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1 Executive summary

A software package for guiding the investigatiortontaminated sites has been
developed. The software includes a decision sugystem (DSS) that provides the most
appropriate combination of methods for investigatd contaminated sites. The system
should be regarded as a guideline that gives patersiers a substantial support when
planning investigations for site characterisationppses. The decision support system is
based on various information from a number of sliat describe

- Guideline values for contaminants in Europeamtoes (soil and groundwater),

- Former industrial and other activities and cquoesling contaminants to be expected,

- Geochemical investigation methods and the comtants they can detect,

- “Other” methods, e.g. from geology, geophysicd hydrogeology, and information
on site characteristics they can provide,

- Costs for the different methods, both for theayonical- and non-geochemical
methods,

- Restrictions in the application of “Other” metlsod

In a practical guide, the application of the pragbmethods is supported by various
documents about site investigation strategy, desgtideline, and rules for dealing with
stratigraphy and quality assurance. This is sugptssupport decisions on the estimated
number of requested samples as well as the ambdntlmg. However, more detailed
descriptions on site investigation strategies @afolind in various references and web
sites.

The decision support system is requesting somemétion from the user about the site
to be investigated. Considering the lateral anticadrextent of pollution at a site, the
user is asked about the requested number of sathplielsave to be analysed. Thereatfter,
(1) groups of contaminants, either given indiretiyyan estimated former activity on a
site or chosen directly from a list, and (2) infaton on geology / hydrogeology has to
be provided. This input facilitates the selectibmedevant methods for investigating a
site. Further, guideline values given in the talbldsbe visualised. These data are further
used in supporting the selection of methods of pesttice that have high detection
limits. Known restrictions at a site, e.g., builgénor buried objects will reduce the
“suitability” of certain methods. In this case tieer is informed about possible
limitations of the selected methods. In a sepaghget methods are given for supporting
risk assessment.

The output of the software is provided as combamatiof geochemical in-situ methods.
The combinations are based on the suitability fiéint methods to deal with
contaminants. If different combinations have thesability to deal with a certain group
of contaminants the cheapest alternative will memamended as the first choice. In
addition to the geochemical methods different carations of geophysical and
geological/hydrogeological methods will be suggestere again the cheapest
combination will be ranked highest.
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2 Introduction

The objective of this work is to establish a guidelfor the investigation of contaminated
sites with emphasis on a decision support syste&5jDThis system will provide the
most appropriate methods for providing the charesties of contaminated sites and
includes strategies to deal with them. Such charistics are contamination profiles,
prerequisites for the spreading of contaminantsiims of geological and
hydrogeological conditions as well as anthropogenies. The DSS visualises guideline
values for different contaminants according to pean standards. The detection limits
of the methods considered for the investigatiorukhbe equal or lower than the
guideline values for corresponding contaminantsimymortant part in the investigation
of a contaminated site is setting up rules anddegaate concept, namely a site
investigation strategy (SIS). The SIS will guide tiser through the different stages of
such an investigation. Especially, the SIS empleadilze role of integrating different
methods of investigation in a dynamic working pleg.,, an interactive one. The SIS
ends up in some recommendations for risk assesandremediation. The entire
concept will be further explained below.

3 Work description

The work of establishing a decision support systie®S) can be divided into four major
parts:

3.1 Development of a conceptual model of the DSS

Number of samples

The DSS mainly requires information about the nunadfesamples that are adequate to
describe pollution at a site and about the contantgithemselves and site characteristics
that the user wants to measure. The numbers oflearape used to estimate investigation
costs and can be given either manually or beinguéatied by the DSS. The calculation
provided by the DSS is either based on the area t¢ine proportion of the site, which is
supposed to be contaminated:

N = Max[1, 22.5x sqrt(area)-12.5]
N = [Log(1-0.95)] / [Log(1-prop)]

Where N is the suggested number of sampling pdiatsa” is the area of the site given
in ha and “prop” is the proportion of the site whiis supposed to be contaminated. If
more than one sample per sampling point is requirediser may use an estimated
number of samples per sampling point (i.e., a sertamber of samples per drilling).
However, it should be noted that the approachesltulate the number of samples are
mainly supposed to guide the user estimating theired number of samples and thus
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costs. The actual number of samples necessanatadatarize the pollution may largely
depend on the very local settings at a site.

Combination of methods

When all available information about the site isypded to the DSS, its output gives the
“best” combination of methods that are most suédbt further investigating the given
site. This combined approach consists of

- 1-3in-situ chemical methods,
- 0-3 geophysical/geological/hydrogeological method

The algorithm that combines the different methaat$ providing a first choice, i.e., the
“best combination” is based on their “suitabilityime and cost in relation to the site
characteristics given. In addition to the in-sitathods a list of possible lab methods is
provided.

Cost calculations — geochemical methods
When interpreting the formulas for cost calculatidrgeochemical methods the
following notions should be considered

mde_time = Mobilization/demobilization time (mingje

s_time = Time per sample (minutes)

n_sample = Number of samples

s_cost = Cost per sample (€)

eq_cost = Cost for equipment (€)

nr_person = Number of persons needed for equipment

use_factor = Factor for number of samples needethéomethod. If a suggested grid
uses 80 samples/nodes a use factor of 0.3 medr& 3xaB80=24 samples is needed

fieldtime = mde_time + n_sampkes_timex use_factor

Cost calculation for one geochemical method ismgiae a sum of (1) cost for
mobilization/demobilization of equipment, (2) sampbst, (3) cost for rental of
equipment and (4) cost for people working at the: si

Cost for one geochemical method =

mde_timex cost of staff +

n_sample< use_factox s_cost +

fieldtime x eq_cos& 0.01 +

nr_persorx n_samplex s_timex use_factox cost of staff

and

Total fieldtime (h) = maximum of individual fieldties
Total cost = Sum of individual costs

Cost calculations — hydrogeological/geological/gkgsical methods
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When interpreting the formulas for cost calculatidmon-geochemical methods (i.e.
geological/hydrogeological/geophysical methods)ftilewing notions should be
considered

mde_time = Mobilization/demobilization time (hours)

eq_cost = Cost for equipment (€)

nr_person = Persons needed for equipment

interpret = Factor of area_time for interpreting tteophysical data

area_time = Time (h) to investigate 1 ha

fieldtime = mde_time + area_timearea

cost_method = cost for one geological/hydrogeokagic geophysical method
cost_depth = cost for one geological/hydrogeoldgicgeophysical method where depth
is considered

Cost calculation for one non-geochemical methad (.
hydrogeology/geology/geophysics) is given as a sfiffh) cost for people working at the
site (including mobilization/demobilization of egunent), (2) cost for rental of
equipment and (3) cost interpretation of data:

cost_method =

fieldtime x nr_persorx cost of staff +
eqg_cosk 0.01x fieldtime +

area_timex areax interpretx cost of staff

Most of the geological and hydrogeological meth@dg. drilling) have been given a
depth relation for the cost calculation. This metiras the calculated cost for one method
according to the formula described above is used as

cost_depth = cost_metheddepth

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

Tables within the DSS
The performance of the DSS is based on the follguables:

» Table 1: Guideline values for contaminants in dédfe European countries with
reference to further land use and other aspects,

» Table 2: Activities (the use of a site) and cormgbng contamination profiles (i.e.,
groups of contaminants),

» Table 3: Geochemical methods and correspondingoanants to be looked for
including “suitability” and ability to deal with edaminants in-situ,

» Table 4: The suitability of “other” in situ metho@geophysical, geological,
hydrogeological and biogeochemical ones) for déiférsite characteristics,

* Table 6: Restrictions for different methods.
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3.2 Rearranging and updating of delivered tables

To a large extent, contaminants in the tables lifereint names and abbreviations. A
part in the preparation of data was to establigtbke with common codes for all
contaminants involved in Tables 1, 2, and 3.

Table 2 with lists of activities and correspondaamntaminants is largely based on the
ISO 9002 standard. However, some activities haea lbemoved while others have been
added. In addition, contamination profiles haverb&eghtly altered.

Table 4 is based on the “suitability” attributetioé methods, which has four levels A, B,
C and D. Level A is ranked highest, i.e., a metivitth rank A is optimal for a given task.
The ranking is used in the combination exerciserevtiee best combination of methods
is selected. Other table information, e.g., datéhermethod’s ability to work in-situ act
as a switch, i.e., a selected method may be ussitlior not. A separate lexicon table
with cost attributes provides the input for thetazaculations.

The methods are handled by their suitability to eeth various depth intervals. Every
geophysical and hydro-/geological method has alsiliily rank (A, B, C or D) for the
depth intervals of 0-0.5, 0.5-5, 5-20, >20 m. Tkerthas to select a depth interval, on
which the investigation mainly concentrates. Iniadd, the selected depth interval of the
investigation affects the costs of most of the byfdjeological methods.

Table 6. Restrictions: Owing to specific charasties of the investigation techniques,
almost every method has certain limitations inrtpeactical application. Therefore, all
methods are ranked on four levels in respect taicesite-specific restrictions, i.e., the
type of restriction due to the infrastructure aita. The information is compiled in a
separate table, which is also the base for thetirggiuest from the user.

3.3 Software development

The software is based on Access and Visual Basie tdbles described above are used
by Access in connection with Visual basic to magpli@ations. The structure of the
tables and the relation between them is given peagix 3. The advantage using the
named software is the possibility to create a mmetmodule that allows the software to
be installed and to run on any personal computdrdperates under the Windows
operating system.

3.4 Site investigation strategy

Guidance for studying a site is provided by the Bivestigation strategy (SIS). The SIS
contains an extended checklist for the user thaiose accustomed with site
investigations as well as some more extended gapsrppendices that aim on persons
not that familiar with the investigation of contarated sites. The SIS even describes
strategies on desktop studies, risk assessmerggdration, and quality assurance (see
Appendix 4).
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4 Description of the softwar e interface

The NORISC software package allows to enter théesaecsupport system (DSS) on
methods to investigate contaminated sites or thesingation strategy, and supports a
specific site investigation (Figure 1). The DSSuiess input on different levels, e.g., the
number of samples given by the user or calculayethd DSS, and the area of a site and
the hourly rate for staff (Figure 2). The site istrgation strategy will provide some
guidance about the required amount of samplessé&leetion of a target depth interval
influences geological/hydrogeological and geoplatsicethods with respect to
suitability and cost.

Input of geochemical site characteristics provigeshods as output. A contamination
profile (Figure 3) is selected from a list (selecteom Table 2). The selected
contamination profile gives a number of contamisatcording to Table 2. However,
the user may select other individual contamindrsmore site-specific group of
contaminants is requested. The selected groupreéconants is compared with the table
of geochemical methods (Table 3) which providesnle¢hods that are able to deal with
the specific contaminants. Methods will be nameihvestigate soil, groundwater and
soil gas.

The detection limits of methods can be comparet thibse values of the guideline that
are selected by the user. Guideline values carnsbalised by selecting a certain country
and a certain purpose of land use (Table 1) or &yually defining site-specific values.
The latter option means that the user has to esigii@-specific guideline values. The
guideline values should be compared with detediroits of the methods.

Geological/hydrogeological site characteristicsvali as man-made underground objects
are considered in another input frame (Figure f)imAportant point within this part is
that the user provides information on known sitarabteristics. Guidance on which site
characteristics are appropriate to measure is givére site investigation strategy.
Unknown characteristics of a site that are esdetotiae investigated will be looked for in
Table 4 (Geological / hydrogeological characterssand methods) and the most
appropriate methods to study the relevant chaiatitsr will be recommended.

Possible restrictions when investigating a sitehsas underground features like cables or
buildings are requested as input from the usewgE€i®). This input will be used to
automatically exclude methods because of theseatests.

The output from the DSS for investigating a contaated site is given in different Excel
sheets on

» Suggested combinations of methods,

* All possible geochemical methods for the selectedim
» Detection limits for selected geochemical methods,

» All possible laboratory methods for the selectediiame
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» All possible geological/hydrogeological and geopbglsmethods for the selected site
characteristics,

» Selected parameters i.e. all selected data imhg part of the software,

» Surveying and locating: general information inchglsurveying, positioning and
locating,

» Description of site characteristics ,

» Description of geochemical methods,

» Description of other methods (i.e. geological/hyprological and geophysical
methods).

The output can be interpreted together with infdromagiven in the document about the
site investigation strategy (see Appendix 4).

5 Appendices

Appendix 1: Figures showing the user interfacenefgoftware.

Appendix 2: Structure of the database.

Appendix 3: Description of tables.

Appendix 4: Guidance on Site Investigation Stratagg desktop study. (See separate)

Appendix 5: User’s guide to the decision suppostay on site investigation methods in
NORISC. (See separate)
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Appendix 1. Figures.

Figure 1. The guideline starts with the selectietween different modules of NORISC.
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General input

Site Investigation Methods

~General
General lnput Project name Morisc Project Manager I Barbara Maohlendick

BNt e Site name Balassagyarmat Site location I Hungary
characteristics
I 1 ha

|

Area of site [required]

thhE[ Sl_tel_ —Select main depth interval for i
S
characterishic: ~ 005m
Method T 055m
restrickions vV 520m
 >20m
Bun | Estimate amount of drillingsfsampling
[~ Do you want to calculate the number of samples manually?
Reset
User's quide ¥ Do you want the DSS to estimate the number of samples?

" Estimation based on proportion [%] of site which is contaminated
Home

¥ Estimation based on area of site

Give number of soil ples per borehole/: ling points: L
Sail Groundwater Soil gas
Total number of samples requested: I 50 5 5

- Surveying and locating

Surveying of the site for investigation needs to be done? ird

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

— Rate for staff
Hourly rate for staff [for cost calculations] | 30 €

d

Luit

Figure 2. Input of number of samples, area of sit@n depth interval to be investigated
and hourly rate for staff. The input of samples barestimated manually or calculated by
the DSS. The area of the site is used for geopélysast calculations and, if required, to
estimate the number of samples. The main depthvadtenfluences
geological/hydrogeological and geophysical methaitls respect to suitability and cost.
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Copper

Total Petroleurn Hydrocarbons (TPH]

Nickel

Lead .

Polychlorinated Hydrocarbons [PCE]

Yalatile Halogenated Hydracarbons [Trichloemethane stel
Organolead compounds ' .

Figure 3. Geochemical site characteristics. MetHodsurveying soil, groundwater and
soil gas can be selected. Guideline values foracpimants in European countries can be
visualised. Input of the former activity at a gjienerates a specific contamination profile.

12



NORISC

Tarks and droms elaﬂl’: femous

Figure 4. Input of requested “other” site chardstass. It is possible to select either
geophysical or hydro-/geological methods or a comitidn of both.

13
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e [metallic]

Figure 5. Input of known restrictions at a sitet timay affect the investigations of certain
methods.
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Appendix 2. Structure of the database.

TZ2_contamination_profile T2_geochem
cort_code SMALLINT =pkfkz= method_code  Texd(30] “pk flk2=
act_|nr_c  Text(20] “pkfki= cont_code SMALLINT =pkfki=
zz__rank  Text(1) =fla= FZ SMALLINT
rank SMALLINT Fini SMALLINT

FG SMALLINT
zz_geochenm_rank FS ShALLINT
rank Text(1] =pk= g\g g:itt::;
rank_txt Te:d(50]
zz_element LS SMALLINT
cort_code  SMALLINT =pk= t‘g gm:tt::l
code_group OOUBLE e Test 1
El=lg=lgyiy Text[50] =l
S Text[1)
it full _name Te:xt[255) oG Test[1]
Zz_Activity CAS code  Test(50) & Tent(1)
act_Inr_c Text(20] “pk= group_code  Text[20) Lon Ls DOUELE
industrizl_sctivity Tex[255) single_Group Te:t[10] -
LODO_HS DOUELE
group_1 Text[10] Motes Texd[265] —
LOD_Lw DOUEBLE
group_1_name Text[285] Group_SGU Text[255)
LODO_Hw DOUELE
group_2 SMALLINT
roup_2_name Text[255) LT, LE DELIELE
greup_<_ zz_geocher LOO_HG DOUEBLE
activity_no SMALLINT TIME SAMPLE Teasdi
method_code  Text[30]  <pk= L (1]
method_name Tesd[255) SCREEM Text(1]
— e time DOUELE ™| #PPLCQ Text[1)
zz_geochem_desc = time ODOUELE AFFLCF Texd(1]
~ NS SMALLINT
method_code Texdt(30] =pk fk= s_cost DOUELE QNW SALLINTD
ot =t DOUELE o
method_description Mermo eq_co aNG SMALLINT
nr_persan SMALLINT
use_factor REAL QLs SMALLINT
GILWy SMALLINT
QLG SMALLINT
zz_obstrmetod
method_code Text(10] <=pk=
method_name_obstacle Text[255]
TE_obstacle
tethod_code  Text[255)] =pkfkz=
obstacle_code Text[285) =pkfki1fk3=
rank Text[2649) =fk3=
Td_site_char
7z obotacle sitechar_code Text[259) =pkfkz=
= method_code  Text[20] =pkfki=
obstacle_code  Text[255] =pk= rank Texti1] =f kT
obstacle_name Text[255) /
zz_geophysics
Sl method_sode  Text(30)  <pks
obstacle_code Text[265) <pkflk= ward Text[255)
Rank_obstacle_code  Text[255) <pk= wErs Text[10) zz_sitechar_rank
Rank_obstacle_name Text[255) ward Text[255)
SORT_ORDER INTEGER vard Tesd[10) ra"'t ot Eﬁ[;é ol
vars Test{10] rank_txt Ted(30)
/"’interpret DOUBLE
- rmde_ti e ODOUBLE
zz_geophysics_desc ares time DOUEBLE
method_code Text(30] <pkfk= eq_cost DOUBLE
method_description Mamo Ar_persan SMALLINT

method_rname Text[255)

group Text[1]

Depth_relstion INTEGER

document
id COUNTER =pk= ‘ .
dokument LONGEIMARY zz_site_char
litle Text(50] sitechar_code Terd(255] =phk=

ward
ward
ward

7

zz_site_char_desc

ward
ward

sitechar_code

Tent[265] =pkfk=
site_characteristics_description  Memo

wark

site_characteristics_name  Text[255]

Te:xd[255]
Text[5)
Text[255]
Test[5]
Tesxt[255]
Tesd(5)
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Appendix 3: Overview on description of the tables and the most important columns
in each table.

Lexicon tables referring to table 1 — 3:

1. Contaminant code.
2. Contaminant name.

Tables referring to Table 1 (Guideline values):

Guideline values (three separate tables for smligdwater and soil gas):

1. Contaminant code.

2. Value. The given guideline value or backgrouahig etc.

3. Code of country and the reason for the “ValldEscription: For example Italy has
been designated two codes |_01 and |_02 thereligaitiog Italy-land use:
"Residential and for green park utilisation sitagst "Commercial utilisation and
industrial utilisation sites”, respectively.

Lexicon table:

Land use codes:

1. Country. Description: Name of country.

2. Threshold group. Description: Threshold groughsas “Land use” or “Risk
classification”.

3. Threshold criterion. Description: Criterion the threshold value such as “sensitive
use” or “less sensitive use”.

4. Code of country and the reason for the “ValuBéscription: For example Italy has
been designated two codes |_01 and |_02 therelgaitiag Italy-land use:
"Residential and for green park utilisation sitastl "Commercial utilisation and
industrial utilisation sites”, respectively.

Tables referring to Table 2 (Contamination profile)

Table with activities and corresponding contamisant
1. Activity code. Sequential code for activity.
2. Contaminant code. Code for the contaminant.

Lexicon table:
1. Activity code. Sequential code for activity.
2. Activity name. Name of activity.

Tables referring to Table 3 (Geochemical methods):

1. Method code. Sequential code for method.
2. Contaminant code. Code for the contaminant.

16
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3. Suitability. A rank code indicating the suitatyilof the method to deal with a certain
site characteristic. A = High level of suitabilit$,= Medium level of suitability, C =
Low level of suitability and D = Not suitable at.al

4. Field (Y/N) Indicates if the method is applicalbbr in-situ measurements.

5. Portable lab (Y/N) indicates if the method iplagable for measurements with
portable laboratory equipment.

6. Lab (Y/N) indicates if the method is applicafde laboratory measurements.

7. Detection limit (Num).

8. Cost data. Several columns with cost data.

Lexicon table:

1. Method code. Sequential code for method (Taple 3
2. Method name. Name of method.

3. Method description. Description of method.

4. Cost data. Several columns with cost data.

Tables referring to Table 4 (Hydrogeological metjod

1. Method code. Sequential code for method.

2. Site characteristic. Name of the site charastierio be investigated.

3. Suitability. A rank code indicating the suitayilof the method to deal with a certain
site characteristic: A = High level of suitabilif$,= Medium level of suitability, C =
Low level of suitability and D = Not suitable at.al

Lexicon tables:

Method code. Sequential code for method (Table 4).
Method name. Name of method.

Method description. Description of method.

Cost data. Several columns with cost data.

pWONE

Site characteristic code. Sequential code for nieffiable 4)
Site characteristic name. Name of method.
Site characteristic description. Description o sharacteristic.

wN e

Table referring to Table 6 (Restrictions):

1. Restriction code. Sequential code for restnictio

2. Method code. Sequential code for method (Taple 4
3. Rank code. A restriction specific rank with fdewels.

Lexicon table for restriction code:
1. Restriction code. Sequential code for restnictio
2. Restriction name. Name of restriction.

Lexicon table for restriction ranking:

1. Restriction code. Sequential code for restriction.
2. Rank code. A restriction specific rank with fouvéds.
3. Rank name. Explanation to the rank code.

17



