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ABSTRACT. The present study investigates the effects of the newly developed "BAUER LWS" silicate gel on the water-saturated soil zone on a test site in Berlin,
Germany. For this purpose, a project comprising the grouting of a sealing sole of a construction trench has been accompanied by a groundwater sampling and
analysis program. Four groundwater observation wells were sampled and analyzed at fixed time intervals over a period of 18 months to monitor changes in
groundwater conditions due to the soft gel injection. For comparison with original conditions, a zero measurement has been performed at the beginning of the
investigation programme in accordance with the groundwater regulatory framework in order to determine the groundwater chemistry affected by the grouting activities.
It has been found, that some of the analyzed parameters showed no response to the gel injection. These parameters were not considered further during the
monitoring programme. Other parameters changed significantly during the grouting operations. However, already after the completion of the grouting, all parameters
dropped back to their original values. The pH-value of the tested silicate gel was adjusted to an acceptable level of less than 10 in permanent contact with
groundwater in order to prevent mobilization processes into the subsoil. The investigation results show, that the injection of silicate gel "BAUER LWS" involves lower
substance mobilization than other well established grout material. Therefore, the "BAUER LWS" silicate gel can be applied as environmentally friendly and beneficial
grout material in construction projects without expecting large-scale impact on the groundwater replacing alternative substances, such as chemical grouts.
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PE3IOME: HacTosLoTo u3cneaBaHe pasrnexaa BMWSHUMETO Ha HoBus cunvkateH ren "BAUER LWS" Bbpxy BogoHacuTeHM nmousu B TecToBo none B bepruH,
['epmaHus. 3a Tasu Len NpOeKTBT BKMOYBA TAMMOHMPaHEe Ha YNMbTHsBALlA OCHOBA Ha CTPOUTENHA TPaHLLEsl, KOETO € NPUAPYXEHO OT NpoboB3eMaHe Ha NOA3EMHM
BOAM M nporpama 3a aHanu3. Baetu ca npobu oT YeTupu coHgaxa 3a MOA3EMHU BOAM W Ca aHanuavpaHu Ha uKCMpaHu BpeMeBW WHTEpBanM 3a nepwog oT 18
Mecela, 3a Aa ce HabnioaaBaT NPOMeEHN B CbCTOSHNETO Ha MOA3EMHUTE BOAW MOPaAN UHXEKTUPAHETO Ha MeKus ren. 3a CpaBHEHWE C OpUTVHAMHUTE YCIOoBUS e
HanpaBeHO HyrNeBO W3MepBaHe B HA4arnoTo Ha M3cnefoBaTesnickata nporpamMa B CbOTBETCTBME C perynaTopHaTa pamka 3a nof3emMHUTe BOAW, 3a Aa Ce onpeaeni
XMMUSITa Ha NOA3EMHIUTE BOAMW, NOBMMSIHA OT TAaMMOHMpPALLUTE AEAHOCTU. YCTAHOBEHO €, Ye HSKOW OT aHanuaupaHuTe napameTpu He pearupar Ha UHXEKTUPaHETO Ha
rena. Teau napameTpu He ca pasrnexaaHi AOMbIHUTENHO MO BPEME HAa MOHUTOPWHra. [lpyri napameTpy Ce NPOMEHSIT 3HAUUTENHO MO BPEME Ha TaMMOHUPAHETO.
Crep npukrioyBaHe Ha TamnoHMpaHeTo, obaye, BCUYKV MapameTpy Ce BPbLUAT KbM MbpPBOHAYanHUTe cu CToMHOCTH. CTOMHOCTTa Ha pH Ha TecTBaHMS cumnkaTeH
ren ce Kopuripa go NpuemMnmBo HUBO, no-manko oT 10, B MOCTOSIHEH KOHTAKT C MOA3EMHUTE BOAM, 3@ Aa ce u3berHaT npouecute Ha MoBUnM3aLns B MOLNOYBEHNS
cnoit. Pesyntatute OT M3Cne[BaHETO MOKa3BaT, Ye WHXEeKTMpaHeTo Ha cunukate ren "BAUER LWS" npegnonara mo-Hucka mobunusauus Ha BelyecTsata,
OTKOMKOTO Apyrv fobpe yCTaHOBEHM TamnoHupalwy matepuanu. ETo 3awo cunvkathuat ren "BAUER LWS" moxe pa ce 43nonasa kato eKOnorudeH W nomneseH
TaMMoHvpalL, Matepuan B CTPOUTENHUTE NpoekTH, Be3 Aa ce 04akBa ronsMo Bb3AENCTBIE BbPXY NOANOYBEHUTE BOAW, KAaTO CE 3aMEHST anTepHaTUBHUTE BELLECTBa,
KaTo Hanpumep XMMUYECKUTE TaMMOHUPaLLM Pa3TBOPY.

KnrovoBu AyMU: TaMFIOHVIpaHe, CunukaTteH ren, yniibTHABaLLa OCHOBA, BOAOHACUTEHM NOYBK, NOA3EMHM BOAN, XUMNYECKO Bb3geicTeme

Introduction

Within the construction project "Ringcenter 1" designed by
In the mid-1990s, the Berlin Senate for Environment banned Brauns etal. (2001), the chemical influence of the grouting
the construction of grouted sealing soles with aluminate-based material on the groundwater has been investigated for the first
soft gel base due to their alleged negative chemical influence ~ time in detail (BRAUNS et al., 2001). At a construction site of
on the groundwater. This ban has also been followed by other ~ Bauer Spezialtiefbau GmbH in Berlin, Germany, with grouting
municipalities and their responsible authorities (especially of a sealing sole in a construction trench, the influence of the
Water Authorities). grouting process and grouting material on the groundwater
quality has been investigated in detail according to the current

In recent years, the composition of grouting materials has state of the art.

been significantly optimized towards a significantly better
environmental compatibility.
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Investigation schedule

The present study examined the chemical impact on the
groundwater resulting from the installation of a sealing sole in
the water saturated soil zone using an "BAUER LWS” silicate
gel grouting operation. (The letters “LWS” in the product name
stand for the abbreviated initials in the names of its inventors
and do not represent chemical components.)

In order to track the spreading of dissolved grout material
components, four groundwater extraction wells with different
horizontal distance to the silicate gel sealing sole layer have
been installed at the project location, one extraction well
located in the groundwater inflow and three other extraction
wells located in the groundwater outflow area. The depth range
of water extraction extended over a 2 meters long filter section
installed both above and below the sealing sole layer.

Project description

The construction trench with an overall surface extension
over an area of approximately 3000 m? has been created after
installing a sheet pile wall along the outer contour line up to a
depth of about 15 m to 16 m (see Fig.1 below).
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Fig.1. Construction trench during sheet pile wall installation

After the removal of a 2m to 3m thick sediment layer mostly
consisting of anthropogenic material fill, a working plane has
been created and the grouting wells have been drilled. The
grouting sealing sole has been created with an average
thickness of one meter in a depth of 15 meters below the
ground surface. After the groundwater lowering, a residual
dewatering has been operated in the construction trench above
the grouted sealing sole.

Subsequently, the excavated soil and the concrete floor slab
of the building have been installed. After completion of the
shell work in the construction trench (below the original
groundwater level), the sheet pile wall has been pulled back,
exposing the grouted sealing to the regenerating groundwater
flow regime.

The groundwater and soil analyses took place over the entire
construction period from May 2015 to July 2016. The
groundwater extraction wells were positioned outside the
construction trench in a depth of approximately 19m. The lower
edge of the installed sheet pile walls reached a depth 0.5m
below the grouted silicate gel sealing sole layer.
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Fig.2. Analysis results at the first groundwater sampling well (GSW1) - ph-Wert=ph-value, Sulfat = Sulphate
Table 1.
Analysis result overview for the groundwater sampling wells GSW1 and GSW4
Parameter Zero GSW1 GSW1 GSw4 GSw4 Eluate Eluate
measurement | (Grouting) (RDW2) (Grouting) (RDW?2) | analysis E1 | analysis E2
(14-16m) (16-18m)
pH-value [-]
74 8.4 7.5 7.3 71 8.1 85
(ALV': 6.5 - 8.5)
Filterable
substances Mg/l | 5410 5130 228 11,0 8,0 - -
(ALV': 30 mg/l)
Iron [mg/I]
0,33-4,2 25 1.7 3.0 4.7 0,18 0,065
(ALV': 2,0 mg/l)
Sulfate [mg/l]
120 -240 256 200 367 487 6.9 21
(ALV': 400 mgll)
Nitrate [mg/I]
<1-27 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
(ALV': 50 mg/l)

ALV' — Admissible limit value; RDW2 —

Investigation programme

The effects of soft gel injection on groundwater quality have
been observed over a time period of 18 months. In order to
document the ground water conditions before the construction
measures, a first zero measurement with an extensive
analytical programme has been carried out on samples from
four groundwater extraction points. A second zero
measurement has been carried out after the installation of the
sheet pile walls and immediately before the grouting operation
has started.
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Residual dewatering; GSW — Groundwater sampling well

The groundwater samples have been taken from four
groundwater sampling wells accompanying the construction
and grouting operations. During dewatering of the construction
trench, the sampling period was extended to two weeks and
during the residual dewatering to two months until the end of
the observation in June 2016. In order to measure the
chemical impact from the grouting material on the
groundwater, the following analytical examination programme
has been imposed:

e separable substances, filterable substances
e  pH, electrical conductivity
e ammonium
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slightly soluble anions (sulphate, nitrate, chloride)
metals (cations, iron, lead, chromium, nickel, etc.)
cyanide, vinyl chloride

volatile halogenated hydrocarbons (LHKW)
polycyclic aromatic hydrocarbons (PAHSs)
aromatic ~ hydrocarbons  benzene,
ethylbenzene, xylenes (BTEX)

o total organic carbon (TOC),

o dissolved organic carbon (DOC)

toluene,

Depending on the results during the observation time, the
analytical programme has been reduced to the relevant effects.
The investigation programme has been adjusted to the
construction operation in the trench and has been focussed on
mobilization and transport processes in connection with the
chemical influence on the groundwater from the grouting.

From the groundwater sampling wells GWS1 and GWS4, two
liner soil samples (cores BK1 and BK4) have been extracted.
After a sedimentological documentation, the grain size
distribution and density have been measured in the laboratory.
On two mixed samples from the liner BK1, an eluate test has
been carried out in order to determine the potential hazard
from leaching out the sand due to the grouting operation.

Investigation results
Soil analytics results

Below an approximately 2m to 3m thick local fill, a changing
deposit of fine and coarse sands with obvious coal inclusions
have been observed in the subsoil up to the investigation depth
of 19m.

The heat loss examination of the soil samples has shown
values of 0,2 to 2,6% in the sample BK1 and values of 0,2 to
2,3% in the sample BK4 and indicates the organic content that
could be potentially mobilized due to the grouting measures.

For the determination of potential pollutants, samples have
been taken from different depths in the liner sample cores.
With the exception of the increased values for iron and
sulphate, the results of the eluate analyses have generally
shown a low pollutant content, so that the pollution of the
groundwater triggered by the grouting operation measure could
be expected to remain within tolerable limits.

Groundwater analytics results

The investigation results of the groundwater analyses can be
readily demonstrated on the results in the inflow area at the
groundwater sampling well GSW1 and in the outflow area at
the groundwater sampling well GSW4 (see Tab.1).

The mobilization processes of substances influencing the
groundwater are primarily triggered by a pH-value in the non-
neutral range. The experimental results show, that the pH-
value in the examined groundwater remained constant in a
range of 6,5 to 8,5 and exceeded the higher limit of 8,5 in only
one single measurement (see Fig.2). Although an elevated pH-
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value is inevitable in immediate contact with the grouted
sealing sole, the investigations point out a strong dilution
process due to the groundwater leaving very low potential for
possible mobilizing processes around the sealing sole. During
the grouting operation, the chemical impact on the
groundwater could be kept very low with success.

After the start of grouting, a significant increase in iron and
DOC (dissolved organic carbon) concentrations have been
observed in the groundwater at the groundwater sampling well
GSW1, reaching a maximum iron concentration value of 25.0
mg /|,

With completion of grouting and start of dewatering, the iron
concentration in the groundwater has decreased, reaching
values in the admissible range. An increase of the iron
concentration above the tolerable limit has occurred during the
removal of the sheet pile walls from the subsoil. At the end of
the observation period, the measured iron concentration values
have been in the legally admissible range. Significantly lower
changes in iron concentration have been observed on other
examined groundwater samples during the investigation
period.

As a general result of the investigations on samples from all
groundwater sampling wells can be derived that the observed
parameters have shown an increased value immediately after
the grouting operation, exceeding slightly the legally admissible
limit values, returning to values of the zero measurements with
increasing time after completion of grouting operations.

The analysis results from the groundwater sampling well
GWS4 with larger distance to the grouted sealing sole have
shown the slightest changes and due to limited mobilizing
processes from the grouting operation. During the observation
period, only the iron and sulphate concentrations have shown
values exceeding the legally admissible limits. The content on
filterable substances has also slightly exceeded tolerable
limits, but only at the zero measurements before and thus,
independently of the grouting operations.

The parameters of electrical conductivity, ammonium, nickel,
cyanide, chloride, chromium, mercury, cadmium, copper, zinc,
nitrate, ZLHKW, vinyl chloride, ZMKW, ¥BTEX and XPAH have
always remained below the legally admissible limits of specific
water authority regulations during the observation period.
Some of the parameters have shown values below the limit of
quantification and have been excluded from the investigation
campaign.

Furthermore, from the analysis results at the groundwater
sampling well GWS4 it could be obviously concluded, that
spatial influence by the grouting operation on the groundwater
was significantly low and the groundwater impact form grouting
has apparently been restricted to the immediate vicinity of the
silicate gel sealing sole. Due to dilution effects, obviously a
water cleansing process must have taken place.

The analysis results from the last measurement series have
shown a decreasing tendency reaching values corresponding
to the natural initial groundwater chemistry over time.
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Summary and Outlook

The present study has investigated the impact of a grouting
operation with the newly developed “BAUER LWS” silicate gel
on the water saturated soil zone at a construction trench in
Berlin, Germany. During the investigation period, from the
installation of the sheet pile walls until the exposition of the
grouted sealing sole to the environment for a long period of
time, the groundwater quality has been observed with
systematic ~ groundwater ~ sampling and  analytical
measurements in order to detect changes and influences due
to the grouting operation.

It has been observed, that the monitored analysis values
have increased significantly during the grouting operations and
returned to their initial zero measurement values after the
grouting operations have been completed. It has also been
found, that some of the observed analysis parameters have not
been influenced by the installation of the grouted sealing sole.

The investigations have pointed out that the “BAUER LWS”
silicate gel grouting material induces slighter mobilization
processes than other comparable, known and practically
utilized alternative grouting materials. The adjusted pH-value of
the grouting material influences the groundwater and the
grouted soil only over a limited time period and only in a limited
extent. During contact between groundwater and “BAUER
LWS” silicate gel, the pH-value of the groundwater has
continuously remained in the upper neutral range.

The groundwater pH-value has been observed within a
desired limit value range during the measurement campaign,
restricting possible material transport and mobilizing processes
to a minimum. The “BAUER LWS" silicate gel can be utilized in
construction projects avoiding significant impact on the
groundwater, where alternative chemical grouting materials are
being planned to be used.

Conclusions

Despite fundamental improvements with the use of the new
‘BAUER LWS” silicate gel, there are still plenty of opportunities
for further development. Since it has been observed that
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substances contained in the soil, especially during grouting,
are dissolved and transferred into the groundwater, appropriate
approaches are being examined in order to isolate and
manage individual solution mechanisms by adjusting the gel
properties in order to especially avoid the release of iron and
sulphate. Due to the local variation of soil and groundwater
conditions on different sites, the subsoil carries different
reactive partners or even pollutant substances that could be
dissolved and transported by the groundwater and a universal
solution for the grout substance recipe appears to be difficult.
Furthermore, other undesired side effects and drawbacks have
to be excluded, also.

Finally it can be concluded, that with the “BAUER LWS”
silicate gel, a well-designed, examined, tested and
environmentally friendly grouting material is currently available
for practical use.
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