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1 0 ProJect obJectave

,
ThlS draft evaluat10n report 1S 1ssued accordlng_~o

the contract between Development Alternatlve Inc
(DAI) and M1ddle East Env1ronment Technology (MEET)
for the operat10n and ma 1 ntenance of the wastewater
dernonstratlon fac1l1ty cit Jordan Yeast Industr1es
Corporat1on (YIC) Only pretreatment plant 1S
evaluated wlthln thlS report The Land appl1catlon
system wlll be evaluated separately by the SOlI and
water consultant

As a part of the Water Qua11ty Improvement and
Conservatlon (WQIC) proJect funded by Un1ted States
Agency for Internatlonal Development (USAID), a
dernonstratJon p1lot scale treatment fac1l1ty at the
Jordan Yeast Industrles Corporatlon (YIC)has been
constructed and 1nstalled to treat part of the YIC
effluent wastewater The treatment faClllty cons1sts
of two parts Anaeroblc Pretreatment and Land
Appllcat10n The ob]ect1ve of the p1lot works for
both treatment parts 1S to get all necessary
1nformat10n and deslgn parameters requ1red for
future deslgn works of a scaled-up treatment plant
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ThlS
up-to
1 to 7

draft evaluatlon wlll depend on data collected
the 30th of November, 1997 as shown ln Table-
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Table 7 Raw wastewater quality dUring June up to end of november

pH TceD SCOD TBOD, SBOD, TKN NH N NO,..N TSS VSS PO,P TP EC TDS

Date Dav SU rrogAll mgAll mgAll mgkt mgAit mgAol mllAlt mgAJl mg.IIl m~ll mgAll mS/cm mgAol

030697 1 15765
050697 3 15590
070697 5 15789
08 0697 6 54
090697 7 554 16422
100697 8 549
1'0697 13 589 16298 12453 9602
170697 15 21705 17879 10880
180697 16 576
190697 17 16389 14550 8260
220597 20 16148 13976 7508 1692 1438 10534
240697 22 19103 17434
290697 27 18562 17431 1450 1134 11440
010797 29 17294 13725 11271 410 109
030797 31 18275 12610
060797 34 11125 B647 241 158 6226
08 0797 36 17373 13072 - 7540
100797 38 21561 14361
15 07 97 43 22145 14803 5004 439 112 2914 1485
170797 45 1010 766
190797 47 1000 80B
200797 48 22855 14441 507 107 1520 1300 137 10550
210797 49 1016 766
23 0797 51 972 5B3
24 0797 52 12766
260797 54 1990 1525
270797 55 19842 149B3 1562 412 10873
280797 56 2886
290797 57 10197
030897 62 8367 6318 4566 448 587 16 4708
040897 63
050897 65 8078 2392
120897 71 16264 15502 7857 570 30 1524 1176 470 9567
190897 78 9008 7582 2820 410 0 983 492 425
260897 85 23704 19737 4356 588 0 878 812 16 9700
020997 92 14033 11635 6233 900 826 754 7 10452
09 0997 99 14106 11404 4550 710 a 1070 853 40 95 10233
130997 103 14895 13451 75
160997 106 8502 5816 1305 430 0 1938 886 109 855
230997 113 6244 4293 784 1125 0 1847 1037 46 899 5464
30 0997 120 13694 803 1073 963 52 83 9463
071097 127 16312 12065 1953 630 0 966 816 8 B530
141097 134 17495 13253 745 0 1034 848 21 9 9452
21 10 97 141 9413 7636 3348 652 0 1188 934 32 65 5877
281097 148 14522 11140 5343 655 804 413 52 93
111197 162 16312 14049 7436 560 0 2650 1800 39 806 14140
181197 169 17536 12022 5901 534 0 2120 1400 4 897 12916
~5 1197 176 8483 7391 4851 575 0 1150 680 137 995 11830

No 5amn 5 38 30 5 14 1 21 14 26 24 2 16 13 20
AVi1 56 153203 125220 62914 49911 4566 6426 37 14267 9862 775 454 84 94909

,-
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Table 8 Companson between actual raw wastewater quality and design figures

I Design I Actual Actual I Design

Iparameterl Unit II I No of samples Average value %

pH 65 5 56 086
TeOD mg/L 8230 38 15320 186
seOD mg/L 7557 30 12522 166
T80Ds mg/l 5400 5 6291 117
SBODs mg/L .... 14 4991

TKN mg/L 871 1 457 052
NH4 N mg/L 290 21 643 222
N03 N mg/l .... 14 37
TSS mg/l 660 26 1427 216
TP mg/l 36 16 45 125
EC mS/cm .... 13 84

TOS mg/l ** 20 9491
'* Design value IS given In NH3-N

.... No value IS given In design parameters presented In O&M manual
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2 0 Introduct~on

2 1 ObJect~ve of pretreatment plant

The p1lot-scale wastewater treatment plant constructed at
the facIl1t1es of Jordan Yeast Industr1es Corporat1on
(YIC), 1S used for technology demonstrat1on as part of
the Jordan Water Qual1ty Improvement and Conservatlon
(WQIC) proJect, under the Unlted states Agency for
lnternatlonal Development (USAID) contract Effluent fro~

the pllot-scale treatment plant wlll be used for crop
lrrlgatlon The pre-treatment system conslsts of
anaeroblc treatment, aerob1c sollds removal step, sand
f1ltrat1on, and ammon1a str1pp1ng

The p1lot-scale wastewater treatment system 1S lntended
to remove organ1C matter (5-day b1ochem1cal oxygen
demand, BODs or chem1cal oxygen demand, COD), suspended
~Ollds (S5) and ammonla nltrogen (NH3-N) from process
wastewater Tte key components of the system lnclude raw
wastewater holdIng tank, condlt1on1ng tank, UA5B reactor,
f~ow splltt1ng tank, clar1f1er, sand f1lter, ammon1a
str1pp1ng tower, pH adJustlng tanks, waste sludge
holdlng tank, blowers, compressor, blogas h2~rl~lng

system, nutrlen~ feed system, and several pumps

2 2 Anaerob~c treatment ~n UASB reactor

UASB technology 1S proven and w1dely used 1n several
types of 1ndustr1es for BOD removal from wastewater's
Anaerob1c processes (In the absence of oxygen) such as
the UASB are the most cost-effect1ve technology used for
BOD reductlon of hlgh strength wastes because they
requlre less nutr1ents (chem1cals), space, and energy to
operate Anaerob1C processes also produce usable energy
1n the form of methane gas Anaerob1c processes also
produces less sludge than aerob1c processes thus reduc1ng
the quant1ty of sludge to be land appl1ed Anaerob1c
systems also better w1thstand frequent as well as
extended shutdowns compared to aerob1c processes The
anaerob1c process 1nvolves degradatlon of h1gh strength
wastewater WhICh 1S medIated by two ma1n groups of
bacter1a aC1d formers (acetogens) and methane formers
(methanogens) When wastewater passes up through a bed
of act1ve granular b10mass 1n the UASB reactor, the
organ1c (BOD) are qU1ckly converted malnly 1nto b10gas
The blogas and b10mass are separated from the treated
wastewater 1n a settler bU1lt 1nto the reactor The
treated wastewater eX1ts the UA5B reactor near the top
The anaerob1c process 1S des1gned to ach1eve about 90
percent BODs removal and 70 percent chem1cal oxygen demand
(COD) removal under the des1gn average cond1tlons The
anaerob1cally treated wastewater undergoes further
polIshIng before d1scharge
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2 3 Aerob1c process

Anaeroblc treatment effluent conta1ns a h1gh
concentrat10n of suspended SOllds Further process1ng of
the anaerob1c effluent lS requlred to meet effluent
SOllds and ammon1a n1trogen Ilm1ts H1gh SOllds 1n the
anaeroblc effluent would have a tendency to plug the
medla ln the ammon1a str1pp1ng tower The aerob1c
process prov1des a treatment step for changlng the
character1st1cs of the SOllds 1n the anaeroblc effluent
1n the clar1fler SOllds sep~rated 1n the clar1f1er are
wasted

2 4 Sand f11ter

Clarlfler effluent may stlll contaln some SOllds that
could affect the performance of the ammonla strlpplng
tower The sand fllter a1ds In remov1ng addltlonal SOllds
prlor to ammonla strlpplng The multlmed1a sand fllter
conslsts of [our types of medla and a staglng t1mer for
operatlon of the backwash system As the clarlfler
effluent flows across the medla from top to bottom , the
SOllds are trapped In the medla F1ltered effluent lS
forced out through a plpe at the center of the fllter
When the system lS backwashed, l~qu~u lS forced through
the effluent plpe and flows upwards carrYlng the trapped
SOllds to the top and out of the fllter through the
backwash plpe

2 5 Ammon1a strlpp1ng

Raw wastewater contalns a h1gh concentratlon of ammon1a
nltrogen In add1tl0n to organlc nltrogen The ammonla
strlpplng tower alds In stL1PPlng ammonla from the
anaerob1C effluent It snould be noted that only
nltrogen 1n the ammon1a form can be strlpped off 1n the
tower Optlmum strlPPlng requlres that the 1nfluent pH be
malntalned around 11 0 S U The tower 1nfluent and
effluent pH are adJusted In pH adJustment tanks The
sand f1lter effluent 1S sprayed at the top of the random
medla ln the ammonla strlpp1ng tower A blower forces
alr from bottom to top. As llqu1d tr1ckles down over the
medla, ammon1a lS strlpped off from the llqUld and
transferred lnto the a1r flowlng upwards

/
\)
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3 0 Treatment process descr1pt10n

3 1 Feed precond~t10n1ng

Process wastewater 1S corleyed to the raw wastewater
hold1ng tank from storage tanks From the raw wastewater
holdIng tank, the wastewater meterIng pump transfers the
wastewater to the cond1tIonIng tank In the condItIonIng
tank, the pP the wastewater IS adJusted, requIred
nutrIents are added and the temperature IS ra1sed to
32°C The heated and condIt1oned wastewater 1S then
pQ~ped to the UASB ~he operat1onal goals for
cond1t1on1ng the raw wastewater 1nclude ma1ntaIn1ng
wastewater temperature 1n the 30 to 34°C range,
malnta1n1ng reactor 1nfluent pH at a sU1table value Wh1Ch
ensures an opt1mal reactor effluent pH of 6 8 to 7 2 S U,
and supply1ng adequate macro- and mIcro-nutr1ents The
temperature of the 1ncom1Dg wastewater 1S ra1sed to the
requ1red range by an electr1c heater 1nstalled 1n the
cond1t1on1ng tank The operat1on of the heater 1S
controlled by a thermocouple The wastewater pH 1S
controlled by adJust1ng the amount of potass1um hydrox1de
or other hydro}ldes other than calCIum hydrox1de added by
one of the two caust_c meter1ng pumps Macro nutr1ents,
n1trogen and phosphorus should be ma1nta1ned at a COD N P
ratIO of 500 7 5 1 1n the UASB 1nfluent for opt1mun
treatment Based on the ava1lable data suff1c1ent
nItrogen 1S p~esent 1n the Jordan YIC wastewater
MIcronutrlents should be added In adequate quantlt1es
The wastewater should be analyzed to determ1ne those
nutr1ents that are adequately present 1n the wastewater
ChlorIdes of the requIred catIons are generally used to
prepare a mlcronutr1ent solutIon that 1S pumped by a
meterIng pump

3 2 Upflow anaerob1c sludge blanket reactor

In the Upflow AnaerobIC Sludge Blanket ~eactor (UASB)
reactor, the waste stream flows upward through a blanket
of bIologIcal sludge granules Treatment occurs dur1ng
bIomass and organIC matter contact as the wastewater
flows upward through the suspended sludge blanket Gas
productIon causes 1nternal c1rculatlon, a1d1ng the
format1on and ma1ntenance of the b10mass blanket As the
gas rIses, 1t attaches to some sludge granules, caus1ng
them to r1se up through the llqU1d When the granules
collIde wlth blogas collectIon assembl1es blogas 1S
released froTI the granules, and the separated granules
typIcally fall back to the top of the sludge blanket
Resldual SCl1ds are separated In the 1nternal
clarlflcat10n zone, and also fall back on top of the
sludge blanket The UASB process 1S suscept1ble to hIgh
levels of dlfflcult to degrade 011 and grease (FOG)
(maXImum allowed 75 mg!L) and TSS (maXImum allowed IS 15

Ih



3 4 Sand fIltratIon

3 5 AmmonIa strLppIng

3 3 AerobIC process

The aerob1c treatment step cons1sts of an aerat10n tank
and a clar1f1er and 1S des1gned for gross separat10n of
SOlIds from the anaerob1c effluent The process IS
des1gned to change the character1st1cs of the SOllds such
that they can be separated 1n the clar1fler The process
1S not ~es1gned for add1t1onal carbonaceous matter
removal or for n1tr1f1cat1on In fact , 1t 1S deslgned
for a very short detent10n t1me to prevent n1tr1f1cat1on
so that ammon1a can be effect1vely str1pped off 1n the
ammon1a str1pp1ng tower

des1gne~ to remove SOllds 1n the
that may other W1se plug the ammonIa
The mult1med1a sand f1lter 1nclude a

a stag1ng t1mer for backwash1ng the

f1lter 1S
effluent
tower

system and
set schedule

The sand
clar1f1er
strIppIng
backwash
un1t on a

The ammon1a str1pp1ng tower 1S des1gned to str1p ammon1a
present 1n the tower 1nfluent The amount of ammon1a
str1pped 1ncreases w1th pH and the amount of a1r
suppl1ed T~e tower 1S des1gned for 90% ammon1a remova_
at a pH of 11 S U The pH of the wastewater before and
after ammonIa strIpP1ng 1S adJusted 1n separate pH
adJustment tanks The pH before the ammon1a str1pp1ng
tower should be ma1nta1ned 1n 11 to 11 20 S U range
Above th1S pH ammon1a str1pped rema1ns fa1rly constant
But below 11 S U the rate of ammon1a str1pped decreases
and hence to ~a1nta1n opt1mum cond1tlons 1t 1S necessary
to ma1ntaln the pH 1n the requ1red range

percent of lnfluent COD concentratlon) WhlCh can hlnder
blologlcal contact and decrease the efflc1ency of the
reactor However, the FOG and TSS concentratIons below
the stated maXImum llmlts generally do not pose problems
One advantage of the UASB IS that ItS hydraulIC retentIon
tIme IS typIcally half that of an anaerobIC fIlter, and
therefore the reactor 1S smaller Another advantage IS
that the Internal clar1flcatlon zone elImInates the need
for downstream clarIfIer for SOlIds separatIon as 1n the
anaerob1c contact process The treated effluent eX1ts the
reactor near the top and flows 1nto a flow Spl1tt1ng
tank The flow spl1tt1ng tank allows for some of the UASB
effluent to be recycled back to the cond1t1on1ng tank
B10gas produced dur1ng anaerob1c treatment w1ll be
measured and vented E~cess b10mass generated 1n the UASB
1S per1od1cally pUIT~ed to the sludge hold1ng tank
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4 1 Cond~t~on~ng tank and UASB reactor

4 2 Ammon~a pH adJustment tanks and str~pp~ng tower

4.0 General operat~ng cond1t~ons ma~nta~ned

throughout per~od of operat~on

The following operating conditions and parameters have
been maintained durIng the InItIal start-up and operation
of the UASB reactor

10-15 mg/lit

68- 7 2
33 - 37 °c
7 0-7 5 lIt
< 1 meq/lit
35 ± 2 °c
Neutral
5 mg/lit

30 - 34 °c
100 mg/lit
5 - 10 meq/llt
5-15 meq/llt
ConSistent

• Temperature of condItIonIng tank
• Fe as mIcro nutrIent
• Optimum VFA range
• Normal operation range
• Alkallnl ty
• UASB eff.Luent ReSidual P

as Ortho Phosphate

• pH range of condItIoning tank
• Temperature of condItioning tank
• Total feed rate to the reactor
.'TFA range of UASB effluent
• Temp~rab.J.re of UASB
• UASB pH
• Fe as mIcro nutrIent

Above conditIons have been maintaIned through out the
whole operatIng period after modIficatIon took place
Beca_se of the conqltioning tank heater failure, the
temperature fluctuates In some operatIon days before It
has been fInally fixed

The maXimum hydraulIC load to the reactor could not
exceeded 1 5 m3 /day for reason discussed In another part
of thIS report

strIppIng of ammonIa took place at ambIent temperature
durIng the InItIal stage of experIment At later stages
the temperature has been raIsed to above than 60 0 ahead
of the strIppIng tower to examIne ammonIa strIppIng
effICIency versus temperature of wastewater

Unfortunately the above fIgures were no~ qUlte the
correct ones After several dISCUSSIons, the follOWing
parameters were modIfIed to become
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5 0 Operat1onal problems and correct1ve act10ns

5 1 Raw wastewater cond~t~on~ng

As 1t 1S expla1ned In the process descr1pt1on of
pretreatment plant, raw wastewater 1S pumped from
hold1ng tank to a cond1t1on~ng tank where 1t 1S
m1xed w1th part of the UASB effluent Before the
m1xture 1S pumped back to the UASB for treatment
anaerob1cally, 1t should be cond1t1oned 1n terms of
pH, temperature and macro and m~cro nutr1ents

5 1 1 pH adJustment

Neutral cond1t1ons should be ma1nta1ned 1n the UASB
reactor Thus pH In the condltlon~ng tank should be
ma1nta~ned to keep the UASB effluent pH 7 0 to 7 2
The earller des1gn ex~ected that the UASB effluent
pH w1lI be aC1d~c and less than 6 8, thus the system
has been prov1ded by caust~c dos1ng pump to ma1nta~n

the pH as recommended but at steady state cond1t1ons
of the reactor the effluent pH was above 7 2 Thus
1t was recommended to use the nutr1ent pump to
lnJect phosphorlc aCld lnto the cond1t1on1ng tank to
prevent the UASB pH from reach1ng elevated levels
that m1ght effect the performance of the reactor
Actually lh1S p01nt was the reason beh1nd the loss
of almost half the amount of the 1n1t1al b10mass
content of UASB reactor before the pH was forced
down to neutral cond1t1ons by aC1d 1nJect1on

5 1 2 Heatlng

As requ1red by des1gn, lt 1S recommended to malnta1n
the UASB reactor temperature at the mesophyl1c range
or 33 - 37°C and later on 30 - 34°C, thus a 15 kW
electr1cal heater 15 1nstalled 1n the cond1t1on1ng
tank to heat 1tS contents to the requ1red
temperature range The mater1al of the heater could
not stand the very corrOS1ve env1ronment of the
cond1t1onlng and for th1S reason the heater fa1led
1n the last week of October Th1S should be
cons1der€d 1n any future des1gn works Locally
fabr1cated 'heater has been 1nstalled 1n the
condlt1oclng tank to replace the fa1led heater But
1t fa1led also so many t1mes The mater1al of the
locally fabr1cated heater was copper F1nally 1t has
been dec1ded to 1nstall a steam 11ne between the YIC
bOllers and the pretreatment plant and permanent
duplex S~ st heaters were 1nstalled In both
cond1tlon1ng tank and ammon1a str1pper

)~
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5 1 3 Nutr1ents add1t10n

As 1t was expla1ned earl1er, ferr1c chlor1de
add1t1on has been found necessary Thus and other
than macro nutr1ent dos1ng system that 1S already
prov1ded w1th the system, 1t 1S recommended to have
another dos1ng 'system for m1cronutr1ent addIt10n
such as ferrIC chlorIde Wh1Ch has been found to be
of great benef1t 1n ma1nta1n1ng the b10mass 1n the
reactor for extended perIods of tImes through
mIn1mIz1ng dIsIntegratIon of bIomass granules

5 2 UASB reactor

Slnce the start-up of the UASB reactor 1n June up-to
end of august the performance of the reactor
fluctuates due to many reasons The most 1mportant
one 1S the cont1nuos loss of the b10mass from the
reactor ~~- _~ d1sIntegrat1on Th1S loss of b10mass
has been mIn1m1zed by controll1ng pH of the UASB and
by add1tlcn of ferr1c chlor1de Thus w1th1n the
f1rst week c: Septelnber, the UASB reactor started to
show steady state condlt1ons w1th max1mum hydraul1c
load of 1500 L/day The performance of the UASB
reactor SJnce July 1st l~p-to end of November, 1997
1S shown 1n Table-II In Table-12, the b10mass
content of the reactor 1S presented The max1mum
b10mass content of the reactor d1d not exceed 50 to
60 kg Thus, the hydraul1c load appl1ed to the
reactor w1ll not exceed 1~00 to 1800 L/day

5 3 Aerat10n

Before the wastewater 1S pumped to the clar1f1er, 1t
1S aerated to enhance the settlement of the
anaerob1c sludge It has been not1ced that
prec1p1tat1on of a hard mater1al 1S tak1ng place
w1th1n the aerat10n tank Th1S prec1p1tate 1S most
llkely ferr1c phosphate but 1t has not analyzed yet
to conf1rm th1S

5 4 Sand fiitrat10n

Sand f1lter ' 1S 1ntended to remove suspended SOllds
ahead of the ammon1a tower Slnce the date of ferr1c
chlor1de add1t1on and the appearance of the
prev10usly ment10ned hard prec1p1tate, the f1lter
feed centr1fugal pumps started to loose 1tS
eff1c1ency before 1t completely fa1led and fa1led
The pump has been repa1red and the 1mpeller has been
replaced A dec1s1on has been made not to use
centrlfugal pump and to replace 1t w1th an a1r
operated d1aphragm pump Wh1Ch was already ava1lable
on slte Another problem that has been faced was the



Ammonla str1pp1ng

Under amblent temperature and wlthout preheatlng the
ammonla overall removal efflclency of the tower dld
not exceed 46% After a heater has been lnstalled
prlor to the tower to preneat the wastewater up-to
60°C, the removal efflclency may lncrease ThlS may
be dlscus~ed In the flnal evaluatlon report when
data for Dec~mber, 97 and January, 98 are lncluded
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5 5

fallure of
has been
ball valves

the automatlc head of the fllter WhlCh
replaced wlth a manual one wlth lsolatlon
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6 0 Theoret~cal process des~gn.

6 1 Deslgn characterlstlcs

The UASB reactor has been 1n1t1ally des1gned to treat
lnfluent wastewater wlth the followlng character1st1cs

Table - 9 INFLUENT WASTEWATER CHARACTERISTICS
UASB REACTOR

Parameter Deslgn Average r

Flow Ipd 6000
lpm 4 2

BOD mg/L 5400
kg/d 32 4

TeOD mg/L 8230
kg/d 49.4

SCOD mg/L 7557
kg/d 45 3

TSS mg/L 660
kg/d 4

TKN mg/L 871
kg/d 5 2

NH3-N mg/L .=:::0
kg/d 1 7

Phosphorus mg/L 36
kg/d o 22

6 2 Effluent Requlrernents

The deslgn effluent quallty for the entlre pllot-scale
treatment sys~em lS as below

Table - 10 EFFLUENT REQUIREMENTS
Parameter Removal (%)

BOD 90
TeOD 70
SCaD 75
TSS 90

Ammon1a-N 90 1n Tower

6 3 Deslgn Parameters

The Des1gn bas1s for the treatment processes 1S presented
In the follow1ng subsect10n
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6 3 1 UASB Reactor

Table - 11 DESIGN PARAMETERS - UASB REACTOR
Parameter Des~gn value

DIgester volume, m3 3 5
Recycle flow, ~ of plant lnfluent flow 200-500
Hydraullc retentlon tlme, hrs 14
Total COD load capaclty , kg/m 3 d 12-15
Influent soluble COD, % of lnfluent Total COD 92
Total COD reductlon, % of lnfluent 70
Soluble COD reductlon, % of lnfluent 75 r

BOD reductlon, % of lnfluent 90
TSS reductlon, % of lnfluent 10-15
Total gas flow, m3 /d 9 2
Methane content, % by volume 70-80
Sludge produced, kg/d 2-3
VSS content In sludge, % 80
SOllds concentratlon of sludge, % TSS 6-10

6 3 2 Aerob1c P=ocess

The aerobIc p~ocess IS des10ned for an Influent flow rate
of 6 CUbIC meters per day

6 3 3 Sand F11ter

The sand fIlter IS desIgned for an lnfluent flow rate of
6 CUbIC meters per day

6 3 4 Ammon1a Str1pp1ng Tower

The ammon1a str1pp1ng tower 1S deslgned for an lnfluent
ammonIa concentrat1on of 600 ~g/L M~2~mum converSlon of
organ1c n1trogen 1S expected In the anaerob1c stage
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7 0 D~scuss~on of process des1gn.

7 1 Qual~ty of raw wastewater dur~ng exper~ment per~od

as compared to des~gn f~gures

All data presented 1n Table-7 represent qual1ty of raw
wastewater dur1ng the per10d of exper1ment up-to end of
November 1997 From thIS table and from the desIgn
parameters presented earl1er, qual1ty of raw wastewater
aga1nst des1gn f1gures can be compared as shown In Table­
S Total dIssolved SOllds 1S the most 1mportant parameter
that was not ment10ned 1n the des1gn parameters

7.1 1 Total ch~cal oxygen demand and soluble ch~cal

oxygen demand (TeOD & SeOD)

As shown In Table-S, the actual average TCOD value of raw
wastev}_~_ IS almost 1 9 tImes the des1gn fIgure Th1S
fact was not1ced 1n the earlIer stages of the operatIon
of the plant The pretreatment system was des1gned to
remove almost 50 kg TCOD per day at the des1gn
concentrat1on value of TCOD However th1S amount of TCOD
can st111 be treated by the system but the volume that 1S
poss1ble to be treated sha~l be reduced to almost the
half The desLgn hydraul1c load for the pretreatment
system was 6 m3 /day, thus the max1mum hydraul1c load that
can be treated shall not exceed 3 m3 /day. Actually, the
max1mum hydraul1c lqad that the system was able to treat
was only 1 5 m3 /day. The reason beh1nd th1S reduced
treated hydraul1c load was the fact that the system was
des1gned at F/M rat10 of 0.5 (50 Kg TCOD for 100 kg of
act1ve b1omass)assum1ng that the UASB reactor w1II
conta1n 100 kg of b10mass (VSS)but unfortunately only 50
kg of b10mass were ma1nta1ned dur1ng the exper1ment The
reduced b10mass content of the UASB 1S d1scussed 1n
another part of th1S report Actual average value of
soluble chem1cal oxygen demand (SCOD) 1S almost 1 7 t1mes
the des1gn f1gure The rat10 between actual values of
SCOD/TCOD 1S ~.82 or almost 80% of total chem1cal oxygen
demand 1S soluble

7 1 2 Total b~ochem~cal oxygen demand and soluble
b~ochem~cal oxygen demand (TBODs & SBODs )

Actual average value for TBODs 1S very close to the des1gn
f1gure Nothlng 1S ment10ned about SBODs 1n the des1gn
parameters The ratIO between actual values of SBODs/TBODs
1S 0 79 or almost 80% of total b1ochem1cal oxygen demand
1S soluble. The rat10 between SBODs/SCOD 1S 0.4 or 40% of
soluble chemlcal oxygen demand 1S b1odegradable, also
rat10 between TBODs/TCOD 1S 8.4 or 40~ of total chem1cal
oxygen demand 1S b1odegradable.



7 1 3 Macronutr~ents (NH4-N & T-P)

7 3 UASB actual operatlng characterlstlCS

7 2 Recommended raw wastewater quallty for future deslgn
works

analys1s of UASB reactor effluent
of suff1c1ent amounts of

K, Fe, Mg, Ca, Zn, Cu, Mn, N1, AI,

Table - 14 INFLUENT WASTEWATER DESIGN AND OPERATING
AVERAGE CHARACTERISTICS - UASB REACTOR

Parameter Des~gn Average Operatlng Average
Flow lpd 6000 1500

lpm 4 2 1 1
BOD mg/L 5400 6291

kg/d 32 4 9 4
TCOD mg/L 8230 15320

kg/d 49 4 23
SCaD mg/L 7557 12522

kg/d 45 3 18 8
TS.3 mg/L 660 1427

kg/d 4 2 1
TKl\[ mg/L 871 -

kg/d 5 2 -
NH3-)J mg/L 290 643

kg/d 1 7 a 96
Phosphorus mg/L 36 45

kg/d o 22 o 07

The requlred ratlo between TeaD N P as recommended ln the
1n1t1al des1gn shall be 500 7 5 1 The actual rat10 of
raw wastewater and based on the actual average values for
TCOD, NH4 -N and T-P 1S 500 21 1 5 dur1ng the exper1ment
per10d subJect to evaluat10n Thus m1cronutr1ents are
present 1n suff1c1ent amounts 1n raw wastewater based on
average f1gures

As shown 1n Table-12,
1nd1cated presence
m1cronutr1ents such as
Co, Mo, S & Se

The UASB reactor has been 1n1tlally des1gned to treat
1nfluent wastewater w1th the character1stlcs shown 1n
Table 8 Table - 14 111ustrates the actual operat1ng
parameters dur1ng the eXper1ITent per10d as compared to
des1gn one~

7 1 4 ~cronutrlents

Based on the data collected dur1ng the per10d of the
exper1ment, the recommended raw wastewater qual1ty that
could be used for any future des1gn works lS presented 1n
Table-13
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Table 12 Mlcronutnents analysIs and required amounts In
UASB effluent

IParameterl Unit I 000097 I 230097 I Requried I
K mg/L 9219 8152 1000
Fe mg/L 215 53 500
Mg mg/L 941 661 500
Ca mg/L 517 2 2286 1000
Zn mg/L 1 2 245 010

Cu mg/L 1 1 21 005

Mn mg/l 078 062 005
NI mg/l 001 0009 004
AI mg/L 50 882 005
Co mg/L 001 0008 001
Mo mg/L 000
S mg/L 10 00
Se mg/L 3 2 005

Table 13 Recommended raw wastewater quality
for future deSign works

IParameteij Unit IIAverage valueI
pH 56

TCOD mg/L 15320
SCOD mg/L 12522
TBODs mg/L 6291
SBODs mg/L 4991

TKN mg/L 457 •
NH4 N* mg/L 643
N03 N mg/l 37
TSS mg/L 1427
TP mg/L 45
EC mS/cm 84

TDS mg/l 9491
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As shown above the reactor could not treat more than 50~

of the TCOD load and almost 25~ of the des1gned hydraullc
load The reason behlnd thlS as 1t has been expla1ned
earl1er 1S the follow1ng
1 The operat1ng TCOD concentrat1on 1S almost 200~ of the

des1gn one
The actual operat1ng bIomass (VSS) 1S only 50% of the

des1gn one

7 4 Operat~ng Parameters

7 4 1 UASB Reactor

The fo1low1ng table descrlbes the des1gn parameters as
compared to the operatlng parameters of the UASB-reactor

Table - 15 DESIGN AND OPERATING PARAMETERS
UASB REACTOR

Parameter Desl.gn Operatl.ng
value value

D1gester volume, m3 3 5 3 5
Recycle flow, % of 200-500 580
plant lnfluent flow
Hydraullc rete-_lon 14 56
t1me, hrs
Total COD load 12-15 2 7
capaclty , kg/m 3 d
Influent soluble COD, 92 82
% of lnfluent Total
COD
Total COD reductlon, % 70 62 5
of 1nfluent
Soluble CO~ reduct lon, 75 66 3
% of 1nfluent
BOD reductlon, % of 90 87
lnfluent
TSS reductlon, <l- of 10-15 00

lnfluent
Total gas flow, m3 /d 9 2 4 8

7 4 2 Other treatment un1ts

The actual hydraul1c operatlng load of all other
treatment unlts such as aeratlon tank, clarlfler, sand
f1lter and ammonla tower was llmlted to a maxlmum of 1500
L/day due to the llmlted hydraul1c load to the UASB
reactor Also the ammonla tower was deslgned to treat raw
wastewater wlth'less than 300 mg/L ammonla nltrogen
content, but the actual operatlng ammonla concentratlon
was average of 643 mg/L



I~

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

8 0 Overall performance of pretreatment system

Pretreated waslewater qual1ty 1S presented 1n Table-IS
and system performance dur1ng September, October and
November are shown 1n Table-19 The removal eff1c1enc1es
of TCOD, SCaD and BODs are vpry close to des1gn f1gures
The overall removal efflclency of the pretreatment system
durlng the whole perlod of operatlon as compared to
des1gn removal f1gures lS shown 1n Table-20. The ammon1a
removal eff1c1ency shall be d1scussed 1n the f1nal
evaluat10n report upon examlnlng the strlpp1ng at
temperatures above amb1ent temperature
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Table-16 UASB reactor performance monitoring data

I DESIGN I 3000 I 17000 I 5100 I 357 I 102 I 100 I 036 I 179 I 05 ] 70 I
FLOW TCOD TCOD TCOD TCOD VSS I F/M GAS G/F TCOD

IN OUT REMOVEC REMOVEC REACTOR FLOW REMOVAL
Date IIUday mg/llt mg/llt kg/d (F) ka/d/m3 kg (M) m3/d EFFICIENCY

01 0797 1484 17294 8235 1344 384 5000 027 522 039 5238
03 07 97 1300 18275 8769 1236 353 5000 025 341 028 5202
060797 1311 11125 7395 489 140 5000 010 245 050 3353
080797 1763 17373 8086 1637 468 5000 033 663 040 5346
100797 1677 21561 7849 2300 657 3400 068 597 026 6360
150797 1515 22145 11289 1645 470 3400 048 553 034 I 4902
200797 1408 22855 11290 1628 465 4300 038 796 049 I 5060
240797 1271 12766 10881 240 068 4300 006 5 11 213 1477
270797 976 19842 10347 927 265 2800 033 474 051 4785
290797 730 10197 9581 045 013 2800 002 336 748 604
030897 666 8367 7758 041 012 3000 001 213 525 728
120897 978 16264 6793 926 265 3400 027 310 033 5823
190897 920 9008 7244 162 046 4000 004 230 142 1958
31 0897 907 14033 6708 664 190 4000 017 420 063 5220
020997 907 14033 8000 547 156 4000 014 380 069 4299
090997 1488 14106 7709 952 272 5000 019 560 059 4535
160997 1469 8502 5447 449 128 5000 009 540 120 3593
300997 1431 13694 8226 782 224 5000 016 560 072 3993
071097 1496 16312 7056 1385 396 5500 025 630 045 5674
141097 1459 17495 8594 1299 371 5500 024 590 045 5088
21 1097 1440 9413 4707 678 194 5500 012 460 068 4999
281097 1475 14522 5768 1291 369 5500 023 570 044 6028
11 11 97 1476 16312 7805 1256 359 6000 021 680 054 ' 5215
1811 97 1440 17356 5265 1741 497 6000 029 420 024 6966

~
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Table 17 Active bIomass content of UASB reactor

I VSS of UASB ports In mg/L IVSS ofUASB Total VSS
I Date I port #2 I port #3 I port #4 I port #5 I effluent, mg!L kg

100797 2567 70718 40173 2440 o 3390017
170797 2309 71250 6628 37715 2826 430364

190797 44005 77320 3483 2776 2342 44 40404
21 0797 2309 71250 6628 37715 2826 430364
270797 56125 13267 3500 4907 1973 2872552
100897 72989 21007 4756 3821 1600 348434
17 08 97 53300 52433 3757 3525 2333 4011538
31 0897 53847 29008 4005 2792 2210 3290957
070997 76100 78990 2443 2383 2143 5325908
051097 70565 54136 2240 1983 5470 5425976
021097 140240 78700 2840 3300 2444 7323022
2311 97 162000 27745 2946 2700 1100 6047992
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Table 18 Pretreated wastewater quality

I SCOD TCOD TSS VSS TKN N03-N NH4-N TP TBODs EC TDS

I Date II Day I mg/ht mg/ht mg/ht mg/ht mg/ht mg/llt mglht mg/ht mg/llt mS/cm mg/ht

030697 1 2804 89 778
050697 3 3025 663 282 1686
120697 10 7850
130697 11 9315
150697 13 - 9435
19 06 97 17 6582
as 08 97 65 2130 7984 732 439 157 45 147 625 1330 5468-
12 0897 71 3531 6426 968 728 21 420 1918 9973
190897 78 4849 6127 1693 1310 0 280 428 568
26 0897 85 6579 8901 1236 630 a 390 392 468 10000
02 09 97 92 3934 6708 2690 1463 413 350 13 4406
09 09 97 99 4768 6894 2363 1393 a 500 300 B19 134 11153
160997 106 4255 6449 2096 567 134 670 126 3120
23 09 97 113 5184 3854 1030 573 a 425 176 466 1288 10292
300997 120 3726 5832 2033 920 300 142 136 9560
071097 127 3635 4323 1090 3075 297 349 12 11403
141097 134 3911 4416 1068 468 388 402 13 8460
21 1097 141 3033 4414 2090 729 a 388 503 330 131 10540
2810 97 148 2884 5850 1910 1370 416 291 348 122
11 11 97 162 3112 4558 809 421 0 400 66 142 1303 10610
1811 97 169 4016 6581 1140 720 a 345 420 756 1315 10960
251197 176 7995 8190 1670 1000 a 375 170 846 139 11825

No Samp 16 18 17 16 1 10 17 13 15 12 18
Avg 42214 57409 14871 7957 1570 26 3450 2988 8151 130 89418

vJ-
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Table-19 Performance of pretreatment plant dunng september october and november

Table-20 Overall performance of pretreatment plant dUring whole period of operabon
b d Iase on average va ues

Raw Treated Raw Treated Raw Treated Removal
TeOD TeOD seOD SCOD 8005 8005 effiCiency

Date mg/L mg/L mg/L mg/L mg/L mg/L TeOD SCOD 8005

Actual 15320 5741 12522 4221 6291 815 625 663 870
Design 7000 7500 9000

Raw Treated Raw Treated Raw Treated Removal
TeOD TeOD seOD seOD BuDs 8005 efficiency

Date mg/L mglL mglL mglL mglL mgll TeOD SeOD 8005

020997 14033 6708 11635 3934 6233 350 5220 6619 9438
090997 14106 6894 11404 4768 4550 818 5113 5819 8202
071097 16312 4323 12065 3635 1953 349 7350 6987 8213
141097 17495 4416 13253 3911 402 7476 7049
211097 9413 4414 7636 3033 3348 330 5311 6028 9014
281097 14522 5850 11140 2884 5343 348 5972 7411 9349
11 11 97 16312 4558 14049 3112 7436 142 7206 7785 9809
1811 97 17536 6581 12022 4016 5901 756 6247 6659 8719

mIAverage 624 679
Design 7000 7500
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9 0 Conclus~ons and recommendat~on:

In brIef, the folloWIng can be concluded and/or
recommended
1 The anaerob1c treatment 1S very useful process 1n the
treatment of hIghly strength wastewater's such as yeast
factory effluent
2 The removal eff1c1ency of the anaerob1c treatment
system can reached the des1gn f1gures 1f the act1ve
bIomass IS reta1ned w1th1n the reactor and d1s1ntegrat1on
of granules 1S m1n1m1zed
3 The d1s1ntegrat1on of act1ve b10mass has been m1n1m1zed
to a certa1n extent through addItIon of ferrIc chlorIde
and phosphor1c aC1d as source of ortho phosphate But
th1S was not enough and the DASB effluent VSS content 1S
relat1vely hIgh The hIgh level of ammonIa concentratIon
could be the reason behInd contInued dlsIntegrat10n of
granules AmmonIa above 400 mg/L 1S consIdered tox1C to
methane formers
4 AmmonIa 1n the UASB 1nfluent can be m1nlm1zed 1f the
treatment process 1S modIf1ed
5 Arnrnon1a strIppIng can be Installed ahead of the UASB
reactor 1nstead of haVIng ammon1a strIppIng behInd the
reactor or another ammonIa tower can be Installed ahead
of the UASB reactor The Solut1ons suggested earl1er by
TrIad are not practIcal ones NeIther raw wastewater can
be pract1cally d1luted nor ammon1a c~~ be m1n1mlzed from
the source
6 Another solut~on IS to have amore eff1c1ent reactor 1n
terms of llquld/sol1d/gas separat10n zones to mInlm1ze
the carryover of the VSS w1th the UASB effluent ThIS 1S
somethIng related to the upper zone des1gn of the UASB
reactor Wh1Ch should be cons1dered In full scale plant
deSIgn
7 If all above SolutIons where not pract1cal, haVIng an
external clar1fIcatIon zone ahead of the SplItt1ng tank
should be conSIdered or the SplIttIng tank deSIgn should
be modIfIed to Include a clarIfIcat10n zone and ~o have
the recycle to the UASB reactor from the lowest p01nt of
thIS clar1flcatl0n/spllttlng tank
8 WIth the add1t1on of phosphorIc aCId and ferr1C
chlor1de, a hard preclp1tate of not1ceable amount has
been observed In the aerat~on tank Th1S precIp1tate
should be studIed carefully and should be m1nlmIzed as
much as poss1ble
9 The h1gh sal1n1ty of raw wastewater and h1gh chlorIde
levels should be conSIdered when select1ng varIOUS
materIals of a full scale plant and speCIally the
heaters
10 SalInIty of effluent pretreated water has 1ncreased as
compared to raw wastewater and thIS could affect the
deCISIon of reuse of pretreated wastewater In 1rrIgat1on
of varIOUS crops ThIS shall be ver1f1ed by the land
appl1cat1on evaluat10n report
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11 The centr_fugal pumps are not recommended to be used
w1th1n such type of treatment process due to the hard
prec1p1tates earl1er d1scussed
12 F1nally, the anaerob1c treatment may be feas1ble If
the goal was to recover energy through methane gas but 1t
mlght not be feaslble If lt 1S to be reused ln
1rrIgatIon AgaIn thIS assumptIon can be verIfIed through
land appllcatlcn report


