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Intfoduction'

To cape w1th the water shortago now forespen for the future
iﬁ apan, efforts are now belnq exerted toward the development
of new water sources. Ag ‘the prom151ng Gources, desal:natlon

of Bsea water and re-use of munLCLpal waste walor are considered.

Above alil 'thc re use. of munlclpal waste waLor can be

_.utllx7gd as a qource of the lndustrlal and/or nonpotable water

_ Wth relative ease in terms of quantlty and quallty.

1For the purpose of promotlon the prac1tlcal appllcatlon of

re uSJng munlclpnl waste water, technoloqlcal developmentq have

been advanced in recent years and a number of excellent

_reqult Have beén'obtained{

Types of Water Re- Use

In water re use, the follow1ng methods are avealable- direct
use ‘of Q¢condary effluont and 1nd1rect uge of socondary '

oEiluent, ln whlch ‘the sncondary ofrluent is- dascharqed

‘”1nto the upstream of a river and then drawn form the

'dOqutrewm toqether w1th river: water.

(1) .DerLt Re-~ qu :
ThlS type and qystem arc employed in Tokyo Metropolis

H'Nagoya and Kita Kyuqhu Cltles for produc1nq

_Industrlal water.".,ﬂr

fIn the future, it is’ expocted to be adoPted more

xten51ve1y in Tokyo and Nagoya,'secondary eff]uent

haq been” supplxed to. var10u5 1ndustrtes after:'”

treatmont by coaqu]atlon anu oedlmontatlon,'rapld
_sand fltratlon, and chlorlnatlon. The amouﬁt of water
”suppl;ed r95pect1ve1y hapfstood at as much as about
80, 000 m3/day and’. about 30,000 m3/day. in particular,

the caqe of Tokyo is. regarded as typ:cal in scale

and perEormance, and the quallty of supplled water is shown
in Table 1. Type of 1ndustry and use are shown in

Tables 2 and 3 reqpectlve]y
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Table 1:

Table 2:

Quality of Reclaimed Water
Supplied by Tokyo Metropolis

Type of ihdustry usihg Reclaimed water

Turbidity 1.6 |
Colorx 17

Pl 6.8
Alkalinity 63 mg/e
e . 64_mg/g
Elecc, Cond. 551 ﬁs/cm,

T, Hardness lOl'mg/h'
' Fe - 0.12 mg/1
MBAS 0.30 mg/e}

Supplied by Tokyo Metropolis

Type %
Chemical 25.2
Iron and Steel 6.8
Metal - 8.5
FFoods 9.4
Leather 11.7
pPaper and Pulp 15.1
Textile and Dyeing 3.6
Gas ' 1.8
Rublber 0.8
Others 17.1

Table 3: Use of Reclaimed Water
Supplied by Tokyo Metropolis

'Use [
| ‘Codling '49.8
Washing | 294
‘Process 13.7°
Mdtcrial '1.7
Boiler NS
Otbhers 5.3
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2)

3)

'Klta Kyushu thy has suppljed secondary effluent dlrectly

to-the Kurosaki plant-of Mitsubic hl-ChemLCal-lndustlles Co., Ltd.

'Last_}ear,-then the area suffered severe shortage of water,

the City supplied secohdary’eff]ubnt mixédIWifh water of the

'ox1QL1nq 1nduqtr1al water works. In. the ca%e of Nagoya

(liY,—ILCldlmOd water is quppllod after belng mixed wsth
othor Jnduvtrlal water’ through Hdts p]plng connected to
Jndustrlal wator ‘with rlver ‘water as its source.

Wdtgr re- bae for nonpotable wator, the center o£ attentlon
recently in varlous fields, is also a case’ of direct

ater re- use.ﬂ In: ths case, 1ough1y, the following three

“qygtemq are avallable'

- Wide area clrculatlng;System: “This is appiied;td the use

Qfﬁindustrial:water and/or nonpotable water (toilet flusing
and car waqhiﬁgj=ﬁith-sé60ndafy‘eff1ﬁent as its. source.

y to. Larry out,_lt hasz been established as a basic

_{oncepts of water re~ use for nonpotah]e water,

“Reglonal'circulatxng_system; This is applled.to selected

arecag. Tt is designed 'so that the sewage produced in

: tho area, i“”trcafod for re-~use within it, so far covering

hou51ng complexoq or reclaimed areas.

Ind1v1dual 01rculat1ng qystem. ThlS is apbiied to buildings.
and the llke. It 15 designed so that aewage discharged

from such constructlons is treated for re-use within them-
selves. Implomentdtlon of the system if verv>dlfflcu1t

for ex1st1ng bulldlngs, but as it is casy for  those to be

nowly constructed blg cities 1In Japan have tended to

;requlle this systpm in.buildings to be newly constructed.

'Table 4 ‘shows thirce examples of the 1ndlv1dual circulating

aystem ‘that are prdctlcally installed in Japan.



(21

In view of the use for nonpotable waLer, none’ of these.
throe sysiemg lb necessarlly JAimmune’ to cost and c‘anll:e:-lt:u:m
problems Jnvolved in required watcr rec]amatlon and dual
system. . Judging from cost, the wide alea syqtem is
advantageous in u81nq 1ndustr1al water qupply syqtem. There
is no othbllshed de£1nltlon of nonpotable water as yet
Gouorally, this refers to. water for ‘flush toilets, car
waohlng, water sprlnkllnq, cleanlng and coollng air-
condltloner.: In some concepts, water for bath rooms and

washing clothes are added to thosc.‘

Tahle 4: Examples of Re-Use System of Bulldlng Dralnage

Examnle 'Ouantlty-'

‘use - . |, Process
[m /day] . : . P O
Bldg. npt | 480 Toilet Flushing Aeratlon
Sedlmentatlon
' Rapld 5and FllLratlon
DlSlnqectlon '
Bldg., "n" 1,700 Toilot Flunhihd Coaqulatlon
' _ aClO 7‘
Rapld Sand Flltratlon
pldg. "C" 100 Toilet Flushing oil Separatlon‘ N
: ' and Coolihg s R
] Aeratiaon
Sedimentation
Biofiltration

'Sedlmenlatlon

'Rade Sand Flltratlon

Adsorpt1on

Indirect Re-Use

As mentioned above, in this method of ‘water re-use;’
QOpondary effluent is dlschargvd into the upstream of a
river and then drawn from the downstream together w1th erLr.

water. (Only for a case that river flows in nearby area.)
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I'f - the prbportion of the secondary effluent . in the
river watexr. ]S very small and water is collected at the
point where both watere are mlxed throughly, this

akes no dlfference with the use of rlver water.

Hence, 1n terms of quallty, thls cannot be called water
re-~ use._ it has been saJd that secondary cffluent
-qhould be prlmarlly dlscharged into rlvers.' However

in recent years, the Jncrease in its pr0portlon 1n the
rlver water has posed a threat of water pollutlon.

Under the 01rcumqtances, the dlScharge of secondary
effluent_alone is no longer permltted and tertlary
treatment 1s requ1red Indlrect water re-use can
achleve its 1ntr1n51c 51gn1f1cance on]y by bringing the
.quallty of the treated water close to that of ‘the :
river water when - 1t is dlscharged into a rlver, even
if ‘the self purlflcatlon effect of" the river can be

'taken 1nto account to a cerLaln extent.

However, thlS method has the fol]ow1ng advantages.

Lhe burden 1nvolved in the requlred rec}amatlon can be

lessened ae compared with the ‘direct’ type ‘due to dilution

“and” ‘self- purlflcatlon effect of Lhe river, though the
condltlon varles from the dry to ralny seaqon, and river
ater flow rate 15 not S0 reduced on thls acrount,_

this type is consldered prlmary for effpctlve water

re-use.

Howevcr, dependlng on the rat:o of reclalmed water to
rlver water and the concept of advanced waste water
:treatment, there 'is a p0851b111ty that the load from
pcllutlon of rlver'mayzlncrease. Though it is not

seen in the case of water re- use,'some water purification
plants in the Kansal qutrlct have conducted actlvated
sludge treatment of water as a pretrcatment to cope

with worsened pollution of river water.
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thus, due caution must be used where the river serving
as the source of water supply is lntended to be ueed

for water re-usée of thls type.

Sewage treatment is generally alde at preventlug
pollution for an Jmproved GHVJronment not at water _
re-use. Any attempt to achleve Lhe two purposes hy the
same facilities may raise such tnugh problems as how to
share the expense. "To solve these problems, top prlorlty
qhould be given to the profit of local communlty. ‘
Additional methods of the indirect Water reeuSe'are"
availably by utlllzatlon of secondary effluent that has
permeated to Lhe underground ‘and d01ng so after .
recharged into the underground " But both of them are

now 1n the exper1mental stage.

The former whlch requlres only equlpment fox permeatlon and
pumping water, is advantageou' from an_econpmlcalrpg;nt,of

view, only if qood quallty of water is availahle;'

The lntter is an underground 1njnct10n and is an
1nterest;ng method.though_coagulat1pn, qedlmentatlon and 3and
[iltration is needed_prior to recharging into the undergrqund.
Whether-émployignupermeation underqtqunddor grpundwater
recharge, a numbet'of probieme appear to.reﬁain to be

studied, 1nclud1ng p0551ble effects on_ the qual;ty of
underground water surrounding the 1ntended area.

The method of rechatglng secondary effluent 1nto the
underground is _aleo apleed to preventlon of land aub51dence

and salt water permeation.

Figs. A, B and C show 3 systems of water re-use
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Application of Reclamation and Re-Use

Reclaimed water is mainly applied to industrial water and
nonpotable water. In addition, its usage covébs a variety
of fields such as water for recreation, irrigation, etc.

{1} Industrial Water

Most of'reclaimed water now available is obtainéd from
the coagulatlon, Sedlmentatlon, sand flltratlon and
chlorlnatlon of the secondary effluent and mainly used
for cooling water (mostly 1nd1rect COOllng) and washlng
water. PrOCEsé‘Qaﬁef ié ap?licable'to fields such as
regeheration ¢f waste paper.

For cooling water which reaches a temperature of 10 to
50°C after being used for cooling high temperature parts,
and washing water and procesg water which requires high
quallty, recommended method is either conductlng advanced
treatment of waste water or mlxlng w1th other higher‘
guality water, such as service water or 1ndustr1al water

w1th river water as its source.

‘The former requirés.higher cost but water of target
quality is obtalnable, while: the latter is advantageous
in torms of cost but it remains gquestionable whether mix-

ing can be performed so as to attain the target quallty.

The target guality mentioned here is determined based on
experience and actual conditions. Whether the target
quality is optimal for actual usages leaves room for

experimental study.

Cbrrosion aﬁd slime damage impairing feed pipes and heat
ekchangers have so far been cdﬁsidered critical problems

in water re-use. However, in fact, this problem is not
'so severe as generally thought. If measures are confined

to solving this problem, selection of material for pipes
| or equipment or partial use of chemical agents should be

applied rather than advanced waste water treatment,
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(2)

;Whan ubpd for  industrial water, reclalmed water is engul £~
Led 1nto the water. supply. system of the plant and thus,
Llaolated use of the water. is not always possible. There-

__fpre, depend;ngron cases, the use of reclaimed water must

be considered in connection with recovery of waste water
from plants.

Nonpotable water

Today, recélaimed’water has been partially used for water
for flush toilets, car washing, water sprinkling and fire

”fighting5ﬁtiliZin@“théfﬁndQSEfial:hatér'Suppiy system.

Additional. cases of water re-use for nonpotable water

include washing cars of the Shinkansen {super express

;‘rallway in. Japan} or cleaning slaughterhouqes using a

qpec1al plplng system arranged from sewage treatment

| plants._ In the case of washlng cars of the Shlnkansen,

secondary effluent is supplled from sewage Lreatment

plants to the Tokyo Depot of Shlnkansen where it is sub-

‘ jected to chlorlnatlon and sand flltratlon Subsequently,

water thus treated is used  for washlng cars (exciuding

‘final ‘washing). Water used for this purpose has reached

”:;a”rélativély”Iarge”volﬁme'cf"abOUt'400'm3/day, and it is’

‘desirable to expand the use of reclaimed water in this

field.

.In-the housing.plan, ﬁtilization of nonpotable water has

-'been;adbptéd-inﬂnewly developed hoﬁsinq-complex on an

'zxexPerimental,basis.-

'Accordlng to an estimate of the Japan Housing Corporatlon,
“the averaqe ‘and maximum ‘amount of required water per
Tpergon in the hou51ng complexes will respectively reach

‘2502 and 3302 per day in 1985, By usage, those for bath-

room and Wwashing clothes are rLSpectlvely estimated at

?llOE‘and 14580, those for washing faces, Rands and kitchens

80%¢ and 106%, those for toilet 402 andffo;'cleaningsééﬁ,
car washing and water sprinkling 20& and 262.
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Thus, those for nonpotable water are respectively corsider-
ed to reach 1704 (60% excluding water for bathrooms and
washing clothes) and.224£'(79i excludingfwétér‘for bath~
rooms and washing c¢lothes). 1f the usage:df’reélaimed
water is extended to cover water for bathfobhs-and'Washing
¢lothes, further advancéd water treatment wili be'néeded
and public sanitaﬁion-must be étudied.

No law providing for nonpotable water has been established
and quality Standards_(savaral_tentative plans are avail-
‘able) as well as fee, etc. have not been definitive yet.

However, the Government of Japan is taking positive
measures, such as financing of governmental fund and

reducing of tax, to promote the use Of-hbhpOtablé'water.

Orlglnally, the use of nonpotable water 1n1t1ated based

on the 1dea that serV1ce water should ‘be llmlted to drlnk-
ing use as it is too prec1ous Lo be useﬁ for water for
fJushlng t01lets, coollng air condltloners, washlng cars,
ete.

With studies now underway aimed at establishing its.proper
system as early as possible, it is expected to be enforced

in the near future.
Water Reclamation and Water Quality

it is qenerally recognized that the reclamation. process for
sccondary éffluent using coagulation, sedimentation, rapid
sand filtration and chlorination have long achieved substant-
ial.tesults and can be.applied to a wide rgnge of usages.
Corrosion, a typical problem, can be prevented to a‘cbnsider—
ablé extent by controlling the residual chlorine to 0.5 mg/%
and the generation of slime also'cau_be_gheckednby_chémical

~agents wikh relative ease, It has been made clear that

simply using high quality sechdary effluent can reduce damage

due to corrosion and slime to minimum,

The qual1ty of secondary effluent is governed by the quality
of sewage and the efficiency of its treatment, Quallty of
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secondary effluent that the Tokyo Metropolis uses as a source
of industrial water is shown in Table 5,

~Table 5: Quality of Secondary Effluent
used by Tokyo Metropolis

pii | 6.947.0

BOD 10@25 mg/ %,
cop 11~18 mg/ 2
ss 7715 mg/ g

For that reason, the quallty of reclalmed water can be
1mproved subqtantlaily if sewage that is not contalnlnq
lndustrlal waste water and not mlxed Wlth sea water

_15 used as an 1nf]uent, and this is practlcally possible.

TPo further expahd the usage of reclaimed water, removal
of're 1dual color, organlc substance, etc. is essential.
{In snme cases, removal of non-organic and pathogenic

substances is required.)

In addition to the ‘conventional methods, there are several
‘others including activated carbon adsorptiqn, reverse osmosis,
ele?t;odia}Ygis,'ion exchange and biological denitrification.
Operational technoldgies on some of those have been
estéﬁlished-and‘thoSe_onfothers are now being advanced.

As héntidhéa'abové, varioﬁéiwaYS'of reclamation systems

are feasible by combination of unit operations. Decisive
factors for the selection are water quality necessary for
.reépective usagés*and cost of reclématioﬁ. As to necéssary
water quality, quality criteria are now established only

for service water. Concernlng other water, only provided are
desirable standard quality for 1ndustr;al water and

‘tentative standards for nonpotable water.

The}é'aré.difficult problém% in Connéctjon:ﬁith the standard
of water quallty for the re-use of mun1c1pal and industrial
waste water, serious studies ‘to determine quality criteria

are now being excrted.
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Water Re-Use and WatEr Re~Use Promotion Center [WRPC]

tlarmomious development of technologies on advanced water
treatment and water re-use is essential for effective
promotion of water ré-use programs. From this point of
view, WRPC has proceeded with the fqllowihg projects

and experiments:

{1} bemonstration Plant for Industrial Re-~Use of Municipal

Sewage

Construction of demonstration plant for industrial
‘re-use in Japan has reached a stage where coagulatipn,
sedimentation, filtration and chlorination of secondary
effluent is put to practical use as previously mention-
ed and water thus produced has already been supplied as
industrial water and/or nonpotable water. '
However, since its'qUalitf has restricted its usage in
one way or another, further improvement of guality is
required to utilize reclaimed water extensively as a

new water source.

To achleve this, WRPC decided to construct a practical-
scaie demonstration piant employing activated carbon in
:cooperation with Tokyo Metropolis from fiscal 1973
~through fiscal 1978.-'This_plant had started formal
Opéraﬁion in May, 1979, and its outlines are as follows:

1) Capécity: © 52,500 m3/déy
2} Influent: Secondary effluent treated by'coagﬁlation,
sedimentation, sand filtration & chloripation
3) Process: Activated carbon adsorption
.4} Target quality of effluent
Color: Less than 5°
MBAS: Less than 0.1 mg/g
COB {(Mn): Less than 5 mg/¢
5) .Activated carbon contactor:

Steel-made prossure type, two-column, 9 series, 5v2
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6) Activated catbon to be used:
Qualified carbon above the selection sténdard.
7) Washing: '
Surface washing and back washing
Back washing velocity: 25435 cm/min
Back=washing;duraction:._35.min
Washing frequency: 1 time/3 days-.
Expansion.rate 25030%
8) Regeneration fa01]1ty of actlvated carbon:

External heat rotary klln

The influent-of this demonstration. ‘plant is supplied
from the Minami Senju Tertiary Treatment Plant of the
Tokyo Metropolitan Government and the effluent is
supplied to the factories in the nearby area for

industrial use.

The layout and flawiéiagram are shDWn'in.FiqS. 1 and 2

resPectlvely.

The salectLOn btandard of actlvatnd carban to be used

in thls plant is as follows:

1) liardness by Japan Induqtrlal Standard (JIS) Kl474:
More than 90%‘(Percentage of residual quantity
. after abrasion by steel ball.}
2) _Apparent density by JIS K1474:
Wwithin the range of 0.40 to 0.53 g/cm3
3) ‘Particle dlstrlbutxon
a) Particles w1th1n the range of 1,680 to 420
should be more than 95%
b) Uniformity coefficient should be less than 1.7
c) Contains dust as few as possible
4) Adsorptlon Performancea:
a) Todine adsorption performanco by JIS K 1474
More than 1,000 mey/g—C
b) Methylene blue decoloration by JIS K 1470:
More than 180 ml/g-c
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c) ABS value by Japan Water Works Ass'n (JWWA)
K 113: Less than 40 o |
5) Chemlcal utablllty ' _
| Less rowctive to ox1d1z1ng gas such as. oxygen and .

St( ik

The basic specifications of activated carbon recjenéraw
tion. . taca Aty 1nsta11ed Jn thlS demonstratlon ‘plant -

are as follows

1) Operation perlod . 8 months per year:
2) Capacity: 2 tons per day by contlnuous regenera—
~ tion, as calculated in term of new carbon
3) Actlvated carbon to be treated
Granular type
4) Regeneraﬁfon'sfétem-.
Extprngg heat rotary kiln
5) Recovelf rate of adsoptlon performance-'”
_ More than 93% '
6) Malntalnlng rate of hardness
More than_90%
7)‘ Regeneration rate:
’ Me.e than 95% in term of volume:
8) Should be trouble free and low maintenance cost
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(2) Experiment for Developing Technologies of Gravity
Type Activated Carbon Adsorption '

The down flow gravity contactor was not adopted‘for the
abovéwméntionéd_démonstration plant due to technical
problems noted in the bed structure and_devige for
activated carbon'make -up and withdrawal. This equlpment
is designed based on -the rapid sand filter which has been
employed exten31vely for purlflcatlon ‘plants of water:
works and industrial water works..

It is easy to maintain like the conventional water
purificétion'equipment'and'suitabiE'for.large capacity
water'féclamation Relnforced concrete constructlon is
also p0531b1e,-thus prOVldlng longer useful life. '
For that reason, there has been a strong demand for
practical use of the egquipment, among local governments.

n r0ﬁponqc to thlq, WRPC Lonductod cxpertments for its
technical devclopment in fiscal 1974 through fiscal 1976.

Qutiine of experimental equ1pment is as fallows:

Place: Sewage'tréatment center located in the southern
basin on the left bank of River Arakawa, Saitama Pref.
Capacity: 2,000 m3/day.

Activated carbon filter tank: Steel

made. 3,000(W) x 4,500(L) x 6,000 (1) mm,

Experiments on bed structure have been made for strainers,
flat plate screens, and Leopold blocks by modifying them
in sequence. ' _
Activated carbon used: Granular carbon ranging 8 to 30
mesh. '

way ofiwashinq: Back washing, surface washing and air

washing.
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(3)-E2perimentrfor Developiﬂg.Te¢hnolOgies of Water Reclama-
tion Centering Around Biological Denitrification

This,éxperimént“wasfdesigned to obtain basic data
necessary for utilizing. Sewage effluent for industrial
water or nonpotable water for hous1ng complexes and so on.
‘For thb purpose,_a pllot plant experlment centprlng
around blologlcal denltrlfagatlon wa_ conducted in fiscal
"1974 through fiscal 1976. |

Outllne of.experlmental-equipment‘is'as follows:

Place.{ Sewage treatment plant located at Senpoku ln
' Sakal Clty, Osaka Pref '
"Actlvated sludge type denltrlflcatlon process:
' Capac1ty 300 m3/day |
Rotary disc type dehitrification process: Capacity 100 m3/d
Coagulatlon and sedlmentatlon tank: Capacity 504100 m3/d
Rapid’ sand fllte:. Capa01ty 504100 3/d
.AActlvated carbon - adsorptlon column: Capécity 504100 m3/d

The,flpwzsheet is shown in Fig. 3. .

Arm ealed r\'flld(]l Twu ﬂmlr aHeid Dﬂmtrlhrnhnn Pricees

. 'Su({o.i;l.-n.y elfloent " Caustic "D'h

Mf'lhanr.;l

D Heeatard water g

|—,-b4

~n"lUHl"1| -:fuelnﬂmw

Air =~ ~ = o . e . . tank
Mitrification  Denitrilic dhon v HHTATION S"!l:ll"lf‘n-
tank tank N L1t Latian yank

Ratary Dise Typo Biotogical Deoitrilication Proenss

Sedinnm carbonatn Methanc]

RENN e |
Nitrification Deailyilicating [__J A
tank timk Tresatech wite 2

tank

Physical and Chomieal Treating Equipient

Cow u;u! un Snrimm prérhlnulv

et e TR
Elawy o )[ng h”k \Nnt- r [1nlr . }._ Warter Lk l Treater) water

(,nugulaliun anrd ] Tagiind -l tank
~sedimeatation tank filtor

-1_______

Auctivated e nbon
conlaclor

Fig., 3: Flow Sheet of Watcr Reclamalion Centering Arocund
. Riological Denitrificalion :
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(4) pret;mcnt for Developlng Technologles of Water
Reclamation utlllzlng Powdered Active Carbon

In applylng activated carbon to water reclamation,
‘available are methods of using granular activated carbon

and - powdered active-carbon

Up to Lhe present powdexed actlve carbon is superlor o
granular actlvated carbon 1n adsorblng effect and cost
but hard to regenerate and also difficult in treatlng
sludge.. Due to these problems, it has failed to be
adopted_fop'watér :eclémation. This experiment was
designed and conducted in fiscal 1976'thfou§h fiscal 1978
for developlng practlcal technologles for water reclama-
tion and regeneratlon of powdered actlve carbon, as such
shoxtcomlngs were almost sqlved,thrpugh basic studies.

Outline of experimental equipment is as follows:

Place:: Centrnl sewage treatment plant located in Chiba
o City

Powdered active cérbon/activated sludge-dombination"

‘treating equipment: -Capacity 300 m3/day '

Powdered active carbon adsorblng/separatlng equ1pment

300 m3/day ‘ _

Wet oxidation regenérator

Dry distillation regenerator

The flow sheet is shown in Fig. 4.
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Experiment- for Developlng Re-lUse Technologles of

Drainage . from Ofche Building

" In view of the recent trends-of'the concentration of
polltlcal ~economic and social activities in the metro-
polltan areas, the demands . for c1ty water in these

areas are antlclpated to keep 1nereaSJng

The breakdown of 01ty water usage in the Tokyo

Metropol itan area 15 shown in the table below,

Usage ' B %

| A. Domestic ) S
Laundfy' _ : 19,7

Baﬁhiﬁg'_ B 8.8
Cleaning = . . 5,1
Sprinkliné o 0.5
Car -Washing . _. L - 0,2
Drlnklng & Cooklng'_f ; 13.5
.'Hands and Face Washlng 10.4
TTOllOt Flushing - =~ '”ﬁ4;8
Sub Total . - | 3.0

B. Municipal Functiqh

School | 4.4
Public Bath ' - 1.7
_Hospital 2.8
Pool 3 S 2.5
Others:_ L 25;6 
| Sub Total | 37.0
Total - 100,00 |

The "Domestic" water, which is 63% of the total consump-
tion, is considered to be reachlng the c9111ng as a
whole, although Sllght and gradual increase is antlcl—

=pated in the future.
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"Others" among "Munieipal Function", which is composed

of office buildingé, departmont stores, hotels, stationsg

and 80.on, consumes 25.6% of the total and 1ts xncrease
rate is antlclpated to be the hlghest in the fugure.

To, cope w1lh this forecast and to use anefLClal]Y ‘the
c1ty water in the metropollLan areas, the technological
devclOpments on re-use of dralnage from bulldlngq have

been taken up by WRPC since fiscal . 1977 in cooperatlon

'f.w1th local governments and concerned flrms.

'The tests 1nclude the follow1ng items:

1) To. establlsh stable process to the change of

quantity and quality of dralnage_ :
-a2)enTo develop a compact equ1pment since the space is
“so limited

3) To develop the technologles on. automatlc

operatlon to save manpowor as much as possible,

 _Tests on %everal types have etarLed in fiscal 1977
thch treaL dralnaqe excludlng toilet flushlng andd

completed in fiscal 1979

Tests on additional types have started in fiscal 1978

wh:ch treat dralnage 1nclud1ng toilet flushing

:Flgs. 5, 6 and 7 show the flow dlagramq of three types
of . the pllot plants :
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Systeim "/\ :Contact - Oxidation /Bioliltration ._ :
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Fig. 5: Flow Sheet of a Pilot Plant for Re-Use of Building brainage
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(6) New Programs of Technological Developments
. WRPC have started since fiscal 1979 héw grograms of
technoloqical develbpments on the following themeszf“

1) * Re- -use of munic;pal waste water by membrane process~m

reverse osm051s and u]traflltratlon
The flow sheets of pilot plants are shoWn ih"Fig. 8.
2) Total system of waste water re use and sludge treat-
ment .
3) Re-use'of?municipél'Qaste wa;ef'mainlf:aimiﬁglfor

removal of eutrophic pollutants.
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"UF-1: Holidw Fiber Module

“YF=2: Tubular Module

 RO“1: Tubular Module

RQ-2: Tubular & Spiral
Wourid ‘Modules
RO-3: Spixél_wQund Module

- RO-4: Hollow Fiber Module

{lj:VRéceiving Tank

{ Case 1f

Ok

{2]: Strainer

[3]: Concentrated Waste

- 14]: Reclaimed Water

{5]: Line Mixer

[6]: Microstrainer

17] Ba113Waéﬁer
[8): Sand Filter

{91: cartridge Filter

P Pumpy

p*: Pump for Back Washing

P**; pump for’ Recycling

HPP: High Pressure Pump

B*. Blower for Back
- “Washing

C-1: HCL
‘| Case IIX

C-2: NaOH

.Fig; 8: Flow éﬂgetrgfjﬁeﬁe}sé Oshoéistor Ultrafiltraﬁion:Process
for Water Re-Use
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73 o  QUESTIONNAIRE [1]

Waste Water Re-Use. Program.

in the Kingdom of Saudi_Arabia

Answered by:

1. Investigations of Waste Water Treatmeﬁt & Wéste_Water Re~Use
1.1 Investigations in the Past
[lj Year:

(2] bistrict

[A) Administrative Name:

{B]'Pdpulatiéni

[C} Area: o .kmz
(3] Purpcse'qf'Investigation;
{A]=NaStGIWBter_Tréatment.
[B] Waste Water Ré—Use
[c] (Al & (B] |
4] Ttems of Ir_wcstigatioh
(A] Feasibility Study
(B8] Basic-P;ah
[C] Scope of Investigation
{a] Water Conveyance Faéilify
[b] Water Treatment Facility
[c) Water Distgibution Fadility

[5] Availability of Investigation Report: Yes No

6] Actualization of Investigation:

[7] Consignee:
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1.2 Investigationg that are currently conducted or planned

{1} Period: From to

12] DiStrict

[A] Administrative Name:

[B] Populdtion:'
'[C]_Afea: _____ km?
_Lf] Purpose of.Invéstigatipn
IA]'Waste Watef Treatment
(B] Waste Water _R.e—-USe
[Ci'WéSte Water Treatment and Re-Use
[4] Items of Investigation
[A] Feasibility -:Study
.1“1 BaSic Plan
[C] Implementation Plan
[D] Scope of Investigafion
| {aj wétér édﬁﬁeyéncé“Fagility
b) Water ??éatment-Facility

‘[c] Water Distribution Facility

IE] Consignee: .
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2. Waste Water Programs that are currently plagned_

[1] District

[A] Waste Water Treatment

District:

Population:

Areda: o km?

[B] Irrigation

District:

Population:

Area: km?

[2] Description and Percentage of Waétezwater'

Iy

Descr%%ion Percentage

Domestic Waste Water
Industrial Waste Water

Othoers
L_ ]

[3) Watoer Supply'Condition'in the Subject District

Treatment

‘Use _ | Source | process

. Distribution

System

Potable Water

Industrial Water

—-72 ~




[4] Location of Waste Water TfeaLment Plant -

Aﬁailability*of Loc¢ation Map: Yes No

(5] Capacity and ¥Flow of Treatment Plant
lincluding Sludge Treatment Process)

[Afréapacity: Averége:'uﬁ

B Flow:

Availabilityjof Flow Chart:

Maximum:

Yes

Wﬂ-m3/day

o m3fday

No

[6] Seasonal Variation of Waste Water Qualiiy and Quahtity

R,

DéScription Items Variakion
Qualit? ot ) mwﬁuﬁm{_ﬂ:fﬂ““M
BOD . N
S5 n,
DS .. N
cl- "
T..Hafdneés ",
Nal - -
K+t o,
T-N N
r-p 5
Coliform - n
Quantity 7
{m3/day]l

-t
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[71 Quality of Reclaimed Water:

[A] Recorded Value

ptt: ~__BOD:. . T -1 A
T o R _'I"-H' R
wat: ks N
TP Coliform:

(3] Standard [Desigh Valué]

ptis BOD: _ o 88+ D
T™s: o C]_f: s ' o T. .

Nat: N L K*t: | S .. T-N __
TP Coliforin: o ]

(8] Distance between Sewage Treatment Plant and Distributed

District, and other Geographical Conditions
(Al Distancoe: . km

B} Condiltions:

_[9]_DisfributionfSyétQm”of Reclaimed Water

{A] Sysﬁém; Pipeline Tank Car |

[B] Installation Method of Pipelinu: Underground
Land Surface

[C] Material of Pipeline:




[10] Use of_ReClaimed Water:
[A] Agriculture

Name of Cultivated Plant:

[3] Roadside Tree.

[C] Tree Planting

[D] Otheis: : _ B —

[11] ReQuired Quality for Reclaimed Water

' pu{ __;_;_____; BOD: 85z

_, DS uwmm___ C1~: __ PRI S o
Nat.: =~ gt: TN
T-P - Coliform: -

[12] chuiredIQudhtify-for.Rccldimud'WaLCr

and Scasonal Variation:

Quantity: B : m3/day
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3.

Présent Conditioh of Waste Water Preatment ayd

and Related Probléms

[11 Condition of’Waste Water Treatment

(A] Subject District

Administrative Name:

Populatiohi ~

Capacity: . m3/day

Flow of Treatment Process:

[B] Discharge Point of Redlaimed‘Water:

[2] Problems.

[A] Problems related to Treatmcnt Facility:

"[a) Structural:

[b] Operational:

(B] Pipeline

[al Material:

{b}] Installation Method:

[C] Sludge Treatment

[a]l] Process:

(L] Method of Disposal:
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QUESTIONNATRE [2] -

Goneral Matters

Answered bys

1. Programs of Walcr Sources Developments

(A] Demand

— 21980 1985 1990

potable

Industrial .

' Agricultufa;

[B] Supply
“___-.

i

| w1980 1985 1990

Groundwater

Desalinated
Wialor

Reclaimed
Water

1 1

o

2. 'Quantity"supplied by WdtLr.Works and Industrial Wator Works

Quantity treated by Sewage Works -and Extension and
Construction Program of Works

thcnslon . Qonbtructlon
a@ . - 3/4
Use | Qt [m2/d] [%] Program
Potable N '
Industial

Agricultural
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3. Standard of Water Quality required - for Water Works,
Industrial Water Works and Sewage Works

[A] Potable Water {Supply Standard]

p: BOD: e 55: L
nS - i o Cl“_: e T.He:s
Nat: kY. . TN

T-P: Coliform:

{B] Industrial Water [Supply Staﬁdard]

pH: BOD: 55:
TDS : . c1~: T.H.
Nat: Kt: J T-N3

T-P: Coliform:

(C] Agricultural Water [Supply Standard}

pu: __~ pop: _____88:
TDS: Clm: T.H.:

Nat: Kt: . P=N: e
T-1: . Coliform: -

fD] Sewaye {Diéchargé.Standard]
pH : ____;__;;_ BOD: 5S:
TDS : c1m T.H.:
Nat: Kf: _. _ ' T4N:.
T-P: Coliform:

4. Service Charge

A} Potable Water:

(8] Industrial Water:

{C] Agribultural Water:

(D} Drainage:
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Allowable Cost for Reclaimed Water:

Sewage Disposal Method in District wherc Sewagé Systems are

not Installed:

Installed or Planned Water Treatment Facilities
[Desalination, Water Re-Use or Sewage Treatment]

Name of
District

Purpose

Capacity
[m>/day]

Installed
_ or -
Planne

Const.
Period

Engineering,
Manufacturing &
Const. PFirms
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§. Administrative Office related to Water

(A] Administrative'System:

Availapility of Organization Chart: YQS No

[R] Legistlative System:

[a]'Potable.Water:

L] Ind. Water:

[c] Agr. Water:

id] Sewage:

{C} Budget:
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The following data are necessary as to the area to be -

developéd;

general features of agriculture

clinate —-—- rainfall, temperature, evapotranspiration ete.

:: t6p0Ef8phicﬂ1'ﬁaps;'l t§'50;000;'1arger scale maps are desirable

chemical propéfﬁy of soil, eapecially as to salts and soiT mechanics

_ present cr0ppiﬁg pattern

éurfa@é yater and:grdund”watef ——<l quantity and ouality

present methods of jrrigation
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74

June 24, 1980.

H.E.Sheikh Abdullah Mohamed Al-Ghulaikah
Deputy Minister for Wabter
Ministry of Agriculture and Water.

Excellency,

We have the honour to report to Your Excellency our
tentative comments and observations on the problems of
water re-use and brine treatment in the Kingdom of Saudi
Arabia as follows: ' '

l. During the priiimizary meeting held between us and
the responsible ofificials of the Saudi Ministry of
Agriculture and Water on June 15,1980, the Saudi
side presented the points of discuszsion as shown in
Annex I,

The Japanese side studied them and prepared its co-
mments in general w3y which were explained in Annex

*

2. The Japanese team visited some agricultural snd water
- facilities in the Kingdom of Saudi Arabia. During
these visits, the Japanese team observed certain pro-
olems concerning the plan of waste water re-use and

- discussed a few points about irrigation in Hofaf irri-
gation and drainage project., We pointed out some pro-
blem and comments in Annex 3.

But our detailed report will'bé'prepared after our
return Yo Japan and submitted later to Your Excellency.

L COncérning the possible coo?ération between our two
countries in the field of water re-use, our initial
findings are the following:

(1) As to the re-use of sewage water, there may be
possibility of Japanese participation,for instance,

in the detailed study, if the Saudi side defines =z
specific area for such a purpose,

../2
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(?) Regarding the Qassim and Medina projects, it is
premature for us Lo mention definite opinions.
The possibilities of the Japanese cooperation
should be studied later on basis of more concrete
information such as the reports of the consulting
companies,

We will recommend to our Government to pay the
positive consideration for implementing the coo~
peration in the field of re-use of sewage water,
and the oproblem of treating the brine, if specific
requests and detailed information are communicated
by your esteemed Ministry to Japanese side.

We wish Lo take this opportunity to express our
deep gratitude for your kind guidance and all facilities
extended to us by your esteemed Ministry during our stay
ir the Kingdom of Saudi Arabia.

Flease accept our best regards.

Hiroyuk:i MAKI Delegation Leader
Deputy Director :
Industrial Water Division _
Industrial Location and Environmental Sureau
Ministry of International Trade and Industry

Taxamichi IWAT Irrigation Engineer

Disaster Prevention Division _
Agricultural Structure Iimprovement Bureau
finistry of Agriculture, Forestry and Fishery,
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'POINTS OF DISCUSSION

Reuse of Sewage Water

Methods of Conveyance

- Methods'of'AppliCatiOn'

Restrlcted use/and/or unllmlted use
Ch01ce of. Crops

Methods of dlSpOSlng additional oewabe water.

¢

DiSposing of brine réjects from R.O, Flants.

- Bffect nf Al“PPth leDOjlﬂ” in 3=wage 3Ivatems

j—'Avallablllty of Space
s Methods of Collectlon
- Minimum' areas required for c1ty rlants.
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I’.— &iﬁzi;_BAs;c' CONCEPTTON on: WASTE -‘;JA'EE_R "R'E-USE.

Wdfer re«ue( Lor multlﬂle purpoce apter waste water

_rec’ameelon is the beneflelal usaze and is the effective
way to. minimise water demand.-

_Lhere are two e"stems for waste wa*er re~-use.
‘One 15 the. detem that treats the waete water,

accumulated by plDe 11ne,'at uhe same plant of which the

recl almed wane water is Te-used and sueollea the reclaimed

uat““ to users bv pipe llner

Af:ther id_uhe SVS tem hat uOﬂoumbro of larde quantltj

of water res eectlvelv Por example ofzxce 1'\ul"dlnﬂ" or

facto ies, reclaim and reuee waste water at the place

where t%elr ¢acL13tee are. '

Tha ;t syst:ms-have the follow1 1 characteristics
5 _ :

é
rel ed % o cost - gtlma on.

o Lhe $¥5 tem Uhat treate waote water, accuwulated by
'nlne 11ne._ ' _ _
- In.case that tn ”ahv consumer* of reclalﬁed water
'*stay at a llmlted area, uUCh as a&rlcaltural re-use,

ftnls-system_ls much effeetlve.

b 1nd1v1dual 01rculat1ng system

‘In case consumers are QlSt;lbuted in EXbPHSlve area,
for example bulldanS or factorles ‘this system is
'beneflclal, because no: plpe line is used,
However, factorles should be constructed in the
"1ndust“1al zones whenever e0581b1e. Also, it is
p0851b1e to re-use waste water with a unit, contéins
PeveraW bulldlngs, w1thout 1nd1v1dua¢ re-use.
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4% In selection of" tho»e s;stem co"nreb0381ve waste wa*er
Te~-use prograss ohou]d be designed and dlocu)sed,'qccordf_
ing to 3110wab1e cost for waste watem re-use, the’
ch aracterlstlcs of obgectlve area, waste water re-use
demand, required water quality, dlstrlbuvlon-of-consamers,
and wasté water quality. Therefore, the wéSté water
re-use program in a large*éity,'whebe large‘quahtity~'
of water is consumed for mun1c1nal fuﬁctlons such as
Riyadh City, is different” fron prograns in cities whlch
contain farms such as Al Hassa. '
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Comment

ae

The water Tnsource of 1) is the secondaﬂg sewage effluent,
and the reclamat:on cost contains no secondary treatment

cost.

Watﬂr oharse in Japan (contalna-lnltlal cost renavment

pes onal coat power cost etc ),

Industrlal water (natlonal average) 20 yen/m
MunLulpal water (for buSLness in okyo Metr0p0¢1s) 250 Jen/m
As above uhe cost of 1nd1v1dual 01rculat1ng syste “S
abob 300 m2/m? higher than munlclpal water charge, '
but can mlﬁlmlze sewage char*e ST S

(3 4) yon/m - for business in Tokyo etropojls)
Therefore, total cost decreaseu, and the economlc_
aQVdntage-OL 1nhﬁv1dual 01”cu7at1 g'SJsuem will ae

recognized.
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II. WASTE BRINE . TRQATFENT METHOD IN REVERDE OoMOS¢c.
' “‘ALINATION PLANT .

_ Por solv1ng the problem of treatlng the brlne, the
sldea of thorough recovery of water oontalned in the brine
'and the complete 1solatlon of salt from water reﬁouroes
shou1d be 1nveot1gated with great care ‘for condltlon
1nherent in. the .area.

(’}1) WASTE 'SRINE H"L_‘REATMENT

:For the purpose of solv1ng problems of strong demand
fO“ frebh water and t“eatment of brlne, the following
.three methods "™ are con51dered -

.1) Brlﬁe will be disposed to art1f101a¢ salty pond
“and separ atnd from water resource to preveny
-5contaminat10nj_ Water would not be rec¢overed.,

2)'Throughféonceﬁtratioh, salt 'will be crystallized,
séoarated'from-brine and rejectéd'_ The salt rejected
is dispésed in’ & specified place. Water would be
recovered.-

3);Thfoughﬁooncéntraﬁion,“thé'bfine‘will be disposed
~ into the ocean by way of plpellne,' Water would not
: be recovered - -

(note) For ooncentrat:on methods of brine, several
-methods are considered. .These are chelating
.r681n method, electrodlaly51s, multl effect
'”evaporator and solar pan-etc. '

- 95—



Among those, the recommended methods wouldgbe 1) or
2). The recovery of water and crystallization of salt
from brine are recommended in order to prevent
accumulation of salt in the underground water. .

Method 3) is considered to be expensive owing

to the usage of"pipe line. A special technidal study
would be necessary to decide the optimuﬁ”méthdd. In
case of adoption of method 2), a pilot plant test in
site on long term basis would be required.

,(

(2) RECOVERY OF WATER IN SLUDGE FROM SOFTENING PROCE C OF
dnll WATER, o :
At the present tine, thé sludge -including water from
the softening process of well water has been discharged

to desert,

if ‘a dehydrator for the sludge including water will be
adopted, more water would be recovered. The water
-vntents of the present sludge is about 97% and the
azount of the sludge including water in velume is

about 10 - 18% in volume of raw well water.

When the water conbents of the sludge are minimised

to about 80% by the usagé of dehydrator, the amount

“of the recovered water shall be about 88% of the initi=al
amount of water in the sludge, and such amount of the
recovered water shall correspond to 8.8% -~ 15.8% of the
raw well water.

The above mentloned method is so far a mere- 1dea '
therefore, it will be necessary to confirm the effect
of such method by some test.

If this method would‘be available,'the'amount of the
discharged sludge would be minimised,therefore the problen
of the space disposing sludge will be reduced.
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III. ENVIRONMENTAL EFFECTS OF O“WAGE RE-USE,

(1) Tndustrial use
In Japan, reclaimed sewage has been used for industrial

purposes for more than 15 years. Comments based on Lhis
swperience are as follows:-

1) Criteria of ~characteristics of sﬁpplied water for

| industrial uses. |
Standarus of supp;led water for- 1ndustr1a$ uses in
Japan are shown in Table_E. For some uses, water
of worse quality than these standards could be used
and when higher quality is required, supplied water
should be treated to the demanded grade in each
factory.

Exampleq of sewage re-use for 1udustrlal purooaes'
are shown in Table LD

Tabi: 2~ The Standard Quality of Industrial Mater in Japan

FH 5 8 - 8.6

Turbldlty 15 _ K

M-Alkalinity 80 mg/1

(as CaCoB)

.P-Hardness 100 mg/1
- {as CaCoB)

P L

C1 . 80 mg/1

TS o 250 mg/1

Fe - 0.3 mg/1

Mn 0.% ng/l
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Table 2-~1: Type of Industry using Reclaimed Water
Supplied by Tokyo Metropolis

Type o %
Chenical - ' -t 25:2
Iron and Steel | | _ 6.8
Metal - 8.5
Foods _ ' -9.4
Leather - 11,7
-Paper and Pulp 151
fextile and Dyeing : 5.6
Gasg . . . . b - 1.8
Rubber - 0:8
Others f C17.1

~ Pable 3-1: Use of Reclaimed Watef_
' Supplied by Tokyo Metropolis

U s e B
Cooling 849.8
Washing _ 29.4:
Process . 13.7
Material " 1,7
Boiler | 0.1
Others 5.3
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2) Distinction of pipelines

The supply lineé of induetrial water should be
distinct from the potable wafer supply line.
Countercomnection of these lines should be strictly _
eliminated. The habit not to drink industrial water
should be inculcated in factory's workers.

(2) AgriCultu?al use

In_Japan,-we have no experience having used reclaimed’

water directly for agriculture. It is discharged into
the river and used after diluted. Therefore, we don't

have enough knowledge of using reclaimed water directly
for agriculture,.

We mention within our kgow7sq° a1 follows:

l)'The standard of water quality *o be requested

a. The standard of water quallty for Japanese paddy

rice is shown in Table 4, However, as the weather,
the climate and soil of the Kingdom of Saudi Arabia

‘are entirely different from those of Japan, the
“standard cannot always be applied in the Klnsdem of
“Saudi-: Arabia. Moreover, paddy rice in Japan is

quite different from Saudi Arabian paddy rice. The
former is short grain called Japonica, while the
latter is long grain. "In Japan, paddy rice is

cultivated . by flood irrigation for about 170 daJS

in eummer, while paddy rice here in the Kingdom is
1rr1gated everyday as deep as evapotranspiration

- for the purpose of avoiding salinity problem. So the

standard should be treated just as reference in the

Kingdom of Saudi Arabia.

The standard for the other crops such as vegetables,
frults, pulses and cereals is not yet de01ded in Japan.

' There, rlvers and lakes are going to be polluted by

sewage, Ministry of Agriculture, Forestry and Fisheries
and other organizations are now studying to decide the
standard of water quality.
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Table /4
FH 6.0
CaD des
gg o
L

TN 1
AS 1
o
Methyi-

Crganic
CDh less

Fo v

—
LV A S

2)

: The standard of Agricultural Water (Quality)
gy 5
5 than 6 mg/l
100 mg/1
5 mg/1
1 mg/1
0.05 mg/l
)
ey g ‘Ho Detection
-P )

than .01 mg/1
0.1 ng/1l-
0.05 =g/l

Yygienic problems of sewage re-use

Pathogenic Pfoblems-r

Sewage contalns many kinds of micro-organisms,ih
some'cases'pathogeuic-microorgaﬁisms,'and-treated
sweage also has a possibility to cause pathogenic
déseases, not only fbr mankind but also for cattles
and plants. Especially, in case of overhead

’irrigation; as water'droplets scatter around_the field

and stick to surface of crops, pathogenic problems
are important.

So, in case of agricﬁltural Te-use, reclaimed water
should be steralized according to potable water
criteria, though we have a question that coliform'
bactéria in water can decide the safety of water or
not.
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Now in Japan, though some water resources are beeing
poluted by incompletely treated sewage, we have no
pathogenic problen,

b.. Heavy metals
“In the Kingdom of Saudi Arabia, evaporation rate is
so high that poisonous materials such as heavy metals
are highly concentrated during irrigation process. So,
the allowable concentrations of heavy metals in re-
claimed sewage should be determineﬁ'oonsidering arid
“climate of the Kinpdom.

‘Generally, heavy metals in sewage are caused by
industrial waste water discharged Yo sewer line, the
provlem can be dissolved by remo&ing heavy metals frox
waste water 1n each factory before ‘iischarging to the
sewer line.

c. Injuryffroﬁ high salinity |
‘Because of high salinity of sewase and arid climate,
during irrigation, salts will be concentrated in
fields and spoil the soil. Considerable countermeasures
are as follows:-

i) Leaéhiﬁg_accumulated_salts in go0il with fresh water
(well or spring water) intermittently.

ii) Selection and improvement of breeds to get high
salinity resistant plants.

1ii) Desalination of reclaimed water.

(3) Other uses.

1) FluShing water for toilet of Buildings Reclaimed water
line should be distinct from potable water line.
In Japan, to eliminate counterconnection of these two
lines, in some cases, reclaimed water is coloured by
pigment and in some case different materials are used
to distrinct each line.
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2)

3)

How in Japan3~th¢s- system is ceing 1ntroducud sone

new governuent office buildings... .-

Spr 1nk}1ng for pavemezt trees law grade reclaimed
waver can be applied to aprlnxlln&_for navement trees.
In this case, to avoid misuse {(drinking, washlng ‘hand
and face etc.), reclainmed water should be sunplled

by tanker and carefully sprayed.

Recvﬂat*on use.

Water for recreation use ShOQLQ not be drunﬂ by the
peonle by mistake, or the reclaimed wated should be
treated vo mateh the criteria of potable water guality.
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Sone’ coments-‘about the plan of séwage re-uge for irri-
~gaticn and preseént irrigation in Al-Hassa region. o

1. Sewage treatment

The present Hofuf sewqge treatment plant 13 rot suitable
£or agrlcultural Te-use. The reasons are as follows.

nPre%ent treatment plant: 00n51sts of screen, stab111za—
tion Dond and oterlllzatlon equipment only. So, =

(1) Effluent contalns hlgh concentvatlon of olgae. This
“eaﬂ¢ effluents SS 1s very. hlgh.

.( ) Slud se -can not be drown off from the ponds. So .
sl udge accumalatlon will make worse the effluents
quallty

(%) The ponds have so wide surface area (40 'ha for 4 ponds),
evaporation less in the pond is too much quantity. -

_g¢) Héavy;metals-cannot be' removed by present .system.

2. Irrigation
(1) EfPectlve water use 1n wlnte“'season
In all Al Hassa, ‘the large portion of sprlng water
.1s dlscharged directly into the dralnage in winter.
So, it may be worthwhile %o study ‘about effective
K water use in winter. : '

(2) Weeds in the drainage ‘ Lo
In-al-Haésa, people. suffer from weeds in the dralnagn
’Asrtheyrdare,not use chemicals for fear of pollution,
they have to cut them down by cutting machines. It
tékes:muchflabour'to*Cut*weeds down by machines. So,
it may be.wofthwhile=to.5tudy how to avoid them with-
out chemicals nor much labour.
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As the result of our visit to the Kingdom of Saudi
Aratia, we r}nd that the_follow1ng items may.be appro-
priate subjects for the detailed study by the Japanese
side.

However, it is hoped that the government of Saudi.
Arabia'designate:the specific area to be studied and glve
information related to these itegs, placing the priority
on them.

We will report the above to ou1 govnrﬂment and '
recrmmenl the positive conoldaraf]on for it.

1- Re-usé of sewage '
- Methdds of'Convéjance
- Methods of Application
~ Restricted use/and/or unlimited use -
- Ch01ce cf Crops. .~ ] _
.- Methods ©of disvosing addltlonal sewage water
- ‘Recoverble water quantlty for uses of agriculture,
industry, office ‘building and recreaticn
- Constructjon and operation cost '
v - De51gnh%%%%%2§%$€;t plant and plpellne (1nclud1ng
investigation of materlals)

o~ Disposing_of brine_rejeéts ffom RO plant
- Effect of directly disposing'into sewage systens
- Availability of space
- Method of collection
- Minimum areas required’ for 01ty plants
-.De51gn of plant and plpellne (1nclud1ng 1nvest1gat10n

of materials) ' '

- Construction and operation cost.
~ Cost of pilot. plant experiments.

/2
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3~ Water recovery from RO pretreatment sludgé by
dehydratiqn

—- Design of plant and pipeline (including investigation
" of materials) '
~ Construction and operation cost
- Cost for experiment
- = Heccverble watér'quantity ahd sludge volume after
dehydration.
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