
Training Course On

Conducting Water Audits for Large
Consumers

Technical Summary Report

Submitted To:

Water Efficiency and Public Infonnation for Action
(WEPIA)

Prepared By

Intemational Research Corporation
April, 2001

Amman-Jordan

" \' I



INfRODUcnON

METIIODOLOGY

AUDIT RESULTS 8

WATER SAVING CALCULATIONS

APPENDIX

16

30



TItle

Table I. SinkslFaucets at the Philadelphia Ilotel

Table 2. Toilets at dIe PhiladelphIa Holel

Table 3. Showers at !he Philadelphia Hotel

Table 4. SinkslFaucels at the RACJ

Table 5 Toilets allhe RACJ

Table 6. Showers at the RAC}

Table 7. Urinals at !he RAC}

Table 8. SinkslFaucets at the NRA

Table 9. Toilets althe NRA

Table 10. Urinals at the NRA

Table I L Faucet Usage Behavioral Assumplions allhe Phliadelpllla
Hospital

Table 12. Toilel Usage Behavioral Assumptions at dIe Philadelpllla
Hospital

Table 13. Shower Usage Beha\ioral Assumptions allhe PhiladelphIa
Hospital

Table 14. Behavioral Assumplions al the RAC} Main Buildmgs

Table 15. Behavioral Assumptions at the RACJ Driver Training CCllIef

Table 16. Behavioral Assumptions at the NRA

Table 17. Cash Flow Analysis for the Philadelphia Hospital

Table 18. Cash Flow Analysis for the RAC}

Table 19 Cash Flow AnalYSIS for the NRA

ra~

9

Q

10

10

10

II

12

IQ

29

/I



a,apt~r /

INTRODUCTION

1.1 OVERVIEW:

One of WEPIA's missions in Jordan is to promote awareness among JordanIans as 10 the

scarcity of water resources and to familiarize them with the Best Management Pracllces

in water conservation. One of the BMP's recommended by WEPIA IS the UUk'AIK'" of

Water Saving Devices (WSD's) by homeowners and large water consumers Pre' K'U,

studies have proven "Water AudIts" to be one of the most effcctl\'C tools on promolrn!; till'

use of WSD's. As a result. WEPIA has conducted a series of tramong courses 10

familiarize Jordanians with "Water Audits" nuoughoul lis efforts, WEPIA has heen

very successful in training individuals from different sectors and different age groups

1.2 WATER AUDITS:

As the name implies, a "Waler Audit" can be s.mply defmed as the process of conductIng

a complete inventory of all water fixtures and identifying leakage locations .n a buddong.

usually a large consumer. Such inventories include the numbers of the various fixtures

(i.e.• faucets. toilets. urinals, sho...ers, etc.) and their respechve ....'3te' consumptIOn as

measured by their potential flowrales. Once a complete in\'Cnlory of the water fixtures .<

obtained. and all the leakage locations (If any) are idenllfied. the water consumpuoo ralcs

can be estimated by detennirung the frequenCIes and duratIons of use for the on''Ctlt,'"ed

fixtures (i.e. numbers of tImes of use and the respectIve (Ime-of-use) lIa\lng condnct",1

these calculations. the water auditor can estimate the amounts of water that could be

saved through the utillzatlOll of WSD's and fi"ang all leaks To better quanhn' those



savmgs, lItey are convelled mlo their equivalenl monetary value accordmg to Ihe l(x,,1

water tariff Simple cash flow analysis can then be conducted to JustlIY the feaqlllluv of

investing in WSO's by showing thai lhe monies saved WIll exceed Ihe 1I1\'O$IIll,..1I

required to purchase and install WSO's

As mentioned before, waler audits as summarized ahove have been found 10 be a ""v

convincing tool for homeowners and large water consumers 10 IIlstali WSO's O,,,,e

potential users realize that such simple dev1ces pay for themselves. they USU<llly ,10 Il<'l

hesitate to install litem. The reason for condUChng det3Jled audIts as oppo!'cd 10 .lu<I

performing the feasibility calculations based on lotal water consumption(s) as mea,<med

by the water bill is two fold:

I. lbe water bill may be exaggeraled due to leaks III lhe plplllg syslem of Ihe

building.

2. lbe potenlial IIlvestor may be interesled in palllally JIlstalhng WSO's, 3Jld "oolld

lIterefore be interesled in Ihe eCOflOnllC feaslblilly for cellarn parts of the butldmg

lberefore, in order 10 promote WSD's to the highest levels possible, II IS nec~' k">

train as many individuals as possible to conduct waler audits l1le repor1 al halld

summarizes the results for a training course admimslerd by WEPIA and condllc1ed by Ihe

International Research Corporation, a mullidiciphnal)' Jord3JlIan ronsultmg firm mlh

advanced expellise in lite area of water resources and conservation l1le target group f(>{

this particular training course was governmental employees from the l'>hmstnes of Waler

and Irrigation, Education. and Beallh. llle palllclpanis weIe from varIOus govemeralc>

3J1d were all in-olved in waler consumptIon at Ihelr respective places of \\'Ofk "Il,e
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course was held al lhe Royal AUlomoblle Club of Jordan in Amman dunng Ihe perIOd "r

April 16110 to 19'" , 200(

1.3 OBJEcnVE:

1he main objective of the training course was 10 promote the use of WSD's by large

consumers Ihrough the training of 20+ individuals to c«lduct waler audIts an" ""rform

all the necessary waler collSumptionsfsavlOgs c.1lculallons Specific obJcctl\"" ror the

Iraining course mcluded

I. Conducting detailed waler audits for Ihree large water COIlSumers In the Greater

Amman Municipality.

2. Inlroduce the tramees to the process of ,dcnhf}ing sUItable water s;l\lng

techniques (WSD's) and their applicability to the \'3fIOUS waler outlets

3. Familiarizing the trainees with the most QualHied local suppliers capable of

delivering the required technology

4. Give the trainees lhe capability to csllmate d,e lotal cost or II", relJotilllllf..

estimate lhe anticipated waler savings as a rcsult of lI11plemcotlllg waler 53\ln;:

technology, and perform cash now analyses to demonstrale the fcas,""it\" al,,1

soundness of the retrofilling program

1.4 snJDV SITES

As part or the course's curriculum. detailed waler audits were cooduclcd f,,, Ihe

following buildmgs
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I. The Royal Automobile Club of Jordan

2. TIle Philadelphia Hospital

3. The Natural Resources Authority

The three sites were thought to give the trainees Ihe needed exposure 10 the \dfI(lUS au<l,l

scenarios they might be faced with once then trammg was complele and t""'· were re.l<h

to perform audits on their 0\'1'

1.5 REPORT OlITLlNE:

The report is composed of four chaplers and an appendix The firsl chapler g"-es an

overview of the nature of the traming course. Chapler T\\Q describes the methodok'p

followed by the study team in the conduct of the cotuse 3lKl the field data COllcchol1

Chapter Three summarizes the raw dala resulting from the water audits conducted al Ihe

Study sites. Chapter Four presents water sa'1ng calculations as a result of Ihe

implementation of water saving technology. the cash flow calculalloos for Ihe

investment. and the conclusions and recommendahons. Fmally. the allached 3l'I>elkll'

Includes the trainees evaluallon of Ihe course, and informal.",) abolll Ihe IraIllecs
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METIIOOOLOG\'

Thee audits were conducted of the siudy slles over a penod of h,,) days ll,e t,.nlCeS

were divided inlo three groups, each group was supervised by • Ir3Jller and Ihe !,r"I~'S

were assigend to different parts of the study sites Dala ",-ere collected by dIe Iralll<'e"

using dala collection sheets specifically designed for waler aud,ls The f<>ll(l\""!,

sections describe the time schedule and lhe work mechanism followed by dIe Iramers It,

accomplish the desired objectives of the training course

Day One:

During the first day, the Iramees were IIll,oduced to the waler problem III Jordan 11""

were provided with igeneraJ nfomlalion regarding Ihe scarCIty of water "' the "'"d·Fas.

Region

The trainees were introduced to the following concepts

1. Scarcity of water

2. Water resources limitations in lhe Jl,{l(ldle·EasI

3. The hydrologic cycle

4. Misuse of waler resources
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5. Worldwide per capita water consumptlOll rates

6. Reasons for variance in world""de per capita water consumpllOll ralcs

7. Sources of water pollution

8. Water management: Supplies Managemcnt and Demand Managcmenl

9. Methods of watcr demand managcmenl

10. WSD's as a tool for waterdcmand managcmCllt

11. Anticipated savings and recommendcd nOV-Tates for watcr fixtures

12. Water audit planning

13. Conducting water audils; measuring now rales and detectmg leaks

14. Cornpilng water audit data

15. Behavioral assumptions pcrtalnlng 10 watcr consumpllon

16. Waler saving calculations

Day 2:

In the second day, the trainees were asSIgned to the dlfferenl locatlOflS and successful"

completed audits for the RAO and the Philadelphia Hospital The trainees wefC taugh

how to measure now using calibrated nasks and stop"''3tches, and \\-ere taught how'"

detect leaks in toilets using powder TIle trainees were lhen £I,en a det;ulcd
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demonstration on WSO's and were briefed on the vanous types of WSD's, lhell

functioning mechanism, their anticipated sa~,ngs, maintenance, and avallabll,ty

Day 3:

In the third day, the audit of the Natural Resources AUlhority was oomplel('\'l he

trainees were then introduced to dIe flnancial calculations for water sa\,ng.< re<uhlllg

from using WSO's, and were trained to demonstrate dIe feastbility of WSO', Ihwu~h

using the "Pay Back Period" concept To enhance thetr Wlderstandlllg of those coocel'l<.

they were given a presentation on the resuhs of the water audit ronducled for the J<'Idan

University Hospilal Finally, the trainees were briefly introduced 10 d,e concel'l ,·f

energy savings as a resuhs of ut,hs,ng WSO's

Day 4:

On the last day, the trainees applied their newly acquired skills using the data that d1('\

coIlecle at the study sites. The trainess worked in groups 10 calculale waler conSlllllrlk)f'

rates for the various waler fixtures OIl the study s,les They lhen performed the financ,.,1

calculations to assess the feasIbility of investing III WSD's OIl the sludy s,les usmg Ihe

data that they collected
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ehaplCr 3

AUDIT RESULTS

As mentioned before, three audits were conducted of the study Slles over a period of 1\\\0

days. 11le trainees were diVIded into three groups, each group was super.,sed 1>\ a

trainer and the groups were assigend to different parts of the study SItes Data were

collected by the trainees using data collectIon sheets specifically designed f<'f wall...

audits. Table I through Table J summarize the alKht data for the ""dadelpilla 11<"'1"1.,1.

Table 4 through Table 7 summarize the audll data for the RAO, and Table 8 thwul'h

Table 10 summarIze the audIt data for the Natural Resources AUlhonty

T,hl, I.
SinblFtllICt1J

Phil,JrI,J,jq H,,..';t.

T,-pe Loc.tion Tot.1 No. lAokinll FJg.,. Rok ~..
lAnin

Manual Patimls 20 (\ r. ~!tcrI'~ Rt't"It'

Manual StalT I (\ I, f.,.~..-=- ..
.

Manual SlalT 5 (\ I ~"j ~,,,h,,,,

Manual St.,1T .l (\ 25 ':'l1chm
- - ._~_._ ..._-

Manual St.1T I (\ to -~nuRlh,-'lf'
. .

Manual GaMnI R 0 12 -lln~1:.--.afct(T~J:

~oWF._. 18 A"R Flo.. R.t, ,.3,

T,hl,1. Toiln.

P/ti/_r1,J,jq H",,,;t«1

T,-pe T_klfMM~ Loc9tion Tot.1 in W.e. No.lAok~ T ...kC.,..i~ l'l",..
ue...

Gravitv TOll PISIV 24 0 7 _In"'Ulll1 k' :"•.11';' ..... <;

Gra~
_. __._•.. -

.l (\ 7 ":,!chc'U

GravilV I (\ 7 \:I'<.'In(''01

hoot• t TOMb VI A'R. T.nk Cap",,1h- 7
.
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TabId. SIrO!!'t!l
PIIjla"dphi4 /I",pitaf

T)l>e Loc.,ian Tol.1 No. Latkin« Flo"Rak I:'iol..
U",in

W.1l SlafflP.1 J 0 15 ~"n.J f-..."".... --
Wan Palients 28 0 II 1501 kl 2nd 1-"1""",

T ....I~n 28 A"E- Flow R.at~ II.J'

Tabl.~. SiftWFa"ctts
RACJ

T)l'" Loc"tion To.al No. u-kl"ll tlo.. Rak ~...
Llmin

Manual General 4 I 1~ R h~mu1Jl. (·cr.I~"f

Manual General I 0 144 rr;'l,"I~ _~~·tHC1_

Manual General 4 0 2Il r'31m,.. Ccnkl
~_.-

~)lch:nIf;\m1t\f.
Man...1 Staff I 0 20 cnl("l

.~. -- ---
~ ,Ichen °11 ;!lmlr'~

Manual Staff I 0 288 r:cn1cr

TaI.1 r.ucd. II A'2 Flo... R.,. 2J.!'

Man..1 General J " 8 fu,j~.k,rocd

Man..1 Gmeral J 0 I< ~K<tk'I~k"l!

Man..1 SlalT I " 15 ""'" --'---
Man..1 General 1 0 8 \ .....;,.c.lk.--r(,c.!

._.

Manual General 2 0 I< ""I~.ktr....1 _.-.

Manual General 6 0 8 "'lam 1t..'ll.lUt@ ----, _.-

Manual General I 0 20 ·"bln fltnkl~_________

Man..1 StolT 1 0 1 r(TUU~ C<'\ut~ ttutk"t

Man..1 General 2 0 12 rcnrn~C~~~ ---_._-

Manual Gener,,1 2 " 8 .Icnm~ l\"..t ...--_._---_ ...- -
Manual General 4 0 (. -1TIKh Rce.l.lIW,lI!f

. ..- _. ---

Manual StalT 2 0 15 ~Jlt1" ..n - .-

Manual StalT J IJ l< KIIl:I......,._--_.-
Manual Staff 2 0 9' jJ.:.llchm

-_....

Manual StolT , 0 8 t\.llchc-n• I
i

,

Manual Staff I 0 (.(1 .,'\.:Jnlln"'!'~!I~"Ill

Manual StolT 2 ! 0 III J\lknlnl~Jr7t~~"'1
, "-- _.. --

Manual StolT 1 i 0 • (·."I(c;cna
---- -,-- -- -

Manual General I 4 0 8 i~ ....\iH~

'[Tal" r.ucd. .... A,. flo.. R.,. 10.06 I
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TableS. ToiIr«
RACJ

6.01137

TJ,e T..kHondIe Localion ToI.1 in W.e. No. L<akinc T..kC.paci~ ~...
Lil~"

Gra,;ty Top C.cncral R 4 I: rralrul-,:;,S'nlfc:."'t__
-~

Turkish Genaal 1 (\ I:' rr:nnu'IQ. ('('uh•.,.

T01.1 Toilels 9 ~,~It Tank C.p~iIY Il

Gravity Calibrated SlafT I (\ (, I'bm BUlkhn~____

Turkish Calibrated SllIfT I (\ 4 ; l\b.m l\ln~hnf____
G,avity Calibraled Genaal 2 (\ 5

,
(C'I)(h R~t1',iJ;lTt!'

~-

Gra,ily Calibraled Genaal 4 (\ S \(~\h,¥-- -- ~~--- -~ - --_.- - --
Gra';ty Calibraled SllIfT I (\ 5 , ~••whnt:: ____

Gtllvitv Calibrated Genaal IS (\ (. ,\~

Gra,;ty
~_.._- ---- --

Calibraled SllIfT 2 0 7 ,\dnuntQ';\h,""t

Calibraled
..

, Gravily Genetal 7 0 4 i\\.1nl I~H:'h!t~- -

Gnn-irv Manual Genaal 4 0 11 'imnl't ( ''''ItH

TtlbI~ 6. ShOffyn

R4CJ

TJpe Loc.tion ToIoJ No. L<akinc Flo.. Hal< ~...
Wmin

Wall Genet.1 7 0 1, "...,
Will Go"",,1 4 0 10 !cumo: C\"'f!~

Wall SlafT 2 0 20 I!dr"

ToIal Show~n IJ Mit. FIn.. R.I~ 12.07

T.ble 7. Urinais

RACJ

TJpe Loc.tion ToI.1 No. L<akinc Flow R.I< ~...
V....... nu..h

~\"lol.nl rio,,, -ir;lJnHl

Manual Genaal
, 0 144 nllCl• ----~- ~.~~

1~l , i.",-" 'h_umn

Manual Go"",,1 2 0 10 ('t\l('t'

ToIoJ Urinals 4 ~,~ral" FIn.. R.I< 12.2 ._..~

Calibrated CJCJlCI'al 9 0 4 .bm 1l..l!itJ~n~-- ._---

Calibraled 2 n (. '~.';'l:
---~-

Calibrated
, 0 4 \rol.\jU!E•

I

~--

Calibrated 1 0 4 'l".j ..
-

T 01.1 Urinals 16 4.2.<
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Tahl~ I. Sinh/Ffluc«J

~'RA,
Type Loc.Cion TaI.1 No. lcaki"l: Flow Ra~ """...Llmin

Manual Gencnl 3 0 , ~CI=t.f.KI(,!--~~~_(k"t i
Manual General 2 0 20

--'--'
Manual Gmer.1 I 0 20
Manual General 5 0 , Ji~tn.:I.;Jn,,~.lfk~!- ---
Manual General 3 0 10

I

R(.'$.to(k.~ !;t':L~lblManual Gencnl 2 0 I ,
ManUlI General I 0 I :R
Manual Gencnl 4 0 I 5 ~C!'!nCk" ht(.L,I~f I

':1
-_....- I

Manual General 4 [) I III

II
--_._----

ManUlI Genernl lJ () ~ .((·...!m:h~ h!:""likd
------------- -

Manual Gmer.1 , 0 15

~;,;~.,~ 1,,,-.,1.,'ManUlI Gma'al , , 0 5

ManUlI Gener.1 , 3 [) III !, ,---~-- . - -

Manual Genernl 2 [) < ~C"'nK~l"" irt<.'."1i1I{,-d
I

-_._~---

ManUlI General 5 ii 0 55 R~lr1('~"{ 1""" ,q'l.~ f
I

____ ,

ManUlI Gmer.1 5 [) (, RCSlrKl''f h,";k~;

I' ---- .-----
Manual Gencnl

,
[) I'.. -------

Manual C'o<na1ll I [) 2c1

II
.-----------

Manual General 3 Il R :~ec;."K~.'( I,r<;t\!b!, -----------,-
,

Manual Gmer.1 , [) 5 ' 1ic<.I!K.~j,,'( hq.,.tk'li, • ,II

II<",'n('" """',,..,,----

.!

I ManUlI Gener.' 2 [) I :0
Manual Gencnl 3 [) , (,

_._-"._- -_. _._-
Manual General 2 () III

------- --- ----- - - -

Manual Genernl I [) (. t«('$.lrtcl..'I' ~It"'.lri.;.., I
--"-"-"

ManUlI General ! I 0 55- RCSI.IK~',( hli".l:k·-!-----
ManUlI ! General 4 [) 11

--------

ManUlI Gencnl 3 [) 10
, --.---_ ......

Manual General ;: 7
:------~-- 15

I
, . ----_.- -- - I

Manual Gmer.1 (, 0 4 1K:t'"S:1nck't' h~':fl~...,.i,------
Manual General 7 I [) 15 ,

-Ii 1---- -- -----

ManUlI Genernl (, 0 4 f-C$II~':~'." In ...r"l:"~'\1
I - ~

Manual Gencn' 4 0 20 I
1

ManUlI Gmer.1 I 0 I~ 1----- I

Manual General I " ))
-------

Manual General I 0 ? 5 9~c:o:.tn<-k'" In''·;l;~-,<.,l
----_.- --

ManUlI Gmeral 3 " 20

TaI.1 F.U<d. 119 A,S Flo.. R.I.
• Aft"r;e Flow Rak Cokullllcd UslnC Nfln-Rrstridcd Flo.., Only

U.'IO
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Table'. Toil<l.
VRI,

T)]>e T...kHMd~ Locallon Tolar in W.e. No. Lftkl"l: T..kCapaei~ ~...
Lif~n ,

G""ity Top General I 0 I:
Turkish

-- --

G<nernl , 0 9•
Turkish General I 11 9

Gravity General I 12

'00
--_.._.__ .•... -

Gravity General 2 I 11
"------ -- ..

T.nosh G<nernl I 9
.--"

Turkish General (, ~ 9 _.
Gravity General 6 ~ 9

Gra,ity
- - -

General ~ 0 I) ----- ------ --

Turkish General I 0 9
--_._~

GraVIty General 2 11 9 I

I
t··~~-

_...

Turkish General g 0 9 ,, 1--------- IITurkish General g :1, (- I
Gf1Ivity I I

f~--···-·-

G<nernl ~ 11 (. ,

't

1-- __ ._----

Turkish II General 4 6 ,

,. - ----

Gnl\itv General 7 !, (.

Toial Tolle'. SIi A'"F. T.nk C_C-.:if:- 11.35 !. . ..

fable IU. Urman

"Rt,

T)]>e Loca'ion Tolar No. Lftki"l: flowRak """,...
~min or ""'"

Manual General 14 2 4 --"--_._- - "-----

Manual General 4 0 g
-" ----

Manual G<nernl I 0 12

Irola• Urinab 19 A'~. Flow Ral. ~~

3.1 DISCUSSION OF AUDIT RESULTS:

Generally, the faucet and shower flow rates and the toilet tanks' capacllles at the sll""

sites were higher than the recommended international standards. Some of the water

fixtures at the study sites. however. were acceptable. accordong to the same S1and.1rds
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"Therefore, comprehensive retrofits were not deemed necessarv al those locat'Olls 'nl<'

recommended flow rates were as follows:

I. Faucets: 6 lilers per minute

2. Shower heads: 91iters per minule

3. Toilet tanks: 61ilers per flush

"The following selions diSCUSS the main findings of the water audits. and prese"lS the

recommended retrofits for each sill'.

3.\.\ Philadelphia lIospital:

"The average faucet flow raIl' at Ihe hospilal was 939 Iilers per minute The ma./Ofltv ,>f

the faucets, however, had flow rales as low as 6 liters per mlnule \\hich falls mdull the

recommended values. Such low flow rates are belived 10 be due to calc.fica1l0l1 rail.....

than the use of water saving lechnology Therefore. il IS recommended dlat all til<'

faucets at the hospital be retrofited. The shower heads also demonslrated Iugh Oow lales

with an average flow rate of 11.39 Iilers per Imnute. Such lugh flow rales warranl the

installation of water saving technology to reduce the flow in those shower head, 10 III<'

recommended flow rale of 9 Iilers per minule Fmally, the lollleI tanks had an a\'erage

capacity of 7 liters per flush Although wilhln lhe acceplable range fOI 1,,,lel t:Ulk

capacity, it is recommended Ihat all the tOllels be eqUipped WIth water sa'1ng lechll(llo~"

to reduce the amounl of waler per flush Replacemenl of the 100Iel tanks. however, IS 1101

recommended

13



3.1.2 Royal Alllomobile Glib of Junlall:

The RACJ site was d'Vlded inlo two separate pans; the D",'mg T,allullg Ccntel. and II~>

Club Main Buld,ngs TIte reason for domg so was the Iugh vanabllly m llc.>\, lak"

belween the Iwo parts The Trainmg Cenler had extremely hIgh now rales and I,.. lel lan~

capacities TI,e average faucel now rate. IImial now rale. arKI to,lel lank capac 'I" \\<'Ie

23,5 liters per nunllte. 122 liters per second. 12 hlers per nush. respcct,,'ch

values warrant comprehens,ve relrofittmg of watel fixlures at the RACJ Dm",£ ('''''lei

The main buildings. on Ihe olher hand. had an average fallcel n(>w rate of 100(, lilt"" I~>I

minute. and an average shower now rale (>f 12 07 hters per I11mllle 'l1le 1,.. Ie" .",,1

urinals were cahbraled wilh Oow rales of (,08 hlers per n""h arId 4 2~ IlIe", per 11,,<11,

respectively, The Oow rates for faucels arId shower hcads warranl the 1II,I".,t"..,,, ,..,j \\;u,>,

saving technology. while Ihose for loilets and urmals arc "'Ihm tile Icc"nullc,..,kd

international standards, TIlerefore. relrofillmg 's only recommended for the fauct'l" .",,1

showerheads at the RACrs main blllldmgs

3.1.3 Nalu",1 ResoUloces AUlho,ily:

The average faucet Oow rate al this facillly was found to be 14') IIIC1" I,,'r nunllk'

Several faucels al lhe fac,hly has Oow rates w,tlun Ihe recommended ,nIClIlaI"'l;Il

standards, Such low Oow rates. however. 's attnbuled to the use of rcslnclC'r' ()uc' ",

the limited durablll!)' of such dCYlces, II IS recommended Ihat Ihev be replact'll "!lh

aerators, The average 100Iel tank capaclly "'as found 10 be 835 hlers per nU;;!' \\"al,"

saving technology 10 reduce the no\\' rale 10 (, htcr~ Ix~r nu,,-h t~ ICCOt11l11t"'tltlC'd r 1Il"II....

dIe unnals had an average now rale of 5 2~ hler.; per n'l,h "i"ch wa' hchc\"(~d 1<, ht'

14



....,thin the range of acceptable lnlcmallonal standards

faucets and toilet tanks is recommended al Ihe faoilly
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OlOp(u4

WATER SAVINGS CA LCVLATIONS

In order to conduct water savings calculauons as a result of IIt~talhng waler s."lll!=

devices at the study sites. certalfl bcha\1oral assumptIons have 10 be made Re\lt'\\s ,·f

preVIous studies were conducted to arrive at the most ac-curale ac;SUmpIK)fl.... des.cnhmg

poople's behavior at Ihe SIUdy slles TIle follmvmg SCCllOllS summanze the heha\l(',al

assumptions and waler sa\1ng calculaliOlls for the three Sludy s,tes

4.1 PIllLAOELPIIIA HOSPITAL

Generally, there are three categoncs of people that use waler faClhl'cs al the 1I(~",.l1

1hose are:

I Staff

2 Pauents

J. Visitors

1llere are a total of 65 employees al the 1I0sp'tai TIle "slaff' was further ,,"'-<lI\1<bl

into three groups resulllllg III a 10lal of five d,fferenl groups among tile hospllal

population. The three staff sub-groups "'~re

Nurses (40)

Surgeons (5)

Other (20)
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l11e maximum patient capacity of the Hospital is 31 11le total number of pallents aI am

given time was approximately 65 percent of the maximum capaclly "illch resull< "' an

average occupancy of 21 patients at any given tIme dunng the year In addlh"". II<",pllal

statistics revealed that the daily number of \1stors is 5 \1sitors per bed. 31,,1 tile t,'lal

number of visitors to the Out-Patient Clinics is 15 viSItors per day. resultlll!! III a t"tal "r

20 VIsitors per day

Each of the groups has differenl water cGnsurnpllOl' beha'lOrs accordm!! In Ihe 11.11"1(' pr

therr duties. 11,e waler saVIng calculallOllS wC're prC'fonnro for faucel<. 101k1S. '''kl

showers. l11e results are sUl1ll1lanzro below

4././ FOllut.<:

As mentioned before. the Hospital populahOl1 was dIVIded into five groups rable II

summarizes the behavioral assumpliOl's pertaming to each group

I~O

(sC'C)

3

12 I .10
-----~ f------- --

I .~O

!

Surgeons 5

Staff 20
--- ---._--

Patients 21

V,SitorS
.

6

Group Tolar Fr..quconry or I Du....
Flluccol ll~ JlC'r Dll)'

._--' -- ----- ..._----

INurses 40 10
._-_.

._----- -_._---
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Using the numbers abovc. thc welghled averagc frequenr\' of dally f.1nn'l use I~cr

cmployee is 8 tnnes WIth a durat,on of 30 seconds each lune Ihe f.,ucel "uscd Th",

frequency of daily faucel use pcr palient 's J tnncs ,.... 111 a frequency of 2 "'"IUIe';'

Finally, the frequency of daily faucet use pcr VlSUOf IS once "'th a frequency of .:n

seronds. Since thc average flow per faucel 's 939 hlers per m'nute. the 1115lalla"o" "f an

aerator Ihal reduces flow to 6 I,ters per nHnule is cxpected 10 savc the follo\\101= am('.o,15

of water:

SIaff= 65 employees:\ (9)1) - (, hh..,-s1l1unlllc) \.1)(·5 d,YSI\C<lr> x n~ u....4.-..$A.L~ ttl 5--.!1.!1IJ!1.!C:.\~J

It_..) hlcf:o-im 1

= 321.7 m' ofwaler savt.'il per year

PillicnlS = 21 [lillJcnlS x (9)9 - (. hicrslmmlllc) '\: 0(.5 d,\"slycar) x: (\ uscs.'tL,\) x k..nl:!mk.us;

1000 hln"'/m'

= 155.9m' of water saved pcr year

VlSitor.; = 6 \isilqs x (9.19 - 6 hlcrslnunulc) x 065 dauAcarl x (J uscJdayl;\ lOS IDUlUlc'US(J

!(()(l hlCf~Il1'

,
= 3.71 m· of water S<1\"ed pcr year

l1Jerefore, the total waler saVIngs antlClpaled flOm IfIstalhng faucet aeralNS IS

=321.7 + 1559 + 371
,

= 48131 III of watCl saved per ycar
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As mentioned before, the Hosp'tal populallOll was dl'1dcd 11110 Ii", groop51 ahle I:

summarizes lhe toilet usage behaw>raJ assulllptiCHlS pel1amrng 10 each group

G.,oup Tol..1 Fn-ql~uc)' ofToil«-1 l '5«­

~r [la)'
f----------+----- ----~-----.---.. -

Nurses 40
f-------t----------i-----------

Surgeons

Staff

Patients

I---:-----
20 I

"
21

-------------- -----------

Visitors' (,

• ~Iy 20"'. <>f !he lobI \l.'Il<'" wnc _mJI:'t.Ilp~. fllOCct~ .ll.n" 1tK-1I \tvl

Using the numbers above. the wc,ghted avcrage frc<luency of dally 100Iet u,,, I""

employee '5 one lime for nurses. surgCCHlS. slaff, and _15"ars The frequency "f daJh-

toilet use per patient IS 3 limes Since the average flow per flush IS 7 Illers_ II,.,

inslallation of water sa\1ng technology reduces flow 10 (, hlelS pcr Il,,,,h "Iud, .<

expeeled to save the followmg amounts of waler

Staff =65 employees x (7 - (, hters/flush)" ()('5 daysfycarJMLuseJday)

1000 hlerslm'

=2J _73 m' of water saved per year
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Patients; 21 patienls~(7 - (j hle~nJ.lSll)x (36~dayslyc.1f)1<J3J.1S~day)

1000 hiers/III'

; 23 m.' of water saved per yc.,r

Visitors; 6 visitors x (7 - 6 Iiters/nush) x 065 dayslyear) x (I us~

1000 liters/III'

; 2. 19 m.' of waler saved per yc.,r

Therefore. the total water sav,ngs anlIclpaled from Inslalhng new waler sa\,ng 1011N" '"

; 23.73 + 2300 + 219
,

; 48 92 III of waler saved per year

././.3 S!lowe,..:

Table 13 summarizes Ihe shower usage bcha\,oral aS$ulllpllOllS I'crlaJlllllg 10 ('""h !,"'I~'

III the Hospilal population

7

o

o

n

ion 11("· I .Sf'

(mill)

o

02 I- 8 ~._f-._-_.
Io

21Patients

Visitors

GrOllI' Total F..~qll.-ncy of I DlII-a1
Show.-r Us.- 1)('1·

I
I

Day !,
I

~I
1--··

Nurses I 40 1 II

! --1'-·'··"
Surgeons

,

0 i 0 ----f---·
SlafT 0

I

0, ,
I

---- ~._--_._~

f..-------.------- .---
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lbe analysis indicaled that the average flo\\' per showerhead IS II 39 Illers Il('r mm"I,'.

with daily usage frequencies of I tnne per day for nurses, and 1 lime e\'ery Ii", d,1\"S for

each patient, wIth durations of 7 minules and 8. ~ nllllules. respectl\c1\ TIle Installal"~1

of a water saving shower head thai rednces flow to 9 Ialers per IIl1l1nle IS e,pected I" <;.;\'"

the following anlounts of \valer'

Starr = 40 emplO't"CCS X ( 11,)<) - ? hicrslllllllulcl .\. 1.'65 LL,n-"\'CiI-!J_~'S-lL!!S~c!iliI.lL.U'7_!,Utl_~dc:u_'"t.·~

I()()(} hh..,sill1 1

~ 244.2 nr' of water saved per year

Pallents = 21 P-llicnts x (11,39 - 9 htcrslnullu!cl 'I; 065 ~l\s..\c;U) 'I; to 2 lL"'l'fl1.n) x t~ 5j!1IllH1C. 1~"J

I(I()() hlcf'YlTl
1

~ 155.7 m' ofwaler saved per year

TIlCrefore, the total waler sa\1ngs anllclpated frolll instal lang new showerlleads IS

~ 2442 + 1557
,

~ 399 9 III of \vater :>.wed per ~'ear

As a resull of the proceedmg caJculahons, dIe total anllClpated \'Ialer S3\1ngS as a ,es,,1t of

retrofitting faucets, toilets. and showerl1C3ds at the Ilospllal IS estlmaled at QW Ill' ,>f

water per year. Considenng the Hospital's annual water consumptlOll of aj'I'I"Xnnaleh'

(2,300 m'), such savings account for appro'IIl1alcly 40%, Accordllll; 10 rile \llImlf\' ,'I

Waler and IrrigalJOfl's tanff. such savlIlgs arc eslnnated al lOD 1•.W5 pcr ,"e.1f

4.2 RACJ

As menl;orlCd before, the RACJ \vaS dIVided mlo Iwo parts due to the high \<lnalllln\ m

flow rales and the nalure of the services between rile Dm'lIlg Tram.ng ('enter an<l Ih~
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remaining parts of the Club. Generally. there are h'" categories of people that use ""let

facilities at the both parts of the club. stafT and VISItOrs

calculations were conducted for each part separately

-1.2/ a"bM/ljll 1J"i/t1jllg.,

TI-.ercfore. waler ~l.\lng

T"" groups of people usmg waler fixtures were IdentIfied. slalT. and dill>

members/visitors. TIle number of employees vanes t1nougholll the vear. h,mewr. tI",,~

are a total of 80 permanent and 50 lemporary employees at the Club TIle ....Mull...'1

temporary help IS utlhzed dunng the summer season for a penod of fOllr nl()luhs n",

resulting average daily number of employees on aoy gIven day's Q< eml'k... l....'"

Assuming an employee allendance rate of 90%. this would result III neark ~< ernl'I<o,,,,",,,

Similarly, the average number of dally VISItorS vanes Ihroughout the ,'ear and "

esllmaled al 1000 visilors per day dunng the summer season. and 200 \1Sllors 1'''' d.1\

throughout the remainder of the year TIle result,ng average dally number of \1s,l<,rs (~,

any given day is 460 VIsitors Accordlllg to the audll results. rel",fiumg was ..,h

recommended for faucets and shO\verheads Table 14 summanzcs the I'<.'!~I\1('r31

FiIllll'C

Faucets

assumptions per!allllllg 10 the use of Ihose fixtures throughout Ihe vear by tilt: crUll" dul>

populalion

Frequene)' of lise pe" Day I D......;on pel' l'se

1[.;

' '-------'f-----------+------------, (s('('_)_.

J I J(1

Showerheads 02 210



The Installation of water s.wlng technolog.es .s expected to reduce the n,m ,ai,,, li"llI

1006 liters per minute to 6 hters per nunule for faucets. and from 12 07 hte,s per nunule

10 91ilers per nush for showerheads The total savings can be calculaled as follows

Faucets =554 people x (10,06 6 hlasllllinulc) x 0(,5 lL,,¥\l.'4u} x (J uses-Ala\) x (0 5 !..lUn\!I_~\I~J

Ire1() hl~~'1111

= 1.23 I. 5 m) of water saved per vear

Showerhead.. -:: 55et ro;tplc x (L~:_07 - 9lilcrslnunulc) x 1365 cl1vsA~tl.; u~s.'J.!.Uc-'-tIJnJJ_lu~~~!:Ml.·."

I():"l hlcrslm1

= 869. I m' of water s.wed per year

Thus. the anticipaled waler savmgs as a ,,'SuI! of relrofilllllg faucets 'U1d s1k""'rI..•....I< 31

the RACJ main bUIldings IS estImated al nearly 2100 m' of water per year

Two groups of people using water fixtures were Identified. staff and \1S,IOfS 11",

number of employees 's 20. while the average number of \1Sllors IS 120 \1SltorS 1'<"1 ,b\

Assuming an employee attendance rate of 90%. a lolal nearly 18 employees per day al e

expected to be present at lhe fac,I,t)' I\ccordlng 10 the alKl1t results. ,elrofiulIlg \\.b

recommended for faucets. unnals. and torlet tanks II,s assumed that JO"·o (If II", \ 1>.1''15

use the water fixtures Table 15 sununanzes the behavIOral assumpllOll5 penallllng to til('

use of those fixtures throughout the year by \1s'lors and employees
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Frequency of lise 1"'" 03)'Fixture OUl'31ion pel' l's..

------ --------'(~::.:.)----

Faucets

Urinals

Toilets

07

0.4

05

,0

TIle installation of waler sa\1ng technologlcs IS expecled 10 reduce Ihe Oow I ale':' r..'Ill

23.5 lilers per minule to 6 lilers per mlnule for faucels, and frolll 122 IiICfs 1"-" nm'u'" Il'

6 liters per minute for urinals, and from 12 liters per Oush to 6 liters per O,!"h for ..~lcl<

TIle total savings can be calculated as follows

Faocds = 138 people x (2'-1) - 6 !jIgs/minute) x f2(,Q tlanAeurl x 10,7 uscs!J.,) ;os IQ :; IIUIlUlct~l

ICk10 htcrvm 1

= 219.7 m' of WOller saved per year

Unnal~ = 138 [lC('l(llc x (J ~ 2 - 6 hicrslnullulc) x <260 om-s/ycar> x 10 4 uSocsfd.1\l x ,0 16 nunU1c\l5('1

It-.)() hl("fVI11 '

= 1515 m' of water saved per year

TOIlets = 1J8 pcrolc, 112 6 "ICls/nosh), 1260 d.1)s\c;lIl' 10 5 uscs!<kJ, I

1('(XllJlcr~/m \

= 107.64 m' of water saved per year

As a resull of the proceedIng calculatIons, Ihe antiClpaled wale< sa\lng.s a< a ""ull "r

retrofitting faucets, urinals, and toilels at the traullng center IS cstullated at n('arl, 4~~ III
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of water per year. 11le total anticipaled sa"ngs al ~le club are eslimated al llCall\' 2,~S(l

m' per year. According 10 the M,mstry of Waler and lITIgatIon's tanff, such sa\1ngs arc

eslimated at ]00 3.870 per year

4.3 NATURAL RESOURCES AlmlORITl'

Here, only two types of water fixtures are recommended for retroliltlng, faucets and ""I"t

tanks. Due to the nature of se"'ices offered by the Authorily, \1sltors' usc "f \\.)lC,

Iixtures ....as consIdered negligIble and \\'as therefore dropped from the anal"15 A, a

result. only the 993 employees were conSIdered 10 use water Iixtures al Ihc AUlh''''1\

TIlC frequencies for daily USage arc sunllnanzed III Table 16 bekm'

attendance rale on any gl\'cn day was consldercd to be 90'% (I e . 894 employees I

F'"qurncy ofU~ fK"" 03)'Fish.." Duration fK"r l1~
f- ~ __+-----('-S('CI __

Faucets

Toilets

11le inslallalion of water saving ledlllologlcs IS expected to reduce the flo\\' rale:< fr, 'Ill

14.9 liters per mlllule to 6 liters per IIIl1lule for faucets, and f.om 8.1< Illers I"" flu,h I.' !.

liters per flush for toilels 11,e total sa\'lIIgs can be calculaled as follows

Faucets = 894 CO\[lIm,,'CS x ( 14 9 - 6 hlaslmmutc) x (2(-(J d.'\~,\cm)x «:t USes'dal) x 10 ) m!I~!~,~~J

J(Yl(l hlcr~/Ill '

= 1,034 m' ofwaler saved per year
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Trnlds = 894 crnrtIoyccs x (8_35 - (. hlt.'fs,/nush) \. (2:(..0 d.l\-sI\-grj '\ (1 .5 uscsldn)

Imlllle-rom1

= 819.35 m.' ofwaler saved per year

As a result of the proceeding calculallons, Ihe total antlclpaled waler sa\ln!:~ a.~ a '1."',,11 "r

relrofitting faucels and tOilets al Ihe AUlhontv IS eslllnated al nearly 1810 Ill' f'f \\alcr I"~r

year. Considering the Authority's annual waler consumptIon of approxllnate!" \-l,~S"

m"'}. such savings account for approximalely 38% Accordllll; 10 the MIIlI~I'Y f'f Wale'/

and Irrigation's tariff, such savings are esillnated at JOO 2,745 per year

4.4 CASH FLOW ANALYSIS

4.4.1 Philadelphia Hospital

Table 17 summarizes the cash now analysIs over a penod of 5 years for 1Il\'CStlll~ In

retrofitting lhe ""aler fixtures at the lIospitai The follomng summanzes the wst f'f

equipment

38 faucet aerators @ 100 2.5 Ea JOD95

28 toilet altachments @ lOO 18 Ea = JOD 504

28 new shower heads @ 100 9 Ea = lOO 252

Total equipmellt coM .101>851

Installation (10% of equipment cost) _. 10085

Maintenance (5% of imllal cosl) lO042

Total A"",wl £'7JC,klit"rcs .I(}/) ./:

Anticipaled Savings = 100 1.39~
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laNe 17. C_FIowAu~"k.1~ Atillldelrthi.lbnit.l

BegInning of Year Expenditures (JOD) TotaJ Expenditures Sa\1ng

Equipment InstaJlahon O+M JOD JOD

I 851 8~ 0 9.16 0

1 0 0 42 42 1.1Q~

3
- -_.- --

0 0 42 42 I ..'~Q~
. ---- --- -~--- "~ --I - . i·

424 0 0 42 U9~

I
5 0 0 42 42 I•.W~
6

._--

0 0 42 42 I W~

Using an annual Inlerest rale of 7%. the cash flow analySIS of the abo\"e amolllll< re\e,,1

thai the Net Presellt Value of the lI,,"estmellI (NI'V) " approxllnal...,," JOD 4..100 \\lIh .1

payback period of approxImately R months. thus. IndlC<111ng the fca.<II"IoI\ of til<'

IIl\'CStment

4.4.2 RACJ

Table 18 summarizes the cash now analysIS over a penod of ~ years for Im,,""'g III

relrofilling the water fixtures alDIe RAeJ

equipment

55 faucet aerators @ JOD 2 ~ Ea

9 toilet auachments @ JOD 18 Ea =

13 new showerheads @ JOD 9 Ea

4 urinal allachements @ JOD 2 ~ Ea

1'0101 equipmenl cost

Installation (10% ofequIpment cost) =

Maintenance (5% ofmilia! cost) =

1'0101 Annual £rpelldl/llres

Anlicipated Sa\1ngs

27

11,e followmg sununanzcs th... cosl l,f

JOD 138

JOD 162

JOD 117

JOD 10

.lOll 517

JOD 53

J0027

.Ion 17

J001,870



,

Beginning of Year ExpemlJtures (lOD) Total Expendilures S3\1ng

Equipment Installation 0'11.1 10D JOJ)

I ~27 80 0 607 (1-_.__.-

2 0 0 n 27 3.870
3 0 0 27 27 .1.870
4 0 0 27 27 .1 870
5 0 0 27 27 .l.870

6 0 0 27 27 3.870

Using an annual Inlerest rale of 7%. Ihe cash now analvsls of Ihe alx)\'e anl<'llII" ,,'\<'~I

thaI the NCI Present Value of Ihe IIlVeslmenl (NPV) IS appro,"nalel)" 10D 14.'•• , \\1.11 .1

payback period of approxlmalely 2 mOl1lhs. Ih'l'. IIIdlCallllg Ihe fe.1$11>IIII' pf Ih"

Investment

4.4J Nalural ResOillus AUlhodl)'

Table 19 SlImlllanzes the cash now analySIS over a renod of ~ vear<: f(\l IlIWSllll!' III

relrofitling the waler fixlures al Ihe NRA

eqUIpment

119 faucet aerators @ 10D 2 ~ Ea

56 tOilet atlachmenls @ 10D 18 lOa =

I'Jla/ cqlli/HlleJlI co.<l

Installalion (10%. of eqUIpment cosl)

Maintenance (5% of inillal cosl)

Tola/ AJlJllla/ f:.'IJCJldilllrCs

Anticipaled Savings

28

ll>e follo\\,ng slImmanzcs Ihe (0"1 (,f

10D 298

JOD IOOR

.1(1) /..W(,

10D 130

JOD6~

.1(1) 65

10D 2.745



'"
Beginning of Year Expenditures (JOD) Tolal Expenditures Saving

Equipment Installahon O+M JOD JOD
I 1,306 130 0 1436 0

2
--

0 0 65 65 2~74~

3 0 0 65 65 2.74~
._._------ ...

4 0 0 65 65 2.74~

5 0 0 65 65 2,74'
-

6 0 0 65 65 2.74'

Using an annual interest rate of 7"/0. the cash flow analysIs of the above anl(>unl, re""ll

that the Net Presen' Value of Ihe "",es'mco' (NPV) IS approxlmalely JOD S.'Kl(l ,,"h a

payback period of approxImately 6 mOllths, thus, Ind,catmg ,he feasl!>,hlv "f II",

investment

4,5 CONCLUSIONS AND RECOMMENDATIONS

As can be seen in the previous sec'lon. the IOvestmenl In retrofltllng ,he ,·atK'US \\<lll"

lixlures at all the study sites IS very feasIble TIle IOvcs'men' payback perIOd" eSlnnak...t

at less that 0llC year for the three sItes TI,e sludy team hIghly recommends thai the Sill':'"

admimstra,ions seriously cOllslder lI,e retroliltillg process Addl'Klllal rec",nnle,mnOllS

include conducting detarled beh.1';oral observallOl1al s'udlcs to '<lhdale Ihe t>c1\3"c."al

assumptions made in Ihls study, and conduct further arlalyslS on tile anllC'l'.l'ec.! e"l"~'\

savings as a result of the retrolinin!; process
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PARTICIPANT FEEDBACK AND EVALUATION:

11le general feedback from the partlClpanls was very llOS,"\-e III lern" "f Ihe",

comprehending and absorbing principles of "Waler Audits" and aU Ihe ncces.<a" \\al,'1

consumption/saving calculations and ",easunng the linanclal fe.1Slblhty nf \\":;/)" < .1.< ••

result of the retroliUmg process Addllional feedhack fcom the partlclpanls Incl'khl

I. Recommendations to expand In the sections of the trall1mg course pertalmn~ '"

energy savmgs calculations as a result of the relroliumg process

2. HoIdmg courses closer to the" employment locatlOllS

J. COIlducting similar workshops for a \\,(ter vanely of gm-enllllental agenCIes

4. Making arrangements for transportatlOll to and fcom the course locallOll

5 Arranging site \1S1tS for the largest con.<umers .denlllied by the \\T/'/A ",,,Iv

1c."lrn

6. Training 011 the mstallallon ofWSD·s. and mvolvemenllfl retrofitting p"'Jeer<

7. Further utilization of the media to convey the mess.1ge
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PARTICIPANTS:

N• ...., Amli.,inn AllIIn'" T.....phnnr

IIiL,I Ahdul Qnder MOil Rmnlh... 02 ?~~l<ll'"

-----
Afer All AhBssl MOll Nc.lh Shun., 0; (.:'Slf.'j, lfJ

M;:mshyn
-- -- .

Suit"" Ah Abdullah MOil I"', I Jt-,ay,~, 11"'l"tal n2{\~·j,1:,*1

f\......!'I",~
R.re<:· Musa MOll I~,n=. Ray. 11"'1"1.1 02 (·511U.#'.

I.,,, AI. So"""i
llaye! 1lus-<C1n Sgoor MOil ~t'lh Ihn Jahall "~rllal

- ---
n? (,:;.St~p11

M.,~h.,rt' .
Moharnrrcd rlarakat M(~I rnncc!\~ H,ulcca 11{l!il:I"tal

- ----
0: 7111 1/.1.,:'

Ih .....n
Khlair Al-Tal MOll 1'n1l<XSS R.han.. I ,,",,'''a I

- - -
fl! tf)IQS.:'

Irhi,i

Abdul Majaxl ShrooJ MOll R:lmth.1 0: ilii:i j iT
--- ----

!lilal Shannaa' MOil H:amlha 11(1~II,,1 02 i~tn.l{"s

Ramtha
----- --- - - -- - -- --- - -

Ibrnhe<:m Alqam Mfl\\'1 WA) (1(\ :V:~Hlj"

, l\,mUo:111

J,had AI-Shored 1.1011'1 WM
.------

(V, ~.JtnI' t'

ITawfiq MallO,.,.".

AnuTlo111
MOWI

-------
WA) (16 ~-.&}HJl

I Ammo'lll

I SllIbh Abdullah M",tara MOil noma klll.",,.,h lIeallh 079 9~11K:

I IJlrl'Clnmlc

IAli ArabiYal

Irl.d

~~ "'1·..."1.1011'1
-

[).,Iq., Wnlcr Dncloralc
I .

1l.,Il1lI

I
--------- -

W.lid Wisl..h MOWI Balq... Water I.>Ire1t1falc OS )SSI~·I~

I 13.,1'1" -,

I Iss. AI-o.I Z" 1.1011'1 ViAJ OS :l1HY.Jt

Amm.1n
rAnlfllt1n

---_.~-- -- -

I Ahmed Khar.h<heh "1(~~1 (V, ~ ...071S.1

I
,

Fans Frnncais NRA N.1hRal Resomecs AUUlffity «~ ~1l15~ P)-
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