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EXECUTIVE SUMMARY 

From October through December 1984, ths' r t e e n  Egyp t i  a3 eng i neers p a r t  i c ' i  pated 
i n  management and techn ica l  t r a i n i n g  i n  the  Un i ted  States.  The techn i c a l  
component o f  t h e  t r a i n i n g  was conducted b y  a  team o f  engineers  prov ided by t h e  
Water and S a n i t a t i o n  f o r  Heal th  (WASH) P ro jec t ,  The Egypt ian engineers  have 
governorate o r  markaz* l e v e l  management p o s i t i o n s  a3d are respons ib le  for' t h e  
design,  c o n s t r u c t i o n ,  opera t ion ,  and maintenance o f  water supply schemes i n  
r u r a l  areas o f  Egypt. A l l  have p a r t i c i p a t e d  i n  the  Basic V i l l a g e  Serv ices  
( BVS) P r o j e c t  ( see WASH F i  e l  d  Report  No. 141). 

I n  A p r i l ,  1985 t h e  Un i ted  States Agency f o r  I n t e r n a t i o n a l  Developnent m i s s i o n  
i n  Cai r o  (USAID/Egypt) requested t h a t  t h e  t echn i ca l  t r a i n e r  spec ia l  i z i  ng i n  
ope ra t i ons  and maintenance t r a v e l  t o  Egypt t o  c a r r y  o u t  an assignment hav ing 
t h e  f o l l o w i n g  scope o f  work: 

1. Determine the  impact o f  the  U.S.-based techn ica l  t r a i n i n g  on the  
eng i neers . 

2. Recommend poss ib l e  improvements i n  the maintenance p lan  developed 
by the  A I D  techn ica l  ass is tance  (TA) c o n t r a c t o r  Chemonics and 
suggest courses o f  a c t i o n  f o r  t he  balance o f  t h e i r  co r r t rac t  
per iod.  

3. Recommend s t a f f i n g  for- the Local Development I 1  P r o j e c t  (LD 11) t o  
suppor t  i t s  maintenance component. 

J im Jordan, Operat ions and Maintenance S p e c i a l i s t  f o r  the  WASH P ro jec t ,  spent  
t h r e e  and o n e - h a l f  weeks i n  E g y p t  v i s i t i n g  t h e  r u r a l  a r e a s  o f  f o u r  
governorates and a number o f  markaz maintenance cen te rs  (MMCs), v i l l a g e s  and 
water pump s t a t i o n s  (see Appendix A f o r  a  1  i s t  o f  people contacted and s i t e s  
v i s i t e d ) .  Four o f  t he  engineers who p a r t i c i p a t e d  i n  t r a i n i n g  i n  t h e  Un i ted  
States were i n te r v i ewed  t o  determine if they had i n i t i a t e d  any s p e c i f i c  
a c t i o n s  s ince  returning from the  Un i ted  States and t o  sol i c i  t t h e i  r ideas on 
improv ing t he  t r a i n i n g .  Thz f i n d i n g s  o f  t h i s  consul tancy can be sumnari zed as 
f o l  1  ows : 

T r a i n i n g  i n  t h e  U n i t e d  S ta tes  

1. The classroom t r a i n i n g  would be as e f f e c t i v e  i n  Egypt, b u t  t h e  
o p p o r t u n i t y  f a r  t he  engineers t o  v iew 1 i f e y  d i  scuss techn i c a l  
t o p i c s  w i t h  nlmerous U.S, engineers and, see water f s c i l  i t i e s  i n  
t h e  Un i t ed  States w u l  d  be l o s t .  

2. The management component o f  t r a i n i n g  i s  t oo  1  ong and i s  n o t  
j n t e g r a t e d  w i t h  the  t echn i ca l  t r a i n i n g  component. 

3. The p a r t i c i p a t i n g  engineers have n o t  had c o n t a c t  w i t h  each o t h e r  
s ince  they re tu rned  from the  Un i ted  States. 

*Governorates a re  subdiv ided i n t o  a  number o f  markaz. Qena Governorate, 
f o r  example, i s  made up o f  s i x  markaz. 



4. Two o f  the fou r  engineers have made d j r e c t  use o f  t r a i n i n g .  These 
two engineers are governorate-1 eve1 engineers responsibl  e f o r  a1 l 
o f  the MMCs. 

Chemni cs-Devel oped Maintenance P l  an 

1. The maintenance p lan  i s  b a s i c a l l y  sound w i t h  res$ec t  t o  s p e c i f i c  
maintenance tasks and delegat ion o f  respono ib i l  i t i e s  t o  markaz and 
v i l l a g e  workshops, b u t  i t  needs strengthening i n  the  area:; o f  
r e p o r t i  ng procedures and t o g  o f f i c i a l  support and respons ib i l  i t y  . 

2. The th ree  governorates p a r t i c i p a t i n g  i n  the  p lan  are no t  ready t o  
assune f u l l  r e s p o n s i b i l i t y  f o r  maintenance. 

Equi pment Maintenance 

1. Simp1 e prevent ive  maintenance ( P M )  tasks are being performed and 
equipnent i s  i n  operat ion, a1 though n o t  e f f i c i e n t l y .  

2. None o f  the MMCs are able t o  perform h igher  l e v e l  s o f  PM. Several 
have no equipment o r  too l  s . 

3. Housekeeping i s  a major problem. Very few pump s t a t i o n s  o r  pumps 
were kept  c lean. 

4. Problems w i t h  water scheme design and u t i l  i za t ion  were observed. 

Local Devel opment I I --- 

1. An emphasis on maintenance , p a r t i c u l  a r l  y mai ntenance p l  anni ng , i s 
needed. 

2. The TA c o n t r a c t o r  f o r  LD I1 w i l l  need s i g n i f i c a n t  maintenance 
s t a f f i n g  t o  be successful. 

These f i n d i n g s  have 1 ed t o  the  f o i  1 owing recommendations: 

U .S. T r a i n i n g  o f  Egypt ian Engineers 

1. T ra in ing  i n  the Uni ted States i s  va luable and should be continued, 
b u t  shcul d be shortened t o  no more than s i x  weeks. 

2 .  The management and technica l  po r t i ons  should be handled by  one 
srgani  za t i on  and in teg ra ted  so t h a t  the re! a t i onsh i  p between the  
a p p l i c a t i o n  o f  management s k i l l s  and hand1 i n g  o f  t e c h n i c a l  
probl  ems i s  f i r m l y  establ  i shed, 

3. A two- t o  three-day workshop f o r  the engineers should be he ld  a t  a 
cen t ra l  p o i n t  i n  Egypt approximately n ine  months a f t e r  t h e i r  
r e t u r n  t o  enable them t o  share ideas. 



Chemonics Fu tu re  E f f o r t s  

1. Cont inuing support f o r  the  th ree  governorates i s  essent i  a1 . The 
f i e l d  v i s i t s  cou ld  be l i m i t e d  t o  bi-monthly w i t h  emphasis placed 
on t h e  governorate- and markaz-1 eve1 engineers responsi b l  e f o r  
maintenance. 

2 .  The main tenance program shou ld  b e  expanded t o  i n c l u d e  two 
g o v e r n o r a t e s  and o n l y  two markaz w i t h i n  each o f  t h e s e  
governorates. 

3. The governor, secre tary  o r  a s s i s t a n t  secre tary  general shoul d 
appoint  one governorate- level  engineer t o  oversee the  program. The 
designat ion o f  t h i s  engineer should be a cond i t i on  f o r  i nc lud ing  
the  governorate i n  the  maintenance program. Since the  Housing 
Departments o f  each governorate are responsib le f o r  water p r o j e c t  
equ ipment  ma in tenance,  t h i s  e n g i n e e r  s h o u l d  be f rom t h i s  
department. 

4. The designated engineer should accompany the  Chemonics engineer on 
each governorate v i s i t .  They should j o i n t l y  prepare a l i s t  o f  
accompl ishments and problems t o  be submitted t o  t he  secre tary  
general a f t e r  each Chemonics f i e l d  t r i p .  

~ Local Development I1 and USAID 

1. USAID should d i r e c t  the  c u r r e n t  and f u t u r e  TA con t rac to rs  t o  
emphasize t h a t  the  ~ a i n t e n a n c e  program cover a l l  water supply 
equipment, n o t  j u s t  t h a t  funded through BVS. 

2. USAID should d i r e c t  Chemonics t o  work w i t h  one o f  t he  markaz 
se l  ected t o  p a r t i c i  pate i n the  mai ntenance program expansion t o  
deve'op a p ro to type maintenance budget. This w i l l  be one o f  the  LD 
I I requ i  rements . 

3. The new TA c o n t r a c t o r  must be s t a f f e d  by a t  l e a s t  one e x p a t r i a t e  
e n g i n e e r  s k i l l e d  i n  t h e  development  and i m p l e m e n t a t i o n  o f  
mai ntensnce management systems. An Egygt i  an engineer w i  t h  some 
maintenance experience should a lso be inc luded i n  the  tern t o  
l e a r n  f rom t h e  e x p a t r i a t e  e n g i n e e r  and p r o v i d e  s u p p o r t  t o  
imp1 ement an e f f e c t i v e  maintenance system throughout Egypt' s r u r a l  
areas. 

- v i i -  



Chapter 1 

INTRODUCTION 

1.1 Purpose o f  Technical Assistance 

During the l a s t  three months o f  1984, USAID/Egypt arranged f o r  20 engineers 
who are p a r t i c i p a t i n g  i n  the Ebsic V i l l a g e  Services (BVS) P r o j e c t  t o  t r a v e l  t o  
the  United States f o r  specia:-ized t r a i n i n g .  The t r a i n f n g  consis ted o f  f i v e  
weeks of  management t r a i n i n g  by the United States Department o f  A g r i c u l t u r e  
(USDA) Graduate School and f i v e  weeks o f  technica l  t r a i n i n g  by the  WASH 
P r o j e c t  l see WASH F i e l d  Report No. 141.) 

Th i r teen o f  t he  twenty Egyptian engineers a re  invo lved i n  water supply 
p r o j e c t s  and p a r t i c i p a t e d  i n  the  WASH t r a i n i n g  workshop. The o ther  seven are 
i nvol ved i n  road cons t ruc t i on  and maintenance and, there fore ,  at tended a 
separate workshop on t h i s  aspect o f  the BVS Pro jec t .  

The engineers who p a r t i c i p a t e d  i n  the WASH workshop were asked t o  eval uate the  
t r a i n i  ng by respondi ng t o  a quest ionnai r e  prepared by the WASH t r a i n i n g  team. 
The quest ionnai re was f i l l e d  o u t  by  t h e  engineers on the  1 a s t  day o f  the  
techn ica l  t r a i n i n g  workshop. The sub sequent ay~a lys i  s o f  the resul  t s  reveal ed 
t h a t  maintenance o f  water supply systems was o f  considerabl  e i n t e r e s t  and 
importance t o  the workshop p a r t i c i p a n t s  and covered technology t h a t  was new t o  
them. This  r e s u l t  a f f i rmed USAID's d i r e c t i v e  t h a t  the  workshop pay p a r t i c u l a r  
a t t e n t i o n  t o  the elements o f  an e f f e c t i v e  maintenance program. Appendix B i s  a 
summary o f  the r e s u l t s  o f  the quest ionnaire r e l a t i n g  t o  the t o p i c s  covered i n  
the workshop. 

01 i v i e r  Carduner, USAID/Egypt P r o j e c t  O f f i c e r  f o r  BVS, met w i t h  John Aust in  
and J i m  Jordan a t  the WASH o f f i c e  t o  discuss the recomnendations made by WASH 
concerning f u t u r e  workshops f o r  BVS engineers (WASH F i e l d  Report No. 141).  D r .  
Aus t in  i s  the WASH Pro jec t  Manager f o r  A I D ,  and Jordan, WASH'S Operations and 
Maintenance (O&M) Special i s t ,  conducted the  maintenance component o f  the 
workshop. One o f  the  recornendations was t o  f o l l o w  up the workshop w i t h  a 
v i s i t  by one o f  the  technica l  t r a i n e r s  t o  evaluate the e f fec t i veness  o f  the  
technica l  t r a i n i n g  i n  p rov id ing  useful  in fo rmat ion  t o  the BVS engineers who 
pa r t i c i pa ted .  

I n  add i t i on ,  USAIDjEgypt had d i rec ted  the BVS techn ica l  assistance con t rac to r ,  
Chemonics/Cairo, t o  develop maintenance programs f o r  the subprojects f inanced 
b y  the  WS p r o j e c t .  Chemonics has prepared the program and i s  c u r r e n t l y  
implementing the program i n  th ree  governorates. A I D  requested WASH t o  review 
t h e  mai ntenance program, and recommend possi b l  e improvements t o  the Chemonic s '  
p l  an. 

F i n a l l y ,  AID/Egypt i s  prepa, - a p r o j e c t  paper t o  support the second phase o f  
the  d e c e n t r a l i z a t i o n  program, "a1 Debelopsrent I 1  (LD 11). LD 11 i s  designed 
t o  i n t e g r a t e  p rev ious l y  funa, programs i n t o  a s i n g l e  p r o j e c t .  One o f  the  
pr imary aims o f  LD I1  i s  t~ develop ar~d r e i n f o r c e  the  a b i l i t y  o f  l o c a l  
governments t o  p r o v i d e  adequate main tenance f o r  t h e  s u b p r o j e c t s  funded 
p rev ious l y  as we l l  as those constructed du r ing  LD 11. USAID/Egypt requested 
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t h a t  WASH review the  maintenance component o f  LD I 1  and he1 p develop 
s t r a t e g i e s  fo r  improving subpro ject  maintenance dur ing  LD 11. 

USAfD/Egypt requested t h a t  WASH'S O&M Speci a1 i s t  c a r r y  o u t  these tasks durS ng 
a four-week v i s i t  t o  Egypt. These tasks (see Appendix C f o r  Scope o f  Mork) are 
surnnari zed as f o l  1 ows : 

1. Eva1 uate the e f fec t iveness  o f  the  BVS workshop, 

2. Suggest poss ib l  e irnprovments t o  the Chemonics maintenance p l  an; 
and 

3. Ass i s t  w i t h  the development o f  the maintenance component o f  LD 11. 

1.2 Background In fo rmat ion  

1.2.1 The Basic V i l l a g e  Services P r o j e c t  

The goal a f  the  BVS P r o j e c t  i s  t o  a s s i s t  the  Government o f  Egypt (GOE) i n  
c a r r y i n g  o u t  i t s  program o f  decen t ra l i z i ng  and improving the developnent 
process i n  r u r a l  c o r n u n i t i e s  i n  Egypt. The p r o j e c t  i s  achiev ing t h i s  goal by 
funding a mu1 t i t u d e  o f  subprojects t h a t  are selected and p l  anned a t  the markaz 
and v i l l a g e  l e v e l  s o f  government. The p r o j e c t  was introduced i n  1979 i n  t h r e ~  
governorates and has since been expanded t o  i nc lude  a l l  2 1  r u r a l  governments 
i n  Egypt. One o f  the  pr imary ta rge ts  o f  the BVS p r o j e c t  i s  t o  support  the  
i n s t a l  l a t i o n  and expansion o f  water schemes i n  Egypt ian v i l i  ages. 

The team t h a t  p a r t i c i p a t e d  i n  the f o u r t h  year  eval t.iation noted t h a t  the  BVS 
p r o j e c t  i s  a major success i r :  promoting r u r a l  developnent i n  Egypt (Chetwynd, 
E. e t  a1 . , 1984, p. 5 ) .  A f i e l d  t r i p  t o  the  m a j o r i t y  o f  t he  v i l l a g e s  t h a t  have 
p a r t i c i p a t e d  i n  the  WS p r o j e c t  w i l l  v e r i f y  t he  accuracy o f  t h i s  comment. Yet 
t he  authors o f  t h i s  same r e p o r t  a1 so noted t h a t  maintenance i s  the weak 1 i nk  
i n  the  technica l  chain.. Water and sewage subprojects,  i n  p a r t i c u l a r ,  a re  prone 
t o  ma l func t i on  w i thou t  constant  maintenance (Chetwynd, E., e t  a1 ., 1984, p. 
18). 

On1 y recent1 y has the need fo r  b e t t e r  mai nfenance o f  subprojects , p a r t i c u l  a r l  y 
water schemes and roads, been f o r c e f u l l y  addressed by the l o c a l  development 
group o f  USAID/Egypt. This  r e p o r t  w i l l  focus p r i m a r i l y  on the maintenance of  
the equi p e n t  u t i l  i zed i n  water supply schemes, b u i l d i n g  on the  maintenance 
programs s t a r t e d  by Chemcrr?rc s/Cai ro , and on the t r a i  n i  ng o f  Egyptian engineers 
who have maintenance respons ib i l  i t i e s .  

1*2.2 BVS Overseas Tra in ing  Component 

L lh i le  the ENS P r o j e c t  does prov ide s i g n i f i c a n t  funds fo r  the cons t ruc t i on  and 
expansion o f  water supply schemes, a major e f f o r t  t o  t r a i n  the many thousands 
o f  r u r a l  E g y p t i a n  peop le ,  b o t h  t e c h n i c a l  and non t e c h n i c a l  , who have 
p a r t i c i p a t e d  i n  the p ro jec t ,  i s  also p a r t  of the program. 
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One o f  t he  t r a i n i n g  components i 'nvolves t r a i n i n g  i n  t he  Un i ted  State5 f o r  t h e  
o f f i c i a l s  and engineers who are d i r e c t l y  r epons ib le  f o r  implementing BVS 
subpro jec ts  i n  the  marl;az and v i l l a g e s .  

1.2.2-1, WASH T r a i n i n g  Workshop 

The WASH P r o j e c t  was requested t o  design,  prepare and d e l i v e r  a workshop on 
t he  t echn i ca l  aspects o f  t he  work performed by  se lec ted  engineers who fill 
p o s i t i o n s  as middl  e managers i n  t h e i r  governorates.  The workshop was designed 
t o  cover t he  f o l l ow ing  general t o p i c s :  

1. Water suppl y 
2. Groundwater and sewerage 
3. Equi pment maintenance 

WASH assembl ed a four-person team consi  s t i n g  o f  a course coo rd ina to r  and t h ree  
t echn i ca l  speci a1 i sts .  Approximately th ree  weeks were devoted t o  c l  assroom 
t r a i n i n g ,  and two weeks t o  f i e 1  d i n v e s t i g a t i o n s .  

1 . 2 , Z . Z  Recommendations f o r  F u t u r e  Workshops 

A r ev iew  o f  t h e  workshop b y  t h e  t r a i n i n g  team a long w i t h  the  post-course 
e v a l u a t i o n  b y  t h e  Egypt ian engineers r e s u l t s  i n  several  recommendations f o r  
f u tu re  workshops. These a re  g iven  i n  WASH F i e l d  Repor t  No. 141 and can be 
sumnarized as f o l l o w s :  

1. Have one o f  t he  t r a i n e r s  v ' s i t  the  p a r t i c i p a n t s  approx imate ly  s i x  
months  a f t e r  t h e  court,e t o  assess  i t s  v a l u e  and p r o v i d e  
encouragement t o  t he  engif ieers t o  use the  know1 edge gained i n  t he  
course. 

2. I n t e g r a t e  the  techn ica l  and management components t o  emphasi ze t he  
r o l  e o f  good management i n  r eso l  v i ng day- to-day job- re1 ated prob- 
1 ems. 

3. Conduct a needs assessment i n  Egypt p r i o r  t o  p repar ing  and g i v i n g  
She workshop. 

4.  D i s t r i b u t e  a pre-course packet o f  ma te r i a l  s t o  the  p a r t i c i p a n t s  t o  
h e l p  them prepare f o r  the  course by be ing  aware o f  i t s  content .  

These recoivmendations a re  then t~ be r'eassessed by  t h e  WASH c o n s u l t a n t  a f t e r  
v i s i t i n g  a number o f  governorates and d i  scussi  ng t h e  impact o f  t h e  overseas 
t r a i n i n g  on the  way t he  engineers  a re  low do ing  t h e i r  jobs.  

1.2.3 Chernonics/Cairo and BVS 

Approximately two years  a f t e r  the s t a r t  o f  the  BVS P r o j e c t ,  U S A I D  employed the 
se rv i ces  o f  Chemonics t o  prov ide '  techn ica l  a s s i  stance w i t h  t h e  management o f  
t h e  BVS c o n t r a c t .  I n  December o f  1931 and i n  June o f  1382, Chemonics produced 



two r e p o r t s  out1 i n i n g  procedures f o r  the p reven t i ve  maintenance o f  water pump- 
se t s  and f o r  proper  u t i l i z a t i o n  o f  the  10 percen t  maintenance fund*. 

The 10 pe rcen t  fund has been p r o d u c t i v e l y  used i n  some cases t o  purc5ase t o o l s  
and equi  p e n t ,  y e t  i n  many cases the  f u ~ d  remains unused. The recornendat ions 
made i n  t he  r e p o r t  concerning p reven t i ve  maintenance have l a r g e l y  been ignored 
u n t i l  r e c e n t l y .  I n  1984, Chemonics was d i r e c t e d  t o  develop a more d e t a i l e d  
maintenance p lan  and implement t h i s  p l a n  i n  th ree  governorates.  The p l a n  ( A  
V i l a  age I n f r a s t r u c t u r e  Maintenance Program, February 1985) was designed and a 
w o r k s h ~ p  h e l d  t o  i n t r oduce  the  p r i n c i p l e s  behind it. Chemonics has supported 
t h e  maintenance p l  an b y  making severai f i e l d  t r i p s  t o  t h e  governorates t o  
encourage the respons ib le  o f f i c i a l  s and engineers and t o  check on progress.  

1.2.4 Local Developnent I I  

The a i d  p rov ided  by  U S A I D  t o  t h e  l o c a l  government has g e n e r a l l y  been 
s u c c e s s f u l  . Consequen t l y ,  U S A I D  i s p r o p o s i n g  t h a t  t h e  s e v e r a l  p rod  e c t s  
d i r e c t e d  toward l o c a l  government and d e c e n t r a l i z a t i o n  o f  a u t h o r i t y  be combined 
i n  a s i n g l e  p r o j e c t ,  i o c a l  Developnent 11. The p r o j e c t  paper t o  suppor t  t h i s  
e f f o r t  i s  completed and i s  c u r r e n t l y  under review. A I D  has recognized t h a t  
i n f r a s t r u c t u r e  maintenance remains a ser ious  problem and i s  proposing t h a t  a 
ma jo r  e f f o r t  be made i n  LD I1 t o  develop t he  c a p a c i t y  o f  1 ocal  governments t~ 
e f f e c t i v e l y  operate  and ma in ta in  a l l  o f  the  equipment i n  t h e i r  governorates.  
For  example, p r o j e c t s  t o  c o n s t r u c t  and o u t f i t  msintenance workshops a r e  t o  be 
s p e c i f i c a l l y  encouraged under LD 11. LD I 1  w i l l  a l so  i n c l u d e  TA p r o v i s i o n s  
s i m i l  a r  t o  those cu r ren t1  y p rov ided  by Cherrionics. 

1.3 F i e l d  T r i p s  

Several f i e l d  t r i p s  were completed d u r i n g  t he  f i r s t  t h ree  weeks o f  t h i s  
consul tancy . The s i t e s  were sel  ec t e d  accord ing t o  t he  f o l  1 owing c r i t e r i a ,  a1 1 
o f  which were met du r i ng  the  v i s i t :  

1. A BVS engineer  who p a r t i c i p a t e d  i n  the  WASH workshop i n  t h e  Un i t ed  
States cou ld  be in terv iewed,  

2. A number o f  markaz maintenance cen te rs  ( MMCs) , vS31 age workshops 
and water pump s t a t i o n s  cou ld  be v i s i t e d ,  and, 

3. A t  l e a s t  two o f  t he  t h ree  governorates where t h e  Chemonics 
m a i n t e n a n c e  p l a n  was i n t r o d u c e d  wou ld  b e  i n c l u d e d  i n  t h e  
i t i n e r a r y .  

F ie1 d t r i p s  were compl e ted  t o  f o u r  governorates,  two i n  1 ower Egypt, one i n  
upper Egypt and one i n  a d e s e r t  governorate.  E igh t  MMCs, t h i r t e e n  v i l l a g e  
workshops and four teen  pump s t a t i o n s  were v i s i t e d  . 

*Funds p rov ided  by t h e  GOE tc? finance the-recurrent  c o s t s  o f  o p e r a t i n g  and 
mai n t a i  n i  ng BVS subpro jec ts  . 



Chapter 2 

EFFECTIVE OPERATIONS P.ND MAINTENANCE 

2.1 Maintenance Programs: BVS and LD I I 

E f f o r t s  t o  devel op and imp1 ement maintenance programs f o r  the water suppl y 
e q u i p n ~ e n t  and r o a d s  funded b y  t h e  BVS P r o j e c t  have been s t a r t e d  by  
Chemonics/Cai r o  w1 t h i n  t he  pas t  twe lve  months. I n  adc? t i o n ,  USAiD/Egypt, 
r e c o g n i z i n g  t h e  need t o  imp rove  s u b p r o j e c t  ma in tenance ,  has  p l a c e d  
cons iderab le  emphasi s on f o s t e r i n g  b e t t e r  maintenance prac:ices a t  t h e  v i l l  age 
and markaz l e v e l  s i n  the  new LD 11 p r o j e c t .  

A number o f  r e p o r t s  have been prepared d e s c r i b i n g  equipment maintenance as one 
o f  t h e  key problems f a c i n g  the  BVS and o t h e r  d e c e n t r a l i z a t i o n  p r o j ~ c t s *  
However, none o f  these r e p o r t s  have s p e c i f i c a l l y  w iewed equi pmenc ma1 ntenance 
as a group o f  a c t i v i t i e s  o r  e l b e n t s  t h a t  need t o  be i n t e g r a t e +  qrnder s t rong  
management c o n t r o l  . There f s need, t he re fa re ,  t o  f i r s t  d e f i n e  t ,  e l  eaents o f  
an e f f e c t i v e  maintenance system, determine how c u r r e n t  mainten .,ce programs 
conform t o  t h e  requirements f o r  adequate systems and o n l y  then  proFose 
a1 t e r n a t e  o r  a d d i t i o n a l  steps f o r  improv ing c u r r e n t  approaches as w e l l  as  
t r a i n i n g  techniques re1 a t i n g  t o  equi prrent maintenance. 

2.2 Elements o f  an E f f e c t i v e  - O&M System 

2.2.1 F a i  ntenance and Operat ions Dependency 

The maintenance and opera t ions  f unc t i ons  go hand-i n-hand. Operators o f  water  
supply  equipment a t  t h e  v i l l  age l e v e l  i n  Egypt a r e  g e n e r a l l y  r e s p ~ n s i b l e  f o r  
seiteral simple, y e t  v i t a l  , fu r i c t ions  w i t h  respec t  t o  maintenance, these are:  

1. Keep equipment c lean;  
2. Check f l  u i d  l e v e l s ;  
3. I nspec t  the equi pment du r i ng  opera t ion  f o r  unusual c o n d i t i o n s  such 

as l e a k s  and excessive v i b r a t i o n  o r  heat;  and 
4 .  Report non-normal c o n d i t i o n s  t o  the  v i l l a g e  workshop. 

The r e s p o n s i b i l  i t i e s  o f  t h e  v i l l  age, markaz  and government  m a i n t e n a n +  '2  
workshops w i l l  va r y  accord ing t o  the s k i l l  o f  t h e  mechanics, a v a i l  a b l e  too' ': 
and governorate po l  i c i e s .  In any case, the  goal o f  maintenance i s  t o  s t ippor t  
ope ra t i ons  by  m a i n t a i n i n g  equipment i n  a re1 i a b l  e ,  e f f i c i e n t  manner. 

2.2.2 Successf~r l  Maintenance Management Systems (MMS) 

While maintenance systems can be designed t o  f u n c t i o n  i n  a number o f  ways, 
some el m e r i t s  are e s s e n t i a l  f o r  an e f f e c t i v e  system, these are:  

1.. Simp1 i c i t y :  t h e  system must be easy t o  understand by those who use 
i t  and the  paperwork requ i red  should be minimized; 



2. Cons is tency  : t h e  systenr I V L I C ~  p r o v i d e  p e r i o d i c ,  re1  i a b l  e  
i n fo rma t ion  concerning the s ta t cs  o f  a l l  61,zintenance work t h a t  i s  
pending o r  i n  prcgress. This inc ludes  prevent ive  and c o r r e c t i v e  
n a i  ntenance ( PM and CM) work; 

3. Responsibi l  i t y  f o r  operat ing the maintenance system should be as 
decentral  i zed as poss ib le  ; 

4 ,  Both prevent ive  and c o r r e c t i v e  maintenance work should be repor ted 
and t racked under the same system and be managed under the same 
superv is ion;  

5, In fo rmat ion  f l ow  must be i n  both d i rec t i ons .  I f  a v i l l a g e  requests 
assistance from the  markaz, the  response from the  markaz should be 
as rapid as possib le;  and 

6. Upper management and appropr ia te top  o f f i c i a l  s  i n  t he  governorate 
moist prov ide a c t i v e  support. This i s  p a r t i c u l a r l y  t r u e  i n  t n e  
a y  s t a g e s  o f  a  main tenance program. W i t h o u t  such a c t i v e  
support, the  program w i l l  su re ly  fad1 t o  reach i t s  ob jec t ives .  

2.2.3 SpecifSc Requirements f o r  a  MMS 

While the  elements i n  Sect ion 2.2.2 are fu~clamental f o r  a successful MMS, they 
may be b e t t e r  descr ibed as guide1 ines t h a t  must be fo l lowed when designing and 
implementing a program. 

When a maintenance program i s  being designed fc1r a p a r t i c u l  a r  s i t u a t i o n  such 
as  one t o  c o v e r  t h e  w a t e r  schemes o r  r o l l i n g  s t o c k  i n  a p a r t i c u l a r  
governorate, t h e  format of  add i t i ona l ,  mr;re s p e c i f i c  eleinents i n  the  program 
needs t o  be establ  ished. These e l  ements are: 

1. Equipment must be i nven to r ied  and speci fScat ions f o.g., spare 
par ts ,  opera t ing  c h a r a c t e r i s t i c s )  i d e n t i f i e d ;  

2. h o r d e r l y  i d e n t i  f i c a t - i o n  number technique i s  needed; 

3. An organi zed f il i n g  system f o r  maintenance work i s  needed; 

4. The PM tasks and t h e i r  frequency o f  performance f o r  each p iece s f  
eq:!i pmer?t must be establ  ished a long  w i t h  the  responsib le workshop 
(e.g., v i l l a g e  o r  markaz); 

5. Apprspri a t e  reccrds o f  equipment operat ion and maintenance must be 
kept ;  

6. A c l e a r  method fa r  operators and v i l l  age-level mechanics t o  n o t i f y  
higher 1 eve1 v~orkshops o f  mai qt-enance needs i s  requi red;  

7. A work order  system i r needed, a , ~ d  

8. A work order l o g  book, p a r t i c u l a r l y  a t  the  r ~ a r k a z  l e v e l  , shoil ld be 
establ  ished. 





Chapter 3 

OPERATIONS AND MAINTENANCE OF BVS PROJ ECTS 

3.1 H i s t o r y  

U S A I D  and the  Organizat ion f o r  the Reconstruct ion and Development o f  the  
Egyptian V i l l a g e  (ORDEV) recogni red  e a r l y  i n  the BVS program t h a t  equi pnent 
maintenance was n o t  be ing performed proper ly ,  and t h a t  t h i s  f a i l  ure cou ld  
j eopardi ze the  1 ong- term success o f  the decentral  i zat ion  programs. Chemonic s 
prepared a working paper i n  1981 out1 i n i n g  a PM program f o r  water pumpsets. 
However, no s p e c i f i c  ac t i on  resu l ted  from t h i s  plan, and, except fo r  some 
t r a i  n i  ng a c t i v i t i e s  i n mai ntenance , no attempts were made t o  i n t roduce  
d e t a i l  ed maintenance p l  ans t o  the  governorates. 

Subsequently, o t h e r  USAID-funded decentral  i za t ion  programs -- Neighborhood 
Urban Services (NUS) and Decentral i za t ion  Support Fund (DFS) -- were eval uated 
b y  ou ts ide  consul tan ts .  These eval ua t ion  teams noted t h a t  maintenance o f  
equi pnent, s t ruc tu res  and r o l l  i n g  stock remains a ser ious problem. Fur ther ,  i n  
1984, a team eval uated the WS P r o j e c t  ( Chetwynd, E., e t  a1 . , March 1984) and 
concl uded t h a t  probl  ems w i t h  equi pnent maintenance cont inue and general 1 y 
r e s u l t  from: 

1. A 1 ack of awareness of the  importance o f  maintenance; 
2. F a i l  ure t o  use the 10 percent maintenance fund; 
3. I n s u f f i c i e n t  t oo l  s and equipment; and 
4. Lack o f  1 eadership t o  promote maintenance a c t i v i t i e s .  

The eval ua t ion  team a1 so noted t h a t  "no e f f e c t i v e  maintenance plans seem t o  
have been drawn up anywhere i n  Egypt .Ii ( Chetwynd, E., e t  a1 . , Appendix I  I I  c , 
p. 26). 

3.2 Cur ren t  Status 

I n  mid-1984, USAID d i r e c t e d  Chemonics t o  develop a maintenance program and 
i n i  ti a1 1 y imp1 ement t h i s  program i n  three governorates. The Chemonic s p l  an was 
publ ished e a r l y  i n  1985 and steps immediately taken t o  in t roduce the  p lan  i n  
the  Governorates o f  Menufiya, k n i  Suef and New Val l e y .  

The Chemonics p l  an f o r  the maintenance o f  water scheme equi pment i s  p r imar l  y 
d i r e c t e d  toward i d e n t i f y i n g  the s p e c i f i c  PM and CM t a s k s  t o  be done f o r  water 
pumpsets and p i n p o i n t i n g  the  responsib le warkshop ( i .e., v i l l  age, markaz, o r  
p r i v a t e ) .  Each o f  the  gove rno~a txs  selected the  model I11 vers ion  o f  the  p l  an, 
which requ i red  t h a t  the v i l l  age mechanics perform d a i l y  P 1  and P3 p reven t i ve  
maintenance and simpl e CM repa i r .  P3-1 eve1 PM tasks would be done by the MMC, 
and r e p a i r s  beyond the  c a p a b i l i t y  o f  the  v i l l a g e  niechanics would b e  the  
r e s p o n s i b i l i t y  o f  the  MMC o r  p r i v a t e  workshops. Appendix D i s  an excerpt  from 
the  Chemonics r e p o r t  descr ib ing  the PM and CM tasks i n  d e t a i l .  

V i l l  aye workshop mechanics f requent ly  do n o t  have the too l  s needed t o  perform 
simpl e PM and CM tasks. I n  some cases, t o o l  s, where a v a i l  able,  had n o t  been 
used. Another s i g n i  f i c a n t  probl  em 1 i e s  w i  t h  poor housekeeping o f  the water 



pump s ta t ions .  Though a few s i t e s  were t i d y ,  many had debr i s  i n c l  uding t r a s h  
and discarded p a r t s  and mater ia l  strewn around c r e a t i n g  sa fe ty  hazards fo r  the 
operators.  The equipnent i t s e l  f was n o t  wiped down and nameplates were 
unreadable. It would be d i f f i c u l t  f o r  the cperator  t o  de tec t  an o i l  l eak  due 
t o  the  accumulation o f  grease and o i l  on the  equipnent. Equipnent records 
gener6 l l  y con ta i  ned on1 y in fo rmat ion  on operat ing hours, fue l  consumed and i n  
sane c4;es, o i l  and f il t e r  changes. 

The pr imary probl  em (exc l  uding f i n a n c i a l  considerat ions)  , however, 1 i e s  i n  the 
l a c k  o f  d i r e c t i o n  g i ven  t o  governorate and markaz engineers by  responsib le 
o f f i c i a l  s i n  t h e  governorate. These o f f i c i a l  s are no t  aware o f  t he  importance 
o f  maintenance, do n o t  v iew maintenance as a system o f  a c t i v i t i e s  t h a t  must be 
p l  anned and in tegrated,  and have n o t  genera l l y  s e t  up an organ iza t ion  t o  deaf 
w i t h  maintenance. As noted before, a maintenance program w i l l  p o t  achieve i t s  
o b j e c t i v e s  w i thou t  d i r e c t  support from top  o f f i c i a l  s. With o f f i c i a l  support, 
however, much can be done. 

A rev iew o f  t h e  maintenance program i n  Menufiya supports t h i s  view. M. Sabry, 
governorate engineer i n  charge o f  the  MCCs and p a r t i c i p a n t  r'n the  WASH 
workshop, was d i r e c t e d  by t h e  secretary general t o  take charge o f  maintenance 
a c t i v i t i e s  i n  the  governorate. Mr. Sabry has takerr several p o s i t i v e  steps t o  
imp1 ement it b e t t e r  mai ntenance program. 

The Chemonics ma1 ntenance p l  an a1 so presented a maintenance moni t e r i  ng system 
( Chemonics I n t e r n a t i o n a l  , February 1985, Annex I I) descr ib ing  some techniques 
f o r  k e e p i n g  main tenance r e c o r d s  and t r a c  k i  ng main tenance p rog ress .  The 
requirements f o r  keeping monthly progress repor ts ,  records o f  equipmer :. 
spec i f i ca t i ons ,  PM schedules and r e p a i r  h i s t o r i e s  a re  given. The r e s u l t s  o f  
e f f o r t s  to  irnplemknt t h i s  program have been mixed and w i l l  be discussed i n  
Chapter 4 o f  t h i s  repor t .  



Chapter 4 

FINDINGS 

4.1 Equipment Maintenance 

This consul tant  reviewed a number o f  reports and met w i th  representat ives o f  
USAID and Chemonics p r i o r  t o  v i s i t i n g  any o f  the water pumping schemes i n  
Egypt. The general impressi on received was one o f  breakdown mai n tenance* on1 y 
w i t h  v i r t u a l l y  no preventive maintenance being performed. It was, therefore, 
encouraging t o  f i n d  t ha t  f i e l d  people are general ly performing the minimal 
required PM tasks such as l u b r i c a t i o n  and changing o i l  and f i l t e r s .  

Some o f  the engineers, p a r t i c u l a r l y  those w i t h  t r a i n i n g  f n  maintenance 
management, are capabl e o f  imp1 ementi ng adequate maintenance programs. One 
markaz i n  Qalubiya, f o r  example, was i n  the process o f  rebu i ld ing  a diesel 
un i t .  The overa l l  p i c t u re  i s ,  however, f a r  from sat is fac tory .  Very 1 i t t l e  PM 
i s  done between the simplest operat ion tasks and equipment f a i l u re .  The MMCs 
are performing v i r t u a l l y  no P3-level PM as def ined by Chemonics (see Appendix 
01, and, fo r  some o f  the PM t%sks, cannot do so due t o  l ack  o f  t o o l s  and t e s t  
equipnent. I n  sane cases (e.g., New Val ley),  water i s  pumped d i r e c t l y  i n t o  the 
d i s t r i b u t i o n  system, bypassing ex i s t i ng  storage tanks. This no t  only 1 i m i t s  
sew ices  to selected hours dur ing the day, bu t  poses potent ia l  heal th problems 
due t o  contaminant i n f i l  t ra t ion .  

4,2 1I.S. Tra in ing o f  BVS Engineers 

4.2.1 General 

l n tew iews  were conducted w i t h  f i v e  o f  the t h i r t een  BVS engineers who 
par t i c ipa ted  i n  the WASH workshop. One o f  those interviewed, A1 i El-Sayeed 
Mausa, js a t t a c k e d  t o  the  ORDEV a f f i c e  i n  C a i r o  and has no l i n e  
r e s p o n s i b i l i t i e s  i n  maintenance. The impact a f  t r a i n i n g  on h i s  work is 
minimal, Thus, one t h i r d  o f  the par t i c ipan ts  i n  a management pos i t i on  were 
i n t e w  iewed.. Two are responsibl e f o r  maintenance i n  the governorate and two 
are ch ie fs  o f  HMCs. A questionnaire was developed t o  determine the e f f e c t  o f  
the technical t r a i n i n g  on the work of the par t ic ipants ,  The questionnaire was 
used as a general guide1 i ne  to in terv iew the part ic ipanus and so1 i e i t  the 
r e q u i r e d  i n fo rma t i on .  A11 cooperated f r e e l y ,  and t h e  i n t e r v i e w s  l a s t e d  
approximately one hour. A copy of the questionnaire i s  given i n  Appendix E. 

Since a consensus was reached on several areas, these ccnncl usions w i l l  be 
addressed f i r s t  * 

*fbreakdonn maintenance means that  the equipment i s  operated w i th  no attempt a t  
maintenance unt i l  %he eqvi pent  f a i l  s . 



4.2.2 Consensus Facts and Opinions 

The fo1 1 owing fac ts  and opinions appl i ed  to  a1 1 i n te r v  iewees : 

I. None had changed jobs, nor had they met or ta lked wi th  any o f  the 
other par t i c ipan ts  since they returned from the United States. 

2. A11 o f  t h e  f o u r  p a r t i c i p a n t s  s i n c e r e l y  app rec ia ted  t h i s  
conslaltant's v i s i t  and were pleased t o  show the work t h a t  they 
were doing. Their response supports the recolamendations i n  WASH 
Fie1 d Report No. I41 t h a t  a f o l l  ow-up v i s i t  by one o f  the t ra ine rs  
t o  provide encouragement and support t o  the par t i c ipan ts  i s  
he1 p f  ul . 

3. The classroom t ra i n i ng  cool d be done i n  Egypt. However, the 
opportuni ty  t o  v i  s i t  the United States, see the way work i s  done 
and 1 earn something about U.S. cut tu re  was very val uable. 

4. The management component o f  the course should be shortened to ,  
perhaps, three weeks. 

5. The maintenance component o f  the workshop he1 ped them t o  b e t t e r  
understand the need f o r  maintenance. 

4.2.3 Ind iv idua l  Responses 

There were c l  ear d i  fferences among the pa r t i c  i pants i n several areds addressed 
i n  the questionnaire. I n  general , as compared w i t h  the markaz engineers, the 
two governorate-level engineers: 

a have a higher l eve l  of au thor i t y  and more responsib i l  i t y  i n  t h e i r  
jobs. 

made b e t t e r  use o f  the U.S. t ra in ing .  

r, were anong the top f i ve  par t i c ipan ts  i n  the workshop sub jec t i ve ly  
measured by ski1 1 , enthusiasm and w i l l  ingness t o  par t i c ipa te .  

e have more opportuni ty  i n  t h e i r  work t o  cause pol i c y  changes. 

0 are closer t o  and have more i n f l u e n c e  w i t h  t o p  governorate  
o f f  i c i  a1 s . 

4.2.4 USAIO Concerns 

The A I D  group i n  Cairo i n  charge of the ENS Pro jec t  requested t h a t  infannat ion 
on spec i f i c  a c t i v i t i e s  of the WASH-trained BVS engineers be gathered. A 
combination o f  f i e1  Q observations, meetings w i th  Chemonics and A I D  personnel , 
repor t  reviews and, primaria y , the i nterv-iews w f  t h  sel ected WS engineers have 
resul  ted i n  the f o l l  owing answers to the questions posed by USAIDIEgypt. 



Have the BVS engineers who par t i c ipa ted  i n  the t r a i n i n g  taken any spec i f i c  
ac t ion as a r e s u l t  o f  t ra in ing?  

a Several have met w i th  v i l l  age council s and w i th  t h e i r  immediate 
supervisors t o  discuss the need f o r  b e t t e r  maintenance. 

One has taken steps t o  se t  up an O&M t r a i n i n g  center i n  h i s  
governorate, 

e Two have star ted t o  delegate work t o  t h e i r  subordinates. This 
e x e r c i s e  o f  a u t h o r i t y  was con f i rmed by d i scuss ions  w i t h  t he  
e n g i n e e r s b t a f f s .  

e One o f  the engineers has prepared a maintenance plan f o r  the main 
pumping s ta t i on  i n  h i s  markaz. 

e One has imp1 emented a maintenance program a t  three v i l 1  age pumping 
s t a t i o n s .  Th is  approach i s  one t h a t  was recommended i n  t h e  
workshop. 

@ Two have taken steps t o  ensure t ha t  markaz maintenance centers have 
the required tools. 

Two o f  the engineers have improved the recordkeeping aspect o f  
+.,heir maintenance program. Examples i n c l  ude the post ing of PM 
requirements and lcgging o f  information on work done. The engineers 
who have made the best  use o f  the WASH t r a i n i n g  have received 
s u b s t a n t i a l  suppor t  and d i r e c t i o n  from t h e i r  governor. T h i s  
re in forces the be1 i e f  o f  t h i s  consul t a n t  t h a t  the support o f  top 
o f f i c i a l  s i s  necessary fo r  a successful maintenance program. 

Did the t r a i n i n g  increase the engineers' understanding o f  t h e i r  jobs? I n  
what areas o f  t h e l r  w r k ?  

I, A11 s t a t e d  t h a t  t h e y  understand t h e  b e n e f i t s  f rom e f f e c t i v e  
maintenance, a1 though only two have taken s ign i  f i c a n t  act ions i n  
t h i s  area. 

e Two noted the need to $el egate author i ty .  

One of the engineers stated t h a t  he now be t t e r  understands the need 
t o  consider a1 ternate sol ut ions t o  probl ems. 

One reported t h a t  he understands the need t o  check up on the work 
t h a t  h i s  mechanics are assigned t o  perfom. 

Have the engineers received addi t ional  responsib i l  i t y  i n  t h e i r  cu r ren t  
jobs or changed jobs as a resul t o f  t ra in ing?  

e None have changed jobs. ' 

One was given the respons ib i l i t y  t o  develop and implement a 
governorate maintenance program. 



One i s  now j o i n i n g  the governor f o r  h i s  week1 y meeting w i t h  v i l l  age 
people and i s  usual ly  asked t o  respond t o  technical questions t ha t  
are posed dur ing these meetings. 

4. Can any increase i n  loca l  devel o p e n t  capacity be detected as a resul t o f  
the t ra in ing?  

The BVS engineers t ra ined i n  the United States do no t  have 
r e s p o n s i b i l  i t y  o r  a u t h o r i t y  t o  approve o r  d isapprove v i l l  age 
p r s j  ects . They can, however, i n f l  uence design, construct ion,  and 
maintenance o f  v i l ?  age water projects.  Clearly,  sane have used 
t h e i r  t r a i n i n g  t o  introduce o r  improve i n f r as t ruc tu re  maintenance, 
pa r t i cu l  a r l y  if the engineer has governorate 1 eve1 responsibi l  i t y .  

The other questions concerning the feas ib i l  i t y  o f  in-country t r a i n i n g  and 
recomendations f o r  fu tu re  t r a i n i n g  are considered i n  Chapter 5. 

4.2.5 Comments on Technical Train ing 

The engineers comented on other aspects s f  the WASH workshop. 

a One mu1 d 1 Cke t o  see more i nfomat ion  on water system design and 
construct ion;  p a r t i c u l a r l y  the use o f  computers f ~ r  system design- 

@ One recommended t h a t  the technical t r a i n i n g  be more p rac t i ca l  and 
l ess  theoret ica l .  

Several stated t h a t  they thought t h a t  the content  o f  the technical 
component was good. 

4.3 Chemonics and Water Equipment Maintenance 

4.3.1 The Chemonics Maintenance Program 

The approach taken by Chemonics t o  improve the maintenance o f  BVS subprojects 
i s  bas i ca l l y  sound w i t h  respect to  assigning responsib i l  i t y  f o r  maintenance 
between markaz and v i l  1 age workshaps . Thei r spec i f i c a t i o n  s f  p a r t i c  u l  a r  PM and 
CM maintenance tasks i s  a1 so good. 

However, t h e i r  approach focuses on per iodic PM and CM a c t i v i t i e s  and gives too 
1 i ttl e considerat ion to  the other requirements o f  a maintenance management 
system, Recordkeeping i s  discussed b r i e f l y  as an appendix t o  t h e i r  maintenance 
report,  This f m e d i a t e l y  re1 egates t h i s  aspect o f  ma?- Genance t o  a secondary 
posi t ion.  It should be given greater emphasis. 

During t h e i r  f i e l d  t r i p s ,  Chmonics makes a major e f f o r t  t o  v i s i t  various MMCs 
and v i i  1 age workshops. This i s  cmendab l  e. However, v i s i t s  w i th  top o f f i c i a l  s 
are f requent ly  hand1 gd as a courtesy c a l l  without substantive d i  xuss ions.  The 
governorate engineers i n  charge of the MMCs are f requent ly  l e f t  ou t  o f  
discussions on maintenance, The development o f  a maintenance a t t i t u d e  must 
begin wi th  the ac t i ve  support o f  tag o f f i c i a l  s. Part  o f  t h i s  support includes 
the designation of one engineer i n  the governorate who i s  responsible f o r  the 
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establ  i stment of the  maintenance program and repo r t s  progress d i  rec t l y  t o  the 
s e c r e t a r y  genera l  o r  h i s  a s s i s t a n t .  U2 t i m a t e l y ,  t h e  r e s p o n s i b i l  i t y  f o r  
establ  i s h i  ng the  maintenance program must come from w i t h i n  the governorate and 
cannot be assumed by Chemonics. 

Chemonics i s  charged w i t h  a major e f f o r t  i n  a sho r t  t ime frame. Three t o  fou r  
months i s  n o t  adequate t o  e s t a b l i s h  and f o s t e r  a maintenance program where 
none ex is ted  before. The development o f  an a t t i t u d e  o f  maintenance i s  a slow 
process. 

4.3.2 Maintenance Management and the Chemonic s P l  an 

It i s  n o t  r e a l i s t i c  t o  expect the  r u r a l  governorates t o  imnediate ly  in1p1 ement 
a comprehensive maintenance management program. Nor, i n  f a c t  , i s t h i  s needed. 
The water schemes funded through the BVS program are  re1 a t i v e l y  simple and do 
n o t  requi  r e  compl i c a t e d  mai ntenance procedures. 

There are, however, several elements o f  e f f e c t i v e  maintenance t h a t  are no t  
s p e c i f i c a l l  y addressed i n  the Chemonics p l  an. These are : 

1. Good hdusekeeping f o r  workshops aod pump s ta t i ons ;  

2 .  The need f o r  involvement o f  h igh- level  o f f i c i a l s ;  

3. The need f o r  an organi zed way o f  inventory ing  equi p e n t ,  i ncl u d i  ng 
spare p a r t s  needs and operat ing data; 

4, The need f o r  in fo rmat ion  on maintenance a c t i v i t i e s  t o  f l ow  i n  bo th  
d i r e c t i o n s  ; and 

5. The need t o  expand s p e c i f i c  PM tasks t o  inc lude more water supply 
equipnent such as motor con t ro l  cen te rs  (MCCs). 

Note: lhe equipment noted i n  No. 5 above i s  no t  funded by the  BVS P r o j e c t  and 
i s o k t n d  on l y  i n  1 arge water p lants ,  

4.4 Local Development I1  and Maintenance 

LO 11 has addressed t h e  m a j o r  i s s u e s  c o n c e r n i n g  t h e  main tenance o f  
subpro jects  : 

a Adoption o f  a formula-based f inancing system f o r  recu r ren t  cos ts  o f  
opera t ing  and main ta in ing  subprojects . 

o Emphasis on hardware, e.g., maintenance workshops, needed f o r  good 
O&M . 

e Devel o p e n t  o f  maintenance management systems and the management 
sk i1  1 s needed t o  operate them. 
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a Requirement t h a t  any proposed subpro jec t  i n c l  ude i n f o r m a t i o n  on t h e  
c o s t  o f  ope ra t i ng  and ma in ta in i ng  t h e  subp ro jec t  and t he  means b y  
which O&M w i l l  be performed. 

a 

These a r e  ambi t ious  goal s  and w i l l  r e q u i r e  t h a t  a  t echn i ca l  ass is tance  
c o n t r a c t o r  be employed by U S A I D  t o  he1 p them achieve them. The make-up o f  t h e  
TA team i s ,  t h e r e f o r e ,  v i t a l  a ! d i l l  be addressed i n  Chapter 5 o f  t h i s  
r e p o r t .  



Chapter 5 

RECOMMENDATIONS 

5 , l  BVS Overseas T r a i n i n g  

U.S. t r a i n i n g  of Egyptian engineers i s val  uabl e and should cont inue. The 
engineers are g iven an oppor tun i ty  t o  view the way people 1 i v e  i n  the Uni ted 
States, t o  experience another c u l t u r e ,  t o  v i s i t  water f a c i l i t i e s  and t o  
d iscuss techn ica l  concepts w i t h  a v a r i e t y  o f  American counterparts.  The U.S. 
v i s i t  i s  a1 so viewed as a way o f  recognizing t h a t  the engineers are performing 
we l l  i n  t h e i r  j obs  i n  Egypt. 

5.1.1 Sel e c t i o n  o f  P a r t i c i p a n t s  

The committee t h a t  nominates engineers f o r  t r a i n i n g  i n  the  U.S. should i n c l  ude 
i n d i v i d u a l  s w i t h  experience i n  management and engineering t o  enabl e the  
committee t o  b e t t e r  s e l e c t  engineers who can b e s e f i t  from t h i s  type o f  
t r a i n i  ng. 

5-1.2 Durat ion o f  T r i p  

The l e n g t h  of s tay i n  the Uni ted States should be reduced t o  no more than s i x  
weeks. This  consul t a n t  be1 ieves t h a t  the val  ue o f  t r a i n i n g  q u i c k l y  d i rn in i  shes 
a f t e r  t h i s  amount o f  t ime w i t h  a f i v e  day per week schedule. 

5.1.3 Course Content 

The management and technica l  components should be i n teg ra ted  and handled by 
one group, For example, the va l  ue o f  de legat ing a u t h o r i t y  could r e a d i l y  be 
1 inked t o  the  maintenance management o f  water schemes i n  Egypt. 

The e f f o f  t o f  t he  TA con t rac to r  should be b e t t e r  coordinated w i t h  the content  
o f  t h e  wrkshop.  The maintenance component would have been b e t t e r  i f  up-to- 
date i n fo rma t ion  on Chemonics' p lans i n  t h i s  area were ava i lab le .  

Two weeks cover ing  fundamental management concepts, th ree  weeks o f  technica l  
t r a i n i n g  and a one-week f i e l d  t r i p  i s  as much t r a i n i n g  as can reasonably be 
absorbed by the  p a r t i c i p a n t s .  

5.1.4 Workshop PI anni ng 

The workshop schedule i n  the  United States should be b e t t e r  organized. One 
approach i s  t o  conduct f u l l - d a y  sessions from Sunday through Thursday s ince 
F r iday  af ternoon i s  an Is lamic  hol iday. The engineers shculd be advised i n  the 
beginning o f  the  workshop t h a t  the classroom schedule i s  f i rm .  
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Any i n t e r p r e t e r  assigned t o  t he  course should have a t echn i ca l  background i n  
o r d e r  t o  c o r r e c t l y  convey t h e  course c o n t e n t  t o  t h e  p a r t i c i p a n t s .  The 
i n t e r p r e t e r  should a1 so t r a v e l  w i t h  the  engineers on t h e i r  f i e l d  t r i p s .  

5.2 Fol low-up Workshop i n  Eqypt 

Approx imate ly  n i n e  months a f t e r  the engineers r e t u r n  from the  Un i ted  States,  a 
two- o r  three-day workshop should be h e l d  i n  Egypt t o  b r i n g  the engineers  
t oge the r  t o  share ideas and exper iences.  They would have the  o p p o r t u n i t y  t o  
d iscuss  how they have used the  t r a i n i n g ,  what programs they have s ta r t ed ,  and 
which o f  t h e i r  newly 1 earned sk i1  1 s have worked and which haven' t. I n  a d d i t i o n  
t o  t he  engineers,  t he  TA c o n t r a c t o r ,  a rep resen ta t i ve  o f  ORDEV and one o f  t he  
t echn i ca l  t r a i n e r s  from the  Un i ted  S ta tes  would p a r t i c i p a t e .  Several o f  t he  
sessions would be conducted b y  the engineers.  M r .  A. A l l  am o f  Qa l  ub iya has, 
f o r  exampl e, e x p  essed w i l l  ingness t o  conduct one o f  t h e  sessions. 

5.2.1 Needs Assessment 

A needs assessment i s  ext remely  he1 p f u l  when p l  anning t he  course. The 
assessment f o r  t he  nex t  workshop cou ld  be r e a d i l y  done by  t he  t echn i ca l  
t r a i n e r  who p a r t i c i p a t e s  i n  the  fo l low-up  workshop i n  Egypt. The t r a i n e r  c ~ u l d  
a1 so make arrangements t o  d i  s t r i b u t e  pre-workshop m a t e r i  a1 s t o  t he  nex t  group 
o f  p a r t i c i p a n t s  w h i l e  he i s  i n  Egypt. 

5.3 Chemonics Maintenance S t ra tegy  f o r  1985-86 

5.3.1 Maintenance Program Coverage 

Ckemonics and U S A I D  shoul d emphasi ze t h a t  the  maintenance program i s designed 
t o  cover a l l  water supply equipment i n  t he  r u r a l  governorates.  Th is  w i l l  
r e q u i r e  that t h e  maintenance PM task  1 i s t  be expanded t o  i n c l  ude some 
e l e c t r i c a l  gear such as MCCs. Appendix F con ta ins  a l i s t  o f  PM tasks  f o r  a MCC 
as an example. 

Note: The U.S.-trained engineers have rece ived the PM task l i s t s  f o r  a number 
o f  p ieces  o f  equi  p e n t  i ncl  u d i  ng MCCs . 

5.3.2 Cur ren t  Program i n  Three Governorates 

The t h r e e  g ~ v e r n o r a t e s  -- Menufiya, New Val l e y ,  Ekni Suef -- have made v a r y i n g  
degrees o f  progress,  b u t  none i s  ready t o  assume f u l l  r e s p o n s i b i l  i t y  f o r  
equipnent  maintenance. Support f o r  t h e i r  e f f o r t s  must con t inue  w i t h  a t  1 e a s t  
b i -month ly  v i s i t s .  
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5.3.3 Speci f i c  Recomnendations f o r  These Governorates 

New Val 1 ey 

1. Request t h a t  t he  sec re ta r y  o r  a s s i s t a n t  sec re ta r y  general des ignate a 
governorate  eng ineer  t o  oversee t h e  maintenance program w i t h  ass i s t ance  
from Chemonic s s t a f f  . 

2. As a model , develop a semi-annual PM sc hedul e f o r  P3 maintenance f o r  
Kharga. 

Beni Suef 

1. Develop a PM schedule f o r  two markaz, i n c l u d i n g  t h a t  o f  Engineer Metwal ly .  

2. Work through t he  governorate  eng ineer  i n  charge o f  MMCs t o  develop p l  an. 

3. Request through t he  sec re ta r y  general o r  another  t o p  o f f i c i a l  t h a t  the  
governorate  maintenance engineer prepare s i m i l  a r  p l  ans f o r  o t h e r  markaz. 

4. Show t h e  governorate  eng ineer  how t o  prepare a s h o r t  (one t a  two pages) 
month ly  r e p o r t  on progress and problems w i t h  implementat ion o f  t h e  
program. The r e p o r t  should be addressed t o  the  sec re ta r y  general o r  o t h e r  
app rop r i a te  t op  o f f i c i  a1 s. 

Menuf i y a  

1. Work w i t h  governorate  engineer,  M. Sabry, t o  o b t a i n  t o o l s  t o  enable  t he  
markaz t o  per fo rm P3 maintenance. 

2. Show M. Sahry how t o  prepare a mcn th ly  r e p o r t  as d e t a i l e d  above f o r  & n i  
Suef . 

5.3.4 Expansion o f  Maintenance Program 

The m a i n t e n a n c e  p l a n  s h o u l d  b e  expanded t o  f o u r  ma rkaz  w i t h i n  two 
governorates.  These shoul d be developed as model programs. One p re requ i  s i  t e  
f o r  i n c l u s i o n  i n  t he  program would be  t he  appointment o f  a governorate- leve l  
eng ineer  t o  work w i t h  Chemonics and be respons ib le  f o r  t h e  implementat ion and 
expansion o f  t h e  program t o  the  o t h e r  markaz. 

5.3.5 Support o f  Pop O f f i c i a l  s 

Wi th  ass i s t ance  from A I D  and ORDEV, Chemonics should  r eques t  t h a t  t he  
sec re ta r y  general  o f  those governorates i n  t he  maintenance program prepare and 
send a l e t t e r  t o  each v i l l a g e  counc i l  b r i e f l y  exrs la in ing and suppor t ing  the 
maintenance program. 



5.3.6 Preparatory Workshop t o  Introduce Mai ntentince Program 

Chemonics should conduct one- t o  two-day workshops t~ exp la in  the program. The 
g o v e r n o r a t e  eng inee r ,  M M C  e n g i n e e r s  and heads o f  town c o u n c i l  s s h o u l d  
p a r t i c i p a t e .  An opening address by the  secre tary  general would be very 
he1 pfu l  . 

5.3.7 Technical Notes 

For f u t u r e  f i e 1  d t r i p s ,  Chemonics should p l  ace grea ter  emphasis on proper 
recordkeeping and housekeeping. I n  add i t ion ,  the PM tasks associated w i t h  the  
pump u n i t  cou ld  be expanded i n  the maintenance program. Appendix F conta ins  a 
sample PM 1 i s t  f o r  c e n t r i  fugal pumps. 

5.4 Local Development I1 

~ 5.4.1 TA Requirements 

The con t rac to r  e%pl oyed f o r  LD II should i n c l  ude a senior  engineer s k i l l  ed i n  
the  devel opnent o f  maintenance management systems. Know1 edge o f  the concepts 
presented i n  Chapter 2 a f  t h i s  r e p o r t  would be a bas i s  f o r  eval ua t ing  the 
c a p a b i l i t i e s  o f  t h i s  engineer. This person should be devoted t o  maintenance 
engineering f u l l  - t ime and must have i n t e r n a t i o n a l  experience i f  the goal s o f  
LD 11 w i t h  respect  t o  maintenance are t o  be achieved. 

5.4.2 Egypt ian Counterparts 

I f  the  senior  maintenance engineer i s  an expa t r i a te ,  an Egypt ian engineer w i t h  
some maintenance experience should be emplayed t o  work w i t h  him t o  1 earn the  
concepts behind e f f e c t i v e  maintenance. I n  any case, a two-person team w i l l  be 
requ i red  i f  an e f f e c t i v e  maintenance program i s  t o  be expanded throughout the  
r u r a l  governorates a f fec ted  by LD 11. 

5.4.3 Maintenance h d g e t i n g  

U S A I D  should take the f i r s t  step toward g i v i n g  the governorates the capabi l  i t y  
s f  developing a budget f o r  maintenance by d i r e c t i n g  Chemonics t o  prepare a 
sample maintenance budget f o r  one markaz. A markaz a1 ready i n c l  uded i n  the 
maintenance program shoul d be sel ec ted f o r  t h i s  purpose. 

I n  add i t ion ,  i t  would be he lp fu l  i f  Chemonics would i d e n t i f y  a s i n g l e  
subpro ject  and develop the O&M requirements f o r  t h a t  sub~project.  This cou ld  be 
used as a t r a i n i n g  t o o l  t o  he lp  v i l l a g e  c o u n c i l s  adhere t o  the  LD I 1  
requirement t h a t  they prov ide maintenance backup in fo rma t ion  be fore  OKDEV and 
USAID approve new p r o j e c t s  . 
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APPEMOIX 0 

Course Assessment Sumnary 



QuestionlTopic 

Yer/No Questions 

Covrse Assessmnt Summary 

Response 

Were the general objectives o f  the course ciear? 332 - yes 

Did your previous experience or t ra in ing iin English 
adequately prepare you to 
a. Read materials? 67% - yes 
b. Understand lectures? 33%- yes 
t. Par t k i pa te  i n  discuss%ons? 58% - yes 

Was t h i s  course appropriate for your professional 
resgmnsibil i taes? 100% - yes 

Were grou sat is f ied wi th the degree to  which you were 
able to share your Weas and experiences with the group? 92% - yes 

Topics Rated f ran 1 (Least Favorable) t o  5 (Most Favorable) 

Sat is fat t ion mth George a s o n  Metro campus as 
training s l t e ,  3.7 

Satisfact ion with adrnini s t r a t i ve  support by t ra in ing 
s i t e  personnel . 3.2 

k h i e v e n m t  o f  training Bbgectives in: 
a, Water supply can+nmt. Range: 2.0 - 3.4 
b. Groundwate~ and wastewater. &rags: 1,8 - 2.7 
c , Haintenance. Range: 3.5 - 4.O 
d . Process simulat4011, 4.3 

He1 pfulness o f  the t ra in ing techniques used: 
a. Lectures. 3.5 
b. Large gmup discussionr, 3.7 
c. Small group work, 3.8 
d, Fie ld  t r ips.  3,8 
e . frad i v  i d  rtal corrsul tat ions with instructors. 3.9 

Adequacy of f i e ld  t r i p  arrangenents: 
a. Reparatory hfonnation. 4.7 
b. Transportation, 1.8 
c . He1 pfulness of professional s t a f f  

accmapanying participants. 1.1 
d. Responsivrness o f  f i e l d  r i t e  personnel t o  

part ic ipantsa needs: 
r, San Diego 3.2 
+ Phoenix 4.9 

r kw~r le t vss  3.6 

e, Qverall coordination, 2.8 

Adequacy o f  n r i t t e n  materials, 2.8 

Overall satif;s;fac&fon with caurse, 3.7 
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APPENDIX C 

Scope o f  Work 
08M Assessment - BVS Pro ject  



SCOPE OF UORK 

O & M Assessment - BVS Project  

This a c t i v i t y  requires tha t  UASH provide a consultant t o  AIOfCairo ui t h  
experience i n  the Operations and Maintenance O f  piped water Supply systems. 
The consultant w i l l  v i s i t  Egypt f o r  four (4 )  weeks and undertake three 
a c t i v i t i e s  concerning the operat ion  and maintenance o f  projects funded thm ug h 
USAIb's derentral i za t i on  program. 'Che a c t i v i t i e s  are to: 

1. Assess impact o f  BVS overseas t r a i n i n g  conducted by WASH i n  November, 
1984 by answering the f o l  lowing questions : 

A. Have the BVS engineers who par t ic ipated i n  the t ra in lng  taken any 
speci f ic  act ion as a r e s u l t  o f  the t ra in ing? 

0. Did the t r a i n i n g  increase the engineers' understanding of t h e i r  
jobs? I n  what areas o f  t h e i r  work? 

C. Have the engineers received addi t ional  respons ib i l i t y  i n  t h e i r  
current jobs o r  changed jobs as a r e s u l t  o f  t ra in ing? 

~ 0. I s  in-country t ra in ing  feas ib le  and w f l l  t h i s  improve the program? 

E. Can any increase i n  local developnent capacity be detected as a 
r e s u l t  s f  the t ra in ing? 

F. What are reccmnendations f o r  fu ture t ra in ing  programs? 

2. Rwiew and assess O b bl improvement strategies for BVS pra jec t  t h a t  
have been developed by the USAID TA contractor chmonics. Mate 
recamendations regarding possible -improvements and desirable 
d i rect ions o f  second year work plan e f f o r t s  f o r  September, 1985 t o  
September, 1986. 

3. Assist  AID Hission w i th  the developnent o f  strategies f o r  r u r a l  
infrastructure maintenance f o r  the next phase af  the A I D  
&central i z a t i o n  Program. 

4. The consultant w i l l  prepare a report  covering the BVS workshop f o l  low 
up and O l M  current  and future strategies. A copy a f  the repor t  w i l l  be 
l e f t  wi th  t h e  Mission p r i o r  t o  the consultant 's departure frm Egypt. 



Maintenance 

APPENDIX D 

Functfons and Their Tec 



This annex presents a deta i led  outline the technical 
components a+ a maintenance program for BVS subpro~ec ts .  T w o  
types of prajeets are d is t ingu ished  : water projects (includlnq 
potable w a t e r  supply and sewage and drainage systems) and road 
projects. For each type of pro ject ,  a classiCication of  
necessary maintenance operations is set out. For each t y p e  o f  
operation, technical components - personnel, equipment, tools, 
materials and frequencies at which the activity should be 
par4ormed are speci+ied, 

A. Maintenance of Water Projects 

1, Maintenance o f  Diesel Engines 

a. D a i l y  tlaintenance (Dl 

These are aperations carried out t o  make sure that 
the engine w i l l  run e f f i c i e n t l y  over the next 24 
hours. 

Frequency : Daily 

Personnel : Operator 

Tool s : Screw d r i v e r ,  pliers, spanners 

Materials and p a r t s  : Gaskets, cleaning cloth 

Operations : m C l e a n i n g  and removal of d u s t .  

m Checking t h e  oil and water l e v e l  
in w a t e r  coaled engines. 

a Inspection +or leakage of $ u e l ,  
oil, and water. 

r Operating the engine te check for  
unusual sounds. 

b. Preventive Maintenance I (PI) 

Frequency : Every 50 working hours ar every  week. 

Persannel : Operator, mechanic, electrician. 

Tool s 2 One set of  technician's tools ,  one 
set o+ e l e c t r i c i a n ' s  too ls ,  funnel 
oi lcans, hydrometer, vol timeter, 
torque wrench. 

Materials and p a r t s  : Motor oil, grease, water, 
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cloth, distilled water, 
sand paper and gaskets. 

Operations : r Cleaning all parts. 

Fastening of all parts and a l l  
bolts- 

Refastening of cylinder head 
according to the sequence and 
with recommended torque. 

Greasing all parts which need 
qreasi ng. 

r Changing engine oil, air filter 
oil, cleaning filtering element. 

m Checking the battery solution 
level, voltage, and selution 
density with the hydrometer- 

m Checking the starter and the 
generator and lubricating t h e m .  

Checking the vee belts o+ the 
water pump and the fan. 

a Checking the coupling components 
for operation and tightness. 

Operating the engine to check for 
prcper operation, 

Cleaning after maintenance. 

c. Preventive Maintt Ante I1 (P2) 

Frequency : Every 200 working hours or every one 
month. 

Personnel : Operator, mechanic, electrician, p i p a  
fltter. 

Tools . One set of technician's tools, one 
set o+ electrician's tools, pipe 
fitter's tools, funnel, oil cans, 
hydrometer, vol timeter, torque 
wrench, v ise ,  w o r k  bench. 

Materials and parts : Engine oil, grease, water 
distilled water, cloth, oil 
filter element, air filter 
element, fuel filter ele- 
ment, generator brushes, 



starter brushes, gaskets, 
sand p a p e r .  

Operations : All steps as descrl bed ln 
Preventive Maintenance I plus 
the $01 lowing: 

Changing the f i 1 tering 
elements in the ail, fuel, 
and air filters. 

Checking the generator and 
s t a r t e r  brushes and changlnq 
them if necessary. 

e Checkinq water pump for 
leakage.  

a Checking cooling fan f a r  
tightness 

. d. Biannual preventive maintenance (P3) 

Frequency : every 1000 - 1200 hours or every 6 
1 months 

Personnel : same personnel as in P2 

Tool s : same tools as in P2, plus filler 
and injector adjusting device, 

Materials and parts : s a m e  as P 2 plus injector 
nozzles 

Operations : Same operations as in P 2 plus the 
following: 

Adjust the injector pressures 
and change nozzles if needed, 

Qdjust the intake and exhaust 
valves of the engine. 

e. Remedi a1 Mai ntenance 

T h i s  t y p e  of maintenance includes repair of parts 
or  aggregates and it is carried out according to: 

' 1 ,  Calculated life-span of part or aggregate. 

2, Indications from warning devices (e.g. red lamp, alarm,) 
e.g. clogging of the oil filter, or i n  the lubricating 
system, 

3. Part or aggregate f a i l u r e  t o  operate. 



Three types o f  remedial maintenance may be distinguished : 

~ i. Current r e p a i r s  : (c) 
This is def ined as t h e  s imple r e p a i r  any part of  t h e  
engine; t h i s  type can be c a r r i e d  out  by the operator alone 
or  with assistance from the mechanxcs. e .ga  

m Changing vee b e l t s  

Repair of leakage i n  pipes o r  p a r t s  of  the fan ,  
coo l i ng  and lubricating systems. 

i i .  Medium r e p a i r s  : (H) 

This is def ined as r e p a i r  or replacement af an aggregate 
i.e. one o r  m o r e  i n j e c t o r s ,  f u e l  p u m p ,  s t a r t e r ,  and/or w a t e r  
pump. This t ype  of r e p a i r  can be c a r r i e d  out  by t he  
mechanic and/or the e l e c t r i c i a n .  

iii, Capi ta l  r e p a i r s  : (K)  

- 1 
This  type o+ r e p a i r  is done f o r  t h e  engine and c a l l s  f o r  
engine overhaul. The work w i l l  be done i n  a workshop, by 
spec ia l i zed  personnel usinq spec ia l  t o o l s  and equipment. 

2. Maintenance o+ E l e c t r i c  Motors : 

a. D a i l y  Maintenance : (D) 

Frequency : d a i l y  

Persannel : operator 

4 
Taol s : Insu la ted p l i e r s ,  screw d r i v e r  

Ma te r ia l s  and p a r t s  : Cloth, P.V.C. tape 

Operatiens : Cleaning and removal o f  dust 

I 
Turning the motor by hand 

Running the  motar t o  c h e c k  f o r  
disturbances 

b. Prevent ive Maintenance I (Pi) 1 

Frequency : Every 50 - 75 working hours o r  every week 

Personnel : Operator and e l e c t r i c i a n  
I 

Tool s : One set o f  electrician's tools, multi,moter ( 

Ma te r ia l s  and p a r t s  : P.V.C. tape ,  es ter1  ing tape, 
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c l o t h ,  a l  cohel 

Operationst m Clean down ex terna l  p a r t s  of motor and 
blow out  a i r  ducts. 

a Check ho ld ing  b o l t s  f o r  t ightness. 

Q Clean ou t  techn ica l  box and check 
termina l  connections f o r  tightness. 

m Renew silica gel dryer  i 9  fatted. 

Check ear th ing  s t r i p s  +o r  security and 
e a r t h  con t inu i t y ,  

ID Check t h a t  t h e r e  i s  no spark between 
t h e  brushes and the commutator 
segment S. 

m Chock t h e  operat icn of t h e  eaoling a i r  
fan. 

C .  c ,  event iye maintenance I 1  (P2) 

Frequency : Every 280 working hours or every month 

Personnel : Operator, electrician 

T ~ l a l  s . Qne set of electrician's teals, 
m u 1  t i meter, grease gun 

Mater ia ls  and p a r t s  : P.V.C. tape, insulating 
mater ia ls ,  ester1 i n g  tape, 
c l o t h ,  cables, grease, oi 1, 
a1 coho1 . 

! 
d 

O p r r a t i j m s :  A s  in P1 

l 
2 m Greasing motor bearings with approved 
I grease using a gun. 

6 

i m I f  t h e  mator is fitted w i t h  sleeve 
; bearings, inspect beat ing leads, and 
b 
g record readings befare  reassembly. 
j 
t m Cleaning t h e  r o t o r ,  s ta to r ,  and t h e  
P 

fi commutator. 
[ 

1 
m Cleaning brushes w i t h  sand paper. 

1 

m Operating the metor and check 4ar 
quiet operat i an. 

d m  Biannua'X Prevent ive Maintenance (P3) 



Frequency : Every 6 months o r  every ~ Q O O  - 1200 
working hours 

Personnel : E lec t r i c ian ,  opera tor  

Tool s : Same as i n  82, p lus  500 V megger 

Mater ia ls  and par ts  : Same as in P2 

Operations : S a m e  aperations as i n  k2 plus 

m Checking i nsu la t i on  resistance and 
csn t i nu i t y  of  w ind ings  wi th  a 568 
v o l t  megger and recording reading 
before replac ing terminal box cover. 

Cleaning out bearings w i t h  f l ush ing  
o i l  and r e f i l l i n g  to correct  level, 
using t he  spec i f ied  grade o+ o i l .  

a On a motor w i t h  sleeve bearings, 
checking a i r  gap reading at a11 po in t  
provided and recording the resul ts .  
I f  the motor eomplinq alignment i s  
suspect, t h i s  should be checked. 

Operating the motor and checking f o r  
qui et operat n en. 

em Rernedi al Mai nkenance 

i. Current repa i rs  : ( C )  

T h i s  i s  t h e  simplest type of  repair and can B e  
car r ied  out by the  operator and the  electrician. It is done when 
faulty operat ion ar  f a i l u r e  is noticed. 

i i .  Hedium Repairs : (H I  

T h i s  i~cludes repairs t o  p a r t s  of t h e  metor o r  , 
cannectiana, removal 09 damaged cables, rep lac ing o+ ball 
bearings. The work i s  dene by s k i l l e d  e lec t r ic ians .  

Frequency : A s  9a i lu re  occurs 

iii. Capi ta l  Repairs t &K) f 

Repairs ca r r ied  out on m o t o r  i n  the  workshop 

Frequency : 1-2 years 

Personnel : S k i  ired laborers ( 

Locati on : Workshop 



Operati ons : Clean down motor ex t e r i  o r  and 
blow out a i r  ducts, 

Di sconnect main motor m a i n  
cables, alarms, and auxi l iary 
wiring, and mark the cables 
f o r  easy reconnection. 

Ensure that the cables are 
protected f r o m  moisture and 
mechanical damage, 



~ t he airways are  unobstructed. 

Reassemble the m o t o r  and r e f i t  
t h e  caupl i ng -  a 
Replace the mator on t he  bed 
p l a t e  and r e a l i g n  t o  the  
caupl ing o f  the  dr iven pumps. 

a Reconnect the  cables and test a 
t he  motorand cables f o r  
i nsul a t  i on resistance and 
con t i nu i t y  w i t h  meqqer, 

Grease t h e  bearings w i t h  the 
spec i f ied  o i l -  a 
Run the  motor uncaupled t o  
check r o t a t i o n  and listen t o  
the  bearings w i th  a 
"sonascope" I f  t h i s  i s  
sat is factory ,  recauple t h e  
motor t o  the dr iven pump. 

a Check ho ld ing  b o l t s  f o r  
t ightness-  

Grease t h e  bearing w i t h  
approved grease using a gun. 

I f  there  is a leakage from t h e  
s tu f f i ng ,  renew i t -  

R u n  the pump and l i s t e n  t o  the . 
bearings, 

D r i v e  t h e  uni t  +or operation, 

3. Maintenance of w a t e r  pumps, pipes, and valves 

The water pumps, pipes, and valves a rc  attached ta t h e  
* 

diese l  engines or t h e  electric motors, Since t he  hydrau l ic  
apparatus i s  attached to i t s  power source, source and apparatus 
r e a l l y  compose a s i n g l e  machine. It is sensib le  there fore  t o  
ca r r y  out  maintenance o f  t he  apparatus a t  thm same t imes as 
maintenance of the power source i s  ca r r ied  out, @ 

Personnel : Operator, mechani c , plumber 
Tool s : Mechanic too ls ,  plumber tools,  grease 

gun, 

Mater ia is  and p a r t s  : Gaskets, s t u f f i n g  mater ia ls,  
a 

c l o t h  f o r  cleaning, grease 
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Operations a r 



Survey 

APPEND1 X 

Questions f o r  



Survey Questions for BVS Engineers 

1 . What topic i n  the t ra in ing  workshop was most he1 p fu l  t o  you? 

2. With respect t o  t h i s  topic, what specific actions have you taken as a 
r esu l t  o f  tra$ning? 

3- What actions have you taken w i th  respect t o  your other duties as a 
r esu l t  o f  the training? 

D 4. Has your understanding of your job changed as a resu l t  o f  trainling? 

a) Management 
b) Technical 

5, Have you been g i  ven addi ti onal responsi b i  1 i ty i n your present Job? . 6, Wave you changed job since the workshop? i f  so, why? 

7. If so, was t ra in ing  you received the reason (or  pa r t  of the reason) 
f o r  the change? 

D 8, How has your working relat ionship w i th  your imnediate manager been 
affected? 

9, Has your workjng relatl'onship w i th  your subordinates changed? With 
your c a l l  eague s? 

I, 10. Has the way the w i l l  age leaders (cwnc i  1 1 work w i th  you changed? For 
what way? Do they know you v i  s i  ted t o  the U .S. f o r  t ra in ing? 

11. What i s  your view of maintenance? 

12. Have you had the chance t o  t a l k  t o  anyone about maintenance since you 
@ eturned? 

13. I f  so, who and what aspects of maintenance? 

~@ 

15. Do you think yQur col teaguzs appreciate OM i n  the same way you do? 





Examples o f  
APPENDIX F 

Preventive Maintenance 



EQUIPMENT: Motor C o n t r o l  C e n t e r s  
MANUFACTURER: ITE I m p e r i a l  C o r p o r a t i o n ,  Wes tmins te r ,  Maryland 

Maintenance  9equ i rements  

WEEKLY 

1. Check f o r  l o o s e  p a r t s ,  warping and undue v i b r a t i o n .  
2. Check f o r  c o n d e n s a t i o n  bui ld-up .  Assembly s h o u l d  be kept 

d r y  a t  a l l  t i m e s .  
3.  Remove d u s t  o r  d i r t  w i t h  vacuum c l e a n e r  o r  a i r  hose .  

SEMI-ANNUALLY 

1. Disconnec t  power s o u r c e  and d e - e n e r g i z e  a l l  i n t e r l o c k  
c i r c u i t s .  

2 .  A l l  d e v i c e s  s h o u l d  be  hand o r  e l e c t r i c a l l y  o p e r a t e d  t o  
d e t e r m i n e  t h e i r  o p e r a t i n g  c o n d i t i o n s .  

3 .  Badly-worn s t a r t e r  c o n t a c t s  s h o u l d  be r e p l a c e d .  
4. Do n o t  l u b r i c a t e  c o n t a c t o r  o r  s t a r t e r  b e a r i n g s ,  
5, Co n o t  f i l e  s t a r t e r  c o n t a c t s .  
6. A check  s h o u l d  be  made o f  t h e  i n s t a n t a n e o u s  t r i p  on  

breakers  t o  v e r i f y  t h a t  s e t t i n g s  a g r e e  w i t h  
s p e c i f i c a t i o n s .  

7 .  I n s p e c t  a l l  b o l t  c o n n e c t i o n s ,  n u t s  a n d  s c r e w s  f o r  
t i g h t n e s s ,  

8. I n s p e c t  a l l  w i r i n g  f o r  s i g n s  o f  damage. 
9. Examine t h e  i n s u l a t i o n  s y s t e m s  for e v i d e n c e  o f  h e a t i n g .  

10. Open a l l  h inged p a n e l s  and remove a l l  b o l t e d  p a n e l s  f o r  a  
thorough  i n s p e c t i o n  o f  a l l  i n t e r n a l  d e v i c e s .  
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EQUIPMENT: Centrifugal Pumps, Custom VII 
MANUFACTURER: Allis-Chalmers, Milwaukee, Wisconsin 

Maintenance Requirements 

DAILY 

1, Chek bearing temperature using a thermocouple or 
thermometer, 

2, Listen for increasing bearing noise and pump vibration. 

MONTHLY 

1. Check pump vibration with test equipment 

QUARTERLY 

1. Wipe pump clean. 
2. Check grease-lubricated bearings for saponification. 
3. Check bearings for lubrication. 
4. Cheek stuffing b o x  and bearing seals for excessive 

leakage . 
* ANNUALLY 

1. Check alignment of pump and driver. 
2. Flush bearings, 
3. Check packing. 
4. Disassemble pump and inspect impeller, 

and rings for wear. 


