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Abstract
In wastewater treatment plants, water passes through several stages or treatment processes, all of
which consume expensive electricity and chemicals.
This research applied one of the tools of total quality management (TQM), which is control maps,
through which the performance of the entire system is monitored, and this allows solving problems
in the system and studying the development and improvement of the system.
When applying control maps to a wastewater treatment plant, focus was placed on the specifications
of raw water (input) and produced water (output). Five quality characteristics of raw water and
fifteen quality characteristics of treated water were selected. An X-chart mean map and an R-chart
range map were generated for each feature and then the process capability was calculated.
Sample variances were evaluated and process capabilities were compared with specification
variances. This helps in deciding on operations and leads to improvement of the system.
Keywords: STP, Sewage Treatments, MBR plant, Total Quality Management (TQM), Control
Charts, Process capability.
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1.Introduction
Clean water that is fit for use is unfortunately not available to all. It has been reported that more
than one billion of people have no access to safe drinking water. This accounts for a large number
of water-related diseases and even deaths. People even children walk for several kilometers to
collect clean water. Cleaning of water is a process of removing pollutants before it enters a water
body or is reused.
This process of wastewater treatment is commonly known as “Sewage Treatment” and it takes place
in several stages. Sewage is wastewater released by homes, industries, hospitals, offices and other
users. It also includes rainwater that has run down the street during a storm or heavy rain. The water
that washes off roads and rooftops carry harmful substances with it. Sewage is a liquid
waste. Most of it is water, which has dissolved and suspended impurities [1] — [8].
Wastewater is water used more than once and not suitable for use again, it has been mixed with
impurities, bacteria, and chemicals, like the water resulting from washing clothes, dishes,
showering, and others. It is collected in plants for treatment and re-used in some human activities
such as irrigation, industry, and cooling systems.
Wastewater treatment plants are many in terms of technologies but all of them consume very
expensive electricity and chemicals. The types of wastewater treatment plants are:

+ Extended Aeration.

» Oxidation Ditch.

« Rotating Disc System / Rotating Biological Contractor (RBC)

* Membrane Bio Reactor (MBR) - This research will focus on this type of wastewater

treatment plants.

Figure 1 below shows Membrane Bio Reactor (MBR) plant.

Figure 1: Membrane Bio Reactor (MBR) plant
The Membrane Bio Reactor (MBR) system is developed with the aim of domestic use based on
biological membranes technology. MBR filter is an activated sludge system that does not need a
conventional settling tank and allows the concentration of solids which results in a large volumetric
suspension with a total volume of 0.01.

The water passes through several treatment stages, starting from pumping the water from the
equilibrium tank to the automatic separation system, which consists of medium and fine filters to
separate any suspended or portable materials that may harm the treatment, and after that, the treated
wastewater is removed from the water treatment tank. It is then deployed in the network of air
distributors in the station, which oxidizes the organic materials with compressed air, then the
process of membrane filtration of the treated water is carried out to get rid of any suspended organic
materials [9] — [14].
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2. Objectives of the Research
This research applied one of the Total Quality Management (TQM) tools, (which is Control Charts)
in treatment plants, through which the performance of the entire system is monitored. This allows to
solve the problems in the system and study the development and improvement of the system.
Applying total quality tools to a sewage treatment system raises the quality and efficiency:

« To make decisions regarding product specifications, production process, and recently

produced items.

» To determine the processes capability.

« To improve quality (e.g., new procedures and methods).
The results of this research are expected to improve the performance of the system, ease of
monitoring and management, and the ability to make the right decisions.

3. Research Methodology

When applying the TQM tool (control charts) to the wastewater treatment plant, it was focused on
specifications of the raw water (input) and produced water (output). The application is in the
following sequence:

1. Select the quality characteristics.
2. Choose the rational subgroups.
3. Collect the data.
4. Determine the trial center line and control limits.
5. Establish the revised central line and control limits.
6. Achieve the objectives.
3.1 Select the Quality Characteristics
The quality characteristics for raw water are, [15] — [22]:
A. Quantity of input water.
B. Biochemical Oxygen Requirement (BOD5).
C. Suspended solids (TSS).
D. Chemical oxygen demand (COD).
E. Ammonia concentration (NHs/N).
The quality characteristics for treated water are:

Free chlorine.
Eggs of worms.
Coli bacteria.

A. Quantity of output water.

B. Quantity of output sludge.

C. Biochemical Oxygen Requirement (BODS).
D. suspended solids (TSS).

E. Chemical oxygen demand (COD).

F. Ammonia concentration (NH3/N).

G. Mixed liquor suspended solids (MLSS).
H. Hydrogen ion concentration PH.

l. Conductivity.

J. Organic nitrogen.

K. Turbidity.

L. Nitrates.

M.

N.

0.
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3.2 Choose the Rational Subgroup

To make rational control charts, each group contained nine samples, and we have had twenty-seven
groups. The mean and range were calculated. This was done for each quality characteristics.
Table 1 below illustrates the Rational Subgroups, [23] — [25].

Table 1. the Rational Subgroups
# sample 1 |sample 2 |sample 3 |sample 4 [sample 5 [sample 6 [sample 7 |sample 8 |sample 9 R X
subgroup 1 16.2 17 18 17.2 18.9 19 18.5 19.2 19.6 3.4 18.2
subgroup 2 17 18.3 17.5 18.1 17.1 19.2 18.2 19.6 17.2 2.6 18.0
subgroup 3 18 16 15.9 18 17 17.4 15.9 19.2 17.4 3.3 17.2
subgroup 4 17.2 18 16 16.3 15.9 16.8 16.9 17.6 18.6 2.7 17.0
subgroup 5 16.9 18.6 17.4 16 18 16.3 19.6 15.9 17.4 3.7 17.3
subgroup 6 17.5 18.6 17.7 17 18 19 15.9 18 17.4 3.1 17.7
subgroup 7 17 19.6 19 18 16.6 17.2 19 16 19 3.6 17.9
subgroup 8 19 20 18 17 18 16 16.3 17.2 19.5 4 17.9
subgroup 9 17.5 19.1 16.6 16.2 16.5 16 13.5 16 18.2 5.6 16.6
subgroup 10 18.7 19.4 16 18 16.6 17.2 18.2 16.9 18 3.4 17.7
subgroup 11 16.9 15.9 17.6 18 17.2 19 18 17.4 16.3 3.1 17.4
subgroup 12 17 18.5 18 17.6 17.9 18.6 17.5 17 15.9 2.7 17.6
subgroup 13 15.6 175 17 19 20 19.6 18.6 17.7 16.6 4.4 18.0
subgroup 14 17.6 18.8 17.4 17.4 19 15.9 19.3 17.7 18.6 3.4 18.0
subgroup 15 15.9 16 16.8 15.9 18.8 18.9 19.6 16 17.7 3.7 17.3
subgroup 16 17.4 18.6 15.9 17 18 19.6 15.9 17.6 18.8 3.7 17.6
subgroup 17 27.2 18.8 18.6 19.9 18.5 17.4 17.4 18.8 17.4 9.8 19.3
subgroup 18 17.1 16.6 18.6 19.6 19 18 17 16.1 17.5 3.5 17.7
subgroup 19 18.9 27.2 15.9 18 15.6 18 15.9 19.6 17.4 11.6 18.5
subgroup 20 18 18.6 17.5 17.1 27.2 15.9 18 17 18.9 11.3 18.7
subgroup 21 15.9 17.4 15.9 19 18.6 17.1 16.9 17.6 17.39 3.1 17.3
subgroup 22 18.6 18 19 17 18.8 17.36 19.5 18.5 17.5 2.5 18.3
subgroup 23 16.3 17.6 17 16.1 18.6 19.6 17 16.9 18.6 3.5 17.5
subgroup 24 17.6 15.9 18.6 17.7 18.6 16.9 15.9 17.6 18 2.7 17.4
subgroup 25 17.2 19 18 17.4 16.3 17 18.5 18 17.6 2.7 17.7
subgroup 26 17.9 18.6 17.5 17 15.9 15.6 17.5 17 19 3.4 17.3
subgroup 27 20 19.6 18.6 17.7 16.6 17.6 18.8 17.4 17.4 3.4 18.2
4.2 17.8

3.3 Collect the Data

Data for raw water (input) and treated water (output) were collected from the beginning of January
until the end of August (eight months), as shown in Table 2 below.

The data for raw and treated water are: Biochemical Oxygen Requirement (BOD5), suspended
solids (TSS), Chemical oxygen demand (COD), and ammonia (NH3/N).

Data for treated water only: mixed liquor suspended solids (MLSS), PH, conductivity, organic
nitrogen, turbidity, nitrates, free chlorine, eggs of worms, and coli bacteria. Also, data on the
amount of incoming and treated water and the amount of sludge were collected, [26] and [27].
Table 2 below shows the collected data for January.

Table 2: the collected data for January
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Month Report January
chemical results Quantity
BOD: 755 oD NHIN : —
: : : _MLSS pH conDuCTIVITY %98 ripmipiTy nitrares 66 e9gsof - coli sludge ot oo B pate

output input output input output input output input nitrogen chlorine  worms bacteria  m3 o | o
760 A 560 940 79 | 9190 3 1255 X E . 3 2 63 01/01/22
4 |430] 3.8 [520| 17 920 | 4.1 | 80 | 9215 | 6.9 1360 4 2.1 7.1 0.9 0.1 1.3 3 57| 60 | 02/01/22
41 |480| 37 |560| 18 |905| 3.9 | 80 | 9230 | 6.7 1390 4.2 2.1 7.2 0.8 0.1 14 4 92| 96 | 03/01/22
4 415 38 [520 | 17.2 [ 925 | 4.6 | 78 | 9230 | 67 1390 42 2.1 72 | 11 | o1 | 14 2 46 48 | o401/22
42 | 472 39 |560| 18.9 | 960 | 4.7 | 79 | 9190 | 6.8 1255 4.1 2 7.3 1 0.1 14 5 103| 108 | 05/01/22
41 [480] 37 |560| 19 |905| 4.6 | 80 | 9230 | 6.9 1390 4.2 2.1 7.2 0.9 0.1 14 4 74| 78 | 06/01/22
42 | 470 | 3.9 |560| 185|950 | 3.9 | 79 | 9190 | 6.8 1255 4.1 2 7.3 1 0.1 14 6 150| 156 | 07/01/22
4 |465] 25 |560]19.2 1890 | 3.8 | 80 | 9312 | 6.6 1400 44 2 74 0.8 0.1 14 2 94| 96 | 08/01/22
42 |450| 39 |560| 19.6 | 940 | 4.4 | 79 | 9190 | 6.8 1255 4.1 2 7.3 11 0.1 14 5 115 120 | 09/01/22
3.7 |450| 39 |560| 17 | 940 4.6 | 79 | 9190 | 6.8 1255 41 2 73 | 09 | 01 | 14 6 134 140 | 10/01/22
4.1 | 440 | 3.7 | 550 | 18.3 | 900 | 4.9 | 74 | 9220 | 6.6 1388 4 2.1 7.6 11 0.1 14 6 138| 144 | 11/01/22
42 |745| 39 |560| 175|950 | 4.1 | 79 | 9190 | 6.8 1255 4.1 2 7.3 0.8 0.1 14 2 46| 48 | 12/01/22
4 |465| 25 | 560|181 890 | 4 80 | 9330 | 6.6 1400 4.4 2 7.4 0.8 0.1 14 8 184| 192 | 13/01/22
4.1 |480| 3.7 |560| 17.1 | 905 | 4.7 | 80 | 9230 | 6.7 1390 4.2 2.1 7.1 0.9 0.1 14 5 121 126 | 14/01/22
41 [ 440 | 3.7 | 560 | 19.2 1900 | 5 74 | 9220 | 6.6 1388 4 2.1 7.6 11 0.1 14 6 132| 138 | 15/01/22
39 [470| 3.3 [520| 182 | 960 | 5 81 [10253| 7.3 1290 3.9 1.9 7.1 0.9 0.1 15 2 46| 48 | 16/01/22
4 |465| 25 | 560|196 890 | 4 80 [ 9350 | 7 1400 4.4 2 74 0.8 0.1 14 5 109| 114 | 17/01/22
39 [465| 2.5 [ 560 | 17.2 | 890 | 4.1 | 80 | 9455 | 6.6 1400 4.4 2 7.4 0.7 0.1 14 3 57| 60 | 18/01/22
42 [450] 39 |560| 18 | 930 | 43 | 79 | 9190 | 6.8 1255 4.1 2 7.3 1 0.1 14 4 92| 96 | 19/01/22
4 |465| 25 [560| 16 | 890 | 4.8 | 80 | 9350 | 6.6 1400 4.4 2 7.4 0.8 0.1 14 5 108| 113 | 20/01/22
41 | 480 | 3.7 | 560 | 15.9 | 905 | 4.9 | 80 | 9230 | 6.7 1390 4.2 21 7.2 0.8 0.1 14 2 46| 48 | 21/01/22
4 |450 | 3.9 [560| 18 |925| 4.8 | 79 | 9190 | 6.8 1255 4.1 2 7.3 0.9 0.1 14 5 109| 114 | 22/01/22
39 |415| 38 |520] 17 |925| 5 | 78 | 9230 | 7 1390 42 21 72 | 07 | o1 | 14 5 109 114 | 23/01/22
4 |465| 25 [ 560|174 | 890 | 51 | 80 | 9312 | 6.6 1400 4.4 2 7.4 0.8 0.1 14 9 180| 189 | 24/01/22
4.1 |480| 3.7 | 560 | 15.9 | 905 | 4.2 | 80 | 9230 | 6.7 1390 4.2 2.1 7.2 0.8 0.1 14 2 46| 48 | 25/01/22
4 |415] 3.8 [520]19.2 |925| 43 | 78 | 9230 | 6.7 1390 4.2 2.1 7.2 0.9 0.1 14 3 105| 108 | 26/01/22
4 |465| 25 | 560 | 17.4 | 890 | 4.7 | 80 | 9350 | 7 1420 4.4 2 7.4 0.8 0.1 14 4 92| 96 | 27/01/22
41 [440| 37 | 560 17.2 [ 900 | 46 | 74 | 9220 | 6.6 1388 4 2.1 76 | 11 | o1 | 14 5 97| 102 | 28/01/22
41 |480| 3.7 |560| 18 |905| 4.9 | 80 | 9230 | 6.9 1390 4.2 2.1 7.2 1 0.1 14 5 115| 120 | 29/01/22
4 |470] 3.9 [560| 16 | 956 | 3.9 | 79 | 9190 | 6.8 1255 4.1 2 7.3 1 0.1 14 5 103] 108 | 30/01/22
42 |470| 39 |560| 16.3 | 940 | 3.8 | 79 | 9190 | 6.8 1255 4.1 2 7.3 1.2 0.1 14 4 115 120 | 31/01/22

3.4 Determine the Trial Center Line and Control Limits
In practice calculations are simplified by using the following equations where Az, D3 and D4 are
factors that vary with the subgroup size and are found in Table B of the Appendix, [28] — [31].
COD Output Trial Charts:
Trial Central Lines:
f — Eif:ilxl and ﬁ = E—‘fglei
g g
Where X : average of subgroup averages

X;: average of each subgroup
g: number of subgroups

R: average of subgroup ranges
R;: range of each subgroup

X =178 and R =42
Trial Control Limits:

LCL,=D,R =0.77
Table 3 below shows the trial charts calculations on Excel.
Table 3: the Trial Charts Calculations on Excel
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AAL M fe
A 8 C 0 E F G H | J K L 1] N ] B Q R 8 T u v W X Y Z

1]# sample 1 |sample 2 |sample 3 [sample 4 |sample 5 |ssmple 6 [ssmple 7 |sample & |sample 9] R main_| UCLr | Lol X main_| UClx | LELx | E
2 |subgroup 1 182 17 1 12 188 1# 188 182 18 34 42 TEE083 077811 182 178 191729 183298 X Chan
3 |subgroup2 | 1 183 1§ 131 14 182 182 188 12 28 42 788083 077811 180 178 181729 183298
4 |subgroup3 | 18 1 168 18 7 174 168 182 174 33 42 Te8083 077821 172 178 181729 163238 N ee—r—
5 |subgroupé | 1z " 1® 181 168 183 188 178 1] 27 42 766083 077811 170 178 191729 18.3298 .
6 |subgroup5 | 1ss 128 4 1 it 183 188 168 14 a7 42 788083 077811 173 178 191728 -
7 |subgroupB | 115 138 1 i 1 1 168 13 14 a1 42 788083 07781 177 178 181729 18. B0
8 | subgroup 7 il 188 18 18 188 172 1% 1% 1% 38 47 766083 0.77621| 178 178 191728 163298 25
9 |subgroup 8 " -] ® hid 1 % 181 %3 146 4 42 766083 077821 178 178 191729 18.3298 an
10 |subgroup8 | 175 181 188 182 185 1 15 1 152 58 42 788083 077811 164 178 181729 18.3298 '
1 |subgroup 10] 1s7 184 18 18 188 12 182 188 s 34 42 788083 07781 177 178 181729 18.3298 =
12 |subgroup 11|  1e¢ 164 4 1% 2 1 1 74 183 21 42 786083 0.776M| 174 174 184723 182288 o
13 |subgroup 12| 115 1 L] L] iLt] hid] 14 158 27 42/ 766083 077611 178 174 181723 163288 65
14 |subgroup 13) 152 15 7 1 ] 188 188 &g 10 44 42 766083 077811 180 178 181729 163296
15 |subgroup 14| 17z 125 174 4 1 183 ) 17 158 34 42 786083 077821 180 174 181729 183298 . ) e 5 .
16 suimusﬁ 168 i 188 18 188 188 188 1 jiig a7 42 786083 077EM| 173 178 194729 16.32%6
17 |subgroup 16| 174 118 163 kil i1 188 168 L] 158 a7 42 766083 077611 178 178 191729 18.3298
18 |subgroup 17| 272 11 104 188 16 174 174 188 14 95 42 766083 077821 183 178 181729 183298 Rchart
19 suhgloupﬂ‘ 1 18 188 188 1® 1 17 184 15 35 42 788083 07781 177 17.8 191729 183298
2 suimusﬁ 188 7z 168 i3 18 1 168 188 14 e 42 766083 077621) 185 178 194729 16.32%6 P
21 |subgroup 20) 13 118 175 Al o] 168 it} 14 18 1.3 42 766083 077821 187 178 191729 18.3298
27 subgroup 1) 1s¢ 14 164 1 188 171 188 178 s 31 42 766083 077821 17.3 178 181729 183298
23 [subgroup 22 s 18 1 i 188 1738 185 185 15 25 42 788083 077811 183 178 181729 183298
24 |subgroup 23] 11 123 4 1 18 188 i 188 188 35 42 766083 077611| 175 178 194729 16.32%6
25 |subgroup 24) 178 188 188 il ] 15 168 178 1 27 42 766083 077611 174 174 181729 163298
26 |subgroup 25 172 1 i) 4 01 i 185 1 18 27 42 766083 077811 177 174 181728 1632298
27 |subgroup 26)  17s 18 15 1 188 188 hid] 1 i# 34 42 788083 077811 173 178 191729 183298
2 sut_lgmupZ?\ n 155 124 Rl ] ] 183 174 14 34 42 786083 077821 182 174 194723 163298
i) 42 78
0 A2 D3 D4 12528 | 89
A o i 118 752
2 11474 a1 B4 1p 08MET 04733 173 182 20 Qg TeETEEnEEs Preenne
3 uchx 19.1729 192384 6.51338 24 (.88888 16.8035  18.889 24 0.88889
kL] 133 16.3298 0.77621 7.66083 24 0.88838 16.3296 19.1729 28 0.96298
35 ucir 7.88083
3% Il 0.7762H

¢ » .| BODsinput | BODsoutput | TSSinput | TSSoutput | CODinput | CODoutput | NH3-Ninput .. (¥) [ v

3.5 Establish the Revised Central Line and Control Limits
The revised center line and control limits are determined by discarding the points out of control
limits that produced from Assignable Causes.
where A, dz, D1 and D» are factors that vary with the subgroup size and are found in Table B of the
Appendix.
The revised chart is used to record the future samples and achieve the objectives.
COD Output Revised Charts:
Revised Central Lines:
Li-%g o] IR-Rg
9-9d and o = 9-94
Where: X 4: discarded subgroup averages
Ga: number of discarded subgroups
R ;: discarded subgroup ranges
X =177 and R =343
Revised Control Limits:
UCL; =X, + Adgy, and LCL; =i, — Ag,
UCL, = Do, and LCL, = Dyo,
Where:

Xnew =

Xp =
R0=Rnew
G, = e
0 4.

Revised Control Limits:

UCL; =X + Ao, =18.8
LCLz; =X — Ao, =16.5
UCLg=D,0, =6.1
LCL,=D,0. =0.62

Table 4 below shows the revised charts calculations on Excel.

Table 4: the Revised Charts Calculations on Excel
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1] N k

A B G ] E F G H | J K L M N 0 P Q R 5 T U v W X ¥
1§ sample 1 |sample 2 |sample 3 |sample 4 |sample 5 |semple § |sample 7 [sample § |sample 8| R man | Uclr | LCr | X main | UCLx | LCLx |
2 |subgroupl | 182 7 1 12 188 18 185 102 188 14 34 61424 D426 182 177 188285 165512 Xcham
3 |subgroup2 | 1 18 17§ 181 171 182 182 18 172 28 34 61424 0| 180 177 138298 165912
& |subgroupd | 1 1 185 1 7 174 ] 102 174 33 34 f1424 0824z 172 177 188285 165512 — -l —C
5 |subgroup4 | 17z i i iy | e | a3 | s | w8 | we | 27 34 81424 062478 170 177 188296 165512 »
6 |subgroup5 | s 1 4 i i 1 184 1 14 a7 34 81424 0824z 173 177 188296 185512 -
7 |subgroupB | s 1 m n i 1 18 i 14 a1 34 81426 0524|177 177 188296 185512 i
§ |subgioup7 | 1 ® " 1 ] 1 1 1 8 34 81424 052428| 178 17.7 188298 165512 _
9 |subgroup8 | ] 1 1 1 1 18 12 185 4 34 61424 D242 179 177 188286 185512 0
10 [subgroup8 | 175 11 128 12 185 1 116 1% 182 58 34 61424 D426 188 177 138298 165912
11 |subgroup 10) 1er 184 1 1 143 12 182 fE] 1t 34 24 81424 082428 17T 17.7 188286 185512
12 jsubgroup 1] e | s | e i 2 i i m | ow | 31 34 81424 062476 174 177 188296 165512 !
13 |subgroup 2] 1 18 1 U] i) 18 ] U 15 27 34 81424 082428| 176 177 188296 185512
14 subgroup 13) 162 ] 4 i E] 184 18 m 184 44 34 81424 052428 130 177 188296 185512 _
15 |subgroup 14| 7 1 14 14 [ 16 1 m 14 34 34 81424 062428 180 177 18828 185612 R S g ; ,n
6 subgroup 15| 165 1% 128 188 185 18§ 188 1% 11 7 34 81424 D[ 173 177 138298 165912
17 |subgroup 18] 174 18 168 7 % 188 168 18 188 7 34 81424 DE242[ 1TE 177 138298 165912
1§ suhgoup17‘ 1 ] 183 188 185 174 174 183 174 35 24 81424 082428 17T 17.7 188286 185512 RChart
19 subgroup 18| 171 1 1 18 # i i ol 14 31 34 61424 D428 185 177 18826 185512
0 |subgroup 18] 1 b 16 i 14 i 188 1 m | 28 34 81424 062426 187 177 185206 185512 4 - -l s—
M |subgroup 20 1 ] 1 n2 18 1 U 18 35 34 81424 0524z8| 173 177 188296 185512
12 |subgroup 21) 15 14 ] 1 L] 174 Lt i} 1] 2 34 61424 D426 183 177 188286 185512
13 |subgroup 22| 1es 1% 1 7 185 173 186 186 178 2 34 61424 D] 173 177 188286 185512 §
4 |subgroup 23| a8 18 7 121 188 188 1 18 188 14 34 81424 DE2[ 174 177 138298 165912
5 suhgoup24‘ ] 183 183 7 ] 18 168 174 1% 34 24 81424 082428 17T 17.7 188286 185512
% [subgroup 2812 i 1 14 1 i 18 i 4 34 81424 0824z 173 177 188296 185512
17 [subgroup 28 s 1 ] n 15 18 ] U 1 34 81424 0824z8| 132 177 188296 185512 !
i subgoupZ?\ ] 184 184 7 148 ] ] 14 14 26 81424 (g2428 177 18.82%6 185512 1
i} 14
0 2 s ‘m 2 o ‘A D2 WoeE| 55 |
il 07 s 1318 w LI 1 35 8.3 o o ’
2 1 091989 25 43 18 068687 037972 173 18.1 20 074074 w e !
3 ueh 18.8298 H 154388 24 058889 1689309 18.4488 24 0.88869
54| Ick 16.5512 4 082428 6144 24 058889 185512 18.0298 26 0.952% .
i) udr 8.1424 L]
i) Ic 0.62428

¢ b .. BODsinput | BODsoutput | TSSinput | TSSoutput | CODinput | CODoutput | NH3-Ninput . (B @ [¢

3.6 Achieve the Objectives (The Results)

State of Control:

The % of product that falls within any pair of values is more predictable as shown in Figure 2
(Normal Pattern Variation).

Looking at X and R control charts, calculate the percentage of distribution of samples Table 5.

+— 68% of data —»

/ 95% of data \

— 99.7% of data AN

Figure 2: The Normal Pattern Variation

Table 5 below illustrates the Distribution of Samples according to the following categories 2o, 46
and 6.
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Table 5: Distribution of Samples

2c 4c 60
Normal Distribution 68% 95% 99%
BOD:s input - X chart 78% 85% 85%
BOD:s input - R chart 4% 82% 89%
BOD:s output - X chart 30% 30% 82%
BOD:s output - R chart 59% 67% 93%
TSS input - X chart 30% 95% 99%
TSS input - R chart 78% 85% 92%
TSS output - X chart 22% 70% 89%
TSS output - R chart 74% 89% 99%
COD input - X chart 63% 95% 99%
COD input - R chart 93% 97% 99%
COD output - X chart 74% 89% 99%
COD output - R chart 68% 89% 89%
NH3/N input - X chart 68% 85% 99%
NH3/N input - R chart 11% 95% 95%
NH3/N output - X chart 19% 60% 78%
NH3/N output - R chart 4% 74% 82%
MLSS - X chart 8% 82% 85%
MLSS - R chart 0% 0% 82%
Conductivity - X chart 48% 78% 89%
Conductivity - R chart 96% 96% 99%

Sludge quantity - X chart 60% 85% 99%

Sludge quantity - R chart 48% 78% 93%

Treated water quantity - X 48% 85% 99%

Treated water quantity - R 44% 83% 92%

Raw water quantity - X chart 44% 85% 99%

Raw water quantity - R chart 44% 74% 92%

Process Capability and Tolerance:

The process spread will be referred to as the process capability and is equal to 6. There are three
possible situations which could be summarized as follows:

Case I: When the process capability is less than the tolerance (Desirable)

66 < USL-LSL.

Case Il: When the process capability is equal to the tolerance (Satisfactory)

66 = USL-LSL.

Case I11: When the process capability is greater than the tolerance (Undesirable)
66 > USL-LSL.

To calculate the standard deviation, use the equation: 6 = R/d

Where d2 =2.97 at n = 9 samples

Table 6 below illustrates the Process Capability and Tolerance.
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Table 6: Process Capability and Tolerance
capability tolerance state

BOD:s input 182 500 Desirable
BOD:s output 8.3 10 Desirable
TSS input 806 600 Undesirable
TSS output 21.7 10 Undesirable
COD input 1387 1500 Desirable
COD output 75.2 30 Undesirable
NH3/N input 74.6 80 Desirable
NH3/N output 32.1 5 Undesirable
Sludge quantity 63.36 90 Desirable

Treated water quantity 1467.2 1800 Desirable

Raw water quantity 1524.6 1800 Desirable

4. Conclusions

In this research, control charts have been applied to an operating system, which is a wastewater
treatment plant in Al-Aqiq city. It appears from the above results that the plant is not in its best
condition and many improvements can be made to obtain higher quality with the same current
consumption of electricity.

BOD:s Input:

There is no way to control it as the water source is not controlled and the analysis of a sample takes
5 days.

BODs Output, TSS Output and NHs/N Output:

The treatment process must be reconsidered, or the test and measurement equipment may need to be
calibrated.

MLSS and Conductivity:

They are elements that there is no danger of increasing or decreasing, especially since the purpose
of water is irrigation, so it can be ignored.

Regarding tolerance, it appears from the previous results that some equipment and processes must
be improved in order to be able to produce according to actual conditions, specifically equipment
and processes related to TSS, COD and NHa/N.
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Appendices

Table A below illustrates the Raw and Treated Water Specification from the following
considerations:

Natural properties.

Organic chemical properties.

Microbial properties.

Properties of chemical compounds.

Chemical properties (heavy elements).

Table A: Raw and Treated Water Specification

Raw  Water Secondary Tertiary
Properties mg/L Treatment
Treatment mg/L
mg/L
natural supernatants . 0 0 0
properties TSS. suspended solids | 600 40 10 (a)
PH 6-9 6-8.4 6-8.4
Biochemical Oxygen | 500
Organic Requirement BOD5 40 0@
chemical TURBIDITY = | —==meeee- 5 5
properties GREASE & Oil 100 0 0
PHENOL 5 0.002 0.002
The number of fecal 100 cells / 100 | 2.2 cells / 100
microbial colichacilli | 77 ml ml (b)
properties The number of eggsof | | 1L
intestinal worms
properties of | Nitrates No3-N | ---—----—- 10.0 10.0
chemical AmmoniaNH3-N | &0 5.0 5.0
compounds
Aluminum Al | - 5.0 5.0
Arsenic As 0.1 0.1 0.1
BeryliumBe = |- 0.01 0.1
Boron B 2.0 0.75 0.75
Cadmium Cd 0.02 0.1 0.01
free chlorineCL2 | ---------- (+)0.5 (+)0.5
total chromium Cr 1.2 0.1 0.1
Chemical CobaltCo | -—-m-mm-- 0.05 0.05
properties Copper Cu 1.2 0.4 0.4
(heavy Fluoride F | ---------- 1 1
elements) IronFe | —memeeeee- 5.0 5.0
Lead Pb 1.0 0.1 0.1
LithiumLi | - 2.5 2.5
Manganese Mn 5.0 0.2 0.2
Mercury Hg 0.05 0.001 0.001
Molybdenum Mo 0.5 0.01 0.01
Nickel Ni 2.0 0.2 0.2
Selenium Se 0.5 0.02 0.02
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Vanadium V 1.0 0.1 0.1
Zinc Zn 2.6 4.0 4.0

(@) 1. The monthly rate of BODS5 and TSS is not more than 10 mg/L

(@) 2. The weekly rate of BOD5 and TSS is not more than 15 mg/L.

(b) Treated wastewater is considered disinfected to a non-infectious degree and is sufficient for use
in unrestricted irrigation if the MPN for fecal coliforms does not exceed 2.2 numbers per 100
milliliters (or equivalent by other measurement methods) as determined by bacterial test results
within a week. It also does not exceed 23 per 100 milliliters in any sample (or equivalent from other
measurement methods).

(+) Not less than 2.0 mg/L if chlorine is used for disinfection.

Table B below shows the main Factors for Computing Control Chart Limits or Factors useful in the
Construction of Control Charts.

Table B: Factors for Computing Control Chart Limits

Page 49



