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Reminder - Priority 1 Draft Recommendations — D84 Implications

= Remove stations? No

= Reduce parameters?

Can VOC/NMHC be eliminated given D847
No

Can SO, or TRS be eliminated? No,
because SO, is relevant and TRS still shows
exceedances at two stations.

What about meteorology? No, given
differences in windroses at sites.

Eliminate either THC or CH,?

= Move stations?

No, unless we want to move into more
dense emission areas

= Change technology?

Passive or low-cost SO,?

Passive or gas-sensitive semiconductor
technology VOC?
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Reminder - Priority 2 Draft Recommendations — PRC and Mercer add-ins

= Remove any of new stations? No

= Reduce parameters?
« Can SO, be eliminated given low values?

« TRS eliminated? No, TRS shows 1-h
exceedances and odour potential

«  What about meteorology? No, given
differences in wind roses at sites.

«  Eliminate either THC or CH, at PRC?

* Eliminate PM monitoring at Mercer Town?
No, given spikes in spring and summer

= Move stations?

* No, as all are related to effects of specific
plant sources

= PRC passive network changes?
. (recommended?)
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Basis for Network Evaluation

% Priority One
= Hydrocarbon context: emissions reduction, regional air quality improvement, a regulatory framework for

CHORP is in place (Directive 84) and mitigation measures have been implemented. How do these
changes inform the optimization of PRAMP’s monitoring program?

% Priority Two

= The air monitoring station and 12 passive monitors at the Peace River Complex are anticipated to be

added to the PRAMP network soon (PRC has just been integrated in the network). If or how can
the overall monitoring network be optimized?

= PRAMP has been asked to consider incorporating the two Mercer air quality monitoring stations, Mercer
Plant (PRPD) and Mercer Town. If or how can the network be optimized?

% Priority Three

= There is a large monitoring-deficient area adjacent to PRAMP. Are there any emerging air quality
Issues in this area that PRAMP should consider in its monitoring program?

= How can lower-cost technologies best be incorporated into the PRAMP program (e.g., Purple Air sensors).



Priority 3 Approach

% Potential Outcomes
= Reconsider additional continuous stations if a monitoring gap exists
= Reconsider technology
“* Monitoring Gap
Review previous PRAMP reports on northward expansion, which identified sources north of the area
Access emission data for high emission sources adjacent to PRAMP in other directions
Consider wind and pollution roses near the adjacent sources
If the sources are sufficiently large, spatial analysis may be employed for quantify the point density

If sources are not large or not near the PRMP boundary, the assessment will rely on professional
judgement.

% Low-Cost Sensors
Identify the air quality parameters of most interest
Review US. EPA, Environment Canada and other data comparisons, including those done by AECOM
Consider AEP guidance on new technology
Provide guidance on use of new sensors.
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Emerging issues

Monitoring-deficient areas within/outside of PRAMP boundaries
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Emissions data from sources adjacent to PRAMP: oil & gas wells

= Emissions from oil & gas wells
are partially monitored by the
current PRAMP network and
Mercer stations, (within and
outside PRAMP boundaries)

o T i i = Potential transboundary pollution

A et ercer-Town , — | a : - : )
2 4T @-ﬁh’ﬁﬁ““ iy SN from/to all cardinal directions
st G exists

-
4

= Some historical emissions data
from oil and gas extraction are
available via NPRI reporting
(1993 to 2020) - assess

»
.;'1Es.r'\‘ NASATRIGA, USGS Esri‘C'J:mﬂﬁa‘ ESHRHERE, Garmin, FA@J&%&?'\JSGS EPA, NRCan, Patks Cahada - m O n Itorl n g _d efl CI e nt are aS
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Air Quality Monitoring in the Peace River Air Buffers and boundaries Well - Kelly Bushing Elevation (m)
Monitoring Program (PRAMP) Region [ 5 km buffer (@ PRAMP stations)
*  PRAMP sites (SO, TRS, H,S, THC, CH,, NMHC, Met) "= 5 ke buffer (@ non-PRAMP station) 0-527
Y¢  Non-PRAMP sites (SO, TRS, PM and Met iy 527 - 680
_ _ (_ : ) [ PrAMP Boundary (50 km buffer) . 680 - 803

? Passive sampling sites (SO; and H,S) =31 PRAMP Boundary (10 km buffer) . 803 -1033

] PRAMP Boundary (5 km buffer) e 1033 -2154

"~ 1 PRAMP Boundary
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Wells area density helps narrowing down the monitoring-deficient areas

Hil

I Mercer PRPD ﬁ%’
I Mercer Town e

: @ - ff&en
Grimshaw ’
| = =

Monitoring Program (PRAMP) Region

¥¢  Non-PRAMP sites (SO,, TRS, PM and Met)
f Passive sampling sites (SO, and H,S)

% PRAMP sites (SO,, TRS, H,S, THC, CHs, NMHC, Met)

(1 5 km buffer (@ PRAMP stations) S
"~ 7 5 km buffer (@ non-PRAMP station) .

D PRAMP Boundary (50 km buffer) Dense
[=] prAMP Boundary (10 km buffer)

] PRAMP Boundary (5 km buffer)

" 71 PRAMP Boundary

Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan, Parks Gdl

Iberta

JAUAMESTH CGIAR, USGS

Air Quality Monitoring in the Peace River Air Buffers and boundaries Wells area density

Monitoring deficient-area near
PRAMP stations:

«  Emissions from wells south from
PRC and east-southeast from Three
Creeks stations

Other monitoring-deficient areas
within 50 km from the actual
PRAMP boundary --> potential for
transboundary pollution (lower
density of wells, though)

* Northeast

* Northwest
* Southwest
* South
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Prevailing winds at continuous stations within the PRAMP boundary —
Important to understand monitoring deficiencies based on NPRI emissions
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NPRI Emissions from 2001 to 2020 highlight monitoring-deficient areas

Manning

o

=

o ® ©

Air Quality Monitoring in the Peace River Air
Monitoring Program (PRAMP) Region

% PRAMP sites (SO,, TRS, H,S, THC, CHs, NMHC, Met)
¥¢  Non-PRAMP sites (SO,, TRS, PM and Met)

Y Passive sampling sites (SO, and H,S)

Mercer PRPD , —
®

ercer Towng —

A\
\91aw

Esri, NASA, NGA, USGS, Esri Canada, Esri, HERE, Garmin, FAO, NOA,

Buffers and boundaries

[ 5 km buffer (@ PRAMP stations)

C ~ 7 5 km buffer (@ non-PRAMP station)
D PRAMP Boundary (50 km buffer)
[==1] PRAMP Boundary (10 km buffer)
] PRAMP Boundary (5 km buffer)

" 71 PRAMP Boundary

________________________

® ® ® ® © 0O OO O O

NPRI Report Year

2001 - 2003
2004 - 2005
2006 - 2007
2008 - 2009
2010 - 2011
2012 - 2012
2013 - 2014
2015 - 2016
2017 - 2018
2019 - 2020

Alberta

A, USGS, [P?J?N‘T«’E%“F Parks Canada

Wells area density

. Sparse

Dense

NPRI emissions represent various

pollutants in each year:

- S0,, TRS, H,S, HCs, H,SO,, CO,
As, Cd, Co, Pb, Mn, Hg, Se, Zn,
NH,, CrVI, dioxins and furans,
PM,o, PM, s, NO,, etc.

Not all NPRI emissions are
monitored by PRAMP network

* What are the monitoring-deficient
areas according to 2020 NPRI?
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NPRI emissions highlight possible monitoring-deficient areas for SO,

= NPRI data from 2002 to 2020

Manning

3 « 2018-2020 data highlighted in cyan
” = Major sources:
C — T D - PRPD - monitored by Mercer Town
' | continuous station, not yet part of
 Mercer PR PRPD £ - O ' PRAMP

Mercer Town

*f&e , o  Supports its integration (Priority 2)
1shaw 42

*  PRC — monitored by PRC continuous
station

_________

= Monitoring-deficient area:

 South from PRC and east-southeast
from TC986 & TC842

_ g o Relocation of one of the Three
B Creeks station to this area?

Lake

Esti Canada, Esti, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan, Parks a4 L8 CGIAR, USGS

Air Quality Monitoring in the Peace River Air Buffers and boundaries S02 (NPRI 2002-2020) Wells area density

Monitoring Program (PRAMP) Region [ 5 km buffer (@ PRAMP stations) Toris

X PRAMP sites (SOy, TRS, H;S, THC, CHy, NMHC, Met)  + = o\ e oo AMP station) . 004806 . Sparse
Non-PRAMP sites (SO,, TRS, PM and Met e "

¥ Non sites (SO,, TRS, PM and Met) [ PRAMP Boundary (50 km buffer) O 48.070 - 289.59 Dense

? Passive sampling sites (SO, and H,S) O 289.60 - 908.65

= prAMP Boundary (10 km buffer)
[0 Peace Airshed Zone Association (SO,) 1 PRAMP Boundary (5 km buffer) O 908.66 - 1659.65

" I PRAMP Boundary O 1659.66 - 3438.54

11 E)\ aecom.com

Note that Grimshaw station is shown because it is part of PRAMP; monitoring at this station started in Dec 2021)



NPRI emissions highlight possible monitoring-deficient areas for H,S & TRS

= NPRI data from 1999/2007 to 2020

g « 2018 & 2020 data highlighted in cyan
(no reported data in 2019)
= ———— - = Major sources:
k PRPD - monitored by Mercer (Plant)
| MercerPRPD, O | PRPD and Mercer Town continuous
Mercer Town , ~TC863 : station, not yet part of PRAMP
‘Sh§ﬁ“z o  Supports its integration (Priority 2)
’ *  PRC — monitored by PRC continuous
station and passive stations

) = = Monitoring-deficient area:

 South from PRC and east-southeast
from TC986 & TC842

Alberta .
o Relocation of one of the Three
Creeks station to this area?
Esri, NASA, NGA, USGS, Esti Canada, Esti, HERE, Garmin, FAO, NOAA, USGS, EPNNREKE Parks Canada

Air Quality Monitoring in the Peace River Air Buffers and boundaries TRS & H2S (NPRI 1999-2020) Wells area density
Monitoring Program (PRAMP) Region [1 5 km buffer (@ PRAMP stations) Tons S
* PRAMP sites (S0;, TRS, HyS, THC, CHy, NMHC, Met) -+ ==y 1\ oo oo aMp station) . (0057 . parse
¥¢  Non-PRAMP sites (SO,, TRS, PM and Met) D PRAMP Boundary (50 km buffer) @ 133-979 Dense
f Passive sampling sites (SO, and H,S) [C=) PRAMP Boundary (10 km buffer) @ 9.80-18.38
[0 Peace Airshed Zone Association (H,S) [ PRAMP Boundary (5 km buffer) . 18.39 - 35.46

"~ I PRAMP Boundary @ 3547-6197
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NPRI

Manning

Air Quality Monitoring in the Peace River Air
Monitoring Program (PRAMP) Region

% PRAMP sites (SO, TRS, H,S, THC, CHa, NMHC, Met)

¥ Non-PRAMP sites (SO,, TRS, PM and Met)
? Passive sampling sites (SO, and H.S)

—_ e — e e e = = =

Mercer Town , — 7

\shaﬁe4 ' i

@ -
= 4
J

Mercer PRPD , ~ = @
oo “@\ (- ,
986
2

= - =

Winagami Lal
Provincial Park

Lesser Slave

° Lake Wildland Lesser Alberta
igh Praitj Prov Slave
@4 Lake
Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NRCan, Parks Caniad8 ‘8% CGIAR, UsGS

VOCs (NPRI 2002-2020) Wells area density

- Sparse

Dense

Buffers and boundaries
[ 5 km buffer (@ PRAMP stations) Tons

o 0.00-30.29
@ 30.30-97.19

@ 97.20-205.13
@ 205.14-509.24

. 509.24 - 1015.70

C _ 5 km buffer (@ non-PRAMP station)
D PRAMP Boundary (50 km buffer)
[== PRAMP Boundary (10 km buffer)
[1 PRAMP Boundary (5 km buffer)

" 1 PRAMP Boundary

Note that Grimshaw station is shown because it is part of PRAMP; monitoring at this station started in Dec 2021)

emissions highlight possible monitoring-deficient areas for VOCs

NPRI data from 2002 to 2020
« 2018-2020 data highlighted in cyan

Major sources:

PRPD - not monitored by any Mercer
continuous stations

*  PRC — monitored by PRC continuous
station

 Southeast of PRC & Three Creeks
stations

Monitoring-deficient area:

 South from PRC and east-southeast
from TC986 & TC842

o Relocation of one of the Three
Creeks station to this area?
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NPRI emissions highlight possible monitoring-deficient areas for PM, .

Manning . &

Air Quality Monitoring in the Peace River Air
Monitoring Program (PRAMP) Region

¥¢  Non-PRAMP sites (SO,, TRS, PM and Met)

? Passive sampling sites (SO, and H.S)

[0 Peace Airshed Zone Association (H.S)

% PRAMP sites (SO, TRS, H,S, THC, CHa, NMHC, Met)

—_ e — e e e = = =

. {I)VIercer PgPD (&S

Mercer Town, — |
\5%%42

f—_———-——

Lesser Slave
Lake Wildland Lesser
Prov Slave

Lake

Alberta

Esri, NASA, NGA, USGS, Esri Canada, Esri, HERE, Garmin, FAO, NOAA, USGS, EPXNANREE parks Canada

PM2.5 (NPRI 2002-2020) Wells area density

Buffers and boundaries
[ 5 km buffer (@ PRAMP stations) Tons

* _ . 5 km buffer (@ non-PRAMP station) e 0.00-293 - Sparse
[ PrAMP Boundary (50 km buffer) ® 294-10.25 Dense
[C=1 PRAMP Boundary (10 km buffer) @ 10.26-28.60
[ PRAMP Boundary (5 km buffer) @ 2861-87.43

” "I PRAMP Boundary ’ 87.43 - 190.80

Note that Grimshaw station is shown because it is part of PRAMP, but monitoring at this station started in Dec 2021)

NPRI data from 2002 to 2020
« 2018-2020 data highlighted in cyan

Major sources:

PRPD - monitored by Mercer Town
continuous station, not yet part of
PRAMP

o  Supports its integration (Priority 2)

 Southeast of PRC & Three Creeks
stations

* ~50 km south of PRAMP boundary

o Not high emissions source in 2018-
2020

Monitoring-deficient area:

South from PRC and east-southeast
from TC986 & TC842

o Relocation of one of the Three
Creeks station to this area?
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NPRI emissions highlight possible monitoring-deficient areas for CO

= NPRI data from 2002 to 2020
« 2018-2020 data highlighted in cyan

= Major sources:
- PRPD

* Northeast, southwest and south from
PRAMP boundary

Manning ] ﬁ
]

—_— e e e e e == —

Mercer PRPD il
e

" Mercer Town , =~ ¢ . . ..
[ o TeBa2" = Monitoring-deficient area:

« Mercer PRPD

South from PRC and east-southeast
from TC986 & TC842

o Relocation of one of the Three
Creeks station to this area?

Winagami Lal
Provincial Park °

Lesser Slave

Lake Wildland eccer Alberta
° @ﬁgh Prairj Prov SLlakve
ake
Esri, NASA, NGA, USGS, Esfi Canada, Esti, HERE, Garmin, FAO, NOAA, USGS, ERRNREZKE parks Canada
Air Quality Monitoring in the Peace River Air Buffers and boundaries CO (NPRI 2002-2020) Wells area density
Monitoring Program (PRAMP) Region [ 5 km buffer (@ PRAMP stations) Tons S
*  PRAMP sites (SO, TRS, H;S, THC, CHy NMHC, Met)  + ==\ 1\ e oo aMP station) -l . parse
¥ Non-PRAMP sites (SO, TRS, PM and Met) é PRAMP Boundary (50 km buffer) @ 84.93-224.70 Dense
T Passive sampling sites (SO, and H.,S) [E=3 PRAMP Boundary (10 km buffer) @ 224.71-630.09
] PRAMP Boundary (5 km buffer) @ 630.09-2638.97
* ~ | PRAMP Boundary @ 263898 4661.21
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NPRI emissions highlight possible monitoring-deficient areas for NOXx

Air Quality Monitoring in the Peace River Air
Monitoring Program (PRAMP) Region

%  PRAMP sites (SO,, TRS, H.,S, THC, CHs, NMHC, Met)
% Non-PRAMP sites (SO,, TRS, PM and Met)

f Passive sampling sites (SO, and H,S)

e,
I\zercer Town

\ b
sha‘\;ﬁ84z
~,

B — o e G

_____

________

Ssser Alberta
e

@iigh Prairjg

Esri, NASA, NGA, USGS, Esti Canada, Esti, HERE, Garmin, FAO, NOAA, USGS, EPNNREKE Parks Canada

Buffers and boundaries NOx (NPRI 2002-2020) Wells area density
[1 5 km buffer (@ PRAMP stations) Tons S
~ 7 5 km buffer (@ non-PRAMP station) e 0.00-55.38 .
® 55.39-129.17 Dense

] PrRAMP Boundary (50 km buffer)

=1 prAMP Boundary (10 km buffer)
] PRAMP Boundary (5 km buffer)

" "I PRAMP Boundary

@ 129.18-273.98
@ 273.99-579.83

‘ 579.84 - 1350.60

Note that Grimshaw station is shown because it is part of PRAMP, but monitoring at this station started in Dec 2021

NPRI data from 2002 to 2020
« 2018-2020 data highlighted in cyan

Major sources:

- PRPD

+ PRC

« Southeast of PRC & Three Creeks
stations

Southwest and north-northeast from
PRAMP boundary

o  Southwest currently monitored by
Grimshaw
Monitoring-deficient area:
 Mercer PRPD & PRC

South from PRC and east-southeast
from TC986 & TC842

o Relocation of one of the Three
Creeks station to this area?

Southwest and north-northeast from
PRAMP boundary
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Emerging issues

New technologies



Emerging Technology

“* Applications

= Offer opportunity for lower cost, high density networks most often in urban environments where
large air quality gradients can exist, and populations can be large, to support AQHI determination

= Low cost (~1/10 the cost of a
regulatory grade sensor)

= Run on solar/battery

Some require access to WIFI

No calibration; replace sensor after
2-3 years

= To support deployment of lower cost technology

«  The U.S. EPA (2013) has proposed tiers of monitoring that are accessible to a wider variety of users

based on cost

- Europe has established quality monitoring objectives for “indicative” monitoring technologies where the
goal is not regulatory or research quality data

 The U.S. EPA and especially the South Coast (California) AQMD have conducted many comparisons to

reference methods

= Purple Air (PM, c) sensors currently operate in several PRAMP locations; used to support AQHI at

Grimshaw. During forest fires, PM, : can be used alone to determine the AQHI.
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Emerging Technology

% Arange of sensor technology
= Often target user in Tier Il to IV

= For gases, increased price generally equates to better comparison to reference methods

= For particulates, this is not necessarily the case.

Instrument Tier Definitions by Cost and Anticipated User

Tier

Target Cost Range ($US)

Anticipated User

(more limited)

TierV 10-50K Regulators (supplement existing monitoring —ambient and

(most sophisticated) source)

Tier IV 5t0 10K Regulators (supplement existing monitoring —ambient and
source)

Tier 1 2to 5K Community groups and regulators (supplement existing
monitoring — ambient and source)

Tier Il 100 dollars to 2 K Community Groups

Tier | Less than 100 dollars Citizens (educational and personal health purposes)

Source: U.S. EPA (2013)

19
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Emerging Technology

% SO, Evaluation Example

Low-cost sensors evaluated by U.S. EPA measure: NO, NO,, CO, CO,, SO, O,, total VOC,
benzene, formaldehyde, ammonia, H,S, Cl,, HCI

SO, is not often evaluated by US EPA as not typically an urban issue, but this evaluation identified it
as possible alternative for PRAMP

R2 values are low and this is not a sensor that would be recommended

Sensor model Detection Approach Test conditions Comments

) : ) : : . i AQMesh over-estimated reference method hourly
Electro-chemical 30-day test in hot humid conditions 0.13-0.17 concentrations by a factor of 170 on average

20 E)\ aecom.com



Emerging Technology

<+ PM Evaluation

= Many US studies evaluating PM laser-based
technologies; Canadian studies by ECCC
focused on Purple Air deployed during BC forest
fires

PM, 5 - PA1 vs. Reference

60

&0
[

0 o & Gggob
2 0@ y=0460x +4.16
05 Y R R2=0.875

Y 0.0
0 Bl

= R?values typically 0.99 in controlled lab studies,
often significantly less in the field

40
|

= In Canadian studies using the Purple Air, one of
the least expensive monitors tested by the
SCAQMD where field R? values approached
0.95:

« UBC included the Purple Air in an evaluation of
low-cost sensors at two locations in Vancouver o -

where they recorded an R? value of 0.88. | ‘ ' ' | w |
0 2 40 60 80 100 120

« ECCC reported preliminary results showed a PA1 - PM, ; (ug/m’L)
0.98 R2 compared to reference values in
Edmonton.

30

Reference moniltor (ug/m 3L)
20

10

Days into PurpleAir deployment
¢ 1-61 ¢ 62-123 © 124-185 » 186-247 » 248-309
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Emerging Technology

+ Recommended “Calibration” Approach for Low-Cost Sensors
= Collocate the low-cost sensor with a reference method
= Deploy sensors in the same environment where they will collect data

= Separate the data into relevant periods based on concentrations, T, RH, precipitation. Comparison
quality with reference method will vary by these parameters.

= Develop a limited number of comparison metrics — absolute difference, signed difference, etc. Don't
rely only on R2.

= Develop correlation/linear regression coefficients to “correct” the data based on comparison to the
reference method.
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Emerging issues

Summary and recommendations



Priority 3 Summary

“ Emerging issues/monitoring-deficient areas:
=  Unmonitored source areas:

Wells and facilities interior to PRAMP located near Walrus (SE of Three Creek / NE of
Reno)

Existing wells on the NE corner of PRAMP and outside the ESE border
Seen in well density map and also in NPRI emissions

Are these unmonitored “gaps” important?

Generally, reported emissions are low and well density doesn’t necessarily correlate with
increased emissions

= No nearby residents
= |f gaps are important, how should they be filled?

New station — is the gap important enough for the additional capital and maintenance
Moved station — is one of the Three Creeks stations “expendable”
New station with low-cost sensors — adequate data quality
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Priority 3 Summary

< Emerging issues/new technologies:

= Low-cost methods were developed for large urban centres requiring large networks to
characterize population exposure and AQHIs

= Best practices have been established for the use of low-cost sensors, including site-
specific comparisons to establish correlation coefficients

= PRAMP could consider testing and deploying low-cost sensor suites in smaller
communities to help establish more local AQHIs, pending the results of comparison
studies with existing reference monitors
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Priority 3 Draft Recommendations

=  Any monitoring-deficient areas? Yes, but are they
important enough to warrant monitoring? No

= Transboundary pollution? Yes, based on pockets of
higher-density wells but no large reported emissions
and few residents. No

= Monitoring gaps?

*  Mercer PRPD: SO,, THC, NMHC, CH,,
PM, 5, CO, NO, not monitored, but high
emission source for these pollutants. Not an
approval requirement. Sufficiently covered
by emission estimation, stack sampling,
dispersion modelling? Residents nearby?
No

«  Smaller communities?

= New technologies?
- PM,:: for forest fire monitoring

¢ S0O,o0r VOCs: as a replacement for
current instruments but need the right
replacement

Station Name

Maonitoring
Method

Parameter

986c

842b

Reng

AQHI

(T

CMRL

[EREY

Mercer

(Tommuitef

Mercer

(iastsite)

Peace Peace
River River
fabove voley) i wailew)

Nampa

Continuous

Sulphur Dioxide

Total Reduced Sulphurs

¥

L ]

Hydrogen Sulphide

Hydrocartons

Owides of Nitrogen
Tora, Nimic Cwide, Nitrogen Diowide

Orone

Fine Particulate Matter
Pavticies £ 2.5 AMerond it DVaesstes

Wiind
Seeed & Dirertion

Precipitation

Climate Variables
Temperseure, Reative Humidicy, Boramemmic Pressone

Air Quality Health Index (AQHI)

Thirg-Bpety Colcwated Mut-Aorpmeter Inger

Mon-Methane Hydrocarbon Canister

Intermittent
Methane Canisber v v ¥
Passive Polyoyclic Aromatic Compounds v | | | ‘
Fine Particulate Matter
Pavtichii & 3 § Migrond is iameter v v ¢ v v v v
Small Climate Variables v d i v " 4 v
Sensor Termgenarue, Reianve Husmmy

Air Quality Health index Plus [A0HI+] J y 4 i ¥ " "

Thing- Pory Colowiated Siegie-Perameter Index
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Thank you.

Delivering a better world

A=COM



Delivering a
better world

A=COM




