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FUTURI, WATER DEMAND - CITY OF PHILADELPHIA

INTRODUCTION

The City depends on two sources for its water supply, the Dela-

IS

ware and Schuyllkill Rivers. Approximately onc-half of the water

used by the City is supplied from the Delaware River by the Torresdale

.Water Treatment Plant. This. plant has a rated capacity of 282 million-

'allons per day (m.g. d ) with the ability to produce h?} m.g.d. of

treated water during peak demand periods. The other half of the

_City's water supply is withdrawn from the Schuylkill_Rivervand

treated by the Belmont and Queen Lane Water Treatment Plants; The

comoined‘ratc of capacity of these plants is 198 m.g.d. with'a peak

rate capacity of 258 m.g.d. | | |
Consistent with the physical design capacity of the Philadelphia

Treatment Plants and with the proJections of consumptlon for the

City, the Water and Power Resources Board of the Commonwealth of -

Pennsylvania authorized the City of Philadelphia to withdraw h23 m.g. d.

from the Delaware River on December 14, 1955 and 258 m.g.d. from the

'Schuylkill Rivor on January 8, 1958

In order to provide the’ necessary treatment faCllltlts for tho

7oonversion oi the raw water sources to a palatable‘and potable

supply for over two miilion COnsnmers, thc City entered 1nt0 a

capital reconqtruction program during the period 1952 1965 at a

i

total cost of $h6 million. A‘result‘of this program is,three'modérn,

'almost‘complotély automatic;arapid sand filtration plants capable
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of handling raw water supplies with extreme variutioﬁs in their
physical, chemical and biological characteristics. The location
of these plants are shown in Figure No. 1.

The Torresdale Plant is located on the Delaware River and was

rchabilitated by the year 1959 at a cost of $25 million. The Qucen

'Lane and Belmont Plants, both on the Schuylkill River, were com—

$10,600,000,

pleted in 1960 and 1965 respectively. The modernizatlon of the

Queen Lane Plant cost $10, 400,000 and that of the Belmont Plant

¥

The present water needs of the City of Philadelphia and its
service area are adequately met by thé,existing,facilities and
current allocatlons. . : C o

. . . |

This report will attempt to prognqsticaté‘population~and‘con—

sequent water demand for,thefCity of Philadelphia and the sertice

‘area to the year 2020. It will examiné,the ad¢guacies of the

presant'facilitics to meet the requiremcnts of a growing population

and expanding industrialization. It isvpredicated on'the assump—

tion that this Metropolitan -area w1ll continue io recelve 1ts
representative share of the Gross National Product. It takes into

account the'normal cycles of birth and decay aﬂﬂ,foreseeable

_changes inytechnolbgy.

POPULATION PROJECTIONS

Records of the United States Bureau Censu from 1790 to 1960

'_are_tabulated in Table Numbcr—1. Mathematical analysis of these

revealed that the population trends of Philadeiphia during this

}
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period can bo best approximatéd by a Gompertz«tYpe exponenfial
function. The curve fdund to be the beét fit to the historical
data 18 described by the equations
| (1.30&7&)(@—0'0025xg) (o0 0856x)
Y = e°
The coefficients of the x exponent have been found By Laurcent
polynomial expanéion. Substitution of a given year x yields‘th
population Y for that year. The coefficients abdve were determ
" for the Philadelphia census data. Comparigon analysis»betweén
Y actual (census data) and the Y estimated over the period of
record yielded a ﬁorrelation'coefficieﬂt r = .9§.' Abpended is
Table No. 2 which compares actual éensué data to the correép;nd
computed valueé. ‘

The resulting equation as modified by the constants_Was us

iﬂ conjunction with Table No. 1_to,generate the‘anticipated mean

population in ten ycar incremcnts from-1970 to 2020. To develo

an adequate and reasonable range of population for the future,
\ ‘

plus and minus 20% variation of just the projectcd increase in

population was assumed about the mean.

It is ea511y seen that the variation around tho regression

e . %
incd
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line 13 comparable to the assumed varidnce in projection. This?7 

.generated data is shown in Table No. 1 and Figure No. 2 and its

accompanyihg detail. Also shbwn,in Figure 2 are thé'popu1ation

/ .
B ]
!

e AT Sy N



v 1

projections for the City of Philadelphia through the year 2020 as

: ~¢envisioned by the Delaware Valley. Regional Planning.Commission and

the Planning Commission of the City ofl Philadolphia..‘Thc popula="
tion estimatc made by the Philadelphia Water Dcpartment can be

seen to fall within the upper and lower population limits as stipu-
lated by these two planning agencies. For the purposes of this
report, it would appear that the projections and the variation in
rangce as-determined‘by the Wéter Department are reaéonable and can
be prudently applied for evaluating future water demands,

Th§ physical boundaries of the City of Philadélphia are coin-
cident with the political limits of the Counfy of Philadeiphia, |
encompassing some 130 square miles of area. Phiiadelphi§~is an-
old historical City that is built up to a ébnsiderabieygxtent.
There are areas in the Northeaét Northwest, and Southwest sectiona

'of the City that are vacant and can be devoloped for rusidential

and industrial purposes. The reallzation of these proaects w111
further add. to the necd of moxc. watcr. Many Qlder &eCtions of the -
‘City are belng razed and rchabilitatced. This has ied ﬁp ﬁrangient
population and~in some decades to abnormal increases and decréaées
‘about the normal rate of growth. Philadelphla, w1th a fixed

".-boundary, has exhibited the typical Gompertz population pattern.,‘y;
It can be scen that the futurc lies on that portlon of the curve

| " . which has the characteristics of a dccreasing pcrcentage increase.'

|  ’ . Tho continuatian of this. trend will apparently follow the established

. ‘i

‘_' - pattcrn if no now technology‘is effected.




WATUR DEMAND

In the yéar 1965, the pobulation of Philadelphia was approxi-
mately 2 million and the demand was approximately 169 gallons per
capita perxr day (g.p.c.d.). No dramatic increase in per capita
consumption can be cnvisioned at this time; however, slight to
moderate increases in the per cépita consumption figures are
expected bccaﬁsc of the trend towards,modornizatiOﬁ’of home appli-

ances and to the general overall rise in the economic status or

standard of living of the population. For example: It is antici-

pated that the City of Philadelphia will promuigate legislation

in the near future requiring mandatory installation of household

garbage disposal units. It is hoped that per capita use will

level‘off by the ycar 2020.

"A. . PER CQPITQ PROJFCTIO

Predicting a precise 1ncrcase in per capita éonsumption
is nebulous and extremely difficult. It would appear certaink
that a moderato increase can be definitely oxpocted. The
’Watcr Department has cautlously applied a very conservativc
percentage increase in per capita demand in predicting its
future tbtal water requircments. The rangu of 1ncrcase was
chosen to lie somewhcre between l/h of 14 and /h of l% perw
ycnr of gallons per capita u91ng 1965 as the base year, but
not on an accumulative basis., For the purposo of this study,;,

a- median figure of 1/2 of l% will be con51dered a8 being

‘°repreaentat1ve.




B. TOTAL RAW WATER DEMAND

The total raw water demand for Philadelphia and its service

area was calculated and extrapolated by decades from 1970 to
2020, Two methods were utilized to perform these projections.
1. A projection of the population by the Gompertz equa~
tion couplied with an assumed range 6f per ¢apita
- increasce based upon literature research.
n.Z. An analysis of trends in water usage in manufacturing
aﬁd domestic consumption. !
The first methods has been invesﬁigated énd the results
are ﬁresentéd in this report. The secoﬁd method is experimental
"and is still under analysis. It is éxpected that the‘effdrt
will prove to be fruitful and the results will be pubiished at
a léter date. ﬂ_ |

i

An interimlin—houso report by Dr. Joseph §. Mamelak

‘ ’ -.enfitled "Water Démaﬁd Analysis" describes the:second method
and the problems associated with it. ~Brigf1y'it.invoivesj
statisticai trcnding‘of’tge d6Mestic agd industrial demands
futiliziﬁg éedsus; empioyﬁenf, and. Standaxd Industrial Classifi-

cation data.

+ ¢ ..¥Figure No. 3 and Table No. 3, both titled f '"proje_c«tedRahr:w;é,t

’ﬁater‘Demand", illustrate the future raw water deﬁand as com-
.puted‘by the first method only for the'requirements Qf~th¢ City
bf‘Philadeiphia} ‘These'estimates are then adjuéted to inélude
’water sefvico to Bucks County. The Bucks bounty Planning’COm~

mission has predicted that they will require about 67 m.g.d.
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from the City by the year 2020. Philadelphia's future raw
water demand is depicted in Figure No, 4 and Table No. 4 which
are entitled "Philadelphia Projected Total Raw Water Demand".

Secasonal Variations in Water Demand

Figures No. 5 to 16 e¢xhibit several waysvby which the
City's historical seasonal water demands are examined.

. The water demand is c¢xpressed employing, two mecthods using
annual averages and seasonal averages to evaluate thfee data
sets.r The dﬁta sets ccnsist’of the total demand of the City,
the demand on the Schuylkill River and thc demand on the
Delaware estuary.

For the annual average method, is‘yearﬂ of dailyaréw(water
pumping data from 1954 to 1968 were utilized to generate a
yearly average which is depicted on the graphs as unlty at 100%.
Monthly averages weru calculatcd on the basis of a percentage
of the average annual. Also shown were maximum and minimum

demand months for all data sets, as well as maximum and minimum

~ demand days; ‘For each of these figures, the monthly standard

deviations were calculated and are plotted on thc graphs as

lk~vérticalylines.f k‘g~f,7. vl "~t’ﬁ g ;'fl'.-“_cc:ft

- It can be secen that if the data is locked from a monthly ?:
javerd(,e basis that the variations in demand arce flattencd as
‘comparcd to the maximum and minimum mouthly average extreﬁes.

- If these are contrasted with the graphs on which the minimum N

and maximum daily demands are plotted, it can~bc scen that the

i et




daily averagu consumption exhibits considerablc variabllity.

Cogniznnce of this factor is mandatory when cou81dcr1ng the

raw Water.demand of the City of Philadelphia. This is because.

the City does not have a sufficient detention storage to

permit withdrawals on an avcrage monthly4basis. Withdrawals
must be made day by day and processed day by day.

Jt is assumed that historical variations in raw wqte¥
withdrawals may be typical of those Variationé in raw watér
demaﬁd which can be.reasonably expected in the future. On
this basis, it would appear that the peak day rate for the
“year 2020 should range between /OO to 880 m.g.d. with éﬁ

' average expectancy of 790 m.g.d. pcak rate’ for thc total
projected raw water demand of Philadelphia. On an indiv1§ua1

source basis, peak daily rates from the Delaware River'may

vary from 55 to 470 m.g.d. and from the Schuylkill from 290

‘ ' to 365 m.g.d,

S

Another vicwp01nt was uséd in‘cxamining.tho water dehand o
‘ ’  j vabiation. This was done by using a. seasonal avaragc method
‘ o o to show the use variation during w1nter, spring,-summer~and-
éutumn. As before the monthly averagcs along with thc maxlmum
‘ ; . ‘ ;m'_fand'minimum monthly and. dally use extremes were plotted as:ﬁ Mf;;
‘percentages of these seasongl neans., In additiqn; a'month1y ~
- ;‘ ’ ' standard deviation was.calculated;énd plotted.v The calcuiations‘
o confofm-fo.accebted Statiétical théory in fh#t when ﬁsingiboth:

i
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methods, for the most part, two standard deviations will fit
in the.raﬁgcs betwéen the recorded maximums and minimums,
QQ%" ’ ' .“It‘is of interest to note that when gonsidering the total
Waéer demand of the City of Philadelphia it would appear that
this is fairly consistent year to year. However, the last nine
years of record were analyzed separately‘ainceythey reflected
usage whén the City was.completaly metered. When contrasted
to the era proceeding, when the City was pértially metefed, it
can be shown statistically that there is an apparent 10% less
demand in rcquircments., It would appear that metering is'a;.
deterrent to household waste, particularly when coupled wifh
-an adequate rate schedule, N . ‘ ;
| Although the Qariationé in deﬁand-for é‘tdtai‘usé of}fhé
City of Philadelphia appeaxr to be fairly con31atent, exdmiﬁa~

tion of the indivxdual sources of the Schuylkill and DelaWare

‘ “( ‘will*show considerable variation in demand. The distribution
system of the City is quite flexiﬁle and permitsithisfvaria— '

‘ tion in distfibution of demand.‘ This'flexibiiity_will be‘ |
dampened as increases in demand are imbosed onfﬁheiPhiiadelphia
system. Bebauso‘of SOurcé.allocétionkénd othef‘hydraulidiahd
physical cénsiderations, the future increasesvin deﬁand ﬁill~
be met to a large degree from the Delaware estuary sourée.

Iv. }ANQGLR;AL AND OPLRATIONAL AS PLCTS
The managerial and operational policies of a. utility directly

‘effect thc utllization and total consumption of the product and

. associated services.‘ In a water industry. pricing policy mayAi'




inhibit or promote usage; providing adequate fire flows reflect
additional benefits to the consumer in the form of lower insurance

. rates; pressurc criteria can enhance use or aggravate waste. Such

f

things as these are indicated as to just how a water resource iS'
; béiug exploited oxr optimizéd. A statement of these itb@é is
warranted since it will show the degree to which the Philadelphia-
Water Department is cognizanf of‘thesc-factors. It will algo_have
~direct béaring on futur; water use demands and concqmitaﬁt
allocations. | ; :
A.  CITY CHARTER : o | . 'u*., %
| ' The politicdl-and operational strﬁctufc of tﬁe City Gf. , | ;
' Philadelphia was realigned under a Charter pfomulgafed 15 1952; |
Provisions in the Charter made the'Water'Department~in essence’
a Sélf~sustaining entity charged with providiﬁg wéter and sewer

services to the citizens of Philadelbhia. The prdvisions“of

the Charter werc4quite bread in scbpe, permitting thé Water
.Department to have the latitude to sellmwa&erfapdwﬁewef services
outside the.gedgraphiéai bouﬁdaries of'Phiiadélbﬁia; Thé_
authors éf fhe Charte¥ had broad.ﬁisions=ofxa metropoiifan*éhd“‘
regionalizea system., In'ofder to haveutheuability‘to fuifill
. -this:vision, the Charter fufther’stdpu&h&eﬂhthétﬂthe:wafebwfr_3331 *
»Depértment could be organized'in the-form of ah‘authofityiiaﬁd' - é
wﬁile this is notxdﬁrrentlyfﬁndef contemplation; it may'prove‘

desirous in the future. ,If;such an authority comes into being,

10~




it would be a stepping stone to regionalization and would
prnvide the funding for this concept since the authority would
not be restricted by the debt or bonding limitations. It
nhould be noted that the Water Department's bond issues are
not used in caléulating the City's indébtedness under the

present system.

RIEGIONALIZATION

AThe Philadelphia VWater Depurtment’has in effect established ﬂ
a regionalized systcm'of sewer services'since it has, for some '
time, tfeatéd the waste of some 80'squnre miles beyond tne
limits of Philadelphia boundaries. -

rhe policy of the Dolawarc River Basin. Comm1551on (DRBC)
in rogard to regionalizatiou will ‘add further impetus to the

regionalization of sewerage facilities. Philadelphia has bee

~_estab1ished.as'a focal point'in the general_regionalization,

schemes within this drainage basin.

‘ The beginning of regionaliZntion of water supplies is

| another idea advocated by the Delaware Valley chional Planning

Commission (DVRPC). and is fostered also by DRBC. The incap-

.- tion of such a rogionalizcd system may have 1its beginning in.

- the Philadelphia Water Department.ngInwrecent,years, thaJCity‘

of_Philadelphia¢Water Department hasyprdvidedfwnter service to

o

_fhe;Benséleminwnship and'has_Just recéntly signedfan agrqementn"

" with the Bucks County Water and Sewer Authority, a political

jurisdiction encompassing 617 square milesfand'a popuiation of

357,000.

SRR




. The Federal funding agencies have deaignated the. DVRPC

as the agency in the Delaware Valley whidﬁ'will process all

applications for water and sawerffund#ng-in order towmeet'thq,_},‘
criteria established by.thé Federal Water PollutionWControlr“
Administration dhd by the Department of Housing and Urban
Development. Any proposal for’water-and~3ewer'funding must
- be certifiéd by the DVRPC as meeting regional criteria.
~It is Quite apparent that the trend ali overxr the coﬁntry
is towards regionalization, particularly alangrthe Northeast
Corridor where the megalopolis is now expleding. The forée(of
a new population and thcir nceds, and the.cgmpgtition fof water
-Will force~water utilities towards rogionalization with its
inherent features bf bettér management, equity of,reéourcé
distribufion, and the Optimization of cost and sdéiai service.

Philadelphia has no immediate plans to go upstream on the

Delaware‘River fc; itSHSOQrce of supply._'Ehiladelphia's
position insofar as the futufe development,éf the beldware
Rivefris concerned is that the City has the right tozail,fhe.
- water which it requires‘from.tho Delaware %i&er, coﬁsistent~
fwiﬁh the rights of 6therg in the Basin.'.T%e‘City‘further‘
f»;fééerves the'righf foigo upstream on the D:laware River ime.
thq future;for7watér supply.when conditions require it‘ofyﬁhen
Philadglphians desire‘it. When’and 1f,Philadelphia goes té‘an

,//‘
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upland sourcec, others in the contiguous vicinity may want or

find it désirable to enteéer into a cooperative uplaﬁd supply
arrangement, . | |

The accuracy of the projections in this report is deéendent
upon many factdrs. The major factor goverﬁing popdlatidnvgrowth
and per capita consumption is whether the Philadelphia metro-
politan area will coﬁtinue to receive its fair share of the
Gross National Product. One fundamental thing that cduld'greatly
affect the raw water projections is if and when the City>might
begih operations as a regional water utility. _Thére is no way
at the present time to‘predict as to whét'the extent'of this
service may be or to thekextent that this may tax our present

allocations. It would be prudent to obscrvc that the initial

"step has been taken with the recent extension of service to

Bucka County. : . N _t N 4, o e f

B

COVSLRVATION POLILY

The Phlladelphia Watcr Departmcnt has always been cogni—
zant of consarvation and thls has been documented throughout
its hiatory. |

A Universal Meteriﬁg program for the’entirélbity»was:com-

‘ pl9ted in 1959 encompassing some 520 OOO metered accounts;

, This led directly to thc saving of water because with the advent
‘of complete metering household wastc ‘became practically ncg11~*7
‘gible.” It is catimated that household waste has been reduced '

to iess than a fraction of dnetper'cent of the total énnual,, -

consumption.




The Universal Metoring program produced as a spin off,
information vital to operational management and’toustféngtheniug
and refining an adequate and equitable pricing‘policy.

Residential meters are read on a semi-annual basis. Indus-
trial installations are rcad on a quarterly or monthly basis,
as the accouﬁt would dictatc.

The VWater Departmeﬁt is making a céntinuous study of auto~
matic meter reading. If this proves fcasiblec some day, then
moyre checks will be made on inadverfent household wasfe aﬁd
will permit bxlling on a monthly basis. |

All meters in the City arc on a replaccmcnt schcdule in
kecping with our conservation measurcs. Lkxhaustive tests;have

proven that the smaller metcers which constituté the majority

of the total begin to indicate negligiblce under-registration

~after being in service for 15 years. AcCordingly,fmetcrst/B"

in diameter are replaccd every 15 years and those 1 1/4" and
above, according to P&blic'Utility Commission rotation
standards, about c¢very four years.

 The Departmunt is canstantly reviewing and - testing new

innOVatians in thclr meter program. At the present tlme, all

 u’an meters are the magnotic 1<ak~proof type without stuffiug

boxes. This typu of meter pructically eliminates any leakage

at the metor. 

~1h4-




One of the most prominent factors in good waste manago-
ment control is the continuous surveillance of the Water
Disﬁribution System, The Water Department employs a- team of
measuring consultants, the Pitomcter Associates, Inc., to makc
continuous lcak and wasto surveys of all‘water pressure
districts., This agency generally complefes coveragé of the
entire distribution sysfem on a six~year average., Records
indicate that detected leakage amounts to some three,td six
million gallons.pcr day per year,Aor somewhat bolow one per
cent of the average annual consumption. This good house—

keeping practicc has enabled the City to kcep detectable

© leakage to a minimum,

The unauthorizod use of fire hydrénts during fhe summexr
months is a major uncontrollable factor in water consexrvation.
The Wafer Departmbnt hés cstablished bolicg and departmcnfal,
patrols to curtail this unauthorizedractivity'during>thé swmmer
monthg, In:additioh, the Department is contiﬁdally:experi;
mehting with new hfdr&nt apburténahces, Such as specialacaﬁé,
and fire hydrént clamps to fbil access to therhydrant»by |

unauthorized personnel. Public education has been a vital item

- in mitigating this waste. This has,beed;accomplished through

the use of all modes-ofﬂnews4media.‘ The City rccognizeS’its

. civic obligation to make water aVailablelto‘thQSe segments of

thg community which would not ordinarily have access to City

_,‘5._‘




swimming fﬁéilitioa.’ In order to do this‘effeetive}y;,the City
issues sgprinkler permits to residents upon raequest, Despite
our offdrts in trying‘to minimize ﬁnauthorized use of fifé
hydrants, the problem pcersists to an undesirable degree,

RATIE SCHISDULL

The consumption of water is regulated to a great degree

- by the adequacy of charges for the services., The Commissioner

of the Water Departmeht is empowered by the provisions of the

City Charter to establish an adequate rate schedule. The

‘Department.must remain self~sustaining and operate on a pay-

as-you-go basis for operating expenses and for the amortiia—
tion of'éapital expenditures., |

The Water Department is a sefvice motivated, réther“than
profit motivated, utility. Experience«iﬁdicatgs that the

Department must raise its rates about every four years in

order to keep abreast of inflation. This raise allows the

Depaftment to operate with a surplus during thé*firét two
ycars of the four-year periqd,_ﬁhile the last tﬁo,'the
Department experiéﬁées deficit spending. These four~yéér'
raises ih rates are necesSitated by the coSf of»living, by
iﬁnovations in and improvements of facilities.and-séfVices

to the consumcr. .Thu largest factor céusiﬁg'these réte adest-
ments is the abscnce of a depreciation account foriéystem o

replacements."Capital financing has boen substituted for this

C=-16-
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purposc and, until bonds which were sold after World War IX

are paid off, substantial rate increases will be necessary

Q;i' . periodically. The rate structure also provides for social
obligations to thc community in permitting reduced rates to
charitable institutions. |

The_Water Department is continually stiriving to dmprove
. services and to lower the cost to its customers, If is

currently making feasibility studics to determine whether

process control by complete automation with computers is
desirable and will leak to a better and more conomical product.

It would appear that automation will permit optimization in

" several areas, including management, personnel; chemical

application and power consumption.
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~ POPULATION BY GOMPERTZ CURVE meie

YEAR ML MEAN MAX
1790 654,301 |
1800 81,009
1810 210
1820 | | 135,637
1830 o 188,797
1840 | | 258,057
1880 | 408,062 | )
1860 | | sessa9’| | % census
1870 674,022% . BUREAU
1880 | 847,170 " - INFO.
| 1890 - |noseged|
[ 1900 | | 1,293,697 |
\ | 1210 5,549,0055 |
920 | 1,823,779 |
1930 | 1,950,961 )
i°40 | . |1,931,338 "
1950 | 2,071,605
1960 | 2002512
1970 | 2,120,000 |2,150,000 | 2,480,000
| 11980 | 2444,000l2180,000| 2,216,000 |
' | 1990 | 2,164,000 [2,205000] 2,246,000 |
2000 | 2,180,000 (2,225,000 2,270,000 |
2010 | . 2,192,000 (2,240,000| 2,288,000 |
12020 | 2,200,000 2,250,000 | 2,300,000 |
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CORRE—.LAT!ON BETWEEN AcTuaL AnD DERIVED POPULP\T’ION |

B IR S s Yo ey R G

R ~ TABLE 2
1 Y ESTIMATE= 54937.01 | Y ACTUAL= .5439i;oo
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1970 1880 1990 2000 2010 2020

PHELA@ELPHIA PRQJE@TED
TO‘T&L RAW WATER DEM&ND

MILLION GALLONS
PER DAY |

_ - A ADJ[ ADJ [ADJ|
YEAR | MIN [MEAN | MaX | S0 | SR 1 EDS

282 | o ADJUSTMENT-f

1970 | 363 372/. 382 ;6’3« 3T3-5~*"ﬂ3iea>j-.-,;g,\;iaa’:.v;;,;._ DUETO
‘ . | 42a |  ADDITIONAL

| 7 7 | 417 | 396|418 [a38 | °°
980 1375 | %9 e S I SUPPLYTO |

~ BUGKS
'COUNTY

tasLE 4 | '990 390 | 419 | 451 | 422 452 | 484

2000 4Ql 443 | 484 aas | 487 | 528

(@  |200 |a12 | 464|517 | 468 | 520 | 5727 |

2020|422 484 | 556 | 489 | 551 |ei7 |
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