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Denver-Julesburg 
Basin 

Cities & Counties 

Area of Interest

Colorado Front Range

from Colorado Oil & Gas 
Conservation Commission 
(COGCC) Interactive Map



• Conducted by Colorado 
Department of Public Health 
& Environment (CDPHE) Air 
Pollution Control Division 
Ozone Precursor Study  

• Flasks analyzed for 79 non-
methane organic 
compounds 

• co-elution of 1-butene and 
isopentane in sampling led to 
their exclusion

Measurement Campaign

Samples 2013 2014

Denver 57 58

Platteville 51 56

Data courtesy of Gordon Pierce (CDPHE)

• 3-hr samples acquired from 
6 a.m. to 9 a.m. M.S.T. 

• methane and carbonyls 
separately measured and 
analyzed



Wells* 

Cities 

Platteville 
measurement site 

Denver 
measurement site

*actual directional/horizontal well bottomhole
from COGCC Interactive Map (Oct 2016)



Platteville Measurement Site

Google Street View



Platteville Site

Google Maps



Denver Site

Google Maps



Denver Measurement Site

Google Street View



• Positive Matrix Factorization 
(PMF) 

• Aij, source profile: loading of 
compound i on factor j   

• Bjk, normalized source 
contribution: jth factor’s 
contribution for the total 
kth observation 

• p, total factors 
• [4-6 evaluated] 

• i, compound observed and 
attributed  
• [79 NMVOCs] 

• k, observation 
• [~55 per site per year]

Evaluating Source Influences

E
ik
= A

ij
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Five Physically-meaningful Factors
100
80
60
40
20
0

1_
No
ne
ne

1_
Oc
te
ne

1_
Pe
nt
en
e

1_
2_
3_
Tr
im
et
hy
lb
en
ze
ne

1_
2_
4_
Tr
im
et
hy
lb
en
ze
ne

1_
3_
Bu
ta
di
en
e

1_
3_
5_
Tr
im
et
hy
lb
en
ze
ne

2_
M
et
hy
l_
1_
bu
te
ne

2_
M
et
hy
l_
2_
bu
te
ne

2_
M
et
hy
lh
ep
ta
ne

2_
M
et
hy
lh
ex
an
e

2_
M
et
hy
lp
en
ta
ne

2_
2_
Di
m
et
hy
lb
ut
an
e

2_
2_
3_
Tr
im
et
hy
lp
en
ta
ne

2_
2_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
3_
Di
m
et
hy
lb
ut
an
e

2_
3_
Di
m
et
hy
lp
en
ta
ne

2_
3_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
4_
Di
m
et
hy
lp
en
ta
ne

3_
M
et
hy
lh
ep
ta
ne

3_
M
et
hy
lh
ex
an
e

3_
M
et
hy
lp
en
ta
ne

a_
Pi
ne
ne

Ac
et
yl
en
e

Be
nz
en
e

ci
s_
2_
Bu
te
ne

ci
s_
2_
Pe
nt
en
e

Cy
cl
oh
ex
an
e

Cy
cl
op
en
ta
ne

Et
ha
ne

Et
hy
lb
en
ze
ne

Et
hy
le
ne

Is
ob
ut
an
e

Is
op
re
ne

m
_E
th
yl
to
lu
en
e

m
_X
yl
en
e/
p_
Xy
le
ne

M
et
hy
lc
yc
lo
he
xa
ne

M
et
hy
lc
yc
lo
pe
nt
an
e

n_
Bu
ta
ne

n_
De
ca
ne

n_
He
pt
an
e

n_
He
xa
ne

n_
No
na
ne

n_
Oc
ta
ne

n_
Pe
nt
an
e

n_
Pr
op
yl
be
nz
en
e

n_
Un
de
ca
ne

o_
Et
hy
lto
lu
en
e

o_
Xy
le
ne

p_
Et
hy
lto
lu
en
e

Pr
op
an
e

Pr
op
yl
en
e

To
lu
en
e

tr
an
s_
2_
Bu
te
ne

tr
an
s_
2_
He
xe
ne

tr
an
s_
2_
Pe
nt
en
e

su
m
NM

VO
C

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

Pe
rc

en
t o

f S
pe

ci
es

 S
um

 in
 F

ac
to

r

 Factor 1  Factor 2  Factor 3  Factor 4  Factor 5
 



100
80
60
40
20
0

1_
No
ne
ne

1_
Oc
te
ne

1_
Pe
nt
en
e

1_
2_
3_
Tr
im
et
hy
lb
en
ze
ne

1_
2_
4_
Tr
im
et
hy
lb
en
ze
ne

1_
3_
Bu
ta
di
en
e

1_
3_
5_
Tr
im
et
hy
lb
en
ze
ne

2_
M
et
hy
l_
1_
bu
te
ne

2_
M
et
hy
l_
2_
bu
te
ne

2_
M
et
hy
lh
ep
ta
ne

2_
M
et
hy
lh
ex
an
e

2_
M
et
hy
lp
en
ta
ne

2_
2_
Di
m
et
hy
lb
ut
an
e

2_
2_
3_
Tr
im
et
hy
lp
en
ta
ne

2_
2_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
3_
Di
m
et
hy
lb
ut
an
e

2_
3_
Di
m
et
hy
lp
en
ta
ne

2_
3_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
4_
Di
m
et
hy
lp
en
ta
ne

3_
M
et
hy
lh
ep
ta
ne

3_
M
et
hy
lh
ex
an
e

3_
M
et
hy
lp
en
ta
ne

a_
Pi
ne
ne

Ac
et
yl
en
e

Be
nz
en
e

ci
s_
2_
Bu
te
ne

ci
s_
2_
Pe
nt
en
e

Cy
cl
oh
ex
an
e

Cy
cl
op
en
ta
ne

Et
ha
ne

Et
hy
lb
en
ze
ne

Et
hy
le
ne

Is
ob
ut
an
e

Is
op
re
ne

m
_E
th
yl
to
lu
en
e

m
_X
yl
en
e/
p_
Xy
le
ne

M
et
hy
lc
yc
lo
he
xa
ne

M
et
hy
lc
yc
lo
pe
nt
an
e

n_
Bu
ta
ne

n_
De
ca
ne

n_
He
pt
an
e

n_
He
xa
ne

n_
No
na
ne

n_
Oc
ta
ne

n_
Pe
nt
an
e

n_
Pr
op
yl
be
nz
en
e

n_
Un
de
ca
ne

o_
Et
hy
lto
lu
en
e

o_
Xy
le
ne

p_
Et
hy
lto
lu
en
e

Pr
op
an
e

Pr
op
yl
en
e

To
lu
en
e

tr
an
s_
2_
Bu
te
ne

tr
an
s_
2_
He
xe
ne

tr
an
s_
2_
Pe
nt
en
e

su
m
NM

VO
C

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

Pe
rc

en
t o

f S
pe

ci
es

 S
um

 in
 F

ac
to

r

 Factor 1  Factor 2  Factor 3  Factor 4  Factor 5
 

alkenes
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α-pinene



100
80
60
40
20
0

1_
No
ne
ne

1_
Oc
te
ne

1_
Pe
nt
en
e

1_
2_
3_
Tr
im
et
hy
lb
en
ze
ne

1_
2_
4_
Tr
im
et
hy
lb
en
ze
ne

1_
3_
Bu
ta
di
en
e

1_
3_
5_
Tr
im
et
hy
lb
en
ze
ne

2_
M
et
hy
l_
1_
bu
te
ne

2_
M
et
hy
l_
2_
bu
te
ne

2_
M
et
hy
lh
ep
ta
ne

2_
M
et
hy
lh
ex
an
e

2_
M
et
hy
lp
en
ta
ne

2_
2_
Di
m
et
hy
lb
ut
an
e

2_
2_
3_
Tr
im
et
hy
lp
en
ta
ne

2_
2_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
3_
Di
m
et
hy
lb
ut
an
e

2_
3_
Di
m
et
hy
lp
en
ta
ne

2_
3_
4_
Tr
im
et
hy
lp
en
ta
ne

2_
4_
Di
m
et
hy
lp
en
ta
ne

3_
M
et
hy
lh
ep
ta
ne

3_
M
et
hy
lh
ex
an
e

3_
M
et
hy
lp
en
ta
ne

a_
Pi
ne
ne

Ac
et
yl
en
e

Be
nz
en
e

ci
s_
2_
Bu
te
ne

ci
s_
2_
Pe
nt
en
e

Cy
cl
oh
ex
an
e

Cy
cl
op
en
ta
ne

Et
ha
ne

Et
hy
lb
en
ze
ne

Et
hy
le
ne

Is
ob
ut
an
e

Is
op
re
ne

m
_E
th
yl
to
lu
en
e

m
_X
yl
en
e/
p_
Xy
le
ne

M
et
hy
lc
yc
lo
he
xa
ne

M
et
hy
lc
yc
lo
pe
nt
an
e

n_
Bu
ta
ne

n_
De
ca
ne

n_
He
pt
an
e

n_
He
xa
ne

n_
No
na
ne

n_
Oc
ta
ne

n_
Pe
nt
an
e

n_
Pr
op
yl
be
nz
en
e

n_
Un
de
ca
ne

o_
Et
hy
lto
lu
en
e

o_
Xy
le
ne

p_
Et
hy
lto
lu
en
e

Pr
op
an
e

Pr
op
yl
en
e

To
lu
en
e

tr
an
s_
2_
Bu
te
ne

tr
an
s_
2_
He
xe
ne

tr
an
s_
2_
Pe
nt
en
e

su
m
NM

VO
C

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

100
80
60
40
20
0

Pe
rc

en
t o

f S
pe

ci
es

 S
um

 in
 F

ac
to

r

 Factor 1  Factor 2  Factor 3  Factor 4  Factor 5
 

acetylene and ethylene
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isoprene
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lighter, branched, and cyclic alkanes
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sum of the VOCs
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branched and straight heavier alkanes



Key Species Robust to Error Testing
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Contributions from Each Factor 
& Site to Sum of the NMVOCs
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Contributions from Each Factor 
& Site to BTEX Compounds
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Time Series of Contributions: 
Benzene and Toluene
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Time Series of Contributions: 
Benzene and Toluene
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Time Series of Contributions: 
Benzene and Toluene
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Time Series of Contributions: 
Acetylene and Isoprene
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Time Series of Contributions: 
Acetylene and Isoprene
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Time Series of Contributions: 
Acetylene and Isoprene
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Time Series of Contributions: 
Acetylene and Isoprene
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• Surveyed O+G producers 
in intermountain west 
basins for gas 
chromatography / mass 
spectrometry-based 
speciation 

• Provided SPECIATE 
profiles with molar VOC 
content standard 
deviation to U.S. EPA 
(Shah et al., memo, 2015)

Western Regional Air Partnership 
Phase III O+G Speciation Profiles



Evaluation of VOC Profile for  
DJ Flashed and Produced Gas Emissions
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Error bars: 1.45% standard deviation for DJ profiles | bootstrap 5th / 95th percentile 

Shah et al., memo (2015)



• 2013-2014 observations of factors composed of VOCs 
characteristic of oil and gas development were much 
higher in Platteville than in Denver. 

• PMF suggests that BTEX compounds arise from other 
sources in addition to the oil and gas activity. 

• The WRAP Phase III VOC emissions profiles for the Denver-
Julesburg flashed and produced gas align well with the oil 
and gas factor from PMF.  

• Consider 2015 observations and implications for ozone 
based on VOC reactivity.

Conclusions & Next Steps
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