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B AWW Generation

! P

e -

DG Aggregate Processing Plant Yebatan2#Aggregate Processing Plant

BAggregate processing plant is an essential
part of hydropower project, and also of great
interest of environmental supervision.

W To avoid dust pollution, water is usually
employed to get rid of dust and waste water is
genereated.

B The screening and sand manufacturing
account for the majority of wastewater.

Wulonglong Ludila Shatuo Shuangjiangkou Wudongde Xiangjiaba Yangfanggou Yebatan
Langcang River | Jinsha River | Wujiang Dadu River Jinsha River Jinsha River Yalong River Jinsha River
130.5 140 106 314 265 273 155 217

Wet Semi-dry Semi-dry Wet Semi-dry Wet Wet Wet
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B Characteristics and Treatment

river blockage

water pollution,aquatic
accommodation impact

Generation

1.0 to 1.2 times of
processed aggregate
amount, Suspended

solid(SS) concentration

(104~10° mgl/L)

Environmental impact

Treatment

Zero waste water
discharge policy

Treatment process target: solid-liquid
separation. Treatment techniques: Pre-
sedimentation, flocculation sedimentation,
or multi-stage sedimentation, filter press for
sludge and recycle of treated water. .

Hydropower Station Name SK Ahai Guandi Huangjinxia Nuozhadu | Xiangjiaba |Shuangjiangkou
Maxi trati
aximum concentration 6)(104 (6_5""7.0))(104 5)(104 (4"“5))(104 8)(104 (5~8)x104 7)(104
(mg/L)
Disch
ischarge standard <100 325 <70 <70 <70 <70 <70
(mg/L)




Typical AWW treatment techniques and control parameters
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Projects AWW SS treated target Treated techniques Notes
Wunonglong 550m3/h <100mg/L Pre.-pre0|p|tat|on+MGS Clarifier+DH sewage oH 6~9
purifier
. Selective classification separation, combination of :
1) 3 ’
Akl 700m?/h 32.5mg/L mechanical dehydration and natural dehydration Limestone
Fine sand recovery+flocculation
Guandi 895m3/h SS<70mg /L sedimentation+stone powder dehydration PAC/PAM
recovery+water reuse
Huanaiinsha i <70malL. Pre sedimentation+concentration sedimentation Natural aggregate ; onsite
9l 9 tank+flocculation sedimentation+water reuse 50~60mg/L
Liyang 200m?3/h SS<70mg /L Efficient sewage purifier+rubber vacuum belt filter pH-8.25, SS-34mg/L
Ludila 300m3/h <70mglL Comblngtlon of natural sedimentation and PAC,on site SS-52mg/L
mechanical treatment
Nuozhadu 1200m3/h <70mg/L F|n'e'sand reclalmer+I?H high-efficiency sewage Langcang river red colloidal
purifier+vacuum belt filter treatment process particles
Sand settling tank pre-treatment+radial flow
Shuangjiangkou 560m?3/h <70mg/L sedimentation tank+inclined tube sedimentation PAC/PAM
tank+filter dewatering
Mechanical pre-treatment+radial sedimentation ,
3 < <
Wudongde 810m*/h <70mg/L tank+mechanical pressure filtration dehydration PAM, on site SS<62mg/L
Xiangjiaba 450m3/h SS<70mg /L Sand water.s_eparatlop device+high-efficiency PAC/PAM
sewage purifier+belt filter treatment process
Yangfanggou 910m3/h <100mg/L Mechanical pre-treatment+radial sedimentation PAC

tank+mechanical pressure filtration dehydration
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AWW accumulation i fully mixed

5 e ) 7 1 e =228

process of sorﬁé large-scale
hydro-power station-radial sedimentation tank technique

SUIHHTILNE

liquid-solid separate supernatant-reuse Feged 5 ! i slurry-filtration dehydration LI
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B Yebatan hydro-power station aggregate processing plant

Water consumption / \ Recycling

low water velocity absence of AWW
and poor flushing

efficiency

reuse water quality
control parameters

K Chemicals residue /
chloride ions residue |

R —
effect on concrete

Design sketch

Location Eco-system B AWW zero discharge requirement: Concrete amount
Jinsha river upper Fragi 3.20 million m3, AWW generation 700m?3/h, facing
. . ragile eco-system
stream, high a"tltUdel enormous technological and cost pressures.
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B Proposed solution

Water conservancy and Hydropower Engineering

200
5_ a
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aggregate B "L N2
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5o 8 ool Water resources
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g it Water. : >
Entrance of water & ““Waterpipe || saving Wastewater
: optimization and recycling
o] design sustainable %
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g management I i
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Mixing condition

_.‘ & AN ———— N ch2 chy CHs CHS cHe Standard
ERETS o e e ; Recycled water utilization for
High efficiency washing process Aggregate processing plant concrete mixing

Water consumption: to reduce the amount of wastewater by adopting water-saving measures
AWW recylcing: to be used for concrete mixing and to realize the inner circulation of water
resources in hydropower projects.
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Water-saving optimization design of aggregate washing system to enhance
water efficiency and reduce the scale of wastewater production system

Optimization of washing and spraying device

€ The quantity and arrangement of water outlet points , the hydraulic form of
the water outlet, and the spray angle of the water flow are all part of the
optimization design.

@ Assessment of the new flushing technology

& Obtain the optimal water-saving washing process, assess for the field
experiment and ensure the quality of the aggregate.
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Demonstrate the influence of repeated reuse of the treated AWW
and propose the requirement

6 Flocculation test for AWW

€ The law of chloride ion residue and accumulation will be demonstrated systematically in the

process of repeated reuse of AWW after treatment.

@ Recycled water for concrete mixing

€ The influence of wastewater reuse on fresh concrete and its hardening performance will

be comprehensively studied.

€ Clarify the control index of AWW reuse.
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Construction of aggregate washing device in lab

o ™ —
Spray. LEVICE S S
Reservoir s s o=
Leec, ‘(//_wv‘;: - r E,-‘

Vibrating Sieve

» A small-scale aggregate washing device

= consisting of a vibrating screen, a washing
spray device, and a reservoir was constructed
for the test.

» Select different nozzles replace the original
outlet: fan-shaped nozzles, solid cone

nozzles and spiral nozzles

» The deflection of nozzles is set to be 0°

(vertical the sieve) and 30° respectively.
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Construction of aggregate washing device in lab
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Layout of washing device and hydraulic state

» The specification of the vibrating screen was
2.0 m X 1.0 m, and the diameter of the water
pipes was 50 mm; the length was 1.0 m, the
interval between the water pipes was 1.0 m;
and the water pipes were 30 cm away from
the vibrating screen.

» Arrange nozzles for 25% to 30% overlap area
to ensure washing effect. Optimization
replace two equally spaced tubes with three

unevenly spaced tubes.
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Study on characteristics of repeatedly treated AWW

» Flocculants concentrations: Different concentrations of PAC and PAM (PAC:10 mg
L1, 50 mg L-';PAM:10 mg L-',50 mg L-';10 mg L-' PAC+10 mg L-"PAM and 50 mg L'
PAM) were selected as flocculants.

» Sedimentation time: Natural sedimentation 0, 5, 15, 35, 60, 120 min,and flocculating
sedimentation was extended to 1440 min, with extra sampling at 180, 360, 540, and
1440 min.

» Wastewater treatment and reuse condition: 80% of the supernatant is obtained by
inverted siphon method after settled to be stable, which is used for the next stage of
washing aggregate. And repeat the above process.

» Chloride ion residue: water sample needs to pass through a 0.45um filter membrane
before the test.
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Experiment and test for concrete mixing

» Tests on the concrete with AWW and tap water were conducted to evaluate the slump test, the setting time

test, and the compressive strength. AWW with different SS concentration(28~52360mg/L) was obtained by

diluting the initial AWW. The compressive strength test with a load rate of 0.5 MPa s~' at 7 and 28 days was

carried out in accordance with GB/T 50081-2019 and performed on three 100 X 100 X 100 m?3 concrete cubes.

Water sample

Aumber pH SS concentration(mg L) Chloridate(mg L) Sulphate(mg L")

CH1 7.73 52360 30.88 54.28
CH2 7.48 23160 24 .11 57.22
CH3 7.68 9446 27.84 47.23
CH4 7.65 6235 28.20 44.54
CH5 7.88 1854 22.92 50.92
CH6 7.60 200 28.15 44 .30

Tab water 7.03 28 24.91 45.50
Plain concrete >4.0 <5000 <2700 <3500

(DL/T 5144-2015)
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Washing parameters and washing efficiency
» Washing Efficiency (WE) is an indicator to assess the consumption of water for a ton of aggregate under the

specified washing process conditions.

The volume of water consumption in aggregate washing (m3)
the quantity of aggregate (t)
» Fineness modulus (FM) is calculated as the ratio of the sum of accumulated sieve residue percentages for

WE (m3/t) = x100%

each sieve used in the screening test to the corresponding sieve residue. This index is considered a
significant measure of aggregate quality. A1, A2, A3, A4, A5, A6 are the percentage of cumulative screen
residue on screen of 5, 2.5, 1.25, 0.63, 0.315, 0.16mm.

A2 + A3 + A4 + A5 + A6 — HA1

100 — A1
» During the simulation experiment, the flushing time was controlled to be fixed as 15 s, and the aggregate

Fineness Module =

amount was changed at the same time to ensure that WE of the existing flushing condition was 1 m3/t and

that of other conditions was 0.5 m3/t.
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Aggregate quality and SS concentration

» Different parameters of washing process are coded as C1 to C10. C1 is to simulate the existing

flushing condition. C2 to C10 use different nozzles, deflection angles and pipe layouts.

Water : Water
Condition Nozzle Type Hydraulic form Deflection Layout of Water_ outlet pressure Washlng used W3E
water pipes points (MPa) time(s) (m?/h) (m3/t)
C1 - Jet-flow - Double 40 0 15 11.5 1
C2 0° Double 8 0.25 15 5.6 0.5
C3 Fan-shaped Fan-shaped 30° Double 8 0.25 15 5.6 0.5
C4 Triple 12 0.15 15 6.66 0.5
C5 0° Double 8 0.38 15 4.4 0.5
C6 Cone-solid Cone 30° Double 8 0.38 15 4.4 0.5
C7 Triple 12 0.2 15 6.1 0.5
C8 Conical 0° Double 4 0.2 15 6.5 0.5
C9 Spiral turbulence 30° Double 4 0.2 15 6.5 0.5
C10 Triple 6 0.15 15 6.5 0.5
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Aggregate quality and SS concentration

» The fineness modulus of C2 to C10 was higher compared to CO and C1, while the initial stone
powder content of 18.7% decreased significantly after optimizing the washing process. This

indicates @ notable improvement in aggregate quality. (Fig a)
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> There was a positive correlation between the fineness modulus and SS concentration, which
suggests that stone powder was effectively removed from the aggregate surface and

transferred to the washing water.(Fig b)

» Refining the nozzle arrangement allowed for improved aggregate quality with 50% less water
consumption, indicating the possibility of substantial water saving.



3 Results and Discussion

XVIII
W World Water Congress

International Water Resources Association (IWRA)

-
o
o

Cumulative Sieve Residue (%)

<]
o
1

[=2]
o
1

S
o
1

N
o
1

o
1

4 —=—FM=3.05( Before adjustment)
—e—FM=2.96( After adjustment)

~

-

e

5 2.5 125 0.63 0.315 0.16

Diameter of Sieve aperture (mm)

Field experiment

> The optimized rinsing device can ensure that the aggregate quality meets the requirements
while reducing the water consumption by 50%.

> The feasibility of applying the new optimized technology in aggregate washing system is verified.
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Flocculation test for AWW

» The addition of PAC and PAM in a single or compound way do have effect on suspended solids sedimentation,
but the benefit of mixed addition is limited considering the economic benefit. PAC has stronger flocculation

effect than PAM under different flocculant addition.(Fig a)
» The content of chloride ions in the supernatant after the natural settlement of AWW did not increase compared

to domestic water. This finding suggests that aggregate is not the source of chloride ions.
> The chloride ion concentration of recycled water just exceeded 100 mg L' after 7 cycles. (Fig b and Fig c)
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Recycled water for concrete mixing

» According to the Specification for Hydraulic Concrete Construction (DL/ T 5144-2015), the chloride ion
concentration should be <1200 mg L' in water for concrete mixing (reinforced concrete), while the Standard of

Water for Concrete (JGJ63-2006) requires the chloride ion concentration to be <500 mg L' in water for
concrete mixing (pre-stressed concrete).

> The concentration of chloride ions in the recycled water remained far below the prescribed standards,
indicating that the accumulation of chloride ions caused by dosing would not have side effects on subsequent

concrete mixing.

Standard

Chloridate(mg L")

Specifications for construction planning
of water resources and hydropower projects

Construction water

Concrete mixing water

<1200(Reinforced concrete)

SL 303-2017 . <3500(Plain concrete)
Agggreate washing water <3500
Specifications for hydraulic concrete construction Reinforced concrete <1200
(DL/T 5144-2015) Plain concrete <3500
Prestressed concrete <500
Standard of water for concrete Reinforced concrete <1000
(JGJ 63-2006) —

Plain concrete

<3500
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Recycled water for concrete mixing

> The setting time shows a first decline and then an increase
trend with the decrease of SS concentration in the mixing water.

> The initial setting of concrete is distinctly delayed under CH1
conditions, while the initial setting times of water-mixed concrete

display an advancement under other conditions.

Water 3S concentration Slump /loss(mm/%) Air Content/loss(%/%) Setting time(h: min)

sample (mg L) Oh 1h Oh 1h Initi i i i

number nitial setting Final setting
CH1 52360 45/0 30/33 4.5/0 3.6/23 20:45 27:34
CH2 23160 52/0 38/27 4.7/0 3.8/19 14:17 27:57
CH3 9446 50/0 37/26 5.2/0 3.9/25 12:48 26:47
CH4 6235 48/0 34/29 5.4/0 3.8/30 12:05 26:14
CH5 1854 52/0 35/33 5.5/0 3.9/29 13:13 25:28
CHGo 200 50/0 35/30 5.5/0 3.8/13 11:54 25:40

Standard 28 55/0 37/33 4.5/0 3.8/16 15:20 26:42
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Recycled water for concrete mixing

Compressive

Water sample Strength(MPa)

7d 28d

CH1 12.7 22.4
CH2 13.9 21.8
CH3 13.6 23.6
CH4 13.6 22.4
CH5 14.5 23.6
CH6 14.2 24.1
Standard 14.6 23.7

» The maximum reduction of the compressive strength of

recycled concrete samples was less than 2 MPa
when compared to the benchmark concrete.

» AWW can be used for concrete production to reduce
water construction and AWW treatment costs, and the
recycled water's maximum SS concentration should
not exceed 1800 mg L' to maintain optimal
compressive strength and proper setting time .
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onclusions

A new and efficient water-saving washing design was developed for aggregate processing plants,
which reduced water consumption by up to 50% and ensure good quality of aggregate.

The accumulation of chloride ions caused by the addition of PAC has no side effects on the
subsequent reuse.

SS concentration in treated AWW used for concrete mixing should not exceed 1800 mg L™
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Water-saving optimization design of aggregate processing plant and
recycled water utilization for producing concrete

Qi Lu', Zeyu Fan ', Xian Zhou, Ziling Peng, Zhuo Fan Gao, Shanshan Deng, Wei Han,
Zhongwu Jin, Xia Chen

1. Introduction

The growing emphasis on water conservancy and hydropower pro-
Jects has led to a significant increase in the demand for concrete and
aggregate [1]. Accordingly, aggregate sty plants and conerete

are being built as facilities to meet

engincering requirements (2,31 For nstance,the Yebatan Hydraporwer
Station in the upper reaches of Jinsha River requires approximately 3.2
million m? of concrete, with aggregate consumption accounting for
around 70% to 80% of the total. Currently, most aggregate processing
plants adopt the wet production method to minimize dust and reduce
environmental pollution on construction sites [4.5]. In China, the water
depletion and water pressure of aggregate processing plants has pro-
I i for of
e (SL 303-2017). 3

aggregate washing on construction sites requires an average water usage
rate that is 1.2 times higher than the weight of sand and aggregate,
significantly draining water resources and increasing the cost of aggre
gate processing plants [6,7]. Most wastewater generated from aggregate
washing is characterized by high suspended solids (SS) concentration

“ Corresponding authors.
Email addresses:
! Coirst author:

e it tnn[rmnl:d o cqually 1 this ok
tps:/ dol org/10.1016/j.conbuildmat.2023.1 3236

0950.0618,/0 2023 Elsevier Ltd. All rights reserves

mail.crsricn (X, Chen).

51, Direct discharge of aggregate washing wastewater (AWW) with
high §S concentration brings out severe ecological and environmental
risks (9], Meanwhile, water conservancy and hydropower projects are
facing huge technical and cost pressures of zero wastewater strategy
10]. The current dilemma of water utilization in aggregate processing
plants, which involves water consumption and wastewater disposal, is a
critical issue that requires a multi-faceted approach to address. To
effectively solve this problem, there are two main aspects that need to be
given attention and addressed. Firstly, it is essential to reduce the gen-
eration of wastewater fundamentally by adopting water-saving mea-
sures at the water source {111, The second is the efficient treatment and
recycling of sand and gravel wastewater to realize the inner circulation
of water resources in hydropower projects [12

Our field surveys reveal the current washing process of aggregate is
simple and inefficient. Many circular holes with a diameter of 5 mm
cvenly distributed on the outlet pipe of the existing flushing system.
Consequently, the jet hydraulic form of each water outlet point is
characterized by 4 low water velocity and poor flushing efficiency,
which requires a large amount of water to meet the desired output.
Additionally, the traditional water outlet

Received 26 May 2023; Received in revised form 14 June 2023; Accepted 1 July 2023
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