
DO~/~T/34019-1 
BAW-172 1 

February 1982 
UC-78 

DEVELOPMENT OF A REACTOR COOLANT PUMP 

MONITORING AND DIAGNOSTIC SYSTEM 

Project Management Report: 
October 1980 - November 1981 

Babcock & Wilcox 

t2EIR1BUJIQ& QE IHlS DOCUMENT IS UNLIMITED 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



- 

* BWGIMMRl . -., 

Thira report was prep=& as an aocou~t of work sponsored by 
the United States Government. Heither the United Staces wr 
the United States Departmaut of Wrgg,  am aap of th&r am- 
plopeea, inakes aap vnmaaty, express or haplied, or asauutes 
any %egg1 l b b i l i ~  or responrribility for the accuracy, com- 
pleteness, or wefuhesa of sny infornut2on, apparatus, prod- 
uct, or process di.cLased, or  repreeents that its w e  vould 
ont i d r i a g e  pr%vately m a d  rq t s ,  Reference hareiu to aag 
specific ccmmrcial product, pracess, ar seroice by t r d e  
nens, mark. p18ufacturer, nr o ~ ~ e ,  does not ecessar i ly  
constitute or imply its eadotauueut, recommdatiaa, or fav- 
oring by the United Stares 6 o v a ~ t  or any agency thereof. 
The view and a p U o a s  of authors expreaeed herein do skat 

oeeessarilg, @taka or rraflect thase of the Baited States Gav- 
ermmxtt or aay thereof. 

Thts t ecWcol  report l a  baing. tranmCtft:ed fO abttabceaf 
patent clearauce, snd w further diasemlnation or 

plublication ahall be made of the report rrithout prior ap- 
proval of the DOE Parent Cowel. 



DOE/ET/34019-1 
BAW-1721 

February 1982 
UC- 7 8 

\ - -_I/ 
DEVELOPMENT OF A REACTOR-COOLANT PUMP 

Project Management Report: 
October 1980 - November 1981 

G. A. Somperfield 
D. J. Morris 

1 .r DISCLAIMER 

This book w~ Drepsrm aran acmunt of  muk  rmnvrred bv an m e w  of the United Staxer Government. . 
llls Ul'ilrJ Stais Governmen! mr anv m e w  thereof. nor any of their employm, makes 

f *orran:y. expr= or implied. or a=- any ~ega~'~ iab i~ i ty  or rwnribi l i iv for $he sCNraOl. 
mmpleleneu. or urefulneu of  anv inform:ion. aDParstul. prmuct. or emces d ~ r l o w ,  or 

- ! r e p r ~ n i s  mu la  not infringe privately owned riphxs. ~ e f e ~ e n ~ e  herein io any lcsi~ic 
mmmOrCi=l product, D~M*. ut xmvf~e by ~rado Mme, iraacmrk. manviacturer. or otherwire. docr 

n=-rilv mnrtitvie or imply its endorsemen\. rmmmendatinn, nr f,-,irg hy ,ho LI,,;,~*J 

!la!= Gowmmenl.~! anv amncv thereof. The view and opinions of authbrr expr- herein do mt ' ' n E m r i l v  slate or rellecl Ihosaof the Uniled Stale* Governmen8 or env mew thefeof. . . 
I 

Work Performed Under 
Contract No. DE-AC02-79ET34019 

Prepared by 

TOLEDO EDISON COMPANY . 'BABCOCK & WILCOX 
Research and Development Division ' Nuclear Power Generation Division 

Toledo, Ohio ,43652 Lynchburg, Virginia 24505 

Submitted by 

TOLEDO EDISON COMPANY BABCOCK & WILCOX 
Research and Development Division Contract Research Division 

Toledo, Ohio 43652 Lynchburg, Virginia 24505 

OJSTRIB.UTJ.Ok4 &E J%US DOCUMENT IS U.NLIMITED 



THIS PAGE 

WAS INTENTIONALLY . 

LEFT BLANK 



Babcock & Wilcox 
Nuclear Power Generation Division 

Lynchburg, Virginia 

Report BAW-1721 

February 1982 

Development of a ~eactor Coolant Pump Monitoring and 
Diagnostic System - Project Management Report: 

October 1980 -'November'1981 

G. A. Sornmerfield, D. J. Morris 

Key.Words: Reactor Coolant Pump,, Diagnostic System, Seal 
Performance, Data Collection, Analysis 

The objective of the project is to develop a reactor coolant pump monitoring 

and diagnostic system and collect sufficient data to permit analysts to de- 

termine why high outleakage and failures occur at Davis-Besse Nuclear Power 

Station, Unit 1. This report summarizes the work completed during the first . . 
period of performance, October 1, 1980, through November . . 30, 1981. During 

this period the members of the Project Team were selected and the detailed 

work management plans developed to take this project from conception, through 

detailed engineering, and finally to construction' in- the early part of 1982. 

Information gathered in this program will be useful in the development of 

better pump seals. Improved seal performance will reduce the frequency of' 

seal replacements, which now result in higher levels of radiation exposure 

than anticipated. The scope of work'.described includes system design, equip- 

ment selection for the computer-based data collection and diagnostic system, 

and computer software -development to permit data collection and analysis. 
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1. TOLEDO EDISON PERSPECTIVE 

1.1. Introduction 

1.1.1. Background 

A program entitled "Development of a Reactor Coolant Pump Monitoring and Di- 

agnostic System,'' Contract No. DE-AC02-79ET34019, was submitted to the United 

States Department of Energy by the Toledo Edison Company in early 1979. The 

work was scheduled to start in July 1979, but the additidnal engineering ac- 

tivity necessitated by the incident .at Three Mile Island forced Toledo Edison 

to ask the Department of Energy for a one-year delay. In October 1980 the 

Babcock & Wilcox Contract Research Division began working with Toledo Edison 

to develop a research effort which would increase the understanding of pump 

seal performance and enable design changes with the ultimate objective of re- 

ducing radiation exposure to nuclear plant personnel caused by pump seal 

leakage failures. 

1.1.2. Project Description 

The scope of the project covers the selection of input parameters to be moni- 

tored, sensor selection for new inputs, equipment selection for the computer- 

based data  cnllection and diagnostic system; and computer software develop- 

ment to permit data collection and analysis. TO accomplish these goals at 

Davis-Besse Nuclear Power Station, Unit 1, Bechtel Power Corporation is pro- 

viding engineering services for the installation of the equipment and related 

cabling. United Engineers &.Constructors is responsible for construction of 

the system as part of the refueling outage scheduled for spring 1982. The 

data aollection phase will f n1 l . n~  for 18 m ~ n f h s ~  Work on this project is 

directed toward analysis of the data collected so that nuclear plant operators 

can better understand pbmp seal performance. In addition to this analytical 

effort, acthal seal design modifications are being developed and tested as 

part of a reactor coolant (RC) pump users group research program that is 

closely integrated with this project. Severa'l utilities, Babcock & Wilcox, 

. 1-1 Ba bcock & Wilcox. 



and the pump manufacturer are participating in this users group, which is 

discussed later in this report under "Related Programs." 

1.1.3. Goals 

The overall goal of this research program is to reduce the man-rem exposure 

resulting from frequent replacement of RC pump seals and the possible expos- 

sure if a major failure should occur. The immediate objectives of the pro- 

gram are to develop and demonstrate a pump monitoring and diagnostic system 

that will 

1. Alert plant operators to impending RC pump seal failure. 

2 ,  Increase monitoring of RC pump and motor perfortuance to 
examine potential relationships between performance and . . 
seal problems. 

3. Provide reliable and consistent performance records. 

When Toledo Edison began work on this project in October 1980, the interim 

objectives for the first year of work were as follows: 

1. Develop a srtong project team comprising.principa1 subcon- 
tractor and Toledo Edison personnel to ensure timely com- 
pletion of essential tasks. 

2. Negotiate subcontracts with Babcock & Wilcox (B&W), Bechtel 
Power Corporation (Bechtel), and United Engineers & Construc- 
tors (UE&C) to accompli.sh the essential activities of system 
design, detailed site engineering, and site construction. 

3.  Develop a detailed project work plan and budget closely co- 
ordinated with the need to complete the construction phase 
during the refueling outage scheduled for spring 1982. 

1.1.4. Impact on Man-Rem Exposure 

Achievement of the three principal objectives above will avoid high out- 

leakage failures, which will reduce exposure levels from 25-50 man-rem per 

occurrence to 1-2 man-rem. Reduction in seal maintenance frequency will re- 

duce the 4-8 man-rem exposure associated with replacing four pump seals annu- 

ally to half of this level in the near term and one-fourth of this level in 

the long term. 

1.2. Major Accomplishments 

The following major results were achieved during the period from October 1980 

through November 1981: 

Babcock a Wilcox 



1.2.1. Babcock & Wilcox 

Developed functional requirements for the monitoring and 
diagnostic system.. 

Received and checked out the equipment specified to build the 
monitoring and diagnostic system. 

\ 

Prepared detailed plans and connection specifications to install 
the equipment in one equipment cabinet. 

Developed essentially all of the software required for the site 
computer to function. 

Coordinated this project with the activities planned by the RC 
pump users group. 

Assisted in coordinating industry research activities with 
projects, such as this effort sponsored by the United States 
Department of Energy, and others sponsored .by the Electric 
Power Research Institute (EPRI). 

1.2.2. Bechtel Power Corporation \ 

Completed approximately half of the required engineezlng docu- 
ment s . 
Resolved a number of hardware selection issues, including sig- 
nal buffer specification, 'analog-to-digital conversion, and- 
possible applications for multiplexing. 

Provided input to the construction contractor to aid in devel- 
oping a realistic construction cost estimate. 

1.2.3. United Engineers & Constructors 

Developed several iterations of the.construction cost esti- 
mate to identify areas where cost could be reduced. 

Began construction planning and ordering material prior to 
the start of construction. 

1.2.4. Toledo Edison Company 

Developed a project team management approach with emphasis on 
clear, concise, and direct communication among the members. 

Worked closely with the Department of Energy Project Manager . 
to develop a revised budget for the project. 

Prepared a formal cost increase request for the Department of 
Energy to review, which will permit a quality research and de- 
velopment program to continue with only minimal reductions in 
technical information. 

Babcock & Wilcox 



1.3.  P r o j e c t  S t a t u s  

1.3.1.  Schedule 

The major  c o n s t r a i n t  impact ing t h e  schedule  f o r  t h i s  p r o j e c t  i s  t h e  t iming  of 

t h e  second r e f u e l i n g  outage  a t  Davis-Besse Unit  1. An outage i s  necessary  t o  

i n s t a l l  t h e  in-containment s enso r s  and a s s o c i a t e d  wir ing .  Therefore,  t h e  

eng inee r ing  work packages were d iv ided  i n t o  two groups: t h e  o u t s i d e  conta in-  

ment work packages inc lude  a l l  t h e  c o n s t r u c t i o n  a c t i v i t y  t h a t  can  be done 

wi thou t  an  outage ,  and t h e  in-containment work package cannot b e  accomplished 

u n t i l  t h e  r e f u e l i n g  outage  begins .  Since many o t h e r  p r o j e c t s  a r e  scheduled 

f o r  c o n s t r u c t i o n  c o n c u r r e n t l y ,  t h i s  p r o j e c t  must be p a r t  of an  o v e r a l l  e f f o r t ,  

which must be c a r e f u l l y  planned t o  f i t  i n t o  t h e  t ime a v a i l a b l e  f o r  t h e  

planned outage.  A t  p r e s e n t ,  t h e  r e f u e l i n g  outage i s  schedulcd t o  begin a t  

t h e  end of February 1982 and cont inue  f o r  12 weeks. 

A t  t h i s  w r i t i n g ,  eng inee r ing  packages a r e  be ing  r e l e a s e d  and c o n s t r u c t i o n  

p lanning  is  beginning.  Approximately 8300 man-hours of c o n s t r u c t i o n  i s  in-  

vo lved ,  30 t o  35% of which is  des igna ted  as pre-outage work. F i g u r e . 1 . i ~  a 

c h a r t  o f  t h e  p r o j e c t  work schedule.  

1.3.2.  Cost 

The c o s t  e s t i m a t e  f o r  t h e  o r i g i n a l  program proposed i n  1979 was j u s t  under $1 

m i l l i o n .  Because of t h e  one-year de lay  and r e c e n t  exper ience  w i t h  r e t r o f i t  

eng inee r ing  and c o n s t r u c t i o n  c o s t s  a t  n u c l e a r  p l a n t s ,  cons ide rab le  t i m e  was 

spen t  r e - eva lua t ing  t h e  p r i n c i p a l  c o s t  e lements .  The r ev i sed  es t imated  c o s t  

t o  complete t h e  t e c h n i c a l  program o r i g i n a l l y  proposed w a s  $2 m i l l i o n .  Rec- 

ogn iz ing  t h a t  t h i s  was beyond t h e  l e v e l  of funding t h e  Department of Energy 

would suppor t ,  a d d i t i o n a l  v a r i a t i o n s  of t h e  c o n s t r u c t i o n  e s t i m a t e  were made 

t o  i d e n t i f y  an a f f o r d a b l e  program and s t i l l  r e t a i n  much of t h e  s i g n i f i c a n t  

t e c h n i c a l  va lue  i n  t h e  o r i g i n a l  proposal .  

A f t e r  approximately two months of ana lyz ing  a v a r i e t y  of engineer ing  o p t i o n s  

and t h e  r e s u l t i n g  e s t ima ted  c o n s t r u c t i o n  c o s t s ,  t h e  P r o j e c t  Team determined 

t h e  most f avo rab le  cou r se  of  a c t i o n .  Of t h e  op t ions  cons idered ,  monitor ing 

t h e  m a j o r i t y  of t h e  parameters  from a l l  f o u r  pumps and adding new instrumen- 

t a t i o n  t o  two pumps (one i n  each coo lan t  loop)  emerged as t h e  b e s t  compromise. 

With t h i s  change and Toledo Edison i n c r e a s i n g  t h e i r  c o n t r i b u t i o n s  t o  t h e  

Babcock & Wilcox 



p r o j e c t ,  t h e  c o s t  i n c r e a s e  was reduced t o  $546,000. Ten ta t ive  approval  from 

t h e  Department of Energy allowed t h e  p r o j e c t  t o  proceed on t h i s  b a s i s .  

1 . 3 . 3 .  Problems of Current  I n t e r e s t  

E s s e n t i a l l y ,  two b a s i c  problems f a c e  t h e  P r o j e c t  Team a t  t h e  beginning of t h e  

second year .  F i r s t ,  managing t h e  c o n s t r u c t i o n  a c t i v i t y  t o  keep a c t u a l  c o s t s  

w i th in  t h e  budget i s  always a cha l lenge .  Second, completing t h e  a c t u a l  con- 

s t r u c t i o n  work w i t h i n  t h e  t ime a v a i l a b l e  r e q u i r e s  t h a t  cons t ruc t ion  p rog res s  

w i th  no s i g n i f i c a n t  de l ays .  While we a r e , c o n f i d e n t  t h a t  t h e  e f f o r t  can  be  

completed a s  planned, t h e r e  is  very  l i t t l e  room f o r  e r r o r  o r  de lay .  Del ivery 

of some m a t e r i a l s  is  c r i t i c a l ,  bu t  t h e r e  w i l l  be no problem i f  t h e  vendor de- 
\ 

l i v e r s  accord ing  t o  h i s  c u r r e n t  schedule.  For t h e  most p a r t ,  Toledo Edison 

and t h e i r  c o n s t r u c t i o n  subcont rac tor  should be  a b l e  t o  c o n t r o l  t h e  outcome of 

t h i s  e f f o r t  by sound planning and a c c u r a t e  execut ion. .  

Babcock & Wilcox 



Figure 1. Project Schedule, RC Pump Monitoring and Diagnostic System 
Activities and Procurzment Milestones 
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2. SUBCONTRACTOR REPORTS 

2.1. Bechtel Power Corporation 

Bechtel was the engineer and constructor of the'~avis-~esse Nuclear Power 

Station, Unit 1 (Davis-Besse). The firm continues to provide a wide variety 

of engineering services to Toledo Edison for various retrofit and new con- 

struction projects at the plant site. Since Bechcel personnel are totally 

familiar with the plant, .they were a logical choice to perform the detailed 

engineering required to install the RC pump monitoring and diagnostic system. 

While B&W is reponsible for the system design, Bechtel's role is to integrate 

the system into the Davis-Besse plant. Nearly 50 existing signals have to be 

located in the existing instrumentation and brought to the diagnostic system. 

Equipment is also necessary to convert these signals to proper input character- 

istics, and buffers are required so that no spurious signals enter existing 

plant instrument systems from the diagnostic system. Another 12 signals are 

new, inputs for this system. Engineering is required to locate these new sen- 

sors and route the cables in conduits and cable trays back to the cabinet room. 

Finally, Bechtel is repsonsible for the interconnecting wiring between the two 

cabinets that enclose the hardware for this system. Figure 2 is a functional 

diagram of the system sensor inputs. 
I .  

When the preliminary construction cost estimate indicated that the estimated 

construction cost would exceed the budget, Bechtel was helpful in analyzing 

a number of system design alternatives. Cable and conduit routings were re- 

viewed to determine where the costs were being incurred.. Also, once the cost 

of cable installation was calculated, multiplexing the signals was considered. 

After the analysis was completed, it was determined that multiplexing wo,uld 

be more expensive and may not be technically feasible because of the radiation 

environment at certain locations in the plant. UE&C prepared the'cost esti- 

mates in close communication with the Bechtel engineering staff. 

.Babcock a Wilcox 



Figure  2. Func t iona l  Diagram of Diagnost ic  System Sensor Inpu t s  
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A s  of November 30, 1981, the  engineering t a s k s  assigned t o  Bechtel a r e  approx- 

imately 50% complete. Detai led exchanges of da ta  with B&W a r e  scheduled t o  

a s c e r t a i n  t h a t  a l l  s i g n a l  l e v e l s  and engineering u n i t s  f o r  t h e  var ious  inpu t s  

a r e  c o r r e c t .  

2.2. United Engineers & Constructors  

UE&C w i l l  be the  cons t ruct ion  con t rac to r  f o r  the  second Davis-Besse r e f u e l i n g  

outage. The p lan t  w i l l  undergo many modificat ions during the  scheduled re- 

f u e l i n g  outage. One of these  w i l l  be the  i n s t a l l a t i o n  of the  RC pump monitor- Y 

ing and d iagnos t i c  system. 

Construction c o s t s  a r e  expected t o  make up approximately 30% of t h e  t o t a l  cos t  

of t h i s  p r o j e c t . .  ~ e c a u s e  of the  importance of coristruct ion c o s t s  t o  the  bud- 

ge t  f o r  t h e  , e n t i r e  program, UE&C prepared a number of c o s t  es t imates  based on 

var ious  i n s t a l l a t i o n  plans.  The work i n s i d e  containment was c a r e f u l l y  ana- 

lyzed,  and mult iplexing.was considered a s  a poss ib le  a l t e r n a t i v e  t o  reduce 

i n s t a l l a t i o n  c o s t s .  A s  i t  turned o u t ,  a,hard-wired system was t h e  simplest  

t o  i n s t a l l  and even l e s s  expensive than a system incorpora t ing  mult iplexing.  

UE&C i s  a l s o  ready t o  proceed on const ruct ion  a s  soon a s  engineering work 

packages a r e  ready. It is  very important t o  complete a s  much work a s  poss ib le  

. o u t s i d e  the  containment p r i o r  t o  t h e  outage. The work p lans  f o r  t h i s  p ro jec t  

a r e  being in teg ra ted  with o the r  work scheduled f o r  t h e  outage, so  t h a t  a l l  t he  

h igh-pr ior i ty  p r o j e c t s  can be completed wi th in  t h e  time provided i n  t h e  outage 

schedule. According t o  t h e  present  schedule, t h e  r e f u e l i n g  outage begins on 

February 26, 1982, and continues f o r  12 weeks. 

2.3. Babcock & Wilcox 

2.3.1. In t roduct ion  

2.3.1.1. Statement of Problem 

RC pump s e a l  f a i l u r e s  have resu l t ed  i n  excessive leakage of primary coolant  

i n t o  r e a c t o r  bui ld ings .  1n' some cases ,  high airb.orne a c t i v i t y  and su r face  

contamination l e v e l s  following these  f a i l u r e s  have resu l t ed  i n  major cleanup 

e f f o r t s  and have increased the  t i m e  and personnel exposure required t o  refur-  

b i s h  t h e  pump s e a l s .  Early warning and avoidance of RC pump s e a l  f a i l u r e s  

can s u b s t a n t i a l l y  reduce maintenance time,and pe r sonne l . r ad ia t ion  exposure. 
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I n  a d d i t i o n  t o  t h e  concern wi th  high leakage f a i l u r e s ,  p ~ p  s e a l  s e r v i c e  l i f e  

and performance p r e d i c t a b i l i t y  have been a  major prob'lem f o r  many u t i l i t i e s .  

The r e s u l t a n t  l o s t  gene ra t ing  capac i ty  and t h e  c o s t s  of performing f requent  

maintenance have had a n  adverse  impact on t h e  u t i l i t y  r a t epaye r .  Frequent 

maintenance a l s o  c o n t r i b u t e s  t o  s i g n i f i c a n t  i n c r e a s e s  i n  r a d i a t i o n  exposure 

t o  maintenance personnel .  Improved monitor ing and performance a n a l y s i s  dur ing  

s t e a d y - s t a t e  and t r a n s i e n t  cond i t i ons  can provide a  means t o  a s s i s t  t h e  p l a n t  

o p e r a t o r  i n  avoid ing  c e r t a i n  types  of s e a l  s t r e s s '  o r  damage bnd provide pump 

performance r eco rds  t h a t  can be  used a s  a b a s i s  f o r  improved pump maintenance. 

Analyses 0.f t h e s e  d a t a  can a l s o  be used t o  i d e d t i f y  des ign  improventente t h a t  

w i l l  i n c r e a s e  s e a l  s e r v i c e  l i f e  and r e l i a b i l i t y .  

2 . 3 . 1 . 2 .  Department of Energy P r o j e c t  

The RC pump monitor ing grid d i a g n o s t i c  system i s  be ing  developed by B&W, under 

subcon t r ac t  t o  Toledo. Edison and t h e  ~ e p a r t m e n t  of Energy (DOE);  f o r  i n s t a l l a -  

t i o n  a t  Toledo Edison ' s  Davis-Besse Unit 1  operat i f ig  nuc lea r  power p l a n t .  

Th i s  computer-based system w i l l  perform automatic  d a t a  a c q u i s i t i o n  and per- 

formance a n a l y s i s  of t h e  f o u r  RC pumps, i nc lud ing  t h e  e f f e c t s  of p l a n t  and 

pump environmental  c o n d i t i o n s .  A B&W compdfer system a t  t h e  Lynchburg Research 

Center ,  l i nked  w i t h  Davis-Besse, w i l l  be used f o r  on-l ine d a t a  a n a l y s i s  and 
, 

i n t e r a c t i o n  with' t h e  moni tor ing  and d i a g n o s t i c  system dur ing  t h e  d a t a  acqu i s i -  

t i o n  t a s k .  ~ e c t i i j n  2 . 3 . 2  con ta ins  a  d e t a i l e d  p r o j e c t  d e s c r i p t i o n .  F igures  3  

and 4 are flow c l i a r t s  of t h e  s i t e  and remote computers f a r  t h e  system. 

2 . 3 . 1 . 3 .  Program Objec t ives  

The o b j e c t i v e s  t h i s  r e s e a r c h  and developlment p r o j e c t  are t o  develop and 

demonstrate  a  r e a c t o r  coo lan t  pump monitor ing and d i a g n o s t i c  system t h a t  w i l l  

A l e r t  p i a n t  o 'perators  of impending RC pump s e a l  f a i l u r e .  

Inc rease  monitor ing of RC: p~~rnp and rnot111r pe~'5uiularr~cr Lu examine 
p o t e n t i a l  r e l a t i o n s h i p s  between t f i i s  performance and s e a l  prob- 
lems. 

Provide r e l i a b l e  aiid c o n s i s t e n t  perfordance recdrds .  

Engineering d a t a  of t h e  q u a l i t y  and r e t r i e v a b i l i t y  t o  be provided by t h e  diag-  

n o s t i c  system a r e  n o t  a v a i l a b l e  i n  c u r r e n t l y  operat i r fg plar i ts .  More impor- 

t a n t ,  t h e  l i m i t e d  d a t a  t h a t  a r e  a v a i l a b l e  u s u a l l y  cannot be time-phase co r r e -  

l a t e d .  R e l a t i v e  t o  f a i l u r e  a n a l y s i s ,  i t  i s  important  t o  understand t h e  



Figure 3. Site Computer Architecture 
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Figure 4. Remote Computer Architecture 
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sequence of events in order to identify failure mechanisms.. The RC pump 

monitoring and diagnostic system is designed to address these data gathering 

and data analysis problems. 

After contract work began in.October 1980, B&W concluded - through field ex- 

perience;work with the users group, and an analysis of the Byron Jackson RC 

pump seal- that an improved seal design was also needed. Improvements in 

such areas as plant systems, operating methods, and maintenance practices 

alone would not result in achieving needed improvements in seal life and the 

predictability of performance. Therefore, a utility funded RC Pump Seal Im- 

provement Program was implemented in April 1981 to address both short- and 

long-term solutions to existing problems with Byron Jackson (BJ) RC pump me- 

chanical face seals. The short-term program includes the iristallation of a 

modified seal in certain operating plants, including Davis-Besse. The long- 

term program includes the development of a completely new seal design. Five 

utilities, B&W, and Byron Jackson are participating in this program. 

The output of the DOE project will assist the current industry effort in two 

ways : 

* ,  Compare .perfor&nce between the existing Byron Jackson pump seal 
design and a modified seal to be installed at Davis-Besse. 

'0 Provide a detailed data base upon which to write specifications 
or to validate predefined specifications, prior to implementa- 
tion in hardware, for a new seal design. 

The data base produced will become available to the nuclear industry and could 

be used to identify potential improvements in the plant and/or pump design 

l a  operating methods. 

The relationship of the RC Pump Monitoring and Diagnostic System Project to 

the Byron Jackson RC Pump Seal Improvement Program is described further in 

section 2.3.3. 

The equipment to be monitored consists of RC pump manufactured by the Byron 

Jackson Pump Company driven by'we'stinghouse Corporation motors. Each pump 

will run at about 9000 hp at cold RC system conditions. Pump heat is used to 

heat the reactor coolant system (RCS) to 532F to allow reactor startup. The 

Davis-Besse 1 pumps have a design flow rate of 90,670 gpm at a 358-ft head. 
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The function of the seals is to restrict the outflow of nominal 2155 psi RCS 

water fkom both an idle pump and while operating at 1200 rpm. The RC pump 

monitoring and diagnostic system will be designed to concentrate on the pump 

seal problems,.including the effects of rotordynamic performance of the pump 

and motor on seal behavior. 

2.3.2.1. System Inputs 

Input signals to the system will comprise existing signals from all four RC 

pumps, new signqls primarily related to rotating machinery diagnostics on two 

of the four pumps, and selected plant parameters that directly or indirectly 

influence the pump operating environment. 

T h e  following sigdais are coynon to all four R C  pumps (plant parameters): 

1. Wide-range RCS Rressure. . ' . 

. . 
2. ~eactor coolant cold leg tempefature. 

3. Reactor power. 

4. Makeup pump discharge temperature, 

5. Component cooling water heat exchanger outlet temperature 
(CCW supply to RC pumps). 

Four channels, one for each RC pump, will be provided as signal inputs to the 

diagnostic system for each of the following pump parameters: 

1. Upper can1 leakage. 

2. Thfrd  Seal cavity pressure. . 

3. Second seal cavity pressure. 

4. Seal return outlet (controlled bleed-off) . . temperature. 

5. Seal injection flow. .. . ,  . 

6 .  Controlled bl~~d=uff valvc position? 

. . 

. 7. Component cooling water low flow. 

8. Pump motor frame' (seal flange) accelerometer. * 

*The existing motor fraixie accelerometers "ill be moved to the t,hird seal 
flanges. (The third seal flange is a physica1.par.t of the mechanical seal 
cartridge and is a primary pressure boundary component.) 
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9. Motor speed not zero. 

10. X and Y radial displacement (two per pump), total of 
eight channels. 

11. Motor breaker status. 

12. Lower seal teulperatures. 

13. Axial shaft displacement. 

The 1-1 and 2-1 pumps will receive additional new instrumentation. Therefore, 

two (one per pump) of each of the following sensors will provide input to the 

diagnostic system: 

1. Upper motor bearing accelerometer.; 

2. Lower motor bearing accelerometer. 

3. Pump bearing accelerometer. 

4. Key phasor probe. 

In addition, a resistance temperature detector (RTD) will be installed in the 

containment building to provide reference compensation.for the lower seal 

stage thermocouples (since all existing usable penetrations are copper). How- 

ever, this additional RTD is not an input to the diagnostic system. 

The 1-1 and.2-1 pumps are located in opposite RCS loops. The 2-1 pump is lo- 

cated in the same loop as the pressurizer. The No. 2 loop pumps are subjected 

to longer periods of operation at low RCS pressures since they are needed to 

provide a driving head for pressurizer spray. Therefore, these pumps .are 

normally the first ones started for heatup and are also the last secured dur- 

ing cooldown. Conversely, the No. 1 loop'pumps are the last ones started and 

the first to be secured during heatup and cooldown, respectively. 

Thus, adding full new instrumentation to one pump in each RCS loop should 

provide a maximum of useful data in t'erms of rotordynamic analysis at a re- 

duced cost compared to fully instrumenting all four RC pumps. Finally, the 

failure rate of 1-1 RC pump seals has historically been higher than the other 

three pump seals for reasons that are not understood. Therefore, the 1-1 

pump was chosen, rather than the 1-2 pump, in the No. 1 loop. The 2-1 pump 

was selected arbitrarily. 
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2.3.2.2.  S i t e  Computer System 

I n  a l l  modes of system ope ra t ion ,  t h e  va r ious  t a s k s  and d e c i s i o n s  made by 

t h e  system a r e  t o  be c o n t r o l l e d  by an I n t e l  8086 16-bit  microcomputer. ~ l l  

system i n t e l l i g e n c e  ( o r  sof tware)  used by t h e  computer w i l l  be contained i n  

magnet ic  c o r e  memory o r  read  only memories (ROM). Thus, t h e  system w i i l  r e -  

t u r n  t o  t h e  au tomat ic  d a t a  a c q u i s i t i o n  mode of ope ra t ion  fo l lowing  a  l o s s  of 

e l e c t r i c a l  power wi thout  human i n t e r a c t i o n .  

The u s e r  can  s e l e c t  from t h r e e  modes of system ope ra t ion :  automatic  monitor- 

i n g ,  pump s e a l  a n a l y s i s ,  and v i b r a t i o n  a n a l y s i s .  These modes of ope ra t ion  

a r e  descr ibed  b r i e f l y  below (see  F igure  5 ) .  

Automatic Monitoring (F igure  6)  

The system will conti i iuously ga the r  pump aiid performance d a t a  from most 

of t h e  i n p u t  s e n s o r s  l i s t e d  i n  s e c t i o n  2.3.2.1. Some i n p u t s ,  r e l a t e d  t o  ro- 

t a t i n g  machinery d i a g n o s t i c s ,  w i l i  b e  monitored i n  a ~rogrammed sequence f o r  

s p e c t r a l  a n a l y s i s .  P a i r s  of  i n p u t s  may a l s o  be monitored s imul taneous ly  f o r  

cross-channel  s p e c t r a l  c o r r e l a t i o n  dur ing  t h e  seqdence. 

Performance w i l l  be  analyzed f o r  each d a t a  s e t  a r r i v i n g  i n  t h e  system com- 

p i i te r .  The r e s u l t s  of t h e s e  c a l c u l a t i o n s  w i l l  b e  compared a g a i n s t  s e t p o i n t  

c r i t e r i a  r e s i d i n g  i n  t h e  computer. Any s i g n i f i c a n t  changes i n  pump perform- 

ance  o r  t h e  d e t e c t i o n  of p rev ious ly  de f ined  p l a n t  t r a n s i e n t s  w i l l  cause t h e  

computer t o  t a k e  one or more of t h e  fo l lowing  actions: 

Provide a hard copy p r i n t o u t  s u f f i c i e n t  t o  i d e n t i f y  t h e  change 
t h a t  has  taken  p l a c e ;  a l s o  provide  t h e  t ime/da te  of change, 
c u r r e n t  va lue ,  and a p p r o p r i a t e  p l a n t  partimeters. (This  a c t i o n  
i s  taken i n  a l l  c a s e s  whi le  i n  t h e  automatic  monitor ing mode.) 

Change t h c  d a t a  logging  frequency. An example might be t o  re-  
cord  performance d a t a  every 5 seconds i n s t e a d  of every 5 min- 
u t e s .  (A dua l  magnetic t a p e  c a r t r i d g e  system w i l l  be  used t o  
s t o r e  and r e t r i e v e  d a t a .  S teady-s ta te  and t r a n s i e n t  record ing  
intervals can be  modified by t h e  system operabur.) 

Modify t h e  sequence and type  of d a t a  r e l a t e d  t o  s p e c t r a l  anal-  
y s i s .  An example would be  t o  au toma t i ca l ly  cap tu re  pump 
coastdown o r  s t a r t u p  rotordynamic informat ion  upon sens ing  a  
change i n  motor breaker  s t a t u s .  

Alarm o u t p u t s  t o  t h e  Davis-Besse c o n t r o l  room can be provided 
a s  an inexpens ive  op t ion  a t  a l a t e r  d a t e .  (This d e c i s i o n  would 
be  made by Toledo Edison a f t e r  t h e  system tias proved t o  be con- 
s i s t e n t  and r e l i a b l e . )  
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Figure 5. Executive Routine Software Flow Chart 
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Figu re  6 .  Automatic Monitor ing Software Flow Chart  
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The a c t i o n s  l i s t e d  above a r e  designed t o  provide d e t a i l e d  r e l i a b l e  and con- 

s i s t e n t  performance r eco rds  and, a s  'a f u t u r e  op t ion ,  t o  au toma t i ca l ly  a l e r t  

p l a n t  o p e r a t o r s  of s i g n i f i c a n t  changes i n  performance. 

Pump Sea l  Analys is  (Figure 7 )  

The pump s e a l  a n a l y s i s  mode of ope ra t ion  w i l l  i nc lude  s e v e r a l  user -or ien ted  

op t ions  t o  i n s p e c t  and i n t e r p r e t  recorded  da t a .  Both RC pump performance and 

p l a n t  parameter d a t a  can be eva lua ted  i n  t h i s  mode. In spec t ion  and i n t e r p r e -  

t a t i o n  of d a t a  i nc lude  t h e  a b i l i t y  t o  p l o t  s e l e c t e d  performance parameters  
L 

and perform t r end  a n a l y s i s .  

Program s e t p o i n t  c o n s t a n t s ,  i nc lud ing  those  used f o r  a larms and t r a n s i e n t  

i d e n t i f i c a t i o n ,  can be inspec ted  and/or  changed b y . t h e  use r .  F i n a l l y ,  t h e  

u se r  can r eques t  a ' s e a l  s t a t u s  r e p o r t .  The p r i n t e d  r e p o r t  would inc lude  a  
II snapshot" of bo th  pump and p l a n t  c o n d i t i o n s  e x i s t i n g  a t . t h e  t ime t h e  r eques t  

was made and t h e  r e s u l t s ' o f  performance ca lcu l .a t ions .  The s t a t u s  of  any 

e x i s t i n g  alarm o r  t r a n s i e n t  condi t ion .would  a l s o  be  provided i n  t h e  r e p o r t .  

Vibra t ion  Analysis  (Figure 8) 

S p e c t r a l  a n a l y s i s  d a t a  can be inspec ted  and i n t e r p r e t e d  i n  a  manner s i m i l a r  

t o  t h e  pump s e a l  a n a l y s i s  mode of ope ra t ion .  Ind iv idua l  s p e c t r a l  p l o t s  can  

be p r i n t e d  on t h e  p r i n t e r l p l o t t e r ,  i nc lud ing  c r o s s - c o r r e l a t i o n  s p e c t r a  of two 

channels .  

Other f e a t u r e s  of v i b r a t i o n  a n a l y s i s  i nc lude  t h e  a b i l i t y  t o  change t h e  program 

sequence f o r  s p e c t r a l  a n a l y s i s ,  change alarm l e v e l s ,  and t ake  manual c o n t r o l  

of t h e  specrrum a n a l y s i s .  

2 . 3 . 2 . 3 .  Remote Computer 

A remote computer system w i l l  be  a v a i l a b l e  f o r  use  du r ing  t h e  d a t a  a c q u i s i t i o n  

and a n a l y s i s  t a s k .  This  system, shown i n  F igure  4 ,  w i l l  be  l oca t ed  a t  B&W 

f a c i l i t i e s  i n  Lynchburg, Vi rgfn ia .  

The remote computer w i l l  have t h e  same c a p a b i l i t y  a s  t h e  s i t e  computer t o  in-  

s p e c t  and i n t e r p r e t  d a t a  s t o r e d  on magnetic t a p e  c a r t r i d g e s .  I n  a d d i t i o n ,  t h e  

remote computer w i l l  be  ' ab le  t o  communicate w i t h  t h e  s i t e  computer (F igure  3) 

v i a  a  te lephone l i n k  f o r  a  v a r i e t y  of func t ions .  Two primary o b j e c t i v e s  w i l l  

be  addressed i n  des ign ing  t h e  f u n c t i o n s  t h a t  can be performed v i a  t h e  remote 

computer te lephone l i n k :  

Babcock & Wilcox. 



F i g u r e  7.  S e a l  Moni to r ing  Sof tware  Flow Char t  
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Figure 8. Spectral Monitoring Software Flow Chart 
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Provide t h e  a b i l i t y  t o  o b t a i n  on-l ine d a t a  v i a  t h e  te lephone 
l i n e .  

Maximize t h e  a b i l i t y  t o  change s e t p o i n t s  and sof tware  c o n t r o l  
f u n c t i o n s  remotely.  

More impor tan t ,  t h e s e  remote func t ions  w i l l  be independent t o  t h e  e x t e n t  t h a t ,  

where p o s s i b l e ,  NO a s s i s t a n c e  would be  requi red  a t  t h e  s i t e  computer t o  c a r r y  

o u t  a  g iven  func t ion .  

2 . 3 . 3 .  Rela ted  Programs 

2 . 3 . 3 . 1 .  In t roduc t ion  

The uses  of t he  d i a g n o s t i c  system d a t a  t o  Toledo Edison (TECo) have heen de- 

s c r i b e d  by t h e  program o b j e c t i v e s .  These d a t a  a r e  expected t o  b e n e f i t  o t h e r  

programs which a r e  evolv ing  w i t h i n  the  nucl.ear i.ridi~stky to so lve  prnblcms wi th  

RC pump s e a l s .  The p a r t i c i p a n t s  i.n t h e s e  programs inc lude  t h e  Department of 

Energy, t h e  E l e c t r i c  Power Research I n s t i t u t e ,  and a  u t i l i t y  o rgan iza t ion .  

The u t i l i t y  o r g a n i z a t i o n  comprises f i v e  u t i l i t i e s ,  Babcock & Wilc6xj and t h e  

Byron Jackson ,Pump company. The o v e r a l l  program i s  c a l l e d  t h e  Pump Sea l  Im- 

provement Program (PSIP),  
- .. 

Represen- ta t ives  of DOE, EPRI, t h e  PSIP, and o t h e r s  met i n  November 1981 t o  re -  

view c u r r e n t  pump s e a l  e f f o r t s .  The p o t e n t i a l  b e n e f i t s  of in format ion  ex- 

changes,  reschedul ing ,  c o n s o l i d a t i o n ,  and/or  new program e f f o r t s  are expec.ted 

t o  be  cons idered  a s  a  r e s u l t  of t h i s  review. Examination of t h e s e  a r e a s  may 

r e s u l t  i n  a  more comprehensive and coord ina ted  e f f o r t  t o  r e s o l v e  pump s e a l  

problems. The avoidance of dup l i ca t ed  e f f o r t  is  a l s o  viewed a s  a  p o t e n t i a l  

b e n e f i t .  

Since it has  become c l e a r  t h a t  d a t a  from t h e  TECo/DOE p r o j e c t  a r e  l i k e l y  t o  be 

used by t h e  YSlP group, i t  i s  a p p r o p r i a t e  t o ' d e s c r i b e  t h e  PSIP s t r u c t u r e  and 

program d i r e c t i o n  i n  more d e t a i l .  

2 .3 .3 .2 .  P S l P  Desc r ip t ion  

The fo l lowing  u t i l i t i e s  a r e  p a r t i c i p a t i n g  i n  t h e  prdgram: 
! 

-- U t i l i t y  a p l a n t  S i t e l u n i t s  

Toledo Edison (TECo) Davis-Besse Unit 1 
Arkansas Power & Light  (AP&L) Arkansas Nuclear One (ANO) Uni t s  1 and 2 
F l o r i d a  Power Corp. (FPC) C r y s t a l  River Unit 3 
Consumers Power Company (CPCo) Midland Un i t s  1 and 2 
Maine Yankee (MY) Maine Yankee 
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A l l  of t h e s e . p l a n t s  have Byron Jackson reac to r  coolant  pumps. The nuclear  

steam system (NSS) vendor f o r  both Maine Yankee and AN0 Unit 2 is  Combustion 

Engineering. For a l l  o t h e r  u n i t s ,  B&W supplied the  NSS. Midland Units 1 and 

2 a r e  under cons t ruct ion  wi th  hot func t iona l  t e s t i n g  t o  begin i n  198311984. 

The u n i t s  l i s t e d  f o r  TECo, AP&L, FPC, and MY a r e  opera t ing  u n i t s  t h a t  have 

exprienced varying degrees of d i f f i c u l t y  with RC pump s e a l s .  

The PSIP Proj.ect Team c o n s i s t s  of an executive s t e e r i n g  committee and a tech- 

n i c a l  committee. The executive s t e e r i n g  committee comprises o f f i c e r s  from 

B&W, Byron Jackson, and each of t h e  f i v e  u t i l i t i e s .  The t echn ica l  committee 

includes engineering andlor  program management r ep resen ta t ives  from each com- . 

pany. The a c t i v i t y  l e v e l  has 'been such t h a t  both t h e  executive and t echn ica l  

committees have been meeting every four  t o  s i x  weeks. The program was s t a r t e d  

a s  a r e s u l t  of a t echn ica l  conference held by B&W i n  At lanta  i n  March 1981. 

The accepted c h a r t e r  of t h e  g roup ' cons i s t s  of shor t -  and long-term goals ,  

which a r e  s t a t e d  a s  follows: 

Short Term - TO reduce l o s t  capaci ty  days due t o  s e a l  problems 
by 50% ( i n  approximately one year).  

Long Term - Increase  average s e a l  l i f e  t o  t h r e e  t o  four  f u e l  ' 

cycles  (based on a cycle  of about 18 months). 

The major elements of the  short-term program, which a r e  underway, c o n s i s t  of 

Phases I and 11. The long-term program w i l l  inc lude  complete redesign of the  

s e a l s  f o r  the  B J  pumps and t h e i r  implementatian i n  t h e  f i e l d .  Planning, 

scheduling, and c o s t  proposals  a r e  being formulated f o r  the  Phase I11 program 

a t  t h i s  time. 

The shor t -  and long-term programs and t h e  r e l a t i o n s h i p  of the  TECo/DOE RC 

pump monitoring and d iagnos t i c  system p r o j e c t  t o  these  programs a r e  described 

below. 

2.3.3.2.1. Short-Term program - Phases I and I1 

Design Upgrade 

The t echn ica l  committee agreed t h a t  c e r t a i n  minor modificat'ions t o  t h e  e x i s t -  

ing  B J  s e a l  design had a high p o t e n t i a l  f o r  improving s e a l  l i f e  and perform- 

ance s t a b i l i t y .  A test -program f o r  the  modified s e a l  was completed success- 

f u l l y  i n  e a r l y  November i n  the  Seal  Test Laboratory a t  ~ ~ r o n '  Jackson's 'LOS 

Angeles f a c i l i t i e s .  
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Modified of paftiAily iii6difigd pmp ssft=idg+s h g ~ ~  g-ji6 Bgeh ins ta l led  

i n  two ~ C . p b d p s  a t  ~ $ i i i g  Yahkeej one piiiiip zit ANo-1, arid t h r e e  at  Bavis-Besse 

u n i t  1 .  THP t h r e e  ~ ~ v i s - f i e s b e  pdps h a v ~  ohiy  increased  seai s t a g i n g  flow 

implemented, which is  cons idered  a very  minor (ai thddgb ikportar i t  ) change. 

Recommendations r ega rd ing  f u r t h e r  implementation of modified o r  p a r t i a l l y  

modif ied s e a i s  w i l l  be  fofmulated a f t e r  formal review of t h e  t e s t  program a t  

Byron Jackson. F i e l d  exper ience  up t o  t h a t  t ime w i l l  a l s o  be  a p a r t  of t h e  

d d t a  b i s e  on which thP  recommendations t d i l l  be  based;  

cjpergtifig; ~~p i~ i j i -$ ,@hk .  -- 

In many c a s e s ,  s h o t t  seal liie h.as beeri a t t r i b i i t e d  (iii p a r k )  t b  the erivfrbn- 

merit id ~ h i t h  the seais siigf bjigfatg; ,  ifhe ggalg 3$e sdiiietimeb giibjected to 

Presst i fe  and kgmpEr&fU$e t?arisJ#iits, ir~queiif Btiift /skop ~ l E l & s ,  d£f-design 

o p e r a t i n g  cond i t i ons ,  o r  o t h g r  per turbi i f iot is  thak havk had an  obvious e i f e c t  
on seal  go^ gfi=e ; $hs gfiitiffifiwdht ifi i*+gCiy detE2&iLiGd by 

t h e  s e a i  iiijeEf i o n  systkm, cbmponerif eoo i ing  daf &f gystgiii, and e o n t f o i l k d  

blegd-bff gystgd. fh  a d d i f i d n j  ~ 1 a f i t  operatifig prscedu=-s &nd d@kfiids can be 

i inportant  fackbks i n  t h e  pump and p a p  s e a l  environment; 

Thkhe fAk tb f s  are ~ ~ d ~ r  =,.fiauOus evaluhtiba by t~~ g=aup; ProEedu2di Afid 
niinbr HairdGare dhaak@g be&nri i&.@ of Bfe b;ei3g Cbiisidei=eil; 'me eidph&sis 

go far  has bee* te d&vige ehdfig&g i-kst eah be ihplbmcfi@d ifi 2 tiiiiely, ~ " B L -  

' e i f e c t i v e  m&nn&r. the need f o r  mbre egtcriEiive Hardw3fe khanges W i l l  be con- 

s i d e r e d  a f t e r  eva iua t i t ig  Ehe chiiriges i n  peffohiAn&i thiik odciir as a r e s u l t  of 

impiemexiting l e s s  ~ b s f l '  modigiE=tians t b  hi i rdt ja?~ atid b p e t a t i i g  g = o c e d ~ r e s .  

Ins t rumenta t ion  

C u r r e n t l y ,  pump s e a i  performanck d a t a  are not  gkneralig avai ldbia  t o  p l a n t  

o p e r a t o r s  i n  a format cons is tknk  wi th  reeonimended ope ra t ing  l i m i t s ;  Fu r the r ,  

much of t h e  d a t a  thah a r e  avzi i lable  cannot be time-phahe c o r r e l a t e d ;  

A v a r i e t y  of approaches has  been d iscussed  t o  address  t h e s c  concerns.  Addi- 

t i o n a l  i n s t f b e n t a t i d i i  would provide  t h e  bpei-atbr w i t h  a p p r o p r i a t e  

in format ion  t o  avoid equipment f a i l u r e :  Proper kimerphase c n f r e l a t i o n  of 

d a t a  i n  conjunct ion  w i t h  a d d i t i o n a l  ins t rumedta t ibn  would provide r e l i a b l e  

and c o n s i s t e n t  performance f ecords  t o  f 



Properly judge the need for maintenance and avoid unnecessary 
tasks of this nature. 

Provide sufficient engineering data for failure analysis. 

Provide a detailed data base on which to formulate a new 
seal design, i.e., accurately quantify the operating en- 
vironment. 

The TECo/DOE Pump Monitoring .and Diagnostic System Project will demonstrate 

an automated method for providing the data in the format required to make 

these maintenance- and performance-related decisions. 

In addition to the TECo/DOE project, B&W has begun to write functional speci- 

fications for a pump monitoring system for AP&L .and FPC. This system will , 
essentially be a scaled down version of the TECOIDOE project, with less new 

instrumentation and no built-in spectral analysis capability. Therefore, 

these systems will not have the ability to provide the data required to cor- 

relate seal performance with pumplmotor rotordynamics. 

However, these systems will' provide some time-phase correlated data and im-. 

proved. performance data to the plant operators. A proposal to build the 

systems will be provided to the FPC and AP&L after functional requirements 

have been agreed upon and the hardware configuration haS been selected. 

Other Areas 

Maintenance, training, and quality assurance (QA) are other areas that require 

more attention. These areas of concern are being reviewed by the PSPP group 

with a number of specific corrective actions taken by the utilities. The 

judgment is that significant improvements in pump seal performance will re- 

sult if better procedures and training programs are provided to both plant 

operators and maintenance personnel. The seal operating history suggests that 

many cost-effective QA improvements could be implemented, especially in the 

area of replacement parts. 

2.3.3.2.2. Long-Term Program -.Phase I11 

The long-term goal of,the PSIP group is to achieve an average seal life of 

three 'to four. fuel cyclds. The consensus of the PSIP group is that the cur- 

rent BJ seal design cannot achieve that goal, and a new seal design 'will be 

necessary. 
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A proposed program t o  develop a  new s e a l  des ign  is  under cons ide ra t ion  by t h e  

PSIP group. The Phase 111 e f f o r t  would produce a  new des ign  which would be 

ready f o r  pro to type  i n s t a l l a t i o n  i n  t h e  ope ra t ing  p l a n t s  i n  1984 o r  1985. 

A l i s t i n g  of pre l iminary  des ign  s p e c i f i c a t i o n s  has been generated t o  s e r v e  a s  

a  b a s i s  f o r  a  conceptua l  des ign .  The vendor w i l l  have t h e  des ign  respons i -  

b i l i t y .  Other members i n  t h e  PSIP group w i l l  have acces s  t o  des ign- re la ted  

m a t e r i a l s  and w i l l  p rovide  i n p u t  t o  des ign  s p e c i f i c a t i o n s  and des ign  review/ 

a n a l y s i s  func t ions .  E s s e n t i a l  i n g r e d i e n t s  t o  t h e  Phase I11 e f f o r t  inc lude  

t h e  fo l lowing:  

An a c c u r a t e  d a t a  base c h a r a c t e r i z i n g  t h e  pump seal,  operat i ,ng 
environment. 

Development of a  new s e a l  des ign .  ' 

Ana3ytical/comput;er v e r i f i c a t i o n  of t h e  d e ~ i g n  ngninot opcra t -  
i n g  environmental  d a t a .  

Design and f a b r i c a t i o n  of a new or modified t e s t  f a c i l i t y  
t h a t  can d u p l i c a t e  t h e  f i e l d  o p e r a t i n g  environment. 

F a b r i c a t i o n  of t e s t  s e a l s .  

.* A t e s t  program of a t  l e a s t  5000 hours  t o  v e r i f y  t h e  des ign .  

F a b r i c a t i o n  and implementation of p ro to type  s e a l  c a r t r i d g e s  
i n  ope ra t ing  p l a n t s .  

Assessment of p ro to type  s e a l  performance t o  determine t h e  
d e s i r a b i l i t y  of widespread implementation of t h e  new des ign .  

The TECo/DOE RC Pump Monitoring and Diagnost ic  System P r o j e c t  w i l l  p rovide  t h e  

needed d e t a i l e d  o p e r a t i n g  environmental da t a .  The o t h e r  proposed monitor ing 

systems, '  d i s cussed  e a r l i e r  f o r  FPC and AP&L, probably w i l l  no t  be implemented 

i n  t i m e  t o  produce d a t a  f o r  t h e  s e a l  des ign  o r  test f a c i l i t y  des ign  a c t i v i -  

t i e s  i n  Phase 111. Also,  t h e  proposed systems would no t  provide s e a l  perform- 

ance  d a t a  c o r r e l a t e d  w i t h  s p e c t r a l  a n a l y s i s  of rotordynamic performance. 

The TECo/DOE p r o j e c t  i s  scheduled t o  provide  t h e  d e s i r e d  d a t a  immediately 

fo l lowing  t h e  s p r i n g  1982 Davis-Besse r e f u e l i n g  outage.  The c h a r a c t e r i z a t i o n  

of rotordynamics as r e l a t e d  t o  pump, pump s e a l ,  and p l a n t  performance w i l l  be  

a  v a l u a b l e  a s s e t .  It w i l l  h e l p  t o  ensure  t h a t  a  new s e a l  des ign  can meet o r  

exceed performance goa l s .  
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2.3.4. Task 1 - System Design and 
Interface Requirements 

B&W work on this task is about 90% complete. The task is expected to be com- 

pleted in January 1982. 

Summary Status of Completed Work 

Subtask 1.1 - Determine Major Site Interfaces 

This subtask was completed in January 1981 when an interface and installation 

plan was issued. 

Subtask 1.2 - Develop System Functional Requirements 

A draft version was completed in July 1981. Comments and revisions to the 

document were solidified in September 1981. Preparation of a final document 

will be completed in December 1981. 

Subtask 1.3 - Select and Interface System Hardware 

This subtask is about 70%. complete. The work remaining is installa- 

tion of the equipment in the cabinet. A revised hardware listing was prepared 

in January 1981 to take advantage of improved equipment and to provide a de- 

tailed listing of miscellaneous hardware. 

Subtask 1.4 - Prepare Station Modification 1nterface.Requirements 

This subtask is about 85% complete; final interface drawings are being pre- 

pared. A B&W representative entered the Davis-Basse containment building at 

the end of November 1981 to select final sensor locations with Bechtel and 

UE&C representatives. This subtask should be completed in December 1981; it 

includes a scheduled Project Team meeting with B&W/Bechtel/TECo and UE&C. 

Subtask 1.5 - Prepare Station.Modification Details 

This is primarily a TECoIBechtel task. Bechtel is expected to complete the 

field change package material in December 1981. B&W is reviewing the prelim- 

inary material to ensure proper interface. 

Interface issues have,been a long and complex task, starting with the first 

Project Team meeting in '~ctober 1980. Several significant act.ivities were 

not anticipated in the original workscope estimates: 

- A technical feasibility assessment of implementing the project 
in a TECo computer (as'opposed to a separate microcomputer sys- 
tem specified by B&W). 
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A h igher  l e v e l  of  e f f o r t  w a s  r equ i r ed  f o r  proper  i n t e r f a c e  i n  
terms of correspondence,  coo rd ina t ion ,  and P r o j e c t  Team , 

meetings . 
Evalua t ion  of v a r i o u s  p r o j e c t  c o s t  a l t e r n a t i v e s .  These ,eva lu-  
a t i o n s  r e s u l t e d  i n  t h e  c u r r e n t  workscope f o r  t h e  p r o j e c t  wh i l e  
r e t a i n i n g  t h e  maximum t e c h n i c a l  va lue .  

A summary of work t h a t  has  been completed and t h e  work remaining t o  complete 

Task 1 i s  provided below f o r  each of t h e  f i v e  subtasks '  w i t h i n  Task 1. 

2.3.4.1. Subtask 1.1 - Determine Major 
S i t e  I n t e r f a c e s  

Work on t h i s  sub ta sk  began i n  October 1980 and was completed i n  January 1981 

w i t h  t h e  d e l i v e r y  o f ' a n  i n t e r f a c e  and i n s t a l l a t i o n  pfan.  Ext ra  work and Pro j -  

e c t  Team meet ings were r equ i r ed  i n  t h e  e a r l y  s t a g c s  of t h e  c o n t r a c t  t o  

ach ieve  an  a p p r o p r i a t e  l e v e l  of understanding among P r o j e c t  Team members. 

P r o j e c t  Team meet ings were he ld  i n  October and November 1980 and i n  January 

and February 1981. 

I n i t i a l  t e c h n i c a l  i s s u e s  evolved around t h e  equipment c a b i n e t  f o r  t h e  diagnos- 

t i c  system and t h e  use  ,of a n  e x i s t i n g  computer s y s t e m .  It was agreed t h a t  i n  

a d d i t i o n  t o  a  c a b i n e t  f o r  t h e  d i a g n o s t i c  system, a  s e p a r a t e  c a b i n e t  would be  

needed t o  i s o l a t e  t h e  m a j o r i t y  of i npu t  s i g n a l s  t o  ' the system. Concerns in-  

c luded (1)  i s o l a t i o n  of p o t e n t i a l  i n t e r f e r e n c e  between t h e  p l a n t  computer and 

t h e  DOE p r o j e c t  system m u l t i p l e x e r s  ( s i n c e  many of t h e  d e s i r e d  i n p u t s  would 

be  supp l i ed  from t h e  p l a n t  computer i npu t  c a b i n e t s ) ;  and (2) s i n c e  t h e  diag-  

n o s t i c  system i s  an  R&D p r o j e c t ,  a d d i t i o n a l  i s o l a t i o n  w a s  prudent t o  ensure  

t h a t  a  mal func t ion  w i t h i n  t h e  system would no t  r e s u l t  i n  t r a n s m i t t i n g  f a l s e  

informat ion  o r  a  l o s s  of parameters  t o  Davis-Besse 'plant  o p e r a t o r s .  

Phys i ca l  space  t o  l o c a t e  two c a b i n e t s  was a t  an  extreme premium. The DOE 

p r o j e c t  c a b i n e t s  were competing f o r  phys i ca l  space t h a t  would o therwise  have 

been occupied by o t h c r  equipmcnt r cqu i r cd  t o  be i n s t a l l e d  a t  Davis-Besse. 

A l t e r n a t i v e  l o c a t i o n s  were i n v e s t i g a t e d ,  i nc lud ing  t h e  c a b i n e t  room (adjacent  

t o  t h e  ope ra to r  a r e a  i n  t h e  Davis-Besse c o n t r o l  room) and t h e  c a b l e  penetra-  

t i o n  rooms. The c a b l e  p.enetrat ion rooms a r e  l oca t ed  i n  t h e  r a d i a t i o n  acces s  

c o n t r o l  area (RACA), which w a s  determined t o  be an  undes i r ab le  environment f o r  

t h o s e  who would o p e r a t e  t h e  d i a g n o s t i c  system. Af t e r  a s i g n i f i c a n t  e f f o r t  on 

t h e  p a r t  of TECo and Bechte l ,  t h e  c u r r e n t l y  planned l o c a t i o n  i n  t h e  Davis- 

Besse c a b i n e t  room was f i n a l i z e d  (ad jacent  t o  t h e  c o n t r o l  room). 
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Another alternative considered was to implement the DOE project functionally 

within a separate TECo somputer system. TECo had purchased two Prime 550 

computer systems to be used in conjunction with the required Emergency Re- 

sponse Center. B&W provided a technical evaluation of this alternative at 

TECO'S request. Several problems were cited with regard to this approach: 

Interface difficulty in terms of B&W attempting.to write ap- 
propriate software for a TECo computer. A duplicat'ion of 
software development effort would also have been required to 
implement remote analysis capability for a separate B6W com- 
puter system. Optimizing system software during Task 4 would 
require a similar duplicated effort. 

Prioritization of software tasks within the TECo, computer as 
opposed to the advantages of a dedicated system. 

Installation of separate cabinets would still be required to 
provide rotating machinery diagnostic functions and other 
hardware-related requirements. Thus, it 'was determined that 
very little space would be saved at a high cost premium. 

There were concerns about the ability to implement diagnostic 
system functional requirements in the TECo computer. The 
large number of inputs to the TECo computer would have re- 
stricted the effective input signal sampling rate to the 
point where additional hardware would be necessary for func- 
tional interface. 

The conclusions reached were (1) a separate dedicated.computer would very 

probably be required to implement the project on a TECo computer, (2) total 

program costs would increase substantially, and (3) little or no physical 

space would be saved. Therefore, TECo and B&W agreed that the B6W-specified 

computer system would be a requirement to proceeding with the contract work, 

The original. schedu1.e for the project called for the refueling outage to be- 

gin between October 1, 1981, and April 1982. The schedule called for BCW, 

TECo, Bechtel, and UE&C to be ready for diagnostic system installation at the 

beginning of October. Therefore, procurement of materials, planning, schedul- 

ing, and allocation of manpower resources were all of critical importance to 

support this schedule. Major activities at that stage of contract work in- 

cluded the following:' , 

Prioritization of inputs to the d,iagnostic system to ensure that 
basic functions would be implemented first if all work could not 
be completed on time. 
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Determinat ion o f .  i n t e r f a c e  requirements  was r equ i r ed  t o  f i n a l i z e  
hardware needed and t h e  d e t a i l e d  engineer ing  wo,rkscope, 

Seismic q u a l i f i c a t i o n  of both t h e  d i agnos t i c  system cab ine t  and 
t h e  Bechtel-designed i n t e r f a c e l b u f f e r  cab ine t  ( t o  ensure  t h a t  
n e i t h e r  c a b i n e t  would become a missile hazard i n  t h e  cab ine t  
room dur ing  a se i smic  even t ) .  

I d e n t i f i c a t i o p  4f new d iagnos t i c  system i n p u t s  beyond thoqe 
l i s t e d  i n  t h e  March 1979 t e c h n i c a l  proposal .  These changes 
added t e c h n i c a l  v a l u e  t o  t h e  p r o j e c t  by inco rpora t ing  t h e  ben- 
e f i t s  of B&W exper ience  wi th  RC pumps i n  t h e  i n t e r i m  time 
frame. 

Changes t o  major eq~iipment i d e n t i f i e d  i n  t h e  March 1979 pro- 
p o s a i  f o r  t h e - d i a g n o ~ t i c  cyotcm. Thcsc changcs wcre made t o  
accommodate improved f u n c t i o n a l  c a p a b i l i t y  w i th  t h e  l a t e s t  
equipment i n  a  c o s t - e f f e c t i v e  manner. These changes a l s o  re- 
f l e c t e d  t h e  b e n e f i t  of a d d i t i o n a l  exper ience  w i t h  Byron Jack- 
son pumps. Expedi t ious i d e n t i f i c a t i o n  of miscel laneous hard- 
ware, such a s  r a c k  mounts, connec tors ,  miscel laneous 
e l e c t r o n i c  equipment, and spa re  p a r t s ,  was requi red .  

To summarize, i t  i s  reasonable  t o  s t a t e  t h a t  t h e  coo rd ina t ion  and t h e  accom- 

p l i shments  of t h e  P r o j e c t  Team dur ing  t h e  f i r s t  few months of t h e  c o n t r a c t  

were s i g n i f i c a n t .  The l e a d e r s h i p  and teamwork t h a t  evolved r e f l e c t e d  a  sense  

of d e d i c a t i o n  t o  meet ing program o b j e c t i v e s .  

A f t e r  February 1981, t h e  r e f u e l i n g  oytage schedule gradual ly  moved outward t o  

i t s  p re sen t  schedule  t o  begin  February 26, 1982. During t h i s  t ime,  recommen- 

d a t i o n s  f o r  and e v a l u a t i o n s  of c o s t  r educ t ion  a l t e r n a t i v e s  were made. This  

u l t i m a t e l y  l e d  t o  t h e  c u r r e n t  reduced scope of t h e  p r o j e c t  i n  terms of c o s t  

wh i l e  r e t a i n i n g  t h e  maximum t e c h n i c a l  b e n e f i t .  

Also du r ing  t h i s  t ime,  RC pump s e a l  problems a t  Davis-Besse and o t h e r  B&W cus- 

tomer p l a n t s  were c r e a t i n g  very  s e r i o u s  problems i n  terms of fqrced  outages,  

l o s t  gene ra t ing  c a p a c i t y ,  and concerns about h igh  leakage f a i l u r e l r a d i a t i o n  

exposure (such a s  t h e  f a i l u r e  a t  ANO-1 on May 10, 1980), 

I n  o r d e r  t o  respond p rope r ly  t o  t h e  s e r i o u s  n a t u r e  a f  t h e s e  problems, B&W re-  

quest'ed schedule ex t ens ions  t o  address  t h e  imxpediate concerqs of pump s e a l s .  

The primary c r i t e r i o n  has been t o  ensure  t h a t  the  major goa l  of i n s t a l l i n g  t h e  

d i a g n o s t i c  system a t  Davis-Besse on schedule would no t  be jeopardized.  

A s  a r e s u l t  of t h e  e f f o r t s  t o  r e s o l v e  pump s e a l  problems, a  ~ & ~ / B y r o n  Jackson 

pump seal u s e r s  group program, p r i m a r i l y  funded by t h e  u t i l i t i e s ,  was formed 
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. as described in section 2.3 of this report. The TECoIDOE diagnostic system 

is now considered to be an important supplement to that program, as previ- 

ously described. 

2.3.4.2. Subtask 1.2 - Develop System 
Functional Requirements 

A draft version of diagnostic system functional requirements was completed in 

July 1981. This work is about 95% complete. The final document is to be re- 

leased in early December '1981. ,Work remaining for completion is to review 

comments, primarily of an editorial nature, and final document. preparation. 

All technical content has been completed and agreed to by all necessary tech- 

nical and administrative personnel in the project. Software development and 

hardware interface have continued based on these agreements. 

Section 2.2 of this report describes only briefly a few o£ the .key require- 

ments of the diagnostic system. The "user friendly" approach has been empha- 

sized in developing. these requirements. The system is designed to display 

functional options .to the user, each 'of which is selected by two or three 

keystrokes on the operator keyboard. As a result, during normal operation 

in using the system, the need to refer to a system operating manual should be 

minimal. 

The majority of effort in this subtask was related to the following major 

items : 

1. Development of functional criteria to perform on-line analysis 
of seal cavity' pressure oscillations. 

2. Mapping a luulci-level matrix to f unctionel 1.y 'describe pump and 
plant conditions in terms of (a) detecting instrument mal- 
functions, (b) performance-related alertlalarm set and reset 
levels, and (c) criteria on which to determine data storage 
intervals. 

3. Data retrieval, analysis, and plotting requirements. 

4. Requirements for rotating machinery diagnostics. . 

The only significant difficulty encountered was in the area of rotating ma- 

chinery diagnostics. B&W had established a previous experience basis in this 

area with the development of the CASA system. An incorporation of the same 

technology into the RC pump mo*itoring and diagnostic system had been planned. 
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The goa l  w a s  t o  o b t a i n  d e t a i l e d  rotordynamic d a t a  and a t t empt  t o  c o r r e l a t e  

t h e s e  d a t a  wi th  pump and pump s e a l  performance. 

It was determined i n  developing t h e  f u n c t i o n a l  requirements  t h a t  a  h igh  poten- 

t i a l  e x i s t e d  f o r  improving t o t a l  system performance by making a  few changes. 

The changcs t h a t  were d e s i r e d  would provide  f o r  i n t e r r u p t i o n s  t o  t h e  normal 

s p e c t r a l  a n a l y s i s  sequence i n  o r d e r  t o  obtagn d e t a i l e d  d a t a  in a d e s i r e d  a rea .  

The i n t e r r u p t i o n  would occur  a s  a r e s u l t  of a  change i n  some s t a t u s  i n d i c a t o r  

o r  exceeding a  so f tware  s e t p o i n t .  An example would be t o  o b t a i n  an immediate 

s p e c t r a l  a n a l y s i s  of a  g iven  pump dur ing  s t a r t u p  o r  coastdown. It was recog- 

n i zed  t h a t  much v a l u a b l e  d a t a  would n o t  be  gathered i f  t h i s  func t ion  could nnt  

b e  implemented. 

Upon completion of  t h e  d r a f t  f u n c t i o n a l  roquircmcnts+ cert;aiil prnhlema were 

ident i lc ied .  For example, a  cont inuous ly  s t u c k  f a u l t y  alarm cond i t i on  would 

have r e s u l t e d  i n  cont inuous ly  ga the r ing  c e r t a i n  s p e c t r a l  d a t a  on one RC pump 

w h i l e  i gnor ing  t h e  o t h e r  t h r e e  pumps. A s  a  r e s u l t  of meetings and some 

b ra ins to rming ,  t h e  P r o j e c t  Team members from B&W1s Lynchburg Research Center 

(LRC) f a c i l i t y  produced a  f u n c t i o n a l  scheme. Thei r  scheme was accepted a s  a  

sound and v i a b l e  s o l u t i o n  f o r  f i n a l i z i n g  t h e  f u n c t i o n a l  requirements .  It in-  

vo lves  a  fou r - l eve l  p r i o r i t y  i n t e r r u p t  scan  sequence, which adequately ad- 

d r e s s e s  a l l  of t h e  i d e n t i f i e d  t e c h n i c a l  problems: 

2.3.4.3. Subtask 1.3 - S e l e c t  and I n t e r f a c e  
System Hardware 

Th i s  sub ta sk  i s  ahoiit 70% complete. It i s  c u i r r a ~ l y  scheduled t o r  completion 

i n  January  1982. The major i t em l e f t  t o  complete t h i s  work i s  t o  assemble t h e  

d i a g n o s t i c  system i n  t h e  c a b i n e t .  I le l i~vcry of d cabilir:t. to rhe LRC i~ sched- 

u l e d  f o r  January 1, 1982, and f i n a l  assembly w i l l  t a k e  two weeks. 

E l e c t r i c a l  checkout and i n t e r f a c i n g  of t h e  wide v a r i e t y  of e l e c t r o n i c  equip- 

ment f o r  t h i s  p r o j e c t  has  been a  long and complex task. IL was d i f f i c u l t  t o  

de te rmine  how t o  f i t  a l l  of t h e  equipment i n t o  t h e  cab ine t  whi lc  r e t a i n i n g  

system ope ra to r  i n t e r f a c e  equipment i n  a p p r o p r i a t e  pos i t i ons :  

Seismic a n a l y s i s  of t h e  cab ine t  f o r  t h e  d i a g n o s t i c  sys~e rn  has no t  proceeded 

smoothly. A pre l iminary  a n a l y s i s  was unable t o  conclude s a t i f a c t o r y  response 

f o r  t h e  c a b i n e t  based on previous  d a t a  f o r  a  s i m i l a r  c a b i n e t .  It is  a 

requirement  t h a t  n e i t h e r  t h e  c a b i n e t  nor  t h e  equipment i n s i d e  w i l l  bccome a 
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missile hazard in the cabinet. room during' a safe shutdown earthquake (SSE) 

event. B&W and TECo have agreed to a plan that delivers a qualified cabinet 

to  the'^^^ by January 1, 1982. 

The cabinet will be structurally modified and additional tests and analyses 

will be performed to meet this schedule. Both B&W and TECo have identified 

timely completion of this item as critically important to the total project 

schedule for installation of the diagnostic system. 

As described in section 2.2, a remote analysis computer system will be built 

at the LRC. This system will be available for use in this project during the 

data acquisition task. All major hardware components for the system have been 

purchased and received by B&W to support this project. 

There was a considerable delay before an Intel SBC-337 Math Module suitable 

for use in' the diagnostic system was received.. This module was actually or- 

dered by B&W for the remote computer, but it is being used temporarily for 

development of the site computer. 

The two modules for the site computer (including one spare) have not been re- 

ceived by B&W. It is B&W1s understanding that 'the long delays (nearly a year) 

have been due to severe problems with production yields on these modules at 

Intel. It is anticipated that an appropriate number of modules will be avail- 

able by the time the diagnostic system is installed in spring. 1982. These 

modules were.introduced as a new product in the fall of 1980 and offered dis- 

tinct technical improvements to system design. 

During checkout of the Vitec accelerometer monitoring panel, a- problem was 

found with the reset function. The panel has been-returned to the vendor for 

repairs. The proj-ect schedule is not impacted by this malfunction. 

It has been determined that an additional hardware interface will be necessary 

to meet system functional requirements. B&W will need to purchase separate 

signal conditioning equipment to provide average radial shaft displacement and 

axial shaft displacement to the DC input multiplexer. Resolution is expected 

withniit impacting the project schedule, 
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2 . 3 . 4 . 4 .  SubtasF 1 . 4  - Pf-epa)-e SFafrion b f g @ f $ ~ a ~ i q g  
I n t e r f a c e  ~ e a u i r e m e n t s  

Th i s  sub ta sk  1s about 80% complete.  It has  p r i m a r i l y  . " invglved £oJlow-up ac- 
. - 

t i v i t i e s ,  meet ings,  and te lephone canv,ersat ions t o  c l a r i f y  t h e  i n t e r f a c e s  

between t h e  B&W-specif , . i e d  system and Bechtel  engineer ing  work fo l lowing  com- 

p l e t i o n  of sub ta sk  1 . 1 .  Sketches were a l s o  prepared t a  d e p i c t  t e ~ i n a t i o n  

pane l  l ayou t  and l o c a t i o n  i n  t h e  s i t e  computpr cab ine t .  

A B&W/TECO/B~C~~FJ  V i n f e r f a c e  megFing .. , wag held i n  lat? N p ~ e m k e ~  1981. In  re -  
sponse t o  t h i s  meet ing,  B&W w i l l  p repare  i p t e r f a c e ' d r a w i n g s  t h a t  w i l l  b e s t  

meet ~ e c h t e l ( T E P ~  ,peeps: Th i s  meeting apd sukse?pgg  i n t e r f a p ~  $ p y i g g s  t o  

be r e l e a s e d  w i l ;  complete t h i q s q b t a q k .  These . , drawings w i l l  t a k e  t h e  p l ace  

of a BLW S t q t i e n  ~ d i f i c a t i o n  F+an, prev ious ly  th&hf , ,  t p  b e  necessayy. 

It i s  a ~ p y o ~ r i a p  t!? q p p  w9rk yi ; thin .subf@sF; has incJ.pde? PlGW per -  

sonnel  " t r a v e l i p g  j . !.. f o  t p p  Davis -B~sse  s i t e  Fp ~ p r k  W $ F ~  I$~chp l /TECs  i n  i d e n t i -  . ,  . 

f y i n g  t h e  b e s t  l o c a t i o n s  and p l ans  f o r  i n s t a + $ a t i p n  of new in-cantainment 

s e n s o r s  at t h e  pc pwps: Bgth t h e  PC p e p  and popor vendars were ~ l s a  cpn- 

tacced  t o  o b t a i n  t e c h n i c a l  cppcurrence wi th  ac$e l~yomete r  mounting tech*igues 

and l o c a t i o n s .  

2 .3 .4 .5 .  Subtask 1.5 - ?yepare S ta t$qn  
Modification ~ e r a i l s  

This  i s  p r i m a r i l y  a T$Co/Bechtel subtask .  B&F w i 1 J  d i s c u s s  and review t h e  

Bechtel-prepared f i e l d  ~ k a n g e  mqteyia l  i n  ap advisqrg  capac i ty  t q  ensure  t h a t  

i n t e r f a c e  i s s u e s  h a v ~  Pepn. p rope r ly  qddressed.  Mnst pf p h i s  wpyk i s  expected 

t o  be copple ted  i q  & c ~ @ e f  1961,. i n  a ~ c o r d g n ~ e  w i t - !  the c u r r e n t  schedule and 

proposed P r o j e c t .  T~a;9! rflee;ting d a t e  

2 . 3 . 5 .  Task 2  - System Developgepr apd 

Wgrk performed w i t h j n  fhjs $ask  has been an  suptask  2: 1, '!ge~e+qp . System . -  Soft-  

ware." Software deye;ppment began i n  A p r i l  l98b an$ i s  bging c a r r i e d  ~ ! I F  a.t 

t b e  &PC. The ~ 9 r k  i s  p f w e e d i n s  , , at an acce l e rg t ed  ~ q e  ~0 meet t h e  scheduled 

complet ion d a t e  of geeember 1, 1981: Work on suFt?sk 2 . 2 ?  !!Check gut system 

In-Lab, I '  and subtask  2  r 3 ,  !!Execyte S t g t i o n  Modif ica t ions  ,'! y i l l  q o t  begin 

u n t i l  January 1482. 



Software development for the site computer system is nearing completion. Most 

of the pump seal analysis computer routines are operational, incuding seal 

performance calculations, seal alarm functions, and seal status reports. Sig- 

nificant portions of the seal magnetic tape query program are in place and 

are being tested. In November 1981, microcomputer-controlled seal analysis 

was demonstrated to TECO and Bechtel personnel on the LRC prototype system. 

The major remaining software task is the completion of rotating machinery 

analytical and diagnostic routines. Work in the rotating machinery area has 

centered on providing computer-to-spectrum analyzer communications and com- 

puter control of the dynamic signal multiplexer. The remaining routines to 

be written will make heavy use of these hardware interface functions while 

monitoring rotating machinery instrumentation. 

An obstacle to software development progress has been the late delivery of 

the Intel SBC-337 Math Module. This delay was partially overcome through the 

use of a Math Module "emulator" provided by Intel. In addition, implementa- 

tion of some system functions has had to await firming up of the system func' 

tional requirements. 

Several areas in software development will provide unique capabilities, and 

have presented a special challenge: 

Cavity Pressure Oscillation Analysis 

Functional requirements specify that for an effective analysis, all 
cavity pressure channels must be sampled at least 10 times per sec- 
ond during automatic monitoring. - Note that this .computation must 
be performed continuously on all four RC pumps and "in parallel'' 
with the seal performance and spectral analysis computations. 

User-Def ined ~ a t a  Recording Intervals 

In order to maximize the lifetime of a magnetic. tape, the computer 
should record performance at long time intervals during steady- 
state operation and rapid'ly during pump transients. The site com- 
puter implements this'feature by allowing separate, user-defined 
recording intervals for normal and. transient operating modes. 
The user can specify a' third interval to limit recording when 
track 4 (last track) of the tape cartridge has been reached. 

User-Friendlv Set~oint U~date 

The site computer uses a sophisticated alarm detection algorithm 
including multi-level alarm setlreset thresholds, transient set/ 
reset values, and a four-priority-level spectral analysis 
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I I sequence. To prqvjde  a user-fri,end$y!' method for main ta in ing  
t h e  l a r g e  d a t a ' k a s e  of s e t p o i n t s ,  t h e  s i t e  cpmputer has  been 
equipped w i t h  a s e r i e s  of s i m p l e  s e t p o i n t  "rnef?ks." From t h e s e  . . s 

~ ~ ~ - d i s ~ l a ~ e d  rgenys , t h e  nqn-corqputer-.orieFted u s ~ h  quick- 
1~ q ~ , e r ~  and update any s o n s t a n t  of s e t p o i n t  In t h e  dage . < base.. . ,, . 

-. 

.Performance Hi s to ry  Query 
. . 

The perforpqnce h$s tory  of  t h e  pumps - w i l l  b,e pcoyded  on mag- 
qetic t ape  by t h e  s i t e  computgr, w h i c h ' w i l l  gi lqw the use= t q  
query t h i s  h i s t b r y  d a t a  base and produce u s ~ r - d e f i n e d  p+ots  
and p ~ i n t o u t s  of  pynp parameters  over se lecped  t i m e  frames. 

The m a j o r i t y  of t h e  pump s e a l  a n a l y s i s  p o r t i o n  o£ t h e  sof tware  has  been gen- 

e r a t e d .  Much of t h e  r o t a t i n g  machinery diagrtost ic  sof tware  has  a l s o  been . t 

completed. Software f o r  t h e  s i t e  computer 1s scheduled f o r  completion i n  

December 1981. soft war^ f o r  t h e  remote a n a l y s i s  computer is  scheduled t o  be 

implemented i n  January 1982. 
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