EIF

Environmental Impact Factor for Drilling Discharges

Environmental risk-based decision support tool
to assist the oil industry in establishing cost-effective mitigation measures for
reducing potential harmful discharges to the marine environment
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Dose-related

risk and effect assessment

Produced water

Following the Norwegian authorities’ requirements
in 1997 of “zero discharges to sea” within the end
of 2005, the operating companies on the Norwegian
shelf initiated the development of a modelling

tool used for guidance of management decisions
for reduction of potential harmful environmental
effects associated with produced water discharges.
This effort was embodied in the DREAM (Dose-
related Risk and Effect Assessment Model) project,
from which the Environmental Impact Factor for
produced water (EIF,,) was developed.

The EIF,,, was developed as a management tool to
be applied by the oil industry. Its calculation is based
on internationally agreed procedures for hazard and
risk assessment, as defined by the European Union
(EU), which includes the PEC/PNEC ratio approach,
also termed risk characterisation ratio (RCR).The
PEC/PNEC ratio approach compares the Predicted
Environmental Concentration (PEC) of a pollutant
with the predicted environmental tolerance level

or the concentration below which the likelihood

of adverse effects in the environment is considered
to be acceptable (PNEC = Predicted No Effect
Concentration).
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A three-dimensional, time variable concentration
field is modelled for each of the produced water
compound groups as input to the PEC/PNEC
calculation and EIF,, determination. Both the fate
modelling and the risk modelling are carried out by
the DREAM computer model.

A major data collection study was performed as
part of the development of DREAM to obtain

data of sufficient reliability to be selected for
determination of PNEC values.The establishment of
PNEC values was based on the principles described
in the EU Technical Guidance Document (EC, 1996
and 2003).

The EIF approach, implemented in DREAM, has
proven to be very useful in decision-making on
implementation of produced water treatment
techniques and the use of offshore E&P chemicals
and represents the state of the art in marine water
column risk assessment tools.
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Zero harmful discharges

From produced water to drilling discharges

The EIF,,, was well received by the Norwegian
authorities and is now in use by the operating
companies on a regular basis, both on the Norwe-
gian shelf as well as in other areas internationally. To
enlarge the application area of the EIF concept and
the risk-based management tool DREAM further,
the ERMS (Environmental Risk Management System)
joint industry program was established to develop a
prognosis tool for the estimation of ecological risks
arising from planned drilling discharges. This progno-
sis tool should calculate an EIF for drilling discharges
(EIF,5) comparable to the EIF, . Both EIFs will form
an integrated system to enable the oil companies

to perform risk calculations for different discharge
scenarios during different operations (production
and drilling).

At the concept development stage of the EIF_ it
was important to identify the main sources of envi-
ronmental risk from discharges during drilling. For
the EIF for produced water the main source of risk
was seen to be the toxicity of produced water com-
ponents in the water column. For drilling discharges
the picture was more complicated.As drilling of oil
and gas wells generate large volumes of drilling mud
and cuttings, potential impacts related to discharge
of particulates needed to be included. This resulted
in an evaluation where toxic and non-toxic distur-
bances in the water column and on seafloor sedi-
ments was included.
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Drilling discharges

Framework for EIF drilling discharges

Internationally agreed principles for risk assessment
were applied for the development of the EIF__. First
relevant stressors related to the drilling discharges
were identified by hazard identification.This
resulted in the following stressors being included in
the model development:
* Water column:
* Toxicity of chemicals.
* Physical effects of suspended matter.
* Sediments:
* Toxicity of chemicals (organic chemicals and
heavy metals).
* Burial of organisms.
* Change in sediment structure — grain size.
* Oxygen depletion

For the identified stressors the DREAM model

was developed further to carry out exposure
modelling of drill cuttings and the components

in drilling muds. Exposure modelling could then be
carried out simultaneously in both the sediment and
water column compartments.

Through a literature study information for the
effect assessment of the identified stressors was
collected.
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The main challenge in the establishment of effect
threshold levels for the EIF_ was to apply existing
protocols for the definition of environmentally safe
levels to the non-toxic stressors. For the sake of
compatibility, principles described by the European
Union (EU) in the Technical Guidance Document
(EC, 1996,2003) were applied as possible for the
non-toxic stressors as well. Figures for the sensitivity
of biota (Predicted No Effect Concentrations
(PNECs) and Species Sensitivity Distributions
(SSDs)) were defined for all stressors.

The EIF_ is finally calculated in the risk
assessment. Environmental risks for all stressors
in the two marine compartments are estimated by
calculation of PEC/PNEC ratios. In order to combine
and compare the contribution of different stressors
to the overall risk, the SSDs are applied. Based on
modeled exposure the risk probability represented
by the Potentially Affected Fraction (PAF) is
calculated. Single-stressor PAF values are combined
into a joint risk probability, the multi-stressor PAF.
The spatial extent (volume or area) over which the
multi-stressor PAF exceeds 5% is taken as a basic
value for the EIF_ in the water column as well as in
the sediment.
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Environmental management tool

The DREAM model

The DREAM model, originally developed as a
biology-based exposure and effect assessment
model for fish and zooplankton, can be applied to
calculate the potential impacts on the sediment in
addition to potential impacts in the water column
from discharges from production and drilling
activities. It includes calculation procedures for
both the EIF,, and the EIF__, which are based

on scientifically sound and internationally agreed
principles for hazard and risk assessment. Both
EIFs are developed along the same lines, defining
water volumes and sediment areas with risk > 5%,
corresponding to a nominal PEC/PNEC > | for
multiple stressors.

DREAM calculates the physical-chemical fates of the
various compounds in the discharges in three spatial
dimensions and time.
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The model includes processes like near-field mixing,
dilution in the sea due to currents and turbulence,
and biodegradation of organic compounds in

the discharge.The model can include hundreds
compounds simultaneously in the discharge and
multiple release locations.

The model also computes deposition of particulate
matter on the sea floor, including chemicals that
are attached or adsorbed to particulates. In the
sediment, the deposited matter is subject to
bioturbation and biodegradation.

The figure below provides an example of output of
the fate calculations of the model.




Comparison to field data

Model results and validation

The EIF_, (Environmental Impact Factor for Drill-
ing Discharges) is calculated for both impacts in the
water column and in the sediment. The risk calcula-
tion results are presented as a single EIF value for
each environmental compartment and as pie charts
to show the relative contributions from the vari-
ous stressors. During the development phase of the
EIF, case studies were performed by the partici-
pating oil companies in order to compare results
and perform qualification of the DREAM model.

Effort has been put into the validation of the meth-
ods applied in the model development and in the
results coming from the model. Data from the
Norwegian Oil Association database, containing
datasets from the monitoring of the benthic com-
munities around the petroleum installations on the
Norwegian Continental Shelf (NCS) since 1990 have
been examined.Validation of the toxicity thresh-
olds derived from the literature was performed by
comparing them to threshold levels for impacts on
the sediment caused by previous discharges assessed
from field data.

Risks for the sediment, example:
Weighted contribution to risk, EIF =76
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Generally, there was good correlation between the
PNEC values used in the DREAM model and the
thresholds derived from the field data on the NCS.

As a part of the EIF_ development program a field
experiment was conducted in 2003 with sampling
in the water column and in the sediments during an
actual production drilling carried out in the North
Sea.The data from this field trial have been used

to validate methods for carrying out risk analysis
offshore and for comparison with results from the
model.

Risks for the water column, example:
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