increases, thereby reducing the rate of decrease in coolant average 

temperature and pressurizer pressure. For the BOL case, steady-state conditions 

are reached with a minimum DNBR of 1.53. The EOL transient shows a greater 

increase in power than the BOL transient due to the additional moderator 

feedback. A minimum DNBR of 1.53 is reached for the EOL case. 

Conclusions 

The four cases analyzed show a considerable margin to the. limiting DNBR of 1.3. 

It is concluded that unit integrity is maintained throughout lifetime for 

the excessive load increase incident . 
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14.2.9 LOSS OF REACTOR COOLANT FLOW 

Flow Coast-Down Incidents 

14.2.9-1 
--- -I2-1--69 -

A loss of coolant flow incident can result from a mechanical or electrical 

failure in a reactor coolant pump, or from an interruption in the-power supply 

to these pumps. If the reactor is at power at the time of the incident, the 

immediate effect of loss of coolant flow is a rapid increase in coolant 

temperature. This increase could result in departure from nucleate boiling 

(DNB) with subsequent fuel damage if the reactor is not tripped promptly. 

The following trip circuits provide the necessary protection against a loss 

of coolant·flow incident: 

1) Low voltage or low frequency on pump power supply buses 

2) Pump circuit breaker opening 

3) Low reactor coolant flow 

These trip circuits and their redundancy are further described
1
in Section 

7.2, Reactor Control and Protection System. 

Simultaneous loss of electrical power to all reactor,coolant pumps at full 

power is the most severe credible loss-of-coolant flow condition. For 

this condition reactor trip together with flow sustained by the inertia of 

the coolant and rotating pump parts will be sufficient to prevent Reactor 

Coolant System overpressure and the DNBR from being reduced below 1. 30 • 



I 

L 

Method of Analysis 

14.2.9-2 
12-1-69 

The following loss of flow cases are analyzed: 

1) Loss of three pumps from a nominal Reactor Coolant System heat output 

of 100% (2441 MWt) with three loops operating. 

2) Loss of one pump from a,nominal Reactor Coolant System heat output of 

100% (24_41_ MWt) with three loops operating. 

3) Loss of two pumps from a nominal Reactor Coolant System heat output of 

60% (1464.6 MWt) with two loops operating; no loop stop valves closed • 

4) Loss of one pump from a nominal Reactor Coolant System heat output 

of 60% (1464.6 MWt) with two loops operating; no loop stop valves 

closed. 

5) Loss of two_pumps froma nominal Reactor Coolant System heat output 

of 67% (1635.5 MWt) with two loops operating; loop stop valves 

closed in one loop. 

6) Loss of one pump from a nominal Reactor Coolant System heat output 

of 67% (1635-5 MWt) with two loops operating; loop stop valves closed 

in one loop. 

The normal power supplies for the pumps are three buses supplied by the 

generator. Each bus supplies power to one pump. When a generator trip 

.~ 

• 

• 
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occurs, the pumps are automatically transferred to a bus supplied from 

external power lines, and the pumps continue to supply coolant flow to 

the core. The simultaneous loss of power to all reactor coolant pumps 

is a highly unlikely event. Following any turbine trip, where there 

are no electrical faults which require tripping the generator from the 

pump supply network, the generator remains connected to the network for 

at least one minute. The reactor coolant pumps remain connected to the 

generator thus ensuring full flow for one minute after the reactor trip 

before any transfer is made. Since each pump is on a separate bus, a 

single bus fault would not result in the loss of more than one pump. 

A full unit simulation is used in the analysis to compute the core average 

and hot spot heat flux transient responses, including flow coastdown, temper

ature, reactivity, and control rod assembly insertion effects. 

These data are then used in a detailed thermal-hydraulic computation to 

compute the margin to DNB. This computation solves the continuity, momentum, 

and energy equations of fluid flow together with the W-3 DNB correlation 

discussed in Section 3.2.2. The following assumptions are made in the 

calculations: 

Initial Operating Conditions 

The initial operating conditions which are assumed are those most adverse 

with respect to the margin to DNB, i.e., maximum steady state power level, 

minimum steady state pressure, and maximum steady state inlet temperature: 
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Nominal 100% Power (2441 MWt) - 3 loops operating: 

Power 

Pressure 

Inlet Temperature 

(1, 00 + . 02) C:*'44!' MWt) = ! 249Q 11WE 

2250 - 30 = 2220 psia 

543 + 4 = 547°F 

Nominal 60% Power (1454.6 MWt) - 2 loops operating; no loop stop valves closed: 

Pressure 

Inlet Temperature 

(0.60 + 0.02) (2441 MWt) = _l!,13.-4,MWt 

2250 - 30 = 2220 psia 

553.4 + 4 = 557.4°F 

Nominal 67% Power (1635, 4 MWt) .,... 2 loops operating; loop stop valves 

closed in one loop: 

Power 

Pressure 

Inlet Temperature 

(0,67 + 0,02) (2441 MWt) ;::;!16&°1.f,3 MWt 

2250 - 30 = 2220 psia 

549,3 + 4 = 553,3°F 

The above assumed initial operating conditions include allowanee for 

calibration and instrument errors. A maximum power level of 62% (including 

errars) is assumed for two loop operation with the loop stop valves open 

and a maximum power level of 69% (including errors) is assumed for two loop 

operation with the stop -valves in one loop closed. For two loop operation~ 

the corresponding steady state core flows are 65% (of the value with all 

loops in se-:rvice) with the loop stop valves open and 74% (of the value 

•• 

• 

• 
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with all loops in service) with the loop stop valves closed. The maximum 

power levels assumed for two loop operation, therefore, result in power 

to flow ratios which are less than th.e power to flow ratio at nominal full 

power conditions. 

Reactivity Coefficients 

The highest absolute magnitude of the Doppler (-1. 6 x 10-S 8'k F-l) and 

. -1 
the lowest absolute magnitude of the moderator zero l::i k F ) tempera-

ture coefficients are assumed since these result in the maximum hot spot 

heat flux during the initial part of the transient, when the minimum DNB 

ratio is reacheQ • 

Reactor Trip 

Following the loss of all pumps at power a reactor trip is actuated by 

either low voltage or low frequency since the incident is due to the simul

taneous loss of power to all pump busses. Both the low voltage and low 

frequency trip circuit meet the IEEE 279 criterion and therefore cannot 

be negated by a single failure. The time from the loss of power to all 

pumps to the initiation of control rod assembly motion to shut down the reactor 

is taken as 1.2 seconds. This is a conservative assessment of the delay. 

A low flow trip is actuated following loss of one pump. The low flow 

trip setting is 90 percent of full loop flow; the trip signal is assumed 

to be initiated at 87 percent of full loop flow allowing 3 percent for 
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flow instrumentation errors. - The time from the initiation of the low flow 

signal to initiation of control rod assembly motion is 0.6 seconds. Upon 

reactor trip it is also assumed that the most reactive control rod assembly 

is stuck in its fully withdrawn position, hence resulting in a minimum 

insertion of negative reactivity. The negative reactivity insertion upon 

• 
trip is conservatively based on a 1 percent shutdown margin at no load conditions. 

Flow Coastdown 

Reactor coolant flow coastdown curves are shown on Figures 14.2.9-1, 

14.2.9-4, 14.2.9-7, 14.2.9-10, 14.2.9-13 and 14.2.9-16. These curves are 

based on high estimates of loop pressur~ losses. 

Results 

Loss from 100% power (nominal) with three loops operating (Figure 14.2.9-2) 

shows the neutron flux, the average ~eat flux, and the hot channel heat 

flux response for the loss of three pumps. 

Figure 14.2.9-3 shows the DNB ratio as a .function of time for 

this case. A minimum W-3 DNB ratio value of 1.46 is reached 2.35 

seconds after initiation of the incident. 

Figure 14.2.9-5 shows the transient for loss of one pump and Figure 

14.2.9-6 shows the DNBR as a function of time for this case~ The·· 

• 

minimum value of the DNBR is 1. 62 and occurs 3 seconds after initiation • 

of the transient. 
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Loss from 60% power (nominal) with two loops operating, no loop stop valves 

closed: 

Figure 14.2.9-8 shows the transient for loss of two pumps. Figure 

14.2.9-9 shows the. DNBR as a function of time for this case. The 

minimum value of the DNBR is 2.73 and occurs 2,4 seconds after initiation 

of the transient. 

Figure 14.2.9-11 shows the transient for loss of one pump. Figure 

14.2.9-12 shows the DNBR as a function of time for this case. 

The minimum value of the DNBR is 2.78 and occurs 3.4 seconds 

after initiation of the transient. 

Loss from 67% (nominal) with two loops operating, loop stop valves closed 

in one loop: 

Figure 14.2.9-14 shows the transient for loss of two pumps. Figure 

14.2.9-15 shows the DNBR as a function of time for this case. 

The minimum value of the DNBR is 2.33 and occurs 2.1 seconds 

after initiation of the transient, 

Figure 14.2.9-17 shows the transient for loss of one pump. Figure 

14.2.9-18 shows the DNBR as a function of time for this case. The 

minimum value of the DNBR is 2.32 and occurs 3.6 seconds after initiation 

of the transient • 
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Since DNB does not occur in any loss of coolant flow incident, there is 

no cladding damage and no release of fission products into the reactor 

coolant. Therefore, once the fault is corrected, the ~nit can be returned· 

to service in the normal manner. The absence of fuel failures would, of 

course~ be verified by analysis of reactor coolant samples. 

Locked Rotor Incident 

A transient analysis is performed for the hypothe#ical instantaneous seizure 

of a reactor coolant pump rotor, Flow through the affected reactor coolant 

loop is rapidly reduced, leading to a reactor trip on a low flow signal. 

Following the trip, heat stored in the fuel rods continues to pass into 

the core coolant, causing the coolant to expand, At the same time, heat 

transfer to the shell side of the steam generator is reduced, first.because 

the reduced flow results in a decreased tube side film coefficient and then 

because the reactor coolant in the tubes cools down while the shell side 

temperature increases (turbine steam flow is reduced to zero upon unit trip,) 

The rapid expansion of the coolant in the reactor core, combined with the 

reduced heat transfer in the steam generator causes an insurge into the 

pressurizer and a pressure increase throughout the Reactor Coolant System, 

The insurge into the pressurizer compresses the steam volume, actuates the 

automatic spray system, opens the power-operated relief valves, and opens 

the pressurizer safety valves, tn that sequence, The two power~operated 

·relief valves· are designed fo,; ·reliable operation and would be expected to 

• 

• 

• 
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function properly during the accident. However, for conservatism, their 

pressure-reducing effect as well as the pressure-reducing effect of the· 

spray is not included in this analysis. 

Method of Analysis 

The following cases are analyzed: 

1 Locked Rotor Incident from a nominal Reactor Coolant System heat 

output of 100% (2441 MWt) with three loops operating. 

2 Locked Rotor incident. from a nominal Reactor Coolant System heat 

output of 60% (1~~4.6 MWt) with two loops operating, no loop stop 

valves closed. 

3 Locked Rotor Incident from a nominal Reactor Coolant System heat 

output of 67% (1635.5 MWt), loop stop valves in one loop closed. 

Initial Conditions 

At the beginning of the postulated locked rotor incident, i.e., at the 

time the shaft in one of the reactor coolant pumps is assumed to seize, 

the unit. i·s assumed to be in operation under the most severe steady state 

operating conditions. The unit is assumed to be operating at 102% of 

nominal full power ( 2/i41 MWt) with three pumps operating. With 2 pumps 

operating, the unit is assumed to be operating at 62% of nominal full 
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power with no loop stop valves closed and at 69% of nominal full power 

with the loop stop valves in one loop closed. These operating conditions 

are based on the maximum expected calorimetric error of 2%. 

Inlet temperature is assumed to be 4°F above its programmed value to allow 

for 2°F deadband on control rod assembly motion and a maximum temperature 

error of 2°F. Nominal inlet temperature with three pumps operating is 543°F. 

With two loops operating and no loop stop valves closed this temperature is 

assumed to be 553.4°F and to be 549.3°F with stop valves in one loop closed. 

When the peak pressure is evaluated the initial reactor coolant pressure is 

conservatively estimated as 30 psi above nominal.pressure (2250 psia) to allow 

for errors in the pressurizer measurement and control channels in order to 

• 

get the highest possible rise in coolant pressure during the transient. When 

evaluating the DNBR, the 30 psi permissible: error was conservatively considered • 

to be below nominal pressure in order to give low initial DNBR. 

Evaluation of the Pressure Transient 

A digitial code was used to determine the peak pressure in the Reactor Coolant 

System under the postulated incident conditions and to obtain the nuclear 

power as a function of time which is used later on in the analysis. 

After pump seizure, nuclear power is rapidly reduced because of the control 

rod assembly insertion upon unit trip. In this analysis, the time from pump 

seizure to initiation of control rod assembly motion was taken as 0.9 seconds. 

Shutdown reactivity is conservatively based on a 1 percent shutdown margin at 

no load conditions. • 
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No credit was taken for the press_ure-reducing effect of the pressurizer 

relief valves, pressurizer spray, steam dump, or controlled feedwater flow 

after unit trip. Although these operations are expected to oc,cur and 

would result in a lower peak pressure, an additional degree of conservatism 

is provided by ignoring their effect. 

The pressurizer safety valves start operating at 2500 psia and their 
. 3 

capacity for steam relief is 30.41 ft /sec. 

Evaluation of DNB in the Core During the Incident 

Heat flux transients following the pump seizure were evaluated by a detailed 

digital model with the input of the nuclear power, the pressure and the 

coolant conditions previously calculated as functions of time. The model 

is similar to the model incorporated in the LOCTA code but features a larger 

number of lumps in the fuel. This study used 6 lumps for the fuel and one 

for the clad. 

Calculations of the extent of DNB in the core during the incidents were 

performed using a multichannel THING-III model with the heat flux, the 

coolant flow decay and the coolant conditions input as a function of time. 

Six concentric channels were used for this study • 
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In order to estimate the severity of the incident in the core as far 

as the integrity of the fuel rods is concerned, the thermal behavior 

of the fuel located at the hot spot after DNB was investigated using 

the detailed digital model mentioned above with a film boiling heat 

transfer calculation, Results obtained from an analysis of this "hot 

spot" condition represent the upper limit with respect to clad temperature, 

approach to clad melting and zirconium-steam reaction. The steady state 

conditions at the hot spot in the core just prior to the :f,ncide:nt are 

shown below: 

3 r~mp~ operatine; 2 J>Umps ,OP~rating 2 pumps operating 

No loop stop Loop stop valves 

valves closed in one loop 

Heat flu~., 
2 

. ~t!!/h;i;~f_t 544,780 331,140 368,530 
I ,/1776 1880 Avg. pellet temp, op 2261 -,-

Avg. clad temp,, OF 712 690 699 

System pressure, psia 2220 2220 22ZO 

Coolant mass flow rate~ 
. 6 

2,29 X 10 1,49 X 10 6 1,69 X 10 

lbs/hr"'.'ft 2 

Fil-m Boiling Coefficient 

The film boiling coefficient is ca,lculated in the digital program by an 

empirical equation, This equation is described in the WCAP~7247 Report 

(Post DNB Heat Transfer During Blow-down). 

6 

closed 
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The steam properties are evaluated at film temperature (avg. between wall 

and bulk temperatures). The program calculates the film coefficient at 

every time step based upon the actual heat transfer conditions at this 

time. 

The system pressure 1 bulk density and mass flow rate are an input to the 

pr.0g-rll!ffl as a function of time. 

'For this analysis, the initial values of the pressure and the bulk density 

were used throughout the transient, since they were the most conservative. 

'For conservatism, DNB was assumed to start at the beginning of the incident 

and the heat transfer coefficient between clad and water was reduced suddenly 

from its steady-state value to 0,7 times the film boiling value at time= 0, 

without any period of transition boiling, The safety factor of 0.7 was 

assumed for conservatism in evaluating the film boiling coefficient. 

Gap Coefficient 

The magnitude and time dependence of the gap heat transfer coefficient between 

fuel and cladding has a pronounced influence on the thermal results. The 

larger the value of this coefficient~ the more heat is transferred between 

pellet and clad, For the first part of the transient, a high gap coefficient 

produces higher clad temperatures since the heat stored and generated in 

the fuel pellet tries to redistribute itself in the cooler clad, This effect 

of the gap coefficient~ however, is reversed when the clad temperature 
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exceeds the pellet temperature in cases where the zirconium-steam reaction is ~ 

present. 

The effect of the gap coefficient upon the maximum clad temperature during 

the transient was investigated. Several cases with different gap coefficients 

were considered. The results are depicted in Figures 14.2.9-21, 14.2.9-27 

and 14.2.9-33, ana they show that the highest gap coefficient during the 

transient gives the highest clad temperature. Therefore, the final gap 

coefficient was taken to be 10600 Btu/hr-ft
2
-°F. 

Zirconium-Steam Reaction 

The zirconium-steam reaction can become significant above 1800°F (clad 

temperature). In order to take this phenomenon into account, the following 

correlation, which defines the rate of the zirconium-steam reaction, was 

introduced into the model: 

where 

dw2 

dt 
6 r 45,Sool 

= 33.3 x 10 exp(.: 1 _986rJ 

2 w = amount reacted, mg/cm 

t = time, sec 

T = temperature, °K 

The heat of reaction is 1510 cal/gm 

• 

• 
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Results 

The primary coolant pressure vs. time for a locked reactor coolant pump 

rotor 'incident from a nominal 100% power with three loops operating is shown 

in Figure 14.2.9-20. The peak pressure reached after 2.8 sec, is 2517 

psia. The minimum DNBR for this case from the W-3 corr.elation is shown in 

Figure 14.2.9-22 as a function of time; the worst DNB condition occurs about 

2 seconds after the start of the incident. 

Figure 14.2.9-23 shows the minimum DNBR reached durlng the incident as a 

function .of number of fuel rods. It can be seen from this figure that less 

than 5% of the fuel rods reach a DNBR lower than 1.3 • 

, Figure 14. 2. 9-24 shows the clad temperature transient with the zir-conium-steam 

reaction at the hot spot during the incident. The maximum clad temperature 

is 1640°F. Since the temperature is less than 1800°F, the zirconium-steam 

reaction is negligible. 

Figure 14.2.-9-25 through Figure 14.2.9-30 show the transient response for 

a locked rotor incident from a nominal 60% power with two loops operating, 

no ~oop stop valves closed. The peak pressure ·reaches 2515 psia after 3.2 

seconds (see Figure 14.2.9-26). The minimum DNBR during the incident as a 

funct:i:'on of time is depicted in Figure 14.2.9-28. At bulk qualities above 

20%, the W-3 DNBR correlation is no longer valid. The DNBR at qualities 

above 20% has, therefore, not been plotted. In determining the number of fuel 

rods having a DNBR less than 1.3, it has been assumed that all fuel rods in the 
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core regions at qualities above 20% have a DNBR less than 1.3. Figure 

14.2.9-29 shows the minimum DNBR reached during the incident as a function 

of the number of fuel rods. It can be seen that less than 1% of the fuel 

rods reach a DNBR lower than 1.30. Figure 14.2.9-30 shows the clad temperature 

transient at the hot spot. The maximum clad temperature is 1120°F; since 

the temperature is less than 1800°F, the zirconium-steam reaction is negligible. 

Figures 14.2.9-31 through 14.2.9-36 show the transient response for a 

locked rotor incident from a nominal 67% power with two loops operating 

and the loop stop valves in one loop closed. The peak pressure reaches 

2548 psia after 2.8 sec (see Figure 14.2.9-32). The minimum DNBR during 

the incident as a function of time is depicted in Figure 14.2.9-34. As 

previously indicated, the DNBR at qualities above 20% has not been plotted • 

Again, it has been assumed that all fuel rods in the core regions having 

qualities above 20% have a DNBR less than 1.3. Figure 14.2.9-35 shows the 
\ 

minimum DNBR reached during the accident as a function of the number of fuel 

rods. It can be seen that less than 1% of the fuel rods reach a DNBR lower 

than 1.30. Figure 14.2.9-36 shows the clad temperature transient at the 

hot spot. The maximum clad temperature is 1135°F; since the temperature is 

less than 1800°F, the Zirconium-steam reaction is negligible. 

Conclusions 

1. Since the peak pressure reached during any of the transients is 

2548 psia, the integrity of the Reactor Coolant System is not 

endangered. A pressure of 2548 psia can be considered as an upper 

• 

• 

limit because of the following conservative assumptions used in the • 

study: 
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(a) Credit was not taken for any negative moderator coefficient 

(b) It was assumed that the pressurizer relief valves were inoperative 

(c) The steam dump was assumed to be inoperative 

(d) It was assumed that the pressurizer spray was inoperative 

(e) Credit was not taken for the controlled feedwater flow after trip. 

2. Less than 5% of the fuel rods would exhibit a. DNBR of less than 1.3 

3 . 

in the worst case. 

The peak clad surface temperature of 1640°F, calculated for the hot 

spot during the worst transient, can also be considered an upper limit 

since: 

(a) The hot spot was assumed to be in DNB at the start of the incident 

(b) A high gap coefficient was used 

(c) A value of 0.7 times the heat transfer coefficient for film 

boiling was used in the study and film boiling was assumed to 

be fully developed from the start of the transient, i.e., no 

credit was taken for transition boiling. 

(d) The nuclear heat released in the fuel at the hot spot was based 

on a zero moderator coefficient • 
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14.2.10 Loss of External Electrical Load 

14.2.10-1 
10-15-70 

The loss of external electrical load may result from an abnormal variation 

in network frequency, or other adverse network operating conditions. It 

may also result from a trip of the turbine generator or opening of the 

main breaker from the generator which fails to cause a turbine trip 

but causes a large,rapid Nuclear Steam Supply System load reduction 

by the action of the turbine control. 

The unit is designed to accept a step loss of load from 100% to 50% load 

without actuating a reactor trip. The automatic steam bypass system, with 

40% steam dump capacity to the condenser, is able to accommodate this 

load rejection by reducing the severity of the transient imposed upon 

the Reactor Coolant System. The reactor power is reduced to the new 

equilibrium power level at a rate consistent with the capability of 

the Rod·cont~ol System~ The pressurizer relief valves may be actuated, 

but the pressurizer safety valves and the steam generator safety valves 

do not lift for the 50% step loss of load with steam dump. 

In the event the steam bypass valves fail to open following a large 

load loss or in the event of a complete loss of load with steam dump operating, 

the steam generator safety valves may lift and the reactor may be tripped 

by the high pressurizer pressure signal or the high pressurizer level 



14.2.10-2 
12:....i-69-

signalo The steam generator shell side pressure and reactor coolant 

temperatures will increase rapidly. The pressurizer safety valves and 

steam generator safety valves are, however, sized to protect the Reactor 

Coolant System and steam generator against overpressure for all load 

losses without assuming the availability of the steam bypass system. The 

steam dump valves will not be opened for load reductions of 10% or less. 

For larger load reductions they may open, 

The most likely source of a complete loss of load on the Nuclear Steam 

Supply System is a trip of the turbine-generator. In this case, there 

is a direct reactor trip signal (unless below approximately 10% power) 

derived from either the turbine autostop oil pressure or a closure of 

the turbine stop valves. Reactor coolant t'emperatures and pressure 

do not significantly increase if the steam bypass system and pressurizer 

pressure control system are functioning properlyo However, in this 

analysis, the behavior of the unit is evaluated for a complete loss 

of load from 102% of full power without a direct reactor trip primarily 

to show the adequacy of the pressure relieving devices and also to show 

that no core damage occurs. The Reactor Coolant System and Main Steam 

System pressure relieving capacities are designed to ensure safety of 

the unit without requiring the automatic rod control, pressurizer pr,essure 

control and/or steam bypass control systems. 

• 

• 

• 



• 

• 

• 

Method ·of Analysis 

14.2.10-3 
12-1.:..69 

The total loss of load transients are analyzed by employing a detailed 

digital computer program. The program describes the neutron kinetics, 

Reactor Coolant System, pressurizer, pressurizer relief and safety valves, 

pressurizer spray, steam generator, and steam generator safety valves. 

The program computes pertinent plant variables including temperatures, 

pressures, and power level. The objectives of this analysis are to 

demonstrate margins of core protection and to demonstrate the adequacy 

of the unit pressure relieving devices. The variables shown in the figures, 

for example, were calcul.ated by the program • 

Initial Operating Conditions 

The initial reactor power and Reactor Coolant System temperatures are 

ass\Dlled at their maximum values consistent with steady state, full power 

operation, including allowances for calibration and instrument errors. 

The initial Reactor Coolant System pressure is assumed at the minimlllll 

value consistent with steady state, full power operation, including 

allowances for calibration and instrument errors. This results in the 

maximlllll power difference for the load loss, and the minimum margin to 

core protection limits at the initiation of the total loss of load acpident • 



Moderator and.Doppler Coefficients of Reactivity 

14.2.10-4 
12 ... 1'"'\69 

The total loss of load is analyzed for both beginning-of-life and end

of-life conditions. At beginning-of-life a zero value of moderator 

coefficient is used and at end-of-life a -3.5 x 10-4 ~k/°F value of 

moderator coefficient is used. A conservatively negative value of Doppler 

power coefficient is used for all cases. 

Reactor Control 

Two cases for both the beginning and end of life are analyzed as follows: 

1. 

2. 

The reactor is assumed to be in normal automatic control with 

the control rod assemblies in the minimum incremental worth 

region. 

The reactor is assumed to be in manual control with no control 

rod assembly insertion until a reactor trip occurs. 

·Steam· Release 

No credit is taken for the operation of any of the steam bypass (dump) 

valves or power operated steam generator relief valves. The steam generator 

pressure rises to the safety valve set point where steam release through 

safety valves limits secondary steam pressure at the set point. 

• 

• 

•• 
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Pressurizer Spray and Power Operated·Relief Valves 

-14. 2 .10-5 
12-1-69 

Two cases for both the beginning and end of life are analyzed as follows: 

1. 

2. 

Full credit is taken for the effect of pressurizer spray 

and power operated relief valves in reducing or limiting 

coolant pressureo 

No credit is taken for the effect of pressurizer spray and 

power operated relief valves in reducing or limiting coolant 

pressure. 

Results 

The transient responses for a total loss of load from 102% full power 

operation are shown for four cases, two cases for the beginning of core 

life and two cases for the end of core life, in Figures 14.2.10-1 through 

14.2.10-8. 

Figures 14.2.10-1 and 14.2.10-2 show the transient responses for the 

total loss of load at beginning-of-life with zero moderator temperature 

coefficient assuming full credit for the pressurizer spray, pressurizer 

power operated relief valves, and automatic control rod assembly insertion. 

No credit is taken for steam dump. It can be seen from the transients 



14.2.10-6 
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that the power operated· relief valve capacities are not large enough 

to prevent a high pressure trip for this case. The high pressure trip 

(assumed at a pressurizer pressure of 2425 psia) occurs 11. 9 seconds 

after the loss of load, and the pressurizer pressure rises to a maximum 

of 2460 psia before decreasing, following the reactor trip. The minimum 

D~BR occurs a·t the beginning of the transient and is. 1. 73, which is well 

above the 1.3 design value. The steam generator safety valve setpoint 

is reached at 10 seconds after the start of the transient and the valves 

are required to relieve a peak flow of 80% of the flow at rated full 

power at 17 seconds. 

Figures 14.2.10-3 and 14.2.10-4 show the responses for the total loss 

of load at end of life with the most negative moderator temperature 

coefficient (-3.5 x 10-4 ~k/°F). The rest of the unit operating conditions 
. . 

are the same as the case above. The pressurizer pressur·e increases to 

a peak of 2357 psia. The combination of pressurizer spray, pressurizer 

power operated relief valves, and control rod assembly insertion were 

sufficient to prevent the pressurizer pressure from reaching the high 

pressure trip point, The pressure decreases rapidly after about 20 

seconds.as a result.of the large reduction in nuclear power. The increase 

in coolant average temperature is about 18°F. The DNBR increases throughout 

the transient and never drops below the initial value of 1.73. · The 

·steam generator safety valve setpoint is reached at 10 seconds after 

the start of the transient and the valves·are required to relieve a 

peak flow of 72% of the flow at rated full power at about 20 seconds. 

-

-.., ... 
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·14 • 2 .10-7 · 
12-1-69 

The safety valves were not actuated in the transients shown in Figures 

14.2.10-1 through 14.2.10-4 which include the effects of pressurizer 

spray, pressurizer power operated relief valves, and automatic control 

rod assembly insertion • 

. The total loss of load accident was also studied assuming the unit to 

be initially operaiing at 102% of full power with manual rod control. 

In this case there is no control rod assembly insertion until a trip 

occurs. In addition, no credit is taken for the pressurizer spray, 

pressurizer power operated relief valves, or steam dump. The reactor 

is tripped on high. pressure (assumed at 2425 psia) Figures 14.2.10-

5 and 14.2.10-6 show the beginning of life transient with zero moderator 

coefficient. The nuclear power remains essentially constant at 102% 

full power until the reactor is tripped at 6.2 seconds after loss of load. 

The peak pressurizer pressure is 2540 psia and the maximum surge rate 

is 3 17.3 ft /sec. This is compared to a pressurizer safety valve capacity 

of approximately 
·, 3 

30.5 ft /sec. The steam generator safety valve setpoint 

is reached at 10 seconds after the start of the transient and the valves 

are required to relieve a peak flow of 67% of the flow at rated full 

power at 12 seconds. Figures 14.2.10-7 and 14~2.10-8 are the transients 

at end of life with the other assumptions being the same as in Figures 

14.2.10-5 and 14.2.10-6. The peak pressurizer pressure is 2534 psia 

3 and the maximum surge rate is 15.1 ft /sec. In this case, the steam 

generator safety valve setpoint is reached at 10 seconds and the valves 

must relieve a peak flow of 65% at 12 seconds • 



Conclusions 

·14 ~2.10-8 
12-1-69 

The analysis indicates that a total loss of load without a direct or 

immediate reactor trip presents no hazard to the integrity of the Reactor 

Coolant System ~r the Main Steam System. Pressure relieving devices 

incorporated in the two systems are adequate to limit the maximum pressures 

to within design limits. The integrity of the core is maintained by 

the high pressurizer pressure reactor trip. The minimum DNBR never 

fell below 1.73 which is well above the 1.3 design value. 

• 

• 

• 
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• 

• 

14.2-11 LOSS OF NORMAL FEEDWATER 

,14 .2~11-1 
J,2 ·~·J,,6 9 

A loss of normal feedwater (from a pipe break, pump failures, valve 

malfunctions, or loss of outside a-c power) results in a loss in capability 

of the secondary system to remove the heat generated in the reactor 

core. If the reactor were not tripped during this incident, reactor core 

damage could possibly occur from a sudden loss of heat sink. If an 

alternate supply of feedwater were not supplied to the unit, residual 

and sensible heat following rea.ctor trip would heat the Reactor Coolant 

System water to the point where water relief from the nressurizer relief 

valves occurs. Loss of significant water from the Reactor Coolant System 

could conceivably lead to core damage • 

The following provides the necessary protection against a loss of normal 

feedwater. 

1. Reactor trip on low-low water level in any steam generator. 

2. Reactor trip on main steam flow-feedwater flow mismatch in coincidence 

with low water level in any steam generator. 

3. Two motor driven auxiliary feedwater .pmnps (350 gpm each) which 

are started automatically on: 



(a) Low-low level in any steam generator, or 

(b) Opening of both feedwater pump circuit breakers, or 

(c) Any safety injection signal, or 

(d) Loss of all a-c power, or 

(e) Manually 

14.2.11-2 
12-1-69 

4. One turbine driven pump (700 gpm) which is started automatically on 

(a) Low-low level in 2/3 steam generators, or 

(b) Loss of voltage on all 4160 V. bosses, or 

(c) Manually 

I 

The motor driven auxiliary feedwater pumps are supplied by the diesel 

generators if a loss of outside power occurs, and the turbine-driven 

pump uses steam from the steam generators. The turbine exhausts the steam 

to the atmosphere. The auxiliarY: feed.water pumps take suction directly 

from the buried 100,000 gal. condensate storage tank for.delivery to 

the steam generators. 

The above provides functional diversity in equipment and control logic 

to ensure that reactor trip and automatic auxiliary feedwater flow will 

occur following any loss of normal feedwater including that caused by 

a loss of a-c power. 

• 

• 
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Method of Analxsi~ 
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The analysis was performed using a digital simulation of the unit to 

show that following a loss of normal feedwater, the auxiliary feedwater 

system is adequate to remove stored and residual heat. 

The following assumptions were made:. 

1. The steam generator wa~er level (in all steam generators) at the 

time reactor trip occurs is at the lowest level which will result 

in reactor trip and automatic initiation of the auxiliary feedwater 

flow. The initial water level in the analysis is assumed to be 

2. 

at the lower narrow range level tap. 

The unit is initially operating at 102% of 2546 MWt (the maximum 

calculated turbine rating). 

3. A heat transfer coefficient in the steam generators assuming Reactor 

Coolant System natural circulation. 

4. A conservative core residual heat generation based upon long term 

operation at the initial power level preceding the trip. 

5. Only one motor driven auxiliary feedwater pmnp is available at 

one minute after the incident • 
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6. Auxiliary feedwater is delivered to only two steam generators. 

7. Secondary system steam relief through the self actuated safety 

valves (steam relief will, in fact, be through the power operated 

relief valves or condenser dwnp valves for most cases of loss 

of normal feedwater. However, these were assumed to be unavailable 

in the analysis). 

Results 

Figure 14.2.11-1 shows the unit parameters following a loss of normal 

feedwater incident with the assumptions listed above. Following the 

reactor and turbine trip from 1.02 x 2546 MWt, the water level in the 

steam generators will fall due to the reduction of steam generator void 

fraction and because steam flow through the safety valves continues 

to dissipate the stored and generated heat. One minute following the 

initiation of the low-low level trip the auxiliary feedwater plDilp is 

automatically started reducing the rate of water level decrease. The 

capacity of the auxiliary feJdwater plDilp is such that the water leyel 

in the steam generators being fed does not recede below the lowest level 

at which sufficient heat transfer area is available to dissipate core 

residual heat without water relief from the primary system relief or 

safety valves. 

• 

• 
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From Figure 14.2.11-1 it can be seen that at no time is the tube sheet 

uncovered in the steam generators receiving auxiliary feedwater flow 

and at no time is there water relief from the pressurizer. If the auxiliary 

feed delivered is greater than that of one motor driven pump, the initial 

reactor power is less than 102% of 2546 MWt, or the steam generator 

water level in one or more steam generators is above the low-low level 

trip point at the time of trip then the result will be a steam generator 

minimtm1 water level higher than shown and an increased margin to the 

point at which reactor coolant water relief from the pressurizer occurs. 

· Conclusions 

The loss of normal feedwater does not result in any ?dverse condition 

in the core, because it does not result in water relief from the pressurizer 

relief or safety valves, nor does it result in uncovering the tube sheets 

of the steam generators being supplied with water • 
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14.2.12 LOSS OF ALL AC POWER TO THE STATION AUXILIARIES 

14.2.12-1 
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In the e~ent of a complete loss of off-site power and turbine trip, there 

would be a loss of power to the unit auxiliaries, i.e. the reactor coolant 

pumps, main feedwater pumps, etc. The events following a loss of a-c power 

with turbine trip are described in the sequence below. 

1. Unit vital instruments are supplied by the emergency power sources. 

2. As the steam system pressure subsequently increases, the steam system 

power relief valves are automatically opened to the atmosphere. (Steam 

bypass to the condenser is assumed not available since the steam 

3. 

bypass is not required for reactor protection.) 

If the steam flow rate through the power relief valves is not 

sufficient (or if the power relief valves are not available), the 

steam generator self-actuated safety valves may lift to dissipate 

the sensible heat of the fuel and coolant plus the residual heat 

produced in the reactor. 

4. As the no load temperature is approached, the steam power relief valves 

(or self actuated safety valves if the power relief valves are not 

available for any reason) are used to dissipate the residual heat and 

to maintain the unit at the hot shutdown condition . 
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The emergency diesel generators will start on loss of voltage on 

the emergency 4160 volt busses to supply unit vital loads. 

The auxiliary feedwater system is started automatically as discussed in 

Section 14.2.11. The steam driven auxiliary feedwater pump uses main steam 

and ex~austs to the atmosphere. The motor driven auxiliary feedwater pumps 

are supplied by power from the diesel generators. The pumps take suction 

directly from the buried, 100,000 gal. condensate storage tank for delivery 

to the steam generators. The auxiliary feedwater system ensures feedwater 

supply of at least 350 gpm upon loss of power to the station auxiliaries, 

since the auxiliary steam turbine driven feedwater pump has a capacity of 

700 gpm and the motor driven auxiliary feedwater pumps have a capacity of 

350 gpm each. 

The steam driven pump can be tested at any time by admitting steam to the 

turbine driver. The motor driven pumps also can be tested at any time. 

The valves in the system can be .operationally tested at any time. 

Upon the loss of power to the reactor coolant pumps, coolant flow necessary 

for core cooling and the removal of residual heat is maintained by natural 

circulation.in the reactor coolant loops. The natural circulation flow was 

calculated for the conditions of equilibrium flow and maximum loop flow 

impedance. The model used has given results within 15% of the measured 

• 

• 

• 
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flow values obtained ·during natural circulation tests conducted at the 

Yankee-Rowe plant and has also been confirmed at San Onofre and Connecticut 

Yankee. The natural circulation flow ratio as a function of reactor power 

is given in Table 14.2.12-1. 

The average temperature, pressurizer water volume, and steam generator level 

assuming the most conservative initial unit.conditions and equipment 

availability are shown in Figure 14.2.11-1 for a loss of normal feedwater 

including a loss of outside a-c power, and Reactor Coolant System natural 

circulation. It is shown in Section 14.2.11 that a loss of normal feedwater 

from any cause including a loss of outside a-c power does not result in 

water relief from the pressurizer relief or safety valves • 

Conclusion 

The loss of a-c power to the station auxiliaries does not cause any adverse 

condition in the core since it does not result in wat~r relief from the 

pressurizer relief or safety valves • 
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NATURAL CIRCULATION REACTOR COOLANT FLOW VS REACTOR POWER 

.Reactor Power Reactor Coolant Flow 

% Full Power % Nominal Flow 

3.5 5.0 

3.0 4.7 

2.5 4.4 

2.0 4.1 

1.5 3.8 

1.0 3.3 

• 
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14.2.13 LIKELIHOOD OF TURBINE-GENERATOR UNIT OVERSPEED 

14.2.13.:..1' 
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The present technology of rotor forging machinery and inspection techniques 

guarantees practically defect-free turbine rotors. Further, Westinghouse 

conservative design eliminates any harmful stress-concentration point, as 

the no-failure record of Westinghouse turbine-generator confirms. 

·-Due to the redundancy and reliability of the turbine control protection 

system and of the Main Steam System, the probability of a unit overspeeding 

above the design value, i.e., 130%, is very remote. 

A description and operation of the electro-hydraulic governing system is 

given in Section 7.3 • 

Due to conservative design, very careful rotor forgings procurement, precision 
' ! 

machining, rigid inspection and reliable turbine control, Westinghouse 

turbine-generator units have never experienced a massive failure. 

A survey of the available literature on turbine-generator unit failure shows 

that the last massive failure of a turbine generator unit occurred more than 

eleven years ago. The causes of failure were identified at that time, and 

provisions were adopted to prevent the recurrence of massive failures. The 

record since that time demonstrates the soundness of these provisions and 

. correct design. 

The no-failure record of Westingh6use turbine generator units, plus the 

experience gained from the reference incidents, together with the improve

ment in the design and inspection techniques in the past eleven years indicates 
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that the likelihood of massive turbine-generator failure is extremely remote. 

With regard to design and inspection techniques, it is worthwhile to mention 

that a technical committee of forging suppliers and equipment manufacturers 

was formed about 15 years ago under ASTM to study turbine and generator 

rotor failures. This group developed the high-toughness NiCrMoV material, 

now used in all turbine rotors and disks. This Task Force(l) has been very 

active in making additional improvements in quality and soundness of large 

forgings and is still in being. 

The survey of the literature on massive turbine failures in the last 25 

years indicates that all of them occurred between 1953 and 1958. 

This survey has pointed out that the rare events of a catastrophic failure 

of turbines fell into one of two categories: 

1. Failure by overstressing arising from accidental and excessive 

overspeed; and 

2. Failure, due to defects in the material, occurring at about 

normal speed. 

No failure falling in the first category occurred in the USA. The only two 

documented examples o~curred in the United Kingdom. Both incidents were caused 

by the main steam admission valves sticking in the open position after full 
I 

load rejection, because of impurities in the turbine control and lubrication 

oil. The probability of this occurrence in this unit is very remote as 

previously pointed out. 

• 

• 
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In addition to the provisions in the design of the turbine control and 

protection system during unit operation, valves are exercised on a periodic 

basis, to further preclude the possibility of a valve stem sticking. Analysis 

of oil samples are performed regularly. 

The turbine is periodically overspeeded to check the tripping speed. The 

remaining tripping devices are routinely checked. 

The causes of the failures that fall in the second category, i.e., failures 

due to defects in the material occuring about normal speed, are summarized 

in Appendix 14 A. The causes of failure were completely identified and, 

if the ultrasonic test were used as one of the bases for rejection or 

acceptance of forging, many of them would not have occurred. Further, the 

stress concentration points that initiated failure in some units are strictly 

correlated to the peculiar design characteristics of those units. As pointed 

out- in Appendix 14 A, these discontinuities are not present in Westinghouse 

units. 

Westinghouse specifies the quality and method of manufacturing of the purchased 

forgings. Written specifications cover the manufacturing process, the 

chemical and mechanical properties, the tests to be performed, etc. Spe~ifically, 

the tests performed are both destructive and non-destructive in nature. The 

destructive tests include tension tests, impact tests, and transition temper

ature measurement tests. The tension specimens are taken in a radial and/or 

longitudinal direction. The tensile properties are determined in accordance 

with ASTM A-370 on a Standard Round 1/2 inch Diamter 2 Inch Gage Length Test 

specimen. The yield strength is taken as the load per unit of original cross 

section at which the material exhibits an offset of 0.2 percent of the original 
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length. The Charpy impact specimens are taken in a radial direction, and 

the minimum impact strength at room temperature measured. The transition 

temperature is determined from 6 specimens tested at different temperatures 

in accordance with ASTM A-443. The specimens are taken in a radial direction 

and machined in such a manner that the V-notch is parallel to the forging 

axis. Two specimens are machined from each test bar. All specimens are 

taken following heat treatment. Curves of impact strength and percent 

brittle failure versus test temperature are drawn. The non-destructive 

tests include bore inspection, sulfur printing, magnetic particle test, 

thermal stability test, and ultrasonic tests. 

The bores are visually inspected and the walls of the finished bores shall 

be free from cracks, pipe shrinkage, gas cavities, non-metallic inclusions, 

injurious scratches, tool marks and similiar defects. 

A magnetic particle test is made on each forging to demonstrate the freedom 

from surface discontinuities. The end faces of the main body and down 

over and beyond the fillets joining the main body to the shaft portions 

are magnetic particle tested. The bore is also magnetic particle tested 

at a high sensitivity level in accordance with ASTM A-275. These inspections 

-are done by Westinghouse inspectors prior to Westinghouse accepting these 

forgings. After final machining by Westinghouse, rotors are again magnetic 

particle inspected on the external surfaces by Westinghouse. 

The face of the test prolo.ngations at each end of the rotor body or an area 

on the end faces of the rotor body equivalent to the test prolongations is 

• 
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sulfur printed to determine the freedom from undue ingot corner segregation 

and excessiye sulfide inclusions. 

A thermal stability test is performed on the forging at the place of 

manufacture after all heat treatment has been completed. 

The forgings are ultrasonically inspected at the place of manufacture by 

Westinghouse inspectors. 

Based on conservative design, precision .machining, reliable turbine control 

system, careful rotor forging procurement and rigid inspection, the probability 

of a combination of excessive overspeed, new-born large forging defects, 

and operating temperature below the transition temperature is consider¢d 

practically zero • 
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14.3.1 

14. 3.1.1 

STEAM GENERATOR TUBE RUPTURE 

General 

14.'3,1.:..1 
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The accident examined is the complete severance of a single steam generator 

tube adjacent to the tube sheet. It is assumed that the accident takes 

place at power and while the reactor coolant is contaminated with fission 

products corresponding to continuous operation with one percent 

of fuel rods defective. The.accident leads to contamination of 

the secondary system due to leakage of. radioac£:i.ve·cooia.nt" Yrom-

the Reactor Coolant System and in the event of a co-incident loss 

of outside power there will be, in addition, a discharge of activity 

to the atmosphere through the steam generator safety and/or power 

operated relief valves. 

The steam generator tube material is Inconel 600 and as the material 

is highly ductile it is considered that the assumption of a complete 

severance is extremely conservative. The more probable mode of tube 

failure would be one or more minor leaks of undetermined origin, Activity 

in the Steam and Power Conversion System is subject to continual surveillance 

and an accumulation of minor leaks which approach the equivalent of 

one complete tube rupture is not permitted during unit operation. 

The main objective of the Operator should be to determine that a steam 

generator tube rupture has occurred and to identify and isolate the 

faulty steam generator on as short a time scale as possible in order to 
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minimize contamination of the secondary system and ensure termination 

of activity discharge to the atmosphere. The recovery procedure can 

be carried out in such a time scale as to ensure that break flow to 

the secondary system is terminated before water level in the affected 

steam generator can rise into the main steam pipe and it can be seen 

that sufficient indications and controls are provided to enable the 

Operator to carry out these functions satisfactorily. 

14. 3.1. 2 Method of Analysis and Description of Accident 

The following sequence of events is initiated by a tube rupture: 

1. Pressurizer low pressure and low level alarms are actuated, 

and prior to unit trip, charging pump flow increases in an attempt 

to maintain pressurizer level. On the secondary side there 

is a steam flow/feedwater flow mismatch before trip as feedwater 

flow to the affected steam generator is reduced due to the additional 

break flow which is now being supplied to that steam generator, 

2. Loss of reactor coolant inventory leads to falling pressure 

and level in the pressurizer and eventually a reactor trip signal 

is generated by low pressurizer pressure. Automatic unit cooldown 

following reactor trip leads to a rapid change of pressurizer 

level, and the safety injection signal, initiated by co-incident 

low pressurizer pressure and level, follows soon after the reactor 

trip. The safety injection signal automatically terminates 

normal feedwater supply and initiates auxiliary feedwater addition. 

• 
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-------· ------- - ---·· -·-----·-----------·- ------- -- ··-· --
The steam generator·blowdown liquid monitor and the air ejector radiation 

3 monitor alarms, indicating the passage of reactor coolant into 

the secondary system, and a transfer signal is initiated which 

causes the air ejector exhaust from tnct condenser to b.e discharged 

to the containment, thereby terminating any direct atmospheric release. 

4. The unit trip automatically shuts off steam supply to the turbine 

5. 

and if outside power is available the condenser bypass valves open 

permitting steam dump to the cc'ndenser. In the event~f-a -co

incident station blackout, the condenser bypass valves would 

automatically close to protect the condenser. The steam generator 

pressure would rapidly increase and discharge steam to the atmosphere 

through the steam generator safety and/or power operated relief 

valves. 

Following a unit trip, the continued action of auxiliary feedwater 

supply and borated safety injection flow (supplied from the 

Refueling Water Storage Tank) provides a heat sink which eventually 

absorbs decay heat. Thus, steam bypass to the condenser, or 

in the case of loss of outside power steam relief to atmosphere, 

is discontinued on a time scale which is dependent on the exact 

amount of emergency equipment (safety injection pumps and auxiliary 

feedwater pumps) operating • 



6. Safety injection flow results in increasing pressurizer water 

level. The time after trip at which the operator can clearly 

see returning level in the pressurizer is also dependent upon 

the amount of operating auxiliary equipment. 

14. 3.1. 3 Results 

14. 3 .1-4. 
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it is expected that in the event of a steam generator tube rupture accidentthe 

the operator is able to determine rapidly the accident type and prepare 

to isolate the affected steam generator when it has been identified 

by stopping the reactor coolant pump and closing the reactor coolant isolation 

valves in the proper loop. In this way further discharge of activity 

to the secondary system is terminated. However, for the purpose of 

this analysis and in order to determine the maximum potential release 

of active steam to the atmosphere, it was assumed that a steam generator 

tube rupture also occurred with a loss of outside power co-incident 

with initiation of the safety injection signal. It was further assumed 

that no effort was made to close the loop isolation valves or the 

valves failed to close. The amount of steam discharged through the 

secondary safety valves is therefore governed by the time required 

for auxiliary feedwater flow and safety injectio,n flow to absorb the 

core decay heat and core stored heat. 

Four trans~_E:!1:l_t_ ~t_udie!3 __ were __ performed to det:ermine __ tl!_e __ eff~~t: ___ oj; 'op(i!_rati~!! _ 

of one and two safety injection pumps, respectively, together with 

the addition of 50% and 100% of auxiliary feedwater flow, In the 

• 
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event of loss of outs~de power the emergency equipment is operated 

' by diesel generator power and suitable delays were incorporated in 

the transient to allow for the delays in starting diesel generators, 

connecting the emergency equipment to the 480 V buses and opening 

valves in the safety injection lines. 

The results are shown in Figures 14.3.1-1 to 14.3.1-4. Following 

14 .3.1-5 
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the reactor trip the steam generator shell side temperature rapidly 

increases to the saturation temperature corresponding to the safety 

valve pressure setting and steam discharge confinues until decay heat 

is quenched by safety injection flow and auxiliary feedwater flow. 

The amount of steam discharged and the time at which discharge is 

terminated is shown in Table 14.3.1-1. The percentage of initial 

reactor coolant inventory which has been discharged to the affected 

steam generator shell side during active steam discharge can be seen 
I: 

in the figures. In the later part of the transient the reactor 

coolant is repressurized by safety injection action to an extent which 

depends on the various combination of emergency equipment. This in 

turn affects the long term integrated break flow. 

The environmental consequences of a tube rupture accident corresponding 

to cases 1 through 4 are discussed in Sections 14. 3.1. 4 below and 

the results shown in Table 14.3.1-1 and Figures 14.3.1-1 to 14·.3.1-

4 are incorporated in the analysis, 



TABLE 14.3.1-1 

STEAM RELEASE TO ATMOSPHERE FROM SAFETY VALVES 

Case No. 

Number of Safety Injection 
Pumps 

Auxiliary Steam Generator 
Feed Flow,% 

I 

End of Steam Discharge 
sec. after trip 

Mass of Steam Discharged, lbs. 

1 2 3 

2 2 1 

100 50 100 

104 396 100 

13,800 19,800 14,340 

4 

1 

50 

744 

14.3.1-6 
12-1-69 

20,300 

•• 
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14. 3.1. 4 Environmental Consequences of Tube Rupture 

14. 3.1-7 
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If offsite power is available, all volatile activity is released into 

the containment and there is no offsite dose. With offsite power the 

activity release is only through the faulted steam generator and is limited 

by the concentration of activity in the reactor coolant that is blown down 

to the secondary side of the steam generator prior to the termination 

of atmospheric relief, As shown in Figures 14.3.1~1 through 4, case 4 

with one safety injection pump and 1/2 auxiliary flow results in the 

highest integrated break flow during the period of s·team release shown on 

Table 14. 3 .1-1. 

Activities released-to the secondary side, of the steam generator, on 

the basis of this coolant release (case 4, 10% of the primary system inventory) 

and operation with one percent fuel defects, is as fOllows: 

Isotope Activity, Curies 

I-131 44 

I-132 16 

I-133 71 

I-134 9.9 

1-135 37. 

Kr 85 63 

Kr-85m 29.8 

Kr-87 20 

Kr-88 73. 

Xe-133 4917. 

Xe-133m 1.9. 

Xe-135 136. 
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Because the iodine is soluble in water, considerable gaseous separation 

will occur. Assumic1.g equilibrium was reached between the liquid and vapor 

iodine concentrations, the effective partition factor for the steam-to

water concentration would be 4 x 10-3 (Reference 1). Further separation 

would. occur in the dryer and moisture separator sections of the steam 

generator. (A factor of 2.5 x 10-3 is used for the design moisture en-

trainment for full steam flow.) Realizing, however, that the actual situa

tion would be a transient condj tion rather than steady-state, a conservafive 

value of 10- 2 has been chosen to represent the overall partition factor. 

Using this effective partition factor of 1.0 x 10-2, for iodine and an 

.X/Q of 8.14 x 10-4 sec/m3, the activity released to the atmosphere through 

the safety valves results in a thyroid dose of about 0.28 rem and a whole 

body dose of about 0.30 rem at the site boundary. 

It is concluded that a steam generator tube rupture will not result in 

excessive radiation exposure at the site boundary. 

14. 3.1. 5 Recovery Prodcedure 

The immediately apparent symptoms of a tube rupture accident, such as 

falling pressurizer pressure and level and increased charging pump flow, can 

also be symptoms of small steam line breaks and loss-of-coolant accidents. 

It is therefore important that the operator determine that the accident is 

the rupture of a steam generator tube in order to carry out the correct 

recovery procedure. This accident is uniquely identified by a condenser air 

ejector radiation alarm or a steam generator blowdown radiation alarm, and 

the operator does not proceed with the following recovery procedure unless 

these alarms are observed. In the event of a relatively large rupture, such as 

• 
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that analyzed above and shown in Figures 1403.1-1 to 14~3.l.-~-~- it is C!liear 

soon after trip that the level in one steam generator is rising more 

rapidly than in the others and this also is a unique indication of 

a tube rupture accident. 

The operator carries-·out- the-Toiiowing procedures which -lead to isolation 

of the faulty steam generator and subsequently to wift"···c:o-o1d6wn. --

1. Before the faulty steam generator is identified, auxiliary feedwater 

2. 

flow is regulated to all steam generators to maintain the minimum 

water level reached as no load temperature and pressure are 

established • 

If outside power is available, the operator verifies that condenser 

steam dump maintains the no-load T , and transfers steam dump avg 

to steam header pressure control. 

3. As water level returns in the pressurizer, all but one safety 

injection pump is stopped to minimize break flow to the secondary 

system. 

4. When the faulty steam generator is identified by rising water 

level,: . the reactor. coolant pump in the associated loop is stopped 

and the loop isolation valves are closed. As soon as the 
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affected steam generator pressure is reduced below 1100 psig, 

the main steam stop valve is closed and this completes isolation 

of the faulty steam generator. 

5. Auxiliary feedwater flow to the faulty steam generator is stopped. 

6. If the affected steam generator has not been discovered by the 

time level returns in the pressurizer it is then identified 

by sampling the steam generator secondary side. Thereafter 

actions 4 and 5 above are completed. 

7. If outside power is available but the loop isolation valves failed 

to close, the steam header pressure is reduced to 850 psig with 

condenser steam dump. This cools the entire system below 1100 

psig at which time the main steam stop valve on the affected 

steam line can be closed, steam dump being continued from the 

other steam generators. 

8. If outside power is not available, atmospheric steam dump from 

the unaffected steam generators is used to establish 850 psig 

in the unaffected steam generators with the pressure maintained 

by regulating the power relief valves. At the same time the 

reactor coolant system pressure is decreased to 1000 psig using 

pressurizer relief valves and spray. These actions automatically 

reduce the pressure in the faulty steam generator below 1100 

psig and steam line isolation can then be carried out as above. 

• 
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9. When the above actions have been carried out as necessary, and 

when outside power is (again) available, establi~h the reactor 

systems necessary for a normal shutdown and proceed with unit shutdown 

to the cold condition. 

After the residual heat removal system is in operation, the condensate 

accumulated in the secondary system can be examined and processed 

through the Waste Disposal System. 

There is ample time available to carry out the above recovery procedure 

such that isolation of the affected steam generator is established 

before water level rises into the main steam pipes. A conserative estimate: 

of water inventory in the faulty· steam generator indicates that at 

least four minutes after reactor trip are required for the water level 

to reach the narrow range level tap. At this point the operator starts 

to regulate.water level as demanded in the operating procedure. In 

the case of the faulty steam gep.erator this involves terminating auxiliary 

feedwater flow as soon as it is apparent that water level is continuing 

to increase under the influence of break flow. From this point a 

further thirty minutes would be required for water level to rise into· 

the main steam pipes even with three safety injection pumps operating. 

Therefore, with careful operator vigilance there is no problem in 

recovery to the point where isolation of the faulty steam generator 

can be achieved prior to excessive water level being attained • 
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d. Three out of four high containment pressure signals. 
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2) The overpower reactor trips (neutron flux and ~T) and the reactor 

trip occurring upon actuation of the Safety Injection System. 

3) Redundant isolation of the steam generator feedwater lines. Sustained 

high feedwater flow would cause additional cooldown, thus, in addition 

to the normal control action which closes the main feedwater valves, 

any safety injection signal rapidly closes all feedwater control 

valves, trips the steam generator feedwater pumps, and closes the 

feedwater pump discharge valves. 

4) Trip of the fast acting main steam line trip valves (designed to 

close in less than 5 seconds) on: 

a. High steam flow in two out of three main steam lines (one out 

of two per line) in coincidence with either low Reactor Coolant 

System average temperature (two out of three) or low steam 

line/pressure (two out of three). 

b. Three out of four high containment pressure signals. 

Each main steam line has a fast closing trip valve and a non-return valve. 

These six valves prevent blowdown of more than one steam generator for 

any break iocation even if one valve fails to close. For example, for 
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a break upstream of the trip valve in one line, closure of either the non

return valve in that line or the trip valves in the other lines prevent 

blowdown of the other steam generators. 

Steam flow is measured by monitoring dynamic head in nozzles inside the 

main steam pipes. The nozzles are of smaller diameter than 

the main steam pipe and are located inside the containment near the steam 

generators. They also serve to limit the maximum steam flow for any break 

ft1rther downstream. In particular, the nozzles limit the flow for all 

breaks .outside the containment. 

14.3.2.1 Method of Analysis 

The analysis of the main steam pipe rupture has been performed to determine: • 

1) The core heat flux and Reactor Coolant System tempera~ure and pressure 

resulting from the cooldown fo~lowing the steam line break. A full 

unit digital computer simulation has been used. 

2) The thermal and hydraulic behavior of the core following a steam 

line break. A detailed thermal and hydraulic digital computer calculation 

has been used to determine if DNB occurs for the core conditions 

computed in (1) above. This calculation solves the continuity, 

momentum, and energy equations of fluid flow in the core and with 

the Westinghouse APD Subcooled Correlation (see reference in paragraph 

7 below) determines the margin to DNB. • 
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14.3.2 RUPTURE OF A MAIN STEAM PIPE 

I . 
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A rupture of a main steam pipe is assumed to include any accident which 

results in an uncontrolled steam release from a steam generator. The 

release can occur due to a break in a pipe line or due to a valve malfunction. 

The steam release results in an initial increase in steam flow which decreases 

during the accident as the steam pressure falls. The energy removal from 

-· 
the Reactor Coolant System causes a reduction of reactor coolant temperature 

and pressure. With a negative moderator temperature coefficient, the 

cooldown results in a reduction of core shutdown margin. If the most reactive 

control rod assembly is assumed stuck in its fully withdrawn position, there 

is a possibility that the core will become critical and return to power even 

with the remaining control rod assemblies inserted. A return to power 

following a main steam pipe rupture is a potential problem mainly because of 

the high hot channel factors which exist when the most reactive rod is 

assumed stuck in its fully withdrawn position. Assuming the worst comqination 

of ~ircumst:ances which could lead to resumption of power gerieratfon 1ollowing 

a-mafo''sifeam line break, the- core -is ~itimately shut down by the b-oric acid in 

the Safety Injection System. 

The analysis of a main steam pipe rupture is performed to demonstrate that: 

1) Assllllling a stuck control rod assembly with or without offsite power, 

and assuming a single failure in the engineered safety features there 

is no consequential damage to the primary system and the core remains 

in place and intact. 

2) With no stuck control rod assembly, and all equipment operating at 

design capacity, insignificant (or no) cladding rupture occurs. 
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There will be no return to criticality for any single active failure 

in the Main ~te_8:_m _Sys!:em. The s1:n_gle ac_tiv~ failure ~s _ t_~_e . 

opening, with failure to close, of the largest of any single steam 

bypass, relief or safety valve. 

Although DNB and possible clad perforation following a steam pipe rupture 

are not necessarily unacceptable, the following analysis shows that no DNB 

occurs for any rupture assuming the most reactive control rod assembly stuck 

in its fully withdrawn position. 

The following systems provide the necessary protection against a main steam 

pipe rupture: 

1) 

* 

Safety Injection System actuation from any of the following*: 

a. One out of three pressurizer coincident low pressure and 

low level signals. 

b. Two out of three differential pressure signals between any main 

·steam line and the main steam header. 

c, High st_eam flow in two out of three main steam ~ines _(6ne 

out of two per line) in coincidence with either low Reactor 

Coolant System average temperature (two out of three) or low main 

_ s_team. _ line pressure (two ___ out of three) • 

The details of the logic used to actuate Safety Injection are discuss_~~in _ 
Section 7. 

• 

• 

• 
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The following assumptions were made,: 

1) ' " ilk ' A 1. 77% k shutdown reactivity from all but one control rod assembly 

at no load conditions. This ·is the end of life design value including 

design margins with the most ?l"eactive control rod assembly stuck 

in its fully withdrawn posi'tio'i'l. The actual shutdown capability 

· is expected ·to be significantly .g~eater. 

2) The negative moderator coefficient corresponding to the end of life 

core with all but the most reactive control rod assembly inserted. 

-------Toe variation of the ~oefficient with temperature and pressure has 

.. 
been included. The reactivity versus temperature at 1000 ps:i.a cor-

respondb1g to the negative moderator coefficient used is shown in 

Figure 14.3.2-1. In computing the power generation following a 

steam line break, the local reactivity feedback from the high neutron 

flux in the region of the core near the stuck control rod assembly ·has· 

been included in the overall reactivity balance. The local reactivity 

feedback is composed of Doppler reactivity from the high fuel temperatures 

near the stuck control rod assembly and moderator feedback from 

the high water temperature near the stuck control rod assembly. For 

the cases analyzed·where steam generation occurs in the high flux 

regions of the core, the effect of void formation on the reactivity 

has also been included. The effect of power generation in the core 

on overall reactivity is shown in Figure 14.3.2-2. The curve assumes 

end of life core conditions with all control rod ·assemblies in except 
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the most reactive control rod assembly which is assumed stuck in 

its fully withdrawn position (completely removed from core). 

3) Minimum safety injection capability corresponding to the most restrictive 

single failure in the engineered safeguards equipment. In the case 

of continued availability of outside power the failure of a single 

safety injection pump is assumed. However, in the case of loss 

of outside power, the worst failure is the loss of one diesel generator 

which can result in a safety injection capability corresponding 

to the operation of only one high head safety injection pump. 20,000 

ppm boron was assumed in the Safety Injection System. The time· 

delays required to sweep the low concentration boric acid from the 

safety injection piping prior to the delivery of the 20,000 ppm 

boron have been included in the analysis. 

4) A steam generator heat transfer coefficient (UA) of 14800 BTU/sec, F. 
This is considered conservative since no allowance for reduction 

of the heat transfer UA as the water level falls into the tube region 

has been made. Furthermore, higher steam generator UA values result 

in lower reactor coolant temperature at full power which in turn 

result in an increase in_the_available shutdown margin_at __ zero ____ _ 

load. 

5) Hot channel factors corresponding to one stuck control rod assembly 

the control rod assembly giving the highest factor at end of life. 

The hot channel factors account for the void existing local to the 

..... 

• 
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stuck control rod assembly at the pressure that occurs during the 

return to power phase following the steam break. This void in conj unction 

with the· large negative moderator coefficient partially offsets 

the effect of the stuck control rod assembly. The hot channel factors 

depend upon the core temperature, pressure, and flow and, thus, 

are d.ifferent for each case studied. The values used for each case 

are given in Table 14.3.2-1. The calculations used to obtain the 

hot channel factors again assume end of life core conditions with 

all control rod assemblies in except the most reactive control rod 

assembly. 

6) Five combinations of break sizes and initial unit conditions have 

been considered.in determining the core power and Reactor Coolant 

System ·transient. 

. I.· 

a) Complete severence of a ma:i.n steam pipe .outside the containment, 

downstream of the steam flow measuring nozzle, initially at 

no load conditions with ou~side power available. 

b) Complete severence of a main steam pipe inside the containment 

at the outlet of the steam generator initially at no load conditions 

with outside power available. 

c) Case (a) above with loss of outside power simultaneous with 

the steain break • 

\ 

\ 
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CORE PARAMETERS* AND NUCLEAR HOT CHANNEL FACTORS USED IN .. .SRAM BREAK ANALYSES· 

Case Number 

Inlet Temp. , 1F. 

Pressure, psig 

Core Flow,% 

. Heat Flux, % 

of 2441 MWt 

1 

377 

1256 

38 

7.38 

8.4 

1.87 

2 

338 

961 

29 

11.67 

6.7 

1.41 

3 

312 

934 

23 

7.26 

8.7 

1.56 

4 

414 

1416 

100 

7.66 

8.7 

2.35 

5 

395 

970 

100 

11. 76 

8.4 

2.03 

6 

335 

837 

100 

6.75 

9.6 

2.42 

* ·Values.assume the end of life rodded core with one stuck control rod assembly • 

• 

• 
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Case (b) above with the loss of outside power simultaneous 

with the steam break. 

e) A break equivalent to a steam flow of 247 lbs per second at 

liOO psia from one steam generator with outside power available. 

This case was examined for one and two safety injection pumps 

operating. 

All the cases above assume initial hot shut.down conditions with 

the control rod assemblies inserted (except for one stuck control rod 

assembly) at time zero. Should the reactor be just critical or 

operating at power at the time of a main steam line break the reactor 

is tripped by the normal overpower protection system when the power 

level reaches a trip point. Following a trip at power the Reactor 

Coolant System contains more stored energy than at no load, the 

average coolant temperature is higher than at no load and there 

is appreciable energy stored in the fuel. Thus, the additional 

stored energy is removed via the cooldown caused by the main steam 

line break before the no load conditions of Reactor Coolant System 

temperature and shutdown margin assumed in the analyses are reached. 

After the additional stored energy has been removed, the cooldown 

and reactivity insertions proceed in the same manner as in the analysis 

which assumes a no-load condition at time zero. However, since 

the initial steam generator mass is greatest at no load, the magnitude 

and duration of the Reactor Coolant System cooldown are less for main 

steam line breaks occurring at power • 
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In determination of the critical flux at which burnout could occur 

the "Westinghouse APD Subcooled Correlation" was used. This correlation 

is discussed in "Boiling Heat Transfer and Two Phase Flow" by L. 

S. Tong. It was considered to be the correlation'which most accurately 

represented the range of parameters produced in the transients analyzed. 

8) In computing the steam flow during a steam line break, the Moody 

Curve (Figure 3 of the article by F. S. Moody in Transaction of 

the ASME Journal of Heat Transfer, February 1965, page 134) for 

.a pipe of zero length was used·. 

Results 

The results presented are a conservative indication of the events which 

would occur assuming a main steam line rupture. The worst case assumes 

that _2!L,of the £o11owi~g_.occtif simultan~ous!Y'L .... 

1) Minimum shutdown reactivi.ty margin of 1. 77% A~. 

2) The ioost negative moderator temperature coefficient for the rodded 

core at end of life. 

3) The highest worth control rod assembly stuck in its fully withdrawn 

position. 

4) The single most restrictive failure of the engineered safety features • 

• 

• 

• 
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14.2.2.3 _Core Power and Reactor Coolant System Transient 
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Figure 14.3.2-3 shows the Reactor Coolant System transient and core heat 

flux following a main steam pipe rupture (complete severence of a pipe) 

outside the containment, downstream of the flow measuring nozzle at initia~ 

no load conditions (Case A). The br~ak assumed is the largest break which 

can occur anywhere outside the containment either upstream or downstream 

of the isolation valves. Outside power is assumed available such that 

full reactor coolant flow exists. The transient shown assumes the control 

rod assemblies inserted at time O (with one con'trol rod ·assembiy--stuck . · 

in its fully withdrawn position) and steam release from only one steam 

generator. Should the core be critical at near zero power when the ·rupture 

occurs the initiation of safety injection by high differential pressure 

between any steam generator and the main steam header or by high steam 

flow signals in coincidence with either low Reactor Coolant System temperature 

or low steam line pressure trips the reactor. Steam release from at least 

two steam generators is prevented by either the non-return valves or by 

automatic trip of the fast acting trip valves in the steam lines by the 

high steam flow signals in coincidence with either low Reactor Coolant System 

temperature or low main steam line pressure. Even with the failure of 

one valve, release is limited to no more than 5 seconds for two steam 

generators while the third generator blows down. The main steam line 

trip valves are designed to be fully closed in less than 5 seconds with 

no flow through them. With the high flow existing during a main steam 

line rupture, the valves will close considerably faster since closure is 

flow assisted • 



14.3.2-12 
12-1-69 

As shown in Figure 14.3.2-3, the core barely attains criticality with 

the control rod assemblies inserted (with the design shutdown, assuming 

one stuck control rod assembly) at 27 seconds. Boron solution at 20,000 

ppm enters the Reactor Coolant System from the Safety Injection System 

at 27 seconds reflecting a delay of .10 seconds required to clear the Safety 

Injection System lines of low concentration boric acid. The remainder 

of the delay time consists of 7 seconds to receive and actuate the safety 

injection signal and 10 seconds to completely open valve trains in the 

safety injection lines. Since the safety injection pump accelerates to 

full speed in less than the time required to open the valve train, and 

since it is expected that the safety injection signal will be generated 

in less than 7 seconds, the overall delay time is considered conservative. 

The calculation assumes the boric acid is mixed with and diluted by the 

water flowing in the Reactor Coolant System prior to entering the reactor 

core. The concentration after mixing depends upon the relative flow rates 

in the Reactor Coolant System and in the Safety Injection System. The 

variation of mass flow rate in the Reactor Coolant System due to water 

density changes is included in the calculation as is the variation of 

flow rate in the Safety Injection System due to changes in the Reactor 

Coolant System pressure. The Safety Injection System flow calculation 

includes the line losses in the system as well as the pump head curve. 

No credit has been taken for the 2,000 ppm boron which enters the Reactor 

Coolant System prior to the 20,000 ppm boric acid. Since the core was 

slightly supercritical for less than 4 seconds in this case and with very 

low excess reactivity there was virtually no return to power. 

• 

• 

• 
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Fig11re.14.3.2-4 shows.Case B, a main steam line rupture at the exit of 

a ste'am generator at no load. The sequence of events is similar to that 

described above for the rupture outside the containmen,t except that excess 

reactivity leads to power generation. The peak core average heat flux 

is 11% of the value at 24411 ~t. 

Figures 14.3.2-5 and 14.3.2-6 show the responses for the previous breaks 

except with a loss of·outside power. Reactor Coolant System flow coastdown 

'is assumed to occur at the same time as the safety injection signal is 

received. The Safety Injection System delay time includes the time required 

to start safety injection pumps with emergency power from the diesel gen

erators.· Only one safety injection pump is assumed in Figures 14.3.2-5 

and 14.3.2-6. In both of these figures, excess reactivity is attained 

and the peak heat fluxes are 3% and 11%, respectively, of the values at 

2441 MWt. 

Figure 14.3.2-7 shows the transients following a break equivalent to a 

steam flow of 247 lbs per sec. at 1100 psia with steam release from one 

steam generator (Case E). The assumed steaI!l release is larger than or 

equal to the capacity of any single dump or safety valve. · In this case, 

safety injection is initiated automatically by low pressurizer pressure 

and level at 211 seconds. Operation of both one and two safety injection 

pumps is. considered. Boron so~ution at 20,000 ppm enters the Reactor 

Coolant System at 232 seconds. For these transients there is no return 

to criticality and the maximum reactivity attained is independent of the 

number of operating pumps. After 232 seconds the 20,000 ppm boron provides 
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sufficient negative reactivity to maintain the reactor well below criticality 

in both cases while the steam generator empties and causes further cooldown. 

The cooldown for the case shown in Figure 14.3.2-7 is more rapid than 

the case of steam release from all steam generators through one relief, 

bypass, or safety valve. The transient is quite conservative with respect 

to cooldown, since no credit is taken for the energy stored in the system 

metal other than that of the fuel elements or the energy stored in the 

other steam generators. Since the transient occurs over a period of about 

five minutes, the neglected stored energy is likely to have a significant 

effect in slowing the cooldown. 

It should be noted that following a main steam line break only one steam 

generator blows down completely. Thus, two steam generators are still 

available for dissipation of decay heat after the initial transient is 

over. In the case of loss of outside power this heat is removed to the 

atmosphere and the atmospheric ·safety valves have been sized. to cover this 

condition. 

14.3.2. •. 4 Margin to Critical Heat Flux 

Using the transients shown in Figures 14.3.2-4 and 14.3.2-6 (Case A and B) 

Le., the inside containment breaks for the ''with" and "without" outside 

power cases,· the Westinghouse N.ES. Sub cooled Correlation was used to determine 

the margin to nNB. 'Three carefully chosen_ points from each transien_t., . 

were examined and the results are presented in Table 14.3.2-1. The power 

• 

• 

• 
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and flow conditions are shown together with pressure and inlet core temperature 

and the nuclear hot channel factors corresponding to the end of life core 

with one stuck control rod assembly. It was found that all cases had 

a minimum DNBR greater than 2.0. The breaks outside the containment result 

in lower core heat fluxes than those inside the containment and thus do 

not cause DNB anywhere in the core • 



14.3.2.5 Environmental Effects Of A Steam Line Break 
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No radioactivity is released to the environment because of a steam line 

break unless there is or has been primary to secondary system leakage in a 

steam generator. If leakage has occurred, the magnitude of the radioactive 

release depends on.the activity which has built up in the secondary side of 

the leaking steam generator prior to a steam line break and from the activity 

which continues to leak out of the primary system from the time of the steam 

line break until the primary side of the steam generator is reduced to 

atmospheric pressure, a period of approximately 8 hours. 

It has been determined from an analysis of this accident that about 75 percent 

of the resulting total thyroid dose is from Iodine-131. The remaining 25 percent 

of the dose is from other isotopes of iodine which have built up and from the 

iodines which have leaked from the reactor coolant system after the steam line 

break occurs. The concentration of I-131 in the secondary side of the steam 

generator can be directly related to the primary to secondary system leak rate by 

neglecting the radioactive decay and using equilibrium values. The environmental 

effects of a steam line break are analyzed for the following conditions in 

addition to those previously mentioned in this section: 

One percent failed fuel. 

Steam generator blowdown rate of 7 gpm. 

Primary to secondary system leakage rate of 10 gpm. 

Steam generator has maximum water inventory. (Zero power operation). 

Ninety percent of the iodine available for release plates out. • 
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Dose at the site boundary is calculated by: 
(.x_) (Doo) 

Dose - (L.R.)(CRc><vss><Q)(AT)(B.R.) 

(QBD) (. 75) (P .F.) 

where: 

L.R. = Primary to secondary system leak rate, 10 gpm. 

CRC c Concentration of I-131 in the reactor coolant, 

1. 68 µCi/ cc. 

v88 = volume of liquid in secondary side of a steam 
. 3 

generator, 101 m 

X. 
Q 

Doo 

AT 

B.R • 

QBD 

P.F. 

= 8.14 x 10-4 sec/m3 

= 1.48 x 106 rem/Ci for I-131 

= breathing rate, 3.47 x 10-4 m3/sec from TID 14844 

= blowdown rate from a. leaking steam generator, 7 gpm 

~ plating factor, 10. 

Substituting the appropriate values into the dose equation yields 13.6 rem 

thyroid dose at the site boundary. This thyroid dose is considerably less 

than the guidelines set forth in lOCFRlOO • 



14.3.2.6 Conclusions 

14.3.2-18', 
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Although DNB and possible clad perforation (no clad melting or zirconium -

water reaction) following a steam pipe rupture are not necessarily 

unacceptable, the above analysis, in fact, shows that no DNB occurs for 

any rupture assuming the most reactive rod stuck in its full withdrawn 

position. 

• 

• 

• 
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14.3.3' RUPTURE OF A CONTROL ROD DRIVE MECHANISM HOUSING-CONTROL 

ROD ASSEMBLY EJECTION 

14.3.3-1 
12-1-69 

In order for this accident to occur, a rupture of the control rod drive 

mechanism housing must be postulated creating a full system pressure differential 

acting on the drive shaft. The resultant core thermal power excursion 

is limited by the Doppler reactivity effect- of the increased fuel temperature 
I 
' 

and terminated by reactor trip actuated by high nuclear power signals. 

A failure of a control rod drive mechanism housing sufficient to allow 

a control rod assembly to be rapidly ejected from the core is not considered 

credible for the following reasons: 

a) Each control rod drive mechanism housing is completely assembled 

-
and shop-tested at 3450 psig. 

b) The drive mechanism housings are individually. hydrotested to 3107 

psig as they are installed on the reactor vessel head to the head 

adapters, and checked during the hydrotest-of the completed Reactor 

I Coolant System. 

c) Stress levels in the drive mechanism are not affected by system 

,transients at power, or by thermal movement of the coolant loops. 

Moments induced by the Design Basis Earthquake can be accepted within 

the allowable primary working stress range specified by the ASME 

Code, Section III, for Class A components • 



d) 
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The latch mechanism housing and rod travel housing are each a single 

length of forged type-304 stainless steel. This material exhibits 

excellent notch toughness at all temperatures that are encountered. 

The joints between the latch mechanism and the head adapter and 

between the latch mechanism and the rod travel housing are threaded 

joints, reinforced using canopy type seal welds. 

The operation of a chemical shim unit is such that the severity of an 

ejection accident is inherently limited. Since control rod assemblies 

are used to control load variations only and core depletion is followed 

with boron dilution; there are only a few control rod assemblies in the 

core at full power. Proper positioning of these assemblies is monitored 

by a Main Control Room Alarm System. There are low and low-low level 

insertion monitors with visual and audible signals. Operating instructions 

require boration at the low level alarm and emergency boration at the 

low-low alarm. The control rod assembly position monitoring and alarm 

systems are described in detail in Section 7. For all cases, utilizing 

the flexibility in being able to select the control rod assembly groupings, 

radial locations and positions as a function of load, the design minimizes 

the peak fuel and clad temperatures. 

This section describes the models used and the results obtained. Only 

the initial few seconds of the power transient are discussed, since the 

long term considerations are the same as for a loss-of-coolant accident. 

• 

• 

• 
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Method of Analysis 

14. 3. 3:·-3, 
--ii=1-6r-----

The calculation of the transient is performed in two stages, first an average 

core calculation and then a hot region calculation. The average core is 

analyzed to determine the average power generation with time including the 

various total core feedback effects, i.e., Doppler reactivity and moder.ator 

density reactivity •. Enthalpy and temperature transients in the hot spot are 

determined by adding a multiple of the average core energy generation to 

the hotter fuel· rods andperfonning a transient heat-transfer calculation. 

The:~"asymptotic power. distribution calcullted without feedback is assumed 

to persist throughout. the transient. 

Average Core 

The nuclear power transients are calculated using the CHIC-KIN code developed 

by the Bettis Atomic Power Laboratory for similar analyses. (Z) This code '. 

solves the point kinetics equations, with feedback from an axially and radially 

segmented fuel element. CHIC-KIN results have been compared with SPERT 

results for two dissimilar cores over a wide range of periods with good 

agreement. 

The largest temperature rises, and hence the largest reactivity feedbacks occur 

in channels where the power is higher than average. Since the weight of a 

region is dependent on flux, these regions also have high weights. This m~ans 

that the reactor feedback is larger than that indicated by a simple single 
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channel analysis. Physics calculations have been carried out for temperature 

changes with a flat temperature distribution, and with a large number of 

axial and radial temperature distributions. Reactivity changes were compared 

and effective weighting factors determined. These weighting factors take 

the form of multipliers which when applied to single channel feedbacks correct 

them to effective whole core feedbacks for the appropriate flux shape. The 

values used in the analyses are listed in Table 14.3.3-2. For this study, 

six delayed neutron groups were used and the fuel rod was divided into eight 

radial increments, with a ninth increment for the clad. Five axial segments 

were employed. The calculation is essentially a single channel analysis 

representing the core average conditions. 

Prompt heat generation directly in the coolant is 2.6 percent of the 

nuclear power generation. This number is based on LEOPARD calculations. (3) 

·Heat generation in the fuel pellet is assumed to occur non-uniformly radially 

with a slight reduction in the center due to self-shielding effects. 

Hot Region 

The average core energy addition_ calculated as described above is multiplied 

by the appropriate hot channel factors and the worst cases analyzed using 

a detailed heat transfer code. The zirconium-water reaction is explicitly 

represented and all material properties are represented as functions of 

temperature. The Tong, Sandberg and Bishop correlation (as described in 

Section 3) is used to determine the film boiling heat transfer coefficient 

• 

• 
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after DNB. The resulting .coefficient is reduced by 30% to allow for scatter 

in the basic data used to derive .the correlation. (This corresponds to 

three standard ,deviations.:) 

Selection ,of Input Parameters 

Input parameters for the analyses were cons~rvative'iy selected on the 

basis of calculat.ed values for this unit. The more important parame,ters 

are discussed below,. and the values used ·given in Table 14. 3. 3-1. 

Ej e.c:ted Rod ·Worth 

Basic values for the ejected rod worths were calculated using standard 

nuclear design. Since a two dimensional code was used, it was not possible 

to take accoJ.Int of the part length control rod assemblies directly. For 

a given ejected control· rod assembly, the worth was calculated first assuming 

part length control rod assemblies and then with no part length control 

rod assemblies. The overall ejected rod worth was then assumed to be 

the linear average of the two values. This introduces conservatism into 

the analysis since the part length control rod assembly region is only 

one fourth of .the core length and does not hold 50% of the axial reactivity 

weight. Also the worst ejected control rod assembly is not always fully 

inserted, and may not overlap the. part length bank. A 20% margin is added 

to the ejected rod worth in order to account for possible azimuthal flux 

tilts • 



Delayed neutron fraction 8 
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No margin was subtracted from the calculated value of 8, since margin 

had already been inserted into the reactivity calculation via the ejected 

rod worth. The values used are 0.69%~K at the beginning of life, and 

0.52% ~Kat the end of first cycle operation. 

Hot Channel Factor 

In all cases the radial hot channel factor was higher in the part length 

region. The value used in the analyses was determined using PDQ 7, and 

taking no credit for the flux flattening effects of reactivity feedback. 

The axial hot channel factor is highest when the part length rods are 

moved far away from the flux peak. However, this in general results in 

the minimum ejected rod worth. Also, the axial and radial peaks are not 

coincident under these conditions. Analyses indicate that the worst hot 

spot transient occurs when the part length control rod assemblies are 

located in the peak. Axial hot channel factors were calculated with the 

part length control rod assemblies in the middle of the core. This results 

in a conservatively high flux peaking, since to be consistent with the 

assumed ejected rod worth, the rods should b~ located in the flux peak. 

The total transient hot channel factor, F ·, was obtained by multiplying 
q 

the axial and radial hot channel factors. A further margin of 20% was 

added to account for possible azimuthal flux tilts. 

• 
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Reactivity Weighting Factor 

14. 3.3.:..7 
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'l'he reactivity weighting factor was reduced by 10% to allow for errors 

in the weighting calculation and a further 10% to allow for errors in 

the basic reactivity temperature coefficient calculations. 'lhis factor 

was applied to both the Doppler and moderator density feedbacks. 

Moderator Temperature Coefficient 

For conservatism, the core reactivity was assumed to be independent of 

moderator temperature, at the beginning of core life, even though the 

coefficient is always negative at operating-temperature. At the end oi 

life, the calculated reactivity versus density curves were reduced by 

10% of the value at operating density. This was in addition to the two 

10% margins in the weighting factor. 

Heat Transfer Data 

For the average core, it is conservative to assume a high gap conductance 

and fuel thermal conductivity at the beginning of core life, when the 

moderator coefficient is assumed to be zero. A value of 2.65 Btu/hr-ft-F 

2 was assumed for the fuel thermal conductivity and 10,000 Btu/hr.:..ft -F 

for the gap conductance. At the end of life a given quantity of heat 

produces more feedback in the moderator than in the fuel, and it is therefore 

conservative to assume a low gap ~onductance and fuel thermal conductivity~ 

2 Values of 750 Btu/hr-ft -F and 2.2 Btu/hr-ft-F respectively were assumed~ 
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The code used to determine the hot spot transient contains standard curves 

of thermal conductivity versus fuel temperature. This facility was used 

in the analyses. In order to obtain conservatively high initial fuel 

temperatures, a low initial gap conductance of 750 Btu/hr-ft2-F was used 

in most cases. For the high power cases, the value was adjusted to yield 

the same center fuel temperature as that derived in the detailed thermal 

hydraulics calculations. During a transient the gap conductance can be 

expected to rise. For the possible range of gap conductances, the peak 

center fuel temperature is independent of the gap conductance during the 

transient~ The cladding temperature is however strongly dependent on 

the gap conductance and is highest for high gap conductances. For conservatism 

a high value of 10,000 Btu/hr~ft2-f has been used during transients. This 

value corresponds to a ne,gligible gap resistance and a further increase 

would have essentially no effect on the rate of heat transfer. 

Coolant Mass Flow Rates 

When the core is operating· at full power, all three reactor coolant pumps 

are always in operation. However, for zero power conditions, the system may 

be operating with one pump. The principal effect of operating at 

reduced flow is to reduce the film boiling heat- transfer coefficient. 

This results in higher peak cladding temperatures, but does not affect 

the peak center fuel temperature. Reduced flow also lowers the critical 

.-
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heat flux. However, since DNB is always assumed at the hot spot, and 

since the heat flux rises very rapidly during the transient, this produces 

only second order changes in the cladding and center fuel temperatures. 

All zero power analyses for both average core and the hot spot have been 

conducted assuming single loop operation. 

Trip Reactivity Insertion 

The rods were assumed to be released 0.5 seconds after the initiation of 

ejection. The delay is constituted of 0.2 seconds for the instrumentation 

to produce a signal, 0.15 seconds for the trip breaker to open and 0.15 

seconds for coil release. In calculating the shape of the insertion versus 

time curve all the rods are assumed to be dropping as a single bank 

from the fully withdrawn position. This means that the initial movement 

is through the low worth region at the extreme top of the cote, and 1 produces 

li!e a.onservatively slow reactivity insertion versus time cur-ve •. 

The tTip reactivity insertion is based on calculated rod worths with a 10% 

margin. The stuck and ejected rods together are assumed to reduce the final 

rod holding by twice the calculated stuck rod worth. 

Lattice Deformations 

Reactivity insertion as a result of lattice deformation was considered. In 

the region of the hot spot there will be a large power gradient. Since 
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the fuel rods are free to move in a vertical direction, differential 

expansion between separate rods,'cannot produce distortion. However, 

the temperature gradients across individual rods may produce a force 

tending to bow the midpoint of the rods toward the hot spot. Physics 

calculations indicate that the net result of this would be a negative 

reactivity insertion. In practice, no significant bowing is anticipated, 

since the structural rigidity of the core is more than sufficient to 

withstand the forces produced. 

Boiling in the hot spot region will produce a net fluid flow away from 

that region. However, the fuel heat is released to the water relatively 

slowly, and it is considered inconceivable that cross flow will be sufficient 

to produce significant lattice forces. Even if massive and rapid boiling, 

.sufficient to distort the lattice, is hypothetically postulated, the 

large void fraction in the hot spot region would produce a reduction 

in the total core moderator to fuel ratio, and a large reduction in this 

ratio at the hot spot. The net effect would therefore be a negative 

feedback. It is concluded that no conceivable mechanism exists for a 

net positive feedback resulting from lattice deformation. In fact, a 

small negative feedback may result. The effect is pessimistically ignored 

in the following analyses. 

__ .. 
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,Cases Considered 
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Iri all c~es_, the -w9rst ejected -rod ;i:n :terins of both rod worth and hot· 

----- -- -
channel factors is a control ro«;l a~se111bly bank, and so no separate analyses 

are presented for the ejection of p.art length control rod assemblies. 

Results 

Beginning of Life;· Full Pow.er· 

The controi rocl. assemb).y pro~ram limits the control barik reactivity, holding 

i~ to o.s; ~K for this condi~ion. The reactor is•sub-prompt critical 

with the worst ej~c~eq rod wortµ of 0.22%~K. The peak power reached is 

1. 42 tim~.s · fu:J_l power and the peak hc;>t spo1r clad and center fuel temperatures 

are 2220. ~F ?Ud 4!350 °F, respectively. The results are shown in Figures 
, 

14~3~3-l thrpu,gh 14.3.3-J. 

Beginning · of Life; Zero ·Power· 

For th:i,s conditio~ the.re i~ one co_nt.rol bank fully inserted and a second 

ba~ almos~ fu~ly i~serted. Only one pump has been assumed to be operating. 

The· worst ejected rod worth of O. 71% ~K results in the core becoming promp-t 

critical. The peak hot spot cladding and center fuel temperatures are 

1360 °F and 1710 °F, respectively. The· .results are shown in Figures 14.3.3-4 

through 14.~.3-6 • 



End of Life; Full Power 
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The control rod assembly program limits the control bank reactivity, holding 

il::: to· 0.3% L\K. The worst ejected rod worth is 0.092% t:.K. Th·e peak power 

reached is 1.20 times normal full power. Peak cladding and center fuel 

temperatures are 1930 °F and 4620 °F, respectively. The results are shown 

in Figures 14.3.3-3," 14.3.3-7, and 14.3.3-8. 

End of Life; Zero Power 

For this condition two control banks are fully inserted, and a third bank 

partially inserted. Assuming that only one reactor coolant pump is running, 

the worst ejected rod worth of 0.84% L\K results in hot spot peak cladding 

and fuel temperatures of 2120 °F and 2900 °F, respectively. The results 

are shown _in Figures 14.3.3-6 and 14.3.3-9, and 14.3.3-10. 

Fission Product Release 

It is assumed that fission products are released from the gaps of all fuel 

rods entering DNB·. In all cases considered less than 15% of the rods 

entered DNB. (This corresponds to 2% of the core volume.) Fission product 

release is therefore much less than for the double ended coolant pipe 

break, the maximum hypothetical accident, for which over 70% of the rods 

are assumed to· release· fission products. 

·-· 



Pressure Surge 
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It is shown that there is no danger of fuel dispersal into the coolant. 

The pressure surge may therefore be calculated on the basis of conventional 

heat transfer from the fuel and prompt heat generation in the coolant. 

The most severe excess addition of energy to the coolant occurs for the 

high power end of life case. In order to estimate the magnitude of this 

pressure transient, average channel and hot spot heat transfer calculations 

were performed using a high gap conductance and without assuming DNB. The 

power curves used for these calculations represented a limiting case which 

initiated center melting at the hot spot. Using these heat flux data, 

a THINC 3 run was conducted to determine the volume surge without the benefit 

of pressure feedback. This volume surge was subsequently used as the basis 

for a pressure calculation. The results indicated that starting at 2250 psia, 

a peak pressure of about 2340 psia occurs some 1.5 seconds after a control 

rod assembly ejection. 

Conclusions 

Even on the most conservative basis, the analyses indicated no clad melting. 

It was concluded that there was no danger of sudden fuel dis,persal into 

the coolant. The pressure surge was shown to be insufficient even to lift 

relief valves and it was concluded that there was no danger of consequential 

damage to the primary circuit. The amount of fission products released 

as a result of clad rupture during DNB is considerably less than in the 

case of the double ended reactor coolant pipe break. 



Time in Life· 

Power Level 

Ejected rod worth 

Delayed neutron fraction 

Feedback reactivity weighting 
trip rod worth 

Average core gap heat transfer 
coefficient 

Average core fuel thermal 
conductivity 

Initial hot spot gap heat 
transfer coefficient 

Transient hot spot gap heat 
transfer coefficient 

Initial moderator density 
coefficient 

Prompt neutron lifetime 

F q 
after control rod 

assembiy ejection 

F before control rod 
q assembly ejection 

Number of operating pumps 

TABLE 14. 3. 3-1 

CONTROL ROD ASSEMBLY gJECTION DATA 

%tiK 

%tiK 

% tiK 
2 Btu/hr-ft -°F 

Btu/hr-ft-°F 

2 Btu/hr-ft -°F 

2 
Btu/hr-ft -°F 

%tiK/gm/cm3 

µ sec 

Beginning 

0 

o. 71 

0.69 

1.65 
2.98 

10,000 

2.65 

750 

10,000 

0 

15 

5.46 

Beginning 

102% of 
2546 MWt 

0.22 

0.69 

1.65 
4.83 

10,000 

2.65 

2,000 

10,000 

0 

15 

5.40 

2.80 

Max. fuel pellet average temperature °F 

1 

1550 

1710 

1360 

3 

3629 

4850 

2220 

Max. fuel center temperature 

Max. clad temperature 

• 

OF 

OF 

• 

End 

0 

0.84 

0.52 

3.53 
0. 76 

750 

2.2 

750 

10,000 

0.208 

15 

16.34 

1 

2560 

2900 

2120 

End 

102% of 
2546 MWt 

0.092 

0.52 

1.42 
4.85 
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2,000 

10,000 

0.161 

15 
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14.3.3.1 Effects on Adjacent Housings 
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A control rod drive mech.anism · assembly is shown in Section 3. The operating 

coil stack asse~bly of this mechanism has a 10.718 in by 10.718 in cross 

section and 39.875 in length. The position indicator coil stack assembly 

is located above the operating coil stack assembly. It surrounds the 

rod travel housing over nearly its entire 163.25 in length. The rod 

travel hQW;!ing outside diameter'is3~75 in and the position indicator 

coil stack assembly inside and outside diameters are 3.75 in and 7.0 in, 

respectivel..y. This assembly consists of a Micarta tube surrounded by 

a continuQ~ stack of copper wire coils. This assembly is held together 

by two en,d plates, an outer sleeve, and four axial tie rods. 

Effects of Rod Travel.Housing Longitudinal Failures 

S~ould a, lc>ngi,tudinal failure of the rod travel housing occur, the region 

of the MiG~rta tube opposite the break is stressed by the reactor 

coolant pressure of 2250 psia. The.most probable leakage path is 

l?rovided· by .the radial deformation ef the position indicator coil assembly,. 

resulting in the growth of axial flow passages between the rod travel 

housing and the'Micarta tube. A radial free water jet is not expected 

to occur because of the small clearance between the Micarta tube and the 

rod travel housing, and the cons.iderable resistance of the combination 

- of the Micarta tube and the position indicator coils te internal pressure • 
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Calculations based on experimental da~a on the mechanical properties of 

Micarta and copper at reactor operating temperature show that an internal 

pressure of at least 2500 psia would be necessary for. the combination 

of the Micarta tube and the coils to start leaking in a radial direction 

between the Micarta glass filaments. 

The normal operating environment of the Micarta tube is strictly controlled 

during unit operation, and therefore, no deterioration of the Micarta is 

expected. Should for unknown reasons mechanical strength of the Micarta tube 

be reduced and a longitudinal crack occur in a control rod assembly housing, 

weepage flow between the Micarta filaments and the copper coil wires might 

take place, but no free jet is expected to form. The formation of a free 

jet implies cracking of the Micarta tube, which could occur only with 

internal pressures substantially in excess of reactor operating pressure. 

Prolonged exposure to hot water might cause deterioration of the Micarta 

and radial leakage might increase. Even under these conditions, however, 

a net radial free jet is not expected to occur. 

A position indicator coil assembly has to maintain its integrity after 

a housing failure only until the remaining control rod assembly can be 

tripped into the core. Should for unknown reasons failure of the position 

indicator coil assembly occur after reactor trip, the resulting free radial 

j1~t from the failed housing can cause the housing to bend and contact 

adjacent rod travel housings. If the adjacent housings were on the periphery 

they might bend outward from their bases. The housing material is quite 

ductile and plastic hinging without cracking is expected. Rod travel housings 

• 

•• 

• 
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adjacent to a failed housing in locations other than the periphery would 

not be bent because of the rigidity of multiple adjacent housings. 

Effect of Rod Travel Housing Circumferential Failures 

If circumferential failure of a rod travel housing occurs, the broken-

off section of the housing is ejected vertically because the driving force 

is vertical. The position indicator coil stack assembly and the drive 

shaft tend to guide the broken-off piece upwards during its travel.' Travel 

is limited to less than three feet by the n)i.ssile shield; ·thereby limiting 

the projectile acceleration. When the projectile reaches the missile 

shield, it partially penetrates the shield and dissipates its kinetic 

energy. The water jet from the break continues to push the broken~off 

piece against the missile shield. 

If the broken-off piece of the rod travel housing is short enough to clear 

the break when fully ejected, it would rebound after impact with the missile 

shield. The top end plates of the position indicator coil stack assemblies 

would prevent the broken piece from directly hitting the rod travel housing 

of a second drive mechanism. Even if a direct hit by the rebounding piece 

were to occur, the low kinetic energy of the rebounding projectile would 

not be expected to cause significant damage. 

Sunnnary 

In summary, the considerations given above lead to the conclusion that 

failure of a control rod assembly housing due to either longitudinal or 

circumferential cracking would not cause damage to adjacent housings that 

would increase the severity of the initial accident. 
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14.4.i FUEL HANDLING ACCIDENTS 

14.4.1..;l 
12-1-69 

The following ·fuel handling accidents are evaluated to ensure that no 

hazards are created: 

a) A fuel assembly becomes stuck inside reactor vessel. 

b) A fuel assembly or control rod assembly is.dropped .onto the 

c) 

d) 

' floor of the reactor cavity or spent fuel pit. 

A. fuel assembly becomes stuck in the.containment penetration valve. 

A fuel assembly becomes stuck in the transfer carriage or the 

carriage becomes stuck. 

14.4.1.1 Causes and Assumptions 

The possibility of a· fuel han,dling accident !ls remote because of 
I 

the stringent aaministraHve controls and physical .i:fiii:rta.t:ions· Impo-s-ec"Con 

fuel h'andling operations. All refueling operations are conducted in 

accordance with prescribed procedures under direct surveillance of a 

supervisor technically trained in nuclear safety. Also, before any 

refueling operations begin, verification of complete control rod assembly 
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insertion is obtained by tripping each control rod assembly individually 

to obtain indication of rod drop and disengagement from the control 

rod drive mechanisms. Boron concentration in the reactor coolant 

is raised to the relatively high refueling concentration and 

verified by sampling. Refueling boron concentration is sufficient 

to maintain the clean, cold, fully loaded core subcritical with all control 

rod assemblies withdrawn. The refueling cavity is filled with water 

meeting the same boric acid specifications. As the vessel head is 

raised, a visual check is made to verify that the control rod assembly 

drive shafts are free in the mechanism housing. 

After the vessel head is removed, the control rod assembly drive shafts 

are removed. from their respective assemblies using the manipulator 

crane hoist and the shaft unlatching tool. A spring scale is used 

to indicate that the drive shaft is free of the control rod. a~s~ly 

as the _lifting force is applied. 

The fuel handling manipulators and hoists are designed so that .fuel 

cannot be raised above a position which provides adequate shield water 

depth for the safety of operat:~ng pers.onnel. : This safety featuJ"e 

applies to handling facilities in both the contairunent and in the 

spent fuel pit area. In the spent fuel pit, the design of storage 

racks and manipulation facilities is such that: 

• 

• 

• 
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Fuel at rest is positioned by positive restraints in an 

.eversafe, always,subcritical, geometric;al array, with no credit 

for boric acid in the water. 

Fuel can be manipulated only one assembly at a time. 

Violation of procedures by placing one fuel assembly in 

juxtaposition with any group of asse~blies in racks will not 

result in criticality. 

Crane facilities do not permit the handling of heavy objects, 

such as a spent fuel shipping container, above the fuel racks. 

Adequate cooling of spent --:fuer during underwater handling is ___ provideci by 

convective heat transfer to the surrounding water. The fuel assembly 

is immersed continuously while in the refueling cavity or spent fuel 

pit. 

Even if a spent fuel assembly becomes stuck in the transfer tube, 

natural convection lijaintains ad,quate cooling.. The fuel' handling 

equipment is described in detail in Section 9. 

Two Nuclear Instrumentation System source range channels are continuously 

in operation and provide warning of any approach to criticality 
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during refueling operations. This instrumentation provides a continuous 

audible signal in the containment, and would annunciate a local horn and 

a horn and light in the Main Control Room if the count rate increasea--

above a preset low level. 

Refueling boron concentration is sufficient to maintain the clean, 

cold, fully loaded core subcritical by at least 10% 1 with 

all control_ rQd_assemblies inserted. At this boron concentration 

the core would also be more than 2% ~~ subcritical.with all 

control rqd assemblies withdrawn. The refueling cavity ·is filled with water 

meeting the same boric acid specifications. 

All these safety features make the probability of a fuel handling accident 

very low. Nevertheless, it is possible that a fuel assembly could be 

dropped during the handling operations. Therefore, this accident is_ 

analyzed both from the standpoint of radiation exposure and accidental 

criticality. 

Special precautions are taken in all fuel handling operations to 

minimize the possibility of damage to fuel assemblies during transport 

to and from the spent fuel pit and during installation in the reactor. 

All handling operations on irradiated fuel are ~onducted under water. 
I 

The handling tools used in the fuel handling operations are 

conservatively designed and the associated devices are of a fail-safe 

design. 

• 

• 
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In the fuel storage area, the fuel assemblies are spaced in a pattern 

which prevents any possibility of a criticality accident. ·The motions 

of the cranes which move the fuel assemblies are limited to a relatively 

low maxim.um speed. Caution is exercised during fuel handling to prevent 

the fuel assembly from striking another fuel assembly or structures in 

the containment or fuel building. · · 

The fuel handling equipment suspends the fuel assembly in the vertical 

position during fuel movements, except when the fuel is moved through 

the transport tube. 

The design of the fuel assembly is such that the fuel rods are 

restrained by grid clips which provide a total restraining force of 

approximately 60 pounds on each fuel rod. If the fuel rods are in 

contact with the bottom plate of the fuel assembly, any force tran~mitted 

to the fuel rods is limited due to the restraining f9rce of the grid 

clips. The force transmitted to the fuel rods during fuel handling is 

not sufficient to breech the fuel rod cladding. If the fuel rods are 

not in contact with the bottom plate of the assembly, the rods would 

have to slide against the 60 pound friction force. This would abs9rb 

the shock and thus limit the force on the individual fuel rods. 
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After the reactor is shut down, the fuel rods contract during subsequent 

cooldown and would not be in contact with the bottom plate of the- assembly. 

· Considerable assembly deformation would have to occur before the rod would 

make contact with the top plate and apply any appreciable load on the fuel 

rod. Based on the above, it is unlikely that any damage would occur to the 

indi-vidual fuel rods during handling. If one assembly is lowered on top 

of another, no damage to the fuel rods would occur that would breech the 

integrity of the cladding. 

If during handling the fuel assembly strikes against a flat surface, the 

loads would be distributed across the fuel assembly and grid clips and 

essentially no damage would be expected in any fuel rods. 

If the fuel assembly was to strike a sharp object, it is possible that the 

sharp object nrlght damage the fuel rods with which it comes in contact but 

breeching of the cladding is not expected. It is on this basis that the 

asstnnption of the failure of an entire row of fuel rods (15) is a very 

conservative upper limit. 

l:'rel:tmina-ry analyses assumed the extremely remote situation when a fuel 

assembly is dropped 14 feet and strikes a.flat surface, when one assembly 

is dropped on another, and when one assembly strikes a sharp object. 

The analysis of a fuel assembly assumed to be dropped and striking a 

flat surface considered the stresses the fuel cladding was subjected to and 

any possible buckling of the fuel rods between the grid clip supports. The 

results showed that the axial load at the bottom section of the fuel rod, 

• 
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which would receive the highest loading (approximately 100 lb.) was below 

the critical buckling load (250 lb.) and the stresses were relatively 

low and below the yield st't'ess. For the case where one assembly was to 

be dropped on top of another fuel assembly, the loads will be transmitted 
I 

through the end plates and the contro1 rod assemblies guide tubes of 

the struck assembly before any of the loads reach the fuel rods. 

The end plates and guide thimbles absorb a large portion of the kinetic 

energy as a result of bending in the lower plate of the falling assembly. 

Also, energy is absorbed in the s-truck assembly top end plate before any 

load can be transmitted to the fuel rods. The results of this analysis 

indicated that the buckling load ,on the fuel rods was below the critical 

buckling loads and the stresses in the cladding were relatively low and 

below yield. 

The refueling operation experience that has been obtained with Westinghouse 

reactors has verified the fact that no fuel cladding integrity failures 

are expected to occur during any fuel handling operations. 

Rupture of one complete outer row of fuel rods in a withdrawn spent fuel 

assembly is assumed as a conservative limit for evaluating the environmental 

consequences of a fuel handling accident. The remaining fuel assemblies 

are so protected by the storage rack structure so they are not subjected 

to lateral bending loads. No damage resulted from an axially applied 

load of 2200 ·lb. to a fuel assembly. The maximum load expected to be 

experienced in service is approximately 1000 lb. This information was 

used in r.he fuel handling equipment design to estat,lish the limits for 

inadvertent axial loads. 



14. 4.1. 2 Activity Release Characteristics 

As indicated in the previous sections, the failure of an entire row of fuel 

rods (15) is considered to be a very conservative assumption. However, for 

the purpose of this analysis it is assumed that all 204 fuel rods in the 

assembly rupture and there is a sudden release of the gaseous fission 

products held in the voids between the pellets and cladding of the fuel 

rods. The low temperature of the fuel during handling operations precludes 

further significant release of gases from the pellets themselves after the 

cladding is breached. Halogen release is also greatly minimized due to 

their low volatility at these temperatures. The strong tendency for iodine 

in vapor and particulate form to be scrubbed out of gas bubbles during their 

ascent to the water surface further reduces the quantity released from the 

water surface. 

Decontamination factors of lOOO(l) have been measured with much shallower 

water depths and much higher gas-to-water ratios. In a Westinghouse 

laboratory apparatus, elemental iodine (I 2) was passed in an air stream 

through a solution of 2000 ppm boron as boric acid. This solution is 

chemically similar to that in the spent fuel storage pool. The contact 

time in this apparatus corresponded to a bubble rise of 1.6 cm. Initially, 

the iodine decontamination factor (D.F.) in this apparatus was about 10. 

The value decreased with the time as the concentration of iodine in 

solution approached saturation, as expected. The D.F. at zero aqueous 

iodine concentration agreed with that obtained·with sodium thiosulfate as 

an iodine fixing reagent in solution, indicating that gas phase diffusion to. 

the bubble wall was controlling when the iodine laden bubbles contacted fresh 

• 
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solution .. This condition can be assumed to represent the scrubbing of 

gas bubbles released from an accidental cladding failure as they rise 

through a vast reservoir of iodined free solution· in the spent fuel 

pool. The calcula~ed contact time in the accident can be related·to the 

experiment by the ratio of the submergence, which is 24 feet, in the 

case of the s.tation, compared with 1. 6 cm in the experiment. Assuming the 

same ~ass transfer rate in the bubble, the D.F. of 1000 would be obtained 

in a rise of only 9.9 cm. While this extrapolation is undoubtedly optimistic, 

it indicates that a large margin is available in the height of bubble rise in 

the pool to compensate for differences in bubble size and the decay of eddy 

motion inside the bubble with time. Even though this experiment seems to 

justify the use oE a D.F. of 1000, a D.F. of 10 is used in this analysis so 

as to be consistent with previous D.F. values used in safety analysis reports, 

as amended, for the Maine Yankee Atomic Power Station and Beaver Valley 

Power Station 

tf the fuel assembly is dropped in the spent fuel pit in the fuel building, 

the increase in radiation level as these radionuclides mix with the fuel 

building air will be detected by the two radiation monitors located in the 

ventilation vent or by the fuel pit bridge area monitor. For the duration 

of fue.1 handling operations' fuel building exhaust air will be manually 

diverted through the charcoal filter~ For the purpose of site boundary 

dose calculations, it is assumed that these filters will have a collection 

efficiency of 90 percent for iodine. It is further assumed that Pasquill 

"F" meteorology conditions exist with a one meter per second wind speed 

yielding a dispersion coefficient, x/Q, equal to 8.14 x 10-4 sec/m3, 
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The I'-131 equivalent and noble gas activities released to the pool water are 

listed in Table 14.4.1.2-1. These activities are based on the assumption 

that 20% of the contained noble gas inventory and 10% of the halogen 

inventory of the highest power assembly are released to the pool water. 

This conservatively assumes that all of the iodine in the gaps of 204 rods of 

the highest power assembly will be present in the gaseous phase. Also assumed 

is a 100 hour decay period following operation at 2550 MWt for 23,000 hours. 

This period is the minimtnn term within which the reactor vessel head and a 

fuel assembly can be removed following shutdown. Assuming a D.F. of 10, the 

I-131 equivalent released from the water surf~ce would be 4.51 x 103 curies. 

A summary of the assumptions made in the calculation is presented below: 

Number of Failed Rods 

Radial Assembly Peaking Factor 

Iodine Activity Released to Water 

Noble Gas Activity Released to Water 

D.F. of Pool Water for Iodine Removal 

Charcoal Filter System Efficiency 

x/Q 

- 204 

- 1. 5 

- 10% of total 

assembly activity 

after 100 hour decay 

- 20% of total 

assembly activity 

after 100 hour decay 

10 

- 90% 

- 8.14 X 10-4 

•• 
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The whole body dose at the site boundary resulting from the release 

would be about 8.24 rem and'the thyroid dose (using TID-14844 method) would 

be about 188.6 rem. Both values are below those suggested in "10 CFR 100". 

The assumptions made in performing this calculation are considered to be very 

conservative. Decontamination factors of between 100 and 500 would seem to 

be justified by previous experimental data. The more realistic site boundary 

doses resulting from the accident would be about 18.86 rem thyroid dose and 

8.24 rem whole body dose for a D.F. of 100. If the spent fuel pool water 

has a D.F. of 500, the thyroid dose would be about 3.77 rem and the whole 

body dose would be 8.24 rem. These values are well below those suggested 

in "10 CFR 100." 

It is concluded that a dropped assembly would not result in an excessive 

radiation exposure at the site boundary. If the fuel assembly is dropped 

in the refueling cavity in the containment, the increase in radiation level~ 

as these radionuclides mix with the containment air will be detected by 

either the containment gas and particulate monitors or the manipulator crane 

area monitor. An alarm by any one of these monitors will automatically trip 

the purge air supply and exhaust fans and close the purge system butterfly 

valves, thus isolating the system. Because at least one door of the personnel 

hatch and the equipment hatch are closed during refueling, isolation of the 

purge system isolates the containment and, consequently, no offsite dose 

results from a dropped fuel assembly in the containment . 



Noble Gas 

Kr-85 

Xe-133m 

Xe-133 

Halogens 

1-131 (Equivalent) 

TABLE 14. 4.1. 2-1 

ACTIVITY RELEASE TO POOL WATER 
FROM FUEL HANDLING ACCIDENT 

14.4.1-12 
10-15-70 

Activity, Curies 

1564 

3.54 X 103 

1. 86 X 105 

4.51 X 104 

• 
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RADIOACTIVE GAS RELEASE 

,, 
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/ 

The concentration of radioactive waste gases in the primary and auxiliary systems 

is a function of the rate of fission gas release to the coolant from defective 

fuel and the rate of removal via the auxiliary systems. The components which 

retain significant concent'rations of radioactive gases are the volume control 

tank and the waste gas decay tanks. The radioactive gas release analysis con

siders the rupture of the volume control tank and a waste gas decay tank with the 

instantaneous release of the radioactive gas inventories of each to the environ-

ment. 

14.4.2.1 Volume Control Tank Rupture 

In this analysis, the volume control tank is assumed to rupture and release to 

the atmosphere all of the gases which have collected in the vapor space of the 

t61D.k. Also released are all of the gases and all of the iodines in the liquid 

inventory of the tank and in the volume of liquid which continues to flow into 

the tank, until it is isolated. Isolation is assumed to take five minutes, and 
. (,. ~r-

the flow rate of the entering liquid is assumed to be 60 gpm, which is the 

normal letdown flow rate. 

The maximum activities of the gases in the vapor space with one percent failed 

fuel are listed in Table 9.1-6. The activities of the gases and iodines in the 

liquid are based upon the reactor coolant equilibrium activities with one percent 

failed fuel as listed in.Table 9.1-5. For the accident analysis, activities in 

the liquid have been corrected for density, and a decontamination factor of ten 

has been applied to the iodines to take credit for letdown flow through the mixed-
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bed demineralizer prior to the flow entering the volume control tank. Thia 

results in a total activity available for release equal to about 1s.ooo curies of 

Xe-133 equivalent and 2.2 curies of I-131 equivalent. 

Using these sources, a x/Q from Figure 2.2-9 of 800 x 10-4 sec/m3 , and aasuming 

a "puff" ground release, the whole body dose at the exclusion area boundary would 

be about 0.64 rem, and the thyroid dose about 0.90 rem. These doses are well 

below those suggest_ed in· lOCFRlOO and, therefore, this accident is not considered 

to be an undue hazard. 

14.4.2.2 Waste Gas Decay Tank Rupture 

The operation of the Waste Gas System is described in Section 11.2.5. 

centtations of radionuclides in the waste gas decay tank are listed in 

The con-

Table 11.2.5-1, which is for a cycle with the recombiner not operating, and 

Table 11.2.5-2, which is for a cycle with the recombiner operating. As can be 

seen by comparing these tables, the highest inventory of waste· gases occurs at 

the end of the feed cycle with the recombiner operating. For this accident anal

ysis, it is at this time that the waste gas decay tank is assumed to rupture. 

Since the tanks are double~walled, include overpressure protection, and are 

located underground, no mechanism for.such rupture is credible. No credit has 

been taken for absorption or adsorption of-particulate matter in the earthen over

burden on the tank. 

The total activity released would be equivalent to 95,400 curies of Xe-133 and 

0.26 curies of 1-131. 

-
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Since these buried tanks are located in the yard, no credit for building wake is 

-3 3 taken. From Figure 2.2-9, this results in a x/Q of 2.0 x 10 sec/m. The 

ensuing whole body dose at the exclusion boundary would be about 10.1 rem and the 

thyroid dose about 0.27 rem. These doses are below those suggested in lOCFRlOO 

and, therefore, this accident is not considered to be an undue hazard. 
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14. 4.3 RADIOACTIVE LIQUID RELEASE 
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Accidents in the auxiliary systems which could result in the release of waste 

liquids must necessarily involve the rupture or leaking of various pipelines, 

valves, tanks, and pumps. 

All liquid processing components are located within the auxiliary building, fuel 

building, decontamination building, and station yard area. Any· 11q~id leakage 

or release from these components is collected in sumps and pumped to the Liquid 

Waste Disposal System (Section 11.2~2.1), or flCMs· directly to the Vent and Drain 

System (Section 9.7). The auxiliary building and fuel building are of Class I 

Design • 

The boron recovery tanks are located· in the station yard area in separately diked 

enclosures, each of which is of sufficient capacity to retain the total liquid 

volume resulting from rupture.of one boron recovery tank without overflowing to 

areas outside the enclosure. The collected liquid is pumped either to the 

unruptured boron recovery tanks or to the Liquid Waste Disposal System. The 

diked enclosure is of Class I Design. 

Piping running between the auxiliary building and the reactor containment, the 

auxiliary, and fuel build.ings, and the fuel building· and· the tanks in the yard 

area is below grade in concrete trenches or i~ special piping conduits. Liquids 

spilled or released from such piping are collected in sumps and pumped into the 

Liquid Waste Disposal System. Accordingly, any possible release of waste liquids 

is contained within the station and does not result in uncontrolled release to the 

environment. 
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14.5 LOSS-OF-COOLANT ACCIDENT 

14.5.1-1 
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14.5.1 GENERAL 

A loss-of-coolant accident can result from a rupture of the Reactor Coolant 

System or of any line connected to that system up to the first closed valve. 

Ruptures of very small cross section, i.e., equivalent to a 0.75 in. diam hole or 

less, can cause expulsion of coolant at a rate which can be accommodated by the 

high head charging pumps, as discussed in Section 0. Should such an accident 

occur, these pumps can maintain an ·operational level of water in the pressurizer, 

permitting the operator to shut down the unit in an orderly manner. A moderate 

quantity of coolant, containing such radioactive impurities as would normally 

be present in the coolant, would be released to the containment. 

Should a larger break occur, resultant loss of system pressure and pressurizer 

level ultimately causes reactor trip and actuates the Safety Injection System, 

as discussed in Section 6. 2. These countermeasures limit the consequences of 

the accident in two ways: 

1. Reactor trip and borated water injection supplements void formation 

in the core and causes rapid reducU.on of nuclear power to a residual 

level corresponding to delayed fissions and fission product decay. 

2. Injection of b,orated water assures sufficient flooding of the core to 

prevent excessive fuel temperatures. 
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Operation of the Safety Injection System prevents melting and/or rupture of • 

fuel cladding, limits the metal-water reaction to a negligible amount (less 

than 1 percent), and prevents gross core geometry distortion for reactor coolant 

piping ruptures up toandincluding the diameter of the largest pipe connected to 

the reactor vessel. For the case of the rupture of either a hot or cold leg in 

the Reactor Coolant System, the Design Basis Accident (OBA) is described in 

Section 14.5.2. 

A rupture in the Reactor Coolant System results in the discharge to the contain

ment of reactor coolant and associated heat. The result of this discharge is 

a decrease in coolant pressure in the Reactor Coolant System and an increase in 

containment temperature and pressure. Engineered Safeguards then operate, if 

required, to protect the core and return the containment to subatmospheric 

pressure. 

The initial discharge of coolant is subcooled with respect to Reactor Coolant 

System pressure and, for discharge rates above charging capability, results in 

rapid depressurization of the Reactor Coolant System to saturation pressure. 

During this period of subcooled blowdown, reactor and turbine trips are initiated 

by low Reactor Coolant System pressure and low pressurizer level. Prior to 

initiation of reactor trip, heat from full reactor power is added to the coolant, 

but is removed by forced convection heat transfer in the steam generators. As 

coolant discharge continues after reaching saturation pressure, a portion of 

the coolant in the primary system flashes to steam, resulting in the discharge 

of a steam-water mixture into the containment. The high blowdown flow velocity 

after complete severance of a large reactor coolant pipe results in rapid steam 

• 
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evolution and the transport -of large quimtities of entrained liquid or 

essen.tially a homogeneous . s team-wa.ter mixture. A dis tine t interface does not 

exist as the core becomes uncovered and water may only remain in the bottom 

of the reactor vessel at the completion of the -rapid blowdown. 

During blowdown, core residual heat from delayed fi,ssion, fission and capture

product decay, and sensible heat is transferred to the coolant. This sensible 

heat includes the heat .stored in both the core and the core structure and a 

portion of the .thick metal of .the Reac.to-r Coolant System. (See Section 14. 5. 2 .1) 

During the initial coolant blowdown phase" the Reactor Coolant System low ptes

sure signal initiates .reactor trip and., when in conjunction with pressurizer 
I 

I 

low level signals, initiates safety injection. The safety injection accum1;1lators 
! 

automatically _start to discharge 'their contents into the Reactor Coolant System 

when the system pressure is less than accumulator pressure (minimum 600 psig). 

Safety injection also occurs concurren·tly :depending upon the Reactor Coolant· 

System pressu.re by means of the combined charging pumps and the low head saf;ety 

injection pumps which take suction from .the refueling water storage tank. 

Long-term cooling of the core is accomplished by switching to the recirculation 

mode of core cooling, in which the spilled borated water is drawn from the con

tainment sumps by the low head safety injection pumps and returned to the 

reactor vessel by the low head safety injection pumps and/or the charging pumps. 

Residual heat generation and any zirconium-water reac.tion heat increases t,he• 

stored energy in the core and reactor vessel for a short period of time until 

borated safety injection water reaches the vessel. A portion of the safety 

injection flow flashes to steam as it comes tn contact with the hot core, the 

vessel, and the internal structures, and the steam flows to the containment 
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through the pipe break. The safety injection water from the refueling water .\ 

storage tank .and the containment sumps is subcooled with respect to total 

reactor pressure; however, some initial flashing may occur. 

A rise in containment pressure to approximately 15.7 psia (1.0 psig) initiates 

containment isolation by isolating nonessential process lines and the Contain-

ment Vacuum System (See Section 6.3.2). A further rise to approximately 24.7 

psia (10 psig) results in initiation of the Containment Spray Systems (Section 

6.3.1). The Containment Spray Subsystems transfer chilled, borated water, plus 

additional chemicals for fission product removal, from the refueling water 

storage tank to the containment via the containment spray headers. The spray 

water droplets absorb heat and airborne fission products from the steam-air 

atmosphere of the containment by heat and mass transfer, resulting in a decrease 

in the containment temperature and pressure. The chemical additive (NaOH) in 

the spray also reduces the airborn~, inorganic iodine activity available f9r 

.leakage. Concurrent with the Containment Spray Subsystems, the Recirculation 

Spray Subsystems pump the heated water in the containment sumps through the 

recirculation spray heat exchangers to remove heat from the containment, and 

then through the recirculation spray headers to remove additional heat and 

steam from the containment atmosphere. The containment is returned to sub

atmospheric pressure in less than 30 min, thus terminating all outleakage from 

the containment. The Recirculation Spray Subsystems provide long-term cooling 

capability to hold the containment depressurized. 

• 

During the early phases of a loss-of-coolant accident, flow reversal, or flow 

stoppage, and changes in core heat transfer mechanisms occur in the reactor core •• 
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Delayed fissions, fission product decay, and fissioning during power reduction 

result in heatup of the core. Forces are generated across Reactor Coolant 

System cqmponents due to high flows and pressure waves resulting from the 

sudden reduction in system pressure during the accident. 

Section 14.5.4 presents the evaluation of the effects of a loss-of-coolant 

accident on the reactor internals and the reactor vessel. The results show 

that no changes in core geometry occur, nor does the accident pause subsequent 

rupture of the reactor vessel. 

Sections 14.5.2 and 14.5.5 present the methods of evaluation and the effects 

of a DBA on the containment structure • 

Supports for the reactor vessel, steam generators, pressurizer, and reactor 

coolant pumps are designed to prevent rupture or failure of any safety injec

tion line which is not connected to the pipe assumed to have ruptured. All 

piping connected to the Reactor Coolant System and penetrating the containment 

is provided with sufficient anchorage to prevent breaching of the containment 

at the containment penetration as a result of a reactor coolant pipe break or 

a seismic disturbance, or both. The design of the s_team generator is such 

that the maximum differential pressure of 1,100 psi acting on the tubes and 

tube sheet from the secondary side after reactor coolant blowdown will not 

cause failure of these coolant boundaries. 

The steam generators are supported in a manner that prevents rupture of the 

• secondary side of a steam generator and the main steam and feedwater piping as 
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a result of the forces created by the rupture of a reactor coolant pipe or by 

a seismic disturbance, or both. Section 15.6.1 discusses the Reactor Coolant 

System supports. 

Whenever possible, piping and valves, except root valves and their connections 

to the coolant piping, have been run in the annular space between the crane wall 

and the containment wall, outside of the steam generator and pressurized cupicles. 

Since this space is completely outside the area occupied by the Reactor Coolant 

System, Engineered Safeguards equipment and piping are completely protected from 

effects of a loss-of-coolant accident which might damage these systems, except 

within the cubicle in which the loss-of-coolant accident occurs. 

Special precautions have been taken to protect the pressurizer relief valves 

from mechanical damage which could lead to a loss-of-coolant accident. These 

valves are required to be located above the operating floor but within a missile 

shielded cubicle. 

Valves and valve operators necessary for operation under loss-of-coolant accident 

conditions have been specified and selected so that they remain operational at 

the temperature and pressure conditions existing at the time of a loss-of-coolant 

accident. Organic material used for electrical insulation and other uses has been 

selected so that prolonged exposure to high temperatures and radiation (con

sistent with a TID 14844 type release) will not cause excessive deterioration. 

The design criteria for, and a description of, the Safety Injection System are 

presented in Section 6.2. 

• 

• 
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14.5.2 DESIGN BASIS ACClDENt 

To evaluate the effects of the loss-of-coolant a'ccident (LOCA) on the reactor 

core, the Reactor Coolant System, and the containment, as described in Section 

14.5.1, the Design Basis Accident (DBA), which results in the highest contain;... 

ment pressure and severest conditions h> the Reactor Coolant System, is defined 

as follows: 

1. The reactor is assumed to be operating at 102 percent of maximum 

rated power at the start of the LOCA. For containment analysis, 

the fission product decay heat rate used during the first hour of 

the LOCA is equivalent to that from infinite core exposure at rated 

power. After about 20 hr, the fission product decay heat curve is 

that equivalent to 3 yr core exposure at rated power. 

2. For the reactor evaluation; ah instantaneous douhle-'ended displace

ment rupture is assumed to occur in the cold leg since this is more 

severe than a break in the hot leg. 

For the containment evaluation, the instantaneous double-ended dis

placement rupture' is assumed to occur in the hot leg since this 

resu'lts in· the most severe conditions for the containment. 

3. A total loss-of-station power in the site.occurs, and one emergency 

diesel generator has started and is operating to supply e·mergency 

power. Another shared diesel is available as a 100 percent spare • 

) 
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Minimum Engineered Safeguards are activated, as defined in Section 6, 

to limit the consequences of the accident by providing the following: 

a. Two-out-of-three gas pressurized accumulators discharge into the 

Reactor Coolant System; the third accumulator is assumed to spill 

out of the pipe break, directly into the containment. 

b. Safety Injection is by one-of-three charging pumps and one-of-two 

low head safety injection pumps. 

c. Containment spray is by one~of-two Containment Spray Subsystems and 

two-of-four Recirculation Spray Subsystems. 

The emergency diesel generator, operating as described in Item 3, above, pro

.vides the necessary power to operate the pumps in 4 (b) and 4 (c); 4 (a) will 

not require power of any kind to operate. The containment spray pumps have 

dual steam-electric drives and cantbe driven by the steam available in the 

steam generator or by the emergency diesel generator. In addition, service 

water requirements for the Recirculation Spray Subsystems are served by means 

of normal gravity flow. 

The following sections discuss and'analyze the effects on the Reactor Coolant 

System and the containment resulting from the various loss-of-coolant accidents. 

Primary emphasis is placed upon the analysis of the effects of the DBA involv

ing a double-ended displacement rupture of the largest size coolant piping. 

Section 14.5.8 summarizes the consequences of a DBA on the Reactor Coolant 

Systems, the containment systems, and site dose effects. 

• 

• 

• 
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14.5.2.1 Methods Used for Loss-Of-Coolant Accident 
Effects on Containment 

14.5.2.1-1 
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Analyses of the effects on the containment of loss-of-coolant accidents were made 

using the LOCTIC digital computer .program described herein. This program calcu

lates the temperature and pressure ·of the containment as a function of time fol

lowing a loss-of-coolant accident. The loss-of-coolant accident starts with the 

break in the coQlant line and this is used as zero time for the accident analysis. 

The program considers the effects ·of various heat sources and sinks as a function 

of time in a given containment coi1figuration to calculate temperature and pres

sure transient history for the containment. The process is a digital integration 

of the changes taking place~ The program assumes that no significant change takes 

place between each time step and that calculations during each time step are on a 

steady-state basis. At the end of eac·h time step, the heat inflow and outflow 

are summed and new containment and Reactor Coolant System conditions established. 

The program reads into the computer the input information required to detail the 

specific containment and Reactor Coolant System under analysis. Table 14.5.2.1-1 

gives these data for the Surry Power Station. Also read in are the physical con

stants for the Containment and Reactor Coolant System materials as given in 

Table 14.5.2.1-2. 

The following is a description of the major points considered by the LOCTIC 

computer pro~ram: 
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--- . -.") 
I /:1',> '' /L / l ,~. 

\, 1 l· 4 ·/·? ,,/ 

INPUT DATA TO LOCTIC 
VIRGINIA ELECTRIC AND POWER COMPANY - SURRY 

Reactor and Coolant System 

~\;!le ,_./""',\ 

POWER STATI0;·-

4 

. ) 

") /{c~ 
.,..t, 1.:I ~ 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 

(Maximum Rated Power x 1.02) + 8* = (2,546 x 1.02) + 8* 
Internal Energy of Reactor Coolant Water 

2,605 MWt 
246.9 x 106 Btu 
16.35 x 106 Btu Sensible Heat in Core 

Total Water in System 
Temperature (Mass Average, Excluding Pressurizer) 
System Pressure 
Reactor Coolant System Volume 
Pressurizer Volume, Total· 
(1) Water Volume 
(2) Steam Volume 

Heat Transfer Data 

(i) Core Heat Transfer Area 
(j) Core Heat Transfer Coefficients 

(1) Film 
(2) Boiling 

(k) Overall Heat Transfer - One Steam Generator 

Emergency Core Coolin~ Systems 

(1) Three Gas Accumulators -
(1) 
(2) 
(3) 

Total Volume 
Water Volume 
Pressure 
Temperature 

(m) Safety Injection - Charging Pumps and Low Head 
Safety Injection Pumps -
Curves of.Flow versus Reactor 
Pressure are INPUT for Condi
tions of Normal and Minimum 
Safeguards. 

423,200 lb 
571.8° F 
2,280 
8,387 
1,336 

816 
520 

psia 
ft3** 
ft3** 
ft 3 

ft3 

42,461 ft 2 

5,420 Btu/hr/sq ft/F 
300 Btu/hr/sq ft/F 

25 x 106 Btu 
ht°F 

4,350 ft 3 

2,775 ft3 
675 psia 
1200 F 

*8 MWt is the mechanical energy added by the reactor 
coolant pumps. 1.02 times maximum rated power provides 
allowance for 2.0 percent for calibration and instrument 
errors. See Section 14.2.9 

**Cold Volume - An additional 3 percent increase in coolant 
volume is used for containment design. 

• 

• 
J 

• 
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TABLE 14.5.2.1-1 (CONT'D) 

Containment Spray Subsystems 

(n) Containment Spray Subsystem - Curves of 
Flow versus Containment Pressure are INPUT. 
One or Two Pumps for Minimum or Normal Safeguards, 
Respectively. 

14.5.2.1-J 
12-1-69 

(o) Containment Recirculation Spray Subsystem - (two subsystems) 

Minimum and Normal Safeguards 
(1) Flow 

(2) Total Heat Exchanger Transfer Rate 
to River Water, UA 

Containment 

(p) Free Volume 
(q) Initial Interior Temperature 
(r) Initial Pressure 
(s) Dew Point in Containment 
(t) Outside Atmospheric Pressure 

<i 
\ . .'\_; 

~ fj 

"'ii 

7,000 gpm 

7,000,000 Btu 
hr°F 

1,800,000 ftJ 
1050 F 
10 psia 
80° F 

14.7 psia 



TABLE 14.5.2.1-2 
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PHYSICAL CONSTANTS FOR CONTAINMENT AND COOLANT SYSTEM MATERIALS 
VIRGINIA ELECTRIC AND POWER COMPANY - SURRY POWER STATION 

Conductivity, Specific Heat Density, 
Btu/hr-ft-°F Btu/lb-°F lb/cu ft 

Carbon steel 26 0.11 490 

Stainless steel 10 0.11 490 

Concrete (l) 0.8 0.16 145 

Paint Film Conductance* 250 Btu/hr-sq 
0 

ft- F 

*This paint film conductance corresponds to a 0.006 in, coating of paint 
on the inside of the containment liner. 

-



• Fission Product Decay Heat and Power Decay 
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The LOCTIC program interpolates a curve representing the decay heat generated 

versus time after shutdown as a fraction of full operating power. For the pur~ 

poses of a conservative analysis, it is assumed that during the early stages of 

the LOCA (up to 1 hr), the decay heat generation rate is equivalent.to that 

resulting from fission products in the core as a result of infinite core exposure. 

After approximately 20 hr, the fission product concentration is assumed to be 

that equivalent to 3 yr of core exposure. Fig. 14.5.2.1-1 presents the curve 

used by LOCTIC for the Surry Power Station. 

After receipt of a reactor power reduction signal caused by the LOCA, the reactor 

• power decreases to fission product decay levels·over a finite period of time, 

depending upon the time it takes for control rods to drop, the rate of boron 

injection, the half-life of the longest-lived delayed neutron precursor, moderator 

and fuel temperatures, and moderator levels in the reactor vessel during blowdown. 

Power decay curves have been generated for the case of a 29 in. double-ended 

rupture and the pressurizer surge line break. Fig. 14.5.2.1-2 presents the curves 

•• 

· used by LOCTIC for the Surry Power Station. 

The heat from fission product decay, Fig. 14.5.2.1-1, and power decay, 

Fig. 14.5.2.1-2, during the time interval under consideration is computed and 

added as sensible heat to the reactor core • 



Core Sensible Heat 
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Since the core contains considerable heat at a temperature above the average 

reactor coolant temperature, the program computes the transfer of heat from the 

core to the coolant as a function of the amount of water in the core and whether 

or not boiling or film heat transfer is occurring. This relationship is conser

vative from the standpoint of transferring more heat to the containment than would 

be expected to occur; however, the relationship is invalid for a study of core 

thermal effects, and codes discussed in Section 14.5.3 are used for this analysis. 

The program adds fission product decay and power decay heat and all the metal

water reaction heat to sensible heat in the core from which it is transferred to 

the coolant for transport to the containment. 

Reactor Coolant System Hot Metal 

Sensible heat is transferred from the Reactor Coolant System hot metal to the 
, 

coolant. This is a transient heat transfer calculation, and the Dusinberre numer-

ica+ method, discussed below, is used for solution of the problem. The Reactor 

Coolant System metal is divided into the following categories for analysis: 

Ruptured loop thin metal 

Other loops thin ~etal 

Ruptured loop thick metal 

Other loops _thick metal 

Ruptured loop piping 

Other loops piping 

.-

• 

• 
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Reactor vessel head 

Reactor vessel shell 

Reactor vessel bottom and thermal shield 

Pressurizer and surge line 

14.5.2.1-7 
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The metal of the valves, pumps, and steam generator heads is included in the two 

thick metal categories for the ruptured loop and other loops. Table 14.5.2.1-3 

presents the equivalent thicknesses and amounts of metal to be treated by the 

Dusinberr~ Method(J) for Reactor Coolant System hot metal. When a metal, as 

listed above, is covered with water, the surface temperature is set equal to the 

water temperature. When the metal is uncovered, heat outflow is controlled by 

an input heat transfer coefficient • 

Accumulators 

The water transfer from the accumulators to the Reactor Coolant System is calcu

lated on the basis of differential pressure and an input flow coefficient. A 

differential mass transfer is calculated and added to the reactor coolant inven

tory. The loss of water from an accumulator results in an increase in accumu

lator gas volume. The driving gas is assumed to be a perfect gas and is expanded 

to the new volume, with a resulting change in accumulator pressure. When the 

accumulators are completely discharged, the pressurizing gas exhausts to the con

tainment, and adds to the air partial pressure in the containment • 



TABLE 14.5.2.1-3 

REACTOR COOLANT SYSTEM HOT METAL CASES - INPUT DATA FOR LOCTIC 
VIRGINIA ELECTRIC AND POWER COMPANY - SURRY POWER STATION 

Category Thickness, in. Weight, lb 

Ruptured Loop Thin Metal 2.5 53,950 

Other Loops Thin Metal 2.5 107,900 

Ruptured Loop Thick Metal 6.0 134,645 

Other Loops Thick Metal 6.0 269,290 

Ruptured Loop Piping 4.0 15,000 

Other Loops Piping 4.0 210,000 

Reactor Vessel Head 6.5 230,000 

Reactor Vessel Shell 10.5 337,000 

Reactor Vessel Bottom and 6.5 118,500 
Themal Shield 

Pressurizer and Surge Line 5.63 210,000 

• • 

Heat Transfer 
Coefficient 

Btu/hr/sq ft/°F 

40.0 

10.0 

40.0 

10.0 

40.0 

10.0 

40.0 

100.0 

2,000.0 

5.0 
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High Head Safety Injection 

14.5~2.l-9 
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Safety injection is assumed to be effective at 30 sec after the LOCA after which 

water is transferred to the Reactor Coolant System as a function of Reactor· 

Coolant System pressure (See Table 14.5.2.1-1). Differential mass and heat flow 

are calculated and added to the coolant inventory. High head safety injection is 

accomplished by the charging pumps. Appropriate delay times for receipt of safe

guard signals, valve operation, and pump start are inputs to the LOCTIC program. 

Low Head Safety Injection 

The treatment of low head safety injection is similar to high head safety injec

tion, with a system discharge curve used to calculate differential mass flow to 

the Reactor Coolant System (See Table 14.5.2.1-1). This mass and ~ssociatef heat 

are added to the coolant inventory. 

Reactor Coolant Blowdown 

A summation is made at each time interval of all heat and mass input to, and out

put from, the Reactor Coolant System, and new system conditions are established. 

A differential discharge of mass and heat from the Reactor Coolant System to the 

containment is calculated. It is assumed that this discharge reaches equilibrium 
' 

with the containment steam-air atmosphere, and that any water remaining as liquid 

after flashing takes place falls to the containment floor where it mixes with 

water on the containment floor. 



Condensing Film Coefficient 
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A film coefficient, for condensation at surfacesJ is calculated for each time 

interval. This coefficient is a function of the mole ratio of noncondensable gas 

to steam. The coefficient(2) varies from approximately 2 Btu/sq ft/hr/Fat the 

start of the accident to approximately 150 Btu/sq ft/hr/F when the containment is 

at maximum pressure. The film coefficient, in addition to being a function of the 

mole ratio of noncondensable gas to steam, is also a function of the temperature 

drop across the film and the degree to which turbulent convection flow has devel

oped. For the case of heat flow into large vertical surfaces, the convection flow 

would be fully developed. These factors tend.to increase the film coefficient. 

During the latter stages of blowdown, .the controlling heat transfer mechanism to 

the static sinks is the ability of the concrete to transfer heat into its interior 

and not the condensing film heat transfer coefficient. 

Static Heat Sinks 

The static heat sinks include the containment structure, interior concrete, and 
~ 

miscellaneous metal in the containment. Th~ Dusinberre method is used to calcu-

late the transient flow of heat into these sinks. The containment and interior 

concrete are divided into the following categories according to thickness: 

Walls inside containment (1.0 ft) 

Walls inside containment (2.0 ft) 

Walls inside containment (3.0 ft) 

Walls inside containment (4.0 ft) 

• 

• 

• 
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Walls inside containment (6.5 

Containment wall below grade 

Containment wall above grade 

Containment dome 

Floor above foundation mat 

Foundation mat 

Miscellaneous Metals 

ft) 

14.5.2.1-11 
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The model used considers transient heat flow to the containment structure through 

the composite thermal resistance made up of the paint film, the steel liner, and 
, 

the concrete. The Dusinberre method allows the face temperature to lag contain-

ment temperature as would be expected under actual conditions. The concrete is 

assumed to be exposed on one or two sides to the containment atmosphere, as appro

priate. Heat conducted through the containment cylindrical wall and dome to the 

outside air is considered, but is minor. Table 14.5.2.1-4 presents the informa

tion used by LOCTIC for interior concrete sinks, the containment, and miscella

neous metal. 

Containment Spray Systems 

The Containment Spray Systems discharge water into the containment via the con

tainment spray and recirculation spray headers, with the system discharge rate 

being a function of the appropriate driving force. Fig. 14.5.2.1-3 presents the 

containment spray rate as a function of the pressure in the containment and the 

height of water in the Refueling Water Storage Tank. 

J 



TABLE 14.5.2.1-4 

CONCRETE SINKS AND MISCELLANEOUS METAL - INPUT DATA FOR LOCTIC 
VIRGINIA ELECTRIC AND POWER COMPANY - SURRY POWER STATION 

Category Thickness, ft Area, ft2 

Wa)h. Inside Containment ( 2) 1.0 3,320 ,-,-

Walls Inside Containment I L) 2.0 27,600 

Walls Inside Containment ti) 3.0 19,490 

Walls Inside Containment ':,.) 4.0 5,000 

Walls Inside Containment (, 6.5 2,100 

Cont. Wall Below Grade 4.5 20,600 

Cont. Wall Above Grade r,J I 4.5 26,147 

Dome ' 2.5 25,000 
i.1 I 

Floor Above Foundation Mat 2.0 11,250 

Foundation Mat 10.0 11,250 

Miscellaneous Metals - 1,200,000 lb 

• • 

Liner Thickness, in. 

o.o. f 
o.o 

o.o 

0.0 

o.o 

0.38 

0.38 

0.50 

o.o 

0.25 

f--' .... 
0 ~ 
I . 

f--' 1.11 
Vl . 
I N ...... . 

0 .... 
I 
I-
N 

• 
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The Recirculation Spray Subsystem rejects heat through heat exchangers to the 

circulating water discharge canal. This heat transfer is. calculated by the stan

dard log mean 6T calculation method, , ~sing an input UA of about 3. 5 million 

Btu/hr/F for each heat exchanger. Table 14.5.2.1-1 gives 7.0 million Btu/hr/F 

for two exchangers. An exit temperature for the recirculation spray water leav

ing the heat exchanger is then calculated. The containment recirculation spray 

headers are located approximately 47 ft ab'ove the main operating floor. 

The Containment Spray Subsystems spray chilled water at 45 F from the refueling 

water storage tank into the containment via the contair.ment spray headers located 

approximately 96 ft above the main operating floor. 

• The vertical fall height, on the average, considering the location of the spray 

headers and probable spray particle trajectories, is about 100 ft. Calculations 

indicate that the smaller particles approach 100 percent of thermal equilibri~m 

with the containment atmosphere, whereas the larger particles approach 99 percent 

equilibrium with the containment atmosphere. The LOCTIC computer program con

servatively assumes that all of the spray reaches 90 percent of thermal equili-

• 

, 

brium with the containment atmosphere. Heat transfer between the containment and 

recirculation sprays and the containment atmosphere is computed in each time 

interval. 

\ 
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14.5.3 Core Thennal Transient 

14.5.3-1 
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14.5.3.1 Method of Analysis 

The discussion which follows has been divided into two major sections: large 

and intermediate breaks, and small breaks. 

The analysis of large and intermediate breaks is performed by considering 

three separate, though interrelated, aspects of the accident: blowdown 

hydraulics, reactor kinetics, and core cooling. 

1. 

2 .• 

3. 

Blowdown Hydraulics. This calculation provides a description of the 

thermal and hydraulic response to a rupture of the Reactor Coolant 

System, through completion of depressurization and the operation of 

the emergency core; cooling systems. The basic infonnation concerning the 
i 

dynamic environment of the reactor core is thus provided for use in 

reactor kinetics and core cooling analysis. 

Reactor Kinetics. The nuclear transient is forced by the blowdown 

dynamics and in turn effects the blowdown. The kinetic calculation 

determines the energy added to the core, an essential input to the 

core cooling analysis. 

Core Cooling. Based o;:i the above information, a detailed analysis of 

reactor core cooling is performed to determine the core clad temperature • 
• 
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Division of the study into these three phases permits a careful evaluation 

of the importance of various assumptions on each significant aspect of 

the overall problem. 

For small breaks a single code is used to describe both the blowdown hydrau

lics and core power transient. In ,·these analyses, it is· shown that the 

' core does not become completely uncovered during the course of the accident. 

The core thermal analysis indicates .that DNB does not occur in the covered 

portion of the core •. 

The following section includes a description of the applicable computer codes 

used for. each aspect of the accident. 

Large and.Intermediate Break Analysis 

Blowdown Analysis 

The blowdown analysis is performed using the FLASH-R digital computer c9de. 

FLASH-R is based upon a code developed at ; Bettis c·alled FLASH (l), but it 

includes,modifications that more.accurately describe certain features of 

the commercial Westinghouse PWR .sy~tems, including the single pass, rod 

fuel type core, the location of the reactor coolant pumps, the characteristics 

of the accumulators charging and low head safety injection pumps. 

• 

• 

• 
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FLASH-R requires as input a description of the Reactor Coolant System including 

initial conditions, break size and location, core energy generation rate, and 

Emergency Core Cooling System characteristics. The code outputs the primary 

system pressure, coolant enthalpy, core flow, core pressure drop, mass flow 

through the break, core uncovering and recovery, times, and the conditions re

quired to determine the time at which reactor trip occurs. 

FLASH-R simulates the Reactor Coolant System by lumping regions of relatively 

uniform temperature and pressure into three principle regions. Two of these 

·regions are the upper and lower volumes, and correspond to the hot and cold 

volumes, respectively, in the coolant loop. The upper and lower volumes are 

connected by an "internal" flow path through the reactor core, and an "external" 

flow path through the intact loop piping and steam generators. The third 

region is the pressurizer, which is connected to the upper volume by the 

surge line. In general, the three regions are at different pres~ures and 

temperatures • 

. In treating the flow between the upper and lower volumes, the entire pressure 

drop through the "internal" flow path is assigned to the core. In the 

"external" connecting loop, pressure drops across the coolant pumps, steam 
' ' 

generator and.an effective length of connecting line are considered. Temperature 

changes between the upper and lower volumes are assumed to occur only at the 

core and steam generators. In the determination of flow between regions, 

inertial effects are considered, as well as the effects of coas.tdown and 

· cavitation of the coolant pumps • 
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The code accounts for head addition to the primary coolant which flows through 

the core. Heat transfer in the core is based on the reactor kinetics studies 

discussed below, and is input in the form of heat flux as a function of time. 

Removal of heat from the primary coolant in the steam generators is also 

accounted for when the primary coolant temperature is greater than the 

temperature of the secondary fluid. 

The flow rate of subcooled water through a break is calculated using Fauske's(2) 

d 1 f bl fl · h f " h " · Moody' s·.O) model for mo e or metasta e ow int e case o sort pipes, or 

equilibrium, homogeneous flow in the case of "long" pipes. Once the leaking 

region reaches saturation, Moody's correlation is used for both cases. For 

a double-ended break of a main coolant pipe, two flow paths to the break are 

considered. Flow from the nearer region is treated as a "short" pipe leak, 

while flow from the farther region is considered as a "long" pipe leak. For 

smaller breaks, only one flow path is considered, and it is treated as a "short" 

pipe leak from the nearer region. These correlations have been shown to be 

conservative in that they overpredict the mass flow rate through the break. 

A conservative bubbre separation model, which assumes an upward bubble velocity 

of two feet per second, is incorporated into the FLASH-R code for.use in the 

determination of froth l~vel in the vessel downcomer annulus, and to account 

for the effects of vapor entrainment upon flow losses in the core, piping, and 

downcomer during blowdown. 

• 

• 

• 
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The conservatism in this bubble correlation results in a higher froth level 

in the downcomer annulus. This results in an extension of the period of 

time in which the vessel nozzles are filled with a two phase mixture. Therefore, 

the onset of dry saturated steam blowdown is delayed and the two phase blowdown 

with its significantly higher mass flow rate is extended. Thus, FLASH-R 

overpredicts the mass loss through the break. It should be noted that although 

vapor entrainment and frothing are considered in the evaluation of mass flow 

through a break, they are not considered in the determination of the time 

required to uncover and. recover the core. In the determination of core water 

level for this phase of the analysis, complete separation of steam and water 

is assumed. 

One of the modifications of the original FLASH code was the incorporation into 

FLASH-R of a calculation which determines the flow rate from the accumulators 

into the Reactor Coolant System. This calculation is based upon the pressure 

differential between the accumulators and the Reactor Coolant System, and the 

flow resistance of the accumulator lines. The accumulator tank nitrogen is 

conservatively assumed to expand isentropically to replace the injected 

accumulator water. The accumulator pressure, and the liquid and gas inventories 

are recalculated at each time step in the program untii the tanks are e~ptt~d. 

Finally, the original FLASH code was extended by the incorporation of a detailed 

core flooding calculation which considers the effect of a steam bubble in the 

core formed by steam generation as the core is reflooded • 



Core Power Transient - CHIC-KIN Code 
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The basic tool used for the reactor kinetics calculation is the CHIC-KIN(4) 

code, which has a point kinetics model and a single channel fuel 

and coolant description. In this study the channel is divided axially 

into five sections, with the density in each section as a function 

of pressure and enthalpy. Subcooled surface boiling is conservatively 

neglected. After the coolant reaches saturation all of the heat flux 

is available for the production of voids. Since hot channels·of the 

core.have greater than average void fraction, use of an average channel 

model and neglecting hot channel effects reduces the apparent void, 

yielding a conservatively high energy input. In addition, coolant 

b,ypass :around the core is neglected, reduc·ing the calculated void. 

Each .~ial fuel rod section is divided into nine radial.regions for 

t;:he he.at transfer calculation. A thermal conduct! vity of 2. 65 Btu/hr-ft-°F 
2 

for the vo
2

, and a fuel-to-gap heat transfer coefficient of 2,000 Btu/hr-ft~°F, 

are chosen for the kinetics calculation.· These numbers give a minimum 

reasonable initial average fuel temperature. This minimizes void fo.rmation 

and decreases the rate of power decay. 

For moderator density reactivity feedback, the calculated density coefficient 

as a function of density for beginning of life is conservatively assumed to be 

zero at the initial average density. The curve yields a 1% negative reactivity 

• 

• 

• 
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w_ith. a density reduction of 20%; whereas in practice there would be much more 

feedback for the same density change. 

Doppler reactivity feedback is simulated as a function of the average fuel 

temperature during the transient. A conservative weighting factor of 1.6 

accounting for spatial dependence is used for the in~ially unrodded core 

to_ reduce the.rate of power _decrease during shutdown. 

Six groups of delayed neutrons are used. For the total effective fraction, 

a conservative maximum of 0.0072 is·used to slow down power decay. Average 

core pressure is input as a funct"ion of time from the FLASH-R output. For 

2 the 0.5 ft break, the core inlet flow as shown by the FLASH-R code calcu-

l~tions is used as input to CHIC-KIN. For large cold leg breaks, with 

violent flow reversal and then near-stagnation, the core pressure drop 

indicated by FLASH~R is assumed to be a reasonable representation of the 

forcing action between the two large liquid regions of the system. This. 

pressure drop is .used as input to CHIC-KIN, which calculates flow response 

taking into account inertia and losses at inlet and outlet and due to grids 

and friction in the fuel. The resulting flow transients are very close to 

those obtained by FLASH~R • 
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Trip would be activated in all cases by low pressurizer pressure. For the 

2 
0.5 ft break case, this would occur in approximately 1.25 seconds. Significant 

rod reactivity insertion is assumed to start in 2.0 seconds after the break, 

with -0.025 6..k being inserted over the following 2. 3 seconds. 

For the larger breaks, trip would be similarly actuated, but because void 

formation is adequate for shutdown, trip was not simulated in these studies. 

Core Cooling Analysis, - LOCTA Code 

The LOCTA-R2 transient digital computer program was developed for evaluating 

fuel pellet and cladding temperatures during a loss-of-coolant accident. 

It also determine~ the extent of the Zircaloy-steam reaction and the magnitude 

of the resulting energy release in Zircaloy clad cores. 

The transient heat condition equation is solved by means of finite differences, 

cons·idering only heat flow in the radial direction. A lumped-:parameter mode 

. ' 
is used; with three radial' nodes in the fuel and one radial node in the cladding. 

Internal heat generation can be specified as a function of time. The decay 

heat is based on the heat generated from: 

1. fission products, 

2. capture products, and 

3. delayed neutrons. 

.~ 

• 
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It is assumed that the core has been irradiated for an infinite period of 

time. 

In addition to decay heat, the code calculates the heat generated due to the 

exothermic Zircaloy-steam reaction. The Zr-H
2

0 reaction is governed.by the 

parabolic rate equation unless there is an insufficient supply of steam 

available, then a "steam limited" evaluation is made. However, for the cases 

considered, the parabolic rate equation was used. The buildup of the zirconium 

oxide film is calculated as a function of time, and its effect on heat transfer 

is considered, Based on the heat of fusion of Zircaloy, an isothermal clad 

melt is considered. Once the Zircaloy metal melts, it is retained by the 

zirconium oxide, and slumps against the fuel. The Zircaloy-stearn reaction 

may co~tinue until the oxide melts, If the oxide melts, the remaining Zircaloy 

is assumed to react with additional water which is available in the vessel. 

Information generated by LOCTA -R2 as a function of time includes: 

1. Fuel temperature, 

2. Clad temperature, 

3. Stearn temperature, 

4. Amount of metal-water reaction, 

5, Volume of core melt, and 

6. Total heat released to the coolant • 
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The code has been developed to stack axial sections and therefore, describe 

the behavior of a full length region as a funciton of time. A mass and 

energy balance is used in evaluating the temperature rise in the steam as 

it flows through the core. 

The initial conditions of the fuel rod are specified as a function of power. 

The following core conditions are also introduced as a function of time, as 

determined by the FLASH-R Code: 

1. Mass .flow rate through the core, 

2. Coolant quality, and 

3. Pressure. 

Heat transfer coefficients during the various phases of the accident are 

evaluated in the following manner: 

1. Nucleate boiling film coefficients on the order of 20,000 Btu/hr-ft
2
-°F 

are used until DNB occurs. The correlation during this period is:(S) 

T - T = 1.9e -P/90b (q'11/4 
w £ 

2. When DNB occurs, it is assumed that the fuel rods can immediately 

develop a condition of stable film boiling. No credit is taken for 

• 

• 
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higher transition boiling coefficients that exist prior to establishing 

a stable film on the fuel rods. The correlation used during this period 

is: (G) 

0.4 

h = 0.023 

3. During the time the core is uncovered (period of steam flow through 

the core), laminar or turbulent forced convective coefficients and 

radiative coefficients are evaluated. 

For laminar forced convection to steam: (7 ,B) 

hDe * 3.66 
( k )iso 

~ch, ·0~25 
h/h. 

l.SO Tw/ 

For turbulent forced convection to steam:(9 ,lO) 

hDe 
k 

= 

4. The rising clad temperature transient is turned around after the lower 

portion of the core has been reflooded. For the initial reflooding period, 

when two phase flow is present due to entrainment, heat transfer coefficients 



14 .5 .)..,.12 
12-1-69 

2 
of approximately 25 Btu/hr-ft are calculated based upon the dispersed 

flow theory heat transfer correlation(6). The entrainment process is 

initiated at a steam velocity of 7 ft/sec leaving the flooded region 

. (11) of the core based upon the work of R. F. Davis • 

The analytical model used during the core reflooding phase of the 

accident has been compared to experimental data obtained from the FHUST(l2) 

experimental tests in conjunction with the LOFT program. With the same 

geometric configuration, flow conditions, etc. as used in the experimental 

studies, the Westinghouse design model predicts clad temperature turn

around times to be greater than those obtained from the FHUST data. This 

indicates that the Westinghouse model is conservative. 

The nomenclature used in above equations is as follows: 

h - Heat transfer coefficient on outer surface of fuel, Btu/hr-ft2-°F 

De - Equivalent diameter of flow channel, ft 

p - Density, lbs/ft3 

µ - Viscosity, lbs/ft-hr 

Q - Volumetric flow rate, ft3/hr 

A - Area of flow channel. ft2 
C 

C - Specific heat, Btu/lb-°F 
p 

k - Thermal conductivity, Btu/hr-ft-°F 

• 

• 

• 
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T 

p 

q" 

- Temperature (°F) 

- System pressure (psia) 
. 2 

- Heat flux (Btu/hr-ft) 

Subscripts: 

V - Evaluation of the property 

l - Evaluation of the property 

b - Evaluation of the property 

w - Evaluation of the property 

at the saturated vapor condition 

at the saturated liquid condition 

at the bulk fluid condition 

at the clad surfact temperature 

iso Evaluation of the parameter when the temperature differences 

are small 

Small Break Analysis - SLAP Code 

Blowdown Analysis 

For small breaks up to about 6 in. 2 equivalent diameter c~ 0.2 ft), 
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(Tw - Tb) 

the digital computer code SLAP is employed to calc~late the transient 

depressurization of the Reactor Coolant System, as well as to describe the mass 

and enthalpy of the flow·through the break. The code considers three regions: 



1. The &eactor Coolant System. 

2. The pressurizer. 

3. The shell side of the steam generators. 
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In the SLAP Code, fluid can flow between the pressurizer and the Reactor 

Coolant System, while heat can be transferred between the Reactor Coolant 

System and the secondary system. The code uses the equations of state, 

continuity and energy conservation to define the condition in each volume 

as a funcion of time~ Fluid flow between the pressurizer and the Reactor 

Coolant System is defined by the momentum equation. Heat is transferred 

between the Reactor Coolant System and the secondary system only in the tube 

region below the shell side water level. The code accounts for heat transfer 

in either direction across the tubes, depending upon which fluid is at the 

higher temperature. The heat transfer rate is assumed to be zero for any 

portion of the tubes not covered by shell side water. 

The initial thermodynamic conditions are designated by: 

1. Volume of each region. 

2. Reactor Coolant System pressµre and temperature. 

3. Pressurizer level. 

4. Secondary pressure and steam generator shell level. 

• 

• 

• 
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Under the initial. steady operating conditions, fluid flow between the 

pressurizer and the Reactor Coolant System is zero. The initial heat transfer 

rate in the steam generators is equal to the reactor operating power. 

The initial subcooled flow through the break is treated by the correlation 
I . . 

of Fauske(2). His work concluded that for sharp-edged orifices, test data 

can be accurately correlated using the incompressible flow equations for a 

nozzle. Subsequent saturated water flow through the break is treated by the 

correlation of Moody. (3) 

Safety injection water flow into the Reactor Coolant System is described by an 

input table of injection flow rate as a function of system pressure. A safety 

injection initiation and start-up delay time of 25 seconds is included in the 

model. The accumulators automatically discharge their fluid when the Reactor 

Coolant System pressure drops below the accumulator pressure. 

Finally, feedwater flow as a function of time after the break is specified by 

input tables. Steam flow as a function of safety valve flow area is specified 

to simulate the operation of the safety valves. 

14.5.3.2 Results 

The capability of the Emergency Core Cooling System (ECCS) to meet the design 

criterion was analyzed for the following range of break sizes: 



1. 

2. 

3. 
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~ 2 · 2 Large - Areas of: 9.2 ft\ (double-ended severance), 6 ft and 3 ft 

Intermediate - Area of: 0.5 ft 2 

Small Areas corresponding to pipe diameters of 6 in (~.2 ft 2), 4 in, 

3 in, 2 in, and 1 in 

The power level used in the loss-of-coolant evaluations performed for this 

reactor includes two percent increase above the maximum calculated core thermal 

rating of 2546 MWt, to account for errors in the steam cycle calorimetric 

measurements. 

Results-Large and Intermediate Area Ruptures 

Blowdown and Refill 

The large and intermediate area rupture cases which were analyzed are all cold 

leg breaks since they are more severe than hot leg breaks of comp~rable area 

because: 

1. Refill of the vessel is retarded with a cold leg break due to spillage 

of accumulator water through the broken line. In the accident analyses 

which were performed, the entire contents of one accumulator were assumed· 

to be lost through the break. 

• 

• 
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Generation of steam in the core during the reflooding period tends to 

retard the reflooding with a cold leg break. This aspect of the accident 

is discussed below in greater detail. 

Figure 14~5.3.2-1 through 14.5.3.2-3 are plots of the water volume in the 

reactor vessel for the large area ruptures. Figure 14.5.3.2-4 presents the plot 

of water volume in the reactor vessel for the 0.5 ft 2 break which is represent

ative of the intermediate break ruptures. Figures 14.5.3.2-12 through 14.5.3.2-15 

· present the pressure and core flow for the double ended, 6 ft
2 , 3 ft2 , and .5 ft 2 

breaks respectively. Inspection of these figures indicates the sequence of 

major events during the initial stages of the accident. 

1. There is an initial rapid depressurization of the reactor due to the 

subcooled blowdown, which causes the pressurizer to empty and the Reactor 

Coolant System to reach saturation conditions. Safety injection actuation 

would occur during this period due to low pressurizer level and pressure 

or high containment pressure. Following subcooled blowdown~ a period of 

two-phase blowdown, which is characterized by a slower rate of 

·depressurization, exists. 

2. The relatively slow depressurization during the two phase blowdown 

period continues until the primary system is nearly empty. Actually, 

there is even a slight increase in pressure during the early stages of 

two phase blowdown for the intermediate break, due to the delay in 

i 
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reactor shutdown. As the coolant system begins to run o.ut. of water, 

the core .(which is essentially at the low point of the primary 

system) becomes uncovered. However, the pressure also falls 

more rapidly near the end of blowdown, and the accumulator setpoint 

of 675 psia is finally reac~ed. In the analysis, it was conservatively 

assumed that the accumulators did not begin to inject until .the . . 

pressure fell below 600 psia. 

3. Injection of accumulator water quickly completes the reduction of 

coolant system pressure to an equilibrium value with the containment. 

The continued expansion of the nitrogen gas empties the accumulators 

and causes the core to be reflooded. 

4. During blowdown, the volumes plotted represent an equivalent liquid 

volume which would occur if the liquid and gas phases were completely 

separated. No credit is taken for an increased froth height.due to 

voids created by boiling in the core. The volume of liquid remaining 

in the ·vessel afterblowdown is used as a starting point to predict 

the liquid level during the refilling phase~ It should be noted here 

that the FLASH-R code conservatively predicts less water remaining 

in the vessel at the end of blowdown, when compared to experimental 

data (LOFT semiscale tests, etc.), therefore this conservatism 

is carried throughout the refill phase of the unpredicted water levels. 

The reason for these conservatisms were discussed previously in the 

description of the FLASH Code. 

• 

• 

• 
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These r.esults serve as the principal input for the core kinetic and 

core thermal calculations. 
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Several factors have been considered in the analysis that could adversely 

affect the flow of emergency cooling water to the core. These are 

as follows: 

1. Loss of accumulator water out of the break, or diversion to 

other parts of the system during blowdown. 

2. Steam bubble formation when accumulator water refloods the 

core. 

3. The affect of the nitrogen gas entering the vessel • 

Loss of Accumulator Water 

All of the analyses assume the complete loss of the volume of one 

accumulator out of a cold leg break. The question then is to determine 

·how much of the volume of the _remaining two accumulators could be spilled. 

Only a portion of the accumulator injection takes place.during blowdown. 

For ·the _double-ended break, aGcumulator injection begins·at 6.5 seconds 

and blowdown is completed at 11 seconds. The entire contents of the 

accumulat;ors are not injected until 29 seconds after the break. 

During blowdown FLASH-R calculations indicate that only 25,000 lbs • 

_J 
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of the total accumulator mass of 111,000 lbs. is injected (2 of 3 accumulat'ors 

considered), Therefore, only about 19 percent of the accumulator injection is 

subject to loss through the break during blowdown. It should be noted that 

FLASH-R overpredicts the total'mass loss from the system; therefore, the potential 

mass loss of accumulator water reflects this conservatism./ 

I 

The flow from each accumulator enters the cold leg pipe between the outlet of the 

reactor coolant pumps and the cold leg nozzles. 
I 

The maximum accumulator flow rate 

is 6800 lbs/sec, and occurs for the double-ended break shortly after the beginning 
i 

of injection. This flow rate is onl~ approximately 24.3 percent of the ste~dy 

flow rate 27,972 lbs/ sec for normal plant operation, and. therefore, there is no 

possibility of an.excessive downcomer pressure drop which could back.the 

flow to other parts· of the system. Flow into the inlet of t.he vessel is also 

enhanced by the reactor coola.nt pumps which would coast down during the transient 

and tend to force coolant in the direction of the reactor. 

Steam Bubble 

When the core i~ reflooded by the accumulators, special consideration is given 

to the possibility of steam generation around the hot fuel rods,.resulting in a 

pressure ~uildup which could retard the reflooding process. The steam which is 

generated must be vented from the system through the break. Flow paths for the 

various potential break locations are illustrated in Figures 14.5.3.2-5 through 

14.5.3.2-7 

• 

• 

• 
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The worst break location is a cold leg break, where the steam must flow 

through the reactor coolant pipes, steam generator, and reactor coolant pump 

to escape. There are two paths available for the steam to flow to the break. 

The first path is directly to the break through the broken loop. The other path 

is through the two intact loops, back into the inlet annulus, and finally to 

the break through the inlet nozzle in the broken leg. Because of the back 

pressure which results from the resistance of the core and coolant loops to 

steam flow, the liquid level in the downcomer annulus rises at a faster 

rate than the core level during the initial stage of water injection. The level 

in the annulus rises 'until a head is developed between the annulus and the 

core, equivalent to the pressure drop of the steam flowing through the loops 

to the break. 

The relationship between the downcomer head and corresponding steam flow rate 

through the loops is shown in Figure 14.5.3.2-8. The resistance to steam 

flow used for this curve is based on the resistance of the loop piping, steam 

generators and pumps (assuming the expected condition of empty loop seals as 

discussed below) for saturated steam at a containment pressure of 45 psig 

during blowdown~ It is seen that a head of 1.6 feet produces sufficient 

steam flow to cool the core, assuming empty loop seals in the coolant piping • 

.. 
The FLASH-R refill model accounts for the generation of steam in the core. 

Figure 14. 5. 3. 2-9 shows the amount by which FLASH-R calculates th~ downcomer:. 
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When the first flooding water enters the bottom of the core, the downcomer 

level is the same as the core level. At this time, there is no developed head', 

but there is a potential available head equal to the entire downcomer height 

(16.4 feet). As the core level rises, the potential head is reduced by a 

corresponding amount. The head potentially available to drive steam through 

the core as a function of time is shown in Figure· 14.5.3.2-9 for the core· refill 

transient, predicted by FLASH-R following a double-ended break. Throughout 

the reflooding process, the available head far exceeds the 1.6 feet required 

for minimum steam cooling flow. This provides considerable margin for variations 

in the pressure drop calculation due to effects such as entrainment and a 

decrease in the system saturation pressure during containment cooldown. This 

available head would permit steam flow in excess of the calculated flow, or 

alternatively, would offset an additional back-pressure build-up due to water 

filled lopp seals (as discussed below) without any loss of safety injection 

water. 

In the unlikely event that all recirculation loop seals (pipe between steam 

generator and reactor coolant pumps as shown in Figure 14.5.3.2-6) were filled 

at the end of blowdown, the escape paths for the steam from the core would be 

temporarily blocked, causing a rapid pressure buildup in the core. However, 

the available 

• 

• 
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downcomer head at the start of the reflooding process far exceeds the 9.0 

feet of head needed to blow the liquid out of the loop seals. Filled loop 

seals would, therefore, result in the rapid filling of the downcomer until the 

.head in the downcomer reached 9.0 feet. This would be followed by a back flow 

of the water from the downcomer into the core in order to equalize downcomer 

head and core steam pressure, No accumulator water would be lost and the delay 

· in covering the first 2 feet of the core would be insignificant. 

It is concluded, therefore, that the downcomer head accounted for in the 

calculation of liquid level in the core is sufficient to drive the calculated 

steam flow to the cold leg break. In the event of a steam flow lower than that 

calculated, the liquid level in the core would rise at a faster rate, thereby 

recovering the core with liquid sooner than predicted. Also, a steam flow 

higher than the calculated flow is possible with the available head in the down

comer. In this event, the liquid level in the· core would rise at a slower rate 

than that predicted; however, the higher steam flow would increase the margin 

in the core cooling capacity. 

For hot leg breaks where the core is reflooded by accumulator water, steam 

generation in the core does not retard the refill transient because the steam 

does not have to travel through the loops to reach the break • 
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Nitrogen from the accumulators enters the reactor c9olant pipes following 

completion of injection of the accumulator water volume. At this time, the 

core has been flooded to well above the hot spot, and the clad temperatures 

have been greatly reduced by the emergency coolant. The peak clad temperature 

has been reduced to approximately 1200°F before nitrogen can enter the Reactor 

Coolant System. 

After all the accumulator water has been injected, the gas entering the system 

partly vents through-the break and the rest occupies the high volumes in 

the Reactor Coolant System. The rate of venting depends on the break 

size and location. The vent paths available are illustrated in Figure 14.5.3.2-10. 

Before nitrogen can enter the core region, the water level in the downcomer must 

be depressed below the level of the core barrel. Therefore, a buildup of nitrogen 

pressure in the downcomer equal to the stati1 head of water between the bottom 

of the core barrel and the level of nozzles can be tolerated before the entry 

of nitrogen into the core region must be considered. The flow balances that 

develop are very similar to the steam bubble calculation, but in the reverse 

direction. 

It is important to demonstrate the ability to vent nitrogen either through the 

break (and thereby eliminate the nitrogen in the system) or to the core upper 

• 
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plenum (thereby equalizing the pressure difference between the inlet and outlet 

of the core, and eliminating the potential for forcing water from the core). 

Since the downcomer and core outlet plenum communicate through the three reactor 

coolant loops (flow area greater than 4.0 sq. ft. through each path), and the 

flow rate from the accumulator is limited by the 12-inch accumulator lines, it 

. is evident that the capability exists for venting the nitrogen through the 

Reactor Coolant System in order to equalize·the pressure between ·core inlet 

and outlet plenums. This capability is discussed further in the following 

paragraphs. 

The flow rate of nitrogen into the system is di.scussed first. The accumulator 

process is assumed to be isothermal whereas in fact, the polyt.ropic exponent 

would be expected to vary between 1 (isothermal) and 1.4 (adiabatic) depending 

on the amount of wall heating. The assumption of constant temperature provides 

the highest pressure at the end of accumulator water injection and ·therefor,k, the 
. '. 

hig~est mass flow of nitrogen into the· coolant syste111, •. N9te het;e the in.co~ 

sistent, but conservative, comparison with the water injection rate calculations, 

in which an isentropic expansion was assumed to minimize the stored energy 

driving force for injection. If the isentropic case were assumed for the gas 

flow study, lower gas flow rates would result. It has been calculated that the 

nitrogen pressure has reached 217 psia when all the water has been injected (vs. 

145 psia for the isentropic case). At this pressure, the nitrogen flow into the 
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reactor coolant cold leg pipe from each accululator is 232 lbs/sec. This is 

based on choked nitrogen flow with friction through the length of the accumulator 

line. 

The venting rates are discussed next. Consider first a double-ended cold 

leg break (refer to Figure 14.5.3.2-10). The gas entering the system, depresses 

' the downcomer annulus and expands to· fill the enti:te annulus which communicates 

with the inlet nozzle of the broken loop. Neglecting for the moment the reverse 

venting flow through intact loops, it has been calculated that a nitrogen flow 

rate of 600 lbs/sec could be accommodated through the broken cold leg nozzle, 

based upon a containment back pressure of 45 psig and an annulus pressure of 45 

psig plus the head of water in the core above the bottom of the core barrel (prior 

to the nitrogen entering the core). Forty-five psig was selected for this study • 

because it is representative of the containment pressure at the end .of accumulator 

injection. Therefore, since the nitrogen flow into the two intact reactor 

coolant loops is only two times 232 lbs/sec, the nitrogen pressure in the down

comer does not build to a level sufficient to allow nitrogen to enter the core 
' 

region. 

As the postulated cold leg break size is decreased, credit must be taken for 

the venting capability in the reverse direction to the core outlet plenum. In 

the limit, the break size would be reduced to zero, thereby requiring all flow 

to be vented to the outlet plenum in order to maintain an equilibrium between 

I 
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core inlet and outlet pressure. However, since accumulators inject for 

only relatively large breaks, some venting through the cold leg break is always 

available. Therefore, the limiting case for reverse venting is the hot 

leg break where all flow from three accumulators must be vented to the 

core outlet plenum. 

For the hot leg break and based on the conservative isothermal case, 

the nitrogen pressure is 217 psia when all the accumulator water has 

been injected. Now, using the flow resistance through the loop (pipes, 

pump, steam generator) and a driving head equivalent to the head of water 

above the bottom of the downcbmer, approximately 145 lbs/sec/loop can 

be vented before any N
2 

would get around the downcomer to enter the core. 

The injection flow of nitrogen at this time is 190 lbs/sec/loop. Therefore, 

a brief imbalance in pressure could result, and a small amount of nitrogen 

could bubble around the downcomer into the core region. This imbalance 

exists only briefly until the downcomer, loops, steam generator, and outlet 
' 

plenum fill with nitrogen and imposes an equai pressure on both the inlet 

and outlet of the core, thereby equalizing the water level in the core 

and downcomer. This terminates the flow of nitrogen into the core region. 

It is therefore impossible to impose~ even for a short time, nitrogen 

' pressure gradients nruch larger than 10 psi across the core. 

Note that the small amount of nitrogen entering the core region during 

the pressure equalization transient mixes with the core water inventory. The 
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lower core support casting is made with many small holes, thereby separating 

the nitrogen into many flow paths. During this time the core is cooled by a 

bubbly mixture of nitrogen and water, and the clad temperature continues 

to decrease. 

Therefore, even if the conservative isothermal case is considered, it is 

concluded that the introduction of nitrogen does npt interfere with the core 

cooling process. 

As stated above, the accumulator nitrogen expansion process would be expected 

to vary between isothermal and isentropic. Based on the more realistic 

isentropic case, the nitrogen pressure is 145 psia when all the accumulator 

water has been injected. The peak injection flow is 135 lbs/sec/loop. 

Since 145 lbs/sec/loop can be vented, no nitrogen enters the core region. 

Therefore, this case reaffirms the conclusion that the introduction of 

nitrogen does not interfere with the core cooling process. 

Core Power Transient During Blowdown 

For large breaks, the high rate of subcooled blowdown, and resulting rapid depres

surization quickly produce extensive voids in the core. Void formation is also 

aided by backflow, which forces a saturated steam-water mixture from the reactor 

• 
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outlet plenum down into the core. The result is, that for the large breaks 

which are studied, the reactor shuts down almost immediately without benefit 
I 

from control rod insertion. No rod insertion is considered in the CHIC-KIN 

analyses of the large break transients. The power calculated by CHIC-KIN for 

these cases is shown in Figure'. 14. 5. 3. 2-11. 

A "standardized" decay heat plus delayed neutron curve is used as a minimum 

power level
0

in the thermal analysis, until the bottom of the core becomes 

uncovered. The above procedure results in the generation of more power than 

that which is actually calculated using the conservative assumptions mentioned 

above. After the bottom of the core becomes uncovered, the delayed neutron 

effect is no longer considered, since the direct fission contribution is 

negligible after this time • 

For the intermediate break, the initial depres'surization does riot·form enough 

voids to shut down the core. However, FLASH-R calculations indicate a trip 

due to low pressurizer pressure would occur in approximately 1.25 seconds. At 

this point, the depressurization has reduced reactor power to approximately 50% 

of full power •. In the CHIC-KIN analyses, significant reactivity insertion was 

assumed to start at 2.0 seconds, with -0.025 ~k being .inserted over the 

following 2. 3 seconds. This causes reactor power to decrease rapidly. 

Core Thermal Analysis Results 

The core thermal analysis was performed using the blowdown and recovery 
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data and the core power transients which were described in the previous sections. 

Figures 14.5.3.2-12 through 14.5.3.2-15 present a plot of core pressure and 

core flow and the calculated heat transfer coefficient used for all breaks. 

Figures 14.5.3.2-16 through 14.5.3.2-18 present the maximum clad temperature 

transient, both for the design case and for the case where adiabatic conditions 

exist after blowdown for the double-end, six ft
2 

and three ft
2 

cold leg break 

sizes. 

2 
For the 0.5 ft. break, blowdown is not complete until after reflooding has 

resulted in effective cooling of the core and a continuously decrea~ing cladding. 

temperature. This occurs at approximately 102 seconds. The case w~th adiabatic 

conditions after this time along with the design transient, is presented in 

Figure 14.5.3.2-19. The zirconium-water reaction was computed to be less 

. than.one percent in all cases and is an insignificant factor in the containment 

pressure transient. Table 14.5.3.2-1 summarizes the important results of the 

transients. 

Results - Small Breaks 

The analyses discussed in the previous section demonstrated the adequacy of the· 
i 

accumulators to reflood the core and limit the temperature rise of the core for 

large and intermediate size breaks. :rn this sectiqn, the discussion deals 

with breaks of 6 inch equivalent diameter or less, where the charging; 

e 
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pumps must play an increased role in the initial reflooding because of the 

slower depressurization of the Reactor Coolant System. As indicated 

previously, this analysis was performed for a core thermal rating of 

102% of the maximum calculated power 2546 MWt. 

Ruptures of a very small cross section (up to approximately the equivalent 

of a 0.75 inch ID connecting pipe) cause expulsion of coolant at a 

rate which can be accomodated by the charging pumps, thus enabling 

the operational level in the pressurizer to be maintained and permitting 

the operator to execute an orderly shutdown. The top of the core remains 

covered throughout the accident, and no clad damage is expected. Since 

instrument taps and sample connections are less than 0.75 inch diameter, 

protection from rupture of these lines is afforded by the charging 

pumps. 

Should a larger break occur, the pressure decrease in the Reactor Coolant 

System causes fluid to flow to it from the pressurizer, resulting in a pressure 

decrease in the pressurizer. Reactor trip occurs when the pressurizer low 

pressure set point is reached. Safety injection is actuated when the pressurizer 

low pressure and low level set points are reached. Before the reactor trip 

signal occurs, it is assumed that the plant is in an equilibrium condition, with 

the heat generated in the core being removed by the secondary system. Following 
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the trip, heat from decay, hot internals, and the vessel.is transferred to 

the Reactor Coolant System fluid, and then to the secondary system., The 

secondary pressure increases until the safety valves open to relieve steam. 

Makeup to the secondary side is automatically provided by the auxiliary feed

water pumps. The secondary flow aids in the reduction of primary system 

pressure, When the primary system pressure reaches 600 psig, the accumulators 

begin to inject. 

When the core becomes uncovered, the stored energy and decay heat in the core 

that is traI'1sferred to the coolant becomes a function of water level 

in the core (assumed to be directly proportional, plus 10% to account for froth). 

To analyze the effects of a small primary system break, three cases of safety 

injection capability were studied; 

Case A: Three charging pumps delivering through three cold leg lines_ 

for five minutes, then delivering through all six lines (val~es in hot 

leg injection lines are now open) for thJ remainder of the transient 

with no spilling. This represents the full safety injection capability. 

Case B: Two charging pumps delivering through three cold leg lines for 

fiye ,niinutes, then delivering through all six lines (valves in hot leg 

injection lines are now open) for the remainder of the transient (full 

spill through the break from one line) . 

• 
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assumptions as Case B. This case represents the minimum engineered 

safeguards which are available automatically for small break protection. 

It should be noted that since a single diesel generator has the 

capability of supplying power to two charging pumps, and 

since switching facilities exist in the main Control Room to enable the 

operator to align two pumps to a single diesel, the operator would 

take action in relatively long time scale transients (4" or smaller 

diameter breaks) to carry out this action. Thus in most cases operator 

action would convert Case C to Case B. 

I,t is of interest 1 however, to examine Case C to determine the severity 

of the small break loss-of-coolant accident in the event of mal

operator during maintenance or failure of the operator action to supply 

two pumps from a single running diesel generator. 

The spilling assumption for Cases Band C corresponds to an accident initiating 

brea,k located downstream of the check valve in the 6 in. stub which enters 

the ~eactor coolant pipe. Calculations indicate that for the smaller breaks, 

the reactor pressure at the location of the break maintains a relatively uniform 

back pressure in all injection lines so that no significant flow imbalance 

occurs. However, the full flow delivered through the safety injection line 

connected to the ruptured reactor coolant pipe was assumed to spill through the 

break in addition to the break flow. 

Complete severance of the 6 in. stub would be a large enough break to 

cause reactor coolant depressurization to the 600 psig accumulator set point in 

time for the accumulators to be effectiye in limiting the maximum cladding 
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temperature to a value consistent with the design criteria. A break in a 

safety injection line upstream of the check valve would not constitute a loss

qf~~oolant accident since the check .valve would remain closed due to reactor 

· 1 I . coo ant pressure. 

The delivery curves for Cases A, B, and Care shown in Figures 14.5.3.2-20 and 

14.5.3.2~21. The Reactor Coolant System pressures and volumes for each of the 

cases analyzed are presented in Figures 14.5.3.2-22 through 14.:5.3.2-25. The 

1 inch transients are less severe than the 2 inch transients. Therefore, the 

1 inch transients are not present~d. 

~t should be noted that the volume plots are quiet water level plots, assuming 

complete separation of steam and water in the reactor vessel. The existence of 

a water filled loop seal was considered in all cases. The plots of quiet water 
I 

level in the co;re take into account the depression of the core water level 

necessary to maintain the full downcomer required to clear the loop seal and 

subsequently allow steam blowdown. This depicts a break for the worst break 

location, i.e., a cold leg break between the pump outlet and the reactor vessel 

inlet~ Saturated water blowdown is allowed to continue until the loop seal is 

uncovered. 

As indicated by the curves of Figure 14.5.3.2-25, the core mid-plane ~emains 

flooded for all breaks up to and including a 6 in. diameter hole for the 

fully operational Safety Injection System (Case A). 

Protection f0r a 6 in. break is afforded by the accumulators. The mid-plane of 
. 2 

the core is uncovered for approximately the same length of titne as a 0.5 ft 

• 
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break. Since the core is uncovered at a later time after shutdown, the 

residual heat generation is less. Therefore, the peak clad temperature for 

break sizes f~om 4 to 6 inches is expected to be less than that for the 0.5 ft 2 

break. 

The curves of Figure 14. 5. 3. 2-24 indica.te that core mid-plane flooding is 

maintained for breaks up"to and including 3 inches for the minimum safety 

injection case (Case C) and breaks up to and including 4 inches for the partial 

case (Case B). The core mid-plane is uncovered briefly for the 4 inch break 

for Case C. 

Core Thermal Analysis - Small Breaks 

2 
The core thermal analysis for ruptures from 0.5 ft to a double ended rupture 

was previously presented. The conservative analysis presented for these cases 

indicated that the core was uncovered. It was also assumed that DNB occurred 

at 0.5 seconds. For small breaks the clad temperature transient is influenced 

by two important factors. 

1. The ability to keep the hot spot covered with at least a two phase 

(frothing) mixture of water and steam through the entire transient. 

2. DNB does not occur during blowdown. 

The ability to evaluate whether or not DNB occurs requires a detailed knowledge 

of the core conditions throughout the initial phase of the accident. For this 

purpose, Westinghouse has recently developed multi-dimensional design·models; 

the SATAN-R code for the blowdown analysis and the THING code for the core 
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thermal transient. Core parameters obtained from SATAN-R, such as pressure, 

power and flow, are used as input to the THINC code. The THINC compute'r program 

is used to calculate cooiant density, mass velocity, enthaply, vapor voids, and 

static_pressure distribution along parallel flow channels. 

Knowing the local conditi6ns at any axial ·elevation, it then evaluates the DNBR 

' at that core location. Once the confirmation of no DNB is determined, typical_ 
~ 

loss of coolant analyses are made using the SLAP code for predicting the blow- · · i 

down 'characteristics and the LOCT.A-R code for evaluating.the core thermal 

analysis. 

The 4 in. equivalent diameter break with minimum safety injection (Case C) was 

analyzed to illustrate the core thermal transient characteristics of small breaks . 

Figure 14.5.3.2-26 presents the minimum DNBR versus time after rupture for the 

4 in. break analysis. The minimum DNBR for this case is 1. 48. No portion 

of any- rod which does not become uncovered exhibits DNB,_and thus the mechanism 

of heat transter for this region i& nucleate boiling. 

Figure, 14.5.3.2-27 presents the transient core volume for the 4 in. break. As· 

stated previously, the core mid-plane is uncovered briefly if the quiet volume 

only- is considered. However, these curves demonstrate the capability of the 

minimum safety injection to maintain a two phase mixture of steam and water well 

aboye the core mid-plan~ fof the entit'.e transient. The core thermal analysis , 

presented uses the benefit of the froth level shown. 

• 
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Since no DNB occurs and the hot spot of the core never becomes uncovered, 

the hot spot clad temperature gradually decreases from its initial steady 

state value of approximately 700°F. However, the upper portion of the 

hot rod .obtains a higher maximum clad temperature of 1325°F due to this 

portion of rod being uncovered for approximately 150 seconds. 

During this uncovered period, the upper part of the hot rod is partially 

cooled by the steam generated in the covered portion of the core. 

Conclusions 

For breaks up to and including the double-ended severance of a reactor 

coolant pipe, the Emergency Core Cooling System with minimum safeguards 

will limit the clad temperature to below the melting temperature of Zircaloy-

4 and assure that the core will remain in place and substantially intact 

with its essential heat transfer geometry preserved. The Emergency Core 

Cooling System design meets the core cooling criteria with substantial 

margin for all cases. 

The peak clad temperature calculated was 2080°F which occurred for the 

double-ended break. The clad temperature is limited to 1324uF for a 

4" equivalent diameter break. This protection for the small break is 

provided by ·only one of the three charging ~afety injection pumps • 
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TABLE 14.5.3.2-1 

MAXIMUM CLAD TEMPERATURE AND PERCENT CLAD 

14.5.3-39 
12-1-69. 

BURST VERSUS BREAK SIZE FOR MINIMUM ENGINEERED SAFEGUARDS 

Maximum Clad Total Percent 
Break Size, Cold Leg Temperature, °F Clad Burst 

Double-ended 2080 79 

6 £t2 
1910 76 

3 £t2 
1480 48 

0.5 £t2 
1840 78· 
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14.5.4 

14.5.4.1 

CORE AND INTERNALS INTEGRITY ANALYSIS 

Internals Evaluation 

14.5.4-1 
12-1-69 

The forces exerted on the reactor internals and the core, following 

a loss-of-coolant accident, are computed by employing the BLODWN-2 

digital computer program developed for the space-time-dependent 

analysis of multi-loop PWR plants. The detailed results of the analysis 

are sub.mitted as a supplement to this report. 

14.5.4.2 Design Criteria 

Following a loss-of-coolant accident, the basic requirement is that 

the plant shall besh1:1t do_!lll and cooled down in an orderly manner so that fuel 

cladding temperature is kept within the specified limits. This implies 

that the deformation of the reactor internals must be kept sufficiently 

small so that the core geometry remains substantially intact to allow 

core cooling and insertion of a sufficient number of control rod assemblies. 

After the break, the reduction in water density greatly reduces the 

reactivity of the core 1 thus shutting down the core independent of · 

the control rod assemblies. In other words, the core is shutdown whether or 

not the control rod assembl,ies are trip_pe4_. (The ~1:1bsequent refilling 

of the core by the Emergency Core Cooling System uses borated water to 

maintain the core in a subcritical state.) Therefore insertion of most of 

the control rod assemblies gives further assurance of the ability to shut 

the unit down and ke~p it in a safe shutdown condition. 



14.5.4-2 
12-1-69 

Maximum allowable deflection limitations are established for those 

regions of the internals that are critical for unit shutdown. Allowable 

stress limits are adopted to assure physical integrity of the components. 

In the event of a sudden double-ended Reactor Coolant System pipe 

rupture (complete severance in a few milliseconds), pressure waves 

are produced in the reactor causing vertical and horizontal excitation 

of the components. A study has been made to analyze the response 

of the reactor vessel internal structures under these conditions. 

14.5.4.3 Blowdown and Force Models 

Blowdown Model 

BLODWN-2 is a digital computer program used for calculation of local 

fluid pressure, flow, an~ density transients that occur in Reactor 

Cooiant System during a loss-of~coolant accident. This 

program applies to the subcooled, transition and saturated two-phase 

blowdown regimes. This is in contrast to programs such as WHAM(l) 

which are applicable only to the subcooled region and which, due 

to their method of solution, could not be extended into the region 

in which large changes in the sonic velocities and fluid densities 

take place. 

BLODWN-2 is based on the method of characteristics, wherei~ the resulting 

set of ordinary differential equations obtained from the laws of 

• 

• 

• 
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conservation of mass, momentum and energy, are solved numerically 

using a fixed mesh in both space and time. 

14.5.4-3 
12--1-69 

Although one-dimensional conservation laws .are. employed, the code 

can be applied to describe 3-dimensional system geometries through 

the use of the equivalent piping networks. Such piping networks 

may contain any number of pipes or channels of various diameters, 

dead ends, branches (with up to six pipes connected to each branch), 

contractions, expansions, orifices, pumps and free surfaces (such 

as in a pressurizer). System losses such as friction, contraction, 

expansion, etc. are considered,. 

Comparison.with Experimental Data 

BLODWN-2 predictions have been compared with data obtained by Phillips 

Petroleum Company from their LOFT semi-scale and 1/4 scale blowdown 

experiments. 

An example of these comparisons is shown in Figure 14.5.4-2 which 

illustrates the pressure history in the blowdown pipe for the semi-scale 

t~st 11522. This was a bottom blowdown test for the "Bettis Flask No. 1" 

geometry with initial uniform fluid conditions of 1268 psia .and 
. \ . . . 

445°F. It is seen, that the BLODWN-2 digital computer program gives 

good agreement in both the.subcooled and the saturated regimes •. 



. Force Model 

14.5.4-4 
12-1-69 

BLODWN-2 evaluates the pressure and ·velocity transients for a maximum 

of 2400 locations throughout the system. These pressure and velocity 

transients are stored as a permanent tape file and are made 

available to the program FORCE which uses a detailed geometric 

description in evaluating the loading on the reactor internals. 

Each reactor component for which force calculations are required is 

designated as an elemerit and assigned an element number. Forces acting 

upon each of the elements are calculated summing the effects of: 

1. The pressure differential across the element. 

2. Flow stagnation on, and unrecovered orifice losses across the 

element. 

3. ·Friction losses along the element. 

Input to the code, in addition to the BLODWN-2 pressure and velocity 

transients, includes the effective area of each element on which·the 

force acts due to the pressure differential across the element, a 

coefficient to account for flow stagnation and ·unrecovered orifice losses, 

and the total area of the element along which the shear forces act. 

• 
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14.5.4.4 Responses of Reactor Internals to Blowdown Forces 

Vertical Excitation 

Structural-Model and Method of Analysis 

14.5.4-5 
12-1-69 

The internal structure is simulated by a multi-mass system connected 

with springs and dashpots representing the viscous damping due to 

structural and impact losses. The gaps between various components, 

as well as Coulomb typ~ of friction, is also incorporated into the 

overall model. Since the fuel elements in the fuel assemblies ate 

kept in position by friction forces originating from the preloaded 

fuel assembly grid fingers, any sliding that occurs between the fuel 

rods and assembly is· considered as a type of Coulomb friction. A. 

series of mechanical models of local structures were developed and 

analyzed so that certain basic nonlinear phenomena previously mentioned 

could be understood. Using the results of these models, a final 

eleven-mass model is adopted to represent the internals structure 

under vertical excitation. The modeling is conducted in such a way 

that uniform masses are lumped into easily identifiable discrete 

masses while elastic elements are represented by springs as shown 

in Figure 14. 5. 4-1. A legend for the different masses is given in 

Table 14.S.4~1. The masses are readily recognized as Items Wl through 

Wll. The core barrel and the lower package are easily discernable. 

The fuel assemblies have been segregated into two groups. The majority 

of the fuel mass, W4, is indirectly connected to the deep beam structure 



TABLE 14.5~4-:l 

MULTIMASS VIBRATIONAL MODEL-DEFINITION OF SYMBOLS 

Wl - Core Barrel 
W2 - Lower Package 

Kl - Hold down Spring 
K2 - Lower Package, Major 

14.5.4-6 
-12-1-69 

W3 - Fuel Assemblies, Major 
W4 - Fuel Rods, Major 
W5 - Fuel Assemblies, Minor 
W6 - Fuel Rods, Minor 

K3 - Top Nozz.le Springs, Major 
KS - Top Nozzle Springs, Minor 
K7 - Short Columns 

W7 - Core Plate & Short Column 
W8 - Deep Beam 
W9 - Core Plate & Long Columns 
WlO - Top Plate (Ctr.) 
Wll - Core Barrel 

Snubbers 

si - Core Barrel Flange 
si - Hold down Spring 
S3 - Top Nozzles Bars, Maj or 
S4° - Pedestal Bars, Major 
S5 - Top Nozzles, Bars, Minor 
S6. - Pedestal Bars, Minor 
S7 - Top Nozzle Bumpers, Major 
sa· - Top Nozzle Bumpers, Minor 
S9: - Pedestals, Major 
S10 - Pedestals, Minor 
Sil - Deep Beam Flange. 

·Structural Dampers 

ci' - Hold down Spring 
cz:i - Lower Package 
C3. · - Top Nozzle, Maj or 
Cf - Top Nozzle, Minor 
C7 - Short Columns 
C8 Upper Cote Plate 
C9. Long Columns 
ClO - Top Plate 
Cll - Core Barrel 

KB - Upper Core Plate 
K9 - Long Columns 
KIO. - Top PlatE; 
Kll - Core Barrel 

Impact Dampers 

Dl - Barrel Flange 
D2 - Hold down Spring 
D3 - Top Nozzle Bars, Maj or 
D4 - Pedestal Bars, Major 
D5 - Top Nozzle Bars, Minor 
D6 - Pedestal Bars, Minor 
D7 - Top Nozzles, Major 
DB - Top Nozzles, Minor 
D9 - Pedestal, Major 
DlO - Pedestal, Minor 
Dll - Deep Beam Flange 

Clearances 

Gl - Hold down Spring 
G3 - Fuel Rod Top, Major 
G4 - Fuel Rod Bottom, Major 
GS - Fuel Rod Top , Minor 
G6 - Fuel Rod Bottom, Minor 
G7 - Fuel Assembly, Major 
GB Fuel Assembly, Minor 

·Preloads 

Pl - Hold down Spring 
.P3 Top Nozzle Springs, Major 
PS - Top Nozzle Springs, Minor 

• 

•• 
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14.5.4-7 
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represented by mass W8. There is also a portion of the fuel mass, 

W6, which connects through the long columns to the top plate. The 

stiffness of the top plate panels is represented by KS. The hold 

down spring, Kl, is bolted-up between the flange of the deep beam 

structure and the core barrel flange with the preload, Pl. After 

preloading .the hold down spring, a clearance, Gl, exists between 

the core barrel flange and the solid height of the hold down spring. 

Within the fuel assemblies, the fuel elements W4 and W6 are held 

in place by frictional contact with the grid spring fingers. Coulomb 

damping is provided in.the analysis to represent this frictional 

restraint. 

The analytical model is also provided with viscous terms to represent 

the structural damping of the elastic elements. The viscous dampers 

are repr~sented by Cl through Cll. 

Restrictions are placed on the displacement amplitudes by specifying 

the free travel available to the dynamic masses. Available displacements 

are designed by symbols Gl through GS. 

The displacements are tested during the solution of the problem to 

see if the available travel has been achieved. When the limit of 

travel has been attained~ stops are engaged to arrest further motion 

of the dynamic masses. The stops or snubbers are designed by the 

symbols Sl through Sll • 



14.5.4-8 
12:-1-69 · 

Contact with the snubbers results in some damping of the motion of 

the model. The impact damping of the snubbers is represented by 

the devices Dl through n11; 

During the assembly of the reactor, bolt-up of the closure head presets 

the spring loading of the core barrel and the spring loading. · on the 

fuel assemblies. Since the fuel assemblies in the model have been 

segregated into two groups, two preload values are provided in the 

analysis. Preload values Pl, P3, and PS represent the hold down 

spring preload on the core barrel and· the top nozzle springs preload 

values on the fuel assemblies. The formulation of the transient motion 

response problem and digital computer progrannning were performed. 

The effects of an earthquake vertical excitation.are also incorporated 

into the program. 

In order to program the multi-mass system, the appropriate spring 

rates, weights, and forcing function for the various masses were 

determined.- The spring rates and weights of the reactor components 

are calculated. The forcing functions for the masses are obtained 

from the FORCE program described in the previous section. It calculates 

the transient forces on reactor internals· during blowdown using transient 

pressures and fluid -velocities. 

For the blowdown analysis the ;l;orcirig functions are applied directly 

to the various internal masses. 

• 

• 

• 
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14.5.4-9 
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For the earthquake analysis of the reactor internals, the forcing 

function, which is simulated earthquake response, is applied to the 

multi-mass system at the ground connections. Therefore, the external 

excitation is transmitted to the internals through the springs at 

the ground connections. 

Analysis is being performed for variations in rupture opening time, 

and for hot leg and· cold leg breaks. The response of the structure 

to these excitations indicates that the vertical motion.is irregular 

with peaks of very short duration. The deflections and motion of 

some of the reactor components are limited by the solid height of 

springs as is also the hold down spring located above the _barrel 

flange'. 

The internals behave as a nonlinear system during the vertical oscillations 

produced by the blowdown forces. The nonlinearities are due to the 

Coulomb frictional forces between grids and rods, and to gaps between 

components causing discontinuities in force transmission. The frequency 

response is consequently a function not only of the exciting frequencies 

in the system) but also of the amplitude. Different break conditions 

excite different frequencies· in the system. This situation can be 

understood when the response under blowdown forces is compared with 

the response Que to vertical seismic acceleration. Under seismic 

excitation~ the system behaves almost linearly because component 

m9tion is not sufficient to cause closing of the various gaps in 

the structure or slippage in the fuel rods • 

J 



14.5.4-10 
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Under hot leg blowdown excitation conditions the core moves upward, 

touches the core plate, and falls down on the lower structure causing· 

oscillations in all the components. The n~Hponsc shows that till' 

case could be represented as two large vibrating masses (the core 

and the barrel), with the rest of the system oscillating with respect 

to the barrel and the core. 

Damping effects have. also been considered; it appears that the higher 

frequencies disappear rapidly after each impact or slippage. 

The results of the computer program used for solving the transient 

motion response problem give not only the frequency response of the 

components 1 but also the maximum impact force and deflections. From 

these results, the stresses are computed using the·standard "Strength 

of Material" formulas. The impact stresses are obtained in an analogous 

manner using the maximum forces seen by the various structures during 

impact. 

Transverse Excitation 

The loading_from the hydraulic pressure transient on the upper core 

barrel is represented by a dynamic pressure wave. 

The dynamic stability and the maximum qistortion of the upper core 

barrel is analyzed. The respon~e to the initial peak of the pressure 

wave is obtained neglecting the effect of the water and solid-water 

interaction in limiting the response of the core barrel. 

• 

• 
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14.5.4-11 
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The upper barrel does not collapse during-__ } hot leg break, and it has 

an allowable stress distribution during a cold leg break. 

The guide tubes are studied applying the blowdown forces to the structures 
I 

and calculating the resulting deflections. The guide tubes are considered 

as being elastically supported at the upper plate and simply supported 

at the lower end with variable cross section. Consideration is given 

to the frequencies and amplitudes of the forcing function and the response 

is computed to assure that the deflections do not prevent control rod 

assembly insertion. 

Results of analyses show that the deformation of the guide tubes is 

within the limits established experimentally to assure control rod 

assembly insertion. 

Allowable Deflection and Stability Criteria 

Fuel Assemblies 

The limitations for this case are related to the stability of the thimbles 

in the upper end. The upper end of the thimbles can not experience 

stresses above the buckling compressive stresses because any buckling 

of the upper end of the thimbles distorts the guide line and could 

affect the free fall of the control rod assembly. The buckling stress 

for the thimbles is 62,300 psi, and the yield stress is 62,500 psi. 



Upper Package 

14.5.4-12 
12-1-69 

The local deformation of the upper core plate where a guide tube is 

located shall be less than 0.100 in. This deformation causes the plate 

to contact the guide tube since the clearance between plate and guide 

tube is 0.1 in. This limit prevents the guide tubes from being put 

in compression. 

For a plate local deformation of 0.150 in. the guide tube is compressed 

and deformed transversely to the established upper limit and consequently 

the value of 0.150, in. is adopted as the maximum core plate local deformation, 

with an allowable of 0.100 in. 

Upper Barrel 

The upper barrei deformation has.the following limits: 

a. To assure reactor trip and to avoid disturbing the control rod 

assembly guide structure, the barrel can not interfere with 

any guide .tubes •. This condition requires a stability check 

to assure that the barrel does not buckle under the accident· 

loads. The minimum distance between guide tube and barrel 

is 9 in. This value is adopted as the limit above which "no 

loss-of function" can no longer ·be guaranteed. An allowable 

deflection of 4.5 in. has been selected. 

• 

• 
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b. 

14.5.4-13 
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To assure core cdoling the outward movement of the upper barrel 

must be such that the inlet flow from the unbroken cold legs 

is not impaired. From this condition an outward barrel deflection 

of 6 in. in front of the inlet nozzle has been established 

as the "no loss of function" value. An allowable deflection 

of 3 in. has been selected. 

Control Rod Assembly Guide Tubes 

The guide tubes in the upper core support package housing control rod 

assembly required for unit shutdown have the follmdng deflection limit: 

The maximum horizontal deflection of a beam should not exceed 

1.75 inch over the length of the guide tube. An ·allowable 

distortion of 1.0 in. has been selected. 

Allowable Stress Criteria 

The allowable stress criteria falls into two categories dependent 

upon the nature of the stress state; membrane or bending. A direct 

or membrane state of stress has a uniform stress distribution over 

the cross section. The allowable (maximum) membrane or direct stress 

is taken to be equal to the stress corresponding to 20% of the uniform 

material strain or the yield strength, whichever is higher. For unirradiated 

type 304 stainless steel at operating temperature the stress 



corresponding to 20% of the uniform strain, is 39,500 psi. For 

irradiated type 304 stainless steel, the stress limit is higher. 

14.5.4-14 
12-1-69 

For a bending s.tate of stress, the strain is linearly distributed 

over a cross-section. The average strain value is one half of the 
I 

outer fiber strain where the stress is a maximum. Thus, by requiring 

· the average bending stress to satisfy the allowable criteria for 

the direct state of stress, the average absolute strain may be 20% 

of the uniform strain. Consequently, the outer fiber strain may 

be 40% of the uniform strain. The maximum allowable outer fiber 

bending stress is then taken to be equal to the stress corresponding 

to 40% of the uniform strain or the yield strength, whichever is 

higher. For unirradiated type 304 stainless steel operating temperature, 

the stress-strain curve gives the maximum stress intensity as 50,000 psi. 

---------------- - - ---
For irradiated type 304 stainless steel, the stress limit is higher; 

therefore, it is conservative to use the·unirraaiated value. 

For combinations of membrane and bending stresses, the maximum allowable 

stress is taken to be equal to the maximum stress corresponding to 

the strain distribution having the maximum outer fiber strain not 

in excess of 40% uniform strain and average strain riot in excess 

of 20% uniform strain. Analagous to the uniaxial case, the maximum 

allowable membrane and total stress intensities for multiaxial stress 

distributions are 39,500 psi and 50,000 psi. 

.,, 
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14.5,4-15 
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14.5.4.5 Effects of Loss-of-Coolant and Safety Injection On the 

Reactor Vessel 

The effects of injecting safety injection water into the Reactor Coolant 

System following a postulated LOCA has been analyzed. WCAP 73041 (W 

Proprietary) which has been submitted to the AEC, gives a description 

of the program associated with this analysis. Below is a summary of the 

conditions that were considered. 

For the reactor vessel, three modes of failure are considered including 

the ductile mode, brittle mode, and fatigue mode. 

a) Ductile Mode 

The failure criterion used for this evaluation is that there shall 

be no gross yielding across the vessel wall using the material yield 

stress specified in Se-ction III of the ASME Boiler and Pressure 

Vessel Code. The combined pressure and thermal stresses du.ring safety 

injection through the vessel thickness as a function of time have 

been calculated and compared to the material yield stress _at various 

times during the safety injection transient. 

The results of the analyses showed that local yielding may occur 

in approximately the inner 12 percent of the base metal and in the 

cladding • 



.b) Brittle Mode 

1_4. 5 • 4--:.16 
H-1-69· 

The possibility of a brittle fracture of the irradiated core region 

has been considered from both a transition temperature approach and 

a fracture mechanics approach. 

The failure criterion used for the transition temperature 

evaluation is that a local flaw cannot propagate beyond any given 

point where the applied stress remains below the critical 

propagation stress at the applicable temperature at that point. 

The results of the transition temperature analysis showed that 

the stress-temperature condition in the outer 65 percent of 

the base metal wall thickness remai~s,in the;crack arrest region 

at all times during the safety injection tran~ient. Therefore, 

if a defect were present in the most detrimental location and 

orientation (i.e., a crack on the inside surface and circumferentially 

directed), it could not propagate any farther than approximately 

35 percent of the wall thickness, even considering the worst 

case assumption~ used in this analysis. 

Both a local crack effect and a continuous crack effect have 

been considered with the latter requiring the use of a rigorous 

finite element axisymmetric code. The results of the fracture 

mechanics analysis, considering the effects of water temperature, 

• 
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c) 

14.5.4-17 
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heat transfer coefficients and fracture toughness of the 

material as a function of time, temperature and irradiation show 

that the integrity of the reactor vessel is maintained 

throughout the life of the unit. 

Fatigue Mode 

The failure criterion used for the failure analysis is the 

one presented in Section III of the ASME Boiler and Pressure 

Vessel Code. In this method the piece is assumed to fail once 

the combined usage factor at the most critical location for 

all transients applied to the vessel exceed the code allowance 

usage factor of·one • 

The results of this analysis show that the combined usage factor 

never exceeds 0.2, even after assuming that the safety injection 

transient occurs at the end of unit life. 

In order to cause a fatigue failure during the safety injection transient 

at the end of unit life, it has been estimated that a wall temperature 

of approximately 1100°F is needed at the most critical area of t.he 

vessel· (instrumentation tube welds in the bottom head). 

The design basis of the Emergency Core Cooling System ensures that 

the maximum Zircaloy cladding temperature does not exceed the Zircaloy-4 

melt temperature. This is achieved by prompt recovery of the core 



14.5.4-18 
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through flooding, with the passive accumulator and the active injection 

systems. Under these conditions, a vessel temperature of 1100°F 

is not considered a credible possibility and the evaluation of the 

vessel under such-elevated temperatures is-a hypothetical case. 

For the ductile failure mode, such hypothetical rise in the wall 

temperature would increase the depth of local yielding in the vessel 

wall. 

The results of these analyses show that the integrity of the reactor 

vessel is never violated. 

The safety injection nozzles have been designed to withstand.ten 

postulated safety injection transients without failure. This design -

and associated analytical evaluation were made in accordance with 

the requirements of Section III of the ASME Boiler and Pressure Vessel 

Code. 

The maximum calculated pressure plus thermal stress in the safety 

injection nozzle during the safety injection transient was calculated 

to be approximately 50,900 psi. This value compares favorably with 

the code allowable stress of 80,000 psi. 

These ten safety injection transtents are considered·along with all 

the other -design transients for the vessel in the fatigue analyses 

• 

• 
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of the nozzles. This analysis shows the estima.ted usage factor for 

the safety injection nozzles to be 0.47 which is well below the code 

allowable value of 1.0. 

The safety injection nozzles are not in the highly irradiated region 

of the vessel and thus they are considered ductile during the safety 

injection transient. 

The effect of the safety injection water on the fuel assembly grid 

springs has been evaluated and due to the fact that the springs have 

a large surface area to volume ratio, and are in the form of thin strips, 

they are expected to follow the coolant temperature transient with 

very little lag; hence, no thermal shock is expected and the core 

cooling is not compromised. 

Evaluations of the core barrel and thermal shield have also shown 

that core cooling is not jeopardized under t4e postulated accident 

conditions • 



REFERENCES 

14.5.4-20 
12-1-69 

(1) ·S. Fahie: "Computer Program WHAM for Calculation of Pressure, 

Velocity, and Force Transients in Liquid Filled Piping Networks," 

Kaiser Engineers Report No. 67-49-R (November 1967). 

• 

• 

• 



• 

• 

• 

\ 

Barrel & 
Thermal 
Shield 

10 Uppe~ Support Plate 

Figure 14.5.4-1 
12-1-69 

Long Columns & Upper C6re Plate· 

ort Columns 
Upper Core Plate 

Fuel Rods 
W4 

MULTI-MASS VIBRATIONAL MODEL 

Fuel 
Rods 

D· 8 

D . 
5 

G· 
5 

G6 



• 

b 
~-
Cll. 
lo::I 

~ 
Cll 
0 

~ c., lo::I 
1-1 

< t/l 
lo::I p.. 
Cll 

I Cll 

~ ; 
8 t/l 

t/l 

~-- rzJ 
p:: 

0 p.. 
§ 

; 
~ 

' U1 
N 
N 

.1250 

1000 

750 

500 

250 
0 

. . 

2 

. . . . . 

' 

I 

4 

• 

.. .. ·- . . . ·~· ~· ' ' TT .. ., 

- . -~ --!: - . -::·i 

. 

. : 
PRESSURE HISTORY IN THE BLOWDOWN PIPE~ 
( P-2 GAUGE) -
1 MSEC RUPTURE TIME . 
INITIAL·CONDITIONS: p· -1268 PSIA 

T = 445°F 

SATURATION.OCCURS 

... ':;: 

6 . 8 10 12 

TIME - MILLISECONDS 

• 

lo 

14 

~,l 
~!
·11 
ID 

I-' .... 
N~ 
I • 
I-' V1 
1 • 

~t 
,t.> 



• 

14.5.5 CONTAINMENT TRANSIENT ANALYSIS 

14.5.5-1 ,-
2-13-70 

Fig. 14.5.5-1 illustrates the containment pressure transient for a 29 in. double

ended rupture of a reactor coolant pipe (hot leg) with normal safeguards in 

operation as follows: 

1. Two charging pumps become effective 30 sec after the start of the 

accident. 

2. Two low head safety injection pumps become effective 30 sec after 

the start of the accident. 

3. Two nitrogen-pressurized accumulators discharge to the Reactor 

Coolant System when Reactor Coolant System pressure drops below 

accumulator pressure. The third accumulator discharges to the floor. 

4. Two containment spray pumps become effective 30 sec after receipt 

of the containment spray signal. The containment spray signal will 

be initiated when the containment pressure reaches approximately 

24. 7 psia. 

5. Two recirculation spray pumps become effective 2 min after the 

containment spray pumps become effective. The remaining two 

recirculation spray pumps become effective 5 min after the con

tainment spray pumps become effective • 

The 29 in. reactor coolant pipe double-ended rupture results in the highest 

containment pressure. For this break, the primary system blowdown is complete 
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and the initial containment peak pressure is reached within 15 sec. For break 

sizes other than the 29 in. double-ended rupture, blowdown time is extended, 

with more heat absorbed by the steel and concrete in the containment and by 

the Consequence Limiting Safeguards befo~e completion of blowdown. 

The 29 in. double-ended rupture results in a maximum peak containment pressure 

of approximately 39.2 psig, which is well below the containment design pres

sure of 45 psig. Following onset of this accident, the containment is 

depressurized to subatmospheric condition in 13 min, which is significantly 

less than the design criterion of 30 min. 

Annual variation of ambient conditions changes the containment initial condi

tions. However, postaccident containment pressure transients still remain 

within the above criterion. 

Fig. 14.5.5-2 shows the containment pressure transients resulting from a 29 in. 

double-ended rupture or a pressurizer surge line rupture with the operation of 

''Minimum Safeguards," as defined in Section 6. 

The 29 in. double-ended rupture with "minimum safeguards," shown in Fig. 14.5.5-2, 

is the DBA described in Section 14.5.2. The peak containment pressure after 

the accident is· essentially the same as that shown in Fig. 14.5.5-1. The opera

tion of ''Minimum Safeguards," Fig. 14.5.5-2, results in higher subsequent con

tainment pressures and temperatures; however, the maximum calculated pressure 

of 39.2 psig in both cases is sti~l within the design criteria of 45 ps4.g. 

For the double-ended rupture with minimum safeguards, containment depressurization 

time is extended to 24 min, but is still within the design criterion of 30 min. 

-



e 

~ 
(/) 
a. 
I 

w 
a:: 
::, 
(/) 
(/) 
w 
a:: 
a. 

I-
z 
w. 
::!; 
z 
<t 
I-
z 
0 
u 

50 

40 

30 

20 

10 

0 

~ 

-10 
10-1 

/ 
V 

...... 
y 

--- -

-
I' ............. 

' 
J 

.......... 

""' 
29" DOUBLE ENDED 

RUPTURE 

J 

" J 
'\ 

I \ 
/ ' 

\ ' 
j/ \ 

\, 
\ 

' '~ 

10 102 10 3 10 4 

TIME FROM START OF ACCIDENT-SECONDS 

LOSS OF COOLANT ACCIDENT 
NORMAL SAFEGUARDS 
SURRY POWER STATION 

~ 
"'!-"I 
' 

-~:;. ..... 
O UI 

UI 
I 



·tlr--------1 

50 

40 

C, 

cn 30 
a. 
I 

l&I 
D:: 
::::> 
Cl) 
Cl) 

l&I 

~ 20 

i-,: 
z 
l&I 
:::E 
z 

~ JO z 
0 
u 

0 ~"" ------

r ............. -< 
~ 

DESIGN BASIS 
ACCIDENT-- ...... ,.. 

I 
J 

I 

/ 
V 

J 

V / 
/ 

/ / ~v , .. ,,,/ , 
_. -----

JO 

-29
11 

DOUBLE ENDED 
~. RUPTURE 

', ...... 
'r...... 

" ......___ " I 

" j 

7 

II' .... _ SURGE LINE 
/ BREAK 

TIME FROM START OF ACCIDENT-SECONDS 

~ 
\~ 

~ 

\ 

' ~ 
~ 

"-- ~ -

LOSS OF COOLANT ACCIDENT 
MINIMUM .. SAFEGUARDS . 
SURRY POWER STATION 

N"Tl 

~ G) 
m· 

~~ 
Ou, 

(J1 

J 
N 



• 

• 

• 

14.5.6 CONTAINMENT IODINE REMOVAL BY SPRAY SYSTEM 

14.5.6-1 
10-15-70 

The Containment Depressurization System (Section 6.3.1) is designed to 

reduce post accident containment pressure by condensing steam and to absorb 

iodine present in the containment atmosphere in an inorganic vapor form 

(Iz and HI) with chemical spray. The rate at which elemental iodine can be 

removed from the containment atmosphere by a reactive chemical spray may 

be calculated using Griffith's method (l) or by using Parsly's computerized 

method (2). :Roth methods are based on the experimental work of Taylor (3) 

who showed that the overall mass transfer rate at which elemental iodine is 

transferred into reactive solutions is controlled by the gas film resistance 

of the vapors surrounding the spray drops. The methods are also based on the 

experimental work of Ranz and Marshall (4) (5) who developed a correlation 

for calculating the mass transfer coefficient when the rate of transfer is 

controlled by the gas film resistance. 

The fundamental assumption in using an alkaline solution as a reactive 

spray to remove iodine vapor from the containment is illustrated in the 

following equations: 

OH-+ Iz~ 1- + ROI 

3 HOI • ~ 2 I-+ 3 H+ + 103 

We consider two different cases. In the first, we assume that the mass 

transfer is gas-film limited, that there is no resistence to mass transfer of 

iodine within the liquid drop because chemical reactions prevent the existence 

of elemental iodine in the drop. As soon as 12 has undergone reaction it can 

no longer exert a partial pressure, thereby changinr;. the partition very much in 

favor of the liquid phase and increasing the mass transfer rate. Experimental 

evidence from ORNL a~d BNWL tesIB (6)(7)(9)(10) confirm these theoretical 



assumptions for NaOH-borated water solutions. 
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In the second case considered, we assume that there is resistance to mass 

transfer both in the gas film immediately outside the drop and in the liquid 

immediately beneath the surface of the drop. In the gas-film-limited case 

(Case I), the mass flux is expressed in terms of a gas deposition velocity, 

whereas in Case II an overall deposition velocity is used. All other factors 

in the expression (liquid flow-rate, header height, containment volume, drop 

size, and terminal velocity) are independent of whether the process is gas-film 

or gas-and-liquid-film controlled. 

For the analysis of the offsite dose effects presented in Section 14.5.7, 

HI is conservatively assumed to be absorbed at the same rate as elemental 

iodine. It is also assumed in SectioR 14.5.7 that 10 percent of the iodine 

in the containment atmosphere is in the form of CH3I and/or aerosols and that 

the sprays are completely ineffective in removing the~e organic iodides and/or 

aerosols. 

The derivations which follow are indicative of the correlations used in the 

stipulated references and are presented here to show the methods used for 

computing the iodine removal coefficients. 

In the gas-film-controlled case, the dependence of mass transfer rate on film 

conditions is expressed by: 

V = D (2 + 0.6 Re1/2scl/3), cm/sec 
g V 

(1) 

d 

(see Table 14.5.6-2, for nomenclature) 

Equation (1) is well substantiated by experiments in a variety of systems in 

which the gas film is con1~rolling, as reported by Ranz and Marshall (4) (5). 
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The surface area of drops (Sd) available for iodine absorption can be 

calculated from equation (2) which is based on the conservative assumption 

that all the drops are spherical and can be expressed by the same diameter: 

sd Ad Ft iT d2 Fh 6 Fh cm2 (2) = = = 
vd iTd

3 d V 

V 

6 

(see Table 14.5.6-2 for nomenclature) 

The containment atmosphere is assumed to be well mixed and all the drops are 

assumed to contain an excess of chemical reagent to react with the iodine 

and convert it to a nonvolatile form. Based on the foregoing, the rate of 

removal of elemental iodine from the containment atmosphere can be calculated 

.on the basis of an exponential removal as the spray passes through the contain

ment following the.relationship: 

(see Table 14.5.6-2 for nomenclature) 

The iodine removal coefficient, A, is calculated by the relationship: 

A = V S 
g d 

V 
C 

sec 
-1 

(4) 

for the gas-film-controlled case. 

For the gas-and-liquid-film-controlled case, the gas film deposition velocity 

V is replaced by the overall deposition velocity VD defined by the relationship: g . . 

1 

Vn 
1 
V 

g 

1 (5) 

KL H 



where 

IS:,= 2,r2 
3 . 

Combining equation (4) and (2) 

A = 
6. Fh vg 

V d V 
C 

sec -l 

(6) 

(7) 

14.5.6-4 
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For the conservative case, Vg is replaced by VD and Eqn 7 becomes: 

A = (8) -----

(see Table 14.5.6-2 for above nomenclature) 

The iodine removal coefficient (A) can be evaluated for parameters which 

represent the design conditions for the Containment Spray System. In this 

system, caustic is metered from a tank into the flow to the containment 

spray pumps in proportion to the total flow from the refueling water 

storage tank so that the pH of the borated water in the containment is 

at 8.2 when the refueling water storage tank and caustic storage tank are 

emptied •. 

The refueling water storage tank initially has a capacity of 350,000 gal 

of borated water at a concentration of 2,500 ppm boron (1,428 pexcent H3Bo3 , 

0.23 N, pH 4.75). The flow from one or two containment spray pumps is dis

charged through the top spray headers, which are 96 ft above the operating 

floor, into the containment at an initial pH of 9 to 12, depending on the 

combination of pumps operating, at a rate of approximately 2,600 or 5,200 gpm . 

In this analysis, only one pump discharging at about 2,600 gpm is con-

sidered to be in operation. The atomized spray droplets from the containment 

spray header have a mean surface diameter oL 858 micror.1s. 

• 
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In addition to the containment sprays, the recirculation spray headers 

are located an average of 47 ft above the operating floor. One or more 

recirculation spray pumps, rated at 3,500 gpm each, take suction from 

the containment sump and ·:pump water through the recirculation spray 

headers. The borated water in the sump rises from a pH of approximately 

7.6, 5 min after flow is initiated, to a pH of 8.2 when the refueling 

water storage tank is empty. The atomized spray droplets from the re

circulation spray headers have a mean surface diameter of 1,082 microns. 

For purposes of averaging conditions and of calculating iodine removal 

coefficients, we divide the time post DBA into three segments: 

1. 32-150 seconds, when one containment spray (caustic) is 

active. No sprays are operating at times less than 32 seconds . 

2. 150-330 seconds, one containment spray (caustic) and one 

recirculati~n spray (acid) are operating during this period. 

3. 330 seconds until the end of the time considered for leakage 

(40.min), one containment spray (caustic) and two recirculation 

sprays (caustic) are operating during this period. 

For each time period, properties are evaluated at a temperature slightly 

above the average temperature of that time period. This is conservative 

because an increase in temperature decreases V /v. 
g 

For caustic sprays; i.e., the containment spray and the recirculation 

sprays when t>330 sec,H = 3,000 (caustic) 

is used for the liquid-to-gas partition factor, as used in the Diablo 

Canyon 2 analysis (B). For an acid spray, i.e., the recirculation spray 

150<t '.:: 330 sec, it is conservatively assumed that H = 1,500 (acid), 
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even though recent experiments at ORNL (9) and Rattel.le-Northwest (10) 

indicate that both low pH and high pH sprays are effective in iodine removal. 

For each type of spray header (containment and recirculation) we calculate 

the mean surface diameter of the drop size distribution of the entire 

header, which in turn is the flow-weighted sum of the drop distributions· 

of the individual nozzles. 

Case I calculations make use of equations (1) and (7). Case II calcu

lations make use of equations (1), (5), (6), and. (8). These calculations 

are summarized by Table 14.5.6-1. At is the sum of the coefficients due 

to the containment spray and the recirculation spray; As is At divided 

by 3.8 (At is used to conservatively counteract uncertainties as detailed 

in reference (8)). 

In actual tests run to date at ORNL and BNWL (7, 9, 10), the experi-

mental half-lives for iodine removal were seldom found to exceed 1 min for 

the variety of spray solutions tested. The spray solutions tested included 

NaOH - H3 Bo 3 .spray solutions. 

The experience of chemical processors who routinely empl~y caustic 

solutions provides guidance in the design of the caustic storage and 

handling equipment. This experience indicated no foreseeable problems 

in solution stability and material compatibility for the time and condi

tions of exposure following a loss-of-coolant accident. 

• 
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Parameter 

Time 
T 

.Alv 
Iw 
Se 

Pv 
f>1 

-----

d 
F 
h 
Vg 
V-

Ve 

Case) A 
I )At 

)As* 
DL 

Case)Ji. 
IT )At 
- ·. )A * . s 

--------

Units 

sec 
oc 
gm/cm-sec 
cm2/sec 

gm/cm3 
gm/cm3 

microns 
cm3/sec 
cm 
cm/sec 
cm/sec 
cm3 

sec-1 
sec-1 
hr-1 
cm2/sec 

cm/sec 

cm/sec 

sec-1 
sec-l 

-1 sec 

* As (At) (3600 sec/hr)/3.8 

TABLE 14.5.6-1 

Summary of Calculations for 

Iodine Removal Coefficients 

SURRY POWER STATION 

First Period Second Period 

32-150 150-330 
130 120 
0.000160 0.000161 
0.04186 0.05051 
1. 7315 1. 7384 
0. 00221 0 .001835 
0,9345 0.9433 

Cont. Redrc. Cont. RecLr:c .• 

858 
5 

858 1082 
1. 50xl0 0 1. 55xl05 2.2lxl05 
2930 2930 1433 
7.21 8. 77 7.89 
265 285 347 
5.lxlo10 5. lxlOlO 5.lxlo5 

0.0164 0 0.0181 0. 0133 
0.0164 0.0259 
15.53 24.55 

7.414xl0-5 6.606xl0-5 

Cont. Recirc. Cont. Recirc. 

0.00569 0.00507 0.00402 
3000 3000 1500 
5.069 5.36 3.42 

0.0115 0 0. 0117 0.0034 
0.0115 0.0151 
10.92 14.31 

.14 .5 .6-7 
10~15-70 

Third Period 

330-end 
90 
0.000169 
0. 08511 
1.746 
0.001136 
o. 9665 

Cont-. 

858 
1. 68xl05 

2930 
1206 
342 
5.1x1010 

0.0238 
0.0628 
59.49 

Ree-i-1=-e. 

1082 
4.4lxl05 
1423 
11.49 
419 
5.lx1010 

0.0188 

4.472xl0-5 

Cont. Recirc. 

0.00343 0. 00272 
3000 3000 
5.55 4. 71 

0.0110 0.0078 
0.0188 
17. 81 

I 
I 
I 
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T 

TABLE 14.5.6-2 NOMENCLETURE 

surface area per drop, cm2· 

14.5.6-8 
10-15-7 0 

amount of iodine in the initial containment atmosphere, curies 

amount of iodine in the containment at time t, curies 

mean surface diameter, microns or cm 

diffusivity of iodine in water, cm2/sec 

diffusivity of iodine in steam-air mixture, cm2/sec 

spray flow rate, cm3/ sec 

header height, cm 

liquid-to-gas iodine partition factor 

liquid film mass transfer coefficient, cm/sec 

iodine removal coefficient, sec-1 

conservative total iodine removal coefficient,hr-1 

total iodine removal coefficient, sec 

viscosity of steam-air mixture, gm/cm/sec 

Reynolds number (pv V d) 
µv 

Density of water at temperature T, gm/cm3 

density of steam-air mixture, gm/cm3 

Schmidt number (µ) -~ 
p V DV 

• 

• 

. 2 
total surface area of the spra.y drops in the containment atmosphere, cm 

time, sec 

average residence time of the drop in the atmosphere, sec 

average temperature of steam-air mixture during time period, 0 c 

terminal velocity of drop, cm/sec 

containment volume, cm3 

volume per drop,· cm3 · 
• 
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V 

overall deposition v~locity, cm/sec 

gas film depositio.n velo~ity, cm/ sec 

terminal velocity of th~ drop, cm/sec 

14.5.6-9 
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14.5.7 OFFSITE EFFECTS 

14.5.7-1 
12-1-69 . 

The Design Basis Accident is a hypothetical accident assumption developed to 

provide a design basis for a nuclear power station. The DBA is in all probability 

an incredible event. For analytical purposes, a large number of substantially 

conservative assumptions are made to produce results not readily subject to con

test. The exaggerated results, therefore, constitute conditions far in excess of 

those which could credibly be expected to occur. Therefore, the results of a DBA 

should not be associated with situations of credible probability. 

The Design Basis Accident is defined as the circumferential double-ended failure 

of a reactor coolant pipe, the total loss-of-coolant through such double-ended 

failure, a total loss of station power, the availability of only "minimum safe

guards", and the release of the following core fission product inventory to the 

reactor containment: 

100 percent of the noble gases 

50 percent of the halogens 

1 percent of the remaining fission products 

The evaluations of the clad thermal transient in Section 14.S.3 show that some of 

the clad would not be ruptured as a result of the Design Basis Accident. Thus, 
\ 

a conservative evaluation could be performed using the fuel rod gap activities 

listed in Appendix 14A. · However, the calculations presented in this section 

are for the even more conservative core meltdown case suggested by TID-14844 • 

The estimated actual potential doses resulting from a ·gap release would be 

approximately 2 percent of those reported herein. 
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The temperature and pressure transient aspects of this accident are discussed 

and analyzed under Loss-of-Coolant Accident, Section 14.5.5. · This section 

describes the metlwd and results of radiological analyses for this accident. 

These analyses are divided into two parts: thyroid dose from inhaling the 

iodines in the containment leakage plume, and whole body exposure as a 

result of direct radiation from both the containment and immersion in the 

resultant pulse of gas leakage. 

In each analysis, doses are calculated at the exclusion boundary, at the nearest 

occupied private residence, .and at the low population zone boundary. 

14.5.7.1 Thyroid Dose 

Integrated thyroid doses were calculated using methods and assumptions similai: 

to those given in TID-14844, except for atmospheric dispersion. The assu~ptions 

used include: 

1. Prior to the incident, the reactor was operating at its maximum normal 

rating of 2,546 MWt, with the core fission product inventory at equilibrium. 

2. 50 percent of the iodines released from the Reactor Coolant System into 

the containment atmosphere plate-out, or are otherwise adsorbed on surfaces 

and structures inside the containment. 

• 
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3. Ten percent of the iodine is assum_ed to be present in the form of 

organic iodines and/or aerosols~ No credit is taken for removal by 

the sprays _for this ;Exaction. Containment spray and iodine interaction 

is as detailed in Case II, FSAR section 14.5.6. 

4. During the phase of the accident in which the containment is above 

atmospheric pressure, the _leak rate from the containment is constant 

at a.vplue of 0.1 percent of the contained volume per day. 

5. Upon reduction of the containment to subatmospheric pressure (the 

lowest barometric pressure of record), all leakage from the contain-

ment ceases .• 

6. All containment leakage occurs at ground level. 

7. Dispersion of the radioactive material occurs under Pas quill Type "F" 

,, 
meteorology conditions with a one meter per second average wind speed. 

8. The volume s_ource correction for building wake effects, "C" equals O. 5. 

Using aforementioned assumptions (7) and (8), and the equation from 

Table 2.2-10, FSAR section 2.2.3, values of x/Q were calculated at the 

locations specified above. 

The following points regarding conservatism of assumptions (3), (4), (5), 

and (6) should be noted: 

Assumption (3): An analysis of the behavior of a chemical spray as a 

function of the pertinent parameters which are expected in the containment 

atmosphere following the DBA is described in Section 14.5.6. Since it is 

unlikely that as much as 10 percent of the iodine could be converted to the 
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organic·fonn in the 40.min depressurization time and there is considerable 

question as to the amount of aerosols that would be present and unaffected 

by sprays, the assumption of 10 percent nonremovable radioiodine is con-

servative. 

Assumption (4): Since the dose is directly proportional to the containment 

leak rate and since the driving force for containment leakage is the 

differential pressure across the containment shell, it is conservative to 

assume that the leakage rate remains constant throughout the accident at 

its maximum design value. 

Assumption (5): In this analysis, it is assumed for conservatism, that it 

take~ to reduce the containment pressure to subatmospheric. Calcu

lations show that with minimum Engineered Safeguards Systems operating, it 

would-take less than 30 min to accomplish this depresurization. 

Assumption (6): This assumption results in maximum ground level con

centrations and maximum integrated thyroid doses at all points downwind 

of the containment. 

• 

• 

• 
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14.5.7-5 
10-15-70 

.The results of the analysis for the -thyroid dose are presented in Table 14.5.7-1 

and Figs. 14. 5'" 7-1 and 14 .5. 7-2. .Hg. 14. 5. 7-1 shows integrated thyroid dose at 

the exclusion boundary, or t'he point of highest integrated dose to the public, as 

a function of time after initiation of the accident. Fig. 14.5.7-2 shows inte

grated thyroid dose as a function of downwind distance beyond the exclusion bound

ary. _ The assumption that containment leakage ··stops after 40 min results in the 

integrated thyroid dose at the exclusion boundary reaching a maximum value of 

. 7L 7. rem at _40 min and remaining constant for the duration of the accident, which 

is assumed to be 31 days in the calculation of direct dose from the containment 

in the next subsection. 

Ins:pection of Table 14·.5. 7-1 shows that the integrated thyroid doses to the public 

.are well within the.300 rem criterion suggested in lOCFRlOO(Z). For example, in 

the context of a maximum theoretical postulated incident the integrated thyroid 

dose at the nearest private occu~ied residence, 8,980 ft from the nearest c6n

tai~ent structure, would be 11.2 rem, while the dose at the low population 

boundary, 3 miles from the nearest containment structure, would be 5.2 rem .. 

14.5.7.2 Whole Body Dose 

The whole body dose consists of both the external radiation contribution from the 

radioactive pulse plume leaking from the containment and the 31-day direct radia

tion dose from activity inside the containment. 

Integrated whole body doses caused by external radiation from passage of the 

leakage pulse plume were calculated, using the basic TID-14844 method for source 

data. A conservative model was used, i.e., the plume was assumed to be a semi-

_J 



14.5.7-6 
10-15-70 

infinite medium with an activity concentration equal to that calculated for the 

plume center line at the particular distance involved. The eight assumptions 

listed on pages 14.5.7-2 and 14.5.7-3, which were used in the preceding calcula

tion of the thyroid dose, were also used in this calculation. 

The integrated whole body doses from the radioactivity contained within the con

tainment structure were calculated, based upon the radiation source data plotted 

in Fig. 14.5.7-4, which are conservative, since no allowance was made for clean-

up. 

Except at the exclusion boundary, the whole body dose from direct radiation with

in the containment is negligible at the other distances of interest in comparison 

with the whole body dose from the plume. At the exclusion boundary the maximum 

theoretical postulated total whole body dose 2 hr after the accident is 3.76 rem, 

of which 3.61 rem is from the plume and 0.15 rem is from the containment;.and 

31 days after the accident, is 4.04 rem, of which 3.61 rem is from the plume and 

0.43 rem is from the containment. 

Fig. 14.5.7-3 shows the integrated whole body dose from the radioactive pulse 

plume and the containment as a function of distance beyond the exclusion boundary, 

and Table 14.5.7-1 gives the integrated whole body doses at the three distances of 

interest. As can be seen from the table, all of the doses are well below the 

25 rem criterion suggested in lOCFRlOO. 

• 

• 

• 
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14.5.7.3 Expected Exclusion Boundary Dose 

,4.5.7-7 
10-15-70 

At each location of interest, a comparison of the integrated whole bo~y dose, 

which is caused by direct radiation from the containment plus exposure to the 

leakage plume, with integrated thyroid dose indicates that the thyroid dose is 

the limiting consideration. Furthermorep an examination of Table 14.5.7-1 shows 

that the highest thyroid dose occurs at the exclusion boundary. With 40 min of 

constant leakage this value is 71.7 rem, which is 24 percent of the 300 rem 

criterion suggested in lOCFRlOO. The design basis ior the Engineered Safeguards 

System is to depressurize the containment in 30 min. Assuming constant leakage, 

this would give a thyroid dose at the exclusion boundary of 63.2 rem . 

Subatmospheric containment differs from other dry reactor containments in that 

there is considerable time during the depressurization phase of the accident when 

the pressure difference between the containment atmosphere and the outside atmos

phere is so small that little leakage occurs. Considering this, a variable leak 

rate analysis was made. 

The variable leak rate is based upon a model in which it is assumed that leakage 

occurs by orifice flow and is constant at 0.1 percent of the contained volume per 

day, until the containment pressure falls below the critical pressure, 10.08 psig;I 
1 

at this time, the leak rate is assumed to decrease with decreasing differ

ential pressure across the containment shell. Also, a small correction is made 

for the density variations of the containment atmosphere • 

The pressure tranaient used in this analysis was generated by the LOCTIC computer 

code assuming that minimum Engineered Safeguards operate, and is shown in 



14.5.7-8 
10-15-70 

Fig. 14.5s5-2. Leakage terminates when the containment pressure reaches a value 

equal to the lowest barometric pressure anticipated at the site. For this 

analysis, the atmospheric pressure was assumed to be 28.35 in. Hg. 

Fig. 14.5.7-5 compares the integrated thyroid dose at the exclusion boundary for 

the variable vs. constant leakage assumptions. As can be seen from the figure, 

with variable leak rate the integrated thyroid dose at the exclusion boundary 

will be 55.6 rem. This is 21 percent less than the dose calculated by assuming 

constant leak rate and duration of the accident equal ·to 40 min. 

• 

• 

• 
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TABLE 14.5.7-1 

INTEGRATED THYROID .AND EXTERNAL RADIATION DOSES 

FOLLOWING DESIGN BASIS ACCIDENT, BASED ON 

LEAKAGE RATE OF 0.1% OF CONTAINED VOLUME PER DAY 

Exposure Dose 

Location Distance Time rem 

Integrated Thyroid 

Doses 

Exclusion Boundary 1,650 ft 40 min 71. 7 

Nearest Occupied 1. 7 mi 40 min 11. 7 
Residence 

Low Population Zone 3.0 mi 40 min 5.2 
Boundary 

Integrated Whole Body 

Doses 

Exclusion Boundary 1,650 ft 2 h/l) 3.76 

Nearest Occupied 1. 7 mi 31 days (l) 0.53 
Residence 

Low Population Zone 3.0 mi 31 days (l) 0.27 
Bou~dary 

14.5.7-10 
10-15-70 

(l)Exposure consists of exposure to integrated leakage pltnne plus time stated 
for exposure to radioactivity contained within the containment. Exposure 
times are stated this way to permit comparison with lOCFRlOO. 

• 
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14.5.8 SUMMARY 

14.5.8-1 
2-13-70 

For breaks up to and including the double-ended severance of a reactor coolant 

pipe, the Emergency Core Cooling System with partial effectiveness ("Minimum 

Safeguards") will limit the clad temperature to below the melting temperature 

of Zircaloy-4 and ensure that the core will remain in place and substantially 

intact with its essential heat transfer geometry preserved. The Emergency Core 

Cooling System design meets the core cooling criteria with substantial margin 

for all cases. It was also concluded from this study that two high head safety 

injection pumps are capable of maintaining core mid-plane flooding fo.r all 

break sizes up to approximately a 4 in. equivalent diameter break. For larger 

breaks the required protection is supplied by the accumulators. 

The design of the fuel assemblies and the core support structures has been such 

that the pressure oscillations and flow transients resulting from any loss-of

coolant accident can be accommodated without changes which would affect the 

capability of the Safety Injection System to perform its required function. 

The containment structure will be capable of containing, without loss of integ

rity, any equipment failure in the Reactor Coolant System which could result in 

an undue hazard to the public. The Containment Spray System will remove heat and 

airborne fission products from the containment atmosphere and will return the 

containment to a suhatmospheric condition, thus terminating leakage to the envi

ronment. The Recirculation Spray Subsystem will transfer the heat from the con

tainment to the Service Water System, thereby removing residual heat and will 

maintain the containment in a subatm~spheric condition during the subsequent 

recovery period. 



14.5.8-2 
5-1-71 

The radiation dose at the exclusion boundary for the DBA was evaluated based on 

a constant leakage of 0.1 percent of the containment volume per day, a leakage 

time of 40 min, the assumptions and methods as stipulated in TID-14844, and 

ether conservative bases given in Section 14.5.7. The integrated thyroid dose 

at the exclusion boundary is 71. 7 rem which is 24 percent of the 300 rem 

criterion suggested by lOCFRlOO. 

'i"he integrated whole body dose for both the leakage plume and direct radiation 

frc~ the containment is at the exclusion boundary 3.76 rem after 2 hr and 

u.04 rem after 31 days. Since the containment depressurizes in less than 30 min 

and the assumed constant containment leak rate of 0.1 percent of containment 

volume per day is equivalent to a constant containment pressure of 45 psig during 

leakage, the dose stipulated above are considered to be higher than would 

reasonably be expected. 

The maximum offsite dose resulting from a fuel handling accident in the spent 

fuel pit results in an integrated whole body dose from the "puff" release of 

about 0.20 rem and an integrated thyroid does (using TID 14884 method) of 

4.2 rem at the site boundary. No offsite dose results if the fuel accident 

occurs in the refueling cavity inside the containment. 

The maximum offsite dose resulting from the failure of a steam generator tube 

results in an integrated whole body dose of about 0.30 rem and a thyroid dose 

of about 0.28 rem at the site boundary. 

--• 
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14.5.8-3 
4-15-70 

It is concluded that neither a fuel handling accident nor a steam generator 

tube rupture result in exces~ive radiation exppsure at the site boundary. 

The offsite dose resulting from the rupture of a main steam pipe is dependent 

upon the iodine activity in the reactor coolant, the primary to secondary le~k 

rate, the steam generator blowdown rate, and the dilution available for blow

down in the discharge canal and the restrictions of 10CFR20, Parametric equa

tions were derived to permit setting operation limits in the Technical Specifi

cation which will ensure that the thyroid dose at the boundary will be less 

than approximately 13.6 rem if a main steam line ruptures. (Refe~ to FSAR 

14.3.2.5) . 
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APPENDIX 14A 

RADIATION SOURCES 

14A-l 
12-1-69 

This appendix presents the quantities of radioactive isotopes present 

in the ·core, and the fuel rod gap. A general discussion of the 

derivations is also provided. 

Total Activity in the Core 

The total core activity calculation is consistent with TID 14844 and data 

from ORNL-2127.* Numerical values for certain significant isotopes are 

given in Table 14A-l. 

Activity in the·Fuel Rod Gap 

The gap activity is computed based on buildup in the fuel from the fission 

process and diffusion to the fuel rod gap at rates dependent on the .operating 

temperature. For analysis, the fuel pellets are considered divided into 

five concentric rings, each with release rate dependent on the mean fuel 

temperature within that ring. The diffusing isotope is assumed present in 

the gas gap when it has diffused to the boundary of its ring. 

. . 
* J. O. Blomeke and Mary F. Todd, "Uranium-235 Fission-Product Production 

as a Function of Thermal Neutron Flux, Irradiation Time and Decay Time", 

ORNL-2127, August 19, 1957 • 



TABLE 14A-l 

CORE AND GAP ACTIVITY 

Assumptions: Operation at 2546 MWt for 500 days 

14A-2 
12-1-69 

Temperature Distribution Specified in Table 14A-2 

Isotope 

1-131 

1-132 

I-133 

1-134 

1-135 

Kr-85 

Xe-133 

Xe-133m 

Xe-135 

Curies 

In the 

Core 

6.27 

9.57 

14.4 

17.3 

12.8 

.092 

14.3 

.388 

5.43 

Curies 

in the Gap 

(X 10
5

) 

16.9 

3.1 

14.0 

3.53 

7.08 

1.46 

32.2 

.602 

.437 

-• 
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14A-3 
12-1-69 

The diffusion coefficient, D', for Xe and Kr in uo.
2

, varies with temperature 

in accordance witp the following expression: 

D' (T) = D' (1673) exp [- _§_ (_L_ _ 1 \l 
R T ~J 

where 

E = activation energy 

D' (1673) diffusion coefficient at 1673°K 1 X 
10-11 -1 = = sec 

'f = temperature in degrees Kelvin 

R = gas constant 

The above expression is valid for temperatures above 1473°K. Below 

1473°K fission gas release occurs mainly by two temperature independent 

phenomena, recoil and knock-out, and is predicted by using D' at 1473°K. 

The value used for D' (1673°K), based· on data at burnups greater than 

1019 fissions /cc, accounts for possible fission gas release by other 

mechanisms and pellet cracking during irradiation. 

The.diffusion coefficient for iodine isotopes is assumed to be the same 

as for Xe and Kr. 
' (1) 

Toner and Scott observed that iodine diffuses in 

uo
2 

at about the same rate as Xe and Kr and has about the same activation 

(2) 
energy. Data surveyed and reported by Belle indicates that iodine 

diffuses at slightly slower rates than do Xe and Kr • 



14A-4 
12-1·-69 

For a full core cycle at 2546 MWt, the above analysis results in a 

pellet-clad gap activity of less than 3% of the ·dose equivalent 

equilibrium core iodine inventory. The noble gas activity present in 

the pellet-clad gap is about 2.5% of the core inventory. 

The percentage of the total core activity present in the gap for each 

isotope is also listed in Table 14A-l. 

The core temperature distribution used in this analysis, is presented 

in Table 14A-2. 

·, 
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IABLE 14A-2 

CORE TEMPERATURE DISTRIBUTION 

14A-5 
12-1-69 

Percent of Core Fuel 

Volume Above the 

Given Temperature Local Temperature,°F ' 

0.01 4100 

0.40 3700 

2.20 3300 

5.90 2900 

11.30 2500 



... __ ,._: 

:REFERENCES 

14A-6 
12-1-69 

1. Toner, D. F., and Scott, J. S., "Fission Product Release from 

uo
2

, 11 Nuclear Safety, Vol. 3, No. 2, December 1961. 

2. Belle, J., Uranium Dioxide: Properites and Nuclear Applications,. 

Naval Reactors, Division of Reactor Development United States 

Atomic Energy Commission, 1961. 



•• 

', 

! 

FIG. 14. 5 7-1· 

0 CT. 15, 1970 I 

I 00 1------+ ,. __ _;__--+-------..;--_;__--+-----+------, 
901------~-+------+------~------+------+------:-1 
SOI-------+------+-----'----+-------,...-----+-------, 
7-0 I---"---'-~--+-~~~~-+-,~~~~. ---T_----::=--...-.~~T~--:-:-::--:::-:::::::;:============'i 
6 a 1--__..;_---+-~---+---::::.,,.....,=----+---------,....-----t--,-------t ------~ . -50 l------,--+--711"""'""---+-----------_....--------t----~ 

··-~ 

. 40 l---'----,,oi'+~-------4-----1------+-----+------, 

/ . 30 l--,---'-#---+---.;._---+----'----+------+------t-------1 

I 
~ ,20 J--/-1-----+-,------+------+------+-----+--------t 

. ~--···· . 

w· 
·W 

0 
C 

· 1·0 ~'------+-,------+------+-------+------+------, 
9+-+-----+-o----,----+------+-------t--------r------, 

_81--J-----+------+-------+-------+--------------1 
-7 14--~-----+-------+------+---...;.._--+-----+-------1 

.6 14-----'-----+-------+-------+-------+----------~ 
5-----+-------+-------+-------+--------------1 
41----,----+-------+------+------+------t--------, 

·3 1-------+-------+------+------+------t--------, 

2 0 10 20 30 4 0 50 

CONDITIONS AS ESTABLISHED 
IN SECTION 14 .5.7 

TIME- MINUTES 

INTEGRATED THYROID DOSE 
AT EXCLUSION BOUNDARY 

DESIGN BASIS ACCIDENT 

SURRY POWER STATION 

60 



.100 

. 80 

60 

40 

30 

::?i 
La.J 
D:: 
I 

La.J 
U) 
o· 
Cl 

20 

10 

8 

6 

4 

3 

2 

1.0 

,8 

.6 

.4 

.3 

,2 

.I 

., 

~ 

. i" 
I ~ 
: " I I K 
I 

·'\ I 
I 

l EXCLUSION 
I BOUNDA.RY 

I . I 

! 

' ! 
l 

: ! 

i 

r 

' 

CONDITION AS ESTABLISHED 
IN SECTION 14. 5. 7 

r\. 

' 

I 

I 

SF FIG. 14.5.7-2 
OCT. 15, 1970 

' -

i 

l 
i 

I 
,! 

I NEAREST OCCUPIED , 
I RESIDENCE 
I I ' ' I . 

I I I ~ I 
i\ I I LOW POPULATION 

~ 
: lzoNE BOUNDARY 

\. 
I . 

'\. I 
'\. I 

' "/ 
'-

" ' 
i\. 

\ 
\ 

i\~ 

I I I I I I 

2 3 4 5 10 15 20 MILE 5 

!04 

DISTANCE 

10 5 
. FEET 

INTEGRATED THYROID DOSE 
DESIGN BASIS AeCIDENT 

SURRY POWER STATION 



:a.-· 
~ 

,a:~--- , 
~-,_ 

10 

8 

6 I 

SF FIGl45.7-3 

OCT. 15, 1970 

I EXCLUSION BOUNDARY 

4 

3 

2 

I 
I'\ 

"" "\ 
\ 

"\.. . 1.0 

.B 

~ 

... I 

w .6 
a: 
I 

w 
(/) .4 
0 
0 .3 

.2 

., 
.08 

.06 

.04 

.03 

.02 

.01 

1,000 

CONDITION AS ESTABLISHED 
IN SECTION 14-.5.7 

r\. I 

I\. I NEAREST OCCUPIED 
\ 1 RESIDENCE I I 

... 
I I I I ,: 

ONE BOUNDARY 
~W POPULATION 

: '\ 
; 

i 

: 

I 

10,000 

DISTANCE-FEET 

" ' \. 

"" -

' ... \. 
' ' 

100,000 

INTEGRATED WHOLE BODY DOSE 
. DESIGN BASIS ACCIDENT 

SURRY POWER STATION 

' 



108 

107 

u 
UJ 
(f) 

I 
u 
u 

' > 
w 
~ 

>- 10 6 

• I-

> 
I-
u 
<( 

u -
LL - I u 
w I 

a.. 
(/) 

10 5 

104 

~~ 
........ .... ..... 

.............. ' ~"'"'" "'" ""-.., I",..._ .... r-,... 

"'- " ~ r--..... ", 

"' '\. ~ 
r,... r-,... 

" ........ ['.. 

" "'' .... ~ 

" ~ " 
~ ~ I. 

' ' ' ' 
, 

I'.. 

"" "I\. 
'\ 

/ \ / 1\ 
/ 

/ 

' 
i\ 
" ' 

....... 
VALUES AT T = 0 -

FIG. 14.5.7-4 
DEC. I, 1969 

r-.v-o.SMEV/1' 

~,.. ~ r-.... 
I' 

~ 
I\~ ~ ~ I"-,. 

I"-,. ..... r-_,,-- 0.4 M EV/ T r'\. ""I"'> 
'' I'- ' '' ' "' " ........ 

~ " '" I'-

' \ \ I" '\. 
I\ I\. \ I'-. ' ,\ ~ "' I\ 
\\ '."\ µ1.7 MEV/1"' I\ \ "' I',... 

\\ \ 
r-,. ~~ I"-, 

"r-- t::~ 
~ 

i-,.i-,. 

r-....... \ 
' \ \ ..... 

\ \ \ 1, 
\ \ \ \ ' " \ \ 1 ' \ \ \ 1 

I\. 

\ 1 \ ... ' 
\ 

\ ' \ ' ' 
I\. I\ ' 

\ \\ '"' "" 
~l.3MEV/l' ~ .. 

\ \ ~ "" ~ ""' \ ' ~ ...... 
I ' ~ "' - MEV/r MEV /CC-SEC \ -- I"'-- ' - 0.4 3. 45 xl07 - 0.8 2. 74 X 108 - I. 3 l.39xl08 

I. 7 2.76xl08 
-

2.2 J ,50 X (08 

- 2.5 L01 itl08 

3.5 I .64x 101 

I I I I I I I I 

I 

, I\. "' I ' 'r-,... I'\. 
! \ I\ "'I\. ~ 

\ 2.5 MEV / 'u~ ' r\J\ \ , ,, 
i\~~ ,.-3.5 MEV / ?" " '\rr1111 

,, 
' I 

10 JOO 1000 

DECAY TIME (HOURS) 

CONTAINMENT RADIATION SOURCES 
DESIGN BASIS ACC1DENT 

SURRY POWER STATION 



• 

45 

40 

. 35 

Cl 
in 30 
Cl. 

I 
w 
·'.5 2 5 
(/) 
(/) 

w 
a:: 
Cl. 20 

1-
z 
w 
::::e 15 
z 
< 
I-

~ 10 
u 

5 

0 

\ 
\ 
\ 

j 
I 
I 

-5 
0 

---··-

. _.....-::: 
/ -

\/ V . 

I\ 
'I\ 

'\ 
t\. 

~ 
f'...... 

10 20 

-------- --· 

--
~ 

V 
__,,,,,, 

.... 
I , -

..... 

_SF FIG. 14.5.7-5 
OCT 15,1970 

T --- -
CONSTANT LEAK RATE OF 0.1% OF 

{:CONTAINED VOLUME PER DAY ANO 
SUBATMOSPHERIC IN 40 MINUTES 

(CONSTANT LEAK RATE OF 0.1% OF 
CONTAINED VOLUME PER DAY AND 
SUBATMOSPHERIC IN 30 MINUTES 

·tARIABLE LEAK RATE WITH MINIMUM 
ENGINEERED SAFEGUARDS 

----

90 

80 

70 

60 

50 

::::e 
bl . 

40 a: 
. I 

ILi 
(/) 

30 g 

20 

10 

·coNTAINMENT PRESSURE AT MINIMUM 
Al'lv10SPHERIC PRESSURE (28.35 IN HG;) 

-----
30 

TIME-MINUTES 

40 50 60 

INTEGRATED THYROID DOSE AT. 
EXCLUSION BOUNDARY vs TIME 
DESIGN BASIS ACCIDENT 

SURRY POWER STATION 

0 

·r 




