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1 . 0  GENERAL 

1 . 1  INTRODUCTION 

1 . 1. 1 Thi s  design criteria  i s  appl icable only to those fac i l i ties  and 
activ i ties for �hich Bechtel has design respons ibi l i ty.  

1. 1. 2  This  section of the General Project Design Criteria contains 
i nfo�ation common to al l d i sci pl i nes.  

1.1. 3 The General Project Design Criteria is  appl icable to fac i l i ties 
designed by Bechtel for the TMI-2 recovery effort. The criteria  presented 
here i n  are not appl icable to the rebui l di ng of the uni t for power genera­
tion. The General Project Design Criteria  i s  to be appl ied to each 
faci l i ty by reference i n  each fac i l i ty ' s  spec i f i c  design cri teria document. 
Any conf l icts between the general and spec i f i c  cri teria must be i denti­
fied i n  the spec i f i c  design criteria  document. 

1 . 1 . 4  Existing plant systems i nterfacing recovery systems need not be 
upgraded to current codes and standards appl icable to the recovery 
systems and associated tie- i ns .  

1 . 1 . 5  Recovery project designs pertai n i ng to systems , structures ,  and 
components c lass i fied as safety related or imoortant to safety sha l l  
i ncorporate pertinent requi rements from appl icab l e  NRC Regulatory Guides 
l i sted in the Project Nuclear Qual i ty Assurance Manua l .  System s ,  struc­
tures , and components to which the Project Nuclear Qua l i ty Assurance 
Program appl ies are i dent if ied i n  the Project Q-L ist ,  document number 
13587-2-GZ0-100, and the Project NSQ-L ist ,  document number 13587-Z-G20-101. 

1. 2 PROJECT OBJECTIVES 

1 .2. 1 There are four mai n  objectives of  the TMI-2 recovery. These 
objectives are: 

1) Decontaminate the reactor bui l d ing and equi pment contained 
therei n  

2)  Remove and store the reactor core 

3) Decontaminate the Reactor Coolant System 

4) Process radioactive waste 

1 . 2 . 2  I n  order to achieve these objectives addi tiona l fac i l i ti es and 
systems wi l l  be requi red. Some of these fac i l i t ies wi l l  be permanent i n  
nature; others wi l l  only be for the recovery o f  the unit and wi l l  be 
removed prior to the unit returning to service. 

1 . 2 . 3  In  addi tion to the fac i l i ties and systems to be provided , there 
wi l l  be plans devel oped for many of the acti vit ies requi red to achieve 
the project objectives. 

Page 1 
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1 . 3  PROJECT CONCERNS 

1 . 3. 1  There are two major concerns that d irectly infl uence the design 
of the fac i l i ti es and the operations required for the c l eanup of THI-2. 
These concerns are: 

1 )  Publ i c  health and safety 

2)  Occupational health and safety 

2 .0  DEFINITIONS 

2. 1 SAFE SHUTDOWN EARTHQUAKE (SSE) 

The safe shutdown earthquake i s  that earthquake which is based upon an 
eval uation of the maximum earthquake potential considering the regional 
and local geology and seismology and spec i f i c  characteri s tics of local 
subsurface material . I t  is that earthquake which produces the ma�imum 
v ibratory ground motion for which certai n  structures , systeMs , and 
components are designed to remai n  functional . 

2 .2  OPERATING BASIS EARTHQUAKE ( OBE) 

The operating bas i s  earthGuake is that earthquake which , considering the 
regional and l ocal geology and seismology and spec i f i c  characteristics 
of l ocal subsurface material , cou l d  reasonabl y  be expected to affect the 
pl ant s i te during the operating l i fe of the p lant; i t  i s  that earthquake 
which produces the vibratory ground motion for which those features of 
the nucl ear power p lant necessary for continued operation wi thout undue 
r isk  to the health and safety of the pub l i c  are desi gned to remain  
functiona l .  

2 . 3  SEISMIC CATEGORY I/NON·SfiSMIC CATEGORY I 

Seismic Category I structures , systems , and components for seismic 
design purposes are defined as those structures, systems , and components 
important to safety that are designed to remain  functional i n  the event 
of a safe shutdown earthquake. Structures, systems , and components 
important to safety and Seismic Category I are those necessary to ensure: 

a.  The i ntegrity of the reactor coolant pressure boundary , 

b .  The capab i l i ty to shut down the reactor and maintain it  in  a 
safe shutdown condi tion,  or  

c.  The capabi l i ty to prevent or mitigate the consequences of 
acci dents which could  resu l t  in potential offsite  exposures 
comparable to the guidel ine  exposures of 10 CFR Part 100. 

Non-Sei smi c Category I structures , systems , and components are those 
whose fai l ure would not resul t i n  the rel ease of radioactivity i n  excess 
of 1C CFR 100 l imits nor prevent reactor safe shutdown. 

Page 2 
Rev . 1 



c 

C. 

Design Criteria  13587-2-L01-100 

2 . 4  DESIGN BASES 

Design bases are postulated events/condi tions or combinations of events/ 
condi tions which establ i s h  the functi on and structural requi rements of a 
structure, system, o r  component. 

2. 5 SAFETY-RELATED FEATURES 

Sufety-rel ated features are those pl ant features necessary to assure the 
i ntegr i ty of the reactor coolant pressure boundary , the capabi l i ty to 
shut down the reactor and mainta i n  i t  i n  a safe shutdown cond i tion,  or  
the capabi l ity to prevent or  mitigate the consequences of  acci dents 
which could resul t in offsite exposures comparable to the guide l i ne 
exposures of 10 CFR Part 100. 

2 . 6  IMPORTANT T O  SAFETY 

Features important to safety are those structures ,  systems , and components 
that are safety related p l us those: 

a. Which are employed for radioactive waste management (as de­
fined in Regul atory Guide 1 . 143) 

b .  Which are required to prevent f i res or mitigate the conse­
quences of f i re s  i n  areas which contain  safety-related com­
ponents or s igni f icant quanti t ies of radioactive materi a l s  
(Note 1 )  

c. Whose fai l ure during a safe shutdown earthquake could reduce 
the functioning of a safety-related p lant feature. 

3 . 0  LICENSING 

3 . 1  INTRODUCTION 

Recovery operati ons , activ i t i e s ,  and work tasks wi l l  be performed within 
the exi sting TMI-2 Technical  Specif ications and in accordance with 
app l icabl e  NRC Regul atory Guides. Speci fic design criteria  shal l i dentify II 
appl icab l e  Technical Spec i f ications and Regulatory Guide requi rements .  

3 . 2  BASIC CRITERIA 

3. 2. 1 Fac i l i ti e s  and systems constructed to support the recovery sha l l  
not be des igned to requi rements based on the hypothes i s  of  accidents at 
power. 

Note 1: Def ined as the quanti ty of radioactive mater i a l s  which ,  in case 
of f i re i n  the fac i l i ty ,  could cause an a i rborne release to the 
envi ronment which could exceed the l imits of 10 CFR Part 20 , 
Appendix 8 ,  Tab le  I I ,  Col umn 1. 

Page 3 
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3 . 2. 2 Faci l i ties and systems constructed for the l i fe of the p l ant 
shal l be des igned to the app l i cable requi rements spec i fied i n  Chapter 3 
of the THI-2 FSAR i n  add i t i on to the requi rements necessary for the 
recovery. The latest app l i cable codes and standards wi l l  be empl oyed. 

3 . 2 . 3  To the extent practicable, fac i l i ti es and services constructed 
for the recovery effort wi l l  be separate from exis t i ng fac i l i ti es and 
services.  

Where it is  not pract i cabl e  to separate the fac i l i ties and services 
constructed for the recovery effort from exi sting fac i l it ies  and ser­
v i ces , design requi rements wi l l  be imposed as necessary i n  order not to 
comprom i se the original design bases of the exi sting faci l i ties and 
services. These requi rements shal l be identified i n  the specific design 
criteria for the fac i l i ty and service to be provided. The fol l owing 
wi l l  serve as gui del i nes: 

a. Where p ip i ng and cables to be left in p lace when the uni t  i s  
returned to service are routed through bui l d i ngs contai n i ng 
seismic Category I p ip ing and cables , the fai l ure of the 
non-se i smic  Category I components sha l l  not result  i n  the 
fai l ure of the se ismic Category I components as a resul t of a 
se ismic event. 

b. Where services to support recovery must t i e  i nto exi st i ng 
p l ant services, i solat i on prov i s i ons commensurate with the 
design requi rements of the exi sting p l ant service shal l be 
provided. 

c .  Where p ip ing t o  b e  left i n  p lace when the uni t i s  returned t o  
service i s  routed through bui l d i ngs contai n i ng safety-related 
equipment , the requi rements for high energy l i ne break and 
p ipe whip speci fied i n  the THI-2 FSAR shal l be sati sfied as 
app l i cable .  

d .  Where cables to be l eft i n  place when the uni t  i s  returned to 
service are routed through bui l di ngs contain ing safety-related 
equipment ,  the requi rements for separation and f i re protect i on 
spec i fied i n  the THI-2 FSAR and THI-2 F i re Protect i on Reeval ua­
t i on sha l l  be sat isf ied as app l i cabl e .  

3 . 2 . 4  Faci l i ties constructed t o  support the recovery effort shal l not 
have as part of the i r  design bas i s  the severe natural phenomena for 
which the p lant was orig inal ly designed. I nc l uded under "severe natural 
phenomena" are: 

a. Safe shutdo� earthquake 

b .  Tornado and tornado mi s s i l e  

c .  Maximum fl ood. 

The fac i l i ties wi l l  be desi gned to ensure that there wi l l  be no l oss  of 
requi red functi on of ex ist ing adjacent safety-related structure s ,  equip­
ment, or systems should these events occur. 

Page 4 
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These faci l i ti es sha l l  be designed for the more probabl e  natural phenom­
ena as cal led  for by area bui ld ing code requirements. 

3 . 2. 5 Faci l i ties constructed to support the recovery sha l t  not be 
designed for man-made events not resulting from recovery activ i t i es.  
Included under "man-made events not resu lt ing from recovery acti vities" 
are: 

a.  Transportation accidents occurring offs i te 

b. A irp l ane crashes 

c. Release of toxic chemi cals .  

The  faci l i ti es wi l l  be designed to  ensure that there wi l l  be no  loss  of 
requi red function of existing adjacent safety-related structures , equip­
ment , or systems should these events occur. 

3 . 2 . 6  For envi ronmental analyses, the annual average value for meteo­
rology spec i f ied i n  the TMI-2 FSAR of X/Q = 6.7E- 6 sec/m3 shal l be 
used. 

3 . 2 . 7 For envi ronmental analyses , the river characteristics spec i f ied 
in Chapter 2 of the THI-2 FSAR sha l l  be used. Riv�r water qual i ty data 
i s  that speci f ied i n  the P lant Design and Mechanical Design Criteria ,  
13587-2-H01-100. 

3 . 3  DESIGN CONDITIONS 

Thi s section defines the spectra of operating condi tions to which  the 
activ it ies  required for the recovery sha l l  be designed. A l so provided 
are the general design requi rements for these operating cond i ti ons. 

3 . 3 . 1 Cond i t i on I - Normal Operation 

Condi tion I occurrences are those that can reasonably be expected to 
occur during the recovery act i v i ties.  Examples of Condi t ion I occur­
rences are: 

a .  Those that are norma l ly expected t o  occur during the recovery 
inc l uding contamination/decontamination resul ting from routine 
act i v i t i es.  

b .  Operations with equipment out  of  service or  undergoing tests 
within operational l im i tations. 

Cond i t ion I occurrences sha l l  be accommodated wi th only routine action 
required to prevent an unpl anned release of radioactive materia ls  i n  
effl uents to unrestricted areas. 

Page 5 
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3 . 3 . 2  Condition II - Incidents of Moderate Frequency 

Cond i ti on II occurrences are those any one of which may reasonabl y  be 
expected to occur during a calendar year and which could res u l t  i n  a 
release of radioactive material requi ring additi onal support personnel 
and/or equipment to control . Examples of Condi t i on II occurrences are: 

a. Loss of electrical power 

b. Minor l eakage from systems i nstal l ed to support the recovery 

c. Inadvertent actuation of a s i ngle  active component in  a sys tem 
i nstal l ed to support the recovery 

d. S i ngle error by an operator engaged in a recovery activity 

e.  S i ngle  active fa i lure of a component ltaken as the i ni ti ating 
event) in a system i nsta l l ed to support the recovery 

Cond i t i on II occurrences sha l l  be accommodated wi th ,  at most, a cessa­
tion of activ i ties with the capabi l i ty of resuming the activ i ties after 
corrective action. Any release of radioactive materia l s  i n  effluents to 
unrestricted areas shal l be i n  conformance w i th Paragraph 20. 1 of 10 CFR 
Part 20 , "Standards for Protection Agai nst Radiation. " 

3. 3 . 3  Condition Ill - Infrequent Incidents 

Conditi on I I I  occurrences are those �hich are not expected to occur but 
are assumed to occur during the l i fetime of the recovery effort and 
could resul t i n  a s igni ficant release of radioactive materia l .  Examples 
of Condition Ill occurrences are: 

a .  Rupture of any tank uti l i zed for the recovery effort 

b.  Pipe break in a system i nsta l l ed to support the recovery 

c. Fi re in  an area where recovery activ i ties  occur 

d. An operatins bas i s  earthquake (OBE). 

e. Fuel handl ing accident in the reactor bu i ld i ng (Note 2). 

Cond i ti on Ill occurrences may resu l t  I n  damage to recovery faci l i ties 
sufficient to preclude resumption of recovery activ i ties for a consider­
able time. The release of radioactive material  in effl uents to unre­
stricted areas may exceed the guide l i nes of 10 CFR Part 20 , "Standards 
for Protection Against Radiation , "  but sha l l  not be suffic ient to inter­
rupt or restrict pub l i c  use of those areas beyond the exclus ion radius .  

Note 2: The s ource term for the postul ated occurrence Is based on 
assuming the assembly with the peak i nventory of radi oactive 
material in the TMI-2 core is Intact. The burnup i s  based on 
exact power h i s tory. Credit i s  taken for a decay period of 
two years or more. 
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3. 4 REGULATORY REQUIREMENTS 

3 .4 . 1 Code of Federal Regul ations 

The faci l i t i es and activities  associated with the recovery sha l l  satisfy 
the fol l owing: 

a .  10 CFR Part 20 , Paragraph 20. 103, Exposure of I ndividuals to 
Concentrations of Radioactive Materia l s  i n  A i r  f n  Restri cted 
Areas 

b.  10 CFR Part 20, Paragraph 20. 10S ,  Permissible  Level s  of Radia­
t i on 1n Unrestri cted Areas 

c. 10 CFR Part 20, Paragraph 20. 106 , Radioact iv ity i n  Effl uents 
to Unrestri cted Areas 

d. 10 CFR Part 50,  Paragraph S0. 34a ,  Design Objectives for Equip­
ment to Control Releases of Radioactive Material in Effl uents -
Nuclear Power Reactors 

e .  10 CFR Part SO, Paragraph S0. 36a , Technical Speci f i cations on 
Effluents from Nuclear Power Reactors 

f .  10 CFR Part SO , Appendix  A ,  General Design Criteria for Nuclear 
Power Pl ants 

g. 10 CFR Part 50 , Appendix  1, Numeri cal Gui des for Oesign Objec­
tives and L i� f ting Conditions for Operations to Meet the 
Criterion "As Low As I s  Reasonably Achievable"  for Radioactive 
Material  in L ight-Water-Cooled Nuclear Power Reactor Effluents 

h. 10 CFR Part 100 , Reactor S ite Criteria 

i .  29 CFR Part 1910, Occupational Safety and Health Standards 
(Department of Labor Regul ations ) 

j. 40 CFR Part 190, Uranium Fuel Cycle Standard (Envi ronmental 
Protection Agency Regul ations) 

k. 49 CFR Part 173, Shippers-General Requi rements for Shipments 
and Packagings (Department of Transportation Regul ations) 

1. 10 CFR Part 50 , Appendix  R, F i re Protect i on Program for Nuclear 
Power Faci l i t ies Operating Prior to January 1 ,  1979 

m. 40 CFR Parts 260 t�rough 265, Hazardous Waste Regulations 
(Env i ronmental Protection Agency Regulations) 

3. 4 . 2  Regul atory Guides 

Table 1 l i sts many of the regul atory guides whi ch may be appl i cable to 
i ndividual faci l i ty or system design. This table and other regul atory 
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guides shal l be reviewed and any regulatory guides to be implemented 
sha l l  be i ncl uded as part of the spec i f i c  design criteria for the associ­
ated facil i ty or system. 

3 . 4. 3 Standard Review P l ans (SRPs) 

The fol l owing SRPs and Branch Technical Pos i tions sha l l  be reviewed and 
the guidance provided used as applicable in designing the fac i l i ties and 
activ i ties to support the recovery. 

a .  SRP 11. 2 ,  Liquid Waste Management Systems,  Rev. 1 

b .  SRP 11. 3 ,  Gaseous Waste Management Systems , Rev. 1 

c. SRP 11 . 4 ,  So l id Waste Management Systems , Rev. 1 

d.  SRP 15. 7 . 3 ,  Postul ated Radioactive Rel eases Due to L iquid 
Containing Tank Failures , Rev. 1 

e .  Branch Technical Pos i tion ASB 9. 5·1,  Guide l i nes for F ire 
Protection for Nuclear Power P l ants , Rev. 1 

f .  Branch Technical Position ETSB 11-3,  Design Guidance for Sol i d  
Radioactive Waste Management Systems I nstal led in L ight-Water­
Cooled �uclear Power P l ant s ,  Rev. 1 

3 . 4 . 4  State Regulations 

The facilities and activi ties associated with the recovery sha l l  
satisfy the fol lowing: 

Tit l e  25, Envi ronmental Resources ; Chapter 75, Sol id Waste 
Management ( Pennsylvania Department of Envi ronmental Resources 
Regu l at ions) 

3. 5 INDr: ·: CODES AND STANDARDS 

Appl icable industry codes and standards are identified i n  the i ndividual 
d iscip l ine design criteria. 

3 . 6 SAFETY ASSESSMENT 

A safety assessment wi l l  be performeJ for each fac i l ity and act i v i ty to 
be provided. This assessment sha l l  inc lude a review of the final design 
to ensure that the safety criteria have been satisfied. When the assess­
ment reveal s  that the final design does not satisfy the safety criteria ,  
design changes sha l l  be made o r  admini strative control s  i mposed. 

4 .0  ALARA DESIGN CRITERIA ANu CONSIDERATIONS 

The items l i sted in Tab l e  2 form the bas i s  for the THI-2 Recovery 
Project ALARA program. During the design proces s ,  the app l icab le  i tems 
sha l l  be cons i dered and i ncorporated into the design as appropri ate. 
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TABLE 1 

REGULATORY GUIDES 

1 .  Reg. Guide 1 . 21 - Measuring , Evaluating, and Reporting Radio­
activity in Sol id Wastes and Releases of 
Radioactive Materia l s  in Liquids and Gaseous 
Effl uents from Light-Water-Cooled Nuclear 
Power Plants (Rev. 1, June 1974) 

2. 

Discussion 

This guide is app l icab l e  to the design of radiation monitoring 
systems in l iquid and gaseous effl uent paths and in the design of 
means for determining the total curie quantity and radionucl ide 
composition of sol id wastes shipped offsite with the fol l owing 
c l arification. 

( 1 )  (Ref: Appendix A, Paragraph C )  To precl ude unnecessary radia­
tion exposure to personnel ,  the curie and radionucl ide determina­
tions for sol id radioactive waste shipped offsite wil l be 
performed to the extent and level required by Department of 
Transportation Regul ations and 10 CFR Part 71,  "Packaging of 
Radioactive Materia l . "  Additional sampl ing and analysis is 
not required. 

Reg. Guide 1. 2S 

Discussion 

- Assumptions Used for Evaluating the Potential 
Radiol ogical Consequences of a Fuel Handl ing 
Accident in the Fuel Handl ing and Storage 
Facil ity for Boil ing and Pressurized Water 
Reactors (Rev. 0, March 1972) 

The assumptions of the guide may be used with the fo l l owing excep­
tions or c larifications , in the analysis of the potential radio­
logical consequences of a fuel handl ing accident. 

( 1} [Ref: Paragraph C . 3 . b(2}] Whole-body gamma doses and beta· 
skin doses are presented separately ,  as the dose from beta 
radiation of the whole body is negl igible .  The total dose to 
the skin is the sum of the beta-skin dose and the whole-body 
gamma dose. 

(2) [Ref: Paragraph C . 3. b(3)] Dose conversion factors are taken 
from Reg. Guide 1. 109. 

(3)  (Ref: Paragraph C . 1) The source term for the postulated fuel 
handl ing accident is based on assuming the assembly with the 
peak inventory of radfaoctive material in the THI-2 core is 
intact. The burnup is based on exact power history. Credit 
is taken for a decay period of two years or more. l1 
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Discussion 

Design Criteria 13587-2-L01-100 

TABLE 1 (Continued} 

- Qual ity Group Classifications and Standards 
for Water-, Steam- , and Radioactive-Waste­
Containing Components of Nuclear Power Plants 
(Rev. 3 ,  February 1976} 

Since the original design and construction of the Three Hil e I s land 
Pl ants was to different c lassification criteria than contained in 
this guide, THI wil l comply with the regul atory position of this 
guide with the fol lowing c larifications : 

a .  For modifications to existing p l ant systems and for new con­
struction, items wil l be c l assified by Technical Functions 
according to this guide providing such action wil l i�prove the. 
safety of the system being modified or make a significant 
improvement i n  overal l pl ant safety. Otherwise the items wil l 
be c l as s ified the same as the original design and construction 

b .  Tie- ins to existing p lant systems wil l be made to the same or 
more recent app l icable  code, standard, and technical require­
ments which were app l icable  to the system to which the tie-in 
is to be made. 

Reg. Guide 1. 29 

Discussion 

- Seismic Design Classification (Rev. 3 ,  September 
1978) 

Since the original design and construction of the Three Mile I s l and 
Plants was to different classification criteria than contained in 
this guide , THI wil l comply with the regul atory position o f  this 
guide with the fol l owing c larifications: 

a. For modifications to existing pl ant systems and for new con­
struction, items wil l be c l assified by Technical Functions 
according to this guide providing such action wil l improve the 
safety of the system being modified or make a s ignificant 
improvement in overal l p lant safety. Otherwise the items wil l 
be c l assified the same as the original design and construction. 

b .  Tie-ins to  existing p lant systems wil l be made to  the same or  
more recent appl icable code, standard, and technical require­
ments which were applicable to the system to which the �ie- i n  
is to be made. 
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Reg. Guide 1 . 60 

D i scuss i on 

Design Criteria  13587-2-L01-100 

TABLE 1 (Continued) 

- Design Response Spectra for Seismic De5ign of  
Nuclear Power Plants ( Rev. 1 ,  December 1973) 

This  guide i s  appl icable to fac i l i ties  housing radioactive waste 
management systems and subject to and as invoked by Reg. Guide 1. 143. 

Reg. Guide 1 .61  

D iscuss ion 

- Dampi ng Values for Seismic Design of Nuclear 
Power P lants (Rev. 0, October 1973) 

This  guide i s  app l icable to fac i l i ties housing radioactive waste 
management systems and subject to and as invoked by Reg. Guide 1. 143. 

7 .  Reg. Guide 1 . 63 - Electric Penetration Assembl ies i n  Containment 
Structures for light-Water-Cooled Nuclear 
Power Plants (Rev. 2 ,  July 1978) 

8. 

9. 

Di scussion 

TMl wi l l  comply wi th the regulatory posi tion of this  guide with 
the fol l owing c l ari f ication: 

For modif ications to exis t i ng structures and to new constructions , 
this guide wi l l  be ut i l ized providing its  use wi l l  improve 
the safety of the structure being modified or make a s i gni ficant 
i mprovement in overa l l  pl ant safety. Otherwi se ,  the same 
or more recent applicable code, standard, and technical 
requi rements appl icable to the original design and construction 
wi l l  be uti l i zed. 

Reg. Guide 1 .92 

D i scuss ion 

- Combining Modal Responses anq Spat ial  Components 
i n  Sei smic Response Analysis (Rev. 1, February 
1976} 

This  guide is app l i cable to fac i l i ties hous ing radioactive waste 
management �ystems and subject to and as i nvoked by Reg. Guide 1. 143. 

Reg. Guide 1. 109 - Calculation of  Annual Doses to Han from 
Routine Releases of Reactor Effluents for the 
Purpo�e of Eva l uating Compl iance with 10 CFR 
Part 50, Appendix I (Rev. 1, October 1977) 

Page 11 
Rev. 0 



( 

c 

Design Criteria 13587-2-l01-100 

TABLE 1 (Continued) 

D iscussion 

Subject to the exceptions indicated bel a�. the assumptions of 
Regulatory Guide 1 . 109 are fol l o�ed i n  the analysis  of annual doses 
to man from routine rel eases . 

( 1 )  (Ref: Appendix C ,  Paragraph J. a) Equation C-5 is modified to 
consider the different mechanis�s for the transport of radio­
nucl ides to the edi b l e  parts of root- l ike vegetables ( i . e. , 
potatoe s ,  carrots,  peanuts ,  and sugarbeets). The concen­
trations of radi oactive aaterial i n  the edible parts of root­
l ike vegetables resul t from uptake of acti v ity deposited on 
the ground and from the transl ocation of activity from con­
taminated leaves. The translocation factor ranges from 0 . 05 
to 0. 25. Equation C-5 has been modified to i nc l ude a factor 
to account for the fraction of activity on the l �aves that 
translocates to the root. 

(2)  ( Ref: Appendix A, Paragraph 2 . d. 1 )  Equation A-8 i s  modified 
to consider the effect that the method of i rrigation ha� on 
the bui l dup of activity on vegetation. Equation A-8 i nc l udes 
one 'erm for deposition d i rectly on l eaves and one term for 
uptake from the soil . 

The two principal methods of i rrigation are f looding and 
spri n kl ing. S i nce f l ooding �i l l  not resul t  i n  a direct depo­
sition on l ea �s . a factor has been added to Equation A-8 to 
account tor �he method of i rrigation employed. 

10. Reg. Guide 1 . 111  - Methods for Estimating Atmospheric Transport 
and Di spers ion of Gaseous Effluents in Routine 
Releases from l ight-Water-Cooled Reactors 
(Rev. 1 ,  July 1977) 

Discussion 

The assumptions of thi s guide may be used in the analyses of atmospheric 
dispersion factors and depos i t ion rates , �ith the fol lo�ing exception. 

(1) (Ref : Paragraph C. J.b)  The annual average value for meteo-
rology specified in the THI-2 FSAR of X/Q = 6. 7E - 6 secfm3 
shal l be used. 

11 .  Reg. Guide 1. 112 - Calcul ation of Releases of Radioactive Hateri �l s  
i n  Gaseous and liquid Effl uents from light- Water­
Cooled Po�er Reactors ( Rev. 0 ,  April 1976} 

. ' 

Di scussion 

The app l icable methods described in this guide may be used in 
ca l culating estimated releases from l iqu id  waste process ing systems. 
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D i scussion 

Design L��teria 13587-2-L01- 100 

TABLf 1 (Conti nued) 

Estimating Aquati c  D i spersion of Effluents 
from Accidental and Routine Reactor Releases 
for the Purpose of Implementi ng Appendix I 
(Rev. 1 ,  Apri l 1977) 

The appl icable methods described in thi s guide may be used i n  
estimating aquatic di spers ion o f  effluents. 

13. � Guide 1 . 132 - Site I nvestigations for Foundations of Nuc lear 
Power P l ants (Rev. 1, March 1979) 

D i scuss ion 

Recogni z i ng the s i te-sens i t ive aspects , the guidance provided by 
this guide r.ay be used i n  the development of s i te I nvestigation 
studies for foundations of fac i l i ties to be provided. 

14. Reg. Guide 1 . 138 - Laboratory Investigations of So i l s  for Engi­
neering Ana lys i s  and Design of Nuc l ear Power 
P lants (Rev. 0 ,  Apri l 1976) 

D i scuss i on 

Recognizing the s i te-sens i t ive aspects , the guidance provided by 
th i s  guide may be used In the laboratory i nvestigations of soi l s  
requi red by Reg. Guide 1 . 1 32.  

15. Reg. Guide 1 . 140 - Des i gn, Testing, and Hai nt�nance Criteria  for 
No�a l Venti l ation Exhaust System Air  F i l tra­
tion and Adsorption Units of L ight-Water-Cooled 
Nucl ear Power P l ants (Rev. 1, October 1979) 

D i scuss i on 

The deta i led project pos i t i on i s  under devel ��ment. How�ver, this 
guide i s  appl icable  to atmosph-re c leanup systems and , In general , 
the guidance provided may be fo l lowed. 

16. Reg. Guide 1 . 143 - Design Guidance for Radioactive Waste Manage­
ment Systems , Structures , and Components 
Instal l ed In Light-Water-Cooled Nuc l ear Power 
Pl ants (Rev. 1 ,  October 1979) 

Di scussion 

Thi s guide is appl icab l e  to systems and faci l i t ies that are as­
sociated wfth the control and management of l iquid,  gaseous, and 
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TABLE 1 (Continued} 

sol i d  radioactive �aste. (Note: radioactive �aste means those 
l iquids,  gase s ,  or sol ids contain i ng raoioactive mater i al s  th�t by 
design or operating practice �i l l  be processed prior to f inal 
d isposi t ion. ) 

The guidance provided i s  app l i cable subject to the fol lo�ing c l ar i­
fications. 

(1) (Ref: Paragraph C . 6 )  The term "herein" in the phrase 
" shal l conform to the qual i ty control provi;ions of the 
codes and standards spec i fied here i n  . . .  " i s  i nterpreted to 
refer to Reg. Guide 1. 143 rather than ANSI Nl99-1976. 

(2)  (Ref: Paragraph C .6)  The "referenced codes - and standards" i n  
the second sentence of Paragraph 4 . 2 . 3  are i nterpreted �o mean 
the fi rst tier of codes and standards identified i n  the Reg. 
Guide i tself  (examp l e  ACI-349 ) ,  but not l �er t ier codes and 
standards referenced i n  the fi rst t i er-documents (examples :  
ANSI N45. 2 . 11 ,  2 . 9 ,  2 . 6) .  

17.  Reg. Guide 8 . 8  

Oi scus s i t"n 

Information Relevant to Ensuring That Occupa­
tional Radiation Exposure at Nuclear Po�er 
Stations W i l l  Be as lo� as Is Reasonably 
Achievable ( Rev. 3 ,  June 1978) 

The design considerat i ons , personnel qual i fications, and p l ans and 
procedures for ensuring that occupational rad i at i on exposures �i l l  
be as to� as i s  reasonably achievable are i n  accordance � ith 
Regul atory Guide 8 . 8  subject to the fol lo�ing c l ar if ications or 
exceptions: 

( 1 )  (Ref: Paragraph C . 2 )  The design features d i scussed in this 
paragraph are described in general terms which may permi t 
several acceptable  alternative designs for a particular 
appl ication, e . g . , d ifferent types or amounts of shiel ding. 

(2) ( Ref: Paragraph C . 2. g )  Ai rborne moni toring equipment �i l l  be 
provided i n  areas to �hich personnel normal ly have access and 
i n  which there i s  a potent i al for ai rborne radioacti v i ty .  I n  
addition,  area rad i at i on monitors wi l l  be provided i n  areas to 
which personnel normal ly have access and where there i s  a 
potential for personnel unknowingly rece i vi ng h igh levels  of 
rad i at i on exposure ( e. g . , i n  excess of 10 CFR 20 l i mi t s )  in  a 
short period of t i me because of system fai l ure or i mproper 
personnel act ion. 
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1 . 0  

1 . 1 

1 . 2  

1 . 3 

1 . 4  

1 . 5 

1 . 6  

1. 7 

Design Cri teria 13587-2-LOl-100 

Description 

FACI LITY ARRANGEHEN1 

Fac i l i ty Layout 

TABLE 2 

ALARA ITEMS 

Check that equipment with contact 
radiati�n l evel s of Zone I I I  ( see 
Table 4) or greater is separated 
from Zone I I  �nd lower areas by 
shiel d i ng or di stance plu� access 
barriers. 

Check that major equipment wh;ch by 
design accumulate) or concentrates 
radioactiv i ty with Zone I I I  or greater 
contact radiation l evel s i s  shielded or 
separated from adjacent active and 
passi ve equipment to meet the app l i ­
cable  radiation shieldi ng criteria 
for adjacent areas. 

Check that equipment compartmen�s are 
arranged such that radiation zone 
d i fferences between adjacent areas 
are minimi zed. 

Check that personnel access control 
and traffic patterns are considered 
to mi nimi ze spread of contamination 
during a l l  fac i l i ty operating modes. 

Check that active components i n  c l ean 
(nonradi oacti ve) services are not 
l ocated i n  Radiation Zone I I I  or 
greater. 

Check that equipment subject to removal 
or replacement has adequate a i s les or 
area access and bui l t-i n prov i s ions 
( such as monora i l s ,  j i b  cranes ,  etc. ) 
for remova l .  

Check that access to components 
requi r i ng frequent maintenance, 
i n- service i nspection,  adjustment, 
etc. is from the l owest practicable 
radiation zone and not v i a  a Zone V. 

Respons i bi l i t ies Note 

N 

N 

N 

A ,  N ,  PO 

N 

PO 

PO 
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� 

, \ TABLE 2 (Conti nued) 

I tem 
No. Oescri�tion Res�on s i b i l it ies Note 

1 . 8  Check that adequate space and A 
fac i l i ties  are provided for 
c l othing change stations out-
s i de contaminated areas. 

1.9 Check that a l l  corridors and H, A • 

normal traffic  areas are Zone 
or I I .  

2 . 0  Egui �ment location 

2 . 1  Check that adequate space i s  provided PO , CS 
around equipment to a l low ease of 
maintenance. 

2 . 2  Check that equipment maintenance PO 
envelopes i nc l ude estimated s i ze of 
r igging requirements and temporary 
shielding ,  i f  required. 

2 . 3  Check that l aydown area requi rements PO 

( for equipment are ava i lable. 

2 . 4  Check that equipment which requires 
routine maintenance, service,  testing,  

PO , CS 

or inspection,  such as i nstruments, 
sample stations, or rotating compG��nts , 
are l ocated to provide maximum d ire l 
access. 

2 . 5  Check that the c l ear space for door- A, PO 
ways i s  a m in imum of 3 feet by 7 feet 
and that there i s  adequate access for 
personnel , tool s ,  and component 
remova l .  

2 . 6  Check that equipment manways are PO 
readi ly  access ib le .  

2. 7 Check that h igh radiation equipment Pi> 
i s  located such that interconnect i ng 
high radiation p ip ing i s  m in im ized. 

3 . 0  S�eci f i c  Com�onent La:z:out 

3 . 1  F i lters 

Check that adequate space i s  PO • 

provided for semi-remote 
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TABLE 2 (Conti nued) 

I tem 
No. Description 

removal , cask l oading, and trans­
porting spent radioactive fi lter 
cartridges to the sol id radwaste 
area. 

3 . 2  Pumps 

3.2. 1 

3 . 2 . 2  

Check that sma l l  pumps are oriented 
i n  a manner that a l lows easy removal 
from the area. 

Check that adequate access i s  provided 
for pump seal replacement. 

3. 3 Tanks 

3. 3. 1 

3 . 3 . 2  

3. 3. 3  

Check that d i rect access and removal 
space i s  provided for motors of tank 
agitators. 

Check that d i rect access to active 
components or ma�ays i s  provided 
i nto the upper l evel s  of tank rooms 
as wel l  as the lower e l evations . 

Check that adequate space i s  provided 
for tank i nternal s  c l eaning operations. 

3 . 4  Evaporators 

3 .4 . 1 

3 . 4 . 2  

3 . 4 . 3  

Check that concentrates and 
d i s t i l l ate components are adequately 
separated. 

Check that components which accumulate 
radioac t i v i ty or crud, such as heating 
t�bes , are separated from active com­
ponents such as valves. 

Check that adequate space i s  provided 
to a l l ow uncomp l i cated removal of 
heating tube bundles .  

3 . 5  Sampl e  Stations 

3 .5 . 1 Check that sam�le stations for 
rout i ne sampl ing of process fl uids 
are separated by sh ie ld ing or di stance 
from other radioactive components to 
Zone I I .  

Responsib i l i ties Note 

PO 

PO 

PO 

PO 

PO 

PO 

PO, N 

PO 

PO , N ,  CS 
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( TABLE 2 (Continued) � 
I tem  
No. Description Respons i b i l  ! ties  Note 

3 . 5 . 2  Check that local venti l at ion (e .g . , PO, N ,  CS 
a hood) i s  provided at sample stations 
containing radioactive •ateri al s. 

3 . 6  Venti lation System Components 

3. 6 . 1  Check that vent i l ation fans and PO 
f i l ters are provided with adequate 
access space to permit serv i c i ng. 

3 . 6 . 2  Che:k that outside a i r  supply and PO 
bui lding exhaust system components 
are in areas no greater than Zone I I .  

3 . 6 . 3  Check that general ventiJation flow i s  
from areas o f  potential  (or actual ) 
low contamination to areas of potential 

PO 

(or actual )  high contami nation. 

3 . 7  Instruments 

·' 3 . 7 . 1  Check that i nstruments which requ i re cs 
periodic attention are located i n  
Zone I I  (or lower) areas whenever 
possible .  

3 . 7 . 2  I f  i nstruments must b e  located i n  PO , cs 
Zone I I I  or greater ,  check that 
they are mounted so that they are 
readi ly access ib le  for maintenance 
and cal i bration and are eas i l y  
removable t o  a lower radiat ion zone 
for extended serv i cing or cal ibration. 

3 . 7 . 3  I f  control valves must be located i n  PO, CS 
lone IV or greater, check that appur-
tenances such as E/P converters, 
ai rsets , and solenoid valves are not 
mounted on the control valve but are 
located i n  a lower radi at ion zone. 

3 . 8  Sumps 

Check that sumps capable of PO 
accumulating radioactive wastes 
are located i n  zones compatible  w i th 
radiat ion levels due to the contained 

( act i v i ty.  
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( Tabl e  2 (Continued) t 
I tem 
..1!2:.. DescriJ2tion Responsibi l i ti es Note 

Sec. B SHIELDING 

1 . 0  Bulk  Shi e lding 

1 . 1  Check that shielding or separation N 
i s  provided between radiation zone 
areas to meet the radiation level  
criteri a for adjacent areas. 

1 . 2  Check that shielding design i s  based H 
or. conservative or measured radiation 
source term, component des ign, and 
p l ant layout assumptions. 

1 . 3  Check that poured concrete dens i ty N ,  C 
spec if ications are consistent w i th 
shielding design bas i s  � in imum 
dens i ti es .  

1 . 4  Check that concrete b l ock dens i ty N ,  A 
speci fi cations are consiste t with 
shielding design bas i s  minimum 
densi ties.  

1 . 5 Check that concrete block wal l designs N, A 
meet or exceed the mini mum shielding 
requi rements. 

1 . 6  Check that removabl e  or temporary N 
shielding i s  des igned consistent 
with applicabl e  radiation shielding 
criteria for adjacent areas. 

2 . 0  Penetration and Di scontinuit� Shie lding 

2 . 1  Check that penetrations ; such a s  H&V U ,  PO,  E, CS 
ducts and piping , are e i ther l ocated 
with an offset between radiation sources 
and access ib le  areas or are appropriately 
shielded. 

2 . 2  Check that penetrations are located a s  N ,  PO, E ,  CS 
far as poss ib le  above the accessible  
f l oor e l evation. 

2 . 3  Check that penetration sh ie lding i s  N 
provided as necessary to meet the 

( radi ation shielding criteria in  
adjacent access i b l e  areas. 
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Item 
� 
2 . 4  

TABLE 2 (Continued) 

Descript i on 

Chec� that s e i sm i c  gap s h i e l d i ng i s  
provided to aai ntain rad i a t i on l ev e l s  
f n  adjacent access i b l e  areas w i t h i n  
rad i a t i on s h i e l d i ng c r i teria l i m i t s .  

3 . 0  Er �.ryway S h i e l d i ng 

3. 1 

3 . 2  

Sec . C 

1 . 0  

1 . 1 

1 . 2  

1 . 3  

1 . 4  

l . S  

Chec� that there i s  no d i rect or 
near d i rect s h i ne out o f  s h i e l ded cel l s .  

Check that adequately s h i e l ded 
l abyrinths or hatches are provide� 
to l im i t  d i rect and scattered 
rad i at i on out of s h i e l ded areas. 

SYSTEM DESIGN 

Decontamination Prov i s ions 

Check that radioactive systems w i th 
Zone V compor nl radiat1on l ev e l s  
have prov i s io�s : o  fl ush the entire 
system. F l ush . �g capab i l i ty should be 
ava i l ab l e  even i f  the system pump f s  
inoperabl e .  

Check that major components o f  the 
primary coolant pur i f i cation system 
where crud can co l l ect up to Zone V 
rad i a t i on l e ve l s ,  such as f i l te r s ,  heat 
exchangers , etc. have prov i s ions 
for chemical decontamination,  i nc l udin� 
low point dra i n s .  Check that means are 
ava i l ab l e  to take the decon sol ution to 
chemi cal waste area. 

Check that seal f l ush water is provided 
to pumps w i th chemical or s l urry 
wastes. 

Check that a l l  serviceable components 
have i so l a t i ng and dra i n i ng capab i l i ty. 

Check that prov i s i ons are ava i l ab l e  to 
f l us h  potent i a l ly contaminated 
i nstrument l i ne s .  

Respons i b i l i t i es 

N ,  C 

N 

N 

H ,  PO 

H ,  PO 

H,  PO 

H ,  PO , CS 

H ,  PO , CS 
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Design Criteria 13587-2-LOl-100 

1 
I � TABLE 2 (Continued) l 

lto?m 
No. Oesc .. iption Responsibilities Note 

1. 6 Check that f l ush connections are H, PO 
l ocated d�nstream of the component 
isolation valve on the inlet l ine and 
upstream of the i so l ation valve on the 
outlet l ine , and as c l ose as possible 
to the inlet and outlet connections of 
the component. 

1 . 7  Check that isolation valves are H ,  PO 
provided on the f l ush connections 
and are located as c lose as possible 
to the main pipe. 

1 . 8  Check that al l f l ush connections are H, PO 
equipped with quick connect/disconnect 
fittings. 

2 . 0  Remote O�eration and Instrumentation 

2 . 1  Check that adequate process instrumen-
tation and contro l s  are available to 

cs 

c a l l ow system and component operation 
from a 1 �  radiation zone. 

2. 2 C�eck that filters which accumul ate PO 
high radioactiv i ty are designed with 
the means either to backflush the 
f i l ter remotely or to perform cartridge 
repl acement wi th semi-remote too l s .  

2. 3 Check that probe type instruments are cs 
used on highly  radioactive tanks con-
taining two-phase materia l s . 

3 . 0· Leakage Provisions 

3 . 1  Check that tank overf l ow l ines are PO 
directed to the waste col lection 
system. 

3 .2  Cneck that s ludge tanks and air �ixing 
tanks which contain radioactive 

PO 

materia l s  are vented to the respective 
build i ng vent i l ation system or the vent 
col l ection system. 

3. 3 Check that strainers are incl uded in PO 

( vent l ines from tanks containing spent 
resins or s l udge. 
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1 

c TABLE 2 (Conti nued) � 
I tem 

No. Oescri�tion Res�onsibi l i ties � 
4 . 0  Demineral izers 

4. 1 Check that demineral izers in radio- P O  
active systems and associated piping 
are designed with provisions for 
being f lushed with demineral ized 
water. 

4 . 2  Check that strainers are located fmmed- PO 
fately downstream of ion exchangers. 

4 . 3  Check that drains and downstream H ,  PO 
strai ners are designed for ful l sys-
tem pressure drop. 

4 . 4  Check that strainers are incl uded PO 
in vent l ines from the demineral i zer 
vessel . 

4 . 5  Check that fl ush connections are P O  
provided at a l l critical l ocations 
(such as e lbows, ties, valves) to 
c l ear potential p lugs. 

4 . 6  Check that flow i n  p ip i ng i s  turbul ent 
enough to mainta i n  suspension o r  f ines. 

5 .0  Floor Drains 

5. 1 Check that equipment drains are PO 
piped directly to a drainage 
col lection system. 

5 . 2  Check that provisions are made to 
remove p l ugging should i t  occur in 

PO 

dra i n  l ines. 

5 . 3  Check that radioactive and potenti a l ly PO 
radioactive dr·a i ns are separated 
from nonradioactive drains. 

Sec. D P I PING AND VALVE DESIGN 

1 . 0  P i�e Routing 

1 . 1  Check that p ip ing contain ing radio- PO 
active materi a l s  is  routed through 

( suitably zoned, control led access 
areas i n  accordance w i th piping 
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TABLE 2 (Continued) 

Item 
� 

1 . 2  

1 . 3  

1. 4 

1. 5 

radiation c l a s s i f i cation as shown I n  
Tab l e  3 .  

Check that equipment compartments 
contain radioactive p iping associated 
only �ith equipment �ithin the compart­
�ent or that nonassociated pip i ng I s  
adequately separated. 

Check that where i t  i s  necessary 
for radioactive p iping to be routed 
through corridors or other radiation 
zone areas, shielded pipe•av� are 
provided to meet area radiation level 
requi rements. 

Check that l ong runs of exposed 
radioactive pi ping are minimized , 
particul arly i n  active component 
areas such as valve gal leries or 
pump cel l s .  

Check that radioactive p iping i s  
routed to take cred it  for shielding 
effects of equipment or structures. 

2 . 0  Val ve location 

2. 1 

2 . 2  

2 . 3  

2 . 4  

2 . 5 

Check that valves are separated from 
components �h ich accumulate or 
contain radioact iv ity by shiel ding 
or di stance to meet the app l icable 
radiat ion shielding criteria leve l s .  

Check that valves are read i l y  acces s i ­
b le  from f l oors o r  permanent platforms . 

Check that sufficient space I s  pro­
vided to fac i l i tate valve and valve 
operator mai ntenance, operations , 
and testing. 

Check that valves are not located I n  
radioactive pipeways. 

Check that vent and drain  i solation 
and instrument root i solation valves 
�;e located as c lose as practical to 
process p iping or components. 

Responsib i l i ti es Note 

PO 

PO, H 

PO 

H ,  PO 

N ,  PO 

PO , CS 

PO, CS 

PO , CS 

PO , CS 
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TABLE 2 (Continued) 

I tem 
No. Respons i b i l i ti e s  

2 . 6  

2. 7 

Check that process valves are not 
l ocated a t  l ow points i n  p i p i ng .  

Check that reach rods or reaote 
man ipul ators are provided for 
aanua l ly operated val ves that are 
required in potent i a l l y  h i gh radi­
ation areas (Zone V or greater ) .  

3 . 0  P ipe Des ign 

3 . 1 

3 . 2  

3 . 3 

3 . 4  

3 . 5 

3 . 6  

3 . 7  

3 . 8  

Check that br1nch l i nes having l i tt l e  
or n o  f l ow ouring normal operation 
ar� connected above the horizontal 
• i o � : ane of the ma i n  pipe.  

Check that thermal expansion l oops i n  
radioactive systems are raised rather 
than dropped. 

Check that o r i f ices are l ocated on 
vertical pipi ng runs f f  pos s i b l e .  I f  
l ocated i n  horizontal p i p i ng runs, 
use eccentric design of the ori f i c e .  

Check that reducers are i nsta l led not 
to form a stagnant poc ket, i . e . , use 
eccentr i c  design with bottom f l a t ,  except 
at pumps . 

Check that bypas s  l i nes are l a i d  out 
to a l l ow dra i n i ng and f l ushing the 
mai n  l i ne w i thout d i sruption of 
system operation. 

Check that l engths of radioactive pipe 
runs and number of bends are • i n l m i zed 

Check that low ooints Jnd dead l egs i n  
radioactive p i p i ng are m i ni•ized and 
are capabl e  of b e i ng f l ushed. 

Check that i ns trument and sensing 
l f ne connections are located i n  
such a way a s  t o  avoid corrosion 
product and radioactive gas �· i l dup. 

PO 

PO, N 

PO 

PO 

PO,  CS 

PO 

PO , CS 

PO 

PO 

PO , CS 
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1 
( TABLE 2 (Continued) � 

Item 
No. Resl!onsib i l i ties � 

3 . 9  Check that welded joints are used when- PO , CS 
ever possible  to minim i ze crud traps 
in the mechanical joints. 

4 . 0  Va lve and Valve 0Eerator Selection 

4. 1 Check that ful l  ported valves are used H ,  PO, CS 
i n  systems expected to handle spent 
resins or s l urries with radiation 
l evels of 25 mr/hr or greater at con-
tact with the surface of the p ipe. 
(See Table 3)  

4 . 2  Check that valves 2-� inches and H ,  PO ,  CS 
larger (except butterfly valves 
and p l ug valves) in  l i nes carrying 
radioactive fluids with radiation 
leve l s  of 25 mr/hr or greater (con-
tact dose rate) are diaphragm, pack-
l ess ,  or have a doub le set of packing 

c with lantern ring. 

4 . 3  Check that al l globe valves i n  drain H ,  PO 
l ines (excluding i nstrument valves) 
2 i nches and sma l ler are V-pattern 
globe valves to fac i l i tate rodding 
i f  p l ugging should occur. 

4. 4 Check that remote operators or H,  PO, CS 
handwheels on reach rods are 
provided for a l l  valves, which must 
be accessible during operation, in  
l i nes processing evaporator bottoms 
or s�ent resins. 

4 . 5  Check that pressure rel ief valves H, PO 
have fl ange connections to fac i l i tate 
removal for set pressure veri fication 
and cal ibration. 

4 . 6  Check that valve operators are H ,  PO 
properly selected and meet the 
criteria in Table 3.  

4 . 7  Check that va lve types are properly H, PO 
sel ected for their intended ser-
vice and environment. 

t ' 
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Item 
No. 

4. 8 

5 . 0  

5. 1 

5 . 2  

5. 3 

5 . 4  

5 . 5  

5 . 6  

5 . 7  

Sec. E. 

1 . 0  

1 . 1  

1 . 2  

( 

Design C r i teria  13587-2-L01-100 

TABLE 2 (Conti nued) 

Resoons i b i l i t ies Note 

Check that p l ug valves or equal are 
used on systems transporting res i ns 
and sludge , and on radwaste systems. 

S�ent Res i n  and S l udge P i�ing 

Check that res i n  l ines are continuously 
s l oped i n  the d i rection of f low to 
avoid pot'ntial  stagnant pockets. 

Check that val ve� are l ocated as c l ose 
·as possible  to the spent resi n  tank room 
to m inimize the length of the dead l eg. 

Check that flow control valves and 
ori f ices are not used i n  res i n  l ines. 

Check that long radius ( 1 . 5  t imes the 
p i pe diameter or greater) bends and elbows 
are used at di rection changes. 

Check that d i rectional changes i n  
res i n  p i ping runs are mi nimized. 

Check that f lu id  velocity i s  h igh 
enough to keep res i ns i n  suspension. 

Check that system design permi ts f low 
to be conti nuous unt i l resins are 
fl ushed from piping,  or provi s ion i s  
made for f l ushing at a velocity high 
enough to pick up resins that have 
settled out during flow i nterruption. 

COMPONENT DESIGN (For components contain-
1ng radioactive f lu ids or located i n  
h igh radiation areas) 

S�ecifi  cations 

Check that material  requ i s i tions spec i fy 
the radiation envi ronmental requi rements 
for the intended material  appl ication. 

Check that equip�ent design features 
as presented in the remai nder of 
thi s section are i nclu�ed i n  the 
appropri ate equipment spec i f i cation. 

H, PO 

PO 

PO 

H ,  CS 

PO 

PO 

PO 

PO 

H ,  CS 

M ,  CS 
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Item 
No. 

2 . 0  

2. 1 

2 . 2  

2 . 3  

2 . 4  

2 . 5  

'\ 3 . 0  

4 . 0  

4. 1 

4 . 2  

4. 3 

4 .4  

4. 5 

Design Criteri a 13587-2-LOl-100 

TABLE 2 (Continued) 

Res�ons ibi l i ties 

Heat Exchangers 

Check that corrosion-resistant tubes H 
of stainless steel or other suitable 
material with welded tube-to-tube sheet 
joints are provided to minimize leakage. 

Check that impact baffles are provided H 
with tube side and she l l  s ide velocities 
l imited to minimize erosive effects. 

Check that drains are provided on the H ,  PO 
lowest portion to ensure removal of 
contami nated fluids.  

Check that where practical the contam- H 
inated s i de of the heat exchanger operates 
at a lower pressure than the c l ean side. 

Check that the more radioactive strean 
i s  on the tube s i de .  

Eva�orators 

Check that chemical addition connec-
lions are provided to a l l ow use of 
chemicals  for descal i ng operations. 

Pumps ( Sma 1 1) 

Check that pump casings are provided 
with drain connections. 

Check that pumps in radiation areas 
(Zone I I I  or higher) are purchased 
with mechanical seals to reduce seal 
servicing time and leakage. 

Check that pumps in radioactive 
systems are provided with flanged 
connections for ease f n  removal .  

Check that e lectrical quick di sconnects 
are provided on pumps in high radiation 
zones (V or higher) .  

Check that painted surfaces of the 
pump ( I f  any) are pai nted with a 
radiation-resi stant and decontaminab l e  
coating. 

H 

H 

H 

M 

H 

M,  E 

H ,  A 
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TABLE 2 (Continued) 

Item 
� Respons i bi l i ti es Note 

4 . 6  

4. 7 

Check that the pump has l ong- l ived 
bearings and that l ubrication i s  the 
permanent type. 

Check that the pump selection has 
considered the use of low RPM designs. 

5 . 0 Tanks 

5. 1 

5 . 2  

5 . 3  

5 . 4  

5 . 5 

5 . 6  

5 . 7  

5 . 8  

Check that tanks i n  radioactive 
service are provided with sl oped 
bottoms (min .  1 i nch per foot of 
tank di ameter) and bottom outlet 
connectinns. Conical or di shed bottom 
tanks with bottom connections are 
acceptabl e .  

Check that adequate tank mixing i s  
provided to prevent crud sett l i ng. 

Check that each tank requ i r i ng a manway 
i s  top fitted with one of at least 
a 2-foot diameter. ( I f  a manway f s  
located on the s ide o f  a tank, f t  should 
be c l early demonstrated that ft f s  
necessary. ) 

Check that s ide manways have 
eccentrical ly h inged covers designed 
to eas i ly c l ear fastening studs. 

Check that outlet p ipes have backflush­
i ng capab i l i ty i nto the tank to break up 
sediment. Backfl ush capabi l i ty should 
f nc 1 ude a i r .  

Check that tank l i n i ngs ( i f  any) are 
suitable for the expected service. 
Epoxy paint should be avoided. 

Check that overflow l ines are lower 
than vent l ines to prevent f lu id  
from contaminating vent l ines. 

Check that a permanent connection i s  
provided for insertion of a hydrol aser 
uni t for decontami nation of tanks i n  
Zone V areas. 

H 

M 

M,_ C 

H 

H ,  C 

H ,  C 

H ,  PO 

H, C ,  A 

H ,  PO , C 

H ,  PO, C 
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1 

( � 
TABLE 2 (Conti nued) 

Item 
No. Res2onsi b i l it ies  Note 

5 . 9  Check that l ap joints were not used I n  H ,  c 
tank construction. 

5 . 10 Check that no backing strips were used H ,  c 
on tank welds .  

5 . 11 Check that backing r ings were not H ,  c 
used on nozzle welds.  

5 . 12 Check that s i phoning of l iquid waste PO 
from tanks cannot occur. 

5 . 13 Check that in- l i ne f i l ters w ith PO 
backflushing capabi l i ty are provided 
for tanks w ith a s l udge bui ldup 
potenti a l .  

5. 14 Check to ensure that tanks with a H ,  PO 
potential ly hazardous leakage conse-
q�ence are l ocated over catch pans or 

( within curbs with drain l i nes 
leading to radioactive l iquid waste 
storage tanks or to sumps capable 
of handl ing a potenti al  spi l l .  

6 . 0  Instruments 

6 . 1  Check that chemical seals are cs 
provided on sensing l i nes on 
process p ip ing that may contain high· 
amounts of sol i ds .  

6 . 2  Check that primary instruments which, cs 
for functional reasons, are located 
i n  h igh radiation zones (V and greater) 
are des igned for easy removal to a 
radiat ion Zone I I  or lower for cal ibra-
lion. 

6 . 3  Check that instruments are selected cs 
which contain  minima l  quanti t ies of 
contaminated working fluids ;  e . g. , 
pressure transducers rather than 
bel lows-type pressure gauges. 

( 
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1 

( TABLE 2 (Continued) t 
Item 
No. ResEons ib i l i ties Note 

Sec. F MISCELLANEOUS FACILITY DESIGN 

1 . 0  L ighting 

1 . 1  Check that mul tiple  e lectric l i ghts E 
are provided for each cel l or room 
contain ing h ighly radioactive compo-
nents (Zone V and greater) so that 
burnout of a s i ngle  l amp wi l l  not re-
qui re entry. 

1 . 2  Check that l ighting In  high radiation E 
areas (Zone V and greater) i s  actuated 
from outside the area i n  the lowest 
practical radiation zone. 

1 . 3  Check that sufficient l ighting i s  E 
provided i n  areas that contai n  remote 
v i ewing devices to a l l ow their efficient 
use. 

I 1 . 4  Check that plug- i n ,  access ib le ,  E 
� bracket hung, removable uni ts 

are provided for easy removal 
and relamping outside h igh radiation 
areas. (L ightweight units are 
preferable for ease of handl ing. ) 

1 . 5  Check that extension cord powered units E 
stored on brackets and cord hangers 
outside the entrance are provided i f  
permanent uni ts are not practi cal , and 
the pre-placed brackets are provided 
within the high radiation area to 
fac i l i tate i nsta l l ation. 

1 . 6  Check that long- l i fe bulbs are provided E 
in  h igh radiation areas (Zone V) .  

2 .0  Contami nation Control and Coatings 

2 . 1  Check the f loor drains and properly M,  PO , C 
s loped floors are provided for each 
room or cubicle  containing serviceable 
components with radiation levels of a 
Zone I I I  or h igher. 

( 
Page 30 
Rev. 1 



Design Criteria  13587-2-LOl-100 

1 

( TABLE 2 (Conti nued) t 
I tem 
No. Responsibi l i t i es Note 

2 . 2  Check that l ocal gas traps o r  porous 
sea l s  are not used on f l oor drains 

M,  PO 

from radiation areas. 

2 . 3  Check that gas traps are provided a t  
the common sump or col l ection tank. 

M ,  PO 

2 . 4 Check that concrete surfaces i n  N ,  A 
areas of potential  contami nation 
are covered with a smooth-surfaced 
coating for the f l oor and wainscot, 
whi ch wi l l  a l l ow easy decontamination. 

2 . 5  Check that threshol d  curbs, cofferoams , PO, A ,  C 
or other means are provided to control 
radioactive l eakage or spi l l s .  

2 . 6  Check that protection from backflooding PO , C 
of f loor drains i s  provided. 

3 . 0  Access Pl atforms 

( 3. 1 Cheak that equipment subject to routine PO , CS 
maintenance (defined as at least once 
per year) has permanent access pl atforms. 

3 . 2  Check that d i rect access t o  active PO , CS 
components is provided from any working 
p l atform. 

3 . 3  Check that ample  space i s  provided on PO 
platforms for accommodating safe 
personnel movement during replacement 
of components ( i nc l ud i ng the use of 
any necessary materi a l  hand l i ng equip-
ment). 

4 .0  Remote Viewing Devices 

Check that i n  high radiation areas M, PO, CS 
(Zone V and greater) where routine 
vi sual survei l lance i nspections are 
required, remote viewing devices are 
provided. 

5. 0 Temporarl Shielding 

Check that when shielding i s  required N ,  PO , C 
and permanent shielding i s  not feas ib le ,  
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Item 
No. 

TABLE 2 (Continued) 

Respons i b i l i ties 

suff i c i ent space and supports for portable 
shielding are provided and the structure 
i s  capable of accepting the additional 
l oading. 

6 . 0  Insulation 

Check that piping and components 
requi ring frequent (once per year 
or greater) access for maintenance ,  
i nspection, etc. uti l i ze quick removal 
i nsulation wherever practical . 

PO 

7 . 0  P l ant Services 

� 
PO 

cs 

A 

E 

c 

H 

N 

Ill 

Check that services such as e lectrical 
power,  water, respirable a i r ,  and 
compressed a i r  are avai lable reasonabl y  
close t o  radiation work areas. 

Description 

Plant Design 

Control Systems 

Archi tectural 

E l ectrical 

C i v i l  

Mechanical 

Nuclear/Licensing 

H,  PO, E, N 

Item to be completed prior to transmittal of 
general arrangement drawing to c l i ent for 
in it ia l  review. 

Note 
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TABLE 3 

TYPICAL RADIOACTIVE PIPING CLASSIFICATION AND ROUTING 

Exposure Rate at Acceptabl e  
Contact with Pipe Radioac t i v i ty Radiation Zone 

Surface �mR/hr� Oescri2tion Routing* 

Nonradioactive I ,  1 1 ,  I l l ,  IV,  v 

0. 5 S l i ghtly I '  I I ,  I 1 1 ,  IV,  v 
radioactive 

2. 5 Low radioactivity I I ,  I 1 1 ,  IV ,  v 

25 Low to moderately I I I ,  IV,  v 
radioactive 

100 Moderately IV,  V 
radioactive 

>100 Highly radioactive V, VI , V I I  

* Routing of nonrad .�active o r  low radioacti v i ty piping i n  high 
radiation zones should be minimized. 
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Design Dose Rate 

Zone �mrem Eer hour� 
I :i0. 5* 

I I  0. 5 to 2 . 5  

I I I  2 . 5  to 25 

IV  25  to  100 

v 100 to 1000 

VI 1000 to 3000 

VII  �3000 

TABLE 4 

RADIATION ZONES 

Design Criteria 13587-2-LOl-l' 

Access Description 

Uncontrol l ed ,  unl i mi ted access 
Control l ed ,  l imited access 40 hours per 
week 
Control l ed ,  l i mi ted access 4 to 40 hours 
per week 
Control led ,  l imited access 1 to 4 hours 
per week 
Norma l l y  i naccess ible  access during emer­
gency 
Normal ly i naccessible  access during emer­
gency 
Locked barrier to zone 
Normal ly i naccessible  access during emer­
gency 
Locked barrier to zone 

* Design dose rates i n  office spaces and other Zone I areas which are 
continuously occupied 8 hours per day, S days per week or more sha l l  
be l ess than 0 . 25 mrem/hr. Corridors and other Zone 1 areas of a 
transient occupancy nature shal l  be below 0 . 5  mrem/hr. 
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1 .0  INTRODUCTION 

1. 1 These criteria shal l govern the Archi tectural design of the struc­
tures and fac i l i t ies for the Three M i l e  I s land - Unit Z recovery services. 

1. 2 A l l  s i gn if icant deviations from these design criteria sha l l  be 
approved by the D i v i sion Chief Architect. 

Z .O  GOVERNING CODES, REGULATIONS, AND REFERENCE DOCUMENTS 

Unless speci fica l ly stated otherwi se , the design of a l l  structures and 
faci l i ties shal l be based on the latest i ssue (unless otherwise indicated) 
on the app l i cabl e  portions of the fol lowing codes ,  spec i f ications , 
industry standards, regulations and standards of the Bechtel Thermal 
Power Organi zation. When confl ict occurs between criter ia ,  the more 
restrictive shal l apply. Compl iance to these documents sha l l  be d i s­
cussed i n  the i ndividual faci l i ty design criteria ,  and/or specif ications. 

2 . 1  FEDERAL CODES AND STANDARDS 

NRC regul atory guides, branch technical posi tions and co�es of federal 
regulations appl icable  to the recovery fac i l i t ies and l i sted in the 
general section of the project design criteria. 

2.2 GOVERNING CODES , REGULATIONS, AND INDUSTRY STANDARDS 

2 . 2 . 1  Pennsylvania Code for F i re and Panic Regulations by Department of 
labor and Industry, 1978 

2 . 2 . 2  The BOCA Basi c  Bui lding Code, 1978 

2 . 2 . 3  The BOCA Pl umbing Code, 1978 

2 . 2 . 4  American Insti tute of Steel Construction (AISC) 

Standards as applicable 

2 . 2 . 5  American Iron and Steel Insti tute (AISI ) ,  "Speci fic-.· ;..,.., for the 
Des ign of Cold·Formed Steel Structural Members" 

Standards as appl icable 

2 . 2. 6  American Welding Society (AWS ) ,  

"Structural Welding Code" (AWS Dl. 1-79) 

2 . 2 . 7  American Concrete Institute (AC I )  

Standards a s  app l i cable 
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2 . 2 . 8  American Society for Testing and Material s (ASTH) 

Standards as appl icable 

2 . 2 . 9  American National Standards Insti tute (ANSI) 

Standards as appl icable 

2 .2 . 10 American Nuclear Insurance/Mutual Atomic Energy Rei nsurance 
Pool (ANI/HAERP) 

Bas ic  F ire Protection for Nuclear Power Plant,  1977 

2 . 2 . 11 National F i re Protection Association (NFPA) 

Standards as appl icable 

2. 2 . 12 National Concrete Masonry Association (NCHA) 

2. 2. 13 Unden.riters Laboratories Inc. (UL) 

F i re Resi stance Di rectory , 1980 

Bui lding Materi a ls  Di rectory, 1980 

2 . 2. 14 Factory Mutual Engineering Corporation (FH) 

Standards as appl icable 

2. 2 . 15 Steel Door Insti tute (SOl) 

Standards as app l i cable 

2 . 2 . 16 Steel Structures Painting Counc i l  (SSPC) 

Number Subject 

Solvent C l eaning 
Hand Tool Cleaning 
Power Tool C leaning 
Near White Metal Blasting 

SSPC SP 1 
SSPC SP 2 
SSPC SP 3 
SSPC SP 10 
SSPC PA 2 Dry F i lm Measurement Us i ng Nondestructive 

Magnetic Gages 
SSPC VIS 1 

2 . 2 . 17 T i l e  Counci l  of America 

Standards as app l i cable 

Pi ctoria l  Surface Preparation Standards 
for Pa int ing Steel Surfaces 

2 . 3  BECHTEL THERMAL POWER ORGANIZATION STANDARDS AND DESIGN GUIDES 

2 . 3. 1 Oiscipl � ne Standard Speci fications 
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2 .3 . 2 D i scip l ine Drawing Standard and Standard Deta i l  

2 . 3 . 3  D i scipl ine Design Standards and Guides 

2 . 4  PROJECT STANDARDS AND DOCUMENTS 

2 . 4 . 1  Project Engineering Procedures Manual 

2 . 4 . 2  THI-2 Fina l  Safety Analysis  Report and amendments 

2 . 4 . 3  F i re Protection Program Reevaluation for THI-2 

2 . 5  MATERIAL SPECIFICATIONS 

Nationa l ly recognized industry standards are used whenever possible  to 
describe materia l  properties , testing procedures ,  fabrication , and 
construction methods. 

3 . 0  MATERIAL DESCRIPTION 

3 . 1  ROOFS 

3 . 1 . 1  Roof construction in  general wi l l  consist  of gravel�surfaced 
composi tion roofing (with or wi thout rigid i nsulation board) with or 
wi thout vapor barrier. That insulation and vapor barrier, if provided, 
sha l l  be attached by an approved method including perimeter fastening. 
The roofing wi l l  conform to UL C lass A construction. Metal deck roof 
assembl ies  sha l l  conform to Underwriters Laboratories l i sting as f ire· 
acceptabl e ,  and Factory Mutual approval as C lass I construction. 

3 . 1 . 2  Metal decking wi l l  be galvani zed steel of a standard section 
appropriate for the l oads and span requir�d. 

3 . 2  WALLS 

3 . 2 . 1  Wal l s  enclosing plant mechanical and e lectrical equipment rooms ,  
ex it  sta i rways, and storage areas wi l l  be  constructed of concrete masonry 
uni t ,  poured· in·pl ace concrete,  or precast concrete pane l . 11 
3 . 2 . 2  Parti tions other than masonry or concrete wi l l  be metal studs 
covered with gypsum wal l board, or metal parti tion,  as required. 

3 . 2 . 3  Insulated and Uninsulated Metal Siding 

Unless otherwise noted a l l  exterior surfaces of i nsul ated and uninsu­
l ated metal s iding wi l l  be finished with PVF2 KYHAR 500 or accepted 
equal . Wal l  insulation sha l l  be noncombustible.  Insulated metal 
panels sha l l  be i n  approved f ire rated assemb l i es .  

Al l i nterior surfaces o f  insulated and uninsulated metal siding wi l l  
receive the manufacturer' s standard f ini sh coat. 

3 . 2 . 4  Metal flashing wi l l  match adjacent finish of exterior or interior 
pane l s .  
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3 . 2. 5 Exterior wal l s  wi l l  be reinforced concrete , metal ·  s iding,  precast 
concrete panel , brick, or c�ncrete Rasonry u�it. 

3.3 CEILINGS 

Cei l i ngs ;;, f i ni shed areas wi l l  be acoustical l ay-in units i n  an e�posed­
grid suspension system or suspended mc�al l ath on �urring channe ls  and 
cement plaster, as required. The type of cei l i ng wi l l  be determined by 
the use of the particular area. Cei l i ngs and the i r  supports wi l l  be 
made of noncombustible materi a ls .  Unless otherwise noted ce i l ing wi l l  
be exposed underside of metal roof deck and structural stee l .  I 1 
3 .4  FLOORS 

Unless otherwise noted concrete f loors wi l l  be f in ished i n  accordance 
with Paragraph 5 .8 .  Ceramic t i l e  f loor wi l l  be manufactured and i nsta l l ed 
i n  accordance with T i l e  Counci l  of America, Inc. Res i l i ent f loor w i l l  
conform to Federal Specif ication No. SS-T-312A Type I V  for t i l es.  

4 . 0  GENERAL STAIRS AND DOORS 

4 . 1  STAIRS 

A l l  metal stairs shal l have galvani zed steel safety treads, platforms, 
rai l i ngs , and landings. Required fire exit stairs wi l l  have sol i d  metal 
ri sers and poured concrete treads. 

4 . 2  DOORS AND FRAMES 

Al l personnel doors i ncluding f ire rated doors wi l l  be hol low metal 
doors with pressed steel frames .  

I 1 

Doors and frames wi l l  be pai �ted as described i n  Paragraph 5 . 9. Oversize I 1 doors should be f ire res i st ive construction with certification i f  
unlabeled. 

4 . 3  SPECIAL ODORS 

Special doors such as pressure type, a irt ight ,  equipment doors , etc. , 
wi l l  be provided as requ ired. 

5 . 0  PAINTING AND COATING 

Surfaces to be coated i nclude concrete floors , cei l i ngs and wal l s ,  
masonry wal l s ,  structural and mi scel laneous steel , cranes ,  equipment, 
tanks, and piping. 

5 . 1 STRUCTURAL AND MISCELLANEOUS METAL 

5. 1 . 1  Al l structural and mi scel l aneous steel , except i n  the pre-engin­
eered bui ldings and steel joists,  wi l l  receive shop-appl ied i norganic  
z inc primer. Compatib le  f in ish coat wi l l  be app l i ed in  the f ie ld  as 
required. Structural steel requir ing fi reproofing material wi l l  receive 
primer compatible  wi th the fireproofing selected. 
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5 . 2  CARBON STEEL P IP ING ,  PIPE HANGERS, AND SUPPORTS 

5 .2 . 1 Al l uninsulated p ip ing and a l l  hangers and supports exposed to 
chemical contami nants wi l l  be protected with shop-appl ied epoxy primer. 
Compatib le  f in ish  coat wi l l  be appl ied in the f ie ld  as requi red. 

5 . 2 . 2  Al l uninsulated p ip ing and al l hangers and supports not ex�osed 
to chemical contaminants wi l l  receive manufacturer ' s  standard al kyd 
prime r ,  except at field  weld joints. F ie ld  touchup wi l l  be performed 
as requi red. No f ie ld  finish coat wi l l  be app l i ed. 

5 . 2 . 3  Al l i nsulated piping wi l l  receive manufacturer' s standard fini sh. 
No f ie ld  touchup or f ini sh coat wi l l  be app l i ed.  

5.3 VA�VES , VALVE OPERATORS , AND VALVE MOTORS 

5. 3 . 1  Al l val ve s ,  valve operators , and valve motors exposed to chemical 
contaminants wi l l  be protected with shop-appl i ed epoxy primer. Com­
pat ib le  f in ish coat wi l l  be app l i ed i n  the f ie ld  as required. 

5 . 3. 2 Al l valves , valve operators,  and valve motors not exposed to 
chemical contaminants wi l l  receive a manufacturer' s standard fini sh. 

5 . 4  MECHANICAL EQUIPMENT AND SUPPORTS 

5 .4 . 1 Al l mechanical equipment and supports exposed to chemical con­
taminants wi l l  be protected with shop-app l i ed epoxy primer. Compatib le  
f inish  coat wi l l  be  app l i ed i n  the f ie ld  as  required. 

5 . 4 . 2  A l l  mechani cal  equipment and supports not exposed to chemical 
contami nants wi l l  receive manufacturer' s standard finish.  

5 . 5 ELECTRICAL AND I NSTRUMENTATION EQUIPMENT 

5 . 5 . 1  Al l el ectrical and instrumentation equi pment wi l l  receive a 
manufacturer ' s  standard f i ni sh .  

5 . 5 . 2  A l l  conduits ,  junction boxes, cable  trays, hangers and supports,  
i nc luding unl strut required for �he e lectrical and i nstrumentati on, wi l l  
be hot dipped galvani zed o r  equa l .  1 1 
5 . 6  HVAC DUCTWORKS , HANGERS, AND SUPPORTS 

A l l  HVAC ductworks , hangers,  and supports wi l l  be galvanized or painted 
carbon steel . 

5 . 7 FERROUS AND NON-FERROUS METALS 
I 

5. 7 . 1  Sta i nl ess steel and non-ferrous metal s  wi l l  not be shop or f ie ld  
coated. 

5 . 7 . 2  Al l f loor gratings, metal deck forms , and checkered plates wi l l  
be galvanized. 

Page 5 
Rev. 1 

• 

• 



( 
Design Criteria 13587-2-A01- 100 

5 .8  CONCRETE WALL�. FLOORS , CEI LINGS, AND MASONRY WALLS 

5 .8 . 1 Surfaces exposed to chemical contami nants �i l l  be protected �ith 
an epoxy surfacer and one coat of epoxy f in i sh. 

5 . 8 . 2  Concrete floors and �al l s  in areas sho�n as sealed �i l l  be pro­
tected with a sealer or a hardener. 

5 . 8. 3  Surfaces except floors i n  areas other than those i n  Paragraphs 
5 . 8 . 1 and 5 . 8 . 2  wi l l  be painted with conventi onal paint as requ ired.  

5 .9 DOORS AND FRAMES 

5 . 9. 1 A l l doors and frames i n  areas �hich are not exposed to chemical 
contaminants wi l l  have manufacturer' s standard shop-appl ied primer and 
wi l l  receive a f ie ld-app l i ed finish coating as required. 

5 . 9 . 2  A l l  doors and frames exposed to chemical contaminants wi l l  receive 
�anufacturer' s standard primer and f ie ld-app l i ed epoxy top coat. 

5 . 10 SPECIAL DOORS 

A l l  specia l  doors and frames wi l l  recei ve manufacturer ' s  standard shop­
app l i ed primer and wi l l  receive a field-appl ied finish  coating as required. 

6 . 0  TOILET COMPARTMENTS AND LOCKERS 

Toi l et compartments wi l l  be of cei l i ng-hung, flush type metal , with 
baked-enamel factory fi nish.  Lockers are steel , fb�tory fini shed, and 
wi l l  be mounted on concrete curbs. Wood benches wi l l  ·eceive a sealer.  

7 . 0  ARCHITECTURAL ELEMENTS OF FIRE �ROTECTION 

7 . 1  BUILDING MATERIALS 

7 . 1 . 1  Bui ld ing materia l s ,  structural components , and i nterior fin i shes wi l l  I l 
be rated i n  accordance with ASTH E e� and/or UL-723 Standard Test Methods 
for C l �ssi fication of Bui ld ing Material s .  Material s shal l have dEmon-
strated fl ame spread cl assi fications of 25 or less , fuel contribution of 
25 or l ess by these tests. In addition,  material s composed of or con· 
ta ining plastics and any f loor coverings shal l be separately approved 
for the i r  planned uti l i zation. 

7 . 1 . 2  F ire res i stive coatings wi l l  be appl ied to structural steel �here l l  necessary to obtain minimum hourly rating. 

7. 2 FIRE PROPAGATION CONTROL IN BUILDING DESIGN 

7 .2 . 1 Noncombustib le  fire barrier �al l s ,  floors , and cei l ings wi l l  
be provided i n  order to subdivide bui ld ings i nto fire areas. The 
fire res i stive rating and the del ineation of fire barrier �a l l s ,  floors , 
cei l i ngs , and structural steel wi l l  be provided �here required, based on: 

7 .2 . 1. 1 Pennsylvania Code F ire and Panic Regulations by Department of 
Labor and Industry 
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7 .2 . 1 . 2  HFPA codes and standards 

7 . 2 . 1 . 3  ANI/HAERP Basic F ire Protection for Nuclear Power Plants 

7 . 2 . 1 .4  NRC Branch Technical Position ASS 9 . 5-1 ,  Appendix A 

7 . 2 . 2  The fire resistive i ntegrity of f ire barrier wal l s ,  f l oors , and I cei l i ngs having through-penetrations wi l l  be maintained by seal ing the 1 
penetration openings wi th a tested �aterfal having an equival ent fire 
resistive rating. F ire stop instal l ations shal l be approved by ANI. 
The stops shal l be tested in accordance with ASTM E 119 and shal l meet 1 1 the requirements of 10 CFR 50, Appendix R ,  Secti on I t l .H. 

7 .2 . 3 Deleted 1 1 
7 . 2  4 F loor drainage sha l l  be provided and properly arranged to protect 
against water damage and/or commurication of fire. F loor penetrations 
shal l be curbed. Removable  plugs sha l l  be provided where needed to ' prevent spread of f ire due to flammable/combustible l i quids that may 1 
reach drains from spreadi ng to another f ire area. 

7 . 2 . 5  An approved arrangement sha l l  be provided to vent smoke and heat 
from fire from al l l evels of bui ldings , using either dedicated means , 
f ixed or portabl e ,  or i n  combination wi th bui lding features. Provi s ions 
wi l l  be made to monitor or sample smoke released from potential ly  radio-
active areas. 

7 . 3  EXIT FACILITIES REQUIREMENTS 

Exit faci l i ties wi l l  conform to the Pennsyl vania Code for Fire and Panic 
Regulations by Department of Labor and I ndustry and OSHA requirements. 

8. 0 SECURITY SYSTEM 

A security system wi l l  be provided and designed by GPU Services Corpora­
t ion i n  accordance with their existing program. 
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1 . 0  INTRODUCTION 

These criteria sha l l  govern the design of structures and fac i l i ties of 
the Three M i le  I s land - Uni t 2 recovery. The general C iv i l-Structural 
requi rements for the design of structures and faci l i ties are contained 
herein. Specif ic  design requi rements for major .recovery fac i l i ties are 
contained in the specific  design criteria for the fac i l i ty. The design 
of recovery faci l i ties shal l be based on the general requi rements contained 
herein and the additional specif ic  requi rements of the speci fic design 
criteria for the fac i l i ty.  In addition,  the design of the fac i l i ties 
sha l l  be based on consideration of such factors as the environment, 
specific  site condi tions, plant operation and mai ntenance , and pub l i c  
safety. 

Revisions or addi tions to existing Unit 2 structures to accommodate 
recovery structures , systems , and components shal l conform to the Unit 2 
Final Safety Analysis  Report (FSAR) and the criteria contained herein. 
The structural adequacy of the existing structures sha l l  be evaluated 
tor the new l oads imposed by recovery faci l i ties to assure conformance 
with the Unit 2 FSAR. 

2 . 0  GOVERNING COOES, REGULATIONS, AND REFERENCE DOCUMENTS 

Unless speci fica l ly stated otherwise, the design of al l structures and 
faci l i ties shal l be based on app l icable portions of the fol lowing codes , 
speci fications , industry standards , regul ations , topical reports and 
standards of the Bechtel Thermal Power Organization, and other reference 
documents. Where conflict occurs between criteria ,  the more restrictive 
sha l l  apply. The date of issue (or revision) indi cated sha l l  apply. 

2. 1 GOVERNING CODES, SPECIFICATIONS, AND INDUSTRY STANDARDS 

2. 1 . 1  Bui lding �fficials  and Code Admini strators Internationa l ,  "The 
BOCA Basic Bui ld ing Code ," 1978. 

2 . 1 . 2  American Insti tute of Steel Construction (AISC) 

a .  "Speci fication for the Design, Fabrication and Erection of  
Structura 1 Stee 1 for Bui ldings ,"  November 1 ,  1978 

b.  "Code of Standard Practice for Steel Bui ld ings and Bridges , "  
September 1 ,  1976 

c .  "Speci fication for Structural Joints Using ASTM A 325 or  A 490 
Bol ts , "  Apri l  26 , 1978. 

2 . 1 . 3  American Iron and Steel Institute (AIS I ) ,  "Specification for the 
Design of Col d-Formed Steel Structural Members , "  1968 Edition, with 
Commentary dated 1970 and Supplement dated 1971. 
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2 . 1 . 4  American Welding Society (AWS) 

a. "Structural Welding Code , "  (AWS 01. 1-79) 

b .  "Reinforcing Steel Welding Code , "  {AWS 012. 1-75) .  

2 . 1 . 5  American Concrete Insti tute (ACI) 

a. "Bui ld ing Code Requi rements for Rei nforced Concrete , "  (ACI 
318·77) 

b .  "Hanua 1 of  Standard Practice for Oeta f 1  i ng Reinforced Concrete 
Structures , "  (ACI 315-74) 

c .  "�Jde Requi rements for Nuclear Safety Rel ated Concrete Struc­. tures ,"  (ACI 349-76) ,  revised 1978 

d.  "Bui ld ing Code Requi rements for Concrete Masonry 
Structures ,"  (ACI 531·79). 

2 . 1 . 6  American Society of Mechanical Engineers (ASHE) ,  Boi l er and 
Pressure Vessel Code, 1977, i nc luding al l the approved addenda up to 
summer 1979, for the fol lowing sections: 

Section I I  - Material Speci fications, Part A - Ferrcus 

Section V - Nondestructive Examination 

Section V I I I  - Pressure Vesse ls  

Section I X  • Welding and Brazing Qua l i fications 

2 . 1. 7 American National Standards Insti tute (ANSI ) ,  "Bui l ding Code Re­
qui rements for Minimum Design loc::ds i n  Bui ldings and Other Structures , "  
(ANSI A58. 1·1972}. 

2 . 1 . 8  American Petrol eum Insti tute (AP I )  

a. "Recommended Rules for Design and Construction of large , Welded, 
low-Pressure Storage Tanks , "  API Standard 620, Sixth Edition, 
Rev ision 2, December 31, 1978 

b. "Welded Steel Tanks for O i l  Storage ,11 API Standard 650, Sixth 
Edition,  Revis i on 1 ,  Hay 15, 1978. 

2 . 1 . 9  American Water Works Association (AWWA) 

a. 11Steel Pipe Design and Instal lation , "  AWWA Manual Hll, 1964 

b .  "Standard for Reinforced Concrete Pressure Pipe, Noncy l i nder 
Type , for Water and Other liquids , "  (AWWA C302-74) .  

2. 1. 10 American Society for Testing and Materia l s  (ASTH) 

• App l i cable ASTH standard speci ficati ons are referred to i n  the Project 
� ' 1 1 -Structural specifications and Section 8 of these criteria. 
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2 . 1 . 11 American Association of State Highway and Transportation 
Offici a l s  (AASHTO) 

a. " Standard Speci fications for Hi ghway Bridges ,"  1977 

b .  "Standard Speci fications for Transportation Materials  and 
Hethods of Sampl ing and Testi ng , "  Parts I and I I ,  1978. 

2 . 1. 12 American Rai lway Engineering Assoc iation (AREA ) .  "Manual for 
Rai lway Engineering , "  Vol umes I and I I ,  1978. 

2. 1 . 13 Crane Manufacturers Association of America (CHAA) , "Spec ifi­
cations for El ectric Overhead Travel i ng Cranes ,"  CHAA Specification No. 
70, revised 1975. 

2. 2 REGULATIONS 

2. 2 . 1  Uni ted States Nuclear Regulatory Commission (USNRC) 
Regulations 

USNRC regulations and regulatory guides appl icab le  to the design of 
recovery faci l i ties are l i sted in the General Section of the Project 
General Design Criteria. 

2 .2 .2  OSHA Regulations 

Occupational Safety and Health Admi nistration (OSHA) regulations app l i­
cable to  the design of recovery faci l i ties are l i sted in the General 
Section of the Project General Design Criteria. 

2 . 2 . 3  Regulations of the State of Pennsylvania as fol lows : 

a .  Pennsylvan ia Code for F ire and Panfc Regulations by Department 
of Labor and Industry 

b. Pennsylvania Department of Transportation Fonm 408 Speci f ica­
tions 

2 . 3  BECHTEL THERHAL POWER ORGANIZATION ' S  TOPICAL REPORTS 

Appl icab le  Bechtel Thermal Power Organi zation ' s  Topical Reports are 
l isted in Appendix A of these design criteria.  

2 .4 BECHTEL THERMAL POWER ORGANIZATION ' S  STANDARDS 

2. 4 . 1  Civi l/Structural Standard Deta i l s  

2 . 4 . 2  C iv i l/Structural Design Standards and Guides l i sted in  Appendix B 
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2 . 5  PROJECT ' S  STANDARDS AND DOCUMENTS 

2 . 5. 1 Project Engineering Procedures Manual 

2 . 5 . 2  THJ Uni t  2 F i na l  Safety Analys i s  Report (FSAR) and amen�ents 

2 . 5 . 3  C i v i l -Structural spec i f i cations 

2 . 5 . 4  NSubsurface Investigation and Foundation Report, Three M i l e  
I s l and Uni t  2 Recovery Projec t , "  prepared by Bechtel C i v i l  and Minera l s ,  
I nc . , January 1981. 

2 . 6  OTHER REFERENCE DOCUMENTS 

2 . 6. 1 American I n s t i tute of T i mbe r  Construct ion (AJTC ) ,  " T i mber Con­
struction Manua l , "  1974. 

2 . 6 . 2  ��eri can Concrete I n s t i tute (ACJ ) ,  "Concrete Masonry Structures -
Design and Construc t i o n , "  1970. 

2 . 6 . 3  Metal Sui l d i r.g Manufacturers Assoc i a t i on (��A } ,  " Recommended 
Des i gn Practices Manua l , "  1974. 

3 . 0  SITE JNFO�AT JON 

The fol l owing s i te characte r i s t i c s  are i nc l uded in FSAR Chapter 2 . 0 :  

a .  Geography and De�ography (FSAR Section 2 . 1 )  

b .  Nearby Industri a l , Transporta t i o n ,  and M i l i tary Fac i l i ti es 
(FSAR Section 2 . 2 )  

c .  Meteorology (FSAR Section 2 . 3 }  

d.  Hydrologic Engineering ( FSAR Section 2 . 4 )  

e .  Geology and Sei smol ogy (FSAR Section 2 . 5 ) .  

The spec i f i c  i nformation to b e  used i n  c i v i l - structural des i g� i s  given 
i n  the fol l o� i ng subsections: 

3 . 1 SURVEYS AND DATUM 

See the FSAR ( F i gure 1 . 2-2 and Section 2. 5 . 1 . 2 ) for spec i f i c  survey data 
and s i te l ocation.  

3 . 2  WATER LEVELS 

Normal �ater level 
Maximum recorded h i gh water level 
Design f l ood h i gh �ater level 
Probab l e  maximum f l ood h i gh �ater l evel 
Des i gn low water l e v e l  

2 7 7  ft 
302 ft 
304 ft 
311 ft 
NA 
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3 . 3  PRECIPITATION 

3 .3 . 1 Rainfal l 

Average annual 
Dai ly maximum 
Design hourly maximum 

3. 3. 2 Snowfal l 

Average annual 
Dai ly maximum 
Monthly maximum 

3 .4  GROUNDWATER TABLE 

Design Criteria 13587-2-COl-100 

36. 5 in.  
12 . 6  i n .  
5 i n. 

36 i n. 
21 in .  
34 in .  

Average groundwater level i s  approximately at water level of the 
Susquehanna River. Groundwater levels around the Unit 2 powerblock l l  range from 279 feet to 285 feet. 

3. 5 FROST PENETRATION 

Depth below grade 3 ft,  4 i n .  

3.  6 ICE 

3 . 6 . 1  Damage due to the formation of ice on the Susquehanna River sha l l  
not be considered unless spec i f i cal ly noted in  the speci fi c  design 
criteria for the faci l i ty. 

3 . 6 . 2  F looding due to the formation of an i ce jam in the river is l ess 
severe than the maximum recorded high water level and need not be con­
sidered. 

3 .6 .3  Structures within 500 feet of the Unit 2 coo l i ng towers shal l be 
desi gned for the l oad from 1 inch of i ce uni formly di stributed on i ts 
surface. 

3 . 7 AIR TEMPERATURE 

Record low 
Record high 

3 . 8  DESIGN WINOS ANO"TORNAOOES 

3.8. 1 Design Winds 

-8 F 
107 F 

Based on 100 year recurrence i nterval , the design wind veloci ty shal l be 
80 mph at 30 feet above grade . 
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3 . 8 . 2  Tornadoes 

S i te condi tions: 

Rotational wind veloc i ty 
Translational wind velocity 
Combi ned wind veloc i ty 

3 . 9  SEISMOLOGY 

290 mph 
70 mph 

360 mph 

The s i te i s  l ocated i n  Seismic Zone 1 as defined i n  the BOCA Basi c  
Bui l d i ng Code. Seismic l oads sha l l  be considered i n  accordance with 
Subsection 6. 9 of these criteria. 

3 . 10 SOIL AND FOUNDATION CONDITIONS 

Soi l  conditions and foundation recommendations for recovery fac i l i ties 
are contained i n  "Subsurface Investigation and Foundation Report,  
Three M i l e  I s l and Unit  2 Recovery Project. " The a l l owabl e  soil  bearing 
capacity for each faci l i ty i s  contai ned i n  the spec i fic design criteria 
for the fac i l i ty.  

4.0 SEISMIC DESIGN CLASSIFICATION OF STRUCTURES 

The plant structures , systems, and components are c l assi fied i nto two 
categori es i n  accordance with NRC Regulatory Guide No. 1 . 29 ,  "Seismic 
Design C l ass i fication . "  The two categories are Sei smic  Category I and 
non-Se i smic Category I .  For defin itions o f  the two seismic design 
categories , see the General Section of  the Project General Des i gn 
Criteria. The spec i fic  design cri teria for the fac i l i ty wi l l  i ndicate 
the sei smic design c lassif ication. 

5 . 0  CIVIL  WORK CRITERIA 

5. 1 EARTHWORK 

5 . 1 . 1  Unl t · s  speci f i ed otherwise by the soi l s  engineer, the fol lowing 
maximum s lopes sha l l  be used for excavation and embankment: 

Evaporation ponds 
Road excavat��n and embankments 
Others 

3 : 1  (Horizonta l :  
2 : 1  Vertical ) 
2: 1 

5 . 1 . 2  The fol lowing values for compaction,  expressed as percent of 
maximum dry dens i ty as determined by ASTH D 1557 , shal l be used: 

Backfi l l  for foundations , p ipes , 
and e lectrical duct banks 

Embankments 
Roads 
Others 

5 . 2  ROADS 

95 percent 
95 percent 
95 percent 
90 percent 

5 . 2 . 1  Grades sha l l  be held to a maximum of 6 percent. 
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5 . 2 . 2  Minimum radius of curvature sha l l  be as fo l l ows: 

Access Road: 
Plant Road: 

200 feet 
SO feet 

5 . 2 . 3  Minimum width of l ane sha l l  be 12 feet. Shoulders are not required. 

5 . 2 . 4  Design l oading over culverts and pipes shal l be i n  accordance with 
AASHTO-HS20·44, except for areas subject to speci a l  heavy transporting 
equipment. 

5 . 3  RAILROADS 

5 .3 . 1 Grades shal l be held to a maximum of 1 percent. 

5 . 3 . 2  Curvature shal l be he ld to a maximum of 14 degrees ,  with 10 
degrees preferable .  

5 .3 .3  A minimum of 4 i nches of ba l last under the t ies  sha l l  be  used. 

5 . 3 . 4  No super-elevation wi l l  be requi red. 

5 .3 . 5 Construction and materia ls  shal l conform to the AREA Manual for 
Rai lway Engineering. 

5 . 3 . 6  Design l oading over culverts and pipes shal l be Coopers E·SO p lus 
50 percent impact. 

5 . 4  STORM DRAINAGE 

5 . 4 . 1  Runoff ,  resul ting from rainfal l ,  sha l l  be conveyed to drainage 
ditches by s loping the tributary surface area. Surface slopes sha l l  be 
1 . 0  percent minimum, but 0. 5 percent minimum may be permitted i n  some 
i ns tances , i f  approved by the C i v i l  Group Supervi sor. 

5 . 4 . 2  Drainage d itch s lopes sha l l  be 0 . 5  percent minimum, but s lopes as 
flat as 0 .25 percent may be permi tted in some i nstances , i f  approved by 
the C i v i l  Group Supervi sor. 

5 . 4 . 3  Calculation of the flow shal l be based on the Rational Method. 
The quantity of runoff shal l be determined by the Rational Formul a  
(Q:CiA) where: 

Q = Design di scharge 
C = Runoff coefficient, ratio of runoff to rainfa l l  
i = Rainfal l i ntensity 
A = Contributory area 

5 . 4 . 4  Storm sewers shal l be used near the locations of major struc­
tures. The maximum velocity shal l be 8 fps and spacing between manholes 
sha l l  not exceed 300 feet. 
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6 . 0  DESIGN LOADS 

The fol l owing design l oads sha l l  be used for a l l  structures and fac i l i ties 
unless noted otherwise in the specif ic  design criteria for the fac i l i ty.  

6.1 DEAD LOADS (D)  

6 . 1 . 1  The dead loads includ the weight of  framing, roofs , floors , 
wal l s ,  partitions , platforms . ·ielding, and a l l  permanent equipment 
and materials .  The vertical a lateral pressures of l i quids sha l l  also 
be treated as dead loads, as p•L ided in Section 9 . 2 . 5  of ACI 318. 

6. 1 . 2  F loors sha l l  be checked ror the actual equipment l oads (see the 
specif ic  design criteria for major equipment weights). To provide for 
permanently attached sma l l  equipment, piping, conduits ,  and cable trays , 
a minimum of SO psf sha l l  be added where appropriate. 

Pipe loads i n  areas with heavy piping concentrations and cable tray 
l oads i n  areas of large concentrations of trays sha l l. be carefu l ly 
reviewed with the Project Pl ant Design Group and the Project E lectrical 
Group, respectively, to determine the app l i cable design loads. These 
areas sha l l  i nc lude , but are not l imited to , those areas identified i n  
the specif ic  design criteria for the faci l i ty. 

Where the piping i s  to be supported from platforms or wal kway beams,  
actual l oads sha l l  be determined and used. The suitabi l ity of pipe 
hanger l ocations for mai n  piping or unusual arrangements shal l be 
coordinated with the Project Pl ant Design Group. 

After pipe hanger l ocations and loads are ful ly estab l i shed, a l l 
structural members shal l be reviewed for structural adequacy and, i f  the 
members are overstressed, they shal l be reinforced to withstand the 
establ ished loads. 

6 .2  LIVE LOADS (L)  

6 .2 . 1 Live loads shal l  be as  specified in  Subsection 6 . 2 . 2 ,  but i n  no 
case l ess than the minimum design l ive l oads speci fied i n  Subsection 
6 . 2 . 4  or the specif ic  design criteria for the fac i l i ty. 

6 . 2 . 2  live l oads i nc lude floor area l oads , laydown loads, equipment 
handl i ng loads, l ateral earth pressure, i ce and snow, trucks, rai l road 
vehic les ,  and simi l ar ftems. The f loor area l ive l oad shal l be omitted 
from areas occupied by equipment whose weight i s  speci fical ly inc luded 
i n  dead load. Live load sha l l  not be omitted where access under equip­
ment i s  provided, for i nstance, an elevated tank on four l egs. The 
floor design l ive l oads shal l be shown both i n  the calcul ations and on 
the design drawings. 

6 . 2 . 3  Posting of Live Loads 

The design l ive l oads shal l be marked on pl ates of approved design. 
Such plates shal l be affixed at selected conspicuous places in each 
space to which they relate. 
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6 .2 .4  Minimum Design Live Loads 

T� fol lowing minimum l ive loads sha l l  be used i n  the design. L ive 
l oads appl icable to specif ic  structures or faci l i ties are l i sted 
separately i n  the specif ic  desi.gn criteria for the fac i l i ty. 

a. General 

Roofs Snow loads 
Offices 
Assembly and locker rooms 
Laboratories and l aundry rooms 
Stairs , pl atforms, and wal kways 

Rai l ings (appl ied i n  any d i rection 
at top of rail ing) 

F loors on grade 
Rai l road support structures 
Rai l road surcharge 
Truck support structures 
Machine shop and warehouse floor 
A l l  other e levated f loors 

(Subsection 6 .4)  
50  psf 

100 psf 
100 psf 
100 psf 

or 1000 l bs . "  
50 p l f  

or 200 lbs . 11  
250 psf 

Coopers E-80 
Per AREA Manual 
AASHTO HSZ0-44 

500 psf 
200 psf 

•Note: Concentrated loads should be so applied as to produce maximum 
moment or shear. 

b. Live Load Reduction 

1) No l i ve l oad reduction sha l l  be a l l owed for warehouses , 
storage areas , and tanks. 

2) No l ive load reduction shal l be a l l owed for the design of 
slabs,  beams,  joi sts,  trusses , and gi rders for l i ve loads 
greater than 100 psf. 

3) For l i ve loads greater than 100 psf, the fol lowing l i ve 
load reduction sha l l  apply for the design of columns, 
p iers,  wal l s ,  and foundations: 

Supporting: 
Roof 
Roof and 1 f loor 
Roof and 2 floors 
Roof and 3 or more floors 

4) For l ive loads of 100 psf or less the requi rements of the 
BOCA Bas i c  Bui ld ing Code sha l l  apply. 
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6. 3 CONSTRUCTION LOADS 

Di splacements and stresses of major structural elements shal l  be checked 
for the fol l owing loads: 

a. Metal decking for 
concrete s labs 

b. Steel beams supporting 
concrete floors 

c. Precast floor panels 
supporting poured-in­
place topping 

6 .4  SNOW LOADS AND PONDING 

Weight of the concrete 
plus 50 psf without increase i n  
a l l owabl e  stress, o r  weight of the 
concrete plus 100 psf with one-third 
increase in a l lowable  stress , whichever 
governs. 

Weight of the concrete plus 100 psf 
uni form load on the tributary floor 
area, or weight of the concrete plus 5 
kips conc�ntrated load so appl i ed as 
to produce maximum mom.ent or shear. 
One-third i ncrease i n  a l l owable  stress 
is permitted. 

Weight of the precast panel and toppi ng 
plus 100 psf uni form l oad , or weight of 
the precast panel and topping plus 5 
kips concentrated l oad so appl ied a� to 
produce maximum moment or shear. 
Increase i n  a l l owable  stress sha l l  not 
be permi tted. Camber shal l be provided 
for l ong spans. 

The ground snow load is 30 psf based on 100-year mean recurrence i n­
terval .  The minimum roof snow l oad shal l  be taken as 0 .8  times the 
ground snow load. To account for roof geometry and drifting, the snow 
l oad di stributions and related coefficients given in Appendix l of the 
BOCA Basic Bui ld ing Code shal l be uti l ized. 

Unless a roof surface is provided with sufficient s l ope toward points of 
free drainage or adequate i ndividual drains to prevent the accumul ation 
of rai nwater, the roof structure sha l l  be designed to assure stabi l i ty 
under ponding conditions.  The provis ions of Section 1 . 13 . 3  of the AISC 
Speci fication for the Des ign, Fabrication and Erection of Structural 
Steel for Bui ldings shal l be sati sfied to assure stabi l i ty .  

6. 5 CRANE LOADS 

a .  A l l  cranes wi l l  be class B ,  per CMAA Speci f ication No. 70 , 
unless noted otherwise. 
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b .  Crane and equipment suppl ier' s i nfo�ation shal l be used for 
wheel l oads , equipment l oads , and weights of moving parts. 
Construction l oads sha l l  be considered, where appl icable .  

c .  Impact a l l owance for trave l i ng crane supports and runway 
horizontal forces sha l l  be i n  accordance with Paragraphs 1 . 3 . 3  
and 1 . 3 . 4  o f  the AISC Specif ication for the Design, Fabrica­
tion and Erection of Structural Steel for Bui l dings. 

d .  Maximum vertical deflection for crane and monorai l  gi rders 
shal l not exceed 1/800 of the span length. Impact shal l not be 
considered in determining deflection. 

e. Crane l i ft loads need not be combined with wind loads. 

f .  The weight of the unl oaded crane sha l l  be  considered 
simul taneously with the seismic l oads. The horizontal i nertia 
forces sha l l  be obtai ned by the provi s i ons of the BOCA Basic  
Bui lding Code. 

6 .6  ELEVATOR LOADS 

Impact a l l owance for the supports of el evators sha l l  be 100 percent 
unless otherwise speci fied by the equipment suppl iers. 

6 . 7  DESIGN FLOOD PRESSURE 

For structural and buoyancy calculations , Seismic Category I structures 
shal l be designed to wi thstand the effect of the probabl e  maximum 
flood high water l evel given in Subsection 3 .2 .  Non-Seismic Category 
structures sha l l  be designed for the effect of the design flood high 
water l evel given in Subsection 3 . 2 .  

6 .8  DESIGN WIND AND TORNADO LOADS 

6 . 8 . 1  Design wind loads shal l be determined in accordance with Topical 
Report BC-TOP-3-A and ANSI A58. 1 for the design wind velocity given i n  I 1 
Subsection 3 .8 . 1 .  

6 .8 .2  Tornado Loads 

a. The design bas i s  tornado sha l l  conform to Regulatory Guide 1 . 76 ,  
Region I ,  and shal l have the fol lowing characteri stics: 

Maximum wind veloc i ty 
Rotational vel ocity 
Maximum translational velocity 
Mi nimum trans l ational velocity 
Radius of maximum rotational velocity 
Pressure drop 
Rate of pressure drop 

360 mph 
290 mph 
70 mph 

5 mph 
150 ft 
3 . 0  psi 
2 . 0  psi /sec 

The characteristics l i sted above and the techniques presented 
i n  Topical Report BC-TOP-3-A sha l l  be uti l i zed to determine 
tornado l oads. 
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b. The postulated tornado missi les  and the criteria for the i r  
design sha l l  b e  given i n  the speci f ic des ign criteria o f  the 
fac i l i ty if app l icabl e .  

6. 9 SEISMIC LOADS 

Topical Report BC-TOP-4-A shal l be the basic reference document for 
seismic analysi s .  Horizontal and vertical seismic accel erations shal l 
be considered to act simultaneously. The horizontal response spectra 
and vertical response spectra given i n  BC-TOP-4-A Figures 2-11 and 2-15 , 
respectively, shal l be uti l i zed by l inearly sca l ing to the ground accelera­
tion leve l s  indicated belcw. The fol lowing seismic loads sha l l  be 
considered based on the seismic design c lassi fication of the structure: 

6 .9 . 1 Seismic Category I 

a. Safe Shutdown Earthquake Load 

Seismic Category I structures and components sha l l  be des igned 
for no loss of function when subjected to the safe ·shutdown 
earthquake (SSE) .  The ground accel erations for the SSE sha l l  
b e  . 12 g horizontal and . 08 g vertica l .  Damping factors sha l l  
be a s  l i sted i n  Topical Report BC-TOP-4-A. 

b. Operating Basi s  Earthquake Load 

Seismic Category I structures and components shal l a lso  be 
designed to remain wi thin appropriately defined a l l owabl e  
stress l imits when subjected to operating basi s  earthquake 
(OBE ) .  The ground accelerations for the OBE sha l l  b e  . 06 g 
horizontal and . 04 g vertical . Damping factors shal l be as 
l i sted in Topical Report BC-TOP-4-A. 

6. 9 . 2  Non-Seismic Category I 

a. Non-Seismic Category I structu�es sha l l  be designed for sei smic 
l oads determined in accordance with the BOCA Basic  Bui lding 
Code for Seismic Zone 1 ,  except as noted below and i n  Subsec­
tion 7 . 5  of these design criteria. 

b. Non-Seismic Category I structures whose col lapse or excessive 
deformation could result i n  l oss of required function of adjacent 
safety-related structures ,  equipment, or systems sha l l  be 
designed in one of the fol l owing ways: 

1) An inelastic analysis wi l l  be performed to assure that the 
non-Seismic Category I structure wi l l  not co l l apse or 
deform to the extent that loss of the required safety 
function of adjacent safety-related structures, equipment, 
or systems wi l l  resu lt  when subjected to the SSE. 

2) An e lastic analys is  wi l l  be performed to assure that the 
non-Seismic Category I structure wi l l  not co l lapse or 
deform to the extent that loss of the required safety 
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function of adjacent safety-related structures ,  equipment, 
or systems �i l l  result �hen subjected to the SSE. Stresses 
sha l l  be l imited to 0 . 9  of yield or 0 . 9  of any fai l ure 
mode. 

6. 10 SPECIAL CONSIDERATIONS FOR TEMPORARY LOADS 

a .  Temporary Condi tions 

For structures subjected to temporary loads, one-thi rd i ncrease 
i n  a l l o�able  stress i s  permitted. liner plates , i f  used as 
forms , ei ther sha l l  be designed for the lateral pre�sure corre­
sponding to the rate of concrete pl acement , or shal l be pro­
vided �ith a suitable  bracing system as noted on the drawings. 

Design restrictions on shoring removal that are di fferent from 
the normal practice recommended by ACI codes shal l be shown on 
the specif ic  design drawings. 

b. Backfi l l  Conditions 

General ly  structures may be backfi l led with structural backfi l l  
�hen concrete compressive strength reaches 60 percent of the 
specified compressive strength ( f . ) .  Other backfi l l  restric­
tions , if any, sha l l  be shown on the specific  design drawings. 

7 . 0  DESIGN BASES 

7. 1 GENERAL 

Al l steel structures sha l l  be designed by the �rking stress or plastic 
design methods. All rei nforced concrete structures shal l be des igned 
using strength design concepts. Soi l  bearing pressure shal l be checked 
for the actual loads. 

The fol l�ing sections estab l i sh the design methods and l oad combina­
tions for a l l  structures based on the sei smic design classification of 
the structure. I n  addition,  seismic considerations; factors of safety 
for overturning, s l iding ,  and fl otation; and temperature l imits and 
reductions are presented. 

7 . 2  FACTORS OF SAFETY FOR OVERTURNING, SLIDING ,  AND FLOTATION 

7 .2 . 1 Factors of Safety for Seismic Category I Structures 

A l l  Seismic Category I structures sha l l  be checked for overturning, 
s l iding,  and flotation using the load combinations and the minimum 
factors of safety indicated below. 

Load Combination 

0 + H + E 

Minimum Factor of Safety 

Overturning 

1. 5 

S l i d i ng 

1 . 5  

Flotation 
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0 + H + W 1 . 5  1. 5 

o + H + e ·  1 . 1  1. 1 

o + H + wt 1. 1 1. 1 

0 + F 1. 1 

H i s  the l ateral earth pressure and F i s  the resultant bouyant force due 
to the probabl e maximum fl ood high water l evel . 0 ,  E ,  w, Wt , and e ·  are 
defined i n  Section 7 .4 . 1. 

7 . 2 . 2  Factors of Safety for Non-Sei smic Category I Structures 

Non-Sei smic Category I structures shal l be checked for overturni ng ,  
s l id ing ,  and flotation using the load combinations and the minimum 
factors of safety i ndicated below. 

load Combination Minimum Factor of Safet� 

Overturni ng S l idi!!9 Flotation 

0 + H + E 1 . 5  1. 5 

0 + H + W 1. 5 1. 5 

0 + F 1. 1 

0 + H + E 55 1 . 1  1. 1 

H i s  defined i n  the above section. 0 ,  E ,  W, and E are defined for 
non-Seismic Category I structures i n  Section 7 .5 . 1�5 F i s  the resul tant 
bouyant force due to the design flood high water level . 

The l ast load combi nation i n  the above table shal l be checked for type A 
and type C non-Seismic Category I structures only. For defin ition of 
the di fferent types of non-Seismic Category I structures , see Section 
7 . 5. 

7 . 3  SEISMIC CONSIDERATIONS 

I n  the loading combinations where seismic forces are considered, the 
general criterion i s  to use dead and l i ve l oads most l i kely to exist 
during normal operation. Based on thi s  criterion the l oads as defined 
in Sections 6. 1 and 6 . 2  shal l be taken i nto account as fol lows : 

a. Dead loads (0): The total dead load must be considered i n  
seismic analysis and design. 

b .  live loads (l) :  The design l i ve loads are based on  maximum 
probable loads during normal operation or shutdown and mainte­
nance conditions. The fraction of design l ive load which i s  
l i kely to occur during normal operation (occupancy loads) i s  
relatively smal l .  Other loads contributing to the design l i ve 
l oad (such as laydown, mai ntenance, temporary crane, etc. ) 

Page 14 
Rev. 0 



( 
Design Criteria 13587-2-C01-100 

should not be included i n  the loading combinations i nvolv i ng 
seismic loads. Therefore, i n  seismic analys i s  and design only 
a fraction of the design l ive l oads should be considered. The 
fraction of the l ive load to be used should be based on func­
tional requi rements of the particular structure, but i n  no case 
should be l ess  than 25 percent of the design l ive load. 

7 .4  SEISMIC CATEGORY I STRUCTURES 

I n  genera l ,  a l l Seismic Category I concrete structur�s sha l l  be designed 
i n  accordance with ACI 349. Al l Seismic Category I steel structures 
shal l be designed i n  accordance with the AISC Speci fication for the 
Design,  Fabrication and Erection of Structural Steel for Bui l di ngs. 
Certain modifications and supplements to suit conditions pecul iar to 
nuclear power plants wi l l  be noted i n  the a l l owable  stresses and l oad 
comb inations given i n  the fol lowing subsections . 

The design of mason�· wal l s  i n  Seismic Category I structures sha l l  be i n  
accordance with Appendix 0. 

When subjected to various combi nations of gravity, thermal , and envi ron­
mental loads , Seismic Category I structures sha l l  be proportioned to 
maintain elastic behavior. E lastic behavior sha l l  be considered as 
l imited by the yield stress of structural steel materia ls  or the ult i­
mate capaci ty of  reinforced concrete e lements. Yield stress for steel 
( i nc luding reinforcing stee l )  i s  the guaranteed minimum value i n  the 
appropriate ASTH specif ication. Rei nforc ing steel stresses sha l l  a lways 
control the design of reinforced concrete members. 

The seismic analysis of Seismic Category I structures shal l conform to 
Topical Report BC-TOP-4-A. 

7.4. 1 Defin itions 

The fol lowing nomenclature and defini tion of terms apply to the design 
of Seismic Category I structures. 

a. Normal Loads 

Normal loads are those loads encountered during normal plant 
operation and shutdown. They i nc lude the fo l lowing: 

D = Dead loads as defi ned in Section 6. 1 

L = L ive l oads as defined i n  Section 6 .2  

T = 
0 

Thermal effects and loads during normal 
operating and shutdown conditions, based 
on the most critical transient or steady­
state condi tion 

R = Pipe reactions during normal operating or 
0 shutdown conditions , based on the most 

critical  transient or steady-state condi tion 
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b. Severe Envi ronmental Loads 

Severe environmental loads are those l oads that could i nfre­
quently be encountered during plant l i fe .  They i nc lude the 
fol lowing: 

E = Loads generated by the operating bas i s  earthquake (OBE) as 
defined i n  Section 6 . 9 . l . b  

W = Loads generated by the design wind a s  t'efined i n  Section 
3 . 8 . 1  

c .  Extreme Envi ronmental Loads 

Extreme envi ronmental l oads are those l oads which are credible 
but highly improbable .  They i nc lude the fol lowing: 

E' = 

� = 

Loads generated by the safe shutdown earth�uake (SSE) as 
defined i n  Section 6 .9 . l .a  

Loads generated by the design basi s  tornado as  speci fied 
i n  Section 6.8. 2. They i ncl ude l oads due to tornado wind 
pressure, tornado-created di fferential �ressure, tornado­
generated miss i l es ,  and col l apse of aajacent non-Seismic 
Category I structure(s) .  

d. Other Definitions 

S = For structural st�el , S i s  the required section strength 
based on the el ast c design methods and the a l l owabl e  
stresses defined i n  Part 1 of  the AISC Speci f i cation for 
the Design, Fabrication and Erection of Structural Steel 
for Bui l dings. 

U = For concrete structures, U is the section strength required 
to resist design loads, based on the methods described i n  
ACI 349. 

. 

Y = For structural steel , Y i s  the section strength required to 
resist  design l oads, based on p lastic design methods described 
i n  Part 2 of AISC Specif ication for the Design, Fabrication 
and Erection of Structural Steel for Bui ldings. 

The one·third i ncrease in a l l owable stresses for concrete and 
steel due to seismic or wind l oadings i s  not permitted for 
Seismic Category I structures. 

7 .4 .2  Load Combinations 

Seismic Category I structures and components sha l l  be designed to resist  
the l oad combinations given i n  the fol l owing subsections unless noted 
otherwise i n  the specif ic  design criteria for the fac i l i ty. 
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7 . 4. 2 . 1  Seismic Category I Concrete Structures and Components 

Seismic Category I concrete structures shal l be des i gned to res i st the 
fol lowing load combinations. The strength design method describ.ed i n  
ACI 349 shal l be used. 

a. Load Comb i nations for Service Load Conditions 

1 .  U = 1 . 4  0 � 1. 7 L 
2. U = 1 . 4  0 + 1. 7 L + 1 . 9  E 
3 .  U = 1 . 4  0 + 1. 7 L + 1 . 7  W 
4 .  U = 0. 75 ( 1 . 4  0 + 1. 7 L + 1 . 7  T + 1 . 7  R )  
5. U = 0. 75 (1.4 0 + 1. 7 L � 1 . 9  E0+ 1 . 7  T 0+ 1 . 7  R

0
) 

6. U = 0. 75 (1 .4  0 � 1. 7 L � 1. 7 W � 1. 7 T� + 1. 7 R
0

) 

The cases of L having i ts ful l value of being coc �letely absent 
sha l l  be checked for the above combinations. The fol l owing 
combinations shal l a l so be sati sfied: 

7.  U = 1 .2  0 + 1. 9 E 
8. u = 1 . 2  0 � 1 . 7  w 

Where l ateral earth and l iquid pressures are present, i n  addi tion 
to al l the above combi nations where they have been i nc l uded in  L 
and 0 ,  respectively, the requi rements of Section 9 . 2 . 4  and 9 . 2. 5 of 
ACI 318 sha l l  also be satisfied. 

b .  Load Combi nations for Factored Load Condit ions 

The fol l owing load combinations , which represent extreme 
envi ronmental conditions , sha l l  be satisfied. The cases of L 
having i t s  fu l l  value or being completely absent sha l l  be 
checked. 

9.  U = 0 + L � T � R � e ·  
10. U = 0 + L � T� + R� + Wt 

7 .4 . 2 . 2  Seismic Category I Steel Structures and Components 

Seismic Category I steel structures sha l l  be designed to resist  the 
fol lowing l oad combi nations. For al l l oad combinations l i sted below, 
the cases of L having i ts ful l value or being completely absent sha l l  
b e  checked. 

· 

a .  Load Combinations for Service Load Conditions 

1. For elastic working stress design methods, the fol l owing 
load combinations sha l l  be considered: 

1. 
2. 
3. 
4. 
5. 

S = 0 � L 
S = 0 � L + E 
s = 0 � l � � 
1 . 5  S = 0 � l + T + 
1 . 5  S = 0 + L + T� + 
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6. 1 . 5  S = 0 + l + T + R + W 
0 0 

No i ncrease i n  a l l owable stress i s  permitted for load 
combinations 1 ,  2 ,  and 3. 

2. I f  p l astic  design methods are used, the fol lowing l'oad 
combi nations sha l l  be considered: 

1 .  
2 .  
3.  
4. 
5. 
6. 

y = 1 . 7  0 + 1 . 7  l 
Y = 1 . 7  0 + 1 . 7  l + 1 . 7  E 
Y = 1 . 7  0 + 1 . 7  l + 1 . 7  W 
Y = 1 . 3  (0 + l + T + R ) 
Y = 1 . 3  (0 + l + E0+ T 0+ R } 
Y = 1 . 3  (D + l + W + T0 + R0) 0 0 

b. load Combinations for Factored load Conditions 

1 .  for e last ic  working stress design methods, the fol lowing 
l oad combi nations shal l be sati sf ied: 

7 .  
8. 

1 . 6  S = 0 + l + T + R + E '  
1 . 6  S = 0 + l + T0 + R0 + W 

0 0 t 

2. If plastic  design methods are used, the fol l owing l oad 
combinations sha l l  be considered: 

7. 
8. 

0 . 9  Y = 0 + l + T + R + E '  
0 . 9  Y = D + l + T0 + R0 + W 0 0 t 

For load combinations 7 and 8 ,  thermal l oads may be ne­
gl ected � �re i t  can be shown that they are secondary and 
sel f- 1 imi t 1 ng i n  nature and where the material i s  duct i le.  

7 . 4 . 2. 3 Explanation of load Combinations 

a. load Combinations for Service load Condi t i ons 

These combinations i nc l ude a l l  loads which are expected to be 
appl ied during normal pl ant operation, including l oads from the 
design wind and the OBE as wel l  as l oads from thermal effects 
and p ipe reactions. 

b. load Combinations for Factored load Condi tions 

These combinations i nc l ude events and the resul t i ng loads whi c h  
are h ighly improbab l e ,  the safe shutdown earthquake and the 
design bas i s  tornado. 

7 . 5  NON-SEISMIC CATEGORY I STRUCTURES 

A l l  non-Seismic Category I concrete structures shal l be designed in  
accordance w i th ACI  318. A l l  non-Sei smic  Category I steel structures 
sha l l  be designed i n  accordance with the AISC Speci fi cation for the 
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Design,  Fabrication and Erection of Structural Steel for Bui ld i ngs. In  
add i tion,  any modi fi cati ons or  supplemental requi rements given in the 
fol l owing subsections shal l apply. 

The design of masonry wal l s  in non-Seismic Category I structures shal l 
be i n  accordance wi th ACI 531. 

Non-Seismic Category I structures are further c l assified as type A, B ,  
C ,  o r  0 as fol lows. 

Type A: Structures which are l ocated adjacent to safety-related systems,  
structures, and equipment are classified as type A. Type A 
structures sha l l  be designed for seismic l oads determined in 
accordance with the BOCA Bas i c  Bui l ding Code. In  addi tion,  
these structures sha l l  be checked to assure that they wi l l  not 
col l apse or experience excessive deformation to the extent that 
they wi l l  cause loss of the safety function of adjacent safety­
related systems , structures, or equipment when subjected to the 
safe shutdown earthquake (SSE). 

Type B: Structures which are not located adjacent to safety-related 
systems , structures, and equipment are cl ass i fied as type B .  
Type B structures sha l l  be  designed for seismic loads deter­
mined i n  accordance with the BOCA Basic  Bui l d i ng Code only. 

Type C: Structures which house l iquid and/or sol id radwaste systems and 
are l ocated adjacent to safety-rel ated systems,  structures, and 
equipment are cl assi fied as type C. Type C structures sha l l  be 
des igned for seismic loads due to the operating bas i s  earth­
quake (OBE) .  I n  addit ion ,  these structures sha l l  be checked 
to assure that they wi l l  not col l apse or experience excessive 
deformation to the extent that they wi l l  cause loss of the 
safety function of adjacent safety-related systems , structures , 
or equipment when subjected to the SSE. 

Type D: Structures which house l iquid and/or sol i d  radwaste systems but 
are not located adjacent to safety-related systems,  structures , 
and equipment are c l assi fied as type D .  Type D structures 
sha l l  be des i gned for seismic loads due to the OBE. 

The simpl i fied " inelastic" analys i s  procedure given in C iv i l/Structural 
Design Guide C-2 . 33 ,  "Simp l i fied Inelastic Seismic Analysis of Non-Cate­
gory I Structures ,"  i s  an acceptable method to determine the loads due 
to the SSE for type A and type C structures. . 

Non-Sei smic Category I structures located adjacent to safety-rel ated 
structures sha l l  not be designed to prevent co l l apse when subjected to 
the design bas i s  tornado. The safety-related structure sha l l  i nstead be 
checked to assure that i t  can withstand the col l apse of the adjacent 
non-Seismic Category I structure(s)  wi thout l oss of safety-related 
function. 
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7. 5. 1  Definit ions 

The fol l owing nomenclature and definit i on of terms apply to the design 
of non-Seismic Category 1 structures. 

a. Normal loads 

Normal loads are those loads encountered during normal plant 
operation and shutdown. They include the fol l owing: 

D = Dead loads as defined in Section 6 . 1  

l = live l oads a s  defined i n  Section 6 . 2  

b .  Severe Environmental Loads 

c.  

Severe environmental loads are those l oads that could infre­
quently be encountered during p l ant l i fe.  They include the 
fol lowing: 

E = Seismic l oads as spec i f ied in the BOCA Basi c  Bui l ding Code 
for type A and type B structures or seismic l oads due to the 
operating basic  earthquake (OBE) for type C and type D 
structures 

W = loads generated by the design wind as defined i n  Section 
3 . 8 . 1  

Extreme Envi ronmental Loads 

Extreme envi ronmental l oads are those l oads which are credible  
but highly improbable .  They include the fol l owing: 

Esc = loads generated by the safe shutdown earthquake, · obtained using Design Guide C-2. 33 

Extreme envi ronmental loads shal l be considered in the design 
of type A and type C structures only. 

d.  Other Definitions 

S = For structural steel , S is the required section strength 
based on the e lastic design methods and the a l lowable 
stresses defined in Part 1 of the AlSC Specif ication for 
the Design, Fabri�ation and Erection of Structural Steel 
for Bui l dings. 

U = For concrete structure s ,  U is the section strength requi red , 
based on the methods described i n  ACI 318. 

Y = For structural steel , Y i s  the section strength required, 
based on plastic design methods described in Part 2 of the 
AISC Speci fication. 
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7. 5 . 2  Load Combinations 

Non-Seismic Category I structures and components shal l be designed to 
res i st the load combinations given in the fol l owing subsections unless 
noted otherwise in the spec i f i c  design criteria  for the faci l i ty .  

7. 5. 2. 1  Non-Seismic Category I Concrete Structures �nd Components 

Non-Seismic Category I concrete structures sha l l  be designed to resist  
the fol l owing load combinations. The strength design method described 
in ACI 318 sha l l  be used. · 

1. U = 1 . 4  0 + 1 . 7  L 
2. U = 0. 75 ( 1 . 4  D + 1. 7 L + 1 . 87 E )  
3. U = 0 . 75 ( 1 . 4  0 + 1 . 7  L + 1 . 7  W) 

The cases of L having its  ful l value or being completely absent sha l l  be 
checked for the above equations and equation 6. The fol l owing combina­
tions sha l l  a l so be sati sfied:  

4 .  U = 0.9 0 + 1.43 E 
5.  u = 0. 9 0 + 1 . 3  w 

The fol l owing load combination shal l be checked for type A and type C 
structures only: 

6. U = 0 + L + E ss 

Where l ateral earth and l iquid pressures are present, fn addit ion to a l l  
the above combinations where they have been incl uded i n  L and 0 ,  respec­
tively, the requi rements of Section 9 .2 .4  and 9 . 2 . 5  of ACI 318 sha l l  
a l so be satisfied. 

7 . 5 . 2. 2  Non-Seismic  Category I Steel Structures and Components 

Non-Sei smic Category I steel structures shal l be designed to resi s t  the 
fol lowing load combinations. For al l load combinations l isted below, 
the cases of L having i ts ful l value or  being completely absent shal l be 
checked. 

a .  For elastic working stress design methods , the fol lowing load 
combinations sha l l  be considered: 

1. S = O + L  
2 .  1 . 33 S = 0 + L + E 
3 .  1 . 33 S = D + L + W 

The fol lowing load combination sha l l  be checked for type A and 
type C structures only: 

4. 1 6 S = 0 + L + E . 5 5  
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b. If plastic design methods are used, the fol lowing l oad combina­
t i ons sha l l be considered: 

1 .  Y = 1 . 7 ( 0  + L)  
2 .  Y = 1 . 3  (0  + L + E)  
3.  Y = 1 . 3  (0 + L + W) 

The fol lowing load combination sha l l  be checked for type A and 
type C structures only: 

4.  0.9 Y = D + L + E 55 
7 . 5 . 2 . 3  Explanation of Load Combinations 

Combi nations 1 through 5 for concrete structures and 1 through 3 for 
steel structures are strictly in accordance with establ i shed criteria 
for the design of conventional structures. These f i ve load combi nations 
for concrete structures are i n  accordance with the ACI 318 , and the 
three combinations for steel structures are in accordance with AISC 
Speci fi cation. 

Combination 6 for concrete structures and 4 for steel structures involve 
the safe shutdown earthquake and are appl icable  to type A and type C 
structures only. These combinations i nc l ude extreme environmental loads 
and should be checked only to assure that the structure wi·l l not col l apse 
or deform to the extent that i t  wi l l  affect the i ntegrity of adjacent . 
safety-related systems , structures, and equipment. Consequently, only 
the main framing members which resist earthquake forces should be con­
sidered and s ized to satisfy these combinations. 

In  addition to the loads l i sted i n  Section 7 . 5. 1 ,  the effects of d iffer­
ential  settlement and temperature changes should be considered i f  these 
effects are significant. 

7 . 5 . 3  Pre-engineered Metal Bui ldings 

Pre-engineered metal bui ld ings may be used for structures class i fi ed as 
type B non-Seismic Category I structures only. 

Pre-engineered metal bui l dings sha l l  conform to the requirements of thi s  
section i n  l ieu o f  the requirements given i n  the preceding sections for 
non-Seismic Category I structures. 

The design of pre-engineered metal bui ld i ngs sha l l  conform to the Metal 
Bui l ding Manufacturers Association (MBHA ) ,  "Recommended Design Practices 
Manual . "  The comb i nations of loads and a l l owable  stresses to be considered 
i n  the design of al l members of the structure sha l l  be i n  accordance 
with Section 7 of the HBHA Manual .  

The bas ic  wind load shal l be 20 psf app l i ed and proportioned as horizontal 
and upl i ft forces in accordance with Section 4 of the HBHA manual .  

Seismic loads determined i n  accordance with the BOCA Basic  Bui ld ing Code 
for Seismic Zone 1 sha l l  be considered i n  the design of pre-engineered 
metal bui ld ings. 
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7. 6 TEMPERATURE LIMITS AND REDUCTIONS 

7 : 6 . 1 Steel 

For structural steel e lements. the maximum temperatures are l im i ted to 
700 F and the a l l owable  stress values shal l be reduced by 5 percent for 
each 100 F increase i n  temperature, using 100 F as the base for the 
a l l owables .  

7 . 6. 2  Concrete 

The l imitations l i sted below are app l i cable  only to concrete structural 
components: 

a .  The fol lowing temperature l imitations are for normal operation 
or any other long-term period. The temperatures are not a l l owed 
to exceed 150 F ,  e�cept for loca l areas which may be a l l owed 
increased temperatures not exceeding 200 F .  

b .  The fol l owing temperature l im i tations are for accident o r  any 
other short-term period. The temperatures are not a l l owed to 
exceed 350 F for the i nterior surface. However. local areas 
may be a l l owed to reach 650 F from s team and/or water jets i n  
the event o f  a pipe fai lure. 

c .  Temperatures h igher than given i n  i tems a.  and b .  may b e  a l l owed 
i n  concrete, i f  test data can be provided to evaluate the 
corresponding reduction i n  strength. Such a reduction sha l l  be 
appl ied  to the design a l l owable  values. A lso ,  evidence wi l l  be 
provided which  veri fies that the i ncreased temperatures do not 
cause deteri oration of concrete, e ither wi th or wi thout load. 

8 . 0  CONSTRUCTION MATERIALS 

8. 1 The principal construction materia l s  for Seismic Category I and 
non-Seismic Category I structures are concrete, reinforcing stee l ,  
structural steel , masonry, and metal decking,  as speci fied here i n  or i n  
the spec i f i c  design cri teria for the fac i l i ty. 

8 . 2  Concrete design compressive strengths shal l be as fol lows: 

I tem f '  c (ps i )  

Precast concrete panels 5000 
A l l  other p l ant structures 3000 (mi nimum) 
Lean concrete backfi l l  and e lectrical 2500 

duct encasemrnt 

Compressive strength ( f�) refers to compress i ve strength at 28 days. 

8. 3 Reinforcing steel sha l l  be deformed b i l let steel , conforming to 
ASTM A 615 , Grade 60. 
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8 . 4  Welded Steel Wire Fabric shal l conform to ASTM A 185 (plain wire} 
or  A 497 ( deformed wi re) .  

8 . 5  Structural steel shal l conform to ASTM A 36 , unless otherwise noted 
on drawings or within specif ications. 

8 . 6  Fasteners shal l conform to ASTM A 307 unless high-strength bolts 
are specif ied. High-strength bolts shal l conform to ASTM A 325 or A 
490. 

8 . 7  Anchor bolts sha l l  conform to ASTM A 36 , A 307, or A 449. 

8 . 8  Masonry for a l l  structures sha l l  conform to Project Architectural 
Speci f i cation 13587-2-A-016 and Material Requisi tion 13587-2-A-016/1. 

8 . 9  Unless otherwise required by special  condi tions , metal decking 
shal l be used and considered in design for forming concrete s l abs. 

8 . 10 The Civi l -Structural specifications speci fy a l l  the construction 
materia l s  for Seismic Category I and non-Sei smic Category I structures. 

9 . 0  DESIGN CONTROL 

9 . 1  DOCUMENT SUBMITTALS 

In accordance with the D iv is ion Chief C i v i l  Engineer' s "  design control 
procedures , design documents l i sted in the Project Civi l -Structural 
Design Control Check List  (DCCL) shal l be submitted to the D iv i s ion 
Chief C i v i l  Engineer for review and approval . 

9 . 2  DESIGN SUMMARY 

A design summary shal l be prepared for each major recovery structure 
as l i sted in the Project C i v i l-Structural DCCL. The design s�mmary 
shal l be i n  the form of a calculation and l i mited to the fol lowing 
i nformation: 

a. Reference to the appropriate spec if ic  design criteria for 
that structure 

b. Methods of analysis  and design 

c .  Summary of resu lts , showing the margin of safety under design 
loads for typical sections in the bui lding. 
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DESIGN STANDARDS AND GUIDES _BE� DATE 

C-2 . 5  Caissons 0 09/74 

C-2. 14 Structural Design of P i l e  Foundations 0 09/74 

C-2 . 16 Structural Welding 1 04/75 

C-2. 17 Structural Design of Diaphragms 0 10/73 

C-2 . 22 Yard Uti l i ties 1 05/76 

C-2. 23 EarttNork 1 05/77 

C-2. 25 Structural Review of Heavy-L i ft Rigging 0 06/74 

C-2 . 26 Rotating Equipment Foundations 0 10174 

C-2. 27 Sanitary Fac i l i ties 0 03/74 

C-2 . 28 Design Criteria for Nuclear Power Plant 0 02/75 
Category I Structures 
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1 . 0  INTRODUCTION 

These criteria shal l govern the design of structures and fac i l i t ies of 
the Three Mi l e  I s l and - Uni t 2 recovery. The general C i v i l -Structural 
requi rements for the design of structures and fac i l i ties are conta i ned 
here i n .  Spec i f i c  design requi rements for major recovery fac i l i t ies  are 
contained in the spec i fi c  design c r i teria for the fac i l i ty.  The des ign 
of  recovery fac i l i ti es shal l be based on the general requi rements contained 
here i n  and the add i t i onal spec i f i c  requi rements of the spec i f i c  des ign 
cri teria for the fac i l i ty .  I n  add it ion ,  the design of the fac i l i ti es 
shal l be based on consideration of such factors as the envi ronment,  
spec i f i c  s i te cond i t i ons , p l ant  operation and mai ntenance, and publ i c  
safety. 

Rev i s ions or add i t ions to exi sting Unit  2 structures to accommodate 
recovery structures , systems , and components sha l l  conform to the Un i t  2 
F inal Safety Analys i s  Report (FSAR) and the c r i teria contained here i n .  
The structural adequacy of  the exist ing structures sha l l  b e  eva l uated 
for the new loads imposed by recovery fac i l i ties to assure confo�ance 
w i th the Uni t 2 FSAR. 

2 . 0  GOVERNING CODES, REGULAT IONS, AND REFERENCE DOCUMENTS 

Unless speci f i ca l l y  stated otherwise ,  the design of  a l l  structures and 
fac i l i t ies sha l l  be based on appl icab l e  portions of the fol lowing codes, 
spec i f i cations,  i ndustry standards, regu l at ions , topical reports and 
standards of the Bechtel Thermal Power Organi zation ,  and other reference 
documents . Where confl ict  occurs between criter i a ,  the more restricti ve 
sha l l  apply. The date o f  i ssue (or rev i s ion) i ndicated sha l l  apply. 

2 . 1  GOVERNING CODES , SPECIF ICATIONS. AND INDUSTRY STANDARDS 

2 . 1. 1 Bui l di ng O f f i c i a l s  and Code Admin i strators International , " The 
BOCA Bas i c  Bu i ld i ng Code , "  1978. 

2 . 1 . 2  American Insti tute of Steel Construction (AISC )  

a .  "Spec i f i cation for the Des ign , Fabrication and Erection of  
Structural Steel for  Bu i ld i ngs , "  Nover:�ber 1 ,  1978 

b .  "Code of  Standard Practice for Stee. Bu i l d i ngs and �r i dges , "  
September 1 ,  1976 

c.  "Speci f i cation for Structural Joi nts Us i ng AST� A 325 or A 490 
Bol t s , "  Apr i l  26 , 1978. 

2 . 1 . 3 American I ron and Steel Insti tute (AIS I ) ,  "Spec i f ication for the 
Design of Cold-Formed Steel Structural Members , "  1968 Edi t ion ,  w i th 
Commentary dated 1970 and Supplement dated 1971. 
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2 . 1 . 4  American Welding Society (AWS) 

a .  "Structural Wel d i ng Code," (AWS D1. 1-79) 

b. "Reinforcing Steel Welding Code," (AWS D12 . 1·75) .  

2 . 1 . 5  American Concrete I nstitute (AC I )  

a. "Bui ld ing Code Requi rements for Reinforced Concrete , "  (ACI 
318-77) 

b .  "Manual of  Standard Practice for Detai l ing Reinforced Concrete 
Structures , "  (ACI 315-74) 

c. "Code Requi rements for Nuclear Safety Related Concrete Struc-
tures ,"  (ACI 349-76 ) ,  revised 1978. 

2 . 1 . 6  American Society of Mechanical Engi neers (ASHE) ,  Boi l er and 
Pressure Vessel Code, 1977, i ncluding al l the approved addenda up to 
summer 1979, for the fol l owing sections: 

Section I I  - Material  Speci fications , Part A - Ferrous 

Section V - Nondestructive Examination 

Section V I I I  - Pressure Vessels 

Section I X - Welding and Brazing Qua l i fications 

2. 1 . 7  American National Standards I nsti tute (ANSI ) ,  "Bui ld ing Code Re­
qui rements for Minimum Design Loads i n  Bui ld ings and Other Structure s , "  
(ANSI A58. 1-1972) .  

2 . 1 . 8  American Petrol eum Institute (AP I )  

a. "Recommended Rules for Design and Construction of Large , Welded, 
Low-Pressure Storage Tanks , "  API Standard 620, Sixth Edi tion,  
Rev is ion 2 ,  December 31,  1978 

b. "Welded Steel Tanks for Oi 1 Storage , "  API Standard 650, S ixth 
Edi tion,  Revision 1, Hay 15 , 1978. 

2 . 1 . 9  American Water Works Association (AWWA) 

a .  "Steel Pipe Design and Instal lation," AWWA Manual Hll , 1964 

b .  "Standard for Rei nforced Concrete Pressure Pipe,  Noncyl i nder 
Type , for Water and Other Liquids , "  (AWWA C302-74). 

2. 1 . 10 American Society for Testing and Materials  (ASTH) 

Appl icabl e  ASTM standard specif ications are referred to i n  the Project 
C iv i l -Structural specif ications and Section 8 of these criteria. 
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2. 1 . 11 American Associ ation of State H ighway and Transportation 
O f f i c i a l s  (AASHTO) 

a .  "Standard Spec i fications for H ighway Bridges ,"  1977 

b .  "Standard Spec i fi cations for Transportation Materia l s  and 
Methods of Samp 1 i  ng and Testing,  11 Parts I and I I ,  1978. 

2. 1. 12 American Rai lway Engineering Assoc iation (AREA) . "Manual for 
Rai l way Engineering , "  Volumes I and I I ,  1978. 

2. 1 . 13 Crane Manufacturers Assoc iation of America (CMAA) , "Spec i f i ­
cations for E lectric Overhead Travel ing Cranes , "  CMAA Spec i f i cation No. 
70,  revi sed 1975. 

2 . 1 . 14 National Concrete Masonry Assoc iation (NCMA) , "Speci f ication for 
the Des ign and Construction of Load-Searing Concrete Masonry ," August, 
1972. 

2 . 2  REGULATIONS 

2 . 2. 1 United States Nuclear Regulatory Commiss ion (USNRC) 
Regulations 

USNRC regulations and regulatory guides app l i cable  to the des i gn of  
recovery fac i l i ti es are l i sted i n  the General Section of the Project 
General Des ign Criteria .  

2 . 2. 2 OSHA Regulations 

Occupationa l Safety and Hea lth  Administration (OSHA) regulations app l i ­
cabl e  to the design of  recovery fac i l i t ies are l i sted i n  the General 
Section o f  the Project General Design Cri teri a.  

2 . 2 . 3  Regulations of the State of Pennsyl vani a  as fo l lows : 

a .  Pennsyl vania Code for F i re and Panic  Regul ations by Department 
of Labor and Industry 

b .  Pennsyl vania Department o f  Transportation Form 408 Speci fica­
t i ons 

2 . 3  BECHTEL THERMAL POWER ORGANIZATION ' S  TOPICAL REPORTS 

Appl i cable  Bechtel Thermal Power Organization ' s  Topical Reports are 
l i sted i n  Appendi x  A of these design cri teria.  

2 .4  BECHTEL THERMAL POWER ORGANIZATION' S STANDARDS 

2 .4 . 1 C i v i l /Structural Standard Deta i l s  

2 . 4 . 2  C i v i l /Structural Design Standards and Guides l i sted i n  Appendi x  B 

Page 3 
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2 . 5  PROJECT ' S  STANDARDS AND DOCUMENTS · 

2 . 5 . 1  Project Engineering Procedures Manual 

2 . 5 . 2  TMI Un it  2 F inal Safety Analys i s  Report (FSAR) and amendments 

2 . 5. 3 C i v i l - Structural spec i f i cations 

2 . 6  OTIIER REFERENCE DOCUMENTS 

2 . 6 . 1  American Insti tute of T i mber Construction (AITC ) ,  "Timber Con· 
struction Manual , "  1974. 

2 . 6 . 2  American Concrete Insti tute (AC I ) ,  "Concrete Masonry Structures • 
Design and Construction ,"  1970. 

2. 6. 3 Meta 1 Bui l d ing Manufacturers Associ at  ion  (MBHA) , "Recommended 
Design Practices Manual ,"  1974. 

3 . 0  S ITE INFORMATION 

The fol lowing s i te characteri stics  are i nc l uded i n  FSAR Chapter 2 .0 :  

a .  Geography and Demography (FSAR Section 2 . 1 )  

b .  Nearby Industrial , Transportation ,  and Mi l i tary Faci l i ti es 
(FSAR Section 2 . 2 )  

c .  Meteorology (FSAR Section 2 . 3 )  

d. Hydrologic Engineering (FSAR Section 2 . 4 )  

e .  Geology and Se ismol ogy (FSAR Section 2 . 5) .  

The spec i f ic information to  be  used in  c i v i l -structural des i gn is  g iven 
in the fol lowing subsections:  

3 . 1  SURVEYS AND DATUM 

See the FSAR (Figure 1. 2-2 and Section 2 . 5 . 1 . 2 )  for spec i f i c  survey data 
and s i te location. 

3 . 2 WATER LEVELS 

Normal water l evel 
Maximum recorded h igh water l evel 
Des ign f l ood h igh water level 
Probabl e  maximum f l ood h igh water level 
Des ign l ow water l evel 

277 ft 
302 ft 
304 ft 
311 f t  
NA 
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3 . 3  PRECIP ITATION 

3. 3. 1 Rainfa l l  

Average annual 
Da i ly maximum 
Design hourly maximum 

3. 3 . 2  Snowfa l l  

Average annual 
Dai ly  maximum 
Monthly maximum 

3 . 4  GROUNDWATER TABLE 

Des ign C r i teria  13587-2-C01-100 

"36. 5 in .  
12. 6 in .  

5 in .  

36  in .  
21  in .  
34 in .  

Average groundwater level is  approx imately at water level of the 
Susquehanna R i ver. The normal water l evel of the r iver i s  at E l evation 
277 ft. 

3 . 5  FROST PENETRATION 

Depth below grade 3 ft ,  4 in .  

3 . 6 ICE 

3 . 6 . 1  Damage due to the formation of ice on the Susquehanna River sha l l  
not be considered unl ess spec i fica l ly noted i n  the spec i f i c  design 
c r i teria for the fac i l i ty. 

3 . 6 . 2  F l ooding due to the formation of  an i ce jam in  the river is l ess 
severe than the maximum recorded high water level and need not be con­
s i dered. 

3 . 6. 3 Structures within  500 feet of the Unit 2 coo l i ng towers sha l l  be 
desi gned for the load from 1 inch of ice uni formly d i stributed on i ts 
surface. 

3 . 7  A I R  TEMPERATURE 

Record low 
Record h igh 

3 .  8 DESIGN WINOS AND T0Rf4AOOES 

3 . 8 . 1  Design Winds 

-8 F 
107 F 

Based on 100 year recurrence interva l ,  the design wind veloc i ty sha l l  be 
80 mph at 30 f�et above grade. 

Page 5 
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3 . 8. 2 Tornadoes 

S i te cond i t i ons:  

Rotational wi nd veloc i ty 
Translational wind velocity 
Combi ned wind velocity 

3 . 9  SEISMOLOGY 

290 mph 
70 mph 

360 mph 

The s i te i s  l ocated i n  Seismic Zone 1 as defined i n  the BOCA Bas i c  
Bui l d i ng Code. Seismic l oads sha l l  be cons i dered i n  accordance with 
Subsection 6. 9 of these c r i teria .  

3 . 10 SOIL AND FOUNDATION CONDITIONS 

Soi l  and foundation cond i t ions are gi ven i n  Appendi x  C .  

4 . 0  SEISM I C  DESIGN CLASSIF ICATION O F  STRUCTURES 

The plant structures, systems , and components are c l as s i f i ed i nto two 
categories i n  accordance with NRC Regu 1 a tory Guide No. l. 29,  "Seismic 
Des ign C lass i f i cati on. " The two categories are Sei smk Category I and 
non-Seismic Category I .  For def i n i t ions of the two sei sm i c  design 
categories , see the General Sect ion of the Project General Des ign 
Criteria .  The spec i f i c  design c r i teria  for the fac i l i ty wi l l  i nd icate 
the seismi c design c l a ss i f i cati�n. 

· 

5. 0 C I V I L  WORK CRITERIA 

5 . 1  EARTHWORK 

5 . 1. 1 Unl ess speci f ied otherwise by the soi l s  eng i neer,  the fol l ow i ng 
maximum s l opes sha l l  be used for excavation and embankment: 

Evaporation ponds 
Road excavation and embankments 
Others 

3 : 1  (Horizonta l :  
2 : 1  Vert i ca l ) 
2: 1 

5 . 1 . 2  The fol l owing val ues for compaction , expressed as percent of 
maximum dry dens i ty as determined by ASTM D 1557, sha l l  be used: 

Backfi l l  for foundations , p ipes,  
and e lectrical  duct banks 

Embankments 
Roads 
Others 

5 . 2  ROADS 

95 percent 
95 percent 
95 percent 
90 percent 

5. 2 . 1  Grades sha l l  be he l d  to a maximum of 6 percent. 

Page 6 
Rev. 0 



( 

( 

c 

Des i gn Criteria 13587-2-C01-100 

5 . 2 . 2  M in imum radius  of curvature sha l l  be as fol lows: 

Access Road: 
P l ant Road: 

200 feet 
50 feet 

5. 2 . 3  Mi nimum width of l ane sha l l  be 12 feet. Shoulders are not required. 

5 . 2 . 4  Design l oading over culverts and pipes sha l l  be in accordance with 
AASHTO-HS20-44 , except for areas subject to spec i a l  heavy transporting 
equipment. 

5 . 3 RAILROADS 

5. 3. 1 Grades sha l l  be he ld  to a max imum of 1 percent. 

5 . 3 . 2 Curvature shal l be held to a maximum of 14 degrees ,  with 10 
degrees preferable. 

5 . 3 . 3  A m in imu� of  4 inches of bal l ast under the t ies sha l l  be used. 

5 . 3 . 4  Ho super-el evation wi l l  be required. 

5 . 3 . 5  Construction and materials  sha l l  conform to the AREA Manual for 
Ra i l way Engineering. 

5. 3 . 6 Des ign loading over cul verts and p ipes sha l l  be Coopers E-80 p l us 
50 percent impact. 

5 . 4  STORM DRAINAGE 

5. 4. 1 Runoff , resu lt ing from rainfal l ,  sha l l  be conveyed to drai nage 
di tches by s l op i ng the tributary surface area. Surface s l opes sha l l  be 
1 . 0  percent mi nimum, but 0. 5 percent minimum may be permitted i n  some 
i nstances ,  i f  approve� by the C i v i l Group Superv i sor. 

5 . 4. 2 Drai nage d i tch s l opes sha l l  te 0 . 5  percent m in i�um, but s lopes as 
f l a t  as  0. 25 percent may be permitted in some I nstances , if approved by 
the C i v i l Group Supervi sor. 

5 . 4 . 3 Calculat ion of  the f l ow sha l l  be based on the Rat ional Method. 
The quant i ty of runoff sha l l  be determined by the Rational Formula  
{Q=CiA)  where: 

Q = Des ign d i scharge 
C = Runoff coeffic ient , rat io  of runoff to rai nfa l l 
i = Rainfa l l  intens i ty 
A = Contributory area 

5 . 4 . 4  Storm sewers sha l l  be used near the locations o f  major struc­
tures. The maximum veloc i ty shal l be 8 fps and spacing between manholes  
sha l l  not  exceed 300 feet. 
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6. 0 DESIGN LOADS 

The fol lowing des ign l oads shall be used for a l l  structures and fac i l i ti es 
unless noted otherwise i n  the spec i f i c  des i gn c r i teria  for the fac i l i ty .  

6 . 1 DEAD LOADS (D)  

6. 1 . 1  The dead loads i nc l ude the weight of framing, roofs , f l oors,  
wal l s ,  partit i ons , p l atforms , shielding,  and a l l  permanent equipment 
and materia l s. The verti ca l  and l ateral pressures of l iquids  s ha l l  a l so 
be treated as dead l oads,  as provided i n  Section 9 . 2 . 5  of ACl 318. 

6 . 1 . 2  F l oors sha l l  be checked for the actual equipment l oads (see the 
spec i fi c  des ign criteria  for major equipment weights ) .  T o  provide for 
permanently attached sma l l  equipment, p i p i ng ,  condu i ts , and cable trays , 
a minimum of  SO psf sha l l  be added where appropriate. 

P i pe l oads i n  areas w i th heavy p i p i ng concentrations and cab l e  tray 
loads i n  areas of l arge concentrations of  trays shal l be careful ly  
revi ewed with  the Project Pl ant Design Group and the Project E l ectrical 
Group, respect i vely ,  to determine the appl icable design l oads. These 
areas shal l i nc l ude , but are not l i mi ted to ,  those areas i denti f ied i n  
the spec i f i c  design cri teri a for the faci l i ty. 

Where the p i p i ng i s  to be supported from .p l atforms or wal kway beams , 
actual l oads sha l l  be determined and used. The sui tab i l i ty of p i pe 
hanger locations for ma i n  p i p i ng or unusual arrangements sha l l  be 
coordi nated with the Project Pl ant Des ign Group. 

After pipe hanger locations and l oads are ful ly establ i shed , a l l  
structural members sha l l  be reviewed for structural adequacy and,  i f  the 
members are overstressed , they shal l be reinforced to wi thstand the 
establ i shed loads. 

6 . 2  L IVE LOADS ( l )  

6. 2 . 1  L ive  loads sha l l  be a s  speci fied i n  Subsection 6 . 2. 2 ,  but i n  no 
case l ess than the m in imum des ign l ive loads spec i f i ed i n  Subsection 
6 . 2 . 4  or the spec i f i c  design criteria for the fac i l i ty .  

6 . 2 . 2  l ive l oads include floor area loads , l aydown loads , equipment 
handl i ng loads , l ateral earth pressure, ice and snow, trucks , ra i l road 
veh i c l e s ,  and s i m i l ar i tems. The f l oor area l i ve l oad sha l l  be omi tted 
from areas occupied by equipment whose weight i s  spec i f ical ly  included 
t n  dead load. l i ve load sha l l  not be omitted where access under equip­
ment is prov i ded , for i nstance , an  e l evated tank on four l egs .  The 
floor design l i ve l oads sha l l  be shown both i n  the calculations and on 
the design drawings. 

6 . 2 . 3  Posting of l i ve loads 

The des ig� l i ve loads sha l l  be marked on p l ates of approved des ign. 
Such p l ates sha l l  be affi xed at selected conspicuous p l aces in each 
space to which they relate. 
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6 . 2 . 4  Mi nimum Des ign live Loads 

The fo l l owi ng m i nimum l ive l oads sha l l  be used in the design. l ive 
loads app l i cable to spec i f i c  structures or fac i l i ties  are l i sted 
separately in the spec i f i c  design criteria for the fac i l i ty .  

a .  General 

Roofs Snow loads 
Offices 
Assembly and l ocker rooms 
laboratories and laundry rooms 
Sta i rs ,  p l atforms , and wal kways 

Rai l ings (app l i ed i n  any di rection 
at top of  rai l ing) 

F loors on grade 
Rai l road support structures 
Rai l road surcharge 
Truck support structures 
Machine shop and warehouse f l oor 
A l l  other el evated f l oors 

( Subsection 6 . 4 )  
5 0  psf 

100 psf 
100 psf 
100 psf 

or 1000 lbs . "  
50 p l f  

or 200 l bs . " 
250 psf  

Coopers E-80 
Per AREA Manual 
AASHTO HS20-44 

500 psf  
200 psf  

*Note: Concentrated loads shou l d  be so appl ied as to produce maximum 
moment or shear. 

b. l ive load Reduction 

1)  No l ive l oad reduction sha l l  be a l l owed for warehouses , 
storage areas, and tanks. 

2) No l i ve load reduction shal l be a l l owed for the des i gn of  
s labs, beams , joists ,  trusse s ,  and g i rders for l i ve loads 
greater than 100 psf 

3)  For l ive loads greater than 100 psf ,  the fol lowing l i ve 
load reduction sha l l  apply for the design of columns , 
p i ers,  wal l s ,  and foundations: 

Support i ng: 
Roof 
Roof and 1 f l oor 
Roof and 2 f loors 
Roof and 3 or more f loors 

0% 
0% 

10% 
20% 

4) For l i ve l oads of 100 psf or less the requi rements of  the 
BOCA Bas i c  B u i l di ng Code shal l apply. 
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6. 3 CONSTRUCTION LOADS 

D i sp lacements and stresses of major structural e lements sha l l  be checked 
for the fol lowing l oads: 

a .  Hetal decking for 
concrete s labs 

b. Steel beams support i ng 
concrete f l oors 

c. Precast f l oor panel s  
support i ng poured- i n­
p l ace topping 

6 . 4  SNOW LOADS AND PONOING 

Weight of the concrete 
p l us 50 psf  w ithout i ncrease i n  
a l l owable stress, or weight o f  the 
concrete p l us 100 psf w i th one-third 
i ncrease i n  a l l owable stress, whichever 
governs. 

Weight of the concrete p l us 100 psf 
uni form l oad on the tri butary f l oor 
area , or �eight of the concrete plus  5 
k ips concentrated load so appl i ed as 
to produce maximum moment or shear. 
One-third i ncrease i n  a l lowable stress 
is permitted. 

Weight of the precast panel and topping 
p l us 100 psf uniform l oad, or weight of  
the precast panel and toppi�g p lus 5 
kips concentrated l oad so app l i ed as to 
produce max i mum moment or shear. 
I ncrease in a l l owable stress sha l l  not 
be permitted. Camber sha l l  be provided 
for long spans. 

The ground snow load is 30 psf based on 100-year mean recurrence i n­
terva l .  The minimum roof snow l oad sha l l  be taken as 0 . 8  times the 
ground snow load. To account for roof geometry and dri f t i ng ,  the snow 
load d i stributions and related coef f i c ients given i n  Appendix l of the 
BOCA Basic Bu i ld i ng Code sha l l  be uti l i zed. 

Unless a roof surface is provided w i t h  suffici ent s l ope toward points of 
free drai nage or adequate ind iv idual dra i ns to prevent the accumu l ation 
o f  rainwater, the roof structure sha l l  be designed to assure stab i l i ty 
under ponding cond i t i ons. The prov i s i ons of Section 1 . 13. 3 of  the A I SC 
Speci f i cation for the Design ,  Fabrication and Erection of  Structural 
Steel for B u i l d i ngs shal l be sat i s f i ed to assure stab i l i ty.  

6.5 CRANE LOADS 

a .  A l l  cranes wi l l  b e  c l ass B ,  per CHAA Spec i f ication No. 7 0 ,  
unless noted otherwise.  
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b. Crane and equipment suppl i e r ' s  i nformation sha l l  be used for 
wheel loads, equipment loads , and weights of moving parts. 
Construction l oads shal l be considered, where appl icab l e .  

c .  Impact a l l owance for travel i ng crane supports and runway 
horizontal forces sha l l  be i n  accordance wi th Paragraphs 1. 3 . 3  
and 1. 3 . 4  o f  the A I SC Speci f ication for the Des i gn ,  Fabrica­
t i on and Erection of  Structural Steel for Bui l d i ngs . · 

d. Maximum vertical  deflection for crane and monorai l g i rders 
sha l l  not exceed 1/800 of the span length. Impact sha l l  not be 
consi dered in determin ing def l ection. 

e. Crane l i ft loads need not be combined w i th wind loads. 

f. The weight of the unl oaded crane sha l l  be considered 
simul taneous ly  wi th the sei smic loads . The horizontal inertia 
forces sha l l  be obtained by the provi s i ons of  the BOCA Bas i c  
Bui l ding Code. 

6 .6  ELEVATOR LOADS 

Impact a l l owance for the supports of e levators sha l l  be 100 percent 
unless otherwise speci f ied by the equipment suppl i ers. 

6 . 7 DESIGN FLOOD PRESSURE 

For structural and buoyancy calcul ations , Seismic Category 1 structures 
sha l l  be designed to wi thstand the effect of the probabl e  maximum 
f lood high water l evel given in  Subsection 3. 2. Non-Seismic  Category 
structures sha l l  be des i gned for the effect of the design f lood high 
water l evel gi ven in Subsection 3. 2. 

6 . 8  DESIGN WIND AND TORNADO LOADS 

6 .8 . 1 Design wind l oads shal l be determined in accordance with Topical  
Report BC-TOP-3-A and ANSI 58 . 1  for the design wind velocity g i ven in 
Subsection 3 . 8 . 1 .  

6 . 8 . 2  Tornado Loads 

a .  The design bas i s  tornado sha l l  conform to Regulatory Guide 1. 76 ,  
Region I ,  and sha l l  have the fo l l owing characteristics:  

Maximum wind veloc i ty 
Rotational veloci ty 
Maximum trans l at i onal velocity 
Minimum trans lational veloc i ty 
Radius of  maximum rotational veloc i ty 
Pressure drop 
Rate of pressure drop 

360 mph 
290 mph 
- 70 mph 

5 mph 
150 ft 
3 . 0 psi  
2 .0  psi/sec 

The characteristics l i sted above and the techniques presented 
in Top i ca l  Report BC-TOP-3-A sha l l  be uti l i zed to determine 
tornado l oads. 
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b. The postulated tornado m i ss i l es and the criteria for the i r  
des i gn sha l l  be given i n  the spec i f i c  design criteria o f  the 
fac i l i ty i f  app l i cable .  

6 . 9  SEISMIC lOADS 

Topical Report BC-TOP-4-A sha l l  be the bas i c  reference document for 
seismic analysi s .  Horizontal and vertical seismic  accelerations sha l l  
b e  considered to act s imul taneously. The horizontal response spectra 
and vertical response spectra gi ven i n  BC-TOP-4-A F i gures 2-11 and 2-15, 
respecti ve ly ,  sha l l  be uti l i zed by l inearly scal i ng to the ground accelera­
tion l eve ls  indicated below. The fol lowing se ismic  toads sha l l  be 
considered based on the seismic design c lass i f i cation of  the structure: 

6. 9 . 1  Seismic Category I 

a. Safe Shutdown Earthquake load 

b.  

Seismic Category I structures and components sha l l  be des i gned 
for no toss of function when subjected to th� safe shutdown 
earthquake (SSE}. The ground accelerations f� · the SSE sha l l  
be . 12 g horizontal and . 08 g vertical .  Dampi ng factors sha l t  
b e  a s  l i sted in  Topical Report BC-TOP-4-A. 

Operating Bas i s  Earthquake load 

Sei smic Category I structures and components sha l l  a l so be 
designed to remai n  within appropriately defined a l l owabl e  
stress l imits when subjected to operating bas i s  earthquake 
(OBE ) .  The ground accel erations for the OBE shal l b e  . 06 g 
horizontal and . 04 g vertica l .  Damping factors shal l be as 
l i sted in Topical Report BC-TOP-4-A. 

6 . 9 . 2  Non-Sei smic  Category I 

a .  Non-Se i smic  Category I structures sha l l  be  designed for  seismic  
l oads determined in  accordance with the BOCA Bas i c  Bui l di ng 
Code for Seismic Zone I ,  except as noted below and i n  Subsec­
t ion 7 . S  of these design criteria.  

b .  Non-Se i smic  Category I structures whose col lapse or excessive 
deformation could result  i n  loss  of  required function of adjacent 
safety-related structure s ,  equipment, or systems sha l t  be 
designed in one of the fo l lowing ways:  

1)  An ine l astic analys i s  wi l l  be performed to assure that the 
non-Seismic  Category I structure wi l t  not col lapse or 
deform to the extent that l oss of the required safety 
function of  adjacent safety-related structures ,  equipment, 
or systems wi l l  resu l t  when subjected to the SS[. 

2)  An e l astic analys i s  wi l l  be performed to assure that the 
non-Seismic Category I structure wi l l  not col l apse or 
deform to the extent that loss of the required safety 
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function of adjacent safety-rel ated structure s ,  equipment, 
or systems wi l l  resul t when subjected to the SSE. Stresses 
shal l be l im i ted to 0. 9 of y ie ld  or 0 . 9  of any fa i l ure 
mode. 

6 . 10 SPECIAL CONSIDERATIONS FOR TEMPORARY LOADS 

a. Temporary Cond i t i ons 

For structures subjected to temporary l oads , one-third i ncrease 
i n  a l l owable  stress i s  permitted. li ner plates , i f  used as 
forms , ei ther sha l l  be designed for the l ateral pressure corre­
sp�nding to the rate of concrete p lacement, or sha l l  be pro­
v i ded w i th a sui tab l e  bracing system as noted on the drawings. 

Des i gn restrictions on shoring removal that are d i fferent from 
the normal practice recommended by ACI codes shal l be shown on 
the spec i fi c  design drawings. 

b. Backfi l l  Cond i t i ons 

Genera l ly structures may be backf i l led w ith structural backf i l l  
when concrete compressive strength reaches 60 percent of the 
speci f i ed compressive strength ( f ' ) .  Other backf i l l  restric­
t ions,  if any, shal l be shown on the spec i f i c  design drawings.  

7 . 0  DESIGN BASES 

7 . 1 GENERAL 

A l l  steel structures sha l l  be des igned by the working stress or plastic  
des ign methods. Al l reinforced concrete structures sh� l l  be des igned 
using strength design concepts. So i l  bearing pressu�e sha l l  be checked 
for the actual loads. 

The fol lowing sections establ i sh the des ign methods and l oad combina­
t ions for a l l  structures based on the seismic design c lass if ication of 
the structure. In addit ion ,  sei smic  considerations ; factors of safety 
for overturning, s l i ding ,  and flotation; and temperature l imits  and 
reductions are presented. 

7 . 2  FACTORS OF SAFETY FOR OVERTURNING, SLIDING, AND FLOTATION 

7. 2. 1 Factors of Safety for Se i smic  Category I Structures 

A l l  Sei smi c  Category I structures sha l l  be checked for overturning, 
s l id ing ,  and f l otati on using the load combinations and the minimum 
factors of safety indi cated below. 

load Combination 

D + H • E 

Minimum Factor of Safety 

Overturning 

1 . 5  

S l i di ng 

1 . 5  

F l otation 
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0 + H + W 1. 5 1. 5 

0 + H + E '  1 . 1 1 . 1 

D + H + w t 1 . 1  1. 1 

D + F 1 . 1 

H i s  the l ateral earth pressure and F i s  the resultant bouyant force due 
to the probab l e  maximum f l ood high water leve l .  0 ,  E, W, Wt , and E '  are 
defi ned i n  Section 7 . 4 . 1 .  

7 . 2 . 2  Factors o f  Safety for Non-Sei smic Category I Structures 

Non-Sei smic Category I structures sha l l  be checked for overturni ng ,  
s l id ing ,  and f lotation us ing the l oad combinations and the min imum 
factors o f  safety i ndicated below. 

Minimum Factor of Safet� 

Overturning S l i d i ng F lotation 

0 • H + E 1 . 5  1 . 5  

0 + H • W 1. 5 1. 5 

0 + F 1 . 1  

0 + H • E ss 1 . 1 1 . 1 .  

H i s  def i ned i n  the above section .  0 ,  E ,  W ,  and E are defined for 
non-Se i smic Category I structures i n  Section 7 . 5 . 1�s F i s  the resultant 
bouyant force due to the design f l ood h igh water leve l .  

The l ast l oad comb i nation i n  the above tab l e  sha l l  be checked for type A 
and type C non-Seismic Category I structures only. For defi n it i on of 
the d i fferent types of non-Se i sm i c  Category I structure s ,  see Section 
7 . 5 .  

7 .3  SEISMIC CONSIDERATIONS 

In the l oading comb i nations where seismic forces are consider�d. the 
general cr iterion is to use dead and l ive l oads most l i kely �� exist  
during normal operation.  Based on this  c r i terion the loads as defi ned 
i n  Sections 6. 1 and 6. 2 sha l l  be taken i nto account as fol l ows: 

a .  Dead l oads (D) :  The total dead l oad must be considered i n  
sei smic analys i s  and design. 

b. Live Loads ( l ) :  The design l ive l oads are based on maximum 
probable l oads during normal operation or shutdown and mainte­
nance cond i tions.  The fraction of des i gn l ive l oad which  i s  
l i kely to occur during normal operation (occupancy loads) i s  
relatively sma l l .  Other l oads contributing to the des ign l i ve 
l oad (such as l aydown , mai ntenance, temporary crane , etc . ) 
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should not be incl uded in the l o�di �g combinations i nvol v ing 
seismic l oads. Therefore, i n  se1sm1c analysi s  and design only 
a fraction of the design l ive loads should be considered. The 
fraction of the l ive l oad to be used should be based on func­
tional requi rements of the particular structure, but i n  no case 
should be less than 25 percent of the design l ive load. 

7 . 4  SEISMIC CATEGORY I STRUCTURES 

In genera l ,  a l l  Seismic Category I concrete structures sha l l  be des igned 
i n  accordance with ACI 349. A l l  Seismic Category I steel structures 
shal l be des igned in accordance with the AISC Speci fication for the 
Design,  Fabrication and Erection of Structural Steel for Bui l dings. 
Certa i n  modi fications and supplements to suit condi tions pecu l iar  to 
nuclear power p lants wi l l  be noted in the a l l owable  stresses and load 
comb i nations given in the fol lowing subsections. 

The design of masonry wal l j  in Seismic Category I structures sha l l  be in 
accordance with Appendix  D .  

When subjected to  various combinations of  gravity, thermal ,  and envi ron­
mental loads , Seismic Category I structures sha l l  be proportioned to 
mai ntain e l astic behavior. E l astic behavior sha l l  be considered as 
l i mi ted by the yie ld  stress of  structural steel material s or the ulti­
mate capacity of reinforced concrete e lements. Yield stress for steel 
( i ncluding reinforcing steel )  is the guaranteed min imum value in the 
appropriate ASTH speci fication. Rei nforcing steel stresses sha l l  always 
control the design of reinforced concrete members. 

The seismic analysis of Seismic Category I structures sha l l  conform to 
Topical Report BC-TOP-4-A. 

7 . 4 . 1  Definitions 

The fo l l owing nomenclature and defini tion of terms apply to the design 
of Seismic Category I structures. 

a .  Normal Loads 

Normal loads are those loads encountered during normal p lant 
operation and shutdown. They incl ude the fol lowing: 

D = Dead loads as defi ned in Section 6. 1 

l = Live l oads as defined i n  Section 6 . 2  

T = 
0 

R = 
0 

Thermal effects and loads during normal 
operating and shutdown conditions , based . 
on the most critical transient or steady­
state condition 

Pipe reactions during normal operating or 
shutdown conditions , based on the most 
critical transient or steady-state condi tion 
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b. Severe Envi ronmental Loads 

Severe envi ronmental l oads are those l oads that could i nfre­

quently be encountered during pl ant l i fe .  They i nc l ude the 

fol l owing: 

E = Loads generated by the operati ng basi s  earthquake (OBE) as 

defi ned in Section 6.9. 1 . b  

� = Loads generated by the design wind as defi ned i n  Section 

3 .8 . 1 

c .  Extreme Envi ronmental Loads 

Extreme envi ronmental l oads are those loads which are credib le  

but highly improbable .  They include the fol lowing: 

E '  = Loads generated by the safe shutdown earthquake (SSE) as 

defi ned i n  Section 6. 9 . 1 . a  

w = t Loads generated by the design basi s  tornado as speci f ied 

i n  Section 6 . 8. 2 . They include l oads due to tornado wind 

pressure, tornado-created differential  pressure, tornado-

generated missi l e s ,  and col l apse of adjacent non-Seismic 

Category I structure(s ) .  

d .  Other Definiti ons 

S = For structural steel , S i s the required section strength 

based on the elastic design methods and the a l l owabl e  

stresses defined i n  Part 1 o f  the AISC Speci f ication for 

the Desi gn ,  fAbrication and Erection of Structural Steel 

for Bui ld ings. 

U = For concrete structures , U is the section strength required 

to resist  design loads , based on the methods described i n  

ACI 349. 

V = For structural steel , V is the section strength requi red to 
res i st  design loads , based on plastic design methods described 
in Part 2 of AISC Spec i f ication for the Design ,  Fabrication 
and Erection of  Structural Steel for Bui ld ings. 

The one-third i ncrease in a l l owable  stresses for concrete and 

steel due to seismic or wind l oadings is not permi tted for 

Seismic Category I structures. 

7 . 4 . 2  Load Combinations 

Seismic Category I structures and components shal l be designed to res i st 
the load comb inations given in the fol lowing subsections unless noted 
otherwi se in the speci f ic  design criteria for the faci l i ty. 
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7 . 4. 2. 1  Seismic Category I Concrete Structures and Components 

Se i smic Category I concrete structures sha l l  be des igned to res i st the 
fol lowing l oad combinations. The strength des ign method descri bed in 
ACI 349 sha l l be used. 

a. Load Combinations for Service Load Cond i ti ons 

1. u = 1 . 4  0 + 1. 7 l 
Z .  U = 1 .4  0 + 1 . 7 L + 1 . 9  E 
3 .  u = 1 . 4  0 + 1 . 7  l + 1. 7 w 
4 .  U = 0. 75 ( 1 . 4  0 • 1 . 7  l • 1 .7  T • 1 . 7 R )  
5. U = 0 . 75 ( 1 . 4  0 + 1 . 7  l • 1 . 9  E0• 1 . 7  T 0+ 1. 7 R )  
6. U = 0. 75 ( 1 . 4  0 • 1 . 7 l + 1. 7 W + 1 . 7  T� + 1 . 7  R�) 

The cases of l having i ts fu l l  va l ue of being compl etely absent 
sha l l  be checked for the above combinations. The fol l owing 
combinations sha l l  a l so be sati s f i ed :  

7 .  U = 1. 2 0 + 1 . 9  E 
8. u = 1 . 2  0 + 1. 7 w 

Where l ateral earth and l iquid pressures are present, i n  add i t ion 
to a l l  the above combinations �nere they have been i nc l uded in l 
and 0 ,  respectively,  the requi rements of  Section 9 . 2 . 4  end 9 . 2 . 5  of 
ACI 318 sha l l  a l s o  be sat i s f i ed .  

b .  load Combinations for Factored load Cond i t ions 

The fol l owing l oad combinations , which represent extreme 
envi ronmental condi t ions ,  sha l l  be satisfied.  The cases of  l 
having its  fu l l  val ue or being completely absent shal l be 
checked. 

9 .  U = 0 + l + T • R + E '  
10. U = 0 + l • T� + R� + Wt 

7 .4 . 2 . 2  Se i smic  Category I Steel Structures and Components 

Seismic Category I steel structures sha l l  be des igned to res i s t  the 
fol lowing l oad comb i nati ons. For a l l l oad combinations l i sted below ,  
the cases of  l hav ing i ts ful l value or  being completely absent sha l l  
be checked. 

a. load Combinations for Service load Cond i t i ons 

1 .  For elastic  working stress des i gn methods , the fol lowing 
l oad combinations sha l l  be considered: 

1. s = 0 + l 
2. s = 0 + l + E 
3 .  s = 0 + l • w 
4 .  1 . 5  s = 0 • l + T + R 
5 .  1 . 5  s = 0 + l • To + Ro + E 
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2. 

6 .  1 . 5  S = D • L + T + R + W 
0 0 

No i ncrease i n  a l l owable  stress i s  permi tted for l oad 
combinations 1 ,  2, and 3.  

If  p l astic  desi gn methods are used , the fol lowing l oad 
combi nations sha l l  be considered: 

1. 
2. 
3. 
4. 
5. 
6 .  

Y = 1. 7 0 + 1 . 7  L 
Y = 1 . 7  D + 1 . 7  L + 1 . 7  E 
y = 1. 7 0 + 1 . 7  L + 1 . 7  w 
Y = 1. 3 (0 + L + T + R ) 
Y = 1 . 3  (0 + L + E0+ T 0+ R ) 
Y = 1 . 3  (D + L + W + T0 + R0 ) 

0 0 

b .  Load Combi nations for Factored Load c� � :i ons 

1.  For elastic working stress des ign methods, the fol lowing 
l oad combi nations sha l l  be sati sf ied :  

7. 
�-

1 . 6  S = D + L + T + R + E .  
1 6 S = D + L + T0 + R0 + W . 

0 0 t 

2.  If  plastic design methods are used, the fol l owing l oad 
combinations shal l be considered: 

7. 
8. 

0 . 9  Y = D + L + T + R + E .  
0 9 Y = 0 + L + T0 + R0 + W . 

0 0 t 

For load combinations 7 and 8 ,  thermal loads may be ne· 
gl ected where i t  can be shown that they are secondary and 
se l f- l im it ing i n  nature and where the materia l  i s  dutt i l e. 

7 . 4 . 2 . 3  Explanation of Load Combi nations 

a. Load Combi nations for Service Load Cond i t i ons 

These combi nations i nc l ude a l l  loads which are expected to be 
app l i ed during normal p l ant operation ,  i nc l uding loads from the 
design wind and the OBE as wel l as l oads from thermal effects 
and p ipe reactions. 

b.  Load Comb i nations for Factored Load Conditions 

These combinations incl ude events and the resul t i ng l oads which  
are h i ghly improbable ,  the safe shutdown earthquake and the 
des i gn bas i s  tornado. 

7 . 5  NON-SEISMIC  CATEGORY I STRUCTURES 

A l l non-Seismic Category I concrete structures shal l be designed i n  
accordance with ACI 318. Al l non-Seismic Category I steel structures 
shal l be des igned i n  accordance with the AISC Spec i f i cation for the 
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Design,  Fabrication and Erection of Structural Steel for Bui ldi ngs. I n  
addi tion,  any modi fications · or supplemental requi rements given i n  the 
fol lowing subsections shall apply. 

The design of masonry wal l s  in non-Seismic Category I structures shal l 
be i n  accordance with Appendix D .  

Non-Seismic Category I structures are further class i f ied as  type A ,  B ,  
C ,  o r  D as fo l l ows. 

Type A: Structures which are located adjacent to safety-related systems, 
structures, and equipment are classi fied as type A. Type A 
structures shal l be designed for seismic loads determined in  
accordance with the BOCA Bas ic Bui lding Code. I n  addition,  
these structures sha l l  be checked to assure that they w i l l  not 
col l apse or experience excessive deformation to the extent that 
they wi l l  cause loss of the safety function of adjacent safety­
related systems , structures , or equipment when subjected to the 
safe shutdown earthquake (SSE) .  

Type B: Structures which are not located adjacent to safety-rel ated 
systems, structures, and equipment are classi fied as type B .  
Type B structures shal l  be designed for seismic loads deter­
mined i n  accordance with the BOCA Basic  Bui ld ing Code only. 

Type C: Structures which house l iquid  and/or sol id  radwaste systems and 
are located adjacent to safety-related systems, structures ,  and 
equipment are classi f ied as type C. Type C structures sha l l  be 
designed for seismic loads due to the operating bas is  earth­
quake (OBE) .  I n  addition,  these structures sha l l  be checked 
to assure that they w i l l  not col lapse or experience excessive 
deformation to the e�tent that they wi l l  cause loss of the 
safety function of adjacent safety-related systems , structures , 
or equipment when subjected to the SSE. 

Type D :  Structures which house l i quid  and/or sol id  radwaste systems but 
are not located adjacent to safety-related systems , structures,  
and equipment are class i f ied as type D .  Type 0 structures 
shal l be desi gned for seismic loads due to the OBE. 

The simpl i fied '' i nel astic" analys i s  procedure given i n  C iv i l /Structural 
Design Guide C-2.33 ,  "Simp l i fied Inelastic Seismic Analysis of Non-Cate­
gory I Structures , "  is an acceptable method to determine the l oads due 
to the SSE for type A and type C structures. 

Non-Seismic Category I structures l ocated adjacent to safety-rel ated 
structures sha l l  not be designed to prevent col lapse when subjected to 
the design bas i s  tornado. The safety- related structure sha l l  i nstead be 
checked to assure that it can wi thstand the col lapse of the adjacent 
non-Seismic Category I structure(s)  wi thout loss of safety-related 
functi on.  
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7 .5 . 1 Defini tions 

The fo l l owing nomencl ature and defin i tion of terms apply to the design 
of non-Seismic Category I structures. 

a. Normal Loads 

Normal loads are those loads encountered during normal plant 
operation and shutdown . .  They include the fol l owing: 

D = Dead loads as defined in Section 6 .1  

L = L ive loads as  defined i n  Section 6 . 2  

b .  Severe Envi ronmenta l Loads 

Severe envi ronmental l oads are those l oads that could i nfre­
quently be encountered during pl ant l i fe .  They include the 
fol lowing: 

E = Seismic loads as speci fied in the BOCA Basic Bui l d i ng Code 
for type A and type B structures or seismic loads due to the 
operating bas ic earthquake (OBE ) for type C and type D 
structures 

W = Loads generated by the design wind as def ined i n  Section 
3 .8 . 1 

c. Extreme En� ; . onmental Loads 

Extreme envi ronmental loads are those loads which are credib le  
but highly improbabl e .  They inc lude the fol lowing: 

Es = Loads generated by the safe shutdown earthquake,  s obtained using Design Guide C-2. 33 

Extreme envi ronmental loads sha l l  be considered i n  the design 
of type A and type C structures only. 

d.  Other Defin i tions 

S = For structural steel , S i s the required section strength 
based on the e l astic design methods and the a l l owabl e  
stresses defi ned i n  Part 1 o f  the AISC Spec if ication for 
the Design,  Fabrication and Erection of Structural Steel 
for Bui ld ings. 

U = For concrete structures ,  U is the section strength requi red, 
based on the methods described in ACI 318. 

V = For structural stee l ,  V i s the section strength required, 
based on plastic design methods described in Part 2 of the 
AIS� Specif ication. 
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7. 5. 2 Load Combinations 

Non-Sei smic Category I structures and components sha l l  be designed to 
resist the load combinations given i n  the fol l owing subsections unless 
noted otherwise in the spec i f i c  design criteria for the faci l i ty .  

7. 5 . 2. 1 Non-Seismic Category I Concrete Structures and Components 

Non-Sei smic ·category I concrete structures sha l l  be designed to resist  
the fol lowing load combi nations. The strength design method described 
in ACI 318 sha l l  be used. 

1 .  U = 1 . 4  0 + 1. 7 L 
2.  U = 0. 75 (1.4 0 + 1.7 L + 1 . 87 E) 
3. U = 0 .75 ( 1 .4  0 + 1 . 7  L + 1 . 7  W) 

The cases of L having i ts ful l value or being completely absent shal l be 
checked for the above equations and equation 6.  The fol l owing combina­
tions shal l a lso  be satisf ied: 

4. U = 0 .9  0 + 1. 43 E 
5 .  u = 0. 9 0 + 1 . 3  w 

The fol l owing load combination shal l  be checked for type A and type C 
structures only: 

6. U = 0 + L + E ss 

Where lateral earth and l iquid pressures are present, in  addi tion to a l l  
the above combinations where they have been included i n  L and 0 ,  respec­
tively,  the requi rements of Section 9 . 2 . 4  and 9. 2. 5  o f  ACl 318 sha l l  
a l s o  be sati s fied. 

7. 5 . 2. 2 Non-Seismic Category I Steel Structures and Components 

Non-Sei smic Category I steel structures sha l l  be des igned to res i st the 
fol lowing load combinations. For a l l  load combinations l i sted below, 
the cases of L having i ts ful l value or being completely absent shal l be 
checked. 

a .  For  e lastic working stress design methods, lhe fo l l owing load 
combinations sha l l  be cons idered: 

1. S = 0 + L 
2. 1 . 33 S = 0 + L + E 
3. 1 . 33 S = 0 + L + W 

The fol lowing load combination sha l l  be checked for type A and 
type C structures only: 

4. 1 . 6  S = 0 + L + E ss 
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b.  I f  plastic design methods are used, the fo l lowing load combina­
tions shal l be cons idered: 

1. Y = 1 .7  (D + L) 
2 .  Y = 1 .3  (0 + L + E )  
3. Y = 1.3 (D  + l + W) 
The fol lowing l oad combination sha l l  be chetked for type A and 
type C structures only: 

4.  0 . 9  Y = 0 + l + Ess 

7 . 5 . 2 . 3 Explanation of Load Combinations 

Combi nations 1 through 5 for concrete structures and 1 through 3 for 
steel structures are strictly in accordance with estab l i shed criteria 
for the design of conventional structures. These five load combinations 
for concrete structures are in accordance with the ACJ 318, and the 
three combinations for steel structures are i n  accordance with AJSC 
Specif ication. 

Combination 6 for concrete structures and 4 for steel structures involve 
the safe shutdown earthquake and are app l i cable to type A and type C 
structures only. These combinations include extreme envi ronmental l oads 
and should be checked only to assure that the structure wi l l  not col l apse 
or deform to the extent that it wi l l  affect the integrity of adjacent 
safety-related systems, structure s ,  and equipment. Consequently, only 
the ma1 n  framing members which res ist earthquake forces shou ld  be con­
s idered and s ized to satis fy these combinations. 

In addition to the loads l i sted in Section 7 . 5. 1 ,  the effects of differ­
ential settlement and temperature changes should be considered - i f  these 
effects are signi ficant. 

7 . 5 . 3  Pre-engi neered Metal Bui ldings 

Pre-engineered metal bui ld ings may be used for structures c lass i f ied as 
type B non-Sei smic Category I structures only. 

Pre-engi neered metal bui ldings sha l l  conform to the requi rements of this  
section in l ieu of the requi rements given i n  the preceding sections for 
non-Seismic Category I structures. 

The design of pre-engineered metal build ings sha l l  conform to the Hetal 
Bui lding Manufacturers Association (HBHA ) ,  " Recommended Design Practices 
Manual . "  The combinations of loads and a l l owable stresses to be considered 
in the design of a l l  members of the structure sha l l  be in accordance 
with Section 7 of the HBHA Manual .  

The bas ic  wind load sha l l  be 20 psf appl ied and proportioned as horizontal 
and upl i ft forces i n  accordance with Section 4 of the HBHA manual .  

Seismic l oads determined i n  accordance with the BOCA Basic Bui ld ing Code 
for Seismic Zone 1 sha l l  be considered in the design of pre-engi neered 
metal bui l dings. 
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7 .6  TEMPERATURE LIMITS AND REDUCTIONS 

7 .6 . 1 Steel 

For structural steel elements , the maximum temperatures are l i mited to 
700 F and the a l l owable stress values shal l  be reduced by 5 percent for 
each 100 F increase i n  temperature, us i ng 100 F as the base for the 
al l owabl es. 

7 .6 . 2 Concrete 

The l imitations l i sted b�low are appl icable only to concrete structural 
components: 

a. The fol lowing temperature l imitations are for normal operation 
or any other long·term , period. The temperatures are not a l l owed 
to exceed 150 F ,  except for local areas which may be a l l owed 
i ncreased temperatures not exceeding 200 F .  

b .  The fol l owing temperature l imitations are for accident or any 
other short-term period. The temperatures are not a l l owed to 
exceed 350 F for the i nterior surface. However, l ocal areas 
may be a l l owed to reach 650 F from steam and/or water jets i n  
the event o f  a pipe fai l ure. 

c .  Temperatures h igher than given i n  i tems a .  and b .  may be a l l owed 
i n  concrete, i f  test data can be provided to eval uate the 
corresponding reduction in  strength. Such a reduction sha l l  be 
appl ied to the design a l l owable  values. Also,  evidence wi l l  be 
provided which verif ies  that the i ncreased temperatures do not 
cause deterioration of concrete, ei ther with or without load. 

8 . 0  CONSTRUCTION MATERIALS 

8 . 1 The principal construction materials  for Seismic Category I and 
non-Sei smic Category 1 structures are concrete, reinforcing stee l ,  
structural steel , masonry , and metal decking, as spec i f ied herein  or i n  
the specific  design criteria for the fac i l i ty. 

8 . 2  Concrete design compressive strengths shal l be as fo l l ows: 

Item f '  c ( p s i )  

Precast concrete pane l s  5000 
A l l  other p lant structures 3000 (minimum) 
Lean concrete backf i l l  and electrical 2500 

duct encasement 

Compressive strength ( f� ) refers to compress ive strength at 28 days. 

8. 3 Reinforcing steel sha l l  be deformed b i l let steel , .conforming to 
ASTM A 615, Grade 60. 
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8 . 4  Welded Steel Wire Fabric sha l l  conform to ASTM A 185 (plain wire) 
or  A 497 (deformed wire).  

8.5 Structural steel sha l l  conform to ASTM A 36, unless otherwise noted 
on drawings or within speci fications. 

8 . 6  Fasteners sha l l  conform to ASTM A 307 unless h igh-strength bol ts 
are speci fied. High-strength bolts sha l l  conform to ASTH A 325 or A 
4�. 

8. 7 Anchor bolts sha l l  conform to ASTH A 36 , A 307, or A 449. 

8 . 8  Masonry for al l structures shal l conform to Project Architectural 
Speci fication 13587-2-A-016 and Material Requ is ition 13587-2-A-016/1. 

8 . 9  Unless otherwise requi red by spec ia l  condi tions, metal decking 
shal l be used and considered i n  design for forming concrete s l abs .  

8 . 10 The C iv i l -Structural speci fications spec i fy a l l  the construction 
materia ls  for Seismic Category I and non-Seismic Category I structures. 

9. 0 DESIGN CONTROL 

9 . 1  DOCUMENT SUBMITTALS 

I n  accordance with the D iv i s ion Chief C i v i l  Engineer ' s  design control 
procedures ,  design documents l i sted in the Project C i v i l -Structural 
Design Control Check L ist  (DCCL) shal l be submitted to the D i v i s ion 
Chief C i v i l  Engineer for review and approval . 

9 . 2  DESIGN SUMMARY 

A design summary shal l be prepared for each major recovery structure 
as l i sted in the Project Civi l-Structural DCCL. The design summary 
sha l l  be in the form of a calculation and l imited to the fol lowing 
i nformation: 

a .  Reference to the appropriate speci f ic design criteria for 
that structure 

b. Methods of analys is  and design 

c .  Summary o f  resulls ,  showing the margin o f  safety under design 
loads for typical sections in the bui ld ing. 
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� 1 . 0  INTRODUCTION 

( 

( 

This document del i neates the control systems design criteria for the 
recovery activities at Three Hi le  I s land - Unit 2 .  I t  does not address 
modifications to existing plant systems for reconstruction. Included 
are genera) design requirements as wel l  as codes and standards which 
sha l l  be used as the bas i s  for system design. 

2 . 0  CODES AND STANDARDS 

The design of control systems and equipment sha l l  conform to a l l  appl i­
cable portions of the latest i ssue (unless otherwise indicated) of the 
following codes and standards including addenda where appl icable. NRC 
Regulatory Guides , Branch Technical Pos itions,  and Code of Federal 
Regulations are l i sted i n  the General section of the Project Design 
Criteria. Compl i ance to these documents shal l  be di scussed in  the 
i ndividual faci l i ty or system design criteria. 

2 . 1  American National Standards Insti tute (ANSI) 

B2. 1 Pipe Threads (except dryseal )  

B16 . 5  Steel Pipe Flanges and Flanged Fitt'ngs 

B16 . 10 Face-to-Face and End-to End Dimensions of Ferrous Valves 

B16. 11 Forged Steel Fittings , Socket Welding and Threading 

B16.25 Butt-Welding Ends 

B16 .34 Steel Valves - Flanged and Butt Welding Ends 

B16. 104 American National Standard for Control Valve Seat Leakage 

B31. 1 Power Piping 

N13. 1 Guide to Samp l i ng Ai rborne Radioactive Materials  i n  
Nuclear Fac i l i ties 

H13. 10 Specif ication and Performance of Onsite Instrumentation 
for Continuous ly Monitoring Radioactivity in Effluents 

2 . 2  American Society of Mechanical Engineers (ASHE) 

Boi ler  and Pressure Vessel Code 

Section I I  Material Speci fications 

Section IX Welding and Brazing Qual ifications 

F luid  Meters 
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2 . 3  American Society for Testing and Materials (ASTM) 

Standards as appl icable 

2 .4  American Welding Society (AWS) 

D1. 1 Structural Weld ing Code 

2 . 5  Bechtel Thermal Power Organization (TPO) 

Control Systems Design Standards and Guides 

Control Systems Drawing Standards and Standard Deta i l s  

2 .6  Instrument Society of America (ISA) 

Standards as appl i cable 

2 . 7  Insulated Cable Engineers Association (ICEA) 

S-19-81 Rubber Insulated Wire and Cable for the Transmission and 
Distribution of E lectrical Energy 

2 . 8  

SP-25 Harking System for Valves , F ittings, F langes and Unions 

SP-55 Quality Standard for Steel Castings - Visual Method 

SP-61 Pressure Testing of Steel Valves 

SP-72 Bal l  Valves with F langed or Butt-Welding Ends for General 
Service 

SP-84 Steel Valves - Socket Welding and Threaded Ends 

2 . 9  National E lectrical Manufacturers Association (NEHA) 

ICS 6 Enclosures for Industrial Controls and Systems 

2. 10 Project Standards and Documents 

Project Engineering Procedures Manual 

THI-2 F inal  Safety Analys i s  Report and Amendments 

3 .0  DEFINITIONS 

The definitions of terms which are frequently used i n  the Design Criteria 
are provided in  the general section of the Project Design Criteria. 
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4. 0 CENTRALIZED CONTROL 

4. 1 COMMAND CENTER (see Personnel Access Fac i l i ty Design Criteria 
13587-2-GD1-102) 

4 . 2  LOCAL CONTROL PANEL$ 

4 . 2 . 1  local control panels  shal l be provided with sufficient alarms , 
status l i ghts,  contro l s ,  and indications to pe�it local startup and 
operation of the systems provided for the c leanup effort. 

4 . 2 . 2  Local control panels  sha l l  be HEHA Type 12 control panels located 
away from the process equipment. These panels  sha l l  be rigidly braced, 
provided with l i fting eyes ,  i f  required, and designed for bol ti ng to the 
wal l  or floor. Floor-mounted pane l s  sha l l  be provided with 120 V ac 
l ighting and convenience outlets. 

4 .? . 3 Panels shal l  be as completely wired and assembled as practicable 
with a l l  devices insta l led so that the entire assembly is an operating 
unit ready for i nsta l l ation. 

4 . 2 . 4  Panels shal l be furnished with a copper ground bus extending the 
full length of the cabinet. A ground lug sha l l  be furnished at each end 
of the ground bus for connection of a 4/0 AWG bare copper station ground 
cable. 

4 . 2 . 5  Panels  sha l l  be designed to accept top o r  bottom entry o f  condui t  
s i zed large enough to carry the required external cables. 

4 .2 . 6 Mimic D iagrams 

Panel s  sha l l  uti l i ze mimic diagrams to assist the operator in  working 
with systems having complex interconnections. 

4 . 2 . 7  Wiring 

4. 2. 7 . 1 Panel wiring sha l l  be Class B stranded copper ,  No. 14 AWG 
minimum with i nsulation rated for 90 C conductor tempPrature and meet 
the requi rements of ICEA S-19-81. Polyvinyl chlorid� ,PVC) type i nsula­
t ion shal l  not be used. Class C stranding sha l l  be used for appl ications 
subject to excess ive flexing.  No. 16 AWG or larger shielded and twisted 1 1  
pairs sha l l  be used for a l l  low level si gnal wiring to prevent noise 
i nterference. Shields sha l l  be continuous and grounded at one point 
only. 

4 . 2 . 7 . 2 Wire termination� sha l l  uti l ize terminal blocks with s l iding 
l i nks to the maximum extent poss ible. 

4 . 2 . 7 . 3  Wires shal l  not be spl i ced between terminal connections. Wire 
nuts sha l l  not be used for any connections. 

4. 2. 7 . 4 Each conductor sha l l  be identified with its wire number at each 
end by a permanent marker. 
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4 . 2 . 7 . 5  Wiring connections other than lo�-level wiring soldered connec­
tions sha l l  be made �ith crimp-type ri ng-tongue terminals with insul ated 
ferrul es. 

�. 2 . 8  In addi tion to the i nformation displayed on the local control 
pane l s ,  certai n  key parameters may also be displayed in the plant main 
control room, e . g . , systems designed to comply with Regulatory Guide 
1. 143 shal l have a high level alarm both locally and in the p lant control 
room for tanks containing l iquid. 

5 . 0  ANNUNCIATION SYSTEM 

5 . 1  I f  requi red, annunci ator disolays shal l  be provided on the top 
section of the control panels .  Design sha l l  be sol id-state. The annun­
ciation system sha l l  be supplemented by process i ndication and status 
l i ghts. A l l  annunciator windows shal l be 3 i nches wide by 3 inches high 
with engraved 114-inch characters. Alarm circuits should be normally 
closed, and open to alarm. Rel ays should be normal ly energized and 
de-energi zed to al arm. An auxi l iary rel ay shal l  be provided for each 
wi ndow which shal l de-energize �hen the �i ndow i s  in an alarm state. 

5 . 2  The number of annunciation points sha l l  be minimized, and nui sance 
al arms on equipment starting and shutdown shal l be suppressed. 

6 . 0  CONTROL AND INSTRUMENTATION EQUIPMENT 

6. 1 GENERAL REQUIREMENTS 

6. 1 . 1 S ign�l Levels 

6. 1 . 1 . 1  Instrumentation system ana�og signal transmi ssion, except for 
RTD and TC signal s ,  sha l l  uti l ize 4 to 20 ma de level s ,  �herever possible ,  
for both inputs and outputs. Pneumatic s ignal transmission sha l l  uti l i ze 
3 to 15 psig signal levels .  

6 . 1 . 1 . 2  Al l control c i rcuits shal l be  120 V ac  or  125 v or less  de. I 1 
6 . 1 . 2  The minimum accuracy of i nstruments i r  percentage of ful l -scal e 
value shal l  general ly be as indicated bel o�: 

a .  Transmitters and recorders: 1/2 percent 

b .  Temperature indicators and pressure gauges: 1 percent 

c.  Process electronic indicators: 2 percent. 

6 . 1 . 3  Electronic field transmitters shal l  be non-indicating. 

6 . 1 . 4  Pneumati c transmitters can either be indicating or non- indicating. 
The non- indicating type shal l  uti l i ze an output pressure gauge as a 
l ocal i ndicator. 
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6 . 1 . 5  A sealed bel l ow or d iaphragm sha l l  be used to separate the process l 1 
f l ui d  from the pressure, f low ,  or l evel sensor when the process f lu id  i s  
highly radioactive. 

6. 1. 6  Process control and a l arm shal l not depend upon a common device. 
These functions sha l l  be derived from separate i nstruments. 

6 . 1 . 7  Indicating light Colors 

The colors of the i ndicating l i ghts shal l be as fol lows: 

� 
Red 

Green 

Orange 

B lue 

Amber 

Function 

Pump: 
Valve: 
Breaker: 
Heater: 

Pump: 
Valve: 
Breaker: 
Heater: 

Lock.-out 

Status 

running 
open 
c losed 
on 

stopped 
c losed 
tripped 
ott 

Specials  where designated 

6. 1 . 8  Nameplates and Identi fication Tags 

6. 1.8 . 1 Nameplates shal l be mounted to panel s ,  racks , or mounting 
brackets to identify the function and the spec if ic  control led device 
identification tag number rather than the specif ic  device. Devices 
shal l have engraved metal l ic identification tags which sha l l  provide 
permanent device identification. 

6 . 1. 8. 2  Nameplates sha l l  be white lamacoi d  wi th black l etters. 

6 . 1 . 9  I n  the event o f  an e l ectrical or pneumatic fai l ure o r  any unde­
s i rable deviation from normal operati on ,  the system shal l trip i nto a 
shutdown condi tion which provides protection for the equipment and en­
sures the safety of operating personnel .  

6 . 2 EQUIPMENT ENCLOSURES 

6 . 2. 1 Instrument housi ngs located outside of the plant main control 
room and command center sha l l  be NEHA Type 4 except where other enclosure 
cl asses are advisable for spec i fi c  app l i cations. 

6 . 2 . 2  Plant main  control room and command center equipment encl osures 
shal l be NEMA Type 12. 
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<: 6 . 3  RECORDERS AND INDICATORS 

( 

c 

6. 3. 1 Process recorders sha l l  general ly be 3x6 inch or 6x6 i n  tyr� 
with 4Jinch nominal chart width. 

6. 3 . 2  Indications shal l be provided for normal and safe operating areas 
on indicators. 

6 . 3 . 3  legends for process variables sha l l  be provided for a l l  indi ca­
tors and recorders. 

6 . 3 . 4  Key process parameters may be displayed o n  4 1/2-inch o r  l arger 
square swi tchboard i ndicators (250-degree scale)  to provide extra empha­
s i s  or l ong distance v i s i bi l i ty. 

6. 3 . 5  Indicators sha l l  match the cal i brated span of the transmitted 
variable. 

6.4 PRESSURE INSTRUMENTS 

6 . 4 . 1  Pressure gauges sha l l  be 4 1/2-inch diameter. phenolic  case with 
white face. Larger gauges shal l be provided as required for readabi l i ty. 

6. 4 . 2  Pressure devices on pulsating services sha l l  be equipped with 
pulsation dampeners. 

6 . 4 . 3  Pressure elements shal l be a type suitable for the process vari­
ables and of material w ith the required corrosion resi stance. 

6 .5  FLOW INSTRUMENTS 

6 . 5 . 1  Concentric  orifice plates using flange taps with beta ratio from 
0 . 20 to 0 . 75 sha l l  be the preferred metering method. 

6 .5 .2  Orifice pl ates should be i nstal led i n  horizontal l i nes where 
possible. If  instal l ed in vertical l i nes. the flow sha l l  be downward 
for gas and steam. and upward for l iquid .  

6 . 5 . 3  Flowmeter straight p iping run requirements and insta l l at ion 
techniques sha l l  be i n  accordance with ASHE Fluid Meters . 6th Edition. 
1971. 

6 .5 .4  linear scales general ly sha l l  be used for flow i ndication and 
recording. 

6 . 5 . 5  In- l i ne paddle flow switches sha l l  not be used in service where a 
detached paddl e  could cause a hazard to equipment. 

6 . 5 . 6  Flow i nstruments in general shal l have scales with flow units as 
fol l ows: 

a. Steam - lb/hr 
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b .  Liquids - gpm 

c .  Gases - scfh or scfm 

Design Criteria 13587-2-J01-100 

6. 5 . 7  To measure flow i n  l ines 3/4- inch and sma l l er ,  rotameters shal l  
be  used where possible.  

6 . 5. 8 . Orifice plate thickness for 10-inch pipe and less shal l  be 1/8- inch 
unless subjected to high stress which would require a greater thickness. 

6 .5 . 9 The di fferential should be SO or 100 inches of water for l iquid 
service,  and for gas or steam, the di fferential in inches of water 
should not exceed the l ine static pressure i n  PSIA. 

6 .6  LEVEL INSTRUMENTS 

6 . 6. 1 Gauge glasses used i n  conjunction with l evel instruments sha l l  
cover a range i n  excess of that covered by the instrument. 

6 .6. 2 Tubular gauges sha l l  be avoided wherever possible and used only 
on services near atmospheric pressure and where breakage would produce 
no hazard. Tubular gauges shal l not be used on corros i�es , f lammable 
l iquid�. or radioactive services. 

6. 6 .3  Di splacement-type level instruments �hal l general ly be used for 
low range ( less than 20-inch) measurement and control . 

6 .6 .4  Differential pressure-type level instruments shal l  general ly be 
used when the measured range exceeds 60 i nches. 

6 . 6 . 5  Di fferential pressure-type instr�ments sha l l  be used on large 
outdoor tanks. 

6 .6 .6  level scales shal l general ly  be in gal l ons. 

6 .6 .7  Pe�anently insta l led l evel indication shal l  be included on al l 
vessels containing l iquid. 

6 . 7  TEMPERATURE INSTRUMENTS 

6 . 7. 1 Dial the�ometers sha l l  general ly have 5- inch diameter dial s ,  
white face, and be of the adjustable  angle type , bimetal actuated. 

6 . 7 . 2  RTDs sha l l  be 100-ohm platinum type , 3- or 4-wire c ircui t ,  as 
required , ungrounded. 

6 . 7 . 3  Thermocouples sha l l  be i ron constantan, ISA Type J, ungrounded. 

6 .7 .4  Temperature sensing el ements shal l be spring-loaded wherever 
possible.  
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6 .7 . 5 Al l temperature e lements, including switches , with the exception 
of HVAC and surface measurement appl ications shal l be i nsta l l ed using 
thermowe l l s .  

6 . 7 . 6  The resonant frequency o f  a l l  thermowel l s  a s  insta l l ed i n  the 
process f l uid  sha l l  be greater than 1 . 25 times the flow-induced forcing 
frequency. 

6. 7 . 7  Minimum thermowel l  i nsertion length sha l l  be 3 inches. 

6 . 8  PROCESS SWITCHES 

6 .8 . 1 Switches sha l l  be app l i ed so that the actuation point is within 
the center one-third of the i nstrument range wherever possible .  

6 .8 .2  Temperature switches sha l l  be gas- or vapor-actuated with stain­
l ess steel capi l lary armor. 

6. 8. 3 Bi stable units on the output of pressure and temperature trans­
mitters sha l l  be considered i n  l ieu of process-actuated switches i f  
extreme accuracy i s  required. 

6 . 8. 4  Switches with external adjustments sha l l  be avoided. 

6 . 8 . 5  Switches sha l l  be of the snap action type. 

6 . 8 . 6  F ie ld  contacts i n  process switches sha l l  be rated 5 amperes at 
120 V ac and 0 . 5 ampere, i nductive, at 125 V de. 

6. 9 MATERIALS PROHIBITED I N  NUCLEAR SERVICE 

The use of mercury and polyvinyl chloride (PVC) sha l l  be el iminated as 
far as practicable for any i nstrumentation app l ication. Teflon shal l . 
not be used i f  the predicted accumulated dose exceeds 104 rads. 

6. 10 SEISMIC DESIGN CRITERIA 

Al l equipment and i nsta l lations covered by thi s  criteria are classif ied 
as non-seismic Category I .  

7 . 0  INSTRUMENT APPLICATION AND INSTALLATION 

7 . 1  GENERAL 

7 . 1 . 1  The use of racks, pane l s ,  or mounts for mounting field  trans­
mi tters and process switches sha l l  be minimized. 

7 . 1 . 2  Al l i nstrument tubing shal l be f irmly supported and secured 
against v ibration. Tubing runs shal l be routed to preclude a i r  pockets 
or l iquid traps as appl icable. 

7 . 1 . 3  Instruments used for a i r  or gas service sha l l  b e  mounted above 

( l ine with the process tap off the top of the process pipe. 
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7 . 1 . 4  Instruments used for l iquid or steam service sha l l  be mounted 
below l ine with the process tap off the side of the process pipe. 

7 . 1 . 5  Field sensing l ines sha l l  be instal l ed with a minimum s lope of 
114-inch per foot. The direction of s lope sha l l  be determined by the 
requirements of the process system, i . e. ,  steam, a i r ,  or water. 

7. 1 .6  I n- l i ne flow devices which are subject to  periodic maintenance, 
e . g. , rotameters,  .shal l  be provided with i so lation and bypass valves. 

7 . 2  PROCESS CONNECTION STANDARD 

7 .2 . 1 The fol l owing process connection s i zes should be used for instru­
mentation connections: 

a .  Pressure - 3/4 i nch 

b .  Temperature - 1 i nch 

c .  Level - 1 i nch (except displacer type use 1-112 inch) 

7 . 2 . 2  Process connection bosses or flanges shal l be instal led i n  the 
l i ne pipe at the pipe fabricator' s  shop. Field i nstal lation work, i f  
possible ,  sha l l  not i nclude burning o r  dri l l ing i nto shop-fabricated 
piping. 

7 . 3 FIELD SENSING LINE 

Field  sensing l ines and sample  l ines general ly shal l uti l ize 3/8- inch 
00, 0. 065- inch wal l  thickness tubing and compression fittings . Socket 
wel d  fittings sha l l  be used where tubing i s  joined by welding. Tubing 
and fitting material sha l l  be 300 series stainless steel .  

7 . 4  PROCESS INDICATION 

7 . 4 . 1  Process indications which are required on a day-to-day bas is  for 
equipment operating guidance , or are needed for determination of equip­
ment status, or for mai ntenance guidance, sha l l  be displayed on a l ocal 
indicator v is ib le  from the operating location. 

7 .4 .2  Di fferential pressure i ndicators sha l l  be permanently i nsta l l ed 
across f i l ter units , screens, strainers, and deminera l i zers when the 
process equipment is part of a major process system. 

7 . 4 . 3  Instruments , excepting temperature detectors, shal l not be i n­
stal l ed on equipment or piping subject to vibration. 

7 . 5  ·SINGLE ROOT VALVES 

S ingle  root valves sha l l  be provided for i nstrument l i ne shutoff. In 
the case of an i nstrument l ine penetrating a shield wal l ,  an additional 
root valve shal l  be added outside the shield wal l .  
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7 . 6  INSTRUMENT VALVES AND MANIFOLDS 

Instrument valves or mani fo lds sha l l  be instal led at each i nstr�ment. 

7 . 7  ACCESSI8ILITY 

7 . 7 . 1 Instruments sha l l  general ly be l ocated so that they are readi ly  
accessible  from permanent structures , such as  operating floors , pl at­
forms, and caged l adders on tanks. 

7 .7 .2  Instrument Location 

7 . 7 . 2. 1 Instrumentation d isplays required on a continuous bas i s  shal l 
not be located i n  zones where radioactivity exceeds 2. 5 mrem/hr. In­
strumentation displays that are required i nfrequently ( i . e. , less than 1 
hour per 8-hour shi ft) may be located i n  zones l ess than 25 mrem/hr. 

7 . 7 . 2 . 2  No process indicators sha l l  be provided i n  zones where radio­
activ ity exceeds 25 mrem/hr. 

7 . 7 . 3  Transmitters and other s i gnal processing equipment sha l l  be 
accessible  for maintenance, test, servicing ,  and cal i bration during 
operation. Functional integrity of such systems shal l not be co�­
promi sed, however, to achieve such accessib i l i ty. 

7 . 7 . 4  Primary i nstrument devices , l ocated in high-radiation areas , 
shal l be designed for easy removal to l ower radiation zones for cal i ­
bration, o r  faci l i ti es for i n  s i tu cal i bration sha l l  be provided. I f  
poss ib le ,  al l process i nstrumentation, except flow e lements and temper­
ature detectors , should be l ocated i n  l ow-radiation areas. 

7 . 8  NON-SEISMIC C�TEGORV 1 EQUIPMENT IN A SEISMIC CATEGORY I STRUCTURE 

Non-seismic  Category I equipment i n  a seismic Category I structure sha l l  
be  l ocated such that i ts fai l ure or  col l apse w i l l  not compromise seismic 
Category I equipment. 

8 . 0  CONTROL VALVES 

8 . 1  Control valve minimum body s ize sha l l  be one inch nominal with 
reduced trim as appl i cable .  

8 . 2 Control valves sha l l  not be  provided wi th bypass or i so lation 
valves except where specif i c  operati ng or mai ntenance c i rcumstances 
demonstrate the need for such valving. 

8 . 3  Control valves shal l be provided with handwheel s .  

8 . 4  F langed connections sha l l  be used for control valves for mai nte­
nance, except where piping speci fi cations for hazardous or other specia l  
condi tions preclude flanged connP.ctions. 
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8 . 5  Control valves sha l l  have ribbon grafo i l  packing with a l eako!f 
connection {pipe nipple socket welded into bonnet) at the lantern ring 
i f  required. 

8 . 6  General ly ,  control valve body s i ze shal l  be no more than one stan­
dard nominal s i ze smal ler than l i ne size.  

8 .7  Cast i ron valve bodies sha l l  not be used. 

8 . 8  Valve body material shal l be the same as the attached pipi ng unless I 1 a need for a di fferent material can be demonstrated. 

8 .9  Control valves used i n  modulating service sha l l  be si zed us i �g the 
manufacturer' s  capacity rating at SS percent of l i ft to equal or exceed 
the maximum required design flow capacity. Exceptions to thi s  cr iterion 
may be considered on a case bas i s .  

8. 10 Solenoid coi l s  shal l be rated 120 V ac or  125 V de. Coi l insula­
tion shal l be Class H, suitable for ambient temperatu�es of 200 F. 
Lugged connectors sha l l  be insta l led on the solenoid leads and covered 
with heat shrink tubing to a l low easy repl acement. 

8 . 11  L imit  swi tches shal l be provided at both open and closed posi tions. 

9 . 0  INSTRUMENT AIR SYSTEM 

Indi v idual a ir  reducing stations shal l  be �rovided, rather than group 
devices on a l ow-pressure header, except that l ow-pressure headers may 
be used ins ide cabinets and on racks. 

10. 0 SAMPLING AND ANALYSIS SYSTEMS 

10 . 1  For process points which require conti nuous sampl ing or sampl i ng 
at a frequency of more than once a week ,  the sample should be routed to 
a central i zed sampl ing station. {Exception: No sample l i nes sha l l  be 
routed to the hot chemi stry laboratory. ) 

. 10.2 Local grab sampl es , rather than permanently instal led sampl e  l ines 
to a centr�l i zed station, shal l  be provided for those process points 
which require sampl i ng at a frequency of less than once a week, or 
require heat tracing. Except for heat-traced sample l i nes , these l ocal 
sample stations sha l l  be located in zones where radiation i s  less than 
25 mrem/hr to the extent practicable. 

10. 3 Sample l i nes carrying rad ioactive substances shal l be fabricated 
using techniques that minimize "crud" traps. Where practicab l e ,  sampl ing 
sha l l  be accomp l i shed through the use of i n- l i ne connections which 
return fl ushed samples to process l i nes , i n  order to minimi�e radwaste 
processing.  To fac i l i tate the samp l i ng of radioactive fluids , quick­
connector type connections sha l l  be uti l i zed. 

10.4 High energy process samples shal l  be condi tioned and reduced below 
30 psig and 140 F for safety of operators. 
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10. 5  Fume hood, s ink ,  and flushing water faci l i ties shal l  be provided 
as necessary. 

10.6 For samples which are withdrawn from radioactive l i nes ,  two valves 
shal l be provided: one at the process connection and one outside the 
shield wal l .  

10. 7 Shielding shall be provided at the local sample stations to main­
tain radiation zoning i n  proximate areas and minimi ze personnel exposure 
during sampl i ng.  

10. 8  Effluent sampl ing provi sions shal l be provided to demonstrate 
compl iance with al l  appl icable effluent regulations. 

1 1 . 0  RADIATION MONITORING 

11. 1 GENERAL 

Radiation monitoring shal l be provided to monitor normal and abnormal 
radiation levels i n  areas where radioactive material may be present, 
stored, handled, or i nadvertently i ntroduced and to monitor selected 
process l i nes i ncluding HVAC ductwork for radiation i n  excess of accept­
able l imits. 

11. 2 CHARACTERISTICS 

11. 2 . 1  Area radiation monitors , i ncluding constant air monitors and/or 
radiation area monitors , with l ocal audible and vi sual alarms and ! 
ratemeter shal l  be provided for the protection of personnel i n  those 
areas which require accessibi l i ty. 

11. 2 . 2  All area radiation monitors shal l be i ndicated and recorded i n  
the command center. Indication and al arms may be provided i n  other areas, 
such as the control room, to provide adequate control and alarm response. 1 

11. 2 . 3  Process radiation monitors shal l be provided for certain  process 
systems , ventilation systems , and al l unit effl uent streams to ensure 
compl i ance with the Code of Federal Regulations; Title  10, parts 20 and 
50 , Regulatory Guide 1 .21  and GOC-64. The ventilation system radiation 
monitors shal l  also provide protection to personnel from airborne radio­
activ ity. 

11 .2 .4  Indication shal l be provided in the command center for a l l  
process monitors. Indication and alarms may b e  provided i n  other areas , 
such as the control roo�. to provide adequate control and alarm response. 

11. 2 . 5  Al l effluent monitors and the corresponding flowrate shall be 
recorded i n  the command center. 

11. 2 . 6  The venti lation system airborne samples shal l be extracted i n  
accordance with the requirements of ANSI N13. 1 .  
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11. 2 . 7  Process and venti lation radiation monitor sample l i nes sha l l  be 
sized and routed to minimize sample plate-out. 

11. 3 RANGE 

11. 3. 1 Area radiation monitors sha l l  have a cal ibrated range dictated 
by the area i n  which they are located. 

11. 3. 2 Process monitors sha l l  have ranges estab l i shed in accordance 
with the requirements of a particular app l ication. 

11. 4 ALARMS 

Loss of power, a lert, and high radiation a larms sha l l  be provided in  the 
command center. 

11. 5 OPERABILITY 

Process and area radiation monitors shal l be provided with a check 
source of a known intensity to veri fy operabi l ity. 

12. 0  CLOSED CIRCUIT TELEVISION SYSTEM 

12. 1  GENERAL 

A c l osed c i rcuit television (CCTV) system sha l l  be provided to monitor 
equipment and/or selected �ork activities. The degree to which CCTV 
shal l be uti l ized sha l l  be di scussed in the specific  design criteria. 

12. 2 CAMERAS 

12. 2 . 1  Conventional 

12. 2. 1. 1 These cameras shal l provide general survei l l ance of areas 
where work activities are being performed. 

12. 2 . 1 . 2  Each camera sha l l  be provided with contro ls  located at the 
monitoring station(s)  which permit  remote pan, t i l t ,  focus, and zoom. 

12. 2 . 1 . 3  These cameras should be designed consistent with the ir  operating 
envi ronment. 

12. 2 . 2  Underwater 

12. 2. 2 . 1 Submersible  cameras shal l be provided to cover the activities 
associated with defuel ing of the reactor vesse l .  

12. 2 . 2 . 2  Control s  for remote operation sha l l  b e  located at the moni­
toring station( s ) .  

12. 2. 2. 3 Lighting for the cameras should be sel f-contained o r  attached, 
as required for the particular operation. 
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12. 2 . 2 . 4  These cameras sha l l  be constructed of radiation resistant 
materials .  The actual design parameters wi l l  be deta i l ed in the 
Technical Speci fication. 

12. 3 MONITORS 

12. 3. 1 Monitoring stations sha l l  be provided at selected locations for 
the remote v iewing of the outputs of a l l  cameras. 

12. 3 . 2  Monitors with the capab i l i ty of monitoring the output of any 
camera should be provided for v i s i tor or management briefings. 

12. 3 . 3  A monitor with the capab i l i ty of monitoring the output of any 
camera should be provided for the purpose of  permitting the workers to 
fami l iarize themselves with the in-containment work areas and activities 
prior to entry. 

12. 4  RECORDING 

Video cassette recorders {VCR) sha l l  be provided to record the outputs 
of a l l  cameras i n  the system to provide a permanent record of a l l  activ­
i ties associated with the cleanup effort and to provide a tool that 
could be used for training of the work crews. 

12. 5  TRAINING 

A system compris i ng a color video cassette recorder, a color monitor, 
and a portable  color camera sha l l  be provided for preparing training 
tape�.  playback of offsite produced training tapes ,  and recording special  
onsite events. 

13. 0 RADIO COMMUNICATIONS 

13. 1 GENERAL 

A radio communications system sha l l  be provided which permits audio 
communications between personnel located in the command center and work 
crews located i n  the containment, containment a i r  control envelope 
(CACE) in the containment recovery service bui ld ing {CRSB) and the fuel 
handl ing building. 

13. 2  BASIC SYSTEM 

13. 2�1 A duplex system should be uti l i zed for communications between 
the command center and the portabl e  radios (wal kie-tal kies).  

13. 2 . 2  The portabl e  radios should be provided with a tal k-around fea­
ture that would permit communications between the work crews i n  contain­
ment without going through the command center. 

13 . 2 . 3  The portabl e  radios sha l l  be compact and sel f-contained. They 
shd l l be provided with a rechargeable battery good for at least eight 
hours of continuous service. 
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13. 2 . 4  The headsets shal l be an i ntegral earphone and microphone un1 �  
which can be worn comfortably beneatn anti-contamination headdress and 
air  masks. Activation of the portable radios sha l l  be accompl i shed 
wi thout del iberate use of the hands. 

13. 2 . 5  An antenna sha l l  be provided i n  the contai nment which permits 
communications from any l ocation. · 

13. 2 .6  The central control unit sha l l  be positioned i n  c lose proximity 
to a CCTV monitoring station so that audio and video communications can 
be coordinated. 

13. 2 . 7  The· central control un it  sha l l  be provided with a telephone 
patch to permit communications with offsite personnel .  
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1 . 0  SCOPE 

Thi s  document del i neates the e lectrical design criteria for general 
support faci l i ti es for the non·safety·related recovery activities at 
Three Mi l e  I s land · Uni t 2. I nc luded are general design requi rements as 
wel l  as codes and standards which sha l l  be used as the basis for system 
design. 

2 . 0  CODES AND STANDARDS 

2 . 1  The codes and standards of the fol l owing organi zations shal l be 
used as guidel i nes i n  the design of e lectrical systems and equipment 
and, where required by l aw, such systems and equipment sha l l  conform to 
appl icable codes and standards. 

Anti-Friction Bearing Manufacturers Association (AFBHA) 

AFBHA 9 

AFBHA 11 

load Ratings and Fatigue Life for Bal l Bearings 

load Ratings and Fatigue l ife for Rol l er Beari ngs 

American National Standards Institute (ANSI) 

ANSI C33 

ANSI C37 

ANSI C50 

ANSI C57 

ANSI cao 
ANSI C89 . 2  

ANSI Z55. 1 

E l ectrical Devices and Material s 

Power Switchgear 

Rotating Machines 

Transformers , Regulators and Reactors 

Conduits 

Dry Type Transformers for G�neral Appl ications 

Gray Fini shes for Industrial Apparatus and Equip· 
ment 

American Society for Testing and Materials  (ASTH) 

ASTH A 307 

ASTH A 366 

ASTH A 386 

ASTH A 525 

Carbon Steel External ly  and Internal ly  Threaded 
Fasteners 

Sheet Steel , Carbon, Cold-Ro l l ed ,  Commerci a l  Qual i ty 

Specifications for Z inc Coating (Hot-Dip) on Assembled 
Steel Products 

Specif ication for Z inc Coated (Galvani zed I ron or 
Steel Sheets) Coi l s  and Cut lengths 
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ASTH B 3 

ASTH B 8 

ASTH B 33 

ASTH D 635 

ASTH D 2671 

Design Criteria 135B7-2-E01-100 

Standard Specif ication for Soft or Annealed Copper 
Wire 

Concentric - Lay Stranded Copper Conductors , Hard, 
Medium-Hard , or Soft 

Standard Speci fication for Soft or Annealed Copper 
Ti nned Wire for Electrical Purposes 

Test Method for Rate of Burning and/or Extent and 
Time of Burning of Sel f-Supporting Plastics i n  a 
Horizontal Posit ion 

Heat Shrinkable Tubing Testi.ng 

Insulated Cable Engineers Association (ICEA) 

ICEA P-46-426 Power Cable Ampaci ties ,  Volume 1 - Copper conductors , 
and Cumulative Errata Sheets 

ICEA P-54-440 Ampaci ties-Cables in Open-top Cable Trays 

ICEA S-19-81 Rubber Insulated Wire and Cable for the Transmis­
s ion and Di stribution of E lectrical Energy 

ICEA S-61-402 Thermoplastic Insulated Wire and Cable for the 
Transmission and Di stribution of Electric Energy 

Interim Stan­
dard No. 1 to 
ICEA S-68-516 

ICEA S-66-524 

Cables rated 0-35,000 vol ts and having Ozone­
Resi stant Ethylene-Propylene Rubber Insulation 

Cross-Linked Thermosetti ng-Polyethyl ene-insulated 
Wire and Cable for the Transmission and D istribution 
of Electrical Energy. 

Institute of Electrical and Electronics Engineers (IEEE) 

IEEE-112A 

IEEE-142 

I EEE-2B1 

I EEE-288 

I EEE-383 

Test Procedure for Polyphase Induction Motors and 
Generators 

Recommended Practice for Grounding of Industrial 
and Commercial Power Systems 

Service Condi tions for Power System Communi cations 
Apparatus 

Guide for Induction Motor Protection 

Guide for Type Test �f Class IE Electric Cables , 
Field Spl ices and Connections for Nuclear Power 
Generating Stations (f lame tests only) 
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I l l uminating Engineering Society (IES) 
·Recommended Practices 

National E lectrical Code (NEC) 

National E lectrical Manufacturers Association (�EHA) 

NEHA AS-1 

NEHA ICS 
(Excluding 
Part 3) 

Molded Case C ircuit Breakers 

Industrial Contro ls  and Systems 

Standards for Industrial Contro ls  

Motors and Generators NEMA MG-1 

NEHA HG-2 Safety Standard for Construction and Guide for 
Sel ection,  Instal lation, and Use of Fractional and 
Integral HP Motors and Generators 

NEHA PB-1 Panel boards 

NEHA ST-20 Dry Type Transformers for General Appl ications 

NEHA TR-1 

HEMA TR-27 

Transformers , Regulators, and Reacto�s 

Di stribution Transformers , Dry type - Commercial , 
Institutional and Industrial 

HEHA VE-l Cable Trays , Vent i lated 

NEHA WC-21 Nonreturnabl e  Reels 

NEHA WC-25 Protective Covering for Wire and Cable Reels 

Occupational Safety and Health Administration (OSHA) 

Occupational Safety and Health Standards 

Underwriters' laboratories, Inc (UL) 

Ul 1 

Ul 6 

UL 44 

UL SO 

Ul 67 

UL 94 

Ul 508 

F lexible Metal E l ectrical Conduit 

Rigid �etal E lectrical Conduit 

Rubber Insulated Wire and Cables 

E lectrical Cabinets and Boxes 

E lectric Panelboards 

Tests for Flammabi l i ty of Plastic Materials for 
Parts i n  Devices and App l iances 

Industrial Control Equipment (HCCs) 
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Ul 514 

Ul 651 

Ul 797 

Ul 845 

Ul 886 
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E lectrical Outlet Boxes and F ittings 

Rigid Nonmetal l ic E lectrical Conduit 

E l ectrical Metal l ic Tubing 

Motor Control Centers 

Electrical Outlet Boxes and Fi ttings for Use 
i n  Hazardous locations, C lass I ,  Groups A ,  B ,  C ,  
and 0 ,  and C lass I I ,  Groups E ,  F ,  and G. 

2 . 2  Existing plant documents wi l l  be used as a basi s  for new system 
designs to the greatest extent practicable .  

3 . 0  SYSTEMS DESIGN 

3 . 1  GENERAl 

3 . 1 . 1  Each of the recovery faci l i ties sha l l  derive its respective power 
source. from existing switchgear l ocated i n  the generating station or 
from extensions of the existing 13. 2  kV overhead l ines located at the 
northeast and southwest areas of the s ite. A dedicated substation may 
or may not be required for each faci l i ty ,  depending upon such factors as 
the electrical l oads within the building, availabi l ity of suitably rated 
distribution switchgear present in the existing system, and physical 
orientations of the faci l ities with respect to their anticip�ted sources. 

3 . 1 . 2  Oepen�ing upon the fac i l i ty served, 4BO volt ,  60 Hz l oads sha l l  
b e  suppl ied from unit substations , motor control centers, distribution 
panelboards , or a l l  of these. The 120/208 vol t ,  60 Hz l oads shal l be 
suppl ied from distribution and l ighting panelboards. 

3 . 1 . 3  Motor control centers shal l be energized directly from 480 vol t  
substations. The 480/277 vol t l i ghting panels  sha l l  be energized via 
480 to 277/480 volt transformers from substations or motor control 
centers. The 120/208 vol t l i ghting and distribution pane l s  sha l l  be 
fed from motor control centers or di stribution panelboards v ia  
step-down transformers. Branch circuits sha l l  be supp l ied through 
i ndividual circuit breakers wi thi n  the panelboards. 

3 . 1 .4  Voltage sensitive loads requiring a regulated and/or isolated 
power source sha l l  be suppl ied fro� l ine vol tage regulators which furni sh 
120 and 240 vol t ,  60 Hz, s ing1e phase power regulated to within 1 percent 
of rated voltage, with l ess than 5 percent total harmonic distortion. 

3 . 1 . 5  A 125 vol t DC service wi l l  be provided for control power for unit 
substations required by new faci l ity loads. Thi s service wi l l  be sup­
pl ied by existing plant DC power panels .  

3 .1 .6  For those locations where hazardous materials are uti l i zed, 
electrical equipment instal lations sha l l  conform to appropriate sections 
of Chapter 5 of the National E lectrical Code. 
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3 . 1 . 7  Di stribution equipment ratings shal l general ly be selected so 
that 25 percent spare capaci ty i s  avai lable when the equipment i s  pur­
chased, i n  order to ensure adequate margin for system growth. This  
margin wi l l  be reduced however, for those fac i l i ties whose permanently 
insta l led loads wi l l  be modified to operate at a lower capacity for 
post-recovery periods. 

3 . 1. 8  Insofar as practicab l e ,  p lant loads sha l l  be energized from 
diverse power sources i f  avai labl e i n  order to maximize system rel i ­
abi l i ty and avai labi l i ty .  

3 . 1 . 9  Any permanent modifications made to  the existing plant in  order 
to accommodate the additional loads necessi tated by the recovery effort 
shal l be effected so that the f inal design ( i . e. , on- l i ne operation of 
THI-2) i s  within acceptabl e  l imits for system l oading, short c i rcuit 
capacity and voltage regulation. Where any such modif ications are made 
on a temporary bas is  only,  that fact and any resulting precautions to be 
fol l owed shal l be exp l i c i tly noted i n  the design documentation. 

3 . 1 . 10 Waterproof cabinets or drip shields sha l l  be used to protect 
electrical switchgear and motor control centers i n  areas which wi l l  be 
sprinklered. 

3. 1 . 11 In  general , the electrical equipment and design phi l osophy in­
cl uded in the scope of this document shal l be reviewed against and, 
wherever practicabl e ,  i ntegrated with the existing plant design. Existing 
equipment specif ications wi l l  be used where feasible  for timely procure­
ment of new equipment. 

3 . 2  COMMUNICATIONS 

Permanently instal led communications faci l i ties shal l  be provided as 
fol l ows : 

3 . 2. 1 For operational purposes , a pub l i c  address system consi s ting of 
six separate and independent communications channels  shal l be provided. 
These channel s  include one page and five party l i nes. Communications 
between parties within the plant are estab l i shed by using the page chan· 
nel , with a party l i ne channel being used after the page i s · completed. 
As many as five party l ines may communicate simultaneously. The system 
i s  a lso used to broadcast mul titone alarms for reactor bui lding evacua­
tion,  s ite evacuation, and fire. Capab i l i ty shal l  be provided to merge 
this system with the existing pub l i c  address equipment of Units 1 and 2. 
System components incl ude wal l  mount and desk-type handset stations , 
amp l i fiers, and loudspeakers. 

3 .2 . 2 For communications between control consoles and equipment being 
maintained, cal ibrated, or tested, a multi-channel maintenance jack 
system consisting of a permanently i nterconnectad series of jack stations 
shal l be provided. The system provides two-way communication between 
mul tiple stations on a preselected channel by means of plug- i n  headsets. 

3 .2 . 3 A raceway system only for a leased, automatic dial-type commercial 
telephone system wi th extensions for i ntra- and inter-plant use inter· 
connecting a l l  bui ldings sha l l  be provided. 
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3 . 3  FREEZE PROTECTION 

3 . 3 . 1  Freeze protection sha l l  be provided for outdoor water l i nes and 
instrumentation taps as required. This may consist  of heater tape or 
electrical ly heated enclosures which are energized/deenergized by a 
loca l ly  mounted ambient a i r  thermostat. Temperature monitors sha l l  be 
provided i n  order to a l arm a low temperature condition on the p iping or 
enclosure served. 

3 . 3. 2 Outdoor water storage tanks sha l l  be provided with e ither thermo­
statical ly contro l l ed strap-on type heaters or immersion-type heaters. 
Temperature monitors shal l a l so be provided. 

3 . 3 . 3  All  a larms sha l l  be annunciated i n  the command center. 

3. 4 LIGHTING 

3 . 4 . 1 Normal Lighting System 

3 . 4 . 1 . 1  This system sha l l  provide adequate i i l umination level s and con­
venience power for ope·rat i ng and service condi tions. In  addition,  i t  
serves as a distribution system o f  120/208 VAC power to serve miscel­
laneous sma l l  load requirements. This system consists of a complete 
distribution network of cables , raceways , transformers , l ighting pane l s ,  
l ighting fixtures, receptacles ,  and switch�s. 

3 . 4 . 1 . 2  Lighting sha l l  be terved from diverse sources to precl ude 
compl ete loss of i l l umination i n  an area i n  the event of equipment 
mal function. 

3 .4 . 1. 3 Lighting l evels shal l be as recommended by the I l l uminating 
Engineering Society. 

3 . 4 . 1 . 4  The raceway system sha l l  be steel condui t ,  r igid ,  IHC or EMT. 
No EHT sha l l  be used within the existing plant bui l d ings. Where EHT is  
used, its appl ication sha l l  be  restricted to  precl ude personnel wal k ing 
and/or c l imbing on it .  

3 .4 . 1 . 5  The receptacles sha l l  be  20  ampere or  larger, 120 vol t ,  NEHA 11 configured, 3-wire grounding, duplex type. GFI c ircuit breakers shal l 
be used for receptacle c ircuits in  laboratories and shops. Switches 
sha l l  be 20 ampere 120 or 277 volt bake l i te base, s ingle-po le ,  double-po le ,  
three-way and four-way, as  required. Where -bui lding construction permits , 
receptacles and switches shal l be flush mounted; otherwise they sha l l  be 
surface mounted. I n  outdoor areas , switches and receptacles shal l be i n  
weatherproof enclosures with rai ntight covers. lighting fixtures may be 
fl uorescent, incandescent , or high intensi ty discharge depending on 
envi ronment and application. No mercury-bearing fixtures or swi tches 
sha l l  be used in the containment or fuel storage areas. 

3. 4 . 2  Emergency lighting System 

3 . 4 . 2. 1 This system shal l provide emergency l i ghting for egress routes 
in a l l  areas. 
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3 . 4 . 2 . 2  This system sha l l  consist  of i ndividual , self-conta i ned,  8-hour 
rated , seal ed-beam battery units connected to the normal l i ghting AC 
source to mai ntain battery charge and which automatical ly  transfer to 
their i nternal batteries upon l oss  of AC. 

3 .4 .2 .3  I l l umination leve l s  shal l •atch exi sting plant design or where 
required shal l be i n  accordance wi th the Pennsylvania Department of 
Labor and Industry F ire and Panic Regulations. 

3 . 4 . 3  Exterior Lighting System 

3.4 . 3. 1 Exterior l i ghting sha l l  be l im ited to f ixtures mounted on pe­
rimeter bui ld i ng s tructures for entrance areas and where required for 
security i l l u�f nation of areas adjacent to structures.  

3 .4 . 3 . 2  Exterior l i ghting leve l s  shal l be in accordance with existing 
s i te survei l lance requi rements. 

3 .  5 RACE\iAY 

3 . 5 . 1  A complete system of raceways sha l l  be provided to furn sh pro­
tection and support for al l wire and cable systems. 

3. 5 . 2 These raceway systems sha l l  i nclude separation tr vol tag£· cl asses 
such as 5 kV power cables , l arge 600 volt power cables requ i ;inJ main­
tai ned spac ing ,  600 vol t  power, control and digi tal s i gnal cables and 
analog i nstrumentation cables. 

3 . 5. 3 The systems sha l l  be i nsta l l ed accordi ng to the app l i cable portions 
of the NEC and applicable HEHA standards except as noted i n  paragraph 3. 5 . 5. 

3 . 5 . 4  Materials  sha l l  be UL approved unl ess spec i fical ly approved 
otherwise on the drawings or speci fications. . 
3 . 5. 5 Where raceways are to be routed through exi st i ng plant areas ,  
these raceways sha l l  comply with the exi sting Unit 2 Burns & Roe Speci­
fication 2555-70 Section 16 Z ,  paragraphs 6 . 1 . 2 . 4  and 6 . 1. 2 . 5  regarding 
separation and seismic I I  over I criteria which deal with seismic­
generated col lapse of non-sei smic I I  equipment located above se ismic 
equipment. 

3 . 5 . 6  Exposed raceways may consist  of steel ladder-type cable tray , 
rigid steel , IHC or EHT condui t  up to 4-inch s i zes and rigid steel above 
4 inch. For new condui t  within the exi sting pl ant, EHT shal l not be 
used for any app l ications. Flexible  steel condui t  shall be used at the 
connection to a l l  equipment and devices subject to removal or v ibration. 
L iquid-tight, flexible,  metal condui t  sha l l  be used for these appl ications 
outdoors and in wet areas indoors. No setscrew condui t  fitti ngs shal l  be 
used. Threaded f itt ings sha l l  be used for rigid steel condui t ,  cl amp or 
compress ion type for EHT and flexible conduit .  Where EHT i s  used i ts  
appl ication sha l l  be restricted to  precl ude personnel wal ki ng and/or 
c-1 imbing on i t .  
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3 . 5 . 7  Underground or embedded raceways sha l l  be rigid steel cor:duit ,  
heavy wal l  PVC conduit,  or steel floor raceways. PVC shal l be used 
primarily i n  outdoor or underground l ocations and for specific nonmag­
netic app l ications. Where standard 90-degree bends are to be used at 
the end of an underground duct run, the 90-degree bends sha l l  be rigid 
steel conduit. 

3 . 5 . 8  Where raceways are brought to an interface point, provi sions 
sha l l  be made for extension of connections. 

3 . 5 . 9  Penetrations for e lectrical cable trays or mul tiple  conduits 
penetrating a f ire-rated wal l  or cei l ing sha l l  be sealed with fire stop 
materials  to an extent commensurate with the wal l  or cei l ing rating. 
Individual conduits or raceways embedded or concealed in wal l s  or ceil ings 
for d irect feeds to l ighting fixtures or receptacl es wi l l  not be sealed. 
In addition, openings for electrical raceways passing through partition 
wal l s  or drop cei l ings which are not f ire rated shal l not be sealed. 

3 .6  GROUNDING SYSTEM 

3 . 6 . 1  Al l new structures,  e lectrical equipment, and metal components 
shal l be grounded by direct or i ndirect connection to the exi sting s i te 
grounding system. 

3 . 6 . 2  Buildings sha l l  have a 4/0 AWG bare copper or l arger ground cable 
run beneath or embedded in grade- l evel floor s labs at the building 
perimeter and connected to the s ite ground grid at a minimum of two 
places with the same s i ze conductor. Steel bui l ding structures sha l l  be 
connected to these perimeter cables by riser cables at a minimum of two 
l ocations on smal l structures and every other column on l arge structures. 

3 .6 . 3 Large e lectrical equipment, i . e . , switchgear, unit substations, 
motor control centers , and l arge transformers , shal l have direct connec­
tions to the grounding system in at least two p laces. 

3 .6 .4  Al l e lectrical equipment mounted on concrete shal l be connected 
to the nearest point of the grounding system. 

3 . 6 . 5  Al l concrete bui ldings which may house e lectrical equipment sha l l  
have a minimum 4/0 AWG copper cable embedded i n  wal l s  and/or floors and 
be connected to a minimum of two surface-embedded ground pads per room. 

3 .6 .6  I n  addition to equipment grounds,  a l l e lectrical apparatus oper­
ating above 240 vol ts sha l l  be provided with a ground fault return con­
ductor which i s  to be run as close as practicable to the power conductors. 
Metal l ic conduit and/or cable tray ( i f  NEC approved) may serve as the ground 
fault return conductor i f  the conduit and/or tray ( i f  NEC approved) i s  
e lectrical ly  continuous and has the required conductivity to pass suffic­
ient current to ensure the operation of the overcurrent device. 

3 . 6 . 7  At l east one end of al l steel conduit extensions to nonmetal l ic 
conduit sha l l  be connected to the grounding system. 
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3 .6 .8  Cable tray i nsta l l ations , unless speci fical ly certified to National 
E l ectrical Code requi rements as a ground fau lt  conductor, shal l have a 
bare 4/0 AWG copper conductor instal led and attached to each section of 
a l l  trays carrying power cables. This cable sha l l  be connected to the 
ground bus of the power source. Where conduits are used as the ground 
fault conductor,  the conduits sha l l  be connected to this ground cable on 
or i n  the cable tray and the conductor for this connection sha l l  be 
s ized i n  accordance with Table 250-95 of the National E l ectrical Code. 
Where f lexible conduit i s  attached to rigid steel conduit that i s  being 
used as a ground fault conductor ,  the flexib l e  condu i t  sha l l  be jumpered 
with a bare copper cable. 

3 . 7 CABLE DERATING AND CABLE S IZE SELECTION 

3. 7. 1  Ampacity rating and group derating factors of cables sha l l  be i n  
accordance with ICEA P-46-426 for cables i n  conduit ,  ducts , and trays 
with maintained spacing. ICEA P-54-440 shal l be used for cables i n  
random f i l led tray. 

3 . 7 . 2  I n  determining cable s i zes for various services, the fol lowing 
load factors shal l be used: 

a. Transformer feeders 

b. Motors feeders 

c. HCC feeders 

d.  Di stribution panel 
branch c ircuits 

125 percent of transformer ful l 
load current 

125 percent of motor ful l load 
current 

100 percent of the bus rating 
plus 25 percent of the full  
l oad current rating o f  the 
l argest motor which can be 
connected to the bus or where 
the actual lo�ds are a smal l 
percentage of the mai n  bus 
rating the cables sha l l  be 
s ized for the actual load plus 
25 percent of the ful l load 
rating of the largest motor 
p lus 25 percent for l oad growth. 

100 percent o f  the maximum load 
to be served and/or 100% of the 
protective device setting. Where 
the ampaci ty of the conductor does 
not correspond with the standard 
fuse or breaker s ize ,  the next 
higher device rating may be used. 

3 .7 . 3 For those fdc i l i ties to which the NEC app l ies ,  cable s i z ing wi l l  
be i n  accordance with NEC recommendations i n  l ieu o f  the above. (Appl i ca­
bi l i ty i s  defined i n  specific  fac i l i ty criteria. ) 
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3 .8  TEMPORARY LIGHTING ANO POWER SYSTEM FOR CONTAINMENT RECOVERY 

3 .8. 1 This system sha l l  provide adequate l i ghting and power for the 
entry and decontamination phases of the recovery effort. 

3 .8 .2  This system sha l l  be served from the exi sting electrical system 
i n  Uni t  2 via the containment recovery service bui l ding electrical 
system. Services at 480 vol t ,  3-phase and 120/208 vol t ,  3-phase, 
four wire w i l l  be sufficient for a l l  temporary e lectrical requirements. 

3. 8 . 3  Temporary power outlets sha l l  be provided for l ighting, CCTV, 
heaters , steam jennies, power tool s ,  radiation moni tors , and welding 
machines. 

3 .8 .4  Lighting leve l s  sha l l  be consistent with speci f i c  work tasks 
and with the requi rements of the CCTV system. 

3 .8. 5 Emergency l i ghting sha l l  be provided to ensure egress l i ghting 
throughout the containment upon loss of normal power. 

3 .8 .6  To ensure personnel safety, . al l  e lectrical equipment sha l l  be 
effectively grounded. In  addition,  ground fault c ircuit protection 
wi l l  be provided. · 

3 .8 .7  Existing e lectrical systems within containment, where operabl e ,  
sha l l  supplement the systems described i n  3 .8 . 1  through 3 .8 .6 .  

4 .0  MAJOR EQUIPMENT DESIGN 

4 . 1  SWITCHGEAR 

In the event that the recovery fac i l i ties'  loads necessitate the addition 
of 4160-vo l t  switchgear, the additional equipment shal l ,  insofar as pos­
sible ,  dupl icate the existing switchgear in order to maintain s tandardi­
zation of  large e lectrical apparatus within the general p lant areas. 
Al l such swi tchgear sha l l  be contro l l ed from the mai n  control room. 

4 .2  LIGHTING AND DISTRIBUTION PANELBOARDS 

4 .2 . 1 Lighting panelboards for 277/480 vol t ,  3 phase 4 wire service shal l 
be equipped with molded case s i ngle  pol e  c i rcuit breakers. Interrupting 
ratings at 277 volts sha l l  be a minimum of 10 ,000 amperes symmetrica l .  
Power di stribution panelboards for 480-vo l t ,  3-phase, 3-wire service 
sha l l  be equipped with 3-pole molded case c i rcuit breakers rated 22,000 
amperes symmetrical . 

4 . 2 . 2  Panelboards for 120/208 vol t ,  3 phase service sha l l  be equipped 
with molded case c i rcuit breakers having 1 or 2 poles ,  as required. 
Interrupting ratings at 120 and 208 vol ts shal l be a minimum of 10 ,000 
amperes asymmetrical .  

4 .2.3  Circuit breakers for a l l  panel boards shal l be the indicating 
type. Mul tipole breakers sha l l  have common trips. Circuit breakers 
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sha l l  be of the bolt on, quick make, quick break type, having thermal­
magnetic overcurrent and short c i rcuit trip e lements, and sha l l  be trip­
free on overload and short c i rcui ts. 

4 . 2 . 4  Panelboards sha l l  have NEHA 12 enclosures, be surface mounted i n  
general p lant areas, and fl ush mounted in office areas. 

4 . 3  MOTOR CONTROL CENTERS 

4. 3 . 1  Motor control centers shal l consist of vertical sections joined 
together to form a rigid,  free-standing enclosure. Each section shal l 
be compartmental ized into combination starters and feeder tap breakers. 
HCC units sha l l  be removable and i nterchangeable.  

4 . 3 . 2  General ly ,  the motor control centers wi l l  supply motors rated 
460V and 200 HP or less. 

4 . 3 . 3  The HCC bus system sha l l  be braced to withstand a short c ircuit 
current of 42 , 000 amps symmetrical (50,000 amps asymmetrical ) amperes. 
The main bus sha l l  be rated 600 amperes continuous. The vertical and 
ground busses sha l l  be rated 300 amperes continuous. 

4 . 3 . 4  Short c i rcuit protection o f  combination motor starters sha l l  be 
provided by circuit breakers equipped with adjustable i nstantaneous 
magnetic trip elements. Running protection of the motors sha l l  be pro­
vided by ambient compensated overload el ements in each phase of the 
motor starters. The overload e lements sha l l  have l ong-time-trip char­
acteristics which approximate the heating curves of the motors. Pro­
tection of feeder tap units sha l l  be provided by c i rcui t breakers equipped 
with inverse time thermal overload protection and i nstantaneous magnetic 
short circuit protection on each phase. Breaker rated symmetrical 
interrupting capacity sha l l  be greater than or equal to the total avai l ­
abl e symmetrical current at  the point of  appl ication, as  determined by 
the procedures of NEHA AB-1. 

4 . 3. 5 Ground fault protection sha l l  be provided on an individual basi s  
to ensure coordination with the incoming HCC feeder breakers. I n  general , 
this i s  provided for combination starters feeding loads exceedi ng 25 HP,  
and for feeder tap breakers with ratings exceeding 15A. 

4. 4 DRY TYPE TRANSFORMERS 

4. 4 . 1  Transformers sha l l  be dry type , having a 480 vol t ,  3 phase del ta 
primary and 120/208 vol t,  3 phase, 4 wire wye secondary (or a 277/480 
vol t ,  3 phase, 4 wire wye secondary for one-to-one transformers used as 
discussed i n  paragraph 3 . 1 . 3 ) ,  or 480 vol t ,  one phase primary and 120/240 
vol t ,  one phase, three wire secondary. 

4 .4 .2  Transformer i nsulation sha l l  be Cl ass F or Class H. When ful ly 
l oaded at rated voltage, the transformers sha l l  have a maximum a l lowabl e  
temperature rise,  a s  measured by resistance, o f  115 degrees centigrade 
over an ambient of 40 degrees centigrade tor C lass F ,  or 150 degrees 
centigrade over 40 degrees centigrade for Class H insulations. 
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4 . 4 . 3  Transformers shal l be furnished with four 2-1/2 percent ful l 
r.apacity taps, two above and two below nominal primary vol tage. 

4. 4. 4 Transformers sha l l  have maximum noise l evel s  of 45 decibels above 
a standard 24-decibel noise l evel of an anechoic test chamber as deter­
mined by NEHA standards. 

4. 5 HEDIUH VOLTAGE TRANSFORMERS 

4 . 5 . 1  Transformers shal l be provided for the faci l ities served by the 
13.2 kV overhead l i nes to step down distribution vol tage to a util ization 
vol tage suitable for the bui l ding electrical loads. 

4 . 5 . 2  The transformers sha l l  be suitably rated 13.2 kV - 480 volt ,  60 
Hz, 95 kV BIL. 

4 .5 . 3 The primary winding configuration shal l be delta capabl e  of 
accepting a 3-wire, 13.2 kV feed from an overhead distribution l ine 
fused di sconnect. The secondary winding configuration sha l l  be a wye, 
with sol idly grounded neutral for 480 volt feeds to the fac i l i ties. 

4 . 5 . 4  The transformer shal l be equipped with four 2�-percent taps, two 
above and two below nominal primary voltage. 

4 . 5 . 5  The transformer shal l be l i quid immersed, padmount type suitable 
for outdoor app l i cation. Polychlorinated biphenals (PCBs) shal l not 
be used i n  i nsulating f l uids. 

4 .5 . 6 The transformer shal l be provided with l i ghtning protection. 

4 . 6  UNIT SUBSTATIONS 

4 . 6 . 1  Unit substations sha l l  be provided to distribute power to large 
electrical l oads as required for the various permanent faci l i ti es which 
must be served from the existing 4160 volt distribution system. These 
substations sha l l  consist of a primary incoming cubic l e ,  a power trans­
former, and 480 volt swi tchgear section, complete with a l l  necessary 
accessory equipment. The substations shal l be rated for operation from 
a 4 , 160 vol t ,  3 phase, 60 Hz primary system with a resistance grounded 
neutra l .  

4 .6 .2  The primary equipment shal l have copper bus work insul ated for 
5 kV and be suitably braced to withstand a momentary short c i rcuit 
current of  80 ,000 amperes. 

4 . 6 . 3  A disconnect switch, rated 5 kV, shal l be provided with an external 
operating hand le  and an external position indicator which shal l positively 
indicate whether the switch is in the open or c losed position. The dis­
connect switch shal l be ki rk-key i nterlocked with the 480 vol t secondary 
main c i rcuit breaker. 
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4 . 6 . 4  Power transformers shal l be of the open, dry, venti l ated type, 
with 4160 volt primaries and 480 vol t ,  3-wire sol idly grounded second­
aries. The transformers sha l l  be provided with four 2�-percent ful l 
capaci ty,  no-load rated taps i n  the primary winding, none above and four 
below rated primary vol tage. The transformers sha l l  have C lass  H i nsula­
tion, with a bas i c  i nsulation l evel of 25 kV. 

4.6. 5 C i rcuit breakers sha l l  be equipped with sol id state, d i rect acting 
series overcurrent devices providing adjustabl e  l ong- and short-time over­
current and short c ircuit protection and sha l l  have trip-free operating 
mechanisms . 

4 . 6 . 6  Ground fault protection relays sha l l  be furnished for each sub­
station. 

4 . 7  MOTORS 

4 .7 . 1 In general , motors shal l be energy effic ient, squirrel cage 
i nduction type suitable for operati on i n  a 40-degree centrigrade environ­
ment. A l l  motors shal l be capable of ful l vol tage starting, and shal l 
be able to accelerate the ir  l oads to rated speed with only 80 percent of 
rated nameplate vol tage appl ied to the ir  terminal s .  Motors shal l be 
capabl e  of del i vering the i r  rated output i n  continuous operation within 
the range of p lus or minus ten percent of the i r  rated vol tage. 

4 . 7 . 2  I n  s iz ing motors , no portion of a motor ' s  service factor above 
1 . 0  shal l be used i n  continuous operation throughout the operati ng range 
of the load. Motors shal l have a service factor o1 1. 15. 

4. 7 . 3  Unless specif ied otherwise,  motors sha l l  be of the sel f-venti lated 
type , with open drip-proof enclosures with screened openings. 

4 . 7 . 4  Motors sha l l  have windi ngs with Cl ass B i nsulation. 

4 . 7 . 5  Motors s ized smal l er than 1/2 horsepower sha l l  be r�ted 115 vol t ,  
60 Hz, s ingle  phase and shal l b e  used o n  a 120 vol t ,  60 Hz sol i dly 
grounded system. 

4 . 7 . 6  Motors si zed from 1/2 to 200 horsepower shal l be rated 460 vol t ,  
60 Hz , three phase and sha l l  be used on a 480 volt ,  60 Hz sol idly grounded 
system. 

4 . 7 . 7  A l l  motors l arger than 5 horsepower which are l ocated i n  a h igh 
humidity envi ronment sha l l  be provided with space heaters sui table for 
operation on a 120 volt s i ngle  phase supply. Space heaters sha l l  be 
rated at twice the operating vol tage to prolong heater l i fe .  

4. 7 .8  A l l  motors shal l be provided with  term inal  boxes one s i ze l arger 
than speci fied i n  NEHA MG-1. Separate boxes sha l l  be provided for power 
termina ls  and space heaters. 
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4. 7 . 9  Al l valve electric motor operators sha·l l  be suitable for use on a 
480 vol t ,  three phase supply. Motor i nsulation shal l  be Class 8. Each 
motor operator shal l be furnished with sel f-locking gears and two-train 
geared l imit  switches and torque switches which operate in the closing 
and opening mode. Al l operators antic ipated for use i n  a h igh humidity 
environment shal l  be provided with a 120 volt space heater. Al l compo­
nents sha l l  be housed i n  a HEHA IV enclosure. 

4 . 8  WIRE AND CABLE 

4 .8 . 1 The fol lowing vol tage c lasses of cables wi l l  be used: 

a) 5 kV and 15 �V �ower cable 

b) 600 V power cable 

c) 600 V control cable 

d) i nstrument and speci al cables 

4 . 8 . 2  Power cables supplying fac i l i ties from 13. 2 kV overhead l i nes 
sha l l  be 15 kV, shielded and suitabl e for grounded service. Power 
cables for the 4 . 16 kV feeders supplying the unit substations shal l be 
unshi elded and rated 5 kV ungrounded. The 600-volt power and control 
cable shal l be s i ngle conductor or mul tiple conductor, as requi red. · 
Power and control cables sha l l  have Class B stranded copper conductors 
with 90 C i nsulation, which meets iEEE 383 flame resistance tests. 

4 .8 .3  Instrument cables for low level s i gnal s  sha l l  be shi elded and 
twisted to reduce noi se p ickup. Conductors sha l l  be copper with i nsula­
tion rated 90 C and which meets IEEE 383 flame resistance tests. 

4. 8.4  Si ngle phase branch c i rcui t wi ring for receptacl e  and l i ghting 
runs sha l l  be copper with i nsulation rated for 90 C, 12 AWG minimum 
gauge. Insulation shal l  be 600 vol t ,  type THW moi sture and heat resi stant 
thermoplastic. Lighting f ixture wire shal l  be Class B stranded, t inned 
copper with i nsulation rated for 200 C ,  14 AWG minimum gauge. Insulation 
sha l l  be 600 vol t ,  type SF-2 s i l icone rubber , cr other suitable code 
approved type .  

4 .8 .5  Polyvinylchloride (PVC) i nsulation shal l  not be  used i n  any cable 
construction wi th the exception of l i ghting, receptacle and communications 
wiring which wi l l  be total ly enclosed in conduit .  For new i nsta l lations 
within the existing plant, PVC shal l  be totally precluded. Al l l ighting 
and receptacl e  wi r ing shal l  carry Underwriters ' Laboratories dpprovi ' .  
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1 . 0  I NTRODUCTION 

1 . 1  PURPOSE AND SCOPE 

Design Criteria 13587-2-M01-100 

PLANT DESIGN AND MECHANICAL 

DESIGN CRITERIA 

The Plant Design and Mechanical Design Criteria for the project appl ies 
to the systems for which Bechtel .has design responsi b i l i ty. The design 
criteria form the technical basi s  for the system design and equipment 
selection. This i s  based on specif ic  c l ient and s ite condi tions, code 
requirements , envi ronmental and l icensing requirements,  and exi sting 
power plant design experiences and technology. 

This document pertains only to structures and systems ��signed for the 
c leanup of the containment and subsequent defuel i ng fol lowing the 
March 28, 1979 accident at Three Mi l e  I s land Uni t 2. I t  does not 
address the tasks of reconstruction and requal i fication of the plant. 
The purpose of thi s document i s  to provide a basi s  for design of  new 
systems or modifications to existing systems which may be requi red to 
support containment entry and decontamination with the objective of 
placing the containment in a configuration where reactor vessel head 
removal can begin and fuel may be removed from the reactor and either 
shipped or stored. 

The projec t ' s  P lant Design and Mechanical engineering work i s  governed 
by several project design referenca documents l i sted i n  Appendi x  A. Of 
these, the P lant Design and Mechanical Design Criteria shal l be the 
basi c  design document ,  and any deviation from i t ,  with the exception of 
those criteria specif ica l ly  identified as guidel i nes,  sha l l  be registered 
with the projec t ' s  P lant  Design/Mechanical Group Supervisor before 
proceeding with the work. 
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2 . 0  CODES, STANDARDS, AND GUIDES 

2 . 1  QUALIFYING STATEMENT 

The l atest i ssue of the governing codes and standards i n  effect at the 
time of i ssue of the purchase order shal l be used for a l l  spec i f i ca­
tions. Design work sha l l  use the l atest i ssue in effect at the time a 
drawing or document i s  i ssued for construction. 

2 . 2  STATE AND LOCAL CODES AND STANDARDS 

a .  The Pennsyl vania State Code, F i re and Panic Regulations by 
Department of Labor and Industry 

b.  "Clean Stream Laws ,"  Commonwealth of Pennsyl vania. 

2 . 3  ALL OTHER CODES, STANDARDS ,  AND GUIDES 

a .  ASHE Boi l er and Pressure Vessel Code 

1)  Section I I ,  Material Speci fi cations 

2) Section I I I ,  Nuclear Power Plant Components , Div.  1 

3 )  Section V ,  Non-destructive Examination 

4) Section VII I ,  Unfired Pressure Vesse l s ,  Div. 1 

5 )  Section IX ,  Welding and Brazing Qual i fi cations 

6) Section X ,  F iberglass-Reinforced Plastic Pressure 
Vessels 

7) Section X I ,  Rules for Inservice Inspection of Nuclear 
Power Plant Components 

b.  ASHE Power Test Codes 

c.  Associated Air  Balance Counc i l  

National Standard for F ie ld  Measurement and Instrumentation 
Total System Balance, Vol .  2, No. 12173 

d.  Ai r Conditioning and Refrigeration Insti tute 

1) Standard 430 for Central Station Ai r Handl ing Units 

2) Standard 550 for Centri fugal Water - Chi l l ing Packages 

3) Standard 28D for Central Forced Air E lectrical Heating 
Equipment 

4)  Standard 210 for Unitary Air  Cond itioning Equipment 
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Anti-Friction Bearing Manufacturers Association (AFBHA) 

Standards as appl icabl e  

f .  American Gear Manufacturers Association (AGHA) 

g.  

Standards as applicable 

Air Movement and Control Association (AHCA) 

1) Standard 210,  Test Code for Ai r Hovi ng Devices 

2 )  Standard 211, Certified Rating for A i r  Hoving Devices 

3) Standard 500, Test Method for Louvers, Dampers, and 
Shutters 

h.  American Concrete Institute (AC I )  

ACI 318 Bui ld ing Code Requi rements for Reinforced Concrete 
(Note: ACI code appl ies only as a supplemental 
code for embedded pipe) 

i .  American Institute o f  Steel Construction (AISC) 

j .  

Manual o f  Steel Construction,  7th Edition 

American National Standards Insti tute (ANSI )  

1 )  82. 1 ,  Pipe Threads 

2 )  B16. 1 ,  Cast Iron Pipe Flanges and Flanged F ittings, 25 , 
125, 250 and 800 LB. 

3) 816. 5 ,  Steel Pipe Flanges and Flanged F ittings 

4) 816 .9 ,  Wrought Steel Butt Welding Fi ttings 

5)  816 . 10 ,  Face-to-Face and End-to-End DimQnsfons of  Ferrous 
Valves 

6)  816. 1 1 ,  Forged Steel F ittings,  Socket-Welding, and 
Threaded 

7 )  816 .25 ,  Butt Welding Ends 

8) 816 . 34 ,  Steel Valves 

9) 830. 2 . 0 ,  Safety Code for Overhead and Gantry Cra·tes 

10) 830 . 10 ,  Hooks 

11) B31. 1 ,  Power Piping 
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12) 836 . 10 Wrought Steel and Wrought Iron Pipe 

13) 836.19 ,  Stainless Steel Pipe 

14) N45. 2 . 2 ,  Packing, Shipping, Receiving ,  Storage and 
Handl i ng of Items for Nuclear Power Plants 

15) N509, Nuclear Power Plant Air Cleaning Units and Com­
ponents 

16) N510, Testing of Nuclear Air-Cleaning Systems 

17) S1. 13 , Methods for the Measurement o f  Sound Pressure 
Level s  

18) SS. l ,  CAGl-PNEUROP, Test Code for the Measurement of 
Sound from Pneumatic Equipment 

19) Z86 . 1 ,  Commodity Specification for Air  

k. American Petroleum Institute (API) 

1 )  Standard 605 Large D iameter Carbon Steel Flanges 

2) Standard 620 Design and Construction of Large, Welded, 
Low-pressure Storage Tanks 

1 .  American Society o f  Heating, Refrigerati ng and Ai r Condi­
tioning Engineers , Inc. (ASHRAE) 

Standards as appl icable 

m. American Society of Mechanical Engineers (ASHE) 

Standards as app l i cable 

n. American Society of Non-destructive Testing (ASNT) 

SNT-TC-lA, Recommended Practice for Non-destructive Testing, 
Personnel Qua l i f ication and Certi fication 

o. American Society for Testing Materia l s  (ASTH) 

Standards as app l i cable 

p. American Wel di ng Society (AWS) 

Standards as appl icable 

q. American Water Works Association (AWWA) 

1) 0-100, Standard for Welded Steel Elevated Tanks, Stand­
pipes , and Reservoi rs for Water Storage 
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2}  C203 Coal-Tar Enamel Protective Coatings for Steel Water 
Pipe 

3} C209 Cold-Appl ied Tape Coatings for Special Sections , 
Connections and F i ttings for Steel Water Pipe 

r. Bui ld ing Officia l s  and Code Administrators International {BOCA) 

1) Basic Bui lding Code 

2 )  Basic Mechanical Code 

3) Basi c  Pl umbing Code 

s .  Compressed Gas Association (CGA) 

t .  

u. 

1 )  G-1 Acetylene 

2 )  G-1 . 3 Acetylene Transmission for Chemical Synthesis 

3) G-7 Compressed Air for Human Respiration 

4 )  G-7. 1 Commodity Speci f ication for Air  

Crane Manufacturers Association of America (CHAA} 

CHAA70, E lectric Overhead Trave l i ng Cranes 

Canadian Standards Association {CSA) 

Z180 . 1 ,  Compressed Breathing Air 

v.  Heat Exchange Insti tute (HE I )  

Standards a s  applicable 

w. Hydraul i c  Insti tute (HI ) 

Standards of the Hydraul ic Insti tute 

x .  Manufacturers Standardization Society of the Valve and 
Fittings Industry (HSS) 

1) HSS-SP-25 , Standard Harking System for Valves , F i ttings, 
F langes , and Unions 

2 )  HSS-SP-43, Wrought Stainless Steel Butt-Welded F i ttings 

3) HSS-SP-44, Steel Pipe Line F langes 

4) HSS-SP-55, Qua l i ty Standard for Steel Castings - Vi sual 
Method 
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5 )  HSS·SP-58, Pipe Hanger and Supports - Materia l s ,  Design, 
Manufacture 

6) HSS-SP-61, Hydrostatic Testing of Steel Valves 

7) HSS-SP-66 Pressure-Temperature Ratings for Steel Butt· 
Welding End Valves 

8) HSS·SP-67, Butterfly Valves 

9)  HSS·SP-69, Pipe Hangers and Supports - Selection and 
Appl ication 

10) HSS-SP-72, Bal l Valves with Flanged or Butt Welding Ends 
for General Service 

11) HSS-SP-73, S i l ver Brazing Joints for Solder Joint Fi ttings 

12) HSS-SP-80, Bronze Gate, Globe, Angle and Check Valves 

13) HSS-SP-84, Steel Valves--Socket-Welding and Threaded 

14) HSS-SP-89 Pipe Hangers and Supports - Fabrication and 
I nstal lation Practices 

National F i re Protection Association (NFPA) 

1) NFPA-10, Portabl e  F ire Extinguishers 

2)  NFPA·12A Halon 1301 Systems 

3)  NFPA-13 , Sprinkler Systems,  Insta l . ation 

4) NFPA-14 , Standpipe and Hose Systems 

5) HFPA-15 Water Spray Fixed Systems 

6) NFPA-20 Centrifugal F i re Pumps 

7) NFPA-24, Outside Protection 

8) NFPA-26 Supervision of Valves 

9)  NFPA-45 , F i re Protection for Laboratories Using Chemicals 

10) NFPA-72D Proprietary Signa l ing Systems 

11) NFPA-72E Automatic F i re Detectors 

12) NFPA-80 F i re Doors and Wi ndows 

13) NFPA-90A Ai r Conditioning and Venti lating Systems 
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14) NFPA-90B Warm Air Heating and Air Condi tioning 

15) NFPA-194 F ire Hose Connections 

16) NFPA-196 F i re Hose 

17) NFPA-30 F lammable and Combustible Liquids Code 

z. Pipe Fabrication Insti tute (PFI)  

1 )  PFI-ES-3 ,  Fabrication Tol erances 

2) PFI-ES-5 ,  Cleaning Fabricated Piping 

3) PFI-ES-24, Pipe Bending Tolerances 

4)  PFI-ES-26, Welded Load Bearing Attachments to  Pressure 
Retai ning Piping Materials  

aa. Sheet Hetal and Air Conditioning Contractors' National 
Association (SHACHA) 

bb. 

1 )  High Pressure Duct Construction Standards 

2) Low Pressure Duct Construction Standards 

Tubular Exchanger Manufacturers Association (TEHA) 

Standards of Tubular Exchanger Manufacturers Association 

cc. Bechtel Power Corporation, Procedures ,  Standards, and Guides 

dd. Steel Structures Painting Counci l  (SSPC) 

1 )  SP-6, Commercial Blast C leaning 

2 )  SP-10, Near White Blast Cleaning . 
3) PA-l ,  Shop, Field,  and Maintenance Painting 

2 . 4  INSPECTIONS 

Inspections performed on Section I I I ,  VI I I ,  and X stamped components, by 
authorized Code i nspectors not registered i n  the State of Pennsy lvani a ,  
wi l l  require i nspection by the state upon receipt o f  the component on 
s i te .  
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3 . 0  MAJOR PLANT PARAMETERS 

3. 1 NUCLEAR STEAM SUPPLY SYSTEM 

Nuclear Steam Supply System data i s  given i n  the THI-2 FSAR. 

3 . 2  PLANT EXTERNAL FACILITIES 

Water Source 

The p lant makeup water i s  from the Uni t  1 water treatment system which 
draws from the Susquehanna River. 

Spent Fuel Removal 

The spent fuel i s  removed by over-the-road truck. 

Radioactive Sol i d  Waste Removal 

Sol id  radioactive wastes that wi l l  be generated during the recovery 
operations wi l l  be packaged i n  approved containers for offsite d i sposal .  
An i nterim sol id  waste staging fac i l i ty ( I SWSF) wi l l  be provided as a 
temporary storage area for these wastes (approximately s ix  months' 
storage capaci ty for both units wi l l  be provided) .  later permanent 
l ow-level and h igh/medium-level storage faci l i ties wi l l  be provided for 
storage of recovery and normal operations-related wastes prior to off­
s ite disposa l .  
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4 . 0  GENERAL PLANT CRITERIA FOR DESIGN 

4 . 1  AIR QUALITY (P lant Discharge Air) 

The plant sha l l  employ the fol lowing design features or practices in 
furtherance of this requi rement: 

New plant modifications sha l l  be designed and constructed i n  accor­
dance with federal ly-promulgated New · source Performance Standards 
and the Department of Envi ronmental Qual i ty Rules of Pennsylvania 
i n  effect at the time of the change. 

4. 2 RIVER WATER QUALITIES 

The water qual i ty design values of  the Susquehanna River are as shown in 
Table 4-1.  

4.3 REACTOR COOLANT ANALYSIS 

The post-accident reactor coolant qual i ty for design wi l l  be as shown in 
the latest i ssue of B&W Comp i l ation of Chemistry Results for TMI-2 
Reactor Coolant System. 

4 . 4  QUALITY AND CONCENTRATIONS OF PRINCIPAL NUCLIDES CONTAINED IN  
REACTOR BUILDING SUMP WATER 

Data taken i n  August 1979 is  presented i n  Table 4-2. The data may be 
subject to change , depending on the system conditions encountered as the 
recove� effort proceeds. 

4 . 5  HINIHUH WATER CHEMISTRY SPECIFICATIONS DURING THE PRE-DEFUELING 
PERIOD 

Table 4-3 l i sts the Babcock & Wi lcox Company ' s  required and recommended 
"mi nimum water qual i ty requirements" for the THI-2 Recovery Effort. The 
time period of the document i s  designed to be in effect from the time 
issued to the i ni tial  core defue l i ng.  The specif ications l i sted may be 
subject to change depending on the system condit!ons encountered as the 
recovery effort proceeds. 

4 . 6  AMBIENT DESIGN CONDITIONS 

Table 4-4 l i sts inside design temperatures and humidities for existing 
areas. Inside design conditions for new faci l i ties wi l l  be addressed in 
the speci fi c  design criteria for each faci l i ty. HVAC systems wi l l  be 
designed for the fol lowing outside conditions: 

Summer 
Winter 

94 F DB , 75 F w. B .  
7 F DB 

Data from ASHRAE Handbook of Fundamental s ,  1977 edition, 1 percent 
values for Harrisburg, Pennsylvania airport. 
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4 . 7  WASTE WATER QUANTITY 

New l iqui d  processing systems contain ing radioactive material shal l  be 
designed to produce an effl uent which conforms to 10 CFR 50, Appendix I 
guidel ines, as interpreted by the THI-2 technical speci fications. 
Tankage shall be designed to reta�n the processed l iquid such that 
although i t  i s  suitable for release from the plant s ite, releases need 
not be made. 

4 .8  LIQUID RAOWASTE SYSTEMS RELEASE 

Should it be necessary to di scharge potentia l ly radioactive l iquid 
wastes to the envi ronment, such wastes sha l l  be sampled and analyzed 
prior to release and sha l l  contai n  radionucl ide concentrations that are 
i n  accordance with the Plant Technical Speci fications. 

4 . 9  NOISE CONTROL 

In  order to provide the means tor evaluating new equipment l iable to 
emit noise which would result in  levels in  excess of 90d8A, procurement 
doc�ents shal l require proposed and f inal sound pressure leve l s  tor the 
equipment proposed. Specif ic  no i se leve l s  shal l  not be speci fied i n  the 
procurement document. 

4. 10 VALVE CRITERIA 

4. 10 . 1  Al l process piping vents shal l  be 3/4 inch in diameter and have 
3/4 inch (min. ) globe valves , and a l l  process piping drains shal l be 1 
inch i n  diameter and have 1 i nch (min. ) wye pattern globe valves except 
a ir/gas systems which shall use bal l  or plug valves. Al l  vents and 
drains wi l l  have screwed caps. 

4 . 10 . 2  Double valv ing sha l l  be used on vents and drains on piping based 
on the fol lowing criteria: 

a. Nuclear and safeguard systems above 250 F and/or 200 psig 

b .  Al l  balance of plant systems other than item a above 250 F 
and/or 500 psig; this wi l l  prevent leakage due to seat damage 
from throttl ing of the fi rst valve,  s ince the second valve i s  
used for shutoff only,  not throttl ing.  

c .  Al l  samp l i ng connections , s ince frequent usage would result i n  
seat wear. 

d .  Systems containing radioactive fluid where l eakage would  be 
hazardous to personnel .  

e .  Caps or f langes after a s ingle valve , i n  l ieu o f  a second 
valve, are not to be used. Removal of a cap or bl ind flange, 
i f  there has been leakage, could result in personnel injury due 
to release of pressure bui ldup. 

f. Al l  radioacti ve tank drains .  

Page 10 
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4. 10 . 3  Systems which contain ,  col lect, store, or transport radioactive 
material w i l l  use valves which minimize radiation exposure to operating 
personnel {both direct due to i nternal crud buil dup and i nhalation due 
to external leakage) .  

Straight-through valve configurations or wei r  type diaphragm valves are 
preferred to those containing crevices and discontinuities.  Diaphragm 
valves wi l l  have radiation-resistant diaphragms. 

Valves 2-1/2 i nches and larger wi l l  have double packing and lantern ring 
leakoffs, where speci fied. 

4 . 10 .4  Top trim material for boric acid system valves sha l l  be austenitic  
stainless steel to prevent corrosion due to stem leakage. 

4. 10. 5 To prevent l iquid entrapment, double-seated valves {spl i t  wedge , 
flexible wedge , or multiple disc paral lel  seat) mounted i n  a horizontal 
run of pipe wi l l  be i nstal led with stem in a vertical position. 

4 . 10.6 Safety and rel ief valves and cast i ron or bronze valves wi l l  be 
f langed. Al l other valves 2·1/2 i nches and larger i n  a steel piping 
system wi l l  have butt-welding ends. Valves 2 inches and s�al ler w i l l  
have socket welding ends except where temperature transients exceed one 
degree F per minute, buttweld ends are required. 

4 . 10 .7  Threaded bonnets for steel gate and globe valves wi l l  be seal 
welded. 

4. 10 . 8  Butterfly valves wi l l  only be used i n  l ines 6 i nches or greater. 
Appl ication of butterfly valves i s  l i mited to low temperature-pressure 
and negl igible radioactiv ity services. Flangeless valves wi l l  not be 
used where adjacent pipe or components may be removed whi l e  part of the 
system i s  i n  operation. 

4 . 10.9  Torgue and Limit Switch Functions for Electric Motor Operated 
Valves 

a .  Al l  electric motor-actuated valves and gear-actuated valves , 
10-inch and larger, 150 lb .  and 8- inch and larger, 300 lb. , 
sha l l  be provided with power wrench operat�on for i nter­
mediate fast travel between seated and ful l open posi tions. 

b .  Gate, G lobe , and Stop Check Valves: 

Open: Valve travel to the ful ly open and backseated posi­
tion wi l l  be control led by a l imit  switch. Adjust­
ment wi l l  be accompl i shed by cutting off power to 
the motor before final backseating. Hoving inertia 
through the gear train  wi l l  then effect final back­
seating. 
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The torque switch w i l l  provide protection i f  mechan­
ical obstruction prevents opening of the valve, or 
i f  the opening l imit  switch fai l s  to operate. 

�alve travel to ful ly  c lose the valve wi l l  be con­
tro l l ed by the torque switch preset to the required 
torque to assure valve closure, without damage to 
the valve or actuator parts. 

c. Butterfly and Bal l Valves 

Open and C lose: Valve tr���l to the ful ly open and ful ly 
closed positions wi l l  be contro l l ed by the 
l imit  switch. Adjustments w i l l  be accomp­
l ished by cutting off power to the motor 
before final seating. Hoving i nertia through 
the gear train  wi l l  then effect final seating. 

4. 11 PIPING CRITERIA 

The torque switch wi l l  provide protection i f  
mechanical obstruction prevents the valve 
from opening or c l os ing ,  or i f  the l imit  
switch fai l s  to  operate. 

4 . 11. 1 The standard pipe s i zes sha l l  be 1/8, 1/4 , 3/8, 1/2, 3/4, 1 ,  
1-1/2, 2 ,  2-112, 3 ,  4 ,  6 ,  8 ,  10, 12,  14 , 16 , 18 , 20, and 24 i nches. 
Deviations from these standards wi l l  be only for special fabricated 
piping. 

4. 11.  2 Seal water ,  lube water, and misce l laneous o i l  piping around 
equipment w i l l  be i nstal led with flanges or unions for normal 

· 
maintenance. 

4. 11. 3 A stress analysis i n  accordance with ASHE Section I I I  or ANSI 
831. 1 wi l l  be performed on a l l  seismic Category I piping 2-1/2 i nches 
and l arger. Non-seismic piping systems contain ing fluid at 150 F or 
higher w i l l  a l so be analyzed for thermal expansion. However, a rigorous 
stress analysis wi l l  be performed as the s i tuation may requi re .  Seismic 
I I/I  wi l l  be analyzed as required by the General Section, 13587-2-L01-100. 

4. 11.4 Piping l ine speci fication change wi l l  normal ly be shown to 
change at the valve ends on the Piping and Instrument D iagrams and 
i sometrics (piping plans).  However, the more stringent stress ana l-
ysis  requirement wi l l  hold to  the first anchor beyond the valve. 

4. 11. 5 In  general , welded piping joints wi l l  be used throughout the 
plant. Process l i nes 2-1/2-inch nominal pipe s i ze or above wi l l  be butt 
welded {no backing rings wi l l  be used on res in  or evaporator bottoms 
l ines ) .  Process l i nes two inches or smal ler wi l l  be socket wel ded 
except where temperature transients exceed 1 F per minute, stress, or 
other condi tions requi re butt welds. Instrumentation l i nes {downstream 
of the first root valve) are not considered process l i nes , and screwed 
connections may be used. 
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F langes wi l l  be used with the fol l owing: 

a .  Rubber-seated butterfly valves 

b. Cast-i ron pumps 

c .  Control valves (3 inches and larger} 

d. Safety and rel ief valves 

e. Equipment normally provided with fl anges for the temperature 
and pressure at which i t  operates and does not create a 
hazard to plant personnel 

f. Startup strainers, ori fice plates ,  drai nage systems,  etc. 

4. 11. 6 Schedule 40 or 40S pipe w i l l  be used for 2-inch and smal ler 
l ines requiring vol umetric inservice i nspection rather than Schedule 10 
or lOS. 

4. 11 .7  Al l stainless steel pipe used for safety-related piping w i l l  be 
Type 11L11 ( l ow carbon) ,  as recommended by Regulatory Guide 1 .44.  In 
addi tion non-safety-related stainless steel piping wi l l  a l so be Type 11 L11 , 
unless otherwise noted. 

4. 11.8 Appendix B i ndicates the acceptable guideline velocity l imits 
for various fluids and pipe s izes. 

4. 12 PIPE SUPPORT DESIGN CRITERIA 

4. 12 . 1  General 

4. 12 . 1 . 1  Structural Steel Supports sha l l  be designed i n  accordance with 
the rules of ASHE Section I I I ,  Appendix XVI I ,  Design of Linear Type 
Supports by Linear Elastic and P lastic Analys is .  

4. 12. 1 . 2  The supports wi l l  be  adequate to  restrain any addi tional loads 
due to various test conditions unless provis ions are ·made for temporary 
support during the testing period. 

· 

4. 12. 1 . 3  Pipe supports wi l l  not be welded to elbows , tees ,  or other 
fittings unless approved by the Project Stress Group. 

4. 12. 1 . 4  Temperatures used to calculate thermal movements ( i f  any) 
sha l l  be the temperatures of a l l  normal operating modes. Spring sup­
ports wi l l  be selected so that there i s  sufficient overtravel to accom­
modate sei smic piping displacement (OBE and SSE} wi thout causing the 
spring to bottom/top out. 

4. 12. 1.-5 A l l  supports wi l l  have a means of vertical adjustment In the 
vicinity of equipment and wi l l  have removable parts , i f  requi red , to 
avoid i nterference during mai ntenance. 

Page 13 
Rev. 0 

• 



r---------------------------------�---�---------------

c 

( 

( 

��- -

Design Criteria 13587-2-HOl-100 

4 . 12 . 2  Materials 

4 . 12 . 2 . 1  Al l materials  used in the construction of pipe supports w i l l  
be  i n  accordance with the referenced codes and standards. A l l  welded 
piping a• �achments shal l be the same material as the piping to which 
they a�� attached. Other materials shal l not be used unless approved by 
the rroject engineer. 

4. 12. 2 . 2  Commercial ly  avai lable component standard supports wi l l  be 
uti l i zed to the ful lest extent po�sible provided they conform with the 
speci fication. 

4 . 12 . 2 . 3  Component standard supports shal l be HSS-SP-69 or approved 
equal . 

4. 12. 3 Des ign 

4. 12. 3. 1 Support Spaci ng 

Support spacing wi l l  be as determined by a formal thermal and weight 
analys is .  Where a forma l stress analysis i s  not performed, the code 
recommended spacing shal l be used unless justi fied by calculations. 

4. 12. 3 . 2  loading Conditions 

The most severe conditions of  coincident pressure , weight, temperature 
and any other fluid dynami c  events shal l  be considered i n  the design of 
pipe supports. In addition to the above loading conditions , piping 
routed outside the power block shal l be designed for wind and snow loads 
when appl icable. 

4. 12. 3 . 3  Riser Supports 

Rigid riser supports on critical piping systems sha l l  be designed for 
75% of the total hydro load of the entire riser. Al l rigid riser supports 
wi l l  be designed so that the total piping load can be carried by one 
side of the clamp and one rod i n  the even� of a load shi ft. 

4. 12. 3 .4  Minimum Material Yield  Strength shal l  be as speci fied in  the 
appropriate table i n  ASHE Section I I I  Appendix I and reduced propor­
t ionately consi stent with the normal operating temperature of the struc­
ture. 

4. 12. 3 . 5  Al l local stresses i n  structural steel members shall meet the 
requirements of ASHE Section I I I  Appendix XVI I .  

4. 12. 3 .6  Al l welds shal l  be proportioned i n  accordance with ASHE Sec­
tion I I I ,  Appendix XVI I ,  Paragraph 2452 and Table XVII-2452. 1-1. P ip ing 
attachments sha l l  be i n  accordance with PFI-ES-26. 
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4. 12. 3. 7 A l l  bol ted connections and baseplates shal l be designed in  
accordance with Gai thersburg Power Division Hanger Engineering Stan­
dards. Concrete anchor bolts wi l l  be wedge-type �nly and designed with 
a minimua safety factor of 4 and sha l l  be proportioned to satisfy shear­
tension interaction equation: 

+ PT 
� 1 . 0  

Locking devices shal l b e  used on right-hand threaded o r  bolted parts to 
prevent l oosening or di sengagement from vibration. 

4. 12. 3 . 8  Friction Force 

A friction force of . 3  times the normal operating load sha l l  be applied 
to a l l  s l iding supports which do not use devices which minimize friction. 

4. 13 FIRE PROTECTION CRITERIA 

The selection of detection and extinguishment systems wil l be determined 
from a fire �azards analysi s .  Protection wi l l  be provided i n  accordance 
with NFPA Codes l i sted i n  Section 2 . 3 .y  of this document, and the Penn­
sylvania State Code, F i re and Panic Regulations. 
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TABLE 4·1 

RIVER WATER QUALIT IES 

Item Units Value 

Turbidity JTU 3. 3-24 

Total hardness ppm 60·242 

Suspended sol ids ppm 2-416 

TDS ppm 70-301 

pH 7 . 4-8.8 

Sulphates ppm 25-126 

Chlorides ppm 7-32 

Ni trates ppm 3-13 

Minimum dai ly f low CFS 1 .700 

Average annual d ischarge CFS 34 ,000 

The above data i s  obtai ned from an ecological study of Susquehanna River 
near THI , annual report 1979, comp i led by Ichthyological Associates, 
Inc. 
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TABLE 4-2 

QUALITY AND CONCENTRATIONS OF PRINCIPAL NUCLIDES 

CONTAINED IN REACTOR BUILDING SUMP WATER(a) 

Radionuc l ide Content Reactor Containment Bui lding 
�Ci/ml Top Middle Bottom 

137cs 176 179 174 

134cs 40 40 40 

90sr 3 3 3 

89sr 43 41 42 

131I 0. 01 0 .01 0. 01 

129I�g/ml 0 .08 0.08 0 .08 

140a/140La 0 .09 0 .08 0. 14 

3H 1 .0  1. 1 1. 0 

Gross a dpm/ml 3 .4  + 1 .6  1 . 2 !. 1 .3  5 . 4  + 2 .0  

E lement ppm Top Middle Bottom 

B 1950 2200 1900 

:1 10 15 8 

Na 1080 1200 1200 

pH 8. 1 8. 1 8 . 1  

a )  Data taken from Oak Ridge National laboratory analysis performed 
August 28 , 1979. 
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Systn � 
I .  Prlu� W1hr 

A. RCS • 1111 (l) 
•• RCS • flush 6·8 
c. RC81fT • flush 6·8 
D. IMT • 1111 
(. SFP 
f. ACS/tlHA �7.5 

I I .  P r u .  · Vol� 
Control 

A. NIT 
I. MT (2) (l) 
c. Su� Tks. (2) (1) 

I l l .  S.Coi'MU� W1t.er 

A. fW • St.eMing 9.3·10.5 

I. OTSG • SliMing 9. 5-10. 5 
c. FW • laY\41 9. 5· 10. S 
0. OJSG • lfY\41 9.5·10.5 
£. Kuter Sll4lh 9.5·10.5 

F. cs�� 6·8 
G. Huter Tt.Ou • 9.5·10.5 

uy� 

!!.!.!L 
A. 18 Clun� I. 5.5·8.0 

8. 
flush H,O (9) 

RB Otlonhed 5.5•8.0 
V1ltr flush 

c. Proctutd H10 
Stor. Til. 
(10) 

D. ICW (5) 8.5·9.5 

1'"'1 

TA8l£ 4·3 

IIINIIUC VATU OtEIIISTRY SP£CIFICATIOMS OUIIIIG THE PR£·DHUHIIIG PUIOO 

Conduc· Cat. Din. 
tlvlty Cond. Cl f o, a ... "•"• ���� 
� � 1!.1!!!! 1!.1!!!! ....22!.. 1!.1!!!! 1!.1!!!! 22!.. 22! 

1.0 1.0 0 . 1  3000-4�(11) (l)  (1) 
2.5 1.0 1.0 
2.5 1 . 0  1.0 3000-4�(11) 1 . 0  1 . 0  

1.0 1.0 3000-4 SOD ( 11) 
(6) (6) (6) 3D00·4SOO( l l ) 

7000 (.-) l900 (.-) 
1.0 1.0 0. 1 3000·4000 (1) (7) 
1.0 1.0 0. 1 3000·4000 (1) (7) 

1.0 0. 1 0. 1 
(Min) 

10 1 . 0  0. 1 z.o 
(8) 1. 0 so-zoo 2·20 
10 1 . 0  z . o  so-zoo Z·ZO 
(I) 1.0 50·200 2·20 

1.0 
(8) 1 . 0  50·200 2·20 

25 10 5.0 

2.5 1.0 1 . 0  

1 . 0  1.0 0. 1 ID-15U) 

Otslgn Crll•rla 13S87·2·M01·100 

Total 
H, F• 

cc/•a ..1!1!!-

5·15 

0 . 1  

Susp. 
Solids 
_1!2!... 

1 . 0  
1.0 
1.0 
1.0 

011.  
Sol i di 
__.1!2!.. 

25 
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TABLE 4-3 FOOTNOTES AND KEY 

FOOTNOTES 

( 1) Sufficient to keep RCS/OHR pH �7. 5 S9. 5 ;  using NaOH. 

(2)  Assumed to be for RCS/OHR makeup. 

(3) Assumed to be non-treated makeup for OTSG, steam, or pre-bo i l er cycle .  

(4)  Deleted 

(5)  I f  water for CRO supply, Cu l i mited to <0. 1 ppm. 

(6) Speci fication based on makeup water requirements. 

(7)  3 times Stoichiometric requi rements to react with 02• 

(8) Recommended that cation conductivity not exceed 10 �mho/em. 

(9)  Water qua l i ty prior to addition of a l ka l ine additive chemicals. 
Unless other a l ka l i ne chemicals are used, the water should be 
treated with 5-15 ppm sodium phosphates with a molar ratio of 2 . 6 : 1. 

(10) Hust meet speci fications for intended use, e . g. , f f  for RCS-HU , must 
meet I-A specs. 

(11) limits speci fied in Interim Recovery Technical Speci f ications. 

KEY 

HU = Qual ity for water used. to makeup to the system. 
F lush = Qual i ty for water used to fl ush systems. 
System w/o HU or flush notation = Qual i ty of water in system. 
Numbers = Maximum spec unless otherwise identified or range if latter given. 
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TABLE 4-4 

INSIDE AMBIENT DESIGN CONDITIONS FOR EXISTING AREAS 

Name of Bui ld ing, 
Area, or Room 

Reactor Bui lding 

Aux i l iary Bui ld ing 

Turbine Bui lding 

Control Bui lding Area 

Fuel Hand l i ng Bui lding 

Service Bui lding 

Control Room 

Normal Operating 
Temperature 
Hax/Hin  (F)  

130 (Permanent Modifications)/ 
104 max (Temporary Modifications) 

110 

107/50 

104/60 

104 . 

75/70 

75/70 
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APPENDIX A 

DESIGN REFERENCES 

1. GPUSC Procedure ES-005 for System Descriptions , l atest revi s ion 
2 .  Burns and Roe Criteria Documents ,  THI Uni t 2 ,  l atest rev i s i on 
3 .  Oak Ridge National Laboratory Analysis of THI-2 Sump Water, l atest 

revis ion 
4.  Babcock and Wi l cox THI-2 Water Chemistry Manual ,  l atest revi s ion 
S. Burns and Roe F low Diagrams for Three H i l e  I s land Unit 2, l atest 

revis ion per B & R Drawing Log 
6. Burns and Roe System Descriptions for Three Mi l e  I s land Unit  2, l atest 

revis ion per B & R System Description Log 
7. .  Burns and Roe Speci fications for Three H i l e  Is land Unit 2, l atest 

revis ion per B & R Specif ication Log 
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APPENDIX B 

Vel oc ity Versus Pipe Diameter 

The fol l owing graph presents guide l i nes for the selection of pipe s izes 
based on the velocity of the process f luid.  
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1 . 0  GENERAL 

1. 1 The primary objective of the shiel ding design and access control 
wi l l  be to protect operating personnel and the general pub l i c  from 
potential radiation sources i n  the reactor, power conversion system, 

· radwaste system, and other auxi l i ary systems , including associated 
equi pment and p i p i ng .  Shi eldi ng wi l l  be designed to perform the fol­
lowing functions: 

a. limit the dose to plant personnel , construction workers , vendors , 
and v i s i tors during c l eanup , recovery, and inspection to within 
the requi rements of 10 CFR Part 20 and t� meet the intent of 
Regulatory Guide 8.8.  

b .  l i m i t  the dose t o  uni t  personnel t o  within the requi rements of 
10 CFR Part SO, Appendi x  A, Criterion 61, Fuel Storage and 
Handl ing and Radioact i v i ty Contro l .  

c. limit the dose rate to certai n  components i n  h i gh-rad i a t i on 
areas within specified radiation tolerances. 

d .  limit dose t o  persons at the boundary o f  the restricted area, 
due to di rect radiation during normal operation, to a value 
no greater than 10 CFR Part 20 l imi ts. 

e .  l i m i t  dose to persons a t  the s i te boundary due to d i rect 
radiation during normal operation to a value less than 
40 CFR Part 190 l imits.  
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2 . 0  GUIDELINES FOR GENERAL ARRANGEMENT AND SHIELDING 

2. 1 The fol l owing guide l ines wi l l  be used for equipment l ayout and 
shieldi ng of the plant. 

These guidel i nes wi l l  be used as the design basi s  for i n i tial  shieldi ng 
design, such as determination of shield wal l  thickness, materia l s ,  and 
l ocations. As the detai led faci l i ty design develops, an ALARA review 
o f  the faci l ity wi l l  be made. This  review may result i n  the i nc l usion 
of additional permanent or temporary shielding i n  excess of that i ndi­
cated by the design criteria in order to achieve a ful ly acceptabl e  
design from a n  ALARA standpoi nt.  

Al l systems conta ining radioactivity w i l l  be identi f ied and shielded, 
based on the access requirements of the area. A l l  areas within the 
Owner-control l ed area wi l l  be divided i nto zones, with dose rate l evels  
and anticipated access as shown in  the fol lowing table  based on source 
terms for normal operation. 

ZO�E 

I 
I I  

I I I  
IV 

v 

VI 

VII 

. 

DESIGN DOSE RATE 
(HREH PER HR) 

S0. 5  (Note 1 )  
0. 5-2. 5 
2 . 5-25 
25-100 

100-1000 

1000-3000 

�3000 

TABLE 1 

RADIATION ZONES 

ACCESS DESCRIPTION 

Uncontrol l ed ,  Unl imited Access 
Control led ,  Limited Access 40 Hrs Per Week 
Contro l l ed ,  Limi ted Access 4 to 40 Hrs!Week 
Contro l l ed ,  Limi ted Access 1 to 4 Hrs!Week 
Normally I naccessible  Access During Emer­
gency 
Normally I naccessible Access During Emer­
gency Locked Barrier to Zone 
Normal ly  I naccessible  Access During Emer­
gency Locked Barrier to Zone 

NOTE 1 :  Design dose rates i n  office spaces and other Zone I areas which 
are continuously occupied eight hours per day, five days a week 
or more, shal l  be l ess  than 0 .25  mrem/hr. Corridors and other 
Zone I areas of a transient occupancy nature shal l be below 0 . 5  
mrem/hr. 
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3 .0  SOURCE TERMS 

3 . 1 During the i ni tia l  containment decontamination effort, . sol i d ,  
l iqui d ,  and airborne activi ties wi l l  have to b e  monitored. Direct 
radiation sources w i l l  be from contamination plateout on a l l  such sur­
face s ,  the reactor coolant system, fuel , and equipment. The sources 
i nvo lv ing di fferent isotopes wi l l  be divided i nto s ix  energy bins cor­
responding to the next highest gamma energies of 0 .4 ,  0 .8 ,  1 . 3 ,  1 . 7 ,  
2 . 2 ,  and 2 .8  Hev. The contribution from i ndividual sources wi l l  be 
calcul ated based on the model described below. The total dosP to the 
receptor wi l l  be taken as the sum of the doses from each source. 

3 .2  The geometric model assumed for shieldi ng evaluation of tanks, heat 
exchangers, fi l ters , demi nera 1 i  zers , and evaporators wi l l  be' a fi nite 
cyl i nder source and for piping ,  an i nfinite shielded cyl i nder. Corrosion 
products deposited on the surfaces such as pipe wi l l  be treated � s a 
cyl inder surf�ce source. The mathematical model s  wi l l  be based .·•n the 
formulations in :  

a. Reactor Shielding Design Manual , edited by Th. Rockwei I I I ,  
first edition ,  Van Nostrand, New York, 1956. 

b. Engi neering Compendium on Radiation Shielding ,  edited by 
R. G. Jaeger, E. P. Blizard, A. B. Chilton, M. Gr�thenhui s ,  
A .  Honig,  T .  A .  Jaeger, and H. H. Eisenlohr, Spri nger-Verlag, 
New York, 1968. 

c. Various technical papers on bui ldup factors. 

Page 3 
Re\·. 0 



.-----------------------------------------------------

c 

! . . 

Design Criteria 13587-2-N01·100 

4 . 0  ACCESS CONTROL AND RADIATION ZONING 

4 . 1  Access to areas ins ide the plant structures and plant yards i s  
regulated and control led by radiation zoning and access control . Each 
radiation zone defines the radiation level range to which the aggregate 
of a l l  contributing sources must be attenuated by shielding. 

4 .2  All p lant areas are categorized i nto radiation zones accordi ng to 
expected radiation level s and anticipated personnel occupancy w ith 
consideration given to maintaining personnel exposures as low as rea­
sonably achievable and within the standards of 10 CFR 20. Each room, 
corridor, and pipeway of every pl ant bui ld ing i s  evaluat�d for potential 
radiation sources during cl ean-up operations for maintenance occupancy 
requirements; for general access requi rements; and for material exposure 
l imits to determine appropriate zoning. Radiation z�ne categories 
employed and their  descriptions are given i n  Table 1. Al l  frequently 
accessed areas , e .g . , corridors , are shielded for Zone I or Zone I I  
access. 

The control of i ngress or egress of plant operating personnel to con­
trol led access areas and procedures i s  employed to assure that radiation 
levels and a l l owabl e  working times are within the l imi ts prescribed by 
10 CFR 20. 

Whenever practicabl e ,  the measured radiation level and the location of 
the source are posted at the entry to any radiation or high radi ation 
area. 

4 .3  The access zones for each area wi l l  be determined based upon the 
radioactive sources ,  process equipment to be shielded , adjacent zone re­
quirements, and maintenance requirements. Efforts w i l l  be made to 
locate processing systems i n  such a manner as to minimize exposure to 
plant personnel.  Plastic tents and vent i l ation hoods wi l l  be requi red 
over a l l  decontamination tanks to minimize the dispersion of ai rborne 
contami nants. Concrete shield wal l s  wi l l  be provided around the decon­
tamination and storage areas. 

4 . 4  In  the design o f  the cleanup and recovery faci l i ties ,  permanent and 
temporary shielding wi l l  be i ncorporated. Concrete wal l s  and labyrinths 
are used to shield general access areas from high radiation storage or 
waste processing rooms. Outside perimeter faci l i ty wal l s  wi l l  be bui l t  
based upon shieldi ng calculations. Steel o r  lead pl ate may be substi tuted 
where necessary i n  the design of these structures. 

4 . 5  The use of  temporary shielding wi l l  be required on a case-by-case 
bas i s .  Thi s wi l l  especial ly  be necessary when extremely contaminated 
equipment i s  to be prepared for further decontamination. Where poss ib le ,  
transport of  equipment wi th in  the faci l i ty wi l l  be done v ia  shi elded 
forkl ift  trucks and monora i l s .  As equipment i s  removed from the con­
tainment, lead bl ankets or bricks may be arranged around the transfer 
cart to minimize exposure to working personnel and to minimize the area 
radiation leve l .  Concrete block can a lso be used for temporary shielding 
along permanent shield wal l s  i n  case more shielding i s  required from 
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. time to time. The block can be stacked up around open hatches or door­
ways where "shadow" shieldi ng may be necessary. Another temporary 
shielding method i s  the use of lead shot bags placed over equipment or 
"hot" p ipes where adequate support structures exi st.  

Entire systems, bot� old and new, wi l l  have to be reviewed to determine 
whether permanent or temporary shielding i s  required for mai ntain ing low 
radiat ion l evels i n  general work areas. The new faci l i ty shield design 
wi l l  be based upon estimation of the maximum radiation sources to be 
l ocated i n  the bui ld ing. A thorough review of waste act iv it ies and 
quant ities to be processed i n  each bui lding wi l l  be conducted. Wastes 
such as spent res ins ,  deminera l i zer beds, compacted trash ,  and evaporator 
bottoms have to be considered. The mai n  fac i l i ties to be reviewed are 
the waste staging area, equipment decontamination bui l di ng ,  contai nment 
recovery service bui ld ing ,  and any new sol id ificat ion systems. 

Upon reentry i nto the containment, major areas of i nterest wi l l  be 
surveyed to establ i sh a l l owable working periods. The i ni ti al dose rates 
are expected to range from 1 . 0R/hr. to lO. OR/hr. depending on the location 
i ns ide the contair�ent vessel (excluding the reactor cavity). Areas 
such as the floor hatch at the 3051 level , a ir  coolers, and the top of 
the steam generator compartments may have to be temporari ly shielded. 
As decontamination proceeds and the general area radiation levels  decrease, 
relative "hot spots" wi l l  be identified and be e ither removed or shielded 
by lead blankets , concrete b lock ,  or other shie ld ing techniques. 

The shielding criteria and design i n  the auxi l iary bui ld ing i s  based on 
the shielding of processi ng equipment, res i n  tanks and the transfer of 
spent resins and sol id i fied waste. Because of the high in it ia l  radio­
active l evels of the l iqui d  to be processed, addi tional shieldi ng may be 
requi red. Al so the radiation zone designations may have to be re-evaluated 
during processing of these high l evel wastes. The traffic paths for the 
removal of the spent resins and f i l ter cartridges may have to be roped 
off during transfer to the sol id if ication processing area . 

• Waste staging faci l i ties  w i l l  be provided. Very high activ;ty drums may I 1 
require some temporary shielding. The bui lding wal l s  wi l l  ce of suffici ent 
thickness so that neither the s i te boundary nor the protected fence 
radiation l imits wi l l  be v iolated. 

Page 5 
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5 . 0  AREA RADIATION ANO AIRBORNE RADIOACTIVITY HONITORING 

5 . 1 Area radiation monitoring is provided to supplement the personnel 
and area surveying capab i l i ties to ensure compl i ance with the personnel 
radiation protection guidelines of 10 CFR 20 , 10 CFR SO , 10 CFR 70, and 
Regul atory Guides 8. 2 ,  8.8,  and 8. 12. Gamma radiation detectors wi l l  be 1 1 
l ocated throughout the p lant. These monitors wi l l  be permanently mounted 
i n  general occupancy areas such as Zones 1 and I t .  Portable monitors wi l l  
be used where the task requires p lant personnel to be in areas of mid to high 
radiation zones. Ai rborne particulate activity can be a s ignificant problem 
during gross decontami nation efforts. 

5 .2  Consi stent with thi s  purpose, the area radiation monitors function 
to: 

a. Immediately al ert p lant personnel entering or working in non­
radiation or l ow-radiation areas of i ncreasing or abnormal ly  
high radiation levels which, if  unnoticed, could possibly 
resu lt  in i nadvertent overexposures. 

b .  Inform the control room operator of the occurrence and approx­
imate l ocation of abnormal radiation increase i n  non-radiation 
or low-radiation areas. 

c. Comply with the requirements of 10 CFR 50 Appendix A, General 
Design Criterion 63 for monitoring fuel and waste storage and 
handl ing areas. 

d .  Certain monitors l ocated near the spent fuel pool act as 
critica l i ty al arm monitors and conform to the requi rements of 
10 CFR 70 and Regul atory Guide 8. 12. 
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d.  Check that plug- i n ,  access ib le  bracket-hung, removabl e  units 
are provided for easy removal and relamping outside high radia­
tion areas. (L i ghtweight units are preferable for ease of 
hand l ing. ) 

e .  Check that extension cord powered units stored on  brackets and 
cord hangers outside the entrance are provided i f  permanent 
uni ts are not practical , and that pre-placed brackets are 
provided w ith the high radiation area to fac i l i tate insta l l ation. 

6. 6. 2 Contamination Control and Coatings 

a .  Check that f loor drains and properly s loped f l oors are provided 
for each room or cubic le  containing serviceable components with 
radiation l evel s of a Zone I I I  o r  higher. 

b. Check that l ocal gas traps or porous seal s  are not used on 
f loor drains from radiation areas. 

c .  Check that gas traps are provided a t  the common sump or col l ec­
tion tank. 

d. Check that concrete surfaces in areas of potential contam­
i nation are covered with a smooth-surfaced coating for the 
f loor and wainscot which wi l l  al low easy decontamination. 

e .  Check that threshold curbs , cofferdams, o r  other means are 
provided to control radioactive l eakage or spi l l s .  

f .  Check that protection from back f looding of  floor drains i s  
provided. 

6 . 6. 3 Access P latforms 

a .  Check that equipment subject to  routine mai ntenance {defined as 
at least once per year) have permanent access platforms. 

b .  Check that direct access to  active components is  provided from 
any working platform. 

c .  Check that ample  space i s  provided o n  pl atforms for accom­
modating safe personnel movement during replacement of com­
ponents ( i ncluding the use of any necessary material handl ing 
equipment) .  

6 . 6 . 4  Remote Viewi ng Devices 

Check that in high radiation areas (Zone V and greater) where routine 
v i sual survei l lance inspections are required remote , v i ewing devices are 
provided. 

Page 17 
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6 . 6. 5 Temporarv Shiel ding 

' Check that when shielding i s  required and permanent shielding i s  not 
feasib le  suffi cient space and supports for portabl e  shieldi ng are pro­
vided and the structure i s  capabl e  of accepting the add i tional loading. 

6 . 6 . 6  Insulation 

Check that piping and components requi ring frequent (once per year or 
greater) access for maintenance , i nspection,  etc. uti l i ze quick removal 
I nsul ation wherever practical . 

6 . 6. 7  P l ant Services 

Check that services such as e lectrical power , water , respirable a ir ,  and 
compressed a i r  are ava i l able  reasonably c l ose to radiation work areas. 

TABLE 2 

iYPICAL RADIOACTIVE P IPING CLASSIFICATION AND ROUTING 

Exposure Rate at Acceptable( l )  

Contact with Pipe Radioactivity Radiation Zone 
Surface (mr/hr) Oescri pt ion Routing 

Non-radioactive I , I I , I I I ,  IV ,  v 

S0 .5  Sl ightly radioactive I ' I I ,  I I I ,  I V ,  v 

S2. 5 Low radioactiv ity I I ,  I I I ,  IV ,  v 

S25 Low to moderately I I I , IV ,  v 
radioactive 

SlOO Moderately radioactive IV ,  V 

i:lOO Highly radioactive V onl/2) 

(1) The routing of non-radioactive or l ow radioactivity piping i n  high 
radiation zones should be minimi zed. 

(2)  Pipi ng from other Zones should be minimized i n  Zones VI and V I I .  
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1 . 0  GENERAL 

1 . 1  The primary objective of the shielding design and access control 
wi l l  be to protect operating personnel and the general pub l i c  from 
potential radiat ion sources in the reactor, power convers ion system, 
radwaste system, and other auxi l iary systems, incl uding associated 
equipment and piping. Shielding wi l l  be designed to perform the fo l­
lowing functions: 

a. Limit the dose to pl ant personnel ,  construction workers , vendors , 
and v i s i tors during c l eanup, recovery ,  and inspection to within  
the requirements o f  10  CFR  Part 20  and to  meet the i ntent of 
Regulatory Guide 8. 8 .  

b .  L imit  the dose to  uni t  personnel to  within  the requi rements of 
10 CFR Part 50, Appendix A, Criterion 61 , Fuel Storage and 
Handl ing and Radioactivity Contro l .  

c .  l imit  the dose rate to certai n  components in h igh-radi ation 
areas within speci fied radiation tolerances. 

d. Limit dose to persons at the boundary of the restricted area , 
due to d irect radiation during normal operation, to a value 
no greater than 10 CFR Part 20 l imits.  

e .  limi t dose to  persons at  the s i te boundary due to  d irect 
radiation during normal operation to a val ue l ess than 
40 CFR Part 190 l imits.  
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l . O  GUIDELINES FOR GENERAl ARRANGEMENT AND SH IELDING 

Z. l The fol l owing guidel i nes wi l l  be used for equipment l ayout and 
shieldi ng of the p lant. 

These guide l i nes wi l l  be used as the des i gn bas i s  for i n i t i a l  shi e l d i ng 
design , such as determination of sh ie ld  wal l th icknes s ,  materi a l s ,  and 
l ocations.  As the deta i l ed fac i l i ty des ign develops , an ALARA rev i ew 
of  the faci l i ty wi l l  be made. T h i s  rev i e- m�y r�s u l t  i n  the i nc l u s i on 
ot  addi tional permanent or temporary sh ie lding i n  e�cess of that i nd i ­
cated by the des i gn cri teria  i n  order t o  achieve a ful ly acceptable 
des ign from an ALARA standpoint.  

A l l systems conta i n i ng radioac t i v i ty wi l l  be identi f i ed and s h i e l ded,  
based on the access requi rements of  the area. Al l areas w i th i n  the 
Owner-control led area wi l l  be d i v ided i nto zones . w i th dose rate l eve l s  
and antic i pated access a s  shown i n  the fo l l owing tabl e  based on  source 
terms for normal operat ion .  

ZONE 

I 
I I 

I l l  
I V  

v 

VI 

V I I  

DES IGN DOSE RATE 
(HREM PER HR) 

�0. 5 {Note 1 )  
0 . 5-2 . 5  
2 . 5-25 
25-100 

100- 1000 
1000-3000 
�3000 

TABlE 1 
RADIAT ION ZONES 

ACCESS DESC R I PT ION 

Uncontro l led.  Unl im i ted Access 
Control led,  Limi ted Access 40 Hrs. Per Week 
Contro l led,  l i m i ted Access 4 to 40 Hrs/Week 
Contro l led ,  L i m i ted Access 1 to 4 Hrs!Week 
Normal ly I naccess i b l e  Access Dur i ng Emer­
gency 
Norma l ly I naccess ib le  Access During Emer­
gency locked Barrier to Zone 
Norma l ly I naccess i b l e  Access Dur ing Emer­
gency locked Barrier to Zone 

NOTE 1: Des ign dose rates in office spaces and other Zone 1 area� whi c h  
are conti nuously occupied e ight hou�s per day. f i ve days a �ee� 
or more, sha l l  be less  than 0 . 25 mrem/hr. Corridors and other 
Zone I areas of a trans i ent occupancy nature sha l l  be below 0 . 5  
mrem/hr. 
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3 . 0  SOURCE TERMS 

3 . 1  During the i n i t i a l  contai nment decontami nation effort, sol i d ,  
l iqu i d ,  and a i rborne activ i t ies  wi l l  have to be monitored. D i rect 
radiation sources wi l l  be from contamination p l ateout on a l l  such sur­
faces , the reactor coolant system, fue l , and equipment. The source� 
i nvo l vi ng d i f ferent i sotopes wi l l  be d iv ided i n to s i x  energy b i ns cor· 
responding to the next hi ghest gamma energies of 0 . 4 ,  0 . 8 ,  1 . 3 ,  1 . 7 ,  
2 . 2 .  and 2 . 8  Mev. The contribution from individual sources wi l l  be 
cal cul ated based on the model described below. The total dose to the 
receptor wi l l  be taken as the sum of the doses from each source. 

3 . 2  The geometric model assumed for shiel d i ng eval uation of tanks , heat 
exchangers , f i l ters , deminera l i zers , and evaporators wi l l  be a f i ni te 
cyl i nder source and for p i p i ng ,  an i n f i n i te shielded cyl i nder. Corro s i on 
products depo s i ted on the surfaces such as p ipe wi l l  be treated as a 
cyl i nder surface source. The mathematical  mode l s  wi l l  be based on the 
formulations in :  

a .  Reactor Shi e l d i ng Design Manual ,  edi ted by Th. Rockwe l l  I l l ,  
first edition , Van Nostrand, New York,  1956. 

b. Engi neeri ng Compendi um on Radi at ion Shie ld ing ,  edited by 
R. G. Jaeger, E. P. Bl1 zard , A. 8. Chilton , M .  Grothenhui s ,  
A. Hon i g ,  T .  A .  Jaeger,  and H .  H .  E i senlohr, Spri nger-Verl ag, 
New York, 1968. 

c .  Various technical  papers o n  bui l dup factors. 
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4 .0  ACCESS CONTROL AND RADIATION ZONING 

4 . 1  Access to areas inside the p l ant structures and plant yards i s  
regulated and control led by radi ation zoning and access contro l .  Each 
radi ation zone defines the radiation level range to which the aggregate 
of a l l  contributing sources must be attenuated by shielding.  

4 . 2  All  pl ant areas are categorized i nto radiation zones according to 
expected radiation l evel s and anticipated personnel occupancy with 
consideration given to maintaining personnel exposures as l ow as rea­
sonably achievab l e  and within the standards of 10 CFR 20. Each room, 
corridor, and pipeway of every pl ant bui lding i s  eval uated for potential 
radi ation sources during cl ean-up operations for mai ntenance occupancy 
requi rements ; for general access requirements ; and for materia l  exposure 
l imits to determine appropriate zoning. Radiation zone categories 
empl oyed and the ir  descriptions are given i n  Table  1. A l l  frequently 
accessed areas , e .g . , corridors , are shielded for Zone I or Zone I I  
access .  

The control o f  i ngress o r  egress o f  plant operating personnel t o  con­
tro l l ed access areas and procedures i s  empl oyed to assure that radi ation 
l evel s and al l owabl e  working times are within the l imi ts prescribed by 
10 CFR 20. 

Whenever practicab l e ,  the measured radi ation l evel and the location of 
the source are posted at the entry to any radiation or high radiation 
area. 

4 . 3  The access zones for each area wi l l  be determined based upon the 
radioactive source s ,  process equipment to be shielded, adjacent zone re­
qui rements ,  and mai ntenance requirements. Efforts wi l l  be made to 
l ocate processi ng systems i n  such a manner as to minimize exposure to 
pl ant personnel .  Plastic tents and vent i l ation hoods wi l l  be required 
over al l decontamination tanks to minimize the di soersion of a irborne 
contaminants. Concrete shield wal l s  wi l l  be provided around the decon­
tami nation and storage areas. 

4 .4  In the design of the c leanup and recovery fac i l i ties , permanent and 
temporary shielding wi l l  be i ncorporated. Concrete wal l s  and l abyrinths 
are used to shield general access areas from high radiation storage or 
waste processing rooms . Outside perimeter faci l i ty wal l s  wi l l  be bui l t  
based upon shielding calculations. Steel o r  l ead pl ate may b e  substi tuted 
where necessary i n  the design of these structures. 

4. 5 The use of temporary shielding w i l l  be requi red on a case-by-case 
bas i s .  Thi s wi l l  especia l ly be necessary when extremely contaminated 
equipment i s  to be prepared for further decontamination. Where possi b l e ,  
transport o f  equipment within the fac i l i ty wi l l  b e  done v i a  shielded 
fork l i ft trucks and monora i l s .  As equipment i s  removed from the con­
tainment, l ead b l ankets or bricks may be arranged around the transfer 
cart to minimi ze exposure to working personnel and to minimi ze the area 
radiation leve l .  Concrete b lock  can also be used for temporary shield ing 
a l ong permanent shield wal l s  in case more shiel ding is required from 
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time to time. The b loc k  can be stacked up around open hatches or door­
ways where " shadow" shielding may be necessary. Another temporary 
shielding method i s  the use of lead shot bags ·placed over equipment or 
"hot" pioes where adequate support structures ex ist.  

Enti re systems , both Qld  and new, wi l l  have to be reviewed to determine 
whether permanent or temporary shielding i s  required for maintaining low 
radiation leve l s  i n  general work areas. The new fac i l i ty shield design 
wi l l  be based upon estimation of the maximum radiation sources to be 
located i n  the bui lding.  A thorough review of waste activities  and 
quanti ties to be processed i n  each bui lding wi l l  be conducted. Wastes 
such as spent resins ,  demineral izer beds , compacted trash, and evaporator 
bottoms have to be considered. The mai n  faci l i ties to be revi ewed are 
the waste staging area, equipment decontamination bui l di ng ,  containment 
recovery service building,  and any new sol idi fication systems. 

Upon reentry i nto the containment, major areas of i nterest wi l l  be 
surveyed to estab l i sh a l l owab le working periods. · The in it ial  dose rates 
are expected to range from l. OR/hr. to lO. OR/hr. depending on the l ocation 
i ns ide the containment vessel (excluding the reactor cavity). Areas 
such as the floor hatch at the 305 ' l evel , a i r  cool ers , and the top of 
the steam generator compartments may have to be temporari ly shielded. 
As decontamination proceeds and the general area radiation levels decrease , 
relative "hot spots" wi l l  be i dentif ied and be e i ther removed or shielded 
by l ead bl ankets , concrete block, or other shielding techniques.  

The shielding criteria and design in the auxi l iary bui l di ng is based on 
the shieldi ng of processing equipment, res i n  tanks and the transfer of 
spent resins and solidi fied waste. Because of the high in it ia l  radio­
active levels of the l iquid to be processed, additional shielding may be 
required. A lso the radiation zone designations may have to be re-evaluated 
during processing of these high l evel wastes. The traffic paths for the 
removal of the spent res i ns and f i l ter cartridges may have to be roped 
off during transfer to the sol id i f ication processing area. 

The two permanent waste staging faci l i ties wi l l  be provided with a 
decontamination section and a truck loading bay. Containers wi l l  be 
separated by l ow,  medium, and high activity .  Very high act iv ity drums 
may require some temporary shielding.  The bui ldi ng wal l s  wi l l  be of 
suffic ient thickness so that neither the s i te boundary nor the protected 
fence radiation l imits w i l l  be v io lated. 
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5 . 0  AREA RADIATION AND AI RBORNE RADIOACTIVITY MONITORING 

5. 1 Area radiation monitoring i s  provided to supplement the personnel 
and area surveying capab i l i ties to ensure compl iance with the personnel 
radiation protection guidel ines of 10 CFR 20, 10 CFR 50 , 10 CFR 70 , and 
Regulatory Guides 8 . 2 ,  8 .8 ,  and 8. 12. Both gamma and beta radiation 
detectors wi l l  be l ocated throughout the plant. These monitors wi l l  be 
permanently mounted in general occupancy areas such as Zones I and I I .  
Portable monitors wi l l  be used where the task requfres plant personnel 
to be in areas of mid to high radiation zones. Ai rborne particulate 
activ i ty can be a s igni ficant problem during gross decontamination 
efforts. 

5 . 2  Consistent with this  purpose ,  the area radiation monitors function 
to: 

a. Immediately alert plant personnel enteri ng or working in non­
radiation or l ow-radiation areas of increasing or abnormal ly 
high radiation leve l s  which,  i f  unnoticed, could poss ibly 
resul t in i nadvertent overexposures .  

b .  I nform the control room operator of the occurrence and approx­
imate location of abnormal radiation i ncrease i n  non- radiation 
or l ow-radiation areas. 

c. Comply with the requi rements of 10 CFR 50 Appendix A, General 
Design Criterion 63 for monitoring fuel and waste storage and 
handl ing areas. 

d. Certain moni tors l ocated near the spent fuel pool act as 
critical i ty alarm monitors and conform to the r�quirements of 
10 CFR 70 and Regulatory Guide 8. 12. 

e .  A monitor i s  provided for use i n  assuring that sol idi f ied 
radwaste containers meet the requi rements of 10 CFR 71 and 49 
CFR 173 with respect to the radiation level on contact with the 
container and at certain di stances from the container. This 
monitor wi l l  warn personnel when containers need additional 
shielding. 
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6 . 0  ALARA DESIGN CRITERIA AND CONSIDERATIONS 

The fol lowing i tems form the bas i s  for ·the THl-2 Recovery Project ALARA 
program. During the design proce s s ,  the app l icable items s ha l l be 
cons idered and i ncorporated i nto the design as appropriate. 

6. 1 FAC I L I TY ARRANGEMENT 

6 . 1 ; 1  Fac i l i tv Layout 

a .  Check that equipment with contact radiation levels  of  Zone I l l  
o r  greater are separated from Zone l l  and lower areas by sh ie ld­
ing or  d i s tance plus  access barriers. 

b .  Check that major equipment which by design accumul ates or 
concentrates radioacti v i ty w i th Zone l l l  or greater contact 
radiation l eve l s  i s  sh ie lded or separated from adjacent active 
and pass i ve equipment to meet the app l icable radi at ion s h i e l d i ng 
c r i ter i a  for adjacent areas. 

c .  Check that equipment compartments are arranged s o  that radiati on 
zone d i fferences between adjacent areas are m i n imized. 

d. Check that personnel access control and traffic  patterns are 
cons i dered to m i nimize spread of contamination during a l l  
faci l i ty operating mode s .  

e. Check that acti ve components in c l ean ( non-radioactive)  services 
are not located in Radiati on Zones I l l  or greater. 

f .  Check that equipment subject to removal o r  replacement has 
adequate a i s les  or area access and bui l t- in  prov i s ions ( such as 
monora i l s ,  j i b  cranes , etc . ) for removal .  

g .  Check that access to components requi r i ng frequent maintenance , 
i nservice inspection,  adjustment, etc . , i s  from the l owest 
pract i cable radiation :one and not v i a  a Zone V .  

h .  Check that adequate space and fac i l i ties are provided for 
c loth i ng change stations outs ide contami nated areas. 

i .  Check that a l l  corri dors and normal traffic  area are Zone l or 
I I .  

6 . 1 . 2  Equipment Location 

a .  Check that adequate space i s  provided around equipment to a l l ow 
ease of mai ntenance. 

b .  Check that equipment mai ntenance envelopes incl ude estimated 
s i ze of r igging requi rements and temporary s h i e l d i ng ,  i f  required. 

c .  Check that laydown area requi rements for equipment are ava i l ab l e .  
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d.  Check that equipment which requires routine maintenance , service ,  
testing,  or i nspection such as i nstruments , sample stations , or  
rotating components is  located to  provide maximum d i rect access. 

e. Check that the c lear space for doorways is minimum 3 feet by 1 
feet and that there i s  adequate access for personne l ,  too l s ,  
and component removal . 

f .  Check that equipment manways are readi ly accessible.  

6. 1 .3  Speci f i c  Component Layout 

a. F i l ters 

Check that adequate space i s  provided for semi-remote removal ,  
cask loading, and transporting spent radioactive fi lte r  car­
tridges to the so l id radwaste area. 

b.  Pumps 

1 }  Check that smal l pumps are oriented i n  a manner which  
a l l ows easy removal from the area. 

2} Check that adequate access is provided for pump seal 
rep 1 a cement. 

c. Tanks 

1 }  Check that di rect access and removal space i s  provided for 
motors of tank agitators. 

2 )  Check that d i rect access to acti ve components o r  manways 
i s  provided i nto the upper leve l s  of tank rooms as wel l as 
the lower e levations .  

3)  Check that adequate space is  provided for tank i nternal s  
c leaning operations. 

d.  Evaporators 

1)  Check that concentrates and d i sti l late components are 
adequately separated. 

2 )  Check that components which accumulate radioact�vity o r  
crud such as heating tubes are separated from active 
components such as val ves. 

3 )  Check that adequate space i s  provided to a l low uncom­
p l i cated removal of heating tube bundles. 

e .  Sample Stations 

1} Check that samp le  stations for routine sampl i ng of process 
f lu ids are separated by shielding or di stance from other 
radioactive components to Zone I I  levP ls .  
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2)  Check that local venti lation (e . g. , a hood) i s  provi ded at 
sample stations contain ing radioactive materi a l s .  

f .  Venti lation System Components 

1 )  Check that venti lation fans and f i l ters are provided wi th 
adequate access space to permit  servic ing. 

2 )  Check that outside a i r  supply and bui l ding exhaust system 
components are enclosed by a venti lation barrier and are 
i n  areas no greater than Zone I I .  

3 )  Check that general venti lation f low i s  from areas o f  po­
tential (or actual ) low contamination to areas of poten­
tial  (or  actua l )  h i gh contami nation. 

g.  Instruments 

1) Check that ihstruments which require peri odic  attention 
are located in Zone I I  (or l ower) areas whenever poss ib le .  

2) Check that, i f  i nstruments must be located in lone I I I  or 
greater,  they are mounted so that they are readi ly acces­
s ib le  for mai ntenance and cal i bration and are eas i ly 
removable to a lower radiation zone fer extended servicing 
or cal ibration. 

3 ) Check that, i f  control valves must be located i n  Zone IV  
or greater, appurtenances such as  E/P converters , a i rsets , 
and solenoid valves are not mounted on the control valve 
but are located in a l ower radiation zone. 

6 . 2  SHIELDING 

6.2 . 1 Bulk Shielding 

a .  Check that shielding or  separation is  provided between radia­
t ion zone areas to meet the radiation level criteria for adjacent 
areas. 

b .  Check that shielding design is  based on  conservative or  measured 
radiation source term, component des i gn ,  and pl ant l ayout 
assumptions. 

c. Check that poured concrete dens i ty spec i f ications are consi stent 
with shielding design bas i s  m inimum dens ities .  

d.  Check that concrete b lock dens i ty speci f ications are consi stent 
wi th shielding des ign bas i s  min imum dens i ties.  

e .  Check that concrete b lock wal l  desi gns meet or  exceed the 
m in imum shielding requi rements. 
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f. Check that removabl e  or temporary shielding i s  des igned con­
si stent with app l i cabl e  radiation shieldi ng criteria for adjacent 
areas . 

6 . 2 . 2  Penetrati on and Di scont inuity Shielding 

a.  Check that penetrations , such as H&V ducts and piping,  are e i ther 
l ocated with an offset between radiation sources and accessible  
areas or are appropriately shielded. 

b. Check that penetrations are l ocated as far as possible above 
the accessib le  floor e levation. 

c. Check that penetration shielding is provided as necessary to 
meet the radiation shielding criteria in adjacent accessible  
areas. 

d .  Check that seismic gap shielding i s  provided to maintain radia­
tion l evels  in adjacent accessib le  areas within radiation 
shielding criteria l imits. 

6. 2 . 3  Entryway Shie lding 

Check that adequately shielded l abyrinths or hatches are provided to l imit  
d irect and scattered radiation out of shielded areas. 

6 . 3  SYSTEM DESIGN 

6 . 3 . 1  Decontamination Prov is ions 

a .  Check that radioactive systems with Zone V component radiation 
leve l s  have provi sions to f l ush. the entire system. F lushing 
capab i l i ty should be avai lab le  even i f  the system pump i s  
inoperable .  

· 

b. Check that major components of the primary coolant purif ication 
system where crud can col lect up to Zone V radiation l evel s  
such as fi l ters , heat excha�gers , etc. have provi s i ons for 
chemical decontami nation i nc l uding l ow point dra ins .  Check 
that means are avai lab le  to take the decon solution to chemi cal 
waste area. 

c. Check that seal f l ush water is provided to pumps with chemical 
or s l urry wastes. 

d .  Check that al l serviceable components have i solating and drai n ing 
capab i l i ty. 

e .  Check that prov is ions are avai lable  to f lush potenti a l ly con­
taminated i nstrument l i nes . 

f. Check that flush connections are l ocated downstream of the 
component i so lation valve at the high point or low point of the 
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in let  l i ne and upstream of the i so lation valve at the l ow point 
or  h igh point of the outlet l ine and as c l ose as possi b l e  to 
the in let and outlet connections of the component. 

Check that i so l ation valves are provided on the fl ush con­
nections and are l ocated as c l ose as poss i b l e  to the main pipe. 

Check that a l l  fl ush connections are equipped with quick connect/ 
disconnect fi ttings. 

6 . 3 . 2  Remote Operation and Instrumentation 

a. Check that adequate process i nstrument�tion and control s  are 
ava i l able  to a l l ow system and component operation from a l ow 
radiation zone. 

b .  Check that f i l ters which accumulate high radioactiv ity are 
designed with the means ei ther to backflush the f i l ter remotely 
or to perform cartri dge replacement with semi-remote too ls .  

c .  Check that probe type instruments are used on  highly radio­
active tanks containing two-phase materia ls .  

6. 3 . 3 leakage Provi s ions 

a .  Check that tank overflow l i nes are directed t o  the waste col l ec­
tion system. 

b. Check that s ludge t�nks and a ir  mixing tanks which contain 
radioactive materia ls  are vented to the respective bui ld ing 
venti l ation system or the vent col l ection system. 

c .  Check that stru)ners are incl uded i n  vent l i nes from tanks 
contai ninc apent resins or s l udge. 

6. 3 . 4  �m: ��ra l i zers 

a. Check that demineral i zers in radioactive systems and associated 
pipi ng are designed wi th  provis ions for being f lushed with 
demineral i zed water. 

b.  Check that strainers are located immediately downstream of ion 
exchangers . 

c. Check that dra ins and downstream strai ners are des igned for 
ful l system pressure drop. 

d. Check that strainers are incl uded in vent l ines from the demin­
era l i zer vessel .  

e .  Check that fl ush connections are provided at  a l l  critical 
locations (such as e l bows, t ies , va l ves)  to c lear potential 
p lugs. 
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f .  Check that f l ow i n  pipi ng i s  turbulent enough to maintain 
suspension of fines. 

6. 3. 5 F l oor Drains 

a .  Check that equipment drains are p iped directly t o  a drainage 
col l ection systeo. 

b .  Check that prov i s i ons are made to  remove pl ugging should it  occur 
i n  drain l ines. 

c .  Check that radioactive and p
.
otent ia l ly  radioactive drains are 

separated from non-radioactive drains. 

6 . 4  P IPING AND VALVE DESIGN 

6 . 4 . 1  Pipe Routing 

a .  Check that p ip ing contai ni ng radioactive materia ls  is  routed 
through suitably zoned , contro l led access areas i n  accordance 
with p iping radiation c lassi f ication as shown i n  Tab l e  2 .  

b .  Check that equipment compartments contain radioactive piping 
associated only with equipment within the compartment or that 
non-associated piping i s  adequately separated. 

c .  Check that where i t  i s  necessary for radioactive p iping t o  be 
routed through corridors or other radi ation zone areas ,  shielded 
pipeways are provided to meet area radiation l evel requirements. 

d.  Check that long runs of  exposed radioactive piping are min i­
mized , particularly in  active component areas such as valve 
ga l leries or pump ce l l s .  

e .  Check that radioactive piping is  routed to  take credit for 
shielding effects of equipment or structures. 

6 . 4 . 2  Valve location 

a .  Check that val ves are separated from components which accu­
mulate or contai n  radioactivity by shielding or d i stance to 
meet the app l i cabl e  radiation shielding criteria l eve l s .  

b .  Check that valves are read i ly  access ib le  from floors o r  permanent 
p latforms. 

c .  Check that sufficient space i s  provided to faci l i tate valve and 
valve operator maintenance, operati ons and testing. 

d. Check that valves are not located in radioactive p ipeways .  

e .  Check that vent and drain i so l ation and i nstrument root i solation 
valves are l ocated c l ose to process piping or components. 
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f .  Check that process val ves are not l ocated at  low poi nts i n  
p i p i ng.  

g. Check that reach rods or remote manipulators are provided for 
manua l ly o_perated val ves i n  potential ly h igh radiation areas. 

6 . 4 . 3 P ipe Des ign 

a.  Check that branch l i nes hav i ng l i ttl e or no f low during norma l 
operation are connected above the horizontal midplane of the 
mai n  p i pe. 

b. Check that thermal expans i on loops in radioactive systems are 
raised,  rather than dropped. 

c.  Check that ori f ices are located on vertical  p i p i ng runs i f  
poss ib le .  I f  located i n  horizontal p i p i ng runs, use eccentric 
des ign of the ori f ice. 

d. Check that reducers are insta l l ed not to form a stagnant pocket, 
i . e . , use eccentric des ign with bottom f lat ,  except at pumps. 

e. Check that bypass l ines are l a i d  out to a l l ow dra i n ing and 
fl ushing the ma in  l ine wi thout d i sruption of system operation .  

f .  Check that l engths of radioactive p ipe runs and number of bends 
are m in imi zed. 

g .  Check that l ow poi nts and dead legs in radioactive p i p i ng are 
m in imi zed and are capab l e  of being f l ushed. 

h .  Check that instrument and sensing l ine connections are located 
in such a way as to avoid  corrosion product and radioactive gas 
bui l dup. 

i .  Check that welded joi nts are used whenever poss ib le  to minimize  
crud traps in  the mechanical joints.  

6 . 4 . 4  Va l ve and Va l ve Operator Selection 

a .  Check that ful l ported val ves are used i n  systems expected to 
handle spent res i ns or s lurr ies w ith radiation l evels of 25 mr/hr 
or greater at contact with the surface of the p ipe .  ( See Tab l e  2 )  

b .  Check that val ves 2-1/2� and l arger ( except butterfly val ves 
and p l ug va l ves) in l i nes carrying rad " oact ive f l ui ds wi th 
radiation leve l s  of 25 mr/hr or greater (contact dose rate) 
are d iaphragm, packless ,  or have a double set of packing w i th 
l antern ring.  

c.  Check that a l l  globe val ves ( exc l uding instrument va l ves) 2" 
and sma l l er are Y-pattern g lobe val ves to fac i l i tate rodding i f  
p l ugging shou l d  occur: 
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d. Check that p l ug valves or equal are used on systems trans­
porting res i ns and s ludge and radwaste systems. 

e .  Check that remote operators are provided for a l l  valves i n  
l ines processing evaporator bottoms o r  spent resins. 

f .  Check that minimum volume valves are provided for vents and 
drains to minimize the internal surface area for deposi tion. 

g. Check that pressure re l i ef valves have f lange connections to 
faci l i tate removal for set pressure ver i f ication and cal ibra­
tion. 

6 . 4 . 5  Spent Resin and S ludge Piping 

a. Check that res i n  l i nes are continuously s l oped in d irection of 
f low to avoid potenti a l  stagnant pockets. 

b .  Check that valves are l ocated as c lose as  poss ib le  to  the spent 
res i n  tank room to minimize the l ength of the dead l eg.  

c .  Check that f l ow control valves and orif ices are not used i n  
res i n  l i nes. 

d .  Check that l ong radius ( greater than 1 . 5  times the p ipe diameter) 
bends and e lbows are used at d irection changes. 

e.  Check that d irectional changes and res i n  p ipi ng runs are mini­
mi zed. 

6. 5 COMPONENT DESIGN FOR COMPONENTS CONTAINING RADIOACTIVE FLUIDS OR 
LOCATED IN HIGH qAOIATION AREAS 

6. 5 . 1  Specifications 

a. Check that material  requisi tions speci fy the radiation envi­
ronmental requi rements for the intended material  app l i cation. 

b. Check that equipment design features as presented in the 
remai nder of this Section are i nc l uded i n  the appropr i ate 
equipment speci f ication. 

6 . 5 . 2  Heat Exchangers 

a .  Check that corrosion resistant tubes of  sta inless steel o r  
other suitable material  with tube-to-tube sheet joints welded 
are provided to mi nimize leakage. 

b .  Check that impact baff l es are provided with tube-side and 
shel l-s iue ve l oci ties l imi ted to minimize erosive effects. 

c .  Check that drains are provided o n  the lowest portion to ensure 
removal of contaminated f l uids .  
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d .  Check that where practical the contaminated s ide of the heat 
exchanger operates at a lower pressure than the c l ean s i de .  

6. 5 . 3  Evaporators 

Check that chemical addi tion connections are provided to a l l ow use of 
chemi cal s  for descal i ng operations. 

6 . 5 . 4  Pumps (Smal l) 

a. Check that pump casings are provided with drain connections . 

b. Check that pumps in radiation areas (Zone I I I  or higher) are 
purchased w ith m�chani cal seals  to reduce seal servicing time. 

c .  Check that pumps i n  radioactive systems are provided wi th 
fl anged connections for ease in removal . 

d .  Check that electrical quick di sconnects are provided o n  pumps 
i n  high radiation zones (V or hi gher) .  

e .  Check that pai nted surfaces o f  the pump ( i f  any) are pai nted 
wi th a radi ation resi stant and decontaminable coating. 

f. Check that the pump has l ong- l ived bearings and that l ubrica­
tion is permanent type. 

g .  Check that the pump selection has considered the use o f  low RPM 
designs. 

6 . 5 . 5  Tanks 

a .  Check that tanks in  radioactive service are provided with 
sl oped bottoms (mi n .  1" per foot of tank diameter) and bottom 
outlet  connections. Conical or di shed bottom tanks with bottom 
connections are acceptable .  

b .  Check that adequate tank mix ing i s  provided to  prevent crud 
settl i ng.  

c .  Check that each tank requi ring a manway is top f i tted wi th one 
of at l east 2 feet i n  di ameter. ( I f  a manway i s  l ocated on the 
s ide of a tank, i t  should be c learly demonstrated that i t  i s  
necessary . ) 

d.  Check that s ide manways have eccentrically h i nged covers designed 
to eas i l y  c lear fastening studs. 

e. Check that outlet pipes have backflush capab i l i ty into the tank 
to break up sediment. Backflush capabi l i ty should i nc l ude a ir .  

f .  Check that tank l inings ( i f  any) are sui table for the expected 
service. Epoxy paint should be avoided. 
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g.  Check that overflow l i nes are lower than vent l ines to prevent 
f lu id  from contami nating vent l ines. 

h .  Check that a permanent connection i s  provided for i nsertion of 
a hydrol aser unit for decontamination of tanks i n  Zone V areas. 

i .  Check that lap joints were not used i n  tank constructi on.  

j .  Check that no backing strips were used o n  tank welds. 

k. Check that backing r ings were not used on nozz l e  welds. 

1 .  Check that siphoning o f  l iquid waste from tanks cannot occur. 

m. Check that i n- l ine f i l ters with back fl ushing capab i l i ty are 
provided for tanks with a s l udge bui ld-up potentia l .  

n .  Check to  assure that tanks with a potential ly hazardous l eakage 
consequence are located over catch pans or within  curbs with 
drain l i nes leading to radioactive l iquid waste storage tanks 
or to sumps capable of hand l i ng a potential spi l l .  

6 . 5 . 6  Instruments 

a .  Check that chemical seal s  are provided on sensing l i nes on 
process piping whi ch may contain h i gh amounts of sol ids .  

b .  Checl that primary i nstruments which,  for funct ional reasons, 
are located in high radiation zones (V and greater} are des igned 
for easy removal to a radiation zane I I ,  or lower, for cal ibration. 

c .  Check that i nstruments are selected which contain min imal 
quanti ties of contaminated working f luids ;  e . g . , pressure 
transducers rather than bel lows-type pressure gauges. 

6 . 6  MISCELLANEOUS FACILITY DESIGN 

6 .6 . 1 L ighting 

a .  Check that mult iple  e lectric l i ghts are provided for each cel l  
o r  room conta in ing h ighly radioactive components (Zone V and 
greater} so that burnout of a s i ngle lamp wi l l  not requi re 
entry. 

b .  Check that l ighting in  h igh radiation areas (Zone V and greater) 
i s  ac�uated from outs i �e the area i n  the lowe�t practicab l e  
radiation zone. 

c .  Check that suff ic ient l ighting i s  provided i n  areas that contai n  
remote viewing devices to a l l ow the i r  effici ent use. 
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