Appendix A Bushfire Management Plan



Exploration Permit 98

- Robert Wear
Bushfire Management Plan 2022/25 (REV 1) Mandatory for all Severe, Extreme and Catastrophic FDI days

or|8|n . . The following must be reviewed daily. If fire alerts are active or presenting with a know risk (fire in the
Amungee 2D Seismic Program - - area), personnel must execute their contingency plans which need to encompass the following:
Amungee Mungee Station I [ ] Adrian Brown
[1 Procedure on identifying and notifying of a bushfire.
] BN | Erma Brown e e
Property land uses Gas exploration and cattle grazing . . n
i i i [1 Safe evacuation routes from site and muster points.
Site fire management aim 1t;o rﬁﬁuce trf:e ogcurrgnce of,r?ndhminimislefthe impact of Hayfield Shenandoah Station _ - Justin Dyer p
ushfires, thereby reducing the threat to life, property, icati .
cultural values and the environment. _ sellly brer Ll Commu e e

v" Team channels and / or phone numbers

Site fire management objectives Mitigate the potential impact of unplanned fires on
Origin’s people, assets and operations and neighbouring

v’ Area channels and/or phone numbers

land uses. National Response Centre 1800 076 251 247 contract line
Emergency 000 or 112 mobile L[| Closest ‘Safe Havens’ .
workers and loss of equipment. Bushfire NT (08) 8973 8876 — . - — =
. o . . ) . [J Provide timely advice on changes in level of fire risk as available.
e Fire scar mapping indicates the exploration area burns approximately Katherine office (Savanna)
every 3 to 5 years. Bushfire NT (08) 8952 3066 [l Monitor team and area common channels for bushfire early warning.
e Bullwaddy and Lancewood vegetation communities occur in areas Alice Springs office (Barkly)
across the permit and are fire sensitive. Hot fires have the ability to re- - -
duce habitat quality for both flora and fauna species which utilse these | | VAT North betgs/7ww Fretiorth. ofe.a0/fafl/ [ BushfireFirstResponderChecklit |
vegetation communities. Secure NT ( Fire Bans) https://securent.nt.gov.au/alerts The following sequence must be followed by the first person responding to a fire:
e Spread of high fuel load grassy weeds could increase fire intensity, e.g. A — .
gamba, grader and buffel grass, adjacent infrastructure areas and access Fire incident map https://www.pfes.nt.gov.au/incidentmap/ 1. Danger — Remove yourself and others from danger is safe to do so.
tracks. 2. Alarm — Raise the alarm either on common radio channel or other agreed process.

Annual Fire Frequency
10 Years 2012—2021

3. Gather Information —

[1 Location — Direction from known reference points, (e.g. roads and Origin’s infrastructure such
as lease pad location).

Impacts (actual and potential) — Life, property and the environment.
Fire Characteristics — Grass or woodlands, flame height, fire front and direction of travel.

Weather — Wind strength and direction.

O o 0o d

Response in Progress — What response is underway and by who (Origin Contractors, Pastoral-
ist or Emergency Services).

[1 Response required — Origin Contractors and / or Pastoralist and / or Emergency Services.

[1 Access — Safe access and egress routes.
4. Notify Origin — Fire Officer/Supervisor
5. Notify Pastoralists — Refer to Property Contacts
6. Notify Emergency Services—Call 000 or 112 if Origin and Pastoralist unable to manage situation
7. Respond—If safe to do so in consultation with Pastoralist

8. Handover—To Pastoralist or Emergency Services as determined.

No fire management activity Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
VI prep. P greq

No fire management activity

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

Weed survey Sept
®  Planning meeting with neighbour

® Annyal fire mapping to monitor changes to
fire frequency in the relevant area.

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

Seismic Acquis- | ® Adequz%tﬁ ﬁret%rotectiog e?Hipm_ent totbe providecli to d

ion : revent fires, the spread of fire, injury to personnel, an
tion, including Fo ensure local bushfire and other ire regulations are
line preparation observed.

® Fire extinguishers to be fitted to all vehicles and key
locations at camp.

® Line preparation in grassed areas will be flattened to
reduce the build-up of fuel within the vehicle’s engine

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

ays. Routine inspection of vehicles throughout day. " 5 e 7 5 =
Y p g Y Medium ®  Manage vegetation onsite including weeds Dec ® No fire management activity.
Neighbouring | e Fire ma{_lnagementt planning meetin .w{'_}(h neig(?bou,ringd ® Manage fire break and fire access trail
. properties prior to commencing acftivities, and reviewe o ;
Property Fire annually. D I\{Ic?nltor. NAFI. . '
frhis Site Specific Bushfire Management Plan has been prepared for Origin to manage the risk from bushfire within the Amungee 2D Seismic Program (Rev 1). ]| Management o Liaise with nmghbour rega rdlng bushfires

[This Plan should be read in conjunction with the Overarching Environmental Management Plan and Emergency Response Plans for Origins operations in the Zone Nelgh bOU rto adVISE proponent Of pla n ned bu rns.
Beetaloo Basin.



https://www.firenorth.org.au/nafi3/
https://securent.nt.gov.au/alerts
https://www.pfes.nt.gov.au/incidentmap/

Exploration Permit 98

- Robert Wear
Bushfire Management Plan 2022/25 (REV 1) Mandatory for all Severe, Extreme and Catastrophic FDI days

or|8|n . The following must be reviewed daily. If fire alerts are active or presenting with a know risk (fire in the
Amungee NW-2 Explorat|on Well - - area), personnel must execute their contingency plans which need to encompass the following:
Amungee Mungee Station I [ ] Adrian Brown
[1 Procedure on identifying and notifying of a bushfire.
] BN | Erma Brown e e
P ty land G lorati d cattl i . . .

fopery and e 36 exploranion and caTe graAne Hayfield Shenandoah Station | | ] Justin Dyer [1 Safe evacuation routes from site and muster points.
Site fire management aim To reduce the occurrence of, and minimise the impact of N .
bushfires, thereby reducing the threat to life, property, | ] Sally Dyer [J' Communication methods:

cultural values and the environment. 7 Teem dennas e / or phone numbers

Site fire management objectives Mitigate the potential impact of unplanned fires on v Area channels and/or phone numbers
Origin’s people, assets and operations and neighbouring National Response Centre 1800 076 251 24/7 contract line forp
el s Emergency 000 or 112 mobile [] Closest ‘Safe Havens’.
U T GET 5573576 [  Wonmteig ]
. . [1 Provide timely advice on changes in level of fire risk as available.
e Ignitions (humans and lightening) on or off site resulting in harm to workers and Katherine office (Savanna)
loss of equipment. Bushfire NT (08) 8952 3066 [1 Monitor team and area common channels for bushfire early warning.
e Fire scar mapping indicates the exploration area burns approximately every 3 to Alice Springs office (Barkly) [] Update changes in work location.

e Bullwaddy and Lancewood vegetation communities occur in areas across the _ - - - -
permit and are fire sensitive. Hot fires have the ability to reduce habitat quality Secure NT ( Fire Bans) https://securent.nt.gov.au/alerts The following sequence must be followed by the first person responding to a fire:

for both flora and fauna species which utilise these vegetation communities.

Fire incident map https://www.pfes.nt.gov.au/incidentmap/ 1. Danger — Remove yourself and others from danger is safe to do so.

e Spread of high fuel load grassy weeds could increase fire intensity, e.g. gamba, 2. Alarm — Raise the alarm either on common radio channel or other agreed process.
grader and buffel grass, adjacent infrastructure areas and access tracks.

3. Gather Information —

[1 Location — Direction from known reference points, (e.g. roads and Origin’s infrastructure such
as lease pad location).

Impacts (actual and potential) — Life, property and the environment.
Fire Characteristics — Grass or woodlands, flame height, fire front and direction of travel.

Weather — Wind strength and direction.

O o 0o d

Response in Progress — What response is underway and by who (Origin Contractors, Pastoral-
ist or Emergency Services).

[1 Response required — Origin Contractors and / or Pastoralist and / or Emergency Services.

[1 Access — Safe access and egress routes.
4. Notify Origin — Fire Officer/Supervisor
5. Notify Pastoralists — Refer to Property Contacts
6. Notify Emergency Services—Call 000 or 112 if Origin and Pastoralist unable to manage situation
7. Respond—If safe to do so in consultation with Pastoralist

Well Pads and | ® Remove all vegetation within the lease pad area

Tank Pads SPadn!mplemen erosion and sediment control

No fire management activity Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

Treat emerging vegetation with herbicide.

Hot works are not permitted on total fire ban days
without written approval from a fire control
officer or fire warden.

Fire manage- |® A 10 m wide cleared perimeter around well pads ® Monitor NAFI and visual scan horizon for smoke

No fire management activit
and tank pads < y

ment break I | Tl e e ® Liaise with neighbour regarding bushfires
e An additional 10 m wide bare earth fire brea ° i i ire-
incorporating a 4 m wide fire access trail HEEL the preparedness planning require
Fire access e Create and maintain 4 m wide access trail by grad- Mar Weed survey Sept ®  Monitor NAFI and visual scan horizon for smoke
trails ing or spraying ® Planning meeting with neighbour ® Liaise with neighbour regarding bushfires

® Annyal fire mapping to monitor changes to

® Review the preparedness planning require-
fire frequency In thé relevant area. ments

Asset Protec- | ® Site Manager to assess fuel load prior to camp
ion Z establishment and again at end of wet season if
tion Zone infrastructure is still in place.

(APZ) e Establish a 20 m low fuel zone around well pads
and lease pads.

e Monitor for grassy weeds and control where ap-
propriate.

e |f deemed necessar\(, conduct controlled burns
where other controls are not effective and in con-
sultation with neighbouring properties.

e Ensure 4 m wide fire access trail around the pe-
rimeter of the asset protection zone is trafficable
by fire fighting appliances.

Neighbouring | ® Eire managemegnt plannirgg meeting with nql_iigrg

. ouring properties prior to commencing activities,

Property Fire and reviewed annuglly. €

[This Site Specific Bushfire Management Plan has been prepared for Origin to manage the risk from bushfire within the Amungee NW-2 (Rev 1) lease area. Ma nagement . .
[This Plan should be read in conjunction with the Overarching Environmental Management Plan and Emergency Response Plans for Origins operations in the o N elgh bO urtoa dVI se propo nent Of p |a n ned b urns.

Beetaloo Basin. Zone

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

® No fire management activity.



https://www.firenorth.org.au/nafi3/
https://securent.nt.gov.au/alerts
https://www.pfes.nt.gov.au/incidentmap/

Exploration Permit 98

- Robert Wear
Bushfire Management Plan 2022/25 (REV 1) Mandatory for all Severe, Extreme and Catastrophic FDI days

or|8|n . The following must be reviewed daily. If fire alerts are active or presenting with a know risk (fire in the
Amungee NW-3 Explorat|on Well - - area), personnel must execute their contingency plans which need to encompass the following:
Amungee Mungee Station ] [ ] Adrian Brown
[1 Procedure on identifying and notifying of a bushfire.
] BN | Erma Brown e e
P ty land G lorati d cattl i . . .

fopery and e 36 exploranion and caTe graAne Hayfield Shenandoah Station | | ] Justin Dyer [1 Safe evacuation routes from site and muster points.
Site fire management aim To reduce the occurrence of, and minimise the impact of N .
bushfires, thereby reducing the threat to life, property, | ] Sally Dyer [J' Communication methods:

cultural values and the environment. 7 Teem dennas e / or phone numbers

Site fire management objectives Mitigate the potential impact of unplanned fires on v Area channels and/or phone numbers
Origin’s people, assets and operations and neighbouring National Response Centre 1800 076 251 24/7 contract line forp
el s Emergency 000 or 112 mobile [] Closest ‘Safe Havens’.
U T GET 5573576 [  Wonmteig ]
. . [1 Provide timely advice on changes in level of fire risk as available.
e Ignitions (humans and lightening) on or off site resulting in harm to workers and Katherine office (Savanna)
loss of equipment. Bushfire NT (08) 8952 3066 [1 Monitor team and area common channels for bushfire early warning.
e Fire scar mapping indicates the exploration area burns approximately every 3 to Alice Springs office (Barkly) [] Update changes in work location.

e Bullwaddy and Lancewood vegetation communities occur in areas across the _ - - - -
permit and are fire sensitive. Hot fires have the ability to reduce habitat quality Secure NT ( Fire Bans) https://securent.nt.gov.au/alerts The following sequence must be followed by the first person responding to a fire:

for both flora and fauna species which utilise these vegetation communities.

Fire incident map https://www.pfes.nt.gov.au/incidentmap/ 1. Danger — Remove yourself and others from danger is safe to do so.

e Spread of high fuel load grassy weeds could increase fire intensity, e.g. gamba, 2. Alarm — Raise the alarm either on common radio channel or other agreed process.
grader and buffel grass, adjacent infrastructure areas and access tracks.

3. Gather Information —

[1 Location — Direction from known reference points, (e.g. roads and Origin’s infrastructure such
as lease pad location).

Impacts (actual and potential) — Life, property and the environment.
Fire Characteristics — Grass or woodlands, flame height, fire front and direction of travel.

Weather — Wind strength and direction.

O o 0o d

Response in Progress — What response is underway and by who (Origin Contractors, Pastoral-
ist or Emergency Services).

[1 Response required — Origin Contractors and / or Pastoralist and / or Emergency Services.

[1 Access — Safe access and egress routes.
4. Notify Origin — Fire Officer/Supervisor
5. Notify Pastoralists — Refer to Property Contacts
6. Notify Emergency Services—Call 000 or 112 if Origin and Pastoralist unable to manage situation
7. Respond—If safe to do so in consultation with Pastoralist

8. Handover—To Pastoralist or Emergency Services as determined.

Well Pads and | ® Remove all vegetation within the lease pad area

Tank Pads SPadn!mplemen erosion and sediment control

No fire management activity Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

Treat emerging vegetation with herbicide.

Hot works are not permitted on total fire ban days
without written approval from a fire control
officer or fire warden.

Fire manage- |® A 10 m wide cleared perimeter around well pads ® Monitor NAFI and visual scan horizon for smoke

No fire management activit
and tank pads < y

ment break I | Tl e e ® Liaise with neighbour regarding bushfires
e An additional 10 m wide bare earth fire brea ° i i ire-
incorporating a 4 m wide fire access trail HEEL the preparedness planning require
Fire access e Create and maintain 4 m wide access trail by grad- Mar Weed survey Sept ®  Monitor NAFI and visual scan horizon for smoke
trails ing or spraying ® Planning meeting with neighbour ® Liaise with neighbour regarding bushfires

® Annyal fire mapping to monitor changes to

® Review the preparedness planning require-
fire frequency In thé relevant area. ments

Asset Protec- | ® Site Manager to assess fuel load prior to camp
ion Z establishment and again at end of wet season if
tion Zone infrastructure is still in place.

(APZ) e Establish a 20 m low fuel zone around well pads
and lease pads.

e Monitor for grassy weeds and control where ap-
propriate.

e |f deemed necessar\(, conduct controlled burns
where other controls are not effective and in con-
sultation with neighbouring properties.

e Ensure 4 m wide fire access trail around the pe-
rimeter of the asset protection zone is trafficable
by fire fighting appliances.

Neighbouring | ® Eire managemegnt plannirgg meeting with nql_iigrg

. ouring properties prior to commencing activities,

Property Fire and reviewed annuglly. €

[This Site Specific Bushfire Management Plan has been prepared for Origin to manage the risk from bushfire within the Amungee NW-3 (Rev 1) lease area. Ma nagement . .
[This Plan should be read in conjunction with the Overarching Environmental Management Plan and Emergency Response Plans for Origins operations in the o N elgh bO urtoa dVI se propo nent Of p |a n ned b urns.

Beetaloo Basin. Zone

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

® No fire management activity.



https://www.firenorth.org.au/nafi3/
https://securent.nt.gov.au/alerts
https://www.pfes.nt.gov.au/incidentmap/

Exploration Permit 98

- Robert Wear
Bushfire Management Plan 2022/25 (REV 1) Mandatory for all Severe, Extreme and Catastrophic FDI days

or|8|n . The following must be reviewed daily. If fire alerts are active or presenting with a know risk (fire in the
Amungee NW-4 Explorat|on Well - - area), personnel must execute their contingency plans which need to encompass the following:
Amungee Mungee Station I [ ] Adrian Brown
[1 Procedure on identifying and notifying of a bushfire.
] BN | Erma Brown e e
P ty land G lorati d cattl i . . .

fopery and e 36 exploranion and caTe graAne Hayfield Shenandoah Station | | ] Justin Dyer [1 Safe evacuation routes from site and muster points.
Site fire management aim To reduce the occurrence of, and minimise the impact of N .
bushfires, thereby reducing the threat to life, property, | ] Sally Dyer [J' Communication methods:

cultural values and the environment. 7 Teem dennas e / or phone numbers

Site fire management objectives Mitigate the potential impact of unplanned fires on v Area channels and/or phone numbers
Origin’s people, assets and operations and neighbouring National Response Centre 1800 076 251 24/7 contract line forp
el s Emergency 000 or 112 mobile [] Closest ‘Safe Havens’.
SUSRRrE T GRTE973 5675 Monitorng ]
. . [1 Provide timely advice on changes in level of fire risk as available.
e Ignitions (humans and lightening) on or off site resulting in harm to workers and Katherine office (Savanna)
loss of equipment. Bushfire NT (08) 8952 3066 [1 Monitor team and area common channels for bushfire early warning.
® Fire scar mapping indicates the exploration area burns approximately every 3 to Alice Springs office (Barkly)

e Bullwaddy and Lancewood vegetation communities occur in areas across the _ - - - -
permit and are fire sensitive. Hot fires have the ability to reduce habitat quality Secure NT ( Fire Bans) https://securent.nt.gov.au/alerts The following sequence must be followed by the first person responding to a fire:

for both flora and fauna species which utilise these vegetation communities.

Fire incident map https://www.pfes.nt.gov.au/incidentmap/ 1. Danger — Remove yourself and others from danger is safe to do so.

e Spread of high fuel load grassy weeds could increase fire intensity, e.g. gamba, 2. Alarm — Raise the alarm either on common radio channel or other agreed process.
grader and buffel grass, adjacent infrastructure areas and access tracks.

3. Gather Information —

[1 Location — Direction from known reference points, (e.g. roads and Origin’s infrastructure such
as lease pad location).

Impacts (actual and potential) — Life, property and the environment.
Fire Characteristics — Grass or woodlands, flame height, fire front and direction of travel.

Weather — Wind strength and direction.

O o 0o d

Response in Progress — What response is underway and by who (Origin Contractors, Pastoral-
ist or Emergency Services).

[1 Response required — Origin Contractors and / or Pastoralist and / or Emergency Services.

[1 Access — Safe access and egress routes.
4. Notify Origin — Fire Officer/Supervisor
5. Notify Pastoralists — Refer to Property Contacts
6. Notify Emergency Services—Call 000 or 112 if Origin and Pastoralist unable to manage situation
7. Respond—If safe to do so in consultation with Pastoralist

8. Handover—To Pastoralist or Emergency Services as determined.

Well Pads and | ® Remove all vegetation within the lease pad area

Tank Pads SPadn!mplemen erosion and sediment control

No fire management activity Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

Treat emerging vegetation with herbicide.

Hot works are not permitted on total fire ban days
without written approval from a fire control
officer or fire warden.

Fire manage- |® A 10 m wide cleared perimeter around well pads ® Monitor NAFI and visual scan horizon for smoke

No fire management activit
and tank pads < y

ment break I | Tl e e ® Liaise with neighbour regarding bushfires
e An additional 10 m wide bare earth fire brea ° i i ire-
incorporating a 4 m wide fire access trail HEEL the preparedness planning require
Fire access e Create and maintain 4 m wide access trail by grad- Mar Weed survey Sept ®  Monitor NAFI and visual scan horizon for smoke
trails ing or spraying ® Planning meeting with neighbour ® Liaise with neighbour regarding bushfires

® Annyal fire mapping to monitor changes to

® Review the preparedness planning require-
fire frequency In thé relevant area. ments

Asset Protec- | ® Site Manager to assess fuel load prior to camp
ion Z establishment and again at end of wet season if
tion Zone infrastructure is still in place.

(APZ) e Establish a 20 m low fuel zone around well pads
and lease pads.

e Monitor for grassy weeds and control where ap-
propriate.

e |f deemed necessar\(, conduct controlled burns
where other controls are not effective and in con-
sultation with neighbouring properties.

e Ensure 4 m wide fire access trail around the pe-
rimeter of the asset protection zone is trafficable
by fire fighting appliances.

Neighbouring | ® Eire managemegnt plannirgg meeting with nql_iigrg

. ouring properties prior to commencing activities,

Property Fire and reviewed annuglly. €

[This Site Specific Bushfire Management Plan has been prepared for Origin to manage the risk from bushfire within the Amungee NW-4 (Rev 1) lease area. Ma nagement . .
[This Plan should be read in conjunction with the Overarching Environmental Management Plan and Emergency Response Plans for Origins operations in the o N elgh bO urtoa dVI se propo nent Of p |a n ned b urns.

Beetaloo Basin. Zone

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

® No fire management activity.



https://www.firenorth.org.au/nafi3/
https://securent.nt.gov.au/alerts
https://www.pfes.nt.gov.au/incidentmap/

Exploration Permit 98

- Robert Wear
Bushfire Management Plan 2022/25 (REV 1) Mandatory for all Severe, Extreme and Catastrophic FDI days

or|8|n . The following must be reviewed daily. If fire alerts are active or presenting with a know risk (fire in the
Amungee NW-5 Explorat|on Well - - area), personnel must execute their contingency plans which need to encompass the following:
Amungee Mungee Station I [ ] Adrian Brown
[1 Procedure on identifying and notifying of a bushfire.
] BN | Erma Brown e e
P ty land G lorati d cattl i . . .

fopery and e 36 exploranion and caTe graAne Hayfield Shenandoah Station | | ] Justin Dyer [1 Safe evacuation routes from site and muster points.
Site fire management aim To reduce the occurrence of, and minimise the impact of N .
bushfires, thereby reducing the threat to life, property, | ] Sally Dyer [J' Communication methods:

cultural values and the environment. 7 Teem dennas e / or phone numbers

Site fire management objectives Mitigate the potential impact of unplanned fires on v Area channels and/or phone numbers
Origin’s people, assets and operations and neighbouring National Response Centre 1800 076 251 24/7 contract line forp
el s Emergency 000 or 112 mobile [] Closest ‘Safe Havens’.
SUSRRrE T GRTE973 5675 Monitorng ]
. . [1 Provide timely advice on changes in level of fire risk as available.
e Ignitions (humans and lightening) on or off site resulting in harm to workers and Katherine office (Savanna)
loss of equipment. Bushfire NT (08) 8952 3066 [1 Monitor team and area common channels for bushfire early warning.
® Fire scar mapping indicates the exploration area burns approximately every 3 to Alice Springs office (Barkly)

e Bullwaddy and Lancewood vegetation communities occur in areas across the _ - - - -
permit and are fire sensitive. Hot fires have the ability to reduce habitat quality Secure NT ( Fire Bans) https://securent.nt.gov.au/alerts The following sequence must be followed by the first person responding to a fire:

for both flora and fauna species which utilise these vegetation communities.

Fire incident map https://www.pfes.nt.gov.au/incidentmap/ 1. Danger — Remove yourself and others from danger is safe to do so.

e Spread of high fuel load grassy weeds could increase fire intensity, e.g. gamba, 2. Alarm — Raise the alarm either on common radio channel or other agreed process.
grader and buffel grass, adjacent infrastructure areas and access tracks.

3. Gather Information —

[1 Location — Direction from known reference points, (e.g. roads and Origin’s infrastructure such
as lease pad location).

Impacts (actual and potential) — Life, property and the environment.
Fire Characteristics — Grass or woodlands, flame height, fire front and direction of travel.

Weather — Wind strength and direction.

O o 0o d

Response in Progress — What response is underway and by who (Origin Contractors, Pastoral-
ist or Emergency Services).

[1 Response required — Origin Contractors and / or Pastoralist and / or Emergency Services.

[1 Access — Safe access and egress routes.
4. Notify Origin — Fire Officer/Supervisor
5. Notify Pastoralists — Refer to Property Contacts
6. Notify Emergency Services—Call 000 or 112 if Origin and Pastoralist unable to manage situation
7. Respond—If safe to do so in consultation with Pastoralist

8. Handover—To Pastoralist or Emergency Services as determined.

Well Pads and | ® Remove all vegetation within the lease pad area

Tank Pads SPadn!mplemen erosion and sediment control

No fire management activity Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

Treat emerging vegetation with herbicide.

Hot works are not permitted on total fire ban days
without written approval from a fire control
officer or fire warden.

Fire manage- |® A 10 m wide cleared perimeter around well pads ® Monitor NAFI and visual scan horizon for smoke

No fire management activit
and tank pads < y

ment break I | Tl e e ® Liaise with neighbour regarding bushfires
e An additional 10 m wide bare earth fire brea ° i i ire-
incorporating a 4 m wide fire access trail HEEL the preparedness planning require
Fire access e Create and maintain 4 m wide access trail by grad- Mar Weed survey Sept ®  Monitor NAFI and visual scan horizon for smoke
trails ing or spraying ® Planning meeting with neighbour ® Liaise with neighbour regarding bushfires

® Annyal fire mapping to monitor changes to

® Review the preparedness planning require-
fire frequency In thé relevant area. ments

Asset Protec- | ® Site Manager to assess fuel load prior to camp
ion Z establishment and again at end of wet season if
tion Zone infrastructure is still in place.

(APZ) e Establish a 20 m low fuel zone around well pads
and lease pads.

e Monitor for grassy weeds and control where ap-
propriate.

e |f deemed necessar\(, conduct controlled burns
where other controls are not effective and in con-
sultation with neighbouring properties.

e Ensure 4 m wide fire access trail around the pe-
rimeter of the asset protection zone is trafficable
by fire fighting appliances.

Neighbouring | ® Eire managemegnt plannirgg meeting with nql_iigrg

. ouring properties prior to commencing activities,

Property Fire and reviewed annuglly. €

[This Site Specific Bushfire Management Plan has been prepared for Origin to manage the risk from bushfire within the Amungee NW-5 (Rev 1) lease area. Ma nagement . .
[This Plan should be read in conjunction with the Overarching Environmental Management Plan and Emergency Response Plans for Origins operations in the o N elgh bO urtoa dVI se propo nent Of p |a n ned b urns.

Beetaloo Basin. Zone

®  Monitor NAFI and visual scan horizon for smoke

® ljaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

®  Monitor NAFI and visual scan horizon for smoke

® Liaise with neighbour regarding bushfires

® Review the preparedness planning require-
ments

No fire management activity

Manage vegetation onsite including weeds
Manage fire break and fire access trail
Monitor NAFI

Liaise with neighbour regarding bushfires

® No fire management activity.



https://www.firenorth.org.au/nafi3/
https://securent.nt.gov.au/alerts
https://www.pfes.nt.gov.au/incidentmap/

Appendix B Weed Management Plan
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1. Introduction

1.1 Objectives of the WMP

This WMP has been developed to ensure that the risk of weed introduction and spread, resulting from activities
associated with Origin Exploration activities are mitigated to protect the economic, community, industry and
environmental interests of the Territory.

The plan provides an overview of:

- The project context (Section 2)

- Legal requirements in relation to weed management (Section 3)

- The appointment of a Dedicated Weed Officer (Section 4)

- Identified risks and proposed mitigation measures and management objectives (Section 5 and 6)

- The weed species that are considered likely or known to occur within the Permit Area (Section 6 and 7)
- The Annual Action Plan for those species that are known to occur with the Permit Area (Section 8)

- Control options for species known to occur within the Permit Area (Section 8)

- The monitoring, notification, recording and reporting requirements for the WMP (Sections 9 — 12)

This plan is supported by Appendices that provide guidance on how to identify weed species in the field and
collect the necessary data to support the monitoring and reporting requirements of this WMP.

The location of the proposed exploration activities are shown on Figure 1.

Figure 1 Location of Origin Permit Area
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1.2 Intent of the WMP

Weed control is considered to be a significant land management issue in the Northern Territory. This Weed
Management Plan (WMP) forms a core component of Origin’s overarching environmental management strategy
and supports the various project Environment Management Plan (EMPs).

The movement of rigs, vehicles, machinery and other materials to, from and within the exploration permit area
may result in weeds being moved around the pastoral lease, into the lease from surrounding areas or interstate,
depending on where the vehicles and materials are sourced from or returned to.

The focus of this WMP is therefore to ensure that infestations are eradicated, or at the very least that existing
weed infestations are controlled such that no further weed species colonise the permit area as a result of Origin’s
activities.

This document is based upon the Weed Management Planning Guide - Onshore Petroleum Projects produced by

the Department of Environment, Parks and Water Security (DEPWS 2019).

2. Project Context

This plan covers all civil, drilling, stimulating, rehabilitation and routine maintenance/monitoring activities
undertaken by Origin within permit EP76, EP98 and EP117 as detailed in Table 1. The proposed activities for the
forward exploration program are highlighted within the table.

Table 1 Coordinates of centroid of proposed exploration lease areas

Exploration Permit Lease Name Zone* Easting Northing
EP98 Velkerri 98 E1 53 415515 8180683
EP98 Velkerri 98 N1 53 392292 8189891
EP98 Kyalla 98 W1 53 364955 8177458
EP98 Amungee NW 53 380859 8192299
EP98 Amungee NW 2 53 389841.38 8190092.63
EP98 Amungee NW 3 53 376611.28 8193100.37
EP98 Amungee NW 4 53 390313.59 8187337.06
EP98 Amungee NW 5 53 380597.38 8187469.62
EP76 Velkerri 76 S1 53 424362 8113273
EP76 Velkerri 76 S2 53 435488 8136321
EP117 Kyalla 117 N2 53 356175 8137500
EP117 Stuart Highway Intersection 53 332371 8135170
EP117 Velkerri 117 E1 53 428861 8120782
EP117 Kyalla 117 W1 53 368079 8106696

Grey shading are planned sites for 2019/200

* Universal Transverse Mercator (UTM) geographic coordinate system is Geocentric Datum of Australia (GDA) 94.

The primary activities subject to this WMP are:

- Access track construction, use and maintenance

- Exploration lease pad construction, use and maintenance

- Gravel pit construction and maintenance
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- Drilling, stimulating, completing and maintaining petroleum exploration wells

- Routine access, maintenance and monitoring of all exploration areas subject to this plan.

3. Legal Requirements

The following presents the relevant legislation and statutory obligations for the project.

3.1 Northern Territory Petroleum (Environment) Regulations

Petroleum Act 1984, Petroleum (Environment) Regulations 2016 and Code of Practice for Petroleum
Activities within the Northern Territory

The Petroleum Act 1984 provides legal framework within which persons are encouraged to undertake effective
exploration for petroleum and to develop petroleum production so that the optimum value of the resource is
returned to the Territory. It regulates the exploration for, and production of petroleum, including environmental
protection measures which should be employed during exploration and production activities, including protection
of parks and reserves and rehabilitation.

In addition, the Act is supported by the Petroleum (Environment) Regulations 2016.

The Petroleum (Environment) Regulations 2016 requires that regulated activities are carried out in a manner
consistent with the principles of ecologically sustainable development, and by which the environmental impacts
and environmental risks of the activities are identified and reduced to an acceptable level.

The Code of Practice for Petroleum Activities in the Northern Territory is a mandatory code of practice for the
petroleum industry to ensure that petroleum activities in the Northern Territory are managed according to
minimum acceptable standards to ensure that risks to the environment can be managed to a level that is as low
as reasonably practical (ALARP) and acceptable.

Under these regulations Origin is required to submit an EMP prior to any petroleum exploration or production
activity.

EMP’s must include:

- potential environmental risks or impacts (in this instance relating to the introduction and spread of weeds);
- appropriate environmental outcomes, environmental performance standards and measurement criteria;

- appropriate implementation strategy and monitoring, recording and reporting arrangements; and

- demonstrate that there has been an appropriate level of engagement with directly affected stakeholders in
developing the plan.

This WMP is designed to support and implement the requirements of Origins Project Specific Environmental
Management Plans.

3.2 Northern Territory Weeds Management Act

The aim of the Weeds Management Act 2001 is ‘to protect the Territory's economy, community, industry and
environment from the adverse impact of weeds.

The purpose of the Act, as defined in section 3, is:

- To prevent the spread of weeds in, into and out of the Territory and to ensure that the management of
weeds is an integral component of land management in accordance with the Northern Territory Weeds
Management Strategy 1996 — 2005 or any other strategy adopted to control weeds in the Territory.

- To ensure there is community consultation in the creation of weed management plans.

- To ensure that there is community responsibility in implementing weed management plans.
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The Act identifies declared weeds (those which must be controlled) and provides a framework for weed
management. It includes the following weed declaration classes:

Class A — to be eradicated

Class B — growth and spread to be controlled

Class C* — Not to be introduced into the Northern Territory
* All Class A and B weeds are also Class C.

The Act enables the relevant Minister to approve statutory weed management plans. Management obligations in
these plans must be adhered to.

Currently there are statutory management plans for 10 high priority weed species in the Northern Territory.

The WMP must address weeds in accordance with their declaration status and the statutory requirements of any
relevant weed management plans.

3.3 Regional Weed Strategies

Regional Weed Strategies (RWS) have been developed for areas of the NT, with the Tennant Creek regional
weeds strategy 2021 — 2026 and the Katherine regional weeds strateqy 2021 — 2026, overlapping Origin’s
Beetaloo exploration tenure. the aim of these regional plans is to assist in prioritising weed management by:

- identifying the region's priority weeds and associated pathways of spread to inform management priorities

- identifying landscapes that may need prioritised protection from weed impacts like river corridors or sacred
Aboriginal sites

- containing information on alert weeds that are not yet found in the region, but could become major issues if
they establish

3.4 Commonwealth Environment Protection Biodiversity Conservation Act

The objectives of the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) are, among
other things:

- provide for the protection of the environment, especially those aspects of the environment that are matters of
national environmental significance; and

- promote ecologically sustainable development through the conservation and ecologically sustainable use of
natural resources; and

- promote the conservation of biodiversity; and

- promote a co-operative approach to the protection and management of the environment involving
governments, the community, land-holders and indigenous peoples; and

- assist in the co-operative implementation of Australia’s international environmental responsibilities.

The EPBC Act provides for the identification and listing of key threatening processes on matters of national
environmental significance (MNES). A threatening process is defined as a key threatening process if it threatens
or may threaten the survival, abundance or evolutionary development of a native species or ecological
community. Key threatening processes include invasive species, such as weeds, which have a major impact on
Australia's environment, threatening our unique biodiversity and reducing overall species abundance and diversity
(DOTEE 2018).

Threat abatement plans (TAP) are developed to address key threatening processes. A TAP has been developed
covering 5 listed grass species present within the NT (The Threat abatement plan to reduce the impacts on
northern Australia’s biodiversity by the five listed grasses (2012)). This TAP covers a range of grasses originally
introduced to support pastoralism, and includes Gamba Grass, Para grass, olive hymenachne, mission grass and
annual mission grass. The controls in this WMP are designed to align with the TAP.
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4. Dedicated Weed Officer

As per recommendation 8.3 of the Scientific Inquiry into Hydraulic Fracturing Stimulation there must be a
dedicated Weed Officer for each gas field.

The Weed Officer must have relevant skills and experience and availability to successfully manage weed related
issues for the project, including:

- Knowledge of the biology/ecology of local weeds.

- Knowledge of relevant weed management frameworks including Northern Territory legislation and plans, the
EPBC Act.

- Understanding of existing weed management arrangements being undertaken by landholders.

The Weed Officer is responsible and accountable for delivery of all weed related requirements of the project in
accordance with the WMP and the overarching Environmental Management Plan, including:

- Planning and execution of weed monitoring requirements, including baseline weed assessments and
ongoing monitoring both during periods of gas related activities as well as during the target identification
period of February to May.

- Facilitate training all workers (including contractors) in weed management requirements, with support from
the Northern Territory Government Onshore Petroleum Weed Management Officer.

- Oversight of implementation of weed control mechanisms including but not limited to wash-downs and
proactive weed control programs.

- Ensuring all reporting requirements are met.

- Act as the designated point of contact for and rapidly responding to any weed related complaints and
incidents in accordance with the pre-determined strategies in this WMP and additional strategies as required
developed in consultation with the Onshore Petroleum Weed Management Officer and affected landholders.

- Review and update of WMP’s to remain effective in communication with relevant landholders and Onshore
Petroleum Weed Management Officer in consideration of monitoring results and emerging weed issues for
both gas and pastoral operations.

Origin has appointed Robert Wear, Construction Superintendent as the dedicated Weed Officer of the
Beetaloo Exploration Activities. This role is supported by Origin’s Approvals and HSE personnel.

5. Weed Species Information

Weed surveys completed across the proposed and existing exploration areas indicate the abundance of weeds
within the proposed and existing project area is low. Hyptis suaveolens (Hyptis), has been identified at the Kalala
S1 and Amungee NW site (access tracks, camp pad and lease pad). Hyptis has also recently been observed at
the Velkerri 76 S2 site camp pad and irrigation area. Rubber Bush and Parkinsonia aculeata (Parkinsonia) have
been previously identified along/in close proximity to the Beetaloo W access track, with rubber bush also found
along the Kyalla 117 N2 access track. Parkinsonia is considered a Weed of National Significance (WoNS), which
are weed species that are the focus of national management programs for the purpose of restricting their spread
and/or eradicating them from parts of Australia. These species are specifically presented in Table 2 and Section
9.

Gamba Grass (Andropogon gayanus) is a Declared Class A (to be eradicated) weed within the Beetaloo Sub-
basin.t Gamba grass is grown within the Class A zone on two pastoral leases under strict permit conditions.
These pastoral leases are subject to annual audits and regular inspections to ensure it is not spread outside the
permitted areas. An active compliance program is in place to ensure eradication is being achieved in Zone A, as
per the requirements of the statutory weed management plan for gamba grass (DEPWS 2020). Gamba Grass has

1 The Beetaloo lies within the NT Statutory Weed Management Zone Class A (for eradication).
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not been identified within Origin’s exploration permits. Origin is committed to preventing the spread of Gamba
Grass into the project area from known Gamba locations. Should Gamba Grass be identified within Origin’s EPs,
it would need to be identified, recorded and treated in accordance with the Threat Abatement Advice released by
the Commonwealth Government.

Figure 2 illustrates the weeds species confirmed in the region during field surveys, along with other weed species
that are known to occur or likely to occur within the wider exploration Permit Areas. This information is based on:

- Origin exploration program weed survey data (2014-2020 results).

- Mapping data provided by the Weed Management Branch, DEPWS.

- Guidelines for the Management of the Weeds of Beetaloo 2018 (DLRM et al 2018).

- Tennant Creek weeds strategy 2021 — 2026 and Katherine weeds strategy 2021 — 2026

- Department of Climate Change, Energy, the Environment and Water (DCCEEW)? EPBC Act Protected
Matters Report database.

Table 3 has been separated into priority weeds, which are broken down into 5 distinct categories:

- Category 1: These species are present in the region and are widely considered feasible to eradicate from
the Region. They are typically evaluated as very high risk and have isolated and restricted distributions.

- Category 2 These species warrant strategic control across the landscape due to the high impact they have
on land managers and on broader economic and environmental values. These species have outlier
populations that may be practical to locally eradicate, and core infestations that are too large for eradication
to be considered an option.

- Category 3: These species have been assessed by the weed risk management system as a medium to high
risk (or have not been assessed) and have been identified by stakeholders as posing a threat to the values
of the Region

- Category 4: These species are typically evaluated as low risk; however, they do still have local impacts. T
- Category 5: The Weed Management Branch uses a working definition of an ‘alert’ weed as a species:

o not yet naturalised in a Region

o with the potential to have a high level of impact should it become established

o having a reasonable likelihood of arriving in the Region (or of being present undetected)

It is noted that Parthenium (Parthenium hysterophorus) is a major problem in rangelands and cropping areas of"
Queensland and is estimated to cost farmers and graziers more than $22 million a year in reduced production and
increased management costs. Vehicle, machinery and material movements from Queensland into the project
area present a risk of spread of Parthenium if not managed correctly (Department of Primary Industry and
Resources 2016).

Additional mapped locations of weeds within the Tennant and Katherine RWS are provided in Figure 3, Figure 4
and Figure 5.

2 Formerly the Commonwealth Department of the Environment and Energy (DOTEE).
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Figure 2 Location of Weeds Species in Permit Areas
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Origin’s Beetaloo
tenure

Figure 3 Tennant Creek RWS mapped priority weed for eradication locations (DEPWS 2021)

Origin’s Beetaloo
tenure

Figure 4 Tennant Creek RWS priority weeds for strategic control (DEPWS 2021)
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Figure 5 Katherine RWS mapped priority and alert weeds
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NT listed weeds known of likely to occur within the Permit Area

Acacia nilotica Prickly Acacia Class A, WoNS | 1 Mapped in the exploration lease within the
Katherine RWS

Andropogon Gamba Grass Class A WoNS 1 Confirmed within exploration lease. High

gayanus potential introduction through sourcing of
equipment from Katherine and Darwin area.

Calotropis Rubber Bush ClassBand C 2 Mapped in the exploration lease within the

procera Tennant Creek RWS

Cryptostegia Rubber Vine Class A 1 Mapped in the exploration lease within the

grandiflora Katherine RWS

Hyptis Hyptis ClassBand C 4 Confirmed within exploration lease during

suaveolens previous weed Origin surveys

Jatropha Bellyache Bush | Class A, WoNS | 1 Mapped in the exploration lease within the

gossypiifolia Katherine RWS. Potential introduction through
sourcing of equipment from Katherine area.

Parkinsonia Parkinsonia Class Band C, 2 Confirmed within exploration lease during

aculeata WONS previous weed Origin surveys and Mapped in
the exploration lease within the Katherine
RWS. Potential introduction through sourcing
of equipment from Katherine area.

Prosopis pallida Mesquite Class Aand C, 1 Mapped in the area surrounding exploration

WONS lease within the Katherine and Tennant Creek

RWS

Themeda Grader Grass Class Band C, 5 Confirmed within the exploration lease and

quadrivalvis WoNs mapped in the area within the Katherine RWS.
High potential introduction through sourcing of
equipment from Katherine area.

Parthenium Parthenium Class A and 1/5 Confirmed by DEPWS to occur within the

hysterophorus Class C, WoNS exploration lease. Potential introduction
through equipment sourced from QLD.

Cryptostegia Rubber vine Class A and 1 Alert Species within the Tennant Creek and

grandiflora C, WONS Katherine RWS

Chromolaena Siam Weed Class C 5 Alert Species Katherine RWS

odorata

Azadirachta Neem ClassBand C 2 Weed Management Branch — Mapping data

indica

Not declared 3 DOTEE Protected Matters Report

Cenchrus ciliaris

Buffel Grass

in NT
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Cenchrus Mossman Class Band C DLRM databases (DLRM et al 2018)
echinatus River Grass
Datura ferox Fierce Class Aand C DLRM databases (DLRM et al 2018)
Thornapple
Sida acuta Spinyhead sida | Class Band C Weed Management Branch — Mapping data
Sida cordifolia Flannel Weed Class Band C Weed Management Branch — Mapping data
DLRM databases (DLRM et al 2018)
Sida rhombifolia | Paddy’s ClassBand C DLRM databases (DLRM et al 2018)
Lucerne
Xanthium Noogoora Burr | Class B and C Weed Management Branch — Mapping data
occidentale DLRM databases (DLRM et af 2018)

Note: Declarations under the Northern Territory Weeds Management Act 2001:

6. Weed Management Mandatory Requirements

6.1

Weed hygiene declarations for vehicles and equipment

All vehicles, equipment and loads are to be clean (free of plant matter, seeds, dirt and mud) and
have a valid weed hygiene declaration form prior to accessing any pastoralist property

Weed hygiene certificates are only to be issued by an authorised inspector that is satisfied that
the vehicle is free of plant matter, seeds, dirt, mud animal wastes and any other time that could
potentially represent a biosecurity or weeds risk.

An authorised inspector is someone who has successfully completed the nationally recognised
“AHCBIO201- Inspect and clean machinery for plan, animal and soil material” training course

Weed hygiene declarations shall contain:

a) The identification details of the vehicle or thing inspected.

b) Odometer reading (where applicable)

C) Date and location inspected

d) Name and signature of the authorised inspector issuing the declaration

€) The organisation with which the inspector issuing the declaration is affiliated
f) Name and signature of the driver (where applicable)

A biosecurity hygiene declaration for a vehicle/equipment remains valid when the
vehicle/equipment:

a) does not travel off sealed/formed roads, or

b) clean (i.e. free of biosecurity matter including weeds, pests and diseases, and biosecurity
carriers) or

C) is located on the same or adjacent property and has not come in contact with any areas with
weeds. Areas where it is reasonably expected to come in contact with weeds include the
unsealed shoulders of road corridors and known infestation areas as provided in Figure 2.

A biosecurity declaration becomes invalid when:
a) The vehicle or equipment has come into contact with known areas of weed infestations.
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b) The vehicle or equipment has come from a property that is not adjacent to the property to be
accessed

C) Itis not known where the vehicle/ equipment has been previously used.

7. Where a vehicle or piece of equipment arrives at site dirty, they shall be refused entry. The
vehicle/ equipment must be directed to the closest washdown facility (Daly Waters), recertified
and inspected prior to accessing the site.

6.2 Weed hygiene declarations for loads and materials.

1. Weed hygiene declarations are to be utilised to satisfy that a load of materials (including hay,
seed, sand, gravel, topsoil) is free of or containing a biosecurity matter and carriers. Anyone who
is either the seller, supplier or the driver may issue a Weed Hygiene Declaration for a load just as
long as they have direct knowledge of the product and the status as weed free or containing a
biosecurity matter.

2. Weed declarations are not required for loads moved within areas within the same or adjacent
properties that have been determined through baseline weed studies as being weed free.

3. Where loads of material cannot be determined to be weed free, they shall be returned to the
supplier and an alternative clean source utilised.

6.3 Weed washdown facility requirements

1. Cleaning activities should be undertaken at facilities with effective environmental controls to
prevent the spread of biosecurity matter.

2. Wash water, mud/ silt, weed material and other contaminants must be bagged and disposed of at
a licenced landfill.

3. Where possible, high pressure water spray should be used. This is the preferred method. If this is
impractical, (such as at a site location) the minimum requirement is to use a suitable bar or
shovel, brooms/ brushes and compressed air to remove contaminants (dry cleaning).

6.4 Equipment sourcing and selection

1. Equipment shall be sourced based on the following prioritisation:
a) Local equipment, particularly civil construction equipment, shall be sourced as a priority.
b) Regional equipment (NT) shale be sourced where no local equipment supplier exists
c) Interstate equipment should be sourced only where local/regional equipment is not available
(due to availability or cost constraints). In such cases, additional inspections may be required
to ensure vehicles/ equipment are free of weed containing material prior to accessing site.

6.5 Interstate Transportation

All vehicles, equipment and loads moved interstate/territory shall be free of weeds and weed containing material
(vegetation, seed, grass, soil, mud etc.) prior to entry into the NT.

All vehicles, equipment and loads travelling from interstate shall have a further inspection prior to access to any
pastoral property. If required, additional cleaning shall be undertaken to remove any weeds or weed carrying
material.

Where a load/equipment/ vehicle is unclean and is suspected of not being washed prior to entry into the NT, a
load must be refused entry into a pastoralist property. The vehicle will require a washdown at an appropriate
facility within the state/territory the equipment/vehicle/load originated from.
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6.6 Weed management awareness

All staff and contractors shall be made aware of their weed management obligations. This shall be undertaken
through:

e Building weed prevention and management requirements into contracts and assessed as a part of work
readiness reviews and ongoing assurance activities.

e Inclusion of weed management requirements within site inductions and toolbox talks

7. Weed Introduction and Spread Risks Assessment

As part of the development of the EMP for this project, Origin has undertaken an assessment of the risk of
introducing or spreading weeds in the project area. This assessment and the corresponding proposed mitigation
measures and management objectives are presented in Table 3 below. Due to the low abundance of weeds
within the proposed project area, management controls will primarily focus on preventing the introduction of weed
species through appropriate equipment sourcing cleaning and inspection.

Table 3 Risk of weed introduction and spread and corresponding mitigation measures

Maintain the integrity of significant ecosystems and agricultural productivity

Avoid the introduction of weeds
Avoid the spread of existing weeds

No introduction or spread of declared weeds resulting from Origin's activities.

Introduction of Spread of existing
new weeds weeds

Vehicle and Vehicles and Traversing of - Code of Practice for Petroleum Activities in the
equipment equipment sourced | weed infested Northern Territory Part A- Surface Activities.
movements from other areas with - Activities will adhere to the guidelines within the
locations infested machinery NT Weed Management Handbook.
with weed species - Weed management and control measures to be
not found in or implemented in alignment with existing
around Project landholder biosecurity requirements.
Area - All equipment will have certified equipment wash-

down completed prior to entry to the field. Wash-
down would occur at Contractors deport or a
commercial wash facility prior to mobilisation in a
manner that prevents pollution of the surrounding
environment.

- Machinery to be preferentially sourced locally,
with machinery sourced from surrounding areas
or Queensland being the 2nd and 3rd preferred
option respectively.

- Weeds will be actively controlled in cleared/
hardstand areas.

- Major equipment moves will be planned from
weed-free areas to infested areas and not the
other way around.
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Maintain the integrity of significant ecosystems and agricultural productivity

Avoid the introduction of weeds
Avoid the spread of existing weeds

Introduction of
new weeds

No introduction or spread of declared weeds resulting from Origin's activities.

Spread of existing
weeds

Ensuring all material imported to or between sites
is free of weeds.

Construction of
access tracks
and monitoring

Importing materials
from areas where
weeds are present

Traversing of
weed infested
areas and creating

Code of Practice for Petroleum Activities in the
Northern Territory Part A- Surface Activities.
Activities will adhere to the guidelines within the

bore pads and creating opportunities for NT Weed Management Handbook.
opportunities for weed species to Weed management and control measures to be
weed species to colonise disturbed implemented in alignment with existing
colonise disturbed areas landholder biosecurity requirements.
areas All equipment will have certified equipment wash-
down completed prior to entry to the field.
Ensure field staff, contractors and machinery
operators are familiar with hygiene protocols and
weed identification.
Machinery to be preferentially sourced locally,
with machinery sourced from surrounding areas
or Queensland being the 2nd and 3rd preferred
option respectively.
Weeds will be actively controlled in cleared/
hardstand areas.
Stabilise disturbed areas.
Drilling, Introduction of Traversing of Code of Practice for Petroleum Activities in the
stimulation and | weed species not weed infested Northern Territory Part A- Surface Activities.
well testing found in or around areas with Activities will adhere to the guidelines within the
EP area. machinery NT Weed Management Handbook.

Weed management and control measures to be
implemented in alignment with existing
landholder biosecurity requirements.

All equipment will have certified equipment wash-
down completed prior to entry to the field. Wash-
down would occur at Contractors deport or a
commercial wash facility prior to mobilisation in a
manner that prevents pollution of the surrounding
environment.

Ensure field staff, contractors and machinery
operators are familiar with hygiene protocols and
weed identification.

Weeds will be actively controlled in cleared/
hardstand areas.
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Maintain the integrity of significant ecosystems and agricultural productivity

Avoid the introduction of weeds
Avoid the spread of existing weeds

Introduction of
new weeds

No introduction or spread of declared weeds resulting from Origin's activities.

Spread of existing
weeds

Major equipment moves will be planned from
weed-free areas to infested areas and not the

other way around.

Drilling and stimulation equipment will be
restricted to cleared lease areas.

Ensuring all material imported to or between sites
is free of weeds.

Operational/
site
management

Personnel unable to

identify weeds or
unaware of weed
species present in
areas where
machinery and
equipment is
sourced from

Existing weed
distribution not
known due to:
insufficient survey
effort, surveys
conducted at
wrong time of
year, surveyors
not familiar with /
unable to identify
declared weed
species

Code of Practice for Petroleum Activities in the
Northern Territory Part A- Surface Activities.
Staff members responsible for preventing,
identifying and managing weeds to be
appropriately trained.

Weed desktop and field-based surveys to be
provided to identify existing weed areas.
Pre-and post wet (February to May) inspections
and periodic audits will be conducted to identify
and report weed outbreaks.

Insufficient
management
control to prevent
the introduction of
weeds

Insufficient
management
control to prevent
the spread of
weeds

Staff members responsible for preventing,
identifying and managing weeds to be
appropriately trained.

Ensure field staff, contractors and machinery
operators are familiar with hygiene protocols and
weed identification (Weed identification posters
and the NTG Weed Deck will be made available)
Weeds will be actively controlled in cleared/
hardstand areas.

Weed management and control measures to be
implemented in alignhment with existing
landholder biosecurity requirements.

New activities will be planned to address
prevention of weed or non-indigenous plant
spread.
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8. Statutory Weed Management Plans

No statutory weeds have been identified during surveys of the Project Area; however the following plans apply to
species that have been found/ could be potential found in the broader region:

- Weed Management Plan for Athel pine (Tamarix aphylla)

- Weed Management Plan for Mesquite (Prosopis spp.)

- Weed Management Plan for Prickly Acacia (Acacia nilotica)

- Weed Management Plan for Bellyache Bush (Jatropha gossypiifolia)

- Weed Management Plan for Neem (Azadirachta indica)

- Weed Management Plan for Gamba Grass (Andropogon gayanus)

- Weed Management Plan for Grader Grass (Themeda quadrivalvis).

The weed management plans detail the legislated obligations of all landowners, land managers and land users in
the Northern Territory to eradicate or manage and avoid further spread of the weed species. Conducting land
management practices in accordance with the weed management plans will secure compliance with the
requirements of the Act (DEPWS 2021).

9. Annual Action Plan

An action plan for each of the weed species identified in the Project Area is presented in Table 4. Treatment
options as contained in the Northern Territory Weed Management Handbook are presented in Section 9.1 to
Section 9.3.

This section will be undated if new weed species are discovered over the life of the program to ensure that
statutory requirements with relation to declaration status and relevant weed management plans are addressed
(refer to Section 0).

As part of the 2019 Annual Weed Management Action Plan, Origin also commits to undertaking finer detailed
weed mapping of all permit area, lease pads, access tracks and gravel pits, as well as any other areas disturbed
as part activity.
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Table 4 Annual Weed Management Action Plan

Hyptis
Hyptis suaveolens

Weed Management Plan

NT-2050-15-MP-0016

6 monthly- pre-and
post wet season

- Avoid the introduction of weeds
Avoid the spread of existing weeds

Preferred Dec — Mar
Also Nov and April

Refer to section 9.1.

Beetaloo access track

Access track to Amungee Nw
Kalala S1 site

Velkerri 76 S2 camp pad

Parkinsonia

Parkinsonia aculeata

6 monthly- pre-and
post wet season

Preferred Mar — May
Also all year round

Refer to section 9.2.

Beetaloo access track

Rubber Bush

Calotropis procera

6 monthly- pre-and
post wet season

Preferred October — March

April - July

Refer to section 9.3.

Close proximity to the Beetaloo access track
Kyalla 117 N2 access track and Stuart
Highway intersection

9.1 Hyptis (Hyptis suaveolens) treatment options

Table 5 includes herbicide and non-chemical treatment options for Hyptis (Hyptis suaveolens) (Northern Territory Government 2021).

Table5 Hyptis (Hyptis suaveolens) treatment options

Hyptis (Hyptis suaveolens)

Herbicides

2, 4-D amine 625 g/L
Various trade names

320mL/100L

Seedling or adult (individuals or infestation):
Foliar spray — apply when actively growing.

Glyphosate 360 g/L

Various trade names and formulations

15mL/1L

Seedling or adult (individuals or infestation):
Foliar spray — apply when actively growing.
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Hyptis (Hyptis suaveolens)

Non-chemical - Manually remove all plant material; slash to encourage competition from desirable species.
applications
Source: Northern Territory Weed Management Handbook (Northern Territory Government 2021).

9.2 Parkinsonia (Parkinsonia aculeata) treatment options
Table 6 includes herbicide and non-chemical treatment options for Parkinsonia (Parkinsonia aculeata) (Northern Territory Government 2021).

Table 6 Parkinsonia (Parkinsonia aculeata) treatment options

Parkinsonia (Parkinsonia aculeata)

Herbicides Aminopyralid 8 g/L + Triclopyr 300 g/L 350mL/ 100 L Seedling (individuals and infestation)
+ Picloram 100 g/L or Foliar spray — avoid spraying if plants are stressed or bearing pods — Uptake
Grazon™ Extra 3L/ha Spraying Oil required

Foliar spray — plants up to 2 m or 2 years old -
Uptake Spraying Oil required.

Triclopyr 240 g/L + Picloram 120 g/L 1L/60L (diesel) Seedling or adult (individuals or infestation)
Access™ 1L/60L (diesel) Basal bark < 5 cm stem diameter

Cut stump > 5 cm stem diameter
Tebuthiuron 200 g/kg 1.5g/m? Seedling or adult (individuals or infestation)

Granulated herbicide - ground applied

Do not use within 30 m of desirable trees or apply to continuous area > 0.5 ha.
Do not use if fire is eminent.

Apply when there is soil moisture or prior to rain.

Non-chemical - Blade-ploughing, stick-raking, bulldozing and chaining can be effective if the root layer is removed from the soil.

applications - Cultivation of pasture or native vegetation after mechanical control will help to prevent re-sprouting and seedling establishment.

- Fire destroys seed in the soil surface and can be used as a follow-up to remove seedlings after other control efforts.
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Parkinsonia (Parkinsonia aculeata)

Fire may also be used to manage mature trees. Hand grubbing for single plants or small outbreaks, ensure removal of the root system.
Biocontrol options are available with Uu establishing slowly in some areas.
Source: Northern Territory Weed Management Handbook (Northern Territory Government 2021).

9.3 Rubber bush (Calotropis procera) treatment options
Table 7 includes herbicide and non-chemical treatment options for Rubber bush (Calotropis procera) (Northern Territory Government 2021).

Table 7 Rubber bush (Calotropis procera) treatment options

Rubber bush (Calotropis procera)
Herbicides Triclopyr 300 g/L + Picloram 100 g/L 750 mL/ 100 L Seedling (individuals or infestation):
Conqueror® (water) Foliar spray. Check label for recommended adjuvant product. More effective on
plants <2m as thorough coverage on all leaves is required
+ Aminopyralid 8 g/L 500-750mL /100 L
Grazon™ Extra (water)
Triclopyr 240 g/L + Picloram 120 g/L Adult (individuals and infestation):
Access™ 1L/60L (diesel) Basal bark < 5cm stem diameter. Spray all stems. Spray to point of runoff.
1L/10L (diesel) Thin Line up to 5cm stem diameter.
1L/60L (diesel) Cut stump > 5cm stem diameter.
Tebuthiuron (200g/kg) 1.5-2g/m? Seedling or adult:
Graslan Application to black clay soils in conjunction with seasonal rainfall. Spread
Pending registration. Please check with Weed granules according to density of the infestation.
Management Branch for status confirmation.
Fluroxypyr (333g/L) 3L/100L Adult:
Cut stump method for plants up to 10cm diameter and 3m high.
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Rubber bush (Calotropis procera)

Starane™ Advanced (diesel)
Non-chemical - This plant is difficult to eradicate as the deep roots survive almost any treatment.
applications - Maintenance of a dense pasture sward will assist in preventing invasion.

Source: Northern Territory Weed Management Handbook (Northern Territory Government 2021).
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10. Notification Procedure

The Onshore Petroleum Weed Management Officer at the Weed Management Branch of the DEPWS should be
notified within 48 hours of the discovery of a new weed species in the Project Area.

Initial notification may be verbal, with follow-up written notification provided within seven working days. The
notification should include a preliminary species identification and location information. The Regional Weed
Officer will advise what further action is required.

It is noted that some species spread rapidly so immediate action may be required to control spread. For example,
as stated above Parthenium (Parthenium hysterophorus) is a Class A (to be eradicated) and Class C (not to be
introduced) weed in the Northern Territory as well as being classified as a Weed of National Significance. Early
detection is crucial in not allowing this species to spread in the Northern Territory (Department of Primary Industry
and Resources 2016).

In addition, it is noted that under the Weeds Management Act that:

‘The owner and occupier of land must... within 14 days after becoming aware of a declared weed that has not
previously been, or known to have been, present on the land, notify an officer of the presence of the declared
weed'.

All weed outbreak incidents will be reported in Origin’s OCIS and corrective action initiated.

11. Recording
Records of weed inspections will be maintained by Origin.

Data on weed distribution will be maintained within Origin’s GIS and provided to the Weeds Officer at DEPWS as
part of the annual report on performance against the Weed Management Plan, or as requested.

Data will be collected as per the requirements of the Northern Territory Weed Data Collection Manual - Section
One Technical Data Description (Weed Management Branch, 2015).

Data will be recorded using the guidelines provided in Appendix A using the data sheet provided in Appendix B
(Weed Management Branch, 2015).

The Northern Territory Weed 1D Deck (Northern Territory Government 2021) will be referenced to assist with
identification of species that have been identified as likely or know to occur in the Permit Area.

Field data will be submitted directly to the Weed Management Branch in a shapefile format or as an Excel
spreadsheet, including incidental identification of weeds and following completion of field surveys.

12. Reporting
All weed outbreak incidents will be reported in Origin’s OCIS and corrective action initiated.

A report on the performance against this Weed Management Plan will be submitted to DEPWS on an annual
basis.

At a minimum, this should include:

a) Details of activities implemented to address weed spread and introduction risks (e.g. vehicle wash down/
blow down locations, examples of track construction from working from weed free areas into weed
infested areas to reduce spread).

b) Details of survey and monitoring events, including dates, personnel, maps and track data.
c) Submission of all weed data collected.

d) Overview of weed control events and success rates (weed control should be captured in detail through
the data collection process and submitted as a component of (a)).
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Appendix A Weed Data Collection Methodology

Field data collection for weed infestations
The following is a guide to efficiently evaluating and recording a weed site in the field.

Each record must identify the person or organisation taking the record, as well as the details
explained below.

How to record weed area as a point record
1. Record the species.

When a weed is sighted, move to the area and confirm identification of the weed. If you cannot
positively identify the weed record it as “Unknown weed” and take a sample or photograph, do not
try to guess. If more than one weed species is present then repeat the process with separate
records for each species.

2. Assess the size of the weed patch.

Look across the area of weeds to the furthest weed plant and decide the diameter. Decide if the
area is best fits in a circle of either 20, 50 or 100 metres. If it is a single plant or small patch you
would choose 20 metres. The size 100 metres extends about as far as you can see on the ground, if
the weeds extend out of sight you will need to make another point further on. You may place
overlapping circle areas to reflect different densities.

3. Assess the density of weeds within the circle.

Decide how much of the area is covered by weeds. Assign a score from 2 to 5 based on the
percentage table below. It will be useful (if possible) to move into the centre of the weed circle.
Consider the whole circle size chosen in step 2 deciding on the density score. Area covered should
be determined by a ‘projected canopy’ method.

Density categories

1 = Absent, no weeds of this species in this area.

2 =< 1%, Very few, not many weeds eg: single plant, perhaps with seedlings.

3 =1 -10%, More than one or two isolated plants but not a lot eg: a few small plants.

4 = 11-50%, A lot, up to half the area covered eg: a tree, dense patches of weeds.

5 = > 50%, Dominant cover is weed, more than half covered eg: thickets, monocultures.

4. Record the location.

Take the GPS location (ideally) from the centre of the circle. If weed seeds may be spread or it is
difficult to access the centre it is acceptable to take the reading from the location as close to the
centre as practical.

5. Record the treatment.

Record the method you apply a treatment to the weeds, or record ‘No Treatment’.

Choose from the list of treatment methods
i.e: No treatment, Unknown, Treated, Foliar spray etc.
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How to record weed area as a line (polyline) record
1. Record the species.

When a weed is sighted, move to the area and confirm identification of the weed. If you cannot
positively identify the weed record it as “Unknown weed” and take a sample or photograph, do not
try to guess. If more than one weed species is present then repeat the process with separate
records for each species.

2. Assess the ‘best fit” width in metres of the linear weed area.

Look along the area of weeds to the furthest weed plant and decide a width that best sums up the
width of the infestation from values of 5, 20, 50 or 100 metres. If the width is too variable you may
need to make more than one line or consider recording as points or as a polygon.

3. Assess the density of weeds within the line.

For the area of the line, being from start to finish at the designated width, decide the area covered
by weeds. Assign a score from 2 to 5 based on the percentage table below. Consider the whole line
area when deciding on the density score. Area covered should be determined by a “projected
canopy’ method.

Density categories

1 = Absent, no weeds of this species in this area.

2 =< 1%, Very few, not many weeds eg: single plant, perhaps with seedlings.

3 =1 -10%, More than one or two isolated plants but not a lot eg: a few small plants.

4 = 11-50%, A lot, up to half the area covered eg: a tree, dense patches of weeds.

5 = > 50%, Dominant cover is weed, more than half covered eg: thickets, monocultures.

4. Record the location.

Start the GPS track, or line sketch from one end of the linear weed area. Walk or sketch a line as
best fit through the middle of the linear weed area and finish at the end point.

5. Record the treatment.
Record the method you apply a treatment to the weeds, or record ‘No Treatment’.

Choose from the list of treatment methods
ie: No treatment, Unknown, Treated, Foliar spray etc.
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How to record weed area as a polygon record
1. Record the species.

When a weed is sighted, move to the area and confirm identification of the weed. If you cannot
positively identify the weed record it as “Unknown weed” and take a sample or photograph, do not
try to guess. If more than one weed species is present then repeat the process with separate
records for each species.

2. Assess the extent of the weed area an ensure it can be practically enclosed.

Polygons are good for clearly delineated areas of weeds, you should be able to walk around the
edge of the weed area with confidence. Ensure the defined area of weed at a similar density can be
delineated before attempting to create the area, you may need more than one polygon. If the area
is poorly defined then the point method may be a more useful.

3. Assess the density of weeds within the polygon.

Assess the area covered by weeds for density, you may need to move to several vantage points to
get a clear picture. Assign a score from 2 to 5 based on the percentage table below. Consider the
whole area within the polygon when deciding on the density score. Area covered should be
determined by a ‘projected canopy’ method.

Density categories

1 = Absent, no weeds of this species in this area.

2 =< 1%, Very few, not many weeds eg: single plant, perhaps with seedlings.

3 =1 -10%, More than one or two isolated plants but not a lot eg: a few small plants.

4 = 11-50%, A lot, up to half the area covered eg: a tree, dense patches of weeds.

5 = > 50%, Dominant cover is weed, more than half covered eg: thickets, monocultures.

4. Record the location.

Start the GPS track, or polygon sketch from one point of the polygon weed area. It is useful to start
from a landmark or flagging tape. Create the polygon edge line by walk a path or sketching along
the outer edge of the weed area until you return to the start point. If using a GPS track to create
the polygon ensure that you cross your start point so as to close the polygon.

5. Record the treatment.

Record the method you apply a treatment to the weeds in the area, or record ‘No Treatment’.
Choose from the list of treatment methods

ie: No treatment, Unknown, Treated, Foliar spray etc.
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Appendix B Example Weed Data Collection Sheet

Review due: 29/03/2024

For internal Origin use and distribution only.
Subject to employee confidentiality obligations.

Once printed, this is an uncontrolled document
unless issued and stamped Controlled Copy or
issued under a transmittal.



Weed Management Plan

NT-2050-15-MP-0016

RECORDER: PROJECT: LOCALITY:
ORG_NAME: GPS NAME/MODEL: slégggglNG
(@) < % = — () 1) n ';: = o @
fa) | ) o) b [ < Q w 0 e | = a E
= @ I0) (O] > < O z - = o x = o 5
L | | | | I} | 3 > — | = = )
E = = J o) I %) a & = a I @ s
2 < 5 5 = N @ w 2 2 i e 5 o s
s 8 & 8 8§ i 2 2 E 5
Notes:

(extracted from Northern Territory Weed Data Collection Manual - Section One Technical Data Description
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AECOM Beetaloo Exploration and Appraisal Program - Hydraulic Fracturing Chemical 1
Risk Assessment

1.0 Background

Chemical risk assessments for the hydraulic fracturing fluid systems were undertaken to assess the
potential human health effects of the chemicals proposed to be used in the Beetaloo Exploration and
Appraisal Program.

The following fluid systems were assessed:
e  Hydraulic fracture stimulation fluids;

e  Hydraulic fracture chemical tracers; and
e  Dirilling fluids.

The risk assessment aligns with the Northern Territory Government, Department of Environment, Parks
and Water Security, Environment Management Plan Content Guideline, 2021 (herein referred to as
DEPWS 2021).

The methods used for this updated chemical risk assessment also follow the guidance provided by the
Department of the Environment and Energy, Exposure Draft - Chemical Risk Assessment Guidance
Manual: for chemicals associated with coal seam gas extraction, 2017 (DoEE, 2017) and the
methodology adopted for the chemical risk assessment is in general accordance with the following:

¢ National Industrial Chemicals Notification and Assessment Scheme (NICNAS), National
Assessment of Chemicals Associated with Coal Seam Gas Extraction in Australia, 2017 (herein
referred to as NICNAS 2017)

e enHealth. Environmental Health Risk Assessment, Guidelines for Assessing Human Health Risks
from Environmental Hazards, 2012

¢ National Environment Protection (Assessment of Site Contamination) Measure 1999 (ASC NEPM);
Schedule B4, Site-specific health risk assessment methodology, 2013

The chemical risk assessment comprised the following tasks:

e Hazard assessment. An evaluation of the environmental hazard of the chemical additives in the
hydraulic fracturing fluid systems, based on their environmental persistence, bioaccumulation and
aquatic toxicity properties. Also included was an evaluation of human health effects (i.e.
genotoxicity, carcinogenicity, reproductive toxicity, oral toxicity, inhalation toxicity, dermal toxicity,
chronic repeated dose toxicity).

e  Exposure assessment. The exposure assessment comprised of an evaluation of surface and sub-
surface exposure pathways assessment and mass balance calculation to identify the amount of
each chemical additive of the hydraulic fracturing fluid system.

e  Screening and validation processes via Tier 1 and Tier 2 assessments. Determination of chemicals
known to be of low concern, and identification of chemicals for further risk assessment.

o Tier 1: using published information about each chemical proposed to be used in the hydraulic
fracturing fluid systems.

o Tier 2: A quantitative evaluation of the risks using toxicity values and quantitative estimates of
chemical intake to provide an estimate of potential human health risk associated with the
hydraulic fracturing activities, based on the identification of complete exposure pathways and
hazard identification.
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AECOM Beetaloo Exploration and Appraisal Program - Hydraulic Fracturing Chemical 2

Risk Assessment

2.0 Hydraulic Fracture Chemical Risk Assessment Tier 1 Screen
211 Outcome of Tier 1 Screen — Stimulation Fluid Recipes

Three stimulation fluid recipes (SW, Hybrid and HVFR) will be used for the Beetaloo Exploration and
Appraisal Program.

Comparison of the chemicals with the assessment criteria as presented in DoEE (2017) indicated that
10 chemicals were not considered to require a Tier 2 assessment. The chemicals have been assessed
under the National Assessment of Chemicals Associated with Coal Seam Gas Extraction in Australia
using the adapted IMAP screening process (NICNAS 2017) and were identified to be of low concern
because of low hazard. Table 1 presents a summary of the chemicals identified to be of low concern to
human health for the hydraulic fracture stimulation fluid recipes.

Table 1 Chemicals identified to be of low human health concern (Tier 1) — Stimulation Fluid Recipes

CAS ‘ Chemical Reasoning

9003-04-7 Sodium polyacrylate NICNAS (2017) low concern chemical
25987-30-8 Acrylamide acrylate copolymer NICNAS (2017) low concern chemical
25987-30-8 Acrylamide, sodium acrylate polymer NICNAS (2017) low concern chemical
107-21-1 Ethylene glycol NICNAS (2017) low concern chemical
67-48-1 Choline chloride NICNAS (2017) low concern chemical
77-92-9 Citric acid NICNAS (2017) low concern chemical
7681-82-5 Sodium iodide NICNAS (2017) low concern chemical
9000-30-0 Guar gum NICNAS (2017) low concern chemical
7757-82-6 Sodium sulfate NICNAS (2017) low concern chemical
126-96-5 Sodium diacetate NICNAS (2017) low concern chemical

Based on the Tier 1 screening, most chemicals (24 from SW, 30 from Hybrid and 25 from HVFR) were
identified to require a Tier 2 assessment. It is to be noted that none of these chemicals were identified
to be persistent and bioaccumulative.

The Tier 1 screening is provided in Appendix A to Appendix C, and the chemical toxicological profiles
are provided in Appendix D to Appendix H.

2.1.2 Outcome of Tier 1 Screen — Drilling Fluids

Comparison of the chemicals with the assessment criteria indicated that 30 chemicals were not
considered to require a Tier 2 assessment. 22 chemicals have been assessed by NICNAS (2017) and
were identified to be of low concern. In following the IMAP screening process, a further 8 chemicals
(which were not assessed by NICNAS 2017) were identified to be of low concern to human health.

Table 2 presents a summary of the chemicals identified to be of low concern to human health for the
drilling fluid recipe.

Table 2 Chemicals identified to be of low human health concern (Tier 1) — Drilling Fluids
CAS ‘ Chemical Reasoning
Not Applicable | Proprietary Chemical NICNAS (2017) low concern chemical
77-92-9 Citric acid NICNAS (2017) low concern chemical
9004-32-4 Poly Anionic Cellulose NICNAS (2017) low concern chemical
7447-40-7 Potassium Chloride NICNAS (2017) low concern chemical
144-55-8 Sodium Bicarbonate NICNAS (2017) low concern chemical
07-Jul-2022
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CAS ' Chemical
7647-14-5 Sodium Chloride

Reasoning
NICNAS (2017) low concern chemical

6381-77-7 Sodium erythorbate

NICNAS (2017) low concern chemical

11138-66-2 Xanthan Gum

NICNAS (2017) low concern chemical

1317-65-3 Calcium Carbonate

)
)
)
)

NICNAS (2017) low concern chemical

1310-73-2 Sodium hydroxide

Acute toxicity only. No evidence of systemic
toxicity.

Due to the unavailability of a NOAEL,
quantification of risks from repeated exposure is
not possible. However, due to dissociation into
ions which are subject to homeostatic controls in
the human body, systemic effects from repeated
exposures to sodium hydroxide are not expected
(NICNAS 2017).

1310-58-3 Potassium Hydroxide

Acute toxicity only. No evidence of systemic
toxicity. Similar results were reported for sodium
hydroxide (NICNAS 2017).

9005-25-8 Starch

NICNAS polymer of low concern (PLC)

12199-37-0 Smectite

No chronic data available. Read across to
bentonite which is listed as a NICNAS (2017) low
concern chemical.

38193-60-1 Polyacrylamide

NICNAS PLC

1332-58-7 Plagioclase Feldspar/Kaolinite

Listed in US Food and Drug Administration (FDA)
Generally Recognized as Safe (GRAS) list and
Inert Ingredients Eligible for US Federal
Insecticide, Fungicide, and Rodenticide Act
(FIFRA) 25(b) pesticide products.

Proprietary Performatrol*

A low weight and stable polymer that is highly
biodegradable with low environmental toxicity.

13462-86-7 Barite

NICNAS (2017) low concern chemical

9003-05-8 Partially hydrolysed polyacrylamide NICNAS (2017) low concern chemical
9004-32-4 Polyanionic cellulose, low viscosity NICNAS (2017) low concern chemical
7727-43-7 Barium sulphate NICNAS (2017) low concern chemical
Maximum concentration below Australian
7430021 | Leac Austrlian and New Zoaiand Guideines for Frosh
and Marine Water Quality (ANZG, 2018).
7782-42-5 Graphite NICNAS (2017) low concern chemical
14807-96-6 Talc NICNAS (2017) low concern chemical
8042-47-5 Mineral oil NICNAS (2017) low concern chemical
7440-50-8 Copper NICNAS (2017) low concern chemical
7440-66-6 Zinc NICNAS (2017) low concern chemical
1305-78-8 Calcium oxide NICNAS (2017) low concern chemical
7429-90-5 Aluminium not powder, dust or fume NICNAS (2017) low concern chemical
1317-38-0 Copper (Il) Oxide NICNAS (2017) low concern chemical
64-02-8 Tetrasodium ethylenediaminetetraacetate | NICNAS (2017) low concern chemical

*CAS number not provided to AECOM, information obtained via chemical manufacturer’'s SDS
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Based on the Tier 1 screening 26 drilling fluid chemicals were identified to require a Tier 2 assessment.
It is to be noted that none of these chemicals were identified to be persistent and bioaccumulative.

Two of the chemicals are proprietary. For one of the chemicals, the CAS number and name have been
redacted from the public submission to protect the intellectual property of chemical manufacturer.
Although the proprietary details of the chemical have been redacted in this report, AECOM had access
to the chemical name and CAS number and the assessment of risk from the redacted chemical is
presented in this report. For the other proprietary chemical (Performatrol), the CAS number was not
provided by the chemical manufacturer, however the information in its SDS was utilised to inform this
assessment.

The Tier 1 screening is provided in Appendix D, and the chemical toxicological profiles are provided in
Appendix G.

2.1.3 Outcome of Tier 1 Screen — Chemical Tracers

The following chemical tracers may be used for the Beetaloo Exploration and Appraisal Program — CFT,
GFT and WFT. The proprietary chemical CAS numbers and names have been redacted from the public
submission to protect the intellectual property of chemical manufacturers. Although the proprietary
details of the chemicals have been redacted in this report, AECOM had access to the chemical names
and CAS numbers (with the exception of Performatrol) and the assessment of risk from the redacted
chemicals is presented in this report.

Comparison of the chemicals with the assessment criteria indicated that all chemicals were considered
to require a Tier 2 assessment. However, none of these chemicals were identified to be persistent and
bioaccumulative.

The Tier 1 screening is provided in Appendix E, and the chemical toxicological profiles are provided in
Appendix H.

3.0 Hydraulic Fracture Chemical Risk Assessment Tier 2 Screen
3.1.1 Tier 2 Screen Methodology

The Tier 2 assessment evaluated the toxicity of the individual chemicals and characterised the
cumulative risks of the total fluid mixtures to Workers. The methodology incorporated an assessment of
potential exposures to the Workers, with the following identified as the only potentially complete
exposure pathways:

¢ Incidental ingestion and dermal contact of flowback fluid by Workers during the hydraulic
stimulation period for a maximum duration of 1 month; and

¢ Inhalation of mist from the evaporation units at the flowback tank by Workers for a maximum
duration of 1 year.

These scenarios are also deemed protective of the following due to the less frequent and short duration
of these exposures occurring:

o  Worker exposure during a spill (i.e. a coupling breaks on a tank and releases product onto the
worker) or leak scenarios

Based on the risk mitigation measures identified in the NT Government Scientific Inquiry into Hydraulic
Fracturing in the Northern Territory, the Code of Practice for Onshore Petroleum Activities in the
Northern Territory and mitigation measures outlined by Origin in its EMPs, no potentially complete
exposure pathways were identified for hydraulic fracturing chemicals to impact groundwater that is used
for beneficial use in the project area. The specific controls implemented by Origin focussed on the
protection of aquifers follow industry standard practice and include:

o the physical vertical separation distances of 1,400 m between the aquifer and target formation to
prevent any migration of stimulation fluid to aquifer units;

o the horizontal separation distance between the exploration well and the closest groundwater
extraction bores of at least 1 km, as per the Code;

° use of double lined wastewater tanks with leak detection;
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¢ implementation of spill management plan;

e use of enclosed tanks and freeboard requirements; and

e mandatory secondary containment requirements.

- Hydraulic Fracturing Chemical

Potential exposures to hydraulic fracturing chemicals at the project area were therefore assessed to be
limited to the above ground storage and handling of flowback water. Management of flowback water
involves temporary storage in above ground fluid holding tanks for evaporation.

3.1.2 Chemicals of Potential Concern

Exposure point concentrations (EPC) were developed for each of the hydraulic fracturing fluid systems
using theoretical calculations, where it was conservatively assumed that 100% of the mass of the

chemicals injected into the well will be present in the flowback water.

A summary of the chemicals that require further assessment are presented in Table 3 to Table 7.

Table 3 Chemicals requiring further assessment (Tier 2) — Stimulation Fluid SW Recipe (24 chemicals)

CAS ' Chemical Name
7647-01-0 Hydrochloric acid
68937-66-6 Alcohols, C6-12, ethoxylated propoxylated
69227-22-1 Alcohols, C10-16, ethoxylated propoxylated
7647-14-5 Sodium Chloride
64-19-7 Acetic acid
81741-28-8 Tributyl tetradecyl phosphonium chloride
25322-68-3 Polyethylene glycol
7631-90-5 Sodium bisulfite
104-55-2 Cinnamaldehyde
111-46-6 Diethylene glycol
67-56-1 Methanol
61788-90-7 Amine oxides, cocoalkyldimethyl
1310-73-2 Sodium hydroxide
100-52-7 Benzaldehyde
64-17-5 Ethanol
64742-47-8 Hydrotreated light petroleum distillate
61791-00-2 Fatty acids, tall-oil, ethoxylated
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl)
71-36-3 Butyl alcohol
68131-39-5 Alcohols, C12-15, ethoxylated
68551-12-2 Alcohols, C12-16, ethoxylated
107-13-1 Acrylonitrile
111-42-2 Diethanolamine
111-30-8 Glutaraldehyde
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Table 4 Chemicals requiring further assessment (Tier 2) — Stimulation Fluid Hybrid Recipe (30 chemicals)

CAS

‘ Chemical Name

7647-01-0 Hydrochloric acid
68937-66-6 Alcohols, C6-12, ethoxylated propoxylated
1319-33-1 Ulexite
102-71-6 Triethanol amine
7647-14-5 Sodium Chloride
1310-73-2 Sodium hydroxide
69227-22-1 Alcohols, C10-16, ethoxylated propoxylated
64-19-7 Acetic acid
111-42-2 Diethanolamine
81741-28-8 Tributyl tetradecyl phosphonium chloride
7631-90-5 Sodium bisulfite
7758-19-2 Chlorous acid, sodium salt
12008-41-2 Disodium octaborate tetrahydrate
104-55-2 Cinnamaldehyde
25322-68-3 Polyethylene glycol
111-46-6 Diethylene glycol
14808-60-7 Crystalline silica, quartz
67-56-1 Methanol
7775-27-1 Sodium persulfate
61788-90-7 Amine oxides, cocoalkyldimethyl
100-52-7 Benzaldehyde
64-17-5 Ethanol
64742-47-8 Hydrotreated light petroleum distillate
61791-00-2 Fatty acids, tall-oil, ethoxylated
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl)
71-36-3 Butyl alcohol
68131-39-5 Alcohols, C12-15, ethoxylated
68551-12-2 Alcohols, C12-16, ethoxylated
107-13-1 Acrylonitrile
111-30-8 Glutaraldehyde
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Table 5 Chemicals requiring further assessment (Tier 2) — Stimulation Fluid HVFR Recipe (25 chemicals)

CAS ‘ Chemical Name ‘
64-19-7 Acetic acid

69227-22-1 Alcohols, C10-16, ethoxylated propoxylated
68131-39-5 Alcohols, C12-15, ethoxylated

68551-12-2 Alcohols, C12-16, ethoxylated

68937-66-6 Alcohols, C6-12, ethoxylated propoxylated
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl)
61788-90-7 Amine oxides, cocoalkyldimethyl

100-52-7 Benzaldehyde

71-36-3 Butyl alcohol

104-55-2 Cinnamaldehyde

111-42-2 Diethanolamine

111-46-6 Diethylene glycol

64-17-5 Ethanol

68439-54-3 Ethoxylated branched C13 alcohol
61791-00-2 Fatty acids, tall-oil, ethoxylated

7647-01-0 Hydrochloric acid

64742-47-8 Hydrotreated light petroleum distillate
67-56-1 Methanol

25322-68-3 Polyethylene glycol

1338-43-8 Sobitan, mono-9-octadecenoate, (Z)
7631-90-5 Sodium bisulfite

1310-73-2 Sodium hydroxide

9005-65-6 Sorbitan monooleate polyoxyethylene derivative
81741-28-8 Tributyl tetradecyl phosphonium chloride
10486-00-7 Sodium perborate tetrahydrate

Table 6 Chemicals requiring further assessment (Tier 2) — Drilling Fluids (26 chemicals)

CAS ‘ Chemical Name ‘
78330-21-9 Alcohol, C11-14, ethoxylated
64742-47-8 Distillates, hydrotreated light
68909-77-3 Ethanol, 2,2'-oxybis-, reaction products with ammonia, morpholine derivatives residues
111-30-8 Glutaraldehyde
107-22-2 Glyoxal <1%
67-56-1 Methanol
5064-31-3 Nitrilotriacetic acid, trisodium salt monohydrate
14808-60-7 Quartz/Cristobite
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CAS Chemical Name
497-19-8 Sodium Carbonate
533-74-4 Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione
50-01-1 Guanidine, hydrochloride (1:1)
4719-04-4 Triazine based biocide C572,2',2"-(hexahydro-1,3, 5-triazine-1,3,5-triyl) triethano
10192-30-0 Ammonium hydrogensulfite
68909-77-3 Eltltr:]alggl,a;g'ixybis-, reaction products with ammonia, morpholine derivs. Residues
848301-67-7 Distillates (Fischer-Tropsch), C8-26 - Branched and Linear
68990-47-6 Fatty acids, tall-oil, rgaction prpducts with diethylenetriamine, maleic anhydride,
tetraethylenepentamine and triethylenetetramine
34590-94-8 (2-methoxymethylethoxy)propanol
1120-36-1 1-tetradecene
68155-20-4 Amides, tall oil fatty N,N-bis (hydroxyethyl)
68910-93-0 Fatty acids, tall-oil, reaction products with polyethylenepolyamines
68585-36-4 Phosphoric ester of ethoxylated fatty alcohol
629-73-2 Hexadec-1-ene
64742-52-5 Distillates (petroleum), hydrotreated heavy naphthenic
64742-53-6 Distillates (petroleum), hydrotreated light naphthenic < 3% DMSO
64741-44-2 Distillates (petroleum), straight-run middle
8052-42-4 Bitumen
68457-79-4 Phosphorodithioic acid, mixed o,0-bis(iso-bu and pentyl) esters, zinc salts
4719-04-4 Triazine based biocide C572,2',2"-(hexahydro-1,3, 5-triazine-1,3,5-triyl) triethano
10192-30-0 Ammonium hydrogensulfite
68909-77-3 Eltltr:]alggl,a;g'ixybis-, reaction products with ammonia, morpholine derivs. Residues
848301-67-7 Distillates (Fischer-Tropsch), C8-26 - Branched and Linear
68990-47-6 Fatty acids, tall-oil, re'action prpducts with diethylenetriamine, maleic anhydride,
tetraethylenepentamine and triethylenetetramine
34590-94-8 (2-methoxymethylethoxy)propanol
1120-36-1 1-tetradecene
68155-20-4 Amides, tall oil fatty N,N-bis (hydroxyethyl)
68910-93-0 Fatty acids, tall-oil, reaction products with polyethylenepolyamines
68585-36-4 Phosphoric ester of ethoxylated fatty alcohol
629-73-2 Hexadec-1-ene
64742-52-5 Distillates (petroleum), hydrotreated heavy naphthenic
64742-53-6 Distillates (petroleum), hydrotreated light naphthenic < 3% DMSO
64741-44-2 Distillates (petroleum), straight-run middle
8052-42-4 Bitumen
68457-79-4 Phosphorodithioic acid, mixed o,0-bis(iso-bu and pentyl) esters, zinc salts
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Table 7 Chemicals requiring further assessment (Tier 2) — Chemical Tracers (4 chemicals)

CAS ‘ Chemical Name ‘
Proprietary CFT (one chemical selected to represent a group of 20 similar chemicals)
Proprietary GFT (one chemical selected to represent a group of 15 similar chemicals)
Proprietary WFT
Proprietary WFT
3.13 Outcome of Tier 2 Screen

For the assessment of the overall potential for adverse human health effects posed by simultaneous
exposure to multiple chemicals, the estimated daily intake of the chemicals by inhalation and direct
(ingestion and dermal) contact were compared to acceptable risk-based intakes to calculate an
individual hazard quotient (HQ) and then summed for all constituents into a hazard index (HI).

Consistent with Australian risk assessment methodologies, if the Hl is less than or equal to 1, then no
adverse health effects are likely associated with exposures. However, if the total Hl is greater than 1,
adverse health effects may be possible and therefore the assumptions inherent in the risk
characterisation process warrant further evaluation

3.1.3.1 Stimulation Fluids

A summary of the calculated risks for the workers that are relevant to the assessment of potential
exposure to COPCs in stimulation fluids on-site, based on the available data is presented in Table 8.

Table 8 Risk associated with potential exposure to Workers — Stimulation Fluids

Threshold Hazard

Receptor and Pathway Index
100% Mass Return

Worker - Exposure to Stimulation Fluid SW Recipe

Ingestion of chemicals via incidental contact with flowback water 0.01
Dermal exposure to chemicals via incidental contact with flowback water 0.20
Inhalation of mist from the evaporation units containing flowback water 0.05
Total Risk 0.3

Worker - Exposure to Stimulation Fluid Hybrid Recipe

Ingestion of chemicals via incidental contact with flowback water 0.03
Dermal exposure to chemicals via incidental contact with flowback water 0.08
Inhalation of mist from the evaporation units containing flowback water 0.74
Total Risk 0.9

Worker - Exposure to Stimulation Fluid HVFR Recipe

Ingestion of chemicals via incidental contact with flowback water 0.01

Dermal exposure to chemicals via incidental contact with flowback water 0.22

Inhalation of mist from the evaporation units containing flowback water 0.05

Total Risk 0.3
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The following can be noted from the table above:

e The calculated risks associated with potential exposure to COPC identified in flowback water,
where either SW, Hybrid or HVFR stimulation fluid recipes are used and assuming 100% mass
recovery, are below the target 1, hence, risks are considered to be low and acceptable.

3.1.3.2 Drilling Fluid

A summary of the calculated risks for the workers that are relevant to the assessment of potential
exposure to COPCs in the drilling fluid on-site, based on the available data is presented in Table 9.

Table 9 Risk associated with potential exposure to Workers — Drilling Fluid

Threshold Hazard

Receptor and Pathway Index
100% Mass Return

Worker

Ingestion of chemicals via incidental contact with flowback water 0.004
Dermal exposure to chemicals via incidental contact with flowback water 0.007
Inhalation of mist from the evaporation units containing flowback water 0.2
Total Risk 0.3

The following can be noted from the table above:

e The calculated risks associated with potential exposure to COPC identified in flowback water,
where drilling fluid recipe is used and assuming 100% mass recovery are below the target 1,
hence, risks are considered to be low and acceptable.

3.1.3.3 Chemical Tracers

A summary of the calculated risks for the workers that are relevant to the assessment of potential
exposure to COPCs in the Chemical Tracers on-site, based on the available data is presented in Table
10.

Table 10 Risk associated with potential exposure to Workers — Chemical Tracers

Threshold Hazard
Receptor and Pathway Index

100% Mass Return ‘

Worker — Exposure to Chemical Tracer CFT Recipe

Ingestion of chemicals via incidental contact with flowback water 0.0000032
Dermal exposure to chemicals via incidental contact with flowback water 0.000010
Inhalation of mist from the evaporation units containing flowback water 0.000018
Total Risk 0.00003

Worker — Exposure to Chemical Tracer GFT Recipe

Ingestion of chemicals via incidental contact with flowback water 0.0000047
Dermal exposure to chemicals via incidental contact with flowback water 0.0010
Inhalation of mist from the evaporation units containing flowback water 0.000026
Total Risk 0.001

Worker — Exposure to Chemical Tracer WFT Recipe

Ingestion of chemicals via incidental contact with flowback water 0.30
Dermal exposure to chemicals via incidental contact with flowback water 0.012
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Threshold Hazard
Receptor and Pathway Index

100% Mass Return ‘

Inhalation of mist from the evaporation units containing flowback water -

Total Risk 0.3

The following can be noted from the table above:

e The calculated risks associated with potential exposure to COPC identified in flowback water,
where either CFT, GFT or WFT chemical tracer recipes are used and assuming 100% mass
recovery, are below the target 1, hence, risks are considered to be low and acceptable.

3.1.34 Combination of Hydraulic Fracturing Fluid Systems

A summary of the calculated risks for the workers that are relevant to the assessment of potential
exposure to COPCs from combinations of hydraulic fracturing fluid systems on-site, based on the
available data is presented in Table 11.

Table 11 Risk associated with potential exposure to Workers — Combination of Hydraulic Fracturing Fluid Systems

Threshold Hazard Index \

AL 100% Mass Return ‘
Worker

Exposure to SW + Drilling Fluid + Chemical Tracer CFT Recipes 0.5
Exposure to Hybrid + Drilling Fluid + Chemical Tracer CFT Recipes 1
Exposure to HVFR+ Drilling Fluid + Chemical Tracer CFT Recipes 0.5
Exposure to SW + Drilling Fluid + Chemical Tracer GFT Recipes 0.5
Exposure to Hybrid + Drilling Fluid + Chemical Tracer GFT Recipes 1
Exposure to HVFR+ Dirilling Fluid + Chemical Tracer GFT Recipes 0.5
Exposure to SW + Drilling Fluid + Chemical Tracer WFT Recipes 0.8
Exposure to Hybrid + Drilling Fluid + Chemical Tracer WFT Recipes 1
Exposure to HVFR+ Dirilling Fluid + Chemical Tracer WFT Recipes 0.8

The following can be noted from the table above:

e  On the basis of the risk evaluation, no unacceptable risk to Workers was identified in all of the
possible recipe combinations of stimulation fluids, drilling fluids and chemical tracers. It is noted
that conservative risk scenarios assessed included regular exposure to the flowback water during
the hydraulic stimulation and evaporation phases, with exposures to high theoretical
concentrations of COPC in the flowback water. This may result in overestimation of the risk.

It is to be noted that this assessment does not replace the requirement for appropriate occupational
health and safety procedures and management plans. Crystalline silica is scheduled by Safe Work
Australia as a chemical for which health monitoring may be required.

The Tier 2 assessment is provided in Appendix A to Appendix E, the chemical toxicological profiles
are provided in Appendix F to Appendix H.
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4.0 Chemical Transport, Storage and Handling

Origin aligns its transport, storage, and handling of hazardous chemicals with WHS Regulations, and
the prescribed chemical legislation including all obligations and duties for storage and handling of
hazardous chemicals and eliminating risks to workers from potential exposure and the potential
requirements for health monitoring.

The following prescribed chemical legislation, as defined by the Petroleum (Environment) Regulations
2016, will be followed as it relates to the transport, storage, and handling of HFS chemicals:

e Medicines, Poisons and Therapeutic Goods Act 2012 and Medicines, Poisons and Therapeutic
Goods Regulations 2014

e Dangerous Goods Act 1998

e  Water Act 1992

e Waste Management and Pollution Control Act 1998

o  Work Health and Safety (National Uniform Legislation) Act 2011
e Radiation Protection Act 2004.
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Any harmul effects to aquatic ecosystems are therefore not ecotoxicological in
nature. No chronic toxicity data were identified.

as not absorbed via Gl tract

exposure.

Density Volume of Yl il s et clitan e Tier 1 Screening Tier 2 Assessment Tier 2 Assessment Mg 2 Sl
Chemical Name CAs Number | FEE | iea () | Frection [ MassinFiuid | Fraction | i Injected | Compound Ecotoxicity® Toxicity? Biodegradation*® Bioaccummulative Aty o T e Nl Worker Aerosol Inhalation Hazard Quotient Outcome of Tier 2 Worker Risk Assessment*
(i) (ko) (©6whiw) | Fluid (ngiL) |  Purpose Risk
96-hour fish LC50 value is >100 mg/L Choline chioride is readily
- Not Bioaccumulative (based on a
Proprietary Proprietary 11 24,720 0.0950% 27,192 0.0973% 1,096 Clay Stabiliser |8-hourin vertebrale ECS0is 349 mgl. Based on Chronic: Low | Piodegradable and thus itdoes not | oo e 1o Kow of -3.77 anda  |Tier 1 (NICNAS) |NA NA NA NA NA
72-hour EC50 to Pseudokirchneriella subcapitata is >1,000 mg/L meet the screening criteria for
/ ! calculated BCF of 0.59)
21-day Daphnia NOEC value is 30.2 mgiL persistence.
Guaroum s antural g |y gscumuttobasadon e
Guar gum 9000-30-0 07 23,649 0.0909% 16,555 0.0592% 667 Gelling agent | '9West measured ecotoxicity endpoint for fish was reported tobe 218 | gy oy Acute: Low | expected to readily biodegrade. Thus, it |TI0/eCular weight of guar gum (ranges  |.rie 4 (\ICNAS)  |NA NA NA NA NA
mg/L. " from 200,000 to 300,000 daltons), and it
is not expected to meet the screening |1+ 270 0 ¢ )
criteria for persistence
Algae = 0.492 mg/L
Hydrochloric acid 7647-01-0 1152 [10,206 0.0392% 1,757 0.0421% 474 Acid Daphnia > r'::fL'“g’ L Based on Chronic: Low | N.A.(Inorganic) N.A. (Inorganic) Tier2 NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only
Daphnia (chronic) = 62 mg/L
LC50 (96h) 0.59 mg/L (Pleuronectes platessa) ’ ' ’
" ; Not Bio accumulative (Based on an Based on the calculated HQ the chemical is of low
Alcohols, C6-12, ethoxylated 68937-66-6 0.94 5,253 0.0202% 4,938 0.0177% 199 Surfactant ECS0 (48h) 0.14 mg/L (Daphnia magna) Based on Chronic: Expected to be readily biodegradable | i ateq 1og Kow value of 4.3~ | Tier2 1.40E-03 7.78E-05 7.79E-03 9.26E-03 concern for workers (refer to individual toxicity profile
propoxylated EC50 (96h) 0.7 mg/L. (Pseudokirchneriella subapitata) Moderate based on similar substances e ‘
/ ° 5.36, and BCF value of 1.1—1.8) and risk calculations for further detal),
NOEC 4.4 mg/L (Pimephales promelas, juvenile)
LSO for fish = 22800 mg/L No based on the measured log Kow
Ethylene glycol 107-21-1 111 3,723 0.0143% 4132 0.0148% 166 Crosslinker LS50 for Daphnia 7800 mg/L Based on Acute: Low | Readily biodegradable g Tier 1 (NICNAS)  [NA NA NA NA NA
of -1.36 and a measured BCF of 10
NOEC for Algae =100 mg/L
) o ' Based on the calculated HQ the chemical is of low
Ulexite 1319-33-1 149 3476 0.0134% 5175 0.0185% 209 Crosslinker g‘:";‘ﬂf;””"‘"‘s for Boric acid were available for Daphnia (6 mglL) and Fish Ef;‘::a‘:: Chronic: N.A.(Inorganic) N.A. (Inorganic) Tier 2 7.63€-03 3.21E-03 4.25€-02 5.33E-02 concern for workers (refer to individual toxicity profile
o and risk calculations for further detal),
B O Not Bio accumulative (Based on an Based on the calculated HQ the chemical is of low
Triethanol amine 102716 11245 (3,309 0.0127% 3721 0.0133% 150 Crosslinker ngn:; 21 NOEG of 16 m'g“/f Based on Chronic: Low  [Inherently biodegradable estimated log Kow value of -1.0,and | Tier 2 4.21E-04 9.55E-06 2.35E-03 2.78E-03 concern for workers (refer to individual toxicity profile
Aga0.9 h £G20 07 910 mgh BCF value of <3.9) and risk calculations for further detal),
EC50 = 400 10 30000 mg/L Low chronic toxicity, insufficient [Low chronic toxicity, insufficient | Low chronic toxicity, insufficient |Low chronic toxicity, insufficient |Low chronic toxicity, insufficient data to establish
Sodium Chloride 7647-14-5 2.165 2,859 0.0110% 6,189 0.0221% 249 Stabiliser EC50 Fish = 1290 mg/L Based on Chronic: Low [N.A.(Inorganic) N.A. (Inorganic) Tier 2 ty, insul oxicity, Insu ty, insul oxicity, Insu W ty,insu
- ; data to establish toxicity value | data to establish toxicity value | data to establish toxicity value | data to establish toxicity value | toxicity value
NOEC = 314 mg/L (Daphnia)
96 hr LC50 for fish is >1000 mg/L
NOEC from a chronic early lfe stage test for the fathead minnow is 56 Sodium poyacryate has imited
mg/L Based on Chronic: biodegradation potential and thus | 2i02ceumulation of sodium
Sodium polyacrylate 9003-04-7 1.32 2,370 0.0091% 3128 0.0112% 126 48 hr LC50 for Dapnia magna is >1000 mg/L. i e e e o polyacrylate is unlikely due to the high| Tier 1 (NICNAS)  |NA NA NA NA NA
NOEC for a 21day chronic reproductive test on Daphnia magna s 5.6 ' 9 molecular weight of the polymer.
ot persistence.
ECA10 for Scenedesmus is 180 mg/L
) NA. Acute toxicity only (irritant | NA. Acute toxicity only (irrtant | NA. Acute toxicity only (iritant NA. Acute toxicity only (irrtant - o ’
Sodium hydroxide 1310732 1515|2059 0.0079% 3119 0.0112% 126 pH buffer Moasured x‘fn;”:n";;gff"“:ve;feaa"jif‘if:;‘fe";;ﬁg';é;:‘GE’FZQJ;)'“Q/LJ Based on Chronic: Low | N.A.(Inorganic) N.A. (Inorganic) Tier2 and corrosive), not systemically |and corrosive), not systemically |and corrosive), not systemically |and corrosive), not systemically 's‘“:'tegci;’;ﬁ “:‘J::gg:'?:\(g;;a"t and corrosive), not
available in body available in body available in body available in body 4 v d
) LC50 (96h) 0.59 mglL (Pleuronectes platessa ’ ’ ;
Friction " Not Bio accumulative (Based on an Based on the calculated HQ the chemical is of low
Alcohals, C10-16, ethoxylated 69227.221 094 1,876 0.0072% 1,763 00063% |71 Reducer, ECS50 (48h) 0.14 mg/L. (Daphnia magna) Based on Acute: Very | Expected to be readily biodegradable | o e 1o Kow value of 43~ | Tier 2 4.99E-04 6.50E-02 2.78E-03 6.92E-02 concer for workers (refer to individual toxicity profile
propoxylated ErC50 (48h) 0.7 mg/L (Skeletonema costatum) high based on similar substances e ‘
Surfactant ! 5.36, and BCF value of 1.1—1.8) and risk calculations for further detal).
ErC50 (16.9h) > 10 g/L (Pseudomonas putida)
o _ . . Based on the calculated HQ the chemical is of low
Acetic acid 64-19-7 1.05 1,558 0.0060% 1,636 00059% |66 Acid Acute endpoints: Fish = 75 mg/L, Daphnia EC50 = 32 mg/L Based on Chronic: Low | Readily biodegradable Not Bio accumulative (Based onlog | 1o, 1.93E-05 4.93E-06 1.07E-04 1.32E-04 concer for workers (refer to individual toxicity profile
Chronic endpoints: Daphnia = 150 mg/L Kow =-0.136) e ‘
and risk calculations for further detal),
Fish 96-h LC50 = 1370 mg/l
Breaker Invertebrates 48-h EC50 = 55 mg/l Not Bioaccumulative. Based on a Based on the calculated HQ the chemical is of low
Diethanolamine 11422 14 1,459 0.0056% 1,605 0.0057% 65 Pseudokirchneriella subcapitata 96-h ErC50 = 2.2 mg/ Based on Chronic: High | Readily biodegradable measured log Kow of 218 anda | Tier 2 1.626-02 3.37E-04 9.04E-02 1.07E-01 concern for workers (refer to individual toxicity profile
Activiator i e ‘
Microorganisms 16-h TTC = 16 mg/l caloulated BCF of 3.16 and risk calculations for further detail),
Daphnia magna, the NOEC (21 days) was 0.78 mg/l
LC50: (96 hour) 0.46 mg/L. (Oncorhynchus mykiss)
LC50: (96 hour) 0.06 mg/l (Lepomis macrochirus)
LC50: (96 hour) 0.58 mg/l (fish)
TLM6: 1.6 mg/l (Crangon crangon)
Tributy tetradecyl phosphonium ’ . N ) : Based on Acute: Very | Not available, however it has been  [Not bioaccumulative (Based on an ) )
e 81741288 095 736 0.0028% 700 0.0025% 28 Biocide TLM48: 0.025 mg/l (Daphnia magna o Sosarvad ta biodborare i acciment. |ostimatod log Kow e of 626, | %72 NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only NA. Acute toxity only
Modelled acute endpoint:
Daphnia is 16.788 mg/L
Fish is 1059.2530 mg/L
96 hour LC50 for fish = 1400 mgiL Polymers are not readily Polymers are expected to have very
Acrylamide acrylate copolymer 9003-06-9 0.75 730 0.0028% 548 0.0020% 22 Scale Inhibitor | 48 Nour EC50 for Daphnia magna = 1 200 mg/L Based on Chronic: Low |biodegradable, hence they meet the | M9 molecular weights and poor Tier 1 (NICNAS)  [NA NA NA NA NA
21 day EC50 for Daphnia magna = 680 mg/L e Tor sorerstoro, | water solubilty. They are not
21 day NOEC for algae = 380 mg/L 9 P expected to be bioavailable.
- Based on the calculated HQ the chemical is of low
Sodium bisulfite 7631-90-5 244 483 0.0019% 1,179 0.0042% 47 Scale Inhibitor | 721-EC50 = 36.8 mg sodium sufftelL (alga) Based on Chronio N.A.(Inorganic) N.A. (Inorganic) Tier 2 1.50E-05 3.04E-11 8.85E-05 1.04E-04 concern for workers (refer to individual toxicity profile
NOEC of >8.41 mg sodium suffite/L. (Daphnia) Moderate
and risk calculations for further detal),
LC50 values above 100 mgil (fish) Based on Acute: Vi No. Not expected 0 be persistent due. | No. Based on an estimated Iog K Based on the calculated HQ the chemical is of low
Chlorous acid, sodium salt 7758-19-2 247 458 0.0018% 1,131 0.0040% 46 Breaker LC50 48-hour = 0.063 mg/l (daphnia) H?se on Acute: Very 0. Not expected to be persistent due | No. Based on an estimated log Kow | e 4.10E-03 1.56E-08 2.29E-02 2.70E-02 concern for workers (refer to individual toxicity profile
igh toits instability. value of 3
ECr50 value at 72 h as 1.2 mg/l (algae) and risk calculations for further detail).
Algae: EC10 (3 d) 96.5 mg/L (Pseudokirchneriella subcapitata)
Fish: LC50 (96 h) 314.6 mg/L (Pimephales promelas), NOEC (34 d) 25.2 mg/L Based on the calculated HQ the chemical is of low
Disodium octaborate tetrahydrate  [12008-41-2  [1.674 |36 0.0013% 630 0.0023% 25 Crosslinker | (Danio rerio) Based on Chronic: Low | N.A.(Inorganic) N.A. (Inorganic) Tier 2 9.20E-04 3.90E-04 5.17E-03 6.49E-03 concern for workers (refer to individual toxicity profile
Invertebrates: NOEC (21 d) 42.5 mg/L (Daphnia magna) and risk calculations for further detail).
Microorganism: EC50 (3 h) > 39371 mg/L (activated sludge)
Danio rerio (Zebrafish) 96 h LC50 = 3.1 mglL;
Corrosion Daphnia magna (Water flea) 48 h EC50 = 3.86 mg/L; Pseudokirchneriella g o o Based on the calculated HQ the chemical is of low
Cinnamaldehyde 104-65-2 1048 (332 0.0013% 348 0.0012% 14 tor subcapitata (Green algae) 72 h EC50 = 4.07 mglL. Vodarate N.A.(Inorganic) N.A. (Inorganic) Tier 2 2.46E-05 5.89E-05 1.37E-04 2.21E-04 concern for workers (refer to individual toxicity profile
72 h NOEC value = 2.0 mg/L Pseudokirchneriella subcapitata (Green and risk calculations for further detal).
algae)
LC50 = 100 mglL (fish) Based on Acute: Based on the calculated HQ the chemical is of low
Polyethylene glycol 25322683 121 328 0.0013% 397 0.0014% 16 Scale Inhibitor LC50 = 1000 mglL. (invertebrates) ocrang e Expected to be readily biodegradable |No based on BCF of 3.2 Tier 2 7.03E-06 6.92E-09 3.926-05 4.62E-05 concern for workers (refer to individual toxicity profile
EC 50 = 15.91 mg/L (algae) and risk calculations for further detal).
Corrosion Based on the calculated HQ the chemical is of low
Diethylene glycol 111466 112 303 0.0012% 339 0.0012% 14 et LC 50 = >100 mglL (fish, invertebrates, algae) Based on Acute: Low | Readily biodegradable No based on the estimated BCF of 3 | Tier 2 1.60E-04 3.07E-06 891E-04 1.05€-03 concern for workers (refer to individual toxicity profile
and risk for further detail.
no acute toxicity to fish, Daphnia, or algae, though some physical effects were o o Based on the calculated HQ the chemical is of low
Crystalline silica, quartz 14808-60-7 26 235 0.0009% 611 0.0022% 25 Crosslinker | Oserved with loading rates of greater than or equal to 10 giL (OECD 2004). | g o Acute: Low | N.A.(Inorganic) N.A. (Inorganic) Tier 2 NA. Not toxic via oral exposure | NA. Not toxic via dermal 5.62E-01 5.62E-01 concern for workers (refer to individual toxicity profile

and risk calculations for further detail).
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Density | Volume of Ve Slemicel DS EEMEETELE ey Tier 1 Screening Tier 2 Assessment Tier 2 Assessment ity 2/ SN
Chemical Name CAs Number | FEE | iea () | Frection [ MassinFiuid | Fraction | i Injected | Compound Ecotoxicity® Toxicity? Biodegradation*® Bioaccummulative® Assesement o T e Worker Berme e Worker Aerosol Inhalation Hazard Quotient Outcome of Tier 2 Worker Risk Assessment*
(v (kg) ©6wiw) | Fluid (mgiL) | Purpose Risk
Corrosion 'Z‘ii‘]oi::%ejgﬁg:gggg;f;:fﬂ (;"336 (:‘s'/'ﬂ (Daphnia) Based on the calculated HQ the chemical is of low
Methanol 67-56-1 0791|125 0.0005% % 0.0004% 4 Inhibitor, 28 daye NOEG was 446.7 malL feh) ‘oL (Dap! Based on Chronic: Low |Readily biodegradable No based on the Log Kow of -0.74 [ Tier 2 3.76E-04 5.52E-05 2.10E-03 2.53E-03 concern for workers (refer to individual toxicity profile
Surfactant |2 o8 N OFG wa 208 gl (imvertebrates) and risk calculations for further detail).
LC50 fish = 163 to 771 mglL. Based on the calculated HQ the chemical is of low
Sodium persulfate 7775271 1,68 116 0.0004% 194 0.0007% 8 Breaker EC50 invertebrates = 133 and 519 mg/L Based on Acute: Low | N.A.(Inorganic) N.A. (Inorganic) Tier 2 4.10E-05 1.33E-08 2.29E-04 2.70E-04 concern for workers (refer to individual toxicity profile
ECS50 algae = 116 mg/L and risk calculations for further detail).
LCS0/EC50/ErC50 values:
0.60-32 mglL for fish
0.50-10.8 mg/L for Daphnia magna :
’ : Based on the calculated HQ the chemical is of low
Amine oxides, cocoalkyldimethyl  [61788-90-7  [0.716 103 0.0004% 74 0.0003% 3 Corrosion 0.010-5.30 gl for aigae Based on Chronic: Very | eadiy biodegradable Nobased on the calculated Log Kow |7;q, » 1.30E-04 6.18E-03 7.27E-04 7.04E-03 concern for workers (refer to individual toxicity profile
Inhibitor NOEC/ EC20: High of <2.7 and BCF <87 ° ‘
and risk calculations for further detail),
0.010-1.72 mglL for algae
0.28 mglL_ for Daphnia
031 mglL for fish
B " o Corrosion LC50/EC50 > 100 mglL (fish, daphnia, algae) :
Citric acid 77-929 1542 |69 0.0003% 106 0.0004% 4 by 5 doy NOEC = 425 gl (aigoe) Based on Chronic: Low  |Readily biodegradable No based on low log Kow Tier 1 (NICNAS)  [NA NA NA NA NA
Cormosion Acute LCSO for freshwater fish is 1.07 mglL, freshwater invertebrates is Based on the calculated HQ the chemical is of low
Benzaldehyde 100-52-7 10415 |47 0.0002% 48 0.0002% 2 r 16.2 mgi/L and EC10 for freshwater algae is 20 mg/L. Based on Chronic: High | Expected to be readily biodegradable |No based on Log Pow of 1.4 Tier 2 2.29E-05 4.03E-05 1.27E-04 1.91E-04 concern for workers (refer to individual toxicity profile
Inhibitor ' ° ‘
Chronic NOEC for freshwater fish is 0.12 mg/L. and risk calculations for further detail),
LCS0/EC50 > 1000 mglL (fish, daphnia, algae) Based on the calculated HQ the chemical is of low
Ethanol 64-175 07864 |45 0.0002% 35 0.0001% 1 Surfactant NOEC for invertebrates is 9.6 mg/L (10 day reproduction), plants it is 280 | Based on Chronic: High |Readily biodegradable No based on calculated logBCF=0.5 | Tier 2 2.07E-07 5.11E-08 1.15E-06 1.41E-06 concern for workers (refer to individual toxicity profile
mglL (7 day study) and risk calculations for further detail),
Yes based on calculated log BCF
Hydrotreated iht petrofeum Friction 96 hr LL50 was 2 to 5 mg/L (fish) values for constituents that range Based on the calculated HQ the chemical is of low
e ed ot pet 64742-478 (0.8 43 0.0002% 35 0.0001% 1 Reducer, 48 hr EL50 was 1.4 mg/L (daphnia) Based on Chronic: High |Readily biodegradable from 2.78104.06, and calculated | Tier 2 4.90E-07 4.41E-04 2.73E-06 4.45E-04 concern for workers (refer to individual toxicity profile
Surfactant |21 d NOEL = 0.48 mg/L (daphnia) BCF values of 598 to 11,430 Likg and risk calculations for further detail).
wet-weight
96h-LL50 > 100 mglL (fish)
- Based on the calculated HQ the chemical is of low
Fatty acids, tall-ol, ethoxylated 61791-00-2 1054 (23 0.0001% 2 0.0001% 1 Surfactant 33:’2'[23 - ;g";wm'”i’" (I‘"Ve"eb’a‘es) Based on Acute: High | Readily biodegradable (read across) "“gobf/ie" onlow BCF values of < |3iq, 3.37E-07 3.27E-06 1.88E-06 5.48E-06 concern for workers (refer to individual toxicity profile
-ELS0 = 9L (algae) g ww and risk calculations for further detail.
72h-EL10 = 7.08 mg/L (algae)
LC50 (96h) 6.7 mg/L (Danio rerio) (similar substance) .
Amides, tall-oi fatty, N.N- , , LG50 (21d) = 0.1 mgL (Daphnia magna) Based on the calculated HQ the chemical s of low
) 68155204 |09 22 0.0001% 20 0.0001% 1 Surfactant Based on Chronic: High | Readily biodegradable (read across) [NoLog Kow 3 Tier 2 5.67E-06 1.86E-04 3.16E-05 2.23E-04 concern for workers (refer to individual toxicity profile
bis(hydroxyethyl) LC50 (48h) mg/l d risk calculations for further detail
EC50 (72h) 2.2 mg/L (Scendesmus subspicatus) (similar substance) and risk calculations for further detail)
Fish, LC50 (96h) 1376 mg/
Invertebrates, EC50 (48h) 1328 mg/L) Based on Chronic Based on the calculated HQ the chemical is of low
Butyl alcohol 71-36-3 081 22 0.0001% 18 0.0001% 1 Surfactant | Algae, EC50 (96h) 225 mg/L Readily biodegradable No based on low log Kow values of 1 | Tier 2 1.98E-06 241E-06 1.10E-05 1.51E-05 concern for workers (refer to individual toxicity profile
_ Moderate ‘ ‘
EC10 (17h) Pseudomonas putida = 2476 mg/L and risk calculations for further detail).
Chronic NOECrepro (21d) = 4.1 mgiL for Daphnia magna
96 h LC50 Oncorhynchus mykiss was 5 - 7 mg/L
Friction LDZP‘;'::: "::C:\f’g‘g;b'?‘%‘;ﬁ ‘ﬁos"z‘“?')ﬂ‘”f 0.11-033mg/L. NwﬁuSi?idaof ;g?g:‘:‘;gg’iﬁ?m Based on the calculated HQ the chemical is of low
Alcohols, C12-15, ethoxylated 68131-30-5  [0.867 |20 0.0001% 18 0.0001% 1 Reducer, P ana, -5 mglL. Based on Chronic: High |Readily biodegradable 35, Tier 2 4.97E-06 3.39E-06 2.77E-05 361E-05 concern for workers (refer to individual toxicity profile
Daphnia magna, NOEC (21 days) was 0.77 - 1.75 mg/L. 1.1-1.8, itis not expected to be ¢ ‘
Surfactant d and risk calculations for further detail),
Green algae, EC50 (96 h) was 1.4 mg/L. bioaccumulative.
EC50 (3 h) for microorganisms was 140 mg/L.
96 h LC50 Oncorhynchus mykiss was 5 - 7 mg/L
Corrosion '[‘)‘;p‘:"r”“'j 'g:ﬁ"ﬁ;’g;g}‘gﬁﬁ \(,\,Sazd;f,)“w/is 011033 gl C“a‘?uf 27?30:‘ Z "325 gr::‘ ngeam« Based on the calculated HQ the chemical is of low
Alcohols, C12-16, ethoxylated 68551122 097 20 0.00008% 19 000007% |1 Inhibitor, phnia magna, 9 Based on Chronic: High | Readily biodegradable % Tier 2 5.42E-06 2.24E-03 3.026-05 2.27E-03 concern for workers (refer to individual toxicity profile
Daphnia magna, NOEC (21 days) was 0.77 - 1.75 mg/L. 1.1 - 1.8, itis not expected to be ‘ ‘
Surfactant and risk calculations for further detail).
Green algae, EC50 (96 h) was 1.4 mg/L. bioaccumulative.
EC50 (3 h) for microorganisms was 140 mg/L.
96 hour LC50 for fish is > 860 mg/l
- . . Corrosion 7 days NOEC for fish is 100 mg/L ; ; ;
Sodium iodide 7681-82-5 367 5 0.00002% 19 0.00007% |1 it 4BS.ECSD for Dephnia magna s 1.27 mglL Based on Chronic: Low |N.A.(Inorganic) N.A.(Inorganic) Tier 1 (NICNAS)  [NA NA NA NA NA
NOEC for algae is 66 mg/L
96h LC50 for freshwater fish = 10 - 20 mg/l
i Based on the calculated HQ the chemical is of low
Acrylonitrile 107-13-1 0.806 2 0.00001% 2 0.00001%  [0.1 Surfactant 3‘;: 5355% "‘g’r s[)a;‘;“’r:f: 25;‘68:9’/';9’ | Based on Chronic: High |Biodegradable g“;g)"’sed onthe low log Pow (0.00- |;e. 1.11E-04 5.95E-05 6.21E-04 7.92E-04 concern for workers (refer to individual toxicity profile
Eeesm e P and risk calculations for further detail),
Sodium Sulfate 7757-82-6 268 0 0.0000004% [0 0.00000% 001 Scale Inhibitor | acute studies all show a toxicity of sodium sulfate higher than 100 mg/l ~ [Based on Acute: Low | N.A.(Inorganic) N.A.(Inorganic) Tier 1 (NICNAS)  [NA NA NA NA NA
96 hacute Bluegill sunfish LC50 = 11.2 mg/L
48 h acute Oyster larvae LC550 = 2.1 mg/L
96 h acute Green crabs LC50 = 465 mg/L
96 h acute Grass shrimp LC50 =41 mg/L
48 acute Daphnia magna LC50 = 0.35 mg/L Based on Chronic Based on the calculated HQ the chemical is of low
Glutaraldehyde 111308 1.05 0 0.0000001% [0 0.00000% |0.001 Biocide 48 acute Daphnia magna LC50 = 16.3 mg/L vl Readily biodegradable No based on the Log Pow of -0.01 | Tier 2 7.47E-05 1.12E-05 4.16E-04 5.02E-04 concern for workers (refer to individual toxicity profile
21 d reproductn Daphnia magna LOEC = 4.3 mg/L, NOEC = 2.1 mg/L and risk calculations for further detail).
96 h algal growth inhibition Selenastrum capricornutum ILm = 3.9 mg/L
(median inhibitory limit)
96 h algal growth inhibition Scenedesmus subspicatus EC50 = 1.0 mg/L
Bacterial inhibition Sewage microbes IC50 = 25-34 mg/L
The calculated risks associated with potential
exposure to COPC identified in flowback water, where
: the HYBRID Recipe is used and assuming 100%
Total Risk OED mass recovery is below the target of 1, respectively.
Hence, chronic health risks are considered to be low
and
Notes

Tier 1 (NICNAS) - Chemical identified as of low concern for human health, as published in the National Assessment of Chemicals Associated with Coal Seam Gas Extraction in Australia (NICNAS 2017).
1 - Please refer to the individual toxicity profiles for further detail.

2 - Toxicity assessed using Commonwealth of Australia 2013 Ecotoxicity Assessment Guidelines (presented as Table 4 in the Northern Territory Government Draft Guideline for the Prep

3- Biodegradation assessed as per Northern Territory Government Draft Guideline for the Prep:

BCF - Bioconcentration Factor
NA - Not Applicable
MOE - Margin of Exposure

of an

NICNAS 2017 - National Assessment of Chemicals Associated with Coal Seam Gas Extraction in Australia
DOE 2017 - Draft Risk Assessment Guidance Manual: For Chemicals Associated with Coal Seam Gas Extraction, Australian Government, Department of Energy
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Plan under the Petroleum Regulations (2019) and Australian Government Department of Health National Industrial Chemicals Notification and Assessment Scheme (NICNAS)
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Toxicity and Dermal Absorption Parameters

C = calculated from chronic value, Ch = chronic value adopted

Client Name: Origin
Project Name: Beetaloo Chemical Risk Assessment

Chemical Oral/Dermal Exposures Inhalation Exposures
Threshold Threshold
Chronic TDI Dermal Non-Threshold Chronic TC or NOAEL or
or RfD Permeability Reference RfC LOAEL Reference Reference
(mg/kg/day) (cm/hr) (mg/m3) (mg/kg bw/d)
COPC in Hydraulic Fracturing Fluid Injected into Well
1319-33-1 Boronatrocalcite/Ulexite” 0.096 D 9.14E-04 EPI (as boric acid) 0.336 converted from RFD 9.6 NICNAS (2017) 100 NICNAS (2017)
68937-66-6 Alcohols, C6-12, ethoxylated propoxylatedB 0.5 D 1.21E-04 EPI 1.75 converted from RFD 50 NICNAS (2017) 100 NICNAS (2017)
69227-22-1 Alcohols, C10-16, ethoxylated propoxv|atedB 0.5 D 2.87E-01 EPI 1.75 converted from RFD 50 NICNAS (2017) 100 NICNAS (2017)
64-19-7 Acetic acid 12 D 5.56E-04 EPI 42 converted from RFD 1200 NICNAS (2017) 100 NICNAS (2017)
25322-68-3 Polyethylene glycol 8 D 2.14E-06 EPI 28 converted from RFD 8000 REACH 1000 D
7631-90-5 Sodium bisulfite® 10.5 D 4.16E-09 EPI 36.75 converted from RFD 1050 NICNAS (2017) 100 NICNAS (2017)
104-55-2 Cinnamaldehyde 2 D 5.20E-03 EPI 7 converted from RFD 200 NTP (2004); REACH 100 D
67-56-1 Methanol 0.037 D 3.19E-04 EPI 0.13 converted from RFD 3.7 NICNAS (2017) 100 NICNAS (2017)
61788-90-7 Amine oxides, cocoalkyldimethyl 0.08 D 1.03E-01 EPI 0.28 converted from RFD 80 OECD (2001) 1000 D
100-52-7 Benzaldehyde 0.3 D 3.83E-03 EPI 1.05 converted from RFD 300 OECD (2002); REACH; NICNAS 1000 D
64-17-5 Ethanol 24 D 5.38E-04 EPI 84 converted from RFD 2400 NICNAS (2017) 100 NICNAS (2017)
64742-47-8 Hydrotreated light petroleum distillate 10 D 1.96E+00 EPI 35 converted from RFD 1000 NICNAS (2017) 100 NICNAS (2017)
61791-00-2 Fatty acids, tall-oil, ethoxylated 10 D 2.11E-02 EPI 35 converted from RFD 1000 REACH 100 D
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl) 0.5 D 7.14E-02 EPI 1.75 converted from RFD 50 USEPA (2010) 100 D
71-36-3 Butyl alcohol 1.25 D 2.31E-03 EPI 4.375 converted from RFD 125 OECD (2001)/NICNAS 100 D
68131-39-5 Alcohols, C12-15, ethoxylated® 0.5 D 1.48E-03 EPI 1.75 converted from RFD 50 NICNAS (2017) 100 NICNAS (2017)
68551-12-2 Alcohols, C12-16, ethoxylated® 0.5 D 8.97E-01 EPI 1.75 converted from RFD 50 NICNAS (2017) 100 NICNAS (2017)
107-13-1 Acrylonitrile 0.0025 D 1.16E-03 EPI 0.00875 converted from RFD 0.25 OECD (2005); NICNAS 100 D
111-42-2 Diethanolamine 0.014 D 4.51E-05 EPI 0.049 converted from RFD 14 REACH; OECD (2002); NICNAS 1000 D
111-30-8 Glutaraldehyde 0.04 D 3.25E-04 EPI 0.14 converted from RFD 4 NICNAS (2017) 100 NICNAS (2017)
102-71-6 Triethanol amine 1.25 D 4.93E-05 EPI 4.375 converted from RFD 125 NICNAS (2017) 100 NICNAS (2017)
7758-19-2 Chlorous acid, sodium salt 0.039 D 8.27E-09 EPI 0.1365 converted from RFD 3.9 NICNAS (2017) 100 NICNAS (2017)
12008-41-2 Disodium octaborate tetrahydrate”® 0.096 D 9.14E-04 EPI (as boric acid) 0.336 converted from RFD 9.6 NICNAS (2017) 100 NICNAS (2017)
7775-27-1 Sodium persulfate 0.67 D 7.05E-07 EPI 2.345 converted from RFD 67 NICNAS (2017) 100 NICNAS (2017)
68439-54-3 Ethoxylated branched C13 alcohol 0.5 D 1.06E-03 EPI 1.75 converted from RFD 50 NICNAS (2017) 100 NICNAS (2017)
1338-43-8 Sobitan, mono-9-octadecenoate, (Z) 25 JECFA 5.02E-02 EPI 87.5 converted from RFD - JECFA(1973); US FDA; FSANZ (2018) - -
9005-65-6 Sorbitan monooleate polyoxyethylene derivative 10 EFSA 3.54E-09 EPI 35 converted from RFD - EFSA (2017) - -
111-46-6 2,2"-oxydiethanol (diethylene glycol) 0.3 D 4.17E-05 EPI 1.05 converted from RFD 300 Health Council of the Netherlands (2007); NICNAS 1000 D
7631-90-5 Sodium bisulfate® 10.5 D 9.29E-09 EPI 36.75 converted from RFD 1050 NICNAS (2017) 100 NICNAS (2017)
14808-60-7 Crystalline silica, quartz Not toxic via oral/dermal exposure 0.003 USEPA (2019) - - - -
10486-00-7 Sodium perborate tetrahydrate 0.05 I D | 1.81E-06 EPI 0.175 converted from RFD 50 REACH 1000 D

Notes:

A - Read across data from Boric Acid

B - Read across data from Alcohol ethoxylates C6-C12
C - Read across data from Sodium Sulfite

References:

D - Derived (refer to individual Toxicity Profiles)

EFSA - European Food Safety Authority

EPI - USEPA Estimation Programs Interface (EPI) Suite

FSANZ - Food Standards Australia New Zealand

J- JECFA - Joint FAO/WHO Expert Committee on Food Additives

NICNAS - National Industrial Chemicals Notification and Assessment Scheme. Assessed at https://www.nicnas.gov.au/

NICNAS (2017) - Department of the Environment and Energy 2017 , National assessment of chemicals associatedwith coal seam gas extraction in Australia, prepared by the National Industrial ChemicalsNotification and Assessment Scheme

NTP - US Department of Health and Serices National Toxicology Program
OECD - Organisation for Economic Co-operation and Development Screening Information Data Set (SIDS)
REACH - ECHA REACH European Chemicals Agency Database: http://apps.echa.europa.eu
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Client Name: Origin
Project Name: Beetaloo Chemical Risk Assessment

Exposure to Chemicals via Incidental Ingestion of Flowback fluid - Hybrid Recipe

Chronic Exposures Exposure Calculations (RME)

General Data/ Equations Units Ingestion of Flowback Water by Workers
Exposure Parameters

Exposure Frequency (EF) days/year 20 Assume work 5 days per week for 1 month during the fraccing period
Exposure Duration (ED) years 0.083 Maximum duration of the frac. Works will be complete in one month.

Body Weight (BW) kg 78 Average male and female adults as per enHealth 2012

Averaging Time - NonThreshold (ATc) days 25550 USEPA 1989 and CSMS 1996
Averaging Time - Threshold (ATn) days 30.42 USEPA 1989 and CSMS 1996
Ingestion Rate (IRw) L/day or L/hr 0.005 Assume Incidental ingestion of 5 ml (1 tsp) of water per day during fraccing.
Bioavailability (B) - 100% Assume 100% bioavailability via ingestion of chemicals in water.
Intake Factor = IRW*ET*B*EF*ED L/kg/day 4.2E-09 NonThreshold
BW*AT 3.5E-06 Threshold

Daily Intake from Water = Concentration in Water x Intake Factor (ref: USEPA 1989)
NonThreshold Risk = Daily Intake from Water for NonThreshold Effects x Slope Factor
Hazard Quotients = (Daily Intake from Water for Threshold Effects/ADI)

Calculated Risk
Chronic Hazard Quotient

Concentration
in Water

Chemical Daily Intake

NonThreshold Threshold

Toxicity Data
Non- Chronic
Threshold  Threshold TDI
Slope Factor

NonThreshold
Risk

Chronic TDI
Allowable for
Assessment (TDI-
Background)

Background
Intake (%
Chronic TDI)

(mglkg-day)” (mg/kg/day) (mg/kg/day) (mg/L) (mg/kg/day) (mg/kg/day) (unitless) (unitless)

68937-66-6 Alcohols, C6-12, ethoxylated propoxylatedB 5.0E-01 5.0E-01 198.94 8.3E-07 7.0E-04 1.4E-03
1319-33-1 Boronatrocalcite/UlexiteA 9.6E-02 9.6E-02 208.50 8.7E-07 7.3E-04 - 7.6E-03
102-71-6 Triethanol amine 1.3E+00 1.3E+00 149.92 6.3E-07 5.3E-04 - 4.2E-04
69227-22-1 Alcohols, C10-16, ethoxylated propoxylatedB 5.0E-01 5.0E-01 71.05 3.0E-07 2.5E-04 -- 5.0E-04
64-19-7 Acetic acid 1.2E+01 1.2E+01 65.91 2.8E-07 2.3E-04 - 1.9E-05
111-42-2 Diethanolamine 1.4E-02 1.4E-02 64.65 2.7E-07 2.3E-04 - 1.6E-02
7631-90-5 Sodium bisulfiteC 1.1E+01 1.1E+01 47.49 2.0E-07 1.7E-04 - 1.6E-05
7758-19-2 Chlorous acid, sodium salt 3.9E-02 3.9E-02 45.57 1.9E-07 1.6E-04 - 4.1E-03
12008-41-2 Disodium octaborate tetrahydrateA 9.6E-02 9.6E-02 25.38 1.1E-07 8.9E-05 - 9.3E-04
104-55-2 Cinnamaldehyde 2.0E+00 2.0E+00 14.02 5.9E-08 4.9E-05 -- 2.5E-05
25322-68-3 Polyethylene glycol 8.0E+00 8.0E+00 16.01 6.7E-08 5.6E-05 -- 7.0E-06
111-46-6 2,2"-oxydiethanol (diethylene glycol) 3.0E-01 3.0E-01 13.65 5.7E-08 4.8E-05 -- 1.6E-04
67-56-1 Methanol 3.7E-02 3.7E-02 3.98 1.7E-08 1.4E-05 - 3.8E-04
7775-27-1 Sodium persulfate 6.7E-01 6.7E-01 7.82 3.3E-08 2.7E-05 - 4.1E-05
61788-90-7 Amine oxides, cocoalkyldimethyl 8.0E-02 8.0E-02 297 1.2E-08 1.0E-05 -- 1.3E-04
100-52-7 Benzaldehyde 3.0E-01 3.0E-01 1.95 8.2E-09 6.9E-06 - 2.3E-05
64-17-5 Ethanol 2.4E+01 2.4E+01 1.41 5.9E-09 5.0E-06 - 2.1E-07
64742-47-8 Hydrotreated light petroleum distillate 1.0E+01 1.0E+01 1.39 5.8E-09 4.9E-06 -- 4.9E-07
61791-00-2 Fatty acids, tall-oil, ethoxylated 1.0E+01 1.0E+01 0.96 4.0E-09 3.4E-06 -- 3.4E-07
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl) 5.0E-01 5.0E-01 0.81 3.4E-09 2.8E-06 -- 5.7E-06
71-36-3 Butyl alcohol 1.3E+00 1.3E+00 0.71 3.0E-09 2.5E-06 - 2.0E-06
68131-39-5 Alcohols, C12-15, ethoxylatedB 5.0E-01 5.0E-01 0.71 3.0E-09 2.5E-06 - 5.0E-06
68551-12-2 Alcohols, C12-16, ethoxylatedB 5.0E-01 5.0E-01 0.77 3.2E-09 2.7E-06 -- 5.4E-06
107-13-1 Acrylonitrile 2.5E-03 2.5E-03 0.08 3.3E-10 2.8E-07 - 1.1E-04
111-30-8 Glutaraldehyde 4.0E-02 4.0E-02 0.85 3.6E-09 3.0E-06 - 7.5E-05

Total Risk (mixture) 3.21E-02
Note:

This scenario is deemed protective of the following scenarios due to the less frequent and short duration of exposures:
- Worker exposure during a spill (i.e.a couple breaks on a tank and releases product onto the worker) or leak scenarios

Beetaloo Worker Risk 2019v5-frac fluid-hs-cc1.xisx
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Client Name: Origin
Project Name: Beetaloo Chemical Risk Assessment

Dermal Exposure to Chemicals via Contact with Flow Back Water - Hybrid Recipe

Chronic Exposures

Exposure Calculations (RME)

General Data/ Equations Units Dermal Contact with Flow Back Water by Workers
Exposure Parameters
Exposure Frequency (EF) days/year 20 Assume work 5 days per week for 1 month during the fraccing period
Exposure Duration (ED) years 0.083 Maximum duration of the frac. Works will be complete in one month.
Body Weight (BW) kg 78 Average male and female adults as per enHealth 2012
Averaging Time - NonThreshold (ATc) days 25550 USEPA 1989 and CSMS 1996
Averaging Time - Threshold (ATn) days 30.42 USEPA 1989 and CSMS 1996
Hands and forearms exposed (enHealth 2012) Occupational HSE would require long pants and closed shoes on

Surface Area (SAw) cm® 2300 Australian work sites; forearms conservatively included
Exposure Time (ET) hr/day 1 Assume contact with flow back water for 1 hours per day
Conversion Factor (CF) L/icm® 1.E-03 Conversion of units
Intake Factor = SAW*ET*CF*EF*ED L-hr/(cm-kg-day) 1.9E-06 NonThreshold

BW*AT 1.6E-03 Threshold
Daily Intake from Water = Concentration in Water x Dermal Permeability x Intake Factor (ref: USEPA 1989, 2004)
NonThreshold Risk = Daily Intake from Water for NonThreshold Effects x Slope Factor
Hazard Quotients = (Daily Intake from Water for Threshold Effects/ADI)

Chemical

Non-Threshold
Slope Factor

Chronic

Toxicity Data

Background

Threshold TDI Intake (% chronic

TDI)

Concentration

Chronic TDI in Water
Allowable for

Assessment (TDI-

Background)

Dermal
Permeability

Daily Intake

NonThreshold

Threshold

Calculated Risk
NonThreshold Chronic Hazard
Risk Quotient

(mg/kg-day)” (mglkg/day)

(mg/kg/day)

(cm/hr) (mg/L) (mg/kg/day) (mg/kg/day) (unitless) (unitless)

68937-66-6 Alcohols, C6-12, ethoxylated propoxylatedB 5.0E-01 5.0E-01 4.6E-08 3.9E-05 7.8E-05
1319-33-1 Boronatrocalcite/UlexiteA 9.6E-02 9.6E-02 9.1E-4 208.50 3.7E-07 3.1E-04 - 3.2E-03
102-71-6 Triethanol amine 1.3E+00 1.3E+00 4.9E-5 149.92 1.4E-08 1.2E-05 - 9.6E-06
69227-22-1 Alcohols, C10-16, ethoxylated propoxylatedB 5.0E-01 5.0E-01 2.9E-1 71.05 3.9E-05 3.3E-02 - 6.6E-02
64-19-7 Acetic acid 1.2E+01 1.2E+01 5.6E-4 65.91 7.0E-08 5.9E-05 - 4.9E-06
111-42-2 Diethanolamine 1.4E-02 1.4E-02 4.5E-5 64.65 5.6E-09 4.7E-06 - 3.4E-04
7631-90-5 Sodium bisulfiteC 1.1E+01 1.1E+01 4.2E-9 47.49 3.8E-13 3.2E-10 - 3.0E-11
7758-19-2 Chlorous acid, sodium salt 3.9E-02 3.9E-02 8.3E-9 45.57 7.2E-13 6.1E-10 - 1.6E-08
12008-41-2 Disodium octaborate tetrahydrateA 9.6E-02 9.6E-02 9.1E-4 25.38 4.5E-08 3.7E-05 - 3.9E-04
104-55-2 Cinnamaldehyde 2.0E+00 2.0E+00 5.2E-3 14.02 1.4E-07 1.2E-04 - 5.9E-05
25322-68-3 Polyethylene glycol 8.0E+00 8.0E+00 2.1E-6 16.01 6.6E-11 5.5E-08 - 6.9E-09
111-46-6 2,2"-oxydiethanol (diethylene glycol) 3.0E-01 3.0E-01 4.2E-5 13.65 1.1E-09 9.2E-07 - 3.1E-06
67-56-1 Methanol 3.7E-02 3.7E-02 3.2E-4 3.98 2.4E-09 2.0E-06 - 5.5E-05
7775-27-1 Sodium persulfate 6.7E-01 6.7E-01 71E-7 7.82 1.1E-11 8.9E-09 - 1.3E-08
61788-90-7 Amine oxides, cocoalkyldimethyl 8.0E-02 8.0E-02 1.0E-1 297 5.9E-07 4.9E-04 - 6.2E-03
100-52-7 Benzaldehyde 3.0E-01 3.0E-01 3.8E-3 1.95 1.4E-08 1.2E-05 - 4.0E-05
64-17-5 Ethanol 2.4E+01 2.4E+01 5.4E-4 1.41 1.5E-09 1.2E-06 - 5.1E-08
64742-47-8 Hydrotreated light petroleum distillate 1.0E+01 1.0E+01 2.0E+0 1.39 5.3E-06 4.4E-03 - 4.4E-04
61791-00-2 Fatty acids, tall-oil, ethoxylated 1.0E+01 1.0E+01 2.1E-2 0.96 3.9E-08 3.3E-05 - 3.3E-06
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl) 5.0E-01 5.0E-01 7.1E-2 0.81 1.1E-07 9.3E-05 - 1.9E-04
71-36-3 Butyl alcohol 1.3E+00 1.3E+00 2.3E-3 0.71 3.1E-09 2.6E-06 - 2.1E-06
68131-39-5 Alcohols, C12-15, ethoxylatedB 5.0E-01 5.0E-01 1.5E-3 0.71 2.0E-09 1.7E-06 - 3.4E-06
68551-12-2 Alcohols, C12-16, ethoxylatedB 5.0E-01 5.0E-01 9.0E-1 0.77 1.3E-06 1.1E-03 - 2.2E-03
107-13-1 Acrylonitrile 2.5E-03 2.5E-03 1.2E-3 0.08 1.8E-10 1.5E-07 - 5.9E-05
111-30-8 Glutaraldehyde 4.0E-02 4.0E-02 3.3E-4 0.85 5.3E-10 4.5E-07 — 1.1E-05

Total Risk (mixture) 7.92E-02
Note:

This scenario is deemed protective of the following scenarios due to the less frequent and short duration of exposures:
- Worker exposure during a spill (i.e.a couple breaks on a tank and releases product onto the worker) or leak scenarios
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Aerosol Exposure - Hybrid Recipe
The concentration of COPC in aerosol spray was estimated by calculating the concentration for driftable droplets using a mixed box model in which steady state
An emission factor for driftable aerosol was estimated using the algorithm presented below.

L
Emission Factorgrifrable aerosol ( ] =

Box Centre®(m) x=

Emission Factor for Driftable Aerosol Algorithm

' L
Spray Vol {F] xﬂerusufdr;‘,—mb;p{?ﬁ]

Client Name: Origin

Project Name: Beetaloo Chemical Risk Assessment

S
BoxVR (—’“ :I
hr

m3

Aerosol Exposure Modelling Notes:
1) The inhalation of chemicals in mist/aerosol resultant from irrigation activities is dependent upon the concentration in water, the amount of water used per unit time, how
close a person stands to the spray generation, how long they are in a position of exposure and the extent of spray drift (determined by the size of the water droplets and
speed/direction of the wind). These equations are applicable for non-volatile contaminants that are inhaled.
2) These equations calculate the concentration for driftable droplets using a simple well mixed box model in which steady state air concentrations are calculated. The
'Inverse square law' is then applied to approximate the air concentration at a distance from the virtual air box. This law assumes the further away a receptor is from the
spray source, the density of the droplets will decrease. The density of the spray droplets is inversely proportional to the square of the distance from the source.

BoxDistance® (m)

Parameter Units Value Description

Spray box length m 3 Assume a ‘spray box’ of 3 m long.

Spray box width m 3 Assume a ‘spray box’ of 3 m wide.

Box Centre m 1.5 Distance to centre of box is 1.5 m.

BoXpistance m Distance the irrigation worker is from the ‘spray box'.

2 Assumed a distance of 2 m.

Aerosolyitapie - - i ‘
Proportion of aerosol spray that drifts outside the ‘spray
box’ and available for exposure. Assumed 0.2, based

unitless on a droplet size of 400 — 500 ym that falls
approximately 0.3 m in less than 10 seconds, with a
lateral drift of approximately 3.5 m in a 5 km/hr wind
0.2 (i.e. a light breeze) (Grisso et al. 2013).
Spray Volume Lhr 1800 L/min, irrigation value adopted from NZ MtE
1800.0 (2011) Appendix 5A.
Wind speed mihe
9000 Based on windspeed of 2.5 m/sec

BoxVR I . . ,

. Ventilation rate of spray in the ‘spray box’. Assumed to
me/hr be 81,000 m3/hr based on a wind speed of 9000 m/hr,
81000.0 and a ‘spray box’ dimension of 3 x 3 m.

Chemical

Concentration in Water

Generation rate of
chemical in volume

Driftable Aerosol
Emission Factor

mg/L

mg/hr

Lim®

68937-66-6 Alcohols, C6-12, ethoxylated propoxyl: 198.94 71619.76796 2.500000E-03
1319-33-1 Boronatrocalcite/Ulexite A 208.50 75061.62126 2.500000E-03
102-71-6 Triethanol amine 149.92 53969.54143 2.500000E-03
69227-22-1 Alcohols, C10-16, ethoxylated propoxy 71.05 25578.48856 2.500000E-03
64-19-7 Acetic acid 65.91 23729.05222 2.500000E-03
111-42-2 Diethanolamine 64.65 23274.23026 2.500000E-03
7631-90-5 Sodium bisulfateC 47.49 17096.46645 2.500000E-03
7758-19-2 Chlorous acid, sodium salt 4557 16404.17744 2.500000E-03
12008-41-2 Disodium octaborate tetrahydrateA 25.38 9138.176627 2.500000E-03
104-55-2 Cinnamaldehyde 14.02 5046.11094 2.500000E-03
25322-68-3 Polyethylene glycol 16.01 5761.962715 2.500000E-03
111-46-6 2,2"-oxydiethanol (diethylene glycol) 13.65 4915.303675 2.500000E-03
67-56-1 Methanol 3.98 1431.585551 2.500000E-03
7775-27-1 Sodium persulfate 7.82 2816.350509 2.500000E-03
61788-90-7 Amine oxides, cocoalkyldimethyl 2.97 1069.713505 2.500000E-03
100-52-7 Benzaldehyde 1.95 703.1990079 2.500000E-03
64-17-5 Ethanol 1.41 508.3231621 2.500000E-03
64742-47-8 Hydrotreated light petroleum distillate 1.39 501.7922025 2.500000E-03
61791-00-2 Fatty acids, tall-oil, ethoxylated 0.96 345.0387202 2.500000E-03
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxye| 0.81 290.4332727 2.500000E-03
71-36-3 Butyl alcohol 0.71 254.0323025 2.500000E-03
68131-39-5 Alcohols, C12-15, ethoxylatedB 0.71 254.9143591 2.500000E-03
68551-12-2 Alcohols, C12-16, ethoxylatedB 0.77 278.0084294 2.500000E-03
107-13-1 Acrylonitrile 0.08 28.55172359 2.500000E-03
111-30-8 Glutaraldehyde 0.85 306.4351619 2.500000E-03
14808-60-7 Crystalline silica, quartz 24.60 8857.767115 2.500000E-03
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Exposure to Chemicals via Inhalation of Mist from the Evaporation Units - Hybrid Recipe

Chronic Exposures
General Data/ Equations

Exposure Calculations (RME)
Inhalation of Mist by Workers

Exposure Parameters
Exposure Frequency (EF) days/year 240 Exposure for 5 days per week minus 4 weeks holidays
Exposure Duration (ED) years 1 Maximum duration that the flowback tank will be on-site
Professional judgement for irrigation exposure. Assume worker to
Exposure Time (ET) hr/day 1 be near tank for 1 hours every working day.
Driftable aerosol emission factor (EMF) L/m3 2.50E-03 Calculated
Aerosol Inhalation Bioavailability (AAF) unitless 1.0 Assume 100% bioavailability
Averaging Time - Threshold (AT) years 1.0 USEPA 1989 and CSMS 1996
TF _ EmF x AAF x ETy, % EF % ED
TR 365 f;‘i: x 24 J’S:;S x AT

Daily Intake = Concentration in Water x Intake Factor (ref: USEPA 1989)
Hazard Quotients = (Daily Intake from Water for Threshold Effects/ADI)

Threshold Intake and Risk Calculations

Groundwater Irﬁ]egl(;?izln Driftable Aerosol RIC Adult Exposure Ailél'tui?:doi\lijrre Hazard Index
Chemical Concentration Emission Factor (Background P J

Bioavailability Factor (threshold)  Concentration (Adult)

Corrected) (threshold)

mg/L (unitless) (L/m? (mg/m?) (L/m?) (mg/m®) (unitless)
68937-66-6 Alcohols, C6-12, ethoxylated propoxylatedB 1.99E+02 1.00 2.50E-03 1.75E+00 6.85E-05 1.36E-02 7.79E-03
1319-33-1 Boronatrocalcite/Ulexite A 2.09E+02 1.00 2.50E-03 3.36E-01 6.85E-05 1.43E-02 4.25E-02
102-71-6 Triethanol amine 1.50E+02 1.00 2.50E-03 4.38E+00 6.85E-05 1.03E-02 2.35E-03
69227-22-1 Alcohols, C10-16, ethoxylated propoxylatedB 7.11E+01 1.00 2.50E-03 1.75E+00 6.85E-05 4.87E-03 2.78E-03
64-19-7 Acetic acid 6.59E+01 1.00 2.50E-03 4.20E+01 6.85E-05 4.51E-03 1.07E-04
111-42-2 Diethanolamine 6.47E+01 1.00 2.50E-03 4.90E-02 6.85E-05 4.43E-03 9.04E-02
7631-90-5 Sodium bisulfateC 4.75E+01 1.00 2.50E-03 3.68E+01 6.85E-05 3.25E-03 8.85E-05
7758-19-2 Chlorous acid, sodium salt 4.56E+01 1.00 2.50E-03 1.37E-01 6.85E-05 3.12E-03 2.29E-02
12008-41-2 Disodium octaborate tetrahydrateA 2.54E+01 1.00 2.50E-03 3.36E-01 6.85E-05 1.74E-03 5.17E-03
104-55-2 Cinnamaldehyde 1.40E+01 1.00 2.50E-03 7.00E+00 6.85E-05 9.60E-04 1.37E-04
25322-68-3 Polyethylene glycol 1.60E+01 1.00 2.50E-03 2.80E+01 6.85E-05 1.10E-03 3.92E-05
111-46-6 2,2"-oxydiethanol (diethylene glycol) 1.37E+01 1.00 2.50E-03 1.05E+00 6.85E-05 9.35E-04 8.91E-04
67-56-1 Methanol 3.98E+00 1.00 2.50E-03 1.30E-01 6.85E-05 2.72E-04 2.10E-03
7775-27-1 Sodium persulfate 7.82E+00 1.00 2.50E-03 2.35E+00 6.85E-05 5.36E-04 2.29E-04
61788-90-7 Amine oxides, cocoalkyldimethyl 2.97E+00 1.00 2.50E-03 2.80E-01 6.85E-05 2.04E-04 7.27E-04
100-52-7 Benzaldehyde 1.95E+00 1.00 2.50E-03 1.05E+00 6.85E-05 1.34E-04 1.27E-04
64-17-5 Ethanol 1.41E+00 1.00 2.50E-03 8.40E+01 6.85E-05 9.67E-05 1.15E-06
64742-47-8 Hydrotreated light petroleum distillate 1.39E+00 1.00 2.50E-03 3.50E+01 6.85E-05 9.55E-05 2.73E-06
61791-00-2 Fatty acids, tall-oil, ethoxylated 9.58E-01 1.00 2.50E-03 3.50E+01 6.85E-05 6.56E-05 1.88E-06
68155-20-4 Amides, tall-oil fatty, N,N-bis(hydroxyethyl) 8.07E-01 1.00 2.50E-03 1.75E+00 6.85E-05 5.53E-05 3.16E-05
71-36-3 Butyl alcohol 7.06E-01 1.00 2.50E-03 4.38E+00 6.85E-05 4.83E-05 1.10E-05
68131-39-5 |Alcohols, C12-15, ethoxylatedB 7.08E-01 1.00 2.50E-03 1.75E+00 6.85E-05 4.85E-05 2.77E-05
68551-12-2 Alcohols, C12-16, ethoxylatedB 7.72E-01 1.00 2.50E-03 1.75E+00 6.85E-05 5.29E-05 3.02E-05
107-13-1 Acrylonitrile 7.93E-02 1.00 2.50E-03 8.75E-03 6.85E-05 5.43E-06 6.21E-04
111-30-8 Glutaraldehyde 8.51E-01 1.00 2.50E-03 1.40E-01 6.85E-05 5.83E-05 4.16E-04
14808-60-7 Crystalline silica, quartz 2.46E+01 1.00 2.50E-03 3.00E-03 6.85E-05 1.69E-03 5.62E-01

Total Threshold Risk (mixture) 0.7
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A=COM

Summary of Risk to Workers - Hybrid Recipe
Exposure fo Target Chemicals - Theoretical Data

Receptor/Exposure Pathway

Use of Stimulation Fluid in Hydraulic Fracturing

HYBRID Recipe

Client Name: Origin

Project Name: Beetaloo Chemical Risk Assessment

Calculated HI

100% Mass
Return

Workers
Ingestion of Chemicals via Incidental Contact with Flowback Water 0.03
Dermal Exposure to Chemicals via Incidental Contact with Flowback Water 0.08
Inhalation of mist from the evaporation units 0.74
Total Risk 0.85

Revision 2 23/02/2022
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Chemical Risk
Assessment Hydraulic

Fracture Stimulation
Fluid - HVFR



A=COM

Client Name: Origin

Project Name: Beetaloo Chemical Risk Assessment

Microorganisms 16-h TTC = 16 mg/l
Daphnia magna, the NOEC (21 days) was 0.78 mgl

3.16

oy || SR || YOG || @] || (HS || R Tier 1 Screening Tier 2 Assessment Tier 2 Assessment Tier 2 Assessment
s e s ) "
Chemical Name cAS Number | SEY | Chemical | Fraction | Massin | Fraction | innjected | Compound Ecotoxicity Toxicity Biodegradation Bioaccummulative’ sseaamant O (Pt RISty e e Hazard Quotient Outcome of Tier 2 Worker Risk Assessment
&) ©vi) | Fluid (ko) | ©6wiw) | Fluid (mgiL) | Purpose
‘Acute endpoints: Fish = 75 mg/L, Daphnia EC50 = 32 Not Bio accumulative (Based on o Based on the calculated HQ the chemical is of low concern for
Acetic acid 64-19-7 1.05 105064  [0.0032% [1,103 0.0032% |35 Acid molL Based on Chronic: Low Readily biodegradable Ko 9 |Tier2 1.03E-05 2.63E-06 5.72E-05 7.01E-05 workers (refer to individual toxicity profile and risk calculations
. ow = -0.136) b
Chronic endpoints: Daphnia = 150 ma/L for further detail.
96 hour LC50 for fish = 1 400 mg/L Polymers are not readily Polymers are expected o have very
) . , |48 hour EC50 for Daphnia magna = 1200 mglL . biodegradable, hence they meet | high molecular weights and poor )
Acrylamide acrylate copolymer 9003-069 075 199154 [0.0061% [1,494 0.0043% |47 Scale Inhibitor |5 o Mo = 660 g Based on Chronic: Low e sereaning crtera for eter oty Thay rg e Tier 1 (NICNAS) NA NA NA NA NA
21 day NOEC for alaae = 380 ma/L i expected to be
96 hour LC50 for fish = 1400
mglL
LC50 (96h) 0.59 mg/L (Pleuronectes platessa) 48 hour EC50 for Daphnia magna Palymers are not readily
) . Corrosion EC50 (48h) 0.14 mg/L (Daphnia magna) =1200mglL ) )
30~ 9 5
Acrylamide, sodium acrylate polymer 25087308 0.75 1977802  [0.0603% (14,834 0.0424%  |472 P £C20 (96) 07 g1 (Pamudokirehmerolla subapitta) |21 day EGB0 for Daphnia magna | B256 00 Chronic: Low biodegyadabl,hence hey mest e | Tier 1 (NICNAS) NA NA NA NA NA
NOEC 4.4 mg/L (Pimephales promelas, juvenile) 680 mg/L screening criteria for persistence.
21 day NOEC for algae = 380
mall
Friction o ((‘jg:“)) o5 :?;l/LL gz”;?::f:: :‘:)’essa Expected to be readily Not Bio accumulative (Based on an Based on the calculated HQ the chemical is of low concern for
Alcohols, C10-16, ethoxylated propoxylated|69227-22-1  0.94 195067 [0.0059% [1,834 0.0052% |58 Reducer, e : v g Based on Acute: Very high biodegradable based on similar  [estimated log Kow value of 43— |Tier 2 4.10E-04 5.41E-02 2.28E-03 5.68E-02 workers (refer to individual toxicity profile and risk calculations
(48h) 0.7 mgL_ (Skeletonema costatum) b
Surfactant | =250 ! substances 5.36, and BCF value of 1.1 - 1.8) for further detail).
(16.9h) > 10 glL (Pseudomonas putida)
96 h LC50 Oncorhynchus mykiss was 5 - 7 mglL
Lepomis macrochirus, NOEC (30 days) was 0.11 -
0.33 mglL. No. Based on an estimated log Kow o
Friction X Based on the calculated HQ the chemical is of low concern for
Alcohols, C12-15, ethoxylated 68131-305 (0867  |1679.39  [0.0051% |1.456 0.0042% |46 Reducer, |D3Pniamagna, G50 (48 ) was 25 mglL. Based on Chronic: High Readily biodegradable value of 4.3 = 5.36, and BCF value - |p, 3.25E-04 221E-04 181E-03 236E-03 workers (refer to individual toxicity profile and risk calculations
aphnia magna, NOEC (21 days) was 0.7 — 1.75 of 1.1 1.8, itis not expected to be b
Surfactant for further detail).
molL. bioaccumulative.
Green algae, EC50 (96 h) was 1.4 mglL.
EC50 (3 ) for microorganisms was 140 malL.
96 h LC50 Oncorhynchus mykiss was 5 - 7 mglL
Lepomis macrochirus, NOEC (30 days) was 0.11 -
0.33 mglL. No. Based on an estimated log Kow .
Corrosion Based on the calculated HQ the chemical is of low concern for
Alcohols, C12-16, ethoxylated 68561-12-2  [0.97 125 0.0000% |1 0.0000% |0 Inhibitor, Daphnia magna, ECS0 (48 h) was 2.5 mglL. Based on Chronic: High Readily biodegradable value of 4.3 - 5.36, and BCF value o, 2.70E-07 1.11E-04 151E-06 1.13E-04 workers (refer to individual toxicity profile and risk calculations
A Daphnia magna, NOEC (21 days) was 0.77 - 1.75 of 1.1 1.8, itis not expected to be ;
urfactant for further deail).
molL. bioaccumulative.
Green algae, EC50 (96 h) was 1.4 mglL.
EC50 (3 h) for was 140 mglL.
Lewo ((igr;‘)) 059 Tn%/lLL (g:u;onr‘\::rl‘e: :\aa)lessa) Expected to be readily Not Bio accumulative (Based on an Based on the calculated HQ the chemical is of low concern for
Alcohols, C6-12, ethoxylated propoxylated |68937-66-6  |0.94 546188 [0.0166% |5,134 00147%  |163 Surfactant o g Based on Chronic: Moderate biodegradable based on similar  [estimated log Kow value of 43— |Tier 2 1.15€-03 6.38E-05 6.39E-03 7.60E-03 workers (refer to individual toxicity profile and risk calculations
EC50 (96h) 0.7 mg/L (Pseudokirchneriella subapitata)
5.36, and BCF value of 1.1 - 1.8) for further detail).
NOEC 4.4 mglL (Pimephales promelas, juvenile)
LC50 (96h) 6.7 mglL (Danio rerio) (similar substance)
LC50 (21d) = 0.1 mg/L (Daphnia magna) Recdily bodegradatio (road Based on the calculated HQ the chemical is of low concern for
Amides, tall-oil fatty, N,N-bis(hydroxyethyl) [68155-20-4 |09 184323 [0.0056% [1,659 0.0047% |53 Surfactant  |LC50 (48h) = 2.15 mg/L Based on Chronic: High oy No based on Log Kow of 3 Tier 2 3.71E-04 1.22€-02 2.06E-03 1.46€-02 workers (refer to individual toxicity profile and risk calculations
EC50 (72h) 2.2 mglL (Scendesmus subspicatus) for further detail).
(similar substance)
LC50/EC50/ErC50 values:
0.60-32 mglL for fish
Gorosion (0010550 mal or e No based onthe calclted Log Kow Basod o he caluatd HQ hechemicl i ofow concern o
Amine oxides, cocoalkyldimethyl 61788907  [0.716 6.50 0.0000% |5 0.0000% |0 el 9 o Based on Chronic: Very High  |Readily biodegradable 9KOW | 7igr 6.50E-06 3.08E-04 3.62E-05 3.51E-04 workers (refer to individual toxicity profile and risk calculations
nhibitor NOEC/ EC20 of <2.7 and BCF <87
for further detail).
0.010-1.72 mglL for algae
0.28 mglL for Daphnia
0.31 mglL for fish
Corosion | mvesbrates s 15 el and £010 for pesmter Expected o bo readiy Based on the caluiated HQ the cherica isof ow cancern for