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POSTERS DEL 8° SIMPOSIO INTERNACIONAL DE GESTION DE
LA RECARGA DE ACUIFEROS ISMAR-9, CIUDAD DE MEXICO.

INTRODUCCION

Entre los dias 20y 24 de junio de 2016 tuvo lugar el congreso ISMAR 9 en
la Ciudad de México, promovido en esta nueva ediciéon por el Grupo de
Recarga Gestionada de la Asociacion Internacional de Hidrogeélogos
(AIH), LA UNESCO y la Sociedad Americana de Ingenieros Civiles (ASCE),
bajo el lema: “Sustainable water management solutions to scarcity and
climate change.”

El simposio reuni6 a 225 delegados de 17 paises y conto con cuatro
cursos de primer dia, 113 publicaciones, de las que 83 fueron
presentaciones escritas, de las que 71 fueron expuestas de forma oral.

Ademas se registraron 30 pésters, aunque finalmente fueron presentados
y exhibidos 22, 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 latécnica MAR en la gestion hidrica integral y otros temas
especificos relacionados con la técnica MAR.

*El texto de unas 30 comunicaciones escritas se encuentra en proceso de
seleccion para quedar recogido en dos “Journals”: MDPI J Water sobre
“Water Quality Considerations for Managed Aquifer Recharge Systems”
http://www.mdpi.com/journal/water/special 1SS#es/ARS

O en Springer J of Sustainable Water Resources Management on
“Integrated Water Management Incorporating Managed Aquifer Recharge”

v/

http://link.springer.com/journal/40899. i

La organizacion del evento, organizado especialmente por la Universidad
Nacional Autonoma de México (UNAM) con el apo ecidido de la
Comisién Nacional del Agua (CONAGUA), la c“n Nacional de
Empresas de Agua Potable y Saneamiento, el rograma Hidrolégico
Internacional,, de la Sociedad Hidrologica de onay de la Asociacion
de Aguas Subterraneas de California.

Patrocinaron el evento: Suez, Agua de Puebla para Todos, Consultoria de
Ingenieria para Soluciones Integradas, Mantenimiento y Construccion de
Acuiferos, Construcciones Fypasa, Veolia, MARhub, Aqualia, la National
Groundwater Association, GCA Ingenieriay la Asociacién Geohidrolégica
Mexicana.

P-ISMAR 9

Las mayoria de las ponencias orales enviadas por los presentadores con
caracter voluntario quedan accesibles via Internet en la direccion:
http://linux.iingen.unam.mx/pub/ISMAR9/Presentations

Otras no facilitadas por los organizadores pueden ser descargadas en la
pagina web de DINA-MAR: http://www.dina-mar.es/post/2016/08/03/ISMAR-9-
PRESENTATIONS-AVAILABLE-ON-THE-INTERNET-LA-MAYORIA-DE-LAS-
PONENCIAS-DEL-CONGRESO-ISMAR-9-DISPONIBLES-EN-INTERNET.aspx

Las presentaciones tipo péster fueron solicitadas por la organizacion a los
autores, dando continuidad a la serie de libros P-ISMAR iniciada por Tragsa
en 2002. algunos de los pésters adjuntos no han tenido proceso de revision
por pares, siendo, por tanto, dudosa su referencia cientifica. No obstante
son registrados como contribuciones a los Simposios ISMAR,
documentando actividades y facilitando la conexién entre los autores.

Por estas razones, y prosiguiendo esta importante linea de accién, la
Comision de Recarga Gestionada de la AIH ha animado a Tragsa a seguir
adelante con futuras ediciones.

El trabajo de recopilacion, clasificacion y edicion se llevé a cabo en el
marco del proyecto de investigacion MARSOL a cargo del socio “Tragsa”
(en su etapa de difusion y transferencia tecnolégica), con la ayuda de los
coordinadores de la IAH-MAR-Commission. El resultado es la presente
publicacién, que consta de 20 posters de los ficheros digitales facilitados
por los autores, que permiten compartir una informacion que, de otro modo,
se habria perdido.

El indice de los poésters alli presentados figura a continuacion. No todos los
presentados se ajustaban fielmente al programa planificado, pues hubo
altas, bajas y sustituciones.

e investigacion de MARSOL ofrece su apoyo para incluir o

S ausentes que pudieran surgir en el futuro, através de
"_‘__ s/ www.dinasmanesSEoRseEGi|l ismarl0@tragsa.es
Agradecembs.’é todos los autores el apoyo prestado y la cesion de permisos
para la difusion en Internet de esta informacion de caracter cientifico, asi

como ala comisién de Recarga Gestionada de la AIH por su apoyo en el
desarrollo de esta idea.

Informacia "é.dicional sobre este evento se encuentra en:
http:/ mar9.org/Default.htm
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POSTERS OF THE 9TH INTERNATIONAL SYMPOSIUM ON MANAGED
AQUIFER RECHARGE, MEXICO CITY

INTRODUCTION
ISMAR 9 was held in Mexico City on 20 - 24 June 2016 with the theme
“Sustainable water management solutions to scarcity and climate change.”

225 delegates from 17 countries attended the symposium, which included 4
workshops, 113 presentations and 22 poster papers. The program is at
www.ismar9.org and most of the oral presentations are available in the
UNAM server: http://linux.iingen.unam.mx/pub/ISMAR9/Presentations A
number of authors, icluding poster paper authors, were invited to submit
written papers for review for publication in an MDPI J Water thematic issue
on “Water Quality Considerations for Managed Aquifer Recharge Systems”
http://www.mdpi.com/journal/water/special issues/ARS

or by Springer J of Sustainable Water Resources Management on
“Integrated Water Management Incorporating Managed Aquifer Recharge”
http://link.springer.com/journal/40899.

Of the 22 poster papers presented, this book contains the 20 posters whose
authors provided them in electronic form, and is mounted on
http://www.dina-mar.es/post/2016/08/08/Libros-sobretla-tecnica-MAR-
(repositorio)-MAR-books-repository.aspx

ISMAR9 was supported by the International A‘$sociation of Hydrogeologists
(IAH MAR Commission), UNESCO International Hydrological Programme
and the American Society of Civil Engineers (ASC}), in partnership with
BSMAR15 of the Arizona Hydrological Society and Groundwater Resources
Association of California. ISMAR9 was organized y the National
Autonomous University of Mexico (UNAM) , Nati r Commission
(CONAGUA) and the National Association of Waté? anitation.

a de Puebla
ce and
ia, MAR-Hub, Aqualia,
ermg and the Mexican

The Poster Papers and Exhibition was sponsorec
for All Consulting Engineering for Integrated So
Construction Aquifer, Construcciones Fypasa,
the National Groundwater Association, GCA E
Geohydrological Association.
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The ISMAR9 website also contains daily newsletters of the ISMAR9
symposium, photographs and a link to the oral presentations:
http://www.dina-mar.es/post/2016/08/03/ISMAR-9-PRESENTATIONS-
AVAILABLE-ON-THE-INTERNET-LA-MAYORIA-DE-LAS-PONENCIAS-DEL -
CONGRESO-ISMAR-9-DISPONIBLES-EN-INTERNET.aspx

Classification of and web-publishing of posters was carried out by the
MARSOL project through its partner “Tragsa”, as a dissemination and
technology transfer activity.

This extends the series of ISMAR poster paper compendiums assembled
by Tragsa. Some of the material presented is unreviewed, and as such
cannot be relied on as a scientific reference source. However it is made
available by Tragsa to record poster papers contributed to ISMAR

symposia, to document MAR operations and related activities underway
and facilitate future connections to authors For these reasons, and with
this important caveat, the IAH Com|1n|85|on on MAR encourages Tragsa to
continue this task. H,' '

The titles of the posters and thelr authors are listed in the index below.

The MARSOL research team provides authors of missing papers to include
the missing posters in the future in www.dina-mar.es by emailing
ismarlO@iragsa.es. We would like to thank all the authors, whose support
(including permission to publicise their work) is sincerely appreciated.
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Assessing infiltration rates and clogging impacts during recycled water managed
aquifer recharge (MAR) in Floreat (WA) and Alice Springs (NT), Australia

Karen Barry!, Joanne Vanderzalm?, Elise Bekele!, Michael Donn?, Konrad Miotlinski? and Peter Dillon?!
1 CSIRO Land and Water; 2 Universidade Estadual Paulist (UNESP), Departamento de Geologia Aplicada

LAND AND WATER

To document changes in recharge rates, measures of clogging potential and water quality during operation of two demonstration sites for water recycling via MAR
(i.e. infiltration gallery and soil aquifer treatment); to provide recommendations on the management of such schemes to aid greater uptake of water recycling

LeGEND

R = Ridge Hi Shet
P=Pinjarra Pain

B Bassenseanoune
5= Speanuooa Dune

@- Quindaup Dune

Methods:

i) MAR via an infiltration gallery located at Floreat in predominantly medium-grained
Aeolian sand deposits typical of the coastal plain of WA (Figure 1):

* Galleries were constructed of a series of 6 Atlantis Flo-Tank® modules, each with dimensions of approximately 685
mm x 450 mm x 408 mm (L x H x W) and internal partitions approximately every 340 mm

* Soil moisture was monitored using probes at 5, 15 and 40 cm below the base of the gallery and adjacent to the
gallery (45 to 65 cm west); water levels were monitored using 3 PVC wells located within the gallery, and wells
located 5 m up-gradient (MB1), 2 m down-gradient (MB2) with background monitoring at 75 m (DN1) and 177 m
(DN2) up-gradient

* Preliminary lab studies were used to establish a target level of TSS < 5 mg/L for recharge source water

* Recharge source water and groundwater below the gallery and surrounding area were monitored for field
parameters, TSS, Major ions, Nutrients, DOC

ii) MAR via soil aquifer treatment (SAT) using recharge basins located within a

): Location of soil aquifer treatment basins (Alice Springs, NT) and
sampling sites (photo: Karen Barry; images from Bekele et a/. 2015).

Figure 1(a-d): Location and installation of infiltration galleries {Floreat, WA)
(photos: Elise Bekele; images from Bekele et of. 2015).

Table 1: Source water and ambient groundwater (GW) quality.

T e e springs

mixture of fine and course grained riverine deposits in Alice Springs, NT (Figure 2): e PemARGW  Souce  Presataw  oar 2a7E
*x *= = 7.4+0.1 7.0+0.4 7.4+0.2 7.7+0.2 7.6+0.1

* From 2008-2010, 4-5 basins with a recharge area up to 10,300 m?, basins then expanded in 2011-2012 to a z k’& ] T AT TS T e =

recharge area of 38,000 m?2, as the original recharge target of 600 ML/yr not reached g “ o Setr PR = P .
* 2014 the DAF (Dissolved Air Floatation) wastewater treatment plant was upgraded to include filtration — DAFF g 1 160+ 20 269 + 26 399+ 139 263 30 242116
* Pond levels and water volumes delivered to the basins were monitored via SCADA system g [T EEERRE 89427 28421 1343 12413
+ Field based investigations included: characterization of the ‘schmutzdecke’ (basin clogging layer); soil beneath the g 72113 16+16 2620 16+14 22402
basins; recharge source water and groundwater quality sampling including field parameters, TSS, Major ions, E . <0.01 4321 0.05 +0.05 0.8+0.7 0.4+0.2
Nutrients, DOC, BOD, Fe and Mn; geophysical surveys were also carried out 2 G a e s 0.37 53418 003£0.03  04%03 0.2£0.1
g(( 13 Now-13 Dec-13 Jan- 14 Feb-1a 86t - 8% 10 13%12
Table 2: Summary of infiltration rates and days drying/wetting for the five SAT basins. F-I- n d i ngs - e T el eT e Nornn TS
approximately 40 cm depth below the western edge of the infiltration gallery. I © only one sample; b historical data from wastewater treatment plant

oar 57 i) Infiltration galleries: ii) Soil Aquifer Treatment:

140450 5004200 5504460

{licretion rate (manvc) A0 0 « Average recharge rate was 4 m/d and changes were observed to occur e 2,580 ML (2.6 Mm?3) has been delivered to the basins over six years
[ orving Time (@) e &2 2= e spatially in gallery recharge water levels and soil moisture contents . Upgrade of the DAF plant to DAFF (filtration) improved the quality of water
I Vvetine Time () Al gt #t 2L surrounding the gallery after 14 weeks (Figure 3) delivered to the SAT basins, with TSS, BOD and DOC being reduced (Table 1)
_" 5 ) T e 5 * Heterogeneous clogging developed locally within the gallery, o Average infiltration rates have improved 40 % (Table 2} with rates for Basins D

' promoting increased flow of wastewater laterally away from the gallery an ypically remaining three times higher than Basins A, B an regardless
ti i d fl f ¥ ter lat I f th 1l d E typicall ini th ti higher th. Basins A, B dE dl
Infiltration rate (mm/d) 250+100 200430 250+100 1000+400 760+520 %
* Target TSS of < 5 mg/L was exceeded on some occasions and was 10.4 of source water treatment (DAF or DAFF)

I orvine Time (<) 2 Ly HoEe 202 tte mg/L on average. The TSS load did not significantly degrade the « Basins A and C had an increase in average days drying, 4 to 10 days, between
-""Em"gﬂ'“E (@ Ea it = 2t 2L hydraulic performance of the gallery; however long-term, constant infiltration events over this period (DAF to DAFF), which has also contributed

- S Basin aftected by cormpaction Hiring constraction flow requires regular maintenance of the pre-filter to improved infiltration rates (Table 2)

——
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Change of groundwater use during the
period of 1985~2014
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To identify the recharge area and
ameliorate the situation of over
utilization of groundwater with
potential flooding recharge in
Leizhou Peninsula, Guangdong
Province

test of K

=
=
=
—
-

+ Data collection of hydrological,
hydrogeological, land use, vegetation,
and meteorological data and etc.

» Field survey and test of hydraulic
conductivity, one site every 10x20 km?

* Groundwater modelling, MODFLOW

« Water samples for 14C, 81Kr, 85Kr

o “»
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O conceptual model

* Cell: 1.5Km X 1.5Km
* layers: 5

« Total cells: 32300 for 5 layers

P

1 Annual average infiltration rate was estimated to be 57-581 mm,
with the ratios of infiltration to precipitation to be 0.04-0.41. The
ratio was found high in the North and South area, while low in th
e middle part, corresponding to topography and hydraulic condu
ctivity (K). The ratio was s found affected by the amount of rainfa
Il, groundwater depth and K.

2 Annual and seasonal change of groundwater occur in both shall
ow aquifer and deep confined aquifers , corresponding to rainfall
and rainfall-development respectively. Under one extreme drou
ght in the first half year in 2015, averaged groundwater level dro

pped down 1-2 m, with 80-160 mm groundwater developed.
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Annual precipitation”

e

O Annual rate/event
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coefficient

O Flow field

Shallow aquifer

Middle aquifer

Deep aquifer

AHUR 10—~

Dec. 15, 2012 aH >

12

vents.

3 Groundwater levels simulated are consistent with the
measured, and could be used to simulate the change of
water level under the scenario of extreme drought.

4 Two hilly sites in the North and South area could be s
elected and operated as recharge areas under flooding e

16
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Economic viability of recycled water MAR

J. Vanderzalm?, P. Dillon?, P. Pickering?, N. Arold?, S. Tapsuwan?, D. McFarlane! and E. Bekele?
1CSIRC Land and Water, 2Marsden Jacob Associates

LAND AND WATER

A cost-benefit tool to assess the economics of MAR with recycled water and its application to six Australian case studies

Background

Demand on water resources due to population growth and climate variability has led to growing interest in
water recycling via managed aquifer recharge (MAR).

Uptake of MAR for water recycling in Australia has been lower than expected. Despite the benefits that MAR
offers, uncertainty regarding economic feasibility is considered an impediment to water recycling via aquifers.

Sharing experience can address the uncertainty regarding economic feasibility of recycled water MAR and can
influence decisions to construct and commission MAR schemes.

Case studies Bty

Australian recycled water MAR case studies {Figure 1): ;7" j s '~-:

* Infiltration basins {WA) " ‘ R

* Infiltration gallery {Floreat, WA) v e ] UAR ace study

* Soil Aquifer Treatment {SAT) {Alice Springs, NT) S P e . / , §:§Ei;
+ Aquifer Storage and Recovery {ASR) {Bolivar, SA) ; m-i:;'. o :;':w

* Aquifer Storage Transfer and Recovery {ASTR) L

{Anglesea, Vic & Beenyup, WA)

Figure 1: MAR case studies (after Vanderzalm ez al., 2015).

Economic assessment method

The economic analysis was conducted using a cost-benefit analysis {CBA) framework with the Recycled Water
Economic Assessment Tool (AWRCoE 2015a). The Too! sets out the timing and magnitude of the costs and
benefits and, utilising the principles of discounting, reduces the costs to a net present value {NPV). Levelised
cost {or benefit) allows options of different capacity to be compared on a like-for-like basis.

In addition to including capital, operating and maintenance costs of wastewater treatment, water recycling
plant, recharge and recovery, and distribution, it also accounts for greenhouse gas emissions, and recovery
efficiency of MAR. Benefits include the sales price of recycled water and avoided costs otherwise incurred to
meet environmental or water supply security requirements.

The following assumptions were applied to all case studies:

* 50 year evaluation period

* Adiscount rate of 7% was applied, with sensitivity testing undertaken at 4% and 10%

» Construction of infrastructure completed within the first year, operations commenced in the second year

* Noresidual value of the infrastructure was included at the end of the evaluation period

* A cost of carbon estimate of $40 per tonne was applied and held constant over the analysis period

FOR FURTHER INFORMATION REFERENCES

Results for six Australia sites

Recycled water MAR costs were AS0.88-$3.56/m?3. Benefits were quantified at A$0.39-$8.50/m? (Table 1).
Five of the six economic assessments reported favourable benefit to cost ratios {benefit>cost) due to avoided
costs associated with surface storage, wastewater treatment or alternative water supply (Figure 2).

The Floreat infiltration gallery (Figure 3) was proposed to sustain groundwater dependent wetlands. Anglesea
ASTR assessed water recycling water for eventual inclusion in the drinking water supply, an option not
supported by current policy {Figure 4). The Alice Springs SAT scheme was not economically viable due to
unquantified and unaccounted externalities. Wastewater treatment capital expenditure is often a sunk cost.
Tahle 1: Summary of economic assessment of MAR case studies (Vanderzalm et af., 2015)
(Mm* fyr) (AS2014/15) | (AS$2014/15)
Infiltration basins (WA) 003 268 8.50 = Avoided costs of above ground storage = Aguifer replenishment
* Aguifer treatment

Infiltration gallery, Floreat [WA) 18 107 * Avoided cost of maintaining wetland with potable * Ecological benefits due to reduced discharge of

supply wastewater to marine environment
SAT, Alice Springs (NT) 1.2 209 * Avoided cost via i * Health against en ceph akitis

basins) * Avoided potable supply cost

* Aquifer replenishment

ASR, Bolivar (SA) 50 088 * Reduced discharge of wastewater to marine * Increase in crop prod uctivity

environment
ASTR, Anglesea (Vic) 89 3156 * Avoided wastewater cost * Willingness to pay for water security

* Avoided potable supply cost

ASTR, Beenyup (WA) 14 224 * Avoided cost of desalinated water * Social and ecological benefes of maintaining

Benefit oo ratio.
B & 8 h 8 b 8

Figure 2: Benefit to cost ratio for case studies. Figure 3: Floreat infiltration gallery economic analysis (AS). Figure 4: Anglesea ASTR economic analysis (SA).

Summary

The Tool was found to be useful in assessing benefits and costs as comprehensively as possible with the data
available. Costs varied from A$0.88-$3.56/m? for six Australian recycled water MAR case studies with target
recharge volumes ranging from 0.03-14 Mm3/yr {volume weighted mean cost of ~A$2.00/m3).

Potential benefits associated with water recycling via MAR are currently not well understood and not
adequately quantified in cost benefit analysis. Even without a thorough assessment of potential benefits, MAR
was found to be economically viable in the majority of recycled water case studies.
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16 coordinators of projects founded by the E.C. and action groups who have P'smAr9
supported the Madrid candidacy have integrated the M.A.R. Pan-European Network:
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solutions to scancity and climate change”

Rio Bravo
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