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" TABLE 1~SELECTED INDICATORS
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- N - 1954
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- Atgurrent purchasors’ valuss - K.mitllea 1,586.4 1,250.7 2,650.4 30636 | 3,4854 (35953 41812 .| 47333 [ 2ae
AL I97T purchasers’ valuest Kimiilfon {1 19864 | 19970 | 19370 | 19959 | 2185|2003 | 2082 fysen0 -
e Mlmpurthmrsuluu ; ;.'.. © E'ral¥ion h9se4 | 1oe34 [ 20608 | 20007 [ 19820117 | Lomo  [re47 | .. . e
- Ateurrentprices | - . Kwacha z800 499 | “ama0 | osaed | moss | 43 | o em2 | mars . i
CASETT prices " Kwasha 3820 1 3o .| - asae 35|.4 (3628 | Mo4 | . 3246 | 3103 . -
AH977pnm(Ad1u:mdfer - D - o L B ] o
wmsofuade) L. .. Kwachs | 3820 | ‘300 | s 3540 3994 | 29 | ame foamy ) - v
Atmem-knpﬁm e[ K'milllon 1.507.4 | ' 0,8073 11243 | 1.195.’ 30041 {870 35023 {39103 - s
A 1977 markes peicts (madjusted) | K'mitlion | et L6I6Y | 157ss | LeM2 [ .85&6 (7R [ L7M2 | 17700 - .
T E T A ISTT ket Prices (ldiuucd) C Kemilien | G740 | 13125 ) 17073 | h&8sd [ LTI9T7 |10 | 15985 §pssez
Lrwcmnumthmma b R — SRR I e _
: Accurremrprics o wn . Kwachs | 3094 ws. |  es 4394 ] 544 | 4744 5640 | ool -
C Ae9T7prong - - - o Kvratha 3090, 3007 2854 242 | 3179 [ 2939 Fa880 | ws7 -
" At 1970 prices e T Mwecha | 309 2623 3093 | 6B | 2945 | 263 | 293 | e e
6. GrossNational Product : . L o S N :
‘ Atcurrentprives . .. .. .. K’million 1,893 20694 | 1438 25350 | 33975 | 32760 | 39350 | 43580 . .
. Aveonsaant 1977 prites C - B . . N N e
~. * - Atconstant 1977 prices - C ; - ) oo :
Cfunadlsed) - 0 L L, | Kmillien | te933 | 1es0s 17ess | et laomea | igms | 1,450 | eisz - .
- Arcmsm-.: 1977 prices - . . . . ) . - o :
(adms:ed) B S K'milion | 18983 1.866.4 homn4 | 18940 | Lo413 | nevia ) 1mT2 | 17383 . .
S Prdwton .. . la | 000 esanes &394 4556 | 8543 sica | seas| sees 5760 | 5233 | A | a7
Epors .. ., S ] 'eoBtonnes | ess 5994 .| ekt $2.7 | TE5LE | sose 550.6 | 3304 | 1420 1387
LH!C‘A;hudsmhmmPrieapsfmn Kwaths R WA Y. 1572 | am | orsia ) o awe | )ses | 2s00 | 247 273
&lnduomed;seden ’ . ’ : 1. : R R
Hineral Produstion co e |- 19T3eel0R %1 Bs | &l [ ®a a8, | ss0 844 [ 770 | ®ma 752
- Msasfeturing ..., L. 1373100 %85 1= - 262 93 1049 | 100.1 345 | 949 996 9.7
: e e e 19100 | 2450 240.7 Hed | WOF ) s 135 | 3085 | 2935 | 2999 | 74
9; EMTﬂde : ’ . . - ) . . :
c Bmers L L keslee | oteme [ esen | rosoo | nozxs | sms 9505 | L,047S 1880 { 3222 | 3183
o e . T . K'million 00 | 4me 5837 WaT [ 9244 | w00 | 8933 10075 | 313 3168
10, Pricss ' '
Indext Numbers o{Coawmcr Prices ) L ’ | :
 Highlvesme ... ., .. 1975w100 | 1388 136 {1608 e | 2001 | W66 e | aes | o 3593
Low Incams " . 1975100 143 1654 wis | 2oy | 223 | 2002 2| ays | ez | ases
{mdan Mumbars of thlnﬂale Prlu ) . :
Indeding Copper ... .., (588100 e 2484 3062 3343 | 3521 785 | 454 | sesx | e129 4460
Bxcloding Copper ... ... 1956l00 | - 3789 uiy 6 033 L WIS | M8 €533 | 8306 | 8614 8970
1. Umployment sad Earnings o :
Homber 8f employves 15 on It
Bacarmber }
Zamblan ... . .., 000 M4 PN L] m | 355 | a0 348 354 o -
Mon-Zamblan o i 0 2% 2 n 10 1|y s 14 e -
Tewd L. . '000 370 367 w4 AT I | oass 384 3465 - -
Avcmoanm!mninu ) ) .o : :
Zomblan .o .. .. Recha | 1366 | 1740 Les? | 2300 Faso fasss | opew
X _ . - .
_ Mom-Tamblan . . .. Kvrtcha 7088 M7 | eim | 8IS | sl aass 8071 o ..
12, Gorarnmant Fnsnce ' " .
Recalpn .., .. .. ., K midkon e 684 56 W™ | Lma | oL .
" : & X 108 | 094 26 382
Paymemts o e s e | Kemiliiom al M 9% 1em | 12 | Lew wr | L. 13
13 Momay Swpply ., Jmome e ] K'hilien 418 £19 [11} 5 | oy o7 a7 379 a7

Mots: Figures on Emplaymant and Earnings for 1981 to 1984 ara for the Quartar anding June.
F$80 popuration figure is from the 1980 Census,

Svnadfusted lor chungoein sarms of srada.

[So_urce: Monthly Digest of Statistics, Au.gust'/Se'ptember', 1985]
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Central Statistical 0ffice, Zambia G)Bi’i”““(&‘o%o

- ‘ . .: | Fay
A O @J &
1969 1980
1.1  Population enumerated (million) 4.08 5.68
1,2 'Prajected population (million) 1984 1989
B.04 7T.53
S 1969 1979-85
1.3  Crude birth rate {per 1 BUU pnpulatinn)  L7.7 L8
i A Brude death rats (per 1 GQG pupulatinn) 19,7 47

' 1963-69  1969-80 .

1,5  Growth rste (%) : 2.5 301
1.6 Sex ratioc (males per 100 females) . 96.0 96,0
1;7 - Total fertility rate (aversge numbher R :_“ ‘; |
.gf children born to a wnman) T 6.9 -
i.8 Gross repruductian rate (Everage Aumber i :
. of female births tc 8 woman) 3.k -
‘1.9 Life expectency st birth, total k3.4 48,3
' males $1.8 46,7
famalag 45.0 50,0
19840

1.10 ‘Infahz,murtalitg'iats (par 1,000

live births) _ _ 11 s
1.11 Child population (0-16) (%) | k6.3 46,3
1;125 Dependency ratio (par 100 pnpulatinn) 94.3 94,3
1.13 Child dapendency ratic (per 100

population) _ S0.0 90.0
1«14 Population densiiy (paruons per 5. ’ s

ag. km)
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1.15
1,16

1. 17

1. 20

1,21

2.2

2,3

2.4

Urban population ( )

Population in large urban areas
¢ > 50,000 inhabitants) (%)

Rural pepulation (%)

"Growth rate urban paopulation (%)

Growth rate rural'pupuiétian'(%)

Average househald size total

Female headed households (%)

~ Population with no schaoling (%)
Totsl
Males
Females

Primarv Schools

Mumber of primary schanl pupils (roood)
"% Famales

% af achual age. children (7 W)
enralled in primary gehools

" Total
Males
Females

% uf 7 years old snralled in Grade 1

— 174 —

1980

79.4

86.8
71.9

291 63,0
27.6 . 33,5
0.6 s7.0
1963-69  1969-80
8.9 6.7
0.5 1.1
1963 1980
4.6 -
3.8 -

1980

1,042
L6 .8

83.7
88,5
79.0

95.4



2. 11

2.12

: Prugres$icn rate from Grade & +n
Grade 5 (%)

Progression rate from Grade 7 to
Farm I (%)

Pupil/teacher ratio in primary schools

Seédhdary Sehpols

Number of secandary schaol pUpils ('gaar)

o/

% females af total enrolment in

secondary schools

% of populatian 15-19 enrolled in
secondary schoals

Progression rate fram Farm III ta

Form IV (%)

‘Pupil/teacher ratioc in secandary

schogls o

Teachers

% trained teachers in primary schools.
% trained teachers in secandary schools
% Zambian teachers in primary sdhuuls

% Zambian teachers in secandary achools

HEALTH

B

Accass tn‘Health Facillties

‘Papulation within 12 km of a health

unit _ Tatal %

Rural %

~ 175 —

56

33.0

12,3

N.A,

21.7

—

‘83.3

94,1
13.0.

- 75
N.A.

=0
k9.2

95
35.1
15.9

49.1

87,1

95,5
98,7

58,1




3.2

3.3

3.4
3.5
3.6
3.7

3.8

3.9

3.10
3,11
3.12
3.13
3.1

3,15

— 176 —

821

_ | 1972 ]
Population within 12 km of a health o |
centre - _ - L ELR 648
Population within 30 km of & hospital  WN.A, 58
Heslth Facilitieg . a98s

Number of hospitals | - . ?6 81
Beds and cots in hospitals f 12,870 15,326
Hospital bedsiper 1,000 population. - 2.9 2.6
Number of health centres/clinics 595 758

% in rursl areas o T 75

Beds and cots in heslth centres/ o
tlinics : &,530 5,934
Total beds and cots per 1,000 population 3.9 3.6
| - Rural . N.A. 1.7
Urban 'Ngﬂo 5.8

-Health Personnel
Number of doctors o S N.A.
‘Doctuis pEr_1UD,QDD'pdpulatiun N.A. .0 -
Number of nursea S NlA, - 5131
Nurses per 100,000 Population N.A. 87.t
Nuﬁber af health workers per '-'_~f x   :
1,000 population  NGA. N PSS
Butrition - g o 4967.79
Per Capita Calarie Consumptian e
{recommended levels in brackets) _ -

 Urban 2,087 (2,060)
Wage earners in small townshipa :1,955 €2,030)
Rural subaistence farmers 1,357 (2,030)
Wage earners in rural areass 1,720 (2,030)



197071

3, 15 Purcentage malnauriahed children
(0-4 years).

below 80% weight-for-age standard 55
”ﬁwﬁbglawmgﬂ%mqgightﬁfurmheighﬁcatandard 58

HOUSING E

""" 1980
hot Auerage Pumber of persons per roam 2.6 -
ho2 '% of dwellings with durable

raofsg - 27,2 -

_ _ walls L6.9 -
b3 % of dmellings with electricity 12.4 =
L.h % of hnusehalda uaing woad, cnal or . |

charcaal as cooking Fuel 84,2 =
L.5 | Water eupply o o P
Piped watar (%) : 27.6 -
Well/barehole (%) 34.6 : -
River ar stream (%) 32.3 -
L.6 water diapaaal method. |
Flush, aqua, pit, buckat (%) 50.1 -
None - - (%) 49.9 S
N _—
Figad-1::3
1977 1981
5.1 Total number of telephones ('000°) 56 61
5.2 Telephones per 10,000 population 107 155'
| . t afficea/poatal
5.3 Total number of poat o ] 254, 364

agenciesg
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5,7

5.8

5,9

1977 '
Pnpulatian per post u??ice/puatal -
agencies (rooar) . 20 17
Total nuwber af vehicle: ¢tooot) 169 126
Number of vehicles per iG,QDU
population - _28@ 211
1978 1982
Aoad network (1000 %km) | |
of which 36 37
% bitumen . W7 15.1
% gravel 215 23.5
1977 1981
Railway pésaéﬁger - kilametras _
per caplita - 87 B3
- 1978 1981
Electriclity praddctiuné(millq Kw) H - 7,883 :9,793

~178—

| 1975 1981 1982
Labour force ('000°) 1,479 1,824 1,880

" Number af peréﬁna:emplcyed by the .

-~ formal sector ('000') 393 374 368
Farmal séctdr employment as :
percent of total labpur force 27 21 20

1975 1979 1980

% females of total formal sector o ,

gmployment 6.3 7.7 7.6



695 N

6.6

7¢2

7.3

) 7.!"

Personal services ' 1,660 2,016

'ECONOMIC -
#

1981

L - 1975 1979 1380
‘Sectoral distribution of formal ) “Aﬁ
gactar emplgyment _ _ _
agriculture (%) 9,2 9.7 8.6
mining and guarrying (%) 16.5 16.2 16,2
manufacturing (%) 41,3 12.8 1302
community, social and _
personal services (%) ' 24,8 28.L  29.0
1997 1979 1980

Average annual earnings af Zambians

employed in the formal sector _

(Hmacha) 2nd quarter 1,657 2,000 -2,19%
Agriculture g47 878 995
‘Mining and guarrying _ 2,34k 2,636 2,935
Manufacturing 4,626 1,890 2,082

2,1L5

1987

1978
Natinnal Inconmns :
Grasa pomestic Prﬁduct (GDP) | SRS |
at gurrent pricea CH‘millian) 2,240 3,449 3,56k
at 1970 pricea (H'milliun) ' 1,98& ﬂ3k8k 1,56
Per Capita GDP ‘ N | o
at current pribea’cm) 418 588 589
at 1970 prices (K) 277 = 253 240
1978/79 1984/82
Growth rate GDB (%) ~7.7 -2.0
1978 1981 4982
Sectoral contribution to Gop
agricultural'aectnr _ o
Kimilllion 169.2 .180.0 159.0
g | 41,4 12.1  10.9
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7.5

7.6

77

7.8

7.9

mining and quarrying
Ki'million
%

manufacturing
#tmillion
%.
National Income |
at current prices (K'million)
_atnﬁ97ﬁspr1ces (H'milliuy)’

Per Eapita National Income
8t .current prices (K)
atw197ﬂ<pr;ces (K)

~Groas. Pixed:.capita formation

at;dﬁrrent,pricea_(H'milliuh)
at 1970 prices (K'million)

- Income ‘Distributign -

.UrhanA

: Rural

‘Percentage of total income

agcruing to:
Q= 19% of. the papulatiun
20 39% af the pupula*iun
40- 59% of the pupulatian

0- 19% aF the populatimn
28-39% of the pnpulatiun
#B 59% n? the papulatian

0-19% of the population
20- 39% of the papulatiun
40~ 59% af the population

Urban

Sguatter
Low income
- High inecome

Rurgl
-~ 180 —

132..

1978 1981 1982
W94 5333 433,k
33,3 29.2 29,8

59,6 480.0 473.0

0.8  12.1  11.9
1,809 2,917 2,881
1,326 1,368 - 1,328

. .338 4970 477
248 233 219
437 610 618
164 150

1974775

B
S
6
9
12
b
8
15
1976
136 193
- 255° 354
170 . 238
1BG 270
1,056 1,433
7



7.10
~ . prices (%)
711"

7.12

7.13

7. th

7.15
7.16

717

7,18

7.19

7.20
7421

Inflation
'Increaee in the index af conaumer

Index QP canaumer pricea
1(1975 =.100)

Guvernment Hevenue and Expenditure

Tatal Guvernment FRVERUE
(K’milliun)

Tutal Gavernment expenditure
(K'million)

current

capital

‘% Government expandlture

health, total
gurrent
capltal
| education, total
-~ .current
capital

Munev'and'ﬂankinq

International reserves (net)
(K'miliiun)

Gurrency in cirnulatian (H'millinﬁ)

Private depueita (Demand, Sauings
‘and Time Deposits) '

Bovernment deposits (with Bank of

- Zambis} (K'million)

Commerciel bank loans snd advances

Consumption/Investments
Tfurrent'piicesf

Bovernment ?inal cnnlumptiuﬁ
(K'miliion)

Private finsel cnnsumptian
(K'million)

—-181 -

15.8

163,9

| 584,3

815,46
667,14

168,.3

6.5
7.6
2.0
13.6

1Sets

i

236.8
4548

567.3

7.5
301.6

575
1,203

13,8

2285

8521

1,388.6
. 1523095

158.1

5.6
5.9

3.2

5159
11,9
2e6

.38302
22k .2

843,94

~B52.6

699.8

1,054

2,168

12.6

257.2

878.,7

1,643,2

1,323.8

390.2

T2
6.5
3.7
13,0
14,9
bof

1492,k
22,7

1,159.5

~8hl b
%7 .7

1,072

2,254



Groan dumeatic inveatment
(K'Million)

Gross domestic eavings (K'Million)

Copper Production, Export, Price

Production (1000 tonnes)
Exnarts ('000 tonnes)
Price per tan (LHE Cash and
Settlement Price) (K)

Index of Production (1973 = 100)

Mineral praﬁuctian

Manufacturing
Electriclity

' Internatiunél Trade

Value of imports (K'million)

%‘madhinéry'aﬁd équiment

% electricity and mineral
fuels

% faad_

_Tntal expafés (Kr'million)

‘Balance of trade (expsrt aurplus)
.(H'millian)

;Directian aof Foreign trade

% imports from
'EEC
: Uaﬁu

% exparts to
' EEC
U.K,

Japan -

U.5.A.

~182 —~

1978 19819 1962
537 673 - 603
.18,5  ~b17.5 ~ ~480.8
655.6 ~ 560.6 - 6149
589.2  551.8 6035
1,572 4,51 01,37
g95.4 82,0 86,0
102.6 10,9 100, 1
°40,7 - 293.8 323,5
1977 1980 1981
530 877 szt
38,7 34.5 36,0
15.3 22.6 21.9
5.4 bob 5,5
708.0 1,023.3 - 936.5
178 . 7 12
22 38 -
23 ~23 -
39 51 -
16 1 -
18 16 -
10 11 =



ECOHOHﬁC Tf@ndg iﬂ Zambia r Source: Economlic:. Re.\riew, 1.985, EIIU-]
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o 150
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\ I A ~{ WHOLESALE PRICES]. 100

45 - : i E .

75

pom—=se=~{PER CENT CHANGE ON PREVIOUS YEAR ey 30

GONSUMER PRICES i :
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L. 250
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Halance of Paymenty _ : 1377 - 1380 Jﬁﬁi

Overall balance of paymentg '
(K‘millicn). =228.3 24,0 351,84

Inflow of private capital (net)
(K'million) | 27,9 -67.7 91,7

Current account balance (K'millfsn) -208. 1 -430,3  -656,7

8.6

Arable land per agricultursl”

Arable land (million ha) NoA. 42

population (ha) R.A, 13.8
Number of traditional households . o
-engaged in farming ('00Q') : LR L 626
‘Number af cnmﬁercialIFarmérs _d,53b”  .1;580

1975/76 1976777 41977/98

l.oang réléasad fa'Fafmérs by o ‘
flnanciel institetions (K'million) bt 51 B3

Credit per farmer (K'000) 2.2 2.7 2.k
S 1975. 1984 1982

Marketed productian of selected - _ :

crops - C L _

‘Sugarcane ('000 tonnes) 768 893 1,010
Maize ('000 tonnes) 559 93 . 510

Wheat ('000 tonnes) 0.9 11 13
Rice ('000 tonnes) .0 2.7 2.9

Sunflowar ('000 tonnes) | : 8.2 19 21f
Seed cotton ('000 tonnes) 2.6 17 13
Cotten lint ('000 tonnes) G.5 6.3 b°9.
| 7.0. 3.0 2.6

Tobacco ('000 tonnes)

-185—



8.7 Percentage cantributinn of

traditional farmers in marketed -

malze o

8.8 .Impurta
of maize ('000 tonnes)
af wheat ('000 tonnes)
of rice ('000 tonnes)
8.9 Production of meat and milk
(commercial asector)
‘Cattle (f000 heads)
Pige ('000 heads)
Poultry ('000 tonnes)
Milk ('millien litres)

8,10 'anductinnfaP major fisheries
('000C tonnes) ' -

8.11 Percentage share of commarcial
ang supsistence agricultural
- gector to GDP

Commercisl sactor
" at current prices
at 1970 prices

Subsistence sector
at current prices
at 1970 prices

—186 —

1980

1975 - 4984
60 . . 60 L6
0.04 &3 89
457 35 . 79
3.9 b.B 2ub
- 92- 100 _
55 48 38
11 18 42
12 9 11
1975 1978 1379
41 L3 50 .
19975 1981 1982
. 6.0 .
& L}UB 1‘501
9.1 9.8 8.3
7.0 . 6.9



WATER ANALYSES OF UNTREATED WATFR

FROM KAFUE RIVER AT .IOLANDA INTAKE T ;Jgg,v,f;g

(1974 - 1976) - | . Appendix~7 DATA ON WATER QUALITY
. 3 : . . . ey B
dfraCterlstlc 9—1‘?4_ 15—2-14 20-3-74 l7~4774 15-5-74 12-5~74 | 18-9-74 9-10-74 [ 6-11-74 | 4 12-74 '3;1-75 1 12-2-78 6-3~15 .7_5;75 11-6-75% 10-9-75 8-10-75 5-11-75 | $-12-75 | 11-2-76
. } Dirty Greenish | Greenish | Brownish - : - . : ) i ‘ .
Appearan:ce - { Brovn : Brown | Brown Green Greenish | Greenish [ Brownish | Greenish | Greesish G;ss::Sh Browmish | Brownish | Brownish | Greenish Greenish Bro@isi_\ " Greenish | Brownish | Greenish
Gdou%.. - | Husey Musty Husty Musty Husty Husty Husty Husty Musty uuMusty Musty Earthy Husty Earthy Earthy Earthy Earthy | Barthy Earthy Earthy
Turbl.dlty . 8 . .3 7. 4 . 2 2 E 7.4 s z - ” —~ .q - P . ~ S - - —
Color ‘“.Hazen‘ . - .30 50 40 a0 . 20 B ..15 . o o - — - —- ot L : - - - -
P — IR 7.2 7.2 7.2 LR T N 7.5 7.5 7.6 7.7 . _ 1.4 7.3 7.6 7.3 7.1 7.8 7.7 7.7 7.7
_’é‘::ir?zziot:\;ic;uf':;liiudisty . ;?3 153 141 136 99 122 115 167 U1 224 194 87 152 13.6 129 166 130 - | 133 152 160
(wicro mhos/em) ) 240 160 150 135 110 110 i90 200 210 240 230 | 180 170 o o} 110 160 190 220 | 240 220
Alkelinity as Cac0, 1 7 80 82 74 80 106 120 ‘130 120 94 86 88’ s .. .0 100 - 105 124 132 -, 112
Hardness as .Cacog . . . : : . . . :
Carbonate : ‘ ' : c 8 54 g0~ 106 04 0 1% ' : : G _ . .
Non-Carbonate . - B 6 L .6 . 0 co 1 1 10 6 E 8 Sa e a - L o0 1 e
Total - | 124 Bo 80 88 © 64 B8O 104 104 - 120 - 130 100 ; 8O o J-C TR T -C N A 92 108 110 1300 | 122
P : - 106 | 64 64 . . 68 64 65 94 100 T 10 -126 . . — : P o oo ; 5 86 . 90 | 104 " ee T a9
Magnesi:um : . - 1m 16 : 16 .20 o ™15 o e . . .- . - — 2 — : o - PREN SRP: - . o 5
Sodium Na R - - - - - - - S - - N - i~ - e = - -
Potassium K - - - - - - e - - - P I e e I o R - -
Chloride 61 ' 12 4 6 2 4 IR BT I 4 6 g % e s 8 4 a | 4 6 ) 6!
Sulphate 504 . s R - B _ - - S R | B ’ - E— - : - - . . - . T '. M i G
Nitrate N - ] 0.06 0.08° | o0.01 0,10 g.06 . | 0.08 | 0.1 0.08 | 0.10 oTas | 0.08 | 0.1 | ©.i0. | 0.08 T Talos 0,01 -0.02 T0.04 | 0.03 0.05
‘:Jitrite N - o [+] ‘o 0 . 0 o . ‘0. "0 ] . 3} 0 ) . o : .a . o ! ] 0 -~ . . o | - - . T o
" Free Ammonia N 1 o.44 c.l8 0.02 Q.03 ¢.1l0 0.03 0.30 . 0.24 ‘.02 L0.20 0.08 . 0.28 0:28 0,04 " 0.02 : 8.5 .| 0.54 0.64 0.20 0.76
__Albuminoid Ammonia N F N = - - - - - N - - i - < o N - - - .. ] - -
Oxygen absoibed 33 1.6 1.5 5.1 3.7 2.9 6.8 9.0 3.9 5.4 41 a1 2.2 2.5 4.0 4.6 2.8 3.6 4.0 4.0
Silica $iO, - - - - - - - - - - - - - - - - - _ - _
Phosphate i;oﬁ. o = - - - - ] - : - - - = : - " - - = _ " = _ = =
Fe Total 1 = - = _ - - - . — - = = - ~ : - S - - = Z - - ”
imganesé Mn Total =: © 0 o - o. . - 0 o | a . - o - Rt FEET I ._ | -’ ‘ - . - - N
Free Chlorine ' - Co- - - - - - i - - | - - e - ] - - - - -
Suspended Solids 10 - - _ o= | - - = S - - T S T - i - - - _ - : -
Awsonp(z days) T 5.6 .| 5.6 1.3 © 0.5 0.8 | 1.5 0.7 1.1 1.7 - 155 W .0.9 : .u?3~ 2:0 g 0;:. : - o;z. 1 1;; : ‘2;::
 Temperature B .27 28 25 23 24 21 | 27 28 25 25 6 | 2:. LA S e
%Ahiséolved Oxygen 2.8 | 1.8~ 0.1 1.1 1.0 1.5 o2 2.7 G20 2.7 2.6 15 1.5 : 1.2 2.5 5T LT . ._ . | )
B : : 3107 1.7 17.1 ETE) 92.8 110.0 101.4 146.0: '| 105.8
Saturation 40 25.7 1.4 15.7 14.5 - 21.5 38.5 38.5 28.9 391 7.7 1
in mg/1 except where shown otherwise. | [Source: Zambia Water Wastage Study, 1977] -
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 WATER ANALYSES OF TREATED WATER
AT OUTLET OF STEWART PARK SERVICE RESERVOIR
(1974 - 1976)

virATASter it ic

17-2-74

8-12-75% ] 12-2-7% I

FRTEY ST Y T e

its in mall except where shown otherwise,

_ o1 1423-24 | 17-4-74 | 1o~5-74 | 13-6-74 | 17-9-74 10-16-74 711-74 | $-12-74 - | 9014713 | 23-2295 | se3-5 ) 13a5-75 | 12-6-75 | 120975 | 10-10-75 | 6-n1ems
2z:j:.rance ':z::‘ ::‘-:r :::' :j:“:_“, _c__xf'_'f____cft‘ﬂ_f__‘ ?E-l_'_’fl_‘__'“ _E';"_"!‘.‘f_._h Clear- | Greanlsh Clear Clear | Clear Claar ‘Briqht. R . .

. . \ o Ho"_f,..,.--.... Hone Chlorinous Chlorinous Mastaar Honae Mone Nede Hona . . Y o
Turbidity Clear Clear 1.0 i ©.0 Crear ‘Hona Cloar Cloar 1.2 wir | wu Kone Nil Clear Clear Clear Clear Claar Clear
Color "Hazen -5 -5 -5 - -5 -5 . -5 -5 - 5] s -5 -5 | -5 -5 .5 -5 -5 -5 = g
L SO 7.0 6.9 .1 106 |3 7.0 6.6 6.6 7.1 X 6.9 6.9 .| 7.0 6.8 7.0 7.2 1.0 7.5 7.5
Total .Dissnlw..ved Solids 124 Laa 191 . 11 102 124 149 1;9* 2L 14;_ 244 ‘123 165 117 1314 128 166 161 217 3, '
-EBlectrical Conductivity - 280 156 180 160 '“0 no‘ 270 'uo oo S ” N ] ] _ T _ i
(micro mhosfem) : : ! . . 260 260 200 183 175 120 180 200 230 250 249
Alkalinity as CaCO, iy 0 bh o8 10 0 40 . 60 114 120 100 62 70 62 54 0 92 94 114 10
Hardness as CaCO.,J . . :

_Carbonate C 66 ‘ 70 76 48 €0 114 _ : 15 : i
Hon-Carbonate 30 % 40 m L -4 641 ;60 - 28 20 10 48 147 14 : 26 8 26 22 15 !
Total 134 96 106 96 B0 76 112 - 120 142 140 110 110 84 76 ) L 96 100 120 135 1ot
Caleium ‘ 118 %0 76 78 i 64 84 ~ 106 104 50 as | 100 60 64 R - B2 48 ) a2 B 1
Magnesium 1% 16 30 18 10 12 8 . 14 B w |- %o 22 10 24 12 10 14 12 10 4 ) A

Sokium Na - 1 - - - - - - - T - - _ - - - - - - - PR }
Potassivm K - = - - - - - . .= - -, - - - - - - - - - R |
Chloride €1- 16 16 8.0 6.0 & 6 40 % 6 6 12 4 8.0 s 6 6 8 to o ] uco
Sulphate 'SOA LT - - - : - - * - ) te - - - - - - i - :
‘Witrate N .. BI12 0.04 0.0 6.01 o.04 0.14 .| o.o0v 0.1 0.06 0.04 0.04 6.01 0.04 0.04 .02 1 oot i
Nitrite N . 0.00 ©0.00 a.0 . 6.00 S0.0° 0.0 v.0 0.0 MLl ¢.0 - .0:0 Bil . I e ]
Free Anmonia N _9:93‘ _9.'_0,2, B ‘0.01 o_.m“ 0.04 9.2 0.56 ] 0.3 0.02 0.02 0.9 0.l u.:m 0.52 LG4 { G4 !
Aluminoi::i Ammonia N - - - - - - ~ - - - . - - - - - -
Oxygen’ Absorbed (4 Hirs, 27°C) 1.0 1.5 6.75 2.2 ] 2.0 1.4, 1.7 1.4 1.9 s, 0.9 0.7 1.8 15 1.2 1.t
silica Sio, S - - - - o - - - - - : - - -, - - - -

: S - = - - - i - ~ - - - - - - - - - - - =
Phosphate PO, . . . . :
Iron Fe Tota'-l' . S ] z - z - - RS T S D - = = - = s el — - - ; "
Mangénesé Ma Total .00 = "— - 9.00 - b - 9.0 7 - - = ‘ . - _ - - — - ! .
" Free .'Chlor i!"e : Hil Trace Trace ‘rr.aeo Trace Trace 0.7 l.. 2 Trace Hil Trace Nil . Trace Hil Hil Trace Hil W1l Traca i "? H t

.
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Appendix 8 Hydraulic Calculation of Kalue Troatment Plant

Hydraulic analysis 1is carried out in order to check whether 110 OOO

m3/day of water can flow through the ex1et1ng water treatment pldnt

‘without any hydraulic problem.

Results of the analyslp presented in

'Table 8&2 and Fig. 8.1 show a satlsfactory allowance of water table (1 8

 ft.) in the receiving well and that of some 7 ft. for the fllter TN,

Table 8 .2, Results of Hydraulic Analysis in the Plant

Water Level in

Items Original Work - WaterLevel,etc&dﬁhe Alloﬁénce Remarks
{feet Flow of 110,00 Ocmd fee
%oss ater Level -

: ) . . : . feat){feet) _ S
GClear Water 3,298.8 . 3,298.8 - 0.0
Reservoir S _ : SR
Connecting Pipe ) : A ¢ J— ——

?Clear Water Heserv01r and Filter) _ ) : . ) ) :
Qutlet of o 3,303.0° cee °3,302.9 - 0.1 BR9B.9¥4.07.
Filter ) _ o o = 3302.9.
Filter 6,77 — - ‘Head loss

due to
flltratlon

: L o is 5.8 feet
Inlet of 3,309.67 —omme 3,309.67 =
Filter N : A
Connectin% o L : [ _ 0.23 — ——

Conduit (Filter and Sedimentation Basin) :
Sedlmentatlon _ 3,312.0 -— 310,2 1.8
Basin : o 1 s ) .
Comnecting Conduit (Sedimentation Basin and Receiving Well) 0.22 —— —

-— 3,312.22 2.3

Receiving Well . 1 3,314.5
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(0 Lbss between Clear Water Reservoir and Outlet of Filter Hy= h1+h2+h3+h4
@ 900 mn , | = 460ft. = 140 m .
Q=110,000m3/day= 1.2731 md/sec

T _
V=Q/A= 1.2731/_’*4- (0.9)2 = 2.0 m/sec

ve B RO

@ Iniet hi=fo = 0.5 X — = 0.10 (m)
9 - 2 X 9.8 -
_ , Ve - - (2.0)2 ' o
@ Outlet ho=Te¢ —— = 1.0 X——— = 0.90 (n)
28 2'X 9.8
| - Ve
@ Bend h3= fpifbe
' : .2
85" ~ 2 Nes.  80° ~ 2Nos. £11the : 45° bend 0.15, 90° bend 0.20
' o Q.m2
ha= (0.15 X 2 + 0.20 X 2)—— = 0.14(m)
- 2 X 9.8

@ Friction  he= 10.294n2D18/3Q2L  (Maning Formula)
n =004 D=09 Q=123 L = 140m

hs= 0.80m
® Total . _
| H = 0.10 + 0.20 + 0.14 + 0.80
= 1.24 |
= 4.07 ft.
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(2) Loss in the Filter

He = h1+ h2+h3+h4+h5+hﬁ
Q2110,000m3/day + 20 filter = 5,500m3/day = 0.0637 m3/sec/tilter

@ Inlet _(h1)
V o= 0.0637 =+ 0 14 = 0.455 n/sec

(0.455)2 '
hi= (0 5 + 1.0)— = 0.02m
28
| Where, 0.5:tnlet, 1.0:0utlet
® Sand (ho)

Loss in clear sand  (Fair-Hatch formula)

. a1 % 1 Py
he’= 0.178 L « . . . . 3 -
g B £1 _;0 o Dl2
L : Thickness 0.6m v . velocity :mlsec, : a/B Coefﬁcrent 5.5
£ : Porous ratio 0.35 L 4 Viscosity 10-3kg/m - sec
o :Specific grawty 103 kg/m3 S D1 : Diameter:m
Pi:Ratio of D1 o
P1. o
Where P = 1.5 X 108
- D42 , _ _
0 i 1 20X 1073
he’ 0178X06X—-~*X——X5 X——X
86,400 9.8 - G. 354 103
X 1.5 X 108
= 0.2m

Allowance of 1,56n§ is assumed.
;= 0.2 + 1.56 = 1.76m
@ Gl“a_ifél (h3) - hs = 0.1nm

1 100 120 2
% ——= (.003m
%8 0.6 86,400

@ . Collection (h4)  h4 =
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® . Qutlet (hs) @375, V =0, .0637/¢0. 3?‘52 —ZL_) 0.577m/sec

_ (0. 577)2
“hs = (0.5 + L.0)X -

= 0.03m
2g
Where 0.5: Inlet, 1.0: Outlet
® Loss of venturi, valve etc.
| = 0.14n
@D Total _
Hp = 0.02 + 1.76 + 0.1 + 0.0 -+ 0.03 + 0.14
= 2.06m
= 6.77 fh.

(3) tLoss hetween filter and s’édimentation basin

Open channel (Width 3ft. = 0 '91i11 , Depth 2. 'l’fft. = 0.86m , | = 490ft.== 150m)

Hz = (N2 X V2 X L) + (R413)
= (0.0152 X 0.712 X 150) + (0.3374/%)
= 0.0Tm ' |
= 0.23 ft.
‘Where, o =
N Rbu;‘;hnéss : (céﬁcrefe 0.015)
VD Velocity (12731 % 3) + (0.6 X 0. a) = 0. i
R @ hydraulic radius  (A/S = 0. 66 X 0.91 + (0.66 X 2 + 0. 91 = 0.337)
S 1 Weled 'p_er‘im=eter (= 0.66 X 2 + 0.91 = 1.78)
A : Sectional area (; 0.66 X 0.81 = 0.60)

(4) Loss hetween sedlmentation basin and receivang well _
' Open channel (width 3ft. = 0.91m , Depth 2. 171’1: = 0 66m , I = 330ft IOOm)

He = (N2X V2 X L) + (RUS)
= (0.015? X 0.712 X 100) + (0. 337413)
= 0. 068 i
= 0.22 ft.



Appendix =9 Calculation for Drain Trough of Filter
(1) Depth of Trough

Q @ 23

H =
1.838B
_ 0..52. 213
1.838 X 4.5 X 5 X 2
= 0.03% n
Where,

Q: Rate of discharge _4?.25 me X 0.66 m/min
= 31.185 m3/min

= 0.52 i®/sec.
"B : Length of trough': 4.5m X S'Nos;/f'ilter X 2

H': RO
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(2) Dimension of Trough

Section of Trough v 0.35 X D 0.4
Number of Trough _ 5 Nos./filter
Rate of dischrge per trough

| 0.52

Qo =———= 0,104 m2/sec
5 ,

Critical depth heo

| aQo 2 \1/8
hCO :(—“—-—) :
gB?.
o = 1.1
Qo = 0.104 m3/sec
B ='='(.)..3'5m

/1.1 X (0.10m2 | 13
heo = ' _ :

9.8 X (0.365)2

Il

0.215m

.wmﬁd@dmﬁeisfnm,daﬁhintmtmmm@mi&-

ho = J—_3— heo
he = J3 X 0.215
= 0.312m < 0.40m

Then, trough sectfonhof 350 W X 400 Y is OK.
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APPENDIX 10 CALCULATION FOR SPEGIFICATION OF TRANSFER PUMP

The sp901flcatlon of transfer pump shall be determined by u81hg the
1loss coefficient of ex1st1ng pipeline,

1. Loss coefficient of'eXisting pipéline

Loss coefflclent of ex1st1ng pipeline calcu1ated by using

Hazen-Williams Formula and ex1st1ng plpellne profile drawlng is
shown in clause a.

In Table a., loss coefficient G value will be 120125,

Hazen—Williams Formula is defined as follows:

. | 5
C= {10.66 X |+ hf + g4 8731 X0

where 1 = opipe 1énéth in m

hf = friction loss in m
d = pipe inner diameter

= Capﬁcity in mj/sec
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a. Data for Caleculation

i) Hydrauli'e gradi'ent of existing pipeline (frompipeline profile}

(Delivered capacity is assumed as Q = 16,680IGPM =
109,208m>/day) . '

No.1 PS ~ No.2 PS

&
o ]
- o
[ w-:l ’
S : = :
2 o i T
o [=1 . [T} -
= = I \ ¥ oy -
N & = = ¥
= o : =4
S
& N
- ¥ & :
o s
* [1=} m
o o
=
5 «
Block 1 2 3 4 5 6
Length 5200" 322" s 14845 30250° 21840°
Nom:. Dia.  36.75" 43¢ . 36.75" 36. 75" - 36.75" 36.75"
No.2 PS -~ Terminal Resrvoir
o
l X
oo - g
N I 2
un ] N
» bord
< 4 - )
2 TN o
A )
i ! -8
oy : ~ B o -
=y .
g\%[
=<t
e
. ouF
=
Block . ! 2 3 4 5 6
Length 6606'9" 6400" 4310’ 10490" 47600 80.1"
Nomi. Dia.  36.75" 36.75" 36.75" 36.75" - 36.75" 36.75"
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ii) Loss coefficient of existing pipeline
No.1 P.S ~ No.2 P.§
Q = 16,68016PN

= 16,680 X 0.0045465/60 m/sec
= 1.2640 m¥/sec

Block I hf d c

{182 1
1 1,_584.96 5.547 [0.908 | 124

S {Cman | |
2 | 982.68| 3.414 [1.0635| 82

€ 63.21)
3 | 50.99] 1.8%0 [0.908 | 124

sy
4 [4,524.76 | 15.850 |0.8112 123

- a0
5 [9,220.20 | 31.913 |0.9144 | 122

| N AL V) .
& |(6,656.83 | 23.592 |0.9176 [ 120
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No.2 P.§ ~ Terminal Reservoir

Q = 1.2640 wd/s

Block | hf d ¢

as.051) 1
3 | 1,313.7 4.587 [0.9112 123

| (36.751) |
a |.3,197.4] 11.201 |o0.9148 | 122

(168.21) o _
5 14,508.5 | 51.267 |0.9176 | 120

2. Loss cceffic'.ient:tc be used.and”pipeline. heéd loss

AccOfding to, IOSS'Coe?ficicﬁt C Value can be 130'for ctraight pipc'
not 1nclud1ng elbow e+c. and can be ‘HO for pipe 1nclud1ng elbow loss.

Howevcr,-ln con81derat10n of calculated C value for ex1st1ng
pipeline; thc C value to be used in thls d831gn shall be 120,

Plpellne head loss is calcul&ted by the follow1ng Hazen Williams
Pormula and calculated data is shown in Table 2- e .

HE = 10.666 x (Q PH-')185X(1f.d487)x1 o
As resultc, each plpellne head loss for both,No.l and,No. y
' No. 1 ngh llght pump : ity 84 8m

84.17m

Fi

il

No. 2 High-light pump | Hf
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Table 2.1 Calculated data of pipeline head loss (G = 120)

Q= 76.5m3/min = 1.275n%/sec

- |Block No.1P.5 ~ :No.z P.S | No.2 P.S ~ Terminal Reservair |

d e he | d | e | nf

1 [0.908 |1,580.96 | 6.037| 0.508 | '2,013.7 | T.671

2 11.0636 982.68 [ 1.732| 0.9112. | 1,950.7 7.300.

'3 [0.908 | 510.99| 2.061| 0.9112 | 1,313.7 | 4,919

4 10.9112|4,520.76 | 16.943 | 0.9144 | 3,197.4 '11.75_9;

5 |0.9140|9,220.2 |33.990 | 0.9176 | :14,508.5 | -52.506

6 |0.9176 | 6,656.83 [ 20.091 | 0.9176 | 20.4| 0.027

_ Tota} Hf = S ht = 81.805 |  Hf = £ hf = 81.169
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3. Total head of pump o .
' Total head for both No. 1 and No. 2 high 1ift pump are accumulated

as follows:

No. 1 High Lift Pump  No. 2 High [ift Pump
Water level ' ' '

Condition : : ' : ‘
Suctlon water 1eve1 3,298.8! 3,7891
Dlscharge water level _ 3,789' ' 4,298.2‘

Static head 149.5m 155,20

| o (490.5 fost) (509 2n)

Pipeline head loss j  84.81 o 84,17

Station head loss 2.0m . 2.0m

Total head . 236.3m | . 241.37n

 Though, as shown ‘above, each total head for No. 1 and No. 2 high .
11ft pump has 5m dlfference, both total head shall be determined 242m as
same in con31derat10n of the convenience to be changeable each other

between No. 1 and No., 2 pumping statlon.

e Motor output
Motor output = (0.163 X 25 5m3/m1n X 242m x 1. 15) -PH: O. 86 -
= 1,345 = 1,350kW

where Q = Discharge'éapacity:'22.5m3/min
‘H = Total head: - 242m

Pump efficiency: . 86%

i
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APPENDIX 11 WATER HAMMER ANALYSlS

The water. hammer analysls in case of belng trlpped main pump wés

cdrrled out, to ‘operate and maintain safety after Pehabllltaton of No

y
and No, 2 ngh Lift Pumplng Statlon.

1. Boundary condition

Unit No.1 Pumps Né. 2 Pumps
fump . .
‘Ros. installed . 4 4
Nos. Operated . .3 3
Discharge Capécity'ms/min_22=.5 _ 22,5
" Total Head - mo 242 242
Rotatlﬁg Speed rpm 1,490 1,490
Pump Efficiency Z 86 86 .
- GD 2 Kg.m® 160 160
Motor. . ' )
Cutput - kW 1,350 1,350
Type - " Squirrel cage squirrel cége
Voltage v 3,(_)00- 3,000
Frequency Hz 50 50
No. of Poles ‘P 4 4
@2 . Kgwt o 57 - T 57
Non-return value S o '
Nominal dia mng 450 . 450
Type - - Rapid Closure Type Rapid closure 'type
Pipeline . '
Baferlal _ Steel Steel -
Loss Coefficient ¢ = 120 ¢'= 120
K/EValue - 0.01 ' S :?-2
K: Volume, modulus of water..207 x 10 kg ng'
{E: Young modulus for pipe material .,.2.17 x 10 kg/m
¢ Ref 1
Other condition.  Refer fo ., ., | Table 11.4
- .2 N 1_.2
1.3 11.
Conditions at operatlng ) .
1, 6. 50 3/min 76 5:1 3/m1n
Discharge Capacity =7‘!,2575m /3 T - ars 230
Suction water level 1005. 47 1154’.88
Discharge water level m 1154.89 131¢.09
Static head mo 149.42 155.21
“Pipeline head 1oss o 84.8 o 84,26
Station Head loss m 7.81 2,53
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2.

Specification for Water Hammer Protection_Devices

Chilanga

By-pass pipeline. Kafue.
Initial water level m | 1005.47 1154.88
Diameber of assumed ‘

tank _ m 30 30

Diameter of by-pass : _ .

pipe m 450 450

Loss coefficient. t03 .

flow out m/ (m /s) - 6,526 6,526
.Fl' heel : g ‘

& s Kg.m® 1,0000 1,000

Type Coupling type Goupling type

Air Valve

5%inlet and 6ﬁtlet.type

Type
‘Set level Shown . in Shouwn in .
Table 11-1 Table 11-4
.NQS. : _ _ Ditto Ditto
" Loss coefficient . 130 130
flow in o 3s)2 {assumed) (assumed)
 Loss coefflclent to : 6.4 C 6.4
flow out n/(3s)2 (assumed) (assumed)
: ' Chilanga Chilanga
One-wa, surge vessel: No. o4
Location point (Distance B g :
from pumping station) (Km) 12,0112 13.5352
Location level _ L : '
(ground level) {m) 1293.98 130404
 Initial water level  (m){ 129586 1306.86
Sige. (m) "3 x 3.5 x 3m 7 k‘7'x=4m
Nozzle dlameter (m)| 250 400
Loss coefflclent to : S
flow out: (mm) 83.9 14.53
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* Table 11.1 (1)

B IL1Q)

. . = _ tKafué)
| NODE | Chainage (103¢t.) Chainage ( m ) TmmhwmmﬁLwa(n)Tmmhlmaﬁtwmm)
b 0 o 3289. 5 - 1002. &

2 10 304.8 3226. 5 992:5
3 44 1341, 12 3257.18 ssén79

4 52 1685 '3254. 5 992
5 74+24 2262. 8 3290.0 1002. 79
6 83+24 2537. 2 3320. 0 ioil.gq.
K 84+24 2568 3320.3 1012
8 82422 2811. 5 33386. 62 1017. 00
9 101433.5 , 0465 3108. 6 3378..0 1028. 614
|10 101433.9 , 4470 3232. 07 3397.'89| 1035, 677
1t 101433.9 , 30 4003. 2 55535  &022r90§ 
12 1004339, 4 4369 3362 1024, 738
3] iotme, 6 4460. 5 3370 1027. 175
" 101433.9 , 48 4551.9_ 3374, 1028, 895
15 101433.9 , 55428 4773. 7 3372 1027. 786
16 101433.9 , &7 5181. 0" 3372 1027. 786
17 1014339 , 85 5710, 1 3382 1030. 834
18 101+33.9 , 102 61‘_97_.3= 3458 .1053*998
18 101433.9 , 120  6746. 4 3417.07| 1041.528
2 . 101433.9 , 140 7866. 0 349$iéif idsb.asa
21 101433.9, 149+10 7633. 38 3464. 70| 1056. 04"
22 101433.9 , 163 8057. 05 1 3494.50| 1065.124
23 101433.9 , 178 8453. 3 8451.45] 1052.002
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Table 11.1 (2)

®O11.1 (2)
NOBE Chainage (1037t) Chainage (m ) . Trench Invent Level(ft) Trgnch Vlnvent ievel (m)
2 101433.9, 194 9001. 9 8510 1069. 848
2% 218 9733. & 35286. 84 1074. 981
% 240 10304 3545. 33 1080. 617
7 258 10982, 7 3561. 83 1085, 646
2 270 |  1i318.4 _3551.Qé 1082.369
29 292 11889 3497.20| 1065.847
30 313+97.4 12689. 2 3510. 85 1070. 107
31 _532_ 13208 2 3486. 43 1062. 664
32 346 13634. 9 35086. 48 1068. 775
33 374 ‘14488. 3 3531. 54 1076.413
3 402’ 15341. 8 3532 1d7é.554
35 217 15799 3555. 13 .1083}604_
% aas ‘16682;9_ ' 3566. 55 1déf4¢é4 
12 451+60 | ' 16853. 58 3584. 42| . 1086.435
38 5@3%50_ 18485. 6 3610.00{ 1100.328
39 1533 19334. 7 3602. 03 ;097;839'
10 557 1200§éf2 3620, 238 1103. 481
n 584 20889. 1 3676. 04| 1120.457.
1oz 594 21194 3687. 98 i}z?;:éé
3 606 21560 3681. 12| 1122. 005
@' 824 22108. 5 3710. 86| 1131.07
45 643 22687, 5 3721. 00| 1134.161
16 658 23144. 7 3733, 83 1188. 071
a7 670 23510. 42 3784. 45 1153. 5
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Table 11.2

% 12 | o (kafuej
Pipe |- . - - Diameter Thi : ‘ : ] .l
No. | ode No. di (mm) Tthlzﬁfl:: a (m/s) 'L.el n(fn; h lH:sae?(m)
112 908. 05| 12.7 |1088. 1 304, 8 18
2 2_-;- 3 oy 2 ” %TOSB. a2, .; - — ]
3 3'?4 i ’ 7 2&.3. 88 . 93
4 |4-51063.63|14.3 |1079.1 6§77. 8 .19
5158 ” o ” 274. 4 . 54
5| 6->7 ” " ” 30. 8
6] 78 908. 05| 12.7 [1088. 1| 243.5 .93
7 {B->09 » P o 297.1 ..13
8 |9-10| 911.238] 11.1t [10586.2 12_'3_.'47. 0.486
9 [ 100 p P v 771. 13 . 88
10| 112 ” o » 365. 8 iR . 37
i | 1213 p ” ” 91.6 . 34
2| 1314 " o ” - 91.4 .34.
13 14 -+ 15 # ” # 221.8 . 83
1| 1518 3 ” » 3657, 3 .33
15 | 16~ 17 w v " 579, 1 L19
15 | 17> 18 " o - a87. 7 " .82
16 | 18— 19 P ” " 548. 6 .05
17 | 19 = 20 " p " 609. 6 .28
18 w2 P P v 277.38 .| 1.0a|
19 2!-_—:-22 914. 40| 8.53|1018.0 423. 67 . 68
..,2.0 22_73’2.:3 ” ; "; . 7 $396. 25 . 45
21 | 23 - 28 v p X 548. 60 .02
2 | 212 v p P 731. 6 .;69
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Table 11.3

% 1.3
No. | Pipe Node | di (mm) t (mm} | a (m/s) i (m) jloss(m th &
n|5->%| 914.40] 9.53 [1018.0 5?0.5' 2. 87
RE ' ’ K 548. 7 2,02
B |a-n| 4 ! 3 366, 7 1. 85
% | 8> 29 Ty a K §70. 8 2. 47|28 &mpm‘; :
% | 9> .1 E ' 700. 2 2. 67 |m BRUETS
7| 03 i ' I 519. 0 t. 91
B | a3 | v 3 4 426.7 1. 87
n|n-n 4 -4 { 853. 4 3. 16
30 .3:"._-_> 3 3 .' } 4 _855. 5. 3. 15
ST v 4 457.2 1.88 (3% 2RLETE
3| % -3 ¢ 4 t |sesle 3. 25 |% BRLEYE
2 _35-»37:' v v ¥ 170.68 | 0:63
® :ﬁ-‘»_;g 917.68 | 7.9a | 970.6 {s581.82 | 5.73]

e -33@%3}) ' i_ ) 899. 2 3._56
35 ég-ﬁ»qo' b K ' 731.5 ‘2. 86
36 | 10 '—>_4i i o } 822. 9 2. 98 41:' ERUET S
% | ai —»42 . N i |304a. 9 1r10 e BELEYS
14 _:42'-4 43 ‘.&_. v K 3686. 0 1. 32
B | 8348 i y 4 548. § 1. 98

3 | 445 4 } ‘ 578. 0 2. 10 qs BRUETS
3]} 45 > 48 } 4 i 457. 2 1. 8546 E2LETS
w0 | 6 a7 ' ' ' 365. 72 1. 32
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Table 11,4 (1)

w114 Q1)

NOOE | Chainage C10%E) | Chaimge (u) | Trench trvent Level(FEY Trench Invent level ()

1| 872-206 9 0 3776. 42| 1151.05%

2 678 245, 8 3805 .1159.76

3 698 855. 5 3785. 28 1;53.75
g 704 1038, 38 3759755 1148. 96

5 ;1?18 1465. 1 8794.36| 1166.59
. 736 2013.7  8880. 5 1182. 778
7 752 2501. 4 3876 1181.4085
8 766 2928, 1 3904 1189. 9

9 777 3263 4 _3955J 120%. 48
10 800 3964. 486 ':§919.qo 1212, 98"
1 "803f50 . 240711, '3553.50_;'i214;17i
12 820 4574 1 “@921.58| 1185.3

13 829+40 4860.6 3947.85| 1203305
14 843+10 5278.15 '8989.50| 12186. 00
l1s 846+60 5384. 8 1033 00 -rgajfoé?
16 858 5732.3' 4025f?2_1-¥226:43
17 870 6098.°1 'a086.62| 1280.362
118 - 87T+50 6326. 7 4075.50 1242, 212
19 g0a/1 7134. 4 :4078.0 1242, 974
20 9141 7339. 2 4138 12é1.3

" S1o 75001, 4139 ' 1261.567
2 926/1 7804. 9 4098 1248. 451
23 934/1 8048. 8 4108 1251. 509
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Table 11:4 (2)
FOi1.4 ()

HODE ’ Cha.inage (103ft) Cmihqgé {e) Trencﬁ Invent Levgl(ft} Trench I'nvent fevel (m)
u | sas/l 8475. 5 -4127'°f  1257. 91
5 976/1 8328. 9 4151. 0 1265. 225
% - 996./1 9938. 5 a164 . 1269. 187
2 10241 10792. 0 4180 1277, 112
| 104071 11278.7 4208 1282. 598
® | 10641 12011. 2 "~ a238 1281. 742
30 1086/1" 12681.°7 4248 1294.78

$ o 1106/1 13291.3 4265 1239;972
2 111401 13535{2_ a272 ;302.103
33 .ilsé' 151811 4234. 71 1280. 740
31 ‘1192, 15912. 8 4218. 68 1285. 853
3 1194 15975.6. a217.34| 1285.4

3 1213 16705. 1 4218. 82 . 1285.898
|37 1244 17487. 6 . . az12.11 1283,851
38 1280 18594. 9 ';42;2.39 1284. 088
39 13086 19387f3: 4209. 61 gzs;{dés
0 1328 20057. 9 4213 1284 122
a1 1348 -?065%.5 " a207. 25 i282.37.:
! 1366 21216, 1. Ca213 | 1284.122
3 1390 21947. 7 .422?: 1288. 39
. 1éqo '22252,5: 4244 1293;6_
5 1410 29557. 3 3&;73_ 1302, 4
ls 1420 22862. I 4280 1304. 5

@ | 1424+80. 1 23008, 4 4280 1304. 5

—214 -




Table 11.5

* OIS
. . (Chilanga)
No. | Pipe Node | di Cmm) | & (mm) & (m/s) | | quy =
1j1=>2| 908.05[12.7 |1088. 1| 945. g 0. 94
2 2 >3 # ” o 869. 6 '2 '32
3.1 8~4 ” ” a 182. 88 |
—— giggll
3 4~ b o ” » 126. 79 : 2
a|6-6 ” N '548. 6 2. 09
5 16->7| 911.238|11.12]|1056.2| as7.7. | 1. 83
6 7T+ 8 7 o » 4286.7 _
. - 2. 88 —u-
6| 8~9 & # ” 335. 3 ' B
7 9-~10 ” ” ” 701. 08
- : 3. 03
.7 16 -> 11 S " ” 106. 684 . '
8 |11 - 12 y ” ’a 503
— 2. 95
8 | 1213 ” ” " 2886. 5 :
g | 1314 ” " u 417. 55 1. 58
10 [ 1415 | 914.40| 9.53|1018.0| 106.65 0.39
41518 ” . ” ” 347. 5 1.27
12116 » 17 o ” " 365. 8 1. 35
18 | 17 -8 " " " 228. 6 0.84
14 | 1819 o " w 807. 7 2. 99
15 | 192 o o o 204. 8
_ 1. 35
15 [ 20 =21 # # ” 160. 9 '
18 | 21 =1 Cw # # . 304. 8 i.12
17 22 .;.:23 ra ” R . 243. 9 .0. 89
18 | 23> Z ” o 426. 7 1. 07
19 | 20— 25 §17. 6 7.94| 970.86| 853.4 3.009




Table 11.6

#118,
{Chilanga) _
No. | Pipe Néde: di {mm) t (mm) |a (m/s). _- E {m) loés(m) B
2 | -3 917.6 | 7.94 | 870.6 | 809.6 | 2. 2 1 
21 | 28— 21 # no # 853._5 3. 09
2 | 7> v » ” {18?. 7 1. 76
23 | 829 ” ” ” 731. 5 2. 85
24 | 29> 30 v ” ” . 670.5 2. 42
25 | 30 — 31 ” ” ” 609. & 2. 21
2% | 381 ».32 7 n n 243. 9 -0. g8
27 | 2> P P p 1645.9 | 5.98]
B | B> P ” P 731.5 | 2.64
2 | >3 # 4 ” 61.0 _
‘ _ 2. 86
2| 336 # # ” 731. 5
% % - 37 # ” » 792.5 | 2.86
31| 31> 38 2 e ” 1097.3 | 3.98
32 | _—a-'ss # w o 792.4 | 2.88
23 394»_:46 ” y ” 670. 6 2.43
34 20 - 4l ” ” #” 609. 6 2. 21
35 | a1 > 42 ” » ” 548. 6 i.98
36 | 42 - 43 ” #» ” 731..6 2. 64
3 | a3 tl{l ” ” ” 304. 8
87 | 4 45 ” ” " 304. 8. ,
_ ‘ 3. 85
37 | 45 — 4§ ” # ” 304. 8
37 | 46 > 47 ” " ” 146. 3
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- -  WATER HAMMER ANALYSIS |
| o | | | (NO. 1 P.S——NO, 2 P.S)

1300

MAX. HEAD_AT POWER FAILURE (Case-4)

. | Case-3 — : _ ] =
T | ‘\\ MIN.HEAG AT l A LHRE
Case-2 ) T

1050 - _ [\ ) o
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| e
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e e o e R
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' PIPELINE LENGTH  in Km —220-






WATER HAMMER ANALYSIS (NO. 2 P/S — — o Terminal Resrvoir)

1,400
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APPENDIX 12 DET_ERMiNATI_ON OF_DISCHARGE VALVE DIAMETER

(1) Selectioh‘diameterbymaximum flowvelbcitythfoughdlseharge valve

- operating and discharge valve 100%

: Generally, maximum flow velocity through discharge valve will be
below 6m/sec.

Max1mum_ cap_aci't_y_for one unit is 31,0m/min in the case of 2.pumps
opéning condition as shown in pump

characterlstic curve. AL the above condition, minimum dlameter of -

dlscharge valve W1ll be as below

(R/4)MXVX6O Q
{(4XQ)m(nxvx60)}

= 0.331mm.

d mm 350 0 0 .
voms 537 RRY 48 s

On the other'hahd as maximuﬁl flow velocity through non-return valve

belng 1nstalled between pump and dlscharge cone valve should be below

Am/sec, the dlameter of nan- return valve is selected 450mm dia. The

' diameter of cone valve is selected AOOmm dia. in consideration of the

(2)

space for 1nsta11at10n
Selection diameter by pump operating range

In this clause, € value is used both 120 and 130 (C # 30 is the .
worst case). s
Dlscharge capacity in case of 2 pumps operatlon condltlon and C =

130 will be 69m3/m1n/2 unit, 34.5m /mln/one unit. But at thls operatlng f

point pump cah not be operated contlnuously because of the valve of NPSH

required. Maximum capacity shall be limited 31. 0m3/m1n

—-222—



|/ NPSH Req'd = 10w,

120
130

HA = 149.5 m~

t

v

B

Valve opening  ratic to control the discharge capacity to 31m3/min
and the safety against cavitation at this oapaqity are confirmed as

follows;

¢ =120 . G =130

Dlscharge Capacity - o )

for one unit: - 25.5 _ 31.0

Loss head o : 82.6 ‘ o 61.3
 Pressure at prlmary T o o Lo

'31de _ i 242 C _ 225

‘Pressure ‘at, secondary L ' D
side _ 149, 5 + 9 9 = 159.4 149.5 + 14.2 = 163.7
Valve openlng ratlo 27 _ 35 .
Cav1tat10n coefflolent 2.Q5 ' 2.83
Critical cav1tat1on :

coefficient - 1.05 : ' 1.2

Result (KAV > Kreg) Safety ' Safety

(NOTES) In F1g.1? 1y the relatlon,between Cv and valve opening ratio, and
the.relatlonship between valve opening ratio and cavitation
coefflclent are shown.

In Fig.12-2 the system curve to show pump operatlng point is shown.'
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Appendix 13 Calculatlon of 33/3.3kv Paower Transformer Capac

1.

2.

3.,

1LX
Conditions of Calculation

1) 2 bank system T normally use

Tovaann, standnby
2) Main loads are following:

a. High 1ift pumps . 1,350k X 4 sets (1 set stand-by)
Motor charactarisic

.Efficiéncy at full load 95%

Power factor at full load - 95%
Starting power factor c 0.3 '
Starting current 6 times of full load current.
b. 300kVA auxiliary transformer 2 sets
c. Tntake pumps 315kW X 4 sets

Motor charactaristic

Efficiency at full load 937
Power factor at full load 867

3) Starting system for high lift pump i$ reactor (65% Top)

Célcﬁlation

Total capac1ty T (kVA) '
= [1,350/¢0.95 X 0. 95)] X3+ 300 X 2+ [315/(0.93 % 0.86)] X &
= 6 ,663 : :
Expectlng 10% allovance
= 6,663 X 1.1 =17 329 (kVA)
i.e., Lransformer capac1ty shall be 7, 500 (kVA)
Examlnatlon for Voltage Drop

Voltage drop:(E)_at the‘sccondary terminal of the transformer shown
following calculation formula

E = 1/T [R (Sbcos&b + Smcos g m) +'($bsh19b.+ Smsin &m) ]

: voltage drop rate (%)
transformer_capag1ty _ :
percent resistance of transformer

WH’:!:#
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X: percent reactance of transformer
Sb: basic load capacity
Sm: starting capacity
cos &b: basic load power factor
cos@m: starting load power factor
1)’ percent impedance of the transformer 7.5%
percent resistance - “Ri 1.47

percent reactance ) X1 7.35

2) basic load capacity Sb and starting capacity Sm

sb = [1,350/ (0.95 X 0.95)] x 2
+[315/ (0.93 % 0.86)] x &4
= 5.147 [kva]
S~ 1,350/ (0.95 X 0.95) X 6 X 0.65
= 5.834 [KvA]
3) basic load power factor cos b = 0.8, cos m = 0.3 X O.GS
= 0.195

voltage dfdp rate £ is as fdlloﬁé:

LB = 1/7,500 [1.47 (5.167 X 0.8 - 5.83% x 0.195)
¥7.35 (5.167 X 0.6 -~ 5.83 X 0.98)]
= 9.67 [x] |

‘starting voltage drop of less than 102 is OK.

Therefore, transformer of 7.5 MVA is used.
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