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Abstract

Data on the concentrations of hydrocarbons in the water phase and bottom settlings of sludge pits for
the sludge pit technology of oil and gas well drilling are presented. Ionic and ultimate composition of the
aqueous phase and bottom settlings were determined, as well as the concentration of radioactive elements.
It was established that the high toxicity of sump hole content is mainly associated with the presence of
high molecular fractions of hydrocarbons and the ions of sodium, potassium and chlorine. A substantial
part of the sludge pit content is weakly toxic or non-toxic, it is confirmed by biotesting analysis. It is
proposed to use the differentiated approach to the utilization of these wastes, in order to decrease material
and energy expenses and increase the labour productivity.
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INTRODUCTION

The main waste products of oil and gas com-
plex of West Siberia are presented now by
drilling waste, oil sludge, emergency oil spill
products with a number of high molecular mass
hydrocarbons (paraffins, asphaltenes, etc.) af-
ter the evaporation of light fractions. The task
of rational neutralization of toxic drilling waste
or recycling of petroleum hydrocarbons has not
yet been resolved. For example, the waste
caused by oil and gas well drilling technology
using sludge pits is for many years a problem
of highest priority for researchers. However,
the efficient solution of a problem is not wide-
ly used, as result thousands of sludge pits at
the territory of West Siberian oil and gas com-
plex should be remediated.

Modern regulations of remediation involve
filling up a sludge pit with any soil, subsequent
planning (technical phase) and cultivation of the
sludge pit zone with the use of different plant
species (biological stage) [1, 2]. Thus, despite the
complexity of the technology, it does not solve
the problem of a real restoration of industrially
disturbed natural ecosystems, since it only serves
the function of long-term disposal of the possi-
bly toxic components, and does not exclude their
migration to adjacent areas of the specific land-
scape including its water system.

Other remediation technologies [3] mainly
aimed at improving the technical stages are also
known in practice. Among the methods of bio-
logical recultivation which is cheaper and highly
efficient the most interesting is forest reculti-
vation [4, 5]. It involves implementation of tech-
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nical phase which includes arrangement of con-
ditions for growing trees and native species of
herbaceous plants, their growth and develop-
ment in the area which is reclamated in order
to step by step neutralize the possible toxic com-
ponents and their translocation to the compo-
nents of the biosphere as a global ecosystem.

At the same time the question of waste utili-
zation from pitless drilling is not decided. There
are two types of waste utilization technologies
for this method of drilling [6]. One of them (ex
situ) is based on the waste transport and subse-
quent processing in specially designated landfill
sites, the other (in situ) on waste utilization at
the place of its origin, for example at the multi
well pads. The first type of technology may be
more effective, but it is extremely labour inten-
sive and therefore is associated with low produc-
tivity and high material and energy costs. Anoth-
er way (in situ) is less expensive, but the results
can not be considered effective. Apparently, this
is due to lack of and methodological basis for at-
tempts to develop the efficient technologies.

In any case, we can assume that the toxicity
of drilling waste will vary widely. In turn, this
will determine the complexity of remediation, that
is, the level of labour, material and energy costs.

In this context, the purpose of this work is
a preliminary evaluation of the technological
and geochemical state of sludge pits or “fresh”
waste of pitless drilling.

EXPERIMENTAL

Ten sludge pits 25—29-year-old, evenly dis-
tributed at the raised hill features at the ter-
ritory of Mamontovskoye oil field of RN-Yugansk-
neftegaz Ltd. in Nefteyugansk district of Khan-
ty Mansi Autonomous Area (Yugra) were tak-
en as the object of study.

Observations were made by arrangement of
transects of multi well pad placement relative
to the zero level, definition of linear and an-
gular configuration of sludge pits by GPS navi-
gator in order to determine the orographic po-
sition and size of the sludge pit footprint area.
Further evaluation of their technological state
according to the watering and oil contamina-
tion of water surface, landscape condition of
sludge pit and adjacent territory. Samples of

the water and bottom settlings of the sludge
pits were taken, their chemical analysis was
performed, as well as integrated estimate of
toxicity and class of hazard by bioassay. The
chemical analysis of the samples included hy-
drocarbon (HC) test and assaying of ionic and
ultimate composition of the aqueous phase and
bottom settlings of sludge pits and concentra-
tion of radioactive elements.

Total HC content was determined by gravi-
ty method with hexane extraction (EPA 1005,
1006). Extract purification from natural polar
substances was performed on silica gel. The ionic
composition of salts in water phase and set-
tlings of sludge pits, soil and environmental
water was determined by a Metrohm 761 Com-
pact 1C ion chromatograph. pH of all the sam-
ples was determined. Heavy metals and some
other elements were determined by inductive
coupled plasma atomic emission spectroscopy
with use of Optima 2000 DV device (Perkin
Elmer Instruments, the USA). Radioactivity
background of sludge pit settlings was estimat-
ed by scintillation spectrometer 1315AT, 1309AT
by r-spectrometric method. Nal crystal detector
with an energy resolution of radionuclide *'Cs
at 661.6 keV was used as detector of y-radia-
tion. Error in the determination of radionuclide
concentrations averaged 20 %. The content of
radionuclides (*°K, ?*°Ra, 2*Th) was estimated

by the most intense gamma ray lines.

RESULTS AND DISCUSSION

It is found that the technological condition
of sludge pits varies, but generally they are
characterized by the high water content and a
weak filling up by native plant species. This is
due to a high content of oil on the surface of
the aqueous phase, which prevents the natu-
ral evaporation. The problem is dramatized by
the humid climate in the region of middle taiga
of West Siberia.

The observed diversity is also demonstrated
by the chemical composition of the water phase
and bottom settlings. Thus, in the water phase
HC concentration is 1.5—4 times higher com-
pared to natural waters, and even much high-
er in some cases (Table 1). HC content in slurry
pond settlings according to the scale of Pik-
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TABLE 1

Petroleum hydrocarbons in the water phase and bottom
settlings of sludge pits

Sludge pits Content

Background Experiment

Water phase, mg/L

8MA 0.6 14
83B left 0.9 32
83B right 0.9 16
Bottom settlings, mg/kg
8MA 0.7 35
60A 1.8 496
83B left 0.67 197
110 right 1.3 95

Note. The samples of surface water, settlings and soils,
taken at the nearby relatively unpolluted natural areas in
natural water bodies and streams are meant by the back-
ground.

ovsky [7] corresponds to the high background level
of oil in soil (100—500 mg/kg), but it is signifi-
cantly higher than the maximum permissible level
(20 mg/kg) [8] for the settlings of aquatic facili-
ties which results in significant impoverishment
and inhibition of benthic ecosystems.

The high content of high-molecular HC in
some sludge pits may be caused by several rea-

TABLE 2

sons. Thus, up until recently, the crude oil (1.5—
2.0 %) was added to the drilling fluids to facili-
tate the well boring. Obviously the oil enters the
waste stream, where heavy fractions remain at
the surface of the water phase after the evap-
oration of light fractions. Sometimes oil falls into
the waste with produced water, which is used
to create the reservoir pressure. In addition, or-
dinary sludge pit may be used as technological
one during well workover. It should be noted
that all these HC sources are characteristic only
for longstanding sludge pit. New ones may con-
tain oil only in case of emergencies.

The data in Table 2 indicate that the con-
centration of ions in the water phase is, on
the contrary, 1.5—3 times higher than that in
the settlings. The different ion content was ob-
served for the pits not only from different clus-
ter pads, but also within the same pad. It should
be noted that quantitative ion content depends
to some extent on the natural background, ex-
cept for the Na, K, Cl, SO, and Ca ions. Note-
worthy is the fact of high concentrations of
Na, K and Cl. Thus, the Cl ions content in the
settlings of sludge pits for different cluster pads
varies by 17 times, and K ions content — by
300. Cl ion content in the water phase for vari-
ous sludge pits differs by 157 times, and Na —

Ionic composition of the water phase and settlings of sludge pits

Sludge pits Content

cr SO} Na* Ca®"

Water phase, mg/L
3MB* 10 30 10 42
3MB left 17.7 6.0 97 16.5
3MB right 777 36.0 483 17
83B* 76 04 47 38
83B left 43.8 32 372 84
83B right 16.2 17 15.1 55
Bottom settlings, mg/kg

3MB* 19.2 86 188 19.1
3MB left 10.5 35 133 11.3
3MB right 65.3 15.8 47.0 17.0
83B* 6.7 34 229 16.4
83B left 219 39 09 10.8
83B right 75 6.3 235 9.0

Note. The background values are given for 3MB, 83B sludge pits, and those obtained

by experiment for the others.



480 L. A. IGNATYEVand L. F. ZHEGALINA

TABLE 3

Content of heavy metals in the bottom settlings
of sludge pits, mg/kg

TABLE 4

Content of radioactive elements in bottom settlings of
sludge pits, Bq/kg (wet mass)

Sludge pits Ni Zn Cu \%

3MB 20/31 39/48 12.7/19 40/52
8MA 16.7/25 38/41 8.6/15.8 30/29
119 174/22  37/37 9.9/109 31/42

Note. Here and in the Table 4: the first value is the
background, the second — the experience.

by 32 times. Even within the same cluster pad
(3MB sludge pit) chlorine content in the set-
tlings of two pits varies by 6 times; as for the
water phase — by 44 times for Cl, and 50 times —
for Na, with a positive correlation of the con-
tent of other ions (see Table 2). High content
of cation content was the cause of increasing
pH of the sludge pit content (1—3 units). Some-
times there is a noticeable increase in the con-
tent of Na and Cl in the soil and surface waters
20 m far from the underripping the sludge pit.
Non-system (within 10 %) high content of some
ions, especially chlorides, may result from the
accidents during well drilling process at the depth
of Cenomanian deposits or from salinization of
the surrounding areas by produced water.

Concentration of 15 investigated elements
in water phase of sludge pits was not signifi-
cant (Table 3). Their total content in the set-
tlings was two orders of magnitude higher than
in the water phase, apparently because of
forming complexes with the components of the
heavy fraction of the drilling waste. [9] Our
assumption of significant increase in the nickel
and vanadium content in the settlings because
of their high content in the oil (and, as result,
in the heavy fraction) was true only for vana-
dium, in some cases. In general, the total con-
tent of the investigated elements was below
the MPC and APC for average soil [10, 11].

It was found that radioactivity of individu-
al elements for almost all sludge pits is compara-
ble that of the soils areas ((background) 100—150 m
far from the underripping the sludge pit (Table 4).
The exception is 8MA well pad, with **K concen-
tration increase from 288 to 624 Bq/kg. As a con-
sequence, the increase in total radioactivity of
the settlings for this area is 1.5 times compared
to the background. For certain pits, an increase

Sludge pits R 226Ra Z2ThH  Total
radioactivity
background

83B right 511/492 54/43 19/86 708/645

119 541/484  34/78 17/18 1712/608

8MA right 288/624 52/16 28/20 446/685

Note. See Table 3.

of radioactivity relatively to the background
was more than four-fold for >*Th (right 83B
sludge pit), and 2-fold for 2*Ra (119 sludge pit)
(see Table 4).

Totally, high toxicity (III hazard class) was
revealed only for two out of ten studied sludge
pits. For 3MB (right) sludge pit it is caused by the
presence of chlorides, and for 60A — by high
HC, as evidenced by the results of bioassays. As
for other sludge pits, their toxicity is assigned to
IV (50 %) and non-toxic V (30 %) hazard class.

CONCLUSIONS

1. Technological and geochemical characteris-
tics of the content of studied sludge pits varies
widely, correspondingly there is a difference in
the degree of toxic hazard confirmed by bioassay.

2. The high toxicity of the water phase and
settlings of the sludge pits is caused mainly by
the presence of petroleum hydrocarbons and
chloride salinity. Utilization of hydrocarbons is
a technical problem only, and the effective chlo-
ride neutralization is still the prerogative of the
future scientific and industrial research.

3. Preliminary assessment of the technolog-
ical and geochemical condition of sludge pits
reveals a significant number of them with non-
toxic content (up to 30 %). Their restoration may
include only auxiliary revegetation by native
species, that is, the biological stage, and it can
reduce the material and energy costs and ac-
celerate rehabilitation of industrially damaged
natural ecosystems.

4. On the basis of detailed characterization
of technological and geochemical condition of
sludge pits it is found that up to 50 % of the
sludge pits are of IV class of toxicity hazard.
This allows multivariate methods of their re-
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mediation. The results concerning the diversity
of the toxic content of the sludge pits deter-
mine differentiated approach to remediation of
sludge pits.
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