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Executive S u m m q  

Ln 1982 the Government of Egypt (GOE) enacted Law 48, 
which set stringent standards ior wastewate: effluent 
entering water comes in an effort to limit and cuntrd water 
pollution. By 1984, the T q u i r ~ a t  fur developing solutiow 
to wastewater problems in ma! Egypt had emerged as a high 
priority item. At thi+ time the local enghees in the 
governorate had some experience in designing sewsewers and 
mmhdes, but lacked the capacity to design treatment plants 
and had limited capacity to su~emkse wastewater 
construction work And there were ns p ~ ~ ,  on any 
level, that addressed the foCowing wastewater treatment 
issues: 

What technological soluti~m should be appied in 
mal Em:? 
What design aiteria can be used and who can do the 
design work? 

* Who should be respo1i~~i1e for the design and 
construction phases? 
Who can perform operations d nnainte~~ce at the 
local level? 
What tevd of financial re so^ is required and what 
are the possible sources of -g? 
What are the training n W  cd I d  engineers and 
technicians? 
What commtmi~e should receive priority freatment? 

THE WASTEWATER MLOT PROGRAM .. 
The wastewater pilot program, which began under the Easic 
V i  Services (BVS) project and continued i ~ ~ g h  the 
Local Devdopment Provincial CLD H-PI pject, evoked as 
a means of answering &es@ qugb~.tiom. Its b&c objecdve was 
to tapgrade local Egyptian ieechical and drnin&trwfive 
capacity to plan, i m g f ~ f ,  aperate, d mainfain 
Qppr~p*sik~ y -sea ted, uilhzge-k?eI m e a *  syskms 
rrsizg sstifabfe financing schemes. 

By 1989 the program had expanded to include 24 m g e s  
using five different types of wastewatex treatment kd]Lities 
eight padcage extended aeration piants, $bur oxidation ditch 
facilities, Sve submerged &Fix4 film sactor facilities, six 



stabilization ponds, and one modified aerated stabiltatio=r 
p0nd.l 

FlNDlffiS AN0 ACCUMPLISHMEN7S OF THE PILOT PROGRAM 

A major accomplishment of the pilot progam is that it has 
helped make governorate o E d s ,  central governorate 
agencies, and private sector codmts and contractors more 
aware of the issues involved in the management of 
wastewarn service. It afso pduced the first 24 waking 
wastewater system designed and impIemmted by local 
entides in Egypt Replication of the progam has resulted in 
the planning and implementation of an additional 50 rural 
systems to date- 

Another legacy of the program is a set of "how-to" manuals 
&at cover the entire project impl1emenbtion cycle- 
financing, planning, desie, contractin& construction, 
operation, and maintenance. 

Perhaps most important, the ppibt program has provided 
insights concerning the following major issues. 

Wastewater treatment tecknotogh for rural Egypt .  There 
was an early concern that the wastewater ~ o I O & I e s  used 
in the pilot program might be inappropriate for rual Egypt 
because of their expense and intensive maintenance 
requirementsts was demomtrakd to be m e  Sor the more 
m d a n i c d y  intensive techn010gis, such as extended 
aeration. However, one of the driving factors in choosing 
tecbrto10gies is Law 48/1982, which requires high muent 
qualities fPom wastewater treatment plants. Although less 
sophisticated treatment technoIogies, such as stabilization 
ponds* have proven capable of meeting the repired effluent 
smdatds, their associated land requirements are many t i m  
greater than more mechanically intensive ~ 0 1 O g i e s -  if 
this controversial law is t~ be enford, more rnechanicaitv 
intensive technologies may be n e e s q  in areas where Ilmd 
availability is low. 

Thw g i p ~  the restrictions imposed by Law W1982, the 
pilot fadfzes found to be most appropriate for d Egypt 
were stabilization ponds and modified aerated s ~ b i i t r c m  
psnds. bQth of which require little m e d W d  equipment but 
relatively large amounts of land. Simple extended aeratxon 
facilities may be necessary for agricultural areas where Band 1- 

at a premium. 
-- 

1~lthough &ere were five type d h a & ~ ~  ordy tlnee 'Jade techrnk.rm 
were we& extended aeration (package plants and oxidation i c f i t c b t ,  
submerged fixed Mm reactor systems, d stabikaticm ponds fbo* 
aerated and mn-aemted). 



Design capabilities8 and nspomibiIify. I Q C ~  
consulting firms were found to have the cifpabsty to design 
functional wastewater facilities, dbugh they were 
frequently hindered by Iow fees. Also, wastewater treatment 
plan review at the governorate lev& has improved to the 
point where it is now consid& 
was s@ed in a document 
of the pilot program, md t?i 
has teen emphasized in the ongoing tecbid assistance a d  
training efforts. 

C o t t ~ t m d i o ~  capabilities and r e s p ~ r ' ~ .  Locd 
contrackon have demonstrated the capacity to ~~a 
functional waswater facilities, atthough &e quality of the 
work must be improved to keep iimdunai f d m  (that is, 
extraordinary remedid mpir msts) at a r a s o ~ l e  level. 
One condusion was that an increase in the lad constnrction 
supervision effort, not necesdy in the apitd v d d ,  
could improve constauction q d t y .  Stan- terms of 
reference were developed fo? selecting construction 
supervision cansultants, and fbUr mmtruction supemision 
rnmu&-two for t&mici;ans ancf t w ~  for epbgheers-were 
prepared. A h ,  a manual that details contract exemtion was 
p~~l6ded .  

Performance of O&M at the local level. 'hhe ability to 
administer and carry out long-tm CXM resides within local 
governorate entities, although these entities are in the early 
stages of a maturation process W systems are not 
necessarily we1l-o- at the l d  level, but organization 
is impruving. Several manuals have been prepared for 
sewage coUection system and wastewater fheatment plant 
operation, and a document on ~ ~ b ~ h i n g  a village-level 
wastewater utility was provided. Tbugh facilities may not 
operate at peak efficiency, they are nwerthless providing a 
valuable service. 

Pt.io+ifizatiun of needs ami f b z d d  ~ & I i t k .  The pirot 
program showed that priority needs should be established 
through a governoratelev4 water and wastewater sector 
plan, and provided terms of reference h r  devdopirtg such 
plans FvLandd md* were evduakd and proposed 
in several LD IX-P g~blitxttions. 

Training needs of Iotal enginems and &chums.  . . 
Throughout the pilot program, on-thej~b and classroom 
training was provided in the areas of p82m r d a v ,  
co~stietdion supervision, and operation and maintenance as 
part of routine technical assistance. Ad&eiond/ongoing 
training must be provided as a continuation to previous 
work to hdp perpetuate the sldUs and lmowledge required 
for future wastewater de~dopment needs. 



A set of recommendations for future projects is providd in 
the assessrwnt report based on these and other, more *c, 
findings. 
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Section t 

Introduction 

This assessment report pertains to the 24 mal wastewater 
systems--comprising collection systems and treatment 
plan&provided under the auspices of the Basic Village 
Services (BVS) and Eocal Development II Provindal (LD II-PI 
projects. Together, these systems constitute the p r w m  
known, in the parhce of USAIDICairo, as the Wastewater 
Pilot Program. T'k~tbghsut this report the 24 system win be 
referred to as the pilot prcgm.? 

This pilot program is the first effort to provide wastewater 
service exclusively for Egypt's rural wastewater sector, and 
represents a significant investment in the sector. A review of 
the pilot program's implementation process, from pkmnhg 
through the on-line functioning of the facilities, allows the 
W E ,  USAID, and other donors and mmdtants engaged in 
the ma1 wastewater sector to examine the prindples that 
formed the basis of USMDs involvement in the BVS and LD 
II-P projects. 

GUIDING PRINCIPLES OF THE PILOT PROGRAM 

The approach used in this pilot program sought to provide 
an answer to the rather broad question: Paow can 
development best occur in the complex envir~ment of a 
developing country? 

Historically, there have been two apprclahes to this issue. 
Qne posuates that external cornponenfs are essential for 
db7- dwgment, -- as they are the only  huti ion to providing a 
product of sufficient quality to be sustaimb1e 'I?& approach 
implies that quality or durable h.&astmctwe m o t  be 
produced at the local 1 eve1 in the envb'onment of a 
developing nation without reliance on external murces. 

A second approach argues that inifid product cpality is less 
important than the tucal capacity for sustaining 
indrasfmctu~e, and references WPoricd examples to support 
this stance. The pilot program adopted this second approach 
to proohding infrastructure, prefening to emcourage the 
development of local resources rathex than to rely on 
e x m d  resources. 

 IF^ additional wastewater projects have been-& by the LD iI-P 
prow as a replication or expansion phase of dre $02 p r o p  Together, 
the replication effort and the pilot program repxst  a v t d a y  I19921 
capital expendim of approximately LE PQOmm (US $33W,C##)I 



Recognizing the need to address the issue d local autonomy 
versus central control, and the politid constraints on projm 
s d d o n ,  location, and imphmentation, the pilot program's 
philosophy was to advocate local control of decision-&g 
and project implementation. The dtlnate concern was that 
the program produce ar. overall benefit to the cornunity 
and contribute to devefopment go&. hother priority was 
that the technology selected should both Mi the 
requirements of Law 48/1982 and be appropriate for nnd 
Egypt. Quality of physical s~~ was considered a 
dependent variable in the development equation-thus 
compr~mkes were made and interim solutions utilized as 
the program matured. 

EVOLUTION OF THE PILOT PROGRAM 

Unlike a conventional pilot progrm, this pros- was not 
conceived of purely as a study in which projects are carefully 
selected, a firm set of standards and grridebes applied, and 
systems developed to ewure adherence to the progam rules. 
Instead, it evolved as a practical response to a great n d  for 
rural wastewater treatment, and attempted tu subsume 
p j e a s  with varied origins under one umbrella that could 
function as something of a proving gxoll~~d. %on 2 
provides a more complete history of the pilot program; the 
important point is that it was an evoIvkg progam, managed 
and implemented by Ixal  authorities, which attempted to 
correct and refine itself as it progressed. 

Technical assistance providai during the pilot program 
focused on establishing and upgrading 1 d  knowledge, 
experience, and practices through the ixnplementation of 
p r o w .  This reaming by doing was meant to inculcate the 
a b i i  to conduct future l d  projects without outside 
intervention, Thus, tedurid assistance focus& on 
providing advice and trainkg to officials, plannss, 
engineers, technicians and pant operators in the 
governorates, marakez, and villages, and f k L  &&ion- 
making WQS left in the hands of local officials, 

Early problems were not interpreted as a sign that the pilot 
program was failing, but were useci as a rn-m to 
provide inaemental changes in the program +&rough 
modifications to the ongoing training program and t e c h i d  
a s s k ~ c e  effts. 

BASIS FOR TH15 A S S E S M M  

The basic intent of this assessment is to examine the series of 
procedures and activities used during the pilot program and 



recommend improvements to the project implementation 
process. The resulting improved process would be suitable 
for the implementation of sewerage and wastewater 
treatment facilities in the Egyptian d wastewater sector. It 
wodd aIso allow the inv03.vd part iethe  @8E, 
governorates, cities, marakez, and viUages-to make better 
decisions and take the actions m e e s s a y  to impXement 
required facilities. 

The assertions and descriptions cunc -&g problems that 
uccurred during the pilot program's impierramtation are 
meant to be wed as learning tooh, not as attmpb to cast 
aspersion or assign bIame. A specific p ~ s e  in providing 
this assessment is to determine the nature of such probimI 
where they occurred, and how they could be obviated by 
changes to the implementation process. Documenting the 
experience in this manner is in h e  with the philosophy of 
institutionalization, and provides infomation for 
formulating a national program. 

In fact, the LD ZI-P training prugrm case studies have focused 
on some of these "problems and solutions" to help engineers 
and technicians avoid the same pitfalls. Thus, the lessons 
learned from this program and the changes andlor 
adjustments required a0 improve the pr- are a significant 
cutcome of the pilot program. 

While the pilot program included 24 prom, this assessment 
is primarily concerned with the 17 p r o w  in Damietfa 
Governorate. P erfonnance data was gather& for a sample 
made up of seven Damietta fac?r'Eties and one Menufiya plant- 

OBJECTlVES OF THIS REPQRT 

The information provided by this assessment report wiU be 
valuable for establishing sector policy and shaping future 
programs and projects fur d wastewater inkastrucfure and 
Iocd agaclity building. 

Further, from the stmdpoint of the governorates, marakez, 
villages, and other GOE institutions, this assessment 
highlights valuable "lessons learned' that are directly 
applicable to the further development of the entire sector* 
The s-c infomation provic!ed will U p  the institutions 
invo1vd overcome many of the constraints which 
hampered the pilot program's formudtion: the lack of 
acceptance of standards; the prob1ems aamuntered in 
constmcti~n, start-up, and operation of the physicall systems; 
and the large technical assis- requirements. 



The objectives of this issssment report are to+ 

Asms the implementation pmcess used tu produce 
the physical infrastructure (products) of the prognm. 
Assess and compare the prgrdtn's physid produa in 
relation to tile prates componrrnts of PI-g, 
design, construction, and 0- 

Provide a con& account sf the 1esmx learndm 
from implementing the pilot pr-, and dixun the 
actions required to improve the individual 
components of the process. 
Provide remmmendatio~ for the repfication of the 
pilot projects concerning Seaor go-# t ~ o ~ o g y  
choice, manpower/haining ~ ~ ~ e n f s ,  quality 
cowideratiow. f i a a l  options, and the use of the 
manuals and guide5.n~ produd under LD I[-P to 
assist in replication of the process. 

The report is aim& toward GOE officials inv01ved in 
national and rural infrastructure development, engineering 
cop~sd-ts, USAID oifidakf and ofichh of OW bilateral 
and multilateral donor agencies. 

REPOFtT FORMAT 

Following this inhodudon, Section 2 of thio report provldcs 
a brief history of the pilot programp while Section 3 review 
and aseses the overall implemen&tfica;n process and the 
physicat prducts of individual process wrnpnents. 
Performance data and other operation and &€enance 
features of each treatment tedmology are presented in 
Man 4. Man 5 presents mndusiom and 
recoffunendations stemning bgt the experience gantt-red 
during the pilot program's implementatiaw~ which may tr 
useful in future sector interyentiom and expansion of tte 
pmgam to a nationwide lev& 

Appendix A provides a aMe of all LD II-P p~o- (both p :t 4 
projects and replication proj-). Appendix B d & k  tke 
~ o f O & i e s  used for the pilot project facilities 

The publications annotated in Appendix C were prepared pr 
Chermnics under the LD-II-p p v  in relation to the 
p M g  design, constru&on, O&A4 and susbhabiity rbL 

d watmmkr system, and duab1e adjm& to thm 
m a t .  Pxties interestd in thef devdopment of the 
sector wish to be famihr  -5th the COratwt5 of the%? 
d m - & .  



Appendix D lists the rrainir*g courses held in cclnjiunaisn 
with the LD II-P project. 

The detailed technical infomatior, provided in appendices E, 
F, anand C will probably be of greatest interest to engineers 
direttly involved h the design, mnstnz&on, and OkM of 
future wastewater system. 



History of the Pilot Program 

This section reviews the nature and history of the pilot 
program, and &cusses how the v~~ prc$xts came to be 
hcluded in the program. 

DUAL NATURE OF THE PROGRAM 

The pirot program's concern *3th both the project 
impiementation p r o w  and &e resdmf  physical 
infi(r~tmctuts reflects t b t  of the overdl W a*% g a o p  

Fi- 21 illusraws the relationship of the pilot pugran 
components in tams d inputs, outputs, pqmsesC and 
OV& goat The o u ~ t s  gmvided by ghe pilot p- are 
physical infrastnrmre ~pmductl a d  system and procedures 
fur eWEshing and maintaining such Mastructure 
tprocea?. 'Ihe comb'iation of tf.s product and pra~ss wilt 
dpinnately lead to the provision of village wastewate~ service. 

As shown in Egure 21, f-ck otmhed during the pilot 
propun was wed to refine the hpt to impme batkt 
procen and p d u c t  This mnainuua f-& loop allow& 
the pmgam to bplild on previous experience- 

M a t  of the 24 pmjeds in the pibt program were developmi 
or ~ ~ t u & e d  under the BVS project* and implemented 
unCa the ED a-P project 

Two objectives of the BVS prom were to increase 
&cisim-&g and authoriy at the 1 d  1evd and to 
provide fsr the upgrading of 1 d  capacity. These ovemdmg 
principles were e m p b W  in all aspects of the work 
physical infastruciure pmjxts were c c t s i d d  secondary to 
achieving the objectives of d~trallzation and caoadty 
building. In efka, &his situation n d i t a t e d  an a&gtace 
c~mpmmkes to hfmsm&ure quality, which m e r e d  the 
probi- a d  0&,M casts. These addieiod casts were 
considered p a  of the o v d  price tag fix deeentdizatiun 

LD I?-? activities were sup rim^ on the 8VS program 
and thus i ~ f ~  its estabkishd ground d e s  and s ~ t f a r r d s  
The LD IIIP project pmvided technical assistance to bpmvc 
the p m e s  of hpIemenhg %%age wastewater p r o w .  The 





main limitation of the wastewater program activities under 
LD a-P resulted from the fact that advisors were constraid 
to providing tec.lm.icd assistance to governorate staff 
engineers, but had no authority for influendng the actual 
planning design, or construction of the pilot program 
projects. 

Functioning under this constraint, the tD II-P wasfewatex 
program had to cope with the expected shortcomings in 
p r o F  design and construction, and mitigate for design and 
construction oversights as part of the technical assistance 
provided for O&U 

COMPONENT PROJECTS OF THE PitOT PRUGRAM 

The 24 projects that cornpcse the pilot prognm are identified 
in Table 2.1, together with e r t h  features of eadt project. It 
is important to recognize that no magic fornula was used to 
select 24 as the number of wastewater systems to indude in 
the piIot program. These pm- were indudd in the 
program because they represent a ~oss-sechn of projects h k  
emerged horn a series of converging actions made by tfre 
GOE; Damietta, Mmdiya, New Valley, and South Sinai 
governorates; the B\rS an8 LD Pt-P projects; and USAD.  
Thus, the pilot program was an amalgam of prujects that 
evo1ved into a practical on-the-ground p q m .  

One advantage of this type of program evo1ution was that it 
did not cause any delays in LD XX-P activity in the nual 
wastewater sector. Unlike a conventi~nal pilot pmgam in 
which one would wait f o r  finak results before any &-We 
applications, it was posited that a&vities in the he seaordd 
easily continue using the lessans l e m d  as the pilot propam 
P ~ O ~ P = = ~ -  

These lessons have been incorporated info a replication effort 
invo1ving the construction of 58 wastewater systems outside 
the auspices of the pilor progra T w ~ t y a ~ o  additional 
projectsC covering 35 villages, are under study or have 
completed the design g k  and are awaiting tender. 
AppendixAlissall% W I I - P w a s ~ t e r p r o ~ a n d t h e i r  
Iocations. 



Table 21: Projects tncluded in the Pilot Program 

Key to kaalities: 
SP-1 Stabil'uation pond (anaerobic, kcultati~~% maturation x 31 
SP-2 Stabilization pond (amaembk aerated Wtat ive ,  matzmhn x 3) 
SFFR Submerged fixed fitm reactcrr 
EA-I Extended -tion ISOS padcage phnt) 
EPB-2 Extended aeration (Oxidation ditch3 

Technologies U s e d  

As shown in Table 21, five &&rent ctegories of pru- 
were included in the 24 individual. projects: stab"ition 
ponds, modified aerated sta'b'ition ponds, submerged fixed 
film reactors (SER3, ~Xidati~n &t&esp and extended aeration 
package (SOAn plants. Figure 22 shows, on a rdative scale, 
how these ~ 0 1 0 g i e s  compare in tenns of fand 
requirements, ease of c o w ~ ~ n ,  local companent 
prodt;p&ora capacity. Capital and OQM costs are disMsed in 
Sections 3 and 4, respectively. More detailed descriptions of 
these tedmoIogies are provided in Appendix I% 



Design & Construction 
Complexity 

T*ning Nee& 

Oxidation Ditches 

f ixed film reactors (Aquafife) 

&rated StabiEzation Ponds 
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Land Requirements & LO& 
Component Produdrbn Capacity 

Figuk 22: Lend Constraints versus System Complexity 
& Tmintwg Needs 

Ilstory and Setectlon of Projects I 
The development and inclusion of the projects within the 

I 

pilot program are discussed below. 

BVS study The pilot program's formal activities under the BVS prop* 
group co~~unenced in 1985. In recognition of the acute wastewater 

pollution problem in Egypt's rival a r m p e c i d y  in the 
densely populated villages in the Delta, the Opgmizaaion for 
Reconstruction and Development of Egyptim Villages 
(QRDEVl and USAID decided the BVS pmject should indude 
a pilot program to recommend alternative techn01ogies 
appropriate for rural Egypt. 

An extensive study prepared as part of BVS project activities 
in 1985 dealt with treatment alternatives for d villages? 
'Ihe findings of this report were presented in a workhop to 
ORDEV and other GOE representatives in November 1985. 
USAID agreed to include projects derived from this report 
and identify appropriate treatment for finan* under the 
BVS project. 

The 1985 report recommended treatmeat plants utilizing 
stabilkadion pond or modified aerate6 stab'ition pond 

2 Preliminary Designs for Pilot W a s t m r a ~ ~  in Si* Delta 
Vit1ap: Mas* Report (BVS pubEcakion ENG-R-ISCEII, September 1985. 



technology for villages whose conditions required the 
installation of sewage coIfection systems and a combhti~zt 
pm/flush family lafrine program with compostk~g d 
septage and solid waste for villages in which no s e w s  were 
necessary. Six projects were recommended. and five were 
implemented The implemented program included 
stabilization ponds and modified aerated stabilization ponds, 
but not the cornposting system, as it proved impossible to 
obtain Menufiya Governorate's concurrence to adopt this 
alternaf ive.3 

As implemented, these 5ve projects included o m  
stabilization pond, one modified aerated stab'Wtian p d ,  
and three treatment systems based upon a submergd fixed 
film reactor system (SFFR, trade name Aqualife). These three 
SFFR units were included in the pilot prugram because they 
appeared to be less expensive than either the aerated or 
regular stabilization t&o1ogies, since the only mechanical 
need was a pumping unit, and because the overall land 
recpirsneents were much smaller than those for sabikation 
ponds. 

Darnletta - The eight projects in Damietta Governorate udng a packagd 
peckage plants extended aeration treatment technology now included in the 

wastewater pilot program were originally planned by 
Dadem Governorate. A contract for dl the znechnid 
equipment required for the wastewater trea-t pImts was 
negotiated betwen the governorate and the WAF 
Corporation of Nantes, France (thus, the designation of these 
plants as SOAT: plants). 

Originally, these package plants w e  to be fully funded under 
Bdetta Governorate's budget However, a shortfall was 
discovered after the constru&on bids were received, and the 
governorate requested USAID to allow the conunitxtent of 
a h o s t  one million Egyptian pounds of Damiettaes BVS 
allocation to finance b e  civil works. 

The National Organization for Potable Water and Sanitary 
Drainage (NOPWASD) was retained by Damietta for the 
engin-g services related to these eight projjeds. M y  
conceptual plans and g e m d  specifications were utilized as 
the basis of tendering. A design-build consfnrttion contract 
was let for aU eight plants in A u p t  1983, and construction 
was started but serious delays were e ~ c o u n f x ~ d  A h  a long 
perid during which little or no work was accunp~ed  by 
the original contractor (who was said to have mcountered 
saiotks financial diffidtiss) the contractur was r e l d  and 
the contract re-tendered. The new c i v i l  work contractor 
- -- 

% g~wrmate reacted to complaints by the village p p s e d  to be sewed 
by this tecktnollog)., which chimed the k&mIogy was second-rate and the 
village woutd be relegated to semndcIass status. 



started in mid-I989 and work was completed for these 
systems by 1991. 

BVS/LD 11-P involvement with these eight projects 
originated from the decision by USMD to allow BVS project 
funds to be used to fund the civil works portion of the eight 
treatment plants. 

The use of extended aeration technology for wastewater 
treatment was not a popular $&on with either the GOE or 
USAID. The process was considered too ampIex for proper 
operation by local village st&$ the plants require a great deal 
of imported equipment and are expensive to operate- 
However, once BVS funds were earmarked for these projects, 
they were included, albeit reluctantlyp as part of the pilot 
program. Technical assistance on plant operation was 
provided through the LD PI-P project in an attempt to 
maximize the return on the investment. 

~amiettrr The 1985 BVS study was preceded by a request from D d e t t a  
oxid8tiuw Governorate to the BVS project for assistance irr selection of 
ditches & SFFR appropriate treatment technology. The governorate planned 
plants to use part of its BVS allocation to h d  wastewatfz system 

construction. Villages dedicating one haif fedclan of land at a 
distance of 500 meters from residentid areas as sim for h e  
anticipated wastewater treatment plants were eligibie for 
governorate funding. Six villages dedicated the recpked 
land, and the governorate, not wanting to lose the initiative, 
requested the BVS project to recommend suitable treatment 
technology for these sites. 

Oxidation ditch treatment techn01ogy was With the 
proper O&M, this process was envisioned to produce a 
tzeated effluent whose quality lev& would meet the 
r-ements of Law 48Pf982, fit the faqd aonstraints, and be 
easier to build than conventional extended aeration 
wastewater txeatment plants. 

The governorate engaged NOPWASD as its comdtant to 
prepare the design and tender documents fcr the five villages 
recommended by the report. NQPWASE) prepared only 
conceptual drawings and general spcdicatio~ps, rather than 
the detailed drawings and specifications that a full ~0~1suIting 
service would normally provide as part of the tender 
documents. The program was taken fornard b a d  upon the 
conceptual drawings. 

The bids received exceeded the governorate's available 
budget, and Damietta decided to construct ody four of the six 
oxidation ditch wastewater treatment plants. Design-build 

4 ~ & a  Gmernorutet Complei Saoagt T+&JR& far S d i  Plunk-  
Dajniettrt Vif luges, NOPWASD, 1986. 



contracts were let for ttre four oxidation ditch plants. The 
remaining money was used to construct two additional 
systems using the SFFR treatment technology. 

S O U  Slnei & Five projects in the pilot program are letated in South Sinai 
New Valley and New Valley governorates. 
proiects 

The South S i  projects originated from a reconnaissance 
study commissioned by the Sinai DeveIopmerrt Authonity in 
1984. South Sinai is a wd1-horn tourist enter, and hotels 
and oiiter tourist facilities were being coxzstrucfed rapidly, 
stressing the existing infrastructuxre severely. 

The first study was quiddy foUowed by the prepara~on of a 
detailed engineering plan for water and wastewater fadlitis, 
which contained five separate sets of contract documents for 
new, expanded, and rehabilitated wastewater system facilities. 
The wastewater projects-dl of which used stabilization 
ponds :or the treatment-were funded partly through 
aUcations from BVS and later, LD II-P. These projects were 
included in the pilot program at the request of USAID- 

The South Sinai contracts were tendered based upon detailed 
documents prepared by a local enginssing consdfing firm. 
Some construction delays occurred, but these lasted only a 
few months. South Sinai Governorate engaged the same 
consulting firm to act in its beMf for the management and 
construction supervision and employed a private companv to 

provide O&M services, on a contract basis, fur both the 
treatment plants and collection systems. 

Early in the LD II-P project, New Valley Governorate 
requested funds for the design and feasibility studies for 
wastewater treatment plmb in four f l a g s .  Later funding 
cycles financed the impiementation of these four projects, 
which US& stabilization pond ~CXIKIOI~~Y.  Two of the urre 
induded in the pilot program because d their location in r 
desert governorate and the fact that they were not design- 
build contracts. 

FUNDING MSTORV 

One of the liD Ti-P project goals under the pilot program r* 3s 
to improve and expand the capacity of local governorate !O 

finance basic services projects. During the pilot program r J C ~  

for the 50 replicate projects) funding was provided prirnariiv 
by USALD through the GOE. Locaf con&ihtTon.s indudrj 
capital and donated land. 

After distribution to the governorate, funds were disburwd to  

the villages. There were no set guidelines fur village 
disbursement, whidt followed a I d  politid proass. 



Once funds were received, ir became the village council's 
responsibility to set aside engineering, consauction, and 
contingency amounts from the total. Originally, ten percent 
of the total disbursement was set aside to cover O&M or 
recurrent costs. 

TECHNICAL ASSISTANCE AND TRAIMlNG 

T W c d  assistance for facilities pfanning and design was 
provided kgmning in 1988 through fieid trips to the 
governorates. Ongoing construction and O&M technicid 
assistance was provided through regularly scheduled field 
trips, and infomation gathered was utilized to identify 
training needs and to formulate and produce training 
manuals and workshops. Appendix C provides a list istf 
pubtications produced during the LW If-? project that deal 
with the provision of wastewater service. 

Both onsite and dassroom training was provided. 
Evaluations were conducted at the end of each training 
session and findings were incorporated to update m u d s  
and future training sessions. Over 700 persons representing 
20 governorates were trained in the technical training 
programs. Partidpants included l a d  governorate officials, 
who were trained in project planning, development. and 
implementation, and technidans and engineers, who were 
trained on detailed tedtnid topics. Appendix D lists the 
formal training sessions that were hdd 

Technical assistance and training coinaded with the design, 
construction, and commissioning of the fadlities (1988 - 
1992). All pilot program facilities are now operating. 
Remedial action is still ongoing at specific facilities. 



Section 3 

Assessment of Project - 

Implementation 

This section assesses the imp1ementation process that was 
utilized in the pilot program and dirusses the resuitant 
products. The implementation process includes the 
methods, means, practicesf systems. and logistics of 
performing each project implementation step-planning. 
design, contracting, cons~ction, operation, and 
maintenancenecessary to produce the physial 
infrastructure product. 

Following a brief discussion of the overall implementation 
process, each of these steps is &sassed separately. 

OVERALL IMPLEMEWATtON PROCESS 

Responsibility for Implementation 

Both the individual steps and overall implhentation 
procow of the wastewater pilot project are directly applicable 
to any infrastructure project. The spo~tsoring entity for the 
wastewater pilot program was the GOE, working through the 
governorates. The governorates in turn worked through the 
maraka and village councils. USAID and its mntmctor, 
Chemonics htemationd, were a h  involved; USAID 
providing the financing and performing oversight functions. 
and Cherplonics providing technical assistance and 
administrative functions. 

The large number of entities involved in the 
implementation of the 24 individual projects had varying 
lev& of responsibilities throughout the processf as shown In 
Table 3.1. 

Assessment of the Funding Process 

The pilot program was implemented without the usual 
public sector constraints regarding financing. As discus& in 
Section 2, funding was accomplished through the GOE, 
primarily by mearts of grants from USAID through the BVS 
and LD II-P projects. If a village wastewater project was 
accepted into the pilot program, investment financing. at [he 
Wt s p d i e d ,  was assured. 





Villages contributed land for treatment plant sites and other 
needs. These contribuiions varied by project, but in most 
cases amounted to 10-15 percent of the project cost For th2 
pilot projects, main gravity sewers were financed by BVS/LD 
II-P funds, while laterals were financed by the villages 
involved. 

Although functional for the pilot program, this :Cunding 
approach is not adequate to cover identified replication 
needs. Studies have concluded that existing wastewater 
project cowtruction capital funding mechanism at the ld 
and GOE levels are inadequate to replicate the pilot program 
at tke projected required level.5 The estimated capital 
necessary for projects that are needed to address 
approximately 60 percent of Egypt's m d  population 
(35,000,000 people) was estimated at S2P0OtO00,000 in 1990 
do1lars {LE 6,660,000,000). At the present GOE allaation l e d  
of LE 80,000,000 per year, it would take more than 80 years to 
meet today's needs This figure does not &eal even consider 
major replacement capital, which is needed for facilities after 
approximately 20 years. Present popuhtion grow* and 
Mation rates exacerbate the situation 

However, these studies also researched the sources of 
revenues generated at the governorate and tower levels of 
Iocd administration for the financing of the recurrent cost 
budget (O&M) and i d e n ~ e d  existing local fees and charges 
that could be mobilized and/or enhanced to generate O&M 
funds. 

Assessment of Costs 

One of the objectives of the pilot program was to collect 
capital and recurrent cost data that d d  be vdudbte fur 
establishing a national r d  sector wastewater program. 
Table 3.2 presents a summary of capitd costs aaodatd with 
the 17 pilot projects in Damietta Governorate. However, for 
the following reasow the use of these cost data to project per 
capita, volumetric, or present worth cost values is not 
recommended. 

* No engineering cost estimates were developed before 
contracts were awarded for bid comp&nr as here 
was no historical data to formulate ahan. Essentially, 
the pilot program was to provide the historid data 
base for future engineering cost estimates 

* Cost data reflects the i n e e n e  of m&inee~~ and 
contractors. *Fhe costs assodated with the 

S~- t  Paper: Rurgl Wrzstauafea. FinancinrEgypt ILD a-P pubbtion 
ENV-R-4) and Desigr of a Revolving Loan R i d  for kocal Capii.ai 
Itarsinzcnts (W II-P publication LF 4-01). 
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TABLE 3.2 : WASTEWATER SYSTEM COMPONENT COSTS FOR DAKiE'IVA GOVERNORATE (LE) 
VILMQE NAME M&l .I k W y  ElWu Sharrbr~ El Woaany Kah El k e b  El Ftodr E l  Otrunlwyn 
~ v m  POPULATION 10.000 20,000 10,m 10.m r o.w 2 o . w  
78UTMENf TECHMOLOaV EM k r e l k n  Etn. het&!m b harton Ewl hetalian Ext Aarrtrm el Ae,(~tlon 
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implementation of remedial works recommendations 
should be included in the project cost database-6 Tine 
remedial works are intended to correct basic project 
deficiencies. 
Capital cosk reflect contract01 bid responses to pro* 
that ranged fron design/build tenders to ones that 
were let according to the standard f ~ m a t  of mmdtaat 
prepared contraa drayvings and spedficatio11~- 

4 The projects spanned a period of ten yean during 
which the E tian Pound exprimed s i g n E n t  T depreciation. 

The generd characteristics of each cost component are 
discussed Mow. 

Collectfon Collection system costs are assodated with the insMU1ation of 
system =stir sewers and house c o n n d o ~ ~ ~ .  Part of these cask were 

funded at the local village level by the viliage cumciI. or 
hod01ds. The total cost of the C O U ~ O R  system is directly 
proportionai to: 

Length of the system 

* Diameter and material of the pipe 
Depth of excavation for h t W g  the pipe 
Local soil conditions (groundwater table and type of 
sail) 
Number of people served (the number of house 
connections) 

House connwhon costs were gather& from sources of 
~~fiolzzable accuracy and gmvity sewer costs reflect only 
those portions now complete. total oosts for coramuniky 
service may be several t;ma the listed amount 

~ W W  pumping station costs consist of the cost for power supply. 
e f o a  land and ad, mechanical md eldeaf. work The total 

cost of a pump station is typicaLIy M y  proportional to: 

How or pumping capacity 

~ L D  IZ-P is ammay preparing an internal repart &at addnsss the 
defiriencies and omissions in the pilot "T"he cost of rhe d i d  
work should be added to the capid cost hkahsa 
7 m~mpadop~~obr^~nandPap~rM~G~~t~lk~ntkeUSAlD 
Agwmm& F d  Hmestmmt QS Prcmih&d i k j k ~ . ~ h ~ ,  1992 in-house 
LD n-P repart. 



Pumping system used (separate wet weil/dry weil 
system, suction lift ppump system or submersible purnp 
system) 

The cost variability shown in Table 3.2 reflects diff-ces in 
land cost estimates and pump stations used. 

For- main Force main costs include costs for civil work and material. 
costs The cost of a typical force main is directly proportional to: 

Length of the main 
Diameter and material of the pipe 
Local soil conditions (sroundwater table and tppe of 
soil) 
Topograpty d the area (the more varied the elevation 
changes of the terrain the greater the required number 
of ciem-out manholes and air refief valves) 

Depth of excavation for installing a force main is relatively 
co~~tant,  unlike coilection systems, where depth can vary 
considerably. In addition the pilot projects were in an area of 
flat topography. Therefore, dean-out m d o I e s  and gas relief 
valves did not vary appreciably among p r o p .  The 
v&ane in costs shown in Table 3.2 is a hct ion  of total 
system length, and pipe material and &meter. 

UwW facility Wastewater treatment facility costs consist of the cost for :he 
capital Costs site a c a s  roadway, water and power supply, land and ar-ll. 

m & d d  and electrical works- Typically, the total cost ot a 
treatment facility is directly proportional to: 

Flow or capacity 
Type or complexity of the treatment fadity 
(stabillitation pond, m a e d  aerated stabb!5on 
pond, fixed film or extended aeration) 

Tfie cost variabls of land, access roadways, water and pl- tl 
supply, and pumping requirwenb are usually handled 
separatdy as they are site s@c n&oreI within and 
among given treatment technoIogies8 capitai a t  
c u m ~ n s  can be conducted 03 a flow or capacity basis A 
flow-based camparison will u s m y  Whit an economy rd 

= a l e e  larger the capacity of the fadl iq the less the crrsr 
p r  flow unit There is a general la& of consistency shown bn 
the capital costs for the pilot pmgam wasteme treatmmt 
fadlities. Until recommended remedial work costs are 
indud& in the existing database, the use of these cost data 
should be restricted to ballpark eshates- 



WWT facility 
present worth 
costs 

An important concept in the selection of appropriate 
technology is consideration of the impact of O&M costs. This 
was not part of the techno1ogy selection process in the pilot 
program, which dealt solely with capital costs. Present worth 
values for five selected f a d l i t i ~ n e  for each facility k y ~  
have beer. adjusted fur a flow of 11OO &/day and presented 
in Table 3.3 to indicate relative recurrent costs over a period 
of time. No consideration is given to inflation or increasing 
power costs, which wudd adversely affect all but the 
stabilization pond technoIogy. 

Table 3.3: Present Worth Costs for Rve Sample Projects 

fi-r r~ot th  fnctm = 10.6, interest = 8% jb 25 yllaprs 

FACILKY 0 & W year, LE x Present Worth O&W 

Because the pilot program aimed to finance and build village 
wastewater projects as a tooI for furthering deem&lization, 
planning was concentrated at the h&ty lev& With the 
exception of the villages recomendd by the 1985 BVS 
study, the functions of the individual systems/fadties were 
not optimized through comprehensive analyses. Low f ees  
fur planning often prevented the expenditure of adequate 
r~~~ for the planning activity; in some cases this 
resulted in assigning hexpxienced engineers to the projects. 

Experience with the pilot program showed that analyses for 
individual project planning should be conducted within a 
regional planning approach For example, facilities planrung 
for coluection systems should use dew& street maps of the 
villages under study. If these are nut a d b i l e .  part of the 
planning fee should indude an allocation for topgraphic 
surveys so that maps can be prepared- Further, fume 
hausing patterns should be estimated a3ld population 
projections for the design year should be indudmi in the 
planning process. 

8 9 m  
~ 3 8 ~ 0 ~  
458,900 

I=- 
1mm 

Asdliya - SF1 
Daqahla - SP-2 
Kafr Sad  El Bahd - SFFR 
EI R a m  - EA-l 
El Serw - EA-2 

The LD II-P pubEcations Gzddittes= Mezh&qp~ and Tmm of 
Reference to Conduct Rural WS/WW N& Assessment and 
Strategic Phnnirtg (ElE 5-07) and Man& Rtrrd WW Project 

8,400 
41,100 
43~000 
l15,le~l 

i I1 5,IW 



Pfanning (EE5-09) should aid future programs in improving 
this type of analysis. 

Assessment of the Design Process 

Engineering designs were a weak link in the pilot program, 
Several factors caused this situation: 

* Many engineers involved in the design-build cunhacts 
were inexperienced and took short cuts or adapted 
textbook ~~uaions &at were not always applid1e to 
the specific sites. lhis led to poor designs, p ~ ~ l y  
f o r  the wastewater treatment plants, but afso for 
sewage colfeckion systems. 

Low fees obviated performing detailed alternative 
analyses and obtaining design engineersf 
even in some cases in which highly regarded 
engineering f m  were emptoyed. 

@ The la& of experienced engineers at the governorate, 
markaz, and Village lev& hindered the pmper review 
of design drawings and s ~ c a t i o ~ t s ,  This situation 
also sesdted in the prepantion of p r  tender 
documents and led to problems during ~0~1~tnxstiun. 
All of these mmbiined to adversely affect facilities 
O&M. 

The plan and design review process instituted as part of the 
W II-P project did lead to some i m g r o v m  in desiw as 
the gifot prgram progressed infib the 1990-9 @d 
gdfoats on projects that co-d subseqmt to the pitot 
pmgram showed some improvement. Future project designs 
should be gpgady enhand if the procedures in the W n-P 
training pub5catiom D m * p  N a n d  for W O S ~ ~  Traatment 
Wmks and Zesiga l'vkmcof for Sewerage System and Pump 
Sekifim are fsUow&- 

Several problems with the o v d  design p r m e ~  for 
wastewater treatment became apparent thuugh discussions 
with others in the EdvtiarP wastewater sector. IFhese 
problems are strikingly similar to the design shortcomings 
observed during the pilot p r q f  which are disfatssed 
below. 

Design The design functions for most of the wastewater treatment 
reviews plants in the pilot program were perhnned under design- 

build or -key contracts. In such contracts, desig~ 
drawings and specifications are submi- by engineers 
engaged by the general contractur. The detail in these should 
be sufficient to assure the parties reviewing the tender 



submission (that is, the governorate engineers or their 
appointed representatives) that the constructed facility will 
function as required. 

The projects in New Valley and South Sinai were designed by 
private consultants. However, because of the construction 
schedule, LD II-P staff had time only fur a cursory review of 
these designs. 

Thus, in all cases LD a-P engineers had little opportunity to 
provide detail design reviews. Further, when such 
opportunities did arise, LD II-P recommendations were not 
always considered since the LD II-P project role was seen as 
providing technical assistance to the governorate engineering 
staff rather than to any consdtants engaged by the 
governorate for design. 

Technology The selection of technolo@es appropriate for local Egyptizn 
choice conditions is often the most important factor in the 

successful implementation and effiaent performance of a 
wastewater system. Many of the consultants in the pilor 
program had limited experience in wastewater treatmeht, 
conveyance, or d i d  systems applicable to small ma1 
communities. 

Factors driving selection included choosing techn01ogies that 
would meet the requirements of Law #/I982 preserve 
agridtural land, and fit available capital budgets. Thus, the 
design approach was ta select wd-established techofogies: 
little stress was piaced on selecting more innovative recent 
tech01ogies, with the exception of the SEFR systems. 
Further, tke low financial remuneration provided for manv 
of the pilot plant feasibility studies made most of the efforts 
ineffective in terms of finding the most appropriate designs. 

Some design consultants used drawings and documents from 
their previous projeas in an effort to perform the design 
within the allotted fee  structure. Such drawings and 
dcmments Qid not always address the unique tqtairemmts 
for the projects. 

Design prducts 

Level of Dew. In order for projects to be properly 
implemented, high-quality, detailed design drawings and 
specifications are imperative. The level of details given bv r 
consdtant in any engineerhg project d e p d s  primarily on 
the firm's previous experience and the qualifications of the 
s a f f  assigned to the job. There is a cutoff point below w h ~ i h  
no corsultant will be able tc provide reasonable details for 
the remuneration available. 



A review of tender documents for the pilot program strongly 
indicates that the Ievei of detail provided was, in almost. 
every case, limited. The reason appears to be two-fold. Erst, 
the remuneration provickd for design work was insuffiaent; 
consultants accepted the work, but subsequently produced 
substandard designs. Second, many local consultants 
selected for the work 1acked the experience to be able to 
produce the high level of detail required. 

Material Selection. Materials specification is another 
important element of the design documents, as the type of 
material used has a direct impact on the life of structures- 
The selection of improper materials for critical elements can 
lead to failure soon after the commissioning of a project. 

Egyptian engineering consulting firms in all sectors are under 
pressure to select as many Local construction materials as 
possible. This practice was apparent in the pilot plant 
construction program- 

Unfortunately, at the present time, the local Egyptian market 
can provide a limited amount of the requisite mechanical 
equipment or components required for wastewater kre~tment 
pr~jecb. Inexperienced consulting firms and the pressures to 
reduce costs and use local mat&& often resulted in 
materials being specified that were not adequate for the 
Puriaose- 

General design comments 

A thorough analysis of the LD II-P pilot program design 
documents highlighted some design concerns axrunon to 
most projects. Table 3.4 presents these by the e n g i n e g  
Mpline to which they apply. 

Appendix E presents detailed comments related to fadlity 
design. These comments are arranged according to the type 
of wastewater treatment process to which they apply- 

The contracting or tendering efforts in the pWt p~ 
were another problematic area that shudd be m r ~ v e d  in 
future projects. Both Egyptian law and l d  practices provide 
an adequate basis for proper c u n t r a ~ g  procedures. 
However, the system must be streamlined to reduce delays. 
The step should be to define specifically the entities 
invo1vedl and the responsibility of each party. ManEy different 
entities may be in-~~Ived, depending on the governorate and 
the size of the t e n k  With so involved parties, 



Table 3.4: Common Deslgn Problems in the Wastewater Pilot Program 

tbslgn &@a I Problema I Issues/Actlons for Replication 

Environmental engineering & Planning Nonstandard contract documenrs & specifications I I Provide standard apillcations for use by governorate. 
\. 

Civil Engineering 

Mechanical & Bloctdcal Engineering 

Wte confi untions for facilities often were not considured during f individua unit design. Hydraulic designs were oficn incomplete; in 
mme  cases the operational characteristics of pump stations were 
nor compatible with plant capacity, 

Feasibility studies rately included alternativcs for unit operations & 
o h  appeared to recommend what was used on othur projects. 

Standard dusisn a proaches wcre not providcul in tn,lny cdsc!s, P such as locatron o structures, contingency lilnning tor future P cxpanslon, rord conskuction dt traffic ctrcu ation within the plant 
srtc, & unvlrunrn~ul ru~rrblli~y-including thu prc)tcction of 

I qurymcnr dy ins t  sun dl dust 
I 

: Lack of standard criturid for build~ng dcsi8n. 
I 
lack of consideration for thc relationship bctwmn cxlsting features 
(roads, boundaria, utilities) 6t dcsign drawings for internal 
roadways & storm drainage facilities. 

DeJl ns for eirumral concrete often did not provide details or 
train ft ramen1 bar achedulm & frcquenrly specified low.grado steol 

Mruanry & brickwork were often specified for mtaining walls & 
water-Wining rtrudurss 

Syaeiflcationa c o w d  only general materials such as concrete & 
miaaonry work. 

Unsuitable materials 6 equipment worn used because of 
Inadquste speciflcalions. 

Thew are basic issues that should be address& as a 
matter of rt~utinc.. A list of standard elements to consider 
would help allcviato these problems. 

Thc purposc o f  feasibility studies is to definc eilsy-to- 
maintain ticdutions suitable for local conditions. Morc 
money must be made available for these studics, dr 
consultatrts should havc to prcqualify. 

Develop s list of standard cluments that should bc 
addressed routinely. Utilizc only those consultants with 
relevant exycriencc. Ensure sufficient funds arc available 
to providc I ~ L .  necessary levd of detail. 

Ma kc startdard governorate specifications available. 

k s i c  issue that should bc a matter of routine. 

Standard practice if sufficient funds arc available to 
cornpensalt? designer. 

This is a poor practice that should k avoided. 

lncludo dctaild spccificatians for corn ncnt products 
~uch as water banien, irohtln6 materiac L anti- 
mrmbn lining. 

Uso dotallixi specifications that !arget the appropriate 
products fnr tho situalion., 

Mechanical yuipmcnt  for standard unit processes 
should be utillzud only if manufactured under licenslr in Emt 6t not fabricated without prlw awpeticnce, 



misunders tandings as to each party's responsibility may lead 
to mass confusion. 

Improvements to the process could be effected by 
prequalifying contractors and by the governorates 
establishing permanent committees to review tendas and 
negotiate contracts. 

The contracting process wudd be greatly enhanced by 
formalizing the use of the LD II-P 
Guidelines: Mudel Confrat 

Enginem and Terhnicians Val. 2 (EES-16). By fomxdly adopthg 
the procedures recommended in these publications 
governorates could clarify the process and individual steps 
invoIved for dl parties and thus decrease delays. 

Assessment of the Construction SupemisIan Process 

Constm&on supervision for the projects in the pilot 
program was performed by governorate housing department 
enginas or by consulting engineering firms engaged by the 
govmorate In almost every insfane the governorate 
engkeers lacked the expaience necessary to @om 
adequate field supervision s e ~ c e s .  There was also a genera3 
lack of understanding among governorate engineers as to 
what legal mechanisms they could use to force the 
contractors to redo work or to provide reme&& wurk 

Further, these inex@enced engineers were r e ~ -  to 
supervise contractom who, in many instances, had little 
experience in wastewater facility co~zstiucaion, Too 
fiquently, inadequate tender documents and la& of details 
provided by engifleering drawings and spedfications allowed 
cgniractors great leeway in interpreting plan requirements. 
because of their inexperience they often mismterpreted the 
requirements and provided improper maten'lals and p r  
concrete work Much of the wurk was flawed and was not 
mmectd by the governorate's field supervisors due to their 
lask of experiencet and 'lack of howIedge concerning the 
'hegal mechanisms avdabIe for obtaining compiiance from 
the conizactors. 

The situation improved as a result of the LD II-P pmiect's 
trzhhg courses and the thousands of hours of technical 
training provided by the LD a-B advisors- Throughout the 
cons~ct;,on phase of the pilot program, the LD PI-P project 
provided extensive technical assistance to engineers and 
technicians in those governorates directly invofmd aad 



those which will shortly become involved with the 
construction supervision of wastewater systems. This 
assistance induded classroom training, on-site inspection, the 
introduction of systems for control, and the instigation for 
involving the private sector in the supervision process. 

Many of the problems related to t d q u e s  utitized by 
contractors are not readily solved by co~~~truction supervision 
alone. This point is further discussed below and in Appendix 
F, which details speafc probiems by tedrn01ogy. 

Capabilities of Local Engineers and technicians For Construction Supowision 

Progress has been observed in terms of increased cowauction 
supervision capabilities, most particularly in the overall 
attitude and acceptance by engineers and technicians of the 
importance of this aspect of the work and in their general 
desire to improve the standard and qudity of the firtished 
product. This change in attitude has been achieved through 
both cfassroom and on-site training. Although obvious to 
those intimately ir.volved, it is difficult to demonstrate 
quantitativdy. A more concrete example of progress has 
been the simple introduction of site notebooks to record daily 
problems. 

Despite this new potential capacity and the extensive 
assistance provided, the overall effort continues to be 
hindered by two basic factors. The first is the technicians' 
general ladc of bastc consrmction experience- The second 
consists of the institutional and organizational obstads faced 
by personnel in their day-tday work 

Many governorate and local-level peArsomtel have had little 
or no direct supervision experience with evil or mechnical 
engineering works- This indudes not only the direct 
technical aspects, but also the procedural and constrution 
management techniques required to control, monitor. and 
supervise a project. &cause of the ladc of on-theground 
experience, it is exuernriy &:ficdt to build in-depth mpadv 
in persumel through periodic training programs 

Many specific examples of institutional and policy related 
factors, which negate good construction supervision, can be 
dtd  Goverrunent salaries are too low to amact more 
experienced personnel and provide little incentive for 
producing an acceptable perfonnaxtce. Also, within the 
govmorates and local units, basic tools are absent-filing 
systems are meager, tracking systems are not used, and 
equipment such as tapes. surveying iwtnunents and 
sampling and testing facilities are not available. The 
necessity of such basics has been e m p h U  during the 
training program and through all technical field assistance- 



A final institutional problem is that reguiar transportation is 
not available in most local units. Effective supervision of 
facilities requires a dally presence during which the 
contractor is physically supervised and his work is checked. 
Without proper transportation and equipment this is 
virtually impossible. 

Another aspect which impacts on supervision but is difficult 
to quantify, is the inability of governorate personnel to adopt 
a professiond position on the project. During construction 
supervision and administration of the contract an engin= 
must be able to position himself impartially between the 
contractur and the contract. This involves a physid and 
mental approach of conducting business with the contractor 
in a very Arm and controlled manner. 

In most cases local engineers were unable m do this. This 
may be primarily cultural, in that friendship or congeniality 
must always be displayed between two parties in business- 
Regardless of the cause, this type of environment is not 
appropriate for Egypt's d cowtru~on arena. It is diff idt 
for the field supervisors to share an office with a contractor 
and accept his hospitality and then turn around and inform 
this contractor that an unacceptable piece of work must be 
demolished and rebuilt at his expense. 

Improving the effectiveness of locally performed 
construction supervision is an important goal as it can 
enhance product quaIity without increasing overall costs. 

Capabilities of Local Contractors 

The limited capital investment available for the projects 
often restdied in the use of conhradors with K t t b  eqxrience 
in wastewater fadlity constmction. In many insta.nces these 
contractors were more f d a r  with other disciplines or had 
been engaged previously in building of domestic or 
c o m e r a d  structures. 

Wastewater facilities require specid expertise in the 
constthucaion of water retaining structures, specid 
consideration in the preparation and installation of materials 
and equipment, and knowledge in p m d e g  
equipment trials. The contractors partidpating in the pilot 
program lacked these ~131s. In addition, thqr were 
~ ~ a r  with standard Egyptian construction procedures 
and techniques, Egyptian legal requirements, and payment 
p r d m e s .  The role of &e supervising governorate 
engineers was thus made more difficult; the wmplexity of 
the supervisory role coupled with the s u m s '  lack oi 
experience meant that the construction process began on a 



negative note, despite extensive technical assistance from the 
LD II-P project advisors. 

Assessment of Construction Products 

Table 3.5 reviews common construction problem that were 
universal for all technologies used in the pilot pro- 
Additional details concerning cowtruction products are 
provided in Appendix F. 

Cantract Documents 

use of detailed specifications and comprehensive tender 
documents can improve construction quality enormously. 
However, enforcing requirements on a contractor who may 
be wholly unfamiliar with such procedures will require a 
dedicated effort. 

The importance of contract docvments was discussed under 
the design senion. Strong contract documents impact 
heavily on the construction stage and ultimately affect 
qualiv. The initial part of the document as an industry 
standard, sets our ali the legd rquireraents that bind the two 
parties, together with the procedures the contractor nust 
f&w induding the general conditions of the contract, 
program schedule, shop drawing revie*-, =-built 
infomation, commissioning, and preparation of operatiow 
and maintenance manuals. Next come the spdcations, 
which must be detailed- A detailed bi of guantifia must be 
induded, so that h e  engineer wilI be able to measure the 
contractor"s progress and provide in€& payments 

A myriad of drcumsances prevented the use of detailed 
contract documents for the pilot program projects For 
sample, the extended aeration package  SOAR plants were 
not hitially funded under the BVS/LD IPP proi$~&, but were 
incorporated into the program when the governorate of 
Danaietta utilized 8VS funds to cump1ete the dvlH works. 
The oxidation ditches were t e n d d  as design-bdd contracts 
based upon NOPWASD concept drawings and general 
specifications. The SFFR treatment plants were also provided 
by means of a design-build contract 

A positive contribution by ihe U) II-P project t e c h i d  
assistance contrixt~r was to initiaw a three-stage review 
process: the governorate tendering for a consuitant fufluwed 
by a feasibiliv study, preliminary design. a d  final design? 

Quide- for terms of reference are provided in LC IE-P publication 
MG&~ Con&& Docrtments for Rural Infimt*udrm (EEIIS, 
January 1992) to assist the governrates in monitoring the ouput of the 
cmsdtants work. 





This  system was meant to produce a higher standarc! of 
contract documents and th'ere is no doubt that the projects 
that have started subsequent to the pilot program have 
improved in terms of detailed spdications and drawings. 
However, the l d  of detail has still not reached that which 
is necessary to ensure quality during C O ~ S ~ U ~ ~ ~ O R -  a c e  
again. this is a result of the low remuneration which the 
consultants receive To emwe amtruction qu&ty, contract 
spedfications still require substantial u~gradhg. 

The W II-P project has attempted to resolve this problem 
through alternative approaches such as highlighting specific 
items in various training courses F o r  axampie, the 
importance of and methods for & W g  is aught to 
govemoate engineers. Unfottunatdy, familiarizing local 
engineers with these techniques does not guarantee 
enforcement of them on a contractor unless the ~ c a t i ~ n s  
require such procedures. Likewise commissioztbg 
procedures have been ad&-e5~+xi but cannor be enforced 
withu~f spedficaZkns. 

Site commisioonjg is the fomd adon by which the viiIage 
"takes over" or assumes the total respmibiEty for ali 
wastewater system facilities. The adon certifies &at the 
construcnion contracfor~ work is complete. It is a very 
serious step and one which darn& caution on the pat d 
the village or owner. 

During the piloi prognm smwth rakeove activities were 
Wdt to achieve. Construction problems n d t a t e d  
actions by governorate staff (often prompted by advice from 
Ll3 a-P staff construction advisors) to ensure &at such 
problems were r&ed prior to Weuver, and this caused a 
great deal of confusion at many sites as this was the f i s t  such 
qxr ience for the in;.olved partier 

A positive outcome of the progam is that tdceuver 
rapkements are now familiar to the governorates and 
village coundls which were involved in these projects. Even 
so, the Weover function must be improved if the m d  
wastewater program is  to become national in scope 

DESCRIPTIOM OF THE O&M PROCESS 

The O&M function rests with ihe system twner, wkcid? in the 
care of tfie pilot program was the dhge c~undL Roper 
facilities OaEM is iapssikile to amnpish  d s s  the 
required technical, administrative, rnarapent* and 
f i r m a d  resources are considered as integaI parts of the 



village administration. Sudi integration must occur as earky 
as possible within the project cyctg delay until takeover will 
usually cause significant probfem. 

The piiot program's darts met 
resdb. -hhny pr0bia.n~ c a d  by ewrs h d e s i p  Or 
codm~&ora, had to be overcome by an inexp&end, though 
exaemly motivated, village aouncS staff* Most d the pilot 
program wastewater systems o p &  &1y weLl mwt of the 
time. HoweverI thjs lev4 of s~~ required ha* of 
h o w  of spedFc training for the F i e  staff membas, 
supplemented by & o m &  of hours of intense TA on the 
part of trzl D-F pject staff- 

The CWd &or& of the pibt ase w& #5cmmenaed 
in Bklg hunk& d fiefd trip reporis and special publiatiom 
published by the LD II-P project. These a&vities also 
prompted some 14 ptrblic;atiom (see Appendix C), which 
should aid the CNWM d o t s  05 bum ~~ &&on 4 d 
tlhiS report provides additional details e m e g  ne 
perfom- and 0823.4 fi& of eight a% the pilot pmgrm 
fadi f i s*  

discus& abovep ~ p r w ~ t s  are n- hr 
eornpnents of the impkmentatbn procc*. Critical needs 
appear in the -dds design, eomtm&omC and OBM 
coprapnab of the process. Wign and corstmd50~ 
demenb am fkrfber dkcusd in Appendices E md E, yc~kde 
section 4 and Appew3i.x G deal witk perfo-ce and 0&34 
dam Howeverp d e s  B&OW i s  t a k a  tu implement: ahe 
~ ' I ? v Q ~ ~ ~  kEU'k 5 ~ ~ ~ ,  Or S O W  Q&W Vhbk C@M &k"~&$ 
m-* replication of the pkt  program k iakpctkd. 



Section 4 

Wastewater Treatment Plant 
Performance 

ms section of the assessment report presents: 

The results of a detailed testing prupm undertaken to 
measure the efficiency of the wastewater treatment 
technoXogies employed in the pilot prwiffn 
An analysis of the physical a l c k r k t i c s  of the 
facilities and equipment provided for the wastewater 
treatment plants and pump stations and a discussion 
of the effects these systems &"rave on O&M 

* A comparison of the wastewater treatment 
techn010@es utibd in terms af 0&;M costs and ease 
of operation 

Appendix G presents a detailed assessment of problems 
encountered with each tdmology as they affect O&M, 
tugether with the short- and long-term saluaions to these 
problems. 

TESTING PROGRAM 

A detailed study was @ o d  at eight p a t  projects to 
determine how well the treatment plants were mpl-g 
6th Lars 48/1BZ '2his d m  presents the resdts of the 
laborasaay analanalysts for t h e  p h s  This testing -pmgmn 
reguired a dekmiwtion of the actual treatment capacities uf 
the wastmmter facilities and pmcess amits as ampared to 
plant design criteria and the 9ffdv- of the 
raphmmts. In addition, p e r s o d  and other merit 
cats, ease of operation and rnaittknane, and staff training 
requirements are identified 

Specificdy, the study Qetamb& 

Daily avenge and m & w  flows that on be mated 
through the various unit pnxeses and operations 

* Range of hyhutic 1oa&gs, solids, and five-day 
~och&cd oxygen d-d rn*) fsx3d%igs that 
mddbeappliedto~ev~uus~preclessestoobutn 
matdmm removal dfidencies in a& unit process 

to plant opera~om that muid improve 
treatment &dencis 



Facilities requiring additional units to treat increased 
future flaws 
Operations cost for each facility, and stdfing md 
training requirements by treatment t e c b ~ I o g y  
Ease of operation and level of sophistication for each 
treatment tecbo~ogy/ f~ty  
A a w l  performance of eaeh treatment tedmoiogy in 
terms of the qudiy of effluent produced 

The wastewater treatment facilities indude3 in this study axe 
listed in Table 4.1. 

Table 4.1 : Piilot Ptoieds included In P e r f o m m  Tdng 

V u b g b  1 Governorate T- Technology 

METHODOLOGY UTILIZED FOR STOOY 

Z 

The laboratory study covered each stage of the f aa t i s '  
operations (that is, presaart-up, start-up, and nomd 
opeation). Seven of the faciliais are ugeratai by village 
O W  staff; the eighth* .Meit El KhoIy, is o p t e d  by a pzivae 
CWvI contractor. All fadhties received a p a t  deal ot 
t e b i d  assistance under the I D  II-P 

Aadliya 
Daqahla 

a d y ,  the treatment plants' incoming flsws are dw to 
or above their design flows (a few were hwer due to a dower- 
than-antidpated ~ O U S  C O M ~ O ~  ra*]. &kfhElt BOW 
rneasumx&nt.s were estimated using sewage pumping station 
records and measurements of wet well draw-duw~. The 
facility gdimnmce evaluaeiun data and other infomatiron 
were c01leded as part of the admical assistance and folIow- 
up visits fo these fadfitis by the LD E-I? prows t e c h i d  
advisors. 

Uamretta 
Darnietta 

The program for c 0 2 l t t ~ g  and analyzing ~ p 1 e s  &om the 
plants was conducted beween June ard -her r991- 
Samples were ~01leCted from eadr faav during tfuee 
separate srun$ng periods, with grab smpHes collected 
a~geafier with M d a y  co~ngosite s?xEnples- &?cause aaw is 

Kom At Akhdar Menufiya 
Kaft  El Salad 
Barashiya 
Kafr 9Iima.n 
~ e i t  m 
El Semd 

Damietta 
Damie tta 
Darnietaa 
Damietta 
Damietta 



intermittent to these facilities (sometimes only three 
pumping cycles per day), influent samples could be coilected 
only at times when the sewage pumping stations were 
operacing. Effluent samples also were afkcted by intermittent 
flow, but not to the same extent because of the hydraulic head 
that built up in the facilities during peak flow periods. 

Laboratory analyses were comp1eted at the new D d e t t a  
was&water laboratory located at the Anniya wastewater 
treatment plant This laboratory is equipped to perform tests 
for OrBoDs, suspended solids, c h d d  oxygen demand (COD], 
and ammonia nitrogen. Experiend chemists were hired for 
a thret-month period to perform tests and h, train the 
Anniya laboratory staff to perfom these tests for future 
operations. 

Fecal cofifoxn testing, perfomd on samples from the 1 I 
stabiition ponds and modified aerated stabiEzat;iun pond I 

were tested at the Mansouha University Environmental 
Sciences laboratory- AU sample analyses were in accordance 
with industry ~tandards.~ 

Laboratory quality contro'i was &eked for the suspded 
s0Lids and BODS tests using standards established by the US 
Environmena Protection Agency WSEBA). Additi0n.d 
duplicate and split samples were checked regularly using less 
stringent standards. 

Laboratory results for the suspended solids d y s i s  under 
EPA Wty a n h d  standards showed a 95 permt confidcme 
Xevd Similar quality control && for the BODS iesihg 
were not satisfactory. This has beem attributed to the 
ldmramry staffs d d a r i t y  with the seeding procedure 
q&ed by the EPA quality contmf metfa& Since sample 
seeding was not required for the treatment facility influent 
and &fluent samp1es, 3 e  resq&!ts for the BOD5 test on split 
samples using less stringent standards were accqbb1e 

PRESENTATlON Of  TESTiNG RESULTS 

This section presents and dirrPoos p d b ~ m a n e e  data 
aswchted with the eight wastewater t r e a m t  facilities 
revied as a park of this study. ?his discusion of the 
hcifities p4brmance addresses only those factors now 
~~g the overall effidenq of individual wastewater 
treatment technologies A s i @ e  number d d&gn and 
coxwmction fads assodad with each of fhe t + e c k m ~ I @ s  
are hresm as hemming treatment pmces pehsmane 



Iimiting factors in the future; these are addressed in 
Appendix G. 

Summary of WW Technology Performance Data 

Table 4.2 presents a summary of organic and solids Muent 
and effluent data for the eight facilities induded in the 
sampling and analysis study. The average Muent values for 
biochemical oxygen demand (organic loading) and total 
suspended solids (solids loadin@ were approximately one 
half of the values used in the actual design process. The 
significance of removal efficiencies B discussed below by 
t ~ o ~ o g y  type. 

Table 4.2 
Summary of Influent Characteristics & Treatment Plant Performance 

457 470 24 45 % 97 

AVERAGE I 398 403 

SF-I . . Sbikmon p o d  bnaer~bic, facultative, -ation x 3) 
SP-2 9zMbation pond fa-& aer;ueB faabtiive. matwatIon x 3) 
SFFR-I S u b e ~ @  bed 6lm reactor type I (no anaerobic ptreatment) 
SFFR-2 %bm- fixed fib reactor type 2 (with maedzic paetreatment) 
EA-1 Exmetid aeration CSOAF package plant) 
EA-2 Exmded amairan (oxidation ditch) 

- 
I 

Perfomnw of Sabiiization Ponds 

Two types of waste stab'ition ponds were reviewed. One 
pond system installed at Aadliya village was of a standard 
co1t4~ation (anaerobic, facultative, an8 Series mat mat ion^. 
The second shViition pond system, insWd at Daqafifa 
d a g e  inchtded four floating aspirating-type aerators in the 
facultative deep bottom c&. h each case the pond systems 
were r d h g  daily flows welI above their design values'o 

~Olhc~aqshlakalitywasd~~~omtbptwae2~)~tofthe 
design due, while M y a  facility was nxeiving fkws at 250 parent of 
its design value 



In each facility the anaerobic ponds were operated in parallel. 
Good scum blankets were developed in the anaerobic ponds 
and Odors were not a problem. Due to the high daily sewage 
flows pond interconnecting valve boxes were surcharged. In 
addition, pond freebard depths were very dose to the top. 

Table 4-3 shows the results of performance testing- The 
Daqahla aerated stab-tion pond f d t y  is performing well 
with better than 90 percent removal of B0& and suspended 
solids, even with the interference of very high daily flows- 
However, the rust maturation pond downstrem of the 
aerated facultative cell is developing a significant bottom 
sludge blanket The problem is a result of the escape of 
suspended solids from the aerated cell to the h t  maturation 
pond. 'Ihe floating aerators were repsitiomd to try to 
provide a better chance for quiescent conditions around the 
effluent end of the facultative pond, but a floating skirt 
installed around the effluent pipe outlet may be required to 
improve this condition further. 

Another problem at the Daqahla facility is the presence of 
aquatic plants (duckweed) in the maturation ponds; these 
plants are beginning to smother suspended algae and lower 
the dissolved oxygen levels. Floating mats of dead duckweed 
require frequent removal from the maturation ponds and 
disposal of the collected duckweed is a problea Duckweed 
mats in the aerated facultative cell are not considered a 
problem because of the external source of aeration provided. 
Again. an effluent baffle skirt  would help to prevent 
duckweed escape into the matmition ponds. 

The Aadliya stabilization pond fadlity is not performing as 
well as the Daqahla fadlity, with only 70 percent removal of 
BOD5 and suspended solids. However, Aad.ipiya's high 
effluent tutal BODs and suspended solids mnditi0n.s are 
primarily due to the high influent flows and escape of algae 
within the effluent flow. The small amounw of f l ~ t i n g  
scum and dead algae were not seen to be a performance 
limiting problem. 

In both cases the wastewater treatment facilities are operating 
satisfactorily and require very Sttle operator atttmtion. Both 
st;ib%zation pond systems require facility expansion works to 
adequately handle existing flows. Appendix G indudes tables 
detailing the major performanelimiting problems and 
possible solutions for the stabilization pond facilities- 





Performance of Wended Aeration WW Treatment Facifities 

Two types of extended aeration (activated sludge) wastewater 
treatmat systems were reviewed The first type, a standard 
extended aeration facility with mechanical equipment 
pur&ased as a complete package from the French company 
SOAF, will be referred to as SOAF in the remainder of thjs 
text. The second type of extended aeration facility reviewed is 
the oxidation ditch. 

Both types of facilities were installed and operating in 
Damietta governorate. The fadlities differ in the type of 
aeration equipment w d  (mechanical aerators for the WAF 
facility and aspirating aerators for the oxidation ditch) and the 
configuration of the aeratian basins. One other difference is 
that the WAF facilities indude a grit and scum removal 
pretreatment process and the oxidation ditches do not. 

Wastewater operating staff fur the El Serw and Kafr SoIiman 
fadlities came from the village utilities department All 
facility process control and operating actions were  formed 
by village staff with regular t e c h i d  assistance provided by 
Chemonics, with the exception of Meit el KholyC which was 
operated by a private OdrM contractor. Appendix G indudes 
detailed tables showing the major performancelimiting 
problems and their solutions for the WAF and oxidation 
ditch facilities. 

As shown in Table 4.4 both types of extended aeration 
facilities performed wdl in removing m5 and suspended 
solids, with 90 percent removal efficiencies noted at each ~ y ; u  
of h&y. 

SOAF plan*, The two SOAF fasilities were receiving influent flow rates at 
150 percent of their daily design Wts, but were still able to 
assimilate the waste stteam and obtain good removal 
efficiencies because of the over design of the aeration barns 
(detention time and aerator capacity) with respect to the rt-t 
of the facility. The SOAF facilities were designed based un d n  

influent BOD3 concentration of 900 mg/l. Actual BUDs 
strength is in the range of 408400 mg/l; thus the facility 
operates at relatively low mixed liquor suspended solids t Z W  
mg/l) levels in order to maintain a healthy balance betwtvn 
the incoming sewage load and the biological mass in the 
aeration basins. 

Laboratory samples were coUecta3  during steady state 
canditiom at the WAF plants and do mt reflect houriy par  
1250 percent above design average) flow disturbances to :he 
unit processes. Aeration basin dissolved oxygen levels =-re 
main&& above 2 mg/l with all aerators running durtnj 
peak temperature summer months. Basin mixing was 
comp3et9 with no dead spots. However, operating staff hare 





been reluctant to operate these aerators either continuous?y 
or based on dissolved oxygen and operating conditions- 
Instead, they operate using a manual timer (30 minutes ON 
and then 30-minutes OFF). Dissolved oxygen levels drop to 
near zero after only five minutes with the aerators tumed off. 

Suspended solids escape from the dMers is not uncormnon 
during peak flow periods when the weirs and effluent t ro~gh 
are completely flooded. The short sidewall depth of these 
clarifiers (2.4 meters) ids contributes to this loss of 
suspended solids. The sludge holding tanks are substandard 
in their design and ability to decant dear supernatant from 
the settled sludge. (See Appendix G for details.) In addition, 
the thickened sludge from the bottom of the tank is too thin 
(1.5 percent solids), resulting in a dilute and volumhous 
sludge being applied to the dryhg beds- 

The sludge drying bed process is a bottleneck to the entire 
treatment system and limits the overall efficiency of the 
plant A performance limiting problem not noted in the 
laboratory data is the shortage of sludge drying bed area---only 
0.02 rnS/capita. Sludge wasting, the heart of the process 
control program, is cornproxr&d when the dryhg beds are 
full because the aeration bash solids inpentory levels become 
ecessive and a biological process upset usually occurs. The 
d u r n  time available for sludgg drying is ody 8-10 days 
assuming an optimistic thickened sludge concentration of 2 
percent. 

In addition, the drying bed media insided at the facilities is 
the wrong type and is insufficient in quantity, and the drying 
bed underdrain piping has been installed at the wrong slope 
with oversized atrate drain holes. 

Power failures lasting 12 hours are not unmINnon at the 
facility.11 However, the biological procea has recovered in 
most instances. Return sludge pumping h e w  pumps) 
performed well without major faults or failures; however. 
these pumps are oversized and contribute to the peak flow 
hydraulic problems with the clarifiers noted earlier. 

The grit/scurn removal process performed well as long as 
frequent (four times per day) grit pumping was performed to 
prevent grit pipe plugging. Large amounts of grit and xum 
(05 m3) wae removed from the incoming %ow each day. A 
suitab1e location for the ultimate diqmsal. of the cukcted grit 
and scum k c  been a problem for the village staff. 'fhe 
influent raw sewage mechanical bar seen perfamed weii 
but is not needed for this size facility, for wh.ick a manually 
cleaned bar meen is adequate. 

l l~he SOAF facilities are in the pmcess of purchasing d y  power 
gem%aring equipment 



Oxidation ditch The oxidation ditch faality at Kafr Sohan village, was 
plant receiving influent flow rates slightly below the design value 

of 1250 mJ/day. BODS and suspended solids removal 
efficiencies were slightly less than the results achieved in the 
WAF facilities. This is primarily due to the lack of scum 
baM1es and surface rake arms in the darification process. In 
addition, the dlarifier straight edge weir is not level. Each of 
these items contributes to the escape of suspended solids with 
the effluent flow. Fortunately, these ckri.fiefs haw deep 
sidewalls (3 meters), which help prevent sludge blanket loss 
during peak flow periods- 

The aeration process performed well with measured 
dissolved oxygen concentrations between 1 5  and 3.0 mg/L 
However, tIte four installed aerator units per aeration basin 
must all be in operation to maintain these minimum oxygen 
concentrations during peak flow @&. Ebbg the- hot 
summer months the oxygen concen~tions begin to fall near 
the minimum acceptance level. 

Aeration basin mixing is adequate with ody minor 
suspended solids settling at the surface. Frequent arrratur 
fouling and bearing wear has been noted. In addition, aerator 
propehr wear is occurring. mese conditions have resulted 
in an inordinate amount of aerator down-he, which affects 
the petfommce of the aeration process and results in lower 
BODS removal. 

Because the oxidation ditch fzdities cio not indude a 
grit/scum pretreatment removal pr~oess, the aeration basins 
have deveioped a buttorn hyer of settled grit and, in same 
cases, Bloating scum patches.. The accumulated grit is believed 
to be cuntributing to the early wear of the aerator propelfen. 
Floating and suspended debris, wM& has passed through the 
m m u i y  cleaned bar screen, is often found piugging the 
water lubrication holes in the aerator wits, causing 
overheating and darnage to the ceharnic sleeve bearings. Fine 
mesh screens installed down stream of the &sting course 
screens should improve this situation. The relatively small 
&meter of the aeration basin outlet pipe in relarion to the 
incoming sewage peak flow rates causes the water level in the 
aeration basins to rise and flood the basin weir box. 
Basin sidewall water depths rise during this period and. in 
soraze instances, threaten to cover the amtor air intake 
openings- 

The ckification process perfurms well in settling a d  
con~entra~g solids and is not afftxted by peak flows, 
primarily beeawe the aeration basins absorb these flow surges 
before they rea& the clarifiersL Rising sludge dumps can be 
seen floating on the sjrface of the darifier along with scum 
and carry over plastic debris h m  the aeration process. This 
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floating material escapes over the clarifier weir with the 
effluent flow. Scum baffles and surface rake arms are needed 
to improve this situation (especially important because there 
are no preceding primary clarifiers). The d d e r  bottom 
sludge collectors do not saape all  d the floor bottom m w  
of poor placement of xaper blades and a tank bottom drde 
that is not completely round), which contributes to the 
floating sludge problem. 

The return sludge system wet well and submersible pumps 
are able to handle the return sludge needs for the plant 
However, return sludge rate control is dZfidt to adjust 
because of the manual gate valves on the ckif ier bottom 
sludge piping. The sludge thidening process has perfomed I 

well with thickened solids concentrations in the range of 3 
percent after modifications were made to consbuct a baffle 

I 
I 

a ~ m d  the inlet pipe, and operating staff replaced fill and 
draw practices with constant sludge feed to the thickener. 
Waste sludge feed to the thickener is difficult to control (the 
gate valve is off of RAS pump header) and requires frequent 
adjustment to maintain the slow feed rate needed. 

As with the SOAS technology, another performancelimiting 
problem not noted in the laboaiory data is the shortage of 
sludge drying bed area, problems with incorrect m g  bed 
media being installed, and the effect these have on the 
overall performma of the plant The sludge drying bed 
process is a bottle neck to the entire oxidation ditch treatment 
system and limits the overail effdency of the plant The area 
provided for sludge drying is inadequate (0.05 mz/capita) and 
ahe maximum time available for sludge drying is ody 11-15 
days, assuming a thickened sludge mncmtration of 3 percent- 
In addition, the drying bed media installed at the fadlties is 
the wrong type and insufficient in quantity. Fwthmore, ,the 
drying bed urderdrain piping has been installed at the wrong 
slope with overs:~d filtrate drain holes. Access to the sludge 
dryiz~g beds fc- ;ving the dried sludge is difficult and the 1 
steel plate C O V ~  er the sludge inEet make an 
d e  walkway. 

Facility power failures are frequent (one per week lasting four 
hours or more). The stand-by electricity power generator has 
functioned well but the village system for fuel storage needs 
improvement- 

Performance of Submerged Fixed Film Reactor (SFFR) Treatment Systems 

The SFFR treatment system is installed in five w e n t  pilot 
program villages- Three of these instalfations were reviewed 
as a part of this study. Two Merent configurations of the 
SFFR treatment system are dixussed: T p  I, which indudes 
a ~1~~ bar screen and SFFR treatment basin onlyI and 



Type 2, which includes T y p ~  1 components ptus a 
pretreatment septic tank and find effluent chlorine dosing 
and contact tank. The two types of SFFR treatment: systems 
performed quite differ-tly with r e s ~  to overall KQj and 
suspended solids (SS) remevat effidencies. The Type 1 plant 
without the pretreatment septic tank, showed a much bws 
treatment capacity with only 60 p a n t  BODS and SS remwd 
efficiendes. The Type 2 plant @om& much better with 
removal efficiencies in the 80 to 90 percent range- Both types 
experienced r&&tion pump intake foubg; xleen~ 
subsequeratly inst&& mound the pump suction opening 
deviated the probIem. 

Table 4.5 s u n m r h s  the p f o m c e  data for the SF= 
plants* 

Type 1 SFFR The Type I SFFR treatment system performed well 
plants nehanically; the submersible pump anc! air inductor 

venhvi were generally troublefree. HoweverI the raw 
sewage organic load to the system wuid net be assimihted 
adequately to achieve Law @/I982 quality etnumt---only 60 
percent removal of BOD5 and SS was achk'ibed. The dinaf 

The BODs and SS exiting he Type 1 plant is pdnmdy due C 
suspended alga and floating dudge A coagulant (durn) to 
aid settling m y  imphove the situation but would increase 
the am~tlztt of settled sludge Copper sulfzte added to the 
SEFR basin may help mntrs1 algal growth A ]larger eft?uent 
weir length (to slow down the overfaow rz td or an adjustable 
d r a w 4  mnf?gruation is not expect& to improve the 
situation since the solids are ~ p i e ~ y  suspended 

~1vedo~ygen(DO)meannementsintheSFFRbssin 
showed sMlow depth 9 lev& between 0 5  and 1.0 mg/l 
near and around the SFFR unit (at the influent end o# the 
plant). The outlet end of the plaM had W levels in Me mgr 
of 1.5 to 3.0 mg/f, dropping @&ly to the mesmment 
pma, was lowered below a 10-15 cm depth M-atT; ob 
pH were between 7.5 and 8.0 thmu@zouB the SFFR basin. 

The ljpe 1 plants are qeriendng significant rates of grit and 
sludge accumd* withirt the SFSIX treatment basin (2-3 
m e  depths aft- I2 months of operation). Floating scum 
and septic sludge mats can be s e a  in the MFindvard m a s  
of the SFER bash. Adequate pmvisiuns for remowat of the 
settled sludge and grit h e  not hen pmwided at ttPe facility, 
resulting in the need for tang ~~ of flaw bypassing to 
allow for the hehad digging and removal of the sludge mass. 
Fwthmoe, the heillage operating staff have not found an 





appropriate 'aca:iot; far the fiml disposal of the removed 
sludge. 

Type 2 SFFR The Type 2 mR treatment system rlso performed 
pian& mechanidy; the submersible pump and air indu- 

vmturi were generally troubie-W in rhe 
produced a good quality &uest with o v d  remoorl 
efficiencies in the 85% percent range for m% 2nd %L Th 
finaiefhtfromtheplantcanbea~mpYedtoatypicai 
anaerobic anb fadtative p d  series installaw (withat 
maturation). 

Treatment was acmnnpMd in uf 
the inam BUD and SS remm 
pr&g the SFER Wa Average 
loadings from the anaerobic tank were 3.50 mg/BOQ and 150 
mg/l SS). A huther 25 pma of the o&@nd influent BOh 
a d  S§ was removed in the SEFR bash. The SFFR W 
received a relatively low strength waste stream (150 m@I 
i38Q an$ SSj from the me28Me g m c m  and was able t~ 
~ t e 6 0 p e r c e n t o f t t r j S ~ e ~ g t o t h e ~  
Fmd effluent mnmhthns af BO& and S w e  nmdly 
bw (3040 mg/D and @sKis w h  the can-- 
~ d e d ~ c a n b e a ~ ~ t o i ~ ~ ~  
suspended algae. Bottom sludge acnnndatia and d v e  
floating sludge and xum was not a perfonmm&WW$ 
problem with these plan&. 

Common Robisms Anming the Parforman- of tb W! w- 
Systems 

The o v d  performane of 4 of the win#@ - 
beatanent systems now in ( 3 ~ -  d d  be ~~ m* 
the imp1ercen~gion of some standard remedid wodr la the 
area of design, r-nsmction, and in soae cases, bemer OdrM 

feasibility and design stage of Qutwe vihge vmsimvakr 
projects. Table 4.6 lists some of &se ammmk 

krture village wwte~wates pmjecb 

A s d i s e u s s w l & M o n 2 o f ~ ~ ~ & ~ & U p a d  
C O ~ S I T U ~ O R ,  a d  i d  pdUCkE% - D ~ V  fb 
for &e five pi@ pragam t t 2 C b . 0 1 ~  vaT.ap h v d y  with 
their rquh.ement for land- Except fot land aPaitabiiity. 
which is a limiting f a m  for some geopphic ldicns, ease 
o f o p t i o n ~ d ~ % c o s t ~ t e ~ ~ g i t i d ~ i a  
&mShg whi& ~ o l o g y  to llse fhe &>- 43iSmsim 





Tank drain llnes 

Poor wltlng mnatruclion Ls evident in all treatment 





compares the diffemt technologies according to these two 
factors. 

Ease of Operation and Maintenance Comparison 

Wastewater treatment techn01.ogy ease of operation is ranked 
in this report through the use of seven different facility OQM 
indicators, as presented in Table 4.7. 

Table 4.7: 'JVASTEWATER TREATMEM TECHNOLOGY EASE OF OPELUfK3N 

Figure 4.1 illustrates the outcome of Ulis ranking for each of 
the five technologies. 

WASIEWATER TREATMENT TECHNOLOGY 
EASE OF OPERAT!OM COMPARISON 



Wastewater Technoiogy Operations and Maintenance Costs 

Wastewater techn010gy OdrM costs have been determined on 
a monthly cost basis per family unit assuming a common 
daily average flow of 1100 m3 for each four different 
treatment technologies (in this discussian, extended aeration 
techoiogy indudes both the oxidation ditch and SOAF 
pI& This cornpaisor?, is applicable to a typical deveioped 
village with a population of 10,600 p q i e  and assumes a per 
capita wastewater flow of 110 liters per p e ~ n  (130 i/capik 
potable water), inciading sewer &%Ithation contributions. A 
typical family household is amsidered to indude five people. 

Table 4.8 shows the costs for s t d h g ,  electricity, and materids 
for the three cost centers (treatment p h t ,  pumping station, 
and cuUedion network) m a t e d  with each treatment 
teckn01ogy. Sewage pumping station and sew= network 
O&M cost estimates are identical for each tecknology and are 
shown in the itemized listing for ~ustrative pwpses only. 
In some cases village WW systems require two sewage 
pumping stations, which will result in higher oveall costs to 
the consumer. In this report, however, a single sewage 
pumping station system has been ammwl for comparison 
P'T'-* 

Details of the estimating program used for determining each 
technology's staffing costs, d&city costs, and chlorine costs 
axe included in Appendix G4 In general, the total CXzM costs 
shown in this table are considered ~~ Cost tutds do 
nor include any m e y  budgeted for ma@ capital 
replacements (sinking Fund) or expensive remedid repairs, 
even though these are now repired. fn additiow, the costs 
presented do not indicate the significant amount of money 
spent by USAID in providing t ech id  ~ ~ c e  to the 
village operating staff. The n&dology foUowed was to 
keep the costs esmaies simple following current 1 d  
government 0- budgeting practices. 

A comparison of the total m ~ n t h l y  U&U costs for each type 
of wastewater treatment t9dtno10gyC not induQin8 pumping 
and co&ction system costs, shows the extended aeration 
p1mb to be 10 times more expensive tfrtan the standard 
stab'ilimtion pond system and more &en twice the cost of the 
SFFR and ~texated stabilization pond systems. The major 
differen- in costs is a result of the much higher power costs 
associated with the extended aeraeicn t e c b 0 1 ~ .  With 
d&d power costs a p e d d  &o continue to hawse 
kux~enaly LE 0.16 per W h o d  the costs of electricity for the 
1100 m3/day extended aeration plants can easily reach tE 
7,000 per month in the future. 

Table 4.8 presents treatment techn~logy mtal monthly OJrM 
costs in two ways-with and without cost cents staffing mrs. 





Village utilities staffing costs are presently being paid through 
the cenhd government Bab I account and are not included as 
a recurrent cost item In village wastewater service delivery 
revenue plans. However, as illustrated in Figure 4.2, these 
staffing costs make up 40 to 70 percent of the tot4 viUage 
wastewater system operating costs, depending on the selded 
technology. In general, actual village wastewater system 
staffing numbers (number of village staff actually working as 
a part of the wastewater utility: exceed the number required 
Overstaffing of the village wastewater fadlitis is a common 
trait followed by most village managers Although staff 
monthly salary costs are relatively low (LE ZOO/month per 
staff position, including fringe benefits), the potentid cost 
savings per year can be as high as LE 10,000. The Wage does 
not feel these excessive staffing costs in their focal operating 
budget and is not likely to change the situation until the time 
that they may be required to pay for these costs directly. 

'~wASTWAT ER O&M COSTS VS TECHNO 
(M-By c-1 

i 

EXLA& Sf Fft Amamd 
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O&M COSTS PER FAMllY PER MONTH 

Figure 4.2: O&M Costs per Family ggt" Month 



GENERAL CONCLUSIONS REGARDING PERFORMANCE 

This section summarizes and discusses some key O W   issue^ 
and wastewater fadiity p e r f o r m a n ~ ~ t i n g  items &at 
should be considered in future village wastewater prom- 
The wastewater O M  problems enwuntered by the pilot 
prugram are not unique-my coflstrahts and expden- 
that limit good 0&M perform- in developing countries 
have been thoroughly documented in the last 10 years and 
can be seen still taking place in mal Egyptian villages Some 
of the most common constraints indude difficulty in 
obtaining replacement parts from distant suppliers without 
adequate financial resources or foreign &ge, low salaries 
for O&M staff, burdemome deztricai costsf shortage of 
previous O&M experience, under&& treatment unit 
process for existing flows, and inappropriate materids and 
W h e s  chosen for items requiring trouble-4ree du~abiliw- 
Future projects should attempt to aswe that the proposed 
techn02.0gy can be supported by local finsndg and staff. 

A h ,  it is to realize that pmb1ems acc~mdated 
&om previous stages of project implementation (such as 
design and constmaion) can seldom be addressed 
satisfactorily during the O W  phase At best, patch-up 
s81utio~s may keep the facility teetering along on the brinlc of 
disaster. At worst, whole parts of the treatment may 
be abandoned and left ta decay. 

The Need to Design Out. Probiem Areas 

The only way to prevent this situation is to design out 
problem areas and BiMidt maintenance activities and to 
ensure that the means ixe built-h to allow th9 hgmaining 
maintenance duties to be d e d  out e fkd idy  utilizing 
available res~urces- Xn some cases, tf.sis means choosing one 
treatment technofogy over another. A good goodpie of this 
is the ongoing dilemma segnrding the shortage of available 
land in agridtuard areas for s W i t i o n  ponds, which is 
driving some deddon makers 60 the selection of the more 
~ ~ t - t u - r n ~ ~  extended aeration treatment phis .  
Although the oxidation ditch and WAF extmded aeration 
plants reviewed in this report are all producing a quatity 
&lent for the time W i g  ea& of these 12 operating 
facilities is currently plagued with design and co~tl~mction 
probIms, and heavy financial r e a m s t  cost burdens The 
question is: HOW long will the capital works investments 
mde t~ these facilities be able to o f k  any kind of re- in 
terms of wastewater treafment &ce delivery? 

Trfllage wastewater projects are a welcome addition to the 
ben&ciq community and affordable wastewater service fees 
have h e n  accepted by the people Eioweva, these 



communities feel cheated when the number of sewer hou* 
connections is limited because the plant was undersized for 
existing flows, or when the sewer collection system fails and 
floods their homes. Most recent cun~m&urr of village 
wastewater facilities have been projects tnplemeWd for 
community convenience, to relieve the transport of s a g e  
and frequent evacuatiort of saturated soak-away pits, rather 
than for enviromeratd health reasons. The net 
improvement on the receiving drain quality is unnoti-bk 
with the continuing practice of regular &charges from septic 
waste haulers into these same &aim. 

From a pure and practicable ObM forecast, chasing a high 
maintenance wastewater treatmekt ~ 0 1 0 & y  which has a 
95 percent removal efficiency rather than a simplet 
technology. which has perham a 70 percent removd 
efficiency, is a waste of scar& financial resources. The short- 
term gain is umneasurabIe in terms of improved water 
resources and the long-term outlook k grim in terms of being 
able to keep this type of high t ~ 0 1 c g y  in working order in 
the near future. 

The most important lesson learned from the pitot village 
wastewater O W  experience is the importance of designing 
out problem areas and difficult maintenane activities- 

Functional Designing the plant to work sounds simple* but in many 
plant design cases the designer's o v d o u s n s s  to keep the cunstruction 

costs law for the owner or funding arrangewen& takes 
p r d m c e  over the primary intent of Mding a p h t  that 
will function at normal and peak daily flow rates Perhaps r 
simplemdogywiUhelp: Ifyouaresellin anewcartoa 

f f  buyer who cannot afford it. you do not o er it - .  to him in a 
package without the duos The de&m to ekmate grit 
and xwn removal as a pre- treatment step in o r b  

-.- 
to m h h k e  construction costs of extenddl aeration faditi- 
is false economy. The sme can be said the missing 
anaerobic pretreatment p m s s  fox tfie Type 1 SFFR treatment 
systems- Frequent and dif&ult basin desfudging and grit 
removal will probably cause the plant staff to quietly opt for a 
continuous plant flow by-pass. 

Another example is the sludge drying bed pmces used in the 
extended aeration and SFFR ~ ~ e s i  systems. Insufficient 
drying bed area results in the necessity of the 
sludge M o r e  it is comp1etdy drp to make room for more (a 
b a c k - M g  and wty job). There is mme rtw one way to 
get the excess sludge out of the aeration precess and village 
staff have already discovered how to accornphh midnight 
sludge spills to the receiving drains. Proper design of the 



plant must come first, and the ttrce casts of the different 
techologies should be exp1;rind to the facility owner. 

Malntenanco Designs and specifications should also target the reduction d 
requirements maintenance requirements. Reliability cannot be -teed. 

but it can be pursued &Egentiy in the design process. Each 
component of the process should be critically examined fur its 
maintenance requirements. 

This may promote the choice of options that entail high= 
capital costs. For example, the sdecbn of stainless steel or 
fik@lass slide gates rather than one of mild steel will d t  
in higher initial costs, but will provide longer life and better 
durability. tikwise, the cost savings obtained by leaving the 
plant wash water piping network out of the design are 
quickly lost when the unit prucesses are not rqpl2~~1y dmed 
and must be shut down far maintenance. SopAisticated 
atpiomtic controls and process insfrumenation are o h  
switched to manual or are not co~ectly calibrate& thus 
negating their usefulness. 

In the case of pump stations, quality tedmoiogy 
considerations lndude the dynamics of selecting pumps. 
Submersible pumps are more expensive and more diEcult to 
maintain, but are still preferable to standard horizontal pump 
units because d their ability $3 provide a more wea flow rate 
m the theatnent @ant and F- wfi& a ~ u b ~ o n s  
in the wet we& Sewage g m p  s h t i m  wet well deankg is a 
nasry and darger0u.s mknteamce job &.at is rarely done 
satidactcdy. Tnw, a pumping system -6ht can mimhize 
this is the better &oice. es-p&Hy when it has the 
added attraction of requiring a smaUer, 1 0 w ~ ~ t ,  asier-'EOI 
M d  civil works structure. 

The selection of aeration equipment has also proven to be a 
proWem fur some villages, as &ere are often no $4 agemb 
for service and parks Similar cmnsid~atbxis exist for other 
ecpipment* 

'UItimately, the questions that must be raked when 
comid&g lnaintenance rq*mQs are: does dre facility 
owner have the range of skills, equipment, and avaWSrXipy of 
spare parts to maintain the plant for its pmjeded life? 



Conclusions and 
Recommendations 

A number of valuable ~ ~ r s  can be drawn fron the 
intensive implementation efforts expendled over the last 
several years of the pilot program- 3Cnowf.edge pxthmt to 
the national wastewater sector was accrued through 
to issues and conshairits, many of which were outside 'he 
control of the BVS and W a-P projects However, these 
issues and consrraints must be ackmwId@, as they can 
have a profound affect on any national rural wastewater 
program. 

This section discusses the 1.ess~ns learned during the pitot 
program and uses these to fumdate general 
recommendations that are aimed at refining the pmject 
imp1emantation prooess for use within a framework for a 
seaorwide rub4 wastewater program %me d the 
recommendations are augmented by more specific 
implementation strategies. Where appropriate. existing tools 
or aids far imp1ementagim are alsa t%a.ssd 

ACCOMPLISHMENTS OF THE PILOT PROGRAM 

In addition to the general 1essoss kar~ed, it is wartihwhil~ 
noting several contributions made t~ Egypt's nuaE 
wastewater seaor th,r)ugIZ the BVS and LD 1I-P wastewater 
pilot program, which were not directly related to the 
implementation of individual projects These c~pn~kru~ons., 
which stemmed from the eight-PIUS years of BVS and LD II-P 
pro* activity, are d i s d  Mow. 

The initial activities for t,he pilot p m p m  under BVS 
(kqimhg in 1984/85) ultimately did a p a t  deal more for 
the rural wastewater m c r  than select villages for hdusion 
in the pilot program. One of the find products was a 
classification scheme for villages. -bed in the d 
wastewater pmpct planning man&# the procedure dasidies 
villages into "levels" of development, &g p a a t -  
easily identified by village council staff and others employed 
by the maraka and g o v e m o ~ ~ ~ 2  The dassification 



rnethadohogy provided a :wl i+ith which EGSLI. go%*emr~ra& 
offid& can identify the wastewater cunvep'ance disposal 
needs of viilages in rdation to o&er set(temen& Fur 
example, welf4weIt J& *villages Nith sate pmb1ea-s may 
require convention& -+at= bcme s%th*e,~g~~ while 
satellites would r&vc lower cmt options identified as 
suitable for md areas k?d dmeHo8;ig c u t k n ~ s .  

Work a c c o r n p ~ h ~  under the auspices of the U) II-P pruject 
regarding the dispoal of &ge and we of s d - b e p  sewers 
for I&cv&op3 village shod$ be useful in idm?2wg 
suitable and approp~%e SOIutiam as the Egyptbn d 
w a s m m  progran grows m ix tu& small SakEte *ges* 
Ad&tiod work in this arena was d&&d from h e  H-P 
wastewater program, as he activities were deemed Mo 
resew&..~rilentd- However, mn?inuatioap of the  project^ has 
been f inand by USAD iimpi-ted by the Emtian 
Academy of Science and f&oXogyw As a d t  the 
t - 9 ~  are m w  indude5 in a pmjeck in Whip 
GQvmoraie through a. rerear& p t  fOf -Bdansow 
University. 

In the absence of national p&q for the nrra! ~ ~ ~ t e r  
sectorI the CrZw~cistion system 2~nab1es c31ecbio~ makers tc 
identify priorities within &&r b-es and ennue that 
appmpdte so i~t i~m are utSza% As a result sector 
devdopment has not been totally b & a p @  by "PIarving ta 
wait" for national p G c y  to be dev&odpxL 

The program's role in o v e d  sector developmest is well 
$0- out by the hours of advice: and encouragnenr 
provided by BVS d LD H-P project staff to ~~~u~terparts  
h v v e d  in pmgrarn implementation for Egypt's rural 
sectora not ta mention h e  n-mus pmjed pub&cations 
Many dements of the early work of the BVS pmpd are 
d d  in p r v  by w p t w m &  ot 
F h &  !3amapk, Sweden, and T&e Ne&er1m& 

Rior to the publication of anv of the znamzds and pide1utln 1 
devdopd by the project  see^^^^^ €3. the BVS prom?. 
and to a greater extent, the LD 2e-B pmject, raised the 
COZS&USPZ~?SS of village, m a r k  and ~vemorate perwnrrtrrf 
with qard t~ th9 s u s ~ ~ z H i t y  of wastewater system 

Sus-b'iv requiFernen&, that is &e m&med 
m v e m m t e  06rM and f m *  dements of systems 
opemtio~ were dLxrssed * with I d  p€mmei from the 
ewl.ist days of the pilot prcgraa The key issue was to 
ertrnm~ village and otha H d  ~Ecials to mcqpbe that 



they must start org=+L?::;.e j3r , sustainability at the oatset oi 
project implezzmtation. ra: :er than waiting for the tak-ve 
period. 

These promotioniu activities were inswmtal as a basis for 
the design ard preparation af many of the f o d  training 
program on :.*rastewater O M  provided to village* mkaz, 
and governorate stafk. The prows mnc=entrati~n on OdrM 
was a cmtn'buti~g f a r t ~ r  $0 LSAM5 sp~ns~n~ip of shtdy 
t o w  for local personnet in and the U S A  

Further, the prioriw placed on s u s ~ b i i i i t y  was, in pan, the 
basis for many i m p r ~ v ~ ~  imtiwted by the W II-P prow 
for the implementation of individual pilot progam propcP. 
fhge included instituting a plan review process for pro* 
design drawings (later expanded to design review1 and t5e 

that contrac~rs w graduate engineerst preferably 
recruited irom the project area* for the supgvisian and 
w o n  of ongoing constrendon work Both were aimed 
at improving quality &us inproving s u s ~ & ~ t y .  

Emxs made in the early steps of the wastewater plppa 
imp1ementation process c-ot be tutdesy d e d  at a later 
stage Planning &ors will affect d&m poor design may 
cause M o w  standard contract dtxmtmts, ad inadequate 
contracis will lead to below standard. csnsfruction Poor 
design and/or consauction will invariably cause p&aem~ 
with facility O&M* 

Thus* for the successful uiimplemen4ation of a single pro&%$ ~r 
an entire program, each step in the imp1em~~~ta.~on pra-os 
&odd meet accepted skadards. hdqt~d.cy in any of the 
steps will *age the entire pr~aen and may lead to b b w  
standard products (fadlitid. 

To ensure the necessary product qwEtyI the process mvst t, 
controlled horn its heption. As the p m  . the 
a~tb-01 a&ed by the dhxtot of the pmcea (=c 
villageI mar&* or governoate) d.im&&he. This b prrt?ry 
easiest ts envision when we consider the cowiitmction st'-p .a 
the process As constsuaTon moves mwaart manpielion. :.-2 

omm's conmi over the mntractor 1- b u s ? ?  paymrft* 
have been made as work progressed Md the mrmal 
retainage is not sufficient to inncence contractas tc curnnr 
problem. 



In effea, the greater llre lev& of control srabE'ihed at the 
start of the prprcpram, the more likely the pnxess will prod- 
a quality praiuct Thus, emphasis shodd *be given to 
ensuring quality in the foUow4ng: 

* P L w  at :cgiod, and W g e  levels 
* Detailed designsI with well- spedka-~ 

and tktomtlgh dm* =views 

Cortfr01 of the hp1ernenuti~n process is essential to ensure 
that quality products emerge from the pmcess Sufficient; 
W m w t b e ~ d d h p  the overdl program and ~~ mmprams. Thir meurs thar the GOE. the 
governorates, and the viilages must all remgnize their 
responsibifity f o r  ensuing &at the proress w3.l be based on 
appropriate standards and plamhg. l?kmWon for human 
~ w g p c a n d n a ~ g m u s t k m a d e ~ ~ ~ y i n ~ ~ a s  
po#ibLe. 

This study showed that to be ~ ~ 5 1 e ,  not C y  must k g X  
entities be inv01vd, but tanme musf be 
susWOe by the Bd amnumy. ?'he e5.s- o% fscal 
desire anb knowIdw to setstain i n f k a ~ ~ ~  h, iW' 
not amagh without rhe a p p w ~  level of fkimcid 
~paWty .  Within the h e w k  of the +t p v E  
stabilization pond tezhnobgy p w e d  the wost sus&b&!e 
txchno1~; however, r ~ o ~ e s  other than those 
examined may prove easier to d p t  to local ddb, 
and ec8nodc realities. 

?he pilot pmgram 53s aiso illu5tTaM that a-8 
m m p F u e  aa quality may produce fa,cwies that are n a y  
h ~ i b 1 e  to operate withut emomus  am~uxat~ of 
tedukid assistance- A mtiunzd waste?:af?ek pmgmn simply 
cannot afford this extra expense in a3st qxndlikm~ ot 
allcKapic?n of trarhed zxlarlpwe* 

Local facilities development and o w ~ ~ E d p  can be 
acmmphh& w4ahout amp- to quality- Usin8 the 
best inputs available for m@ne&ng design d tender 
preparation, and/or the fadlities coxstmctkn (induding 
s~penisim) does nut exdude capacity building and 
institutional development benefits a-g to kKal entities 
In in- the -age councils who dgmand qualitp services be 



gmuicfed darrd irr fact recognize &e need to pay ~!e ir  higher 
costs for serviced are ezihimhg their own ty levelsC as 
h C U U ~ S  &OW Sdf t ra ipkd  -8 b b8- 
contributing to high quality semkes. Once trained, the 
corn& a n  easily tabce the next s ~ p ~ ~ g  these factors 
to all of their activities. 

* The probability tihat a s@ificant portion of tho 
iadities could Ibr? situated c3n ~ n - a @ c u l ~  kind 

+ The we of effluent for Mgation pqmses ta enhim- 
the o v d  water balance of cr)a~&y* 

A d a t e  policy regarding h c i n g  is an essential W ~ ~ g  
bfU& for WE'S d S@C&W -m program, ~ 2 8 t  
pmgmn+ and other LL3 TI[-P activities indicated that m a t  
villages do not haw the capacity to raise the capital mxpked 
for wiiskwater prujsts. A quick readingof Wks 32 d 49  
iP16Gat.e &at capifal eus& fur - cr)H]168n and 
treatment <at year 1% lev&) c33Ld range tirOna LE 1,200 to LE 
2 , S M ~ ~ ~ a ~ & m ~ d U 3 & ~ ~ ~ y e a r ~  
CO-ra fur p r o p  CMkM cm5ts. l'h!se are w q  subtanriai 
casts when one reco@es the incomes d d 
howh01d14 

ft is unlikely that more &an a hartdfd od villages d d  raise 
the capital costs rapired without outside help- Such h&p 
can only be provided by GUE either M y  h u g i t  its own 
funds or indirectly thm~gh the -t of funds 
05aair.d via bilateral donors or mUra* 3 e n k  m e  
BVS and LD II-P pro;- conbibation for the pilot p q r m  
was approximately EE 100 f l o n  at 19% price I&). 

13R L. Prostemart and ?"rmc&y, Egpim iud US. Ale): A 3 
Year Fempeaiv9 ,  Rum! Wopmmk btibzte, Hans&& March 1992. 
34 WE-PpuWcationCuaaptP~ Ilrart~-- 
Emt (ENV-R41# July, 1989. 

e 



The financial situation described abve srlso points uut the 
urgent requirement of devdoping low cost techobgie for 
the rural wastewater sector. W e  payment & tE 2 ta LE 3 
per month is probably acceptable to must rival f&@s as a 
tariff for wastewater service (O&M any s.ubtanWp 
higher value could meet with stiff opposition h m  the 
populace. 

The establishment of a rem1virttg losm system, whim could 
be implemented to awts the hefuture i3zwchg and o*bn 
and mabknmce components for wastewater qsfe~~,  may 
b e t h e s o ~ u t i o n t o t h e s e ~ c i a a ~ s .  m x s a r e  
ongoing to encornage activity for adt3pticm of such a -tern, 
In the revolving loan system d m  in a recent ID II-P 
publicationf a range was set for user fea that were bath 
affordable to the average village busebld and capable of 
sustaining the system?> This range, with r present ubsemed 
ceiling of approximately LE 7 pep h d 1 d  per month, also 
includes h e  financing of r-t casts. It cmmh&s an 
individual project capital cost of LE 350 per hcwebldC and 

operation, mahmaintemce and repBaament fee of LE 2 pa 
h6WoId per month 

When applied to the replication of those tdmabgies 
covered in the pilot program, thc bottom line is that 
kdtn01ogy A ~ o n  may be driven by Rmmmics User fees 
that are above the range mentiand dlwve mdd nrake a 
project unaffordable to many d residents. The higher the 
net cost of a project, the less &or&Ie the user fee atnd the 
less viable the revolving loan option ~~ 
A proposed solroon is the ado* of a m1ving ban 
account systcm.16 This proposed m1ving Xaan account also 
provides a suggested bmework far estabPasiung - .  *uidwd 
governorate, mmkaz, and village 6 s d  arumnomy. 

Lrr the pilot progritqI allocations were disb.rtrsed on a project- 
bycprojm basis. This resulted in the construction, in several 
cases* of individual treatment facilities that wtse in dose! 
proximity to one mother. Future docations sfrourd be 
appyoached on a sectmwide basis to examine the possibility of 
grouping villages together for a r e g i d  fidity that could 
take advantage of emnodes of scab 



RECUMMWbAnONS PERTAlNlNG TO THE IMPtEMaTATION PROCESS 

R W O ~ ~ Q ~  1 

DeWn8.t~ cost curves fot the components at Wewater  systems and 
reqWw rde-tstbd cogt estimates trrrm cQntm&urs. 

Inrp-ttztion &ategy 13: Dm@ cost cum. C a t  
that show the range of costs appmprkte for the mmponents 
of wastewater systems should be prepared for use by the 
governorates-perhaps as a new activity within tD W s  
ongoing wastewater program Kt*itisies. Such mst ranges 
should be prepared in a format suitable for easy updating. 

A s w e y  of the industrial sector in Egypt should be 
cor,ducted to determine the nation& capacity to prodtace 
standard items r e q u i d  fur wastewater system ~ons~&on* 
This could lead to use of standardfi ! d y  pduCgCH makrials 
and/or equipment. 

I m p l ~ t a ~ i o n  strategy 13: Require de$aIIed cost estimtes. 
The govmorates should adopt antradng p r e c e s  that 
allow them to require detailed submissions of cost estimates 
for various cornpsnents of the work-including the basis of 
the estimates {such as quotes fkm suppkrs3. Adophg 
standards for v ~ o u s  comtru&on components of wastewater 
systems would allow for cost cusve updates. Contmmrs 
could be required to come standarb components at the 
estimated cost 

PIanning for wastewater facilities; Should ansider 
almnatives, each of which is back& up by detailed analyses 
that consider technical and envixoaungnta3, berae5.c~ and 
drawbacks. F i a d  analyses should be prepared for each 
dtamtive tr, illustrate the level of investment and Og,M 
costs that wili be requid a d  possible SOWXIS of financing. 
Means of providing for future expansion as the community's 
population increases should be considered. Viage councils 
should review the afternatives and agree to the selected 
alternative only after reviewing the associated cmt recover3f 
recpiPemenB. 



Implementation tools: Guideliner. ~Methodotogy and fenm of 
Reference to Conduct Rural W g W W  Needs Assessment cmd 
Strategic Plonniq  (EE5-072 

Design 

IntpZementatiun strategy 3.2: Use prmm miteria. Consulting 
firms should base their designs on proven criteria and 
parameters. This may necessitate treatab'rliity sht&esI and 
pilot testing in some cases. Although these sercrica add extra 
cost, they will undoubtedly lead to impvecf, design quality. 

Implementntion strategy 32. Design the pbnt to work. The 
proper and standard design of the plant must come first Any 
decision to eliminate standard unit pmeses OX to 
cumprumise materials is false ewnonnyY If the plant costs are 
found to be too expensive, another &chn~fog)~ s h o d  be 
sdecttd rather than modifying the first choie and removing 
unit processes until the capitat costs meet the available b&+ 

Implementation strategy 33: Reduce the meintmarcce bad. 
Appropriate materials and f-hes shodd be chosen for 
lengthy, troublefree durability. At the feasb'ity and design 
stage, reduced maintenance requiremen& may promote the 
choice of options that entail higher capitd costs. 

Implementation tools Design A+%znud for W n s f m t e  
Treatment Works and Dsign .&nd fm Smwtzge System a d  
Pump Stations (training maaerials in Arabic) 

, . .  . , .  . , .  , . . .  , , : . . .. ; .. 
:, , ... 

ltants and pertarm adequate deSignmvkvm 

I f i r p W t a f i o n  shcrtegy 4.1: Artjust the c d f o n f  &&ion ~~ mrd adequately mmpns~te M g a  f h s .  Evidence from 
other wastewater projects in Egypt indicates &at there are 
Egyptian c01;isdt;mts with adequate I~tveks of design expertise 
in d g a r y  gngineerhg. Tke nusnk  of *ese firms within 
the sector is probably sufficient ta hm&e most, if not dl of 
the wastmkr system designs £or the ruraf sector, at ieast for 
the next s e v ~ d  years. Most of these finw are in C a b ,  
however, &they have performed semi- thmughout Egypt. 



The key to obtairing good design is to adjust the cons;ritant 
selection system, perhaps by prequalifying consuttarrts 
fhrou* the use of rigid standards developed by 
governorates, to ensure that the selected firm and staff have 
the proper experience with wastewater system design 
F d e r ,  once a firm is selected it must be adquatdy 
compensated for its S M C ~  lhis is b Way of m-g 
that a. firn will dedicate i& apeirnced staff and other 
resources required fur proper design of such projects, and still 
make a profit. 

Design quality will also improve if the general 
responsibifiries and duties for the partms involved in the 
design process are more dearly delineated. 

Implnnmtation stmtegy 4 2  ltlcrease thr number 4 engineers 
who can flectioely r m b  designs. Steps should be aken by the 
governorates to inaerse the number of I d  engineers who 
can efBecfive1y review designs submitted by mmdting 
companies. The w e n t  shortage of qualified engineers 
affects both the pracess of selecting consdting firms and the 
quality of the submitted designs. The plan and design 
reviews conducted under wastewater projects financed by LD 
II-P have helped provide on-thejob training to many local 
en&ineezs. Ways of strengthening this griming capadty 
should be mnsidaed in future programs* 

lwwf~lnrlnrlnrlnrlnrlnrtrttioff shtegy 43: E n .  mmltnnt M g n  LAbtv 
Consultant design liability is not enforced in E g y p t ;  if i t  were- 
unqualified companies might be diminsated and ather 
co~~~ufting companies would be enmuraged to revise their 
h t I I ' k a t  Zkpp~Od? in order ix3 &E?Ct C o m p e ~ t  ~ W a l t ~ k !  
engineers. 

I n s p h t r r t i o n  tools- Daign U m r d f a  W-to 
T x a ~ t  Wakr, D a ' p  A 4 m d  fa Szmmgc Systma and 
Pump Statiuns, and AkmI an sclcrting &tank?? 

I t n p W h i o n  strategy 53: LIU s&&d sp&j?cutians s k r  
pusible. Worts should be made tu stanch& designsf 
qiipnent and spare parts wed hr wastewater treatment 
p~mts and gump stations.  tan^^^ 4 hdp M 

capid arad recumat project a t s  by encuuqmg 
ecunomies of in promremmt, ami by n;inimidng 
p d a g  and distribution delays. A list of standard 
dements should be developed and provided as part of the 



contract documents. 5tanWizakion m y  also open a m u s  1 
for local production of some requirsd matds/components. 

Impbenta t ion  strafe 52:  Encourage laurl rritnu#khrre C# P components, but ensure t t c m p m t s  mcrt sfa&rc&. Large 
s d e  wastewater projects provide a widening market for 
Egyptian manufacturers. The GOE has recognized this 
opportunity and has brought pressure to bear on contractors 
to utilize locally manufactured products as much as possible 

However, not all local products are suitable for wastmmt~ 
systems. This is especially true for those pdttcts needed for 
wastewater treatment fadties and pump S ~ ~ ~ O L I S .  The use 
of non-suitable products should be avoided. even if it means 
utilizing imported gocds. LegisIation and financial 
incentives by the GOE could help promote local manufacture 
of foreign eqtsipme~t under license. 

As Egypt's nationd wastewater treatment program (bo?h 
urban and rural) grows to meet the future demand, use of 
imported q-lipment might be avoided if standard 
~ ~ i c a t i o n s  are developed for many common items. This 
may cause locat manu~.Lamrs to r e q n k e  the new market 
potentid and cause them to adjust their manufacturing 
procases to provide products to the higher standards and 
spditaiions re¶-. 

1 ~ ~ f & f i 0 %  tools: Des1-8" & d a d  fbT wkS&WQW 
Treatment Work and Design MttnC fir Sewerage Systems and 
Pump Stations. 

As with design, construction q m t h e  should be high-qdiity 
a d  provided by -aced con&acbrs who are paid fairly- 
Systems must be established which win &ow the rsuI.ution 
of disputes regarding intqmtation of the plans ur 
specification. Constirtction supemision a c t  -OR 
services should be accumpWed by q e r i ~ c e d  enginem 
and/or technicians, who are outside the mntraetorts 
o r ~ t i o r s s .  

Contractors of proven capability should be * bythe 
governoratesr who would need to develop =Ma for 
this purpose The chief preq&oation parameter should be 
proven ecpsience on wastewater dadfities projects 
Conmmrs whose expicnice is Emit& to buildings, mads 



and/or other dvil projects should not be pre-quaiified unless 
they are part of a consortium in which most of the members 
have the suitable experience. 

lmplementution took: TOR for Sewerage System Conf~act 
Documents (EE5-02). 

Recornmendation 7 

Ensure that ~~n supemisbn, Inspedbh and ~~mmwonf- b 
perfomred by experfmeed englneennffhnfdms * am eutslbc 
mnpraa~r's srganfzatkm. 

A major achievement of the tedmical assistance p w m  
was instigating the use of private sector consultants, w d y  
the consultant who performed the design, to supervise the 
contracts This was intended to relieve the burden on the 
local engineers and ensure a better quality product- While 
imprwements have been mted, the prognm was not as 
successful as first antiapatd. 

Two reasons can be cited for this. Fi, ,in most cases t a ~  En1.e 
money was allocated for Mng enghezs, the most 
signifcant impact of which was the kt& of a proper office and 
equipment for the supemisor. Without an office plans 
cannot easily be cowuftd, nor proper files and records kept 
Second# partly because of Ute lack of offices and partly because 
of the cultural aspects mentioned previo~lsly, cudting 
personnel tended to occupy the same ofices as the contractor, 

lmsa&hCt~'y SitUae0h N & ~ a  0f these problm Qn be 
rwIved without the provision of additional funds for 
supervision. 

RECOMMENDATIONS PEFiTAINING TO NAIIOWAL WU POUCIES AND 
ISSUES 

As the nval wastewater program expands to become national 
in scope, the situation caused by the lack of national policy 
could become untembIe and create chaos with regard to 
program implementation. 

The potential for problems to o c ~  in a sedorwide 
waskwater pmgam is easily iI.lusfzated recogrddng that six 
governorates have indicated their intentions to impfement 
wastewater sector needs assesrrtmts by the third quarter quarterof 

1992 The number of villages in these pvemmtes is 



approximately 1400, and the situation could arise by late 1993 
whereby these governorates could be ready to implement 
wastewater programs for several hur&ed villages. 

GOE should take action through the appropriate ministties to 
fornulate policy for the Nlat wastewater sector. The policy 
need not be Final, but should be in suS2-t detail to &ow 
forward planning on a logical basis Policy &odd covs 

The level of service and Q O V ~  wets. 1 
Responsib'ity and breadth of jurkdiction of GOE 
&tries and other entities inv01vd. 
The overall capital cost level of tho program which 
willbesupported b y G O E . a n d t h e ~ t o f f h a n c i n g  
GOE will provide under this program, to each 1md 
entity (ind-sding the terms of such finandng). 

National wastewater policy fomuiatim is underway in 
Egypt? however no h a l  detemimtiion har been made 
Preliminary indications are that rural wastewater 
development may be delayed until -&mn neds are met 
Even so, w i t h  the national policy parameters already 
adopted, the above criteria a d d  still be fosmul;lted for nval 
d e ~ e l o ~ e n t ,  at least on an interim basis 

lrnpiemmiation too&: Thk -at, &p'k D d p  qf 
Revolving Fund fm W CQpital lnwbnrnts <LFeol), and 
Guidelines: Methmbiqp and T' of Reference to Conduct Rural 
ws/W Needs Asemmt and Strategic Pfo-ng EE.547). 

As the d wastewater program srpands, 
concurrent environmental health g v  should 
definitely be considered. Such in men ti^^^ haoe often been 
indud& as cornponeWs of h h ~ t h u c h v e  prbgtaarrs that fcmis 
on "educatingw the bend* popuhbiorn as to &ow to ubiw 
the ~ t i u c t m e  provided so b t  znaxim= public health 
benefits will acme. Qbsematiuns during the Iact several 
years of rhe pilot progam and d k x u s i ~ ~ ~  with village 
council and governrate staff membersI and Egyptian 
proiessiomk in the public health fields all, pint ta the 
benefits of such programs. Legislative and p E q r  relate3 
deckions at the national level a d d  ensure p p m s  are 
Integrated as part of overall health irnpmvements. 



Likewise, solid waste is a ubiquitous source of pollution in 
villages and complimentary programs should be instigat& by 
villages. 

Choose lowcost technologies for nrrsd uiltagea mc@rln$ piped 
calle&an wastewater treatment facill~es, 

The choice of appropriate 13xhn01ogy for village wastewater 
systems and facilities ordinarily would be pa? of COEs policy 
for the sector. Experience from the pilot program dearly 
indicates that choice of t ~ 0 1 0 g y  is an extremely d i f f i ~ t '  
question to answer. Existing legal statutes regarding 
wastewater dixharge, the great demand for agridnnal land 
especially in the ddea region, and the high srpectations of the 
populace for applications of advanced tdmo1ogia combine 
to make a strong argument for the pvision of piped 
sewerage systems. with highly comtp1ex wastewater treatmat 
as the sole solution for wastewater d c e  provision. 
Assuming a "high technolcgy" solution as the d y  itvdabk 
option, the estimated costs of a rival wastewater progam 
would be w, prohibitive that the dwel,~pmt of policy and 
program may be seriously ~~ 
The entire question of wastewater treatment i e d ~ t 0 1 ~  
choice for d Egypt des9lves serious co~ideratim. 
Equivalent benefits may easily be derived by programs udng 
less mechanically intensive tedmof~@e. The development 
of such programs, however, will pmbbty require changes in 
the legal statutes. along with impXementatiian of hygia\e 
2ducation programs. Additional researdr to detamine low- - higfa-effidency treatment systems appEcabIe for Egypt is 
also in order- 

Until such pruFarns take hold, wastewater dispasal 
~ o l ~ e s  having the lowest c ~ s t  are recop~z~extdd. This 
dog mi imply that dl villages require f o d  wastewater 
coMection and treatment systems. Howevm, fbr &use which 
do, st;rbikation ponds or aerated stabilization ponds are 
r e m m m d d  where sufficient Land is avaihbIe. If fand is an 
absolute constraint, Iess expensive h m  of sedbnday 
treatment should be us& 

I m p a h t i o n  tools: Additionid research and 
development is needed identify the most appmprine 
solutions fur those villages that do not q u k e  conventional 
sys&m* 



The a~dabirify of stdfident pemnnd with the requisite 
skills to operate the facilities provided b absolutely essential 
t o t h e s ' ? ~ ~ ~ o f a n y d ~ ~ ~  Because 
wastewater systems are 5ommfa;rt more complex than other 
public works Infrastnr~e~ the training and managmt 
pmbI9irn is magnified S ~ T P ~  times. 

Emp10yee training for the -tewam sgta shadd be 
addressed as early as gwsible-evm prior to the ans*cr!&frn 
of any facilities. LD'XI.-P pwiuns training &or& in the 
wastewater sector and the p2ot plant pmpm 0k.M activities 
have left GOE with a wealth, of makrid, from C S M  nmntpab 
to detailed curricula The appficatioa of material to the 
~ r d ~ ~ n w f u r a n y ~ ~ i n ~ e  
sect~r to be effective andlor stlstakabfe. 

The wastewater pilot program under the BVS a d  LD a-P 
projects was innp11fiwxented with &&in$ as a Mt-in 
de~n~k. &OW& of a d m g  €0 b 
provided under the technid asisbnce amponenfs of the 
F;f) IX-P ROW. E v a  dfh MS mf W are 
in.sf:mces which illustrate the continuing need at all Ievels of 
the village a$mirtration. 

The training effort retpked to bolster a national d 
wastewater program could essay qu i re  ~ ~ v e  vocational 
fzahhg, wer a metu two-year perid, to provide the 
several ~~d technicians d dmmstm . * aors required. 
~ ~ e r s a x o d & ~ w & p ~ b ~ ~ k  
intensive training. However* this assumes sueh psonmd 
will be a d a b ! ~  in the This is an an n d ,  
and will q u i r e  a tmne~dous eqen&tum of resources and r 
galicy devdoped by the GOE q a d n g  remt-ucts 
and training. These a e s o u r r  are & d a r  ta those required tn 

other -rI and thus, the cornpetitios for them will be 
intense. 

Iirrf7hfa.;i.iort to&: Au 'LID a-?? mining ~~ fat t P i  
suhector. 



APPENDIX A 

LD Il-P Wastewater Projects 



:.>**.,. ;-- . --A - -  - . . - , , ;. ,--* ,-e .-- ;+:?' ";Al.:;;"-*;:=-' '..> "-, :5 

LD Il-P WASTRNATER PROJECTS 





LD I!-P WASTEWATER PROJECTS 



APPENDIX 0 

Description of the Wastewater 
Treatment T'echneIogI'es Used 

in the Pilot Progmm 





Sabflizstlon Ponds 
As shown in t.he on the opposite page, fXaw enters a 
stabilization pond facility bum the pump station and gases 
through a manually deaned bar screen M two anaerobic 
ponds that are operated in parall& Row then pmceeds to the 
first of four ponds which opeate ia SE&S; flow passa from 
one to the next, with effluent passing through a now- 
measuring V-notch weir More dischswg to the dnin 
can&. 

No mechadd equipment is used at this type d hdity- 
Sludge must be removed from the anaerobic ponds (once 
every two y e a s )  by taking tlte pond &-he &p@s&g it) and 
draining i t  the sludge is :hen a30& to dry. for ease of 
handling, and is removed and &sped of off4te. 





I StabiEfratlon Ponds with Aerated Facultative Celt 

fhe figure on the opposite page shows how flow enters rhe 
aerated stabilization pad facility from the pump station arpd 
p a s s  throtp& the m u & y  -ed bar saems to tWb 
anaerobic p n d s  hat am operated in pard& RQW then 
proceeds to a series of four ponds, tfre first of which is seated 
After leaving the first pondI flow en& rhe maturation 
pond, then proceed thxough twc "polishing ponds in 
sequence Effluent d & h g e  to a &rain canal through a Row- 
meamring V-notch -. 
M h ~ d  equipment consists of f h r  Boating surface 
a s p ~ ~ ~ r n ~ i n t h e ~ ~ p o n d  Sludgemustk 
m o v e d  from the amembis: pn& (once werv two pills1 by 
W g  the pond off-line &passing it? and &king it. the 
sludge is then aUawed to d;?. for ease d handling and is 
removed from the w n d  and c ikpsd  of &-site 





I As shown in tho figure on the opposite pageI Bow enters tlke 
fadlity from a pump sation and passes thmugh a manualiy 
cleaned bar screen to rwo anaerobic tanlcs operated in gas- 
(Note: the earlier submerged fixed film reactor faditits - 
T&~TP& & h t h i s ~ t a ~ T ~ v g ~ t ~ - - b o ~ b ~ e *  
m o b i t  tanks.) Row then proaeds to a kgwn with a set of 
internal baffle w& &at establish a sqentise flow pttm 
=e inlet portion of the lagcan cmtahs the submerged 4ixd 
film reactor* while aht; & * a t  end of the lagoon wfitahs a 
recycle pump and a pade l  plate upuamr. The recgde 
pump *ges through an inlo ttre 
s*erg& fixed Iilm remc?r. 
pnxeeds by gravity ever a small cincu;ar weir, which hi& to 
a &lorhe cunhad chamber for f i d  didmrge to a dfdjiht 
&mu@ a f l o w w m ~ g  V-n~td? tk*. 

' h 3 d a n i d  equipment consists of o m  SEFR rait recycle 
pump, two undersized sludge pumps Lor mnmhg settied 
solids From &e amembic tanks, a bypxM&& thy tank and 
small feed pump. and a stand-by generator. One six to 
W & V ~  EtONh5, s a ~ d ~  P W ~  tks -C k.aks 
disckged to a sludge dqing bed# and final disposal of sludge 
is off-site 





Mended Aeration (Oxidation Ditch) 

Flow wters the facility from the pump starion force main 
and passes through a bar screen to Ule oxi&&on ditchesC as 
shown in the figure re One oppsite page Row &en 
proceeds to the darifien; where sludge is settled. CkdGer  
eff[uentisdischagedtothed\lorinecontacl~~and 
then to the reteivhg drain Sudge from the c k d k s  is 
con~u011sfy ~~ back to the oatis81 €%tc;be as renan 
sludge. A portion d this sludge is mwvd each day as waste 
sludge to &e ~~ turk Ftam the studge thickenerC 
mncenbated WE& are sent to the sludge drying beds. Wm 
dry the sludge is removed and &* of &-Gk Naate 
from the dude  drying beds wd supmate the hesludg 
thickener are returned to tIw! aeration *winu for additioa~ai 
treatment- 

N w d  equipment ~ ~ t s  of aspizatkng aerators, cEMBer 
and thickener drives, &.brine dilutian wafer pumpsI a 
du;rinamr, and a stand-by gem rat or^ 





Extended Aeration (Package Plant-WAF) 

The figure on the facing page shows how flow enters the 
SOAF package extended aeration kdity frcm rhe pump 
station force main Wuugh a medit&dy deiidled bar s e e n  
and proceeds ~ u u g h  a scumgrit r e n ~ v d  tank inm the 
aeration basins. Flow then p m c e d ~  to the He, where 
sludge is settled. Clarifier #fluent is &&arg& to the 
&30Pine -tiid C h i E l l k  md &= W &@ d*$ 
through a f l o w a r d g  ( d ~ d c - ~ l  p;uti& flume 
Sludge from the darifiers is mtinfpcdy pumped back to the 
aeration E m 5  as return sludge. A pation of @is sludge is 
removed each bay as waste sludge ta the sludge h01&g 
tanks. From the sludge holding tank, m n m t e d  solids are 
sent M the sludge drying beds. When dry, fie sludge is 
removed and disposed of ofi-site Fitrate from the sludge 
dsying beds and the h e s u ~ t e  from the sludg biding t a k i  
are returned to the aeration basins foa addition& katn~at  

Mechanical equipment cumistsi of a rnedwidy  dean& bPr 
screen, grit pmp, surface aerakm, dzdfier driverI chlorine 
diiution water system, and Ehlomtot. Stand* power 
gmerztors are now Wing knsblled at these facilities 



APPENDIX C 

1.D il-P Project Publications Applicable to 
Planning, Design, and O&M of Village 

Wastewater Facilities 



I 

Ttstirrhg Course on the Planning of Wastewater Proje& in 
Egypt ian  Villages (Jan- 1W)I ENV-f -3,tBl 

Introduction to different -ologies of wastewater bearnet suitable fot 
Egyptian villages# presented to l d  engineers as an intn'oduction to 
planning aspects of wastewater projects. 1SOpp. 

Basic Trnining Program for Oprntion and Maintonnnce Plrr~omd in 
Wizstewstter Treatmmt PLanib in Villages (Mar& I9891 ENV-TIZtAI 

An introdudozy 'training mum and quick reference b k  that indud6 
natural biological treatments and ~ g u e s ,  dishE&onI taring and 
sample ooUec&m, record keeping and safety and maintenance - to be used 
by wastewater treatment plant operators ad maintenance pemmk 

Student w o r k h k  presented to those amding rhe ikptroduc~t:oqr Okrl 
COW (see ~ T - T - W I  spp .  

T e c h i d  G 1 W h 5  for Wastewater Fucilify Operatiort 
(August 1989) EhY*T4IA) 

A oaiaing Eoune book designed for openting t lecbkiw and aaMgers 
of wastewater zfeament plans, this manual presents information on how 
to operate fkditiies efficiently and eff4vefy.  The objectives of the bwk 
are to ensue that the student is able b identify basic EQmHpnenS and the 

a&pt&im of the Extited States Environmental RoMcfion Agney manual 
and h&infcnoncr of WmWW TretZDRaf Phnk (IW6>, 

-- prepared by the Cdibmia Stare University Department of Civil 
En-. lf2pp 

This trainin c~urse book is designed for maintenance techidans and f manageft c wastewater w w o n  systemss and provi.:s k-brmauon on 
howto maintain these systems effidendy and eiWvdy. The cbjec-tives 
0 4  the b k  are to ensure tihat the shxdak be able to iden* WC 
components of a wasfewrater cd1ectiun system rsraintenance progran. 
Se&kms in the book Mu& collection system piping networksX 
amitrum supemision of sewage caH1e~xa systemp pipeline deankg 
and maintenance me&&, i s ~ o o n  of sewer piping nethods for 

WJpm " I -  : .  ~ * a & ! ~ ~ ~ ~  E..,;J -*- 



renewing and repiacing sewer piping, azd sa:e;:; ~ i z  .-tic& :ae tho sew'ge 
collection system worker. Tnis man*al is adapt& izom me Cnit& %at6 
En*ronmental Pro~~cbn A g a q * s  publication eatrded Opcztion af 
WastMPtcr Collcnion Sy~rn .5~  prepared bv the healiforda State University 

1 
Department of Cis3 Engineriing. [ll5~2]-* IDpp 

Tkis tx&ning hi; is de1ped far rcainmmce taxhdidaas and 
managers of wastewater treatment plants and provides Somation on 
maintaining these kdlities effidently and effectively. The objectives ot 
the book are to atsure that the skmdent is able to identify basic mpaap- 
of a wastewater mty maineu.ne program. Sections i?dude: 
maintenance records.) builsng mailtenawcc, plm: tanks and &A, 
and p h t  god. r& m m d  k +da?ted from the UlIhd Sam 

i 
Ermiroaa~n~ Protection Agency's p u b h t i a ~ i  t idd -8- of 
WdslmMta TramLmt Pbn&, pqared by tire W i f e  Siate Eniverdty 
Departsent of Civil Engineering t19s01. 33pp i 

Analyzes and evaip3d- ithe zestasts of h~ years cf experience in 
irnpZ=gaing &asib%ty sw&s am3 decip by taal m&m& for 
w a s s a w  pf~jeas k 35 (14 govmozat&- me document 
iUwtrates the design steps* from with TOR preparation through fitul 
design and ~ ~ s i o n  ai tender dcmmmrts~ Advantages and 
~ v ~ t z q p  of f&Wty stei&esr, emewg from two yesrs of trh& axe 
clhassd for use in h t w z  sm&es. (65 pp not hdudhg 2 apgmdbsl 

Explains and simpEes the h d i m e n t d s  of m~tnz&on nr~pemidon a d  
-< indudes p e r &  gnid-m far supervisiag the b"a3r~tmcti~+ of a pro@$ 

?'he m a g a f  ~GKUSWS &&rnLf C Q X S W ~ O ~  phases in d W ,  bas and 
s c p ~ ~  ithe symtmls used kk enginwing &wi6ngsI and gives some 
calcuiatiians related to required site rneasurenents. Also, it pmaritks 
n..+ -7 ~ ~ ~ ~ w s  and drawings and is a gocd r&imnge for techti- 
an- supeawrs on site- (317 . go i including appenW 



TOR for Sewage System Contract D U C U I T W ~ : ~ ~  
{November 3 9 ~ 0 ;  revised May 1991) 

k e p d  by the Chemonics EE Section to help cszrrcsmed got-emorate 
&,e contractor rvho departments in making complete contracts Grh t* 

constructs wastewater proj&s. It demonsnates the iegal 2nd financial 
condi~ons for Mdders and the rights and rssprtsibilities of the contrdcfaor, 
and explains the spedfications for the parts of the drain pipes, force mains, 
a d  pump stations. An alphabetid index at the end of the manual Wps 
the user find the rquiied article quickly. (266 pp induding index) 

DrRff Guideliaes for Village Wnsfevatet Semicr Delivery EE5-03 E&A! 
W b 4 2 . r  iQ%) 

Based on field work and workshop experience# these guietines explain 
the roles of the viIlage/rnarkaz, governorate and national levels in 
village wastewater ~~perati~ns, anal. discuss &e importance of preparing 
advance plans for operations and maintenance. The document presents 
mmiderations and recomen&;sior.s for organizing and staffing the 
village engineering d o n ,  which in&tdes the wastewater utility. One 
section describes the budget (operatin@ profess and various methods for 
generating revenues at the iucd ellevel. The 5mf &apt= deab with issues 
a ~ d  processes d a t d  to amtractkg out 08dM smites. (62 pp including 4 
app&cesl 

T e c h k d  Guidets'nes for the Operation and ,Maintenaprce of W-ater 
S&zbiBiratiun Ponds @me 1991; net- Uctuber 1991) E€ 544 (A1 

This trainha course m a n 4  is designed for tedhidans and managers of 
village wastewater stab'ition pond treatment h&ties It is intended to 
k wid as a student refereace Owing dassca~m trz6ni.n~ and is meant to 
help students identify and understand the basic components ad methods 
of operating a stabilization pond system. The six sections address technical 
basics, ddatiom for stabikation ponds, laburabry expe rh~~ t i ,  ~ ~ 1 ,  
W i x i o n  pond pmbfems. and d e t y  concerns. (102 p i  induding 5 
app&-l - -. 

Covers pxedures and tedwiques for sample c0Uection a d  analysis 
assodated with the opsiztiun and process control of activated sludge 
treatment plants. It is meant to provide treatznent p t l t  ~~ and 
engineers with technical instruckians for sande s~Ue&ora a d  
presemapliiol, saanpbg pmgram managemeat', test p~~ for 
measuring treatment -4 parameters and Bheir appEcatiom, and quality 
conW tedmkpes assodatea with wastewater sampling p v -  The 
manual, which consists of six chapters, can idso be used as a studerrt 
rCrehence manual during on-site instruction S ~ O M  for sampling and 



process control of activated sludge treatment facilities. (M pp ifiduding one 
appendix). 

I 

Safety Cmsiderations fur Wasfewatet Employees EE406(A) 
(Nov. 91) 1 
The manual deals with safety ansiderations for public works employe 1 

I 
who are working in the area of wastewater cuUection and treatment It is 
meant to provide local engineers, supervisors, and techid staff with an 
u n d e r s ~ ~ g  of the many hazards located in and around the work site 
The rm;rnd covers common mechanical, electrical, Chemical, bi01@cal, 
and c&ed space hma~ds. It idenhis the profedus and activities for 
preventing accidents related to these hazards. The manual also describes 
the dangers associated with using chlorine gas ar.d gives safety practices for 
protecting personnel. It discusses the causes of fires and ways to prevent 
them The annexes include manuai 5re fighting equipment and &st lid 
procedures in case of emergency. (95 p~ induding 2 zuulexsli. 

Guidelines: Mefkrodulogy and Tenns of Refprencc to Cmduct Rural 
W S M  Needs - 1  ~sesmrmt and StmtegSc Plann kg EEM7 
WOV. 9'1; revised Jw, 1992) 

Provides terms of reference and guidelines fur a gov~orate-1evel water 
supply and wastewater sector needs assessment Addresses the consultants 
interested in bidding on such an assessment, the consultant selected to 
perfom the assessment, and to a lesser degree, the governorate requesting 
proposals. %?&on 1 provides an overview of tze sector assesmat process 
by briefly demibing required outpbts, dre overall program, and sources of 
informatinn 'RE work dements ro *be pdomed as part of the assessment 
are described in Section 2, with supporting t~~ dettils provided in. 
V&OW appendices* Section 3 revlews the requirements for ~fopusds, and 
§extion 4 gives a brief overview of some of the contrzctud nqukemmCs. 
(120 pp w/4 a p p b i c s ~ .  

Cu?tstrs&on Supmisioft Procedures A4anuni for En@teersI M Edition 
.- (Nov. 91) EE548(A) 

Ouilines the criteria for sucresslul ic)mtm&un supervision and describ 
the qualifications, duties# and tesponsibilitis d the ~~n~tru~osr 
supemisor. It explains the legal qects  and the supcirvhr*s in-ckion 
with &e ownet designer* contraa~t and a&er cone& parties. The 
manual also discusses quantity and cost estimates, project t h e  a d  pzymmt 
schedules, the use of spedfcations and contract drawings for project conwui, 
materids and equipment testing , and project delivery. 'Ihe con-& of a 
typid pruject tender document and a sample TOR for contracting a 
mnstmcfion m@ion consultant are indud& in the manual so that 
they may m e  as guides in preparing similar docu;men&. 050 pp induag 
one annex). 



Manual: Rural % f i V  Project Pbann itxg 
(Decmber 1995) 

Provides a method010gy for defining the environmental pmMems 
experienced by d Egyptian communities, m d  briefly describes the fips 

of solutions and fimficial resources available to address these proble&- 
The methodology for defining problems is kcscribed in terms of four basic 
indices-physical development, potable water service, social development. 
and environmenta1 pollution. The method for calcuiating each of these 
indices is described and examples are provided for s c h  index and for the 
combined rating as described by d four indicc tL7 pp) 

Inshzrdors' Guide for Teaching Process Contml of Activated of Actmnted 
Sludge Wastewater Treatment Plants EE5-10 [A) 
(Tanuary 3992)  

This document contains information on process control of the activated 
sludge wastewater treatment system. It is designed to be used primarily as 
an instructor's guide, but it also may be used as student reference during 
on-site training sessions. The four chapters of the document cover a 
CESCUSS~ of the working concepts of the activated sludge system, 
Indudhg BOD vs COD and solids levels in the treatment system; prcxers 
contmi by adjusting process variables; a discusion of return sludge and 
sludge -8; and the dissoived oxygen requirements in the activated 
sludge system 

The five annexes indude process control testing rates, loading rates for 
secundaqr daifie.r, an activated sludge troubleshooting guide, case study 
data, and a course test (103 pp with 

Set of SOPS few Sewage Pumping Station O&iW EE5-I tfA) 
amuq 1m 

This document cover procedwes and techniques for operating sewage 
pumping station facilities. It is meant to provide pump stati~st 
technicians and engineers with technical instruction5 for pump G&Y. 
vahe maintenance, sewage wet weU deanins f a a t y  troub~eses%,30tin#& 

4PdUfes snrf and site safety. In addition# the document prov:des detailed so.- 
record forms for sewage pmp'ing station preventive maintenace 
activities. It is desiwed to be used as an on-site guide for operatkg the 
village sewage pumping stations. (69 pp) 

Stm&rd Operafitfg Job Procedures Su-ed Fixed Filna Biological 
W m a f e +  T r e m f  Pfant (January 1992) EES-1 ZCAI 

This document avers p10cedures and techniques fos operating the 
submerged fixed film biological {SFFB) wastewater trcza~eni system and 
was prep& spedtically to assist in the operation of the five village SbFB 
treamtent f;pci&ies (threte in Damietta Governorate two in Menuiivi 
Governorate). The technical content of this document is spedfic to the 



facilities and equipment installed. The docuxest can 'or used as an on-site 
guide for operating the village wastewater treatmenr plant or a training 
guide for new employees and refresher training for existing staft (I1 
appendices1 

Standard Operating Job Pruwduxes Oxidation Ditch %Vastwater 
Treatmxt Plant Banuary 1992) EESt13Ul) 

This document pmvides technician and engineer procdures and 
techniques for operating the oxidation ditch wastewater treatment system 
It was prepared specifically to assist in the operation of the four village 
oxidlation ditch treatment facilities constructed in Danzietta Governorate 
The document is designed to be used as an on-site guide for  operaring the 
village oxidation ditch wastewater treatment plant and can be used as a 
training guide for new employees and refresher training fur orxisting staff" 
(8 apmsces) 

Sfandard Operating fob Procedures ErtmdPd Aeration (SUM. 
Wastewater T'tzafmPnt Plant (January 2992) EEHQIA) 

This document was prepared specifically to assist in the operation of the 
dght village extended aeration [SOAR treatment facilities constructed in 
Daraietta Governorate. It is meant to provide extended aeration treatment 
plant tdmichrts and engineers with technical instruttiom and 
procedures f ~ r  operating treatment system wGt processes and equipment, 
and provides detailed spare parts lists, schedules# and record forms for 
treatment @ant e p m t  preventive maintenance activities. It can be 
used as an onsite guide <or operating the village wastewater treatment 
plant of as a training guide for new employees and refresher training for 
existing st&. (8 appncficesl 

Model Cuntrd  Dommmts for Rural Infrpshuctute Projects EE 5-15 (A) 
I F e b r y  19921 

Intended as a guide for *use who work in the field sf administrative 
i contrzbctlng. A properly prepared administrative contract will *ow any 

* * achmstmtio~ to nm its public utilities. tire dacument includes a 
discusion of contracts and the contracking processC and the general 
conditions of contracts. Sample contracts and reqired forms are 
indud& (288 ppl 

C o n s ~ o s t  ~up&r'on hfizntirxl for Etfginems and Techm'- Val. 2 
flmpfementation of Sezverage Systems) (March 19921 5 1  6 (A) 

Comp1etes and supports a prior dmrnent prepared by Chemonics: 
C&z&m&m Supemision - A Mantc~ifw Technicinns and Site Supazr i .  
W e  the b t  ~ u a l  deals with construction in gene&, this nranud 
discusses supmising construction of sewerage systems in pxtidar. It 
provides engineers and site supervisors with guidelines far the 



corsmcction of each Dart or' the s e ~ e n g e  ;e.,..:;.:-.:. :3 A ~ - L ~ C  i r k  
completeness and qialitv of the system, a& :ire aL~ererice :a standards 
and project spedicatio&. (228 pp, including one =nex) 

Rmul Water a d  Wasfewater Assessment and Strategic Piensing 
(Lv~ch 19911 EWL ca 
Proposes a method of strategic planning iu enable governorates to develop 
their water and wastewater The pawr outlines the heeawes and 
chKactehistics of sfrategic p-g; praenk the elements and 
htmhtionship of work included in the LD II-P strategic: plan; describes 
the m r  assessment, analysis of policy options, and detailed phming 
analyses thst make up rhe pian; a d  disc.ses how the ourputs am be used 
by ether ~ O Y ~ T & t e S .  (z pp) 

Training M&lr fur flrc P h b r g  Design and 0&iM of V i f l ~ g ~  
Wustewater Faci1iSe.s 

Dmgp Matutd for Wastavatm T r e a b f  f?Cc'lrsrks MI 

Design Manual fot Swerage Systems .ad Pump Stations (A) 

Repod: Desisiga of RcDoI~ing Fard far Lo-l Capital fnochvnts  LF 4-02 (El 
(Oaober 1997; revised E k e m k  19911 

Establishes the need for a cost recovery progam in the wastewater sector 
& s a s s  the major concepts and issues involved in deibing a ccst recuvery 
model using a revolving loan fund s]ntem Compares two medianirms for 
recuvahg costs and r-mends a v&ble-rate fe. %OH'S bw these 
system (cost r e m v q  and revolving loan) c+n be integrated in& the 
existing system for wastewater project development in Egypk (44 pp) 

This report analyses the organization of the Beheira wastewater 
department and makes recornmendations for its future organizational 
structure and relationship to the kheira Water Company. The dirussion 
indudes the development of independent water and wastewater 
ampania in Egypt and cites the particular experience of the Kafr El- 
Sheikh Water and Sanitation Compmy~ Recommendations indude a 
strategy for developing the Beheira wastewater organization and 
recommended iznmdiate and future actions by USAID. (42 ppf 



Organizing for Wastewater. Activities at the 
Govmwrate b e l  (March 1992) 

Experience has shown that any governorate wanting to expand its 
wastewater treatment opacity must consider how it should organize to 
effectively pfan and oversee the wastewater dispostl process. Five wai 
Egyptian governorate+-Beheira, Damietta, Qalubiya, South Sinai, and 
Kafr EI Sheikh-have taken steps to organire for more effective hmdi'mg 
of wastewater facilities. This documat outlines the mission and 
organizational issues pertinent to a governorate-level wastewater 
organizatia A p p d i x  A indudes job descriptions of recornmended 
positions, while Appendix B ciuta.h.s spedfic>ecoIRrnendatiom fro 
strengthening the Beheira VJastilwater Department as it prepares to merge 
*to the &h&a Wafer Company. 



LD Il-P Wastewater Training 
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Estabiishing village 
wastewater utility 
d ~ r t L ~ t  ~7mrfrs5opl 

Design review of sewage 
~ n ~ t i ~ n  S ~ S ~ S  





The following comments on specific .wizste-~+"ater &eaWeStStt 
plant designs are :he d t  sf an examhation 02 des-ip 
documents, field u'sits K, c~z~plzted pojecrs, w.d a review of 
relevant technical rep-. B~miszFd are i~;~erdized 53- easli 
technology; specific site ~$~ndi~'srzi ate r?M ccn.~~ididered in this 
analysis. The inte~t is ta fiig%3& da$ip  IS that 
should Se induda.3 or :~oided in k%tw pxoj&s. 

Six stabii.k&im pan& Brae included in the pilot study; m e  
of t ~ : ~ . z ~ ~ ~ d i i y a - w i s  bduded in the pe~fom.mce 
~..??Y~.-,-ing study. The following commes.ts to the 
Aa&../a facility. " " 

The ii?adeqmte design "ayout for flow di~tzibuition to the two 
a:~ae:::ihic ponds ttas rsulted in one pund being overloaded. 

The design of the p b . t  does not provide flow distribution 
fie5biZity Far pond dewatering and solids removal. The slide 
Tares were canstmacted of rnataz& &at are subject to O 
premature corrosion. 

Jndwtxial wastewater mnfributi~rs were not considered :n 
the design phase of the piant A significant amowit of :he 
wastewater origirrates frcm two milk fac%ories- These flows 
create orgdc and suspended solits s?m& loading, which 
adversely affects dflu-t quality. 

No gauge was pro~iided for he &uenf fiow masurement 
weis. 

AERATED STABILEATION PQNOS 

One aerated stabiliaation pond fadify-l3aq&-k j.- -t., 
,sat .us:.%; 

in the pilot progrm. 

AS wi& the stabikzation -px?d at AadE.a, t m d ~ a t e  dr-:cn 
layout for flow disW.bttics~ EJ :he t w ~  a-rbic pads  h- 
resu1aed in oxe pond being ovw!mde& 

Ji-~tee-con?n&r\g pipes ktwem tfre inaerobic and 
aerated I a p n  are mdepsWI  zescrI.tkg in mcasiona.l 
B&g of the =aerobic pnd- 'i's avoid *&, 1 d  ei3gic?.~~-f* 
added a saml"td pipez dlowix~g wz&B remod ,kow the 
strfae of the maeobic -#sG. T b ,  in &zr rsuked in 
moving mm from the m8erobi.6 pond to the aerated imri 



lagoon, which is in direct coni'.ict to :be Crsign intent of t h e  
w i t  processes. 

Flow control -kets between the vari~us ponds were not 
p"oper1y consmc~d s the design Strat~iirgs r.ot qrovide 
adequate details. Slide gates provided are made of rn~w&is 
tht ~2 not ccrrosZa-resistanr which aggzaste ~ p f a @ o 2  
rYSil=ulties. 

33 edfl'rtent flu-- tz1ebs'se~4:mt weir ic n ~ :  provided with a 
xak to indiczte Gow rate. Oesign drawings did not provide 

df?Wz *&e W& PO? US& f ~ r "  flow E E ~ I X ~ ~ f -  

SUBMERGED FlXED FILM WEACTtiR f AClLiTiES 

T!e proprietary system compcnents fcr these iacilitier were 
impcrted fioa zn American company (Aqudfe). %me 
modificaZors to the system were prdpsed and implement& 
by lo& consuitants, the most imptant  of which was XP 
p r d e  the SFFR ~ , + r  with a~aerobic ponds to improve tho 
o v d  treatment effi&=cy. The anaerobic p n d s  were 
desigaed to remove at Last 50 percent oi susprr,dd =lids 
an4 a-but 35 percent 5i WD5. 

'Ihe foUowbg sp5ic r+mzIks are related to th9 m d e d  
systems as provided in the pilot program' 

Design details did not indicate that SFFR mi& must be I 
I 

criented wi'& the d%ch iinfiuent piping. b-propef 
orientation oi the n i t  caused hacfquak disbi5ution of air 
into the ditch. 

+he propad method d Judge &though 
coneptw&y correct is not fruadoXW becarrse of ihe following 
WQ ~ a ~ ~ .  

* The design dope of the maaerobic tank was mt 
s-dfidtmt to allow gravity sludge e o U 4 o m  

e Tke selected ~Iudgervithdrav~d pumps are mot 
adequateiv spedfi+d fur &their function. Trial runs to 
remove sfudge with these pumps failed. 

Sat- design consideratioris were hzdquate For exampie. 
there m EQ handrails or amss platforms, and ladders are 
c~~stmted of inadequate mate6d. 

Maiei&s specif~ed for ths b x  s~ae i is ,  drain plates# and gatas 
are sub5333 t~ premats.re carmsi~n- 



Four oxidation ditch plants were commctd &.wing be pilot 
program. Three of the plants t h e  have equal capacities: the 
fourth is double tRis capacity- Tne foSEaw*g a m e n &  
pertain tG all piants. 

bfaterials specified for bar screens, drain plates, and slide gates 
should be conusion resistant. 

Lack of design details for the attachment of the aerator *bridges 
to the ditch embanLmexr.ts resulted ia Inadequate 
installation, P1.e attachment nethod usxi box the bridge 
c a d  damage to the concrete base at hw fadit is .  

The aerator rrpmufacture~ specified stainless steel far the 
frame supporting the aerators or. the bridge; however# locally 
pra5uced mild steel was wed. This kame, which is partly 
immersed in the oxidation &t&, is s u b j  to p r e m a m  
corrosion. 

DissoIved measwemeats in the oxidatio~ at& 
indicate that the aeration system has a lower transfer 
eifidency than require& T?& ctlradition could have been 
avoided if field transfer performance tests had b e e 1  specified. 

The &anel distributing the smspe activated sludge to the 
drying beds is uverskzed- Preci~itatisn of solids w a r s  in the 
chann& necessitating &equat:heaning. ALSO, the design did 
nut include adequate access for &id sludge removal- 
Shpfied solutions to these two problems have *been 
reamend&, The prob1ems would not have ~~ i£ the 
design had consider& the rqcired OkM hckiom. 

Safety measures, hdudhg the provisim of hand rds where 
appropriate# have not been addressed in the design of the 
facilities. 

The inlet to the gravity sludge thickener is isot properly 
designed* causing a turbulent short-circuit condition. 

fn sununarlr, many construction details were missing in the 
design duam~ts ,  including the method sf ~~~g the 
access ladder io the final settling tankfl the muring of dtxtric 
cables, and the steel frame supprehg the aaamrs. 

W E H D E D  AEFlA?iUtd PACKAGE PLANTS (SOAF) 

'Zhe design uf the SOAF gla1ts reDresents a medhi.ied 
pmpdetary treatmeat system &g the LD a-P project, 
eight #ants af this were consbructd The mdtmicai 



and electrical design docz~ezs Arr the* @a;.%,, Lizduding 
materials spedfications and engin~etizg drawings, went 
professionally prepared. T s g e  docut;ren~ are co~dtrrred a 
sandarci design &ir: caz 5e utilized by the contractor to suit 
any swf ic  site rapiremeno with few nodifi~tiox~s~ 
However, these faditie5 should be mnsidered a W y  far 
w in mal Egypt Tney ot4 . l  be apprupkiiate onfy if p p 1 y  
consiructed and if a high quality of O M  is assnd 

Ihe following marks pertah to the f i~e  package SQAF p l u n ~  
Irsdudd in the per50-e monitoring jx ??? 

Mghanid1y dean& s a e a s  are inappropriiate for Viuages or 
small communities shere power outages are frequentC back- 
~7 generators are mavAabteI and high I w e l s  of OdrA must 
bL. provided However# tira stainiess s k e i  material used for 
the actual rack, gateC and frames is approprizte.= 

There plant designs must provide for adquake tlow control 
devices (valvesI gates, etc.1 'between the P ~ O U S  treamene 
units M fiicili'late the separzgon of xinits for mainhmmce* 

The A d o n  lob 91Zkrasmic flow measurement e]Lemen& as a 
flow meiasuhqg syncm was h p p m p ~ t e  because such 
d&esrecpkeahigh!eveidWandare&.Edtto 
calibrate witbout pr-dnpg k'20rl~1dg2 and experience. 
The devices instdied h~ ",he five t k t  - a ~ d  
do not operate A float BSI- a * 

out wodd be more zppropr&k 

$1&0u@ &a p2m& hawe amn, none me u t i h d  
because remppv b &iide& by dik~rize rtakiopt 
diffidties and them proirlerns k%mmt with $he ~~~ as 
i n s k d l d  Far le=~Ie# 31e hwmxiatewt BOW 20 tihe Paciliais 
is not compatib1~ wkn the walu  aution system as insullect 
At this &oh in time the inves-?. in chlorinators is not 
j&&. Jn future ptmB# the EMXGssiiy of praviding 
cWi06~atiiton dkidecthn should * I  t&d tkto~wughly 



APPENDIX F 
- 

Construction: Problems and Safutiobts 



&sues presented in this appendix rrs. :he :i=u:t oi 
observations made during I~speclons and Qurirkg the post 
commissioning or warranty phase of the construction 
process. The first section deals w*ith problem and 
suggestions according to the sequential activities that typically 
constitute the construction process. Subsequent sectiow deal 
with those constm&on issues that \%*ere spec&c to the type of 
facility under construction. 

GENERAL DlSCUSSIOtJ 8 Y  SEQUENTIAL ACTIVITY 

Surveys & Cadastrals 

Baselina layout Application of unifom and accurate vertical and horizontal 
controls was not observed to be ronsistenrly applied by either 
setting permanent benches or by setting bounds for  a site 
bassbe. Tvpicdy, on treatment facility p;.ojcxts, pananent 
reference b6undaries are set up to establish defimitive 
reference lines br site layout. -standard procedures for both 
collection system and wastewater treatment facility projects 
cat1 for establishing pmanenr bench marks to ensrue 
elevation coiiz~i. This standard procedure should be 
integrated into future pilot project replication efforts. 

ReportedlyC there is a national bench system administered by 
the Irrigation Department. higation and drainage systems 
serve as the find effluent receptors and for this reason 
s b d d  be used as the hitid design cunt;rol points for he 
hydraulic profie of a aeamm.t faaliky. If changes are made 
in the operating levels of the &&nzge systems, the &s&arge 
hydra&* of the treatment plant may be t o m p r o M -  

Reviews of pilot project construction sites indicated that most 
'benches used for design layout were arbitrary and not 
necessarily tied into this system Ocasiody elevation 
problems created t t  o need for &fluent pumping a..d resulted 
in margbd or inadequate hydraulic deaance among unit 
processes within the treatment facilities- 

Tfuough the construction txhnicaf asskkilllce process 
coas~tantcl a d  contractors have ban encuuraged to incluck 
proper p t n d  control systems. How-ever, this has not yet 
ken  universally accepted at the 1wd leuel- 

Easements and The L I O ~  c o w  of adon is to obtain aB easements arrd 
rtghts-&-way rightd-ways for co2d3n or treatment facility c~mtruction 

before work is started. This was not observed to be 
p~~bknatic in the pilot program. 

Codicts with water and sewer h e  locations QCCUE&, which 
may indicate that the original cadasaa! work was nut 
thorough. This may have resulted because standard tenns of 
reference did not require the izdusion of utility locations: 



becaw local as-built records did car exist; or because 
inadequate compensation was provided to locate these liaes 
in the design phase. 

Equipment and materials set down w s  not a p r o b h  in ihe 
pilot program. 

Soii Investigation and Groundwater 

Groundwater The majority of the pilot subprojects were in areas with high 
or perch3 groundwater tables. The presence of a high 
goandwater table and cohesive so& affected compactim 
procedures and foundation selection. ALthough borings were 
taken8 the result of any soils investigations was not tmmkted 
to construction pradce- Often the deeper sewers8 pump 
station caissons, and foundations af structures for treatment 
facilities were laid in saturated conditions. 

Dewatering Speafications did not cover contractor tiewatering 
requiremenfs. Standard dewatering equipment such as 
sheeting with subnersible pumps or well point systerms, was 
not installed; nor were standard dewatering measures 
inzp1mented in arty project- 

These issues were cunsistently addressed with condtants, 
but remuneration for the design precluded the hdusia of 
these p d w e s  and the contract values prevented 
contractors from operating expawive dewatering fadlities 
&veznorate engineers were instructed in the groper 
procedures for high gmund water situations though training 
COtllSeS. 

Excav~on fill The installation of spedfied pipe bedding or structural 
was not co~tsistendy practiced Inkrim placement of 
excavation spoil was a problem in sewer comtmctioh 

Retaining walls Rather 'than using true retaining was,  m a t  designers 
applied standard dwelling wall consauction techniques, ,an 
unsuitable substitute- The r e W L g  w d s  were essentially a 
masonry fence, cumisting of footings, columns spaced at 
about five meters, and a top tie beam for the a 1 m -  The 
open areas formed by the columns and beams were med 
with brick, 

The unsatisfactory nature of the walk were first addressed 
with c o d m B  in 1988, but for cost rewns they codd not 
be pzsuaded to alter their design, even though it is 
inherently unstable. 



Engineers and technicians were alr;;r~i to tkes2 ?roblens and 
to    TO possible solutions. One is to acquire more knd area so 
that embankments can be sloped to grade thereby negating 
the need for a retaining wall. The second is to change the 
design of the wall to better fit its application, such as a 
counter foot retaining wall. In many cases, the costs of a true 
retaining wall may be approximately equal to the cost of 
additional land to run the outside toe of the embankment 
slope to grade. 

Structural fill The quality of construction fill was observed to be an issue- 
compaction 

Compaction of fill was questionable. Because no compaction 
tests were performed and no records were available, 
assessment was subjdve- Observations indicated that 
compaction efforts were below acceptable standards. Again, 
this is cost-related, as compaction equipment and testing add 
to project cost although essential to provide minimum 
quality installations. 

Structural Issues-Concrete 

Given the fact that the majority of the capital expense 
d a t e d  with the pilot projects (other than stabilization 
ponds and aerated lagoons) was related to concrete, this item 
deem- special at tention. 

The enforcement of any degree of acceptable contr01 over 
concrete quality was observed to be a major difficulty. This 
problem may be attributed primarily to two factors: the 
minimal experience of the contractors in constructing 
sanitary structures, and the attempt to m i w e  capital m a  
by using local techniques, which although suit& for 
residentid dwelling construction, are inadequate for 
infrastructure construction. 

For example. the building practice of using beams and 
coIwms with masonry fill was applied whenever possible 
for retaining walls, chtorine contact tanks, baffle walIs, and 
sludge dqmg beds. While suitable for residential dwelling 
construction projects, these techniques did not provide the 
s~~ integrity required for the long-term durability 
necessary for water retaining structures- 

Form work Spadng between form boards was usually excessive, allowing 
the lobs d cement paste. Paste Loss would have been even 
greater if mechanical vibration had been properly employed. 
The use of pre-manufactured forms and snap ties was not 
t y p i d y  practiced. 

F a d g  procedures involved placement of ceinlorcing steei to the 
full height of the structure, follow& by the installation oi the 



wooden-batten forms. This :eci:~:.,;~;t;e :acks vertical control. At 
observed installations, migration oi the reinforcing sMel to the 
inside form has occurred; infrequently, the contractor attempted 
use spacers to properly place the steel. Premature corrosion of 
reinforcing steel and spalling of concrete is expected at these sites. 

Reinford ng Designs using type 32 reinforcing steel (mild steeU typidy 
steel ended up with spacing that rendered proper concrete 

placement a practical impossibility. This indicates a la& of 
designer familiarity with construction techniques. T p  57 
steel was specified for some projects; the resultant steel 
spadng was compatible with aggregate size and good concrete 
placement. High strength reinforcing steel be used in any 
future projects to assure quality concrete work. 

Mix & mixing The cement and fine aggregate produced in Egypt is of good 
quality. Coarse aggregate on be of good quality, howevaI 
contradors typically purchase a lower grade coarse aggregate 
in which stone size is often greater than the spadng between 
the reinforang steel. Segregation and honeycombing result 

Observations at pilot projects indicated a lack of quality 
control in ccnaete mixing. Typical mixes had very high 
slump, or high water-tocement ratio. Cement, sand, and 
coarse aggregate were proportioned on a volumetric basis, 
which is acceptable. 

Placing & Placement of concrete-typically conducted with 
camslidation 3vheef'oarrows or buckets--was observed to be poor. Incidents 

of segregation were high. T r d s  were not used in 
situa5ons where t t  rc.ould have been appropriate. 

Because concrete rnlxing a d  placement was typically a hand 
operati~n and Lid not involve automated equipment, 
platmnent time was extended and the inadence of Eold joints 
was high. Vibratron to consulidate the concrete appeared to 
pacticed only uccaaonally. Standard slab s~T&& 
trowehg, and floating methods were not p k a d d  

Proper concrete cunng practices, including wetting 
p r ~ ~ u r e s  and the use of evaporation loss protection such as 
moisture barriers or sprav sealants, were not obserpeci. 
Concrete curing in the ~ r a b  Republic of Egypt should follow 
"hot weather concreting" practices throughout much of the 
Y- 

Neither slump cube, or core tests were performed, thus it is 
not possible to quantify concrete quality and definitively 
monitor contractor performance in t k  area, 

Coatings consist of mortar and bitumen. Use of proper fomt 
work eliminates the need for and expense of mortar cuatings. 
Use of the correct type of cement elirinates the need for 



bitumen coatings. As a resuit, the32 coatings ~ n d  t5eir 
associated costs should no: be necessary. 

Any mortar that was applied was cosmetic in nature. used to 
compensate for poor form work or to cover poor concrete 
work. Bitumen was not applied according to standard 
thickness build-up procedures and surface preparation 
(latenee removal) was below acceptable standards. 

Joints Treatment of cold or construction joints was not consistently 
executed according to standard practice. Cold joints, aside 
from being excessive, were seldom cleaned properly and were 
covered with latence. Key ways were not utilized and water 
stops were not consistently installed. 

Pi* These were constructed by breaking a hole in a wall after the 
penetrations concrete pour, inserting the pipes, and applying mortar. It is 

unlikely that steel was correctly placed for the pipe 
penetration at all projects, or that a bonding agent, cement 
cream, or non-shrink grout was used consistently. 

Although practiced widely, this method of constructing pipe 
penetrations is not considered Correct. Pipe penetrations 
should be cast in place or should utilize sleeves for longevitv 
and water tightness. Steel should be placed in a manner t52t 
reinforces the penetration area. 

These comments regarding conaete were reiterated to 
governorate engineers and technicians both on site and :n 
the classroom. Governorate staff are now much more 3~\- .1:&~ 

of the need for good structural practices, but the spedfir~ : :L 1 n, 
need to be improved and better construction techniques cktd 
to be employed, both of which may result in cost inueaas 
that reflect minimum quality requirements. 

Mechanical 

Screens, drain plates, slide gates and frames. Construction 
materials (mild steel) was such that frequent rep1acemrr.r 
will be r*d. 

Valve pits. Installation of valve pits was not always requ:rtrl 
Because there was no need for concern abut  freezing, F: i*- Y .: 
and valves could be installed at grade level. Covers and 
frames were constructed of materials that will require 
frequent replacement and frames were mounted incorrtx : : r 

Pipes ~SEikl tyge and miters. Where steel pipe was us&. 
 am were ohen poorly fabricated and welds were of pxbr  
quality. PEpe alignment was often Wow acceptable standr :A 
Thrust blocks were typically consauaed and iwtalled m J 

manna. below acceptable standards. (They ivere usual1 y 



constructed with masonry ~;ni:s 2x2 ~c);::aized so reinforcing 
steel or fixation.) 

Weirs. Construction materials (mild steel) were such that 
frequent replacement is required. Weirs were often 
improperly dimensioned and/or installed, or were the wrong 
type for the application. 

Aerator support, clarifier and thickner rnechnisms. With the 
exception of the extended aeration facilities, construction 
materials were such that frequent replacement wiil be 
required. The mounting steel for oxidation ditch aerator 
support bridges was not installed properly. Tie rods from the 
concrete support cdumns were inadequately installed. 

Ladders. With the exception of the oxidation ditches and 
extended aeration facilities, construction materials were 
below acceptable standards. Typically, an inadequate gauge of 
steel was used. In all cases, improvements in location and 
layout are recommended. 

Chlorine Feed Systems. Chlorine gas piping consisted of mixed 
metals and is inadequate. Chlorine feed systems are 
substandard and require modification. 

In general, the installation of electrical equipment was very 
poor. Control boxes and cabinets are not dust resistant and 
were not correctIy specified. Likewise, lighting fixtures were 
specified incorrectly-domes tic grade units were insfallecl 
when industrial grade units were warranted. 

Mat& were one of the first issues addressed by technical 
assistance staff in 1988. 'fhe described problems were 
anticipated, but local consultants could not be persuaded to 
alter their operations. Emphasis has been placed on inferior 
materials specifications and details in the design and 
construction course given to local staff, and improvement 
has been noted regarding derails for new projects. However, 
dthough adding cost to pr,,scts, the use of materials suitable 
for an aggressive environment will satisfy minimum quality 
requirements. 

This section provides a detailed discussion of o ~ 2 t i o r r s  
concerning the construction of colltecbion systems in the pifut 
p m ~ .  CoIIection system projects comist of gravity sewers, 
pump stations, and force mains. 



Sewer projects generally complied rviih :he contractor's 
criginal xhedule except where lines were Located along 
nayow streets or drain crossing areas, both of which resulted 
in significant project delays. However, overail, sewer 
irkspection was inadequate Compzction test record logs were 
not kept, pipe bedding material was i~consistently installed, 
a d  as-built infomation was not consistently recorded. 

Gravity Sewers 

Sewer Sewer cowtruction typically utilized the open cut method. In 
instalfation deeper excavations, trench shoring consisted of wooden 

planks and cross braces. Exceptionally deep excavations 
utilized a benching approach XI that the structural capacity of 
the shoring was not exceeded. The degree to which proper 
shoring techniques were used varied from contractor to 
contractor- There was no observed use of trench boxes or 
jacking techniques. 

One documented death was attributed to inadequate shoring. 
In defense of the contractor, the design drawings specified the 
location of the sewer adjacent to a drainage chamel and did 
not include requirements for sheeting or for a dewatering 
system. 

Construction of deep sewers in areas of high groundwater, 
narrow streets, and marginal building foundations resulted 
in continued concern for building settlement and created 
sewer installation difficulties. Alternative systems that 
require sMlow sewers (and would require more than one 
pump station) are not considered to be economical by local 
consultants. Decreasing excavation depths and providing 
multiple stations may, however, provide a cost-effective 
alternative. S d - b o r e  sewerage systems, although easier to 
construct, were not considered. 

House House cornections were generally made by laying plumbing 
. connections from f.he dweIlings to a dean-out box, c o m b ~ g  the outlet 

pipes from these boxes (usually three to four dweIhgslI and 
comeaing them to a manhole. The manhole connection 
procedure involves chiseling out a hole in the manhole wall 
(coring machines were not available). These holes were 
usually oversized, and grouting procedures for penetrating 
pipe iwt&ation were marginal. Each manhole had 
approximately four of these pipe penetrations. 

lhis a questionable practice for several reasow. First, the 
penetrations weaken the manhole wall. Even if W issue is 
ignored, however. a second problem is that if an individual 
needs to enter the manhole for inspection or r d  pIacement 
because of a sewerage bit-kage, he is f a d  with inundation 
from multiple live romectsn~.  This is the main reason that 



the practice of connecting to nani~oles has been abandoned 
in the sanitarv engineering industry. Third, this practice 
requires f r e q k t  placement of manholes a d  duplicate pipe 
runs (house connection piping parallels the sewer), which 
adds to the overall project cost. 

Vertical control In general, detailed attention to benchmarks was lacking- 
Benchmarks are not typically well marked nor is a 
permanent benchmark installed. No records of control loops 
were observed. At the onset of construction a rough bench 
line was sometimes, but not always, run for verticd con~ol. 
In one of the replication projects, the contractor assumed 
ground elevations to be accurate and set inverts by measuring 
down from ground level. The result was sewers too shallow 
for gravity drainage of house connections in the upper 
reaches of the system. 

Pipe inverts were typically set using two vertical wooden tees 
and a string line. The tees were positioned with a level and 
pipe inverts were set by measuring down from the 
connecting string line. 

To check vertical and horizontal alignment a pig was drawn 
through a line between manholes. If the pig cleared the 
length of line, the line was considered ccceptable. Although 
this method confirms the absence of blockage in the line, it 
does not locate horizontal and vertical misalignment that can 
aggravate solids accumulation and increase cleaning 
requirements. 

High In the delta, groundwater is usually present at depths of one 
groundwater meter or less. addition, sewer Lines often pardel drainage 
cundftians canals where water levels are near ground elevation. 

Dewatering for sewer lines in these areas typically relies on 
submersible pumps and earth bulwarks that isolate sections 
of open trench. Trench bottoms are often saturated with free- 
standing water and boiling conditions occasionally occur. 

Placement of pipe under thae conditions was not as exact as 
the standard installation practice utilizing sheeting and \%-ell 
point systems. Pipe settlement can be expected to occur under 
these conditions, especially since placement d bedding 
material and compaction were incowistently performed. So 
records of compaction tests were obsemed- 

Trench A large portion of trench excavation was done by hand, both 
excavation because labor was reIativeI y and because most 

village areas lacked the space for excavation equipment to 
work &ectively. A situa5on commonly associated with 
mal villages in the delta is the combination of narrorv 
streets and buildings with shallow or practically nonexistent 
foundations. In areas where excavations were deep, building 



settlement was a concern, e~per;iir!iy 11: vier\. of ihe 
commonly practiced shoring techniques. 

In acidition, the placement area for excavated materid was 
often inadequate. Excavated material was rnoacded against 
buildings, making pedestrian access difficult and unsafe. The 
safety issue was compounded by the fact that relativeiy long 
lengths of trench often remained open for periods of up to 
four weeks. -4lthough there were no known pedestrian 
injuries resulting from this practice, the wisdom of designing 
deep excavations in areas of narrow streets is a questionable 
cmstruction practice. 

Manholes With their relatively expensive covers, manholes represent a 
significant portion of the capital cost of installing sewers. 
From a construction point of view, future projects should 
consider the use of chimneys. Chimneys allow the use af 
dean-out boxes; howet-err they require fewer manhoks and 
less pipe for house connections. 

One drawback to the use of chimneys is that the saddles for 
chimney connections are not manufachlred in Egypt if the 
manufacture of saddles is not feasible, a possible solution is to 
use tees, which are presently mmufactured for P K ,  VC, and 
AC pipe. 

Manholes were typically cast in place using steel fomw that 
measure approxirnatelv one meter in height Concrete was 
mixed by hand and placed with buckets- No measures were 
taken to prevent segregation during placement and the 
concrete typically had a high slump or water to cement ratio. 
Rodding or vibration was not a usual practice. 

Although precast manholes a d  deanout boxes are 
manufactured in Egypt, they were not employed in the pilot 
program, Given the low Iabor costs associated with cast-in- 
place units, the use of precast units may not be considered 
cost effective from the contractor's point of view. However, 
from a life-cycle cost p i n t  of view, the use of precast units 
should be investigated 'because the quality contr01 measures 
utilized in their manuiacture yields a more durable product 
than cast-in-piace units. 

There are two other main advantages to using precast units. 
One is that they can be specified with alI the required 
openings for house connections. A second advantage relates 
to a common phenomena in Egypt-the increase in street 
elevations over what can be considered relatively short 
periods of time- In some projects rrtmhoks are mnsmcted 
with the cone seaion protruding one quater one third 
meter a b e  the finish grade surface devation to 
accommodate this occurrence- Increases in street elevations 
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eventually bring the manhde sorer :eve; EL? ground 
elevation. 

However, as the street level continues to rise, it becomes 
necessary to excavate Lhe cone section, chisel it off, and recast 
a new barrel section and cone. if precast units were used this 
process would be simplified as the cone section could be 
removed without demolition, and a new barrel section 
installed. Alternatively, donut rings could be added to the 
top of the cone. 

The questionable construction techniques dexribed in this section 
were a result of cost-saving attempts by designer and contractoT= For 
example, house corneaions were the responsibility of the home 
owner and thus were not included in the design, which resulted in 
unorthodox connections. Local contractors were not familiar with 
and could not afford the more expensive equipment and technique 
that would result in improved system quality and longevity. 

Technical assistam concentrated on these issues with contractors 
and governorate personnel during on-site visits, but to date change 
has been slow. Until increased project costs that will allow for 
minimal product quality levels are accepted, the installation of 
conventional sewerage systems will suffer. 

Pump Stations 
Types of Pump Sfatiorrs. Earlier pump stations were 
constructed according to standard NOPWASD designs. f ismr) 

problems frequently associated with these stations are wet 
well maintenance and pump priming. The tD D-P contrsc:crr 
is currently working on remedial lesigxru to address these 
issues. Later pump stations utiiized submersible pumps. 
thereby eliminating the priming problem, although wet rvt.11 
maintenance remains a problem- 

C i d  issues. To avoid multiple low-depth stations, designers 
provided one deep station and specified the use of &wns 
for pump station cowtmctiun- However, the preferred 
procedure assodated with caisson construction was 
implemented in only one replicate project. 

Proper caisson construction techniques utilire slip forms w 
that installation of reinforcing steel and f o l n  work can 
proceed at ground level and groundwater removal can 
p r o d  as the caisson is sunk Caisson boots were empio!td 
for these projects, but the use of slip forming and 
groundwater lowering was not practiced. Typically, the 

z was contractor excavated to a depth where gruundwate- 
encountered and the k t  was set and poured. When the 
caisson structure was eventually sunk to its design Ieve1. tkt* 
presence of groundwater negatively impacted the quality t* 
work of the floor and grouting operation. Design documenn 



should stipulate dewatering r e r i u i r~zen :~  to prstcct overall 
construction quality- 

Smtctural issues. As practiced, the caisson boot was set in p h e  
and reinforcing steel was erected to the entire height of the 
caisson wall. The fonn work was the2 constructed to khe 
length of the standard lumber dimensions (four meters). 
One result of this practice was migration or rhe steel to either 
the outside or inside of the wall. Xot only does this change 
the intended design characteristics of the structure, it also 
exacerbates steel corrosion as there is na protective concrete 
cover. The use of spacers to position the form and steel is not 
effective from a practical standpoint, as the amount of 
pressure horn the misaligned steel against the forms makes 
effective placement of biscuits impossible. 

Some caisson designs specified mild steel .Mild steel 
decreases the spacing so that the aggregate cannot fit between 
the resultant interstitid openings. This results in severe 
segregation of the concrete and excessive honev-combimg. 
Projects fur which high-streng'i\ stmi was specked were less 
suxeptible to segregation, k t  the occurrence of steel 

- migration was not diminished. Future projects should use 
high strength st& to control aggregate size and the contracttor 
should be required to provide on-site screens for classifying 
fhe stone. Waste stone can be used in the grouting mat 
beneath the bottom dab. 

The use of slip forms would mitigate the steel migration 
problem. With these forms, the steel can be erected in 
controUable one-meter lengths. Steel h s  do not have 
openings as does the wooden £om work, thus merit pasfe 
does not migrate and honey-comb'mg is essenti&y 
e h h a t d .  Because the steel form dows the contractor to 
work wencumbered on pours of up to one meter in depth, 
control is easier to maintain and proper steel coverage is 
assured. Slip forms are smooth, resulting in a smooth f i  
finish, which eliminates he requirement for plastering and 
reduces capital costs. .The shallower ;sow allows the 
contractor better control far consolidating the concreke (ushg 
manual rodders or mechanical vibrators if avd&Eel. 

Also, unlike concrete pours using a wooden form, the o n e  
meter depth of the slip form allows access by the contractor to 
the cold joint for placement of water stop, constmction of a 
key way, and cleaning of the joint surface. Slip forms also 
allow the contractor to concurrently excavate and sink the 
&on as the wall height is constructed to design 
requirements. This allows ground lev4 access znd 
dimhates the need far the extensive scaifol&ng 52: is 
typically used. Finally, the slip form d a n c e s  concrete 
curing. provided it is !eft in place for he appropriate time 
period. 



As mentioned earlier, one replicate project did use steel slip 
forms. This dernons~ares &at such ,Corm are available in.. 
country and their mandatory use can be specified 

Other construction materids 1zcEuded steel used for hatch 
covers, hiders, and r a g s .  h dl casesI miid st& was used 
The frame for hatch coven was usually m:ot embedded in the 
concrete properly and will quickiy brcak away fxm the 
surrounding SKI. Grout was subsandard and dM not bond 
to the surrounding conaeg. Frames, covers, ladders. and 
rails are subject to early corrosion. Rail support penehathS 
were typically too dose a, the edge of the slab with 
insufficient smourading c~ncrete* 

While there appears to be no indication of imminent 
s t r u c t w d  catastrophic failure at any of the pro@t.~, 
premahue functiond failure should be expected. Erst 
indications of functional tlzilure are loss of adhesion of tk 
plaster stucco, spalling of concrete where reiniordng steel k 
imuffidently covered, failure of patched honey-combing 
where the surface was nut properly prepared, md c o d o n  
of exposed reinforcing st&. 

These issues .have been continuousiy addressed by the TA 
contractor in the regular field trips and were discus4  with 
c o d t a n &  at the design stage. But it is difficult to encourage 
change to the normal practice of nuat contnct~n vrithout 
inaeasing the cost of the pmjxt. Spdimtions have to be 
altered. Governorate engines are fully aware of the p & 1 ! ~ ,  but 
are constrahed in addressing the situation because of contract prie 
limitations. 

M d n i c a l  &sues. N U c d  concxnw were chiefly dated to 
maWafs selection. Far example, s~~ stnd sen slide 
rails were of mild steel and subject to premature m d u m  
Often a saeen was not aligrted with the pipe openin& which 
Wts the efpeekiveness 05 the saer t .  Such problems are 
mainly attributable to !ads of attention to derail or 
substandard mdbmztnship. The sumps of the wet wells were 
not properly filleted as is the standard in desigh As a E& 
solids build up and extra cleaning is required- 

Where steel pipe was used, pipe alignment and supporn 
were not usually up to stmckd- Thrust btocks w e  often 
constructed of masonry with a nortar coating. No 
reinforcing steei was provided nor were the blacks 
smcfmaBy tied to the supporting slab. Becaw of the 
materid used for the & s t  Mocks and the manner in which 
they were installed, they uc2 essentially nonB-m&od 

in many iwtatnces, lrviing u;as left exLmsed at junction boxes 
The junction boxes and lighting fixfurs were often of 



+ d "-+& *'.:: .+t* residentia! Su;uarr:)i, ilrszi:a5:e :y: 5 ~ :  -.*:&I: *.b-.L,h;ons. 
Future projects shou;i speedy :'e ae ci =au:r;ntre-proof 
wiring hardware a:.;: fitaxes, at a c ~ h ~ z r n .  Explosion 
proof hardware and ''xares t c ~ d d  be pxfarcfbk. 

VentililZon in pump stations $%-as provided with u n r  ~ipes. 
No fans or blowers were kstdled. SrmGx& us-dip require 
a minimum mount of cirmge volume per hour and 
specify mechanical q&pment to do tlris. F e ~ y e  p r o p  
should provide some meam oi nosirive air movement to 
minimize condensate build l;p- ' 

In some situations, drawins and specifications differed an 
ventilation componenb- t. each c;w the contractor imWed 
the least expemive alternative. 

Many d the probtans were a resd: not only af law bids, but of 
coRSU1tanS lack d mei.ers%aiidt?g of tke design r e p k - a t ~  and 
conaacbrs" lack of undentandirg ~i htdaticn ~ r d u h s .  TA 
can help make cansuitants nore arvate d required design elem=& 
and contractors more aware oi installation procedures, but the 
aaual application of such item is tied to a rvibgness and ability t~ 
pay for &em. 

Defiumcies d a t e d  with force main consbnrCti.on were 
related primarily to horizontal alignment and backfilling. 

~~ignrn&t installation problems where the 
confnctor did not kezp a true &en& and hstded pipe with 
excessive joint defle~aion- 

When force mains were loadcfiU4 tbey were often ,73ved in 
their entirety (hduding joints) before testing. Since leaks LV 
most probable at joints, the jcintp should be Left e x p ~ d  SO 
that any kaks are easy to obseme and repair. Once the p i p  
joints are covered, re-excavation b required to repair leak 

The above procedures are standard in construction. fechrucd 
advisors continuously emphasized their Slktportdnce, but had 
difficdty integrating these concepts into actual pme3ie. 

The foUowing section discuses s-c a~pstnrlction pmb1enu at 
m&Hatep batEimt fa&tkS 2 S  it dates -033~ Bco tht 
t e c h m 3 1 ~  w& hoblems relating to more g e n d  i ~ n r s  dinmed 
in previous sections will not be reiteat&" 



Stabilization Ponds and Aerated Stabilization Ponds 

w m  Lagoons were not lined, ARC re5ldtilig seepage will tend to 
keep the ssurorrnding area tver!. This affmed construction 
quality. 

In the delta region, where rire grcemdwater table is high 
most of the lagoen bottoms are Setow the tvater table. E-.b 
will present dewatering difi'e~lties in che fvare when 
desfudging is required. fr &so rzsuitr ia direct contact 
between sewage and ~ ~ m d ~ ~ z r e r - w i t k  resdtanc 
grou~dwater contamination. Tss extent ol the can 
groundwater piume is unkn~tm and nay not be of con- 
since groundv+*ater ir. Daxiotta govemoa-te is saline and not 
4 dsr &:5:9ring or i~i~adooz p"c -ms- 

Anmx~bk %me analerobic ponds have A Rydxrauk 
PQds conducted by the TA con~acfar persow& demonstated that 

fi&mg to~dd be dimiztared bp i~stdl ig  the efflumt p i p  as 
oflgmdy shown on &ie cmtracr dratuings. Ihhcr=t &WS in 
the design concept ior f?ow di~trib~utiai~~ $ping were ob.servd 
in the cons&uci$sn ahsse- me p ihe+  eernple is the piping 
$0 tke maeobk pi&: :he pipig !&your %as specified and 
desigraed such thtt on+ aprd d~~lil)r reir .es a Righe flow 
and Icsdhg than :5e ,-.sxt. 

?gad -xed Rim Readats (Aqualife Systems) 

The bmim of :he 1~zaerr~S;s: :imE.i.s were masw9ad with 
&onls i n m d  floati~g .s;dbs &~2ii5e c;?f this ai[~~f8ac!48, t h e  k PPQ 

way PO gwmntee water :ight~ejs d Me &&s. 

,Aka, the bmzn slab 0% :5e tar& was ,Last sacred,  Boated or 
troweled, and aggrqg+trr W ~ S  expsxL The slope d the h ~ u m  
slab did not appear s s p  enough Ecr the intended she of 
sludge removal. 



Effiorescenre t ~ a s  observed ;.-. XYC,.~;; *::c*:= ~rur;z2 the 
outside of the tanks- Leaks %-;ere &served ir. the common 
wall between the two tanks. 

Oxidation Ditches 

This section presents specific consmction observationr 
related to the oxidation ditch technolugy. 

The oxidation ditch- utilized eiz~thcn embankments. The 
degree of stability of "these embimkments, as constructed, was 
not determined by testing. However, embankment 
settlement and a shift in the pitching was observed. Eventual 
b&onal  failure of the berms, as constructed, can be 
expected. 

From a construction point of view, it ~ v o d d  be better to 
increase the top of berm width to allow compatibility with 
appropriate compaction equipment (the current settlement is 
due to improper compaction). This is an issue of the designer 
not being familiar with consrmction techniques or 
equipment- 

Contractors were advised to b d d  the: k n s  r4de encrxgh to 
accept a compactor at the fmal elevation and then m mt away 
the compacted material to the design dimensions* However. 
this would require approximately mice as much fill rnatenrl 
as well as off-site disposal of spoil. Therefore, technical 
advice was ignored. 

Fadmged Examdod Aeration Facilities (SOAF) 

O r r d  these fadihes appear to be of amptab1er construct~on 
@ty. The universal problems with hydraulics, toncrew 
fbhhing practices, pipe renetratiomi and piping flecibtlirv 
were observed. ~owevdr~  remedid action to correct these 
deficiencies at the extended aeration facilities is not of the 
order of magnitude as with the other ~ o ~ ~ e s .  



APPENDIX G 
Facility Performance and O&M 

Considerations for Eight Pifot P h t s  



WASTEWATER FACILITY SAMPtlMG SUMMARY 

p m +  $ $ ~ . , - : ; ; . . ; ; l ~  mM)N INFLUENT 800 
S O m  TSS 

%Y35 

EFFLUEM BOO 
TSS 
%VSS 

- ~ -- 

Slit mi tei 21 %b 
Remar;ri 



WASTEWATER FAClLlN SAMPLING SUMMARY 1 
EFFLUENT 300 261 1321 7J1 d 

TSS 230 95) 67 I 81 
sbvss tiaj 791 f a !  



WASTEWATER FACIUTY STAFFING COSTS SUMMARY / COMPARISON 



Common O&M Problems with Stabilization Pond WVVi Facilities 

Solutions 

capacity of the s ~ e z s i b ~ s  
facility inlet type  PmPSe 

2, Existing 
horizontal pumps 
are very difficult 

flows exceed the 
design capacity of 
the pond system. 

feed system 
(hypochlorite1 is 
too cmds and not: 
appropriate for 
n o ~ l  flows. 

2 .  Chlorine solution 
day tank f jerry 
can) is taa small- 

3. Wiring and housing 
far the installed 
peristaltic pump 
is cmdezy 
installed. 

4, No drain line for 
the chlorine 
contact tank, 



Common 6&M Problems with Submerged Flxed Fitm 
Reactor W W  Facilities 

SHORT TERM TSS'UES FUR 
REPLICEbcEf 50s 

1 I 
1 . Pump discharue 

Sewage rates excee3 2Le 
Pumping capacity of the 
Station facility inlee 

works 

2 ,  Existing 
horizontal pwfrs 
are very 
difficult to 
prime 

Bar 
Screen 

Early corrosion of 
bar screen material 

Xnstsfil pump 
griming assist 
devices. 

Scrape clean 
and repaint, 

I i 
Pxetrea . 1 Tan!! outlet Contra]. Sewage 
kment piping small for pumping 
Septic existing peak station flows. 
Tanks flows. 

2. Enkrance 
canfiguxation of 
the tank outlet 
pipe dues not 
allow for good 
1 hquidlscwa 
separation. 

No easy 
salutf orr 

Replace pmpS 
wikh 
submersible 
tY€= pumps* 

(sane as i t e m  
# I  above) 

-- 

Replaces bar 
material with 
aluminium 
alloy or 
stainless. 

Increase pipe 
skze . 

~esggn and 
construct 
straight weir 
a& effluent 
trough accross 
tank w i d t h  at 
the effluent 
en&. 



Common O&M Problems with Submerged Fixed Film 

benching. Use 
hydraulic head 
to feed drying 
beds without 
need of pumps. 

4, No access Ins ta l l  safety 

the in l e t  of the 
recirculatian 

3. Difficult to Remove fence 

r a w  sludge and 
grit accumulate 
in the treatment 
basin (for 
facilities 
without septic 

pretreatment). 

capabilities. 

6. High alga (SS) No solution, 
concentration in LfmPtation af 



construction 
instal led.  

2,  Bed underdrain Same as above- 

3 .  Application of No solution 
raw primary without high 
sludge to the 
drying beds 
creates heavy 
foul odors. 

(hypochlorite is 
too crude and 
not adequate far 
normal flow 

2 ,  Chlorine 
solution day 
tank (jerry can) 
is too small, 

4 No drain line 
for the chlorine 
contact tank. 



capacity of the 
facility i n l e t  

2.  Existing Install pump 
horizontal, 

I to prime. 
B a r  1 . Early corrosion of 
Screen bar screen 

material and 
screenings drip 
shelf. 

I 
Scrape cleart Reprace bar 
and repafnt, material with 

aluminum 
array or 

I stainless 

2. Tcm large of 
spacing between 
biers (downstream 
aerators are 
s e ~ t s i k i v e  to 
suspended debris 
which clcq bearing 
lubrication hole91 

exist* ng 
course 
screens. 



Common O&M Problems with Oxidation Ditch WWT Facitittes 

2, E a r l y  and 

cabinets. 

3. Basin affluent 
outlet piplng 
undersized. for 

4, Excessive 
vibration of 
aexatit bridge 

5 .  Significant 
accumulation of 
settled grit in 

6.  Missing basin 
drain lines and 

7 .  Operators do not 
N e e d  better 

t-e to maintain 



Common O&M Problems with Oxidation Ditch W?W Fac9IiSes 

Problems Effecting OBM 

i n l e t  f l o w  

Gates are also 
highly corraded. proper slide 

9 -  Far Kafer Batikh 
village, basin 
in l e t  piping is 
taa small for 
design flows. Twlo mate careful 
&-inch force aains 
(one for i n f l -  and 
one for W) feed 
two 6-inch gravity 
Pines s e w i n g  the 



Common O&M Problems with Oxidation Ditch WWT FacllMes 

rake a m -  

surface rake 

Adjusting bolts scum baf f h b  
(soft ison) age 
corroded. Weir is 
in one piece. 

5 .  gottom sludge 

shews signs of 
early w e a r  and 

corrosion. 

6. Missing high 
torque cut-out 

iacPudcd in 
&Z, &esigsrs- 



C0~rv'Wn O&M Roblems with Oxidation Ditch W m  F a d m  

bccuss during 
p e r  faflwcs. 

2, rZ!ils+ pipa bas 
bma % n s t a z d  

disWibut&on 





"* .  - . -  * d _  .̂  - ---  - .  

Common O&M Problems with dxidation bitch W\KT Facilities 

s Effecting O&M 

. Bed's filtrate 

to the same drain kine 
manhole as the and manko2.e 

piping. This 
manhole becomes 
surcharged and 
floods the drying 

exhaust fans in 
chlorine r o o m  
(simple kitchen 

have been dimensions. 
installed). 

3.  InskaPlatian of Remove thbs 
cartri&ge t y p e  
water pre-filter 
on chlorine 
dilution water Y-strainers 

application), 

2 ,  bifffcdt to 
cantroP chlorine 
f e d  rate {Manual 

fluctuating flow 

3. Mo chlorfne 
bandling safety 
equipment has been 
provided, ?So room 
exhaust fans. 



Common O&M Problems v.ith Package (SOAF) Extended 

capacity of the 
facility in l e t  

2. Existing Instar1 pump 

maintenance and 

electrical). 

bar spacings are 
too close 

I 
I 

i stzpplfers w h o  

I 

b e e m  provided. 
I 

I 
I 
I 
I 
I 
I 



- 
Unit 
Proces 
S 

7 

SOAF 
A e r a t  f 
on 
Proces 
S 

I 

-z- 
i * 

Common OhM Problems with Package (SOAF) Extendad 
Aeration WWT Faciiities 

- 

Problems Effecting O&M 

7 .  Thickener 
supernatant retutn 
line discharges at 
raid point and 
effluent end of 
one aeration 
bas in. 

2, Aerator drive gear 
o i l  seal damage. 

3. Aerator splash 
protect5sn needs 
improvement. 

4. Basin outlet 
piping restricts 
peak flows. 

5 .  Frequent 
startistop 
operation of 
aezator units I 4 8  
OS/OFF cycles per 
say 1. 

6, Basin inlet flow 
isalatfon slide 
gates leak. 

7 .  Aerator writs arc 
~ oversized for 

desigx flaws. 

Short Tern 
Solutions 

Extend 
piping to 
influent end 
of the 
aeratf en 
tanks. 

Replacs 
damaged 
seals. 

Install 
pzastic 
covers. 

Control. PIS. 
flows 
better, 

* Operate 
aerators in 
PlAWu m e *  
contmf, 
0 ~ l q g p P  based 
on dfssoXved 
QxY5v- 
levsPs, 

Repail: these 
gates 5 
Snstallation 

rssues for 
replication 
(Long Tern 
SuPutfons) 

Need better 
design 
review. 

Use higher 
pet capita WW 
flow value in 
future 
designs. 

NO nct 
include 
autcua&tic 
amtro1s for 
aeratPua 
systems in 
f u t m  
desf gns, 

N& beter 
cQnstruction 
supervision. 



Common O&M Problems with Package (SOAF) Extended 
Aeration WWT Facilities 

sidewall depths. 
Sludge blankets 
are easfely 

fluctuations. 

valves between valves should 
clarifier bottom be included 
sludge pipe and on a11 inter- 
lRAS wetwell. 

4 No high torque 
cut-out switch 
f nstadled. 

&foe units- 

5 ,  High surface 
averflow rato 
(greater than 
32 m3/m2/day d 
during peak 
w i t h  Ems p-p 



Common O&M Problems with Package (SOAF) Extended 
Aeration WWT Facilities 

Problem Effecting ObN 

concrete tank 
f Poor ( deep conslructf on 

in future WHT 

maintenance and 

abowe design 



1 . Incorrect and 
insufficient 

construction 
installed. 

2, Bed underdrain 

5. Insufficient 
( - 0 2  m2/capita) 
anmunt of drying 
be6 sea provided 
(especially durfng 
wet season). 

w a t e r  pmp. 

2 Difficult Auto  

3.  NO chlorine 


