
1 PREFACE 

The raw water of the Guanjinggang water plant comes 
from the Guanjinggang River, which is located to the 
south of the plant. The water source is polluted by 
organic substances and metals, NH3-N, CODMn, total 
nitrogen, total phosphorus, dissolved oxygen, iron and 
manganese all exceed the acceptable limits of class III 
water according to the "Environment quality standards 
for surface water" (GB3838-2002). In particular, the 
seasonal high ammonia-nitrogen in winter is a major 
problem during the purification process. Figure 1 
shows the flow chart of the first phase project layout 
of the Guanjinggang water plant. 

Each step of the treatment process aims to eliminate 
the targeted pollutants. First, the biological pretreat-
ment aims to degrade the ammonia nitrogen then the 
intermediate high density sedimentation tank removes 
turbidity; subsequently, the biological activated car-
bon advanced treatment eliminates organics; finally, 
the sand filter ensures that the biosecurity and level of 
turbidity reach the standard. 

2 KEY ISSUES 

The key issues during the process selection and design 

for the second phase project of the Guanjinggang wa-
ter plant are the seasonal high ammonia-nitrogen, 
biosecurity, pH control of outlet water and energy 
saving. 

2.1 Seasonal high ammonia-nitrogen 

The changes of the ammonia nitrogen in the raw water, 
pretreatment, precipitation, oxidation, carbon filter 
and sand filter effluent are shown in Figure 2 from 
beginning (08/2007) to winter (02/2008) and summer 
(07/2008), which was the early stage of the first phase 
of the Guanjinggang Water plant. 

At the early stages of the first phase project, the 
ammonia nitrogen concentration in the raw water is 
generally below 2mg/L , which means the whole pro-
cess including comprehensive biological pretreat-
ment-strengthening coagulation and sedimenta-
tion-biological activated carbon-advanced filtration 
with biological-physical-chemical synergism, can 
meet the standard of outlet water quality. However, 
after the second half of 2008, the raw water quality 
changed because the amount of CODMn, ammonia 
nitrogen, total phosphorus, total nitrogen, iron and 
manganese rose significantly. In particular, the wors-
ening of the pollution caused by ammonia nitrogen 
and the filler deposition in the biological pretreatment 
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process in winter and the problems regarding aquatic 
animal control have resulted in a cost increase of the 
treatment process and higher requirement of daily 
operation management. Under such circumstances that 
a high level of ammonia nitrogen in winter has been 
always one of major difficulties of processing micro 
polluted water sources for those water plants from 
central and northern China, the study of and innova-
tive ideas about this process are of considerable aca-
demic value and of significance to domestic and for-
eign waterworks of a similar nature. 

2.2 Biosecurity  

For those water plants adopting the process of biolog-
ical pretreatment-ozone activated carbon, how to 
avoid the aquatic organisms and the biofilms attached 
to active carbon not to penetrate into clean water tanks 
and the water supply pipe network is very critical for 
ensuring biological security. The whole process layout 
in the second phase project should be optimized to 
prevent a biological leak. 

2.3 pH control of outlet water 

The pollutants in the filter and activated carbon tank 
are biodegraded by a large number of microorganisms. 
At the same time, the biological metabolism consumes 
oxygen and releases CO2. As a result, PH value of 
water decreases and, it is very possible that the water 
can become acidic and it then affects the quality of the 
treated water and the stability of the water supply 
network if the alkalinity in water is insufficient. The 
raw water’s pH value at the Guanjinggang plant is not 
high, generally around 7.5; therefore, it becomes a 
critical issue during the process control of the second 
phase project. 

2.4 Energy saving in the process 

The long process at the Guanjinggang water plant 
includes biological pretreatment, conventional treat-
ment and advanced treatment, all of which consumes 
large quantities of water. Therefore, how to control the 
water loss in each stage and achieve the energy saving 
throughout the whole process is one of the main tasks 
for the second phase of the project. 
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Figure 1. Flow chart of the first phase project layout of the Guanjinggang water plant

Figure 2. Changes of the ammonia nitrogen concentration during the treatment process
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3 AN ANALYSIS OF THE AMMONIA- NITRO-
GEN ELIMINATING PROCESS 

One purpose of the second phase project is to reduce 
as much ammonia nitrogen value as possible in treated 
water though prolonging the biological treatment pro-
cess for the removal of ammonia nitrogen in winter 
when there is a low temperature and/or poor biological 
activity. 

In actual operation, when the water temperature is 
going down and the ammonia nitrogen value increases 
quickly, controlling the ammonia nitrogen value of the 
outlet water is most difficult. However, by increasing 
the dosage of various medicaments and enhancing the 
treatment effect of each process, the ammonia nitro-
gen value in treated water can be controlled to meet 
the performance assessment criteria. 

According to the experiences of similar water puri-
fication projects, the main effective ammonia-nitrogen 
eliminating processes include artificial wetland, bio-
logical pretreatment, sand filtration and ozone- acti-
vated carbon advanced treatment. 

3.1 Ammonia nitrogen removal with artificial wet-

land technology 

Artificial wetland technology as a biological treatment 
and restoration method has been widely studied in 
recent years [1-4] and has been used in water resource 
ecological wetland restoration projects. Zhejiang 
Province already has the similar project experiences 
on surface river water resource restoration. 

After water has flowed through the artificial wet-
land, there is a significant improvement in the dis-
solved oxygen, ammonia nitrogen, total nitrogen, total 
phosphorus, and BOD5 index. Therefore, the biologi-
cal treatment extension effect is obvious. The resulting 
organic removal effect by conventional structures can 
be effectively improved, especially the noteworthy 
ammonia nitrogen removal effect in the coagulation 
and sedimentation and filtration tanks.

3.2 Ammonia nitrogen removal with the biological 

pretreatment process 

Generally, the biological pretreatment process is prior 
to the water purification process. By using the oxyg-

enolysis and conversion functions of microorganisms 
attached to the biological filter, the organic pollutants, 
ammonia nitrogen, nitrite, iron, manganese and other 
inorganic pollutants are preliminarily removed, of 
which the ammonia nitrogen removal is particularly 
obvious [5]. By using the biological pretreatment pro-
cess, the coagulation-sedimentation performance of 
raw water can be enhanced. Moreover, the processing 
load of the conventional and subsequent process can 
be reduced based on the biological extension effect, 
and the biodegradable organic substances can be re-
moved. Additionally, the disinfectants and their 
by-products can be reduced to increase the biological 
stability of drinking water.  

3.3 Ammonia nitrogen removal with the sand filtra-

tion process 

Under the conditions of a sufficient amount of dis-
solved oxygen and without any disinfection, a certain 
amount of ammonia nitrogen, iron and manganese ion 
[6-9] can be removed by sand filtration due to its bio-
logical effect. Comparing the effluent water quality 
from the sand filter of water plant S (with biological 
pretreatment) and K (without biological pretreatment) 
in winter, the ammonia nitrogen removal effect using 
the sand filter is significant and the relative detection 
results are shown in Table 1. 

3.4 Ammonia nitrogen removal with the 

ozone-activated carbon process 

The ozone-activated carbon process has a particular 
role in the removal of ammonia nitrogen [10, 11], though 
there was a fluctuation in the beginning operation. The 
removal effect of ammonia nitrogen by using biologi-
cal activated carbon in the first phase project of Guan-
jinggang water plant is shown in Figure 3 and Figure 4. 
The average effluent ammonia nitrogen concentration 
is 0.12mg/L, which is decreased by 76.8% than that of 
the inlet water. The removal rate was stable through-
out the process. The rebound of the ammonia nitrogen 
concentration within ozone contact tank during the 
early operation is probably due to the existence of 
catalytic oxidation material that promotes the oxida-
tion of organics and further leads to the release of 
ammonia nitrogen. Once the operation is stable, the 

Table 1. The ammonia nitrogen removal with the sand filtration process of water plant S and K
Date Temperature (°C ) NH3-N Concentration (mg/L)

K Plant Sand Filter Effluent Removal S Plant Sand Filter Effluent Removal
Dec 2009 Below 5(2 days) 0.54 1.15 0.30 0.94 

6-10(28 days) 0.56 1.11 0.38 0.76 
Upon 11(1 day) 0.31 1.11 0.25 0.61 
Average 0.55 1.11 0.37 0.77 

Jan 2010 Below 5(8 days) 0.27 1.11 0.27 0.68 
6-10(23 days) 0.25 1.19 0.16 0.78 
Average 0.26 1.17 0.19 0.76 
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ozone contact oxidation has little impact on the efflu-
ent ammonia nitrogen concentration. The effluent 
ammonia nitrogen removal rate is 63.2% when using 
the ozone-biological activated carbon combined pro-
cess. After flowing through the filter, the effluent 
ammonia nitrogen concentration can be reduced to 
0.5mg/L or less than that. 

4 SOLUTION ANALYSES 

4.1 Combined processes 

The process of the second phase project in the Guan-

jinggang water plant should be altered to adapt to 
changes in the raw water quality. The artificial wet-
land purification engineering should be carried out at 
the water resource, and the process of the first phase 
project should conduct further optimization. In the 
second phase project, the effluent water from the eco-
logical wetland is used as raw water, and the biofiltra-
tion pool is added to the rear of the precipitation pool 
to remove the ammonia nitrogen organics by using its 
curing effect. The new process of the second phase 
project can be simply described as pre- oxida-
tion-coagulating-sedimentation-biological filtration- 
ozone-biological activated carbon-sand filtration. 

Figure 3. The ammonia nitrogen removal effect with biological activated carbon in the Guanjinggang water plant

Figure 4. The ammonia nitrogen removal rate with biological activated carbon in the Guanjinggang water plant
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4.2 Control of effluent ammonia nitrogen and biose-

curity 

In the second phase project, the ozone-biological acti-
vated carbon is set up between the two-stage filtration 
behind the precipitation pool. The combined multi-
stage reactor for the removal of ammonia nitrogen, 
organic matter, Fe and Mn and the turbidity control of 
effluent water ensures the water quality and reduces 
the influence of temperature change on the efficient 
removal of ammonia nitrogen. The combined process 
provides both enhancement and innovation. 

By the aid of the cheap biological effect of the eco-
logical wetland pretreatment, ammonia nitrogen and 
the hydrophilic organic matter that with a molecular 
weight which is less than 3kD can be completely re-
moved to a certain extent. Furthermore, suspended 
matter, colloidal organic with a molecular weight 
more than 10kD and probable colloidal organic with a 
molecular weight of 1–10kD can all be removed by 
using the chemical pre-oxidation of the advection 
sedimentation tank. By adding filter aid to the biolog-
ical filtration pool, the organic matter, ammonia ni-
trogen, iron and manganese can be completely re-
moved to a certain extent. Then the hydrophilic or-
ganic matters with a molecular weight of 1–10kD can 
be oxidized into small molecules, which can be easily 
adsorbed to the activated carbon by the use of ozone. 
The sand filtration pool with filter aid added is the last 
barrier where the activated carbon biomembrane, the 
suspended matter generated by ozone oxidation, the 
biomembrane generated in the sand filter, and the 
residual small molecules can be trapped. The new 
process can control the water turbidity and reduce the 
organic matter content, thus ensuring effluent biosecu-
rity. In the winter, after the removal of most of the 
organic matter, the residual ammonia nitrogen is 
formed into chloramines by adding chlorine; this ef-
fectively prolongs the disinfection time and ensures
the security of water quality and the likelihood of the 
effluent water ammonia nitrogen reaching the desired 
standard. 

4.3 pH control of effluent water 

The raw water’s pH value at the Guanjinggang water 
plant is not high. Because there are two filter pools 
and an activated carbon adsorption tank in the second 
phase project, the alkalinity consumption of raw water 
is greater than that of the conventional process. 
Therefore, stable effluent water is one of the most 
important goals of the whole operation management 
process. 

In the actual operation, multi-point adding alkali is 
adopted. The biological filter and activated carbon 
adsorption tank have certain regulation abilities be-
cause of their biological function. The operation effect 
can be ensured by controlling the pH value of the inlet 
water. Therefore, the two pools will either need a 
small amount of alkali or not. The sand filtration pool 

at the end of the process has a bearing on the effluent 
biosecurity, turbidity and stability control. Hence 
plenty of alkali should be added to the sand filtration 
pool according to the production requirements. 

5 ENGINEERING DESIGN OF THE SECOND 
PHASE PROJECT 

The process in the second phase project of the 
Guanjinggang water plant combines the reinforced 
conventional treatment with the advanced treatment. It 
includes mechanical reaction, flocculation with 
folded plates, sedimentation, the biofiltration pool, 
ozone, biological activated carbon and the sand 
filtration pool. The belt press filter dewatering pro-
cess is also used to treat sludge. The process flow 
chart is shown in Figure 5. 

5.1 The mechanical mixing-folded plates flocculation 

and sedimentation tank with lamination of clear 

water tank 

A sedimentation tank with lamination is constructed 
in the second phase project, the upper part of which 
has a mechanical mixing flocculation and sedimenta-
tion pool and the lower part has a clear water pool, 
the capacity of which is 150,000m3/d. It includes two 
mechanical mixing tanks with a mixing time of 30s 
and a flocculation with a concrete folded plate that 
has a reaction time of about 20min and sedimentation 
pool. The residence time of the advection sedimenta-
tion tank is about 104min. The outlet channel of the 
sedimentation tank is broadened and has aeration disks 
and elastic fillers installed to add oxygen to the water. 
Subsequently, the effluent water accesses the inlet 
channel of the biofiltration pool. 

5.2 Biofiltration pool 

In the second phase project, a biofiltration pool is 
constructed with a capacity of 150,000m3/d. It is di-
vided into eight parts using a double row layout. The 
filtration area of each part is 105 m2 and the designed 
filtration rate is 7.8m/h. Uniform quartz sand is used 
as a filtration medium with the effective particle di-
ameter of 0.95mm, the non-uniform coefficient K80 is
less than 1.4 with a thickness of 1.5m. The particle 
diameter of quartz sand located at the support layer is 
2.0–4.0mm and the thickness of the support layer is 
0.10m. The biological filtration cycle is 24h. The way 
it backwashes acts as a gas-water recoil and sweeps 
the pool’s surface. The prefabricated filtration plate 
and long-handled filtration head are used for the dis-
tribution of water and gas. 

Two mixing pools are set up at each end of the fil-
tration pool to the dosage of the filter aid. Each mixing 
pool with a residence time of 30s has a rapid mixer 
and an annular tube for dosing the alum. 
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5.3 Mid-pumping station, ozone contact tank and 

ozone generator workshop 

The mid-pumping station and ozone contact tank are 
constructed together. The mid-pumping station has 
four submersible mixed-flow pumps with variable 
frequencies, of which three are used and one is 
stand-by. The submersible mixed-flow pumps are 
installed in the form of an open shaft. The outlet of the 
single pump is designed as a series of small compart-
ments, and it is connected to the ozone contact tank 
via the overflow weir effluent channel. The ozone 
contact tank with a contact time of 17min is divided 
into two lattices. After experiencing a three-stage 
reaction, the water falls into the activated carbon fil-
tration pool. The designed maximum filling quantity 
of the ozone generator workshop is 4 mg/L, wherein 
the former part’s ozone quantity is 0.5–1mg/L, which 
is added by the mixer to the outlet pipeline in the wa-
ter intake pump house, and the latter is 2.5–3mg/L, 
which is added by the ozone aeration disc feeding.

5.4 Activated carbon/sand filtration pool 

A combined filtration pool is constructed using a dou-
ble row arrangement with a capacity of 150,000m3/d. 
The upward-flow activated carbon filtration pool is 
located in the north and the sand filtration pool in the 
south. Both of them are divided into nine lattices 
sharing the intermediate pipe gallery.  

(1) Upward-flow activated carbon filtration pool 
The outlet water of the ozone contact tank flows 

into the upward-flow activated carbon filtration pool. 
After supplying water and air via the lower part, the 
water flows through the activated carbon adsorption 
layer from the bottom to the top, and then flows out 
from the upper finger groove. Then the water flows 
via channels into the coagulant aids’ mixing zone. 

After a rapid mixing for 20s, the water flows via the
communicating pipe into the inlet channel of the sand 
filtration pool. 

The filtration rate of the activated carbon pool is 
11.6m/h. The residence time and thickness of the car-
bon layer are respectively 13min and 2.5m. The 
thickness of the gravel bearing layer is 0.45m. 

(2) Sand filtration pool 
The filtration rate of the V-typed sand filter is 7m/h. 

The filtration layers from top to bottom include a 
quartz sand layer with a particle diameter of 0.85mm, 
a non-uniform coefficient of 1.4 and a thickness of 
1.2m, and a supporting layer with a particle diameter 
of 2.0–4.0mm with thickness of 0.10m. 

6 CONCLUSIONS 

The key issues for the process selection of the second 
phase project of the Guanjinggang water plant are 
seasonal high ammonia-nitrogen, biosecurity and pH 
control of outlet water. The project uses the outlet 
water treated by ecological wetland as raw water. The 
new process of the project can be simply described as 
preoxidation-coagulating-sedimentation-biological 
filtration-ozone-biological activated carbon-sand fil-
tration. The new process can control the water turbid-
ity and reduce the organic matter content, thus ensur-
ing effluent biosecurity. Multi-point adding alkali is 
adopted in the actual operation. The pH value control 
of the inlet water of the biological filtration pool and 
activated carbon adsorption tank can ensure the opera-
tion effect. Therefore, a small amount of alkali can 
either be added into the inlet water of the two pools or 
not. It is suggested that plenty of alkali should be 
added to the sand filtration pool according to the pro-
duction requirements. 

Based on the analysis on the process layout, the 

Figure 5. Process flow chart of the second phase project of the Guanjinggang water plant
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second phase project of Guanjinggang water plant can 
be regarded as a "long process". The overhead sedi-
mentation tank superimposes with other structures,
where the deep pool is adopted. The mid-pumping 
station is arranged, the pool type layout is optimized 
and a high efficiency lift pump is used to reduce the 
water loss and implement energy savings. 
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