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I. RECOMMENDATION. FOR THE RECLAMATION OF
HOFUF SEWAGE TREATMENT PLANT EFFLUENT

1. Foreword

The mission fcr the cohsultetion to the above described purpose
VlSltEd the Hassa Irrlgatlon and Drainage Authorlty (HIDA) on June
18-21, 1980. - _ '

Mutual dlscu531on between HIDA and the mission and also. careful
survey of the ex1stlng Hofuf Treatment Plant was conducted aiming at

: the reclamatlon of treated sewage iainly for 1rr1gat10n. :
o Thls report lS prepared by the m15310n based on the’ study of
xesults obtalned through the site VlSlt and experlmental considera-
tlon whlch is- necessary to £ill up the unfortunately 1nsufflc1ent

data on the exxstlng plant performance and design crlterla.

2} Outllne of the Ex;stlng Treatment Plant

2 1 Treatment flow

Gl
Ihflbw__Pﬁm"f Mechanical ]’ Jstabiliza- ‘|stériliza~| Discharge.
: PP T sereen . |0 |tion pond! tion .pond | - -

~ Note 1: Tﬁe ﬁoet common hame, - StabiliZation Pond,: is used here
- to dencte the pond whlch plays the main role in treatment
Though it-is referred to as the Septic pond at‘the HIDA,
sgrictly speaking, it sheuld be'ealled‘Facultative_.

lagoon. Principles of treatment will be described later,

o 2=2 Outllne of the fa0111t1es

Though detalls are not avallable, the ex1st1ng ‘facilities may

~be butlined as below accordlng to the data obtalnable°
a). Volume_of_water to be t;eated: maximam 15,000 m’ 3/4.
b). Stabilization pond:

Total surface area- 40 ha

Depth : :' approxxmately 2 m



Humber. of ponds. '_:'”4
RAeration facilities: noné

¢} Water Quality: .unknown for both inflow and outflow.

2-3 Meohanism_of‘treatment: h ' S
In order to clarify problem areae,'the mechaniem:Ofrtreatment:
is outllned below. _. L : : |
4 The sewage from whlch sollds 1n large size have been removed
by screen flows into the pond, suspended solrds w1ll then depoelt
‘ at the bottom._ At the surface layer of the pond _oxygen. dlssolves
_1nto water both from atmosphere and through photosynthe51s reactlon
by algae grown 1n water.: As a result,.aerobes multlply through the
blologlcal reactlon to take and decompose dlssolved organlc matter
together with dlssovled oxygen and dlscharge CO2 whlch is then
consumed by alqae ln photosynth951s reactlon.'
In the bottom layer, on the other hand there is much amount
of organic matter as susoended sollds and as remains of algae
_deposlt_at the‘bottom.__Eurtherl with hardly_any oxygen th%JCOHF
dition ie ahaerohic and organic{matter ie;decompoeedﬁiatodorgahic
acid, COg,_methane, etc; by anaerobes.‘ Oréanio acid produced as
& result of anaerobic“deCOmoosition becbmes the object of decom- .
position by aerohee.hearithe‘surfaCe layer and CO; ‘is used in
photosynthesis.  In other. words, organic matter in the waste water
is ‘decomposed by anaercbes and aerobes - in the ‘pond and most of.
them findrtheir'way-into the cells of algae through resynthesie
by photosynthesis and then into the treated water '

_ Accordingly, an important point.in thlS method of treatment
iS“that there should be balance between the decom9031t10n of
organlc matter by bacterla on the one. hand and requlred supply of
oxygen by photosynthe51s on the other.: However, quantltatlve
handling of these biochemical reactlons is by no ‘means eaey and -
the growth of algae is largely influehcedfhy externaiiehvironment,‘
particularly by.the sun beam,deositye Therefore, no:theoretically
unified approach has been established. In any.caee, it_maY:be

said that unless algae is removed from the treated.water, the



quaiity'of3trEated_water ig still at the preliminary stage of -

treatment in biochemical treatment.

3. -Problem Areas of Existlng Treatment FaCllltleS

As the objeot1Ve is to use the treated water: for irrigation,
the above-mentioned process adopted at the existing treatment plant

poses Several problems. '
3.1 ‘No functron of remov1ng algae

As has been descrlbed in 2 3,. most of the organlc matter in’
the sewage 15 converted to cells of algae. However, since there
are no facrlltles to remove them, they are dlscharged with the
treated water. Consequently ss and BOD contents in the treated
water are hlgh and sterlllzatlon requrres much amount of chlorlne.

' Further, dead oells of algae dep051t and rot 1n the low
ve1001ty current of the waterway, they also cause clogglng in
5011 of the fleld reducrng permeablllty.r Rotten cells of algae
produce bad odour, in some cases 1t 1s even p0551ble that hyorogen

sulfide produced has an unfavorable effect on crops.

3-2 Wlth hlgh evaporatlon of water, the densrty of dissolved salts
increases : :
N 7 In general, ground water 1n thls area has a hlgh salt density
of l 000 1, 500 mg/ﬂ Accordlngly, aven when the ground water is
‘dlrectly used for 1rr1gatmon, some steps such as’ frushlng of salts
in the fleld is requlred. Untreated Sewage is estlmated to have
_a 31m11ar salts den51ty. o
Further, 51nce the current treatment plant uses the theory
of facultatlve lagoon whlch requlres a large surface area, evapora—
”tlon from the water surface 15 extremely large, concentratlon due
f_to evaporatlon cannot be 1gnored Wlth the evaporatlon rate of
18 mm/d the total water loss due to evaporatlon from the total

_area of the treatment pond (40 ha) is estlmated as follows

0 018 m/d X 400, 000 m? = 7,200 m /d



" This is e@uivalentfto.as much as 48% of ‘the sewageiinflow of
15,000 m’/d. Accordingly, the salts density-ef the treated water
is higher than the untreated sewage‘by 1,92 times. if the salt
density of.the-sewaée is I, SOO'mg/ﬁ:-it will be 2 880-mg/2 in the
treated water, the use of the treated water for lrrlgatron may
thus serlously be lammted to some partlcular cropa.;

Further it should be remembered that a total of ? , 200 m /d

among 15,000 m /d can not be. recovered and lost,

3.3 Heavy metals;Cannot'be removed

As for the 1nfluence of heavy metalllc salts contalned in
the 1rr1gatlon water, they may work 1n ‘two ways--l) dlrect in-
fluence such as hamperlng the' germlnatlon and growth of’ crops,
and 2) effect on human body by taklng them trapped 1n the food

‘ Whether heavy metallic ions are contalned in the sewage or

not is unclear at present However, 1f the waste water from
metal flnlshlng plant tannlng plant, chemlcal plant etc '
dlscharged lntc the seweraqe, there 15 plenty of: 90551b111ty of‘
heavy metals flndlng thelr way 1nto the sewage

Further, in a hot and dry area such as the area 1n questlon,
the concentratlon 1n the fleld durlng lrrlgatlon should be taken
into con51deratlon. _ _'_ -

y In general, when the sewage is blochemlcally treated heavy
metals are concentrated 1n blologlcal cells,f It 1s reported that
when treatment 15 carrled out w1th fully functlonal actlvated
sludge, the den31ty of heavy metals such as mercury, cadmlum,
zinc, etc. in biological cells reaches an equlllbrlum at 4, 000—
10,000 tlmes of concentratlon in the surroundlng water 2)

However under the current method of treatment those b1010g1~:
cal cells germlnated durlng the'process elther acoumulate in the
pond not belng dlscharged out51de ‘the treatment system or are _
dlscharged wrth the treated water.' Slnce those blologlcal cells

accumulated in. the pond will rot and decompose, ‘those heavy metals

in them will be eluted again; thus the removal of heavy metals



during the process of biclogical treatment cannot be expectable.

3-4 rlnoomplete eterilization

In the present treatlng plant, the effluent of the stabili-
zation pond is dlrectly chlorlnateo in the sterilization tank
without solids 5eparatlon._

As high organlc sollds concentratlon causes hlqh c¢hlorine
tbnsumptlon, dosing rate of chlorlne should be kept at hlgh level

to sterlllze the effluent, or defflclency of chlorlne w1ll often
~occur and it will cause ‘incomplete’ sterlllzatlon

The other-hand durlng the chlorine sterilization process,
varlous krnds of organlc chlorldes are produced, and some of them,

g trlhalo—methane are p01nted out to have tox1c effects on
human bodies, ' -

Therefore, when the reclaimeéd sewage is used for irrigation,

_especially_in such a case whé:e the,reclaimed water has a possibi-
11ty to be used for dllnklng, these problems should be studied

1nclud1ng the nece551ty of changlng the sterlllzatlon agent.

3-5 Nutrient salts

When the sewage is used for 1rr1gat10n, partlcularly for
graln, with the exrstence of exce551ve nltrogen compounds, it may
lead +o overgrowrng and hamper frultlng. This - phenomenon often
poses a problem in Japan w1th paddy rlce.r In the area concerned
however, slnce frushlng of sorl is an lndlspensable oondltlon,
nutrlent contents w1ll be washed off the p0531b111ty of excessive

AS

nutrltlon seems to be small.

4. General Conception for the Improvement of Facilities.
4-1 Basic'approach
_ In the prev1ous chapter the problem areas of the EXlStlng
faCllltles were outllned. As regards the 1mprovement plan, a

' conclusmon has to be reached after comprehensmvely Studylng the -

factors mentloned below.



AL 'Objectlves of ¥Yeuse: oné of or any comblnatlon of those listed

i)

ii)

iid)

below.

Object crops (is it for general 1rrlgatlon or specific

crops°)

Use as-drihkihg water'for cattle. - .

Use’as_washlng water for crops.

B.. Quality_of'the water treated by the ex1stlng fac;lltles and
evaluation of 1ts effect .on obgectlves ' .

1)

"ii)

iii)

Amount of argae and the method for removxng them

‘Salts denelty and the method to reduee salts.-

Klnds and quantltles of heavy metale and the method of

' .remov1ng them.

iv)

Hygienic safety ahd meaeures.

C. P0551b111ty of blendlng wlth water from other sources

'ij

_ii}

iii)

'Wlll the treated water e tsed by 1tse1f°

Can it be blended Wlth the ex1st1ng 1rr1gat10n water9

If so, its quality and quantity.

Can it be blended wrth water from sources other than the .

‘1rr1gatlon water?

D. Condltlons of'location'

i)

ii}

Relatlve posrtlons and condltlons of 1ocat10n 1n respect

to the exlstlng sewage tzeatment plant, the 51te of the

'proposed treatment plant for reclamatlon and the place of

usrng the recovered water,_'

Will a special waterway be. used° 'Or,'will'theﬂekisting'

waterway be used?

Since these factors are closely related ‘to- one another, actual

1mprovement measures can be formulated only after they w1ll ‘be :.

ascertalned However, 51nce the data avallable are 1nsuff1c1ent

we have to be satisfied with’ presentlng the 1mprovement pollcy in

the two cases described below.



1) Casé of using the effluent of the existing facilities after

additioﬁal treatment;

2) Case ot u51ng the reclalmed water after renovation lncludlng
the secondary treatment facrlltles. ”‘ §

42 Reclamatlon of the water treated by the ex1st1ng facrlltles-

Detalled study 15 90551b1e only after obtalnlng data on water
quallty. Accordlngly, addltlonal treatment to 1mprove on the
ant1c1pated problems mentloned 1n the chapters before needs to be

studled,

‘1) RemOVal of algae : ".:
_ As regards the method of remov;ng algae; the most effectlve

: 'method seems to be coagulatlon and preclpltatlon {ox floatatlon)
Dlrect sand flltratlon of’ the effluent from the stablllzatlon
pond 1s not pract1ca1 because of severe clogglng of the filter

' medla but 1t is effectlve for remov1ng SS contalned in the water

treated by coagulatlon and precrpltatlon.
2} Reductlon in salts concentratlon

There are two ﬂethods of reduclng salts concentratlon
dllutlon and desallnatlon. The latter is not however, a
rational'method as désalinathn takes place atter condensation
iﬁ the‘stabilization'pond . If.the salts concentration éoses a
-problem, ‘the water should be diluted by mixing it with that of
a lower c0ncentrat10n before uee, the possibility should be

ascertained on the basis of actual data.,
3) Removal of heavy metals

- The method of removal should be studied:-according te. the
kind and the concentration of the heavy .metal contained in the

reclaimed_water.
4) Sterilization

Chlorine consumption may be reduced by removing organic S8,



making it easier to maihtain-the.concentration.of remaining
c¢hlorine over the required level, stabilizing the sterilizatibn
effect. Accordlngly, eterlllzatlon by chlorlne after treatment
by coagulatlon and prec1prtat10n produces the sterlllzatlon
effect with the ex;sting facllltles, it is" also said to be
_effectlve for 1emov1ng v1ruses and parasrte eggs._
When there is a p0551b111ty of the reclaimed water belng
' contlnuously used as drlnklng water by man and cattle,—the
toxic nature of organlc chlorldes caused by chlorination’ should
‘be studled ‘As for a countermeasure 'remalnlng organic materlals
may be removed as much as p0551b1e by adsorptlon with actlvated
'carbon,.or the sterlllzatlon agent may be changed from chlorlne

to ozone. However,_thelr effects should be carefully studled

4 3 Use of the reclalmed water after renovatxon 1nc1ud1ng the
' secondary treatment fac111t1es

Assumlng that the treated water w1ll be reused the process
of the secondary treatment may be selected by taklng account of

the follow1ng factors
1} ngh “and stable treatment eff1c1ency,.'

2) Mlnlmum water eVaporatlon durlng the treatment prooess {low

salts concentratlon rate)

In the - llght of these factors, . though - technlcal expertlse
-wrll be required for operational control the conventlonal actlvatec
sludge process seems to be. the most sultable one for the following

reasons: : L 7 PR
1) High removal efficiency for BOD, COD and SS.

2). The treatment.efficiency is not affected 50 much by environ-

mental conditions.
3) Removal of heavy metals may be expected to some éxteént.

4) High removal efflClency for collform bacterla v1ruses,

3)

parasite eggs, etc.



2

3

' 5) Water evaporation may be kept at_é low leVel.

In other words:
1) Loés bf;water.due to evaporation during the treatment may he

minimized with' a low rate of salts concentration.

2) Good quallty of the treated water enabllng sophlstlcated

- treatment accordlng to the purpose.

_ Otﬁer bbints td be considered are similar to those under 4-2;
they should be studied on the ba51s of detalled data on the 51te

condltlons.
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11, PROBLEMS IN THE- AL HASSA IRRIGATION
AND DRAINAGE- PROJECT

- The Survey Team on’ the Reuse of Waste. Water conducted a field

survey at the Al Hassa area on June 18 21, 1980, Thls 15 a report of

a few problems relatlng to 1rrlgat10n and dralnage, whlch the Survey

Team became aware. of durlnq the survey.

1.

keuse of the-Watet ih_thé brainage
The HIDA ié‘curreﬁtly conducting a cultivation test oﬁ the
p0551b111ty of reuSLng the water in the dralnage at the 24 ha ex-

perlmental field. . . : o . R
In this test the fleld of 24 ha’ is- d1v1ded 1nto three blocks of

8 ha each, and in the each block vegetables, wheat and grass are

cultivated in a dlrferent way. Tha first block 19 1rrlgated with

dralnage water only, the second block W1th dralnage water and sprlng.
water mlxed at varidus ratlos and the thlrd block w1th sprlng water
only. - The test is intendeéd- to ascertaln the p0531b111ty of reu31ng
dralnage water after’ dllutlng it by comparlng the three blocks in
respect to the growth and salt concentratlon

Thouqh the results of the test w111 not be avallable until next
Surmer , it is a valuable experlment if it can be concluded that the
water may be reused by dllutlng it at an appropriate ratlo, there
will be a possibility of obtaining a new source of lrrlgatlon water
by means of mixing the treated sewage of Hofuf descrlbed in 1 with
drainage water.

However, successful reuse of the water depends, flrst of 'all,

~ on whether the sal;nlty, the- major obstacle to lrrlgatlon in dry

2.

areas, can be curbed; it also depends on whether the method and
facilities can be established to remove harmful heavy metélé;

excessive phosphorus and nitrogen etc.

Effective'pse of Water Discharged into the Drainage'in Winter

The total irrigated area of 8;000 ha in the Al-Hassa area.

- 10 -



requires 9,5_m3/§eq_of wgter at.a summer peak period; but-the winter
reQuirgment.is extremely small. On the other hand, the'flow from
the_Sprihgs iS"eStimatéd to be almost bpnstant,throughoﬁt the year.
Accordingly,'it is possible to .irrigate part of 4,000 ha in winter,
1ocatéd in lower reaches of the 8,000 ha. There still is a surplus
1n w1nter- thus part of the flow from the springs is dlrectly dis~
charged 1nto the dralnage w1thout being used, for 1rrlqatlon. If
this surplus can be- kept at. a suitable place to be used in summer,
it may be p0551ble to increase the area for summer crops from the
current. 8, OOO ha. '
_ However, because of severe natural conditions, storage is not
- ds easy as 15 1maglned in Japan.- For 1nstance, 1n the case of a
51mple surface reservoxr,-51nce ralnfall can be hardly expected and
it is subjectgd tq_exten51ve evaporatlon, there will be problems
éuch as_a_reductipn'in_water volume and deterioration in water
quality‘due to a-rise of salinity. . '
© In summer, on the other. hand, since the demand. - for irrigation
water is extremely large, storage on a small scale is not expected -
‘to be sufficient to secure irrigation water to cover the entire
growth period df crops. If the area to be irrigated is 1,000 ha,
irrigation perio&_l2o days and the required volume 10 mm/day on
avérage, it is necéssary to,secure-a-net water volume of 12 ﬁillion
m®. Even with the construction of facilities of such a structure
as fo minimize the loss due to evaporation, a reservoif of 12 million

m? ¥ 0.8 = 15 million m®

_Qill be required by taking account of
twenty peréént conveyéhce loss. If the avérage depth is 5 m, the
resexvoir should have a total water surface of BOO'ha. '

The abqve”condi;iéns reduce the technical pbsgibiiity of storage.
However, in-fhe Kin§dom of Saudi.Arébia whete water is scarce, it
seems worthwhile to study the storage possibility of water in detail

"to grope for a fea51ble progect.

3. Treatment of Weeds aleng the Dralnage

The unllned slope of the main drainage with a total extension

of about 60 km is covered with weeds reaching 2 m high, which the

~ 31 -



HIDA finds it extremély difficuiﬁ_to c@pe with, As'regards the use
" of weeding chemicals; since the loéal.residents'have'been using the
water for household purposes such as drlnklng and 1t may also lead
to the pollutlon of qroundwater ‘and - of the Arablan Gulf the HIDA
' have malnly been ﬁ51nq mowers, but this requlres an extremely large
- amount ‘of labour._ _ R o '
' A Countermeasure is the llnlng of the slope and the HIDA are
studying ‘the 90551b111ty of uslng rubber sheets, It may also be
worthwhile to .'étudy blbg:k lining which is often used in Japan.
BlockIiining'may'bé'outlined as ‘shown in fhe'attabhed plan - "8ince
‘the drainage has the functlon of catchlng leachlng water the B—type
with - the bottom unllned may sult the area concerned. Costs of the
B- type in Japan (1nc1ud1ng the costs of materlals) are about’ 5 500
yen, ‘ox RSBO per m2.= : oo e
Further, 51nce i€ seems”possible'to'obtain dasphalt materidls
at a low cost in the Klngdom of Saudl Arabla, the pOS&lblllty of

asphalt covellng ‘should ‘alsc be ‘studied.

- 12 -



STANDARD PLAN OF THE DRAIN CHANNEL
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