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SRFBILIERRCASHIMN I S5
In-situ Surveying Equipment of Engineering
Geology in Complex Deep Sea
FIREARIH A #IIE , 2015 - 2019 ,
EREA - BEZMY

IEIH B RS RRE T EMER
ARNIREE |, 232 BanKHERESAII AN
RASEHEDTEZE LR EEKRIE
WREFHHNEERA , AREBLEMRAR
RMERASIE, ATEREREAS R IER
RSN TR F M ST NERE |
HEsh R EIR B LA RIRANIN AR &
SNAEEEEREN , MBHRMESRAEE
BEERSTHRERES RS FFRE0F
AU SR T,

H T P LkF R

)
7—

BRWRATEE

The project aims to develop a set of in-situ
surveying equipment of engineering geology in
complex deep sea, establish automatic
long-term  continuous  field  observation
technology and data analysis method, achieve
quantitative depict of engineering geological
conditions of deep seabed, learn the dynamic
variation process of engineering geological
environment and influencing factors, in order to
provide technology support for the research of

engineering geology in deep sea. The
observation equipment will be deployed in the
deep water in the northern slope of the South
China Sea, a location known for its complex
engineering geological conditions, and the
deployment will last for 12 months to record
the engineering property index of deep sea
sediment and its dynamic changes, the pore
pressure accumulation and liquefaction process
in sediment, the se-abed topography changing
induced by erosion and deposition, as well as
near bed hydrodynamic conditions.
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ABSTRACT

Keywords:

Microscale zero-valent iron {mZWvl)
Aging

Passivalion
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Saline groundwater

Application of microscale zero-valent wwon (mZV1} is a promising technology for in-situ contaminated
groundwater remediation; however, its longevity is negatively impacted by surface passivation, espe-
cially in saline groundwater. In this study, the aging behavior of mZVI particles was investizated in three
media [milli-Q water, fresh groundwater and saline groundwater] using batch experiments to evaluate
their potential corrosion and passivation performance under different field conditions. The results
indicated that mZVI was reactive for 0—7 days of exposure to water and then gradually lost Ha-gener-
ating capacity over the next hundred days in all of the tested media. In comparison, mZV1 in saline
groundwater exhibited the fastest corrosion rate during the early phase (0=7 o)), followed by the sharpest
kinetic constant decline in the latter phases, The SEM-EDS and XT'5 analyses demenstrated that in the
saline groundwater, a thin and compact oxide film was immediately formed on the surface and signif-
icantly shielded the iron reactive site. Nevertheless, in fresh groundwater and milli-Q water, a passive
layer composed of loasely and unevenly distributed precipitates slowly farmed, with abundant reactive
sites available to support continuows iren corrosion. These findings provide insight into the maolecular-
scale mechanism that governs mZV1 passivation and provide implications for long-term mZv1 applica-

tion in saline contaminated groundwater.

& 2016 Elsevier Lid, All nights reserved,

1. Introduction

Many coastal aquifers adjacent to industrial sites are known o
suffer from serious groundwater contamination {Colombani et al.,
2015). However, little is known about how such centaminated
coastal aquifers harbor another severe problem-groundwater sali-
nization, The intrusion of saltwater into coastal agquifers is a com-
mon problem in coastal zones around the waorld due to
overexploitation of groundwater (Masciopinto, 2013), which has
triggered the occurrence of groundwater with relatively high
salinity in coastal arcas (Zhou et al,, 20097, Therefore, it is necessary
to develop remediation methods that have high efficiency in such
saline contaminated groundwater and that can be used in engi-
neering practice,

Application of zero-valent iron (ZV1) 15 a cost-effective solution

* Corresponding author.
E-mail oddress: rhxilai@oucedo.on (3. Zheng)

hrrpes e dodorg 10 TG swarres 201E.04.074
D0a3-1354)0 2016 Elsevier Lrd. All rights reserved.
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for a number of complex and challenging groundwater remediation
problems, including heavy metals (Qiu et al., 2013} and dense non-
aqueous phase liquids (DNAPLs) (Fagerlund et al, 2012; Su et al,
2012). Recently, there has been growing interest in én-sifu reme-
diation via the direct injection of finer ZVT particles (microscale and
nanoscale) into subsurface water supplies. The in-siti injection
technology effectively remediates contaminant plumes in the
source zone and substantially reduces the remediation cost and
time {Comba et al, 2011), The lower health risks, good reactivity
and low cost make microscale zero-valent iron (mZV1) particles a
maore suitable reduction agent for the remediation of contaminated
groundwater (Lee et al., 2008). High effectiveness of groundwater
remadiation by ZV1 in the laboratory and field has been reported by
several researchers (Comba et al, 2011). However, passivation of
ZWT1 15 the main problem for long-term effectiveness (Lu et al_, 2012).
The rate and extent of passivation and the types of mineral phases
present on the ZV1 surface depend on the groundwater chemical
conditions under which the parricles are exposed, Thervefare, when
such technology is applied to saline contaminated groundwater,
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ARTICLE INFO ABSTRACT

'll“'ff_f hustary: The collapse depressions in waters of the Yellow River delta are the result of silty sediment liquefaction produced
Received 3 June 2016 by storm waves. The internal characteristics and formation process of the strata in collapse depressions were
Received in revised form 22 October 2016 studied with consideration of re-stratification caused by sediment liquefaction in coastal areas. [n wave flume ex-
Accepted 28 October 2016

periments, silty sediment collected from the Yellow River Delta was shaped into a model seabed. The original uni-
form sediment stratum was re-stratified and formed into a new structure characteristic of liquefied sediments
fluctuating with wave movement. Wave action appears to cause silty sediment liquefaction. Liquefied sediment
moved clliptically with wave action, leading to granularity-based deposit differentiation in situ to re-form sedi-
mentary strata. This is probably the cause of collapse depressions in the Yellow River delta, Based on these results

Available online 31 October 2016

Keywoords:
Storm hquefaction deposits
Silt sediment

Liquefaction and comparison with the stratum under the collapse depressions in the Yellow River delta, we propose that liq-
Re-strarification uefaction depaosits are responsible for the bottom to top sequence of graded bedding, convolute bedding, and par-
Seabed allel bedding,

© 2016 Elsevier BV, All rights reserved.
1. Introduction the source region of erosion to the sediment deposition site and, during

Turbidite deposition in deep aquatic basins can lead to the formation
of Bouma, Lowe, or Stow and Piper sequences (Kuenen and Migliorini,
1950; Bouma et al., 1962; Lowe, 1982, Stow and Piper, 1984). Storm
action in shallow marine basins can result from redeposition of storm
deposit turbidites (Aigner, 1979), Storm deposits have typical sedimen-
tary characteristics which include hummaocky-cross bedding (Harms,
1975) and decreasing grain size in deposits from the bottom to the
top {Aigner, 1982; Monaco, 1992). Research on storm depasits has fo-
cused on on-site deposition power, sediment transport, and deposition
processes {Li et al., 1997; Williams and Rose, 2001; Pepper and Stone,
2004; Guillén et al,, 2006; Palinkas et al., 2010; Aagaard et al,, 2012).
The characteristics of sediments formed under storm conditions often
correspond to the spedific data obtained {Roberts et al,, 2013; Palinkas
et al, 2014). Under the actions of tidal waves, the sedimentary stratum
on tidal flats consists of flow rolls and water-escape structures (Greb
and Archer, 2007; Fan et al,, 2014)

The major issue related to storm sediment in shallow water is the
erosion and transportation of surface sediments on the seafloor made
by storm induced currents, then sediments are re-sorted and deposited
between the normal wave base and storm wave base (or in the lower
part of the storm wave base). Sediments are transported by flow from

* Corresponding author,
E-mail address: Sunyongfuifio erg on (Y. Sun),

http://dx.doi.org/10.1016/jmargeo. 2016.10.015
0025-3227,% 2016 Elsevier BV. All rights reserved.

this process, the stratification characteristics (such as hummocky-cross
bedding)and graded structure of storm sediment were formed. If storm
waves in shallow water can liquefy seabed sediment, then how does the
liquefied region vary, and what are the characteristics of the resulting
strata (Fig. 1)?

Storm waves can cause liquefaction of the seabed sediment resulting
in cyclic loading. Cyclic loading from waves can lead to the liquefaction
of seabed sand {Ishihara and Yamazaki, 1984). The process of coastal
zone sediment liquefaction has been studied with pore pressure record
probes (Zen and Yamazaki, 1990, 1991; Obermeier et al., 2005). Dynam-
ic triaxial testing in combination with analysis of seabed sediment lique-
faction demonstrated that the maximum liquefaction depth for sand in
8 m of water during a storm event was 6.1 m(Chang et al., 2004). Signif-
icant collapse was found in the silty sediments of Yellow River delta wa-
ters with slopes <1 degree (Prior et al., 1986). The collapsing of the
sedimentary dynamics equipment buried in the Yellow River delta sea-
bed under the storm wave action (Prior et al,, 1989) may be caused by
sediment liquefaction. In liquefaction studies of the seabed sediment
in the Yellow River delta, the liquefaction depth, in 8 m of water,
could reach 4.1 m, and collapses occurred in the liquefied seabed (Sun
etal, 2008; Xu et al,, 2008; Xu et al., 2009). We report a simulation of
the strata reconstruction process of liquefied silty sand under wave ac-
tion using an indoor flume experiment, We develop the concept of
storm liquefied sediment and provide the structure, construction, and
engineering geology features of storm liquefied sediment strata.
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TECHNICAL NOTE

Numerical investigation of penetration of a large-diameter footing into

normally consolidated kaolin clay with a consolidation phase

D. WANG® and B. RIENENT

Jack-up insiallation is typically disconiinuous with seawater ballast being taken on and shed
again periodically to elevate the hull out of the ocean as the spudean footings penetrate the soil.
Any pauses in the footing penetration provide the opportunity for consolidation to occur in sufficiently
permeable cohesive soils. The undrained shear strength underneath the spudcan is increased during
consolidation, which enhances the penetration resistance within a limited extent immediately after the
consolidation. This phenomenon has been explored in a limited number of centrifuge tests, but cannot
be reproduced using conventional finite-element methods. An effective stress large-deformation finite-
element approach based on periodic mesh regeneration is emploved to capture the eniire process
of ‘penetration—consolidation—penetration’, with the modified Cam-clay model being incorporated
to represent the behaviour of normally consolidated kaolin clays. The numerical model established
is verified by comparison with two series of centrifuge tests before exploring the influence of key
parameiers, including consolidation depth, consolidation duration, coefficient of conselidations,
anisotropy of permeability and loads held during consolidation. The normalised consolidation
duration is identified as the dominant factor that affects the post-consolidation peak in penetration
resistance. A simple method is proposed to estimate the post-conseclidation penetration resistance.

KEYWORDS: bearing capacity; clays; consolidation; finite-element modelling; footings/foundations;

offshore engineering

INTRODUCTION

Prior to the installation of a mobile offshore jack-up
platform at a site, the load-penctration curve is required to
be predicted. Typically bearing capacity theory is used at a
series of embedment depths, with the soil response assumed
to be drained in sand and undrained in clay (ISO, 2012).
However, jack-up installation typically is a discontinuous
process, with any pauses providing the opportunity for con-
solidation to occur in sufficiently permeable cohesive soils
(such as silty clays and clayey silts), which results in a zone
ol increased strength of the soil and then an enhancement in
the penetration resistance. Brennan of of, (2006) reported
such ‘set-up’ behaviour even for relatively short durations
of preloading holds of around 3~4 h, The penetration-
consolidation-penctration  response of spudcan  footings
has to date been investigated in experiments performed in
centrifuges at the University of Western Australia (LI'WA,
Barbosa-Cruz, 2007; Bienen & Cassidy, 2013; Stanier et af.,
2014; Bienen et af., 20135). The existing centrifuge tests have
limitations, as follows. (o) The load during the consolidation
stage was maintained as the penetration resistance at the
beginning of consclidation, which may not represent all prac-
tical scenarios. (#) The soil samples prepared were isolropic
in permeability, while the permeability ratios of in-field

Manuscript received 9 March 2005 revised manuscript accepted
25 May 2016,

[Dviscussion on this paper is welcomed by the editor.

* Shandong Provincial Key Laboratory of Marine Environment and
Geological Engineering, Ocean Universily of China, Qingdao,
Shandong, China; formerly Centre for Qffshore Foundation
Systerns, University of Western Australia, Perth, WA, Australia.
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naturally deposited sediments usually range between 1 and 5
(Vessia er af., 2012),

In this note, the entire ‘penctration-conselidation
penetration’ process of a spudcan in permeable clayey soil
is investigated using a large-deformation finite-element
{(LDFE) method based on frequent mesh regeneration. The
mumerical model is validated by comparing with centrifuge
tests of Purwana (2006) and Biencn & Cassidy (2013) for
different kaolin clays. Further study is conducted to explore
the effects of several key factors which arc not covered in
the previous tests. A simplified method for predicting the
post-consclidation penetration resistance is proposed.

METHODOLOGY

The ‘penetration-consolidation-penetration’ of spudean
footings was investigated using an axisymmetric LDFE ap-
proach, remeshing and interpolation technigque with small
strains (RITSS), incorporating the medified Cam-clay
(MCC)ymaodel, The details of the RITSS for coupled effective
siress—pore pressure problems can be found in Wang ef al.
(2010, 2013, 2015). The sail close to the spudcan undergoes
extreme and sudden changes in geometry in the very early
stages of the installation process. To ensure computational
convergence in the early stages of the LDFE analysis, the
spudcan was pre-embedded at a shallow depth, ~0-60,
where £ is the spudcan diameter. This was shown not to
affeet the results as sufficient penetration {(0-3D minimum)
preceded the consolidation stage. During consolidation, the
load imposed on the spudcan was held constant as a fraction
w of the resistance at the end of the first penetration stage.
The shafted spudcan-soil mteraction was simulated with
{rictionless contact (frictional contact yielded only slightly
higher results). Drainage was permitted only at the soil
surface. The soil horizontal and vertical dimensions were
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To remaove sullide in the deteriorating aquaculture sediment and water, sullide-oxidizing microbiota was
enriched fram Jiaozhou Bay, China, by using sulfide-rich mediuwm. Composition and structure of microbial
conumunities in the enrichments were investigated by 165 rDNA molecular biotechniques. Results
showed that microbial community steucture continuously shifted and the abundance of sulfate reducing
bacteria, ie., Desulfobacterivm, Desulfococcus and Desulfobocea apparently declined. Several halophile
genera, Vibrio, Marinobacter, Pseudomonas, Prochlorococcus, Pediococcus and Thiebacillus predominated
finally in the micrebiota. The enriched microbiota was capable of removing a maximum of 1000 ma/L
sulfide within 12 howith 102 inoculwm at pH 7.0, 20=30 “C. Alter immobilized, the microbiota presented
excellent resistance to impact and could completely remove 600 mg/L sulfide in 12 h. Moreover, the
immobilized microbiota recovered well even recycled for five times. [n conclusion, the immobilized
sulfide-removing micrabiota showed a quite promising application for biological restoring of sulfide-rich
.'IqlJaﬂJlTlJTﬂ‘ l'.‘I'I'I.I'iFDI'II'I'IE‘I'Il‘.

@ 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Sulfide, an important water pollutant widely found in petro-
chemical, pharmaceutical, tannery and aquaculture wastewater,
has been demonstrated to have interference and inhibition on
metabolism and health of plants and animals in sulfide-rich envi-
ronment {Wu et al, 2006), In marine sediment, the sulfide (5%,
H5™) content is significantly and positively correlated with total
organic carbon {Gao et al, 2013). Discharges of anthropogenic
organic materials and redundant bait feeding in marine aquacul-
ture area often lead to high sulfide concentration in sediment, even
in overlying water (Chen et al,, 2014). This will further result in
massive death of aquatic life and even damage to the local
ecosystem (Reese et al, 2008} The removal of sulfide or inhibition
of sulfide production in aguaculture environment is commonly
applied by coal ash (Asaolka cr al, 2009) or ferric hydroxide (Sun

* This paper has been recommended for acceptance by Xiang-2hou Meng
= Corresponding author. College of Enwvironmental Science and Enginecering,
Ocean University of China, 238, Songling Rd, Qingdao 265100, China.
E-mail address: yezhao@Pouc.eduon (Y.-G. Zhao)

hrrp:ffd doborg TOI0TE e nvpol 20016035028
O2ES-2491 )5 2016 Elsevier Ltd. All rights reserved.

el al. 2014), However, these physical or chemical measures are
costly and easy to produce secondary pollution, and the most
important is they are hard to achieve long-term and permancnt
efficiency. Comparatively, biolegical sulfide removal by indigenous
microorganisms provides an environment-friendly, effective, and
permanent strategy; therefore is more promising in sulfide removal
in the deteriorating aquaculture water.

Sulfur-oxidizing bacteria (50B) are a group of high diverse mi-
croorganisms with the capacity of oxidizing sulfide or sulfur {Tang
er al., 2009), SOB application in sulfide biological removal in in-
dustries has been widely reported {Tang et al., 2009). Moreover,
indigenous bacterial species always have higher suitability and a
better environmental friendliness than allochthonous species
during practice of ecological restoration {Li er al,, 2013; Ortiz et al,,
2015). Thus, the marine sediment-originating sulfide-oxidizing
microbiota is more suitable for sulfide biological removal in marine
aquaculture environmental remediation. Moreover, research
showed that microbial community with mixed strains perform
more resistant to external interference such as disinfection treat-
ment than single strain (50 van der Veen, 20011), and the immao-
bilization of microorganisms would further protect them from

www2.ouc.edu.cn/mege/ 45
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