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D I V I S I O N  OF REACTOR RESEARCH AND DEVELOPMENT PAGE 1 OF 1 

COLLAPSIBLE-ROTOR, ROLLER-IlUT CONTROL ROD D R I V E  FIECHANISM FOR S O D I U M  S E R V I C E  

A M E N D M E N T  2 

T h i s  amendment forms a p a r t  of RDT E 6-5T 
d a t e d  Narch 1 9 7 1  

1. Page  2 ,  2 . 2 . 1  RDT P r o c e s s  S t a n d a r d s :  Add i n  sequence  t h e  f o l l o w i n g  
r e f e r e n c e :  

RDT F 8-6T, H o i s t i n g  and R igg ing  o f  C r i t i ca l  Components and R e l a t e d  Equipment 

n 2 .  Page 23 ,  Add new p a r a g r a p h  3 . 1 0 . 9  Hand l ing  as follows: 

3 . 1 0 . 5  H a n d l i n g .  The l i f t i n g  and h a n d l i n g  o f  p a r t s  o r  a s s e m b l i e s  d e s i g n a t e d  
by t h e  p u r c h a s e r  as c r i t i c a l  s h a l l  b e  i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  
o f  RDT F 8-6 as s p e c i f i e d  i n  t h e  O r d e r i n g  Da ta .  These  r e q u i r e m e n t s  s h a l l  
b e  a p p l i e d  a t  a l l  s t a g e s  o f  f a b r i c a t i o n  a f t e r  t h e  p a r t s  o r  a s s e m b l i e s  be-  
come c r i t i c a l  i t e m s .  

3. Page  4 9 ,  5 . 3 . 2  S h i p p i n g  I n s t r u c t i o n s :  Add a second s e n t e n c e  as f o l l o w s :  

T h e  i n s t r u c t i o n s  f o r  h a n d l i n g  and l i f t i n g  o f  c r i t i c a l  i t e m s  s h a l l  be  i n  
a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  RDT F 8-6 as s p e c i f i e d  i n  t h e  O r d e r i n g  
Data. 

4 .  Page  4 9 ,  5 . 3 . 3  Load ing :  Revise second  s e n t e n c e  t o  r e a d  as f o l l o w s :  

A l l  h a n d l i n g  equipment  and s h i p p i n g  c o n t a i n e r s  s h a l l  b e  a d e q u a t e  t o  p re -  
v e n t  any  damage t o  components  d u r i n g  h a n d l i n g  and s h i p p i n g  o p e r G t i o n s  i n  
a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  S e c t i o n  5 . 2  and t h e  r e q u i r e m e n t s  of  
RDT F 8-6 as s p e c i f i e d  i n  t h e  O r d e r i n g  Data. 

5. Page  4 9 ,  5 . 4  Hand l ing :  Revise t o  r e a d :  

5.4 H a n d l i n g .  A l l  h a n d l i n g ,  l i f t i n g ,  s u p p o r t i n g ,  and s h i p p i n g  f i x t u r e s  
s h a l l  comply w i t h  r e q u i r e m e n t s  o f  RDT F 8-6 as s p e c i f i e d  i n  t h e  O r d e r i n g  
k t a .  

6 .  Page  4 9 ,  5 . 4 . 2 :  Delete t h i s  p a r a g r a p h .  
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COLLAPSIBLE-ROTOR, ROLLER-NUT CONTROL ROD DRIVE MECHANISM FOR SODIUM SERVICE 

1. SCOPE 

1.1 Purpose.  This  S tandard  e s t a b l i s h e s  t h e  r e q u i r e m e n t s  f o r  t h e  d e s i g n ,  

f a b r i c a t i o n ,  assembly,  and q u a l i t y  a s s u r a n c e  f o r  t h e  procurement of t h e  

e lec t ro-mechanica l  d e v i c e s  in tended  t o  move and p o s i t i o n  c o n t r o l  e lements  

w i t h i n  t h e  c o r e  of a l i q u i d  sodium cooled n u c l e a r  r e a c t o r .  Only t h o s e  d r i v e  

mechanisms based upon a c o l l a p s i b l e - r o t o r ,  r o l l e r - n u t  mechanical  motor ,  

e n e r g i z e d  by a magnet ic  f i e l d  g e n e r a t e d  by an  e l e c t r i c a l  c o i l ,  a r e  governed 

by t h i s  S tandard .  These c o n t r o l  rod d r i v e  mechanisms (CRDMs) may b e  connected 

t o  c o n t r o l  r o d s  having s p e c i f i c  f u n c t i o n s  such as power r e g u l a t i o n ,  power 

shimming, o r  s a f e t y  shutdown, o r  any sequence o r  combinat ion of t h e s e  

f u n c t i o n s .  I f  t h e s e  f u n c t i o n s  r e q u i r e  v a r i a t i o n s  i n  d e s i g n  p a r a m e t e r s ,  t h i s  

v a r i a t i o n  s h a l l  b e  s p e c i f i e d  i n  t h e  Order ing  Data document which accompanies 

t h i s  S tandard .  

1 .2  Components and S e r v i c e s  t o  b e  Provided.  A l l  components and s e r v i c e s  

t o  b e  provided  by t h e  S u p p l i e r  s h a l l  b e  as s p e c i f i e d  i n  t h e  Order ing  Data. 
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2. APPLICABLE DOCUMENTS 
V 

2.1 General. The documents listed below in this section are a part 

of this Standard to the extent that they are specified in the Ordering Data. 

The issue of each, including revisions, in effect on the date of procurement 

shall be applicable. Any con5licts between these documents and the specific 

requirements of this Standard shall be brought to the attention of the 

Purchaser for resolution. RDT Standards shall be used in place of other 

standards where an RDT Standard exists. If materials or standards not 

included in the following list are required in performance of the work, the 

. 

-b Supplier shall submit for Purchaser approval, information concerning the 

proposed material or standard and the extent of  applicability. Purchaser 
approval shall be obtained prior to the use of such material or standard. 

Later changes, revisions or additions to these documents may be implemented 

during the course of the contract by mutual agreement between the Purchaser 

and Supplier. 

2.2 RDT Standards. The standards referenced below often contain 

sections titled "Additional Requirements" and "Optional Requirements. If 

The applicability of these sections shall be specified in the Ordering Data. 

* 
2.2.1 RDT Process Standards 

RDT F 2-2T 
RDT F 2-4T 

RDT F 3-3T 

Quality Assurance Program Requirements 

Quality Verification Program Requirements 
Ultrasonic Examination of Heavy Steel Forgings (Modified ASTM 

A388) 

Ultrasonic Shear-Wave Examination of Plates (Modified ASTM A577) 

Longitudinal-Wave Ultrasonic Examination of Plain and Clad Steel 

Plates (Modified ASTM A578) 

RDT F 3-4T 
RDT F 3-5T 

RDT F 3-6T Nondestructive Examination 

RDT F 3-7T Inspection Requirements for Materials in Wear Applications 

? . 

* 
The letter "T" which appears at the end of RDT Standard numbers designates 
approval for use as I 1  tentative" standard. 
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RDT F 3-8T [Jltrasonic Examination of Metal Pipe and Tubing for Longitudinal 

Discontinuities (Modified ASTM E213) 

RDT F 5-1T Cleaning and Cleanliness Requirements for Nuclear Reactor 

Components 

RDT F 6-1T Welding 

RDT F 7-2T Preparation for Sealing, Packaging, Packing, and Marking of 

Components for Shipment and Storage 

Requirement for Identification Marking of Reactor Plant 

Components and Piping 

RDT F 7-3T 

RDT F 8-1T Preloading Threaded Fasteners and Closures 

* 
2.2.2 RDT Material Standards 

RDT M 1-1T 

RDT M 1-2T 

RDT M 1-5T 
RDT M 1-9T 
RDT M 2-2T 
RDT M 2-6T 

RDT Y 3-2T 

RDT M 3-3T 

RDT M 4-3T 

RDT M 5-1T 

RDT M 6-1T 

RDT M 6-2T 

RDT M 6-3T 

Corrosion Resisting Chromium and Chromium-Nickel Steel Covered 

Welding Electrodes (Modified ASTM A298) 

Corrosion Resisting Chromium and Chromium-Nickel Steel Welding 

Rods and Bare Electrodes (Modified ASTM A371) 

Surfacing Welding Rods and Electrodes (Modified ASTM A399) 

Brazing Filler Metal (Modified ASTM B260) 
Stainless and Heat-Resisting Steel Forgings (Modified ASTM A182) 

Low-Carbon Chromium Steel Forgings (Modified ASTM A473) 

Seamless Ferritic and Austenitic Alloy Steel Tubes (Modified 
ASTM A213) 

Seamless Austenitic Stainless Steel Pipe (Modified ASTM A376) 

Cobalt-Chromium Alloy Castings, Wear and Corrosion Resistant 

Chromium and Chromium-Nickel Stainless Steel Plate, Sheet and 

Strip (Modified ASTM A 2 4 0 )  

Alloy Steel Bolting Materials for Low Temperature Service 

(Modified ASTM A320) 

Mechanical Locking Devices 

Alloy Steel Bolting Materials for High Temperature Service 

(Modified ASTM Al93) 

* 
The letter 'IT" which appears at the end of RDT Standard numbers designates 
approval for use as ''tentative" standard. 
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w- RDT PI 7-1T Low Carbon Chromium Steel Bars (Modified ASTM A276) 
RDT M 7-2T 

RDT If 7-3T 

RDT M 7-4T 

RDT M 7-6T 

RDT M 7-8T 

RDT M 8-1T 

RDT M 9-1T 

RDT M 9-2T 

RDT M 11-1T 

Nickel-Chromium-Iron Age-Hardenable Alloy Bars, Rods, and 1 

Forgings (Modified ASTM A461) 

Stainless and Heat-Resisting Steel Bars and Shapes (Modified 

ASTM A479) 

Nickel-Chromium-Iron Alloy Rod, Bar, and Forgings (Modified 

ASTM B166) 

Chromium-Nickel Steel Bars and Forgings, Corrosion Resistant, 
Precipitation Hardening 

Alloy Wire, Corrosion and Heat Resistant, Nickel Base Annealed 

Helical Age-Hardenable Nickel-Chromium-Iron Alloy Springs 

Materials and Fabrication Requirements for Nickel-Chromium- 

Iron Alloy Seal Applications 

Examination Requirements and Acceptance Standards for Seal 

Memb r anes 

Nonmetallic Seal Materials 

-$ 

2.3 Other Standards and Codes Applicable 

ASTM Specifications 

ASTM A 370 Methods and Definitions for Mechanical Testing of 

Steel Products 

Methods of Tension Testing of Metallic Materials 

Methods f o r  Notched Bar Impact Testing of Metallic 

Ma t er ia 1s 

Temperature-Electromotive Force (EMP) Tables for 
Thermocouples 

ASTM E 8 
ASTM E 23 

ASTM E 230 

. 

‘C 

American National Standards Institute Standards (formerly the 

U.S.A. Standards Institute - USASI) 

ANSI B1.l Unified Screw Threads 

ANSI B46.1 Surface Texture 

ANSI Y14 Standard Drafting Manual 
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ASME B o i l e r  and Pressure Vessel Code 

S e c t i o n  I1 Materials S p e c i f i c a t i o n s  

S e c t i o n  111 and Nuclear  Vessels 

App l i cab le  Code 

Cases and Addenda 

S e c t i o n  X I  Code f o r  In-Serv ice  I n s p e c t i o n  of Nuclear  

Reac tor  Coolant  Systems 

NEMA MG 1 Motors and Genera tors  

NBS H-28 Screwthreads f o r  F e d e r a l  S e r v i c e  

c 
1 

. 

... 
c 
L 

M i l i t a r y  S p e c i f i c a t i o n s  

MIL-W-583C Wire, Piagnet, E l e c t r i c a l  

2 . 4  Except ions .  No e x c e p t i o n s  s h a l l  be  made t o  t h e  requi rements  of 

t h i s  S tandard  o r  r e f e r e n c e d  documents w i thou t  w r i t t e n  a u t h o r i z a t i o n  from 

t h e  Purchase r  t o  do s o .  Should t h e  S u p p l i e r  d e s i r e  t o  make an  e x c e p t i o n ,  he 

s h a l l  p r e p a r e  and submit a w r i t t e n  r e q u e s t ,  w i t h  s u f f i c i e n t  j u s t i f i c a t i o n  

f o r  t h e  r e q u e s t ,  t o  t h e  Purchase r .  Except ions  w i l l  on ly  be  p e r m i t t e d  i f  

t h e  S u p p l i e r  p rov ides  convinc ing  ev idence  t h a t :  

a )  Complete a s s u r a n c e  t h a t  t h e  e x c e p t i o n  w i l l  n o t  p r e v e n t  t h e  

mechanism from meet ing t h e  d e s i g n  o b j e c t i v e s .  

b)  Cost w i l l  n o t  be  i n c r e a s e d  o r  t h e  d e l i v e r y  schedu le  lengthened  

i f  t h e  excep t ion  i s  pe rmi t t ed .  
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3 .  REQUIREMENTS 

I 

3 . 1  D e f i n i t i o n s .  The f o l l o w i n g  d e f i n i t i o n s  are a p p l i c a b l e  t o  t h i s  

I Rod Withdrawal Housing - A mechanical  p o r t i o n  of t h e  CRDM t h a t  i s  p h y s i c a l l y  

a t t a c h e d  t o  t h e  motor tube .  T h i s  i t e m  p r o v i d e s  a volume f o r  movement of  t h e  

leadscrew and g e n e r a l l y  forms a p a r t  o f  t h e  r e a c t o r  pr imary system boundary. 

S tandard .  

C o n t r o l  Rod ( o r  C o n t r o l  Element) - A mechanical  component p h y s i c a l l y  l o c a t e d  

i n  o r  about  t h e  n u c l e a r  c o r e ,  and which by moving i n  and o u t  of i t s  r e s p e c t i v e  

r e g i o n  c o n t r o l s  t h e  n u c l e a r  r e a c t i o n .  T h i s  can b e  e i t h e r  a poison  rod  

(absorbs  t h e  n e u t r o n s  needed f o r  f i s s i o n )  o r  a f u e l - b e a r i n g  rod (produces 

n e u t r o n s  used i n  f i s s i o n ) .  The c r o s s - s e c t i o n a l  p h y s i c a l  shape  of t h e  rod  

may b e  round,  s q u a r e ,  hexagonal ,  t r i a n g u l a r ,  c ruc i form,  e tc .  

->*& 

Contro l  Rod Drive Mechanism (CXDM) - An e lec t ro-mechanica l  component u s u a l l y  

l o c a t e d  o u t s i d e  o f ,  b u t  on,  t h e  r e a c t o r  and which i s  used t o  move t h e  c o n t r o l  

r o d s  i n  o r  o u t  of t h e  c o r e .  

r o l l e r s ,  r o l l e r - b e a r i n g s ,  r o t o r - n u t  assembly, motor t u b e ,  t o r q u e  r e s t r a i n t  

d e v i c e ,  a n t i - e j e c t i o n  pawl,  t h r u s t  b e a r i n g s ,  r a d i a l  b e a r i n g s ,  gu ide  

b e a r i n g s ,  s t a t o r  assembly,  s t a t o r  c o o l i n g  j a c k e t ,  rod wi thdrawal  hous ing ,  

leadscrew,  r o t o r  a r m  release s p r i n g s ,  gas  c o n n e c t i o n s ,  seals,  p o s i t i o n  i n d i -  

c a t i o n ,  and a d a p t o r s  f o r  mounting t h e  CRDMs on t h e  r e a c t o r  head. 

k 

For t h i s  S t a n d a r d ,  t h i s  component i n c l u d e s  

t 

Motor Tube - A mechanical  p o r t i o n  of t h e  CRDM i n s i d e  of which t h e  r o l l e r s ,  
r o t o r ,  e tc .  are l o c a t e d ,  and o u t s i d e  of which t h e  s t a t o r  i s  l o c a t e d .  T h i s  

i t e m  a l s o  forms p a r t  of t h e  r e a c t o r  pr imary system boundary when a t t a c h e d  

t o  a r e a c t o r  head n o z z l e .  

. .  

I 
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Reac tor  Head Nozzle - T h i s  i s  t h e  p a r t  of t h e  r e a c t o r  head t o  which an  

assembled CRDM w i l l  b e  a t t a c h e d .  A t  t h i s  l o c a t i o n ,  a s t a t i c  sea l  f o r  t h e  

r e a c t o r  t o  t h e  C U M  i n t e r n a l  environment i s  made. 

Leadscrew - This  i s  t h e  i t e m  t o  which a c o n t r o l  rod o r  e x t e n s i o n  s h a f t  

i s  a t t a c h e d ,  and which i s  p h y s i c a l l y  c o n t a c t e d  and t r a n s l a t e d  by t h e  r o l l e r - n u t s .  

Leadscrew Extens ion  S h a f t  - I f  r e q u i r e d ,  t h i s  s h a f t  connec ts  t h e  CRDM leadscrew 

t o  t h e  c o n t r o l  rod.  

Dr ive  Line  - A mechanical  component which c o n s i s t s  of t h e  leadscrew,  ex- 

t e n t i o n  s h a f t ,  d i s c o n n e c t s ,  and c o n t r o l  r o d ,  as a p p l i c a b l e .  The d r i v e  

l i n e  p r o v i d e s  d i r e c t  motion f o r  t h e  c o n t r o l  rod when t h e  CRDM t r a n s l a t e s  t h e  

leadscrew.  

Scram-Assist  Mechanism - I f  r e q u i r e d  t h i s  mechanism, upon t h e  r e c e i p t  of 

a scram s i g n a l  from t h e  p l a n t  c o n t r o l  c i r c u i t r y  and release of t h e  lead-  

screw by t h e  CRDM, w i l l  move t h e  d r i v e  l i n e  i n t o  t h e  c o r e  a t  a r a t e  

g r e a t e r  t h a n  t h a t  caused by normal g r a v i t y .  

Load - T h i s  i s  t h e  f o r c e  t h a t  t h e  r o l l e r s  are r e q u i r e d  t o  e x e r t  upon t h e  

leadscrew.  

S t a t o r  Cool ing System - A system provided  t o  m a i n t a i n  t h e  tempera ture  of 

t h e  CRDM s t a t o r  below a s p e c i f i e d  tempera ture  level  as determined by t h e  

materials used i n  manufactur ing t h e  s t a t o r .  T h i s  system s h a l l  n o t  i n t e r a c t  

w i t h ,  o r  b e  p a r t  o f ,  t h e  r e a c t o r  pr imary c o o l i n g  system i f  used f o r  com- 

ponents  o u t s i d e  t h e  r e a c t o r  pr imary c o o l a n t  system boundary. However, i t  

s h a l l  b e  compat ib le  w i t h  t h e  r e a c t o r  c o o l a n t  i f  t h e  two i n a d v e r e n t l y  come 

i n  c o n t a c t .  

Rod P o s i t i o n  I n d i c a t i o n  System(s)  - System(s)  capable  of de te rmining  t h e  

ve r t i ca l  p o s i t i o n  of t h e  c o n t r o l  rod i n  o r  about  t h e  r e a c t o r  c o r e .  

A n t i - E j e c t i o n  Pawl - A mechanical  d e v i c e  i n c o r p o r a t e d  i n t o  t h e  CRDM assembly 

t o  p r e v e n t  a c c i d e n t a l  e x p u l s i o n  of t h e  d r i v e  l i n e  from t h e  r e a c t o r .  
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3.2 Component I d e n t i f i c a t i o n .  A c o n t r o l  rod  d r i v e  mechanism f o r  

r e a c t o r  service c o n s i s t s  of t h e  fo l lowing  components: 

t h e  CRDM 

d r i v e  l i n e  p o s i t i o n  s e n s o r s  ( a  minimum of one a c t i n g  independen t ly  

of t h e  CRDM t o  p rov ide  t h e  p o s i t i o n  of t h e  c o n t r o l  rod  i n  t h e  c o r e )  

s c ram-ass i s t  mechanism, i f  r e q u i r e d  

an i n t e g r a l  s t r u c t u r a l  component f o r  a t t achmen t  t o  t h e  r e a c t o r  

head nozz le  

s u i t a b l e  c a b l i n g  and connec t ions  f o r  e l e c t r i c a l  power and 

coo l ing  

s p e c i a l  t o o l s  f o r  i n s t a l l a t i o n ,  removal ,  and maintenance 

seals and s t r u c t u r a l  holddown dev ices  

any a d d i t i o n a l  equipment as s p e c i f i e d  i n  t h e  Order ing  Data 

3 . 3  P l a n t  I n t e r f a c e s .  The i n t e r f a c e s  between t h e  c o n t r o l  rod  d r i v e  

mechanisms and t h e  b a l a n c e  of t h e  r e a c t o r  p l a n t  are  t h e  fo l lowing :  

a) mechanical  - a t tachment  t o  c o n t r o l  rods  and e x t e n s i o n  s h a f t s  

b)  s t r u c t u r a l  - a t tachment  t o  r e a c t o r  v e s s e l  head 

c )  e l ec t r i ca l  - power r equ i r emen t s ,  i n s t r u m e n t a t i o n  l e a d s  

d )  thermal  - r a d i a t i o n  h e a t i n g ,  c o o l a n t  requi rements  

e )  n u c l e a r  - i r r a d i a t i o n  e f f e c t s  on e l e c t r i c a l  and mechanical  

components 

3 . 4  CRDM Opera t ion .  The fo l lowing  p r e s e n t s  a g e n e r a l  d e s c r i p t i o n  

of how a CRDM i s  expec ted  t o  o p e r a t e ;  see F igure  1. 

A c o n t r o l  rod  d r i v e  mechanism moves t h e  c o n t r o l  rods  i n  s m a l l  s t e p - l i k e  

increments  i n  r e sponse  t o  e l e c t r i c a l  p u l s e s  s e n t  t o  t h e  s t a t o r .  The c o n t r o l  

rod  d r i v e  system c o n t r o l s  r e a c t i v i t y  by moving p r e s e l e c t e d  i n d i v i d u a l  

c o n t r o l  r o d s  i n  o r  o u t  of t h e  a c t i v e  co re  of t h e  n u c l e a r  r e a c t o r  i n  response  

t o  commands of  t h e  r e a c t o r  o p e r a t o r  o r  i n  a programmed sequence c o n t r o l l e d  
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6 CONNECTORS 

STATOR ASSEMBLY 

STATOR WINDING 

COOL I NG CO I L S  

STATOR CORE 

ROTOR ARM 

ANT I 
E J E C T I O N  PAWL 

RELEASE SPR I NG ROTOR HUT ASSEMBLY 
ROLLERS 

L U D S C R E U  

LOWER BUSHING 

P o s i t i o n  I n d i c a t i o n  Sys 
Torque R e s t r a i n t  Dev ice  
Sc ram-Ass is t  System a r e  

terns, 
and 
n o t  

Figure 1. Typical Collapsible-Rotor, Roller-Nut Control Rod 
Drive Mechanism. 
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by t h e  r e a c t o r  c o n t r o l  system. 

s u p p l i e s  and c o n t r o l  c i r c u i t r y .  

coupled,  o r  coupled through t h e  u s e  of an  e x t e n s i o n  s h a f t ,  t o  a c o n t r o l  rod 

w i t h  t h e  p a r t s  moving i n  and o u t  of t h e  r e a c t o r  c o r e  as a n  i n t e g r a l  u n i t .  

Continuous d i r e c t  c u r r e n t  a p p l i e d  t o  t h e  s t a t o r  assembly, e l e c t r o - m a g n e t i c a l l y  

c a u s e s  t h e  r o t o r  n u t  assembly t o  engage t h e  leadscrew and hold  i t  i n  a f i x e d  

p o s i t i o n .  

p u l s e  c u r r e n t ,  t h e  r o t o r  n u t  assembly i s  caused t o  r o t a t e  i n  a d i r e c t i o n  

' c o n t r o l l e d  by t h e  p u l s e  sequence,  which, i n  t u r n ,  raises o r  lowers  t h e  lead-  

When s t a t o r  power i s  removed, t h e  r o l l e r s  d i sengage  

The rod d r i v e  system comprises  O M S ,  power 

The leadscrew of e a c h  mechanism i s  mechanica l ly  

When t h e  cont inuous  d i r e c t  c u r r e n t  i s  changed t o  a low f requency  

screw ( c o n t r o l  r o d ) .  

t h e  leadscrew by a c t i o n  of t h e  release s p r i n g s  and t h e  rod scrams i n t o  t h e  

c o r e  by g r a v i t y  o r  i s  d r i v e n  i n t o  t h e  c o r e  by an  a t t a c h e d  scram-assist 

mechanism located above o r  below t h e  CRDM. The leadscrew and r o t o r  n u t  

assembly are c o n t a i n e d  by t h e  motor t u b e  which forms p a r t  o f  t h e  r e a c t o r  

pr imary system boundary. 

motion t o  t h e  r o t o r  n u t  assembly m a g n e t i c a l l y  through t h e  w a l l  of t h e  motor 

tube  (environment boundary) .  

The s t a t o r  assembly i m p a r t s  l a t c h i n g  and r o t a r y  

The l o c a t i o n s  where a )  t h e  CRDM motor t u b e  and rod t ravel  housing and b )  

t h e  motor t u b e  and t h e  r e a c t o r  head n o z z l e  are j o i n e d  t o g e t h e r  r e q u i r e  t h a t  

a s t a t i c  seal b e  made. It  can b e  cons idered  t h a t  t h e s e  t h r e e  

p a r t s  form a n  e x t e n s i o n  of t h e  r e a c t o r  head and as such  t h e  i n s i d e  s u r f a c e s  

of t h e s e  p a r t s  are exposed t o  t h e  r e a c t o r  pr imary system environment.  

a l l  moving p a r t s  of t h e  CRDM are c o n t a i n e d  i n s i d e  t h e s e  components, o n l y  

s t a t i c  seals are r e q u i r e d .  I f  a dynamic seal is  r e q u i r e d  i t  s h a l l  b e  

s p e c i f i e d  by t h e  P u r c h a s e r  i n  t h e  Order ing  Data. 

A s  

3.5 General  Design Requirements.  Because t h e  c o n t r o l  rod d r i v e  

mechanisms a l s o  have t h e  unique f u n c t i o n  of  s h u t t i n g  down t h e  r e a c t o r  i n  an 

emergency s i t u a t i o n ,  a pr imary c o n s i d e r a t i o n  i n  t h e i r  d e s i g n  must b e  

t h e i r  r e l i a b l e  and p r e d i c t a b l e  o p e r a t i o n ,  e s p e c i a l l y  i n  t h e i r  scram f u n c t i o n .  

CRDM r e l i a b i l i t y  i n  performing t h e  normal f u n c t i o n  of  p o s i t i o n i n g  and h o l d i n g  

t h e  c o n t r o l  r o d s  i s  e q u a l l y  n e c e s s a r y  because f a i l u r e  t o  per form t h i s  

f u n c t i o n  p r o p e r l y  may p r e c i p i t a t e  an emergency s i t u a t i o n  r k q u i r i n g  t h e  scram 

o p e r a t i o n .  
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3 . 6  Detailed Design Requirements 

3.6.1 Environment Boundary. Any parts, or assemblies, of the 

CRDM that are or may be considered to act as part of the reactor primary 

system boundary shall meet the requirements of the ASME Boiler and Pressure 

Vessel Code, Section 111, for Class A vessels. These items shall be 

appropriately code-stamped. 

3.6.2 Scram. Once the scram signal has been put into a control 

rod drive mechanism there shall be no way to over-ride or countermand it, 

or to delay completion of the scram cycle. Circuitry will be provided 

in. the CRDM control system to assure this function. Scram action shall 

also occur if power to an individual CRDM is interrupted. 

3.6.3 Independence. Each control rod shall be driven and positioned 

by its own mechanism. Each control rod shall be independent to the extent that 

protective action is not delayed. The CRDM shall be designed to minimize the 

probability of simultaneous disability in the scram mode of all CRDMs through 
systemic, concurrent, undetected failures in the CRDMs resulting from commonality 

of components or susceptability to failure due to common environmental 

conditions, duty cycles, or loads. It shall be impossible for a failure in 
one CRDM or its associated control equipment to induce a failure in, or 

interfere with the operation of, any other CRDM o r  control equipment. 

3.6.4 Drive .Line Position Sensor (s) . The drive line position 

sensor(s).shall sense the position of the leadscrew and shall produce an 

output signal indicating the relative position of the control rod in the 

core. Following loss of power for any reason, as soon as power is restored 

to the mechanism the position sensor shall indicate the rod position and 

shall resume producing the normal output signal. 

3.6.5 Cooling. A stator cooling system shall be provided. This 

system shall not act as part of the reactor primary system boundary. Physically, 

this system shall consist of a stator cooling jacket and suitable lines and 

connectors to provide for a closed cooling system; both halves of the connectors 

shall be provided. This system shall be capable of maintaining the stator at 
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a tempera ture  l eve l  t o  p r o v i d e  a d e s i g n  l i f e  e q u a l  t o  t h a t  of t h e  CRDM, and 

sna l l  m a i n t a i n  t h e  CRDM tempera ture  levels as s p e c i f i e d  i n  t h e  Order ing  

Data. 

Ordering Data. 

The i n t e r f a c e  w i t h  t h e  c o o l a n t  s u p p l y  w i l l  b e  s p e c i f i e d  i n  t h e  

3.6.6 Reac tor  Refue l ing .  The mechanism d e s i g n  s h a l l  permi t  r e f u e l -  

i n g  and f u e l  t r a n s f e r  o p e r a t i o n s  i n s i d e  t h e  r e a c t o r  vessel  i n  t h e  s p a c e  above 

t h e  c o r e  w i t h o u t  d i sassembly  and removal of t h e  mechanism. 

permi t  p e r i o d i c  access t o  t h e  t o p  of t h e  leadscrew so  t h a t  d i s c o n n e c t s  

conta ined  i n  t h e  d r i v e  l i n e  can b e  manual ly  o p e r a t e d .  The mechanism must 

b e  c a p a b l e  of h o l d i n g  t h e  leadscrew,  a f t e r  d i s c o n n e c t i o n  of t h e  c o n t r o l  rod  

and e x t e n s i o n  s h a f t ,  i n  a withdrawn p o s i t i o n  f o r  r e f u e l i n g  o p e r a t i o n s  and 

shall p r e v e n t  any p o s s i b i l i t y  of mechanical  i n t e r f e r e n c e  by t h e  u s e  of 

mechanical  s t o p s .  

The d e s i g n  s h a l l  

3 .6 .7  Corros ion .  Materials s h a l l  b e  s e l e c t e d  f o r  r e s i s t a n c e  t o  

a t t a c k  by sodium vapor  o r  l i q u i d  sodium o r  both .  

3.6.8 Dra in ing .  The mechanism s h a l l  b e  des igned  and a r r a n g e d  s o  

t h a t  any l i q u i d  sodium c a r r i e d  i n t o  o r  condensed i n  i t  s h a l l  d r a i n  back 

o u t  of t h e  r o t o r  assembly of t h e  CRDM. 

3.6.9 L u b r i c a t i o n .  Mechanism p a r t s  t h a t  are, o r  may b e ,  exposed 

t o  t h e  r e a c t o r  pr imary c o o l a n t  s h a l l  n o t  have any l u b r i c a n t  which i s  n o t  

compat ib le  w i t h  t h e  r e a c t o r  c o o l a n t .  

3.6.10 I n s t a l l a t i o n  and Removal. The mechanism s h a l l  b e  a r r a n g e d  

so  t h a t  a l l  o p e r a t i o n s  i n c i d e n t  t o  i t s  i n s t a l l a t i o n  on, and removal from, 

t h e  r e a c t o r  can  b e  performed w i t h  access o n l y  t o  t h e  head of t h e  r e a c t o r  

v e s s e l .  

p e n e t r a t i o n  of t h e  pr imary c o o l a n t  system boundary. 

Replacement of a l l  e lec t r ica l  components s h a l l  b e  p o s s i b l e  w i t h o u t  

3.6.11 Threaded Components. A l l  th readed  components used i n  o r  

on t h e  CRDM s h a l l  be i n  accordance w i t h  ANSI B1.1, Unif ied  Screw Threads,  

w i t h  RDT F 8-1, RDT M 6-2, and NBS H-28. 

a h a l l  conform t o  XDT 14 6-1 o r  RDT M 6-3 or shall Le u p 8 c i f i b a l l y  approved 

tjpr thair  a p p l i c a t i o n .  

The materials of manufacture  

_ _  

n 
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Screw t h r e a d  forms s h a l l  conform t o  t h e  Uni f ied  Thread Form f o r  s i z e s  t o  

which t h i s  form i s  a p p l i c a b l e .  Beyond t h e  range  covered by t h e  U n i f i e d  

Thread S e r i e s ,  t h e  N a t i o n a l  Thread Se r i e s ,  C l a s s  2 ,  may b e  used. For 

t h r e a d s  1 i n .  d iameter  and l a r g e r ,  t h e  8-p i tch  t h r e a d  ser ies  s h a l l  b e  

used. Thread f i t  s h a l l  b e  Class 2A f o r  e x t e r n a l  t h r e a d s  and 2B f o r  i n t e r n a l  

t h r e a d s  u n l e s s  o t h e r w i s e  s p e c i f i e d  and approved. Access s h a l l  be provided  

f o r  c u t t i n g  o r  o t h e r w i s e  d e s t r o y i n g  threaded  f a s t e n e r s  i n  c a s e  of t h r e a d  

s e i z u r e .  

f u l l  l o a d - c a r r y i n g  a b i l i t y  of t h e  threaded  f a s t e n e r  i s  developed.  

s h a l l  s p e c i f y  q u a n t i t a t i v e l y  t h e  method of p r e l o a d i n g  a l l  f a s t e n e r s  and 

s h a l l  p r o v i d e  t h e  n e c e s s a r y  s p e c i a l  equipment.  

r e t a i n i n g  a l l  components of a broken f a s t e n e r  s h a l l  b e  used on a l l  th readed  

f a s t e n e r s  l o c a t e d  i n s i d e  t h e  primary c o o l a n t  system boundary. 

The l e n g t h  of t h r e a d  engagement s h a l l  be s u f f i c i e n t  such t h a t  t h e  

The S u p p l i e r  

Locking d e v i c e s  c a p a b l e  of 

An e x c e p t i o n  t o  t h i s  requi rements  i s  al lowed f o r  t h e  CRDM leadscrew o r  r o l l e r s  

o r  bo th .  These i t e m s  may u t i l i z e  a modi f ied  ACME t y p e  t h r e a d .  
A 

3.6.12 Mechanism L i f e t i m e .  The l i f e t i m e  of t h e  CRDM components 

i n s i d e  t h e  pr imary system boundary s h a l l  b e  no less t h a n  t h e  r e a c t o r  head 

l i f e t i m e .  The-mechanism dial1 f u n c t i o n  w i t h o u t  e x t e n s i v e  maintenance f o r  

i t s  desipn l i f e . .  T h i s  l i f e t i m e  s h a l l  be s p e c i f i e d  i n  t h e  Q r d e r i n e  Data. 

3.6.13 A n t i - E j e c t i o n  Pawl. The a n t i - e j e c t i o n  pawl s h a l l  o p e r a t e  

The pawl s h a l l  n o t  depend upon d e v i a t i o n s  from i n  t h e  ve r t i ca l  p o s i t i o n .  

t h e  v e r t i c a l  f o r  engagement. The a n t i - e j e c t i o n  pawl s h a l l  p r e v e n t  e x p u l s i o n  

of t h e  leadscrew (and connected components) a t  any t i m e  when t h e  CRDM r o l l e r s  

are n o t  engaged. . 

3.6.14 E f f e c t i v e  Load. The e f f e c t i v e  l o a d  f o r  t h e  mechanism i s  t h e  
e f f e c t i v e  weight  of t h e  c o n t r o l  rod and t h e  leadscrew e x t e n s i o n  s h a f t  a c c o u n t i n g  

f o r  a p p r o p r i a t e  immersion i n  t h e  r e a c t o r  c o o l a n t .  

i n  t h e  Ordering Data.  

T h i s  l o a d  w i l l  b e  s p e c i f i e d  
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The CRDM motor t u b e ,  rod wi thdrawal  hous ing ,  seals ,  c o n n e c t i o n s ,  e tc .  

must a l l  b e  c a p a b l e  of  c o n t a i n i n g  t h e  normal p r e s s u r e  of t h e  system as w e l l  

as t h a t  o c c u r r i n g  d u r i n g  any pr imary system p r e s s u r e  tests as o f t e n  as t h e y  

are r u n  and,  on t h e  b a s i s  of a s i n g l e  o c c u r r e n c e ,  t h e  p r e s s u r e  g e n e r a t e d  by 

t h e  Z y p o t h e t i c a l  Core D i s r u p t i v e  Accident  (HCDA). 

3.6.15 

f u n c t i o n s :  
. .  

a.  

b. 

C .  

d .  

e .  

f .  

g -  

h.  

Performance. The mechanism s h a l l  perform t h e  f o l l o w i n g  

l i f t  and lower t h e  c o n t r o l  r o d s  ( u s i n g  t h e  d r i v e  l i n e )  a t  

r a t e d  speed o r  p o s i t i o n i n g  r a t e  (no d r i f t  s h a l l  occur  d u r i n g  

a h o l d i n g  c y c l e )  throughout  t h e  e n t i r e  s t r o k e  l e n g t h  as 

s p e c i f i e d  i n  t h e  Ordering Data. A h i g h  d e g r e e  of r e l i a b i l i t y  

s h a l l  b e  provided  t o  n o t  exceed t h e  maximum wi thdrawal  ra te .  

e x e r t  s u f f i c i e n t  upward f o r c e  t o  l o a d  a n  a t t a c h e d  scram- 

assist mechanism, i f  r e q u i r e d  

. _ .  

h o l d  c o n t r o l  rod  and d r i v e  l i n e  a t  any e l e v a t i o n  a g a i n s t  

h y d r a u l i c  f o r c e s ,  ear thquake  shocks ,  v i b r a t i o n ,  and o t h e r  

e x p u l s i o n  f o r c e s  as s p e c i f i e d  i n ,  t h e  Order ing  Data 

e x e r t  downward f o r c e s  approximately e q u a l  t o  t h e  upward 

f o r c e s  developed,  o r  as s p e c i f i e d  i n  t h e  Order ing  Data 

release t h e  c o n t r o l  rod and d r i v e  l i n e  upon command o r  

power l o s s  

p r e v e n t  upward motion of a scrammed c o n t r o l  rod  as a r e s u l t  

of h y d r a u l i c  f o r c e s ,  shock, e tc .  

p r o v i d e  unambiguous s i g n a l s  showing t h e  p o s i t i o n  of t h e  

d r i v e  l i n e ,  t h e  c o n t r o l  rod i n  o r  o u t  of t h e  f u l l y  i n s e r t e d  

p o s i t i o n ,  and t h e  c o n t r o l  rod i n  o r  o u t  of t h e  f u l l y  wi th-  

drawn p o s i t i o n  as i n d i c a t e d  by t h e  d r i v e  l i n e  

t h e  CRDM does n o t  have t o  f u n c t i o n  normally a f t e r  t h e  

occurrence  of an IIDCA. 

n 
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3.6.16 S e i s m i c  Shock. The mechanism s h a l l  b e  des igned  t o  w i t h s t a n d  

t h e  Opera t ing  B a s i s  Earthquake (OBE) w i t h o u t  mal func t ion .  The a c c e l e r a t i o n  

v a l u e s  t o  b e  used f o r  t h i s  c o n d i t i o n  w i l l  be  s p e c i f i e d  i n  t h e  Order ing  Data. 

The mechanism s h a l l  be des igned  such t h a t  a s s u r a n c e  of c o n t r o l  rod i n s e r t i o n  

under  t h e  Design B a s i s  Earthquake (DBE) i s  provided .  The a c c e l e r a t i o n  

v a l u e s  t o  be used f o r  t h i s  c o n d i t i o n  w i l l  a l s o  b e  s p e c i f i e d  i n  t h e  Order ing  

Data. 

The seismic zone of i n t e r e s t  w i l l  be  provided by t h e  P u r c h a s e r  and i n c l u d e d  

i n  t h e  Order ing  Data.  

3.6.17 V i b r a t i o n .  The mechanism s h a l l  b e  des igned  s o  t h a t  t h e  

assembled mechanism, w i t h  and wi thout  a s s o c i a t e d  equipment,  w i l l  e x h i b i t  

a n a t u r a l  f requency and multiples of t h i s  f requency  d i f f e r i n g  from t h e  

f o r c i n g  f r e q u e n c i e s  expec ted  d u r i n g  normal p l a n t  o p e r a t i o n s .  These 

f r e q u e n c i e s  w i l l  be  s p e c i f i e d  i n  t h e  Ordering Data.  

w i l l  b e  performed by t h e  S u p p l i e r  t o  de te rmine  t h e  a c t u a l  n a t u r a l  f r e q u e n c y ,  

and m u l t i p l e s ,  of t h e  assembled CRDMs. The d i f f e r e n c e  between t h e s e  

f r e q u e n c i e s  w i l l  be  demonstrated by t h e  S u p p l i e r  t o  b e  adequate  t o  avoid  

any r e s o n a n t  c o n d i t i o n .  

V i b r a t i o n a l  t e s t i n g  

3.6.18 I n s e r v i c e  I n s p e c t i o n  and Maintenance. The mechanism s h a l l  

b e  des igned  t o  f a c i l i t a t e  t h e  r e c o g n i t i o n ,  l o c a t i o n ,  rep lacement ,  and 

r e p a i r  of f a i l e d  p a r t s  and assembl ies .  

a c c e s s i b i l i t y  f o r  i n s e r v i c e  i n s p e c t i o n  of c r i t i ca .1  welds i n  accordance w i t h  

S e c t i o n  X I  of t h e  ASME B o i l e r  and P r e s s u r e  Vessel Code. 

The d e s i g n  s h a l l  p r o v i d e  f o r  

3.7 Opera t ing  Condi t ions  

3.7.1 E x t e r n a l  CRDM Environment. The c o n t r o l  rod d r i v e  mechanism 

s h a l l  f u n c t i o n  surrounded by an  atmosphere of normal a i r ,  a i r  d e p l e t e d  of 

oxygen, o r  i n e r t  g a s .  

w i l l  b e  d e f i n e d  i n  t h e  Ordering Data. 
The ambient tempera ture  and p r e s s u r e  of t h i s  atmosphere 
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3 . 7 . 2  I n t e r n a l  Environment. The c o n t r o l  r o d  d r i v e  mechanism s h a l l  

i n c l u d e  a p o r t i o n  of t h e  boundary membrane s e p a r a t i n g  t h e  e x t e r n a l  environ-  

ment from t h e  pr imary system of t h e  r e a c t o r .  

anism components s h a l l  f u n c t i o n  i n  a n  atmosphere of  i n e r t  g a s  a l o n e ,  o r  

i n e r t  g a s  and sodium vapor  above a f r e e  s u r f a c e  of sodium w i t h  which a 

I n s i d e  t h i s  boundary,  mech- 

gas  i s  i n  e q u i l i b r i u m .  None of t h e  equipment procured  by t h i s  S tandard  

s h a l l  normal ly  b e  immersed i n  sodium. 

The d r i v e  l i n e  of  t h e  mechanism p r o j e c t s  downward i n t o  t h i s  pool  of sodium. 

The mechanism w i l l  b e  cooled  as n e c e s s a r y  t o  m a i n t a i n  i t  w i t h i n  t h e  normal 

o p e r a t i n g  tempera ture  range  s e l e c t e d  by t h e  S u p p l i e r  d e s p i t e  h e a t  d e p o s i t i o n  

i n  t h e  mechanism by thermal  conduct ion  through t h e  d r i v e  l i n e ,  r a d i a t i o n  

h e a t i n g  by t h e  c o r e  and t h e  r a d i o a c t i v e  sodium, c o n v e c t i v e  h e a t  t r a n s f e r  by 

t h e  sodium v a p o r ,  and e l ec t r i ca l  h e a t i n g  from t h e  o p e r a t i n g  c i r c u i t s  of  t h e  

mechanism. The s t a t o r  c o o l i n g  j a c k e t  (system) s h a l l  b e  c a p a b l e  of removing 

t h i s  h e a t .  

The d a t a  f o r  t h e  normal ly  expec ted  environment and t h e  o p e r a t i n g  l i f e  f o r  

t h i s  environment w i l l  b e  s p e c i f i e d  by t h e  Purchaser  and i n c l u d e d  i n  t h e  

Order ing  Data. 

3 . 7 . 3  Mechanical and Thermal. The mechanism s h a l l  b e  des igned  such 

t h a t  i t  i s  c a p a b l e  of f u n c t i o n i n g  w i t h  o n l y  minimal maintenance f o r  t h e  d u t y  

r e q u i r e d  by t h e  expec ted  r e a c t o r  t r a n s i e n t s .  These t r a n s i e n t s  w i l l  r e s u l t  

i n  a d u t y  c y c l e  f o r  t h e  mechanism. T h i s  c y c l e  w i l l  b e  s p e c i f i e d  by t h e  

Purchaser  i n  t h e  Order ing  Data. It  w i l l  i n c l u d e ,  b u t  n o t  b e  l i m i t e d  t o ,  

s t a r t u p s ,  shutdowns, f e e t  of t rave l ,  number of s tarts and s t o p s ,  and scrams. 

3 . 7 . 4  Elec t r ica l .  The e lec t r ica l  equipment provided by t h e  S u p p l i e r ,  

and t h e  i n t e r f a c e s  w i t h  a s s o c i a t e d  p l a n t  equipment,  w i l l  be s p e c i f i e d  i n  t h e  

Ordering Data. 

3 . 7 . 5  Power F l u c t u a t i o n s .  The S u p p l i e r  s h a l l  c o n s i d e r  t h e  e f f e c t s  

of i n c r e a s e s  and d e c r e a s e s  i n  t h e  v o l t a g e  and amperage s u p p l i e d  t o  t h e  CRDM, 

and s h a l l  de te rmine  t h e  maximum v a r i a t i o n  p e r m i s s i b l e  p r i o r  t o  t h e  t e r m i n a t i o n  

of normal CRDM o p e r a t i o n .  I f  normal CRDM o p e r a t i o n  i s  te rmina ted  due t o  power 

n 
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f l u c t u a t i o n s ,  scram a c t i o n  s h a l l  be  i n i t i a t e d .  T h i s  power f l u c t u a t i o n  

i n f o r m a t i o n  s h a l l  be  provided  t o  t h e  P u r c h a s e r .  

3 .8  Connect ions and Appurtenances 

3 . 8 . 1  A u x i l i a r y  Systems. Pu rchase r  approva l  s h a l l  be  o b t a i n e d  

f o r  any a u x i l i a r y  system requ i r emen t s ,  such  as c o o l i n g  and /o r  p u r g i n g ,  

e s t a b l i s h e d  by t h e  S u p p l i e r  f o r  t h e  s u c c e s s f u l  o p e r a t i o n  of t h e  mechanism. 

T h i s  a p p r o v a l  s h a l l  be  o b t a i n e d  p r i o r  t o  t h e  i n i t i a t i o n  of manufac ture .  

Any a u x i l i a r y  systems r e q u i r e d  by t h e  Purchase r  t o  be  a t t a c h e d  t o ,  o r  a c t  

i n  con junc t ion  w i t h ,  t h e  mechanism w i l l  be  s p e c i f i e d  i n  t h e  Order ing  Data. 

3 .8 .2  Connectors .  A l l  e l e c t r i c a l  and mechanica l  connec to r s  t o  

t h e  CRDM s h a l l  be  des igned  such t h a t  i n c o r r e c t  connec t ions  cannot  i n a d v e r t e n t l y  

be  made du r ing  i n s t a l l a t i o n  o r  maintenance o p e r a t i o n s .  Both h a l v e s  of a l l  

connec to r s  s h a l l  be  provided  w i t h  t h e  CRDM. A l l  connec to r s  s h a l l  be  

a p p r o p r i a t e l y  i d e n t i f i e d ,  and f o r  e l e c t r i c a l  c o n n e c t o r s ,  a l l  l i n e s  running7 

between connec to r s  s h a l l  be  c o l o r  coded o r  c a r r y  a p p r o p r i a t e  i d e n t i f i c a t i o n  

a t  each  end of  t h e  l i n e .  

3.8.3 S h i e l d i n g .  I f  s h i e l d i n g  ( n u c l e a r  o r  thermal )  i s  r e q u i r e d  

t o  e n a b l e  t h e  mechanism t o  m e e t  t h e  d e s i g n  o b j e c t i v e s ,  i t  s h a l l  be recommended 

by t h e  S u p p l i e r .  P r o v i s i o n s  f o r  t h e  i n c o r p o r a t i o n  of t h i s  s h i e l d i n g  must 

be  accounted  f o r  w i t h i n  t h e  Purchase r  s p e c i f i e d  maximum mechanism envelope .  

It  i s  t h e  r e s p o n s i b i l i t y  of t h e  Purchase r  t o  s p e c i f y  t h e  n u c l e a r  and the rma l  

environment  i n c i d e n t  t o  t h e  l o c a t i o n  o f  t h e  CRDM, and t o  p rocure  and i n s t a l l  

any r e q u i r e d  s h i e l d i n g .  

3 . 9  Materials of  Cons t ruc t ion  

. 

3 .9 .1  Acceptable  Materials. The RDT and ASTM Standa rds  l i s t e d  i n  

S e c t i o n  2.0 of t h i s  S tandard  p rov ide  a p a r t i a l  l i s t i n g  of  a c c e p t a b l e  

materials.  T h i s  l i s t  i s  n o t  complete  and should  on ly  be  used by t h e  S u p p l i e r  

as a gu ide  i n  recommending material  a p p l i c a t i o n s .  
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Welding e l e c t r o d e s  and r o d s  f o r  each a p p l i c a t i o n  s h a l l  be i n  accordance  

w i t h  RDT F 6-1, t h e  a p p l i c a b l e  documents and material s t a n d a r d s  of S e c t i o n  

3.0 and t h e  ASME B o i l e r  and P r e s s u r e  Vessel Code, S e c t i o n  111. 

Materials used i n  f a b r i c a t i o n  of t h e  CRDM e l e c t r i c a l  components s h a l l  be 

i n  accordance w i t h  MIL-W-583C, Class 180 o r  e q u i v a l e n t .  A t  t h e  o p t i o n  of 

t h e  S u p p l i e r ,  materials may be used t h a t  are r a t e d  f o r  o p e r a t i o n  a t  h ighe r  

maximum tempera tu res .  

3.9.2 Unacceptable  Materials. Materials which do n o t  meet t h e  

requi rements  of t h i s  S tandard  o r  of t h e  referenced.RDT S tanda rds  and 

S p e c i f i c a t i o n s  are unaccep tab le ,  u n l e s s  w r i t t e n  a u t h o r i z a t i o n  f o r  t h e i r  

u se  i s  o b t a i n e d  from t h e  Purchase r  p r i o r  t o  any procurement .  

M a t e r i a l s  which are contaminated du r ing  p roduc t ion  o r  f a b r i c a t i o n  t o  an 
e x t e n t  which could  a d v e r s e l y  a f f e c t  t h e  mechanism o r  i n t e r n a l  s t r u c t u r e s  

are unacceptab le .  

t h e  l i m i t s  e s t a b l i s h e d  by RDT F 5-1. 

Concen t r a t ion  of contaminants  s h a l l  be main ta ined  w i t h i n  

3.9.3 Material I d e n t i f i c a t i o n .  I d e n t i f i c a t i o n  of a l l  materials, 

components, p a r t s ,  a s sembl i e s  and a u x i l i a r y  equipment s h a l l  s a t i s f y  t h e  

fo l lowing  requi rements :  

3.9.3.1 All materials s h a l l  b e  i d e n t i f i e d  i n  accordance w i t h  

Each p i e c e  of material s h a l l  t h e  requi rements  of t h e  Material S tandards .  

be i d e n t i f i a b l e  u n t i l  t h a t  p i e c e  i s  i n c o r p o r a t e d  i n t o  an assembly. 

i d e n t i f i c a t i o n  s h a l l  be  a c c u r a t e l y  t r a n s f e r r e d  p r i o r  t o  f a b r i c a t i o n  t o  

a s s u r e  subsequent  i d e n t i f i c a t i o n  of each  p i e c e  of material. 

The 

3.9.3.2 Components, p a r t s ,  a s sembl i e s ,  and a u x i l i a r y  equipment 

s h a l l  be  i d e n t i f i e d  i n  accordance w i t h  RDT F 7-3. Component p a r t s ,  

a s sembl i e s  and equipment which are t o  be assembled o r  used on s i t e  s h a l l  

be permanent ly  marked wi th  a p a r t ,  ser ia l ,  and a p p r o p r i a t e  assembly drawing 

number. 

3.9.4 Material Examination and Tests 

3.9.4.1 Q u a l i f i c a t i o n  of Materials. A l l  materials s h a l l  b e  

o rde red  t o  conform t o  approved Material S tandards .  Some rcateriols such as 

8 
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low a l l o y  s t ee l  p l a t e s  and b o l t i n g  m a t e r i a l s  must b e  q u a l i f i e d  by impact 

tests run  on t h e  m a t e r i a l  i n  t h e  h e a t - t r e a t e d  c o n d i t i o n .  These tes ts  s h a l l  

b e  performed t o  q u a l i f y  t h e  m a t e r i a l  f o r  use  by t h e  S u p p l i e r ,  o r  h i s  d e s i g n e e ,  

as s p e c i f i e d  i n  t h e  ASME B o i l e r  and P r e s s u r e  Vessel Code, S e c t i o n  111. 

3.9.4.2 Archive and S u r v e i l l a n c e  Samples. When r e q u e s t e d  by 

t h e  P u r c h a s e r ,  t h e  S u p p l i e r  s h a l l  o b t a i n  samples of m a t e r i a l s  f o r  r a d i a t i o n  

t e s t i n g ,  long-term c o r r o s i o n  t e s t i n g ,  and o t h e r  purposes  a s  s p e c i f i e d  i n  

h i s  p r o p o s a l ;  t h i s  may be e s p e c i a l l y  n e c e s s a r y  f o r  any f e r r i t i c  m a t e r i a l s  

which form a p o r t i o n  of t h e  boundary of t h e  pr imary c o o l a n t  system. Samples 

s h a l l  b e  removed from t h e  p a r e n t  m e t a l  as l a t e  i n  t h e  f a b r i c a t i o n  sequence 

as p o s s i b l e .  I n  each case, t h e  sample s h a l l  f u l l y  r e p r e s e n t  t h e  f i n i s h e d  

component, i n c l u d i n g  weld a r e a s ,  i n s o f a r  a s  p o s s i b l e .  Each sample s h a l l  

b e  marked accord ing  t o  t h e  requi rements  of  t h e  M a t e r i a l  S tandard  s o  t h a t  

i t  may b e  i d e n t i f i e d  w i t h  a s p e c i f i c  M a t e r i a l  S t a n d a r d ,  h e a t  ( i f  h e a t  

t r e a t e d )  and l o t  number. 

3.10 F a b r i c a t i o n  

3 .10 .1  Equipment C l e a n l i n e s s  and P r o t e c t i o n .  During f a b r i c a t i o n ,  

h a n d l i n g ,  t e s t i n g  and s t o r i n g  o p e r a t i o n s ,  extreme c a r e  must be e x e r c i s e d  

to p r o t e c t  a l l  su r f aces  f r o m  contaminat ion .  S u r f a c e s  s h a l l  b e  c leaned  

i n  accordance w i t h  RDT F 5-1 and s h a l l  b e  main ta ined  i n  a c lean c o n d i t i o n  

up t o  and i n c l u d i n g  f i n a l  shipment .  

A p a r t i c u l a r  t y p e  of c l e a n l i n e s s ,  freedom from h a l i d e  ( e s p e c i a l l y  c h l o r i d e )  

i o n  contaminat ion ,  i s  ex t remely  impor tan t  once f a b r i c a t i o n  o p e r a t i o n s  

begin .  

a form of l o c a l i z e d  cor ros ion '  can occur  which l e a d s  t o  e m b r i t t l e m e n t  and 

u l t i m a t e l y  t o  c r a c k i n g  ( " s t r e s s - c o r r o s i o n  c racking") .  T h e r e f o r e ,  t h e  pre-  

f a b r i c a t i o n  c l e a n i n g  and a l l  i n t e r m e d i a t e  c l e a n i n g s  s h a l l  u s e  no c h l o r i n -  

a t e d  s o l v e n t s ,  no ha logenated  s p r a y s  ( F r e o n ) ,  no d e t e r g e n t s  c o n t a i n i n g  

b l e a c h ,  n o r  any o t h e r  c h l o r i n e - b e a r i n g  m a t e r i a l .  Furthermore,  marking 

When s t a i n l e s s  s t e e l  is  s t r e s s e d  i n  c o n t a c t  w i t h  a c h l o r i d e  s o l u t i o n ,  
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dyes, layout paints, and masking tapes shall be selected to avoid intro- 

duction of chlorine to the metal's environment. Carbon tetrachloride fire 

extinguishers, commonly used around electrical machines, shall not be used. 

Surface contamination by perspfration, food particles, etc., may be suffi- 

cient to initiate stress corrosion cracking, and such accidental contamination 

shall be promptly removed and recorded in the Quality Assurance Records. . 
Cleanliness of the CRDM stator throughout the fabrication process is of the 

utmost importance in the maintenance of the finished stator's reliability. 

Metallic slivers, chips, dust, etc., may produce insulation defects if 

allowed to contaminate the stator winding. All materials are to be protected, b 

benches and machines shall be clean and work shall be done in an area 
separated from metal fabrication and processing areas. All tools that come 

in contact with windings during installation shall be made of fiber, plastic 
or polished metal and shall be completely free of any sharp corners or 

edges. 

fabrication. 

The stator must not be set on the coil end turns at any time during 

To avoid embedment or adherence of foreign particles, all storage racks, 

handling devices, etc., shall be faced with stainless steel or other suitable 

materials. Only aluminum oxide abrasives shall be used for grinding or 

polishing stainless steels. 

Procedures for preliminary and final cleaning processes that define the 

methods to be used and the acceptance criteria to be applied shall be 

furnished by the Supplier. 

3 . 1 0 . 2  Surface Finish. The Supplier shall select fabrication 

processes to give the following surface finPshes (AA values) unless other- 
wise specified: 

a) All rolling o r  rubbing surfaces - as specified in Supplier's 
drawings 

All locating surfaces - 6 3  microinch or better b) 
c) All other machined surfaces - 125 microinch or better 

n 



RDT E 6-5T 
Page 2 1  

d)  Unmachined s u r f a c e s  i n  c o n t a c t  w i t h  l i q u i d  sodium - 250 microinch 

o r  b e t t e r  

e )  Unmachined s u r f a c e s  n o t  i n  c o n t a c t  w i t h  sodium c o o l a n t  - 
adequate  t o  e l i m i n a t e  f o r e i g n  material ,  permi t  n o n d e s t r u c t i v e  

examinat ion,  and t o  e l i m i n a t e  d e f e c t s  which could a c t  as 

stress r a i s e r s ;  a f i n i s h  of 250 micro inch  o r  be t te r  i s  adequate  

f o r  such s u r f a c e s  

Weld re inforcement  - ground p e r  RDT F 6-1 f )  

S u r f a c e  f i n i s h  s h a l l  be d e s i g n a t e d  i n  accordance w i t h  ANSI B46.1, "Surface 

Texture .  

3.10.3 F l a t i n g  and S u r f a c e  Treatment .  All s t a i n l e s s  s tee l  threaded  

P l a t i n g  f a s t e n e r s  s h a l l  be s u i t a b l y  t r e a t e d  f o r  t h e i r  p a r t i c u l a r  a p p l i c a t i o n .  

s h a l l  n o t  b e  used f o r  any s u r f a c e s t h a t  may come i n  c o n t a c t  w i t h  sodium o r  

sodium vapors  u n l e s s  s p e c i f i c a l l y  approved by  t h e  P u r c h a s e r .  

3.10 .4  Welding and Thermal C u t t i n g .  A l l  welding ,  b r a z i n g ,  hard-  

f a c i n g ,  and thermal  c u t t i n g  o p e r a t i o n s  f o r  t h e  CRDM and a s s o c i a t e d  equipment 

s h a l l  comply and be i n  accordance w i t h  RDT F 6-1. 

p rocedures  f o r  t h e s e  o p e r a t i o n s ,  as w e l l  as f o r  o p e r a t o r  q u a l i f i c a t i o n  and 

r e p a i r  weld ing ,  s h a l l  b e  f u r n i s h e d  by t h e  S u p p l i e r  f o r  Purchaser  a p p r o v a l .  

A l l  welds  shall have a f i n a l  s u r f a c e  of 250 micro- inches o r  b e t t e r .  

The w r i t t e n  d e t a i l e d  

A l l  weld r e p a i r s  must be performed i n  accordance w i t h  t h e  f o l l o w i n g  

requi rements  : 

a )  One weld r e p a i r  c y c l e  i s  p e r m i t t e d  a t  t h e  f u s i o n  zone o r  

t h e  a d j a c e n t  b a s e  metal o r  b o t h .  

Two weld r e p a i r s  c y c l e s  are p e r m i t t e d  i n  welds  t h a t  are 

h e a t  t r e a t e d  a f t e r  each repair  c y c l e .  

b )  

c) Not more than t h r e e  weld r e p a i r s  c y c l e s  are p e r m i t t e d  f o r  

welds n o t  covered above. 

d) The s u r f a c e  f i n i s h  of a r e p a i r  s h a l l  e q u a l  t h a t  of t h e  

o - r i g i n a l  weld .  
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S p e c i f i c  a p p r o v a l  i s  r e q u i r e d  t o  make weld r e p a i r s  i n  excess of t h o s e  per-  

m i t t e d  above. 

3.10.5 Heat Treatment. A l l  h e a t  t r e a t m e n t s  performed a f t e r  r e c e i p t  

of t h e  material by t h e  S u p p l i e r ,  i . e . ,  a l l  h e a t  t r e a t m e n t s  n o t  s p e c i f i e d  by 

t h e  i n d i v i d u a l  Material S t a n d a r d s ,  s h a l l  b e  performed accord ing  t o  d e t a i l e d  

w r i t t e n  procedures  f u r n i s h e d  by t h e  S u p p l i e r .  

3.10.6 Assembly. Assembly of component p a r t s  and a l l  subassembl ies  

s h a l l  be i n  accordance w i t h  d e t a i l e d  w r i t t e n  assembly procedures  prepared  by 

the  S u p p l i e r .  

Each procedure s h a l l  c o n t a i n  as a minimum: 
Assembly sequence 

Cleaning procedure  f o r  each  component and s p e c i a l  p r e c a u t i o n s  

S p e c i a l  f i t t i n g  o r  machining r e q u i r e d  as assembly p r o g r e s s e s  

I n t e r m e d i a t e  and f i n a l  examinat ion a c c e p t a n c e  c r i t e r i a  

Tightening l i m i t s  f o r  t h r e a d e d  components 

Locking d e v i c e  i n s t a l l a t i o n  procedures  

Drawings o r  photographs i f  r e q u i r e d  

S p e c i a l  d a t a ,  measurements, o r  o b s e r v a t i o n s  t o  b e  recorded  

i n  q u a l i t y  c o n t r o l  r e c o r d s .  

Handling methods and p r e c a u t i o n s  

NOTE: copper  o r  aluminum b l o c k s  sha l l  n o t  b e  used t o  p r o t e c t  

components d u r i n g  l i f t i n g  o r  h a n d l i n g  o p e r a t i o n s  

3.10.7 F i e l d  M o d i f i c a t i o n s  of  Components. The S u p p l i e r  s h a l l  

p r o v i d e  e n g i n e e r i n g  services and t e c h n i c a l  d i r e c t i o n  f o r  any f i e l d  modif i -  

c a t i o n s  t o  components d e l i v e r e d  by him through t h e  p e r i o d  of o p e r a t i o n a l  

t e s t i n g .  Should f i e l d  m o d i f i c a t i o n s  become n e c e s s a r y ,  t h e  S u p p l i e r  s h a l l  
f u r n i s h  a w r i t t e n  procedure  f o r  t h e s e  m o d i f i c a t i o n s .  These procedures  s h a l l  

c o n t a i n ,  as a minimum, t h e  fo l lowing  i n f o r m a t i o n :  
n 
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a) Nature  of t h e  m o d i f i c a t i o n  

b)  An addendum t o  t h e  Design Report  demonst ra t ing  t h a t  t h e  proposed 

m o d i f i c a t i o n  w i l l  n o t  impai r  t h e  i n t e g r i t y  of t h e  item o r  i n v a l i d a t e  

t h e  Code Stamp. 

a R e g i s t e r e d  P r o f e s s i o n a l  Engineer .  

D e t a i l e d  drawings and procedures  e x p l a i n i n g  how , t h e  m o d i f i c a t i o n s  

w i l l  be  accomplished. 

Procedures  f o r  t e s t i n g  and i n s p e c t i o n  i n c l u d i n g  c r i t e r i a  f o r  

acceptance  

This  addendum must b e  approved and c e r t i f i e d  by 

c )  

d )  

e )  Cost and schedule  e s t i m a t e s  

The S u p p l i e r  s h a l l  d i r e c t  a l l  f i e l d  m o d i f i c a t i o n s .  

m o d i f i c a t i o n ,  t h e  S u p p l i e r  s h a l l  v e r i f y  t h a t  t h e  m o d i f i c a t i o n  has  been made 

s a t i s f a c t o r i l y  i n  accordance w i t h  t h e  approved procedures  and requi rements .  

A l l  a s - b u i l t  drawings,  q u a l i t y  c o n t r o l  r e c o r d s ,  manuals,  e t c . ,  s h a l l  b e  

modi f ied  t o  i n c o r p o r a t e  t h e  f i e l d  m o d i f i c a t i o n s  i n  accordance w i t h  t h e  re- 

qui rements  of t h i s  Standard and r e f e r e n c e d  documents. 

Upon complet ion of t h e  

3.10.8 S i t e  Spare  P a r t s .  A s  p a r t  of t h e  F a b r i c a t i o n  P l a n ,  t h e  

S u p p l i e r  s h a l l  recommend a l i s t  of  s p a r e  p a r t s  t o  b e  main ta ined  w i t h  t h e  

CRDM. T h i s  l i s t  i s  t o  c o n t a i n  t h o s e  p a r t s  and t o o l s  l i k e l y  t o  be damaged 

o r  expended d u r i n g  d e l i v e r y  o r  o p e r a t i o n  o r  bo th .  

s h a l l  p r o c e s s  t h e s e  s p a r e s  o r  s e l e c t e d  s p a r e s ,  i n  accordance w i t h  t h e  re- 

qui rements  f o r  d e l i v e r a b l e  items. 

I f  r e q u i r e d ,  t h e  S u p p l i e r  

3.11 Drawings. The S u p p l i e r  s h a l l  p r e p a r e  e n g i n e e r i n g  drawings 

and a s s o c i a t e d  drawing l i s t s  f o r  a l l  items i n c l u d e d  under t h i s  S tandard .  

Drawings s h a l l  be prepared  i n  accordance w i t h  ANSI Y 1 4 .  A s  a minimum, 

one t o p  assembly drawing and one drawing l i s t ,  r e f e r e n c i n g  a l l  drawings 

a s s o c i a t e d  w i t h  t h i s  procurement s h a l l  be provided and s h a l l  be d e s i g n a t e d  

w i t h  a drawing number provided by t h e  Purchaser .  

requi rements  f o r  t h e  drawings a s s o c i a t e d  w i t h  t h e  d e s i g n  and f a b r i c a t i o n  

of t h e  equipment covered by t h e  S tandard .  

Following are l i s t e d  
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3.11.1 Preliminary Drawings. The Supplier shall furnish prelim- 
* 

inary drawings, sketches or data necessary to amplify and clarify major 
design features. These drawings will form the technical basis for the initial 

formal design reviews and shall include, but not be*'limited to: 

a) Design and salient features including principal and critical 

dimensions 

b) Dimensional detail sufficient to establish limits of space in 

all directions plus clearance required for service or re- 

placement of parts 

c) Size and location of all connections and fittings 

d) Estimated weight and center of gravity 

3.11.2 Detail Drawings. These drawings shall include, but not be 

limited to, the following: 

Tolerance block including general geometric tolerances 

Detailed dimensions, specific tolerances, and maximum 

roughness of each surface 
Material specification and any special requirements in- 

cluding nondestructive examination, heat treatment, and 
hardness 

Fabrication instructions including welding, plating, 

hard-surfacing, cleaning, examination symbols, and assembly 

procedure requirements 

Applied finishes 

Include on each darawing such additional information nec- 

essary to describe the equipment, including special 
features or characteristics 

3.11.3 Assembly Drawings. These drawings shall include, but not 

be limited to, the following: 
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. 

L o c a t i o n ,  i d e n t i t y  (drawing number),  and mater ia l  t ype  of 

each p a r t  

L o c a t i o n  O f  f i n a l  Closure  welds  and sea l  welds  wi th  t h e  

a p p r o p r i a t e  p rocedures  r e fe renced  

Reference  dimensions e s t a b l i s h i n g  g e n e r a l  s i z e  o f  each  

major p a r t  

Design and t e s t  p r e s s u r e  and t empera tu re  d a t a  

D e f i n i t i o n  of Assembly o p e r a t i o n s  and p rocedures  

P e r t i n e n t  r e f e r e n c e s  t o  c l e a n i n g ,  marking,  l o a d i n g s ,  lock-  

i n g s ,  h a n d l i n g ,  and packaging i n s t r u c t i o n s  

I d e n t i f i c a t i o n  of any s p e c i a l  t o o l s  r e q u i r e d  f o r  assembly 

Shop Drawings. A l l  d e t a i l s  from shop drawings s h a l l  be  

i n c o r p o r a t e d  d i r e c t l y  i n t o  assembly o r  composi te  drawings by t h e  S u p p l i e r .  

3 .11 .5  As-Built  Drawings. A t  t h e  comple t ion  of  f a b r i c a t i o n ,  t h e  

S u p p l i e r  s h a l l  c e r t i f y  t h a t  each component was f a b r i c a t e d  i n  accordance  w i t h  

approved drawings ,  s p e c i f i c a t i o n s  and approved e n g i n e e r i n g  d e s i g n  changes.  

A l l  approved e n g i n e e r i n g  d e s i g n  changes s h a l l  be  noted  on a p p l i c a b l e  drawings.  

I n  a d d i t i o n ,  should  f i e l d  m o d i f i c a t i o n s  become necessa ry  t h e  S u p p l i e r  s h a l l  

i n c o r p o r a t e  a l l  approved changes i n t o  t h e  a p p r o p r i a t e  drawings.  

3.11.6 As-Built  Dimensions. The Purchase r  w i l l  r e q u i r e  the S u p p l i e r  

t o  r e c o r d  a c t u a l  f i n a l  measurements f o r  c e r t a i n  c r i t i c a l  dimensions.  Where 

r e q u i r e d ,  t h e s e  measured dimensions s h a l l  be  recorded  on a p p r o p r i a t e  drawings 

o r  l i s t i n g s  o r  bo th .  C r i t i c a l  dimensions t o  be  recorded  s h a l l  be  recommended 

by t h e  S u p p l i e r  f o r  Purchaser  approval .  

3 .11.7 Drawing and P a r t s  L i s t s .  The S u p p l i e r  s h a l l  f u r n i s h  an 

i n i t i a l  Drawing L i s t  as p a r t  of t h e  Design P l a n .  T h i s  l i s t  s h a l l  be p e r i o d i c a l l y  

updated by t h e  S u p p l i e r .  The l i s t  s h a l l  i n c l u d e  a l l  assembly and d e t a i l  

drawings necessa ry  t o  d e f i n e  t h e  components covered by t h i s  S tandard  and s h a l l  

be  d iv ided  i n t o  two s e c t i o n s  f o r  c r o s s  r e f e r e n c i n g .  The f i r s t  s e c t i o n  s h a l l  

c o n t a i n  a l i s t i n g  of a l l  drawings i n  numer ica l  o r d e r  and s h a l l  show t h e  

la tes t  r e v i s i o n  number of t h e  drawing, t i t l e  of t h e  drawing and t h e  drawing 

number o f  t h e  nex t  h ighe r  assembly.  The second s e c t i o n  s h a l l  c o n t a i n  a 
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listing by assembly in a tier arrangement beginning with the highest order 

assembly down through details. 

A parts list shall be provided to the Purchaser. 

all distinguishable parts of the CRDM, the material to be used for a parti- 

cular part, and the standard or specification for procurement of the material 

for the part. 

standard by which it is fabricated shall also be identified. 

This list shall identify 

If a component is purchased for inclusion in the CRDM, the 

3.12 Reports and Documentation. The Supplier shall prepare and sub- 

mit certainidocumentation during the course of the Contract. This documen- 
tation shall be prepared according to the requirements of this Standard and 
referenced documents. The requirements of the Purchaser approval or informa- 

tion shall be provided in the Ordering Data. 

the minimum technical documentation requirements with which the Supplier 

shall comply. 

several of the following into a single document with the objective of 

minimizing the number, volume, and redundancy of required submittals. 

Following is a description of 

Where possible the Supplier is encouraged to consolidate 

3.12.1 Work Plans. The Supplier shall prepare a Design Plan, a 

Fabrication Plan, a Delivery Plan, and a Field Services Plan. These 

plans shall contain a detailed description of the manner in which the 

Supplier plans to perform his work during specified phases. Technical 

requirements for these plans are described in the following sections. 

Additional requirements (administrative, format, etc.) may be specified 

in the Ordering Data. 

3.12.1.1 Design Plan. The Supplier shall furnish a detailed 

Design Plan. 

provided by the Supplier for each item covered by this Standard. These 

services shall include, but not be limited to providing the following: 

This plan shall describe all engineering design services to be 
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a) Detailed equipment drawings 

b) Engineering drawings 

c) Equipment specifications 

d) Material specifications 

e) Process requirements 

f) Inspection and testing requirements 

g) 
h) Handling requirements 

i) Packaging, shipping, storing, installation, etc., 

Listing required "as-built" dimensions for each CRDM 

requirements 

Descriptions of design activities shall include as a minimum, scope of work, 

technical approach, methods to be used, expected end-products, and schedule 

for performance. 

a list of all technical documentation to be prepared by him, such as drawings, 

bills of  material, reports, manuals, etc., including a proposed schedule 

f o r  submittal. 

A s  part of the Design Plan, the Supplier shall recommend 

3 . 1 2 . 1 . 2  Fabrication Plan. The Supplier shall furnish a Detailed 
Fabrication Plan. This plan shall cover the Supplier's fabrication and test- 

ing efforts beginning with materials procurement through final acceptance 

tests. The Detailed Fabrication Plan shall include, as a minimum, a detailed 

description of  each operation on the fabrication schedule. 

will typically consist of, but is not limited to, the following: 

This description 

a) Identification of the operation on the network chart 

b) A statement of the objective of the operation 

c) Identification of the piece being worked upon, or 

pieces being joined in an assembly operation 

d) Reference to the drawing which describes the piece or 

shows the assembly 
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A l i s t  of  s p e c i a l  t o o l s ,  j i g s ,  o r  f i x t u r e s  used i n  t h e  

o p e r a t i o n ,  w i t h  i d e n t i f i c a t i o n  of same 

Shop equipment and s p e c i a l  f a c i l i t i e s  t o  be used 

Q u a l i f i c a t i o n  l e v e l  of o p e r a t o r  

Sequence o r  procedure  t o  b e  fol lowed ( t h i s  may be a 

r e f e r e n c e  t o  a s t a n d a r d  procedure)  

Tests,  d e m o n s t r a t i o n s ,  e t c . ,  r e q u i r e d  

F a b r i c a t i o n  and q u a l i t y  a s s u r a n c e  hold  c o n t r o l  p o i n t s  

Cr i te r ia  f o r  s a t i s f a c t o r y  complet ion of o p e r a t i o n  

Recommended s p a r e  p a r t s  

Documentation and f a b r i c a t i o n  s c h e d u l e s  

3 .12 .1 .3  D e l i v e r y  P l a n .  The S u p p l i e r  s h a l l  p r e p a r e  a d e t a i l e d  

D e l i v e r y  P l a n  f o r  a l l  i t e m s  f o r  which he h a s  d e l i v e r y  r e s p o n s i b i l i t y ;  para-  

graphs  5 .3 ,  5 . 4 ,  and 5.5 of t h i s  S tandard  are p e r t i n e n t  t o  t h i s  p l a n .  T h i s  

p l a n  s h a l l  cover  a l l  S u p p l i e r  o p e r a t i o n s  from t h e  f i n a l  shop a c c e p t a n c e  t es t  

f o r  each d e l i v e r a b l e  i t e m  through d e l i v e r y  t o  t h e  unloading  f a c i l i t i e s  n e a r  

t h e  d e s i g n a t e d  s i t e  i n c l u d i n g  a s c h e d u l e  f o r  performance. 

i n c l u d e ,  b u t  is  n o t  l i m i t e d  t o ,  a d e s c r i p t i o n  of t h e  f o l l o w i p g  o p e r a t i o n s  

(where a p p l i c a b l e )  : 

T h i s  p l a n  s h a l l  

a) P r e p a r a t i o n  f o r  d e l i v e r y  

b)  Packing,  packaging and marking 

c )  Handling and s t o r i n g  

d)  Shipping 

e )  Unloading 

f )  I n s p e c t i o n  and release 

g)  

h)  Documentation 

P r o t e c t i o n  and service r e q u i r e d  w h i l e  i n  s t o r a g e  
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3.12.1.4 Field Services Plan. The Supplier shall furnish a 

detailed Field Services Plan describing services to be provided by him at 

the delivery site: paragraph 5 . 5  of this Standard is pertinent to this plan. 

This plan shall cover field operations beginning with the arrival on site of 

items for which the Supplier has delivery responsibility through fnstallation 

and operational testing operations relating to these items. These operations 

shall inklude, but are not limited to, the following: 

a) Requirements and instructions for component cleaning 

and assembly 

b) Reviewing procedures established by others for the 

above operations for concurrance 

c) Providing on-site inspections and examinations of 

equipment he has furnished 

d) Providing pre-installation checks or pre-operational 

tests 

e) Providing engineering services and technical direction 

for field modifications to items furnished by him 

f) Documentation of all service performed 

Many of the requirements and instructions for field operations are to be 
prepared by the Supplier as part of the Design Plan (Section 3.12.1.1). 

The purpose of the Field Services Plan is to describe the technical services 
to be provided by the Supplier in implementing these instructions and in 

verifying that items delivered by him function properly. 

The Field Services Plan shall be prepared with the Delivery Plan. 

detailed schedule for site operations will be furnished to the Supplier 
for planning purposes prior to the date the Field Services Plan is t o  be 

submitted. 

A 
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3.12.2 T e c h n i c a l  Repor ts .  To t h e  e x t e n t  p o s s i b l e ,  t h e  S u p p l i e r  

s h a l l  i d e n t i f y  t h e  need f o r  s p e c i f i c  t e c h n i c a l  r e p o r t s ,  i n c l u d i n g  t h e  

s c h e d u l e  f o r  s u b m i t t a l ,  a s  p a r t  of t h e  Design Plan .  Should t h e  need f o r  

a d d i t i o n a l  r e p o r t s  a r i s e  d u r i n g  d e s i g n ,  t h e  S u p p l i e r  w i l l  i d e n t i f y  t h e  

need and s h a l l  submit a s c h e d u l e  f o r  submission of  such  a r e p o r t  on an  

ad hoc b a s i s .  

A s  a minimum, a t e c h n i c a l  r e p o r t  s h a l l  c o n t a i n  t h e  fo l lowing  i n f o r m a t i o n :  

a )  The purpose of t h e  r e p o r t  

b )  A d e t a i l e d  d e s c r i p t i o n  of t h e  component 

c )  A d e s c r i p t i o n  of  a l l  l o a d i n g  c o n d i t i o n s  

d )  A l l  assumptions and approximations used o r  t o  b e  used 

e )  A d e s c r i p t i o n  of t h e  a n a l y t i c a l  model 

f )  

g )  Suppor t ing  s k e t c h e s ,  c a l c u l a t i o n s  and d a t a  

A d e s c r i p t i o n  of a n a l y t i c a l  methods 

3.12.2.1 Stress Report .  The S u p p l i e r  s h a l l  p r e p a r e  a 

c e r t i f i e d  Stress Report .  T h i s  r e p o r t  s h a l l  i n c l u d e  a l l  a p p r o D r i a t e  

c a l c u l a t i o n s  r e q u i r e d  by S e c t i o n  I11 of t h e  ASME B o i l e r  and P r e s s u r e  Vessel 

Code f o r  t h e  CRDM components making up p a r t  of t h e  pr imary system envi ronmenta l  

boundary ( t r e a t  as Class A v e s s e l s )  and by a p p l i c a b l e  Code Cases as d e s c r i b e d  

i n  Appendix X t o  S e c t i o n  111. This  r e p o r t  s h a l l  a l s o  i n c l u d e ,  b u t  i s  n o t  

l i m i t e d  t o ,  t h e  f o l l o w i n g :  

a )  Summary of a p p l i c a b l e  performance c a p a b i l i t i e s  and 

l i m i t a t i o n s  

b)  C a l c u l a t e d  d e f l e c t i o n s  and stresses i n  key f u n c t i o n a l  

and i n t e r f a c e  areas d u r i n g  normal,  t r a n s i e n t  and o f f -  

normal o p e r a t i o n s  

The c a l c u l a t e d  b e h a v i o r  of the m e c h n i s m  hous ings  

and s u p p o r t s  under t h e  i n f l u e n c e  of the HCDA. 

C) 
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The a p p l i c a b i l i t y  of a n a l y t i c a l  t echn iques  s h a l l  be a p p r o p r i a t e l y  e s t a b l i s h e d  

i n  t h e  S t r e s s  Repor t .  The r e s u l t s  s h a l l  be  v a l i d a t e d  where p o s s i b l e  by 

comparison w i t h  proven a n a l y t i c a l  methods of stress a n a l y s i s ,  o t h e r  v e r i f i e d  

computer programs, o r  expe r imen ta l  r e s u l t s .  The in fo rma t ion  p r e s e n t e d  i n  t h e  

S t r e s s  Report  w i t h  r e s p e c t  t o  computer programs employed i n  t h e  stress 

a n a l y s e s  s h a l l  be  i n  s u f f i c i e n t  d e t a i l  t o  e n a b l e  independent  v e r i f i c a t i o n  

of t h e  i n p u t  d a t a ,  t h e  a n a l y t i c a l  model adopted ,  t h e  assumpt ions ,  and 

boundary c o n d i t i o n s  a s  they  r e l a t e  t o  t h e  c o n d i t i o n s  f o r  des ign .  

The S u p p l i e r  s h a l l  be  r e s p o n s i b l e  f o r  having  t h e  Stress Report  reviewed and 

c e r t i f i e d  by a Reg i s t e red  P r o f e s s i o n a l  Engineer  p e r  t h e  r equ i r emen t s  of 

S e c t i o n  I11 of t h e  ASME B o i l e r  and P r e s s u r e  Vessel Code, paragraph  N-142 - 
" S t r e s s  Report . ' '  Th i s  rev iew w i l l  c o n s i d e r  t h e  r e p o r t  w i t h  r e s p e c t  t o :  

a )  The a p p l i c a b i l i t y  of t h e  a n a l y t i c a l  methods employed 

as r e l a t e d  t o  t h e  c o n d i t i o n s  of d e s i g n  and d e s i g n  

c o n f i g u r a t i o n s  

b)  The a c c e p t a b i l i t y  of t h e  assumpt ions ,  l o a d i n g  combina- 

t i o n s ,  boundary c o n d i t i o n s ,  and mechanica l  p r o p e r t i e s  

of  mater ia l s  as a p p l i e d  i n  t h e  a n a l y s e s  f o r  t h e  

service c o n d i t i o n s  s p e c i f i e d  i n  t h e  Design S p e c i f i -  

c a t i o n  

c )  The e x t e n t  o f  des ign  agreement w i t h  s imi l a r  a n a l y s e s  

f o r  components of comparable des ign  w i t h  s imilar  

s e r v i c e  c o n d i t i o n s ,  i f  a v a i l a b l e  

The r e p o r t  of  t h i s  review s h a l l  be  appended t o  t h e  S t r e s s  Report  a long  w i t h  

t h e  Code-required c e r t i f i c a t i o n  a t  t h e  t i m e  of submiss ion  of t h e  des ign  

r e p o r t  f o r  approval .  The schedu le  f o r  s u b m i t t a l  of t h e  S t r e s s  Report  s h a l l  

b e  e s t a b l i s h e d  by t h e  S u p p l i e r  as p a r t  of t h e  Design P l a n .  
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3.12.2.2 Design Report. The Supplier shall prepare and 

furnish a Design Report covering all components defined by this Standard. 

The schedule for submittal of the Design Report (and any interim portions) 

shall be established by the Supplier as part of the Design Plan. Specific 

portions of the Design Report (as technical reports) shall be furnished by the 

Supplier prior to material procurement and fabrication. 

Report shall include, but not be limited to, the following information: 

The Final Design 

a) A listing and description of the baseline 

requirements for all components covered by this 

Standard 

6) A thorough description of the functions, materials, 

and configuration of these components 
c) All known parameters, assumptions, approximations, 

and calculations in sufficient detail to permit 

independent checking 

d) A discussion of the validity of the data employed 

and conclusions which support the recommended designs 

Completely identified references from which data 

and formulae are taken 

Bearing life calculations demonstrating load carrying 

capability and design life of the mechanism 

A clearance and alignment study which confirms that 
the accumulated tolerances and thermal expansions, 

and thermally and pressure-induced operating motions, 

will not result in interferences or excessive mis- 

alignment between the Supplier's components 

e) 

f) 

g) 

h) A failure mode and effects analysis (FMFA) shall be 

performed on the CRDM final design. In addition, a 

comprehensive reliability analysis shall he Drovided 

for all components that exhibit a failure mode that 

could possibly invalidate the scram function. 
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3 .12 .2 .3  Modi f i ca t ions  t o  t h e  Design Repor t .  The S u p p l i e r  

s h a l l  make such  a d d i t i o n s  o r  c o r r e c t i o n s  t o  t h e  r e p o r t  as are r e q u i r e d  

t o  m a i n t a i n  t h e  in fo rma t ion  c u r r e n t ,  When c o r r e c t i o n s  are made, t h e y  s h a l l  

be  c e r t i f i e d  by t h e  person  o r  o r g a n i z a t i o n  r e s p o n s i b l e  f o r  t h e  stress 

a n a l y s i s  c a l c u l a t i o n s  t o  have been s a t i s f a c t o r i l y  r e c o n c i l e d  w i t h  t h e  stress 

a n a l y s i s  c a l c u l a t i o n s  and t h e  Design S p e c i f i c a t i o n s .  The r e v i s i o n s  are  t o  

be numbered and da ted  and p repa red  i n  a format  s imi l a r  t o  t h e  o r i g i n a l  

r e p o r t .  The l i m i t  of S u p p l i e r  r e s p o n s i b i l i t y  f o r  making a d d i t i o n s  o r  

c o r r e c t i o n s  t o  t h e  des ign  r e p o r t  i s  l i m i t e d  t o  t h e  end d a t e  of t h e  c o n t r a c t .  

3 .12 .3  Q u a l i t y  Assurance Documents. The S u p p l i e r  s h a l l  p r e p a r e  

t h e  fo l lowing  documents based on t h e  requi rements  of  RDT F 2-2. 

3 .12 .3 .1  Q u a l i t y  Assurance Program P l a n .  The S u p p l i e r  s h a l l  

p r e p a r e  a Q u a l i t y  Assurance Program P l a n  i n  accordance  w i t h  RDT F 2-2 

pa rag raphs  2 . 2 . 2 ,  3 . 2 ,  and 4 . 2 .  

3 . 1 2 . 3 . 2  I n s p e c t i o n  and Test  Plan.  The S u p p l i e r  s h a l l  p r e p a r e  

an i n s p e c t i o n  and Test P l a n  i n  accordance wi th  RDT F 2-2 paragraph  5.3. 

3 .12 .3 .3  S p e c i a l  P rocess  Con t ro l  and Nondes t ruc t ive  Test 

P rocedures .  The S u p p l i e r  s h a l l  p r e p a r e  and q u a l i f y  p rocedures  and equipment 

f o r  s p e c i a l  p r o c e s s e s  and n o n d e s t r u c t i v e  tests i n  accordance  w i t h  RDT F 2-2 

paragraph  5.5.  

3 .12.3.4 I n s p e c t i o n  and T e s t  Procedures ,  The S u p p l i e r  s h a l l  

p r e p a r e  i n s p e c t i o n  and tes t  p rocedures  i n  accordance  w i t h  RDT F 2-2 

paragraph  5.6.2.  These p rocedures  s h a l l  i n c l u d e  t h e  d e t a i l s  of a l l  sampling 

p l a n s  proposed by t h e  S u p p l i e r  and t h e  b a s i s  f o r  s e l e c t i o n  of t h e  proposed 

sampling p l a n  i n  accordance  w i t h  RDT F 2-2 'paragraph  5.9.  
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3.12.3.5 Non-Conforming I t e m  Documentation. The S u p p l i e r  

s h a l l  e s t a b l i s h ,  implement, and m a i n t a i n  procedures  f o r  c o n t r o l  of p a r t s ,  . 
materials, components, sys tems,  and p r o c e s s e s  t h a t  do n o t  conform w i t h  

requi rements  i n  accordance  w i t h  RDT F 2-2, paragraph  5.10. 

3.12.3.6 Proposed New D e s Q n  -_L Standards ,  Codes, P r a c t i c e s  

and Criteria.  The S u p p l i e r  s l ~ a l l  propose  new d e s i g n  s t a n d a r d s ,  codes ,  

p r a c t i c e s ,  and cr i ter ia  i n  accordance w i t h  RDT F 2-2, paragraph  3.3.2.  

a s s o c i a t e d  equipment:  

a>  

3.12.3.7 Q u a l i t y  Records. A s  a minimum t h e  S u p p l i e r  s h a l l  

submit  t h e  f o l l o w i n g  documents t o  t h e  P u r c h a s e r  p e r t i n e n t  t o  each  CRDM and 

P a r t s  L i s t  - L i s t  of items by p a r t  number, drawing 

number and r e v i s i o n ,  p a r t  name, serial number and/or  

l o t  o r  h e a t  number. 

Drawings - A r e p r o d u c i b l e  se t  of assembly drawings 

and f i n a l  o u t l i n e  drawings i d e n t i f i e d  as "as b u i l t . "  

Spec ia l  P r o c e s s e s  and N o n d e s t r u c t i v e  Test Q u a l i f i -  

c a t i o n s  - C e r t i f i c a t i o n s  of s p e c i a l  p r o c e s s e s  and 

n o n d e s t r u c t i v e  t e s t i n g  procedures  and equipment 

q u a l i f i c a t i o n s  as s p e c i f i e d  i n  RDT F 2-2 paragraph  

5 .5 .  

Nonconformance Records - A copy of each nonconformance 

and c o r r e c t i v e  a c t i o n  r e c o r d  i n c l u d i n g  rework and 

r e p a i r  and retest  procedures .  

C e r t i f i c a t i o n  - C e r t i f i c a t i o n  of conformance as 

s p e c i f i e d  i n  RDT F 2-2 paragraph 5.6.5 i n c l u d i n g :  
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. Material c e r t i f i c a t i o n s  - chemica l  and p h y s i c a l  

tes t  r e s u l t s ,  n o n d e s t r u c t i v e  tes t  r e s u l t s ,  h e a t  

t r ea tmen t  d a t a  and tes t  r e s u l t s ,  h e a t  t r e a t m e n t  

d a t a  and t e s t  r e s u l t s  of material  test  coupons.  

T h i s  d a t a  s h a l l  be  t r a c e a b l e  t o  their  r e l a t e d  

f i n i s h e d  components 

. Nondes t ruc t ive  examinat ion - r e s u l t s  of f i n a l  

n o n d e s t r u c t i v e  examinat ions  i n c l u d i n g  r a d i o g r a p h i c  

f i l m s ,  r e c o r d e r  c h a r t s  and p i c t u r e s .  

. Test r e p o r t s  - c e r t i f i e d  copy of t es t  r e s u l t s ,  

a n a l y s i s  of  t e s t  r e s u l t s ,  f i n a l  performance 

cu rves ,  tes t  f l u i d  t empera tu re  and metal tempera- 

t u r e s  i n c l u d i n g  tempera ture  c o r r e c t i o n s  made t o  t e s t  

p r e s s u r e .  

. F i n a l  i n s p e c t i o n  - a copy of f i n a l  i n s p e c t i o n  d a t a  

and r e s u l t s .  

3 . 1 2 . 4  Other  Documents The S u p p l i e r  s h a l l  p r e p a r e  t h e  fo l lowing  

a d d i t i o n a l  documents. 

3 .12 .4 .1  P e r i o d i c  and P r o g r e s s  Repor ts .  Repor ts  of  p r o g r e s s  

i n  d e s i g n ,  f a b r i c a t i o n ,  i n s p e c t i o n ,  t e s t i n g ,  q u a l i t y  Assurance and s h i p p i n g  s h a l l  

be  made a t  s p e c i f i e d  i n t e r v a l s .  

s i n c e  t h e  l a s t  r e p o r t  w i t h  only  enough r e p e t i t i o n  of  p r e v i o u s l y  r e p o r t e d  

e v e n t s  t o  frame t h e  c o n t e n t s  of t h e  p r e s e n t  r e p o r t .  

shou ld  a l s o  i n c l u d e  d i f f i c u l t i e s  encountered  (such as f a i l u r e s  and ma l func t ions )  

and t h e  e f f o r t s  made o r  planned f o r  overcoming them. 

p o s s i b l e  d i s r u p t i o n s  of t h e  schedu le  s h a l l  be  brought  t o  t h e  a t t e n t i o n  

o f  t h e  Purchaser  as e a r l y  as p o s s i b l e .  

b e  d i s c u s s e d .  

These r e p o r t s  s h a l l  r e la te  t h e  p r o g r e s s  made 

These p e r i o d i c  r e p o r t s  

Problems f o r e s e e n  as 

Breakthroughs of s i g n i f i c a n c e  shou ld  
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3.12.4.2 Operations and Maintenance Manuals. The Supplier 

shall provide CRDM operation and maintenance information to form part of 

the plant operations manual. 

to, the following: 

Information shall include, but not be limited 

a) A detailed description of the CRDM and associated 

equipment and instructions for installation, 

operation, preventive maintenance, and repair of 

equipment 

b) Procedures for maintenance, removal, and replacement 

of electrical components 

c) Instructions for use of lifting and handling 

fixtures, and special tools and equipment 
Reduced size drawings for operation, maintenance, 

and instructional purposes, including drawings of 

special tools and equipment 

d) 

e) Instructions for disassembly, cleaning, preparing 

for shipment, and crating constituent parts 

A list of recommended spare parts f) 

3.12.4.3 Special Tool List. The Supplier shall prepare and 

keep current a list of all special tools, including gages, required for this 

contract. The list will identify each tool by name, drawing number, function, 

operation(s) for which it is required, and whether it is an in-process tool 

or a deliverable item. 

. 
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4 .  QUALITY ASSURANCE PROVISIONS 

4 . 1  Q u a l i t v  Assurance Requirements.  The S u p p l i e r  s h a l l  p l a n ,  

e s t a b l i s h ,  implement, and m a i n t a i n  a q u a l i t y  a s s u r a n c e  program, T h i s  

program s h a l l  be  based  on t h e  r equ i r emen t s  of S e c t i o n s  1 through 5 and 

S e c t i o n  8 of  RDT F 2-2 .  The r equ i r emen t s  of  t h i s  S t anda rd  are n o t  t o  

b e  i n t e r p r e t e d  by t h e  S u p p l i e r  i n  a manner t h a t  would r e s u l t  i n  a 

d u p l i c a t i o n  o r  d e r o g a t i o n  of work e f f o r t  i n  l i g h t  of  t h e  r equ i r emen t s  

of  t h e  o t h e r  a p p l i c a b l e  s t a n d a r d s .  

4 . 2  Q u a l i t y  Assurance Documents. Q u a l i t y  a s s u r a n c e  documenta t ion  

r e q u i r e d  t o  be  p repa red  by t h e  S u p p l i e r  and submi t t ed  t o  t h e  P u r c h a s e r  are 

l i s t e d  i n  paragraph  3 . 1 2 . 3  of  t h i s  S t anda rd .  

4 . 3  Marking and I d e n t i f i c a t i o n  

4 . 3 . 1  Materials.  A l l  m a t e r i a l s  used i n  t h e  manufac ture  of  i t e m s  

s h a l l  b e  examined t o  e n s u r e  compliance w i t h  r equ i r emen t s  of  pa rag raph  3 . 9 . 3 .  

4 . 3 . 2  Permanent Marking. A l l  f i n i s h e d  components, s p a r e  p a r t s  and 

s p e c i a l  hand l ing  f i x t u r e s  t o  be  d e l i v e r e d  as p a r t  of  t h e  c o n t r a c t u a l  re- 

qu i r emen t s  s h a l l  b e  examined t o  e n s u r e  t h a t  t hey  are permanently marked f o r  

pu rposes  of  i d e n t i f i c a t i o n  i n  accordance  w i t h  paragraph  3.9.3.  Marking of 

any r e q u i r e d  sample mater ia l  s h a l l  be  examined f o r  i d e n t i f i c a t i o n ,  l o c a t i o n  

and o r i e n t a t i o n .  

4 . 4  Nondes t ruc t ive  Examination Requirements 

4 .4 .1  C a l i b r a t i o n .  A l l  i n s t r u m e n t a t i o n  a s s o c i a t e d  w i t h  non- 

d e s t r u c t i v e  examinat ion  s h a l l  be  c a l i b r a t e d  and c o n t r o l l e d  i n  accordance  

w i t h  RDT F 2-2, paragraph  5.8. 

4.4.2 P e r s o n n e l  Q u a l i f i c a t i o n .  P e r s o n n e l  per forming  n o n d e s t r u c t i v e  

examina t ion  s h a l l  b e  q u a l i f i e d  i n  accordance  w i t h  RDT F 3-6 .  
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4.5 Examination of Materials 

4.5.1 General. In the following section, acceptance standards 

and calibration levels shall be as specified in the applicable RDT material 

standard. Detailed nondestructive examination procedures to be used shall 

be prepared by the Supplier. 

4.5.2 Visual Examination of Materials. All raw materials shall 

be examined visually to detect obvious defects and state of cleanliness. 

4.5.3 Requirements for Nondestructive Text Examination. The 

requirements for examination of materials by nondestructive testing shall be 

in accordance w i - t h  the applicable RDT Standard, RDT F 3-4, RDT F 3-5, RDT 3-6, 
RDT F 3-3, RDT F 3-8 and the ASME Boiler and Pressure Vessel Code, Section 

111, and addenda. At all times, the use of liquid penetrant materials from 
pressurized spray cans, using freon as the propellant, on austenitic stain- 

less steel is prohibited. 

4.5.3.1 Bolting Material. Bolting material (bolts, studs, 

stud bolts or nuts) shall be ultrasonically tested prior to threading in 
accordance with the requirements of RDT M 6-1 or RDT M 6-3. 

ment only applies to bolting material used to secure a seal between camponents 
forming part of the reactor primary system boundary and any similar items 
used inside the primary boundary. 

This require- 

n 
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4.5.3.2 Seal Membranes. Seal membranes, both integral and 
non-integral types as defined in RDT M 9 - 2 ,  shall be examined by liquid 

penetrant examination in accordance with RDT F 3-6 using a solvent removable 
penetrant. 

4.5.3.3 Alternate Inspection Methods. Questionable indications 

located by one type of nondestructive test shall be investigated with a 

different nondestructive test method where possible and as determined on a 

case basis by the Supplier and Purchaser. 

4.5.4 Material Repairs 

4.5.4.1 Repair Welding. Where the applicable material standard 

and procurement specification allows the use of welding processes for repair 

of major defects in the material, the quality assurance provisions of the 
repair weld shall be accomplished in accordance with the requirements of 

RDT F 6-1. No repair welds are permitted on material defects in bolting 

material for either high temperature or low temperature service. 

4.5.4.2 Examination of Material Repairs. The examination of 

the weld repair shall be in accordance with the requirements of RDT F 3-6. 

The weld repaired area shall be re-examined by the inspection method(s) 

which revealed the original defect. 

4.6 Examination of  Fabricated Components 

4.6.1 Visual and Dimensional Examination 

4.6.1.1 General. All items shall be subjected to visual and 

dimensional examination to verify conformance with the drawings submitted 

to the Purchaser and all of the requirements of this Standard which do not 

involve tests. 
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4.6 .1 .2  B o l t i n g .  B o l t i n g  s h a l l  b e  v i s u a l l y  examined i n  

accordance w i t h  t h e  requi rements  of RDT M 6-1 and RDT M 6-3 a s  a p p l i c a b l e .  . 

4 . 6 . 1 . 3  Welds. A l l  welds  s h a l l  b e  v i s u a l l y  examined f o r  t h e  

fo l lowing  c h a r a c t e r i s t i c s  ( i n  a d d i t i o n  t o  t h o s e  r e q u i r e d  i n  RDT F 6-1): 

a )  w e l d  i d e n t i f i c a t i o n  

b )  w e l d  t h i c k n e s s  s h a l l  be e q u a l  t o  o r  g r e a t e r  t h a n  t h e  

p a r e n t  (base)  metal t h i c k n e s s  a t  i t s  t h i n n e s t  s e c t i o n  

(no concave w e l d s ) ,  u n l e s s  s p e c i f i c a l l y  allowed by 

RDT F 6-1  

c) w e l d  s u r f a c e  and a d j a c e n t  b a s e  metal s h a l l  b lend  

smoothly wi thout  r e d u c t i o n  of t h e  metal t h i c k n e s s  i n  

e x c e s s  o f  10 p e r c e n t  of t h e  b a s e  m e t a l  t h i c k n e s s  o r  

1 / 6 4  i n c h ,  whichever i s  less. The remaining t h i c k n e s s  

s h a l l  n o t  be reduced below t h e  minimum a l l o w a b l e  

t h i ckn e s s 

d)  weld wid th  s h a l l  b e  uniform and when manual welds  are  

performed, s t r i n g  beading i s  p r e f e r r e d  

4.6 .1 .4  Brazes.  Brazes  s h a l l  b e  examined p r i o r  t o  and a f t e r  

b r a z i n g  i n  accordance w i t h  t h e  requi rements  of  RDT F 6-1. 

4.6 .2  Nondes t ruc t ive  Examination. Following f a b r i c a t i o n ,  a l l  

components s h a l l  b e  n o n d e s t r u c t i v e l y  t e s t e d  t o  v e r i f y  t h e  q u a l i t y  of t h e  

f i n i s h e d  p r o d u c t .  

as p a r t  of t h e  I n s p e c t i o n  and Test P l a n  (3 .12 .3 .2 ) ,  t h e  method and 

a c c e p t a n c e  c r i t e r i a  t o  b e  used f o r  examinat ion of t h e  f i n i s h e d  product .  

The S u p p l i e r  s h a l l  recommend f o r  Purchaser  a p p r o v a l ,  

Materials s u b j e c t e d  t o  wear a p p l i c a t i o n s  shall b e  examined i n  accordance  

w i t h  RDT F 3-7. 

n 
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4 . 7  T e s t i n g .  The S u p p l i e r  s h a l l  f u r n i s h  a t e s t  p l a n  f o r  a l l  tests 

r e q u i r e d  by t h i s  Standard.  T h i s  p l a n  s h a l l  fo l low t h e  t es t  program 

requi rements  conta ined  i n  RDT F 2-2.  

4 . 7 . 1  S t a t o r  T e s t i n g .  The s t a t o r  s h a l l  b e  t e s t e d  a t  v a r i o u s  

p o i n t s  d u r i n g  f a b r i c a t i o n  as i n d i c a t e d  below. The r e s u l t s  of t h e s e  tests 

s h a l l  be recorded  and maintained i n  t h e  r e c o r d  book f o r  each p a r t i c u l a r  

s t a t o r .  I f  thermocouples a r e  r e q u i r e d  t o  be i n c o r p o r a t e d  i n t o  t h e  s t a t o r ,  

t h e s e  thermocouples s h a l l  conform t o  ASTM E 230. 

The i n d i v i d u a l  c o i l  group r e s i s t a n c e  s h a l l  be checked p r i o r  t o  i n s e r t i n g  

t h e  c o i l s  i n t o  t h e  s t a t o r .  Any c o i l  whose r e s i s t a n c e  v a r i e s  by more t h a n  

- + 2% from t h e  nominal d e s i g n  v a l u e  s h a l l  be r e j e c t e d .  A f t e r  a l l  windings 

have been i n s e r t e d  i n t o  t h e  s t a t o r  and b e f o r e  t h e  l e a d  connec t ions  a r e  

permanently made, t h e  s t a t o r  s h a l l  be s u b j e c t e d  t o  a D .  C .  I n s u l a t i o n  

T e s t  and a n  A. C .  Die lec t r ic  S t r e n g t h  T e s t  as d e s c r i b e d  below; see 

paragraph  4 . 7 . 1 . 2  and 4 . 7 . 1 . 3 .  

The l e a d s  s h a l l  be permanently connected t o  t h e  s t a t o r  by b r a z i n g .  The 

b r a z i n g  material  s h a l l  conform t o  RDT M 1-9. The b r a z i n g  s h a l l  b e  per -  

formed us ing  a n e u t r a l  t o  s l i g h t l y  o x i d i z i n g  flame. A f t e r  b r a z i n g ,  a l l  

s h a r p  edges s h a l l  be smoothed o f f  and t h e  bond s h a l l  b e  examined a t  1 O X  

m a g n i f i c a t i o n .  The completed j o i n t  s h a l l  show no ev idence  of  l a c k  of  

bond o r  b a s e  metal e r o s i o n  and s h a l l  b e  f r e e  of cracks i n  both  t h e  b a s e  

metal and t h e  brazed  j o i n t .  

be  f r e e  of g l o b u l e s  of f i l l e r  m e t a l .  

The b r a z e  and a d j a c e n t  b a s e  m e t a l  s h a l l  a l s o  

Upon complet ion of t h e  l e a d  connec t ions  and b e f o r e  v a r n i s h  impregnat ion ,  

t h e  s t a t o r  s h a l l  b e  s u b j e c t e d  t o  t h e  fo l lowing  tests: 

4 . 7 . 1 . 1  D .  C .  Winding R e s i s t a n c e  Test. The r e s i s t a n c e  of each 

phase of t h e  s t a t o r  s h a l l  be checked. 

- + 2% from t h e  nominal d e s i g n  v a l u e ,  s h a l l  b e  c a u s e  f o r  r e j e c t i o n .  

a n  unbalance of phase  r e s i s t a n c e  which exceeds - + 1 . 5 %  of t h e  a v e r a g e  v a l u e  

f o r  a l l  t h e  phases  of t h e  s t a t o r  s h a l l  be cause  f o r  re jectdion.  

R e s i s t a n c e  which varies by more t h a n  

Also ,  
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4 . 7 . 1 . 2  D .  C .  I n s u l a t i o n  R e s i s t a n c e  T e s t .  The i n s u l a t i o n  w- 

r e s i s t a n c e  from a l l  phases  and t h e  n e u t r a l  l e a d  t o  ground s h a l l  be 

checked. The minimum a c c e p t a b l e  phase-to-ground r e s i s t a n c e  a t  25" C 

i s  10 megohms. 

4.7 .1 .3  A.  C .  Dielectric S t r e n g t h  T e s t .  Apply 1200 v o l t s  RMS 

60 Hz between t h e  s t a t o r  i r o n  and any one of t h e  s t a t o r  l e a d s .  Vol tage  

s h a l l  be a p p l i e d  a t  a r a t e  of  approximately 100 v o l t s  p e r  second,  main ta ined  

a t  1200 v o l t s  f o r  60 seconds ,  t h e n  reduced t o  z e r o  a t  approximately 100 

v o l t s  p e r  second. A l l  of  t h e  phases  of t h e  s t a t o r  s h a l l  b e  checked. The 

maximum compensated c u r r e n t  leakage  al lowed i s  4.0  mil l iamps  between 

c o i l s  and 1 . 2 5  mil l iamps  between t h e  windings and t h e  c o r e  s t a c k .  

4 . 7 . 1 . 4  Surge Comparison T e s t .  Surge t e s t i n g  shall be  conducted 

u s i n g  1200 v o l t s  D .  C .  and s h a l l  check t h e  waveform of  power t h r u  t h e  s t a t o r  

phases .  Any s h a r p  o r  jagged  i n d i c a t i o n  of  a trace, r e g a r d l e s s  of  proximi ty  

o r  comparison between traces,  s h a l l  b e  cause  f o r  r e j e c t i o n  of  t h e  s t a t o r .  

I 

A f t e r  s u c c e s s f u l  complet ion of t h e s e  tests,  t h e  s t a t o r  s h a l l  b e  v a r n i s h  

vacuum impregnated and baked. During t h i s  p r o c e s s i n g ,  t h e  s t a t o r  lead-  

wires must b e  p r o t e c t e d  t o  p r e v e n t  t h e  v a r n i s h  from making them i n f l e x i b l e .  

Upon complet ion of t h i s  p r o c e s s i n g ,  t h e  tests d e s c r i b e d  i n  paragraphs  

4 . 7 . 1 . 1  t h r u  4 . 7 . 1 . 4  s h a l l  b e  reperformed and t h e  r e s u l t s  recorded .  

4.7.2 Helium Leak Test. A hel ium l e a k  test s h a l l  b e  performed,  

i n  accordance w i t h  RDT F 3-6, on t h e  completed CRDM components t h a t  serve 

as p a r t  of t h e  primary system envi ronmenta l  boundary. The maximum a c c e p t a b l e  

l e a k  r a t e  f o r  t h i s  test s h a l l  b e  as  s p e c i f i e d  i n  the Ordering Data. The 

hel ium used f o r  t h i s  t e s t i n g  s h a l l  b e  of a q u a l i t y  s p e c i f i e d  i n  RDT F 3-6. 

I f  t h e  S u p p l i e r  de te rmines  t h a t  a dangerous s i t u a t i o n  would n o t  e x i s t  from 

p r e s s u r i z a t i o n  of  hel ium g a s ,  t h e  l e a k  tests and s t r e n g t h  tests, as 

d e s c r i b e d  below, may b e  combined. However, i f  they  are n o t  combined, t h e  

l e a k  t es t  s h a l l  be performed a f t e r  t h e  s t r e n g t h  test. n 
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4 . 7 . 2 . 1  Cool ing J a c k e t  Leak and S t r e n g t h  Test .  The c o o l i n g  

j a c k e t  s u p p l i e d  w i t h  t h e  CRDM s h a l l  be t e s t e d  f o r  l eakage  and s t r e n g t h  

i n  accordance w i t h  procedures  and accep tance  c r i t e r i a  (3.12.3.4) pro- 

v i d e d  by t h e  S u p p l i e r .  

4 . 7 . 3  S t r e n g t h  T e s t .  A s t r e n g t h  tes t  s h a l l  b e  performed 

on t h e  completed CRDFl components t h a t  serve as p a r t  of t h e  primary 

system env i ronmen ta l  boundary and s h a l l  be  e i t h e r  pneumatic o r  hydro- 

s t a t i c .  A s  p a r t  of t h e  F a b r i c a t i o n  P l a n ,  t h e  S u p p l i e r  s h a l l  recommend 

a s t r e n g t h  t es t  w i t h  d e t a i l e d  p rocedures  and s u f f i c i e n t  j u s t i f i c a t i o n  

f o r  t h e  recommended method. Th i s  t e s t  s h a l l  be  i n  acco rdance  w i t h  

Art ic le  7 of  S e c t i o n  111 of t h e  ASME B o i l e r  and P r e s s u r e  Vessel 

Code. 

4 .7 .3 .1  Genera l  Requirements f o r  S t r e n g t h  Tests. 

a )  P r i o r  t o  t e s t i n g ,  a l l  i n t e r i o r  s u r f a c e s  s h a l l  b e  

c leaned  t o  meet t h e  c l e a n l i n e s s  r equ i r emen t s  of  

RDT F 5-1. The S u p p l i e r  s h a l l  p r e p a r e  and  submi t  a 

d e t a i l e d  c l e a n i n g  procedure as  p a r t  of t h e  Fabr i ca -  

t i o n  P l a n .  

b) Prior t o  and during t h e  performance of t h e  s t r e n g t h  

t e s t ,  t h e  material temperature  s h a l l  be  maintained 

a t  least  60'F'above t h e  h ighes t  of t h e  impact  test 

temperatures  requi red  t o  meet t h e  impact va lues  of  

t h e  ASME Code, Table  N-421, t ak ing  i n t o  account 

materials and welds contained i n  t h e  f l u i d  and gas  

boundary, and t h e  materials of t h e  p a r t s  welded 

d i r e c t l y  t o  e i t h e r  t h e  i n s i d e  o r  t h e  o u t s i d e  s u r f a c e s .  

The tes t  temperature  and metal temperatures  s h a l l  be  

r e p o r t e d  in t h e  F a b r i c a t i o n  Report .  
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c )  The number of tes ts  above d e s i g n  p r e s s u r e  s h a l l  be 

minimized. 

d) Any i n d i c a t i o n  of l e a k a g e  i n  t h e  f l u i d  o r  g a s  boundary 

of t h e  components a t  o t h e r  t h a n  a f l a n g e d  j o i n t  s h a l l  

b e  r e p o r t e d  t o  t h e  Purchaser  b e f o r e  any c o r r e c t i v e  

a c t i o n  i s  taken .  The l o c a t i o n  and e x t e n t  of any l e a k  

i n d i c a t i o n  and t h e  c o r r e c t i v e  a c t i o n  t a k e n  s h a l l  be 

r e p o r t e d  i n  t h e  F a b r i c a t i o n  Report .  

e )  The s t u d s ,  b o l t s ,  n u t s ,  washers  and o t h e r  c l o s u r e  

members f u r n i s h e d  w i t h  t h e  mechanism s h a l l  be r e p l a c e d  

w i t h  new components a f t e r  complet ion of t h e  s t r e n g t h  

tests.  

f )  I f  a h y d r o s t a t i c  s t r e n g t h  test i s  performed, t h e  water 

s h a l l  be e q u a l  t o  RDT F 5-1, Grade A.  

g) I f  a h y d r o s t a t i c  s t r e n g t h  test i s  performed,  f o l l o w i n g  

t h i s  t es t  t h e  mechanism s h a l l  be completely d r a i n e d  

and i n t e r n a l  s u r f a c e s  s h a l l  be comple te ly  d r i e d  by 

f l u s h i n g  t h e  s t i l l - s e a l e d  test assembly w i t h  h e a t e d  d r y  

n i t r o g e n .  The mechanism s h a l l  b e  p r o t e c t e d  from 

contaminat ion  by m a i n t a i n i n g  t h e  s e a l e d  c o n d i t i o n  and 

i n t e r n a l  environment of d r y  n i t r o g e n  u n t i l  t h e  hel ium 

l e a k  t es t  r e q u i r e d  by S e c t i o n  4 . 7 . 1  i s  performed. 
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4 . 7 . 4  CRDM Performance Tests. The CRDM s h a l l  be  t e s t e d  t o  show 

conformance w i t h  t h e  d e s i g n  o b j e c t i v e s .  

accordance  w i t h  d e t a i l e d  requi rements  d e s i g n a t e d  i n  t h e  Order ing  Data. For 

s u c c e s s f u l  complet ion of  t h e  work, t h i s - t e s t i n g  w i l l  demons t r a t e  compliance 

w i t h  t h e  des ign  o b j e c t i v e s  w i t h  o r  w i thou t  any s p e c i f i e d  a d d i t i o n a l  equipment 

a t t a c h e d  t o  t h e  mechanism, as a p p l i c a b l e ,  A s  a minimum, t h e  fo l lowing  para- 

meters w i l l  be  i n v e s t i g a t e d  and r e p o r t e d :  

This  t e s t i n g  w i l l  be  performed i n  

Maximum p o s s i b l e  l i f t i n g  f o r c e  e x e r t e d  

Normal l i f t i n g  f o r c e  e x e r t e d  

Maximum p o s s i b l e  driving-down f o r c e  e x e r t e d  

Normal driving-down f o r c e  e x e r t e d  

Maximum to rque  e x e r t e d  on t h e  leadscrew 

Normal to rque  e x e r t e d  on t h e  leadscrew 

Minimum s i n g l e  increment  of  motion f o r  t h e  leadscrew 

Maximum s i n g l e  increment  o f  motion f o r  t h e  leadscrew 

T o t a l  t r a v e l  du r ing  t h e  t e s t  f o r  maximum, and normal ly  

e x e r t e d  f o r c e s  

S t a t o r  c o i l  amperage and v o l t a g e  f o r  maximum, and normal ly  

e x e r t e d ,  f o r c e s  and d r i v e  l i n e  speeds  

S t a t o r  c o i l  amperage, v o l t a g e ,  and r e s i s t a n c e  as f u n c t i o n s  

of t empera tu re  

S t a t o r  c o i l  s t e a d y - s t a t e  t empera tu re  v a r i a t i o n  d u r i n g  

o p e r a t i o n  and ho ld ing  p e r i o d s  

Magnetic f i e l d  decay t i m e  and t o t a l  release t i m e  as a f u n c t i o n  

of t empera tu re ,  l o a d ,  and s t a t o r  power 

The CRDM scram c h a r a c t e r i s t i c s  as f u n c t i o n s  of t h e  s t a t o r  

power, rod  speed ,  and load  
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0 )  Mechanism i n t e r n a l  environment parameters  i n c l u d i n g ,  bu t  

n o t  l i m i t e d  t o ,  

0 t empe ra t  u r  e 

0 p r e s s u r e  

0 conta ined  atmosphere . 
0 l u b r i c a t i o n  

p )  Mechanism c o o l i n g  system p a r a m e t e r s ,  as a p p l i c a b l e  

q) Any o t h e r  parameters  o r  f a c t o r s  t h a t  may have an e f f e c t  on 

t h e  mechanism meet ing t h e  des ign  o b j e c t i v e s  

4 . 7 . 4 . 1  The S u p p l i e r  s h a l l  n o t i f y  t h e  Purchaser  a t  l eas t  f ive  (5) 

days p r i o r  t o  t h e  s ta r t  of t h i s  t e s t i n g .  

a c c e s s  t o  h i s  f a c i l i t i e s  and any tes t  d a t a  a v a i l a b l e ,  a t  t h e  t i m e ,  f o r  in -  

s p e c t i o n  by t h e  P u r c h a s e r  o r  h i s  des ignee .  

The S u p p l i e r  s h a l l  a l s o  p r o v i d e  

4.7.5 T e s t  Repor ts .  Within one month of the complet-ion of  z.ny 

tests,  t h e  S u p p l i e r  s h a l l  submit  t o  t h e  Purchaser  a p r e l i m i n a r y  t es t  r e p o r t .  

T h i s  r e p o r t  s h a l l  h i g h l i g h t  t h e  r e s u l t s  of t h e  test  and s p e c i f i c a l l y  de- 

l i n e a t e  t h e  impact of t h e  r e s u l t s  upon t h e  CRDM des ign .  

of t h e  complet ion of any tests, t h e  S u p p l i e r  shall p r o v i d e  t o  the Purchaser  

a d e t a i l e d  test  r e p o r t .  

tes t ,  and a n a l y s i s  of t h e  test  r e s u l t s ,  f i n a l  performance c u r v e s ,  t h e  i m -  

p a c t  of t h e  test r e s u l t s  on t h e  CRDM d e s i g n  !if a p p l i c a b l e ) ,  and  o t h e r  data 

and d i s c u s s i o n  as p e r t i n e n t .  

Within three months 

T h i s  test  r e p o r t  shall i n c l u d e  the r e s u l t s  of  t h e  

4.7 .6  Other Tests 

4 .7 .6 .1  V i b r a t i o n  and Shock T e s t s .  The S u p p l i e r  s h a l l  p ropose ,  

a t  t h a t  t i m e  when t h e  d e s i g n  i s  s u f f i c i e n t l y  advanced t h a t  a test  re- 

commendation Tan b e  j u s t i f i e d ,  a program t o  perform v i b r a t i o n  and shock 

tests on any i t e m  i n c l u d e d  i n  t h i s  Standard.  

S u p p l i e r  s h a l l  recommend test c o n d i t i o n s  such  as environment ,  l o a d i n g ,  

etc.  and s h a l l  p r e p a r e  and submit f o r  Purchaser  a p p r o v a l  a d e t a i l e d  

test  procedure .  The r e s u l t s  of t e s t i n g  s h a l l  b e  r e c o r d e d  i n  a T e s t  

Repor t  . 

For each test  proposed,  the n 
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5. DELIVERY REQUIREMENTS 

5 . 1  General  Requirements .  The S u p p l i e r  s h a l l  d e l i v e r  a l l  i tems t o  

t h e  s i t e  d e s i g n a t e d  i n  t h e  Order ing  Data i n  accordance  w i t h  a De l ive ry  P lan  

which s h a l l  be  i n  accordance  wi th  t h e  requi rements  of  t h i s  s e c t i o n  and 

RDT F 7-2. 

5 . 1 . 1  P r e p a r a t i o n  f o r  De l ive ry .  Upon complet ion of  a l l  shop t e s t i n g  

and i n s p e c t i o n ,  t h e  S u p p l i e r  s h a l l  p r e p a r e  a l l  materials and components f o r  

d e l i v e r y  t o  t h e  des igna ted  s i t e .  T h i s  s h a l l  i n c l u d e ,  b u t  i s  n o t  l i m i t e d  t o ,  

a l l  d i sassembly  (as r e q u i r e d ) ,  r e c l e a n i n g  ( i f  n e c e s s a r y ) ,  s u r f a c e  prepara-  

t i o n ,  examinat ion ,  e t c .  Following p r e p a r a t i o n ,  a l l  d e l i v e r a b l e  components 

as de f ined  i n  t h e  Order ing  Data s h a l l  be  packaged i n  accordance  w i t h  t h e  

requi rements  of S e c t i o n  5 .2 .  

5.2 Packaging 

5 .2 .1  Genera l  Requirements .  Items s u b j e c t  t o  d e t e r i o r a t i o n ,  co r ro -  

A l l  s e a l i n g ,  s i o n  o r  damage s h a l l  be packaged i n  a manner t o  p r e s e r v e  them. 

packaging ,  packing and i d e n t i f i c a t i o n  marking s h a l l  be  i n  accordance  w i t h  

RDT F 7-2. Packaging s h a l l  be  adequate  t o  p r o t e c t  t h e  i t e m  w h i l e  a t  t h e  

S u p p l i e r ' s  f a c i l i t i e s ,  du r ing  t r a n s p o r t a t i o n  t o  t h e  s i t e  and a t  t h e  s i t e .  

The S u p p l i e r  s h a l l  recommend t h e  s p e c i f i c  method of packaging i n d i v i d u a l  

components t o  be  sh ipped .  I f  f i e l d  f a b r i c a t i o n ,  o r  f i e l d  assembly,  of any 

component(s) i s  r e q u i r e d ,  recommendations s h a l l  apply  t o  t h e  conponents  be ing  

sh ipped  t o  t h e  f i e l d  as w e l l  as t o  t h e  f i n a l  movement of  t h e  component t o  

i t s  in -p lace  p o s i t i o n .  

5 .2 .2  S p e c i f i c  Requirements.  A s  a minimum, t h e  S u p p l i e r  s h a l l  

s a t i s f y  t h e  fo l lowing  requi rements  f o r  a l l  components o r  materials o r  bo th  

f o r  which he  h a s  d e l i v e r y  r e s p o n s i b i l i t y .  S p e c i f i c  requi rements  and proce-  

d u r e s  f o r  each a p p l i c a t i o n  s h a l l  be  p repa red  by t h e  S u p p l i e r  as p a r t  of t h e  

Des ign ,  F a b r i c a t i o n ,  and De l ive ry  P lans .  
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a )  I f  c l e a n i n g ,  i n  accordance w i t h  RDT F 5-1, of t h e  component 

a f t e r  d e l i v e r y  t o  t h e  s i t e  i s  n o t  p o s s i b l e  o r  p r a c t i c a b l e ,  

t h e  component s h a l l  b e  c l e a n e d ,  s e a l e d ,  and f i l l e d  w i t h  

i n e r t  g a s  b e f o r e  shipment.  I f  f i n a l  c l e a n i n g  of t h e  

component a f t e r  d e l i v e r y  i s  p o s s i b l e ,  s e a l i n g  f o r  shipment 

need o n l y  m e e t  t h e  minimum requi rements  of  RDT F 7-2. T h i s  

p r o v i s i o n  does n o t  release t h e  S u p p l i e r  from t h e  r e s p o n s i -  

b i l i t y  of meet ing t h e  c l e a n l i n e s s  o r  o t h e r  requi rements  of 

t h i s  S tandard .  

b )  S u i t a b l e  s h i p p i n g  c o n t a i n e r s  f o r  a l l  components d e l i v e r e d  

under t h i s  S tandard  s h a l l  b e  provided .  The s h i p p i n g  con- 

t a i n e r  d e s i g n  s h a l l  p r o v i d e  adequate  p r o t e c t i o n  t o  c r i t i c a l  

a r e a s ,  such  as c l o s u r e  s e a l i n g  s u r f a c e s ,  sea l  membranes, 

and s e a l i n g  s u r f a c e s ,  t o  p r e v e n t  damage caused by dropping 

of  t o o l s  and s imilar  c o n d i t i o n s  d u r i n g  component shipment  

and i n s t a l l a t i o n .  

c )  Mois ture  c o n t r o l  p r o v i s i o n s  d u r i n g  s h i p p i n g  and s t o r i n g .  

D e s c r i p t i o n s  and l o c a t i o n s  of a l l  d e s s i c a n t s  s h a l l  b e  

provided  w i t h  t h e  documents accompanying t h e  shipment.  

5 .3  Shipping.  The S u p p l i e r  s h a l l  b e  r e s p o n s i b l e  f o r  t h e  d e l i v e r y  of 

a l l  i t e m s  covered by t h i s  S tandard  t o  t h e  d e l i v e r y  s i t e .  These r e s p o n s i b i l -  

i t i es  i n c l u d e ,  b u t  are n o t  l i m i t e d  t o  t h e  fo l lowing  items. 

5 . 3 . 1  Routing. A s  p a r t  of t h e  D e l i v e r y  P l a n ,  t h e  S u p p l i e r  s h a l l  

s p e c i f y  r o u t i n g  f o r  a l l  materials o r  components o r  b o t h  f o r  which h e  is  

r e s p o n s i b l e .  

arrangements  n e c e s s a r y  t o  s h i p  t h e s e  items i n  accordance w i t h  t h e  terms of t h e  

c o n t r a c t  and t h e  requi rements  of t h i s  S tandard .  

When approved by t h e  P u r c h a s e r ,  t h e  S u p p l i e r  s h a l l  make a l l  

. 
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5 . 3 . 2  Shipping  I n s t r u c t i o n s .  The S u p p l i e r  s h a l l  p r e p a r e  s u i t a b l e  

i n s t r u c t i o n s  t o  t h e  s h i p p e r  f o r  h a n d l i n g ,  s h i p p i n g ,  i n - t r a n s i t  s t o r a g e ,  and 

s t o r i n g  of  a l l  major items f o r  which t h e  S u p p l i e r  h a s  d e l i v e r y  r e s p o n s i b i l i t y .  

5 . 3 . 3  Loading. Required s h i p p i n g  p o s i t i o n ,  s u p p o r t s  and s h i p p i n g  

c o n t a i n e r  d e s i g n  s h a l l  be  s p e c i f i e d  by t h e  S u p p l i e r .  

and s h i p p i n g  c o n t a i n e r s  s h a l l  be  adequa te  t o  p r e v e n t  any damage t o  components 

d u r i n g  hand l ing  and s h i p p i n g  o p e r a t i o n s  i n  accordance w i t h  t h e  r equ i r emen t s  

of S e c t i o n  5 . 2  of t h i s  S t anda rd .  

A l l  hand l ing  equipment 

5 . 3 . 4  Documentation. A s  p a r t  o f  t h e  De l ive ry  P l a n ,  t h e  S u p p l i e r  

s h a l l  i d e n t i f y  a l l  t e c h n i c a l  documenta t ion ,  e . g . ,  i n s t r u c t i o n s ,  d rawings ,  

r e p o r t s ,  manuals ,  e t c . ,  which are  t o  accompany d e l i v e r a b l e  i tems d u r i n g  

sh ipment .  

5 . 4  Handling. A l l  h a n d l i n g ,  l i f t i n g ,  s u p p o r t i n g  and s h i p p i n g  f i x t u r e s  

s h a l l  comply w i t h  t h e  fo l lowing  r equ i r emen t s ,  as a minimum: 

5 . 4 . 1  Each s e p a r a t e  component weighing more t h a n  50 pounds t h a t  

must be  handled s h a l l  be  d e s i g n a t e d  o r  provided w i t h  a means of  l i f t i n g  and 

h a n d l i n g  u s i n g  s t a n d a r d  c rane  equipment. 

o f  be ing  handled i n  i t s  normal o p e r a t i n g  p o s i t i o n  s o  t h a t  i t  can  b e  readily 

assembled i n t o ,  o r  d i sa s sembled  from, t h e  normal assembled p o s i t i o n .  

Each component s h a l l  be  c a p a b l e  

5 . 4 . 2  A l l  s p e c i a l  l i f t i n g  o r  hand l ing  f i x t u r e s  s h a l l  be  des igned  

f o r  a s t a t i c  load  of f i v e  times normal a n t i c i p a t e d  s t a t i c  l o a d s ,  based upon 

u l t i m a t e  material  s t r e n g t h ,  o r  w i l l  be demonstrated t o  be c a p a b l e  o f  meet ing 

t h i s  requi rement .  

5 . 4 . 3  Shipping c o n t a i n e r s  s h a l l  b e  provided w i t h  l i f t i n g  p o i n t s  

which pe rmi t  bo th  t h e  l i f t i n g  of  t h e  empty c o n t a i n e r  and t h e  l i f t i n g  of 

t h e  c o n t a i n e r  and t h e  components as a s i n g l e  u n i t .  
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a t t a c h m e n t s  f o r  c h a i n  f a l l s ,  t r u n n i o n s ,  o r  o t h e r  f e a t u r e s  s h a l l  b e  provided  

so  t h a t  upending can b e  done i n  a s a f e ,  c o n t r o l l e d  manner. 
'1. 

5 . 4 . 5  Use of c a s t  i r o n ,  cast  s t ee l ,  and bronze i n  any l i f t i n g  o r  

h a n d l i n g  f i x t u r e  on t h e  mechanism components i s  p r o h i b i t e d .  

5.5 F i e l d  Service Requirements.  The S u p p l i e r  s h a l l  p r o v i d e  c e r t a i n  

t e c h n i c a l  s e r v i c e s  f o r  f i e l d  o p e r a t i o n s  i n v o l v i n g  equipment h e  h a s  f u r n i s h e d .  

These services s h a l l  i n c l u d e ,  b u t  are  n o t  l i m i t e d  t o  t h e  requi rements  as 

g iven  i n  paragraphs  3.12.1.3 and 3.12.1.4 of t h i s  S tandard .  

4 

8 

n 
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6. NOTES 

6.1 Ordering Data. The Procurement Documents shall specify the 

following as a minimum. The numbers in parentheses after the listing refer to 

particular paragraphs in this standard. 

6.1.1 Project Identification 

a) Title, number, and date of the specification 

6.1.2 Mechanism Identification 

6.1.3 Allowable Envelope (drawing) 

6.1.4 Equipment to be Purchased with the CRDM a.2, 3.8.1) 

6.1.5 General Requirements (3.5) 

6.1.6 CRDM SDecific Functional Reauirements 

Maximum load (3.6.14) 

Maximum stuck rod load C3.6.15) 

Maximum permissible withdrawal s t e p  0.6.15) 

Maximum and minimum positioning rate (3.6.15) 

Maximum and minimum drive line travel (3.6.15) 

Fast rundown requirement C3.6.15) 

Emergency insertion (scram) requirements (3.6 

1) Stroke - driven 

2) Rate of Insertion 

3)  Release Time 

Design Life (3.6.12) 

Duty Cycle (3.7.3) 
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6.1.7 Attachment and Disconnect Requirements, with sketch or 

Drawing (3.3) 

6.1.8 Structural Interface Requirements (3.3) 

6.1.9 Environmental Requirements 

a) Atmosphere in mechanism ('~~7.2) 

b) Temperature (3.7.2, 3.6.5) 

c) Pressure (3.7.2) 

d) Atmosphere outside mechanism (3.7.1) 

e) Temperature (3.7.1) 

f) Pressure (3.7.1) 
g) Radiation Dosage (3.8.3) 

6.1.10 Vibration (3.6.17) 

6.1.11 Shock Loading (3.6.16) 

1) Without scramming 

2) Maximum 

6.1.12 Supporting Services 

a) Electrical Power (3.7.4). 

1) Voltage and frequency 

2) Current 

b) Cooling (3.6.5) 

1) Coolant 

2) Flow Rate 

3) Temperature 

4 )  Pressure 

6.1.13 Testing Requirements (4.7) 

* 
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6.1.14 De l ive ry  Requirements 6.) 

a )  Components t o  be d e l i v e r e d  

b )  D e l i v e r y  schedu le  

c )  Pu rchase r  

d )  De l ive ry  s i t e  

6.1.15 Documentation (3 .12)  

6.2 P r o p c s a l  In fo rma t ion  Required.  The CRDM P r o p o s e r ' s  r e sponse  

s h a l l  i n c l u d e ,  b u t  i s  n o t  l i m i t e d  t o ,  t h e  fo l lowing  i tems.  

6 .2 .1  Conceptua l  Layout Drawing 

6.2.2 Pa r t s  L i s t  and B i l l  of  Materials 

6 .2 .3  Design D e s c r i p t i o n  

6 .2 .4  S ta t emen t  of  Except ion  ( i n c l u d i n g  j u s t i f i c a t i o n )  t o  Any 

I t e m  of  Orde r ing  Data 

a )  A l t e r n a t e  o f f e r e d  

b) Statement of development problems. Each notification shall 

i n c l u d e , a s  a minimum, t h e  f o l l o w i n g  i n f o r m a t i o n :  

1) 

2) 

3 )  

4) 

What new development i s  r e q u i r e d  

Why t h e  development i s  r e q u i r e d  

When t h e  development must b e  completed 

Recommended s t e p s  t o  a c h i e v e  t h e  development o b j e c t i v e  

6.2.5 Engineer ing  P l a n s  

6 .2 .6  Schedule  f o r  ComDletion of  Work 

6.2.7 Cost  P r o p o s a l  
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