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[bookmark: _Toc214362296]Introduction

This report contains a reflection on the journey of the “Deep Dive” Munitions recovery team, from the inception of receiving the brief through to delivery of the Portfolio to SME’s and invited attendees, including the Author’s line and senior management. This report will aim to showcase the Author’s involvement on the project as well as the independent research and learning acquired to provide information for the defined roles assigned.

[bookmark: _Toc214362297]Design Project Management

The deep dive team was assembled by the Lecturers of the Systems Engineering module of the OME course, the members of the team were identified as:
· Simon Shepherdson (Author)
· Alex Clarke
· Dan Cowen
· Stephen Deane
· Daani Nayyar
[bookmark: _Ref212718515][bookmark: _Toc214362298] Initial Design Approach

At the issue of the design brief, the team decided what roles they would undertake to perform, research, and feedback to the rest of the group on their findings based on individual skillsets and experience from their respective day to day roles. The roles were split approximately evenly, and are as follows:
· Simon Shepherdson 
· Safety and Risk Assessment, Defining Area of Operations, Defining Quantities
· Alex Clarke
· Assessment of Munitions, Render munitions safe
· Dan Cowen
· Raising of munitions from the lakebed
· Stephen Deane
· Cataloguing of munitions and assessment on the disruption to the ecology and environment
· Daani Nayyar
· The transport, storage and disposal of raised munitions. 
With these roles having been defined, the summer break between academic years allowed the team to conduct their own research.


[bookmark: _Toc214362299]Finalised Design Approach

As presented to the audience, whilst this approach covered the required roles in terms of content to be delivered, it lacked structure and was “haphazard” in the quality of the outputs it generated with no impetus to drive the project forward.
Once the perceived shortfalls in delivering a coherent and technical presentation were identified, the group chose to follow the systems-based approach, which would add the required systematic structure that was previously lacking. Additionally, it was identified that a project management role would need to the included to maintain the forward momentum. This role was jointly taken on by the Author and Alex Clarke. 
This finalised approach was agreed by all parties on the start of the new academic year. 

[bookmark: _Toc214362300]Interactions with the Project Team

With the decision by the Group to follow the systems-based approach, it was immediately apparent to most of the design team that a significant portion of the initial stages of the systems engineering toolset would require close collaboration to adequately capture all the necessary information and agree on the pathing forward. Aspects of the toolset that required collaboration were therefore:
· Setting of requirements
· Pairwise comparison of set requirements
· Determining functionality (including creation of use case)
· QFD 1
· Function Means Analysis (including iterations post research gathering)
· Concept generation
· Pugh Analysis (Concept down selection)
· QFD 2
Whilst meetings were agreed by all parties, the early stages of the systems toolset were conducted by 60% of the team, specifically up to and including QFD1. Naturally, this was not an ideal situation as success of the project would ultimately be achieved with the efforts of the entire group. After discussions with the group, the attendance to meetings and input on design choices did gradually improve with time. This allowed for the remainder of the toolset to be completed with input from every team member. Screenshots from the Systems Engineering workbook can be found in Section 7.4
Additionally, the Author created a recurring MS Teams meeting at a time convenient for all parties so that weekly updates could be provided to others in the group. This allowed for the project to continue forward and acted as a forum for open feedback and a place to help.
[bookmark: _Toc214362315]Figure 1 - Screengrab of recurring teams meeting[image: A screenshot of a computer  AI-generated content may be incorrect.]


[bookmark: _Toc214362301]Authors Role in the Team

Prior to the formalised, structured approach of the systems engineering principles being applied, the Author was initially assigned the role of “Safety” for the Deep Dive project team. This is wide in scope and encompasses actions and precautions for every stage of the investigation, recovery and subsequent disposal of munitions recovered from the lakes affected. It was quickly realised that a scattergun approach to the project would be insufficient in realising solutions and could compromise safety, in terms of people, plant but more likely the delicate environment conditions that the project aims to protect.
With the thoughts of safety and of other assigned roles being dilute in substance, the Group agreed that a systems-based approach would be a better way to determine individual roles. Through the determination of the function means analysis (FMA) performed on the systems engineering tool kit spreadsheet, the Author was assigned two main areas to research and present on, these being:
· Determine area of Operations (AO) including.
· Depth of munitions
· Levels of sedimentation etc
· Determine quantities of each munition type
[bookmark: _Toc214362302]Safety and Risk Assessment

Safety, whilst an incredibly broad and undefined term, is expected to be an all-encompassing aspect of the project and will be considered at each stage of any recovery operation. 
Before specific safety considerations are evaluated and addressed, it is important to understand the flow of the operation in its entirety to set boundaries in terms of scope and responsibility. The Group came together and set out the expected Process Flow of the recovery project, considering the requirements of the recovery and how these will be achieved. The following algorithm for the proposed recovery, or otherwise, of the munitions in the lake have been agreed and can be seen Figure 15.
With a project of this level of scope and complexity, it is therefore no surprise that there is a myriad of laws and legislation that must be obeyed and observed. Whilst non-exhaustive, laws, legislation and codes of practice referenced for this process can be found in Section 7.2.

[bookmark: _Ref213837093][bookmark: _Toc214362303]Determination of Area of Operation, Levels of Sedimentation and Quantity of Munition.

Part of the Area of Operations (AO) was given to the group with the project brief which included a BBC news article, dated 18 August 2024, highlighting prize money for a solution to the munition situation in the Swiss lakes [1]. Sadly, for the group, the competition had already been concluded and therefore were ineligible for any of the prize money on offer. This did however give a starting point for the areas affected by the long-term dumping of munitions in the lakes. The article indicates that 3 lakes were affected.
· Lucerne
· Thun
· Neuchatel
Further, the NATO Science and Technology Organisation [2] estimates over 10,000 tons of ammunition being deposited in the lakes, through a mix of dumping (~8,500) and exercise (~5,000). The dumping of ammunition occurred after an ammunition dump in the hills above Mithölz suffered an accident where a reported 7,500 tonnes of munitions detonated, leading to the deaths of 9 people in the nearby village. The aftermath of which caused an estimated 250,000m3 of the mountainside to collapse in on the depot and led to the decision of long-term storage of munitions was potentially unsafe and to dump surplus ammunition in the lakes at depths of greater than 100m. This continued until approximately 1964 where surplus munitions were openly detonated. The second cause of build up within the lakes was from the use as firing exercises by the air force and artillery units. The largest of the lake firing ranges is situated at Forel on Lake Neuchâtel, since 1927 an estimated 4,500 tonnes of ammunition were fired into the lake [3]. 
[image: A map of a large area

AI-generated content may be incorrect.]
[bookmark: _Toc214362316]Figure 3 - Firing range and dumping on Lake Neuchatel
[image: A white rectangular box with black text

AI-generated content may be incorrect.]Across the three lakes of interest, a common consensus on the quantity of munitions dumped in the lakes are approximately.
[bookmark: _Toc214362317]Figure 4 - Lake munition quantities.
The lakes of interest for this project cover approximately 192km2, with the lakes having various depths. Bathymetric maps [4] of the area are given below:
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[bookmark: _Toc214362318]Figure 5 - Lake Lucerne with approximate level depth
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[bookmark: _Toc214362319]Figure 6 - Lake Neuchâtel with approximate level depth
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[bookmark: _Toc214362320]Figure 7 - Lake Thun with approximate level depth



Lake sediment deposits can be caused for a variety of reasons, both natural and human influenced, with both occurring over various timescales. The causes of sediment development can occur via two main categories [5]
· Geodynamic, namely
· Earthquake
· Tsunami
· Volcanic eruption, and 
· Climatic
· Floods
· Hurricanes/storms
· Avalanches
· Inorganic matter
· Organic matter
Evidently, many of these factors are not applicable but can be useful in the understanding of sedimentation formation using appropriate analytical techniques.
Sedimentation studies of a similar lake (Lake Hallwill) [6] indicate that sediment build up does not vary much by depth, but by horizontal deposits, and is very susceptible to being dispersed. Whilst useful in understanding and overcoming the issue of deposits, this study is limited in use as the lowest depth investigated is approximately 40m.
Lake Lucerne is a lake formed from glacial origin, it contains seven main basins ranging between 35m and 214m in depth and covering approximately 114km2, bathymetric scanning of the lakebed [7] indicates that a total of 100 – 200m of sediment are on the lakebed, with deposits increasing 0.2 – 0.5m/kyr[image: ]

[bookmark: _Toc214362321]Figure 8 - Bathymetric scan of Lake Lucerne


For the timescales of munition dumping in the lakes (circa 1918 – 1964), this would be an approximate worst case sediment deposit of 2.0x10-4m to 5.0x10-4m.year-1, equating to 2.5x10-2m in this period. This will also form the basis for deposits present in the other lakes. 
With quantities of the munitions dropped into the lakes varying by source, and with no clear consistency between them, an estimation has been made based on typical batch sizes and the number of batches produced per year. These figures were provided courtesy of D.Holley. The estimates for quantity are below.[image: ]

[bookmark: _Toc214362322]Figure 9 - Estimates of munition quantity
The specific quantity of each munition and type will be determined via search and scanning of the lakebeds. There is also a possibility, that should this project proceed, secure records held by the Swiss Authorities would become open to the team for interrogation and planning of the searches on the lakebeds, to hone in on areas that would be of particular interest to reduce the overall timeframe of the recovery operation.
In conjunction with quantity, calculations were made as to the minimum level of sediment disruption of each munition type if recovered. These values are based on known dimensions of the units, and presumed levels of sediment depths. [image: ]

[bookmark: _Toc214362339]Table 1 - Calculated volumetric sediment disturbance
These values do not account for any subsistence of the walls of sediment around the unit being removed; the true volumes dispersed are expected to be much higher than calculated. Any disturbances will lead to persistence of the sediments dispersed in the waters around their removal, which will reduce visibility for the ROV units leading to delays on any local items close to the removal point and potentially increase any sediment depth on them. 

[bookmark: _Toc214362304]Presentation

The finalised presentation was presented by the Author and the other members of the “Deep Dive” group on the 29th October 2025 in the IQ building, room 310. The presentation was given to members of the University of Trinity Saint David, including course lecturers and SMEs from the OME Module. In addition to this, invited attendees from the respective sponsor companies including the Author’s line and senior managers were also in attendance. 
The design brief requested a 40 - 45-minute presentation to be given, with an additional slot of 20 minutes for the audience to present questions based on what had been shown to them. The group proceeded to deliver 39 slides to the audience in a time recorded by the group of just over 42 minutes. In that respect, it is believed that the team have fulfilled the requirement in that regard. 
Of the 39 slides presented, the Author presented 7 of these which can be found in Appendix 1 - Presentation Slides for reference.

[bookmark: _Toc214362305]Feedback from Presentation

The general feedback notes were that it was well received overall by the audience, with notes on the steps and processes covered to show the journey to the preferred design option. [image: ]

[bookmark: _Ref213836204][bookmark: _Toc214362323]Figure 10 - Group Feedback quote
The quote provided in Figure 10 was provided at the end of the first paragraph of feedback. Whilst there is some praise for the content of the presentation, it is also shown that the Deep Dive Group were also being judged on their attire compared to the Shallow Recovery Team. It is noted by the Author that the Shallow Recovery Team presented in formal attire and the Deep Dive did not. It was the understanding from the marking scheme provided, that attire would not be judged on as the focus would be prioritised on the presentation and content contained therein. Should this presentation have been given in a more formal setting (e.g. Industry Conference or indeed to the Swiss Government as a contestant in the competition) there is no doubt that the Deep Dive Group would have dressed accordingly.


 [image: A white text with black text  AI-generated content may be incorrect.]

[bookmark: _Toc214362324]Figure 11 - Feedback from Primary Assessor
The Author thanks the Assessor for their time and pertinent feedback on what was delivered to the audience. Further information regarding the sedimentation can be found in Section 3.2.[image: A white text with black text  AI-generated content may be incorrect.]

[bookmark: _Toc214362325]Figure 12 - Feedback from Secondary Assessor
The Author thanks the Assessor for their time and pertinent feedback on what was delivered to the audience, however, does question the comment relating to body language, as many of the presented slides were laid out in a way to be gesticulated at. It is especially apparent for the slide relating to the process algorithm (second slide presented) which was highlighted in the general feedback as one that could have benefited from being prepared for the audience ahead of time. [image: ]

[bookmark: _Toc214362326]Figure 13 - Additional feedback
Questions 1 & 3 are discussed throughout this report. Question two will be discussed in Section 4.2.
A further question from the audience relating to the use of Lidar systems was posed. Although the group was able to answer the question at the time, it may not have been a complete one. The use of lidar was considered as part of the function means analysis (See Figure 22) and may not have been commuted effectively in the answer. 

[bookmark: _Ref213846999][bookmark: _Toc214362306]Potential design alterations 

The Deep Dive team used the principles taught from the Systems Engineering module to try and ensure a holistic approach to the problem of munitions removal from the Lakes. Whilst this statement is true for the Deep Dive aspect, it does not address the munitions in shallower areas of the same lakes. With that in mind, it would be prudent to revisit this exercise and view the approach taken to both the shallow and deep-water recovery operation in unison. 
Additionally, should this process be re-visited, it would also be prudent to challenge stakeholder requirements, specifically in relation to the levels of environmental safety. With the upmost focus on limiting environmental impact, being able to adjust the metrics could potentially allow for increased levels of munition removal from the lakebeds. The greater the NEQ removed, the lower the residual risk will be on future environmental impact to the local ecosystems from the toxicological properties of fills and propellants and the metallurgy of casings. 

[bookmark: _Toc214362307]Reflections & Conclusions

The use of system engineering thought process on a real-world application was a great challenge, one that initially held some trepidation to the amount of unknown information. Delving into research and collaboration with the other team members in working through the process is a testament to the teamwork and desire to output a thorough piece of work. The Author is keen to revisit the process with the deep dive and/or shallow dive team to evaluate the changes in scope to the process discussed in Section 4.2.
The project has been a useful tool for the Author to improve in time and project management. Each phase has held different challenges especially when working with other individuals who have different time commitments. Being able to collaborate and share ideas has also allowed a good rapport to be built with other individuals whose paths wouldn’t necessarily cross on the day-to-day of professional responsibilities. 
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[bookmark: _Ref212720148][bookmark: _Ref212720158][bookmark: _Toc214362310]Appendix 1 - Presentation Slides
Contained here are the slides the Author presented to the design brief and invited attendees. [image: A close-up of a brochure  AI-generated content may be incorrect.]

[bookmark: _Toc214362327]Figure 14 - Presentation Slide – Background Information [image: A diagram of a process flow  AI-generated content may be incorrect.]

[bookmark: _Ref213060400][bookmark: _Toc214362328]Figure 15 - Presentation Slide – Proposed Process Flow Algorithm 
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[bookmark: _Toc214362329]Figure 16 - Presentation Slide - Risk Assessment
 [image: A white and grey paper with black text  AI-generated content may be incorrect.]

[bookmark: _Toc214362330]Figure 17 - Presentation Slide - Hazard Identification


[bookmark: _Toc214362331]Figure 18 - Presentation Slide - Definition of AO [image: A map of the area of operation  AI-generated content may be incorrect.]
 [image: A white and grey document with black text  AI-generated content may be incorrect.]

[bookmark: _Toc214362332]Figure 19 - Presentation Slide - Definition of AO [2]


[bookmark: _Toc214362333]Figure 20 - Presentation Slide - Determination of Quantities [image: A close-up of a map  AI-generated content may be incorrect.]



[bookmark: _Ref213060038][bookmark: _Toc214362311]Appendix 2 – Laws, Regulations, Codes of Practice 

	Legislation & Code of Practice by Type
	Reference

	Explosive
	· DSA-OME-03
· Explosive Regulations 2014 (amended 2015
· British Marine Aggregate Producers Association – Guidance Note March 2010 – Dealing with munitions in marine sediments, https://bmapa.org/documents/Dealing-with-munitions-in-marine-sediments.pdf
· Explosives Industry Group – Guidance for the Site Management and Disposal of Explosives v2.1, https://www.eig2.org.uk/wp-content/uploads/Guidance-for-the-Safe-Management-and-Disposal-of-Explosives-v2.1.pdf

	Environmental
	· Federal office for the Environment (FOEN)/Bundesamt fur Umwelt BAFU) – Swiss environmental agency
· Federal Act on the Protection of Waters (Waters Protection Act, WPA) 814.20
· Waters Protection Ordinance (WPO) 814.201

	Transport
	· UN Transport of Dangerous Goods
· Carriage of Dangerous Goods and Use of Pressure equipment 2011, https://www.eig2.org.uk/wp-content/uploads/2011/09/ICoP-v2.15.pdf

	Storage
	· Best Practice Guide on Procedures for Management of Stockpiles of Conventional Ammunition, https://www.osce.org/files/f/documents/e/3/510899.pdf
· MOD Form 1661 (JSP 482, Chapter 11)


	Disposal
	· Safe management of the disposal of explosives guide, https://www.eig2.org.uk/wp-content/uploads/disposal_guide.pdf

	Security
	· ACOP L151 – Security of Explosives

	Conventional Health & Safety
	· HASAWA 1974 – European agency for safety and health at work (regional equivalent). Directive 89/391/EEC Framework directive https://osha.europa.eu/en/legislation/directives/the-osh-framework-directive/1
· Dangerous Substances and Explosive Atmospheres (DSEAR 2002), similarly EU equivalents (AtEx 114 & AtEx 137)
· Hazard Identification ISO 31000
· Hazard and Operability Study (IEC 61882)
· Swiss Occupational Health and Safety
· Work Act (Arbeitsgesetz ArG, 1964)
· Accident Insurance Act (Bundesgesetz über die Unfallversicherung UVG, 1981)

	Emergency Procedures
	· International Safety Management Code


[bookmark: _Toc214362340]Table 2 - Regulatory guidance used in the project
[bookmark: _Toc214362312]Appendix 3 - Hazard Identification (HazID)
	Function
	Hazards
	Parties affected

	Determine Area of Operations (AO) including depth of munitions, level of sedimentation etc.
	On the boat - drowning hazard.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment
Weather.
	Everyone working

	Determine quantities of each munition type.
	On the boat - drowning hazard.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment
Weather.
Misidentification - wrong type of munition or other anomalies.
	Everyone working

	Catalogue munitions
	Misidentification - wrong type of munition or other anomalies.
	Everyone working

	Assess integrity of each munition type.
	Using the wrong data for each unit.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment.
Explosive hazard during testing of aged and unaged samples.
Testing to unrecognised standards.
	Everyone working.

	Render munitions safe (if possible)
	Explosive hazard - unplanned initiation.
Incorrect identification for fuze present or not.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment.
Visibility.
	Everyone working.
Environment.
Public.

	Assess levels of disruption to environment and ecology.
	On the boat - drowning hazard.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment
Weather.
Calibration of equipment - can we trust the data?
Visibility.
Disruption to wildlife and environment.
	Everyone working.
Environment.

	Raise munitions from lakebed.
	Explosive hazard - unplanned initiation.
Incorrect identification for fuze present or not.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment.
Visibility.
Weather.
Disruption to wildlife and environment.
	Everyone working.
Environment.
Public.

	Review munitions catalogued to compare correct holdings raised.
	Misidentification - wrong type of munition.
Munitions not labelled correctly.
	Everyone working.

	Render munitions safe
	Explosive hazard - unplanned initiation.
Incorrect identification for fuze present or not.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment.
Visibility.
Cryogenics
	Everyone working.
Environment.
Public.

	Assess levels of disruption to environment and ecology.
	On the boat - drowning hazard.
Mechanical hazard - failure of equipment.
Electrical - failure of equipment
Weather.
Calibration of equipment - can we trust the data?
Visibility.
Disruption to wildlife and environment.
	Everyone working.
Environment.

	Storage removed munitions.
	Incorrect storage - packaging.
Explosive hazard - unplanned initiation.
Storage conditions.
Compat Groups
	Everyone working.
Environment.
Public.

	Transport munitions
	Explosive hazard - unplanned initiation.
Incorrect packaging.
Too much moved at once.
Compat groups.
Accidents on the road.
Terrain.
Distance travelled.
	Everyone working.
Environment.
Public.


[bookmark: _Toc214362341]Table 3 - HazID Exercise
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[bookmark: _Ref213059346][bookmark: _Toc214362313]Appendix 4 - Systems Engineering Workbook
This section contains screen grabs from the Systems Engineering Workbook and Use Case developed for the removal process[image: ]

[bookmark: _Toc214362334]Figure 21 - SE Workbook - QFD 1
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[bookmark: _Ref213934274][bookmark: _Toc214362335]Figure 22 – SE Workbook - Function Means Analysis (Iterated)
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[bookmark: _Toc214362336]Figure 23 - SE Workbook - QFD 2


[bookmark: _Toc214362337]Figure 24 - Use Case for SE Workbook
[image: A document with text on it  AI-generated content may be incorrect.]

[bookmark: _Toc214362338]Figure 25 - Use case continued[image: A screenshot of a computer program  AI-generated content may be incorrect.]

[bookmark: _Toc214362314]Abbreviations
SME		Subject Matter Expert
OME		Ordnance, Munitions & Explosives
QFD		Quality Function Deployment
MS		Microsoft
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Large quantities of munitions have been disposed of in several Swiss lakes.
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Presentation was good in content but perhaps lacked the slick, suited, rehearsed appearance
of the competition. Regrettably this counts in the view of our seniors.
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Simon Shepherdson Contribution (Dave’s Notes).

Explained munitions and Swiss army

Background to requirements.

Decided to dump munitions in lakes (150m to 200m)
Lakes

Flow chart.

Tools used to make decisions

Decision points in the flow process

Broke down sediment material into categories for decision points.
HazID and safety (rather than system) tools explained.

Defining the area of operation
Legislation on water quality....restrictions

Sedimentation biggest hazard. Depth variation highlighted.
How did you arrive at the removal criteria?
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From Jen Notes on Softer Skills

Good volume and pace. Reasonable interaction with the audience throughout with
minimal reading from the slides. Did present with hands in pockets quite a bit which is
not ideal body language for a presentation. This did happen less over time and
interaction with the audience improved considerably so may have been initial nerves.
Well considered answer to whether the Swiss government overplayed the environmental
concerns. Suitable justification for lack of beancounting information. Good provision of
additional information for all questions.
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Questions for consideration in your report?

How did you arrive at the removal criteria?
Do you think you you’ve done enough to manage eco disasters in the future?
How did you reorganise yourselves? How did you make the U turn?|
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Background information

+ Previously stored in magazines in the mountains.
* Led to 2 accidents leading to unplanned initiations

+ Swiss Military used a picturesque region for munition
dumps over a prolonged period - “safest” method for
disposal at the time.

* 1918 - 1964

+ Three lakes affected
+ Lucerne, Thun, Neuchatel

+ Various munitions and depths
* Mills bomb, 81mm Mortars, 105/155 shell
+ Depths vary, in region of 150 - 200m below surface.

Pritysgol Symru NUCLEAR SECURITY
':J:w:ilpr;;:wules QINETIQ AVV/Z resiotonies
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Proposed Process Flow Algorithm
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Risk Assessment on movement / recovery of munitions

+ At each stage of Assess Integrity, Render Safe and Assess levels of disruption
« Conventional safety and minimising ecological impact are greatest focus

+ Removal of munition criteria;
« If no fuze or PRF present, then candidate for removal / make safe
+ Post assessment of integrity of shell casing

Post assessment of water monitoring

<1m of sediment - too much risk of sludge dispersal

Larger NEQ target priority

To be left if fuze present due to potential chemistry
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HazID

» Hazard Identification (HazID) undertaken by group
+ General accordance with 1S031000 and HazOp
IEC61882
« Full HazOP not conducted

« Structured approach to Process flow
+ Broken down into nodes
+ Each node assessed using keyword prompts
+ Used to ensure foreseeable hazards captured

e NUCLEAR SECURITY
e QINETIQ AVV/Z tecinoroaics

Tiny Saint Davia
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Defining Area of Operation (AO)
Lake Neu(;hatﬁl )

S

+ Picturesque region of Switzerland
4 Lakes (commonly referred to as 3) -covering approximatel,
192km?

+ Typical area of interest 100 - 200m below surface level

Legend

Depth
based on the average
Iake water level

Pritysgol Symru i NUCLEAR SECURITY
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Defining Area of Operation (AO)

+ Picturesque region of Switzerland

4 Lakes (commonly referred to as 3) - covering approximately 192km?
+ Lake Thun (Thunersee)
+ Lake Neuchatel (Brienzersee)
+ Lake Lucerne (Vierwaldstattersee)

« Very strict legislation on water quality
+ Federal Waters Protection Act (WPA)
+ Waters Protection Ordinance (WPO)

« Significant level of flora and fauna

+ Sedimentation expected to be the biggest hindrance in deeper areas
+ Specific levels to be determined at point of scanning / cataloguing
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Determining Quantities.

Forel on Lake Neuchatel
+ Largest of the lake firing ranges
+  Since 1927 estimated 4,500 tonnes

« Historical documentation various, in general
(NEQ / Total Mass);

Mills bomb - 0.14 / 0.765kg

81mm Mortar - 0.74 - 0.85 / 4.2kg

105mm Shell - 2.5 / 19.6kg

155mm Shell - 7 - 10.8 / 43.5kg

Lake Neuchitel 4500 tonnes

Lake Thun 1600 tonnes

Lake Lucerne 3300 tonnes

Brienzersee 280 tonnes et Do sk |ECH 1290000
Torg e of mions v boedspoed T svera S ke e | sirB097

Prifysgol Cymru NUCLEAR SECURITY -
@mem:m QINETIQ AVV/Z resiotonies
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[State of FIE, Fuze, housing and storage boxes.

ake depth, Tevel of sedimentation etc
Conventional and explosive safety.
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Target
Ideal Value

[Minimise level of environmental impact

[Assess environmental perameters
[Rasing of munitions

[Minimise level of ecological impact

[Assess integrity of munitions
[Establish quantities of munitions
[Efficient project management
Maintaine high level of safety

[Disposal of munitions

[Requirements
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Use Case for assessment, removal and
disposal of historical munitions.

Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for assessment, removal and disposal of historical munitions.

Author A Clarke, Issue: Draft 1A Reviewed N/A Date June 2025
s Shepherdson,
S Deane,

1

wawn

Actors: - A list of actors who can engage in the activities described in the use case: -

Project team

Swiss Government

Environmental agency (Swiss equivalent)
Health and Safety agency (Swiss equivalent)
Military — EOD technicians

1

wawn

Pre-conditions: - Anything that can be assumed to be true when the use case begins: -

Agreement from stakeholders that this process can proceed,

All correct personnel, equipment, transport, storage are available.

An effective cordon will be in place for activities.

Weather suitable for EOD operations to be undertaken,

Understanding of types of munitions for disposal (grenades, 80mm mortar shells and
105/155 shells)

1

Post-Conditions: - Anything that must be true when the use case is complete.

Munitions successfully safely removed from lakes with minimal environmental and
ecological disruption.

Munitions disposed of via a safe and suitable manner.

Site handed back to stakeholders for onward environmental monitoring.

1

© R NG U A LN

10.
11.
12.
13.
14.

Basic Flow: - The set of steps the actors take to accomplish the goal of the Use Case. A clear
description of what the system does in response to each user action.

Determine Area of Operations (AO) including depth of munitions, level of sedimentation
etc.
Determine quantities of each munition type.

Catalogue munitions

Assess integrity of each munition type.

Render munitions safe (if possible)

Assess levels of disruption to environment and ecology.

Raise munitions from lakebed.

Review munitions catalogued to compare correct holdings raised.
Render munitions safe

Assess levels of disruption to environment and ecology.

Store removed munitions.

Transport munitions

Dispose of munitions.

Review munitions catalogue to confirm correct disposal quantities.
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Alternative Flow: - Captures alternative user/system interactions, such as what happens if data is
entered incorrectly.

«  All munition types not correctly identified prior to operations.

o Incorrect identification of munition prior to raising.

«  Incorrect identification of munition prior to disposal

«  Munition not deemed safe for removal following integrity assessment.

*  Munitions not deemed safe for removal following environmental and ecological

assessments.

* Failure to successfully raise munition to surface

o Incorrect storage of munition

Failure to dispose of munition successfully

Exception Flow: - The things that can happen to prevent the user from reaching their goal.
o Inclement Weather
«__Detonation of munitions.
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File  Meeting Occurrence ~ Scheduling Assistant ~ Tracking Insert  FormatText Review Help  Q  Tell me what you wantto do

[5¢ cancel Meeting ) ReplyAll ~ —> Forward ~ Join Teams Meeting 14 Meeting Options (3 Setup | LI Sendto OneNote | ] Response Opt

These reciients are outside your organizion: dnayyar@qinetia.co.uk  Nayyar Daani
(1) Occurs evey Thursday efective 0 il rom 1530t0 1

Attendee responses: 2 accepted, O tentatively accepted, 0 declined,
This appointment is next to another one on your calendar.

B> Title Group project weekly catch up

o
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[EETUN  Microsoft Teams Meeting

|afternoon gents,

A placeholder for us to go over where we are with the group based project stuff.

I have left this until the December due date for the report in case anyone wants to discuss anything related to that after the presentation.
Hopefully, this is a good time, please let me know if you would rather a different time.

Thanks in advance,

si

Microsoft Teams




