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Executive Summary

Opportunities for the use of atificid recharge techniques in the use of reclamed
water have been examined for the Amman-Zarga Basn and the Jordan Valley area
The sudy has involved the review of the current knowledge of the aguifers and
groundwater resources, and of desk studies and other work on atificia recharge
completed to-date. The previous atificia recharge work done has been mainly for
use with wadi run-off.

Recharge using surface infiltration, or soil-aquifer trestment (SAT), is the most robust
technique and is auitable for use with secondary effluent with no specid requirements
for pre-trestment.  Possble locations where this could be utilized in the basn include
two aress to the east of As Samra, and within the dluvid aress dong the margin of
the Jordan Vdley.

Wadl recharge could in principd be applied widedy as there are severad potentid
aquifers into which recharge could be done but atificid recharge through wells
demands comprehensive pre-trestment and is technicaly more complex to manage

Smple cost comparisons show that the cost of surface and well recharge facilities are
likely to be of the same order (0.5 — 1.1 million JD), but the additional cogts of the
essentiadl comprehensive pre-trestment, a an estimated 0.4 JD/nT, make well recharge
expensve. Together with the comparaive complexity of usng the technique, well
recharge is unattractive at present.

SAT sydems or infiltration lagoons, though conddered technicaly feesble in the
highlands, appear unlikdy to meet with officid or public acceptance at present
because public water supplies are drawn from the same areas. In contrast, Smilar
schemes in the Jordan Valey appear likey to gain ready acceptance as a cdearly
useful approach, making best use of resources. It is recommended that a detailed
feagbility study, including pilot scheme, be promoted in this area.
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|. Introduction
|.1 Generd Context

This report has been prepared under the terms of the Water Policy Support project of
the Ministry of Water and Irrigation, which is beng undertaken by ARD Inc. with
funding from the United States AID. The consultancy forms part of the Waer Re-
Use component and ded's specificaly with the Groundwater Recharge sub-activity.

This study, carried out between March 12" and April 2" 2001, looks into the
posshility of usng atificid recharge techniques to the use of reclamed water under
the Water Reuse component of the Water Policy Support project. The report looks at
prospects for the recharge of reclamed water in the Amman-Zarga Basin and the
Jordan Vdley.

|.2 Terms of Reference
Thefull ToR are shown in Annex 1

1.3 Methodology

Prior to this project, the application of atificid recharge has been consdered on
severd previous occasons, but in the context of enhancing natural recharge.  This
sudy has been based upon an initid review of this earlier work and on current
knowledge of the hydrogeology of the basn and the Jordan Vdley area. Based upon
the above work it has then focussed on the identification of aress where atificia
recharge usng reclamed water would be a the same time, both feasble and dso
offer wider opportunities for the utilization of water resources on a potentidly useful
scale.

|.4 Work Done
The work carried out has included the following main components;

» The review of the reports of previous relevant Ministry and predecessor agency
documents, consulting studies, and hydrogeological reports and data,

» fidd vidts, one to sdected areas of the man AmmanZarga basn, including As
Samra oxidation ponds and Wadi Zarga, and a second to the Jordan Valey
focussing on the area to the south of Wadi Zarga, to VA and Wadi Khafrein
Dam,

» discussons with senior technical dtaff of the MWI to benefit from their especidly
relevant local experience

» medings with other Jordanian experts and academics to ensure that al other
national expertise has been consulted, and

» consultation with other team members to integrate results with the project at large.

Options for Groundwater Recharge - Introduction



Il. Previous Artificial Rechargein the Amman-Zarqga Basin and Jordan Valley
11.1 General

One of the ealiex known examples of artificid recharge occurred following the
condruction of the Khafren and Shuab dams on the margins of the Rift Valey
dating in 1968 (Hirzala 1973). Although the subject of artificia recharge appears to
have been reviewed on severad occasions in the padt, the next reports were those of the
MW!I Working Group on Artificil Recharge (1994,1995,1996) prepared within the
Water Qudity Improvement and Conservation Project. Bagjdi (1991) discussed the
vaious factors affecting groundwater qudity in Wadi Dhulell area and examines the
effects of the specidly congtructed 1 million m3 capacity Khdideyah recharge dam
for the enhancement of recharge from Wadi Dhuleil, with a series of abgraction wels
downstream to intercept the recharged water. Few other specific proposals have been
caried forward and little practical work has yet been done except for another smilar
scheme, which lies outsde the Amman —Zarga caichment but is neverthdess highly
rdlevant, a Suwaga Dam. Here, infiltration from the dam, dso specidly constructed
to enhance natural recharge, has adso been found to be very limited (Rayyan 1996).

Bgjdi (op cit) discusses the effects of the groundwater contamination from the
unrecognized but dgnificant atificia groundwater recharge which has dso taken
place from the As Samra Reclamed water Treatment plant oxidation ponds,
comparing present conditions with those observed in the 1965 study (CWA 1965).
He shows tha this is an important exiding locd source of atificid recharge that is
not normaly recognized.

Some additiond information concerning some of the above examples are given
below.

[1.2 Case higtory outlines
Weadi Dhulel/K hdeydia

A dam was specidly congructed in 1983 to hold run-off and enhance infiltration from
the reservoir and which would benefit groundwater resources locdly. A recharge
well and a series of observation boreholes was drilled immediately downstream d the
dam with the intention of carrying out experimenta recharge. It is understood that
this was not in fact done and that the dam proved unsuccessful in enhancing recharge
in the long term because of regpid ditation and the loss of weater dorage.  This
arangement of recharge wel and wadi dam with observation boreholes was followed
at the Wadi Swaga scheme referred to above.

Khafrein and Shuaib Dams

Reference is made by Hirzdla (op cit), to the unexpected high leskage losses from
these reservoirs, which are founded on over 20m of dluvid sands and gravels,
overlying fractured and jointed limestones. He quotes losses from Shuaib during its
initidl 3 months of operation of over 30,000 m3/d. These dams, constructed in 1969,
currently continue lose a high proportion of ther inflow as atificid recharge.  Inflow
to the reservoirs is a mixture of naurd run-off and reclamed water from upstream

Options for Groundwater Recharge — Previous Work
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wastewater treatment plants (As Sdt and Fuheis, and Wadi As Sir respectively). Data
from Khefren indicate tha average daily arificid recharge “losses’, a water levels
of up to 67.5m above datum, are about 14000 m3/d. The losses, which will be largely
a function of waer leve, take place partly through ‘snk holes, which have been
observed in the exposad in the bed of the dry reservoir during the summer.

The effects of the dam losses on groundwater levels near to Shuab Dam were
reported by Hirzdla to be subdantid, immediady following congruction.
Recharged groundwater from both dams appears to move directly into the limestones,
beneath the dam dructure and from here into the dluvid aguifer a the margin of the
Vdley.

As SamraWWTP oxidation ponds

The WWTP was congtructed in 1985 and is now severdly overloaded, such that the
quaity of the effluent fals by a substantid margin, to achieve any of the basc qudity
criteria for Jordanian effluent discharge.  Since commissioning, losses from the ponds,
which are estimated to average about 17% of tota flow, have added continuoudy to
groundwater.

The migration of the recharged reclamed water has been uncontrolled such that it has
migrated in the direction of prevaling groundwater flow towards the eadt, carrying
greatly increased levels of nitrogen (up to 50 mg/l NOs-N) and increased sdlinity. In
this area, development of water resources commenced in the 1960's at which time the
sinity of the groundwater ranged typicdly between 300-400 mg/l as totd dissolved
solids (CWA 1965); in 1989, at the same locations, the sdinities had risen to between
1300-4000 mg/l (Bajdi op.cit), the higher sdinities being the result presumably of
irrigation return contamination, as the As Samra sewage has a dinity of only 1200
mg/l.

[1.3 Other work

The main result of the MWI Working Group deliberations and the support of USAID
work s0 far has been the development of the detailed designs for a project in the
catchments of the Wadis Madoneh & Butum. The project would involve the use of a
series of wadi dams and water harvesting measures for the optimization of naturd
recharge (MWI, 1997aand b).

Options for Groundwater Recharge — Previous Work
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I11. Opportunitiesfor artificial recharge
[11.1 Review of technology

The fidd of atificid recharge is broad and covers a whole spectrum of proven
techniques for enhancing natura groundwater recharge. The fund of experience is
now substantial and atificid recharge should no longer be regarded as an exotic
technique for water management.

TABLEI11-1

Artificial rechargetechniques
(Seedso annexes3 & 4)

Facility Purpose Sour ce Water Quality Constraints
proposed Nutrients SS
Surface Methods
Lagoons, dams Storage Minimize Minimize
basins, pits augmentation
Quality
Improvement None Minimize
Subsurface Methods
Wélls, boreholes Storage Minimize Extremely low
Quality
Improvement na na
(not suitable other
then for dilution)

In the Jordanian context, and in the Amman-Zarga basin where source water would be
a secondary effluent, the range of agppropriate techniques is limited, as shown.
Hydrogeologicaly, there ae many transmissve aguifers which aso have good
unconfined storage coefficients and capable of accepting artificia recharge. A table
summarizing the geology and hydrogeology and indicating aguifers, which might be
used for artificid recharge, is shown below as Table 111-2.

Options for Groundwater Recharge - Opportunities
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Tablell1-2 Summary table showing geology, & main aquifersfor artificial recharge

Era Period Group Formation Symbol Lithology Hydrogeological Thickness (m)
significance
Cenozoic  Quaternary Alluvium Unconsolidated deposits 10-15m?
Basdlts Volcanics & clays
Tertiary Basalts Volcanics & clays
Belga UmmRijan B4 Chalky Ist & cherts
Mesozoic  Upper Cret. Muwaggar B3 Bituminous shale,l st., chert Aquitard
Amman B2 Marly Ist with phosphate& chert
Umm Ghadran B1 Marl &shale (Aquitard) 220
Ajlum  Wadi Sir A7 Marly Ist.
Shuaib A5-6 Clayey dolomitic Ist Aquitard
Hummar A4 L st, dolomitic Ist
Fuheis A3 Sanstone and shale
Na'ur Al-2 Dolomitic limestone
Lower Cret. Kurnub K Consolidated sandstone 280
Huni Z2 Sandstone& shale
Notes
Aquifer suitablefor application of surfacerecharge , normally in hydraulic connection with bedrock aquifer
Surface recharge of aquifer possible where exposed , or well recharge also possible
Recharge of aquifer by well possible

Options for Groundwater Recharge - Opportunities
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Surface Methods
In the table, any of the surface techniques could in principd, be gpplied to make use
of underground storage and aso to provide a stage of treatment to dl or part of the
secondary  effluent in the basin, provided the source water qudity is adequate and the
necessary geologicad conditions are met.  Essentidly granular aquifers exposed at the
surface are needed to provide the infiltration conditions required.

Highly fractured and jointed limestones of rddivey high tranamissvity ae
unfavorable in that recharged water can move rapidly away from the dte of recharge
and be difficult or cogtly to recover. Furthermore, with secondary effluent, fractured
aquifers are capable of trangmitting particulates, including microbes.  For this reason
surface recharge demands a least supeficid granular materids. The process of
recharge of effluents for treatment is often known as soil-aquifer trestment or SAT. A
schematic diagram of the processisgivenin Figure l11-1.

Secondary effluent pumped Kg—Jj\

from treatment plant High guality effluent pumped as groundwater

' fram special interceptorwellficlds

= o & o -
All particulatas § . [nfiltration lagoons - Wellfipld
pathogens removed /l = \
Water qualify improvement during infilfrafion firough
unsafuraiad zone
LA E

Dilution, dispersion and
dapradation during i flow

Fiaurelll.l. Soil-Aauifer-Treatment (SAT) process for water reuse

Subsurface
Wel recharge could only be envisaged using highly trested water so microbid
contamination would not be an issue. The same problems of managing water storage
in a highly tranamissve aguifer, which are rgpid migration and costly recovery, would
aso apply however.

The condraints on nutrients and sugpended solids in paticular are specidly listed in
the table as the criticd condituents. The qudity of the reclamed water is generdly
very low a preset and As Samra treatment plant, the main source, produces an
effluent which does not comply with Jordanian Standards, and it would not be
possble to envisage an atificid recharge scheme baing built around such an effluent.
This means that any recharge will have to await commissoning of the proposed new
plant in 2007.

Options for Groundwater Recharge - Opportunities
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[11.2 Recharge water sources

This report deds exclusively with the use of tha reclamed water as a recharge water
source, S0 the opportunities for applications of atificia recharge are limited. This
limitation is both in terms of the amount of recharge water avalable (determined by
volume of reclamed water generated by trestment plants), and adso on the locations
where atificid recharge might be done as determined by the geology.  Reclamed
water arises a specific points and so has to be conveyed and delivered to the recharge
dgte.  As indicated in Section II, there is effectively dready atificid recharge in
progress by default, from the large area of exiding stabilization ponds, and the result
has been severe groundwater contamination as discussed.

The discharged treated effluent from the other WWTP's & Abu Nusair, Al Bag'a and
Jerash are currently of acceptable qudity with respect to Jordanian standards, with
some specific exceptions.  Compared with As Samra, the current flows at the smdler
WWTP s are smdl, as shown in the table below.

TABLE I11-3

Reclaimed water Rechar ge Sour ces

(1000’ s n/d)

Y ear As Samra Others Total
2000 45.9 4.9 50.8
2005 65.4 7.1 725
2010 104.7 12.9 117.6
2015 120.7 14.9 135.6
2020 137.9 16.6 154.5
2025 157.6 19 176.6

Commissioning of proposed new water supplies to Amman Basin in the period 2005
and 2010 accounts for the steep indicated increase in reclamed water availability in
that period. Within the ‘Others vaue for 2025, the flow from Al Bag a accounts for
over 65% of thetotal.

In the present plans for water use, irrigation and possible forestry areas have been
defined in the vicinity d As Samra for some of these resources.  Artificid recharge of
al, or pat, of this treated secondary effluent (after 2007), is a further option. It is
understood that this effluent will comply with limits for TSS (totd suspended solids)
and BOD (biochemicad oxygen demand) of 30 and 30 respectivdly. The gpplication
of SAT recharge effectively adds a tertiary trestment stage.  Interception of the
atificialy recharged resources by a specidly designed wellfiedd, would produce a
water supply suitable for a range of agricultura or indudrid use (such as refinery
cooling water for example) for loca wide agricultura use or export esewhere in the
basin (see below).

Options for Groundwater Recharge - Opportunities
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The costs of treatment to appropriate standards either before or after recharge, and
also of interception and recovery of the recharged water so have to be included.

The 3 smdler WWTP's discharge directly into wadis, which are in the King Tdd
Resarvoir catchment. At Jerash, WWTP effluent is fully committed for agriculture
dready. At and around these smdler dtes, the geologica conditions do not appear
favorable for artificial recharge and recovery, and they are not considered further.

I11.3 Possible recharge Sites

The possible locations for atificid recharge are shown in Figure [11-2.

Figurelll.2. Locations of possble atificid recharge stesin the Amman-Zarga
Basin & Jordan Vdley

As Samra- Al Halabat and Sharkiyah/Wadi Rukban area

Within 10 to 15 km ESE of the present As Samra plant there appears, from the soils
and geologicd maps, to be some aeas within which SAT aeas could be
accommodated, subject to suitable detalled geologica examination. All  potentid
Stes would require pumping to the SAT fadlity, and further pumping after
infiltretion, as groundwater, for further use. The depth to groundwater is too greet to
beided and further investigation will need to be done to establish viahility.

Options for Groundwater Recharge - Opportunities
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Jordan Valley

The man trested reclamed
water resources for any recharge
in the Jordan Valey would arise
locdly and mainly from releases
from King Tdd reservoir. In
addition, there are WWTPs (As
Sdt, Fuhes, and Wadi as Sir)
discharging to wadis which flow
into the vdley and which
dready ae, or would be
avalable for locd recharge,
given uitable geologicd
conditions. It is probable that
infiltration of the bulk of the
flows, except a times of high
flow, aready tekes place aong
the course of the wadis.

The King Abdullah Cand
contans  input  from  the
Yamouk river, loca resources
and in the lower reaches, King
Tdd Resavoir. Qudity is
inevitably variadble but it is a
large resource, and any surplus
flows which could be deployed
seasondly  for  recharge  and
dorage in the dlwid fans of o
the Valey margin through the i AL« S AR A S
use of atificid recharge, could

LT

e

have high vdue. The geology

of the dluvid fans has been  Figurelll.3. Generd locations of possible artificia

studied in detal by Dr Sdameh recharge sites in the Jordan Valley
of the Universty of Jordan, and

a report is in preparation for

submisson to the High Council for Science & Technology (perscomm). It is adso
understood that a research thess concerning the Khafrein dam has been completed by
Mr Stefan Lenz from Kalsuher Universty (Dr E Sdameh, pers comm.), which
should throw vauable light on the hydrology of the valey margin.

Judging from the experience with Shuailb and Khafrein dams (Hirzdla 1973) and the
information held by Dr E Sdameh, it gopears highly likdy that other suitable dtes
might be identified at the valey margin where basins dedicated to recharge could be
condructed (see Figure 111.3). Identification of specific location will require review of
the detalled mapping and some fiddwork. It is probable that recharge of the dluvid
aquifer from the margin of the Valey as proposed, could be further enhanced at
severd location in the Southern and Middle areas and possibly even more widely.

Options for Groundwater Recharge - Opportunities
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Wl Recharge

Given water of high and condgtent water quality in terms of suspended solids and
nutrients, well recharge would be possble in the rdatively transmissve aquifer
conditions, which can be found widdy in the basn. The rdativdly permesble B2-A7
limestone, and deeper arenaceous agquifers as wel, would otherwise offer good
opportunities for gpplication. However, usng reclamed water as the source, it is
difficult to envisage a feasble economic context within the planning period, which
might encourage the application of well recharge, principdly on account of the
expense of treating the reclamed water to a sufficiently high dandard.  Codly
treetment would be essentid dmply to avoid rapid clogging of the formation,
irrepective of the water quality condraints for further use. As well as comprehensve
suspended solids remova, it would be necessary to reduce nutrient and organics
concentrations.

The technology of well recharge is dso substantialy more complex than required for
surface methods, and a short outline setting out the main features is given in Annex 4
for completeness.

[11.4 Congtraints on gpplication
Physca

To make reclamed water infiltration and recovery precticdly feesble, it is essentid
to find the appropriate hydrogeologica conditions. Theseinclude

» athick, chemicaly inert, unconsolidated and permeable aguifer
> asufficient depth to the water table, to dlow Sorage & quality improvement
» no ggnificant clayey or Sty beds within the unsaturated zone

The above conditions are beieved to gpply to potentia sites in the highlands or the
Jordan Vdley, dthough in the Vdley it will dso be important to avoid areas with
severe sdinity problems and dso for the dluvid drata to be in contact with a good
bedrock aguifer. The higher the verticd infiltration rate, the higher the potentia
throughput (compatible with adequate natura treatment), and the smaler the amount
of land needed.

Socid & Culturd

The above notiond schemes are set out to be “sdlf-contained” so that good secondary
effluent is the source and a highly treated effluent/groundwater mixture is pumped.
The dedicated wellfidd would ensure that migration of any recharged effluent from
the Ste is minimized so that in areas where groundwater is not aready contaminated,
any degradation is smdl.

Nevethdess, this kind of use of an aguifer in combination with an effluent, even
though it will be of rdatively high qudity, is a sendtive issue where groundweter is

Options for Groundwater Recharge - Opportunities
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used as a drinking water supply, as it is in the Highlands area.  In addition, there are
fundamentd religious reservations on the pat of many people, which would be
difficult to overcome without long-term evidence of reiability and wholesomeness.

Options for Groundwater Recharge - Opportunities 1.8



IV. Potential Recharge Areas
V.1 Introduction

The limitations on possble use of reclamed water for atificid recharge have been
discussed above. Arisng from these consderations some possible areas have been
identified but al are subject to further detalled gpprasa to edtablish ther vdidity.
The last option of well recharge is included mainly to establish a comparison, as the
costs of pre-treatment of any recharge water are likely to be prohibitive.

IV.2 AsSamra- Wadi Dhulel- Al Halabat Areas
Locations

Proximity to the source of the secondary effluent is clearly a cost advantage in any
scheme, and in this case areas, which might contain suitable ground conditions, on the
lines discussed above, have been sought. From the soils map, there appears to be
some  aess within which an SAT stheme of the dze envissged might be
accommodated. Two possible areas within about 15km have been located on the
1:50,000 soils maps (Ministry of Agriculture 1994). These are a or near Ad Dhulel,
and in the Al Haabat as Sharkiyah areas (Figure IV-1). These range from about 10
km to 15km from As Samra Reclamed water Treatment Plant. Without messured
infiltration rate vaues it is difficult to assess the precise Szes of the area which would

FigurelV.1l. Locations of posshle artificid recharge Stesin the As Samraarea

be needed a this stage, but for a 10,000m3/d scheme, it is probable that the area
would be less than 25 ha

Options for Groundwater Recharge — Potential Areas
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Typicd Steddalls

The dte should be sdected (possbly usng surface residtivity survey in combination
with hand augering) in the area with the maximum thickness of superficd drata in
which the shdlow lagoons woud be excavated and which would comprise a least
pat of the unsaiurated zone. It is clear that the dluvia drata are everywhere
raivey thin 10-15m, but this is sufficient for SAT purposes. The underlying
bedrock over mogt of this area is the Amman-Wadi Sr limestones, which are of
moderate transmissvity and possess good storage properties, and the site should be
chosen to overlie these drata, specificaly avoiding the basdt areas.  Depth to
groundwater in the area exceeds 75m but the specific rature of the unsaturated zone is
not known.

The infiltration lagoon design envisaged the use of long (500m) and narrow (20m)
lagoons to make good use of the horizontd as wel as verticd permedbility of the
superficid strata.  Lagoons would be separated at the surface by 10m and each would
be excavated to 1.5m depth to allow a depth of 1.0m or more of recharge water depth
during operation, and the excavated spoil used to embank the margins of each lagoon.
Each lagoon would be capable of holding one day's ddivery of treated effluent
(though didribution on-ste might be necessary if infiltration rae is low and many
lagoons are needed). In estimating codts, severd infiltration rates have been used.
Water would be delivered from the WWTP through a cornveyor pipdine through a lift
of up to about 50m; after infiltration, reclaimed water would be intercepted by means
of a specidly condructed welfidd desgned to optimize recovery. These wells
would be drilled to about 250m depth to abgtract from the AmmanWadi Sir
limestone successon.  Mixed groundwater and reclamed high quaity effluent would
be pumped to the surface for agriculturd or indudtria use. For the purposes of this
report, the configuration a any SAT dte would be smilar. An extra settling/bdancing
dorage lagoon has been included in each notiona scheme, from which water would
be digributed to the infiltration lagoons, idedly by gravity.

V.3 Rift valey Stes
Khafrein & Shuab

These two dtes dready operate very successfully as recharge facilities. There is dso,
beow Khafrein, pumping plant ingdled which adlows surplus water, additiond to
irrigation needs, to be transferred back to the reservoir. It is recommended that this
gpproach be extended to Shuaib and, when the additiond and improved effluent flow
becomes available to augment King Abdullah Cand baseflow, that these facilities be
upgraded to make best use of the avalable storage in the reservoir throughout the
year. It is clear from the reservoir water budget for Khafrein that the losses from the
reservoir are predictably, head-dependent. By maintaining the head as high as
possible, the rate of recharge can be optimized.

Need for investigation

The precise circumgances in hydrogeologica terms, which give rise to the favorable
recharge conditions at the above sites need to be documented. The Stes are said to be
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built on dluvium, but widdy digtributed sinkholes have been reported in the dried out
bed of Khafrein reservoir. While it is not impossble for superficid deposits to reflect
the locations of such features in underlying limestones, it suggests an undable
Stuation where the bedrock is a very shalow depth. It is understood that there was
no patern observed in the digtribution of these features. A review of the PhD thesis on
Khafrein dam and reservoir  (Lenz, Universty of Karlsuher, pers comm. Dr
Sdameh) should be an initid priority in any investigation.

The reationship between reservoir stage and downstream groundwater level a the
exiging recharge dams should be sudied in advance of any planning to develop
recharge in the region. The sudy should take into both water leve/piezometric
effects in dluvium and bedrock into consderation and dso the water qudity changes
which occur during the process of artificid recharge. Even a present, the reservoirs
ae presumably subject to wide variation in qudity a certain times of the year in
addition to those caused by pumping surplus water from downstream. To characterize
the recharge water and the effects on groundwater downstream, continuous solid-state
recorders would be needed. Some new observation well drilling might be needed.

Once the reasons for the success of the above sStes have been established, the
egtablishment of infiltration aresas at other locations could offer consderable benefits.

Other dites

Subject to the above thorough invedtigation additiond smilar dtes might be
conddered dsawhere dong the rift vdley magin.  Where the above exiding
reservoirs are constructed on locdly mgor wadis, any other gmilar facilities for
recharge would have to built in minor wadi dtes to the north as far as Wadi Zarga,
dthough recharge water from could be delivered father north but would need a
Specid ddivery arrangemerts.

No specific Stes have been vidted but it gopears that Smilar storage Sites could be
found, in hydro geologicdly andogous Stuations, into which surplus King Abdullah
Cand water could be pumped when available. A proper survey needs to be carried
out to identify suitable Stes, in areas where the additiond recharge into the dluvid
drata could be put to best use. It appears from discusson with Dr Salameh
(Universty of Jordan) that the geologicd mapping of the dluvid fans that might be
used, is soon to be published.

For the purposes of this report it is assumed that any new recharge facility would be a
lagoon system smilar to the SAT scheme put forward for the As Samra area, and
needing regular cdeaning, as being economicdly attractive. Such a sysem would
probably not differ ggnificantly in terms of land requirement for SAT and would
probably be esser to accommodate to the land areas avalable, and the prevailing
topography (see Annex 5). Such inddlations, which are reatively inexpensive, could
be digtributes most widdly and gain access to the aquifer storage space available most
effidently.

Unless it can be shown that recharge of dluvium/limestone, on the lines of the
Khafren/Shualb dams can safdy replicated, it is difficdt to see how the cost of a
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fully engineered dam could be judtified for atificid recharge, even if a Ste could be
found.

V.4 Well recharge

Although the technology of well recharge does not lend itsdf to the use of a reclamed
secondary effluent as a source water, for reasons which are liged in Annex 4, it is
possible to treat effluent to sufficiently high standards that recharge might be feasible.

In generd terms, waer with high suspended solids concentrations can only be
recharged into highly tranamissve aguifers and this is done in some countries as a
means of disposa rather than management or to attempt to benefit groundwater users
a 4dl points down-gradient.  Secondary effluents have been recharged in the
Barcdona area of Spain into clean very coarse conglomerdic dluvium but even here,
periodic backwashing is needed. In the Amman-Zarga Basin, there are many severd
aquifers into which recharge could be attempted, but al are fractured and jointed and
in Unless effluent is derilized by chlorination or UV treatment prior to recharge, there
is the danger, in these aguifers, of causng widespread microbia contamination.  In
addition, nutrients N and P should be removed as far as possble, so that the likelihood
of any microbid activity in the wdl, which is likdy to encourage, clogging, is
minimized.
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V. Outline Design & Costs
V.1 Soil aquifer treetment scheme
Recharge supply

Pumping arrangements for treated reclamed water dready form part of the plans to
pump effluent eastwards for irrigation and forestry. Cdculated unit costs (MWI,
2000) for the effluent ddivered to 112m above As Samra are used as indicative only
in Annex 5.

Settling/baancing sorage

On-gte setling and effluent storage would use a single additiona lagoon which could
be gilit into sub-divisons with baffles, and could reduce suspended solids prior to
digribution to the infiltration lagoon. On doping Stes, gravity didtribution could
offer settlement benefit (see below)

Infiltration lagoons

For reasons discussed in Section 4, lagoons should be long and narrow (500m X
20m). As the posshble SAT recharge areas are farly level, lagoons could be straight
but in other areas, in the Jordan Valey, where the avallable Stes are not necessarily
levd, lagoons could be curved to follow contours. Delivery of recharge water by
gravity across doping sites would offer a settlement trestment benefit.

As the infiltration cgpacity is not known, three smple options have been looked a
ranging from 0.1 m/d to 1.0 m/d as the average recharge (or infiltration) rate over a
two-week recharge period. Actud rates will vary during the period as bed clogging
occurs. To achieve a totd rate of recharge of 10,000 m3/d, different numbers of
lagoons are needed depending on the average infiltration rate possble. It is further
assumed that one haf of the number of operationd lagoons would be draining for
cleaning a any time, so the number of lagoons for each option is twice the number
needed to recharge at the required rate. The numbers of operating lagoons for the
three infiltration rates conddered ae therefore 2, 4 and 10 plus the intake
settling/baancing lagoon, making atotal number of 3, 5 or 11.

Service area and roads

An aea & one end of the infiltration lagoons has been alocated to services, which
would include the inlet for the effluent, vaves and meters together with access track
and an on-gte office building.

Wdlfidd & observation drilling

Four production wells ae envisaged as being sufficient, if properly located, to
scavenge the recharged water and minimize loss of recharged water from the recharge
facility area. Four observation wells a 10,000 JD each are dso included. It is assumed
that arrangements for use of the pumped weater for agriculture or indusiry would alow
continuous operation.
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Operation & maintenance

Two-week (say) cydes of infiltration, draining & deaning would be a typicd
schedule of use. Draned lagoons would be alowed to dry prior to manud or
mechanized cleaning (scraping) of the beds. Bed-cleaning wastes would be given to
farmers for soil conditioning. It is estimated that 2 operatives would be needed for
each lagoon, employed continuoudy at a cost of 3. JD per hour.

The overdl capitd cost of SAT inddlaions would range between 055 & 1.13
million JD using the unit cogts lised in Annex 5.

V.2 Jordan Vdley - Recharge options
Infiltration lagoons

It is thought that the design, congtruction and operation, and hence costs of lagoons
would be smilar to those which gpply for the SAT systems mooted for the highlands
area. Themain differences are asfollows,

» water quality differs so the mode of operation and cleaning would differ, and
> teranislessleve solagoonswould probably need to be contoured.

To protect the infiltration lagoons againg rapid clogging & times of high turbidity in
the Cand, additiond settlement could be built in, and pumping from the Cand could
aso be controlled by turbidity.

Recharge water supply

At this gage it is not known how supplies would be developed. Direct abstraction
from the mixed water of the King Abdullah Cand including the reclamed water from
King Tdd reservoir could be taken from cand-sde pumping dations.  Alternatively,
if many fadlities were developed dong the vdley margin and a large totd supply (say
40-50,000 m3/d) were needed, a specid supply could be diverted from Wadi Zarga
and pumping minimized. No cogts have been developed for this.

Dam storage

The cost of Khafrein dam was about 600,000 JD in 1968 when it was built. Modern
costs would be many times this possbly as much as 10 fold. A specid pumping
dation for each dam would be needed pumping from the King Abdullah cand and
involving aslift of the order of 50m &t leest.
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V.3 Wdll recharge
Advanced water treatment costs

Effluent would need extra daification, and nutrient and organics remova.  This
would require sand filtration, carbon adsorption, and RO trestment. The estimated
cost of the additiond trestment either before or after delivery to the recharge ste, is
0.4 JD/m3. The annua costs for a 10,000-m3/d facility would over 1.46 million JD.
To this would be added the cost of ddivering water to the dte and this has been
assumed the same as for the infiltration lagoons so that total cost is about 2.8 million
.

Recharge well costs

The costs of a recharge are deemed greater than for a comparable production well, as
there is a need for additiona diameter to accommodate a thicker gravel pack (to
protect the formation and possible contain a backwashing system). There may dso be
a rechage man and a pumping man, additiond vaves and controls in the wel, and
the highest qudity screen, possbly over a greater depth. Reverse circulation should
be used for drilling if possible to minimize danger of formation damage.

Where the estimated costs of a production wel including dl screen, casng, pumps,
power supply, headworks, and controls to 250m, is about 60,000 JD; on this bass, the
comparable recharge well cost is 100,000 JD/well.

If production of recharged water was undertaken on a seasond basis, water would be
pumped by other users or could be abstracted from a specid wedlfiedd. The costs
produced here assume that 4 production wells would be needed. On tis basis, capitd
cost is 0.7 million JD, so comparable to surface infiltration.

Operation and maintenance

The water supply would be costly but would be of a qudity, which ensures the longest
period of recharge before needing backwashing. Recharge rate would gradudly
decline as clogging took place, needing rehabilitation to recover the performance. It
is typical for the achievable average rate of recharge to decline over time so that
economic well lifetime may be condderably shorter than a production wel. Ten
years rather than 15 years may be aredigtic period for planning.
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V1. Conclusons & Recommendations

VI.1 In generd, there are wide opportunities for artificid recharge in the
AmmanZarga Basn and the Jordan Valey. However, recharge usng reclamed
water as the source would limit the scope greatly. Only two areas have been
identified in which atificd rechage usng surface infiltration techniques ae
considered to be applicable. The areas are the Hadabat and Sharkiyah area in he
highlands, and dong the eastern margin of the Jordan Valley.

V1.2 Both soil-aquifer trestment (SAT) with dedicated wdlfidds for
recovery, and recharge well sysems have been roughly costed, based on 10,000
nt/day modules.

The capital costs of both types of recharge are smilar, but the unit costs of water for
well recharge are very high on account of the comprehensve additiond treatment
needed, making the use of the technique unattractive at present.

V1.3 Indications are that the recharge of reclamed water into aquifers that are
used a any point for potable supply would be wholly unacceptable at present, even
with comprehensive treatment and well recharge. Given this acceptance of SAT is
highly unlikely at present.

V1.4 Arificdd recharge of recamed water from King Tdd Reservoir (KTR)
in the Jordan Vdley appears to have a high chance of acceptance. Storage of any
additiona water in the dluvid deposits can be seen to offer clear potentid benefits,
and any risks ae smdl. A pilot recharge scheme usng infiltration lagoons should be
promoted.

Options for Groundwater Recharge — Conclusions & Recommendations
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ANNEX |

Terms of Reference

Scope of Work—Jordan Water Resource Policy Support Project
Short Term Technical Assistance— Groundwater Recharge Specialist

Background

This project is to support the implementation of Jordan’s water policies, and
one of its main components is water reuse planning.

The consultant’'s assignment will be to complete the groundwater recharge
sub-activity of the water reuse component.

Scope of Work

Recycling water by injecting reclaimed water into the ground and/or allowing
groundwater recharge by surface application of reclaimed water may a have
high benefit. As confidence is gained in the ability to monitor and control the
quality of recycled water, public perception has changed in some countries
and recycling to groundwater has become acceptable. Given that the planning
period is twenty-five to thirty year, this option should be investigated even if
the decision is to defer implementation until a much later date.

Seek and assess opportunities for artificial recharge of groundwater with
recycled water in the Amman-Zarga basin and Jordan Valley. Emphasis is
to be placed on areas where groundwater depletion is advancing.
Consideration needs to be given to the soils and stratigraphy, the receiving
aquifers, and the practicalities of recovering the recharged water.

Assess the technical feasibility of groundwater recharge, considering both
injection and surface application of recycled water. Determine the level of
treatment necessary and possible methods.

For the most attractive options, determine the mode of artificial recharge,
the infrastructure required, and the capital and operating costs of these
facilities. Assess the public acceptability of groundwater recharge with
recycled water, both in the Amman-Zarga highlands and the Jordan
Valley, if technically viable.

Assist with determining the economic feasibility of recharge options in view
of planned uses of the water.

Outputs

The primary output of this activity is the Groundwater Recharge Options
report, which should address the items detailed in the scope of work above
and other relevant aspects of planning groundwater recharge with treated
reclaimed water in the Amman-Zarga basin and the Jordan Valley. The
format of the report will follow that of the other technical reports produced
under the water reuse component of this project.
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Roles and Responsibilities

The consultant will report to the ARD Home Office Project Management team
at ARD headquarters concerning all US-based arrangements and activities
(contractual issues, international travel, travel advance, payment for services).

In Jordan, the consultant will work directly with the Water Reuse Planning
Component leader on all technical issues, report to ARD's Chief of Party on all
logistical issues.

Level of Effort

The in-country activities of the consultant will be in one visit in which the
above scope of work will be completed. A total of 20 working days are
allocated for this consultancy between January ?? and February ??. These
days comprise 17 working days in country plus three days for travel.

Travel Schedule

To be determined.
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ANNEX 2

Travd Itinerary & Work Schedule
Departure home 0730 for London Heathrow. Depart LHR 1600

Arrive Marriott Hotdd Amman 0230 am, by taxi; arrive project
office 0930.

Report review at ARD Project office.
Work at Hotel
Discussion with counterparts & report review at proj. office.

Feld work — vidit to highlands area, As Samra oxidation ponds
and King Tdd reservoir Ste

Meeting with MWI gtaff and work at office.

Field vist to Jordan Valey and meetings with Mr Shafiq
Habash, VA, the Director of Karameh Dam, and Dr Andreas
Kuck, GTZ, concerning sdinity in groundwater in the valey.
Also visted Khafrein dam and loca area

Work at project office; meeting with W Bgjjdi, ex WAJ
groundwater expert with specid experience in Wadi Dhulell.

Recreation
Work at Project Office

Mesting with Dr Nadir Al Ansari, Universty of Al d-Bait
concerning reclaimed water re-use. Work in office p.m.

Office closed due to Arab Summit Mtg; report writing at hotel.
Work at ARD Project office.
Work at hotel.

At ARD Office; meeting with Dr Elias Sdameh, Universty of
Jordan; meeting with senior MWI gtaff

Completing report &t ARD Office.

Depart Amman on BA 6706 at 0735; arrive at home 1800
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ANNEX 3

Artificial Recharge of Treated Sewage Effluent through
infiltration lagoons

1. Introduction
1.1 Basic concept

The re-use of sewage effluent and dudges to irrigate and fertilise, has been used
throughout recorded higory though manly on an informa bass.  Often the
underlying main objective has been one of disposd but the use of ‘night soil’ in
China, for example, has been an important EaT of ther sysem of conservation and
agriculture for centuries. From the mid 19™"Century, the collection of large volumes
of sewage in sawers from urban centres, provided a new resource for agriculture in
some aess, and sawage ‘farming’, usng primary effluent, was practiced in many
European countries from this time. It was used essentidly as a means of digposd of
sewage from the large and then rapidly growing conurbations.  The more modern re-
use of trested sewage effluent by rapid infiltration, has been gpplied on a large scde
in some parts of the world, and particularly in the US where large amounts of water
have been consarved for re-use, manly for unredtricted irrigaion (Bouwer
1985,1991).

Through the use of a sysem of atificid recharge lagoons, polluted river water has
been used as a source for public water supply for many decades in Europe. River
water has been collected from contiguous dluvium ether by directly induced
recharge, or by the use specid infiltration lagoons from which the infiltrated river
water is absracted through specidly located interceptor wells.  In Holland for
example, the River Maas is used for water supply after thorough pre-trestment,
atificid recharge, abdraction and find treatment. The river is polluted and of
vaiadle <dinity; through recharge, vaiadlity in the source waer qudity is
attenuated, and much vauable additiond trestment effected. This is only one of
many schemes operding in the Netherlands (Peters 1988). Also, in many aress in
Germany, dmilar atificdd recharge schemes make use of indudridly polluted river
water, aso for public supply. Partiad oxidation and pathogen removad during the
infiltration process, between surface and water-table in dluvium, is an important
element of the overal treatment process. In each case, the capacity of the naturd
drata as treatment media, rather than for Storage, has been used to advantage
(Kussmaul 1977). Nevertheless, the storage capacity of the formation does play an
important part in the process, in dlowing retention and disperson so that water
quaity variaion isfurther attenuated.

In arid regions, where natura renewable water resources are severdly limited, the re-
use of reclamed water becomes an important option when new resources have to be
found. The infiltration process has a consderable capacity to improve the qudity of
the recharged water as indicated above. Dilution of recharged water with natura
groundwater improves qudity and further infiltration and digperson within the
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saturated aquifer dlows further oxidation, and other processes, to take place (see
below). The recovered reclamed water resources thus recovered can be stored in an
aquifer, where hydrogeologica conditions are suitable.

1.2 Previous internationd experience
Some of the most comprehensive reclaimed water recharge research has been carried
out since the late 60's, in Arizona USA (Bouwer op. cit). The literature is extendve
but much work has been focussed on varied and sometimes complex case studies,

while the basc technology is rdaively smple.  The basc principle is illugraed in
Figure 3.1.

Figure 3.1. - Section across single lagoon showing water flow directions
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One recent and relevant successful agpplication has been in western South Africa,
where the water resources options are extremely limited because of the lack of natura
water resources. Here, the artificid recharge of treated domestic and industria sewage
effluent (with sorm drainage when avalable) is an integrd pat of the waer supply
sysem, which is based on the re-abdraction of the recharged reclaimed water as
groundwater (Wright & Parsons 1994). This application would offer some pardlds
for Jordan.

Highly treated reclamed water has dso been used experimentaly for recharge
through wells, much of the research having been done on Long Idand in the USA in
the 70's and early 80's (Faust & Vecchioli 1974, Vecchioli 1975, Roberts 1985). The
feeghbility of recharge through wels is technicdly more difficult because of
susceptibility of the aguifer to clogging and these problems are particularly acute with
reclamed water. In the Long Idand example referred to, the difficulties of operation
rdlated to the problems of rehabilitation of the arenaceous dluvid aquifer after
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clogging by suspended solids, even though the recharge water was of very low
turbidity. This, together with the codsts of the very highly treated water, made the
scheme completely uneconomic.  High injection (recharge) rates and lesser problems
with clogging have been encountered using fissured aguifers. However, because of
the more rgpid and less predictable movement of groundwater in such aguifers, the
management of recharged groundwater resources for re-use tends to be difficult. As a
result, limestones and other fissured aguifers have more frequently been used for
disposa rather than resources management.

1.3 Applications in the Amman ZargalJordan Valley areas

Clearly a pre-requidte is the availability of a source of treated reclamed water and in
the above areas, the only mgor current sources are those discharged from the As
Samra Plant and the smdler plants & Baga, Abu Nusar ad Jarash (East).
Additiond plants are planned for Zarga and Jerash(West). New treated effluent
resources will therefore become available from these new developments which could
be applied in this way, but which are currently destined for direct agriculturd re-use.
The most gppropriate methods in these areas would be infiltration lagoons, which,
suitably landscaped, can dso offer some benefits in terms of amenity and wildlife.

The gpplication of trested reclamed water recharge in Jordan could therefore be seen
as involving typicdly, a sysem of soecidly desgned and located infiltration lagoons.
The unsaturated zone is used to effect additiona trestment, and the saturated zone for
dorage, detention, dilution and mixing prior to withdrawa for re-use from the
dedicated welfidd. At the point of withdrawd, the recharged water will form only a
proportion of the pumped water and, in addition to disperson and mixing with natura
groundwater, the degradation of any organics in the recharged water aso would be
wdl-advanced.  Furthermore, the absraction of the recharge water/groundwater
mixture from the dedicated wdlfield would serves to protect local groundwater (if of
superior quaity) and the aquifer at large, from possible degradation. It must be added
however, that the qudity of the water that could be produced is likely to be of higher
qudity than dready exists over large areas of the country.

2. Criteriafor design of areclamed water recharge scheme
2.1 Introduction

The various schemes, which have been studied and operated around the world, have
been based upon many condderations including the locd hydrogeologicd setting,
source water quaity and specific needs for the additional water. The most important
of these are

the hydrogeology (infiltration rate and unsaturated zone thickness and properties,
and volume of aguifer sorage available),

the quality of the effluent (effect on infiltration rate and operating regime)

the land area available (the capacity of the recharge facility)

location of the water source and point of abdtraction (to minimise cost and
maximise mixing and disperson),

avallahility of other resources for blending, if necessary, and

proposed manner of re-use.
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The above topics are explored further below

2.2 Hydrogeology

The volume of aguifer used to receive and store the recharged water has to be readily
accessible and provide adequate operating storage. There dso has to be sufficient
opportunity for infiltration treatment in the unsaturated zone between the suface and
the water table. Basic requirements are therefore for a thickness of unsaturated zone
(idedly >30m), and a verticad permesbility which enables high rates of recharge
without overloading the treatment capacity of the unsaturated zone. There dso has to
be sufficient space in the aguifer where the recharged water can be retained and not
logt through eveporation, or through sorings.  Alluvid aquifers would be ided in the,
but because of the need to avoid areas of low permesbility and high anisotropy,
goecid dte invedtigation would be needed. Piedmont areas may be most suitable,
where average grain Sze is compadtivey lage so verticd permesbility reatively
high. Alternatively sStes within wadi spreads may be suitable, though there may need
to be specid provision for diversion works on the upstream side.

The infiltration rates which can be achieved, will depend on the verticad permeshility
of the formation. These will be high a the sart of a recharge period and tend to
decline as the bed of the lagoon clogs progressvely with suspended solids and
biologicd debris. The duration of a recharge period will ultimately be optimised to
maximise throughput compatible with good recharged water qudity. There is little
information on possble natura infiltration rates but experience esewhere indicates
that rates of 1.0 m/d may a typicd vaue. (Mohsn et d 1995, Bradford 1995). In
practice, infiltration takes place through the bottom and sides of a lagoon when the
Sdes are left uncovered and smply congructed with a batter of say, 1.2.  For present
purposes, assuming a ‘good’ Site, whether in a wadi course or elsewhere is sdected, a
‘desgn’ darting infiltration rate of a least 1.0 m/d gppears redidic. If it is further
assumed that the average infiltration rate over the infiltration/draining/cleaning and
re-aeration cycle is 0.5m/d, about 0.2 Ha of recharge lagoon area per megditre of
effluent, would be required, or about 2 Hafor 10,000 m3/d

2.3 Lagoon Design

Shape
In a piedmont area whether in a wadi or on the edge of an interfluve, an dongate
shape pardld to groundwater level contours would be most efficient, in terms both of
mantaning a gSmilar depthto-water benesth the infiltration facility, and for
interception of the recharged water immediately down the hydraulic gradient. This
could be done usng exiging, or specidly drilled, wdls for interception of the
recharged groundwater.

Bed area/depth
Best advantage can be teken of typicdly higher horizonta permesbility if lagoons are
long, thin and deep. At locaions where the vertical permesbility is high this is not be
such an important consderation. However, to minimise the surface area and maximise
the depth is dso beneficid in reducing losses to evaporation during the hottest time of
the year when evaporative losses may exceed 5 mm/d. Because infiltration should be
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continuous to maximise throughput, a least two lagoons would be needed for any
feacility, so that one could be draining for re-agrating, and cleaning, while the other
was in operation. In practice it would probably be desrable to include a specid
additiond lagoon into which supplied effluent could be further settled prior to
recharge, and which would serve as abdancing storage.

Cleaning

Mechanicd cdeaning is possble usng specidly adapted equipment which would
require an access ramp, and a level bed. If water supply practice was followed, then
300-500mm of filter sand might be laid on the bed of lagoons, the clogged layer can
be removed, cleaned and replaced. The use of mechanica cleaning methods is
however, geared specidly to the cleaning of lagoons which have fully engineered
concrete, or otherwise stabilised, sides (such schemes are used in Germany and the
Netherlands). This tends to severdy reduce infiltration by blocking off the horizontd
infiltration of recharge water for reasons described above. For applications in Jordan,
mechanised cleaning has not been considered at the moment.

2.4 Treated effluent quality and pre-treatment

It is preferable for the main oxygen demand and the bulk of the suspended solids and
nutrients to be removed prior to entry into the aquifer. The biologicd and chemica
oxygen demands ae dill rdaivdy high for atificid recharge, and the further
aerdion in the lagoons prior to recharge would help to satisfy these demands and to
oxidise ammonia.  This would therefore occur to some extent prior to infiltration,
within the recharge lagoons, though without some mechanicd aeration, may not be
vay efficient. The smples method of doing this would be for the effluent to be
discharged through an aeration cascade a the point of discharge into the lagoon
sysem, to enhance dissolved oxygen content as much as possble. Other processes,
which would occur in lagoons, is the assmilation of nitrogen and phosphorus by
dgee, under the influence of high temperatures, and solar radiation. The remova of
these nutrients is beneficia provided the vegetation produced does not snk and
decompose, otherwise anoxic conditions may occur on the bed of the lagoon.

If this is not possble, anoxic conditions may become quickly established leading to
undesrable water quaity changes such as mobilisation of iron and production of
hydrogen sulphide. However, it must be added that beneficid changes, such as
reduction of nitrate, may also occur.

The recharge operation therefore has to scheduled carefully, not only to enable the
lagoon beds to be cleaned, but aso to provide opportunity for some re-aeration of the
unsaturated zone and at the same time, maintain recharge rates at the optimum.
3. Recharged water quaity improvement.

3.1 Unsaturated zone
During infiltration to the water table, through the unsaturated drata, many water

qudity changes are possible as the result of interaction between the infiltrating weter,
the pore gases, and the drata. At the point of entry into the aquifer (the lagoon bed),

Options for Groundwater Recharge Annex 3- 5



the particulate matter would be srained out, including most of the bacteria and
viruses, some of these can peretrate through the pores or fractures of the Strata, but
tend to be adsorbed within metres of entry (typicdly, in unfissured drata, much less).
From tha point, the interactions which take place, are between the dissolved
substances and gases in the water. There is dso heat exchange between the water and
the mass of the drata, 0 that the variations in input water temperature are greetly
reduced or virtudly eiminated.

The main changes, which occur during infiltration, are the result of
Chemical and physico-chemical reactions

Adsorption/desorption
Acid-base reactions
Oxidation —reduction
Precipitation-solution

Biochemical reactions

Degradation by microbes
Cdl synthess

Charged particles and ions, and colloidd particles are held or a least retarded, by
adsorption onto the surfaces of the finer particles (clay and dit) in the draa
Desorption can occur if sdinity declines for example.  The solubility and mohility of
condituents increases with decreasing pH.  Acid-Base reactions can be influenced by
the bresk down of organics in infiltrating water. Oxidation of the organics requires
pore oxygen and dso the oxygen in nitrate and, in some cases, the sulphate dso. The
opportunity for the regeneration of pore gas during aeration periods is vitd for the
long-term provison of as much pore oxygen as possble.  Depending on the pH and
the concentrations of various condituents in the water, there can be dther
precipitation or solution.

The mogt important range of changes is that concerning the degradation of organic
compounds which are mgor contaminants in recharged effluent. These biochemica
reactions bresk the compounds down into smaler more stable molecules, water and
cabon dioxide. The improvement in water qudity will be best where the unsaturated
zoneisthickes.

Reaults from the US example operating a Phoenix, Arizona, point to remarkable
efficient treetment in passng through the naturd media as illudraed in the table

beow.

Congtituent Rechar ged Effluent Recovered
groundwater
TDS 750 790
Suspended solids 11 1
NH4-N 16 0.1
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NOS3-N 0.5 5.3

Organic- N 15 0.1
Phosphate as P 55 04
Huorine 1.2 0.7
BOD 12 0
TOC 12 1.9
Zn 0.19 0.03
Cu 0.12 0.016
Cd 0.008 0.006
Pb 0.082 0.006
Faecd coliforms/100ml 3500 0.3
Viruses, pfu/200ml 2118 0

(al vauesin mg/l unless otherwise stated; from Bouwer 1985,1990)
3.2 Saturated Zone

At the water table, oxidation of al ammonia and pat of the organics would, idedly,
have occurred. On reaching the water table, recharged water will migrate towards
discharge, whether natura or artificia (pumped). In the course of migration through
the saturated aquifer, the dissolved condituents in the water are subject to dispersion
and dilution, and the degradable condituents to continued decay. The rae and
effectiveness of these processes are directly related to the properties, physical and
chemicd, of the aquifer. Under saturated conditions, with no gaseous oxygen, the
avalability of oxygen is less, s0 oxidation of organics tekes longer. However, the
process Hill occurs and water quaity can be expected to improve in the direction of
groundweter flow. In due course, quaity will improve to the point of being suitable
for any use, including use as drinking water.

Clearly the arrangements for interception of recharged water for re-use, depend on the
above processes and the plans for re-use.

4. Recharged groundwater interception.

The dimensons of the groundwater ‘mound which would build up beneath the
recharge facility, is a function of the rate of recharge and the properties of the aquifer.
The mound would ‘decay’ continuoudy down the groundwater gradient with
disperson and concomitant dilution taking place. Further water qudity improvement
would aso take place including the remova of any organics, and bacteria or viruses,
if any of the later reached the water table.

Mathematicd modelling would be hdpful in assessng the way in which the recharged
water body would move. If complete interception of the recharged water was
required, then results of moddling would enable the optimum depths, designs and
goacings for the appropriate production wells to be determined (provided the
gopropriate loca data were avalable). There would be quality benefits in dlowing
the longest possble travd time but if qudity only had to satisfy agriculturd/irrigation
dandards, long travel/resdence time in the aguifer would not be an important
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objective. Recharge would be a continuous operation so to achieve maximum scheme
efficiency, wdlfidd abgraction would dso have to be more or less continuous.
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ANNEX 4
Well Recharge

1.Introduction
Generd

A well usefor recharge of surplus water is seen asan ‘ordinary’ well in reverse and
assumed to operate and respond in much the same way with the rise in water level
caused being analogous to drawdown. Drainage wells and soakaways are common
for the disposa of water but the technology of constructing and operating recharge
wells as a useful water resources management technique is more recent, dthough
many pilot studies have been carried out in the past (Edworthy & Downing 1981).
The congraints and limitations of the technique are now better understood and the
high quality weter typically needed for well recharge, isless expensive to produce.

Wil recharge facilities are smdl in Sze, need little land and cause little disturbance

to the environment; water resources can be augmented in specific areas where thereis
adeficit or where there isroom in an aquifer for additiona storage. Specid recharge
wells dedicated to the one activity are typica but there has been increasing interest in
the use of asingle well for both recharge and production or ASR (artificia storage
and recovery).

Applications

Where spaceis limited and water qudity is high, well recharge has gresat potentid as
one technica option for the augmentation of groundwater storage.  Its ultimate
suitability for any gpplication depends on cost.

2.Selection of recharge well sites

For well recharge, the availability of storage space in the aquifer isthe main pre-
requisite to allow suitable Stes to be defined. Beyond that there are many varied
reasons for considering groundwater recharge.

Regiond use

Recharge wdlls are often seen as away of focussing additiona water resources where
there are clear and well defined areas of deficit, but thisis only of value when thereis
esdly accessible aguifer gorage and thereisalarge supply tofill it. 1t is sometimes
used asaway of usng awinter surplus from atrestment plant which can be recharged
to augment storage reedy for higher rate use in the summer.

Specific problems
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If sdineintrusion is being caused by too much fresh groundwater pumping near the
coadt, arecharge barrier can in principle be set up using aline of recharge wells
between the coast and the production wellfield (Bruin & Seares 1965, Aberbach &
Sdlinger 1967). Similarly, groundwater flow can be ‘managed’ to divert
contaminated groundwater flow by means of recharge.

3.Water quality consderations

The mgor problem which aflicts dl recharge well operations, is the process of well
clogging. Thisismost congpicuoudy caused by the particulates, both organic and
inorganic but can aso be caused by arange of other factors. Susceptibility to
clogging aso depends on the nature of the aquifer. Where fracturing is important, the
impact of clogging isleast, but for unconsolidated dluvid types of aquifer, clogging
can occur rapidly and rehabilitation can be difficult if not impossble.

Suspended solids

In a pumping well, after proper development, fine materials are removed from the
aquifer closest to the well so that hydraulic losses are minimised. If the rate of
pumping is excessive, fine solids can be mobilised during operation. During
recharge, even with good quality water, suspended solids are Strained out from the
recharged water and accumulate on the face of the aguifer indde the wdl. Thefiner
solids can penetrate the aquifer to a degree which is afunction of the pore, or fracture,
gze. The cumulative effect isfor the recharge rate to diminish so that ‘ backwashing’
has to be done to remove as much of the added solids as possible. In practice, a
proportion of the solids which enter the aquifer usudly cannot be removed by the
inflow velocities which can beimposed by pumping. The effect of thisisa
progressive underlying decline in recharge rate, even though partia renovation is
possible a each ‘cleaning’ operation (Marshdll et a, 1968)

Microbes and nutrients

Microbes are part of the suspended solids load but the main problem comes from
‘resdent’ microbes which are able to use substances in the recharge water asa
nutrient, whether it may be iron, nitrogen, or phosphorus, for example. Growth of the
local microbes can eventually occlude the screen or pack and cause severe clogging
which can be very difficult to bresk down. Sterilisation, or other chemica trestment
with energetic backwashing, is usudly needed.

Encrustation

Compatibility of the recharge water with the ambient groundweater needs to taken into
account. Changesin pH or redox potential when the hydraulic regime in the well
changes (from recharge to pumping for example), and when mixing in the well takes
place, can lead to the build up of encrustation. Precipitation of limeis one of the most
likely potentid problems.
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Gas dogging

Bubble formation in the recharge supply within the well can happen when thereisa
fal in pressure as water leaves the recharge inlet pipe. If bubbles are produced faster
than they can be re-absorbed into the water, the residua small bubbles can block the
interstices of the aquifer and reduce the transmissivity gregtly. To avoid this problem,
the recharge pipe can be equipped with aremotely operated control valve which
enables the recharge inlet pipe to be kept full dl thetime.

Storage & recovery changes

Recharged water is subject to disperson when it isinjected or gravitated into an
aquifer, so that mixing with the native groundwater takes place across the interface
between the two. The mixing can be accompanied by dengty sratification where
thereisalarge difference in sdinity. During recovery, the recharged water is
recovered with little or no qudity change initialy, but as the time progresses, mixed
groundwater is pumped and quality changes gradudly to thet of the native
groundwater. To recover dl of the recharged water, it may be necessary, because of
disperson and mixing, to pump many times thet volume. The effect of this
phenomenon, if the native groundwater is sdline or otherwise of low qudity, isto
contaminate a proportion of the recharged water so thet there are ‘losses’ in terms of
usable resources as aresult of recovery after sorage. The longer water is stored in the
aquifer the farther will tend to migrate in the direction of naturd groundwater flow
and the longer will be the time needed to recover it; in time stored water will move
beyond the point where recovery is possible unless there are interceptor wells down
gradient. For sngle ASR wells (Artificial Storage and Recovery wells) thiscan bea
serious drawback.

4 W€l construction

The dangers of clogging by drilling mud during drilling need to be avoided and it is
desrable to use organic drilling fluid rather than bentonite. The dangers of exposing
the aquifer to sugpended solids can be further minimised by applying reverse-
circulaion drilling, atechnique particularly useful for drilling large diameter
boreholes.

Dimengons & maeids

Depth and diameter need not differ greatly from production wells, but thereis
sometimes the need to accommodate separate recharge and pumping mains, and
possbly additiond vaves. Furthermore, it is essentid in aguiferswhich are
especialy susceptible to clogging, to include athick gravel pack so that suspended
solids introduced into the well during recharge, can be accommodated before they
reach the formation (Edworthy 1978, O’ Shea 1984).

Screen, pack and backwashing

A thick gravel pack can be good protection for the aquifer against invasion by
suspended solids during recharge when flow into the aguifer is continuous, and
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pressure (or head is highest. Under unconfined conditions where the screen extends
downwards from the water table, there is a danger, during pumping, that part of the
screened section of the hole will be above groundwater level, and there will be no
flow through it. This can be dedt with by ingtaling back-washing pipes behind the
screen within the gravel pack from which water can be jetted to clean the ‘dry’
section.

In a confined aguifer, the same problem need not occur, but there will ill be abasic
limitation on the rate a which water can be drawn back through thewell by pumping.
To didodge clogging materids from the pack and aquifer, specid surging, jetting and
possibly back-washing with chemicas might be necessary.

It ishighly desirable for the screen to have as high an open area as possible so that
‘access’ to the pack is easiedt, ether for recharged or pumped water, or for specia
washing activities from within the well.

5.0Operation and maintenance

The rate of recharge declines over time at arate which depends on the extent of any
clogging problems. Experience show that partia or even near-complete recovery of
performance is possible by regular backwashing, but that thereis agradud decline
towards a‘sustainable’ rate which may be afraction of theinitid rate. Regular
cleaning at an interval which hasto be set on the basis of experience, is essentid to
long life, but even more important is the demand for the highest possible water supply
from the outset

Figures

Refer ences

Aberbach SH & Sdlinger A 1967 A Review of atificid recharge in the coastal
planof Israd. Bull Int Assoc Sci Hydrology., 12(1), 75-77

Bruin A E& SearesFD 1965 Operating a Seawater Barrier Project. JIrrig &
Drainage Div, ASCE 91, IR-1,Pt1, 117-140

Edworthy K J& R A Downing 1980 Artificid Recharge and itsrelevancein
Britain. JWES, Vol 34, 2, 151-167.

Edworthy K J 1978 Artificid recharge through a borehole. Water Research Centre,
Technica Report TR 86 (August).

Marshall JK, Saravanapavan A, & Spiegd Z 1968 Operation of a Recharge
Borehole._Proc ICE,41,447-473

O’ SheaM 1984 Borehole recharge of the Folkestone Beds at Hardham, Sussex,
1981-81. JWES, Vol 38, 1, 9-24.

Options for Groundwater Recharge Annex 4- 4



Annex 5

COST ESTIMATES

Table 5.1 -Re-use of As Samra effluent by artificial recharge

Cost of facility to recharge 10000 m3/d

Option Inf Rate Inf Area* Service** Total area  Excavation
m/d m2 area (m2) m2 (m3) to1.5m
1 1.00 30000 .00 2800.00 32800 43335 .00
2 0.50 50000 .00 4400 .00 54400 72225 .00
3 0.10 110000 .00 8300 .00 118800 158895 .00
* - Includesfor duplicate recharge basins plus settling/buffer storage lagoon
** - Additional space at site for settlement lagoon access services etc
Option Cost of Cost of Cost of Local site Capital
land Excavation  Wellfield  minor works cost of site
JD JD JD JD JD
1 16400 195007 .5 280000 54400 545807.5
2 27200 325012 .5 280000 64400 696612.5
3 59400 715027 .5 280000 79600 11340275

Cost of Recharge Water

Assume0.378 JD/m3(see reference) and 3.65 MCM/a (10000 m3/d)

Total = 1379 700 D/a

Lagoon Operation & Cleaning

Option Saff Unit cost* Anncost Water source Total Ann
No JD JD/a JD/a cost (JD/a)

1 4 7488 29952 1379700 1409652

2 10 7488 74880 1379700 1454580

3 22 7488 164736 1379700 1544436

* Full time 6-day week, 8h day & 3JD/hr

(Ref-MWI 2000 WRPS Project; Pre-feasibility study,Water Re -use for Ag & Forestry)
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Figure 5.2 Estimate of Well Recharge Costs

( for scheme to recharge 10000 m3/d)

Capital Costs

Unit Rate No Total

1D 1D

Land ha 5000 4 20000
Rechargewells ea 100,000 4 400000
Production wells ea 60,000 4 240000
Monitoring wells ea 10000 4 40000
Total JD 700000
Annual Cost of Recharge water
Water delivery and costs m3 0.38 3650000 1387000
(value taken from MWI,2000)
Addition effluent treatment m3 0.4 3650000 1460000
(Value adapted from estimated
figurein Asang“*)
Total JD 2847000

**\Wastewater Reclamatiof Re-Use, Editor T Asanp

Water Quality Management Library N®, Technomic Pub Inc
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