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Ahstrac

Three-dimensionalvertical eireulatian Mows around wells wilh lwa sereen seclions in ane aquiler are
discussed in ease thal a vertical discharge through the well easing is initinted wilhout any extraction
ar infilleatian, Purlhermore, these MNow sysiems are uscd in combinntion with a partial discharge
withdrawal ar infiliraticn aken (rom or adued to the total discharge thraugh the well csing to avaid
head changes at the top, The paper first presents resulls of the resulting Now sysiem 1o characierize
the circelation. Further, 2 lot af diagrams are presented which ean be used to dimension those special
wolls with verticnl circulation (lows.

InLronl uctivin

Groundwiler Cireulalinn Wells {German ablr.: GZ1) and Vacuwm Yaporizer Wells {German abbr.
W1 have lwo screen seelions in ane aquifer, ene sl the aguiler boltem and one al the groundwater
surface or belew an aguitard |1,2]. The grovadwaler within Lhe well moves vertically and 1hus
praduces a growadwaler eireulalion in the surrounding aquiler, This circulation fow is everlapped wilh
the natural proundwater o,

“I'hese Mow syslems arg wsed for in sit or an-sile aquiler remediation. The contaminated groundwaler
is cleaned by different measures, while 3t passes the well casing, or within the well notrienls andfor
electron acceptors are added [or bioreelamation using the aquifer as a bioreactor [2,3], Further, this
Mow system ean he employed Lo extracl or infilirale proundwater without any change of heads al the
well lop [3,4]. All these technolopgics have been palented by 1EG mbk, D-7410 Rewtlingea, Geemany.

The vertieal circulation Dow arcund the UVTE and GZIE has been a matler of conlinuous numerical
investigatinns [4]. Milherta this has been realized ealy for conlined aquifer conditions, which permits
Ihe superposition of the Now liclds of different wells and the nnlural grovndwater Now; the local
hebow atmospherie pressuee licld (in case of o UV is neglected, Further, density elfcels are ignored;
anly steady-stale condilions are taken inla account, amd, for csimating Lhe capture zone. caly
convective iransporl is considared.

lesulting Mow sysiem of a UV or GAD

The peneral character of the vertical circulation fow is Jemonsirated in Figure It In o verlical
Iengiudinal seclion paraliel 1o the natural groundwater flow, streamlines mark the Nlow around one
(lYig. 1a) and twao {Fig. 10} upward pumping GXD or UVD, their separation being made cqualto the
distance between siagnaiion poind and well axis. The strang verical circulalion ow especially between
the twa wells {Fig. [hy, which is cxtreme henclicinl in o highly polleted arca near the conlamination
sourees, is evidenl.

Pig. 2 presents o view on the numerical ealeulated separating stream surlaces of aine water bodies in
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Fig. 1 Streamlines around (1} ene and (b} lwo UVDE or GZO demonsirated in g vertienl
langitudinal seetian paralliel W the natural groundwater ow

conncetion with the Mow around three UV or GZ0. They are positioned af a maximem distanee

normal 1o the natural proundwaler Mow 20 Lhat po walcr can pass belween Lhe wells without having
been treated, With the contaminated groundwiater Ouwing [rom the lell the Tollowing salient Tealures
con b chearly seen: the separnting stream surlaces of the contaminated waler wapiured by the three

(a}

)

Fig. 2 Scparating sircam surfaces of the differenl water bodies in the outside Mlow of 2 GZE:
captured, cireulating, and Oowing downsiream water in {a) o real situation and {&) waler
bodies separaled Jor clarilieation



UYD or GZD (lef1), the surface of the waler bodics having been treated and circulating around the
wells {center), and of the treated water Nowing downastream (right). The ealeulation was performed
using the parameters: QHY) = 16,1, afll = 0,25, and K,yK, = 10. Q denotes the vertieal discharge
through ane well, H the aquiler thickness, v the natural Darcy velocity at the site, o the length of the
upper or Jower screen section, and Ky and K, the horizontal and vertical hydraulic conductivities,

Numerical resulls in ea ki ral groungdw

Al most remedintion sites, o noatural groundwaler Now exisis. Figure 3 shows numcrical resulis
represented in dimensionless form for the dimensioning of UVD and GZI installations under these
conditions. In figure 3a, the horizontal distance (5) of the stagnation point [rom the well axis is
described. The ratio 511 is dependent on the parameters QAHS), KKy, and a/ll. The lecation of
the stagnation point is highly sensilive 1o the anisotropy of the aquiler. The length of the screcn
section is of small importance within usual propontions. The knowledge of the distance (5) from the
stagnation point can be used 1o Jetermine the positioning of 1the measuring equipment,

The results of ligure 3b-d have been calculaled for an upstream distance of 51 from the well and lor
a constant ratio of a1l = 0.25. The results arc discussed for wells that pump upward. The widths B
and Oy of the upsiream zone, measured at the aquifer top nad boltom, arc shown in figure 3b. The
ratios 11 and 3,11 are again dependent en the ratios QAHS), /K., and a1, For small values
of QA(HS), the upper part of the capture wone decs not reach the top of the aquiler. This implics that
for remediating a plume, 2 minimum well discharge (Q) is required. Again, the resulls are quite
sensilive 1o the degree of the anisolropy.

When remediating a wide contamination plume, scveral wells are used in a line normal 10 the
direction of the natural provadwnaler Mlow, The length (1) denotes the maximum well distance at
which the contaminaled groundwater cannot pass between the wells withoul being cleancd or treated.
The ratio DM is dependent on the same parameters as before. When a plume of width W is 1o be
cleancd, the number (n) of well installations can be estimated by n = (Wl WD+ 1.

When a plume is remediated, the contaminated water of quantity Oy, Nowing into the caplure zone
of a single well [rom upstream, is diluted wilh water that has already [owed through the well and
circulates around it Thus, the contaminant conceniration af the waler within the well easing will be
lewer than in the upsiream plume; nenr a conlaminalion seurce the situntion is reversed. Figure 3d
illustrates the pertion Q, of the total well discharge Q. The ratio Q40 is again dependent on the same
parameters ag the widths of the upsiream capture zone. Figore 3d can be uwsed 1o estimaie the
expoclod coneenleation value of the waler within the well casing for the dimensioning of a well
installation. 1t may help to evaluate the progress of remediation at a site when conceniration data of
the upstream plume and the water within the well are delermined.

The sphere of influence of the circulation around a UVL and GZD at sites with natural proundwaler
Mow is of special interest, In the dircction of natural groundwater Oow, this sphere has a maximum
capansicn of 5 (sec figure 3a) 1o the upsiream and downstream sides. Normal 1o this direction, the
maximum radivs of the sphere of circulntion is approximated by (B + D) (ligure 3b), and in the
case of several wells in one line by Dy2 (figure 3c).

Figure 3 ean be used for the dimensioning of one UVD and GZ0 or a UVD and GZD [icld when the
parameters KK, and Q{HY) can be estimaled, where Q depends on the well size and on the
additional pump. Far an irregular well field, a layered aquiler, or special eritical cases, additional
numerical calculalions can be performed,

wlls |

Presently, numerical pesulls are anly available for the case of nhsence of natural groundwater Now and
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Figd  {a) Distances (3) of the stagnation point frem the well axis, (b) widths(ly) and (18,) af 1he

upslrenm eaplure zone at Lhe aguiler top and battom, (€) mazimum well distance (13) a1 which
ithe contamininted groundwaler cannol pass between the wells without being treated, (d)
upstream discharge () in the eaplure zone, which is diluted with the circulating water 1o the
tolal well discharpe (Q)
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Fig. 4 (a) Matio Qu/0c and Q0 lor no head change al the well Lop, (b} head changes 4h a1 the
well boltam, (¢} distance £ from the well axis wilth maximum head deviation, and {d) maxinum
head deviation [
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for confined aquiler conditions, When o GZE is used 1o splil the vertical well discharge (Q), pumped
from the lower screcn section, into a quantity () which is extracted and an amount (CQg) which is
infilteated in the wpper screcn section and which generates the circulation Nlow around the well, the .
possihility cxists Lo avoid any charge of heads a1 the well top lor a special ratie of Qg [3.4]. This
ritio is only dependent on KoKy and oL Figure 4o demonsteates for o1 = 0,25, Oy ean be abaul
twi Lo three limes of O depending on the agquiler anisotropy. For this special ratio of O/, Lhe
dieerense of the head at the well batlom (rno chanpe of the heads al the well wop) is -&h {figure db).
In a dimensionless descripiion, ahH is dependent on the paramseiers Q1K) KK, and 2l
{figure 4b: 2/l = 0.25). Using this dingram, an impartanl eheek of whether the danger of cavitalion
will be exisling below the packer can be carsied out.

In case of infiltration of 2 quantity (Q,) in a GZIL, the ratio Q0 can e 1aken (rom the dingram of

figure 4a as well, when no change of heads are demanded al the well tep. In Lhis case, 0 leaves the
GZD through the lower screen and Qp enters the well through the upper sercen |34]. The inerease
of head (Ah) a1 the well bottom can be estimated lrom ligure b

In some distanee {r) from the well azis, a maximum head deviation () [rom the resting water lavel
will result al the aquiler tap, The dimensionless parameter (110 is dependeat on KK, and a1 1, and
(711 {negative for groundwater extraction and pesitive for infillration) depends on Qi1 PE,), K%,
and aflL Figures 4¢ and 4d represent resulis for o] = 0,25,

Conclusion

The braad applicability of vertical circulation Mow gystems around a UYD or L1 has been shartly
demanstrated [or various in sily and on-site remedintion techniques. On the basis of confined aquiler
conditions the resulting 30 flow systems for one and several UV and GEE unils have boen
chnraclerized (sphere of influence, capture wone, head changes, cic.) by dimensionlcss diagrams as a
result af extended numerical computations. Dy that, remediation mensures can be dimensioned. Qne
al the surprising resulls 35 that well extraction or inliliration is possible withoul head changes ol the
will top which will have considerable signilicance in peactice, The eaplure sone ol o circulaling
pumping well in a aatural groundwaler flow ficld is poing to be investigated.
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