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Avis

Le présent document a été congu a 1’aide des informations disponibles & I’époque, soit a
I’été 2000. Depuis, certains travaux ont été réalisés ou sont en cours sur certains sites. La
nature de ces travaux consiste principalement en la caractérisation des sites a laquelle
s’ajoute des analyses d’échantillons d’eau. Pour connaitre les derniers résultats, il est
fortement suggéré de consulter des ouvrages émis aprés I’année 2000, s’il y a lieu. En
somme, la présente classification ne tient pas compte des résultats recueillis aprés 1’été

2000.

Notice

The current document is a preliminary study. It has been made with the data available at
S$ummer 2000. Since then, fieldwork have been undertaken on particular sites in order to
have a better understanding of the hydrogeological system. Furthermore, water analysis
have been realised on samples taken in the studied areas. For up to date information, it is
suggested to verify if other documents, more recent (2000-present), have been issued.

This classification does not take into account the data acquired after the summer 2000.

January 2003



Résumé

Le présent rapport évalue le potentiel que pose les différents champs de tir de la base de
Petawawa sur I’environnement et la santé humaine. Il traite des récents travaux d'évaluation
environnementale effectués sur cette base. Ces travaux s'inscrivent dans le cadre d'un vaste
projet de conformation et de gestion environnementale des bases militaires canadiennes entrepris
par le Centre de Recherche pour la Défense Valcartier (CRDV).

Le rapport contient en premier lieu une présentation générale de la base. La situation
géographique, l'historique et les activités actuelles ayant cours sur la base de Petawawa y sont
décrits. Ensuite, les sites sélectionnés sont décrits en détail et sont évalués selon une méthode
dérivée de celle du CCME (Conseil Canadien des Ministres de 'Environnement). Ces sites sont
ceux ou des matériaux énergétiques sont employés. Dans l'ensemble, le risque posé par ces sites
est de moyen a fort, en raison des possibilités élevées de transport des matériaux énergétiques
dans les eaux de surface et souterraines, ainsi que de la proximité des récepteurs potentiels.

- Des conclusions et recommandations sont ensuite émises quant a la gestion des champs de tir de
Petawawa et quant aux possibilités d'améliorer les évaluations effectuées. Parmi celles-ci, une -
meilleure connaissance des eaux souterraines et du degré réel de contamination des sites
pourraient aider & définir les risques sur les récepteurs potentiels avec plus de précision.



Abstract

The following report provides an assessment of the potential risk associated with the shooting
ranges of CFB Petawawa with respect to the environment and human health. The report gives
account of the recent environmental evaluation work of performed in this base. This work is part
of a major environmental compliance and management project of the Canadian military bases
undertaken by the Defence Research Establishment of Valcartier (DREV).

The report first provides a general introduction to the base. The geographic setting, the site
history and the current activities on the base are outlined. Then, the selected sites are described
and evaluated with a method inspired by (and compatible with) the CCME's (Canadian Council
of Ministers of the Environment) method. The sites are generally selected if their use involves
energetic materials. The risk associated with the ranges is medium to high, due to the high
migration potential of energetic materials in groundwater and surface water and due to the
proximity of potential receptors.

Finally, conclusions and recommendations are made on the environmental management of the
firing ranges and on the possible improvements to the evaluations, which were made of the sites.
Amqng others, a better knowledge of the hydrogeological settings and of the actual state of
contamination on the base could help better define the possible receptors and environmental risks
with more accuracy.
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1. Introduction
1.1 Context

While developing an environmental management program for the Department of National
Defence (DND) sites, it was agreed to do a study of the terrestrial forces training sites where the
use of energetic materials could threaten the environment. This study, that represents a first step
toward the environmental management of DND sites, will allow the identification and
classification of potentially contaminated sites by energetic materials so that the need of
complementary characterisation, the priority of intervention and the remedial actions be
established. The study will also permit a synthesis of available information on each DND site to
be done.

In this perspective, some training sites from Canadian Forces military Base (CFB) of Petawawa
have been chosen by the DND and submitted to a preliminary evaluation of environmental risks.
This evaluation, as well as a synthesis of the available information on each sites, are the subject
of this study.

1.2 Evaluation method

The evaluation method used to classify potentially contaminated training sites is mainly based on
the method developed by the Canadian Council of Ministers of the Environment (CCME, 1992).
The CCME's method is simple, reliable and versatile. However, a few adjustments inspired by a
method developed by the French "Bureau des Recherches Géologiques et Miniéres" (BRGM,
1997) have been made in order to remedy the deficiencies of the CCME method. Consequently,
the evaluation of each site will follow these steps (reference of documents in parenthesis) :

- Site description sheet (CCME)

- Checklist of necessary information (CCME)

- Short evaluation form of site (CCME)

- Site classification (modified) worksheet (CCME &BRGM)

- Site classification computerised worksheet (Excel worksheet; INRS Géoressources)

A detailed description of CCME evaluation method and a summary of the modifications brought
to it are presented in appendix A. Site classification computerised sheet can be found in appendix
B, along with the documents corresponding to each step mentioned above.

The structure of the two studied methods (CCME and BRGM) is divided in three basic steps
leading to a contamination:

1) Presence and characteristics of contaminants ;
2) Exposure pathways of contaminant ;
3) Presence of receptors for contaminants.



This structure has been kept in the modified method.

Although the evaluation method gives a good idea of the site's risk potential, it does not provide a
quantitative risk assessment. Furthermore, the study (consisting in the sites evaluations) is only a
preliminary step. It should be completed with complementary characterisation studies in some
cases. These actions can however be realised afterwards.



2 Characteristics of Petawawa Canadian force base
2.1 Geographic and climatic background

The CFB Petawawa is located in the Ottawa valley and more precisely in the Renfrew county
municipality. It is located at 150 km west of Ottawa and 200 km east of North Bay. Its current
area covers approximately 21 968 ha. Petawawa garrison’s town is at the crossing of the Ottawa
River and the Barron River (Topographic map MCE 132 TR89 Ed 7).

The eastern part of the Training and Range Area is mostly flat. There are some hills close to the
Sturgeon Lake like Highview Tower Hill. Numerous lakes are found in this area. The western
part of the CFB Petawawa is a less flat terrain. Many hills are found throughout the area. Once
again, many lakes are found on this part of the base (see Appendix E for maps).

Except for the north-western part, CFB Petawawa is located within the Renfrew Climatic Region.
Data show that the average annual temperature is approximately 5°C and that the mean annual
precipitation is 711 mm. The mean annual surplus water of 280 mm flows by runoff.

The western part of the Training and Range area is located in the Canadian Shield. Hence, the
bedrock is mainly Precambrian rocks (metamorphic and intrusive). Amphibolite, granulite, mafic,
ultramafic and anorthositic rocks are commonly found in this area. Over the bedrock, there are
some irregular layers of deposits. During the quaternary period, the Champlain Sea was covering
the Saint-Lawrence River valley and a part of the Ottawa River valley. This is why marine
sediments are found in the eastern part of CFB Petawawa. These sediments are mostly fine sand
and are surrounded by sandy till. ’

The drainage system of the CFB Petawawa is separated in four watersheds: the Ottawa River
watershed, the Barron River watershed, the Petawawa River watershed and the Sturgeon Lake
watershed. The Petawawa River is a tributary of the Barron River, which is, with the Sturgeon
Lake, tributary of the Ottawa River. The direction flow of the Ottawa River is towards south. The
Petawawa River is the only one that flows through the military base. Its direction flow is south-
east while the Barron River flows towards east.

The study contains the evaluation of 11 training sites that present a potential risk of
contamination due to energetic materials. These areas include grenade ranges, impact ranges,
demolition range, fighting in built up area (FIBUA) and field firing ranges (direct and indirect
firing).

2.2 Property’s boundaries

The limits of CFB Petawawa are mostly rivers, park and lakes. The Barron River borders the
southern part of the Training Area. The west shore of the Ottawa River constitutes another border
of the base. On the western side of the Training and Range Area, the Algonquin Provincial Park
defines the border. However, the northern frontier is not well defined. It goes along First Egan



Lake, Corry Lake, Porch Lake and the western end of Sturgeon Lake but there some parts that
simply go through the wooden area and do not follow any precise physical element.

There are a few municipalities located around the Training and Range Area. The most densely
populated are Pembroke, Petawawa and Chalk River. Beside these larger cities, there are some
parishes, which are formed due to the low population density in these areas. A list of the main
cities and parishes that surround CFB Petawawa is presented in table 1.

TABLE 1 — POPULATIONS OF MUNICIPALITIES AND PARISHES AROUND CFB PETAWAWA

Municipalities Population
Petawawa 15015
Pembroke 70 000
Chalk River - 25 000
Parishes

‘| Black Bay INnvA
Fort William N/A

2.3 = Historical and actual activities

The government of Canada bought the land in 1904 but the military activities did not begin until
1905. Before World War I, the ‘“A’’ and ‘‘B’’ Batteries of the Royal Canadian Horse Artillery,
the infantry and the cavalry were training at the base. During the war, CFB Petawawa served as a
training site for all Canadian artillery units. Moreover, the Russian government, in accordance
with the Canadian government, tested 100 mm shells made in Canada.

World War II gave to Petawawa military base an important role. Three training centres were in
operation. There was one for the engineer units and two for the artillery units. The highest
number of troops which were present and training during wartime was 20 000.

After the Second World War, Petawawa became a training site for the regular army and some
militia units as it was before. In 1948, the 1* Battalion of the Royal Canadian Regiment and the
Royal Canadians Dragoons settled at Petawawa. In 1951, the military base became officially a
permanent camp and in 1966, it was renamed Canadian Forces Base Petawawa (CFB Petawawa).

Nowadays, the basic training for the infantry, militia and cadet is provided at CFB Petawawa. In
addition, the Special Service Forces, which include:
- Infantry

- Artillery

- Armour engineer

- Helicopter

- Support

- Combat service support

- Field ambulance

- Military police headquarter

- Military headquarter
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- Signal units

These units are now garrisoned at the base. These units undergo routinely manoeuvres in the
Training Area, which involves weapons and pyrotechnics. Small weapons are used on a daily
basis either on conventional or on expediate ranges. Heavier weapons such as howitzer and
mortar are also use but it occurs sporadically. ’

24 Information sources

Most information were found in the study conducted by Jacques Whitford Environment Limited
and on the topographic map of the CFB Petawawa Range and Training Area (MCE 132 TR 89 Ed
7). Some information concerning either energetic materials or the sites were also communicated
through contacts at the CFB Petawawa and at the DREV. A list of the persons contacted is
presented below.

- Defence Research Establishment Valcartier (DREV) (418) 844 - 4000
e Stéphane Jean, Environmental agent ext. 4263
- Petawawa military base (CFB Petawawa) (613) 687-5511

. ® Mr. Chris Hogan, Environmental officer
e Mr. Sean Moyles, Range Control officer

Appendix C presents a table containing properties and criteria related to energetic materials. This
table is also shown at the end of each site classification worksheet.
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3. Sites studied

3.1  Training Area D

3.1.1 Site characteristics
3.1.1.1 Geographic setting

The Impact Area D, now known as the Training Area D, is located at the eastern part of CFB
Petawawa and especially, between the square by these co-ordinates: 5092000m N, 5096700m N,
317800m E and 322250m E in the UTM system (NAD 83). The site covers an area of ap-
proximately 8.78314 km? This value includes the area occupied by Chalk Bay and Clement
Lake. The range is characterised by a flat terrace bordered by a steep slope going towards Ottawa
River’s level on the eastern side and by another steep slope going uphill towards areas C and L’s
level. The soil along Chalk Bay is cover with trees. As for the rest of the range, it is covered by
either sand or grass. There are some fragile areas such as marshes along Clement Creek in the
northern part of the area.

3.1.1.2 Site boundaries

All the limits are well defined on this site. The northern border goes along Deluthier Road. Both
Chalk Bay and Ottawa River define the eastern limit. As for the western limit, it is represented by
Thackray road. Finally, Bostwick Lake defines partly the southern limit.

3.1.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, this area was used as
an impact zone for artillery exercises. During the World War I, the Russian Army was testing the
100 mm shells on the eastern part of the base. The vocation of this site stood until a few years ago
when it became a training area. Nowadays, no artillery exercise occurs in this area, but only troop
manoeuvres. '

3.1.14 Description of installations

The access to this site is controlled by three gates. On the southern part of the area, there are gates
F2 on Clement Road and F3 on River Road. As for the northern part, gate C2 restrains the access
on Deluthier Road. PTT Tower is the only major structure within the area. It is used to simulate a
building invasion. No explosive ammunition are used on this site.

3.1.1.5 Geological, hydrogeological and hydrological contexts

The geology of Training Area D is composed of limestone, minor dolostone, shale and sandstone.
The bedrock is mostly overlain by younger alluvium in terrace remnants and more precisely sand
and gravely sand. This layer of sediments is commonly known as the Petawawa Sand Plain. This
plain was formed during the Quaternary Period by a delta formed by Petawawa, Barron, Indian
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and Ottawa Rivers. At that time, the great Champlain Sea was covering the Saint-Lawrence
Valley and the Ottawa River Valley. However, there are some small areas near the northemn
border that show some outcrops sometimes covered by thin drift cover. As for Clement Point, the
bedrock is underneath a layer of poorly sorted till. Finally, the shore of the Ottawa River is more
likely covered by modern unsubdivided alluvium like clay, silt, sand, gravel and muck.

The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The observation wells were set
at the end of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a high concentration of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends on the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. The higher this criteria
is, the more easily the water can flows. In the case of Training Area D, the hydraulic conductivity
of the bedrock has been neglected because of the lack of information and by comparison with the
mam material, which composed most of the surface dep081ts i.e. the sand. The hydraulic con-
duct1v1ty of the sand has been estimated to vary between 10° m/s and 10 m/s because of its
porous nature (Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

The direction of groundwater flow is presumed to be towards south-west considering the Ottawa

River and the Petawawa River as discharge zones. The Sand Plain itself constitutes a recharge
zone of the aquifer due to its high permeability.
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3.1.2 Risk identification

3.1.21 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions, which
contain energetic materials. The risk of threatening the environment occurs when these projectiles
do not or partially explode. Once these duds are in the ground, there is a possibility that a leak
occurs and then, cause some damages to the receptors located downstream.

3.1.2.2 Potential contaminants

The ammunitions used at Rocket Launcher Range are:

- ATGM BGM 71AE HE (TOW)
- BLANK AMMUNITION

- CSRIOT GAS

- CIG.38

- CTG.50mm

- CTG5.56mm

- CTG 7.62mm

- CTG 9mm

- CTG 38mm FLITERITE

- CTG 38mm SPEDEHETE CS
- CTG 60mm MOR HE

- CTG 60mm MOR SMK WP

- CTG 60mm MOR III

- CTG 76mm HESH

- CTG 76mmSH/P

- CTG 76mmSMK (HOW)

- CTG 81mm MOR HE

- CTG 81mm MOR SMK WP

- CTG 81mm MOR III

- CTG 84mm HEAT FFV 551

- CTG 84mm TP/T

- CTG 105mm HE PD (HOW)
- CTG 105mm ILL (HOW)

- CTG 105mm SMK WP (HOW)
- CTG 105mm SMK (HOW)

- CTG 105mm SMK HCBE (TK)
- CTG 105mm SMK WP (TK)
- MISSILE BLOWPIPE

- PROJ 155mm HE M107

- PROJ 155mm ILL

- PROJ 155mm SMK
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- PROJ 155mm SMK WP

- PYROTECHNICS

- RKT 2.75in HE

- RKT 21mm SUB-CAL(M?72)

This ammunition list can be found in appendix D (Training Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. The ratios and weights of
these materials are unknown.

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.1.23 Potential sources of contamination outside the site

According to the flow direction of surface water and topography, there is a low risk of con-
tamination by other sites. The southern part of Impact Area A appears to be the most probable
source of contaminants. Otherwise, the neighbouring sites are not classified as dangerous area.
Actually, the odds of finding unexploded ammunitions in the ground of Training Areas C, F and
L are non-existent except if these sites were used as training manoeuvres with the support of
ammunitions containing energetic materials. Special considerations must be make on
groundwater flow direction and to the understanding of the role of watercourses in the base’s
area, i.e. whether or not they are recharge zones. If so, the concentration of energetic materials in
groundwater would increases and hence, constitutes a greater danger for receptors susceptible to
be in contact with it.

3.1.24 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.1.3 Hazard evaluation

3.1.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolved in water or be easily moved by the wind.

3.1.3.1.1 Groundwater

As known (see section 3.1.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of military
activities on the quality of water. In regard of the Training Area D, groundwater would flows into
'Chalk Bay or into the Ottawa River.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account into the classification, it is important to consider it. If the sand aquifer has a shallow
water table, the contaminants will reach the water table more easily and the contaminant can
spread in the aquifer.

‘The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot ef al., 1998).

3.1.3.1.2 Surface water

Surface water appears to be another pathway considering the runoff. Chalk Bay and the Ottawa
River are watersheds that border what is now Training Area D to the east and the north. The flow
is towards south-east. As for Clement Lake, it drains water of the western part of the site and the
eastern part of Training Area C. Clement Creek is a link, which is tributary of the Chalk Bay.

3.13.13 Aerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. When used in ammunition,
they are under a powder state. After the explosion, there is a possibility that particles present at
the surface of the ground or in the air undergo an aerial transport. Another possibility would
involve that these explosive materials can be absorbed by soil particles, which are also
susceptible to aerial transport. Some ammunitions contain energetic materials that release toxic
fumes while burning. As an example, the hexachloroethane (HC) fumes are harmful to the fauna
and flora because of their persistence in the environment.

The direction of the wind varies a lot, but is more often towards east (Climatic atlas of Canada,

1988). If an aerial transport occurs due to the destruction or the leakage of an unexploded shell,
the cities that are more likely to be affected ar¢ Petawawa (south-east) and Fort William (East).
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Otherwise, the others habitat possibly affected would be the aquatic fauna of the Ottawa River
and the closest fragile areas, i.e. the marshes located along Clement Creek.

3.1.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same as
the surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.1.3.2.1 Humans

The closest city to the site is Fort William in the Province of Québec on the eastern shore of the
Ottawa River. However, considering the flow direction of the river and the direction of the wind,
the Town of Petawawa located approximately 7 km south-east of the range, would be the most
probable receptor affected by a contamination by energetic materials. Furthermore, the water
plant intake is situated downstream of the range.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.1.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Clement Creek in the northern part of the range. A
survey of the marshes did many years ago showed some high priority marshes in Training Areas
C and L. The influence of energetic coming from Training Area D would have to be proved
considering both groundwater flow direction and wind directions.

3.1.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on Training Area D at CFB Petawawa either in the past or nowadays. However,
the presence of old unexploded shells in the ground always constitutes a threat for troops and a
potential source of contamination.
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3.1.34 Potential hazards inherent in site

The site presents a high risk of soil erosion especially because of its proximity to the Ottawa
River and to Chalk Bay. Furthermore, the lack of vegetation increases the sensitivity to aerial
erosion of the area. Flood is another risk of propagation of energetic materials because of the
relatively flat terrain. During a flood, all energetic materials particles would be in suspension and
would undergo an aquatic transport until they set in place downstream. Moreover, explosion risks
related to duds are a constant threat to military personnel especially if clearance operations are
not conducted frequently.
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3.1.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. However roads and areas that have an extensively use have been in part clean. There is still
a possibility that duds located deep in the ground come back to the surface because of the
combining actions of thaw/frost.

The last major clearance operation occurred in the late 80’s. However, newly constructed roads
and installations have been clean in order to create a zone where there is no doubt about security.

The following table shows the different level of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the impact area 2. As for level 3, it is not often used mostly because of its
important cost.

TABLE 2 — CLEARANCE LEVELS

Clearance level | Method

1 Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-45 cm) from duds, with the help of a magnetic
detector. ‘

3 Complete clearing of the area of the site to any depth, until nothing is
detected. '
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3.1.5 Site classification

The Training Area D is being given a score of 72.7 + 4.3 /100, or between 68.4 and 76 /100. This
score puts the site in class 1; thus, the potential risk is high. However, it could changes to a
medium potential risk if there were more information available on this site. In order to respect the
limits, many special considerations have been lowered. The evaluation has been based on the
uses of this site in the past years. Nowadays, there is no high explosives ordnance fired on this
range. The sections concerning the environment, the groundwater and the surface water receive
the maximum amount of points because of the lack of information.

Threats to humans and to other receptors are quite low mostly because of the distance that
separates the range from fragile areas.

As shown in the special considerations of section IIA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potential and aerial transport.
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3.1.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if contamination was effectively
spread on the whole area. Consequently, it would be important to get further information on the
nature and quantity of ammunition used. Knowing the exact impact or training locations (for
example the locations of the targets used if so, would also help to estimate the real potentially
contaminated area and to determine the direction followed by contaminants (this direction can
vary depending on the part of the range where contamination occurs).

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the quaternary deposits. Groundwater flow direction and
hydgaulic conductivity of the sediments should be established; while waiting for information,
groundwater has been supposed to go towards south-east, i.e. towards Ottawa River and
hydraulic conductivity of the sand has been estimated between 10° and 10 m/s (Freeze and
Cherry, 1979). Hydraulic conductivity of sediments and hydraulic heads appear to be a key factor
to localise the areas of recharge and discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. It is to be
noted that a major cleaning of the site helps to prevent contamination of the area and of the
surroundings.
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3.2  Demolition Range

3.2.1 Site characteristics
3.2.1.1 Geographic setting

The Demolition Range, is located within Impact Area 8 on the south-western part of CFB
Petawawa and especially, at these co-ordinates: 305700m E and 5083300m N in the UTM system
(NAD 83). The site covers an area is less than 1 km? The range is located in an area
characterised by important hills. However, the Demolition area is on a flat terrain. Biggar Lake is
the closest basin approximately 300m north. That portion of Impact Area 8 is covered with grass
and sand, but surrounded by trees and marshes. These marshes are considered as fragile habitats.
They are concentrated around Biggar Lake and along Biggar Creek.

3.2.1.2 Site boundaries

The Demolition Range is located within the Area 8 and especially at the southern part of it. There
is no particular physical feature, which could delimit precisely the area. Biggar Lake and Biggar
Lakeg Road are the only features present within the range and the security area.

3.2.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, the eastern areas were
used as impact zones for artillery exercises. During the World War I, the Russian Army was
testing the 100 mm shells at Petawawa. Gradually, the government expropriated the lands located
in the western part. Progressively, military exercises were undergoing in the western part of CFB
Petawawa leaving the eastern areas as dry-firing ranges.

3.2.1.4 Description of installations

The area where duds are destroyed do not exceed 3 ha. It is a small range surrounded by a
fireguard and a wired fence. Near the gate, there is a bunker where military personnel can witness
the destruction of ammunition, explosives, etc.

3.2.1.5 Geological, hydrogeological and hydrological contexts

The geology of Demolition Range is composed of Precambrian rocks (metamorphic and
intrusive). That land is a part of the Canadian Shield. The bedrock is overlain by gravel, gravely
sand, sand and by poorly sorted till.

The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
~ done few years ago by both provincial and federal governments. The observation wells were set
at the end of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a high concentration of nitrates and metals.
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According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends on the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. In the case of the
Demolition Range, the hydraulic conductivity of the bedrock has been neglected because of the
lack of information and its nature. The comparison with the materials that overlain the bedrock,
i.e. gravel, gravely sand, sand and poorly sorted till. The hydraulic conductivity of the deposits
has been estimated to vary between 10> m/s and 10> m/s depending of the material and its
porous nature (Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

- The groundwater flow direction is presumed to be towards south-west considering the Barron
River as a discharge. As for the recharge areas, there is no information that specified where the
aquifer recharges. However, mountains are usually known to be a recharge zone due to the
contact between bedrock and permeable surface deposits. The influence of Biggar Lake is not
well known. It could be either a discharge or a recharge zone.
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3.2.2 Risk identification
3.2.2.1 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions which contain
energetic materials. The risk of threatening the environment occurs when these projectiles do not
or partially explode. Once these duds are in the ground, there is a possibility that a leak occurs
and then, cause some damages to the receptors located downstream.

3.2.2.2 Potential contaminants

The ammunitions used at Rocket Launcher Range are:
- EXPLOSIVES

This ammunition list can be found in appendix D (Training Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. The ratios and weights of this
material are unknown. '

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.2.2.3 Potential sources of contamination outside the site

According to the flow direction of surface water and topography, there is a risk of contamination
by other sites. The Impact Area 8 constitutes the most probable source of contaminants because
the Demolition Range is a part of it. Otherwise, the neighbouring sites do not appear to be
potential sources of contamination. Area P and Area Q are not classified as dangerous, which
lower the possibility of finding duds in the ground. As for Impact Area 6, its location downstream
of the Demolition Range classify this site as potentially contaminated. Finally, the Petawawa
River separates Impact Area 7 from Impact Area 8. It implies that energetic materials will go
downstream. Considerations on the groundwater flow direction must be made to provide a good
analysis of a particular site.

3.2.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.2.3 Hazard evaluation

3.2.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

3.2.3.11 Groundwater

As known (see section 3.2.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of military
activities on the quality of water. In regard of the Demolition Range, groundwater would flows
into Barron River.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the eontaminants will reach the water table more easily and the contaminants can spread in the
aquifer.

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.2.3.1.2 Surface water

. Surface water appears to be another pathway considering the runoff. The Demolition Range does
not have any well-defined border like river, pond or lake. However, Biggar Lake is located in the
middle of the area. It defines the area as well drained. According to the topography, surface water
flows towards the centre. Biggar Creek drains the water to the Barron River, which is the closest
watershed in this part of the Training Area. There are some wetlands surrounding Biggar Lake
that might be affected by energetic materials.

3.2.3.1.3 Aerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. Furthermore, they are under
a powder state when used in ammunitions. However, there is a possibility particles present at the
surface of the ground undergo an aerial transport. What also happen is that these explosive
materials can be absorbed by soil particles, which are also susceptible to aerial transport. It exists
some ammunition, which contain energetic materials that release toxic fumes while burning. For
example, the hexachloroethane (HC) fumes are harmful to the fauna and flora because of their
toxicity and their persistence in the environment.

25



The wind has a relatively important influence on the Petawawa ranges. Eastern lands were in the
past and nowadays influenced by the wind. As for the western lands, their rocky composition
lowers  the wind incidence. However, drift cover might undergo an aerial transport. For this
reason, aerial transport can not be neglected. Predominant winds are usually coming from west,
south-west and north-west. As for the velocity, ranges from 13 km/h to 17 km/h depending on its
direction (Climatic atlas of Canada, 1988).

The CFB Petawawa is located in a remote area. The closest city is located far east of the
Demolition Range. Beside the Town of Petawawa (including the garrison), the lands that might
be influenced by the energetic materials

3.2.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same as
the surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.2.3.2.1 Humans

CFB Petawawa is located in a remote area of north-eastern Ontario. The cities surrounding the
base have for the majority, a low population. If we consider the groundwater flow, the cities that
is the more likely to be affected would be the garrison and the town of Petawawa and other
municipalities that have its water supplies downstream into the Ottawa River. Otherwise, the
remoteness of the range lower the risks that energetic materials that are undergoing an aerial
transport affect the cities in the areas surrounding the base.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials. -

3.2.3.2.2 ‘Other receptors

This category contains both wildlife and vegetation. Large mammals such as. White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Clement Creek in the northern part of the range. A
survey of the marshes did many years ago showed some high priority marshes in Training Areas
C and L. The influence of energetic coming from Training Area D would have to be proved
considering both groundwater flow direction and wind directions.

3.2.3.3 Known contamination cases
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According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on Demolition Range at CFB Petawawa either in the past or nowadays.
However, the presence of old unexploded shells in the ground always constitutes a threat for
troops and a potential source of contamination.

3.2.3.4 Potential hazards inherent in site

The site shows a high risk of soil erosion especially because of the presence of Biggar Lake
within the area. However, the vegetation that partly surrounds the lake lowers the sensitivity to
both aerial and water erosion. The terrain just east of the lake is treeless which makes it
propitious to both erosion and flooding. If these events occur, energetic material particles would
be in suspension and undergo an aquatic transport until they set in place downstream. Moreover,
explosion risks related to duds are a constant threat to military personnel especially if clearance
operations are not conducted frequently.
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3.2.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. As for the Demolition Range, the presence of UXO in the ground is probable but do not

represent a major concern. The issue is more the residues of energetic material thrown away after

an explosion.

There is still a possibility that duds located deep into the ground of the security area fired a long
time ago come back to the surface because of the combining actions of thaw/frost.

The following table shows the different levels of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the Impact Area 2. As for level 3, it is not often used mostly because of its

important cost.

TABLE 3 — CLEARANCE LEVELS

Clearance level

Method

1

Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-90 ¢cm) from duds, with the help of a magnetic
detector.
3 Complete clearing of the area of the site to any depth, until nothing is

detected.
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3.2.5 Site classification

The Demolition Range receives a score of 61 + 4.3 /100 or ranging from 56.7 to 65.3 /100. This
grade puts the site in class 2 and the risk potential associates with this classification is medium.

Higher grades were given for the groundwater, surface water and the receptors. The lack of
information concerning the geological, hydrogeological and hydrological contexts forced us to
some suppositions especially for the flow direction of water in and on the ground. As for the
hydraulic conductivity of the aquifer, it was estimated in accordance with the nature of the
surface deposits and to with the chart of values of hydraulic conductivity and permeability (p.34
of the site classification worksheet). However, the map of the surface deposits was not precise
enough to characterise the real nature of materials in place. That is why an average value of
hydraulic conductivity was given. There was no trace of engineered or natural containment
system. The presence of Biggar Lake can not be neglected. In fact, we think it represents the
main drainage basin and the potential pathway for the contaminants contained in runoff water by
spreading down the slopes beside the lake and then, towards Biggar Creek. The marshes around
the lake increase the score for the presence of fragile sites to its maximum value.

The receptors received a low grade because of the remoteness of the site. The closest village is
Black Bay located approximately 10 km east. Another reason is that the site is within the Impact
Area 8 where ordnance land. Furthermore, only military personnel has an access to this part of
the base :

Even if the Demolition Range had a low score, it does not mean that there is no chances of a
contamination by energetic materials. On the contrary, it is on these small areas often used that
the concentration of contaminants in water ought to be higher than usual. If traces of TNT, RDX
or HMX are in the water, it would be hard to determine the real influence of the Demolition
Range. For this reason, it is important to see the global influence of the ranges upstream and see
which sites had and still have an extensive use that could be directly related to the contamination.

As shown in the special considerations of section ITA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The uncertainty associated to the total score originate from the lack of information regarding the
~ availability of alternate drinking water supply, flood potential and aerial transport.
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3.2.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if it was effectively spread on the
whole area. Consequently, it would be important to get further information on the nature and
quantity of materials destroyed.

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the quaternary deposits. Groundwater flow direction and
hydraulic conductivity of the sediments should be established in order to obtain these data
necessary to know the direction a potential contamination would follow. While waiting for
information, groundwater has been supposed to go towards south-east, i.e. towards the Barron
River and hydraulic conductivity of the surface deposits has been estimated to range between 10
and 10 m/s (Freeze and Cherry, 1979). Hydraulic conductivity of sediments and hydraulic
heads appear to be a key factor to localise the areas of recharge and discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. It is to be
noted that a major cleaning of the site helps to prevent contamination of the area and of the
surroundings. '
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33 DZ Anzio Area 1

3.3.1 Site characteristics

3.3.1.1 Geographic setting

The DZ Anzio Area 1 is located at the eastern part of CFB Petawawa and especially, between the
square formed by these co-ordinates: 5089350m N, 5092450m N, 315000m E and 318200m E in
the UTM system (NAD 83). The site covers an area of approximately 5.44656 km?. The range is
characterised by a flat terrain with small hills sparsely located. The soil along Highway 17 and
along Impact Area 4’s limit is cover with trees. The rest of the range looks like a corridor covered
by either sand or grass. There are some fragile areas such as marshes along Tucker Creek in the
northern part of the Impact Area 4.

3.3.1.2 Site boundaries

The DZ Anzio Area 1's borders are well defined. Actually, this site is located within the area
defined by Gust Trail, Old Bran Road, Stewart Road, tucker Road, Orange Road and Road 17.

3.3.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, this area was used as
an impact zone for artillery exercises. During the World War I, the Russian Army was testing the:
100 mm shells on the eastern part of the base. The vocation of this site stood until a few years ago
when it became a training area. Nowadays, no artillery exercise occurs in this area, but only troop
manoeuvres.

3.3.1.4 Description of installations

The access to this site is controlled by eight gates. On the southern part of the area, there are gates

1D and 1C which control the access to Gust Trail. As for the northern part, gate 4C restrains the

access to Tucker Lake Road from Orange.Road. The western part of the area contains three gates.

Two of these gates, i.e. 4A and 4B, control the access to Totalize Road that goes across the area.

As for the third one(4G), it restrains the traffic coming from the south on Old Bran Road. Finally,
gates 1A and 1B control the eastern side of the area that come from Messer Trail. Their is also a

building within the area located west of gate 1A. '

3.3.1.5 Geological, hydrogeological and hydrological contexts

The geology of DZ Anzio Area 1 is composed of limestone, minor dolostone, shale and sand-
stone. The bedrock is mostly overlain by fine sand. This layer of sediments is commonly known
as the Petawawa Sand Plain. This plain was formed during the Quaternary Period by a delta
formed by Petawawa, Barron, Indian and Ottawa Rivers. At that time, the great Champlain Sea
was covering the Saint-Lawrence Valley and the Ottawa River Valley.
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The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The monitoring wells were set at
the end of the Petawawa River. The analysis of water samples did not concem energetic
materials, but showed a high concentration of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not depending on its nature and . The velocity of
water depends of the hydraulic conductivity, porosity and hydraulic gradient. Numerous factors
influence the hydraulic conductivity like the porosity, the grain size and the presence of fractures.
In the case of DZ Anzio Area 1, the hydraulic conductivity of the bedrock has been neglected
because of the lack of information and by comparison with the main material, which composed
most of the surface deposits, i.e. the fine sand. The hydraulic conductivity of the fine sand has
been estimated to vary between 10° m/s and 10™ m/s because of its relatively porous nature
(Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
critefia because the classification form do not consider it.

The groundwater flow direction is presumed to be towards south-west considering the Ottawa

River and the Petawawa River as discharge zones. The Sand Plain itself constitutes a recharge
zone of the aquifer due to its high permeability.
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3.3.2 Risk identification
3.3.2.1 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions, which
contain energetic materials. The risk of threatening the environment occurs when these projectiles
do not or partially explode. Once these duds are in the ground, there is a possibility that a leak
occurs and then, cause some damages to the receptors located downstream.

3.3.2.2 Potential contaminants

The ammunitions used at DZ Anzio Area 1 are:

- BLANK AMMUNITION

- CS RIOT GAS

- CTG .50mm

- CTG 5.56mm

- CTG 7.62mm

- CTG 9mm

- CTG 38mm FLITERITE CS

- CTG 38mm SPEDEHETE CS
- PYROTECHNICS

This ammunition list can be found in appendix D (Training Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. The ratios and weights of
these materials are unknown.

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.3.2.3 Potential sources of contamination outside the site

According to the flow direction of surface water and topography, there is a low risk of
contamination by energetic materials coming from other sites. Preferential pathway of surface
water outside the site is more likely towards west and south. Other neighbouring sites are not
classified as danger areas. The risk of contamination by water coming from Area C, E, L and O is
improbable. Special considerations must be make on groundwater flow direction. In addition, the
understanding of the role of waterways in the base’s area, i.e. whether or not they are recharge
zones. If so, the concentration of energetic materials in groundwater would increases and hence,
constitutes a greater danger for receptors susceptible to be in contact with it.
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3.3.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.3.3 Hazard evaluation
3.3.3.1 Potential pathways foi' contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

3.3.3.1.1 Groundwater

As known (see section 3.3.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of military
activities on the quality of water. In regard of the DZ Anzio Area 1, groundwater would flows
towards Petawawa River.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the contaminants will reach the water table more easily and the contaminants can spread in the
aquifer.

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.3.3.1.2 Surface water

Surface water appears to be another pathway considering the important runoff. Soils and surface
deposits are mostly composed of fine sand. The DZ Anzio Area 1 does not have any well defined
border like river, pond or lake. However, Tucker Creek and Duke Lake are the closest basin
where surface water could tip into it by runoff because of the absence of watercourse within the
area. Due to the important distance which separate basins from this area, it is considered as
poorly drained. There are some wetlands located along Tucker Creek that might be affected by
energetic materials and then, flow towards Sturgeon Lake.

3.3.3.1.3 - Aerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. When used in ammunition,
they are under a powder state. After the explosion, there is a possibility that particles present at
the surface of the ground or in the air undergo an aerial transport. Another possibility would
~involve that these explosive materials can be absorbed by soil particles, which are also
susceptible to aerial transport. Some ammunitions contain energetic materials that release toxic
fumes while burning. As an example, the hexachloroethane (HC) fumes are harmful to the fauna
and flora because of their persistence in the environment.
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The wind has a relatively important influence on the Petawawa ranges. Western lands with their
rocky composition are not so influenced by the wind. As for the eastern lands, the sandy content
in the surface materials are more propitious to be modified by the wind. Drift cover might
undergo an aerial transport. For this reason, aerial transport can not be neglected especially at DZ
Anzio Area 1 where records show the modifications of the topography trough time. Impact Area
A is a different case because of its highly dense wooded areas and the use of non explosive
ordnances. Predominant winds are usually coming from west, south-west and north-west. As for
the velocity, it ranges from 13 km/h to 17 km/h depending on its direction (Climatic atlas of
Canada, 1988).

The direction of the wind varies a lot, but is more often towards east. If an aerial transport occurs
due to the destruction or the leakage of unexploded shells, the cities that are more likely to be
affected are Petawawa (south-east) and Fort William (East). Otherwise, the others habitat
possibly affected would be the aquatic fauna of the Ottawa River and the closest fragile areas, i.e.
the marshes located along Clement Creek.

3.3.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same that
surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.3.3.2.1 Humans

The closest city to the site is the Town of Petawawa that would be the most probable receptor
affected by a contamination by energetic materials.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.3.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large‘mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Tucker Creek in the northern part of the range. A
survey of the marshes did a few years ago showed that they were classified as high priority
marshes in. The influence of energetic coming from Training Area D would have to be proved
considering both groundwater flow direction and wind directions.
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3.3.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on DZ Anzio Area 1 at CFB Petawawa either in the past or nowadays.
However, the presence of old unexploded shells in the ground always constitutes a threat for
troops and a potential source of contamination.

3.3.3.4 Potential hazards inherent in site

The site presents a low risk of soil erosion especially because of the distance that separates it
from the closest basins. However, the absence of vegetation and the type of surficial deposits, i.e.
fine sand, constitute a propitious environment to aerial erosion and erosion caused by runoff
water. Flooding in this area are not considered as a potential hazard due to the distance to Ottawa
River. Moreover, explosion risks related to duds are a constant threat to military personnel
especially if clearance operations are not conducted frequently.
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3.3.5 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. However roads and areas that have an extensively use have been in part clean. There is still
a possibility that duds located deep in the ground come back to the surface because of the
combining actions of thaw/frost.

There is still a possibility that duds located deep into the ground of the security area fired a long
time ago come back to the surface because of the combining actions of thaw/frost.

The following table shows the different levels of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the Impact Area 2. As for level 3, it is not often used mostly because of its
important cost.

TABLE 4 — CLEARANCE LEVELS

Clearance level | Method

1 ' Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-90 cm) from duds, with the help of a magnetic

; detector. :

3 Complete clearing of the area of the site to any depth, until nothing is
detected.
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3.3.5 Site classification

The DZ Anzio Area 1 receives a score of 71.3 + 4.3 /100 or varying between 67 and 75.6 /100.
This result puts the range in either class 1 or class 2. The risk potential associated with this score
goes from medium to high.

The higher scores have been given for groundwater, contaminant quantity and receptors
(environment). According to the topographic map and the one of surface deposits, there is no
trace of containment system either natural or engineered. The hydraulic conductivity has been
estimate in regard of the nature of the deposits. Thus, the materials in place is mostly sand. This
results in a range of high values of hydraulic conductivity of the aquifer of concern (see p.34 of
the site classification worksheet). The marshes beside Clement Creek increase the score in the
section proximity to fragile areas. As for the groundwater resources, we assume that Quaternary
deposits constitutes a permeable recharge area, which increase the sensibility of the site to
contamination. Finally, the quantity of contaminants has been estimate according to the area of
the range because of the lack of information concerning the number of ordnance fired throughout
the time. The facts that no register was hold in the past and that the quality of ammunition used
was sensibly lower than nowadays, are a concern because of the potential contamination risks.
Moteover, it appear to be a treat for the militaries who are walking in a “mine field”.

The lower scores have been given to the receptors (humans and others). The main reasons are
that the water plant intake is located 5 km south-east and that people who are using the site are
militaries. Furthermore, the closest city is the Town of Petawawa approximately 6 km south-east.
Nowadays, there is no artillery exercises but more troop manoeuvres.

As shown in the special considerations of section IIA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potential and aerial transport.
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3.3.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some-uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if contamination was effectively
spread on the whole area. Consequently, it would be important to get further information on the
nature and quantity of ammunition used. If a contamination due to energetic materials is detected
in this area, it would be because- of the presence of either unexploded shells in the ground or
transport of materials by pathways like aerial transport, groundwater and surface water.

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the surface deposits mostly composed of sand modified by
the wind. Groundwater flow direction and hydraulic conductivity of the sediments should be
established. Because of the absence of monitoring wells, it becomes harder to have a precise
knowledge of the actual quality of water on the base and the groundwater flow direction. All we
can do is make some hypothesises on what would be logical. For this reason, groundwater has
been supposed to go towards south-east, i.e. towards Petawawa River and the hydraulic
conductivity of the sand has been estimated between 10 and 10* cm/s (Freeze and Cherry,
1979). Hydraulic conductivity of sediments and hydraulic heads appear to be a key factor to
differentiate the areas of recharge from the areas of discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. DZ Anzio
Area 1 appears to be the area the more influenced by wind erosion. As for the flood potential, it is
quite non existent mostly because of the distance that separates the site from the nearest
watercourse. In addition, the water level of the Ottawa River would have to raise up of more than
30 m. Even local flood in the Tucker Lake area, due to heavy rainfalls or melting of snow, could
not affect the site.

. It is to be noted that a major cleaning of the site helps to prevent contamination of the area and of
the surroundings.
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34 Impact Area A

3.4.1 Site characteristics

3.4.1.1 Geographic setting

The Impact Area A is located on the north eastern part of CFB Petawawa and especially, between
the square formed by these co-ordinates: 5094600m N, 5100500m N, 313200m E and 319500m
E in the UTM system (NAD 83). Chalk River is the closest city situated at 3 km west.
Approximately 9 km separate the site from CFB Petawawa. The site covers an area of ap-
proximately 22.5926 km?. This value includes the area occupied by Sturgeon Lake, Gwatkin
Lake, Rafting Bay and Thompson Bay. The range is characterised by its topography. There is a
flat area beside the southern limit. The Rifle Ranges B, C, D and E are located within it. As for
the rest of the site, it is more undulating. Furthermore, trees cover almost all the area. Only the
riffle ranges and the Rocket Launcher Range are treeless and covered mostly with sand and grass.
There are some fragile habitats and especially marshes close to Chalk River Road. The locations
of these fragile sites in the UTM system (NAD 83) are: 317850m E, 5099900m N and 317600m
E, 5099100m N.

3.4.i.2 Site boundaries

The western part of Impact Area A is well delimited by Road 17. As for the southern border, it
goes along Deluthier road. A cut line and the southern end of Perch Lake define the northern
frontier. On the East Side, there is no physical feature. The neighbouring site is the Training Area
B. '

3.4.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, this area was used as
an impact zone for artillery exercises. During the World War I, the Russian Army was testing the
100 mm shells on the eastern part of the base. The vocation of this site stood until a few years ago
when it became a training area. Nowadays, no artillery exercise occurs in this area, but mostly
firing exercises. Due to its proximity to the nuclear power plant, only training rockets, i.e.
without explosives, are used to avoid or lower the risks of a forest fire.

3.4.1.4 Description of installations

Two gates, C1 and C2, control the access on Deluthier Road that constitutes the southern border
of Impact Area A. C1, which location is 315550m E and 5094650m N, restrains the traffic
coming from highway 17. As for C2, which location is 318000m E and 5095200m N, it regulates
the traffic coming from Impact Area A. These two gates isolate the Rocket Launcher Range and
the Rifle Ranges B, C, D and E, which are one beside each other. These ranges have a firing point
at the southern extremity and the targets are at the northern extremity. The topography of ranges
B, C, D and E is flat. However, range A, i.e. Rocket Launcher Range is more undulating. Finally,
gate B1 controls the access to Deluthier Road.
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3.4.1.5 Geological, hydrogeological and hydrological contexts

The geology of Impact Area A is composed of limestone, minor dolostone, shale and sandstone.
. The bedrock is partly overlain by younger alluvium in terrace remnants and more precisely sand
and gravely sand. These sediments cover the southern part of the area. This layer of sediments is
commonly known as the Petawawa Sand Plain. This plain was formed during the Quaternary
Period by a delta formed by Petawawa, Barron, Indian and Ottawa Rivers. At that time, the great
Champlain Sea was covering the Saint-Lawrence Valley and the Ottawa River Valley. However,
the geology in the region surrounding Sturgeon Lake is different. There are some small areas that
show abundant bedrock exposures. Sometimes, it is underneath a thin and/or discontinuous drift
cover. Some glaciofluvial outwash and deltaid deposits that recover the bedrock are surrounding
the older alluvium.

The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The observation wells were set
at the end of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a higher concentrations of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends of the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. In the case of Impact
Area A, the hydraulic conductivity of the bedrock has been neglected because of the lack of
information and by comparison with the main material, which composed most of the surface
deposits, i.e. the sand. The hydraulic conductivity of the sand has been estimated to vary between
10 m/s and 10°? m/s because of its porous nature (Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

The groundwater flow direction is presumed to be towards south-west considering the Ottawa

River and the Petawawa River as discharge zones. The Sand Plain 1tse1f constitutes a recharge
zone of the aquifer due to its high permeability.
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3.42 Risk identification

3.4.2.1 Potential or known sources of contamination

- The potential sources of contaminant come from the use of explosive ammunitions, which
contain energetic materials. The risk of threatening the environment occurs when these projectiles
do not or partially explode. Once these duds are in the ground, there is a possibility that a leak
occurs and then, cause some damages to the receptors located downstream.

3.4.2.2 Potential contaminants

The ammunitions used at Impact Area A are:

- CTG .38

- CTG .50mm

- CTG5.56mm

- CTG 7.62mm

- CTG 9mm

- GTG 60mm MOR HE

- CTG 60mm MOR SMK WP
- CTG 60mm MOR 1II

- CTG 76mm HESH

- CTG 76mmSH/P

- CTG 81mm MOR HE

- CTG 81mm MOR SMK WP
- CTG 81mm MOR III

- CTG 84mm HEAT FFV 551
- CTG 84mm TP/T

- CTG 105mm HE PD (HOW)
- CTG 105mm ILL (HOW)

- CTG 105mm SMK (HOW)
- PROJ 155mm HE M107

- PROJ 155mm ILL

- PROJ 155mm SMK

- PROJ 155mm SMK WP

- PYROTECHNICS

- RKT 66mm HEAT(M72)

This ammunition list can be found in appendix D (Impact Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. However, the ratios and
weights of these materials are unknown except for the RKT 66mm which contains Octol; the
main explosive compound. It includes 60 % of HMX, 20 % of TNT and 10 % of RDX. One
rocket is filled with 300g of this explosive mixture.

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
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good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.4.2.3 Potential sources of contamination outside the site

According to the flow direction of surface water and topography, there is low risk of
contamination by other sites surrounding the Impact Area A. The pathway of surface water is
towards Sturgeon Lake. So do most of the waterways present in this area. Neighbouring sites do
not appear to be potential sources of contamination. Training Area C and Petawawa National
Forest Institute are not classified as dangerous areas. The odds of finding any duds in the ground
are low. Special considerations on groundwater have to be made. Recharging zones and direction
flow have to be known for a better analysis of that particular site.

3.4.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaping of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.4.3 Hazard evaluation
3.4.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

34.3.1.1 Groundwater

As known (see section 3.4.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of military
activities on the quality of water. In regard of the Impact Area A, groundwater would flows into
Chalk Bay or into the Ottawa River.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the contaminants will reach the water table more easily and the contaminants can spread in the
aquifer.

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.4.3.1.2 Surface water

Surface water appears to be another pathway considering the important runoff. Chalk Bay
borders the impact area A to the south. Sturgeon Lake occupies the centre part of the land. All
these basins define the area as well drained. According to the topography, surface water flows
towards both Sturgeon Lake and Chalk River. There are some wetlands sparsely located within
the area that might be affected by energetic materials.

3.4.3.1.3 Acerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. When used in ammunition,
they are under a powder state. After the explosion, there is a possibility that particles present at
the surface of the ground or in the air undergo an aerial transport. Another possibility would
involve that these explosive materials can be absorbed by soil particles, which are also
susceptible to aerial transport. Some ammunitions contain energetic materials that release toxic
fumes while burning. As an example, the hexachloroethane (HC) fumes are harmful to the fauna
and flora because of their persistence in the environment.

The wind has a relatively important influence on the Petawawa ranges. Western lands with their
rocky composition are not influenced by the wind. As for the eastern lands, the sandy content in
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the surface materials are more propitious to be modified by the wind. Drift cover might undergo
an aerial transport. For this reason, aerial transport can not be neglected. Impact Area A is a
different case because of its highly dense wooded areas and the use of non explosive ordnance.
Predominant winds are usually coming from west, south-west and north-west. As for the velocity,
ranges from 13 km/h to 17 km/h depending on its direction (Climatic atlas of Canada, 1988).

The CFB Petawawa is located in a remote area. The closest city is located south-east of the site. It
is the city of Fort William on the border between the province of Quebec and the Ontario. Beside
this small village, the Town of Petawawa (including the garrison) represent the other major land
that might be influenced by the energetic materials.

'3.4.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same that
surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.4.3.2.1 Humans

CFB Petawawa is located in a remote area of north-eastern Ontario. The cities surrounding the
base have for the majority low population. If we consider the groundwater flow, the cities that are
the more likely to be affected would be the garrison and the town of Petawawa and other
municipalities that have its water supplies downstream into the Ottawa River. Otherwise, the
remoteness of the range lower the risks of an aerial transport of energetic materials towards cities
in the surrounding areas of the base.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.4.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
- Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Chalk River in the north-western part of the range. A

- survey of the marshes did many years ago showed some high priority marshes just south of the
tree nursery. The influence of energetic materials coming from Impact Area A would have to be
proved considering both groundwater flow direction and wind directions.
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3.4.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on Training Area A at CFB Petawawa either in the past or nowadays. However,
the presence of old unexploded shells in the ground always constitutes a threat for troops and a
potential source of contamination.

34.3.4 Potential hazards inherent in site

The site presents a high risk of soil erosion especially because of its proximity to the Sturgeon
Lake. However, the presence of vegetation lowers the sensitivity to both aerial and water erosion.
The terrain surrounding the lake is relatively flat and low which makes it sensible to flooding. If
it occurs, energetic material particles would be in suspension and undergo an aquatic ‘transport
until they set in place downstream. Moreover, explosion risks related to duds are a constant threat
to military personnel especially if clearance operations are not conducted frequently.

47



3.4.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. However roads and areas that have an extensively use have been in part clean. There is still
a possibility that duds located deep in the ground come back to the surface because of the
combining actions of thaw/frost. '

There is still a possibility that duds located deep into the ground of the security area fired a long
time ago come back to the surface because of the combining actions of thaw/frost. ‘

The following table shows the different levels of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the Impact Area 2. As for level 3, it is not often used mostly because of its

important cost.

TABLE 5 — CLEARANCE LEVELS

Cle;rance level

Method

1

Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-90 cm) from duds, with the help of a magnetic
detector.
3 Complete clearing of the area of the site to any depth, until nothing is

detected.
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3.4.5 Site classification

The Impact Area A receives the score 69.8 + 4.3 /100 or ranging between 65.5 and 74.1 /100.
This grade puts the site in both classes 2 and 1. The risk potential associated with this
classification goes from medium to high.

The higher scores have been given for groundwater, contaminant quantity and receptors
(environment). According to the topographic map and the one of surface deposits, there is no
trace of containment system either natural or engineered. The hydraulic conductivity has been
estimated in regard of the nature of the deposits. Thus, the materials in place are mostly sand,
gravely sand and gravel. This results in a range of high values of hydraulic conductivity of the
aquifer of concern (see p.34 of the site classification worksheet). The presence of Sturgeon Lake
had an impact on the section related to surface water. The marshes within the site increase to the
maximum amount of points allowed for the proximity to fragile areas. As for the groundwater
resources, we assume that Quaternary deposits constitutes a permeable recharge area, which
increase the sensibility of the site to contamination. Finally, the quantity of contaminants has
been estimate according to the area of the range because of the lack of information concerning
the number of ordnance fired throughout the time. The facts that no register was hold in the past
and, that the quality of ammunition used was sensibly lower than nowadays, are a concern
because of the potential contamination risks. Moreover, it appear to be a treat for the militaries
who are walking in a “mine field”.

The lower score have been given to the receptors (humans and others). The main reasons are that
the water plant intake is located 9.5 km downstream and that people who are using the site are
militaries. Nowadays, there is no more high explosive shells used on this site due to the risks of
starting a forest fires that could be a danger for the nuclear power plant.

As shown in the special considerations of section IIA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potenial and aerial transport.
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3.4.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown. No register has been hold in the past when
they started their activities at the beginning of the century. However, no highly explosive
ordnance are used on this site because of the risks of ignition of a forest fire and of the presence
of the nuclear power plant only 1.5 km north and the waste disposal site also north of the Impact
Area A. This makes it difficult to estimate the importance of the contamination. Furthermore,
because of this lack of information, contamination has been estimated with the area of the site,
without knowing if contamination was effectively spread on the whole area. Knowing the exact
impact or training locations when there were live-firing exercises (for example the locations of
the targets used if so, would also help to estimate the real potentially contaminated area and to
determine the direction followed by contaminants -this direction can vary depending on the part
of the range where contamination occurs).

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the quaternary deposits. Groundwater flow direction and
hydraulic conductivity of the sediments should be established in order to have a precise view of
the potential pathway of contaminants. That is why monitoring wells are necessary to determine
these information and to observe the quality of groundwater throughout the time. While waiting
for information, groundwater has been supposed to go towards south-east, i.e. towards Ottawa
River and hydraulic conductivity of the sand has been estimated between 10~ and 10" m/s
(Freeze and Cherry, 1979). Hydraulic conductivity of sediments and hydraulic heads appear to be
a key factor to localise the areas of recharge and discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. It is
important to specify that the odds of a major flood are low in part because of the higher level of
the land compare to the water level. However, local flood may occur because of heavy rainfalls
or snow melting. It is to be noted that a major cleaning of the site helps to prevent contamination
of the area and of the surroundings. '
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3.5 Training Area B

3.5.1 Site characteristics

3.5.1.1 Geographic setting

The Impact Area B, now known as the Training Area B, is located on the eastern part of CFB
Petawawa and especially, between the square by these co-ordinates: 5094900m N, 5100900m N,
317500m E and 323400m E in the UTM system (NAD 83). The site covers an area of ap-
proximately 14.6881 km?. This value includes the area occupied by Mason Lake and Highview
Lake. The range is characterised by flat terrain in its centre and southem parts. These areas are
surrounded by mountains. Almost all the range is covered with trees. Some marshes can be find
at different places such as 500m south of Highview Lake, approximately 300m north-west of
Mason Lake and along a watercourse just north of Vaulin Creek.

3.5.1.2 Site boundaries

The Ottawa River constitutes the eastern limit. As for the northern end of the area, a cut line
defines it. The southern border goes along the Chalk Bay. However, the western limit is not well
defined. Its neighbouring site is Impact Area A.

3.5.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, this area was used as
an impact zone for artillery exercises. During the World War I, the Russian Army was testing the
100 mm shells on the eastern part of the base. The vocation of this site stood until a few years ago
when it became a training area. Nowadays, no artillery exercise occurs in this area, but only troop
manoeuvres.

3.5.1.4 Description of installations

There is not much installations on this site. Only gate B1 restrains the access to Chalk River Road
and therefore, to northern part of the range. There is also a bivouac area located at these co-
ordinates: 321950m E and 5095250m N. On Highview Tower Hill, there is a lookout that gives
an overview of the area. Its location is 32250m E and 5097700m N. Every co-ordinates are based
on the UTM (NAD 83) system.

3.5.1.5 Geological, hydrogeological and hydrological contexts

The geology of Training Area B is composed of limestone, minor dolostone, shale and sandstone.
The bedrock is partly overlain by younger alluvium in terrace remnants and more precisely sand
and gravely sand. This layer of sediments is commonly known as the Petawawa Sand Plain. This
plain was formed during the Quaternary Period by a delta formed by Petawawa, Barron, Indian
and Ottawa Rivers. At that time, the great Champlain Sea was covering the Saint-Lawrence
Valley and the Ottawa River Valley. In the mountainous sections, there are more bedrock
exposures that might have a thin drift cover.
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The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The observation wells were set
at the end of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a high concentration of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends on the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. In the case of Training
Area B, the hydraulic conductivity of the bedrock has been neglected because of the lack of
information and by comparison with the main material, which composed most of the surface
deposits, i.e. the fine sand. The hydraulic conductivity of the sand has been estimated to vary
between 10 m/s and 10 m/s because of its relatively porous nature (Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

The groundwater flow direction is presumed to be towards south-west considering the Ottawa

River and the Petawawa River as discharge zones. The Sand Plain itself constitutes a recharge
zone of the aquifer due to its high permeability.
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3.5.2 Risk identification

3.5.2.1 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions, which
contain energetic materials. The risk of threatening the environment occurs when these projectiles
do not or partially explode. Once these duds are in the ground, there is a possibility that a leak

occurs and then, cause some damages to the receptors located downstream.

3.5.2.2 Potential contaminants

The ammunitions used at Impact Area B are:

- BLANK AMMUNITION
- CSRIOT GAS

- CTG .38

- CTG .50mm

- CTG 5.56mm

- CTG7.62mm

- CTG 9mm

- CTG 38mm SPEDEHETE CS

- CTG 38mm FLITERITE

- CTG 60mm MOR HE

- CTG 60mm MOR SMK WP
- CTG 60mm MOR III

- CTG 81mm MOR HE

- CTG 81mm MOR SMK WP
- CTG 81mm MOR III

- CTG 105mm HE M1

- CTG 105mm HE PD (HOW)

- CTG 105mm HE PLGD (HOW)

- CTG 105mm ILL (HOW)

- CTG 105mm SMK WP (HOW)

- CTG 105mm SMK (HOW)

- CTG 105mm SMK HCBE (TK)
- CTG 105mm SMK WP (TK)

- PROJ 155mm HE M107

- PROJ 155mm ILL

- PROJ 155mm SMK

- PROJ 155mm SMK WP

- RKT 21mm SUB-CAL(M72)
- PYROTECHNICS
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This ammunition list can be found in appendix D (Training Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. The ratios and weights of
these materials are unknown.

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.5.2.3 Potential sources of contamination outside the site

According to topography and to direction flow of surface water, there is a risk of contamination
by energetic materials coming from other sites. As for Training Area B, only the north-eastern
part of impact Area A constitutes a potential source of contamination. Otherwise, the preferential
pathway of surface water is towards east, i.e. towards the Ottawa River. Almost all the
watercourses present in this area are tributary of the Ottawa River. However, surface water on the
south-western part of the area flow towards Chalk Bay. Special considerations must be make on
groundwater flow direction. In addition, the understanding of the role of watercourses in the
base’s area, i.e. whether or not there are recharge zones. And if so, the concentration of energetic
materials in groundwater would increase and hence, constitutes a greater danger for receptors
susceptible to be in contact with it.

3.5.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.5.3 Hazard evaluation
3.5.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

3.5.3.1.1 Groundwater

As known (see section 3.5.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of mulitary
activities on the quality of water. In regard of the Training Area B, groundwater would flows into
Chalk Bay or into the Ottawa River.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the eontaminants will reach the water table more easily and the contaminants can spread in the
aquifer.

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.5.3.1.2 Surface water

Surface water appears to be another pathway considering the runoff. The Training Area B is
partly surrounded by Chalk Bay and the Ottawa River which define it as well drained. Surface
water flows towards east. There are some lakes (Manson Lake and Highview Lake) which also
act as watersheds. They are all tributary of the Ottawa River. The energetic materials might affect
some wetlands located on the eastern part of the area.

3.5.3.13 Aerial transport

- Explosive compounds such as RDX, TNT and HMX are not volatile. Furthermore, they are under
a powder state when used in ammunitions. However, there is a possibility particles present at the
surface of the ground undergo an aerial transport. What also happen is that these explosive
materials can be absorbed by soil particles, which are also susceptible to aerial transport. It exists
some ammunitions which contain energetic materials that release toxic fumes while burning. For
example, the hexachloroethane (HC) fumes are harmful to the fauna and flora because of their
* toxicity and their persistence in the environment.

The wind has a relatively important influence on the Petawawa ranges. Western lands with their
rocky composition are not influenced by the wind. As for the eastern lands, the sandy content in
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the surface materials are more propitious to be modified by the wind. Drift cover might undergo
- an aerial transport. For this reason, aerial transport can not be neglected. Impact Area B is a
different case because of its highly dense wooded areas. In addition, this area is now use only for
dry-firing exercises, i.e. there is no more explosive shells fired on this range. Predominant winds
are usually coming from west, south-west and north-west. As for the velocity, ranges from 13
km/h to 17 km/h depending on its direction (Climatic atlas of Canada, 1988). ’

Wind appears to be a potential pathway for contaminants. However, the incidence on the
Training Area B does not seem important due to the presence of vegetation.

3.5.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same that
surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.53.2.1 Humans

Although the Training Area B is quite far from the Town of Petawawa, the major city in the area,
a potential contamination is still possible. Thus, there are some houses just across the Ottawa
- River. The probability that they might be affected is low but present. This is mostly due to the
distance the contaminants would have to do. As for the population of Chalk River, it has not been
considered because of its location upstream the site.

The CFB Petawawa is located in a remote area. The closest city is located south-east of the site. It
is the city of Fort William on the border between the province of Quebec and the Ontario. Beside
this small village, the Town of Petawawa (including the garrison) represent the other major land
that might be influenced by the energetic materials. :

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.5.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Vaulin Creek in the northern part of the range. A
survey of the marshes did many years ago showed some high priority marshes north of Mason
Lake and south of Highview Lake. The real influence of energetic materials coming from
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Training Area B would have to be proved considering both groundwater flow direction and wind
directions.

3.5.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on Training Area B at CFB Petawawa either in the past or nowadays. However,
the presence of old unexploded shells in the ground always constitutes a threat for troops and a
potential source of contamination.

3.5.3.4 Potential hazards inherent in site

The site presents a high risk of soil erosion especially because of its proximity to the Ottawa
River and to Chalk Bay. However, the presence of vegetation lowers the sensitivity to erosion of
this impact area. The southern part of the site is relatively lowland and flat terrain, which makes it
sensible to flooding. If it occurs, energetic material particles would be in suspension and undergo
an aquatic transport until they set in place downstream. Moreover, explosion risks related to duds
are a constant threat to military personnel especially if clearance operations are not conducted
frequently.
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3.5.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. The last major clearance operation occurred in the late 80’s. However, newly constructed
roads and installations have been clean in order to create a zone where there is no doubt about

security.

There is still a possibility that duds located deep into the ground of the security area fired a long
time ago come back to the surface because of the combining actions of thaw/frost.

The following table shows the different levels of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the Impact Area 2. As for level 3, it is not often used mostly because of its

important cost.

TABLE 6 — CLEARANCE LEVELS

Clearance level

Method

1

Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-90 cm) from duds, with the help of a magnetic
detector.
3

Complete clearing of the area of the site to any depth, until nothing is
detected. '
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3.5.5 Site classification

The Impact Area B receives a score of 74.7 =+ 4.3 /100 or ranging from 70.4 to 79 /100. This
grade puts the site in class 1. The risk potential associated with this classification is high.

The higher grades were given for the groundwater, surface water, quantity of contaminants and
the receptors (especially the environment). The map showing the surface deposits has no trace of
any engineered or natural containment system. This is why the site got the highest number of
points allowed for these criteria. The presence of the Ottawa River and Chalk Bay as borders of
the site increased the scores related to the surface water. As for the environment, the marshes
within the area, it contributes to raise the grade of potentially affected fragile sites. The
accessibility to the site also got a high score mostly because of the civilians who are coming on
the site by boat. The numerous “no trespassing” signs and warnings on the presence of
unexploded shells are not enough to dissuade people. Finally, the quantity of contaminants has
been estimate according to the area of the range because of the lack of information concerning
the number of ordnance fired throughout the time. The facts that no register was hold in the past
and that the quality of ammunition used was sensibly lower than nowadays, are a concern
because of the potential contamination risks. Moreover, it appear .to be a treat for the militaries
who, are walking in a “mine field”.

The lower score have been given to the receptors (humans and others). The main reasons are that
the water plant intake is located 7 km downstream and that people who are using the site are
militaries. However, the facts that the Ottawa River and Chalk Bay are close to the site and are
used for activities like fishing, swimming and sailing elevate the maximum amount of points
allowed to the criteria of concem.

As shown in the special considerations of section IIA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The hydraulic conductivity of the aquifer has been estimated in accordance with the nature of the
surface deposits and with the chart of values (p.34 of the site classification worksheet).

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potential and aerial transport.
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3.5.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if contamination was effectively
spread on the whole area. Consequently, it would be important to get further information on the
nature and quantity of ammunition used. Even if no register was hold when the military exercises
started on this site. Knowing the exact impact or training locations (for example the locations of
the targets used if so, would also help to estimate the real potentially contaminated area and to
determine the direction followed by contaminants - this direction can vary depending on the part
of the range where contamination occurs).

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the quaternary deposits. However, it stays a hypothesis due
to the fact that no monitoring well has been installed. With these additions, groundwater flow
direction and hydraulic conductivity of the sediments would be established. For this initial study,
groundwater has been supposed to go towards south-east, i.e. towards the Ottawa River and
hydraulic conductivity of the deposits has been estimated to vary from 10”° and 107 m/s (Freeze
and Cherry, 1979). Hydraulic conductivity of sediments and hydraulic heads appear to be a key
factor to localise the areas of recharge and discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. The flood
potential appears to be low due to the fact that the level of the Ottawa River would have to raise
of at least 10 m to get inland. However, local flood on the areas surrounding creeks and lakes are
possible due to the snow melting. As for the influence of the wind, it is limited because there are
plenty within the area but still present. Occasions like a leakage or the explosion of an
unexploded shell are susceptible to aerial transport. It is to be noted that a major cleaning of the
site helps to prevent contamination of the area and of the surroundings.
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3.6  Petawawa Grenade Range

3.6.1 Site characteristics

3.6.1.1 Geographic setting

The Petawawa Grenade Range is located within Impact Area 2 on the eastern part of CFB
Petawawa and especially, at these co-ordinates: 318800m E and 5088300m N in the UTM system
(NAD 83). The site covers an area less than 1 km? The range is characterised by a flat terrain
partially surrounded by trees. The soil is covered by either sand or grass. There are some fragile

~areas are in Training Area E and approximately 2.5 km south-west of the site. Jorgens Lake
represents the closest basin and the Ottawa River, the closest watercourse.

3.6.1.2 Site boundaries

The Petawawa Grenade Range is located within the Area 2 and especially beside the eastern
limit. The junction of Brindle Road and Road 17 at the north-eastern end of the area is the only
well defined frontier. Elsewhere, there is no particular physical feature.

3.6.i.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, this area was used as
an impact zone for artillery exercises. During the World War I, the Russian Army was testing the
100 mm shells on the eastern part of the base. The vocation of this site stood until many years
ago when it became a grenade range. Nowadays, the range is still in use and its vocation has not
change.

3.6.1.4 Description of installations

The only way to get to the range is by taking Messer Trail that goes along the Canadian Pacific
railroad and the Trans Canada Highway 17. Gates 2C and 2D give a direct access to the cart-
tracks that directly go to the range. The site itself is simple. There is concrete “bunker” that
protect the military personal from the grenade fragments. Otherwise, the impact zone is flat.

3.6.1.5 Geological, hydrogeological and hydrological contexts

The geology of Petawawa Grenade Range is composed of limestone, minor dolostone, shale and
sandstone. The bedrock is overlain by sand deposits modified by wind. This layer of sediments is
commonly known to be a part of the Petawawa Sand Plain. This plain was formed during the
Quaternary Period by a delta formed by Petawawa, Barron, Indian and Ottawa Rivers. At that
time, the great Champlain Sea was covering the Saint-Lawrence Valley and the Ottawa River
Valley.

The hydrogeological context is not well known due to the fact that no study was undertaken in

the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The observation wells were set

61



at the end of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a high concentration of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends on the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. In the case of
Petawawa Grenade Range, the hydraulic conductivity of the bedrock has been neglected because
of the lack of information and by comparison with the main material, which composed most of
the surface deposits, i.e. the sand. The hydraulic conductivity of the sand has been estimated to
vary between 10°° m/s and 10 my/s because of its porous nature (Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

The groundwater flow direction is presumed to be towards south-west considering the Petawawa
River as discharge zones. The Sand Plain itself constitutes a recharge zone of the aquifer due to
its high permeability. However, without any geological assessment, these hypothesises stay
questionable.
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3.6.2 Risk identification

3.6.2.1 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions, which
contain energetic materials. The risk of threatening the environment occurs when these projectiles
do not or partially explode. Once these duds are in the ground, there is a possibility that a leak
occurs and then, cause some damages to the receptors located downstream.

3.6.2.2 Potential contaminants

The ammunitions used at Rocket Launcher Range are:

_ GREN FRAG M67
- GREN FRAG M61
- PYROTECHNIVCS

This ammunition list can be found in appendix D (Training Area Authorisation Form). Heavy
metals and energetic materials are contained in these ammunitions. The ratios and weights of
these materials are unknown. '

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.6.2.3 Potential sources of contamination outside the site

According to topography and to the direction flow of surface water, there is a low risk of
contamination by energetic materials coming from other sites. Preferential pathway of surface
water is towards south and west. The most probable source of contamination is the DZ Anzio
Area 1 to the north. Furthermore, other neighbouring sites are not even classified as danger area.
Thus, the probability of finding any unexploded duds is low. Special considerations must be
make on groundwater flow direction. In addition, the understanding of the role of watercourses in
the base’s area, i.e. whether or not they are recharge zones. If so, the concentration of energetic
materials in groundwater would increases and hence, constitutes a greater danger for receptors
susceptible to be in contact with it.

3.6.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
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buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.



3.6.3 Hazard evaluation

3.6.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

3.6.3.1.1 Groundwater

As known (see section 3.6.1.5), groundwater flow direction is not known due to the fact that no
study on the hydrogeological context has been made. The hypothetical direction has been choose
because of the sampling campaign done by both governments on the influence of military
activities on the quality of water. In regard of the Petawawa Grenade Range, groundwater would
flows towards either Jorgens Lake or Petawawa River, 1.e. towards south-east.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the contaminants will reach the water table more easily and the contaminants can spread in the
aquifer. '

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.6.3.1.2 Surface water

Surface water appears to be another pathway considering the runoff. The Petawawa Grenade
Range is on the northern part of Jorgens plain. There is no precise border such as river, lake or
pond. Duke Creek is the closest basin in the area. The rarity of watercourse indicates that the
grenade area is poorly drained. According to the topography, surface water flows towards east.
There are some wetlands along Duke Creek that might be affected by energetic materials.

3.6.3.1.3 Aerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. Furthermore, they are under
a powder state when used in ammunitions. However, there is a possibility particles present at the
surface of the ground undergo an aerial transport. What also happen is that these explosive
materials can be absorbed by soil particles, which are also susceptible to aerial transport. It exists
some ammunitions which contain energetic materials that release toxic fumes while burning. For
example, the hexachloroethane (HC) fumes are harmful to the fauna and flora because of their
toxicity and their persistence in the environment.

The direction of the wind varies a lot, but is more often towards east. If an aerial transport occurs
due to the explosion of a grenade, the cities that is more likely to be affected is Petawawa (south-
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east). Otherwise, the others habitat possibly affected would be the wildlife, the aquatic fauna of
the Ottawa River and the closest fragile areas, i.e. the marshes located along Duke Creek and
Antler Lake.

3.6.3.2 Receptors

Receptors are those located downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same that
surface water. Receptors have been divided in two groups: humans and other receptors. This
classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
judgement. In fact, the same attention is provided to every receptors.

3.6.3.2.1 Humans

The closest city to the site, considering the direction flow of the river and the direction of the
wind, is the Town of Petawawa located approximately 5 km south-east of the range, would be the
most probable receptor affected by a contamination by energetic materials. As for the water plant
intake or the residential wells, there is no proof of the presence of energetic materials coming
from the grenade range because water has never been tested for that type of contaminants and
there is barely no information on the groundwater context.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.6.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Duke Creek and around Antler Lake respectively in
the western and in the eastern parts of the range. A survey of the marshes did many years ago
showed some high priority marshes in Training Areas E and G and within Impact area 2. The
influence of energetic materials coming from Petawawa Grenade Range would have to be proved
considering both groundwater flow direction and wind directions.

3.6.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by
the past activities on Petawawa Grenade Range at CFB Petawawa either in the past or nowadays.
However, the presence of old unexploded shells in the ground always constitutes a threat for
troops and a potential source of contamination.
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3.6.3.4 Potential hazards inherent in site

The site presents a low risk of soil erosion especially because of the distance that separates it
from the closest basins. However, the absence of vegetation and the type of surficial deposits, i.e.
fine sand, constitute a propitious environment to aerial erosion and erosion caused by runoff
water. Flooding in this area are not considered as a potential hazard due to the distance that
separates it from the Ottawa River. Moreover, explosion risks related to duds are a constant threat
to military personnel especially if clearance operations are not conducted frequently.

67



3.6.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular-basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. However roads and areas that have an extensively use have been in part clean. There is still
a possibility that duds located deep in the ground come back to the surface because of the
combining actions of thaw/frost.

Since 1974, over 87.25 km? on the impact areas have been swept at a clearance level 1. As for the
Grenade Range Area A, the records do not show that a clearance operation ever occurred. On the
other hand, the construction of the concrete bunker needed a characterisation of the soil on which
it would be constructed.

The followiﬁg table shows the different levels of clearance. Level 1 is the more frequently used.
Thus, the construction of roads or any other structures might need a level 2. As for level 3,it is
not often used mostly because of its important cost.

TABLE 7 — CLEARANCE LEVELS

Clearance level | Method

1 Clearing of surface duds by visual observation on the site.

2 Clearing of a soil layer (30-45 cm) from duds, with the help of a magnetic
detector. '

3 Complete clearing of the area of the site to any depth, until nothing is
detected.
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3.6.5 Site classification

The Petawawa Grenade Range has received a score of 48.8 + 4.3 /100 or ranging from 44.5 to
53.1 /100. This mark classified the site at the limit of classes 2 and 3. Thus, the risk potential vary
from medium low to medium.

Higher marks were given to the groundwater as a potential pathway of contaminants. The lack of
information on this issue leaves us no choice but to make few suppositions. A closer look to the
surface deposits map showed that there were neither natural nor engineered containment layer.
As for the hydraulic conductivity of the aquifer, it has been estimate in accordance with the
nature of the surface deposits and to the chart on the range of values of hydraulic conductivity
and permeability (p.34 of the site classification worksheet).

The relatively low grades of surface water are due to the fact that there is no major water course
or basin close to the site. The remoteness also explains the low scores related to the receptors.
The closest city is the Town of Petawawa approximately 5 km south-west.

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potential and aerial transport.

As shown in the special considerations of section ITA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

Even if the Petawawa Grenade Range had a low score, it does not mean that there is no chances
of a contamination by energetic materials. It becomes important to consider the previous uses of
the site and low order detonation in order to evaluate the potential of contamination. If traces of
TNT, RDX or HMX are found in the water within Impact Area 2, it would be hard to determine
the real influence of the grenade range. For this reason, it is important to see the global influence
of the ranges upstream and see which sites had and still have an extensive use that could be
directly related to the contamination.
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3.6.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if contamination was effectively
spread on the whole area. Consequently, it would be important to get further information on the
nature and quantity of ammunition used.

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lay in the sand that compose the surface deposits. Monitoring
wells would be a good way to characterise the hydrogeological context, such as groundwater flow
direction and hydraulic conductivity of the sediments, and to witness the quality of water in the
future. While waiting for information, groundwater has been supposed to go towards south-east,
i.e. towards Petawawa River and hydraulic conductivity of the sand has been estimated to vary
between 10 and 10 m/s (Freeze and Cherry, 1979). Hydraulic conductivity of sediments and
hydraulic heads appear to be a key factor to localise the areas of recharge and discharge of the
aquifer.

The lack of information on possibility of aerial transport of energetic materials and on flood
potential would help to get a more precise idea of the risks of contamination on and off the site.
However, flood is not a major concern mostly because of the remoteness of the range from water
courses or basins. Even local flood that could occur in the Jorgens Lake area due to the melting of
snow would not affect the range. It is to be noted that a major cleaning of the site helps to prevent
contamination of the area and of the surroundings.
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3.7 Impact Areas 7 and 8

3.7.1 Site characteristics
3.7.1.1 Geographic setting

The Impact Areas 7 and 8 are located on the western part of CFB Petawawa and especially, in the
square produced by the following co-ordinates: 301400m E, 308500m E, 5082000m N and
5092500m N in the UTM system (NAD 83). The site covers an area of more than 56 km”. The
areas are located in a part of the base characterised by important hills. There are many basins, but
the more important are Centre Lake, Military Lake and the east end of Montgomery Lake. The
major drainage feature is the Petawawa River which has as source the Montgomery Lake. Its
direction flow is due east and it acts as a border between area 7 and area 8. These areas are
mostly covered with grass and sand. There are many marshes especially in the northern part of
area 8 and eastern part of area 7, along Centre Creek. These marshes are considered as fragile
habitats. '

3.7.1.2 Site boundaries

As said before, the impact areas 7 and 8 are located in the eastern part of CFB Petawawa. The
areas are not well delimited, i.e. there is no particular physical feature. However, it is bordered by
the Petawawa Range and Training Area to the north, the Training Areas P and Q to the west, the
Impact Areas 5 and 6 to the east and finally by the Training Area R to the south.

3.7.1.3 Site history and activities

When CFB Petawawa started its activities at the beginning of the century, the eastern areas were
used as impact zones for artillery exercises. During the World War I, the Russian Army was
testing the 100 mm shells at Petawawa. Gradually, the government expropriated the lands located
in the western part. Progressively, military exercises were undergoing in the western part of CFB
Petawawa leaving the eastern areas as dry-firing ranges. Nowadays, the impact areas 7 and 8 are
used for long range firing exercises. Targets are usually tops of hills, but sometimes duds are off
target and hit roads, marshes or watercourses.

3.7.1.4 Description of installations

There is many access road to these sites. Most of them are relatively well maintained, but it
happens that they are damaged by shells. Orange Road to the north, Race Horse Road to the east
and Survey Lake Road to the south and west provide access to the multiple gates the control the
access to the impact areas. Impact area 8 contains the Demolition Range which has been studied
previously in this assessment. There are some bunkers where military personnel can witness the
destruction of ammunition, explosives, etc. They also provided the location of unexploded
ordnance.
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3.7.1.5 Geological, hydrogeological and hydrological contexts

The geology of Demolition Range is composed of Precambrian rocks (metamorphic and
intrusive: amphibolite, granulite, mafic, ultramafic and anorthositic rocks). That land is a part of
the Canadian Shield. The bedrock is overlain by gravel, gravely sand, sand and by poorly sorted
till. :

The hydrogeological context is not well known due to the fact that no study was undertaken in
the past. Hence, there are no monitoring well on the base. The only sampling campaigns were
done few years ago by both provincial and federal governments. The observation wells were set
at the mouth of the Petawawa River. The analysis of water samples did not concern energetic
materials, but showed a high concentration of nitrates and metals.

According to the nature of surface deposits, it seems that the aquifer is unconfined. As for the
bedrock, it may allows water to flow rapidly or not. The velocity of water depends on the
hydraulic conductivity, porosity and hydraulic gradient. Numerous factors influence the hydraulic
conductivity like the porosity, the grain size and the presence of fractures. In the case of the
Impact Areas 7 and 8, the hydraulic conductivity of the bedrock has been neglected bécause of
the lack of information and its nature. The hydraulic conductivity of the deposits has been
estimated to vary between 10™'2 m/s and 10 m/s depending of the material and its porous nature
(Freeze and Cherry, 1979).

The depth of the water table is another important information that is unknown. The closer it is of
the surface, the more rapidly the contaminants can reach it. No estimate has been done for this
criteria because the classification form do not consider it.

The groundwater flow direction is presumed to be towards south-west for area 8 considering the
Barron River as a discharge and towards south for area 7 considering Petawawa River as a
discharge watercourse. As for the recharge areas, there is no information that specified where the
aquifer recharges. However, mountains are usually known to be a recharge zone due to the
contact between bedrock and permeable surface deposits. The influence of Biggar Lake is not
well known. It could be either a discharge or a recharge zone.
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3.7.2 Risk identification

3.7.2.1 Potential or known sources of contamination

The potential sources of contaminant come from the use of explosive ammunitions which contain
energetic materials. The risk of threatening the environment occurs when these projectiles do not
or partially explode. Once these duds are in the ground, there is a possibility that a leak occurs
and then, cause some damages to the receptors located downstream.

3.7.2.2 Potential contaminants

No authorisation form was available. Hence, the nature of ammunitions used on these sites has to
be determine in order to evaluate if there is a chance to find energetic materials in the ground.

Ammunitions contain energetic materials that can decompose into numerous metabolites. These
derivative products are sometimes more toxic and mobile than the original compound. TNT is a
good example; there are approximately 21 metabolites. Some of these are even more soluble than
the TNT itself.

3.7.2.3 Potential sources of contamination outside the site

According to the flow direction of surface water and topography, there is a minimum risk of
contamination by other sites. The reason is that artillery exercises are concentrated in areas 7 and

8. Otherwise, the neighbouring sites do not appear to be potential sources of contamination. Area

P and Area Q are not classified as dangerous, which lower the possibility of finding duds in the

ground. As for Impact Area 6, its location downstream of the Impact areas 7 and 8 classify this

site as potentially contaminated. Finally, the fact that Petawawa River separates Impact Area 7

from Impact Area 8 implies that energetic materials would travel downstream. Considerations on
the groundwater flow direction must be made to provide a good analysis of a particular site

'3.7.2.4 Natural or human risks of increasing damages

Few factors could increase the potential damages caused by a contamination with energetic
materials. A decrease in the quality of ammunitions would cause an increase of non-exploded
projectiles, which could be dangerous. Moreover, an increase in precipitation or less frequent
cleaning of the site (leading to a greater possibility of transfer of the energetic materials) could be
harmful to the environment. Finally, levelling or bulldozing the soil could cause some duds to be
buried in the ground, leading to a greater threat for the environment. Tanks or heavy vehicles
movements can also be a cause of ground disturbance.
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3.7.3 Hazard evaluation
3.7.3.1 Potential pathways for contaminants

Two pathways for transport of energetic materials are possible: aerial and aqueous. When a
misfire occurs, the energetic materials present in the ammunition under a powdered form, can
either be dissolve in water or be easily moved by the wind.

- 3.73.1.1 Groundwater

As known, groundwater flow direction is not known due to the fact that no study on the
hydrogeological context has been made. The hypothetical direction has been choose because of
the sampling campaign done by both governments on the influence of military activities on the
quality of water. In regard of the Impact Areas 7 and 8, groundwater is taught to flow towards

~ south and south-east.

As for the depth of the water table, it is also unknown. Even if this criteria is not taken into
account in the classification, it is important to consider it. If the aquifer has a shallow water table,
the contaminants will reach the water table more easily and the contaminants can spread in the
aquifer.

The energetic materials undergo biodegradation, so does the metabolites. Some of these, derived
from TNT are highly soluble. However, they are also easily absorbed by organic matter and clay
particles. This could explain why the lest soluble RDX can travel as fast or more then TNT if
biodegradation is considered (Thiboutot et al., 1998).

3.7.3.1.2 Surface water

Surface water appears to be another pathway considering the runoff. The Impact Areas 7 and 8
have well-defined border like river, pond or lake. Barron River and Petawawa River define the
areas as well drained. According to the topography, surface water flows mostly towards the
Petawawa River in either areas. There are some wetlands within these areas that might be
affected by energetic materials. :

3.7.3.1.3 Aerial transport

Explosive compounds such as RDX, TNT and HMX are not volatile. Furthermore, they are under
a powder state when used in ammunitions. However, there is a possibility particles present at the
surface of the ground undergo an aerial transport. What also happen is that these explosive
materials can be absorbed by soil particles, which are also susceptible to aerial transport. It exists
some ammunition, which contain energetic materials that release toxic fumes while burning. For
example, the hexachloroethane (HC) fumes are harmful to the fauna and flora because of their
toxicity and their persistence in the environment.

The wind has a relatively important influence on the Petawawa ranges. Eastern lands were in the
past and nowadays influenced by the wind. As for the western lands, their rocky composition
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lowers the wind incidence. However, drift cover might undergo an aerial transport. For this
reason, aerial transport cannot be neglected. Predominant winds are usually coming from west,
south-west and north-west. As for the velocity, ranges from 13 km/h to 17 km/h depending on its
direction (Climatic atlas of Canada, 1988).

The CFB Petawawa is located in a remote area. The closest city is located far east of the hhpact
Areas 7 and 8. Beside the Town of Petawawa (including the garrison), the lands that might be
influenced by the energetic materials

3.7.3.2 Receptors

Receptors are those located  downstream of the site potentially contaminated with energetic
materials. As for CFB Petawawa, the groundwater flow direction is assumed to be the same that
surface water. Receptors have been divided in two groups: humans and other receptors. This
- classification has been made to facilitate an overview of either living being or fragile areas that
might be affected by a contamination with energetic materials. It does not suggest any value
Judgement In fact, the same attention is provided to every receptors

3.7..}.2.1 Humans

CFB Petawawa is located in a remote area of north-eastern Ontario. The cities surrounding the
base have for the majority, a low population. If we consider the groundwater flow, the cities that
is the more likely to be affected would be the garrison and the town of Petawawa and other
municipalities that have its water supplies downstream into the Ottawa River. Otherwise, the

remoteness of the range lower the risks that energetic materials that are undergoing an aerial
~ transport affect the cities in the areas surrounding the base.

People working on the site are mainly military personnel. Moreover, they are healthy and aware
of hazards related to energetic materials.

3.7.3.2.2 Other receptors

This category contains both wildlife and vegetation. Large mammals such as White-tailed Deer,
Moose and Black Bear can be found in this area. Other species living in this area include Red
Fox, Beaver, Muskrat Grouse and Cottontail Rabbit.

As for marshes, they constitute fragile habitats that can easily be affected by any changes. Thus,
there are some of these fragile areas along Clement Creek in the northern part of the range. A
survey of the marshes did many years ago showed some high priority marshes in Training Areas
C and L. The influence of energetic coming from Training Area D would have to be proved
considering both groundwater flow direction and wind directions. :

3.7.3.3 Known contamination cases

According to the Environmental Impact Assessment of Military Training Activities at CFB
Petawawa and to Mr. Chris Hogan, B.Env.O., there is no known contamination case caused by

75



the past activities on Impact Areas 7 and 8 at CFB Petawawa either in the past or nowadays. |
However, the presence of old unexploded shells in the ground always constitutes a threat for
troops and a potential source of contamination.

3.7.3.4 Potential hazards inherent in site

The site shows a high risk of soil erosion especially because of the presence of many lakes and
watercourses within the area. However, the vegetation that partly surrounds the lakes lowers the
sensitivity to both aerial and water erosion. The terrain just east of the lake is treeless which
makes it propitious to both erosion and flooding. If these events occur, energetic material
particles would be in suspension and undergo an aquatic transport until they set in place
downstream. Moreover, explosion risks related to duds are a constant threat to military personnel
especially if clearance operations are not conducted frequently.
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3.7.4 Prevention and emergency measures

To our knowledge, no emergency measures were ever taken on the site since it has been operated.
Nevertheless, clearance operation are not conducted on a regular basis. The philosophy of CFB
Petawawa regarding unexploded shells is to wait until there is one reported and then, taking care
of it. As for the Impact Areas 7 and 8, the presence of UXO in the ground is probable and might
represent a major concern. Many years ago, an important forest fire took place on the western
part of CFB Petawawa. Three cases of cooked off ordnance have been registered. Still, these
cases are under investigation due to the fact that the shells can resist to high temperature.
Nevertheless, the procedures concerning forest fire have been changed in order to prevent any
accident.

There is still a possibility that duds located deep into the ground of the security area fired a long
time ago come back to the surface because of the combining actions of thaw/frost.

The following table shows the different levels of clearance. Level 1 is the more frequently used.
The only existing records of a level 2 clearance operation were for the construction of roads and
other structures in the Impact Area 2. As for level 3, it is not often used mostly because of its
impgrtant cost.

TABLE 8 — CLEARANCE LEVELS

Clearance level | Method
1 Clearing of surface duds by visual observation on the site.
2 Clearing of a soil layer (30-90 cm) from duds, with the help of a magnetic
detector. - .
3 Complete clearing of the area of the site to any depth, until nothing is
detected.
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3.7.5 Site classification

The Demolition Range receives a score of 77.5 + 4.3 /100 or ranging from 73.2 to 81.8 /100. This
grade puts the site in class 1 and the risk potential associates with this classification is high.

Higher grades were given for contaminants characteristics, groundwater, surface water and the
receptors. The lack of information conceming the geological, hydrogeological and hydrological
contexts forced us to make some suppositions especially for the direction flow of water in and on
the ground. The hydraulic conductivity of the aquifer was supposed to be in accordance with the
nature of the surface deposits and with the chart of values (p.34 of the site classification
worksheet). However, the map of the surface deposits was not precise enough to characterise the
real nature of materials in place. That is why an interval of hydraulic conductivity was given.
There was no trace of engineered or natural containment system. The presence of many lakes,
marshes and rivers can not be neglected. In fact, we think it represents the main drainage systems
and the potential pathways for the contaminants contained in runoff water by spreading down the
slopes beside the hills. The marshes within the areas increase the score for the presence of fragile
sites to its maximum value.

The receptors received a low grade concerning humans because of the remoteness of the site. The
closest village is Black Bay located approximately 10 km east. Another reason is that the site is
within the Impact Area 8 where ordnance land. Furthermore, only military personnel has an
access to this part of the base. However, other receptors got a relatively high score due mostly to
the presence of marshes and dense forests. As known, they constitute rich natural habitats.

The results clearly show that the impact areas have a high score. It does not mean that there is a
contamination by energetic materials, but it indicates that further studies should be undergone.
The fact that the impact zones are not well defined influences a lot the score concerning the
estimate of contaminant. A more detailed study on the zones of interest, i.e. the targets, would
facilitate future studies of these sites. If traces of TNT, RDX or HMX are in the water, it would
be hard to determine the real influence of the Demolition Range. For this reason, it is important to
see the global influence of the ranges upstream and see which sites had and still have an
extensive use that could be directly related to the contamination.

As shown in the special considerations of section IIA (groundwater), the adsorption of energetic
materials on fine particles slows down the transfer from surface to the aquifer. This situation
could facilitate an eventual cleanup and makes biodegradation possible to occur before
contamination reaches the aquifer.

The uncertainty associated to the total score originate from the lack of information regarding the
availability of alternate drinking water supply, flood potential and aerial transport.
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3.7.6 Recommendations and supplementary information required

Due to the lack of information, many parts of the evaluation still involve some uncertainty. Some
simple actions could be taken in order to improve knowledge on the site. This could probably
lower the score of the range.

The first uncertainty concerns the quantity of contaminants in presence. In the present situation,
nature and quantity of the contaminants are unknown; this makes it difficult to estimate the
importance of the contamination. Furthermore, because of this lack of information, contamination
has been estimated with the area of the site, without knowing if it was effectively spread on the
whole area. Consequently, it would be important to get further information on the nature and
quantity of materials destroyed. -

The other major point of uncertainty consists in the understanding of groundwater flow. It has
been supposed that the aquifer lays in the Q uaternary deposits. Groundwater flow direction and
hydraulic conductivity of the sediments should be. established in order to obtain these data
necessary to know the direction a potential contamination would follow. While waiting for
information, groundwater has been supposed to go towards south and south-east, i.e. towards
either Barron River or Petawawa River and hydraulic conductivity of the surface deposits has
been estimated to range between 10" cm/s and 10 m/s (Freeze and Cherry, 1979). Hydraulic
conductivity of sediments and hydraulic heads appear to be a key factor to localise the areas of
recharge and discharge of the aquifer.

Finally, information on possibility of aerial transport of energetic materials and on flood potential
would help to get a more precise idea of the risks of contamination on and off the site. It is to be
noted that a major cleaning of the site helps to prevent contamination of the area and of the
surroundings.

79



4. General conclusions and recommendations

The present report intended to evaluate sites potentially contaminated by energetic materials at
CFB Petawawa. These evaluations are meant to facilitate management of each site and
understanding of the global environmental situation at CFB Petawawa. Four evaluations were
completed in this study, some of which including more than one range. Notably, the Rocket
Launcher Range is located within the Impact Area A. The Demolition Range has been studied
independently of the Impact Area 8 because of its specific use and area. Impact Areas 7 and 8
have been evaluate together because they are now the only impact zones during artillery
exercises. As for the Impact Area A, Training Areas B and D, the evaluations were done on the
base of their uses in the past. Nowadays, non explosives ordnance are used on these sites.

The scores resulting from the classification of the sites are showed in this table:

TABLE 9 — POTENTIAL RISK OF EVALUATED SITES

Site Scores Potential risk
Demolition Range 57.1+£4.3/100 Medium
Impact Area 7,8 77.5+4.3/100 High
Training Area D 72.74+4.3/100 High
Training Area B 74.7 £ 4.3 /100 | High
Petawawa Grenade Range | 48.8 +4.3 /100 Medium
Impact Areas A 69.8+4.3/100 High

DZ Anzio Area 1 71.0+ 4.3 /100 High

The evaluated sites got scores that indicated medium to high risk. The criteria that had a real
influence on the results is the quantity of contaminants on the ranges. It has been evaluated in
accordance with the area of the range. Consequently, it induces an error that can lead to either
overvalue or to undervalue the real potential risk. In this way, the Petawawa Grenade Range got
the lowest score because of its little area (less than 1 ha) and the Impact Areas 7 and 8 got the
highest also because of the area they cover (56.3789 km?). Moreover, the presence of several
sensitive areas, lakes, wetland and groundwater resources within the site contribute to increase
the score.

On the basis of these results, two hypothesis have to be considered: the first one is to suppose that
the sites are indeed potentially dangerous. The other hypothesis, which is not necessary
contradictory with the first one, is that the present form of evaluation tends to overestimate the
contamination of the sites when the source of contaminants is unexploded ordnance. The
estimation of the quantity of energetic materials should therefore be examined and possibly
changed to take into consideration the punctual nature of this kind of contamination source. It is
important to understand that this conclusion is not made to reduce the scores of the ranges; it has
just been felt that the initial CCME's evaluation had not been conceived to be used for this sort of
contamination. This is easily understood when looking at the limit of contamination classes in the
section about contaminant quantity. A site where the area of impact is estimated to be greater
than 10 ha gets the maximal score. This is not very useful to discriminate sites at CFB
Petawawa, where area of the sites can reach 3017.15 ha.
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History of the sites is generally not well known. This can be a problem if dangerous operations
previously took place on a range and could still contaminate the environment. Furthermore, the
danger caused by the presence of UXO in the ground prevent military personnel from passing
through some part of the Training Area even if there is a low potential of contamination. Even
within the garrison, there are possibilities to find unexploded shells fired at the opening of the
base. No records on this exist, but the discovery of these duds beside a building happens
occasionally.

The clearance reports from range control showed that compilation of fired and destroyed
ordnance is already done. This should be continued, and cumulative balance sheets should be
produced for each site, in order to control, evaluate and limit the quantity of duds potentially
contaminating the environment. However, the cleaning of Danger and Training Areas, which are
very large, require a lot of time, money and personnel. A level 1 clearance does not prevent duds
in the ground from coming up to the surface. The result is that time and money will still have to
be spent on a previously cleaned area.

Finally, this report is meant to help summarising the available information on potentially
dangerous sites at CFB Petawawa, and to give a preliminary evaluation of the risk created by
these sites. The sources of information were not numerous. This is why the evaluations should
not be seen as a final step of environmental assessment of the base. The evaluations should be
reviewed if felt necessary by personnel of the base; they should also be kept up to date regularly,
in order to be used as a tool for the management of the ranges.

From this point of view, recommendations can be made to improve the accuracy of the
evaluations:

1) Geological, hydrological and hydrogeological context

The important lack of information on the geological, hydrological and hydrogeological context
did not facilitate the writing of this report. Many suppositions have been made in order to
evaluate accurately the actual status of each sites. However, it is impossible to affirm that all the
scores are close to the reality. It would be more than useful to do an assessment on the geological,
hydrological and hydrogeological context.

2) Soil and groundwater sampling

Further assessment of the studied sites should be carried out in order to confirm or not the present
report. This assessment should consist of soil sampling and analysis. If significant contamination
is detected, installation of observation wells and analysis of groundwater samples should be
conducted to assess potential contaminant impacts on local groundwater quality. As for CFB
Petawawa, a monitoring campaign of groundwater in the north-eastern part of the base and in
Impact Areas, especially areas 7 and 8 would help to prevent the deterioration of the quality of
groundwater.
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3) Compilation of existing data

Despite of the few documents available for this study, there will have surely other sources of
information on the base in a near future. It is important to continue to collect information in
order to build an environmental database for CFB Petawawa sites. This database should comprise
a summary of the information available as well as a map for each site. Such a database will make
environmental work more easier and useful that it has been in the past, because access to
information would be easier and faster.

4) Study of aerial transport of contaminants

Unlike the groundwater or surface water migration of energetic materials, the mechanisms of
aerial transport is poorly known. Some studies could be done in order to conclude on the real
potential of such a pathway. Moreover, other studies on the mechanism of explosion (whether or
not residues are loosen in the air)

5) Hydrogeological data

Hydrogeological context of the base is not precisely known. The installation of observation wells
to know the depth and direction of groundwater flow in the aquifers could also be very
significant. In addition, it would allow a better understanding of the migration of contaminants
and a better knowledge of Quaternary deposits and bedrock.. Grain size curves and hydraulic
conductivity of the Quaternary deposits would be interesting data, since there is come
contradicting information about the permeability of deposits.

6) Compilation of the quantity of energetic materials

A compilation should be done on each site to determine the quantity of energetic materials
released in the environment. This could be done in calculating the difference between the
number of unexploded fired ammunitions and the number of destroyed duds (of corresponding
calibre) on a same site for a given period. Information such as exact composition of ammunitions
and nature of energetic materials comprised in each type of ammunitions which was not available
should also be compiled and included in the database previously mentioned.

7) Identification of preferential pathways

Physical or virtual modelling of contamination should be done to determine their importance in
the different media (groundwater, surface water, air) depending on topography and soil type. The
wind is also an important factor, especially in treeless areas where the risks of aerial erosion are
high. Adsorption and biodegradation processes could also be studied in the meantime.

8) Study of the global influence

The present study present the potential risk of contamination for a site. It would be also useful to

know the combined influence of different sites that have a common preferential pathway (wind,
groundwater or surface water). -

82



References

Bureau de recherche géologique et miniere (BRGM), 1998. " Classeur des sites (potentiellement)
pollués, Version 1 ", rapport BRGM 98-F-301 pour le Ministére de I'aménagement du territoire et
de I'environnement, janvier 1998, 18 p.

Climatic atlas of Canada, 1988, Map Serie 5, Environment Canada.

Conseil canadien des ministres de l'environnement (CCME), 1992. " Systeme national de
classification des lieux contaminés ", préparé par le Sous-comité sur la classification des les lieux
contaminés pour le groupe de travail du CCME, rapport CCME EPC-CS39F, mars 1992, 54 p.
Environmental Impact Assessment of Military Training Activities at CFB Petawawa,1994.
Freeze, R.A., and Cherry, J.A. Groundwater. Prentice Hall, 1979, 604 p.

Thiboutot, S., Ampleman, G., Dubé, P., Hawari, J., Spencer, B., Paquet, L., Jenkins, T.F. and

Walsh, MLE., 1998. Protocol for the Characterization of Explosives-Contaminated Sites, CRDV,
Natipnal Defence Department, April 1998.

83



Appendix A — Evaluation procedure for sites potentially contaminated with energetic
materials



Evaluation procedure for sites potentially contaminated with energetic
materials

Introduction

Training on military bases often involves the use of dangerous materials. Energetic
materials are considered to be dangerous; they must be handled with care because of their
explosive characteristics and can also have toxic effects on humans and on the
environment. Normally, there are no major problems associated with the use of
ammunitions containing energetic materials, because they explode and the toxic
substances are transformed in simpler and less toxic gases by the process. CO; and water
can be produced this way. However, some ammunitions sometimes fail to explode. The
duds then lie on the ground and could be a source of contamination if energetic materials
leach out of the unexploded shell.

Over the last few years, the Canadian Forces have undertaken a plan of environmental
conformation. It was thus suggested to list and evaluate all potentially contaminated
training sites. This process would then facilitate the management of the ranges, notably
helping to set a priority order of intervention between all those sites. The following text
explains the recommended procedure for succint evaluation and classification of
potentially contaminated military training sites.

Existing methods

Two existing methods of environmental risks evaluation have been particularly studied:
the CCME's (Canadian Council of Ministers of the Environment, 1992) method and the
BRGM's (Bureau de recherche géologique et miniére, 1998). The procedure suggested
by the EPA (Environmental Protection Agency) was also studied, but it appeared to need
a lot of information to be completed. Because a simple method had to be used, the EPA's
procedure was set aside. However, let's mention the impressing computerised system
built by the EPA.

CCME’s method

The CCME is a canadian organism regrouping the provincial and federal ministers of the
environment. In 1992, the CCME published a succint method for evaluation of
potentially contaminated sites. This method is quite simple and can evaluate either the
potential or known risks related to a site.

BRGM's method

The BRGM, a French organism affiliated to the Ministére de I'Aménagement du
Territoire et de 1'Environnement frangais, has built a simplified method for risk
evaluation of potentially contaminated sites. The method is more complex than the
CCME's method; the potential and current risks are all evaluated. The only receptors



considered, however, are humans. Another particularity is the fact that the weighting of
the different section changes depending on the use of the site.

Selection of a method

Even if the two method are similar, many differences can be noted between them. First,
the CCME's method appears to be much simpler than the other. Nevertheless, this does
not necessarily imply a loss of accuracy for the evaluation. Indeed, the problems caused
by such a simplification (comparatively to the BRGM's method) were judged
insignificant. Two other points were also considered uninteresting in the BRGM's
method: 1) the only receptors considered are humans, even if a disturbed environment
will eventually have some effects on human life; 2) the use-depending weighting also
seemed to be a problem, since the use of sites could eventually change.

It was thus concluded that the CCME's method was the most convenient for the
classification of the sites of the Department of National Defence. However, some
modifications were made to it in order to adapt it to contamination with energetic
materials. '

a) Modification made to the CCME" method

The first modification was to make a list of the possible contaminants. Such a list was
presented with the BRGM's method and was adopted. However, because some
contaminants, such as energetic materials, were not in the list, a literature review was
done to find information on the characteristics of energetic materials and on related
criteria. It is recommended that the list from the BRGM be used as reference; of course,
missing information will have to be found and added to this list.

Another problem with the CCME's evaluation is that migration risks are evaluated
depending only on the site, and not on the contaminant itself. For instance, potential
groundwater migration is évaluated according to the permeability of the aquifer and the
presence of a confining layer, but it does not take the solubility and mobility of the
contaminants in account. These missing items were therefore put in the special
considerations of the corresponding sections and are the following:

Exposure pathways

Groundwater

- Solubility of contaminants (Ratio solubility/criteria);
- Retardation factor;

- Bio-degradation.

Surface water
- Solubility of contaminants (Ratio solubility/criteria);
- Bio-degradation.



Direct contact
- Vapour pressure of contaminants;
- Powderiness of soil (based on BRGM criteria)

Receptors

Human and animal uses

- Number of people affected by contamination (inspired by BRGM criteria, but
adapted for Canadian demography);

- Type of person using the site.

The special considerations are given the same weighting than in the original evaluation.
Furthermore, in a given section, the special consideration cannot make the score exceed
the minimum or maximum score for that section. This way, the modified classification
method stays compatible with the original method.

b) Modifications made to the score calculation

The CCME states that the method can be used for calculating either potential or current
risks related to sites. However, it was felt that both scores should be calculated, because
they do not give the same information. Indeed, potential risks are linked to the estimated
vulnerability of a site, and current risks are related to known contamination cases. Some
sites can show a very high potential risk and still not be contaminated. This is the case at
CFB Dundurn (Saskatchewan), where the high soil permeability raises the potential of
contamination of the aquifer, but where no significant contamination was measured in
spite of the intensive use of the detonation range. On the other hand, some ranges could
also show a small potential risk and be highly contaminated. In fact, it seems that
calculation of the two scores can limit the incorrect conclusions caused by an imperfect
knowledge of a site.

This is why two scores are calculated: the "potential" and the "mixed" score. The
"potential" score gives information on the potential risks. The "mixed" score gives.
information on the current risks, according to all available field data. The score is
qualified of mixed because the information is seldom completely available. The missing
information on current risk is replaced by information on potential risks. Ideally, the
"mixed" score should be based only on field data.

To facilitate calculation of the scores, a site classification computerised sheet was created
in Microsoft Excel™. The two scores are automatically calculated based on the site
characteristics and on the other field data. It can be noted that the default value for all
known contamination cases is -100. A default value had to be written to respect the
programming procedure; -100 was chosen to avoid any confusion with a possible value.
The presence of this number indicates that no contamination is known for the site.



Finally, according to the CCME's method, the incertitude on a site can never be higher
than 15 points (on 100). No evaluation exceeding this limit will be considered valid.
Further information will then have to be collected before performing the evaluation again.



The method in a context of global evaluation

The suggested method is based on the detailed evaluation from the CCME. However, it
is suggested that this method be used in a more complete procedure. These are the steps
to follow in order to perform an exhaustive evaluation of the sites (source documents are
indicated in brackets:

1) Compilation and inventory of the avallable 1nformat10n

2) Facility/Site Description (CCME)

3) National Classification System Process Checklist (CCME)
4) Short evaluation form (CCME)

5) Site classification Worksheet (CCME&BRGM)

6) Site classification computerised sheet (feuille Excel)

7 Final report (based on the BRGM report) '

A final report will be presented for each selected base of the Canadian Forces (CFB).
This report will help summarising the available information in one document. The report
will give general information on the base (context, number and type of training sites,
meteorologxcal data, etc.) and specific information and classifications for all the evaluated
sites. The plan of this report is inspired from that of the BRGM' method:

1) Introduction
- Context
- Evaluation method

2) Characteristics of the base :
- Geographic and climatic background
- Property's boundaries
- Historical and actual activities
- Information sources

3) Studied sites
- Site characteristics
Geographic setting
Site boundaries
Site history and activities
Descrition of installations
Geological, hydrogeological and hydrological contexts

- Risk identification
e Potential or known sources of contamination
e Potential contaminants
e Potential sources of contamination outside of site
e Natural or human risks of increasing damages



4)
5)

6)

N.B.:

Hazard evaluation
e Potential pathways for contaminants
e Receptors '
e Known contamination cases
e Potential hazards inherent in site
Prevention and emergency measures
Site classification
Recommendations and supplementary information required

General conclusion and recommendations

References

Appendixes

Point 3) is done for each range where the use of energetic materials is possible.
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Site: Training Area D Date: 06-27-2000

Site classification computerised worksheet

User (s):

Marc-André Lavigne

DEGREE OF HAZARD

=2
E)
]
s

tential
pacts

-
)=
g

b

etic materials found in ordnances.

B) CONTAMINANT QUANTITY 10 10 19 0 JArea = 8 78314 km’, no register before 1995
C) PHYSICAL STATE OF CONTAMINANTS 3 3 2 9 __|TNT, RDX, HMX, etc
. Special considerations [] 1] I
TOTAL N 24 24 A3 0. INB.: If the total is < 0 or > 33, the score d to special id

must be changed in order to respect the Limits for the correspondingsection (i.e

No engineered

No confining layer.

H@ul«: conductivity of the confining hyer

No confining layer.

Annual rainfall

700 mm between 1950 and 1981,

- Hydraulic conductivity of the aquifer(s) of concern

25

From 10E-03 cm/s to 1 cm/s.

ial considerations

08

Solubility: 4/3, Retardation Factor: 0, Biods tion: not observed

TOTAL

110

llO (N.B.: If the total is < 0 or > 11, the score d to special id
must be changed in order to respect the limits for the correspondingsection (i.e

b Q.and 11).

Sn.rfnce containment

Trees that border the northern of the arca.

Distance to perennial surface water 3 Chalk Bay, Clement Lake within the area and Ottaws River to the cast. |
Topography. 1 Fiat with steep l_ogggEde,oonummanuuorbelowEoundhveL
. Run-off p_glmual (see nomograph) 031 031
Flood 0.25 0.25 No flood in the last 50 years but Chalk Bay increases the ggssibllmes
Special considerations 1.4 14 Solubility: 2
TOTAL 110 110 N.B.: If the total is < 0 or > 11, the score d to special ick

must be changed in order to respect the limits for the correspondingsection (f.e
b 0and 11),

el T

I Airborne emissions (gases, vapour, dust, etc.)

25

25 s 2.5 |Possible but unknown.

| P;::mxgx o drinking water supply

e Accessibility of site (ability to contact materials) 35 35 i 0 |People come by boat, contaminants not totally covered. ]
Hazardous soil gas migration 0 0 n 0__JNo putrescible contaminants.
Special considerations -13 -13 4 Vapar pressure: -2, powderiness: 2/3
TOTAL 47 2.5 IN.B.: If the total is < 0 or > 11, the score d to special

47 n

must be changed in order fo respect the limits for the correspondingsection (ic
fmtroman ) and 111

of lltemate dﬂg% water suppl:

. Proximity to wamr resources used for activities

Use of w-!ct fesources
Use of tand st and SEMZ site
Special considerations

TOTAL

N.B.: If the total is < 0 or > 18, the score assigned to special
must be changed in order to respect the fimits for the corresponding section (e
b Q. and 18)

l00

360
6 0 _JSome marshes within training arcas Cand L.
Distance to i tor ible water s 6 0__|Chaik Bay and Ottaws River age dischargs zoges.
Special considerations [ 2]
TOTAL 12 neé 0 JNB.: If the total is < 0 or > 16, the score d to special id
must be changed in order to respect the limits for the corresponding section (i.e
hotiusan 0 and 16Y
Total score (potential impacts T 718 05 100 [+ 43] .
Total score (known impacts or potential impacts if the former is not known) { 718 09 /100 }+{ 4.3] B. : If the uncertainty exceeds 15, we consider that there if
insufficientinformation to assign a significant score and the site
Score Class Risk potential Action required is therefore classified in class T {for insufficient information).
70-100 1 High Yes N.B. : The number “-100" has been used as default when no information was available about the
50-69 2 Medium Likely contamination of the site. This value (-100) was chosen to svoid any confusion with possible scorcs.
3349 3 Medium low May be
<=37 N Low Not likely




Appendix C

Facility/Site Descﬁption




cl

FACILITY/SITE DESCRIPTION

Document site information as completely as pdssible:

SiteNo:__RA £B3 Site Name: _uPACT #AREA D ProvincelTerritory: __ Ao Te@1 O
Custodian Dept.: DD Facility Nam.'_;ﬁé__ﬁﬁw___ Site Operator/Manager: C EB P& T4/ /4
Type of Site: MEL1TalR ¥ TRALIMG . + Site Owner: OO
Zone: : UTM.Coordinates: . . . __ Easting Latitude: deg. min. sec.
_______ Northing  Longimude: deg.____ min. sec.
Location: Legal Land Description: *
Address ‘ Provincial Parcel No.:
Brief Description of Site: - -
Site Land Use: Current: _MICITAR /1/ TRA MG Proposed: LOEM
Comments: Summary of Site Classification Irg’orméztz‘on:
Completed Evaluation Form: __x__ Detailed __x Short
.'S'ite Score:  _72.7. Total £ 4 .3 Estimated Score
Class: (1,2,3,N,or]) LT-l Risk: _d\6Hl
Contact Name: ___CMIR1S HOC AR /Sea0 MO\l/bc:'S' Notes: ,-
Position:
Address: L
City: PETAWawA ProviTerr. ouT. Postal Code:
| Phone No.:4 Fax No.: ‘ .
Site Classified by above _______or_MARC- ANCRE LAVIGUE. [ cARIVE CHAMOACRE
 Degree of Familiarity with Site: ____ Very familiar __x_-_Moderately familiar ____- Indirectly familiar Unfamiliar
Visitedsite: ___ ¢ Yes ______.______No : :

Position: ResEARC ASSISTAMNT

- PhoneNo.: [wg) esv- 2(47

City: Quegee
Site Identification: !

A

Address: BBO cuEill See - FOy . BOR B0 CEZ90Q
' Prov.Terr.: @ueree  PostalCoder 6V 4Cr

Date of Completed Classification:



National Classification System Process Checklist

|

FEoFEH

USER'S GUIDE REVIEWED |
MINIMUM DATA REQUIREMENTS MET
Description of site location

historical activities)
Approximate size of site and quantity of contaminants

Approximate depth to water table

-

X

<

oS

Surface cover information
Proximity to sutface water
Topographic information
Flood potential of site
Proximity to drinking water supply
* Uses of adjacent water resources
Land use information (on-site and surrounding)
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?AC!UTYISITE DESCRIPTION COMPLETED

SITE CLASSIFICATION WORKSHEET COMPLETED
REFERENCES ATTACHED/CITED

" EVALUATION FORM COMPLETED

¥ Detailed Form ~{__ Short Form
\ .

SCORE SHEET COMPLETED ‘ /
SITE CLASSIFICATION |
Class: __ ¥ 1 2 - 3 N 1

Score: 3.7 4+ _w.Dd
Total Estimated Score

SITE INFORMATION ENTERED ON NCS COMPUTERIZED VERSION

Site Identification:

10

APPENDIX B

Type of contaminants or materials likely to be present at site {and/or description of

Geologic map or survey information (soil, overburden, and bedrock information)
Annual rainfall data (can be inferred from rainfall map of Canada)
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SHORT EVALUATION FORM : T e

Instructions for Use '
Answer Yes or No to questions 1 to 5 below. If the response to questlon 1a) or 1b) is Yes, automatically rate the site as Class 1 (C1). If the answers to any three of questions 2

10 5 arc Yes, the site should also be rated as Class 1, For all Yes answers, supporting documentation and rationale must be referenced or attached.

To confirm Class 1 rating and/or if two or more No responses are given, the Detailed Evaluation Eorm should also be completed. .
' Reference

' - - : ' No Yes Attached
' 1 ‘a)' Is site contamination known to have caused adverse impacts on human§ o

or seasitive environments? (see User’s Guide) - , ' ® 0O =Classt O
b) Is the site a fire or explosion hazard as it curreatly exists? 73] 0O =»cClass1 O

1 Contaminant(s) Characteristics

2 " Are contaminants that can be classiﬂed as ‘hlgh concern’ (as defined in the User’s Guide)
present at the site?

3 Are the high concern contaminants known to be present in large quantities? Answer yes if contaminant is:
¢ liquid (as disposed/spilled) .
in quantity >1,000 m*

« inan area of contamination >10 ha
« distributed or placed in such a manner as to have the potential to cause significant off-site contamination O 07} 0O

1 Pathways ,
4 Is the site known to have caused contamination (above national or applicable provincialfterritorial guidelines
or policies) of off-site groundwater, adjacent surface water, nexghbourlng surficlal material (i.e., soil) or air?

(see User's Guide) ® O .0

h

Iif - Receptors
5 Is the sitc contamination known to have , RS SOk
. a) impacted the quamy of Jocal drinking water or other water resources -
(i.e., exceeds Guidelines for Canadian Drinking Water and/or Canadian Watér Quality Guldclincs
or applicable provincialterritorial guidelines or policies);
. b) contaminated lands used for agricultural, residential or parkland purposes
(i.e., exceeds the AG or R/P values of Canadian Enviconmental Quality Criteria for Contaminated Sites
or applicable provincial/territorial guidelines or policies); or
¢) caused vegetative stress or other known environmental impairment?

(A Yes answer should be given if the ithpact has made the water, land, environment, or air unacceptable for use.) @ a

If 3 or more Yes answers are given in Sectlons I, 11, and III above, rate site as Class 1. Check box if Class ! rating. (O

Clin tlantifirnttan:
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Appendix D

User’s Guide (even pages)

and Site Classification

Worksheet (odd pages)



USER'S GUIDE

(e.g., Datterier, medical wastes,

paints,: etc).

¢ Liquid waste not referred to In above, petroleum
products teptic tank pumpings, agricultural and
chemical containers
¢ Pood processing wastes

o Non-hazardous Incinerator residues

o Municipal soltd (household) wastes

¢ Organic and vegetable wastes -

¢ Mining residues

¢ Industelal and commercial solid wastes, (e.g.,
_construction materials such as wood, metal, hay,
“sandfsit piles, eto.)

¢ Other nesrly inert wastes (e.g., foundry sands)

o comaminant concentrations in goil, groundwater or
surface water exceed Canadian Environmental Quatity
Critetla for Contaminated Sites (>2z commercial/
industeiat level); or material that wat depotited in

" highly concerntrated form (e.g., >5000 ppm)

EVALUATION FACTOR ° SCORING RATIONALE METHOD OF EVALUATION SOURCES OF
CATEGORY GUIDELINE : : INFORMATION
I. Contaminent(s)| A. Degres of hazard : In determining the degrea of hazard| Determine the level of hazard according to the following | Transport  of
Characteristics | « High concem contaminants « high concentration _ of & waste, It is recognized tifit a| tadble of ?plcal contaminants and definition of high | Dangerous Goods
+ High concern contaminants « low concentration fisted hazardous waste Is generally | concentrat Act;  Provincial/
o Medlom concern contaminants « high concentration of grester concem then a liquid or - Territorial
¢ Medlum concemn contaminants « low concentration 5 :olld industrisl waste. These ara in| o Mumterials’defined as dangerous goods in the Transport | Hazardous Wastes
+ Low concern conaminants 3 turn of grester concern then othee of Dangercns Ooods Act snd Regulstions lsts; regulations
10"4 wastes.  Municipal snd] o Msterials identified by Province as hezardous waste | under Canadian
organic wastes are considered (pesticldes, herblcldes, paint sludge, acld and alkatine’ | Environmental
medium concem eontaminants due golutions, solvents, etc.) Protection Act;
‘jto ' their putrescible nature] o Materials regulated by the Canadian Bnvironments] | Canadisn
duction of methane and other Protection Act (e.g., PCBs) Environmental
landfill gases). Household wastes] o Instittional waste (lab, schools hospltats, ete) Quality Criteria for
may contaln hazardous materisls] o Pathologleal wastes and animal carcasses Contaminated
o Radloactive wastes Sites: ete.

B. Contsminant Quantlty (areajvolume of site contamination)
+ 10 b, o >1000 m3, or drums of Hquid
« 20 10 ha, or 100 to 1000 m3

tht!e'lnfonmtlon Is known about
the quantlty of wastes at abandoned
sites in Canada, Therefore, waste

Messure or estimate the area or quantity of potentiat
contamination.
Note: Any number of drums abandoned or disposed is

2 quantity estimates may be] considered & high concem,
. @, or <100 m3 interpreted from ared of qummy
: information.
C. Physleal Sm; of Contaminants Contaminants in fiquld form sre| Determine the state of the contaminant when it was disposed
9 more mobile in the ground and] or deposited,

s Liquid/gas
+ Slodge
+ Solid

-water than sollds, However, certaln
water-soluble sofld wastes are more
mobile than viscous liquids, and
these should be evaluated on 2 case-
by-case basls, .

Speeiat Conﬂd%hﬁom

L1046

(See 3.7.3 in tcxt)‘

Technical judgment.

I

-
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SITE CLASSIFICA1ION WORNSHELa
(Instructions: Document site information, assign score, provide rationale behind score and indicate source of information in the spaces provided.)

L. CONTAMINANT(S) CHARACTERISTICS : SCORE
A. ¢ Degree of Hazard | | .

List possible contaminants and = L MATER > ’ X

estimated concentratz’ons —— ' . ’ '

Po;s:@'u.;n,/' oL HEAVY  METAL CORTAMILLI AT 10
: 4

e

Scoring Rationale & Information Source:

B. « Contaminant Quantity

Estimated or measured areal Mo RECISTER _OF Uxe SHEQUS  BEFoee (595
volume of contaminated zone: - ~QULARTITY ESTULATED w/Tr AREA OF IHE Z4QGE
. AREA 1 8 _78;3/9‘ Vm .

Scoring Rationale & Information Source:,

c. P}iysical Staté of Contaminant

Does the site contain:

a) Predominantly liquidsigases
b) Primarily sludges ,
¢) Primarily solids - ENERGETIC MATERIGLS (TNT , RDr, piik )

Scoring Rationale & Information Source:___ ‘ - o | .
. Special‘ Considerations | |
Document any other important

contaminant characteristics not
addressed above

- Scoring Rationale & Information Source:. : ‘ v
i

Site Identification:




USER'S GUIDE . cont'd

- .

CATEGORY EVALUATION FACTOR . SCORING | RATIONALE METHOD OF BYALUATION SOURCES OF
GUIDELINE ‘ INFORMATION
»
1. Bxposure A, Croendwater - - S : .
Pathways 1. Xnown contamination at or beyond property boundary “{The legisiative basis for most}] Review chemlcsl data snd evaluste groundwater quality, If | Canadian  Water
+ Croundwater signifl exceeds Canadisn Drinking 11 Jurtsdictions Is to prevent off-site] contamination st or beyond the boundary exceeds | Quality Guidelines;
Witer Guidelines by >2x or known contact of migration of contamination, Camdian Drinking Watee Guldelines (CDWG) ot applicable | Provincial/
contamingnts with groondwater : provinciaifterritorial guidelines or policles, or If | Territorial Water
¢ Between 1 and 2x CDWQ or probedle contact with é contaminents are known to be in contact with groundwater, | Quality Guidelines
groundwater . then evaluats the sita as high. or policies;
o Meets Camadinn Drinking Water Guidelines 0. : ' Quidelines for
: Canadisn Drinking
Water Quallty.
2. Potentis! for groundwater contamination _

() Bngineered subsurface comdmnem Well contained sites have minimal} Review the existing engineered rystems and relate these

« No contalnment (D  ]potential for polintion, Potenisl ] structures to hydrogeology of the site and determine if full

¢ Partial contalnment 2 for pollution decresses with| contalnment is achieved. Pull containment is defined as an

« Full containment 0 increasing containment. engineered gystem, monitored as being effective, which

() Thickness of confining layer over aquifer(s) of concemn
+ 3morléss
¢+ 3t010m
¢ >10m

(¢) ' Hydraulle conductivity of the eonﬂnlng fayer
¢ >10°% em/sec

The. thickners of a connnlnj 1xyer
(e.g., clay, shals, eto) between

| contamingnts and any aquifers of

concetn will affect the attenustion
of contaminants and hence the
quantity and quality ‘of

dontaminants mchlnx the aqu!fm.,

The rate at which' contaminants
migrate through the confining layer

provides for the capture and treatment of contaminants, 1f
there {s no system, this factor is evalusted high. If there It
less than full contalnment or If uncertain then evaluate as
medinm, Typleal engineered systems include leachate
collection tystems and low permeability liners,

Meaturs or estimate thickness of any confining layer (e.g.,
clay, shale, ete)) over afl aquifers of concern from existing
well records or from a general knowledge of loecal
conditions, If possible, an estimate of the continuity of the

-confining layet should be mide from borehole well record

Information, *
Note: an aquifer is defined as a geologle material that will

yield groundwater In usable quantitles.

Determine the nature of geologic materials and estimate
hydraulie conductlvity from published material (ot use

Historleal geologic
maps, well records,
government
hydrogeologist or
local contultante.

| Freeze and Cherry,

1979, and othet

. 104 10 10°6 emy: ‘ 1 will affect attenustion and the]"Range of Values of Hydraulic Conductivity and ) groundwater texts,
e g see 0.5 - |contaminant Io:dtng to the| Permeability® figure at end of Apppendix D). Clays,
« <106 emfsee aquifers. -] granite, thales should be scored low. Silts ete. should be
scored mediom, Sand, gravel, and limestone should be
scored high.
i
1 11 : i 1 ,

[ =
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SITE CLASSIFICATION WORKSHEET. - cont'd

II. EXPOSURE PATHWAYS | SCORE
A. Groundwater '
1. Known Groundwater ‘Contamination ]

Document information on known Mo RecoORD

groundwater contamination: : —

Scoring.Rationale & Information Source:__ B . . EI
2.2 Enginéered Subsurface Containmenf

Document engineered Wstems O ENCINEERER SV STEL |

protecting groundwater: !

Scoring Rationale & Information Source:. — _ . :
2.b « Thickness of Confining Layer Over Aquifer(s) of Concern

Document local geological mwﬁwm

conditions: _ DUER z L S REMIGANTS :

Identify water-bearing zones . W&wmm&m&__

used for water supply: . _Am_n;g__m;;_wmmv) :

Scoring Rationale & Information Source.. ' .3
2.c Hydraulic Conductivity of the Cohﬁning Layer

Site Identification:

Estimate hydraulic conductivity L RAEES  sROM. IO o
of any confining layer: ,

Scoring Rationale & Iry’onnation' Source:_

)
.

. +
) ¢ .
o
.u : - .
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USER'S GUIDE. - cont'd

CATEGORY

O] Hydmﬂlc conductivity of :qnlfa(s) of concern

Aquifers with high hydrautic

Determine the nature of geologle materials and estimate

EVALUATION FACTOR ., SCORING RATIONALR METHOD OF EVALUATION SOURCES OF
. : GUIDELINE : INFORMATION
II. Bxporure A2 .
Pathways (&) Annual Rainfatl " | The quantity of rainfall affects the] Refet to Environment Canada rainfall records for relevant | Hydrological Atlas
(cont'd) _ e 51000 mm - 1 @ quantity of leachate produced.| sreas. Use 30-yesr average rainfall for evaluation purposes. | of Cansda (Fisheries
+ 600 mm 0.6 Highet leachate quantitles have a| Divide rainfall by 1000 and round to nearest tenth (e.g., 667 { and  Environment
. ;g mm 8; i higher impact on the environment, | mm = 0.7 score) Canada, 1978).
b mm | . . 8

Freeze and Cherry,

¢+ 5102 emfee conductivity can transport] hydraulic conductivity of all aquifers of concem from | 1979.
o 102104 emfiee 1.5 contaminants at high velocity over | published material (refer to "Range of Values of Hydraulic | -
104 0.5 great distances, e.g.,c golution] Conductlvity and Permeability® figure at end of Appendix
(¢ <107 emfsee _ limestones, highly fractured rocks | D). .
| ot gravel deposlts.
3 Special Considerations 41044 (See 3.7.3 in text) Technlcal judgment,
3. Spocial considerations (detailed) ;
- Solubility (S) : o s e . . . .
@ o low (S/standard = 10%) -4/3* * The weighting suggested is valid if there are no points affected to other special considerations.
e medium (S/standard = 10%) 0
¢ high (S/standard = 10°) W) |
Retardation factor (R) : _ ’ . ' N.B.: the R calculation was done using n = 0,33 et py = 1,75 glem® ; if the studied soil is neither
o  important delay (R/Ra =10 or (Kq = 12,51) %@);md, silt or clay, the R factor must be recalculated because n et py, change. (Ra = 1)
delayed (R/Ra=~10') or (Ke = 1,14) s
. lmle or no delay (R /Ra = 10% or (Kg~0)
Biodegradation () : .
e  observed &
. n6n observed 413%
¢ nonbiodegradable NB.: if the user believes that important elements have been neglected, he can change the internal
(-424) | weighting of the special considerations and assign a score to the section "Other special

Other special considerations

considerations” that will take in account the new weighting. However, the total of points allowed
must not exceed the prescribed limit.
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SITE CLASSIFICATION WORKSHEET - cont'd

II. EXPOSURE PATHWAYS (cont’d) —_— ‘ ~ : SCORE
A.  Groundwater (cont’d) ' | |
2.4+ Annual Rainfall |
| Document rainfall data: E BET WEER) 1951 a0 1S8BA —> = Xomy

Scoring Ratz‘onate&lr;fonnatz‘on Source:_coicaric  ATLAS - CAQADA ' _ ‘
2.e Hydraulic Conductivity of Aquifer(s) | |

of Concern |

Estimate hydraulic conductivity of  \T_ganses peon 07 1o |

relevant aquifer(s): } o -

Scoring Rationale & Information Source: 15
3. Special Considerations .

Document any other important ground  _sOLuslui Ty (9% 12 = 5/srapoure ) => 4 /3

water issues not addressed above: W> -0 £ '

. ngpgemmr(ow f LOT Qazggug o) =ro
%

Scoring Rationale & Information Source: W 7108 FACTOR

+
HE

}
i

Site Identification:__.




USER'S GUIDE - cont'd

CATEGORY

METHOD OF EVALUATION

. EVYALUATION PACTOR SCORING RATIONALR SOURCES OF
GUIDELINE L INFORMATION
11. Bxposure B. Surface Water
Pathways 1. Observed or measured contaminstion of waterfeffuent The legisiative basis in all] Coflect afl available information on quallty of surface water | CCMB  Canadian
(cont'd) discharged from tita Jurlsdictions iz not to contaminste ] near to site, Evaluate available data against Cansdian Water | Water  Quality
+ Known or strongly suspected to exceed Cinadian Water S § | surface water beyond established | Quallty Guidslines (select appropriste guidelines bated on | Guidelines;

Quality Quidelinet (CWQQG) by >2x fimits. local water nge, a.g., recreational, irrigation, freshwater | Refevant provincial
« Xnown or strongly suspected to be between 1 - 22 CWQG 6 aquatic 1ife, etc.) and relevamt provlnciamerrlmm water | /territorial  and
0 quality objectives. federal legisiation

¢ Meets Canadian Water Quality Guidelines

and regulations,

Potential for surface water contamination

2) Surface Contalnment
¢ No containment !
o Partisl comtainment :
+ Full containment

2.

b) Distance to perenniat surface water
¢« 0to<100m
+ 100 t0 300 m
¢ >300m

¢) Topography
 Contaminants above ground level and slope Is steep
« Contatninents st or below ground level and slope Is
steep
« Contsminsnts sbove ground Jevel and siope I3 fiat
o Contaminants st or below grotind Ievel and stope Is flat

ols

1.5
1.2

068

The fevel and type of englneered
containment will affect the
potential for contaminants to be
released to surface water,

The distance to -surface water will
affect the probability of
contaminants  teaching the
waterconrse. The Ontarlo Minlitry
of the Bnvironment has established
a -elassification for Immediate
impsct zone at 50 m. For
congervatism, this zone has been
broadened to 100 m.

Water ean run off (and therefore
potentially cdntaminate surface
water) with grester ease from
elevated sites on slopes.

Review the existing engineered systems and relats these

structures to tlte conditions and proximity to surface water
and determine If full containment is achieved; e.g., evalusts
fow If there Is full containment such as capping, berms,
dixes; evaluste medium If there is partial containment such
18 nmml barrlers, trees, ditches, sedimentation ponds;
evaluste high If thers are no intervening barriers between
the site and nearby surface water,

Review availadbla ni:yp!ng and survey data to determine
distancs to nesrest surface water bodles.

Review engineering documents on the topography of the
slts and the slope of surrounding terrain,

. steep slope = >50%

s Mt slope  =<S%

Note: Type of fill placement (e.g., trench, above gtound, |

ete.)

Site . fnzpection
reports, alr photos,
ete.
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II. EXPOSURE PATHWAYS (cont’d)
B.  Surface Water

1. - Observed or Measured Contamination

Document information on surface
water contamination: '

SITE CLASSIFICATION WORKSHEET - cont'd

SCORE

— B RECORD

Scoring Rarz‘qnale & Information Source..

2.a ¢ Surface Containment

Review.and document engineered or
natural systems protecting surface
water:

Scoring Rationale & Information Source:

A SURFACE COUTTAINMENT

2.b ¢ Distance to Perennial Surface Water -

Estimate distance from site to
nearest stream or other water body:

Scoring Rationale & Information Source:

2.c ¢+ Topography

Document terrain conditions:

CHALE BA\/ AND.  OTIO WA RIVER TO THE. EAST

- . ey E - THE

Document pasition of contaminants
(are they above ground or burled?)

Scoring Ratiénéle & Information Source:_.

4

ks -
s
. o

Olia TAanifiratinne

o THE _EssT

COLTAMUAITS AT ARD (DER  eROUID | LEUEL




USER'S GUIDE - cont'd

.

SOURCES OF

CATEGORY EVALUATION FACTOR | SCORING RATIONALE - METHOD OF EVALUATION
, IGUIDELINE INFORMATION
1
I Brposws |B.2. - . S :
Pathway: d) Run-off potential (see nomograph, end of Appendix D) Run-off transportt contaminants] Refer to Bavitonment Canada precipitation records for | Hydrological Atlas
(cont'd) + 51000 mm rainfall and low permcabmxy surface 1 into water bodles. Water un-off is| relevant areas. Use 30-yesr average precipltation for | of Canada (Fisheries
materlsl a function of precipltation and the | evatustion purposes. Determine factor scors using "Run-Off | and  Bnvironment
« 500 to 1000 mm ralnfall snd moderately permeable rate of infiltration (less permeable | Potentlsl Nomograph® figure at end of Appendix D. Canada, 1978).
surface material ' soils will sllow greater nm-off), :
¢ <500 mm rainfall and highly permeable surface 0.2
_ matetlal
¢) Flood potentisl The potential for large quantitles] Review published data such 2 flood plain mapplng or flood | Bstablished flood
e 1in2yesn 0.5 and concentrations of contaminants] potential (e.g., spring or mountain run-off) and|plain guldelines/
¢ 1in10 years to be releated to surface water] Conservation Authority records to evaluate flood potentisl | maps; provineclal/
¢+ 1in 50 years courses over a short perlod of time | of neatby water courses both up and down gﬂdient. Rate | territorfal  soil
will be affected by the flood| zero if site not in flood plain, furvey maps.

potential of & water coursa near the
site, ,

3. Special Considerations

o4 t0 +4

(See 3.7.3 In text)

Technleal fudgment.

3. Special considerations (detailed) :

Solubility (S) :

o low (S/standard = 10")
¢ medium (S/standard = 10%)
e high . (S/standard ~ 10%)
Biodegradation ()

e  observed

s non observed
s ‘non biodegradable

Other special considerations -

* The weighting suggested is valid if there are no points affected to other special considerations,

B. : if the user believes that important elements have been neglected, he can change the internal
weighting of the special considerations and assign a score to the section "Other special
considerations” that will take in account the new weighting. However, the total of points allowed

must not exceed the preseribed limit.
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/SITE CLASSIFICATION WORKSHEET - cont'd

'II. EXPOSURE PATHWAYS (cont’d) ' SCORE

B. Surface Water (cont’d) | . ,
2.d ¢ Run-off Potential '

. Document geological and rainfall
conditions:

Scoring Ratioriale & Information Source:
2.e + Flood Potential )

Estimate flood frequency of nearby — _uwKooww

water courses or water bodies: U AcoRRie T LHRS HOGARD 0O OO0 S4r0880S un THE.  CAST SO VEALS

S . D . - | | ‘ ' z
Scoring Rationale & Information Source:. " : ‘ ;

3. + Special Considerations .
Docwnentazzyother‘ ortant surface MLI.‘,{ (2 /srappngp = /0 43 ) =>2

water conditions not addressed above: . ' .

' BioDgerARATION (10T OBSERVED DY

Scoring Rationale & Information Source:. — ' . :



[ CATEGORY EVALUATION FACTOR . SCORING RATIONALE METHOD OF EVALUATION SOURCES OF
' : GUIDELINE : ) INRORMATION
fI. Bxposure C, - Direct Contact
Pathways 1. Xnown contamination of media off-site . Known or measured contaminiition | Record lmown or mumred contamination of soll, sediment
(cont'd) o Known contamination of soll, sediment or alr off-sita 11 off-site 13 an Important{ or alr on or off-shte,
due to contact with contaminated soll, dust, alr, ete, . consideration for determining] Nots any presencs of soll gas, such as methine, assoclated
(vector transported should also be considered) : impagt of contamnants, with slte,
o Strongly suspected contamination of media off-sits é : i ’
¢ No contamination of mediz off-site 0
2. Potentlal for direct human and/or animal contact ‘ . :
1) Alrborne Bmisslons (gases, vapours, dust, ete.) 1f alr emistions are evident off-site, | Review avallable sita Information to determine If thers have | Site  inspection
-« Known or suspected alrbome emlssions lmpwdng on 5 there s & great hazard for direct] been complaints off-site (due to vapours, gas, dust, ete). | reports, ete.
neighbouring properties ; contamination of neighbouring | Reports for these problems are not likely available for most
¢ Alrborne emissions generally restricted to sits . 3( %) | blota and/or resoureas, sbendoned sites, Review regulatory site Inspection reports,
* No airborne emisslons - 0 If aitborne emissions are known to be impacting
neighbouring propertles and possibly endangering the
publle, some immediate action (including characterization
of emlsslons) should be initlated to curtall hazardous
. } emlsslons or ctherwise reduce or ellminats exposure.
b) Accessibllity of Slts (ability to contact materials) The grester the accessibility to a] Review locatlon and englneering of the site sad determine if
* Limited or no tarriers to prevent sits sceess; 4 site and to contaminants, theé| thers are Intervening barriers between the site and humans or
conteminants not covered greater tha chance for] anlmals. A lowrating should be asslgned to a (covered) sits
¢ Moderats accessibility or Intervening barriers; & contamination of human and anlmal{ surrounded by a locked chala link fencs or in-a remots
contaminnts sre covered 1ifs by direct contact. location, whereas a high score should be assigned to 2 she
+ Controlled sccess or remota location and oonum!mnu 0 that has no cover, fence, natural barriers or buffer,
¢) Hazardous soil gas migration Methane gas migration has been] Conslder prétencs of organic material on site, the depth to
o Contaminants are putrescibls snd soll permeability 2 known to cause explosions adjacem water table, toil hydnul!c conductivity, vegetative siress,
is high , to abmdoncd landfils, odours, ete.
+ Soll contaminants are putmdb!a but soll 1’
permeabllity is low and/or groundwater I3 <@ m from
surfacs . ‘
o No putrescible contaminants at the slte. @
3. Speclal Consideratlons A1 Technleal judgment,

(See 373 1ntexy) ,

3. Special considerations (detailed) :

Vapor pressure

¢ «<0,1kPa

¢« 0,1205kPa
« 05215kPa
¢ >15kPa
Powderiness :

¢ <01%

¢ 0121%

. 12410%

e >10%

23
o
2%

2%
2/3*
2/3!l

2¢

dum sdecial uisnations - - R beg

4L

(N.B. : vapor pressure limits are valid ata 20°C temperature)

* The weighting suggested is valid if there are no points affected to other special considerations.

(i.e. the sample % with a grain size <45 pm)

B, : if the user belieygs that important elements have been neglected, he can change the internal
weighting of the special considerations and assign a score to the section "Other special
oonsidemﬂons that will take in account the new weighnng However, the total of points allowed

nust l o

“ed th( -~-~~ibed l"“" ;
Do

oy oo d N |
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Site Identification:

. - - - ca

SITE CLASSIFICATION WORKSHEET - cont'd

II. EXPOSURE PATHWAYS (cont’d) .. | SCORE

Known Contamination . Off-site: o .

Document reports of off-site - AD RPECORD
contamination due to contact with '
contaminated sofl, dust, air, etc.:

Scoring Rationale & Information Source: ' R N .‘ '
Airborne Emissions

Document incidents or complaints UKo | BOT 0S5 IBLE
about fumes, gases, dust, odours, etc.: - . I <

Scoring Rationale & Information Source: ' | : S | !

Accessibility of Site

Review and document avenues of THE - BCCESS 1S CORTROLED BoT  THERE ARE POroPe& WMO
site access by humans and animals: OEGLECT  THE A TRESPaSSIve N RulE '

Scoring Rationale & Information Source:__scaw Mg}/af; ; : ‘ A
Hazardous Soil Gas Migration

Review pote}xrialfor hazardous sofl - MO __PLIRESCI(BLE CONTAM (RAMTS
gas production and migration fromsite: . ' ‘

Sco}z‘ng Rationale & Information Source:, ' ‘ : . E

Special Considerations ‘ : ‘ ,
Document any other conditions whereby __\APoR PRESSURE (= e el ot )

humnanslanimals could contact contamination. _Low/nee  wess. o7/

Scoring Ratiozéale & Information Source:,

wl




"USER'S GUIDE . cont'd

RATIONALR .

CATEGORY EVALUATION FACTOR SCORING METHOD OF EVALUATION SOURCES OF
GUIDELINE : : INFORMATION
fI1. Receptors A. Humsn and Animal Uses »
1. Known adverss impact on hrumans of domestic animals Contamination. from a site that] Review and evaluate reports' of Impact(s) of site

ag & result of the contaminated she cauzes a measurable impact on [ contamination (e.g., increased heavy metal levels messured

« Rnown adverre effect on humans of domestle animals 18 humans is & great concern, in dlood of neardy residents as a result of site

« Strongly ruspected adverse effect on humans of domestle 15 contamination). Any site asigned 15 or more points for

animals _ this factor should sutomatlcally be classified as Class 1. An

adverse effect Is considered to be any one or more of the
followingt 1) impalrment of the quality of the natural
eny for any use that can be made of It i1) injury or

, damage to property or to plant or animal life, {i) hatm or
material discomfort to any person, lv) Impairment of the
safety of any &enon. ¥) rendering any property or plant or
snimal life enfit for use by hurmant, i) loss of enjoyment of
normal use of property, snd vil) inmerference with the normal
conduct of tusiness (from Ontario aniromenul Protection
Act, 1980)

2. Potentisl for impaet on rmm:m or m!mm
1) Drinking water supply '

i) Xnown impact on drinking water nppty Water used for drinking should be} Review available site data (inspection reports, assessment | Guidelines  for
Drinking watet supply is known to be sdversely protected againtt contamination | documentation) to determine If drinking water (groundwater, | Canadian Drinking
affected a1 & result of shte contamination . from any site, gurface water, private, commercial or municipal supply) is | Water Quality; other
« Known contsminstion of drinking water mpply to 9 known ot ed o be contaminated above Guidellines for | drinking  water
fevels above CDWQ Canadisn Drinking Water Quality or applicable provincial/ | guidelines
« Strongly mspected contamination of drinking water 7 territorial guidelines or policles. If drinking water supply is | developed by
~ supply known to be contaminated above these guidelines, some | recognized agencies

o Drinking watet supply is Kknown not to be 0 immediste sctlon (e.g., provision of slternate drinking | (e.g., other Health
contaminated water supply) should be initiated to reduck or eliminate | and Welfsre Canada |
| exposure, guidelines, U.S.
) EPA, etc.).
1) Potential for impact on drinking water supply ‘ .
* Proximity to drinking water supply The nearer a drinking water well is| Revlew provinclalferritorial base mapping or alr photos
s 0to<100m 6 10 a contaminant source, the greater | and measure the distance to the nesrest resident or drinking
o 100 to <300 m 5 the potential for contamination.] water supply. Judge whether the water Is being used as a
s 300 mto <1 km 4 ‘Well water used for irrigation/] drinking water source. Commonly rural sreas use
‘e 1t05%kmM @ agricultural purposes should alzo be| groundwater for drinking purposes. For urbean sites, contact

e “Avalhbmty" of alternste drinking mter supply
¢ Alternate drinking watet supply is-not avajlable
« Alternate drinking water supply would be difficult to
obtain
« Alternate drinking water supply available

B

o
»

‘included as {t may be used for humm
consumption.’

This factor takes into account the
availability of replacement water
supplies, and s used In the
technical sense as a factor to
indicate the degres of urgency, not

a3 & soclopolitical consideration,

the local Pudlic Utilitles Commission to determine water
source and focation.

Determine avaitabllity of alternate drinking water supply or
distanee to alternate gouce,

E
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SITE CLASSIFICATION WORKSHEET - cont'd
III. RECEPTORS . SCORE
A. Human and Animal Uses |

1. + Known Adverse Impact on ‘Humané or Domestic Animals

Record known or suspected MO RECORD
adverse effects on humans or . '
domestic animals:

Scoring Rationale & Information Source:__ _ | B

2.a.i + Known Contaminatioh of Drinking Water Supply

Record known or suspected MO RECORD
incidents of contamination of
drinking water:

Scoring Rationale & Information Source: a

2.a.i1.% Distance to Nearest Drinking Water Supply(s)

Identify nearest drinking water well  _Dezawswa S waTER wElL (5 cQATED £ kv SOUTH FROM
HE SITE ‘ ' ' '

and measure distance to site:

Scoring Rationale & Information Source: | ' : | ' EJ
2.a.ii.°°-Availability' of Alternate Drinking Water Supply

Document availabiilty of alternate OTHER | WATER SUPPLIES owed ZE pudedeT. T o BIMA

sources of drinking water and ease ( PEMBROKE |, Dege RIVER )

of implementation: ‘ ,

Scoring Rationale & Iiformation Source:__ . - |

Qite Tdentification:___




USER'S GUIDE - cont'd

CATEGORY EVALUATION PACTOR SCORING RA;X'IONALE . METHOD OF EVALUATION SOURCES OF
‘ : GUIDEL!NE INFORMATION
M. Reccptors | A2 k
(cont'd) b) Other Water Resources

1) Xnown impact on used water resoures
Water resource (used for recreational purposes,
commetcisl food preperation, livestock wmring.
frrigation or other food chain uses) 4 known to
be adversely affected as a reqult of site
contamination

o Water resource is known to be contaminated . ¥

sbove CWQG
o Water resource is monglympectedtobe
conteminated above CWQG

o Water resource fs known not to be contaminated

t1) Potentlal for impact on water resonrces
* Proximity to water resources need for activitles
listed above
s 0to<100m
* 100t0 300 M
e 300 mto <1 km
+ 1t05km

* Use of water resources « If multiple uses, give
highest score (nse following table)

3

- 0.5

02

The water used for these purp&m

(groundwater ot surface watetr)
should be protected against
contamination.

The nearer & water resource {2 to &
site, the greater the ritk of
contamination,

Potential for impact due to use of
water resource is related to the type
and frequency of uge, Human uses

ﬁmmoﬂm are of the highest concern.
Recreations (swirmﬁlng. fishing) @ 1
Commercial food preparation 1.5 0.8
Livestock watering 1 0.5
Irrigation 1 0.5
O!her domestic or food chain nses 0.5 0.3
Not currently tised tatt likely fitureuse 0.5 0.2

Review documentation for reported or suspected
contamination of water used for recreation or food chain
uges, and refer 10 Canadisn Water Quatity Guldelines or other-
relevant guldelines (select sppropriste guidelines based on
focal water use) to determine if supply is considered
contamninated,

Determine distance from the site to the neacest recreational
ot food chain used water resource.

Assess water users adjacent to the site from maps and

directories.

CCMB Canadian
Water  Quality
Quidelines;

provineial/

territorial  water
quality guidelines
and objectives; ete.

1<
e

,A
>
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SITE CLASSIFICATION WORKSHEET - cont'd
IIl. RECEPTORS (cont’d) | SCORE
A.  Humen and Animal Uses (cont’d) . | | i
2.b.i + Known Impact on Used Water Resource
Record information on water O RECORD

resource that is or is potentially
affected by site contamination:

Scoring Rationale & Information Source:—__ - - [:__'

2.b.ii.°¢ Proximity of Water Resources to Site

Locate and measure nearest water W&eﬁ.&a&a&m& RIVER 70 THE

resource areas to site: _EAST :

Scoring Rationale & Information Source:. | . . 4
2.b.ii.°% Water Uses . ‘
" Record uses of nearby water | RECREATIONAL  SWIMIMIOE ARD  ElSHlife

resources.

Scoring Rationale & Information Source:_ : ' : . ' :



USER'S GUIDE . cont'd

SCORING

 RATIONALE

CATEGORY EVALUATION FACTOR METHOD OF.EVALUATION SOURCES OF
; GUIDELINE - INFORMATION
fll. Receptors A2 .
(cont'd) ¢) Direct hunan exposure '
f) Xnown contamination of land used by humans Hazatds associated with soil] Review zoning and fand ute maps for lands adjacent the site, | CCMB  Canadian
¢ Known contamination of land used for agricultural or 5 contamination are directly related | Bvaluate fevels of, sofl contamination sgainst Canadian | Environmental

residential/parkiand/school purposes above AG or - . tohnd usge. .} Bnvironmental Quality Criteria (EQC) for Contaminated | Quatity Criteria for
. RIPEQCvalves Sites (AG = agricultural level; R/P = residential/parkland | Contaminated Sites.

‘s Xnown contaminstion of land used for commerchal 3.5 fevel; C/1 = commercial/industrial level). If sofl is known to

or industrial purposes above C/1 EQC values be contaminated sbove these levels and possibly

¢ Land is known not to be contaminated 0 endangering public health, some immediate action (e.g.,

Residential 5
Agticulrural s
Parkland/School 4
-Commetctal/Industeial 3

{l) Potentlal human exposure through land use
+ Use of 1and at and surrounding-site (nse following
table; give highest score to worst case scenario)

0.5@»

Hazards associated with sofl
contamination are ditectly related
to 1and use and distanca of the used
land from the site, Residential and
agricultural 1and nses are of highest
concem because humans are situated
at these locstions for longer
periods.

fencing the ares, limiting public access, etc.) should be
inltiated to reduce of eliminate the exposure.

Review zoning and land ute mapt over the distances
Indleated, Ifthe sed funire Jand use is more “sensitive”
than the current {and use, evatuste this factor assuming the
proposed future use is in place (indicate in the worksheet
that futare land use is the consideration). Agricultural tand
use is defined 23 vses of Jand where the actlvities are related
to the productive capabllity of the land ‘or facility (e.g.,
greenhoute) and are agricultural in nature, or actlvities
related to the feeding and housing of animals as livesiock.
Residential/Parkland land uses are defined as utes of lend on
which dwelling on a permanent, temporary, or seasonal
batls it the activity (residentlal), as well as uses on which
the activities are recreational In nature snd require the natural
or human designed capability of the land to sustain that
activity (parkland). Commercial/Industrial land uses are
defined as land on which the activities are related to the
buying, selling, or trading of merchandise or services

.(commercial), as well as 1and vses which are related to the

production, manufacture, or. storage of materials (industrial),

3. " Speciaf Considerations

S48

(See 3.2.3 in text)

-

Technleal judgment.

» 3. Special considerations (detailed) :

People affected by contamination :
¢ 5250

e 25021000

o >1000

Type of person using the site :
¢ Workers

e Adults

e Children and seniors

0
1,5‘@
3

1*
2%

.

* The weighting suggested is valid if there are no points affected to other special considerations.

N.B.: if the user believes that important elements have been neglected, he can' change the intemal
weighting of the special considerations and assign a score to the section “Other special
considerations” that will take in account the new weighting. However, the total of points allowed
must not exceed the prescribed limit.

Other special considerations
i N

(525)
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ITI. RECEPTORS (cont’d)

A.

2.c.i

2.c.ii ¢

Qite Tdentification:

- e - e - amie - nm . . - N . - & — - . e =

SITE CLASSIFICATION WORKSHEET - cont'd
SCORE

Human_and_Animaan (cont’d)

Known Contamination of Land Used
by Humans

Record land use type (current or KO  REcoRD
proposed) and level of .
contamination for land known to be -
contwmnated due to site:

Scoring Rarz’onale&lnfomzatz‘onSource: SN _ - E]

Land Use at and Adjacent
to the Site

Document land uses (current and . IMPAC AREA A FULQHETE \AKE GARRISOU AREA TRAILDWME  AREAS
proposed) for up to 5 kin from the site: OTAWA_ RIVER CHALK B C 4/

N ' E 4 S W
0-<300m v A ' : '
300m-<lkm THERE __ARE _ RESIDEMCES — LoCATED (- & Kwm  DOWSTREAM
lim-5km :

Scoring Rationale & Information Source: A | .

Special Considerations

Document any other important . EOPLE  AEECT, PoTEn Tt : =5
human or animal use information, _ — , ' '
including details of air contamination THE SITE 1S LSED  BY MILITARY PEROLE

if known:

Scoring Rationale & Information Source:




USER'S GUIDE - cont'd

SCORING

RATIONALE

CATEGORY EVALUATION FACTOR ‘ ' METHOD. OF EYALUATION SOURCES OF
- GUIDEL/ - INFORMATION
ITl. Receptors B. Bnvironment .

(cont'd) 1. Known adverse impact on & sensitive environment as 2 » The environment should be|] Review records for evidence of vegetative stress or

’ tesult of the contaminated site protected  against  sitéd] impairment of any nearby sensitive environments, A

o Known adverse impact on sensitive environment 16 contamination.  Bvidence of[senthive environment is defined as a sensitive aquatic

« Bvidence of strers on aqustic species or vegetative stress 14 impact(s) shows that protection Is | environment, nature preserve, habltat for endangered

on trees, crops or plant 11f8 loested on properties ' N 1acking. species, sensitive forent reserves, nationsl parks or forents, |,

neighbouring the site . ‘ eto. An adverte effect I3 considered to be any one ot more of

o Strongly mspected adverse impact on tensltive 12 the foltowing: f) impalrment of the quallty of the natural

environment environment for arty ure that ¢an be made of it, If) injory or

damage to property or to plant or animal life, iti) herm or
material discomfort to any person, iv) impairment of the
safety of any person, v) rendering sny property or plant or
snimal 1ife tnfit for use by humans, vi) loss of enjoyment of
normal use of property, snd vii) interference with the normal

~eonduct of business (from Ontario Bnvironmentsa] Protection

Act, 1980).

2. Potentlsl for Impact on sensitive environments
2) Distance from site to nesrest sensitive environment

(eg., sentitive aquatle environment, nature preterve,
habitst for endangered species, sensitive forest
reserves, national parks or forests, ete)

*» 0to<500m

¢ 500mto <2km , :

s 210 <Skm i

s S5to10km

b) Groundwater - distance to bnpommormcepﬂb!e
groundwater resotree(s)
¢ 0to<S00m
« 500mto<2%km
o 2t0<5km
¢ 5t0 10km

It it considered that within
spproximately 1 km of the site
there is immediate concern for
contamination.  Therefore, an
environmentally sensitive sarea

] located within this srea of the slts

will be sudbject to concern, It is
also generally consldered that any
sensitive sarea located greatet than

10 km from the site will not bej

impacted.

The closer a site I to a discharga ot
techarge srea, the greater the
potential for contamination of &
groundwatet or surface water
resource.

Review Congervation Authority mapping and literature.
Also review Minirtry of Natural Resources records and
Pederal Land Capability maps. 1dentify provincialperritorial
and federal designated environmentally sensitive areas.

Review groundwater contour maps, if available, and other
available reports.  Otherwise use established hydrogeologic
principles. ,

Relevant provineial
fterritorial  and
federal maps of
sensitive
environments,

Local groundwater
maps, ete.

3. Special Comi.dcm!om

Sto 45

(Ses 3.2.3 In text)

Technical judgment.

E

%




III. RECEPTORS (cont’d)

SITE CLASSIFICATION WORKSHEET - cont'd
' SCORE

B.  Environment

1. + Known Adverse Impact(s) on Sensitive Environment _—

2.a .

2.b

Site Identification:

Record known impact(sjonany =~ _x0  RECORPR
sensitive biological environment ‘
at and/or around the site:

Scoring Rationale & Information Source: __._ . . _ '

Distance from Site to Nearest Sensitive Enviromhent

Document location, distance, type SOME  MARSHES _ WITHAI TR&INDING ARCAS ¢ AUD [

and details of any nearby sensitive
environments or habitats: .

Scoring Rationale & Information Source:, ' . :

Groundwater

Measure distance to major _SomME  BEQROCK EXPOSURES AND QUTCROD wiTHIY THE AREA.
recharge or discharge area: ‘ . '

Scoring Rationale & Information Source: ‘ .

Special Considerations

Document any other important impacts
on the environment not addressed above:__

Scoring Rationale & Information Source:, . E:I




RANGE OF VALUES OF HYDRAULIC CONDUCTIVITY

AND PERMEABILITY

HYDRAULIC CONDUCTIVITY (K)-IN cm/s

A 10 10m g™ 10°  10® 107 10° 10°  10*  10° 102 100 1 10 10
1 ] ] | | ;| | | | | | | ]
KARST LIMESTONE
PERMEABLE BASALT
FRACTURED IGNEOUS AND METAMORPHIC ROCKS
Q .
§ LIMESTONE AND DOLOMITE
SANDSTONE
UNFRACTURED METAMORPHIC AND'
IGNEOUS ROCKS
SHALE
UNWEATHERED MARINE CLAY
a GLACIAL TILL
’—
gg - SILT, LOESS
§<ﬂ SILTY SAND
§§ CLEAN SAND
% GRAVEL
-
l | T T T T T l ] T [ 5 |
107 10t 105 40" 10 1072 10" 10" 10°  10® 107 10®  10° 10 107

. PERMEABILITY (k) IN cm?

MODIFIED FROM FREEZE AND CHERRY, fﬂ:ﬂ AND TODD, 1959
. v .

b

Damn sy

i



RUN-OFF POTENTIAL NOMOGRAPH

ANNUAL
RAINFALL
(mm)

100

700 ~
800
900 ~

1000 |-

1100

1200

1300 -

1400 ~

1500 -

To determine the factor score, use a ruler and join the annual rainfall value (mm) with

(FACTORIl B 2 d)

~ SOlL
PERMEABILITY

y~HIGH (>10™ crfs)

- FACTOR
SCORE

~ 02

—MEDIUM  (10° to 10° crivs)

—Low . (<10 cnvs)

the soil permeability data; take the factor score from the middle line.

For example, if rainfall is 900 mm and soil permeabillity is high, the score would be 0.4.



'EPA drinking| MEF water Drinkabii Danger Danger
Compounds breviations Sotudliity 7 Vapour pressure T Degradation Degradation constants (mu) Kd Toxicity water quality atandaraw criteria criteria Reterences
. standard” criteria " (Danlets) {Routsse}
. Sand S Clay .
Units (mg/L} (C) {atm {C)_ i {fr) {mn) {mr) (L) {mo/L) {m/L) {ppb-ugi) (my/K) {mg/Kg)
248 tinivotoluene | 24,8 TNT 180 2 725609 25| ey ' Posstiytoxic | 0,02 "
30 20 ABE-09 201 1 0,3 0,024 2
50 25 9,49E-09 25 O]
30 20 461E-00 20 (3)
(86E-09 20 j (4)
3,20E-03 1,40E-01 8,30E-02 (5)
] Ottawa sand: 1,5 {6)
Sit; 45~ (6)
- Ciey: 1 (6 |
- 012" (7)
Aerobic and Possibly
2.4 dinitrotoluene 24ONT 280 2 2.86E-07 2 anserobic ea ous "
270 2 B9E07 20 5 7
 176-08 25 @)
270 20 S1ED 20 (3)
. - 1,10€-04 )
Aeroblc and
2,6 dinitrototuene _280NT 208 25 744807 2 anaerodic )
208 25 7ABE-07 20 5 [B3)
- 0,93 (7)
pmenyle o2 ROX 45 25 5,30E-12 25 |Anaerobique Possily 0. )
ena « 2,46 ,30E- 3
riniramine - - i carconogenous
42 20 5,53E-12 20 2 Q3 0,00024 {2)
(or hexatyydro - 1,3,5 «
trinitro - 1,3,5 - triazine, 50 20 2,56€-12 20 13)
or
0 8,50E-03 1,40E-02 — (5)
0141326 (6)
cycto - 1,3,5,7 -
tetramethylene - 2,4.8.6i HMX 5 25 4,388-17 25 Anaerobique nd 400 17 22 1)
« tetranttramine
{of octahydro - 1,3,5.7 - 5 25 4,34E17 20 3]
tetranitro - 1,3,5,7 - 02442 )
tetrazocine) 0 360E-03_| 820E-02 (5)
(1) McGrath, 1895
(2) Thiboutot f al, 1998
(3) Pheelan and Webb, 1997
(4) Hayes, 1992
(5) Myers et al, 1996
(6) Townsend et &/, 1996
{7) http/iweww.met.gouv.qe.ca/tr/environn/criteres_eau
* Provisory critetia for aquatic ife (surface water)
Conversion table for pressure units
atm - mm Mg torr kPa bar
[Tatm= K] 760 760 1 1013 1013250274 |
T oom g =_]0,0011579 | 1 013328947 | 0,001333224 | '
[Ttorr = 0013157 1 0,13328947 | 0,001333224 |
kP2 = 00987167 1 7 0246702 7é0§4§795 1 010002471
[T bar = 52s 32008148 T 220 06148 TSRS - '




Date: 07/04/1999 MINISTERE DE LA DEFENSE NATIONALE : Page: 1
DEPARTMENT OF NATIONAL DEFENCE
Gouvernement du Canada / Government of Canada

SISEFC FORMULAIRE D'AUTORISATION DE SECTEUR CFRIS
RANGE / TRAINING AREA AUTHORIZATION FORM

Code de sedeur. Nom de secteur: )
Range Id: RA700 Range Name: FIBUA RGE
r - =N
Locale / Location: CFB PETAWAWA Type / Type: FIBUA
Base / Base: CFB PETAWAWA
Commandement / Command: Director Land Forces Readiness
Etat / Status: Actif Active Grandeur / Size: - 500.00 Metres
Feuille de carte / Map Sheet: MCE132 TR89ED 7 GR187914 Alices /Lanes: @
\. . J
ARMES _ WEAPONS MUNITIONS AMMUNITION
e ' ) . )
RIOT GUN 38mm CN Riot M7 (MIL & CIV)
PYROTECHNICS _ CTG 38mm SPEDEHETE CS
PISTOL M85 CTG 38mm FLITERITECS
* PYROTECHNICS
CS Riot Gas
‘ GELATIN CAPSULES M85
\. ) . _J \_ . J
RESTREINTS: ' RESTRICTIONS

Sécurité / Saféty: 1. No CS/Tear gas in sewer lines.
2. No live ammo to be used in or on FIBUA site.

Autre { Other: None

Date autorisé / Authorized Date: 18/06/1998 S Autorisé par,. MWO GH BERGERON
Commandement / Command: Direotor Land Forces Readiness Authorized By: DLFR6-6-3

Date inspectée / Inspected Date: 18/11/1997  Central Area Par/By: LFCA MWO RD

Imprimé / Printed: ' Imprimé par / Printed by:
07/04/1999 16:11:55 MWO BERGERON, GILLES G







Site:

Demolition Range

Date:

06-27-2000

Site classification computerised worksheet

User (s):

DEGREE OF HAZARD 4 Energetic materials found in ordnances.
‘__BQ CONTAMINANT QUANTITY 2 2 0 0 __JArea < ] km’, no register before 1995
C) PHYSICAL STATE OF CONTAMINANTS 3 3 9 0 __|TNT, RDX, HMX, etc
. Special considerations ] 0 /6
TOTAL - - 16 16 A3 0- INB.: If the total is < 0 or > 33, the score d to special id

must be changed in order to respect the limits for the correspondingsection (i.c
hotrumen 0 snd 173

SW containment
Distance to Erennial surface water

Engineered subsurface containment 4 0__|No engincered system.
N . Thickness of confining layer over aquifer(s) of concemn | ] 5 » 0__]No confining layer.
- Hydraulic conductivity of the confining layer 15 5 /1.5 0__]No confining Layer.
Annual rainfall 0.7 .7 0 _}700 mm between 1950 and 1981.
Hydraulic conductivity of the aquifer(s) of concern 0.5 0.5 0 JFrom 10E-10 cm/s to 10E-04 cm/s, average value.
Special considerations 0.8 [ix] | Solubility: 4/3, Retardation Factor: -1/2, Biodegradation: not observed
TOTAL 9.0 9.0 113 0.0 INB.: If the total is < 0 or > 11, the score assigned to special iderati
must be changed in order to respect the limits for the comrespondingsection (i.c
L O and 11},
B) SURFACE WATER
SRRy L SDIR sty

Tre« all over the area but no particular surface containment.

Topogra 0
Rnn-oﬂ' mud (see nomograph) 0.52 0.52 i} 3
Flood potential 0.25 025 __ 103 i i possibility.
Special considerations 2.0 20 A |Sotubility: 2
TOTAL 938 98 n 0.3 IN.B.: If the total is < 0 or > 11, the score d to special

must be changed in order to respect the limits for the conespondingsection (i.c
b Qand 11).

DIRECT CONTACT
;mea

‘Airbome emissions (gases, vi mases, vaggur, dusg ctc.)

;_ Sg_egul considerations
TOTAL

Accessibility of site (ability to contact materials)

... Hazardous soil gas migration

Possible but unknown.

menmgﬁnwawrmomccsusedfoflcnv ics

Use of water resources

AR NR LAVIUR

2 1 (] ]Remo!e arca but contaminants are not covered,
[} 0 No putrescible contaminants.
-13 -L3 Vapor pressure: -2, powderiness: 2/3
32 32 N.B.: If the total is < 0 or > 11, the score assigned to special idk

must be changed in order to respect the himits for the cotrespondingsection (i.c
hatrvacn 0 and 11}

Some cabins beside Barron River.

Use ofhndnnndwm' site ] 0 itary exercises.
Special considerations 0.0 0.0 People affected lower than 250, military people.
TOTAL 70 70 lit] 1.5 INB.: If the total is <0 or > 18, the score assigned to specis iderati

must be changed in order to respect the timits for the corresponding section (i.c.
4 0 and 18),

30
Distance from site to nearest sensitive environment 10 10 /105 0 JSome marshes within the area 8.
Distance to i ar tible s 6 6 % F=4 o i Lake act as either a ot di area.
Special considerations ) 0 5§
TOTAL 16 16 ne 0 |NB. If the total is < G or > 16, the score d to special consid
must be changed in order to respect the limits for the correspondingsection (i.e
L] hatvimen i end 18)
Total score tial impacts) | s9.5 1.5 oo {+] 43}
Total score wn im) or tial i if the former is not known) } 595 1S /100 {+] 43} N.B. : If the uncertainty cxceeds 15, we consider that there if
umdﬁcwntmfnmanonm assigna ngmﬁcant score and