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P-ISMAR 10

POSTERS DEL 10° SIMPOSIO INTERNACIONAL DE GESTION
DE LA RECARGA DE ACUIFEROS ISMAR-10, MADRID, ESPANA.

INTRODUCCION

Entre los dias 20 y 24 de mayo de 2019 tuvo lugar en Madrid, La
N@ve la 102 edicion del congreso: International Symposium on
Managed Aquifer Recharge (ISMAR 10), promovida por el Grupo
Tragsay el Instituto Geoldgico y Minero de Espafia (IGME), bajo
los auspicios de la Asociacion Internacional de Hidrogeologos
(IAH), la UNESCO vy la Asociacion de Ingenieros Civiles de
Estados Unidos (ASCE), entre otros, bajo el lema: “MAR para
solucionar la crisis global del agua”.

El evento fue patrocinado por instituciones y empresas, tales
como los Ministerios de Agricultura..., Transiciéon Ecoldgica y
Ciencia, Innovacion y Universidades del Gobierno Espafiol, y
empresas privadas tales como Suez, Molecor, Catalana de
Perforacions, Allied Waters, Regaber, Amiblu, Prefabricados
Delta, Odin Water Solutions, etc.

El simposio reunio a 320 asistentes de 62 paises y conto con 22
sesiones técnicas, 123 presentaciones orales, 98 posters, 4
mesas redondas, 3 ponencias clave, eventos paralelos, seis
minicursos de primer dia, dos talleres, tres viajes de campo y
mucha recarga de conocimiento. Informacion detallada puede
ser consultada en htip://ismarl0.net bajo el dilema: “El afecto y
la fe en MAR es notable y contagioso”.

El texto de las comunicaciones escritas ha dado lugar al libro
“Managed Aquifer Recharge: Local solutions to the global water
crisis”, compuesto por 75 articulos y 19 resiumenes extendidos.
18 articulos destacados fueron seleccionados para la edicion
especial del journal Water (MDPI) titulada “Managed Aquifer
Recharge for Water Resilience”.
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Los autores de los posters fueron contactados por los
organizadores tanto si tenian presentacion oral o articulo en las
publicaciones anteriores, como si no. Algunos posters son
presentados como foto digital, tomadas por el editor, siempre con
permiso de los autores, aunque algunos denegaron la
publicacion. Todos ellos has sido agrupados en la presente
publicacion titulada P-ISMAR 10.

Tanto la recopilacién como la edicién han sido realizadas por los
organizadores del ISMAR 10.

El resultado es la presente publicacién, que consta de 66
posteres, bien de fotografias originales o bien de los ficheros
digitales facilitados por los autores, permite compartir una
informacion que, de otro modo, se habria perdido.

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

Los organizadores del Grupo Tragsa y el editor ofrecen su apoyo
para incluir o sustituir los posteres ausentes que pudieran surgir
en el futuro, o bien aquellos que puedan ser reemplazados por
sus materiales originales, bien a través de su direccion web
http://www.dina-mar.es/ ~o ismarlO.net o bien por 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
informacion de caracter cientifico, asi como al Grupo de Recarga
Gestionada de la AIH por su apoyo en el desarrollo de esta
publicacion.

Informacién adicional sobre este evento se encuentra en:
http://recharge.iah.org
http://ismarl0.net
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P-ISMAR 10. POSTERS OF THE 10™ INTERNATIONAL
SYMPOSIUM ON MANAGED AQUIFER RECHARGE, MADRID,
SPAIN

INTRODUCTION

From 2019 May 20th to 24th has taken place in Madrid, La N@ve
the 10th International Symposium on Managed Aquifer Recharge
(ISMAR 10), promoted by Grupo Tragsa and the Spanish
Geological survey (IGME) under the auspices of the International
Association of Hydrogeologists (IAH), UNESCO and ASCE,
among others, under the title: “MAR to solve the global water
crisis”.

This event was supported by institutions and companies, such
as the ministries of Agriculture..., Ecological Transition and
Science... of the Spanish government and private companies
such as Suez, Molecor, Catalana de Perforacions, Allied Waters,
Regaber, Amiblu, Prefabricados Delta, Odin Water Solutions, etc.

The symposium counted on 320 delegates from 62 countries, 22
technical sessions, 123 oral presentations, 98 posters, 4 round
tables, 3 keynote presentations, side events, six first day short
courses, two workshops, three technical field trips, and a lot of
knowledge recharged. Detailed info Is provided at
hitp://ismarl0.net under the title: “Affection and faith in MAR is
noticeable and contagious”.

The proceedings book of the Symposium is entitled “Managed
Aquifer Recharge: Local solutions to the global water crisis” is
composed by 75 papers and 19 extended abstracts. 18
remarkable papers were gathered in a Special edition of the
Journal Water (MDPI) entitled “Managed Aquifer Recharge for
Water Resilience” with waived APCs.
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Poster’s authors were specifically requested by the organizers
either they had a parallel written paper or not. Some of the posters
are digital photos, taken by the editor, always with permission,
although some authors denied the publication. All of them have
been gathered in this collection called P-ISMAR 10.

Both, the classification and the editing tasks were carried out by
ISMAR 10°s organizers.

You can hereby enjoy the publication resulting from this
cooperation, which consists of 66 posters and allows us to share
some information that, otherwise, could have been lost.

The posters are listed in the next index, with mention to their titles
and authors. Unfortunately, not all exhibited posters could be
collected, and also not all the posters listed were exhibited.

The Tragsa Group organizers team offers support to include the
missing posters in the future, as well as to replace the existing
ones by improved materials (visit their web site www.dina-mar.es,
ismarl0.net or Email to dinamar@tragsa.es). We would like to
thank all the authors, whose support (including permission to
broadcast their works) is sincerely appreciated. We would also like
to thank IAH MAR co-chairs for their help.

Further information on this event at:
httpi//recharge.iah.org
http://ismarl0.net

:,»:»:..:.'z..h
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1. MAR AND INTEGRATED WATER RESOURCES MANAGEMENT
MAR & rural. MAR for rural and irrigation water supplies
Potential of MAR in long-term/distance water diversion schemes
Establishing strategic groundwater reserves

2. MAR AS A KEY CLIMATE CHANGE ADAPTATION MEASURE
Innovation in harvesting and storing flood water
Detention and infiltration systems
Mitigation of climate change adverse impacts by means of MAR

3. NEW REGIONAL/LOCAL CASE STUDIES
MAR in developing countries

4. MAR MAPPING
Advanced methodologies for the selection of aquifers/sites
MAR maps methods & new MAR maps

5. MAR AND ECONOMIC ASPECTS
Quantification of benefits and costs of MAR
Circular economy and MAR (from cradle to cradle)

Financing MAR for water and food security
Water footprint from MAR activities. Green and blue waters
Public Procurement of MAR Innovative Solutions

6. MAR to MAR-ket
MAR to complement groundwater demand management
Industrial applications of MAR, agroindustry and mining
Geothermal injection, MAR to source heat pumps...

7. MAR AND WATER REUSE
Water reclamation technologies for MAR
Reclaimed water reuse via aquifers

8. SUSTAINABLE MAR TECHNICAL SOLUTIONS
Advances in design and construction criteria of MAR systems, BIM
MAR Technical Solutions (SMARTS). Methods and strategies
Alternative and innovative water recharge systems
Operations and maintenance of MAR

9. MAR AND MANAGEMENT OF CLOGGING

10. MAR & LEX
MAR worldwide regulations
Recharge policies, quality standards

Institutional innovation for MAR. Water banks, groundwater user groups...

Governance & Decision Support Systems (DSS)

ISMAR 10

1. MAR AND MONITORING
Water management and MAR innovative systems
IT applications
Normalization, standardization and interoperability advances
12. MAR AND MODELING
New developments and codes, Practical examples
Water quality interaction codes & hydro-economic modeling
13. MAR AND ECOSYSTEMS
Riparian restoration
Mitigating geological/geotechnical impacts using MAR, land subsidence...
14. MAR IN COASTAL AREAS AND ISLANDS
MAR for mitigating saltwater intrusion
MAR with desalinated water
15. MAR AND ENVIRONMENTAL IMPACTS/RISKS
Risk and impacts assessment. Specific indicator systems for MAR
MAR activities impact evaluation assessment & Benchmarking
16. MAR WATER QUALITY & RELATED HYDROGEOCHEMISTRY ASPECTS
MAR for drinking water quality improvement
Techniques to break/recycle emergent compounds
17. MAR HEALTH ASPECTS
Removal and fate of microorganisms and organic compounds
Fate of pathogens and pollutants of concern in MAR system
Microbial ecology of MAR aquifer storage zones
18. URBAN MAR
Sustainable Urban Drainage systems (SUDS)
Rainwater/stormwater harvesting
19. R&D PROJECTS ON MAR
Innovation and integration in MAR
Recent and ongoing R&D projects (EC perspective)
Research gaps
20. RESEARCH AND EDUCATION ON MAR
Training for MAR operators & future water managers
Dissemination strategies and examples

Madrid (Spain)
2019 May 20-24th
WWW 1smano.net
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INTRODUCTION

RESULTS

* InIndia, annual extraction of groundwater is approximately 251 km? year!. oargat erar. 2013)
* NASA reported a depletion in the groundwater level occurred at a mean rate of 4.0 + 1.0 cm yr! (equivalent water height of 17.7 + 4.5 km? yr!) in
the states of Rajasthan, Haryana and Punjab using GRACE satellite. ®odet erat., 2008) V
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OBJECTIVE

To improve the local groundwater level using a novel technology to artificially recharge the aquifer. Thus, securing freshwater supply at any time of
the year.

STUDY AREA

The studied area is a the village Sherpur, Nanoor Block in Bolpur Subdivision of Birbhum district, West Bangal, located in flood plain area of the
Ajay river. It is occupied unconsolidated formation of alluvial deposits of quaternary and upper tertiary age. qvukherjee etat 1969) The aquifer extend across
two-thirds (approximately 3000sq.km) of Birbhum, Bardhaman and Murshidabad districts of West Bengal. The aquifer is covered with loam clayey
soil of 8-10m thickness, followed by layers of clay and silt, layers of silt and finally mixture of silt and sand of about 10m thicknesses. The next layer
is covered with clean sand (ﬂne to coarse) of nearly 75m of thickness.

Birbhum, West Bengal

1995 2000 2005 2010 2015

low ground

*
0...

-25

Year of Sampling

‘Source:Fallnglevels of groundwater in Nanoor, Birbhum.
Data published by WAS, 2016,

METHODOLOGY
The technology consists of two stages.

¢ Phase I: Run off rainwater is collected in an underground sedimentation-cum-filtration chamber through the gravity filtration wells installed in the
outflow channel.

After the implementation of the technology at a pilot scale,

¢ Recorded average rate of recharge per hour is 30 m* hr!(approx.)

¢ Technology functions nearly 24 hours constantly

¢ Technology functioning from 25th July, 2014 to 31st Oct, 2017 (39 months)

¢ Total volume of water recharged aquifer up to 31st Oct, 2017: 527,728 m3 = 527,728,000 liters as recorded

»  Water level of recharged aquifer increased 2.5m, recorded from the observational wells at the different radial distances from the recharge shaft in
the focused area in pre and post monsoon period.

* It should be mentioned in this context that the increment of water level has been recorded in spite of nearly forty-five shallow submersible pumps
extracting water round the clock within studied radius for the effect of recharge on the groundwater level
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¢ Phase II: The filtered and disinfected water, collected from Phase I, is injected into the aquifer at a very fast rate, by the recharge shaft with the
principle of siphon by the atmospheric pressure forming recharge cone. ;
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CONCLUSIONS

Groundwater can enhance the resilience of domestic, agricultural and industrial uses of fresh water in the face of climate variability and change.
Groundwater-fed irrigation provides a buffer against climate extremes and is consequently essential to global food security. Groundwater could have a
strategic role in sustaining drinking-water supplies under emergency conditions. Integrated use of groundwater and surface water may reduce human
venerability to climate extremes and change; e.g., using surface water during wet periods and groundwater in dry periods. Managed aquifer recharge by
transferring excess surface water in depleted aquifers, using the technology, could supplement groundwater storage for use during droughts. Thus, the use of]
aquifers as natural storage reservoirs avoids many of the problems of evaporative losses, contamination and ecosystem impacts associated with large,

constructed surface-water reservoirs.
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rglismar:c Monitoring MAR in a Channel in Ildaho, USA

MPOSIUM ON MANAGED

M— Ernest Carlsen, David Tuthill, Recharge Development Corporation

INTRODUCTION

Recharge Development Corporation (RDC) has developed a system for conducting managed aquifer recharge (“MAR”) for credit. One of RDC'’s long term MAR projects involves a channel 5.6 km
(3.5 miles) in length through a lava field east of Gooding, Idaho, in the northwest United States, see Figure 1. The channel is used for flood control, conveying high flows from the Little Wood River
to the Big Wood River. To assess transmission loses, field reconnaissance revealed gauge stations were needed at both ends of the channel. Neither location had an existing power source, but
both had cell phone reception. Geology and access, particularly at the lower end, complicated the structural design and construction of the gauge station. Stage discharge data and discharge
measurements from the first year of monitoring revealed an atypical flow pattern for a channel with upstream flow control.

METHODS DISCUSSION

To obtain a continuous record of water levels
with real time monitoring and reporting on the
Internet meant instrumentation for providing
telemetry at each station would include a
datalogger, cell modem, solar power supply,
vented pressure transducer, instrument
enclosure and staff gauge.

At the beginning of the project, analysis of the
electronic stage data from both gauge stations 2
revealed an atypical flow pattern for a regulated |
channel, see Figure 4. The fluctuating flows .
coupled with the time required for water to reach o5
the downstream gauge meant MAR wasn'’t simply

Figure 1: Upper and Lower Gauges on the difference between the flow rates at the two ‘j

Recharge Channel. stations. = RDC decided to determine the MAR e B SR Be s e e
based on the daily difference in acre-feet flowing -

Upper Gauge

18

Stage

% For the gauge station at the channel heading past the two stations. Zg:"f;é g‘;t?ge at Upper Gauge, Nov 6 to
(“Upper Gauge”), shown in Figure 2, design and y
construction to provide telemetry was typical. P i il it st
However, that wasn’t the case at the - i Stage data referenced to water level on a
downstream end because the gauge station . L i e staff gauge is transmitted to a server and

= . i posted on the Internet. Using Aquarius
0 e /. software these data are interpolated to

‘ K acre-feet/day and can be viewed digitally

(“Lower Gauge”) had to be built on lava rock. To
achieve this, Speedrail components were used
to anchor the mast supports directly to the lava

Acre-Feet

rock, see Figure 3. - V.;‘"J‘J“' ,. i 1 ‘ '1 7 X or graphically. Figure 5 illustrates the
- _,‘B"‘*:flﬂjx‘ﬁ A W% hydrograph in acre-feet/day for both
> Y *Ju y"v’ W M;»iﬁ— gauges starting on February 12, 2018 and
Figure 3: Lower Gauge. Figure 2: Upper Gauge. R SMa  JAp  eAw DMy an v GAg JlAg  BSep ending October 8’ 2018.

Figure 5: Hydrograph of acre-feet/day flowing at the
Upper and Lower Gauges.

On January 27, 2018 telemetry was activated at Hiah ot

the Upper Gauge followed by telemetry at the I Though telemetry provides the opportunity to view real time data it comes with certain

Lower Gauge starting on February 12, 2018. requirements.
Interpolating the data from February 12 to * Regular monitoring of real time data with smart phone and received data with a pc is

October 8, 2018 reveals 23,046 acre-feet flowed  * I essential to ensure station is operating properly.
» Periodically (6 week intervals) station should be visited to check on condition of

past the Upper Gauge while only 12,672 acre-feet el . |

flowed past the Lower Gauge. The difference of ) VM L , ]| h\y components an_d measure dis_charge. While on-site, the technician needs to ensure the
10,374 acre-feet was recharged into the aquifer TH Wh AN reported stage is consistent with the observed surface water level on the staff gauge, and
during the 8 months of record. Figure 6 is a i st s e Duw Vi Gm ehs ke B measured discharge is consistent with reported discharge.

hydrograph of acre-feet/day recharged in the Figure 6 : Hydrograph of acre-feet/day * Received stage data requires QC analysis before posting discharge data for access by
channel between the Upper and Lower Gauges. recharged. the public.

43



M PR Aq uswipuus s
RN T Pium g:ofaﬁi(l»._a«gca!!o
i 04 10 Buiso 102 Areruga 4 povag
_uz -0 'ZZ A 10UU9L S 3 J91em pUnib SO . ou.:_u..os!.:zi..sa UON. Raloid 3.}558!-83&
sajinbe N6 10 e} i - oy (9981) o W sopanr e SN W) pordeg0
W o) 1ey) Aem o) Jo Buioyuow (z o = W3 Ve 9 e (] _
Aq paacidwi 8q 0} paysabbns s Buuoyuow osssu..nagews._uc. 10 Paues o smous =
M 'SI82A M) 1XBU B} SO0 Ried 0160 WOO ‘Uoneso 410w 10 uogouny e v gy op e 2o1OUIOT) Suotey Wounpuve
oy 880E>=s ! p uonenjony sabe | 102 Amnige 4 o 07 woy s ejep -.ei_-.b: S 10 7 ey
4) eoeid Bune) usaq sey JuawouUS o s o | =
LD 108G 898, 1eaiBojoipAy ym 3y | PouRg dumry
3 ~ Uonedo| sii o) anp ‘jeasy e e S |
Swes ay e Apewxoidde oy
POUIRWAL /p0/661 Joquinu %
19A9| BOS MOaq Wi £'0 e : 2 s
WSSO W eE L- aam '
10q BAY JO BB adus e
‘@81e ay) uj uonepesBap /.\l/ 13
saneuenb @ s 5y asoy | V- X ¢
ey o RESERE :s NG WBWWPLLS By Jaye .Q 2 Vil nv
s 01qe1de0oy 198uBIH /B Wewsroidu e useq sey \J iy
s b e A A T e s y
/0l U 391EMESS Jo UOISNAU PUE UONEPEIBap GNEIILEND ) 0 anp R SV s —— 3
j POAISSQO LB | 9By AJAGONPUOS PUE Sa1eYdINS ‘ULIOJYD JO) SAOUBPEAOXS Y| ayl o ?6.%88.. g vl |
e - sa|joyasoq ) jo wonan
e 0z Jone 50 A< Jawe | siuoses J o e e L gk i
= i UOREBAN 301 M B B e
A &v J0n< 0 Fome gc | vousss JBUWIWNS By} Ul PUB UBWILILUS O} aNp woakb_“_; .h,.w o o o S5eaI0 13431 a1 34l poued
2 YiM payouus jo asnesaq pouad Jawwns pue .2:.;_ ”sn; 84} pouad Jajuim syl uj ajem papkoa
oL o8e e 0 ane 10M< | Loores PSS Saeriany Janbe jo jans) ssjem auy
panseaws
3 Tane £0 | o098k | sbeiony
owe | Jow< | sieees S S04 Savowwon 1t
T ] S & 3 2
< d Han< -doN juswiyouus —'4——' :
: Ul JYe 30U0 pue LBBMEQ {1 T L ——m—m
- % L0 - —— s —
e Vg yBrigp | (84D wwn amo) senjen s ——
- 8y} 210j8q usye] ase sadwes | —iT
i 01qeIdeday 1saybiy .vocoaa::g_co.:oﬁmwgvamo._w(ﬁ‘b; = \ ————— o
s Gz - (1 @by vas) £ | | p—.
il nsumop Buluiewsas ay) pue spuod nﬂ
Dl tomiond ©) o) ) (o) e WOWDLU U3} 153 3L Jo weansdn |1
iz s 7l ronpss il B apn [ paleso] si (G11/0961) Sajoyaloq H (]
, BAY Y} WOY BUQ 'SBIOYBIOG BAY |
5 pue puod JuaWwydLUS 3uo jo sasudwod T
T ; o ot . ua)ye)] aie SIdWES JAJem Yoiym Wwoyy :
an< AN 0 ZL0b Jan< S14/0961 abejs siy) 1e syuod Buvopuow 8yl
sjuiod Buuoyuow uasayp - Y
0'1SEL £000% 10594 20N« R 9 woy Jajem jo sjdwes e Sunyey
an< 1an< 1o ‘judy 0} 18qOIQ woyj Jeak sad sewn ]
? ane oo Geol q inoj ‘paJojuow .m_ Japnbe ay) jo sniels |
AN« in; zes Tan< 1an< +00/866 o, Ayjenb ay) ‘snjejs aanejjuend ay) :
508 R = one | suomen | Pomeess sapisaq '1aloid siy) jo Xaluod 3y uj I
et oBrianry “Spuod JUBWIYOUUS UB) ISy 1 )
018 o< | csiress B} JO WRANSUMOP PIIBIO0| SAIOYRIOY | -
‘f : v N0} 190 Ui pue aoeyd Guiye) Aguaund U 3
sem | jowe | vaow # ISURDIAIS B0 #Duod MOIARIS |
i Eactil ua) 18Iy By} JO weassdn Joyog |
Qi Ay & T € U ‘puod JuaWyouue ue ul ‘awn Y —F
..... : i wosdoosz | 18950 sonjep JaAO JoINbE By} WO1) Pue 0) sMono (1T
SRR PUE SMOUI 9y} JOJLOW O} JOPID JA .
— | oo s ey Ul SJUBWIBINSEA [BAd J91eM Sapnpul k- R N/
Sl ot gﬁ Cos) ssuns| (1) supomd l....?h;.wl bs!ﬁ..u“io oL feaweud uonesuBIRIeUD aAGEIUENd AUl 1 | WK TS
Sl i ey G ey JUBWOUUR By) Jaye _vca Buunp ‘210jaq JAEM JO STIIS
10j S1U10d BULGHUOL B} U SINIEA PAINSEAN BEIBAY PUB J3|INDE GAD Bl IO} PIUSHAEISS SINIEA aiqeidaoay 1saubiH | el Aunuenb pue Ajenb oy} jO JUSWSSASSE aY) J0) PAUYAP USIQ BABY 'SPUOM IUBLILALIUS B4 WO S
pajokoas pue Jajinbe ay) woJy saempunail Papniul 'SUoE)S BULOLOW JO YOoMBU B ‘japinbe papms
‘sajoyalog Jynads awos ay) JO sonsuLOeIeYD aAneenb pue aagejquenb ay) jo Buuopuow Liopejsies syl 104 - Buuoyuow
.c_ paseasoul »0.ch osjy ‘Auanonpuoa Joj wo/st Zogel pue sajeydins 10j /6w 0'LSEL 'SBULIOIYD JO} /6w WEaNSUMOP PaIea0] AJE SPUOd JUBLLIYIULA £ JBUI0 Ul BllyM paquaau ay) Buoie
£'000p PUE /bW Z '£9Z SanjeA abesare yim AIAIONPUOD pue sajeydins "SULIOID St uondaoxa ayy ‘(1 ajqeL spuod jusLIYRUUS Weansdn O} Ul JO p UBNaIY BIuIM A Buunp patiieydas st Jaiem pajean Aegal

ainBy 8as) ;W 000'9S JO L8JE (€10} B Bursudwod Jaay SUNOy ayi u
) spuod Juawiypouud L1 ‘Areoyoads aopy UISeq SUNOy g Ul payedo]
ae ey Jajem papiaas ay) aI0is 0} pasn ase spuod Juawyouua jo swasAs/sies om ‘paloxd sig vl

aas) Jajinbe GAD 2} 10} PaUSIqeIsa sanjeA ajqeldaddy 1s0ubiH 8Yl MOJaq 1M $810ya10q BuLoyuow Byl Jaynby unonyy ‘Apuaund (1
Ul £10Z Jeqwada( 0l 9102 Aseruqa4 pouad ay) Joj painseaw siajewesed ay) Jo sanjea abesaae || jsowje PAlINASUCO LA BARY (saye] J0
20uIs JuBWYOUUR ay) Aq pauaping Afleanuayo uaaq jou sey J9)Inbe UKoY BY) Jej 0S S)nsal au) umoys sy

"S)INS8) JANAq UAAS aAeY 0} oadxa am aininy SY) Ul Ing PAAIasqo s Jajempunoib jo h_..cn:u,mc- a.__!.u
ns Jaujo pue sapuojy "6 9) suauod JUBLIWEIUOO B} Paseassp UL

0} @np Ajurews 'saj0yaI0q Jy10ads BUIOS Ul PASEAIOU JUBILOD BIEAIN “Jajinbe ayj ul sjui0d awWos e Jaiempunalb Jo (saouelsq

JUBIBHIP OM) UI SWRISAS YYW OML | ‘uonesado pue ubisap Yy 8l VO
sa|eos Juaseyip 0} Aujgesydde pue Aqixay sy s

LGOI BU} SAYILUS PUE B [OSSEWIT Ut §I BUO JALI0 a4} pUE Bjiym '$O0Z AJENIGa BOUIS JAIEM 1U

NSIBAIUN/LON wae

oboy 8y} JO AUSIBAIUN .
yedaq wewdo@asQ JOIEM .

jebnuod
@29016) ‘Juswpeda( $82UIDS auuep ‘ue
snudAD 'juawuoAUT pue Juawdojare( |eany ‘aunynouby Jo ANsIuiN uew

... SOUNJUY 0J1BG1Y BHOH epuebiep 19es) ‘.. BIUBINO INRIOZL ‘v

SNAdAD TOSSVII 1H1LOUNAY -
NI 3SN3Y YILVMILSVM a3ilvadl Ad Em._.w>w._.~_"_zoz
J9YVYHIIY ¥3IJINOV a39VNVIN 3HL 40 ONIY

@& -Lews® ”

. BUB SO3IIURY




10 (11 ¥4 \_.Zz-ﬁiz 0188 6102 OU) Aq Alleioueuy papoddn sem Apnis i) iueweBpe s

g aip Sy op spas
: e -
WEEE0 PO LE0 | MO MO AT i
DU EANTIN AN TN U1 J0 SUMapweip g
R Hpcdumndd sy wog
OT-01 W (1am g8EO M 10y 1daoxa) sjjam
UONVALDRGO ang) 10 o) spas fugduind g
SUOLE US4 10 (RANTIAD S11OA paasugpnus
A1) PALIIVDPE BIDA SO
0Tu] KU 1AW £HEIO )
JO IV 01 JO1AURG BWOPMIIP SOFO[IE g
AR[IULE B PaAwERIP EANL 1198 BopRafig oy o
‘f1om Bupdund o pue 1w 510
DU} URDAVAG SIATIDAUUON B)AIPAY pooi
B HUPEOIPUY H| @AM HOHBAIDEGO 12110 1) Wiy
IR ng jam Bugdwnd ayy jo o
@ADL BL) 01 AV W o UMopsp
IDURSIP W PAMOUN [0 = §g1() oy |
WERE JO dap dwind v yya
) PUU P/ G5 = 10 /i g |
iy 0 Sorer Fovdmd dags-imoy
10 pauuiapad seas 15a) Buydwind dogs-pnw v Tt
(] 2190 L) ans Apmis aupy [
102N PUD UONDANP MOL SempunoE L
.. A1 wauf|ap o) paunopiad aiam sluiddo|
O Burdwind sy Aupnp uonippe up o
- m Sp1om uonaaluy o

e
\

1
ALl i
AL G 1

SR R y
(LU

i

[0

——y Y
LU

W

|
_
.‘-_
_
_

bt

Wz 100 [[om s poriad p
§  Tuunp sM uonuaang ay up w gz 1
" PRIOTIUONE $UA\ 101U 1jus-0ajed JuvLwa

Oy Jo 1Ay uonnpaodsuen  ayy .

Wi

PRIV AJ(RIPUL 210 (SE10) 9][9M HOHBAIDSY
A0 S[[2M UONBALSGO (idap-nynu sadi pus

S|aMm sty o -s:_ __u:_:.:_ PIMNEGNE 7wy

Un s J0AE| pues ay) pue ‘pa
su Joke) Aujo A)jis pue pues Liis ayy
Y "OULINS PUB| DU MOJAG W FE oy

R |

e e L h
' . '
-‘-al.. AR e

L et s’ : Japnbe uew oyl e saAsas Jake|
[RISEOD Y1 JO 1UAWIUOIIAUA AU Ul UOJSIAUY 110A 125 Aq paanpoid pues/oamil ayy (g Big) eowpng
-00jud © £q uppiapun sf Jajinbu J2IMmYEaL aY) ‘BaIL APIS Al Ul NS U EY . 0} dap woxp (ssauanp wog| Jo s
= ‘swsAs prenbe Aefo/ls ul Ja18malod uf pauteisns aq uud A)ul|es paeAala siake) pues pue ‘Kejp Lis ‘pues L) b
QU "s19AL Buope pueu; ay) 0) A{d2ap UOISILIUY 12ILMEIS ISNED UL L [IAI] 8IS "DIURISU J0,] uapnbe ‘puus/oAnE) wiake| o) pamoys oo
1) W04} JAIRAYSIL) PUB JIRMI{ES-091d IUBUWIAL AW J0 Fupxi b yim Bugduind appys padieiosip Aoy worBoloaB  Aq  AdojoeB  ang . "
[ s1 pur saymbe 15U UL J9YIEI SI9AT] 1[15 PUB AB[3 A1 U} PAUILIUOD §1 1B 191eMEas-0a[ud vl e

a1 Aq pautejdxa aq ues uouawouayd ay | *[[am Furduind ay) WOLj OURSIP JO SULIA U] 121EMEIN
-0a[ed JuBULWAL 311 J0 1931§2 UONEUILIL[D U PUR UOHN[IP JO AIR[NFDLL UB U] Paj[NsDl 159 Augdwnd oy« HOAMBUNY ) "UODA N -saRC] Ul a1E Apms i jo degy | Ay

(punoByoeq-p ‘B1.1) (19 p=A | 24 punose paseadde UOHEIUIIUO JAMO| ¥ PUB [|IM Aurdwind -
) JEaU PALJIIUAPT SBA UONIRNUAIUOD 1S Jaydiy v Jaemifus-0afed Juruwal ay) JO LoD A e
pue uonnyip ayi £q pasnpoid sem (idap w-gz punose 1memeas-oajed JURLLIAL A1 JO UOINGINSIP OY [« i Sy \ -/
1521 Burdwnd 2y Buunp sawn pasdeja yum qidap w-gz 1 sanjeA i (WIV 'y ani | Hrl. M , mﬁxu k |
e o d da \ /
Dpar— g/
. 3
/6
-
,0
i | w0i0a, hue
e / ,
I J < b0y
z ||
.W ey . ... ,, y. .+. Ly
E — J XN eI TEN 1Y

[IYPUR] © ({11 S31] WalsAs 4o)1
) 1wau sum pus iUl up (g #

uﬂ;u‘uﬁ [e1oyie jo 5_-3. W210144a a1y a::b—:'::.. puw |9 uonaalus us Huneso( Uaym pouiuey
12 " 0 satpadoid

e Ul
sejnBansy se [[asm % sanjes Jd Bughina aqy, AiauaBowoy pur 00081 8 apnkm ay) sawnssu sinA(eun e Buduand sug apge swsusiuieiey pus ORI AT B4 ) AL B BRIk A

ay e paseadde AUijes pus UMOpMIp Ul aouaiayyip aitae) v e 0
A s i i

UL S[jom SY) UMY ANANSIULOD DN NRIPAY UL DIUILILIP BY) JO ISNRIBG S[(IM [EUOTIRAISSGO Paedo| A
fewsndo ayy Aynuapt ‘sanuadosd aBojoaBosphy o) FENEAD OF §][9m [RUOHEAIINGO pue
‘Koo pue s o uorod ajros-{[ews § Sumuod A|jensed 14| yona ‘(1w

) ve $IA398 Jakr| pues/jaaes sy | aovpns 0) QAP Wos ($IUNINY WG | JO s1ak| pues
UI5q IARY IRYY AR(D pUB "8 ‘[oardd ‘pues Jo siahe| Bunewsane jo sisuos Apsow saary Auopen ogy Auop ueidpooy ay

s Al

s /[onnall) sia ke oy pamons
| WniAn|(e ay

$O0IN0SEY (BIBLIY PUE BOUBIIS0BE) JO BINJISU| EBI0H

uoo), BUNsesl Wiy 108YDBuUo) ‘el INY200AY 687 BunoAy
£210Y Ul 9)1s abieyoal [e1oljijie ue je wnianje
wv @ I SJ3ALJ JO SOI}S1Ia)oRIRYD 2160j08604pAH

DOV CLIEON TIIIWVA 0, 0 T s’ 4 LW ; ) %9 u-::-:wx _P:&:_E —w—.:. E< \k
W iy . |
D—.hmEmP " BIUBIIS0B0) JO BINIISU| EBIOH

{-00§

it

BRSNS



o

‘JuawiuIanob uealoy| auy) Jo Juswuoliaug Jo Ansiully ayy Aq papuny ainysu) ABojouyos) @ Alsnpuj [BJusWUOIIAUT B3I0Y U} woly (eale auoid yybnoip
ul Juswebeuew Ajddns Jslempunoib jewydo 105 ABojouyoa) | 0] UO paseq wa)sAs yiomiau |jem pue abieyoal |eoyipe Jo Juswdojens(q B 108lold) Juelb e Ag papoddns sem yoseasal siy| Juswabpajmouoy

52025 Joyey [euBuo
ST 0T ST 0T SO 0

eale Jabie} ay) Joj sishjeue pue uonebiisaul ybnoiy)
2J0W JONPUOD PINOYS SISNEW UOISIOBp ‘9100s SIY) mojeg (v

‘8210 YIN0G Ul abieyoal [eioye 1o yBnous si G'| Inoge
4O 91005 JOJOB} [E1O} YHM UISE] BU} ‘|9POW NNV 8U} UO paseg (g

P
S

3
o o1 W m:
2 |EA pejewljSe pue 8100s
- 10}0B} [eUIBIO By} UBBMIB] 266°0 JO JUSIOLIS0D UOHE[1I0D B
v § Ul ayS Y aU) SuI3P 0} NNV 40 [3PO 153G auy 81 | 3seD (¢
%o% = "B8J0Y YINOS Ul 8BJ1eyDal [BIOYIME JO UONRIB|S BYIS By}
[ 95 sz Joj padojanap si 10108} JHY YIM pauigquiod [apow NNV 8L (1

100 78 [¢) 100 gl 6} 100 gl 0 187l | UosLoW0eD
0 | 20T | 7100 602 0 100 2027 x 807 | Buokio
100 ze [®) 100- zT [6) 0 122 0 127 | obbuex
800 | 8z | x | w0 | 2t x | €00 (¥4 x 9Lz | vobboeq
0 561 o) 100 %1 o) 100 V6L 0 6L sobun
0 €T [®) 100- 1£2 0 ] x4 [¢] 867 | Bueybues
oo 6€') * 100 | 6] [} 660 0 660 | Bueluosyd
0o | 8T [¢) 0o | 82 c | wo %4 [¢) 81T wenp
0 e [) 200- sz x 100 %z x e fwneg
0o e O | 600 68'F x | 100 66 0 86’ | uesbuog
§81008 | | | sei00s | 581008 I
uolps|es uonoajes uolos|es | saioos
ousssyIg ooy souslaIq Jope) soussBlIq JojpR)
Bleq eleg eeq Joey uiseg
pejewns3 pajewns3 pajewns3
! ! feuuo
¢ ase) zesen | 8se)

‘Sjapow NNY Aq suonewjsa
2100s J0joe} pue (ejep is8) : x ‘ejep Bulules) 1)) uoRos|as elep s} pue Bulules) Jo sased dauy] ‘| "8jqel

%0¢ 1581 pue %0, Buluies] :sesed jse) pue Buiuies ¢ -

se|qeueA jndut Jo uoneziiewwop :Buissaooid-aid ejeq -

$8100S J0JOB} [BUI PUB SI0}OB) AIEPU0DSS :S8|qelieA Indu] -
S8YIs (| 10§ S8100S |euly JHY 8y} Buisn Juswdojersp [epow NNV

Y
m:mzwcmm

:sa)is 0} 0) uoneoydde japopy
£00°0=49 ‘200°0~000'0=10 : 18P0 dHY Y} J0 ofjes Adusjsisuo)

r 1
T.g (pugtd) .:_M_E_Nuﬁsm wior
N N

‘Japow dHY @Aoge auy} Buisn Aq uoie|nojes 2109s [joL

‘Ayosesaly dHY ay

Joj suoiyIpuod aAl Buuispisuod abieyoa [eroyie yim pajejal ainjonss AydJessly pue siojey diseg “Z Bid

Aunqejrene pue |
$301n0S |
uopnjjod jo uornquisiq
eale
[enuapisal Jo uoRNquysiq
adoys olydesbodo|

|
|
|
|
|
|

J18)em s01nos Jo Ajend

J3JeM 30IN0S JO AjRuEND ,

sylomajem
llews jo 3ous}six3g
- SyomsiEm
aijgnd Jo soussix3
221s uiseg

—1 F31) Quantity of source water |

—{ F11) Water demand

L—{F21) Topographic slope
—{F12) Land availability

—{ F32) Quality of source water
—]F23) Soil thickness

——{F22) Depth to groundwater
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SAVE THE DATE!

LONG BEACH, CA
A KEY TO SUSTAINABILITY
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TITH INTERNATIONAL SYMPOSIUM ON MANAGED AQUIFER RECHARGE

Please visit for more information.
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