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A Complex Compromise

In Sweden, the need for military firing rangéssignificantly less today then during the Cold
War period. Many such ranges are currently being phasedralthe official proprietor — the
Swedish Fortifications Administration — plans to sell or égjalsased-out ranges to civilian
users.

However, UXO — UneXploded Ordinance — will always be preseriiring ranges. For this
reason, these areas cannot simply be turned over — “asd<tivilian clients. The risk for
injury or death due to exploding UXO must be assessed antiedeagainst the benefit of
utilizing the land, and the cost of its clearance.

At the request of the Swedish Armed Forces, a multijglieary group, under the leadership
of the Swedish Defense Research Agency (FOI) in Stockholrriiently developing a
socio-technical modeling method, which will support the decisiokiimggprocess for phasing
out military ranges. This executive summary presents the matitbthe model, as far as it
has been developed, up to December 2003.

Figure 1. In phasing out military firing ranges, a balance musobed between the risk for
injury, the benefit of its civilian utilization, and the cos$tclearance.

" The term "firing range” will be used here to dematl forms of military training ranges involvingd®.
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Introductory comments on the term “UX0O”

UXO is the generic term for explosive ammunition or otheraanents which, when used
either in actual combat or in training, did not explodenganided. There are many reasons for
UXO: for example, technical defects in weapon systems threl ammunition itself, or impact
on a surface that is too soft to detonate the fusediffisult to estimate the total volume of
UXO in Sweden today, but it is probably in the range of sgweaillion units.

Ironically, UXO is the price we pay for ttsafety requirementsssociated with handling
ammunition, both in peacetime and wartime. The most impostdaty demand is that the
firing system or fuse is not prematurely triggered. Thehead of an UXO is often
undamaged, protected by its surrounding metal envelope. Sinerpllosive substances it
contains (usually a TNT derivative) are usually chemicstiiyple, it may take many decades
before it decomposes into harmless substances.

When attempting to locate UXO on a firing range, one meginbby identifying thearget
areas These are the areas that wiatended to be hiby the artillery or other weaponry
involved. The determination of the boundaries of these areaseca difficult task, especially
if the range has been in use for a longer time periade articular target areas can have
been abandoned and forgotten over the years.

Within a particular target area, there are oftehspots- areas with particularly high
concentrations of UXO. In extreme cases, UXO density chra level of 10.000 units per
hectare (c. 4000 per acre). Immediately surrounding a maigt @rgg is aisk zone in which
ammunitionmayhave landed by mistake — either because of technical or hemmmar(see
Figure 2, below).
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Figure 2. Within a firing range, there are four types of areasgét areas, hot spots within
target areas, risk zone and remaining areas, with varying coratgoms of UXO.



UXO can be found at different depths in the ground — from O toédi@rs — depending on
surface conditions, type of ammunition and angle of impact. @aef thumb is: the larger
the caliber, the deeper the UXO. However, most UXO lidewper than 1 meter (c. 3.3 feet).

UXO does not necessarily keep still and remain at the skapth forever. One reason for this
is so-called frost heave, in which hard objects like stener UXO — are gradually lifted by
the seasonal action of freezing and thawing soil. In larg@operof Sweden, frost heave can
raise objects 0.5 to 2.5 centimeters (c. one inchyger. This means that UXO, which lie at a
depth of 20 centimeters today, can be transported to the switack0 to 20 years.

Localizing UXO is accomplished by surface prospecting andsigeobing. Surface
prospecting involves searching for UXO, which are visibldéunaided eye. Surface
probing involves usingine detectorsr ammunition clearance detectofACD). Mine
detectors scan to a depth of c. 30 centimeters and diteettallic objects larger than a
given size.

ACDs detect only ferromagnetic objects and can localizeetasbjects — such as bombs — up
to a depth of 5 meters (c. 16 feet). With a positive readilearance personnel must carefully
excavate the object and — if it is, in fact, an UX@isarm it, often on the spot.

It should be noted, that there are often a great numbee“&érms” associated with surface
probing.

A complex socio-technical problem

UXO clearance is both expensive and time consuming. Furtheromonpetence in this area

is in short supply. It is therefore important to focus resesimhere they are most needed and
where they give the most effective results. Some aréhsa range can be relatively simple
to restore for recreational use. Other areas can be sailtitticclear that the costs do not
motivate the utility. Still other areas may require aied analysis in order to determine the
balance between the risks involved and the utility of landlugethis trade-off which must

be considered before an UXO area can be returned t@oiute.

The total UXO issue is a complex one. It involves milite&xghnology, economics, geology,
botany, ethics, community planning, and human behavior — as walyags and the
operational analysis of search and probe techniques. The protiepiex also involves
considerable uncertainty as to the how much UXO actuallysexigny given range, what
types of UXO are present and how sensitive these are tacphiyspacts or heat.

This means that the entire UXO problem must often be dgalton the basis of judgments
and estimations, rather than on “objective facts”, whahloe exceedingly difficult to
establish with any certainly. One method, which has begaloped to treat complex
problems of this type, igeneral morphological analys{i&MA — see summary at the end of
this report).

A cross-disciplinary working group, established by FOI, hasked with the UXO-problem
since the Spring of 2002. Its aim — with the aid of morphologinalysis — has been to
structure the problem complex and to develop a model and asprimedJXO risk
assessment, in connection with the phasing out of miliang ranges. The process involved
is primarily designed for use on ranges that have not beker @aapped and risk assessed.



One might be tempted to regard the UXO issue as a puctigital one. However, the
decision to phase out a firing range is a far more compsdere jsnvolving both technical and
social-political aspects. This means that one must consid@rganizational, political and
legal constraints surrounding the technical issues, as svplildic health concerns. The
structure of the problem complex has resulted in overall mekieh is divided into three
fairly distinct steps (Figure 3, below).

1. The known facts about an UXO field — which is mainly concerndil t@chnical and
geological issues.

2. Risk and uncertainly analysis (technical, organizational ahdwberist issues).

3. Measures to be taken (technical, economic and legal )ssues

uUxo
FACTS

RISK
ANALYSIS

!

RISK EVALUATION AND
SELECTION OF MEASURES

Figure 3. The UXO- problem complex structured in three steps.



In each step, we have developed a number of morphological fidiesh support the
gathering and compilation of the known “facts”, their documentatiahevaluation. Based
on this, we have further developed a total evaluation process ptuvides step-by-step
support for decision making in connection with the phasing outingfranges.

The evaluation process

The evaluation process for a specific range should be @¢auieby a locally (municipal)
based working group, combining civilian and military competenitie kmowledge of local
conditions and local municipal planning. The working group is supporti ievaluation
process by persons well versed in UXO issues and by expeatipraeess facilitators.

Since much of the UXO-issue concerns genuine uncertainty — adeétaded quantitative
risk —, an open and well-documented dialogue within the grougcisssary, in order that the
evaluation lead to well-grounded decisions. The overalligdaldevelop a process, along
with supporting tools and resources, in such a way as tadiéeitiuch a dialogue.

The evaluation process is built on the three-tiered processtiog®f the following steps.

Step 1. Compilation of UXO facts.
Step 2. Uncertainty analysis.
Step 3. Risk evaluation and selection of measures to be. take

Step 1. Compilation of UXO facts.
A. Selection of “sub-areas”

Here, the morphological fielehformation statuss constructed to give a first sub-division of
the firing range into sub-areas. These should be documentel@sigdated on a map. The
sub-divisions include: hot spots, target areas, risk zonesgeuisk zones. A sub-area should
be as homogenous as possible as concerns geology, vegetatioantyfresjuency of UXO,
and other clearance conditions. Each sub-area and time eassbciated with the particular
military activity, which was carried out in the area,veell as the type of information sources
on UXO. Finally, an overall judgment about the sub-area’s dondi given. The
morphological field thus summarizes the information statuseoftba (see example in Figure
4, below).

Estimating UXO-densities

UXO density is a key issue in the evaluation processllydeme would like to base decisions
on detailed UXO reconnaissance. However, this is not alpagsible, and — at least initially
— one often has to be content with theoretical estimatioregder to support such
estimations, we have developed a morphological field concetstigated UXO-density
(Figure 5, below).



Figure 4. Information status. In the example, b-aprea is judged to be a target area, which wasluse
during World War 1l and the Cold War period foramitry and artillery. The source of information is
“military experience”. The area is judged as beiogmplex, with a poorly developed information
base.

Figure 5. Estimated UXO-density. The input datacern the known facts and judgments about what
type and how much ammunition has been expendedgdiiné range’s entire period of activity.



Conditions for clearance

In the matrixConditions for clearance (Figure 6pne describes the conditions for surface
probing. This matrix will also be used in stegBpice of measures

Figure 6. Clearance conditions. The conditionshe example above indicate that it will be difficu
to carry out a surface probe of the area in questio

Figure 7. Synthesis of UXO-facts. The judgmetttismiexample is that more information should be
acquired before the study of this area can continue



Synthesis of “UXO-facts”

The matrix ‘Synthesis of UXO-facts used to summarize the most important empirical
technical and geological conditions concerning a range. It suppastsfying the UXO-sub-
area into such categories as: a) should not be transfercedlian sector at present time, b)
further study required for decision to be made, c¢) candbsferred and utilized for restricted
(specified) types of activities, but the evaluation prochesld continue, or d) can be
transferred and utilized for all type of activities. Figdréabove) is an example of the
description of such a sub-area.

Step 2: Risk and uncertainty analysis

We do not employ the term “risk” (R) here in its purelyht@ical meaning: i.e. the
(quantitative)probability (x) that something with measurable negatwasequence) will
occur.

R =xk

In the case of UXO, we use another approach. We deecotisequencesf UXO-related
injury or death as (socially and politically) unacceptable.thiéeefore wish to estimate the
“risk” of such an (unacceptable) occurrence by estimatingjkbihood of people coming
into contact with UXO and the likelihood of UXO actually @edting because of such
contact. Thus:

Risk of an UXO-occurrence likelihood of contact with UXOx likelihood of
detonation on contact

It is the two “likelihoods” on the right-hand side of thet@tion” which must be estimated
and reduced below some (politically) acceptable level.

The choice of sub-areas from the perspective of “land use”

We base our (primarily qualitative) risk analysis onlikelihood of contact with UXO, and
thelikelihood of it detonating on contact. These two “likelihoods” both depentth@types of
activities being carried out in an UXO-area. In thistfphase of the analysis, therefore, we
divide areas into sub-areas based on the possible or diesiredof activitieghat may be
carried out there. (The two major forms of activitiesame concerned with are land
excavation or recreational activities.)

At suitable point of departure for this subdivision is a munidygalland use plans. In the
same way that we worked in defining the UXO-areas thens€ldXO-Facts”), we use the
UXO-area map and transparent plastic overlays. The aebdsvision according tland use
may differ considerably from the subdivision according to “UX&xts”. However, these two
aspects of the problem will be overlaid and adjusted in phas¢he analysis.

The likelihood of contact

Two morphological fieldsContact: RecreatioifFigure 8) andContact: Land Excavation
(e.g. for building purposes, Figure 9), are employed to faeilitee judgments concerning the
likelihood of contact with UXO for different types of actieis. The judgments are based on
earlier compiled facts concerning UXO types and denséias by statistical estimates.



Recreational use and land excavation are quite differenitestifrom the point of view of
UXO-contact. While recreational activities most often ineobnly the surface use of land, it
is not easy to control what people are will actually dos Tieeans that the likelihood for
contact must be estimated from purely theoretical modelshengpes of activities involved.

Land excavation, on the other hand, involves the possibilitpmirg into contact with all

existing UXO, at least down to depth that is being exealvdtiowever, excavation is usually
a one-time activity, requires a building permit and can beereffectively controlled.

Figure 8. Likelihood of contact for recreationaltadties. (k — the contact coefficient — is defirserth
that, N = k * hours of activity/yr-area * UXO-demgidown to maximum contact depth. This gives the
estimated number of contacts per year and area.)

Figure 9. Likelihood of contact for land excavatio
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Likelihood of detonation

The morphological fieldLikelihood of Detonatiofis used to facilitate an estimation of this
factor. Different “means of contact” are taken from ltileelihood of Contacinatrices for
different activities (e.g. hard impact on surface). ExgstUXO-types and detonation
sensitivities are taken frotdXO-Facts Figure 10 (below) is an example.

Figure 10. Likelihood of detonation. Example: areoon type of high explosive shell with a
mechanical fuse.

Phase 3: Risk assessment and selection of methods
Risk assessment

The first step is to compare and adjust the two, defiyyges of geographical sub-divisions,
which were traced onto the plastic overldy¥XO-typeareas antland useareas. This is a
simple matter of placing both of the overlays over the U@ map, and seeing how their
respective divisions differ. Risk for each area is thexiuated according to the following
classifications:

A. The sub-area contains UXO of such high density, or involvds gneat difficulties for
clearance, that the cost of surface clearance far outwigsgbecial utility. The area
should — for the time being — remain in the custody of the afareds. (EmployJXO-
fact matrix andCost keymatrix.)

B. The sub-area has the density, depth and UXO-type chasticeesuch that the stipulated
land use allows for acceptable (low) risk without any spesegdsures being taken.
(Employ Contact-likelihoodmatrixes.)

C. The sub-area can be utilized for the stipulated activifies suitable (cost acceptable)
measure have been taken. (EmpGontact-likelihoodmatrix, Cost-keymatrix and
Measures lis)
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D. Knowledge about the sub-area is too sparse to allow thd@iee classed according
categories A to CThis should come to light as early as possible in the evaluatioegsoc

Risk estimates can, and should, be made during the entire-egatuation process. The
earlier one can establishijth reasonable assurancthat a sub-area belongs to one of the
categories A, B or C, the easier the entire range-eN@atuaill become. For instance, it may
be that UXO densities are judged — early on — to be sinlewspecific area, that any type of
activity could be allowed. Conversely, an area may bélkesitad to have such high densities
of UXO that no reasonable amount of clearance — atdasty reasonable price — would
suffice to motivate turning it over for civilian use.

It is also important to determine — as early as possillken sufficient knowledge is lacking,
S0 as not to waste time and effort on especially difficultrmertain areas. On top of this, all
information, decisions and motivations should be carefully documentedder to have the
empirical data for future “experienced base” modeling

The sub-areas, which belong to Category C (above), are thosie will be further analyzed.
Here we must pit the costs of clearance against thiy ofi land use.

Selection of UXO contact reduction methods

The principal ambition is to reduce potential contact with U¥@n acceptable level.
Examples of methods for doing this include:

Concentrated clearance in connection with building constructicfugling

installation of underground pipes and cables)

Periodic surface probing in case of frost heave

Restrictions, e.g. prohibiting fires, camping or horse riding,duretting such
activities to fully cleared areas

Instead of excavating, covering areas with adequatesl@ajgrotective earth, e.g. for
golf ranges, parks or gardens.

Costs of physical clearance depend uporctbarance conditionffigure 6). We have
developed preliminary cost indicators, which translate giboi-time and material costs.
Clearly, the choice of clearance as the primary methoakéucing potential contact with

UXO will depend on the estimated market value of the lgased on the utility of the planed
land-use). This value must exceed, or be roughly equivalethie@ost of clearance. This
means that the clearance of very large areas is notqaleatithe present time, both due to the
costs involved, and due to the fact that requisite civilian edemge in clearing large areas
has not yet been developed.

Conclusions

Learning to live with UXO means being able to balance titigyusf land-use against costs
and risks. In this case, the risks involve physical injuhéocivilian population and the
associated social and political consequences of this. Sircerhole issue is often based on
incomplete and highly uncertain data, it is important that#wsion process be transparent
and well documented. The ultimate goal is to make sutelibse resources, which are

" One possibility is Bayesian Network modeling.
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directed towards phasing out military training and firing emaure used in the most effective
possible way, to the greatest benefit to society.

Decision

Figure 11. The evaluation process itself furnistiesision support for the phasing out process. The
goal is to identify land areas in which the UXO-ilmand the desired land use harmonize in an
acceptable level of risk — with or without specifieasures being taken — at as low a price as plessib

It has not been the ambition of the working group to proposesfor classifying levels of
risk. The balance between risk and utility must be deaigexh at the national political level.
This is well in line with other areas of societakrifor instance policy concerning traffic
safety and smoking regulations. FOI's ambition is “simplytiéwelop a modeling procedure
by whichdecision alternatives can be clearly formulated that various forms of land
development can be compared to estimated risk levels & dacing costs.

The Swedish Armed Forces should be able to reduce costs sipgbat firing ranges. This
means that there should be some economic capacity for raxagaradde. However, thetal
clearance of large UXO infested areas — of which thereseveral in Sweden — is far beyond
current economic possibilities. During our model development, we &issumed that society
will be able to accept a certain (although very low) prokgtof UXO accidents. The notion
of “zero tolerance” for such accidents, however, would meatothksuspension of any
phasing out of military ranges. Such restrictions on land dprent would, in turn, result in
considerable loss to society.
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Appendix:

Computer Aided Morphological Analysis

The termmorphology comes from classical Greek@¢rphg and means the study sifiapeor
form. It is concerned with the structure and arrangement of p&en object, and how these
"conform" to create a whole or Gestalt. The "objectgjuastion can be physical objects (e.g.
an organism, an anatomy or an ecology) or mental objectdi{ggstic forms, concepts or
systems of ideas).

Morphology — or morphological analysis — is associated with eoeuof scientific

disciplines in which formal structure, and not necessarily dyarg a central issue. In
linguistics, it is the study of word formation. In biology, it Beaith the form and structure of
organisms, and in geology with the characteristics, configemrand evolution of rocks and
landforms.

Morphological analysis is a general method for structuringyaimg and inter-relating
complex systems of variables, which are not meaningfullyntifieble. The method — which
was originally developed by Fritz Zwicky, Professor of Astiggics at the California
Institute of Technology in the 1940’s and 50’s — was expanded anputemnzed by FOI in
1995. Since then, it has been employed in some 40 projeztgeaseral method for non-
quantified modeling for policy and strategy studies.

Computer aided morphological analysis is carried out in groupshpéct specialists

facilitated by experienced morphologists. The analysis is as®drily on a judgmental
approach, since it concerns problems, which cannot simplydtedreomputationally.
However, this judgmental approach is carried out within a sedithodological framework.
The process is dialogue intensive and the results are traceiadléhe method leaves an
“audit trail”. In this way, theprocessof building a morphological model is as important as the
result.

Thevisibleresult or output of a morphological analysis is one or mahological fields

A morphological field is a parameter space describing the impsirtant variables of the
problem area, along with their internal connections. With comguigport, a morphological
field becomes a flexible an input-output (or “if-then”) model, meh@ny number of variables
can be designated as inputs (or drivers), and the reststs.

Computer aided morphological analysis can be employed to sy&teliyalevelop scenarios,
strategies, force requirements and policy alternativesgdlmadeked morphological fields
which we callvirtual laboratories With the help of such laboratories, hypotheses can be
generated and tested.

For more information on morphological analysis, visit the Swellierphological Society at
www.swemorph.com
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