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User’s Guide to the Decision Support System on Site
Investigation Methods in NORISC (Appendix 5)
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NORISC

I ntroduction

The NORISC software was developed mainly as a Decision Support System (DSS) for selecting
the most appropriate combination of methods to investigate contaminated sites. Furthermore, the
package provides modules on site investigation strategy (SIS), data visualisation, human risk
assessment and revitalisation (see figure below). The SIS-module consists of a number of
documents; i.e., SIS-check list, SIS-full documentation, contamination profiles, user’s guide for
site investigation methods, and guides for quality assurance/quality control, data visualisation,
human risk assessment, and revitalisation. The other four modules of the NORISC shell are
executable and require different kind input in order generate certain output to support the
investigation of contaminated sites.

In this document, we concentrate on the module about site investigation methods and will
describe in manual form how the system is to be operated. In addition to recommending
combinations of methods a cost estimation for the site investigation is given. However,
combining the output of the DSS with professional and more specific knowledge in site
investigations may result in other combinations of investigation methods than those suggested by
the software. Such discrepancies may be attributed to site-specific conditions that are beyond the
scope of a decision support system. Thus, the DSS should be regarded as atool for providing
recommendations.

This document is the user’s manual of the decision support system along with some additional

technical information. Software requirements: The present version of the DSS - Site Investigation
Methods requires MicrosoftO Access 97 and Excel 97.
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Part one: Input to the DSS - Site Investigation Methods
General input

This window is designed to provide general information about the site. Some information is
optional such as project name and site name, while other information, such as the estimated
number of required samples is obligatory, and used to calculate costs. In the following we will
discuss the individual window subsets.

#1 MONLSE - Ske Iwestigation Methods — -
General Input
NORISG Sta Imvestigedon Mathods
WL ¥ e | - GEneral
o i Pinpect name | Hanae Poupeic| mamagin | /P e i o o
Gensdlnpe 7 Site name [ Balatsadyamal Site localion [ TTTET]
L L1 T R 0 .
W GerenemieiGee || Ama ol sbe [eguind) T ha
Chsaceintion | Sediect mais depih el for ieve stgeton
i P G85m
- i
Chaachemtion |- T 08&m
- ~  4S20m
|_ 30 m

T Estimate amouw of S6limgsts amgling

™ Do pou want o caloskate B numbes ol Iz manu sl

= e pou mant the DES o e sfimate the number of somples?
T Estimakion bazed an propartian (2] of site which iz confaminabed

~  Estimation based on mea of site
ive numsar nd 20il tanoie: per haeshols fzampling points: 1]

Lenl G a fer Lwil gax
Totel number of samples reque ied: I RET 1IZII| (1]

84l — Swrvmying and locating
Swreeyping of the sie b ievesigation needs D e doned I
Losgatmg of cetain nhiscis above/balow the nalsce on the ste = nesded? T

i - Fioke tor staf
Huriy .t o w1l [fon coel calcalations) ETIJ -

General

This part is largely used to gather some basic information to identify the project later on.
Attributes such as the name of the site, responsible project manager etc. obviously have no
influence on the output of the DSS, although such labels are essential to identify its results. An
Input that is non-optional is the area of the site. It has to be provided in order to estimate the total
number of sampling points and to estimate costs.

General
Project name I Monsc Project manager I Barbara Mohlendick
Site name I Balazzagyarmat Site location I Hungary

Area of zite [required] | 1 ha
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Main depth interval for investigation

The main depth interval (below ground surface) that should be investigated has to be given.
Investigation methods are suitable for different depth ranges, which means that this option
influences the selection of suitable methods. In addition, the target depth affects the estimated
costs for some methods (e.g., drillings), whereas the costs of other methods are assumed to be
less or non-sengitive to the depth of investigation (e.g., mostly geophysical methods).

~Select main depth interval for investigation
[ 0-05m
[ 0585m
¥ 520m
r >20m

Amount of drillings/samples

The number of requested samples to be taken at a Site is used to estimate costs. The number of
sampling points can be calculated by the DSS or entered manually. However, the number of
samples at each sampling point has to be provided manually in every case. This means that the
estimated number of samples per drilling point or any other sampling point, such as a pit, has to
be given by the user. The estimated number of samples can be given by taking into account either
the proportion of the site that is supposed to be contaminated or the area of the site. In both cases
the number of samplesin groundwater and soil accounts for 10 % of the amount of samplesin
soil.

' Estimate amount of drillings/sampling

[¥ Do you want to calculate the number of samples manuallp?  Soil Groundwater Soil gas

Give number of boreholes/zampling points: i | i

Give number of samples per borehole/sampling point: i L | 10 I 10

I po you want the D55 to estimate the number of samples?

Soil Groundwater Soil gas
Total number of samples requested: ! 50 I Ll ! L

" Estimate amount of drillingsfsampling

[ Do you want to calculate the number of samples manually?

M Do you want the D55 to estimate the number of samples?
M Estimation based on proportion [%] of site which is contaminated

Give proportion (%] of gite which iz contaminated: I a0
Give number of goil samples per boreholefzampling point: I L

" Estimation based on area of site

Soil Groundwater Soil gas
Total number of samples requested: | 22 I 2 | 2
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| Estimate amount of drillingsfsampling

[~ Do you want to calculate the number of samples manually?

M Do you want the D55 to estimate the number of samples?

| E stimation based on proportion [%] of zite which is contaminated

W' Estimation based on area of site
Give number of soil samples per borehole/sampling points: I L

Soil Groundwater Soi1l gas
Total number of samples requested: ! 50 | 5 ! 5

Surveying and locating

Entering the requested information on surveying and locating gives some general information in
the output section on surveying, positioning and locating. In this context, surveying means a
general positioning procedure at a site such as installing a regular grid and measuring the level of
the ground surface. Locating means that certain objects at a site are given positions.

~ Surveying and locating

I

Surveying of the site for investigation need to be done?

Locating of certain objects above/below surface on the site is needed? i

Rate for staff

Rate (€) for staff is used to estimate manpower costs.

—Rate for staff
Hourly rate for staff{for cost calculations) | 30 €
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Geochemica site characteristics

This part of the decision support system deals with the geochemical investigation of a site. Input
given is used to generate combinations of geochemical methods that are provided in ranking
order in the output sheets of the software.

& M TSE - Sibe Ense-sh gaetian Methards I P (=] R

Gecchemical Site Characteristics

S Irwes tgation Mathod s

Select in-situ method s for

F g0 Dazcription of geochemical methods
F Groundwator '

W Epil gan

I Prowide listof lnb methods

Guideline values

End | Gironnal wenlar Lol gax

Contminaats

Faledc lomer ackivin
lJilefn'.«?rmul:-.ﬁ W0REgE o o ol S ped ol DIk |

Selacied conamination profile
Comaminaat Farmer activite(*)

eyoryale Hedooaibane (B TES]

Cappar

Total Fatsckaim Hpdiocabore [TFH| =
Micks o

Lead
FlalchiomnstedH pdroc atsane [FCE| % £ Daletn
walslie Halopenaled Hidr o sibone: [Trichloomethare stc]

Oigenalesd oompounds

Gelec additional contaminams

Salection of in-situ methods

Selection of geochemical methods can be made separately for soil, groundwater and soil gas.
Methods are usualy in-situ methods or portable lab methods. However, ordinary lab methods can
also be selected if requested. This could be useful because some contaminants require lab
methods exclusively. If requested, each possible geochemical methods can be described in a
separate window.

Select in-situ methods for

M Soil Description of geochemical methods:
v Groundwater |Eatal_l,lti|: Surface Oxidation ;[
M Soil gas

™ Provide list of lab methods
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Guideline values

In this section, guideline values for a number of European countries can be viewed in an excel-
sheet. Guideline values can be used for a number of applications and may give important support
for both the selection of methods and for the decision on risk assessment and remediation. It
should be noted that site-specific guideline values are common in some countries (i.e. the
provided guideline values may not be used in a strict way). In addition, the definition of guideline
values is an on-going process. In some rare cases the values indicated below may aready be out-
dated.

|’Guideline values

Soil | Groundwater Soil gas

1o x|
||’E| Bkt Bedigera ¥hA nfoga Fomab Medsg Data Flinstee Hidp i = 1]
[CwRaRs smo -~ @& =cUiBEd w3
arid rwr|FrrD ESE=E@xm g alEe _-a--g_-|
E4 j = High
ot i L [ L 0 | =] F
iy Germany
3 Progr. Type of palbwtami Classlifieatio n o Risk Assesameni
Law | Moderate High | Veryhigh
q | ) :
5l Hletals mgghg TR [ gtk T [ mgka T | rglko T
B 1 Al | }
71 Zh
] AR ! 1
34 éhe ] L A0 1265 1 140
1|:| b Ba Il V
11 s H [goluble]
12147 o 10 20 =] =1]
HEERD Co
44 . HI
Ge Germerny | 4|
Klar [ e
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Contaminants

The estimated contamination profile (i.e. the group of suspected contaminants) at a given site can
be selected by specifying the former activity. The former activity then defines a certain group of
contaminants. After the group of contaminants has been provided, certain contaminants can be
withdrawn or added to that group. It is aso possible to select individual contaminants without
pre-selection of any former activity, which means that the contamination profile is built up
manually.

— Contaminants

Select former activity
Oil refinernies and bulk ztorage of crude oil and petraleun product: ;]

Selected contamination profile

Contaminant Former activity(*)

Aromatic Hydrocarbons [BTEX]
Copper

Taotal Petraleurn Hydrocarbons [TPH]
Mickel

Lead

Polychlorninated Hydrozarbons [FCE]

< Delete
Wolatile Halogenated Hydrocarbons [Trichloromethane etc) |

Organolead compoundz i

®x x®x x® ¥ X 0%

Select additional contaminants
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Other site characteristics

The section on other site characteristics deals with characteristics that are not considered as
geochemical ones. This means that hydrogeological and geophysical parameters can be selected
here. In addition, the opportunity to investigate anthropogenic objects such as pipes and cables,
etc. is provided. The selection of site characteristics is used to automatically generate methods for
Investigating them.

=101
Orther Sitae Characteristics

Sit Imesfigation Method=

Balact growp of methods to invesbgote other sife characlensbes

¥ Baoth geophysical and geologicelfhydrogecinnical methods

I Gaophysical mathods aely Descaipticn of methods:

™ Gealogical/hydrogealonical methods ankye {DC resiral measurements. sondrg |

Mman parsmetzm o be measured
o Groordests kwel . Veneal edent of shatigaphy

F  Hedadio covdustriy F Labai aedeni of shabgiaphy
F= . Elffciive porceiby

[ Secopdanre parameters o be measuned

dnbet corieer M ansar Diecunence o Deimenge of
I [ e [T Agutadas [T Flache: ard decordrutee: I Chy
F Hpraubc napmesciilp . spicidas I Crpatafine ok r o=
1 Rt L sxd
F' fverage guuncwaler el m AHIOEK: [ G
F Bindmser disction rom

Aanthropogenic unde rgroend objeclafcorsiuctions

Select undergrouwnd objecticonsimction s

] =
Selected underground objectsfcon sichons
‘ larks: wrd does Viatalic tmroie

« Delete

Groups of methods to be used

The selection of requested parameters generates a combination of methods in the output. It is
possible to combine geological/hydrogeological investigation methods and geophysical ones or to
select only one of the two groups. If requested, each possible geophysical and
geological/hydrogeological method can be described in a separate window.

Select group of methods to investigate other site characteristics

¥ Both geophysical and geologicalfhydrogeological methods

" Geophysical methods only Description of methods:

- Geologicalfhydrogeological methods only I =l
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Main parameters

This group of site characteristics considers the most important preconditions for the distribution
and spreading of contaminants. If requested, each main parameter can be described in a separate
window.

Main parameters to be measured
W Groundwater l2vel ¥ ertical extent of stratigraphy
¥ Hydraulic conductivity [v  Lateral extent of stratigraphy

V' Effective porozity

Secondary parameters

This group of site characteristics is considered to be of minor importance when investigating
contaminated sites. However, in certain cases, depending on specific requirements, some of these
site characteristics could be of interest. The conceptual differences between some of the site
characteristics should be noted: Parameters such as “water contents’ and “pore water pressure”
usually have quantitative data as attributes. Other site characteristics like “till” and “gravel” are
supposed to be adopted as qualitative attributes such as “exist” (yes/no) or as some brief
information on depth and thickness. If requested, each secondary parameter can be described in a
separate window.

— Secondary parameters to be measured
W e ¥ Aauier Occurmence of Occunence of
™ Pore water DIEESUIE r Aquitardes [T Fracturss and discontinuities [T Clay
¥ Hydraulic ransmissivity ¥ squicludes ™ Cipstaline rack it
[ Karst ™" Sand
Mooa dviater velocit
HEIa08 groun- wa.er IRlELy r Sedimantary rock [ Gravel
V' Groundwater direction C i

Underground objects

Underground objects can be of both natural and man-made origin. It should be noted that a

certain object might request investigation while it could also result in restrictions on the site
investigation (next chapter).

| Anthropogenic underground objects/constructions

Select underground objectsfconstructions
| &l

Selected underground objects/constructions

Tanksz and drumg tetallic ferrous

< Delete

10
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Restrictions for site investigations

The selection of methods is influenced by any kind of restrictions. Some geophysical methods
will be excluded if restrictions such as electric power lines or railroads are located within the area
to be investigated.

Methcd Restrictions

- Sitelressshgation Methods

e i o - _ | Aesinchons for inve sigabon methods
4 Balect restactions
[ 7|

gl Geachemeal Sin WS Baleciad resbriclions
- Charactarslics |}

GermtalInpd

<Du|ulei
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Part two: Output from the DSS - Site Investigation Methods

The output of the DSSis given in various excel sheets, divided into chapters. The output should
be regarded as guidance for selecting methods to investigate contaminated sites. The names of the
chapters in this manual refer to the excel sheets in the output.

Results

This sheet of the DSS output gives a summary of the information available about the most
suitable combination of geochemical and non- geochemical methods. The “suitability” for the
methods to deal with selected site characteristics is also provided. “ Suitability” is given rank A as
the first degree of suitability, and rank B as the second degree of suitability. If only one method is
suggested it is supposed that this single method will be able to quantify all requested
contaminants or site characteristics. If more than one geochemical method is suggested, al the
recommended methods in the combination are expected to quantify the selected contaminants. A
combination of 1-3 geochemical in-situ methods is provided. If more than one non- geochemical
method is suggested, all the recommended methods in the combination are expected to quantify
the selected site characteristics. 3 combinations of 1-3 geophysical/hydrogeol ogical/geological
methods are provided.

Geochemical laboratory methods are provided in a separate sheet if they were asked for. If
geological and geophysical methods were requested a combination of 0 - 3 methods will be
provided.

Geochemica methods for soil/groundwater/soil air

Compared to the sheet " Results’ these sheets give more details of the selected geochemical
methods for soil, groundwater and soil air. For al possible methods suitability, cost and time are
indicated.

Detection limits

Detection limits for all possible geochemical methods are shown here. It should be noted that the
detection limit might vary considerably for the same type of equipment and for the same
contaminant. Thisis indicated by the minimum and maximum value for the detection limits.

Other methods

Compared to the sheet " Results’ this sheet gives more detailed descriptions of the selected
geological and geophysical methods. For all possible methods suitability, cost and time are given.

12
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Lab methods

All possible laboratory methods for the selected contamination profile are shown.

Selected parameters

All selected data of the input part of the software are shown here.

Surveying and locating

If “Surveying and locating “ was selected in the input section of the DSS, some general

information including suggested methods will be shown in this sheet.

Description of site characteristics

All selected site characteristics are presented here, including their description.

Description of geochemical methods

All selected geochemica methods are presented here, including a description for each method.

Description of other methods

All selected geological and geophysical methods are described in this sheet.

13
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Part three: Description of tables and formulas
Tables

The software for providing combinations of methods is based on a database in Access. This
database consists of a number of different tables. The most important tables are the following
ones:

Guideline values: This group of tables provides guideline values for most European countries and
for more or less different purposes. For instance, one purpose could be the definition of guideline
values for risk assessment and another purpose could be the definition of threshold values for
future land use. This group of tables is used for visualisation and to support the user when
selecting methods.

Contamination profiles: This table provides groups of contaminants for a number of activities.
The main objective is to make it easier for the user to select possible contaminants. A selected
activity in the software gives a certain contamination profile. Deleting and adding contaminants
will change a selected contamination profile.

Geochemical methods: This group of tables provides suitability ranks for a number of
geochemical methods according to their suitability to deal with contaminants. Another important
piece of information concerns the costs involved for each method, detection limits for methods
and contaminants and the ability of the methods to be applied in the field or in the laboratory.

Non-geochemical methods: This group of tables handles the suitability of geophysical and
hydrogeol ogical/geological methods to deal with various site characteristics. In addition, data on
costs for each method are provided.

Restrictions: A table on restrictions is used to exclude selected methods if they are sensitive to a
certain restriction. For example, ground penetrating radar that is not suitable if a superficial clay
layer exists at a given Site.

In some cases the tables described above have the numbers 1, 2, 3, 4 and 6, respectively. This
means that table number 5 does not exist. Table number 5 existed in an early version of the

software. However, during the software development this table number was removed from the
software.

14
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Formulas

Estimation of number of samples

Number of samplesin the input section is given by the proportion of a site that is contaminated:
N =1log(0.05) / log(1-a)

Where N = is the number of samples to detect a contamination and a = the proportion of a site
that is contaminated (0 <a<1).

Another possibility is to use the area of asite:
N =Max(1, 225" sgrt(A) —12.5)

where the area (A) is given in hectares.

Cost calculations — geochemical methods

When interpreting the formulas for cost calculation of geochemical methods the following
notions should be considered

mde_time = Mobilization/demobilization time (minutes)

s time = Time per sample (minutes)

n_sample = Number of samples

s _cost = Cost per sample (€)

eg_cost = Cost for equipment (€)

nr_person = Number of persons needed for equipment

use factor = Factor for number of samples needed for the method. If a suggested grid uses 80
samples/nodes a use factor of 0.3 meansthat 0.3~ 80=24 samples is needed

fieldtime = mde time+ n _sample” s time” use factor

Cost calculation for one geochemical method is given as a sum of (1) cost for
mobilization/demobilization of equipment, (2) sample cost, (3) cost for rental of equipment and
(4) cost for people working at the site:

Cost for one geochemical method =

mde time”~ cost of staff +

n_sample” use factor = s cost +

fieldtime” eq cost” 0.01 +

nr_person” n_sample” s time* use factor = cost of staff

and

Totd fieldtime (h) = maximum of individual fieldtimes
Tota cost = Sum of individual costs

15
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Cost calculations — hydrogeol ogical/geol ogical/geophysical methods

When interpreting the formulas for cost calculation of non-geochemical methods (i.e.
geol ogical/hydrogeol ogical/geophysical methods) the following notions should be considered

mde_time = Mobilization/demobilization time (hours for other methods)

eg_cost = Cost for equipment (€)

nr_person = Persons needed for equipment

interpret = Factor of area time for interpreting the geophysical data

area_time = Time (h) to investigate 1 ha

fieldtime = mde_time + area time” area

cost_method = cost for one geological/hydrogeological or geophysical method

cost_depth = cost for one geological/hydrogeologica or geophysical method where depth is
considered

Cost calculation for one geochemical method is given as a sum of (1) cost for people working at
the site (including mobilization/demobilization of equipment), (2) cost for rental of equipment
and (3) cost interpretation of data:

cost_method =

fieldtime” nr_person "~ cost of staff +
eg cost” 0.01° fieldtime +

area time” area” interpret © cost of staff

Most of the geological and hydrogeological methods (e.g. drilling) have been given a depth
relation for the cost calculation. This means that the calculated cost for one method according to
the formula described above is used as:

cost_depth = cost_ method ~ depth

Totd fieldtime (h) = sum of individual fieldtimes
Total cost = Sum of individua costs

16
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Combination approach
The software provides combinations of methods according to the following criteria:

1 — 3 geochemical field methods or portable lab methods will be selected in at least one
combination depending on the required site characteristics,

0 — 3 geological / geophysical method will be selected in at least one combination.

In addition possible laboratory methods will be shown athough they are not a part in the
combination process.

The combination procedure is based on the suitability rank for each method. Suitability is divided
into four levels:

A: High level of suitability,

B: Medium level of suitability,
C: Low level of suitability,

D: Not suitable at all.

In this combination approach the combination of methods that results in the highest degree of
suitability for a contamination profile or other site characteristics will be placed in first position
as the best group of methods. If several groups of methods have the same degree of suitability,
the cheapest combination will be regarded as the best combination. Thus, the calculation of costs
IS very important to provide the best combination of methods.

17
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