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INTRODUCTION AND PURPOSE 

The Advanced Neutron Source (ANS) represents a new user experi- 
mental facility for neutron research. The ANS will provide a steady- 
state source o f  neutrons fram a reactor of unprecedented flux. 

The ANS Project objectives are 

to design and construct the world's best research reactor for neutron 
scattering, 

* to provide isotope production facilities that are as good as, or 
better than, those of the High Flux Isotope Reactor (HFIR) at Oak 
Ridge National Laboratory (ORNL), and 

to provide mateti.als irradiation facilities that are as good a s ,  o r  
better than, those of HFIR. 

The ANS concept calls for steady-state operations at reactor ther- 
mal power levels m the order of 300 MW(t) in a compact, high-power- 
density ( 5 -  to 8-MW/L) core. Each core has an operating lifetime of 
approximately 2 weeks. 

The ANS design and operation must ensure safety to the general 
public and to facility personnel and equipment, A design requirement 
€or  the ANS is that applicable regulatory requirements be satisfied. 
The ANS will be a U.S. Department of Energy (DOE) facility and, as such, 
must  be designed and operated in compliance with DOE orders and regula- 
tions. A primary DOE order applicable to ANS is DOE Order 5480.6,  dated 
September 23, 1987, "'Safety of Department of Energy-Owned Nuclear 
Reactors." That order incorporates by reference applicable U.S .  Nuclear 
Regulatory Commission (NRC) regulations. 

The purpose of this document is to outline the safety-related 
considerations for ANS and, by so doing, t o  indicate the regulatory 
requirements and design considerations that must be addressed by the 
project in the design and during subsequent operations. As such, this 
document represents a road map of how the project intends to analyze and 
document nuclear safety concerns and design considerations that will 
have to be addressed by the ANS Project. As the project matures and 
the design becomes better defined and projected performance better 
understood, the safety-related considerations will also become better 
defined and interpreted. Appropriate safety-related analyses and docu- 
mentation will be produced (e.g., preliminary and final safety analysis 
reports). This document summarizes the sources of applicable regulatory 
requirements, indicates recent policy guidance from the NRC, provides 
the NRC general design criteria that must be met, suggests which of the 
major ANS systems components are likely to be categorized as "safety 
related," and provides descriptive material that is of safety interest 
and importance. 



2. 

Part A of this document is focused on regulatory requirements that 
must be addressed and satisfied by the AMS Project. Part B is focused 
on design and performance considerations within which trade-offs are  
possible and desirable. 

This document does not describe how the project should proceed so 
a s  to ensure that these requirements and considerations a r e  addressed. 
The applicable documents covering such implementation will include, 
inter  a l i a ,  the Project Management Plan and the Quality Assurance Plan. 

In Part A, Sect. A.l summarizes the present understanding and 
interpretation of applicable regulatory requirements f o r  ANS. Section 
A.2 discusses licensing basis events- In Part B, Sect. %.I suggests 
systems that may be categorized as "safety related." Sections B.2 to 
B.6 discuss these systems. Appendix I lists NRC regulatory guides and 
branch technical positions from the NKC Standard Review Plan 
(NUREG-0800) which may be applicable to the ANS facility. Appendixes I1 
and 111 provide t h e  text of ( a >  Radiation Standards for Protection of  
t he  Public in the Vicinity of DOE Facilities and ( b )  the General Design 
Criteria f o r  Nuclear Power Plants from the Code of F e d e r a l  Regulations. 
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PART A, REGULATORY C O N S ~ D E R ~ T I ~ N S  

A.l APPLICABLE REGULA'I'ORY WE 

A.l.l SUMMARY OF REQUIREMENTS 

This section addresses the applicable regulatory requirements for 
ANS. The responsibility for awareness of and compliance with all appli- 
cable federal, state, and local regulations resides with the project and 
DOE. The ANS is a DOE facility, and, as such, it must be designed and 
operated in compliance with DOE orders and regulations. Table A . l  
specifies design standards that the DOE has made mandatory for applica- 
tion to new reactors, as well as reference standards of good practice. 
ANS designers should view the reference standards a s  required except 
under extenuating circumstances (e.g., conflicting NRC requirement). 

A primary DOE order applicable to ANS i s  Order 5480.6, dated 
September 23, 1986, "Safety of Department of Energy-Owned Nuclear 
Reactors*88 The order incorporates, by reference, NRC regulations 
10 CFR 50, 10 CFR 100, Regulatory G u i d e  1.8, and R e g u l a t o r y  Guide 1 . 1 3 A ,  
Rev. 1. Other regulatory guides may be applicable. See Appendix I for 
a discussion and listing of NRC regulatory guides, This listing in 
Appendix I also includes branch technical positions from the NRC Stan- 
dard Review Plan (NUREG-0800). Even if AN$, as a E facility, is not 
required to go through the process for abtaining an operating license, 
it is the project's policy that the design sat i .sEy these regulatory 
requirements. Other federal, state, and l o c a l  regulations judged 
applicable by the project and DOE will t h e n  a l s o  rs.q~s.ire compliance. 

Table A.2 lists applicable regulatory sources f o r  ANS. The final 
design and subsequent operation of  ANS will have t c p  satisfy all appli- 
cable regulations. In the process of performing t b c  design, guidance to 
the project will be provided by establishing s p e c i f i c ,  top-level regula- 
tory requirements for ANS. During the e a r l y  stages o f  conceptual 
design, the project will finalize and adapt f i r m l y  established, top- 
level criteria along the lines of the examples cited in Table A . 3 .  

The DOE has established "Radiation Standards f o r  Protection of the 
Public in the Vicinity of DOE Facilities." These limits cuver all path- 
ways, including air pathways, during normal p lanned  operations only (as 
per 40 CFR 61, Subpart H). These standards became effective in 1985 and 
are currently being incorporated into a DOE order far radiation protec- 
tion. These standards are included as  Appendix TI. 
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Table A.l. DOE mandatory and reference 
standards for reactor safety 

(Ref. DOE 5480.4, 5-15-84) 

A, 

B. 

C. 

D" 

E. 

A. 

R. 

C. 

I). 

E. 

F. 

G. 

Mandatory Standards 

ANSIIIEEE 279-1971, "Criteria for Protection Systems for Nuclear 
Power Generating Stations" (ANSI). 

Boiler and Pressure Vessel Code" (ASME). II 

ANS 15.1-1983, "Development of Technical Specifications for Research 
Reactors" (American Nuclear Society). 

IEEE 308-1980, "Criteria for Class 1E Power Systems for  Nuclear 
Power Generating Stations" (IEEE). 

IEEE 603-1980, "Standard Criteria for Safety Systems for Nuclear 
Power Generating Stations" (IEEE). 

Reference Standards 

Applicable Nuclear Energy Reactor Development Technology (RDT) 11 

Standards" [see index of NE (RDT) standards] (DOE). 

Title 10 CFR 50, "Licensing of Production and Utilization Facili- 
ties," and appendices, including regulatory guides issued to 
describe a method of implementing these regulations (NRC). 

Title 10 CFR 5 5 ,  "Operator's Licenses" (NRC). 

Title 10 CFR 100, "Reactor Site Criteria" (NRC). 

Safety Series No. 35, Safe Operation of Critical Assemblies and 
Research Reactors," 1971 edition (IAEA). 

Safety Series No. 31, "Safe Operation of Nuclear Power Plants" 
( J  AEA) . 
Institute of Electrical and Electronics Engineers Standards, as 
f 01 lows : 

11 

1. IEEE 317-1976, "Electrical Penetration Assemblies in Contain- 
ment Structures for Nuclear Power Generating Stations'' (IEEE). 

2. IEEE 323-1974, "Qualifying Class 1E Equipment f o r  Nuclear Power 
Generating Stations" (IEEE). 

3. IEEE 336-1980, "InstaLlation, Inspection, and Testing Require- 
ment for Class 1E Instrumentation and Electric Equipment at 
Nuclear Power Generating Stations" (IEEE). 

Nuclear Power Generating Station Class 1E Power and Protection 
Systems" (ANSI/IEEE). 

5 .  IEEE 344-1974, l'Recommended Practices for Seismic Qualification 
of Class 1E Equipment for Nuclear Power Generating Stations" 

4 .  IEEE 338-1977, "Standard Criteria for the Periodic Testing of 

(ANSI/IEEE). 
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Table A.l (continued) 

Reference Standards (continued) 

6. IEEE 352-1975, "Guide for General Principles of Reliability 
Analysis of Nuclear Power Generating Station Protection 
Systems" (ANSI/IEEE). 

7. IEEE 379-1977, "Standard Application of the Single-Failure 
Criterion to Nuclear Power Generating Station Class 1E Systems" 

IEEE 382-1980, "Standard for Qualification of Safety Related 
Valve Actuators" (IEEE) 

Equipment and Circuits" (IEEE). 

Applied as Standby Power Supplies for Nuclear Power Generating 
Stations" (ANSI/IEEE). 

Batteries for Generating Stations and Substations" (revision of 
ANSI/TEEE Std 450-1975) (IEEE). 

12. IEEE 467-1980, "Standard Quality Assurance Program Requirements 
for the Design and Manufacture of Class 1E Instrumentation and 
Electric Equipment for Nuclear Power Generating Stations" 

(ANSI/IEEE). 

8. 

9. IEEE 384-1977, "Standard Criteria for Independence of  Class 1E 

10. IEEE 387-1977, "Standard Criteria for Diesel-Generator Units 

11. IEEE 450-1980, "Recommended Practice for Large Lead Storage 

(IEEE). 

13. IEEE 484-1975, "Recommended Practice for Installation Design 
and Installation of Large Lead Storage Batteries for Generating 
Stations and Substations" (ANSI/IEEE). 

14. IEEE 498-1980, "Standard Requirements f o r  the Calibration and 
Control of Measuring and Test Equipment Used in the Construc- 
tion and Maintenance of  Nuclear Power Generating Stations" 
(IEEE) . 
IEEE 567, "Trial-Use Standard Criteria for the Design of  the 
Control Room Complex €or a Nuclear Power Generating Station" 

15. 

(ANSI/IEEE). 

16. Other IEEE Standards, if required. 

H. American Nuclear Society (ANS) Standards, as follows: 

1. ANS-2.2-1918, "Earthquake Instrumentation Criteria for Nuclear 

2.  ANS-2.17-1980, "Evaluation of Radionuclide Transport in Ground 

3. ANS-3.5-1979, "Nuclear Power Plant Simulators f o r  Use in 

Power Plants" (Revision 1 of N18.5-1974) 

Water for  Nuclear Power Sites." 

Operator Training." 



6 

Table A.l (continued) 

4 .  

5 .  

6 ,  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Reference Standards (continued) 

ANS-3.7.2-1979, "Emergency Control Centers f o r  Nuclear Power 
Plants." 

ANS-4.1-1978, "Design Basis Criteria for Safety Systems in 
Nuclear Power Generating Stations." 

ANS-4.5-1980, "Criteria for Accident Monitoring Functions in 
Light-Water-cool ed Reactors .I' 

ANS-6.4-19977, "Guidelines on the Nuclear Analysis and Design of 
Concrete Radiation Shielding f o r  Nuclear Power Plants." 

ANS-11.13/N101.6-1972, "Concrete Radiation Shields." 

ANS-14.1fN394-1975, "Operation of Fast Pulse Reactors." 

ANS--15.2/N398-1974, "Quality Control for Plate-Type Uranium- 
Aluminum Fuel Elements." 

ANS-15.3/N399-1974, "Records arid Reports for Research 
Reactors e 

ANS-15.8/N402-1976, "Quality Assurance Program Requirements for 
Research Reactors." 

ANS-15.11-1977, "Radiological Control at Research Reactor 
Fac i 1 i t i e s . It 
ANS-15.12-1977, "Design Objectives for and Monitoring of 
Systems Controlling Research Reactor Effluents." 

ANS-15.15-1978, "Criteria f o r  the Reactor Safety System of 
Research Reactors ." 
ANS-15.16-1978, "Emergency Planning f o r  Research Reactors." 

ANS-15.18-1979, "Administrative Controls for Research 
Reactors." 

ANS-59.1-1979, "Safety-Related Cooling Water Systems in Nuclear 
Power Plants." 

ANS-59.3-1977, "Safety-Related Control Air Systems." 

ANS-59.4-1979, "Generic Requirements f o r  Light Water Nuclear 
Power Plant Fire Protection." 

ANS-59.51/N195-1976, "Fuel Oil Systems f o r  SLandby Diesel- 
Generat.or-s ." 

$ 8  

I. BNL-50831-1, "Design Guide; Critical Facilities" (BNL). 

J. BNL-508.31-11, "Design Guide; Light and Heavy Water Cooled Reactor" 

K. BNL-50831-111, "Design Guide; Pool  Type Reactors" (BNL). 

(BNL) 
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Table A.2. NRC and Environmental Protection 
Agency (EPA) regulatory sources 

Source Area Covered 

51 FR 30028 

10 CFR 20 

10 CFR 50 

10 CFR 50.36 

10 CFR 50, 
Appendix I 

10 CFR 50, 
Appendix I 

NRC Regulatory 
Guide 1.70 

EPA-5 20 I 
1- 7 5-00 1 
40 CFR 61, 
Subpart H 

Safety goals for nuclear power plant operation (similar 
to earlier version in NUREG-0880) 

Permissible dose levels and activity concentrations in 
restricted and unrestricted areas 

All sections not inherently applicable only to power 
reactors [per DOE 5480.6 (91231861, Sect. 1.61 

Technical specifications [per DOE 5480.6 (9/23/86), 
Sect. 8.d] 

General design criteria 

Numerical dose guidelines €or meeting the criterion 
11 as low as reasonably achievable" (ALARAI €or routine 
power reactor effluents 

Site suitability evaluation, numerical dose guidelines 
for determining the exclusion area boundary, IQW popu- 
lation zone, and population center distances. 

Standard format and content of safety analysis reports 
for nuclear power plants [per DOE 5480.6 (9/23/86), 
Sect. 8 . ~ 1  

Protection action guide doses €or protective actions 
€ o r  nuclear incidents 

National emission standards €or radionuclide emissions 
from DOE facilities 
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Table A.3. Examples of top-level regulatory criteria for ANS 

Source Criterion 

51 FR 30028 1. The risk t o  an average individual in the vicinity of a 
(initially nuclear power plant from prompt fatalities that might 
published result from reactor accidents should not exceed one- 
in NUREG- 
0880 fatality risks resulting from other accidents to which 

tenth of one percent (0.1%) of  the sum of prompt 

members of the U.S. population are generally exposed. 

2. The risk to the population in the area near a nuclear 
power plant of cancer fatalities that might result from 
nuclear power plant operation should not exceed one- 
tenth of one percent (0.1%) of the sum of cancer 
fatality risks resulting from all other causes. 

Note: Criteria 1 and 2 require interpretation by ANS 
based on the prompt fatality risk in the United States 
and the latent fatality risk near ANS. 

10 CFR 20 1. Permissible levels of radiation in unrestricted areas: 

whole-body dose < 0.5 rem/calendar year, 
whole-body dose < 0.002 remiany one hour, and 
whole-body dose < 0.1 redany seven consecutive days. 

2. Radioactivity in effluents to unrestricted areas: 
limits as specified in Appendix 1 1 ,  Table 1 1 ,  
10 CFR 20. 

3. Permissible airborne levels in restricted areas: 
intake < 520 MPC-h in a calendar quarter. 

Note: These are a l l  routine requirements. 

10 CFR 50, Control room and vital access and occupancy: whole-body 
Appendix I dose (or equival-ent) < 5 rem for duration of accident far 

10 CFR 50, 1. Estimated annual dose from liquid effluents 
Appendix I < 0.003 rem whole body or 0.010 rem to any organ. 

required vital access (general design criteria number 19). 

2. Estimated annual dose from gaseous effluents 
< 0.005 rem whole body or 0.015 rem to the skin or any 
organ. 

3. Estimated annual dose from radioactive material in 
particulate form in effluents to the atmosphere 
< 0.015 rem t o  any organ. 
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Table A.3 (continued) 

10 CFR 100 The exclusion area boundary, 2-h, and low population zone, 
30-d accident doses < 25 rem whole body and 300 rem 
thyroid. For ANS design purposes, the exclusion area and 
the low population zone must be designated such that their 
borders extend only to the boundary of the DOE property 
surrounding the reactor. 

EPA-520 1 1. Intervention during hypothetical accidents indicated 
1-7 5-001 for population if whole-body dose projected to exceed 1 

to 5 rem or thyroid dose exceeds 5 to 25 rem from air- 
borne radioactive materials. 

material deposited on property and equipment: 
determined. 

2 .  Guides for  exposure from foodstuffs, water, and 
to  be 

40 CFR 61, 
Subpart H 

Emissions of  radionuclides t o  air from DOE facilities shall 
not exceed a dose equivalent of 25 mrem/year to the whole 
body or 75 rnrem/year to a critical organ of any member of 
the public. 
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A.1.2 NUCLEAR REGULATORY COWISSIOM QUALITATIVE AND 
QUANTIThTIVE SAFETY GOALS 

A safety goal policy statement was issued by the NRC (10 CFR 50) on 
August 21, 1986. The policy statement is focused on the risks to the 
public from nuclear power plant operation. The objectives are t o  estab- 
lish goals that broadly define an acceptable level of radiological 
risk. Two qualitative safety goals were established; these are sup- 
ported by two quantitative objectives. The two supporting objectives 
are based on the principle that nuclear risks should not be a signifi- 
cant addition to other societal risks. The goals and objectives are the 
following: 

Qualitative Goals 

0 Individuals should bear no significant additional risk to life and 
health resulting from the consequences of nuclear power plant opera- 
t ion. 

e Society should bear no significant addition to other societal risks 
resulting from nuclear power plant operations. 

Quantitative Objectives 

* The risk to an average individual within 1 mile of the site exclusion 
area boundary of prompt fatalities from reactor accidents should be 
1i.mited to 0.1% of  the sum of prompt fatality risks resulting from 
all other accidents to which the general population is exposed. 

* The risk of  cancer fatalities to the population within 10 miles which 
might result from nuclear power plant operation should be limited to 
0.1% of the sum of cancer fatality risks resulting from all other 
causes e 

The NRC a1.so proposed the following general performance guideline 
for evaluation by the staff: 

* The overall mean frequency of a large release of radioactive mate- 
ria1.s to the environment from a reactor accident should be <10-6/year 
of  reactor operation. 

The hNS project intends to conduct a probabilistic risk assessment 
(PKA)  to confirm that these goals and objectives are satisfied. In 
addition, the proposed general guideline (referred to the NRC staff f o r  
evaluation) is one on which the hNS project has taken the following 
pos it ion : 

8 A "large release of radioactive materials to the environment from a 
reactor accident" is a release that w~iild result in radiation expo- 
su re  in excess of the 10 CFR 100 limits. 

0 Given the definition above, the overall mean frequency of such an 
event is to be <10-6/year. 
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All project work impacted by the NRC policy statement should incor- 
porate this guidance. 

A.1.3 SUMMARY OF GENERAL DESIGN CRITERIA (GDC) 

The DOE Order 5480.6, Sect. 8.0 (Program Requirements), dated 
September 2 3 ,  1986, states that the GDC specified in 10 GFR 50, Appendix 
A, shall be applied to all DOE-owned reactors in the case of ALL NEW 
CONSTRUCTION OF REACTOR FACILITIES. A summary Listing of these criteria 
is given in Table A.4. Appendix I11 contains the complete text of the 
General Design Criteria. 

In Part B ,  Sects. B e l  to B.6, of this document, a brief discussion 
of the safety-related equipment of ANS is provided. Included in each of 
these sections is an identification of which of the GDC apply to each 
equipment area. It should be noted that some of the GDC apply to more 
than one equipment area. 

A.2 LICENSING BASIS EVENTS 

Licensing basis events are abnormal or accident events used in the 
analysis of the facility to demonstrate compliance with the top-level 
regulatory criteria. The selection of these events will be based on 
risk assessment techniques to identify those classes of events that have 
the potential for radionuclide release in excess of the limits specified 
by the regulatory criteria. 

R e g u l a t o r y  Guide 1.70 provides guidance for examining a broad 
spectrum of accidents in the safety analysis report to assess the 
effects of anticipated process disturbances and post-ulated component 
failures. These analyses are to be performed to assess the capability 
of the plant to accommodate such events and their consequences and to 
identify limitations of expected performance. The situations t o  be 
analyzed would include anticipated operational occurrences, off-design 
transients that induce fuel failures above those expected from normal 
operational occurrences, and postulated accidents of low probability. 
The analyses should include an assessment of  the consequences of an 
assumed fission product release resulting in potential hazards beyond 
those from any credible accident [l.e., for the purposes of site suita- 
bility analysis per 10 CFR lOO.ll(a>]. 

Guidance is provided to ensure that a sufficiently broad spectrum 
of  initiating events has been considered. The events are to be catego- 
rized by type and expected frequency of occurrence t o  facilitate the 
analysis of limiting cases. Specific acceptance criteria are to be 
applied consistently to each postulated initiating event. 

To assist in categorizing events, Regulatory Guide 1.70 provides 
the following list of classes to which postulated initiating events 
should be assigned: 



12 

Table A.4. General design criteria for  nuclear power plants 
(10 CFR 50, App. A )  

Major 
Classification Subject Criterion 

Number 

I. Overall Requirements 
Quality standards and records 
Design bases €or protection against natural 

Fire protection 
Environmental and missile design bases 
Sharing of structures, systems, and com- 

phenomena 

ponen t s 

11. 

111. 

Protection by Multiple Fission Product 

Reactor design 
Reactor inherent protection 
Suppression of reactor power oscillations 
Instrumentation and control 
Reactor coolant pressure boundary 
Reactor coolant system design 
Containment design 
Electric power systems 
Inspection and testing of electric power 

Control room 

Protection and Reactivity Control Systems 
Protection system functions 
Protection system reliability and testa- 

Protection system independence 
Protection system fault modes 
Separation of  protection and control 

Protection system requirements for reac- 

Reactivity control system redundancy and 

Combined reactivity control systems capa- 

Reactivity limits 
Protection against anticipated operational 

Barriers 

systems 

bility 

systems 

tivity control malfunctions 

capability 

bility 

occurrences 

IV. Fluid Systems 
Quality of  reactor coolant pressure boundary 
Fracture prevention of reactor coolant 
pressure boundary 

1 
2 

3 
4 
5 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
2 1  

22 
23 
2 4  

25 

26 

27 

28 
29 

30 
31 
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Table A . 4  (continued) 

Major 
Classification 

Sub j ec t Criterion 
Number 

IV. Fluid Systems (continued) 
Inspection of reactor coolant pressure 

Reactor coolant makeup 
Residual heat removal 
Emergency core cooling 
Inspection of emergency core cooling system 
Testing of emergency core cooling system 
Containment heat removal 
Inspection of containment heat removal 

Testing of containment heat removal system 
Containment atmosphere cleanup 
Inspection of containment atmosphere cleanup 

Testing of containment atmosphere cleanup 

Cooling water 
Inspection of cooling water system 
Testing of cooling water system 

boundary 

system 

system 

system 

V. 

VI. 

Reactor Containment 
Containment design basis 
Fracture prevention of containment pressure 

Capability f o r  containment leakage rate 

Provisions for containment testing and 

Systems penetrating containment 
Reactor coolant pressure boundary pene- 

Primary containment isolation 
Closed system isolation valves 

Fuel and Radioactivity Control 
Control of releases of radioactive mate- 

Fuel storage and handling and radioac- 

Prevention of criticality in fuel storage 

Monitoring fuel and waste storage 
Monitoring radioactivity releases 

boundary 

testing 

inspection 

trating containment 

rials to the environment 

tivity control 

and handling 

32 

3 3  
34 
35 
36 
37 
38 
39 

40 
41 
42 

43 

44  
45 
46 

50 
51 

5 2  

53 

54 
5 5  

56 
57 

60 

61 

62 

6 3  
6 4  
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increase in heat removal by the secondary coolanr. system, 

decrease in heat removal by the secondary coolant. system, 

decrease in primary coolant system flow rate and core flow blockage, 

reactivity and power dislribution anomalies, 

increase in primary coolant inventory, 

decrease in primary coolant inventory, 

radioactive release from a subsystem o r  component, and 

anticipated transient without scram (ATWS). 

For the ANS reactor, the following additional event categories are 
needed : 

e cold source accidents and 

0 reflector tank accidents. 

Each initiating event should be eval.uated as to its expected fre- 
quency of occurrence, and only limiting faults need be analyzed com- 
pletely; others can be treated qualitatively. 

Because some events are mote probable than others, the result of 
the risk analyses will be used to identify events as a function of 
probable frequency. These events can then be categorized into one of 
two categories. The purpose of the categories is to ensure that more 
stringent acceptance criteria are applied to events that might reason- 
ably be expectLetl to happen in the lifetime of the plant. 

1. Anticipated operational occurrences (AOOs). These are events that 
are expected to occur one or more times during t h e  facility life- 
time;-,- events with a probability of occurrence exceeding O.Ol25 /  
year," including uncertainties, would fit this category. AQQs must 
be analyzed, including uncertainties, to demonstrate that the con- 
sequences are limited t o  minimal. unplanned release of radioactivity 
and that acceptable f u e l  design l i m i t s  are not exceeded; analysis 
results must demonstrate compliance with 10 CFR 50, Appendix I 
(numerical dose guidelines f o r  meeting t h e  ALARA criteria f o r  power 
reactor effluents). 

J- 

-Based on probability of about 0.5 of  one or more occurrences some 
time during an assumed 40-year facility life. 
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2. Design basis events. These are events that are not expected to 
occur in the lifetime of ANS; the probability of occurrence ranges 
from 0.0125/year down to a tentative lower value of 10e6/year, 
including uncertainties. These events must be analyzed, including 
uncertainties, to demonstrate compliance with the 10 CFR 100 dose 
limits f o r  off-site radiation exposure (see Table A . 3 ) .  

The ANS project must determine what the licensing basis events are 
Examples of events that might and which category contains which events. 

fit into each of the two categories are given in Table h.5. 

Table A . 5 .  Examples of potential licensing basis events for ANSa 

1. Anticipated Operational Occurrences 

Power transient with forced-flow cooling 
Primary coolant pump trip 
Inadvertent control element withdrawal 
Small primary coolant pipe break 
Secondary coolant pump trip 
Loss of off-site power 

2. Design Basis Events 

Primary coolant pump seizure 
Anticipated transient without reactor scram 
Spurious control element withdrawal 
Earthquakes and other natural disasters 
Small primary coolant pipe break with failure of emergency injection 
system 

aThis list is for example only and is not all-inclusive. The final 
list will be developed from the results of the PRA within the general 
framework of  Regulatory Guide 1.70, Sect. 15. 

L 

J; If the PRA finds events of potential off-site consequences of 
probability below the lower cutoff, they will be considered in the 
development of the facility emergency planning. 
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PART B. DESIGN CONSIDERATIONS 

B.l SAFETY-RELATED EQUIPMENT 

The safety-related equipment €or ANS will comprise those systems, 
structures, and components that perform the functions required to limit 
the probability of core damage or to limit the releases of radionuclides 
to those allowed by 10 CFR 100. The equipment that is safety related 
must be determined €or ANS by first identifying the functions that must 
be performed and then by identifying the equipment to perform those 
functions. The definition of safety-related equipment should correspond 
to that in Regulatory Guide 1.26. Regulatory Guide 1.29 provides guid- 
ance in determining which systems must be designed to withstand the 
effects of the safe-shutdown earthquake (SSE, to be designated). Gen- 
erally, safety-related equipment includes systems, components, and 
structures needed to shut down the reactor, maintain a safe-shutdown 
condition, and mitigate the radiological consequences from a release of 
radioactive materials. Also, any system, component, or structure that 
could lead to an off-site equivalent dose of 0.5 rem as the result of 
failure during operation is considered "important to safety." 

The overall design of ANS will be in accordance with 10 CFR 5 0 ,  
Appendix B .  The ANS Quality Assurance (QA) program (to be developed) 
will be structured t o  assure compliance with 10 CFR 50, Appendix 11. In 
structuring the QA program, consideration will be given to categoriza- 
tion of systems with respect to licensing basis events as follows: 

Safety Related - Those items needc.a.1 to prevent or mitigate design basis 
events. (Equipment o r  systems in this category will 
have to meet the most stringent requirements.) 

Important to Safety - Those items needed only to prevent or mitigate 
anticipated operational occurrences - somewhat 
less stringent than the above. 

Nonsafety Related - Those items not included in either of the previous 
classifications. These would have less stringent 
requirements from a safety aspect, and their 
requirements may be set. by ANS availability. 

Examples of the types of equipment that are likely to be included as 
safety-related equipment for ANS are given in Table B.l. 
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Table B.1. Examples of 
potential ANS safety- 
related equipment 

Reactor core 

Reactor protection system 

Heavy water reflector tank 

Primary coolant system 

Containment system 
.---I 

B.2 REACTOR CORE 

The reactor core consists of the fuel element, associated control 
systems, the irradiation experiment assemblies, and the associated sup- 
port structures. 

The nuclear heat is generated in the reactor fuel element. Removal 
of the heat energy is provided by the heat transport system, with the 
main circulating pumps providing the driving force to supply primary 
coolant, heavy water, to the fuel element. The reactor fuel element is 
contained within a pressure container (the core pressure boundary tube) 
to enable operation of the primary coolant system at a sufficiently high 
pressure. 

Control of the fission energy heat generation rate during reactor 
power operation and assurance of  adequate shutdown margin is provided by 
moveable control elements driven by control element drive mechanisms. 

Various irradiation experiments will be inserted into specified 
locations designed into the fuel assembly. These target assemblies will 
be used for various experimental purposes during power operation. 

As discussed in Sect. B.4, the reactor core will be surrounded by a 
heavy-water reflector to provide a source of thermal neutrons f o r  neu- 
tron scattering experiments. Neutron guide tubes will be positioned 
adjacent to the reactor core so  that a high population of neutrons will 
be available to the neutron guide tubes. One or more cold sources will 
be located in close proximity to the reactor core; these will contain 
liquid deuterium and will operate at temperatures of about 20 t o  30 K. 

B. 2.1 FUNC'I'LONS 

The primary functions of the reactor core are t.o 

provide a source of neutrons for experimental purposes, including 
neutron scattering experiments and target irradiations; 
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* transfer the heat generated by the fission process to the primary 
coolant flowing within the fuel element; and 

provide control of radionuclides generated as the result of the fis- 
sion process and neutron activations. These control measures include 
retention of radionuclides in the fuel, removal of core heat, con- 
trol of chemical attack, and control of the heat generation rate. 

B.2 .2  APPLICABLE GENERAL DESIGN CRITEBIA (See Table A . 3 )  

The general design criteria from Table A.3 which apply to the 
reactor core are the following: 

Category I: 1-5 
Category 11: 10-16, 19 
Category 111: 25-28 
Category IV: 30-32, 34 
Category V :  None 
Category VI: None 

B.2.3 PRINCIPAL DESIGN CRITERIA (See Table A.3) 

In addition to the general design criteria from Table A.3 which 
apply, there may be other principal design criteria that should be 
established for the ANS reactor core. Examples of such criteria are as 
f 01 lows : 

Design, fabricate, and operate the fuel element such that any fission 
product releases to the primary coolant system will not exceed 
acceptable values f o r  both normal and off-normal conditions. 

Select reactor design parameters (dimensions, power densities, cool- 
ant pathways to the environment) to limit fuel element temperature to 
acceptable values, including conditions after reactor shutdown and 
during core decay heat removal. 

Design the reactor to ensure that inadvertent reactivity, tempera- 
ture, pressure, o r  other undesirable excursions result in negative 
feedback so as t o  restore the reactor to a desired set of condi- 
tions. An example is to design the reactor core such that it has a 
negative temperature coefficient of reactivity at all times in core 
life. 

Provide control equipment to ensure control of reactor thermal power 
during normal and off-normal conditions such that fuel clad melting 
o r  fuel melting is not expected to occur during core life. 

Maintain fuel geometry and coolant flow path integrity t o  ensure that 
the reactor can be safely shut down and adequately cooled during all 
operational occurrences. 
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B . 3  REACTOR SAFETY PROTECTION SYSTEM 

The reactor safety protection system of ANS wil.1 consist of a sys- 
tem of hardware and software necessary to protect the general public, 
facility personnel, and facility systems, subsystems, and components. 
This system will provide active control o r  will initiate systems to con- 
trol the heat generation rate during startup, power level operation, 
shutdown, and during periods requiring decay heat removal after shut- 
down. 

The reactor safety protection system provides those features essen- 
tial to monitor and implement commands related to operating reactor 
safety. This includes the ability (1) to sense reactor and associated 
plant process variables, ( 2 )  to detect abnormal reactor and associated 
plant conditions, and ( 3 )  to initiate those protective actions required 
to minimize the consequences of the abnormal conditions. 

The reactor safety protection system is maintained in an operating 
condition during all reactor and plant modes. The status of the reactor 
and plant is monitored at all times; protective actions are initiated as 
required. Operation of the reactor and plant during testing and main- 
tenance periods with portions of the safety protection system out-of- 
service must be governed by operations technical specifications. 

The functional components of  this system include sensors and asso- 
ciated actuated equipment; signal processing, computer logic, surveil- 
lance and testing equipment; interface equipment with the main control 
room such as processing channel readouts, status indication, accident 
monitoring, and ability for operator manual intervention; and remote 
operator interface equipment f o r  shutdown initiation and monitoring. 

The safety protection system should provide for automatic shutdown 
of  the reactor upon detection of abnormal conditions. 

8.3.1 FUNCTIONS 

The primary functions of the reactor safety protection equipment 
are related to radionuclide control and power generation. These func- 
tions are as follows: 

0 To protect the general public, facility personnel, and facility 
equipment against radionuclide releases by sensing process variables 
to detect abnormal conditions and to take corrective action to con- 
trol the heat generation rate within acceptable limits. 

9 To protect facility equipment to limit risk of damage from abnormal 
power generation by sensing process variables to detect abnormal con- 
ditions and to take corrective action to maintain parameters within 
acceptable limits. 
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To provide instrumentation to give sufficient information to deter- 
mine status of protection system at all times so as to allow initia- 
tion o f  safety-related actions when necessary. 

B.3.2 APPLICABLE GENERAL DESIGN CRITERIA (See Table A.3) 

The general design criteria from Table A.3 that apply to the 
reactor-safety protection system are the following: 

Category I: 1-5 
Category 11: 12, 13, 15, 19 
Category 111: 20-29 
Category IV: 3 7 ,  46 
Category V: None 
Category VI: 63, 64 

B.3 .3  PRINCIPAL DESIGN CRITERIA 

In addition to the general design criteria, there may be other 
principal design criteria for the reactor safety protection equipment 
that should be established for ANS. Examples of such criteria are the 
following: 

Design, fabricate, and provide the equipment to ensure that the 
thermal power is controlled during normal and abnormal conditions. 

Sense process variables to initiate a safe shutdown of the reactor 
when necessary and subsequently t o  maintain a safe shutdown condi- 
tion. 

Design, fabricate, and install the reactor safety protection system 
to standards that ensure the ability to withstand specified environ- 
mental conditions without undue risk to the general public and the 
facility (per Regulatory Guide 1.97). 

Ensure the ability of the reactor safety protection system to perform 
its safety functions before, during, and f o r  an adequate time after 
being subjected to a l l  normal, abnormal, and safety-related design 
conditions. 

Design the protection system with consideration for redundancy, 
diversity, and single and multiple failures and design the system to 
be "fail safe.'' 

B.4 CORE PRESSURE BOUNDARY TUBE AND HEAVY-WATER REFLECTOR TANK 

The ANS fuel element and irradiation experiments that comprise the 
reactor core will be located within a closely surrouading core pressure 
boundary tube. Surrounding the core pressure boundary tube will be a 
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larger tank containing the heavy-water reflector, the cold sources, and 
neutron guide tubes. The portion o f  the core pressure boundary tube 
adjacent to the reactor core will be subjected t o  very high levels of 
neutron and gamma ray irradiation. Significant gamma- and neutron- 
originated heat deposition will have to be removed from the core pres- 
sure boundary tube, Because of the high neutron flux, the core pressure 
boundary tube may have to be replaced approximately every 6 months to a 
year. 

The core pressure boundary tube must be designed to withstand 
internal pressure up t.o its design pressure [ t o  be determined (TBD)]. A 
pressure rel.ief system must a l s o  be provided. In accordance with ASME 
rules, the pressure relief system must relieve within 2% of the design 
pressure and must prevent primary coolant pressure within the core pres-  
sure boundary tube from exceeding 110% of design pressure for all normal 
and upset transients. 

The heavy-water reflector tank will operate at low pressure. One 
or more cold sources will be located in close proximity to the core 
pressure boundary tube (and the reactor core) within the reflector 
tank. O n e ,  at least, may contain liquid deuterium and operate at a tem- 
perature of about 20 to 30 K. Significant heat removal capability must 
be provided for the cold sources. Neutron guide tubes will be pos i -  
tioned t o  direct neutrons from the cold sources to various experiments 
located in the guide hall. 

R.4.1 FUNCTIONS 

The primary functions of the core pressure boundary tube and heavy- 
water reflector tank are related to local heat generation and radiologi- 
cal control functions and are as follows: 

The core pressure boundary tube shall contain the primary coolant 
inventory flowing through the tube during power production, shutdown, 
refueling, and startup/shutdown transient conditions. 

The core pressure boundary tube system shall limit the release o f  
radionuclides during all modes of normal operation, including A Q O s .  
The system must a l s o  maintain sufficient integrity during design 
basis events to prevent major configuration changes that would pre -  
clude providing adequate coolant to the fuel element or safe shutdown 
of the reactor. 

The heavy-water r e f l e c t o r  tank and associated fluid system m u s t  con- 
tain the heavy water, including relative1 y significant amounts of 
tritium generated during reactor operation. 

The cold source must provide a source of  cold neutrons for experi- 
mental purposes. 
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The neutron guide tubes must direct the neutrons from the source to 
the experiments located in the guide hall. 

8.4.2 APPLICABLE GENERAL DESIGN CRITERIA (See Table A . 3 )  

The general design criteria from Table A.3 which apply to the core 
pressure boundary tube and heavy-water reflector tank system are the 
following: 

Category I: 1-5 
Category 11: 14, 15 
Category 111: None 
Category IV: 30-32, 34, 44-46 
Category V: None 
Category VI: 60, 61 

8 . 4 . 3  PRINCIPAL DESIGN CRITERIA 

The principal design criteria for the core pressure boundary tube 
and heavy-water reflector tank are related to power generation and 
radionuclide control. Examples are the following: 

The core pressure boundary tube system must be designed in accordance 
with the ASME boiler and pressure vessel code f o r  nuclear vessels to 
ensure integrity during normal and abnormal operating conditions. 

The core pressure boundary tube must be designed to respond elasti- 
cally to short-term pressure changes up to the specified maximum 
pressure (to be determined). 

The design of the core pressure boundary tube must accommodate in- 
service inspection. 

The design of the core pressure boundary tube must include considera- 
tion of transient events, which may represent conditions more severe 
than steady-state operation. 

The cold source must be designed to handle the heat deposition within 
the cold source; the operating temperature of the cold source should 
be 20 to 30 K. 

The ANS design must accommodate the off-normal condition of a failure 
in the cold source cooling system. 

The maximum reactivity effect associated with the sudden filling or 
the sudden voiding of any beam tube, guide, cold source, o r  vacuum 
chamber must be limited such that the reactor protection system has 
time to respond and prevent fuel damage. 
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* The cold source design must be such that any accidental energetic 
event, o r  explosion, that originates in the cold source is not cap- 
able of breaching the pressure boundary of the primary coolant system 
(including core pressure boundary tube) or of interfering with the 
ability to scram. 

0 The cold source shall be designed to preclude leakage of explosive 
moderator material and to detect such leakage if it occurs. 

13.5 PRIMARY COOLANT SYSTEM 

The primary coolant system consists of the heat exchangers, primary 
coolant circulation pumps, pressurizer pumps, and associated valves, 
filters, fill systems, and makeup systems. This system is designed to 
remove virtually all of the energy from the reactor core. The primary 
coolant, heavy water, is pumped through the reactor fuel element at a 
high mass flow rate. The coolant absorbs heat from the fuel element, 
passes to the primary heat exchangers, where the heat i s  given up to a 
secondary coolant- (water), which is then circulated to a cooling tower, 
where the heat is dissipated to the atmosphere. 

The reactor core of ANS operates at a very high power density. The 
reactor fuel element must be maintained under forced-flow cooling condi- 
tions at a l l  times subsequent t o  initiation of the neutron fission p t o -  
cess, including some time after core shutdown. 

The primary coolant system operates at elevated pressure conditions 
[about 4 MPa (600 psi)], but only at moderate temperatures. The core 
outl.et temperature is < l O O ° C  under normal operating conditions. 

0.5.1 FUNCTIONS 

The functions of  the primary coolant system are related to heat 
generation and radionuclide control. These functions are as follows: 

e To provide the means to transfer the heat generated within the 
reactor core t o  the secondary coolant. 

To provide for removal of  heat deposited in the pressure vessel, 
associated structural elements, the control elements, and all 
internal experimental assemblies. 

* To limit release of radionuclides during normal operations and during 
AOQs 
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B . 5 . 2  APPLICASLE GENERAL DESIGN CRITERIA (See Table A . 3 )  

The general design criteria from Table A.3 that apply to the pri- 
mary coolant system are the following: 

Category I: 1-5 
Category 11: 14, 15, 17 
Category 111: 29 
Category IV: 30-37 44-46 
Category V: 5 5 - 5 7  
Category VI: 64 

€3.5.3 PRINCIPAL DESIGN CRITERIA 

Examples of principal design criteria for the primary coolant sys- 
tem are as follows: 

Design the primary coolant system to satisfy specified operational 
parameters for steady-state, full-load? and part-load power produc- 
tion operations. The design must accommodate uncertainties such as 
flow resistances, flow distribution, and heat losses. 

During reactor core shutdown conditions, the primary coolant system 
must be designed t o  remove the core decay heat €or  either pressurized 
or depressurized conditions. 

During reactor core refueling operations, the primary coolant system 
must be designed to accommodate the refueling procedure and, as 
necessary, provide the ability to remove the core decay heat. 

The primary coolant system must provide the ability to go from s h u t -  
down, depressurized conditions to startup, pressurized, part-power 
conditions to pressurized, full-power conditions according to speci- 
fied steps (TBD). 

The system must be designed to transfer heat energy to the heat 
exchangers €or all postulated conditions of  heat removal, including 
normal, pressurized power conditions, as well as depressurized con- 
ditions. 

The system must be designed to withstand cyclic loads resulting from 
postulated transients (TBD). 

The system must be designed to mitigate the consequences of inter- 
nally and externally generated missiles. 

The fluid-containing portions of the system must be designed to pre- 
vent rupture during an SSE. Safety-related components shall be 
designed and qualified for environmental conditions. 
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* The system must be designed to respond to postulated transients with- 
out the l o s s  of forced-flow cooling; these conditions constitute the 
anticipated operating occurrences for the primary system and are to 
he determined. This will include events such a s  loss of cooling due 
to same failure within the plant o r  loss o f  off-site power. 

* The primary coolant system must be designed to maintain coolant 
inventory and pressure control in the event of primary coolant leak- 
age; the level of leakage of the system must be determined. 

a The reactor coolant system pressure boundary m u s t  be designed to ehe 
ASME Boiler and Pressure Vessel Code for nuclear components. 

Q The reactor coolant system design shall accommodate in-service 
inspection. 

* The reactor coolant system pressure boundary should be designed, fab- 
ricated, erected, and tested so as to have an extremely low probabil- 
ity of abnormal leakage o r  rapidly propagating failure. 

Q Purification systems will be provided t o  maintain the water qual.ity 
and purity of the primary coolant and reflectors. 

B.6 CONTAINMENT SYSTEM 

The ANS must be designed to provide barriers to the release of  
core-generated fission products and to activation products within the 
core and primary coolant system. 

The dominant source of radioactivity is from radionuclides gener- 
a t e d  within the fuel. AnoLher significant source of  radioactivity is 
t he  isotope production rods positioned near t h e  core. The design of  the 
fuel elements and the isotope production rods and associated reactivity 
control and cooling systems should provide high assurance that there is 
no release of fission products from the fuel. The fuel material in the 
fuel element combined with the  f u e l  plate cladding represent the first 
barrier to release of fission products. 

Should fission o r  isotope production products be released to the 
primary coolant, they will be transported throughout the primary circuit 
by the coolant. The coolanc system pressure boundary is an additional 
barrier to the release of  €ission products. A purification sysiem must 
be provided t o  remove gaseous and metallic fission products from the 
coolant. Condensible fission products will be removed by deposition, o r  
plateout, on the various wetted surfaces within t h e  primary coolant 
s ys t em. 

Activation product radionuclides will be produced within the 
reactor core and circulating primary coolant system. These will include 
impurities in the circulating coolant, release of tritium generated 
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within the core and primary coolant system as well as in the reflector 
tank, and particulate matter (gases, liquids, and solids) that find 
their way into the circulating primary coolant. 

The containment system consists of the containment building, or 
buildings, which may comprise primary and secondary structural barriers 
and the associated air handling and treatment systems. 

The containment buildings housing the reactor and the primary cool- 
ant system must serve to limit or control the release of radionuclides 
which are generated within these systems and which find their way into 
the circulating coolant system or leak into the building atmosphere. 
The containment buildings represent the final barrier to release of 
radionuclides. 

B.6.1 FUNCTIONS 

The containment systems are related to both the neutron generation 
and radionuclide control functions. These functions are as follows: 

With respect to the neutron generation function, the containment sys- 
tem must provide the space to accommodate the reactor core and the 
systems and components associated with the fission process. 

The containment system must provide an appropriate environment, 
including specified equipment radiation limits, for the systems 
housed within the buildings. 

The containment system maximum design pressure will accommodate the 
most severe design basis event. 

The containment system must protect its own capabilities and those of 
the contained systems and components from various hazards, both 
internally and externally generated. 

Regarding radionuclide control, the containment systems must maintain 
the required reactor, core pressure boundary tube, and primary cool- 
ant system geometry. The design must ensure that these systems main- 
tain structural integrity for specified design basis conditions. 

The consequences of accident conditions imposed on the containment 
system must be such as to ensure continued operability of the reactor 
safety protection system. 

The containment system must limit, o r  control, beth on-site and off- 
site radioactive exposure on a routine basis; the source of such 
exposure would be the release of radionuclides stemming from leakage 
or the production of activation products. 

The containment building also serves to limit either personnel access 
or area radiation levels as required to control occupational radia- 
tion exposure. 



28 

B.6.2 APPLICABLE GENERAL DESIGN CRITERIA (See Table A . 3 )  

The general design criteria from Table A.3  which apply to the con- 
tainment systems are the following: 

Category I: 1-5 
Category 11: 16 
Category 111: None 
Category IV: 38-43 
Category V: 50-57 
Category VI: 60, 64 

B.6.  PRIN IPAL DESIGN CRITERIA 

The principal design criteria for the containment system are 
related to both the neutron generation and radionucl-ide control func- 
tions. Examples are as follows: 

The containment system must be designed to ensure continued func- 
tional performance capability of the systems and components f o r  the 
following design basis conditions: 

- wind and tornado loadings, 
- flooding, 
- missiles, 
- dynamic effects associated with postulated pipe rupture, 
- seismic design conditions, and 
- structural design considerations for combinations of the preceding 

design basis conditions. 

The containment system must be designed to satisfy 19 C F R  100 limits, 
with the borders of the exclusion area and low population zone 
defined to extend only to the boundary of the DQE property surround- 
ing the reactor. 

Routine off-site radionuclide releases are to be limited to ALARA to 
meet the dose guidelines of 10 CFR 50, Appendix I. 

Radiation levels in the generally accessible areas of the containment 
building during power generation operations must be limited t o  ( T B D )  
mrem/h during all modes of normal plant operation; these radiation 
levels, for occupational radiation control, should permit access t o  
these areas for at least ( T B D )  hours a week. (Note: The values TBD 
should be consistent with ALARA requirements.) 

During reactor core shutdown, the radiation levels throughout the 
containment buildings are to be limited as required t o  maintain an 
overall facility population exposure to no more than (TBD) percent o f  
the 10 CFR 20 l i m i t s .  These radiation levels should permit access 
and enough time to accomplish anticipated maintenance, inspection, 
repair, and rerueling activities. (Note: The values ‘rBD should be 
consistent with ALAKA requirements.) 
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Automatic systems shall be provided to detect and extinguish fires in 
any part of the containment buildings that contain, o r  might contain, 
combustible materials. 

Provisions should be included for preventing the accumulation of 
potentially explosive mixtures of gases that may be generated o r  
released. 

The maximum design pressure for the containment design will be 
greater than the most challenging anticipated accident pressures cal- 
culated for design basis events (see Sect, A.2). 

B.6 .4  CONTAINMENT PERFORMANCE 

The design of the containment building for containment performance 
is determined by four basic considerations: (1) leak rate, ( 2 )  internal 
fission product removal, ( 3 )  fission product removal, and (4) effluent 
filtration efficiency. Each of these considerations must be addressed 
in the design of the systems and components comprising the containment 
bu i Id ing . 

There are several approaches to the design of the containment 
building; these include single containment, ventilated o r  unventilated 
or with internal ventilation, and double containment with ventilated 
outer containment o r  with ventilated outer and inner containment. The 
efficiency of these various approaches must be determined by evaluating 
the impact of various containment design parameters an the level of off- 
site doses. 

The dose limits regulating oEf-site releases for design basis 
events are specified in 10 CFR 100. A t  the specified exclusion area 
boundary, the dose limits are 25-rem whole body and a 300-rem thyroid 
dose in a 2-h period following postulated fission product release. At 
the low population zone boundary, the limit is 25-rem whole body and 
300-rem thyroid for the duration of the postulated accident. 

The evaluations performed to date for ANS indicate that a tight 
containment alone is not sufficient to assure acceptable containment 
performance; filtration and/or in-containment removal of fission prod- 
ucts are needed. The results indicate that filtration appears a most 
effective removal mechanism. The combination of tight containment and 
filtration should provide the containment performance desired and 
required for ANS. 

Numerical goals for containment functional performance have been 
tentatively set as the following: 

0 A maximum containment atmosphere leak rate of 4% of the containment 
free volume per day at containment design pressure and either of  the 
following: 



-- 99% effieient nonnoble gas nuclide (semivolatiles) removal from 
containment effluent or 

- 13OO%/h in-containment removal rate. 
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APPENDIX 1: .- 
NRC REGULATORY GUIDES THAT MAY BE APPLICABLE 

TO THE ANS PROJECT 

Division 2 - Research and Test Reactors 

Guide 
Number Title 

2.1 Shield Test Program for Evaluation of Installed Biological 
Shielding in Research and Training Reactors 

2.2 Development of Technical Specifications for Experiments in 
Research Reactors 

2.3 Quality Verification for Plate-Type Uranium-Aluminum Fuel 
Elements f o r  Use in Research Reactors 

2.4 Review of Experiments f o r  Research Reactors 

2.5 Quality Assurance Program Requirements for Research Reactors 

2.6 Emergency Planning for Research Reactors (for Comment) 
(Draft: HF 201-1 Proposed Revision 1, published 3 / 8 2 )  

, 

Division 1 - Power Reactors 

The following pages listing Regulatory Guides for power reactors 
were excerpted directly from "Screening of NRC Regulatory Guides, Stan- 
dard Review Plan Appendices, and Branch Technical Positions for Applica- 
bility to DOE Category A Reactors," by W. J. Brynda and C. E. Tanguay 
(Brookhaven National Laboratory Informal Report BNL-38524, September 
1986). These pages list the regulatory guides under the section of the 
safety analysis report (SARI that they most directly deal with. The ANS 
SAR will have the same section structure because DOE reactors follow the 
NRC Standard Format. 

"Excerpted from BNL-38524" 

16.0 CROSS-INDEX 

This section contains a cross-index between the information in this 
summary report and t h e  USNRC Division 1 Regulatory Guides (R.G.) or 
Standard Review Plant (SRP) Branch Technical Position (BTP) and Appendix 
source documents. The index is arranged according to the sections in 
the report and provides the reader with a list of the source documents 
pertinent to each of the subjects summarized. Revision levels, dates, 
and supplement designations have been omitted. 
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Should the reader desire additional information on the summarized 
reactor safety subjects, the assessments of the R.G. and SRP BTP/ 
Appendix documents considered potentially applicable to Category A 
reactors appears in consecutive order in Appendices A and 3, respec- 
tively. No attempt was made to embody all of the indepth information 
contained in each Regulatory Guide o r  Standard Review Plan source docu- 
ment into its related assessment summary. It was assumed that individu- 
als concerned with applying the safety guidelines and criteria of  the 
Regulatory Guides or SRP documents would want to scrutinize the pub- 
lished documents. 

SUMMARY 
REPORT R.C./SRP 
SECT I ON DOCUMENT DOCUMENT TITLE 

-111_ 

2. SITING 

2.1 Geography and Demography 

2.1.1 X.G. 1.91 Evaluation of Explosions 
Postulated to Occur on 
Transportation Routes Near 
Nuclear Power Plants. 

2.2 Meteorology 

2.2.1 

2.2*2 

R.G. 1.23 Onsite Meteorological 

R.G. 1.76 Design Basis Tornado f o r  

Program. 

Nuclear Power Plants. 

2.3 Hydrology 

2.3.1 R.G. 1.59 Design Basis Floods f o r  
Nuclear Power Plants. 

2.4 Geology and Seismology 

2.4.1 R.G. 1.132 Site Investigations f o r  
Foundations of Nuclear 
Power PI-ants. 

2.4.2 R.G. 1.138 Laboratory Investigations 
of Soils f o r  Engineering 
Analysis and Design o f  
Nuclear Power Plants. 

3 .  DESIGN, FARRPCATION, AND MATERIALS 

3 . 1  Classification of Systems and Structures 

3.1.1 R.G. 1.26 Quality G ~ o u p  Classifica- 
tion and Standards € o r  
Water, Steam, and Radioac- 
tive Waste-Containing Com- 
ponents of Nuclear Power 
Plants. 
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3.1.2 

3.1.3 

R.G. 1.29 Seismic Design Classifica- 

SRP 3.6.1 Protection Against Postu- 

tion. 

lated Piping Failures in 
Fluid Systems Outside Con- 
tainment. 

3.1.4 R.G. 1.117 Tornado Design Classifica- 
tion. 

3.2 Wind and Tornado Design Including Missile Protection 

3.2.1 R.G. 1.76 Design Basis Tornado for 

3.2.2 R.G. 1.91 Evaluation of Explosions 

Nuclear Power Plants. 

Postulated t o  Occur on 
Transportation Routes near 
Nuclear Power Plants. 

3.2.3 R.G. 1.115 Protection Against Low- 
Trajectory Turbine Mis- 
siles. 

3.2.4 SRP 3.5.3 Permissible Quctility 
Ratio for Overall Damage 
Prediction. 

3.3 Flood Protection and Water Level Design 

3.3.1 

3.3-2 

R.G. 1.102 

R.C. 1.125 

3 . 3 . 3  R.G. 1.135 

3 .4  Seismic Design 

3.4.1 R.G. 1.12 

3.4.2 K.G. 1.60 

3.4.3 R.G. 1.61 

3.4.4 R.C. 1.92 

Flood Protection for 
Nuclear Power Plants. 

Physical Models f o r  Design 
and Operation of Hydraulic 
Structures and Systems f o r  
Nuclear Power Plants. 

Normal Water Level and 
Discharge at Nuclear Power 
Plants. 

Instrumentation for Earth- 
quakes. 

Design Kesponse Spectra 
f o r  Seismic Design of 
Nuclear Power Plants. 

Damping Values for  Seismic 
Design o f  Nuclear Power 
Plants. 

Combining Modal Responses 
and Spatial Components in 
Seismic Response Analysis. 
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3.4.5 R.G. 1.122 Development oE Floor 
Design Response Spectra 
for Seismic Design o f  
Floor-Supported Equipment 
o r  Components. 

3.5 Design of Seismic - Structures 
3.5 .1  R.G. 1.57 Design Limits and Loading 

Combinations f o r  Metal 
Primary Reactor Contajn- 
ment Ijystern Components. 

3.5.2 R.G. 1.142 Safety-Related Concrete 
Structures f o r  Nuclear 
Power Plants (Other Than 
Reactor Vessels and Con- 
tainments). 

3.5.3 SRP 3 . 8 - 4  Interim Criteria f o r  
Safety-We1 aLed Masonry 
Wall Evaluation. 

3.6 .3  

3 .6 .4  

3.6.5 

3.6.6 

3.6 Mechanical System and Component Design 

3.6.1 SRP 3.6.2 PostulaLed R u p t u r e  Loca- 
BTP MEB 3-1  tions in Fluid System 

Fiping lnside and Outside 
Containment. 

3.6.2 SRP 3.9.3 Stress L i m i t s  f o r  ASME 
Appendix A Class 1, 2, and 3 Compo- 

nents and Component Sup- 
p o r t s  of  Safety-Related 
Systems and Class G S  Core 
Support Structures Under 
Specified Sewice h a d i n g  
Combinations. 

R.G. 1 .84  Design and Fabrjcation of  
Code Case Acceptability- 
ASME Section 111, Division 
1.  

R.G. 1.87 Guidance f o r  Constt-uctign 
of Class 1 Components in 
E 1 eva t ed -Tempe ra t u re Reac - 
tors. 

R.G. 1 .124  Service Limits and Loading 
Combinations for Class 1 
Linear-Type Component Sup- 
pores. 

R.G. 1.130 Service Limits and Loading 
Combinations f o r  Class 1 
Plate-And-Shell-Type Com- 
ponent  SupporLs 
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3.6.7 

.. 

R.G. 1.148 Functional Specification 
for Active Valve Assem- 
blies in Systems Important 
to Safety in Nuclear Power 
Plants. 

3.7 Seismic and Environmental Qualification o f  Mechanical and 
Electrical Equipment 

3.7.1 R.G. 1.40 

3.7.2 

3 . 7 . 3  

3.7.4 

3.7.5 

R.G. 1.73 

R.G. 1.89 

R.G. 1.100 

R.G. 1.131 

3 . 8  Welding and Materials 

3.8.1 R.G. 1.31 

3.8.2 

3.8.3 

R.G. 1.34 

R.G. 1.36 

3.8.4 R.G. 1.43 

3.8.5 R.G. 1.44 

Qualification Tests of 
Continuous-Duty Motors 
Installed Inside the Con- 
tainment of Water-cooled 
Nuclear Power Plants. 

Qualification Tests of 
Electric Valve Operators 
Installed Inside the Con- 
tainment of  Nuclear Power 
Plants. 

Environmental Qualifica- 
tion of Certain Equipment 
Important t o  Safety €or 
Nuclear Power Plants. 

Seismic Qualification of 
Electr ica l  Equipment for  
Nuclear Power Plants. 

Qualification Tests of 
Electric Cables, Field 
Splices and Connections 
for Light-Water-cooled 
Nuclear Power Plants. 

Control of Ferrite Content 
in Scainless Steel Weld 
Metal e 

Control of Electroslag 
Weld Properties. 

Nonmetallic Thermal Insu- 
lation €or Austenitic 
Stainless Steel. 

Control of  Stainless Steel 
Weld Cladding of Low-Alloy 
Steel Components. 

Control of  the Use of 
Sensitized Stainless 
Steel. 
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3.8.7 

3.8.8 

3.8.9 

3.8.10 

3.8.11 
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R.G. 1.50 Control of Preheat Temper- 
ature f o r  Welding of Low- 
Alloy Steel. 

for Reactor Vessel Closure 
Studs. 

R,G. 1.65 Materials and lnspections 

R.G. 1.71 Welder Qualification for 
Areas of Limited Accessi- 
bil ity. 

R.G. 1.72 Spray Pond Piping Made 
from Fiberglass-Reinforced 
Thermosetting Resin. 

Acceptability-ASME Section 
111, Division 1. 

R.G. 1.99 Effects of  Residual 
Elements on Predicted 
Radiation Damage to 
Reactor Vessel Materials. 

R.G. 1.85 Materials Code Case 

4 .  DECOMMISSIONING 

4.1 Termination 

4.1.1 R.G. 1.86 

5. REACTOR AND REACTOR COOLANT SYSTEMS 

5.1 Reactor 

5.1.1 

5.1.2 

R.G. 1.20 

SRP 4 . 2  
Appendix A 

5.1.3 R.G. 1.126 

Termination of Operating 
Licenses f o r  Nuclear 
Reactors. 

Comprehensive Vibration 
Assessment Program for 
Reactor Internals During 
Preoperational and Initial 
Startup Testing. 

Evaluation of Fuel Assem- 
bly Structural Response to 
Externally Applied Forces. 

An Acceptable Model and 
Related Statistical 
Methods f o r  the Analysis 
of Fuel DensiEication. 

5.2 Reactor Coolant and Residual Heat Removal Systems 

5.2.1 R.G. 1.2 Thermal Shock t o  Reactor 
Pressure Vessels. 

5.2.2 SRP 5.3.2 Fracture Toughness 
BTP MTEB 5-2 Requirements. 
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. 

5.2.3 

5.2.4 

5.2.5 

R.G. 1.14 

R.G. 1.45 

R.G. 1.133 

5.2.6 R.G. 1.139 

5.2.7 

5 . 2 . 8  

SRP 5.4.7 
BTP RSB 5-1 

SRP 9.2.5 
BTP ASB 9-2 

6 .  ENGINEERING SAFETY FEATURES 

6.1 Emergency Core Cooling Systems 

6.1.1 R.G. 1.1 

6.1.2 

6.1.3 

6.1.4 

6.2 Reactor Building 

6.2.1 

6.2.2 

6.2.3 

R.G. 1.82 

SRP 6.1.1 
BTP MTEB 6-1 

SKP 6.3 
BTP RSB 6-1 

Reactor Coolant Pump FLy- 
wheel Integrity. 

Reactor Coolant Pressure 
Boundary Leakage Detection 
Systems. 

Loose-Part Detection PKO- 
gram for the Primary Sys- 
tem of Light-Water-Cooled 
Reactors . 
Guidance €or  Residual Heat 
Remowal (RHR). 

Design Requirements of the 
Residual Heat Removal Sys- 
tem. 

Residual Decay Energy for 
Light-Water Reactors for 
Long-Term Cooling. 

Net Positive Suction Head 
for Emergency Core Cooling 
and Containment Heat 
Removal System Pumps. 

Water Sources for Long- 
Term Recirculation Cooling 
Following a Loss-of-Cool- 
ant Accident. 

pH for Emergency Coolant 
Water f o r  PWRs. 

Piping from the RWST ( o r  
BWST) and Containment 
Sump(s) t o  the Safety 
Injection Pumps. 

R.G. 1.7 Control of Combustible Gas 
Concentration in Contain- 
ment Following a Loss-of- 
Coolant Accident. 

SRP 6.2.5 Description of Combustible 
Appendix A Gas Analyzer Program. 

R.G. 1.11 Instrument Lines Penetrat- 
ing Primary Reactor Con- 
t a inmen t . 



38 
"Excerpted from BNL-38524" 

6.2.4 R.6, 1.63  

6.2.5 R.G. 1.141 

6 . 2 . 6  SRP 6.2.1.5 
RTP CSB 6-1 

6 . 3  ESF Ventilation Svstem 

Electric Penetration 
Assemblies in Containment 
Structures for Light- 
Water-cooled Nuclear Power 
Plants. 

Containment Isolation Pro- 
visions f o r  Fluid Systems. 

Minimum Containment Pres- 
sure Model f9r PWR ECCS 
Performance Evaluation. 

6.3.1 K.G. 1.52 

7. INSTRUMENTATION AND CONTROL 

Design, TesLing, and Main- 
tenance Criteria for P o s t -  
Accident Engineered- 
Safety-Feature Atomsphere 
Cleanup System Air Filtra- 
tion and Adsorption Units 
f a  P L i gh t -W a t. e r -Coo 1 e d 
Nuclear Power Plants. 

7.1 Protection Systems and Safetv-Related 1nstrumenta.tion 

7.1.1 

7.1.2 

7.1.3 

7.1.4 

7.1.5 

7.1.6 

7.1.7 

R.G. 1.22 

SRP 
Appendix 7-A 
BTP ICSB 22 

R.G. 1.47 

SRP 
Appendix 7-A 
BTP ICSB 21 

SRP 
Appendix 7-A 
BTP ICSB 4 

SRP 
Appendix 7-A 
BTP ICSB 3 

R.G. 1.53 

Periodic Testing of Pro-  
tection System Actuation 
Functions. 

Guidance for Application 
of Regulatory Guide 1.22. 

Bypassed and Inoperable 
Status Indicat-ion f o r  
Nuclear Power Plant Safety 
Systems. 

Guidance for Application 
o f  Regulatory Guide 1.47. 

Requirements of Motur- 
Operated Valves in the 
ECCS Accumulator 1.; n e s  a 

[solation of Low Pressure 
Systems from the High 
Pressure Reactor  C o o l a n t  
System. 

Application of the Single- 
Failure Criterion to 
Nuclear Power  Plant Pro-  
tection Systems. 
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7.1.8 

7.1.9 

7.1.10 

7.1.11 

7.1.12 

7.1.13 

7.1.14 

7.1.15 

7.1.16 

7.1.17 

7.1.18 

7.1,19 

7.1.20 
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SRP 
Appendix 7-A 
BTP ICSB 14 

R.C. 1.62 

SRP 
Appendix 7-A 
BTP ICSB 12 

SUP 
Appendix 7-A 
BTP ICSB 26 

R.G. 1.75 

R.C. 1.97 

SRP 
Appendix 7-A 
BTP ICSB 20 

R.G. 1.105 

R.G. 1.118 

R.G. 1.151 

R.G. 1.152 

R.G. 1.153 

SRP 7.1, 
Appendix A 

Spurious Withdrawals of 
Single Control Rods in 
Pressurized Water 
Reactors. 

Manual Initiation of  Pro- 
tective Actions. 

Protection System Trip 
Point Changes € o r  Qpera- 
tion with Reactor Coolant 
Pumps Out of Service, 

Requirements for Reactor 
Proteccion System Antici- 
patory Trips. 

Physical Independence of 
Electric Systems. 

Instrumentation for Light- 
Water-cooled Nuclear Power 
Plants and Environs - Con- 
ditions During and Follow- 
ing an Accident. 

Design of  Instrumentation 
and Controls Provided to 
Accomplish Changeover from 
Injection to Recirculation 
Mode. 

InsLrurnent Set Points. 

Periodic Test.ing of Elec- 
tric Power and Protection 
Systems 

Instrument Sensing Lines. 

Criteria f o r  Programmable 
Digital Computer System 
SoEtware in Safety-Related 
Systems of Nuclear Power 
P1 ant s I )  

Criter ia  For Power, 
Instrumentation, and Con- 
t r o l  Portions of Safety 
Systems. 

Acceptance Criteria and 
Guidelines f o r  Instrumen- 
tation and Control Systems 
lmportant to Safety. 
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7.1.21 

8. ELECTRIC POWER SYSTEMS 

8 . 1  Class 1 E  Electric 

8.1.1 

8.1.2 

8.1.3 

8,1.4 

8.1.5 

8.1.6 

8.1.7 

8.1.8 

8.1.9 

8.1.10 

SRP 7 . 1 ,  Guidance for Evaluation of 
Appendix B Conformance to I E E E  STD 

279. 

Power Systems 

R.G. 1 . 6  Independence Between 
Redundant Standby (Onsite) 
Power Sources and Between 
Their Distribution Sys- 
tems. 

R.GI 1.9 Selection, Design, and 
Qualification of  Diesel- 
Generator Units Used A s  
Standby (Onsite) Electric 
Power Systems at Nuclear 
Power Plants. 

SRP Criteria for Alarms and 
Appendix 8-A Indications Associated 
BTP PSB 2 with Diesel-Generator Unit 

Bypassed and Inoperable 
Status. 

R.G. 1.32 Criteria for Safety- 
Re1 aced Electric Power 
Systems f o r  Nuclear Power 
Plants. 

SRP Adequacy of Station Elec- 
Appendix 8-A tric Distribution System 
BTP PSB P Voltages. 

R.G. 1.41 Preoperational Testing of 
Redundant Onsite Electric 
Power Systems to Verify 
Proper Load Group Assign- 
men t. s . 

R.G. 1.81 Shared Emergency and Shut- 
down Electric Systems f o r  
Multi-Unit Nuclear Power 
Plants I 

R.G. 1.93 Availability of Electric 
Power Sources. 

R.G. 1.106 Thermal Overload Protec- 
tion for Electric Motors 
on Motor-Operated Valves. 

SRP Application of the Single- 
Appendix 8-A Failure Criterion t o  
BTP ICSB 18 Manually-Controlled Elec- 

trically-Operated Valves. 
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8.1.11 

8,1,12 

8.1.13 

R.G. 1.108 Periodic Testing of Diesel 
Generator Units Used As 
Onsite E1ectri.c Power Sys- 
tems at Nuclear Power 
Plants 

Installation of Large Lead 
Storage Batteries for 
Nuclear Power Plants, 

R.G. 1.128 Installation Design and 

R.G. 1.129 Maintenance, Testing, and 
Replacement of Large Lead 
Storage Batteries for 
Nuclear Power Plants, 

9. AUXILIARY SYSTEMS 
9.1 Steam Generators, Auxiliary Feedwater Systems, and t h e  

Ultimate Heat Sink 

9.1.1 

9.1.2 

9.1.3 

9.1.4 

9.1.5 

R.G. 1.27 Ultimate Heat Sink for 

SRP Design Criteria for  Auxi- 
Appendix 7-A liary Feed-water System. 
BTP ICSB 13 

SRP 10.4.9 Design Guidelines f o r  
BTP ASB 10-1 Auxiliary Feed-water Sys- 

Nuclear Power Plants. 

tem Pump Drive and Power 
Supply Diversity for Pres- 
surized Water Reactor 
Plants a 

SRP 10.4.7 Design Guidelines for 
BTP ASB 10-2~ Avoiding Water Hammer in 

SRP 5.4.2.1 Monitoring of Secondary 
BTP MTEB 5-3 

I 
I Steam Generators. 
I 

Side Chemistry in PWR 
Steam Generators. 

9.2 Diesel Fuel Systems and Reactor Fuel Handling and Storage 
Systems 

9.2.1 R.G. 1.13 Spent Fuel Storage Facil- 
ity Design Basis. 

'. 

9.2.2 

9 . 2 . 3  

R.G. 1.137 Fuel Oil Systems f o r  

SRP 3 . 8 . 4  Technical Position on 
Appendix D Spent Fuel Poo l  Racks. 

Standby Diesel. Generators. 
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9.3 __I. Hazardous Gas Protection and Normal Ventilation Filtration -. 

Svs t ems 

9.3.1 R.G. 1.95 

9.3.2 R.G. 1.140 

9.4 Fire Protection Systems 

Protection o f  Nuclear 
Power Plant Control Room 
Operators Against an Acci -  
dental Chlorine Release. 

Design, Testing, and Main- 
tenance Criteria f o r  Nor- 
mal Ventilation Exhaust 
S y s t e m  Air Filtration and 
Adsorpt:iun Units o f  Light -  
Water-Cooled Nuclear Power 
Plants. 

9.4.1 R.G. 1.120 

9.4.2 SRP 9.5.1 
BTB CMEB 
9.5-1 

Fire Protection Guidelines 
f o r  Nuclear Power Plants. 

GuideAi-nrs f o r  Fire Pro- 
tection f o r  Nuclear Power 
Plants. 

10. RADIOACTIVE WASTE MANAGEMENT 

10.1 Radioactive Waste (Radwaste) Systems 

10.1.1 

10.1.2 

10.1.3 

10.1.4 

10.1.5 

K.G. 1.110 

R.G. 1.143 

SRP 11.4 
BTP ETSB 
11-3 

SRP 11.3 
BTP ETSB 
11-5 

SRP 11.4 
Appendix 
11.4-A 

Cost-Benefit Analysis f o r  
Radwaste Systems f o r  
L i g h t -- Wa t e r - C o o 1 e d Nu c 1 ear 
Power Reactors. 

Design Guidance f o r  Radio- 
a c t i v e  Waste Management 
Systems, Structures, and 
Components Installed in 
Light - Wa t e r-Cool e d  Niic 1 ear 
Power Plants. 

Design Guidacce f o r  Solid 
Radioactive Waste Manage- 
ment Systems I n s t a l l e d  in 
L i g h t -bJd t e r - co 0 1 e d Nuc 1. e a r 
Power  Plants. 

Postulated Releases D m  to 
a Waste Gas S y s t e m  Leak or 
Fai  lure. 

Design  Guidance for Tem- 
p o r a r y  Onsite Storage o f  
Lou Level Radioaclive 
Waste. 
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10.1.6 SRP 11.5 Design Guidance f o r  Radio- 
Appendix logical Effluent Monitors 
11.5-A Providing Signals f o r  Ini- 

riating Termination of 
Flow or Other Modification 
of Effluent Stream Proper- 
ties. 

11. RADIATION PROTECTION 

11.1 Radiation Protection Methods 

11.1.1 R.G. 1.21 

11.1.2 

11.1.3 

11.1.4 

11.1.5 

R . G .  1.69 

R.G. 1.109 

R.G. 1.111 

R.G. 1.113 

12. CONDUCT OF OPERATIONS 

12.1 Qualification and Training 

12.1.1 R.G. 1.8 

12.1.2 R.G. 1.134 

Measuring, Evaluating, and 
Reporting Radioactivity in 
Solid Wastes and Releases 
of Radioactive Materials 
in Liquid and Gaseous 
Effluents from Light- 
Water-Cooled Nuclear Power 
Plants 

Concrete Radiation Shields 
for Nuclear Power Plants. 

Calculation o f  Annual 
Doses t o  Man from Routine 
Releases of Reactor Efflu- 
ents f o r  the Purpose of 
Evaluating Compliance with 
10 CFR Part 50, Appendix 
I. 

Methods for Estimating 
Atmospheric Transport and 
Dispersion of Gaseous 
Effluents i n  Routine 
Releases from Light-Water- 
Cooled Reactors. 

Estimating Aquatic Disper- 
sion of Effluents from 
Accidental and Routine 
Reactor Releases for the 
Purpose of Implementing 
Appendix I. 

Qualification and Training 
of Personnel fur Nuclear 
Power Plants. 

Medical Eval.uation of 
Nuclear Power Plant Per- 
sonnel Requiring Operator 
Licenses. 
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12.2 Operational Conduct 

12.2.1 R.G. 1.114 Guidance on Being Operator 
at. the Controls of a 
Nuclear Power Plant. 

12.3 Emergency Preparedness 

12.3.1 R.G. 1.101 Emergency Planning and 
Preparedness for Nuclear 
Power Reactors. 

13. INITIAL TEST PROGRAM 

13.1 General Guidance for Initial Test Programs 

13.1.1 R.G. 1.68 Initial Test Programs for 
Water-cooled Nuclear Power 
Plants .) 

13.2 Specific Initial and Preoperational Tests 

13.2.1 

13.2.2 

13.2.3 

13.2.4 

R.G. 1.168.2 Initial Startup Program to 
Demonstrate Shutdown Capa- 
bility for  Water-cooled 
Nuclear Power Plants. 

R.G. 1.168.3 Preoperational Testing of 
Instrument and Control A i r  
Systems. 

Emergency Core Cooling 
Systems for Pressurized 
Water Reactors. 

R.G. 1.79 Preoperational Testing of 

R.G. 1.41 Preoperational Testing of 
Redundant Onsite Electric 
Power Systems to Verify 
Power Load Assignments. 

14. ACCIDENT ANALYSIS 

14.1 Reactor Power Level 

14.1.1 R.G. 1.49 Power Levels for Nuclear 
Power Plants. 

14.2 Postulated Accidents, Diffusion Models, and AssumEions --- 

14.2.1 R.G. 1.145 Atmospheric Dispersion 
Models for Potential Acci- 
dent Consequence Assess- 
ments at Nuclear Power 
Plants. 
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14.2.2 

14.2.3 

14.2.4 

14.2.5 

14.2-6 

14.2.7 

R.G. 1.4 Assumptions Used for Eval- 
uating the Potential 
Radiological Consequences 
o f  a Loss-of-Coolant Acci- 
dent f o r  Pressurized Water 
Reactors, 

SRP 15.6.5 Radiological Consequences 
Appendix A of a Design Basis Loss-of- 

Coolant Accident: Including 
Containment Leakage Con- 
t ri but ion. 

SRP 15.6.5 Radiological. Consequences 
Appendix B of a Design Basis Loss-of- 

Coolant Accident: Leakage 
from Engineered Safety 
Feature Components Outside 
Containment. 

R.G. 1.77 Assumptions Used for Eval- 
uating a Control Rod Ejec- 
tion Accident f o r  Pressur- 
ized Water Reactors. 

Spectrum of R Q ~  Ejection SBP 15.4.8 
Appendix A Accidents (PWR).  

SRP 15.1.5 Radiological Consequences 
of Main Steam Line Fail- 
ures Outside Containment 
of  PWR. 

R.G. 1.24 Assumptions Used for Eval- 
uating the Potential Con- 
sequences of a Pressurized 
Water Reactor Gas Storage 
Tank Failure. 

R.G. 1.25 Assumptions for Evaluating 
the Potential Consequences 
of a Fuel Handling and 
Storage Facility f o r  Boil- 
ing and Pressurized Water 
Reactors e 

R.G. 1.78 Assumptions f o r  Evaluating 
the Habitability of a 
Nuclear Power Plant Con- 
tpol Koom During Postu- 
lated Hazardous Chemical 
Releases. 
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15. QUALITY ASSURANCE 

15.3 General 

15.3.1 

15.3.2 

15.3.3 

15.3.4 

R.G. 1.44 

R.G. 1.88 

R.G. 1.144 

R.G. 1.146 

15.4 Design and Construction 

15.4.1 R.G. 1.28 

15.4.2 R.G. 1.64  

15.4.3 R.G. 1.123 

15.4.4 K.G. 1.38 

15.4.5 R.G. 1.39 

Quality Assui-anee Terms 
and Definitions. 

Collection, Storage, and 
Maint.enance of Nuclear 
Power Plant Quality Assur- 
ance Records. 

Auditing of  Quality Assur- 
ance Programs for Nuclear 
Power Plants. 

Qualification of Qual$ ty 
Assurance Program A u d i t  
Personnel for Nuclear 
Power P l a n t s  

Quality Assurance Program 
Requirements (Design and 
Construction). 

Quality Assurance Require- 
ments fat the Design of 
Nuclear Power Plants. 

Quality Assurance Require- 
ments For Control of Pro- 
curement of  Items and Ser- 
vices f o r  Nuclear Power 
Plants 

Quality Assurance Require- 
m e n t s  f o r  Packaging? Ship- 
ping, Receiving, Storage, 
and Handling of Items for 
Water-Cooled Nuclear Power 
Plants. 

Housekeeping Requi rernents 
f OT Water-Cooled Nuclear 
Power Plants. 

15.4.4 Installation, Inspection, and Testing 

15.4.6.1 R.G. 1.58 Qualification of Nuclear 
Power  Plant Inspection, 
Examination, and Test Per- 
sonnel. 

15.4.6.2 R.G. 1 - 3 0  Quality Assurance Require- 
rrrerits f o r  the Installa- 
tion, Inspection, and 
Testing of  Instrumentation 
and Electric EquipmeriC. 
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15.4.6.3 R.G. 1.94 

15.4.6.4 R.G. 1.116 

15.4.7 R.G. 1.37 

15 .5  Operations 

15.5.1 R.G. 1.33 

15.5.2 Inservice Inspection 

15.5.2.1 R.G. 1,150 

15.5.2.2 R.G. 1.83 

15.5.2.3 R.G. 1.147 

"Excerpted from BNL-38524" 

Quality Assurance Require- 
ments f a r  Installation, 
Inspection, and Testing of 
Structural Concrete and 
Structural Steel During 
the Construction Phase of 
Nuclear Power Plants. 

Quality Assurance Require- 
ments for Installation, 
Inspection, and Testing of 
Mechanical Equipment and 
Systems. 

Quality Assurance Require- 
ments for Cleaning of 
Fluid Systems and Associ- 
ated Components of Water- 
Cooled Nuclear Power 
Plants. 

Quality Assurance Program 
Requirements (Operations). 

Ultrasonic Testing of 
Reactor V e s s e l  Welds Dur- 
ing Preservice and Inser- 
vice Examinations. 

Inservice Inspection of 
Pressurized Water Reactor 
Steam Generator Tubes. 

Inservice Inspection Code 
Case Acceptability-ASME 
Section XI, Division 1. 

-. 
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APPENDIX I1 

A. 

RADIATION STANDARDS FOR PROTECTION OF THE PUBLIC 
IN THE VICINITY OF DOE FACILITIES 

DOSE LIMITS 

1. All Pathways 

The effective dose equizalent for any member of the public from all 
routine DOE operations (natural background and medical exposures 
excluded) shall not exceed the values given below. 

Effective dose equivalent $ 
Length of exposure [mrem/year (mSv/year) ] 

Occasional annual exposure 
Prolonged period of exposure 

500 ( 5 )  
1c3 (1) 

No individual organ shall receive a committed effective dose equiva- 
lent of 5 rem/year (50 mSv/year) o r  greater. 

2 .  Air Pathway Only (Limits of 40 CFR 61, Subpart H) 

Type of  exposure 

Whole-body dose 
Any organ 

B. ACTION LEVELS 

Effective dose equivalent 
[ mrem/year (mSv/year ) ] 

25 (0.25) 
75 (0.75) 

1. To preclude an individual in the general poputation from receiving 
more than lOO-mrem/year effective dose equivalent, a DOE administra- 
tive action level is established at 25 mrem/year (excluding medical 
and natural background exposures) for its routine operations. This 
dose value is not a limit but an administrative threshold that will 
require a specific evaluation of the magnitude of identifiable 
exposures t o  an exposed individual by the responsible DOE field 
office. A copy of the investigation report will be transmitted t o  

-2 
Routine DOE operations mean normal, planned operations and do not 

*Effective dose equivalent will be expressed in rem (or millirem), 
with the corresponding value in sievert (or rnillisievert) in paren- 
thesis. 

include actual or potential accidental o r  unplanned releases. 
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the relevant Program Office(s) and the Deputy Assistant Secretary 
€or Environment, Safety and Health, PE-20. 

2 .  To preclude exceeding the air pathway limits i.n item A.2 above, 
field offices shall notify the relevant program office and EN-1Q of 
calculated or anticipated doses to individual members of  t he  pogula- 
tion in excess of one-half the specified dose equivalent: limit 
(12.5 mrern). 

C, AS LOW AS REASONABLY ACHIEVABLE (ALARA) 

Field offices and contractors shall implement programs to assure 
that exposures resulting from DOE operations to m e m t e r s  of the public 
are maintained ALARA. The ALARA programs shall be documented. Each 
field office shall periodically audit contractor ALARA programs and con- 
tractor progress in attaining ALARA conditions. Assessments of ALARA 
must include best estimates of actual effective dose equivalent t.a indi- 
vidual members of the populations as well as collective dose equivalent 
to a distance of 80 km from the site. 

13. DEMONSTRATION OF COMPLIANCE 

Demonstration of compliance with these criteria shall normally be 
done by the following procedure: 

a. Calculation of external exposure and internal intakes by use of 
effluent data and environmental pathway models approved by the 
Office of Operational Safety, EH, and/or environmental measurements. 

b. Calculation of total effective dose equivalent using the Draft Final 
Committed Dose Equivalent Tables. 

For DOE facilities with airborne releases subject to 40 CFH 61, 
Subpart H, the AIRDOS-EPA model must be used except a s  otherwise 
approved by EPA. Compliance will be determined by calculation of the 
dose to members of the public at the paint of maximum annual concentra- 
tion in an unrestricted area where any member of the public resides o r  
abides. 

E. ACCIDENTS 

The exposure limits given above are for routine DOE operations and 
are not intended f o r  use as criteria to evaluate the acceptability of 
postulated accidents. Planning for the prevention or mitigation of 
accidents and their effects shall be accomplished i n  accordance with the 
requirements of DOE 548Q.1A9 Chapter V, "Safety of Nuclear Facilities," 
and Chapter VI, "Safety of Department of Energy-Owned Reactors." 
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F. APPLICABLE DEFINITIONS 

. The following definitions are derived from ICRP Publication No. 42 
(1984). 

Dose equivalent - The product of the absorbed dose (in rads) in the 
tissue of interest, a quality factor (specified by t h e  ICRP), and any 
other modifying factors specified by the ICRP. 

Effective dose equivalent - A quantity defined b y  the SUIFI 

where WT is the weighting factor 
production of the stochastic risk 
to the total risk when the whole 

specified by the ICRP to represent the 
resulting from irradiation of tissue T 
body io irradiated uniformly and H, is 

the mean dose equivalent in tissue T. 
nal sources. 
in preparing the Draft Final Committed Dose Equivalent Tables. 

)IT may be from external or inter- 
Values of WT have been specified by the ICRP and were used 

Committed dose equivalent - The time integral of the dose-equiva- 
lent rate in a particular tissue following an intake of radioactive 
material into the body. In keeping with ICRP recommendations, this 
period is set at 50 years €or DOE. 

Committed effective dose equivalent - The sum of the committed dase 
equivalents to individual tissues resulting from an intake, each multi- 
plied by the appropriate weighting factor WT. 

Collective effective dose equivalent - The collective effective 
dose equivalent is equal  to the  integrated sum of individual effective 
dose equivalents times the number of individuals exposed, For  purposes 
of this directive only, the collective effective dose equivalent shall 
be truncated at 80 km distance from site boundaries arid at SO years Eol- 
lowing each year's release. 

G. EFFECTIVE DATE 

These criteria shall be used for a l l  DOE dose calculations effec- 
tive July 1, 1985, including annual summary reports f a r  CY 1985 and sub- 
sequent years. 
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APPENDIX 111 

TEXT OF GENERAL DESIGN CRITERIA 
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A P P m I X  A-43EWXE-U. DESI6R 
mXTEIlXA POR NUCLEhR PO- €"S 
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............................................................. 
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Mcnilcnr?ng Radioacbvity 

I(RPRODWePI0I 

Pursuant to the provisions of 450.34. 811 
application for 8 construction permit must 
Include the principal design criteria for a 
proposed fwbcility. The principal design crfte- 
llln establish the necessary design, fabrica- 
tion. construction, testing, and performance 
requirements for ~tructures, systems, and 
components important to safety; that is. 
structures. systems, and camponents th4t 
provide reasonable w l d m c e  that the faeili- 
ty a n  be operated without undue risk ta 
the health and safety of the public. 

These Oeneral Design Criteria establish 
minimum requirements for the principal 
deslgn criteria for water-cooled nuclear 
power plants slmtlar im design and location 
to plants for which construction permits 
have been hued by the Commission. T h e  
General. Design Criterix. are r&.o considered 
to be generally applicable to other types of 
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Part 50, App. A 
nuclear power unlts and are *tended to 
provide guidance in establishing the prfnci- 
pal design criteria for such other units. 

The development of these Genefal Design 
Criteria is not yet complete. For example. 
some of the deftnftions need further ampli- 
fication. Also, some of the specific design re- 
quirements for structures, systems. and 
components lmportant to safety have not as 
yet been suitab!y defined. Their omission 
does not relieve any applicant from consid- 
ering these matters in the design of a specif- 
ic facility and satisfying the n-ry 
safety requirements. These matters include: 

(1) Consideration of the need to desim 
against a l p  failures of passive compo- 
nents in fluid systems important to safety. 
(See Definition of S a l e  Failure.) 

(2) Consideration of redundancy and di- 
versity requirements for fluid systems im- 
portant to safety. A "system" could consist 
of a number of subsystems each of which is 
separately capable of performing the s m i -  
fied system safety function. The minimum 
ecceptable redundancy and diversity of sub- 
systems and components within a sulxsys- 
tem, and the required interconnection and 
independence of the subsystems have not 
yet been developed or defined. (See Criteria 
34, 35. 30. 41, and 44.) 

(3) Consideration of the type, siz;e. and ori- 
entation of possible breaks in components 
of the reactor coolant pressure boundary m 
determining design requirements to suitably 
protect against postulated la-of-coolant 
widents.  (See Definition of Lass of Coolant 
Accidents.) 

(4) Consideration of the possibility of sys- 
tematic, nonrandom. concurrent failures of 
redundant elements in the design of protec- 
tion systems and reactivity control systems. 
t6ee Criteria 22, 24, 26, and 29 ) 

It 15 expected that the criteria will be a u g  
mented and changed from time to tIme 86 
Important new requirements for these and 
other features are developed. 

There will be some water-cooled nuclear 
power plants for which the General De8ign 
Criteria are not df fc ien t  and for which ad- 
ditional criteria must be identifled and atis- 
fied in the interest of public safety. In par- 
ticular. it is expected that additional or dif- 
ferent criteria will be needed to take hto &c- 
count unusu8l sites and envlmnmentlll Eon- 
dltlons, and for water-cooled nuclear power 
units of advanced design. Also, there may be 
water-cooled nuclear power unlts for which 
fulfillment of some of the General Design 
Criteria may not be necesslary or appropri- 
ate. For plants such as these, departures 
from the General Design cr"teria must be 
identified and justified. 

DE€'IRITIOIS AND KXPLANATIONS 

Nuclear power unit A nuclear power udt 
means a nuclear power reactor and asso~iat- 
ed equipment neassary for electric power 

10 CFR Ch. I(1-1-87 Edition) 

generation and includes those structures, 
systems. and components required to pro- 
vide reasonable 8ssurance the facility can be 
operated without undue r'ik to the health 
and safety of the public. 
tars of cooZunL accidents. Loss of coolant 

&dents mean those postulated accidents 
that result from the lw of reactor coolant 
at a rate in excess of the capability of the 
reactor coolant makeup system from breaks 
in the reactor coolant pressure boundary, 
up to and including a b r e d  equivalent m 
E&& to tbe double-ended rupture of the larg. 
est pipe oi the rcIctof coolant system. 

Single failure. A m e  failure means an 
occurrence which results in the loss of cap&- 
bflity of a component to perform its htend- 
ed safety functions. Multiple failures result- 
h g  from a single occurrence are considered 
to be a single failure. Fluid and electric sys- 
tems are conzidered ta be designed against 
an assumed single failure i f  neither (1) a 
single failure of any active component (M- 
sumlng passive components function proper- 
ly) nor (2) a single faflure of a w i v e  com- 
ponent (assuming active components fune- 
tion properly). results In a loss of the capa- 
bility of the system to perform its safetr 
functions. 8 

Anticipated operational occurrences. An- 
ticipated operational Occurrences mean 
those conditions of normal operation which 
are expected to occur one or more times 
during the life of the nuclear power unit 
and include but are not I i t e d  to loss of 
power to all recirculation pumps, tripping of 
the turbine generator set. tsolation of the 
main condenser, and loss of all offsite 
power. 

CRITERIA 

I. O v e d  Requimnents 

(Interion 1-Quality standand3 and 
reco&. Structures. systems, and compo- 
nents important to sdety shall be designed. 
frbricnted, erected, and tested to quahty 
standards commensurate with the impor- 
tance of the safety functions to be per- 
farmed. Where generally recognjzed codes 
urd s tandarb are used, they shall be identi- 
fled and evaluated to determine their appli- 
cability, rdequp~y. and gufflciency and shall 

1 Further details relating to the type. size, 
and orientation of postulated breaks In spe- 
clflc components of the reactor coolant 
pressure boundary are under development. 

8 S-le failures of passive components in 
electric systems should be sssumed in de- 
~igntng against P single failure. The candi- 
tiom under which a single failure of a pas- 
sive component in a fluld system should be 
considered In designlng the system agamt a 
single fallure rue under development. 
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supplemented or modified I L ~  necessary to 
assure a quallty product Ln keeping with the 
repuired safety function. A quality wur- 
rnce program shall be established and im- 
plemented in order to provide adequate as- 
surance that these structures, SYS~~IIIS, and 
components will satisfactorily perform their 
safety functions. Appropriate records of the 
design, fabricstion. erection, and testing of 
dructures, systems, and components impor- 
tant to safety shall be rnaintatned by or 
under the control of the nuclear power unit 
licensee throughout the life of the unit. 

Criterion 2 - M g 7 i  bases for pmtectton 
against natural phenomena. Structures, sys- 
tems. and components important to safety 
shall be designed to withstand the effects of 
natural phenomena such as earthquakes. 
tornaddoes, hurricanes, floods, tsunami. and 
withes without loss of capabFlity to perform 
their safety functions. The design bases for 
these structures, system, and components 
&dl reflect: (1) Appropriate consideration 
of the most severe of the natural phenom- 
ena that have been historically reported for 
the site and surrounding area, with suffi- 
cient margin for the limited accunrcy. quan- 
tity, and period of time In whlch the hlstorl- 
cal data have been accumulated, (2) appro- 
prfate combinations of the effects of normal 
md accident conditions with the effects of 
the naturcll phenomena and (3) the impor- 
tance of the safety functions to be per- 
formed. 

Criterion 3-Ftre protection Structures. 
systems, and  components important to 
safety shall be designed and located to mini- 
mize, consistent with other safety requlre- 
ments. the probabtlity and effect of fires 
and explosians. Noncombustible and heat 
resistant materials shall be used wherever 
practical throughout the unit, particularly 
in locations such bs the contahment and 
control room. Fire detection and flghting 
systems of appropriate capacity and capabil- 
Ity shall be provided and designed to nnini- 
mlze the adverse effects of flres on struc- 
tures, systems, and components important 
to safety. Firefighting systems shall be de- 
signed to m u r e  that their rupture or Inad- 
vertent operation does not significantly 
Impair the safety capability of these struc- 
tures, system. and components. 

Criterion 4-Environmentnl and missile 
desim bases. Structures. systems. and com- 
ponents important to safety shall be de- 
signed to accommodate the effects of and to 
be compatible with the environmental con- 
ditions Rssociated with normal operatlon. 
maintenance, testing, and postulated accl- 
dents, including loss-ofcoolant accidents. 
These structures. system, and components 
shall be appropriately protected ngalnst dy- 
namlc effects. including the effects of mls- 
siles, pipe whipping, and discharging fluids, 
that may result from epuipment failures 
and from events md conditions outside the 

nuclear power unit. However. the dynamic 
effects assodated with postulated pipe rup 
tures of primary coolant Imp piping in pres- 
surized water reactors may be excluded 
from the design basis when analyses demon- 
drate the probabfllty of rupturing such 
piping h extremely low under design basis 
condl tiom. 

Criterion 5-Sharing of structures, ws- 
km..?, and components. Structures, systems. 
and components important to safety shall 
not be shared among nuclear power units 
unless It  can be shown that  such sharing 
will not sfgnlficantly impair their abillty to 
perform thelr safety functlons, including. in 
the event of an ={dent In one unit, en ar- 
derly shutdown and cooldoom of the re- 
malnlne units. 

II. Protection (ry MuIttple Fission Product 
Baniera 

Criterion lO--Reactor deipn. The reactor 
core and associated coolant, control, and 
protection systems shall be designed with 
appropriate margin to &sure that specified 
nmeptable fuel design IImlts are not exceed- 
ed during a n y  condition of normal oper- 
stlon. including the effects of anticipated 
operational occurrences. 

Criterion 11-Reactor inherent protection 
The reactor core and Bssaciated coolant sys- 
tems shall be designed so that In the power 
operating range the net effect of the 
prompt inherent nuclear feedback charac- 
teristics tends to compensate for a rapid in- 
cresse in reactivity. 

Criterion 12-Suppression of nactor 
power oscillations. The reactor core and as- 
sociated coolant, control, and protection sys- 
tems shall be designed to assure that power 
oscillations whlch can result in conditions 
exceeding speclfied acceptable fuel deslm 
umlts are not possible or can be reliably and 
readily detected and suppressed. 

Crikrion 13-1mtmmentation and con- 
tmL Instrumentation shall be provided to 
mollitor VarlEbleS m d  systems over thelr an- 
tlclpated ranges for normal operation. for 
antlcipated operatlonal occurrences, and for 
miden t  conditions as appropriate to w u r e  
adequate safety. including those variables 
and systems that can affect the fission proc- 
ess, the integrity of the reactor core, the re- 
actor coolant pressure boundary, and the 
contahment and  i t s  sssociated systems. Ap- 
propriate controls shall be prob-ided to 
maintain these variables and systems withm 
prescribed operating ranges. 

Critenon 14-Reactor coolant pressure 
boundary. The reactor coolant pressure 
boundary shall be designed, fabricated. 
erected, and tested 60 as to have an ex- 
tremely low probability of abnormal leak- 
we.  of rapidly propagating failure. and of 
gross rupture. 
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. ?art 58, App. A 
Criterion 15-Remtor eoolant tyrtem 

design, The reactor coolant system and asso- 
ciated auxiliary. control, and protection sys- 
tems shall be designed w i t h  sufficient 
taargln to w u r e  that the design conditions 
of the reactor coolant pressure boundary 
we not exceeded durinp. m y  condition of 
norms) operation. including anticipated 
0peratjona.I occurrences. 

CriLenon 16-CvnLainment desigrr. Rew- 
tor containment and 8sEociated systems 
ahall be provided to establish an essential!y 
leak-tight tmrrier against the uncontrolled 
releese of rsdiooctldty to the envhonment 
snd to twure that the containment desisi 
mnditions important to safety are not ex- 
ceeded for 86 long as postulated accident 
atnditions require. 

CliLerion 17-Electric power s 2 ) s : m .  An 
onsite electric power system and an offsite 
electric power system shall be provided to 
permlt functioning of structures, systems. 
and components important to d e t y .  The 
safety function for each system (assuming 
the other system 15 not functioning) shall be 
to provide sufficient capacity and capability 
to a su re  that (1) specified acceptable fuel 
design limits and design conditions of the 
reactor coolant pressure boundary are not 
exceeded as a result of anticipated opcr- 
ational Occurrences and (2) the core i s  
cooled and containment integrity and other 
vital functions Ere maintained in the event 
of postulated accidents. 

The onsite electric power supplies, includ- 
irpg the batteries, and the onsite electric dis- 
tribution system, shall have sufficient inde- 
pendence, redundancy, and testability to 
perform their safety functions assuming a 
single failure. 

Electric power from the transmission net- 
work to the onsite electric distribution 
system shall be supplied by two physically 
independent circuits (not necessarily on sep- 
arate rights of way) designed and located sc 
ss torn inhm to the extent practfcal the 
likelihood of their simultaneous failure 
under operating and postulated accident 
and environmental conditlom. A switchyard 
wrnmon to both circuits Is acceptable. Each 
of these circuits shall be designed to be 
available in sufficient time following a loss 
of all onsite alternating current power s u p  
plies and the other offsite electric power clr- 
cult. to m u r e  that specified acceptable fuel 
design limits and design conditions of the 
rewtor coolant pressure boundary are not 
exceeded. One of these circuits shall be de- 
signed to be available within n few eeconds 
following a loss-ofcoolant sccident to assure 
that core cooling, containment integrity. 
and other v i ta l  safety functions are main- 
talned. 

Provisions shall be included to minimize 
the probability of losing electric power fron 
m y  of the remaining supplies 88 n result of, 
or coincident with. the loss of power gener- 

10 CFR Ch. I(1-1-07 Edition) 

eted by the nuclear power u d t ,  the loss of 
power from the transmission network, or 
the loss of power from the onsite electnc 
power supplies. 

CnterLon 1B-hspection ond testing of 
electric power systems. Electnc power sys- 
tems important to Wety shall be desigled 
to permit eppropnete periodic inspection 
and testing of important 8rmb and features. 
such BS wiring, Insulation, connections. and 
switchboards. to assess the continuity of the 
systems and the conaftion of their compo. 
nents. The systems shall be designed with a 
cnpabillty to test penodlcally (1) the oper- 
ability and functional performance of the 
mmponents of the sy~tems. such as onsite 
power sources, relays. svntches, and b u s ,  
snd (2) the operability of the systems 8s a 
whole and, under conditions as close ta 
design as prnctical, the full operation be. 
suence that brings the systems into oper- 
ation, includhg operation of applicable por- 
tions of the protection system, and the 
transfer Gf  power among the nuclear power 
unit, the offsite power system, and the 
onsite power system. 

CnLPnon I9-Coor.trol mom A control 
room shall be provided from which actions 
can be taken to operate the nuclear pawer 
unit safely under no& conditiow and to 
maintain It in a safe condition under acci- 
dent conditions, including loss-of-coolant ac- 
cidents. Adequate radiation protection shall 
be provided tc permit access and occupancy 
of the control room under accident condi- 
tbns without personnel receiving radiation 
exposures in excess of 5 rem whole bsCy, or 
Its equlvalent to a n y  part of the body. for 
the duration of the accident. 

Equipment at appropriate locations out- 
side the control room shall be provided (1) 
with B design capability for prompt hot 
shutdown of the reactor, mclltding neces- 
sary instnunentatlon and controls to m a n  
tain the d t  in 81 safe conation d u r w  hot 
shutdown, and (2 )  with E potential capabil- 
ity for subsequent cold shutdown of the re- 
ector through the use of suitable proce 
dures. 

ILL Protectton and Reactivity Control 
SzrSLerns 

Mterion 20-Protectron system functions. 
The protection system shall be designed (1) 
to Initiate automstically the operation of 
appropriate systerrls includlng the reactivitY 
control systems, t o  w u r e  that specified ac- 
ceptable fuel design lunits a r e  not exceeded 
as a result of anticipated operational occur- 
rences and (2 )  to sense accident conditions 
and to inltiate the operation of systems and 
components important to safety. 

Cntencn 21--Protectron system Feeliability 
and testability. The protection system shall 
be designed for high functional Feeliability 
and inservice testability commensurate with 
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the safety functions to be performed. Re- 
dundancy and independence designed into 
the protection system shall be sufficient to 
mure  that (1) no single failure results in 
]m of the protection function and (2) re- 
moval from service of m y  component or 
chmml does not result in 106s of the re- 
quired minimum redundancy unless the ee- 
eptable reliablllty of operation of the pro- 
tection system can be otherwidie demonstrat- 
ed. The protection system shall be designed 
ta pernit prlodic testing of its functioning 
when the reactor Is in operation, including a 
capabillty to test channels Independently ?a 
d e t e m h e  foilurea and losses of redundancy 
that may have occurred. 

Cnlerion 22-Prutection system indegend- 
mce. The protectlon system shall be de- 
signed to Bssure that the effects of MtWfd 
phenomena. and of normal operating. main- 
tenance. testing. and mtulated aceident 
conditions on redundant channels do not 
result in lass of the protection function. or 
shall be demonstrated to be acceptable on 
some other defined back Design tech- 
nlpues, such @& functionall diversity ar diver- 
sity h component design and principles of 
operation, shdl be used to the extent practi- 
CRJ to prevent loss of the protection func- 
tion. 

Cmterion 23--Pro&ction t y s l e m  failure 
modes .  The protection system shall be de- 
signed to fall into s d e  state or into a state 
demonstrated to be acceptable on some 
other defined basis if conditions such @& dis- 
connection of the system, loss of energy 
te.g., electric power, instrument air), or pos- 
tulated adverse environments te.g.. extreme 
heat or cold. flre, pressure, steam. water, 
and radiation) are experienced. 

Chlerion 24-Separation of protection 
and conlml s y s t e m .  The protection system 
shall be separated from control system to 
the extent that failure of a n y  single control 
system comi>onent or channel. or faflure or 
removal from service OX any single protec- 
tion system component or channel which is 
common to the control snd protection eys- 
tern leaves Intact a system tgttsfying sll re- 
Ilablllty, redundancy, and independence re- 
quirements of the protection system. Inter- 
connection of the protectlon and control 
systems shall be limited 80 8s to nmure that 
safety is not significantly impalred. 

Criterion 25-Pmtection matem reuuire- 
menta .lor reactivity control mcrUunctCona. 
The protection system shall be designed to 
assure that specified acceptable fuel design 
limits are not exceeded for a n y  single mal- 
function of the rewtlvity control systems. 
such as accidental withdrawal (not ejection 
or dropout) of control rods. 

Oiterion 26-Re4ctivity control r y s h  re- 
dundancy and capability. Two Independent 
reactivity control systems of different 
design principles shall be provided. One of 
the systems shall use control rods, prefer- 

ably including a positive means for inserting 
the pods, and shall be capable of reliably 
controlling reactivity changes to assure that 
under con&tions of normal operation. in- 
cluding anticipated operational occurrences, 
md Wth Bppropriate margFn for malfunc- 

ble fuel design limits are not exceeded. The 
aecond reactlvity control system shall be CB- 
poble of rellably controlling the mte of re- 
activity changes resulting from planned, 
normal power changes thcluding xenon 
burnout) to assure acceptable fuel design 
limits are not exceeded. One of the systems 
shall be capable of holding the reactor core 
subcritical under cold conditlons. 

CPiterion 27-Combined reuctivaty control 
rystems capability. The rewtlvlty control 
systems shall be designed to have a com- 
bined capabillty. in conjunction with poison 
addition by the emergency care m l l n g  
system. of reliably controlling reactlwlty 
changes to assure that under postulated ac- 
cident conditions and with appropriate 
margin for stuck rods the capablllty to cool 
the core is maintained, 

Criterion 28-Reuclruity limits. T h e  reac- 
tivity control systems shall be designed with 
appropriate lMts on the potential. amount 
and rate of reactivity increase to assure that 
the effects OX postulated reactivity accidents 
can neither (1) result in damage to the reac- 
tor coolant pressure boundary greater than 
limited local yielding nor ( 2 )  sufficiently dis- 
turb the core, its support structures or 
other reactor pressure vessel Internab to 
taopair signfffcantly the ccspablllty to cool 
the core. These postulated reactivity eeci- 
dents shall include consideration of rod 
ejection (unless prevented by positive 
means), rod dropout. s t e m  llne rupture. 
changes in reactor coolant temperature and 
pressure. and cold water addition. 

Criterion 29-Prutection tagurnat antici- 
pated openatfond occumnces. The protec- 
tion and reactivity control system shall be 
designed to assure an extremely hlgh proba- 
bIlitg of accomplishing their safety func- 
tions in the event of anticipated operational 
occumenw. 

tbIL5 Such 86 stuck rods, 6Epecuied accepta- 

Iv. nuid  &K4i%?7l4 

Oitetion 30-Quality of mactor coolant 
pressure boundary. Components which are 
part of the reactor coolant prtrssu-e bounda- 
ry shall be designed, fsbdcated, erected. and 
tested to the highest qualit> standards prac- 
tical. Means shall be provided for detectmg 
and, to the extent pmtlcal,  identifying the 
location of the source of reactor coolant 
leagage. 

Criterion Jl-Fraetum prevention of mac- 
(or coolant presrure boundaw. The reactor 
coolant pressure boundary shall be designed 
with sufficient mar- to assure that when 
etressed under opemtlng, malntenence, test- 
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ing. axad v0stwlat.A accident Eonditions (1) 
the bunduy behaves in a nonbrittle 
manner and 42) the ~ ~ o ~ ~ U i t ~  of mpddly 
propagating figeteare Is mlnimbed. The 
design shall reflect consideretion of service 
temperatures and other conditions of the 
bouadsry mdterial under operating. main&.- 
nance. testing, and postulated ac&dent con- 
dltions and the uncertainties in determlnlng 
(1) motertal properties, (2) the effects of ir- 
&tion on material properties, (3) reddu- 
d, s t c d y  ahote pnd transient stresses, and 
(4) s* of flaw. 

Criterion td-Inspection oj m t o r  cool- 
ant p w s u r e  bounduri(. Comment s  whkh 
are put of the retrCtor coolant pressure 
boundary shall be designed to permit (1) 
periodic inspection and testing of importent 
u.6 and features to agses6 thek 6 t r U C t U Z d  
and leaktight inCcprity, and (21 rn appropri- 
ate material surveillance program for the 
reactor pressure vessel. 

crfkrkm 33-ReacLor coolant rmrkeyp. A 
system to supply reactor coolant makeup 
for protectJon r9p;lnt small breaks tn the 
reactor coolant pressure boundary shall be 
provided. The system safety function shall 
be to that specified acceptable fuel 
dcslgn Wta are not exceeded as a result of 
reactor coolant lau; due to leakwe from the 
reactor cwlrnt pressure boundary and NP- 
ture of small piping or other small c o m w  
nents whlch are part of the boundary. The 
Bystem shall be designed to rasure that for 
onsite electric power system operation (as- 
8umJIL8 offsite power & not available) and 
for offsite electric power system operetion 
(rssumlng onsite power is not available) the 
system safety function can be accomplished 
using the piping, pumps. and valves used to 
maintain coolant Inventory d h g  normal 
reactor operation. 

Mtwlon 3 4 - M d u d  heal mnwvaL A 
system to remove residual heat 6hrrll be pro- 
vided. The system safety function lihall be 
to transfer fission product decay heat md 
other residual heat from the reactor core at 
a rate m h  that 8tKClifed acceptable fuel 
design llmits and the desfm conditlona of 
the reactor coolant pressure boundary u e  
not exceeded. 

Suitable redundancy in eamponenta and 
features, and suitable interconnections, le& 
detection. and Isolation capabilities shall be 
provided to assure that for onsite electric 
power system operation (assuming offslte 
power is not available) and for offsite elec- 
tric power system operation (assuming 
onsite power Is not available) the system 
safety function can be accomplished. essum- 
ins a single failure. 
Criterion 35-Eme79ency cow coaling. A 

system to provide abundant emergency care 
cooling shall be provided. The system safety 
function shall be to transfer heat from the 
reactor core following any lags of mrctar 
coolant a t  a rate such that (1) fuel and clad 

damage that could interfere with continued 
effective core coolfng is prevented and (2) 
chad metal-water reaction is limited to negli- 
pibk mount& 

Suitable redundancy In components and 
features. and suitable internmeettons, leak 
detection, Isolation, and containment cap- 
btlities shall be provided to m u r e  thet for 
mite electric power system operation (as- 
suming offsite power i s  not available) and 
for offsite electric power system operation 
~rssuming omik power is not available) the 
system safety function can be accomplished. 
mituning a single failure. 

core coolanp svslem The emergency cope 
cooling system shall be designed to permit 
appropriate periodic Inspection of impor- 
tsnt components, such as spray rings in the 
reactm pressure vessel, water injection noz- 
des, and plpihg, to assure the integrity and 
capability of the system. 
Criterion 37-Testing of m e n w  core 

coolinu system The emergency core cooling 
system shall be designed to permit appropri- 
ate periodic pressure and functional testing 
to aMwe (1) the structural and leaktight in- 
tegr i ty  of its components. (2 )  the operability 
and performnnce of the active components 
of the system, md (3) the operability of the 
eystem as a whole and, under condftions is 
clom to design as practical, the performance 
of the full operational rceQiience that brings 
the system into operetion. Lncluding oper- 
ation of applicable portions of the protec- 
tion system, the transfer between normal 
md emergency power sources, and the oper- 
ation of t h e  sesoGiated cooling water 
system. 

WLerion 3B-Contutnmesnl b a t  nmovaL 
A system to remove heat from the reector 
Eontalnment shal’l be provided The system 
d e t y  function shall be e0 reduce mpidly. 
wnsiatent with the functioning of other a~ 
eociated system, the conhlnment pressure 
and temperature following any lw-ofcool- 
u t  accident and maintain them at accept- 
ebly low levels. 

Bdtable redundancy in component6 and 
features, and suitable intemnnectlons. l e d  
detection, isolation, and w n t a b e n t  Cppa- 
bllities ahall be provided to assure that for 
onette electric power system operatian (as- 
suming O f f S i t e  power Is not available) ana 
for offsite electric power system operation 
(assuming onsite power 1s not available) the 
system safety function can be accornpllshed. 
assurnlng a single failure. 

Cntcrion 3$.-Impectron of containment 
heat m v a l  systenc. Tne containment heat 
removal system shall be designed to permit 
appropriate periodic inspection of impor- 
tant components, such &s the torus. sumps. 
spray nozzles, and piping to assure the in- 
tegri ty  and c8pabMty of the system. 

Oilerion 36-In8rnctbfl Of m r p e n ~ ~  
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CpiLerion 4 O-Texling of containment .heat 
pvm~ual system The eonhirnment heat re- 
moval system &hall be designed to pennit 
nppropriate period9c pressure m d  function- 
al testing to w u r t  (1) the structural and 
leaktight integrity of i t s  component. (2) 
the operabllitg m d  performance of the 
active E O I T I P O E ~ ~ ~ ~ X  of the system, and (3)  
the operability of the system as a whole. 
and under conditions as close to the design 
BS practical the performance of the full 
operational sequence that brings the system 
into operation, hclu&g operation of appli- 
cable portiom of the protection system, the 
transfer between nvmal  and emergency 
power sources, and the operation of the BS- 
misted cooling water system. 

Criterion Il-Coralainment atmosphere 
cleanup. S y s t e m  to control fission prod- 
ucts, hydrogen. oxygen, m d  other sub- 
stances which may be released Into the reac- 
tor containment shall be provided as neces- 
sary to reduce, consistent with the function- 
ing of other associated systems, the coneen- 
tration and quality of f h i o n  products re- 
leased to the environment follow-tng postu- 
lat.ed acddents, and to control the concen- 
tmtton of hydrogen or oxygen and other 
substances in the containment atmosphere 
fo!lowing postulated awidents to assure 
that containment integrity k maintained. 

Each system shall. have suitable redundan- 
cy in components and features, and suitable 
interconnection$. leak detection. Lolation, 
and containment capabilities to assure that 
for onsite electric power system operation 
(assuming offsite power Ls not available) and 
for Offsite electric power system operation 
(auuming onsite power is not available) i t s  
safety function can be weornplished. BSSU- 
ing a single failure. 

Criterion 42.-Inspeclion of containment 
atmospAwe cleanup 5plstems. T h e  contain- 
ment atmosphere ctemup systems shall be 
designed to permit approprhte periodlc h- 
spection of important components, such as 
filter frames, ducts, and piping to assure the 

Criterion 43-Tearing of containment at- 
masphere cleanup systems. The containment 
atmosphere cleanup system shall be de- 
siwed to permit appropriate periodic pres- 
sure and functional testing to assure (1) the 
structural and leaktight integrity of i t s  com- 
Wnents. ( 2 )  the operability and perfom- 
fmce Of the e.ctive components of the sys- 
t?ms such as f a r i .  filters, dmpers, pumps, 
and valves and ( 3 )  the operability of the sys- 
tems as a whole and, under conditions as 
dose to design BS practical. the performance 
of the full operational sequence that brings 
,the system into operation, including oper- 
.tion of applicable portions of the protec- 
tion system, the transfer between normal 
m d  emergency power sources, and the oper- 
ntion of associated systems. 

hk!mftY Rnd Capability Of the Sy6telllS. 

M b h n  44-Cooling water. A system to 
tsansfer heat from structures. systems, nnd 
components important to safety, to an ulti- 
mate heat eink shall. be provided. The 
system safety function shaU be to tmriifer 
the oomblned heat load of these structures, 

d components under normal op- 
accident conditions. 

Suitable redundmcy Ln component8 and 
features. and suitable interconnections, leak 
deteceion. and isolation capabilities shall be 
provided to wure  that for onsite electric 
power system operation twuming offsite 
power is not available) and for offsite elec- 
tric power system operation (assuming 
ohsite power Ls not evaUilable) the system 
d e t y  function can be accomplished. wum- 
ing a single failure. 

Wterion 45-Impection of cooling water 
syslem The cooling water system shall be 
designed to permit appropriate periodic in- 
spection of important components. such as 
heat exchangers and piping, to w u r e  the 
Integrity and capability of the system. 

Criterion 46-Testing of cooling water 
s y s t e m  The cooling water system shall be 
designed to pennlt appropriate periodic 
pressure and functional testing to assure (1) 
the structural and leaktight integ-rity of its 
components. (2) the operability and the per- 
formance of the active components of the 
system, and (3)  the operability of the 
system as B whole and, under conditiom as 
close to design 86 practical, the performance 
of the full operatlonai sepuence that brings 
the system into operation for reactor shut- 
down and for loss-of-coolant accidents, in- 
cluding operation of applicable portions of 
the protection system and the transfer be- 
tween normal and emergency power sources. 

V. Reactor Conlainmen# 

Criterion 50-&mtainW7i# design bmh. 
The rewtor contairment structure. includ- 
ing mcea  openings, penexations, and the 
contalnrnent heat removal system shall be 
designed so that the ContaiKlment structure 
and its internal compartments e m  accom- 
modate, without exceeding the design leak- 
age rate and with sufficient margin. the cal- 
culated pressure and temperature condi- 
tlons resulting from a n y  loss-of-coolant acci- 
dent. This margin shall reflect consider- 
ation of (1) the effects of potential energy 
sources which have not been included in the 
determination of the peak conditions. such 
bs energy in steam generators and 85 re- 
quired by 150.44 energy from metal-water 
and other chemical reactions that may 
result from degradation but not total failure 
of emergency core cooling functioning. ( 2 )  
the limited experience and experimental 
dzta available for defining accident phe- 
nomena and containment responses. and (3 )  
the conservatism of the calculational model 
and input parameters. 
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remote mmud O W ~ ~ ~ Q A .  Thk valve shall 
bc ouhide containment end located ss clme 
to the containment ES g ~ t i i ~ e r l .  A simple 
check valve may not be wed as the aut& 
mdltic isolation vs9ve. 

VK. F w l  and Radiowtiwtb Cnntlol 

active m&Pi& ta thrs ~nzro 'm%~t .  The 

1plm to caxztrol suitably the release of m- 
dinactive rnat&r&s In gaseous and liquid ef- 

wmks produced durirag n o m d  reactor o g  
emtion, hcludhg mirntlcigated o~emtlanwl 
!xXwences. SiaBficlent holdup capacity 
.sh&;l k provided for retention of gaseous 
a d  liquid effluents csntalnLng rdosctive 
aoakrbak, psrtlcularly where umZsvorable 
site environmental conditions c8p1 be expect- 
ed te, hpctse unusual operationail limfta- 
t h s  upon the release of such effluents to 
the environment. 

Crikrion bl--Pecel storage and handling 
and wdiowctiuity control The fuel storage 
and handling, radioswtive waste, and other 
system whlch may contain radioactivity 
.thI.ll be designed to assure adequate safety  
under normal m d  postulated accident con- 
dition-. These systems shall be designed (1) 
wlth a capability t o  permit appropriate perl- 
d i c  inspection and test- of components 
Important to safety. ( 2 )  with suitable shield- 
ing for radiation protectlon, ( 3 )  with appro- 
priate contalwtnent. confinement, and fflter- 
h g  systems, ( 4 )  with a residual heat remov. 
al cmpabiltty having reliability and testabi- 
l i ty  that reflects the importance to safety of 
decay hest and other residual hest removal. 
and (51 to prevent signfficant reduction In 
fuel storage coolmt inventory under scci- 
dent conditions. 

fuel storage and handling. Crltleality In the 
fuel storage and handling system shall be 
prevented by physical system or processes. 
preferably by use of geornetrblly safe con- 
figurations. 

storape. Appropriate ~ y ~ t e n n ~  shall be pro- 
vided in duel storage and radioactive waste 
Wstem and associated handling areas (1) to 
detect conditions that may result in loss of 
residual heat removal capability and exces- 
sive radiation leveLs m d  (2 )  to Wtiate ap- 
Propriate safety actions. 

Criterion 64-Monitoring radioactivitg re- 
k w s .  Means shall be provided for monitor- 
hng the reacetor contaCnment atmosphere, 
Sclaces containing components for reclrcula- 
thn of lQS-Of-COOlant accident fluids. efflu- 
ent discharge paths. and the plant environs 
for ?adiosctivity that may be released 

WwationaJ Q@cumences, and from pwtulat- 
fd midents. 

C P i t e r i ~ ~ r  60--CO7~f?Ol of W ~ W W P  0.f &io- 

D ? X k & U  POW&' Illlie deSb'2 Shdl. h c h d e  

fluents and t0 hI3Bdl.p ~~~~~~Q~ BOUd 

Cri@r;O?I 6 2 - ~ V ~ & i O F I  Of Ci'itbC@.t%?&! in 

C r i k ? % O n  bJ--MWtitO?%ng fW1 and PoCWte  

nCJiTlld OpeXTdiiOm. indUdh'lg antid 
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