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POSTERS OF THE 8TH INTERNATIONAL SYMPOSIUM ON
MANAGED AQUIFER RECHARGE, BEIJING, CHINA

INTRODUCTION

ISMAR 8 “Managing Aquifer Recharge: Meeting the Water Resource
Challenge” was held in Beijing, China on the 15-19t" October 2013. The
symposium was promoted by IAH-MAR Working Group and the
universities of Tsinghua and Jinan.

The event was supported by institutions and companies such as UNESCO,
China Geological Survey, National Natural and Scientific Foundation of
China, Beijing Drainage Corp., Research Center for Eco-Environmental
Science, Gaobeidian Sewage Treatment Plant, Beijing Hydraulic Research
Institute, Jilin University, Beta Analytic, etc.

149 delegates from 27 countries attended the symposium, which included
6 workshops, 83 oral presentations and 38 poster were exhibited. A total of
121 papers were written, covering five thematic groups; Design and
construction of MAR, Operations and maintenance of MAR, Governance of
MAR, Applications of MAR in water resources management & Other issues
related to MAR. A detailed list can be found at: http://ismar8.org/info/theme

51 papers were selected to be published in special editions of the ASCE
Journal of Hydrologic Engineering and Springer Journal of Environmental
Earth Sciences, compiling selected papers in engineering, geosciences
and governance.

Papers that were not included in the journals were given the opportunity

to be reviewed for publishing in monographs on three topics:

1. Clogging - http://recharge.iah.org/recharge/clogging.htm

2. Governance, policy, economics —thematic issue of
http://www.mdpi.com/journal/water as a joint activity between the IAH
Commission on Groundwater Outreach.

3. Water storage for managing climate extremes and change - special
issue of Environmental Research as a joint activity between the IAH
Commission on Groundwater and Climate Change.
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These, along with the oral presentations will be posted on the IAH MAR WG
web site: http://www.iah.org/recharge/

To ensure that all information was disseminated, authors were encouraged
by the conference organisers to present posters even if they had written a
paper to present orally.

Both classification and editing was carried out by the DINA-MAR research
team, with the help of the ISMAR 8 organizers.

The resulting publication consists of 40 posters, compiled from files
supplied by the authors and photos taken by the editor (with the permission
of the authors), and allows us to share information that may have otherwise
been lost.

The titles of the posters and their authors are listed in the index below.
Unfortunately, all the exhibited posters could not be collected, and some of
the posters listed were not exhibited.

The DINA-MAR research team provides authors with the opportunity to
include the missing posters in the future, as well as to replace the existing
ones with improved versions (visit their web site www.dina-mar.es or email
dinamar@tragsa.es . We would like to thank all the authors, whose support
(including permission to publicise their work) is sincerely appreciated. We
would also like to thank IAH MAR WG management for their help.

Further information on this event can be found at:
http://recharge.iah.org/recharge/publications.htm
http://ismar8.orq/
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POSTERS DEL 8° SIMPOSIO INTERNACIONAL DE GESTION DE
LA RECARGA DE ACUIFEROS ISMAR-8, BEIJING, CHINA.

INTRODUCCION

Entre los dias 15y 19 de octubre de 2013 tuvo lugar el congreso ISMAR 8
en Beijing (China), promovido por el Grupo de Recarga Gestionada de la
Asociacion Internacional de Hidrogedlogos (AIH) y las universidades de
Tsinghuay Jinan, entre otras instituciones, bajo el lema: “Managed
Aquifer Recharge: Meeting the Water Resource Challenge”.

En él colaboraron varias instituciones adicionales, tales como la UNESCO,
NSFC, Ministerio de Recursos Hidricos de China, el Servicio Geoldgico, la
Fundacién Natural Nacional de Ciencias de China, Beijing Drainage Corp.,
Centro de Investigacion de Ciencias Eco-ambientales, la Academia China
de las Ciencias, la Planta de depuracién de aguas residuales Gaobeidian,
el Instituto de Investigacion Hidréaulica de Beijing, la Universidad de Pekin,
la Universidad de Nanjing, la Universidad de Geociencias China, la
Universidad de Jilin, Beta Analytic, etc.

El simposio reunio a 149 delegados de 27 paises y contd con seis cursos
de primer dia, 121 publicaciones escritas, de las que 83 fueron
presentaciones orales. Ademas se presentaron y exhibieron 38 pésters,
dando cobertura a cinco Areas con numerosas lineas tematicas distintas,
que fueron Disefio y construccion de dispositivos de recarga gestionada,
Operaciones y mantenimiento, Gobernanza, Aplicaciones de la técnica
MAR en la gestion hidrica integral y otros temas especificos relacionados
con latécnica MAR. La lista detallada de las lineas teméaticas puede ser
consultada en: http://ismar8.org/info/theme

El texto de mas de 50 comunicaciones escritas quedo recogido en dos
“Journals”. Las ediciones tematicas fueron del ASCE J Hydrologic
Engineering, yEnvironmental Earth Sciences de Springer , recopilando
contribuciones sobre ingenieria, geociencias y gobernanza,
respectivamente.

Las publicaciones no recogidas en estos Journals tuvieron ocasion de ser
incorporadas en otros tres monograficos sobre tres temas especificos:

1. Colmatacion - http://recharge.iah.org/recharge/clogging.htm

2. Gobernanza, politicay economia, para su revision y publicacién en la
edicion tematica de http://www.mdpi.com/journal/water, actividad
coordinada con la Comision de Compromiso (outreach) con las Aguas
subterraneas de la Asociacién Internacional de Hidrogeologos (AlH).
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3. Almacenamiento de agua para la gestién de eventos climatolégicos
extremos y cambio climatico, como edicién especial del “Environmental
Research”, actividad conjunta con la comisiéon de Aguas Subterraneas y
Cambio Climatico de la AlH.

Las restantes ponencias quedan accesibles via Internet en la direccién:
http://www.iah.org/recharge/, asi como las ponencias orales enviadas por
los presentadores con caracter voluntario.

Las presentaciones tipo péster fueron solicitadas por la organizacién alos
autores, tanto si tenian una publicacion paralela escrita como si no., con
objeto de evitar que alguna contribucién se pudiera perder, con riesgo de
desaparecer algunainformacion importante. Algunos posters corresponden
a fotos digitales tomadas por el editor de esta publicacion, siempre con
permiso.

El trabajo de recopilacion, clasificacion y edicién se llevo a cabo en el
marco del proyecto de investigacion DINA-MAR (en su etapa de difusion y
transferenciatecnoldgica), con la ayuda de los organizadores del simposio.

El resultado es la presente publicacién, que consta de 40 pdsters, bien de
fotografias originales o bien de los ficheros digitales facilitados por los
autores, que permiten compartir una informacién que, de otro modo, se
habria perdido.

El indice de los posters alli presentados figura a continuacion, con mencion
del titulo y autores. Lamentablemente no todos los pésters fueron
recopilados, asi como no todos los presentados se ajustaban fielmente al
programa planificado, pues hubo bajas y sustituciones.

El equipo de investigacién de DINA-MAR ofrece su apoyo paraincluir o
sustituir los pésters ausentes que pudieran surgir en el futuro, o bien
aguellos que puedan ser reemplazados por sus materiales originales, bien a
través de su direccion web htip://www.dina-mar.es/ o del Email
dinamar@tragsa.es.

Asi mismo agradecemos a todos los autores el apoyo prestado y la cesion
de permisos para la difusion en Internet de esta informacién de caracter
cientifico, asi como al Grupo de Recarga Gestionada de la AIH por su apoyo
en el desarrollo de esta idea.

Informacion adicional sobre este evento se encuentra en:
http://recharge.iah.org/recharge/publications.htm
http://ismar8.orq/
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NO TITLE/ AUTHOR/S COUNTRY | PAGE/
TITULO AUTOR/ES IPAIS PAGINA
Artificial recharge in Crestatx aquifer (Majorca island, Spain) using De la Orden, J.A.
1 springwater surpluses. Previous studies and design of the artificial recharge Spain 8
plant
5 Integrated and preventive water management and forest ordenation Fernandez Escalante, A.E.; Prieto Spain 9
techniques to mitigate climate change adverse effects Leache, | and San Sebastian Sauto, J. P
Managing the water buffer with 3R. A pragmatic approach for delivering Scheibler, F. .
3 results Spain 10
A methodological concept for the identification and subsequent development | C. Sandhu, T. Grischek, P. C. Kimothi,
4 of potential bank filtration sites in India L. K. Adlakha, P. S. Patwal, D. Page India 11
and R. Bartak
5 Groundwater natural resources anq quality concern in Kabul Basin M.Hassan Saffi Afghanistan 12
Afghanistan
6 Towards implementation of Managed Aquifer Recharge in Semi-arid areas of | Sobowale A., Ramalan A.A., Mudiare Nigeria 13
Nigeria: Possible contributions from large irrigation schemes 0.J., Oyebode M.A. g
Temporal-spatial variation of ecotoxicity and distribution of heavy metal in Lei Gao, Jianyao Chen, Zhiting Ke,
7 the hyporheic zone of Shima catchment, Dongguan, China Jiang Wang, Xueyun Yang, Yuta China 14
Shimizu
Applications of Managed Aquifer Recharge to Improve Groundwater Quality | M M Hasan, K M Ahmed, S Sultana,
8 in the Khulna-Satkhira Coastal Belt of Bangladesh: Results and Findings M S Rahman, S K Ghosh, A Tuinhof, P | Bangladesh 15
Ravenscroft
9 Protection of Water Quality of Gaza Coastal Aquifer Luay Froukh Palestinian 16
Auth.
10 Effect of silver nanoparticles on the performance of managed aquifer S.K. Maeng, S.K. Sharma, J. Jeong, S. India 17
recharge: column study Chae, H.I. Park, K.H. Moon, J.C. Jeon
1 Improved Spring Water Yield via Artificial Recharge of Rainwater (Tanzania Harry Rolf, Sander dfa Haas and Netherlands 18
case study) Hande Mwanjela
Experimental study of high sediment-surface water seepage to groundwater in | Jiawei Hou, Xingiang Du, Yunqing .
12 . . China 19
the Nalingguole river Fang
13 Simulation of physical clogging at F\’_BF sites using a laboratory channel M. Soares, T. Grischek, G. Gunkel Germany 20
experiment
Development of Managed Aquifer Recharge in China Yaqun Zhou, Weiping Wang, Qiang .
14 Lo China 21
Huang, Qiaoyi Xu
Study on the Influence of Groundwater Source Heat Pumps on Groundwater | Haiyan Deng, Weiping Wang, Yunfeng .
15 . . China 22
Quality Pang, Bin Meng
Research on Index Scale Method for Suitability Division of Shallow Geothermal Yangchao, Qianhui, Liuzheng, Hu .
16 s X ; X China 23
in Yinchuan City Zhiyong, LiuJun, Feng Huanzhe
17 Removal of dissolved organic matter in municipal effluent with ozonation and soil | Xue Zhang, Xuan Zhao, Meng Zhang China 24
aquifer treatment
Managed aquifer recharge to mitigate fluoride contamination in groundwater Kalpana, L and Elango, L. .
18 . . India 25
in a part of Southern India
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NP TITLE/ AUTHOR/S COUNTRY | PAGE/
TITULO AUTOR/ES IPAIS PAGINA
Tailor-made high-frequency filter sand cleaner for high-capacity MAR basins T. Grischek, U. Feistel, W. Grunwald, T.
19 Glettnik Germany 26
Numerical assessment of community-scale managed aquifer recharge systems in Barker, J.; Mahadi Hasan, MD.;
20 south-western Bangladesh Robinson, C.; Sultan, S. and Matin Bangladesh 27
Ahmed, K.
Combining geophysical and geochemical measurements for subsurface characterization Andrew Parsekian, Julia Regnery, Alex
21 : : : : USA 28
at a full-scale aquifer recharge and recovery site Wing, Rosemary Knight, Jorg E. Drewes
22 MAR for Sustainable Water-Curtain Cultivation Method in Rural Area Yongcheol Kim and Byungdae L ee Korea 29
23 | Management of groundwater quality at Spratly islands in context of climate change Phan Thi Kim Van Vietnam 30
24 Groundwater quality at southeast coastal zone in Vietham Phan Thi Kim Van Vietnam 31
Using electrical conductivity measurements to monitor infiltration, recharge rates | Chloe Mawer, Rosemary Knight, Adam
25 . . . . Lo USA 32
and clogging during managed aquifer recharge Pidlisecky, Peter K. Kitanidis
Development of numerical model evaluating withdrawal efficiency due to microbial | Heejun Suk, Sang-Eun Oh, Ha Kyoochul,
26 L . . X Korea 33
clogging in riverbank filtration system and Kim Yongcheol
Attachment-detachment Dynamics of Suspended Particle in Porous Media: Xi-lai Zheng, Bei-bei Shan, Lei Chena, .
27 . . ; . China 34
Experiment and Modeling Yun-wei Sun, Shu-hui Zhang
28 Survival of Escherichia coli in Alluvial Aquifer Recharged with River water Jeong-Ho Sohn and Yeonghee Ahn Korea 35
A study on classification of groundwater aquifer using the Principal Component Cheh-Shyh Ting, Yung-Chang Tu :
29 AN T . Taiwan 36
Analysis in Linpien Basin, Pingtung, Taiwan
30 MAR in Flanders (Belgium): Overview and Opportunities Van Keer I., Patyn J_I._, Bronders J. & Diez Belgium 37
Development of a catalogue on European MAR sites F. Scheibler.; Hernandez Garcia, M.;
31 Vilanova, E.; Hartog, C.; Sprenger, C. Germany 38
and Hannappel, S.
32 Effects of inorganic carbon limitation on nitrite oxidizing bacteria Young Mo Kim and Kartik Chandran Korea 39
33 Large diameter shallow wells in unconfined aquifer recharge: a new MAR Bertoldo, S.; Busoni, S.; Pedron, R. and Ital 40
integrated project in Treviso Province (Northern Italy) Sottani, A. y
Scope for large scale application of managed aquifer recharge in Bangladesh for |K M Ahmed, S Sultana P Ravenscroft and
34 . . . L . Bangladesh 41
sustainable domestic , municipal and irrigation water supply Albert Tuinhof
Modeling artificial recharge capacity of fractured hard rock under semi-arid Picot-Colbeaux, G., Thiry D., Sarah, S.,
35 conditions in Southern India: Implementing storage basin dynamics into MARTHE Boisson, A., Pettenati, M., Perrin, J., India 42
code Dewandel, B., Marchal, JC., Ahmed, S.,
Kloppmann, W.
Key legal and regulatory issues for sustainable development of large-scale ASR in | Jae-Ho Choi, Nam-Sik Park and Young-
36 . Korea 43
Korea Gyoo Shim
Induced Bank Infiltration Pilot Project: Water quality improvement and Mohd Khairul Nizar Shamsuddin .
37 . . - . Malaysia 44
consequences of river and lake reactions within the aquifer
MAR to MAR-ket. Dissemination and technology transfer criteria applied to Fernandez Escalante, A.E.; Ldpez
38 | managed aquifer recharge. A strategic proposition and examples to transfer these | Hernandez, M and Cordero Sanchez, R. Spain 45
techniques to industry
Investigation of organic micropollutants at bank filtration sites in India Ullmann, M; Bornick, H.; Sandhu, C.; .
39 . : India 46
Grischek, T. and Feistel, U.
A methodological concept for the development of potential bank filtration sites in | Sandhu, C.; Grischek, T.; Kimothi, P.C.;
40 India Adlakha, L.K.; Patwal, P.S.; Page, D. and India 47
Bartak, R.
The water ways, three hydrogeological routes in the province of Segovia Fernandez Escalante, A.E.; Senent del .
Alamo, M.W. Spain 48
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SOLUTIONS TO SUSTEINABLE WATER MANAGEMENT SUBJECT TO SCARCITY AND CLIMATE CHANGE
Mexico City, Mexico

Venue to be Determined

The Engineering Institute of the National Autonomous University of Mexico (UNAM),
will hold the 9th International Symposium on Managed Aquifer Recharge (ISMAR 9)
in México City, Mexico in the Summer of the year 2016.

Organizations: ISMARS will include the following:
eNational Water Commission e Pre-conference activities and workshops
eNational Autonomous University of Mexico: e Plenary session with key note lectures
Engineering Institute e Technical and poster sessions
Water network ¢ Round table discussions
Geology Institute e Technical tours
Engineering Faculty e Post-conference excursions
Geophysics Institute e Social program

eWater System of Mexico City (SACM)

eFederal Commission of Electricity (CFE) Local attractions include:

eMexico Valley Basin Water Agency (OCAVM) ¢ Subsidence features
e National museums

e Pyramids
e Active volcanoes
Sponsors: ¢ New state-of-the-art treatment plant
e Degremont Technologies * Local culture

e CH2MHill e Social program

ISMAR 9 First preparative meeting. UNAM, August 30th 2013. D.F. District
Primera reunion preparativa del ISMAR 9, México DF, 30 de Agosto de 2013

ENERO..2013"
-~

2"d Workshop on MAR. Field trip to building works for the future biggest WWTP in the world
Segundo Workshop. Visita técnica a las obras de la futura mayor depuradora del mundo.

Previous workshops hold in Mexico on MAR:

Enlaces a las jornadas técnicas celebradas en México:

June / Junio 8-9t, 2011

http://www.agua.unam.mx/acuiferos _presentaciones.htmi

August / Agosto, 28-29t 2013:
http://www.agua.unam.mx/jornadas2013/resultados acuiferos.htmi

DE INGENIERIA - + ' CONAGUA
UNAM b4 S
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Abstract

China has a long history In managed aquifer recharge (MAR), the development divided into 4 stages based on the summary combined with
typical MAR projects. The first stage i= MAR applied in agricultural production, the second Is MAR applied in industrial production and
alleviation of agricultural, the third is MAR applied In ecological protection and augment of urban water supply, the fourth Is multi-source
MAR. In addition, geothermal reinjection and ground source heat pump are also effective use of MAR. Neverthelass, the system of MAR is
defective, the study on water quality Is lading and the recharge rate of Most projects Is low etc It Is condude that China has achlieved a
great effect on industrial and agricutural production, ecological protection, drinking water supply and urban reclaimed water reuse etc.
However, there are still many Issues. It Is suggested to develop a feasible, convenient and economic technigque of MAR fitting to local
hydrogeological conditions, establish guidelines of MAR and management regulations together to make sure the MAR projects running
successfully. MAR will make a great difference on improving potable water quality, alleviatung geological hazards, long distance diversion,
urban water supply and agriculture irrigation etc

Introduction

The water rezource occupied per capita in China Iz only 1/4 of the world average level. Moreover, groundwater mainly recharged by
precipitation, which is distributed unevenly for the multi-average rairfall varied in time and space. In North China, groundwater capita
accounted for 32.39 of the whole country with a serious water shortage and over-exploitation. This triggered a series of environment
problems, such as land subsidence, seawater Intrusion and deterioration of water quality etc. Consequently, MAR Is an eff ective measure
for the Integrated management of water resources. Although, China has successfully constructed mary artficial groundwater recharge
projects for different purposes since 20"Ma0s, there 15 a lack of technical regulations, namely China has Nno scentific guidelines of MAR for
conduction and supervision.

Stages of VMIAR in China

First stage- MAR Applied in Agricultural Production

Chinese people began to exploit groundwater extensively since 2000~1000 BC. In Warring States period{(475-—221BC.), channels were dug
to fadlitate the surface water to Infiltrate groundwater, Improving groundwater water quality and saline land In Qn and Han
Dynasties(221BC— 220AC), people dug artesian wells with depth of 10—200m. The Karez was invented during this period and used to
Intercept groundwater for agriculture irrigation and residential water consumption. Karez is generally comprised of shaft, under drain,
open channel and waterlogging dam (fig. 18 fig 2). Karez guaranteed a stable delivery of irrigation water for a few evaporation of
groundwater, which is scarcely affected by surface temperature. The ancient farmers of Huantal county In Shandong excavated transverse
gallery along the Wu River during the Qing Dynasty. This system is comprised of river, transverse gallery, shaft and a manual lifung
device(fig 3). Shafts were usually excavated at depth of 7-—8m below surface and the length of transverse gallery could stretch several
kilometers. There is a shaft for every 20m, which Is corvenlent for construction and lifting. The groundwater Is recharged by diverting river
water during flood seasons. So then, the water table Is raised quickly. At that time It is a perfect groundwater recharge project with a
much higher efficiency of infiltration than any other facilities.

L L 7

FIg 32 Schematic diagram of a transverse gallery

(@) Shaft

(b) Underdrain

(<) Open channel

() Inlet

FIg 2 Elements of a Karex

Second stage- MAR applied in industrial production and alleviation of agricultural disasters

Most established engineering of MAR In China played a prominent role in restoring water table, saving energy and cost, controlling land
subsidence and augment of Industry water supply etc. For example, Shanghal conducted groundwater recharge with deep wells since
20™ME0s to control land subsidence by regulatung gr oundw ater exploitaton and decreasing water demand. In 1965, five cotton compani es
in Shanghai carried out INnjection test with 4 different water sources, the result shows that injected water has a low velocity and a litde
variation on temperature. Subsequently, groundwater recharge with tube well was explored gradually and developed a style to offer new
cold source and heat source for factory with aquifer, that is “water was recharged Iinto aquifer In winter while exploited in summer” and
“water was recharged Into aquifer in summer while exploited in winter”, By 2000, the total amount of groundwater recharge with tap
water has reached 6X 10" m3 In Shanghal, the annual average of groundwater recharge was 2X 107 m?, urban land subsidence was
controlled affectively. At the same time, technique of recharge groundwater In winter and reuse N summer was applied In Beljing,
Tiaryin, Xi'an and Nanchang etc For example, Beljing conducted groundwater recharge with deep well in industrial area from 19811999
with a total volume of 1L.07 X 10F ¢t

In North China, drought, waterlogging and =alination are the most serious natural disasters. The key Iz to solve the problem of water
shortage by diverting discarded water In river or transferring extraneous water etc. according to local conditions. Wells, ponds, ditdhes
and basins were widely applied in artfiaal recharge combined with adjusting exploitation volume, which would Increase the water
resources and ensuwure the agriculture with bumper harvest and stable production. For example, the irrigation district of Renming Shengl
Channel carried out combination of well and channel, which use channel water for Irrigaton and recharge groundwater during the dry
seasons, while use well water In contrast. In 1975, the irrigated area reached 300,000 hectare and the water table was maintained at 2m,
the area of saline land decreased and grain yield Increased year after year. For another example, the Wuqiac county of Hebel province
applied shallow well-deep groove system, carrying out the combinaton of river, well, swag and dchannel, as well as using surface and
underground water together to realize the comprehensive treatment of drought, waterlogging and salination. It Is generally retained
surface rainfall with canal and swag in flood seasons to recharge groundwater, and discharged groundwater retained in river sluice at the
end of flooding season Water in river Is diverted to irrigation in winter. Shallow groundwater is pumnped toirrigate farmland with lowering
water table and vacaung underground capacity In spring Thus, the level of drought control and waterlogging prevention was improved
gradually. However, most aquifer recharge projects scraped without sustainable management. In addition, It Is feasible to bulld
intercepting underflow project In arid region with little surface flow and more underflow relatively. It Is a practical technology to alleviate
the contradiction between supply and demand of water resources effectively and strengthen the agricultural drought resistance. For
Instance, Alxa League city of Inner Mongolia has bullt 70 Intercepung underflow projects since 1970s. Among them, the largest one in Al xa
Zuoql resolved tens of thousands of people’s drirking water with 90L/s of dally water supply; the least one In Alxa Youql resolved 1000
hivestock’s drinking water with 0.3L/s of intercept flow. Intercepting underflow projects is an effective measure to exploit and utilize
ar ound water of riverway and valley plain in hilly area,

Third Stage-NMAR Applied in Ecological Protection and Increasing Urban Water Supply

In China, costal iIntrusion area has reached 1500km? for over-exploitation of groundwater. Mary underground reservoirs were bullt since
20™90s5 which could transfer exceed flood to prevent seawater Intrusion (shown In tablel) For example, the Huangshul River
Underground Reservoir, which was composed of 2518 infiltration wells, 6 sluices and 448 irfiltration trenches, The aquifer was recharged
by riverbed leakage. Several pictures of undergr ound dam are shown INnfig4, Ngs andflig 6.

Tab.1l Underground reservoirs bullt in costal area of China

Name e‘::::;l:;n"‘- :\:.-::;ru::applv Arasafrassyvoly ::’:i‘::‘.:ofnnd dam Averegh dapth
(Million m?) (Million m*/a) G ) ()

Balisha River In Longkou city 0.3 0.5 14 756 8.5

Huangshu River in Longkou city 53.29 s1 s842 10

Wang River in Laizhou 53.26 23.55 68 14500 10

Shiren River in Qingdao 1.3 1.2 21 620 17

*Corresponding author
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Fig S Underground dam of Shiren River

Fig 4 Underground dam of Huangshul River Fig 4 Underground dam of Wang River

In addition water consumption inca eased sharply with social economic development. What Is more, there is a serious water shortage in
partial downstream plains. Since 2000, som e reservoirs have turned INto INntegrated ecological type instead of lood control and water
supply merely., For example, the Wohushan reservoir in Jinan City turned on the water in dry seasons to recharge groundwater
indirectly with use of charnel leak age and promote spring protection. For another example, in dry seasons, the water in Talthe reservoir
inZbo oy is dischar ged to supply downstream groundwater sowrce by infiltration.

Fouwurth Stage- Multiple source MAR

Various water sources could be storied In MAR, such as stormwater, reclaimed water, tap water or groundwater from other aquifer,
whidh reused for drinking water supply or agricdtural irrigation For example, the first and biggest urban reclaimed water recharge
project in China, Gaobeidian Groundwater Recharge Pilot Project in Beljing which was completed in 2002 and reached 200m?/d of
recharge amount under the design condition, composed with a surface recharge systerm and rapid infiltration shaft system (fig 7).
NMoreover, China University of Geosdences carried out a reclaimed water Iinjection test in Zhengzhou city province since 2002,
Municipal wastewater is reclaimed by artficial wetland and the wastewater treatm ent sy stem and conducted into infiltration basins for
recharge. The results shown that recharged groundwater can generally sansfy criterion of groundwater quality standard (GB/T14242-
1992) and can be used for fishery, Industry and agriculture. For another example, a pllot project of karst aquifer recharge with urban
treated roof water was established in the University of Jinan in Aug 2011 and still keeps running(fig. 8). The continual monitoring results
shown that both quality of roofwater and groundwater basically met groundwater quality standard with a recharge amount of 300m?>
until Sep. 2012,

) saeurated [ Unsatursted B0 Loesstice [ Conglomerste [0 ignecus
hmestone Lmestone sty chay rock

FIg 7 Groundwater Recharge in Gaobeidian WWTP of
Bejing (Zhao Xuan, Tsinghua University)

Fig 8 karst aquifer recharge with urban treated
roofwater in University of inan (CSIRO)

Furthermore, geothermal reinjection and ground sowurce heat pumnp are also effective utilization of MAR In ecarly 1982, a geothermal
tail water recharge test was conducted in Beijing. Now, geothermal reinjection has popularized at a large scale in Tianjin cty, In recent
years, ground source heat pump (GSHP) technique developed quickly. For example, a kind of GSHP with thermal storage by deep well
could save 20-309% energy compared to geothermal reinjection, which could also control land subsidence effectively. In 2009, the
national technical code for ground -source heat pum p systermn (GBSO366-2005) was Issued, which contributed to the developrment and
application of GSHP tedhnology.

Problems
Imperfect system of MAR

Although some rules on MAR were established in China, such as the deep well management regulation In Shanghal (Issued In 1963
and revised in 1979) and Interim Reguation for Groundwater Resources Management in Belying (1981), there is a ladk of saentific and
complete administrative system for MAR., Consequently, It Is needed to draft a series of technical criterion for the evaluaton,
construction, operation and later management etc. of MAR

Few study on water quality of MAR

In coastal area, the treateds untreated sewage will make a long-term differ ence on water quality of underground reservoirs when
upstream pollution control Is incomplete. In addition, aquifer recharge with urban reclaimed water still needs further study. It Is
suggested to transfer study concentration from water quantity to water quality by monitoring and sampling in site combined with
numerical simulation. Thus, the recharge aeffect may be quantfied,

The Investor is iInconsistent with the beneficiaries and most attentions were pald on
construction rather than management

Urban industrial enterprises use MAR to store heat and cool water with a small iInfluence radius of recharge well and high economic
benefit under the self-management In rural areas, MAR has a much higher economical and ecological benefits. The high tide of
artificial groundwater recharge emerged before 1972, the rural MAR developed quickly under collective ownership. Later, the
household contract responsibllity system was implemented In countryside. Then many recharge projects dedined or even discarded
for deposition without maintenance. Therefore, the artfiagal groundwater recharge In rural areas depended on state INvestm ent
construction gradually. Groundwater recharge in urban area simply used to recover water table and Increase groundwater resources,
which is also irvolved in problems of investment and maintenance. Moreover, reservoir administrative department stll has no
compensation mechanism on channel Infiltration recharge of groundwater by releasing water. In short, governmaent should be the
Investor to offer enough funds for MAR projects.

The recharge rate of GSHP is low.

Although there are many applications of GSHP in China, most projects still could Nnot reach the ratio of recharge to pump water at
10096. The key i= to develop groundwater recharge technique and avoid damage of GSHP for groundwater resources. Secondly, a
fur ther Investgation of already bullt GSHP I1s needed to discover problems and sumnmmarize experiences for sustainable operation.

Conclusion

China obtained a great achievement on land subsidence control, energy storage, geothermal utilization, prevention of seawater
Intrusion, augment of urban water supply, agriculture Irrigation and alleviation of agricultural disasters etc. with MAR. However, there
are still many problems. It iz needed to develop a feasible, corvenient and economic technique of MAR fitting to local by drogeclogical
conditions, establish gu delines of MAR and managem ent regul ations together to make sure the MAR projects running successfully. In

addition, development of MAR depended on the support of government and investm ent.
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cy, lower operation cost and broad applicable scope. However, the influence of groundwater source heat pumps on groundwater gu sn't been
it building, Weifang trans authority dorn g Chenlong hotel and Changyi
shenghou resider il building respectively esearch objects on the b s of tion status inves >undwater quality in the project ar was obscerved 1wing trend of groundwater quality
analyzed by the software for mathematical statistic named SPSS, ¢ ally sclecting the high-risk items of groundwater. The results show that the concentrations of TIDS, nitrate nitrogen, ammonia nitrog - indicators have changed.
Groundwater quality changes more obviously when the open type groundwater source heat pumps are used, so iU"s important to make su that the groundwater source heat pumps are closed completely. In addition, even if the system is scaled. the
s also change because that some substances may be taken into the aquifer from the upper layer because of the raised water level during the recharge in the arca of deeper groundwater depth. Therefore, in the region, the groundwater
are not completely free from contamination in the current technology conditions. So the government should forbid the application of groundwater source heat pumps in underground drinking water source protect arcas and mit strictly in
such as the groundwater source of drinking water recharge areas in order to protect the groundwater environmental security.
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The results show that the concentrations of total
hardness are all in the stable state during the operation
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2 3 s B N < Z - umps. IUs indicated that the concentrations o are
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shown in the following Fig. here are many studies on groundwater source heat pumps, and most of them study on the date 2
fluence of groundwater source heat pumps on groundwater flow and temperature ficeld, but there are le study on the Fig.6 The trend of total hardness in Anqiu center §
influence on groundwater quality. It the nflucnce of groundwater source heat pumps on groundwater quality is
confirmed., it will be the important evidence for the available groundwater source heat pumps. So in this paper, the _ .4
groundwater qua in the project arca was observed and tested continuously and the changing trend of groundwater
fang as monitoring points. \
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I'he results show that the concentrations of chloride are
20, ——r——— all in the stable state during the operation proce ot
A S different kinds of groundwater source heat pumps. It's
concentration __ ~ wdicated that based on the g rantee for recharge, the
change of groundwater volume small and there no
LT T 20125 S4ovaon obvious influence on water-rock interaction so that

Fig.1 The sketch of operating principle of the groundwater source heat pumps (hup//wwiw.baldu.com)
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Groundwater Monitoring Points

The groundwater samples were collected continuously on the four groundwater source heat pumps works in Anqgiu center
al npatient building, Weitfang transit authority dormitory building, Weifang Chenlong hotel and Changyi
chenghou re iential building respectively and the interval of collecting samples was between ten and fifteen days
ion, the samples were tested by Shandong Analysis and Test Center. Based on the water quality reports, the
influence of groundwater source heat pumps during the heating period on groundwater quality w zed especially.
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. S nitrobacterium. The ma concentration of nitrite
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concentration of NO2-N is stable. Otherw

The analy items were 23 indicators as chroma. turbidity, smell, pk chloride, sulfate. total hardne:
Muoride, NH3-N, NO3-N, NO2-N, Cr™, As, Hgz, Pb, volatile phenol, Cd, Fe, M cyanide and conductivity. These iten
were all-sided to reflect the changes of groundwater quality. The changing trend of groundwater quality was derived P the m
from the analysis by the software for mathematical statistic named SPSS, especially selecting the high-risk i - S the s concentration of NEHGE-N r e oat ir
e stage duce to its high solubili After complete solution
Fig. 11 The trend of NO,-N in Ang ital inpaticnt building at later stage, the NO2-N is oxidated predominantly, so
that its mass concentra s decreas

u center ho

Monitoring Results Conclusion

Analysis of TDS On the whole. there is no obvious influence of groundwater source he aps on groundwater quality. and most water quality

indexes have no change to a certain degree. e groundwater quality rges when the open type groundwater source heat
pumps arc usced, so it"s important to make surce that the groundwater source heat pumps arce scaled completely. In addition, even
i the system is sealed, the groundwater quality may so change, which is because that some substances arce ken into the
aquifer from the upper layer because of the raised water level during the recharge. Thercefore, in the region, the groundwater
source heat pumps are not completely free from contamination in the current technology conditions and the application should
be controlled and managed strictly.

Fig.2 The trend of TDS in Angiu center hospi
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Combining geophysical and
geochemical measurements for
subsurface characterization at a full-
scale aquifer recharge and recovery site

Andrew Parsekian, Julia Regnery, Alex Wing, Rosemary Knight and
Jorg E. Drewes
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“Caminitos de Agua® (Water ways) is 2 series of hydro-geological routes which allow us to discover three areas
of great hydro-geological and environmental interest, all of them located in Segovia: La Cubets de Santiuste,
E1 Carracillo and the gallery of Carbanero el Mayor,
rommmm-mwulmmmmmmmunmmw nor in the
nmfommsmuvuy

nﬁlhﬂ!'ﬂ!‘ Mﬂ

in general, and to the u:hnlque for the Managed Aquifer Recharge (MAR), In particular.
The birth of "Water Ways" is a consequence of the implementation, release and transfer phase of the i+RED
mmmmamunm&vm

from a few houes
mswultp"mmmmmlﬁmqm-mmdnhﬂmmmkmh

l'be llghu have been selected based on different criteria: hydro-geological, environmental, cultural and

cationsl-interpretative interest.
mmwh witha and reviews on the locati [buses, tour
buses, four-wheel drives, In the case of exercise

o undertaking interpretation tasks. There is also a ranking on a scale from 1 to § based on singularity and

hydro-geological Interest.

In order to get more information, the routes have an “Itinerary Guide” as well as an “Interpretation Guide”, the

mvolltdthuImﬂkwi#dmmmwdmﬁﬂtmmh&nmyﬂdlnl
format, compatible with any GPS. These files can be downloaded from the website of the i+R&D

prmmemﬂmp

REQUIRED MATERIAL

LAGOON 1AS FRAS

CULRIAR

RANNEY WELL IN THE ALLUMIUM OF THE ERESMA RIVER

51
s
s
55
56
s
8
5

LEERERRE L
FeisBEsE

O

COMMENTS: Interesting place due to the presence of elements of work, On the way to the second point, see also:
a) Wells with preserved well treadmill.
b) Sources with water entry to the basin (Cold Pole).

[EEEEY HEADWATER OF THE ARTIFICIAL RECHARGE DEYICE

L ]

(COMMENTS: Flow meter,
To deduce: hydrogeological divide. See also:

a) Station DINA-MAR ZNS-1: Study of the  b) Deuv.mdm po.nd where there are SAT
5e

channel.

—

€) Observation wels and piczometers. d) SAT: Waste Water Treatment Pant.

THE SANCHON
BIFURCATION OF AR CHANNLLS AND NATURAL DRAINAGE OF THE AGUIFER. ARTIFICIAL WETLAND

COMMENTS: See also:
2) "Batan® channel. Spillway of artificial
recharge channel,
b) RSU/ (USW) Urban salid waste dump
closed on facies Cuestas (Coca).

EL BATAN
MILL IN RUINS. PROFILE OF THE AQUIFER NEXT 1O THE RIVER VOLTOYA.

D o § G

CCOMMENTS: See also:
) Refuge, mill and source of EI Batan.
b) On the way to the point 5, 3 borehole where there is a perched aquifer.
DIDACTIC RESOURCES: Stucy of river-aquifer relations.

[GEEEX THE IGLESIA LAGOON

Do

ECTEET] LAGUNA DE LAS ERAS

[GITXE] PUENTE CHICO DE COCA (BRIDGE)
Ee===s

maqh;mdmmmmwmmmm
Ideal section for gauging.

[BETEY casmue oF coca

[+ T e Ji ===

COMMENTS: Viewing-point of the confluence of
the rivers Voltoya and Eresma (Prado Cerrado).
On way tawards the stop S-8: there is SAICA

station in Vilieguillo.

EETEE] RANNEY WELL IN THE ALLUYIUM
OF THE ERESMA RIVER

oo g

OBSERYATIONS: Trestment of the arsenic and water
See n

the bank of the river Eresma.

-%Tragsa dm, o~

Caminitos de Agua

dina-mAR

Hydrogeological route of t

Ii I!I MAR DEVICES OF mmnscu&un

oo R L

vawwfuuﬂﬁdnlmen-

work.

MAR techniques.

DAY RELATIONSHIP BETWEEN MAR DEVICE AND RIVER MALUCAS

mo o §

COMMENTS: Confiuence of AR channe! and river Malueas.
DIDACTIC RESOURCES: Study of river-aquifer reations.

G MAR DEVICES OF GOMEZSERRACIN

G { s

recharge (‘mushroom”), infiltration ponds and channels.
!i :zl DEHESA BOYAL AND LAGOON DEL SENOR

ml_m Gy § was

Hydrogeological route in Carbonero el Mayor

(qanat, gallery or mine)

I QANAT IN CARBONERO EL MATOR

L J====]
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RISk assessment iz
Cumple el proyecto los criterios para el . L
proceso simplificado de evaluacién Si E'mpé';'cad“
‘I' evaluacion
e -

[

! Fase 1 Recopilar informacion v datos disponibles |

| Estudio Realizar una evaluacion de la entrada Pmy:?ct{: no

: documental Identificar la falta de informacion | viable ]
J

Aparentemente viable
) i .

Fase 2 [ Conducir la investigacion y obtener la }

Investigacion | informacion identificada como necesaria

¥
evaluacion ¥

':: Realizar evaluacion del riesgo maximo ]

Riesgo residual moderado o alto

Identificar medidas preventivas
Modelar y validar efectos

v v

Riesgo (iﬁ{:n las medidas de prevencion factibles? = No

inherente ¥

bajo E‘:r |
Realizar preencargos de la Riesgo residual

evaluacion del riesgo residual “"”d‘:ﬂgﬂ 0 =

Riesgo residual bajo

_——— - — — — — — — — — | e =

Identificar y encargar ensayos
Construccion del proyecto
Ensayar medidas preventivas

|
|
|
: Fase 3
|
|
|

S o Construccion Riesgo residual

_— ¥ | moderado =
” Encargo ) o alto
Kntou ABNAETER XpaHeHus RiEEg{J residual bﬂi{]
Depolamaahahtaridir ~ |K s [
. | Fased Funci iento del t ~ﬁ|
. e uncionamiento del proyecto

S Ry ¢ Operacion ( proy j

La chuave archlwazione L
De sleutel is de opslag

"""L}JI.%’;?Z’JO,, MAR Risk assessment, CSIRO. Modified from DINA-MAR




The kéy is the storage
against global warming
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8™ INTERNATIONAL SYMPOSIUM ON MANAGEMENT OF AQUIFER RECHARGE, ISMAR-8, POSTERS. BEIJING, CHINA.

8° SIMPOSIO INTERNACIONAL DE GESTION DE LA RECARGA DE ACUIFEROS ISMAR-8, POSTERS. PEKIN, CHINA. P I S M A R 8
|

dina-MAR

Managed Aquifer Recharge:
Meeting the Water Resource Challenge

~

.
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