T
( q57 PECEIVEN !

rm :‘: mnr umﬁ'rmmmmummnm
el bl GERELET, WMI-%
mn—m
March 2, 2001
Mr. Randall Ferguson, and
Mr. Ed Dimadio
Colorado Oil and Gas Conservation Commission
Denver, Colorado

Re: Sampling of Keota Oil Field Spill Site, SW1/4, Sec4, 9N, 61W .
Dear Mr. Ferguson and Mr. Dimadio

MAHONEY ENVIRONMENTAL CONSULTING INC., was contracted to sample a site
associated with historical oil field activity in northern Weld County in SW1/4, Sec 4, 9N, 61W.
The site is located on the east side of Weld County Road (WCR) 89 ninc miles north of Highway
14 (Figure 1). The site is situated approximately 15 miles northeast from the town of Brigsdale.
Access to the site is via a gravel road which intersects WCR. 89,

The vicinity is used predominantly for cattle grazing activities. Vegetation in the area is
characterized by wild grasses and cacti. No permanent surface water features are present in the
study area or in the vicinity.

The Weld County Soil Survey identifies the surface soils as units 40 and 44 on sheet #19. Surface
soil unit 40 identified as the Nunn loam is situated on the west side of the hill and is described as:
“This deep well drained soil is on slightly dissected plains and siream terraces. It formed in calcareous loamy
alluvium. Typically, the surface layer is grayish brown loam 7 inches thick. The subsoil is clay loam 25 inches
thick. The substratum to a depth of 60 inches or more is calcareous clay loam. In some areas the surface layer is
clay loam, Permeability of this Nunn soil is slow. Available water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of water erosion is slight to moderate. The hazard of soil
blowing is slight. Range seeding is suitable if the range is in poor condition. This unit is well suited to
windbreaks and environmental plantings”.

Surfisce soil unit 44 identified as the Olney fine sandy loam is situated on the top and east side of
the hill and is described as: “This deep, well drained soil is on smooth to moderate dissected plains. It formed
in calcareous loamy alluvium. Typically the surface layer is brown fine sandy loam 6 inches thick. The upper 12
inches of the subsoil is sandy clay loam or loam, and the lower 10 inches is calcareous sandy loam. The
substratum 10 a depth of 60 inches ar more is calcareous sandy loam. Permeability of this Olney soil is moderate.
Available water capacity is high. Effective rooting depth is 60 inches or more. Runoff is slow to medium, and the
hazard of water erosion is slight to moderate. The hazard of soil blowing is slight. Range seeding is suitable if the
range is in poor condition. This unit is well suited to windbreaks and environmental plantings”.

The Weld County Soil Survey report, Photo Sheet #19, 1978, shows that the subject site had
been impacted. The photo illustrates a distinct variation in the surface conditions and the
probable impact from the oil field activity (Figure 4). The photo symbol indicates that the west
side of the area is a severely eroded area.
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The objective of the project was to sample the surface soils at the site to delineate the probable
cxtent of impact from oil field related spills. The probable area of impact from such spills is
visibly recognized by a distinct contrast in the vegetation cover. It was observed that the probable
impact area was absent of living vegetation. An extensive impacted area of dead decaying
vegetation and soils absent of any indication of former vegetation cover is discernible (Figures 2A
and 3A).

The visibly impacted area extends from the top of the hill to the east towards WCR 89, an
approximatc distance of 700 feet. The impacted area is narrow at the top of the hill
(approximately 10-20 feet wide) and gradually widens downhill to the west (approximately 300
feet wide at the widest point from north to south).

Asewudimpamnre.aissituawdunlh:eastsidtufthehﬂl This eastern impact area includes a
large non-vegetative area near the top of the hill and three possible smaller impact areas. These
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and wild grasses) and surface soils with no vegetation.

SCOPE OF WORK

Per instructions from the COGCC, it was estimated that 40 samples would be necessary to
evaluate the entire site. It was estimated that a 50 foot grid pattern may sufficiently cover the
area.

Samples would be collected to evaluate the surface soil conditions (0-4 inches). The samples
would be analyzed for Sodium Absorption Ratio (SAR).

SAMPLING ACTIVITY

MEC Inc. commenced field activity on February 26, 2001, Sampling commenced with the
collection of samples at the far western limits of the visible impact area (Sample 1 and 2).
Samples 1 and 2 were collected approximately 20 feet east of WCR 89.

Samples were collected in rows from south to the north. The sampling started at 50 foot spacing
in all direction. After the first two rows of samples were collected the spacing in the west 1o cast
direction was extended 1o a 100 foot grid (for samples 6 thru 10), Sampling rows four and five
for soil samples 11 thru 23 were collected on a 100” by 100" grid pattern. The sampling grid for
samples 24 through 30 varied because of the change of shape of the area. Sample locations for 31
through 40 were selected to fill in the evaluation of this large impacted area based on visual
observation and the site conditions.

Each soil sampling location was marked with a wire stake orange marker flag. The sample
number was written on each flag.



It is MEC Inc. understanding that the COGCC will utilize a Global Position System (GPS) to
accurately record the sampling locations. MEC Inc. has prepared a site schematic to illustrate the
approximate location of the sampling locations (Figure 2).

Each soil sample was collected as a grab sample. A clean stainless steel scoop was used for
extracting the sample. The scoop was cleaned after each sample was collected. The sample was
placed in a clean container.

SAMPLE DESCRIPTIONS

Materials sampled included area of visibly stressed vegetation, areas of semi-stressed vegetation,
and areas of no visible vegetation present. The stressed vegetation areas showed signs of dead
and decaying vegetation. Semi-stressed vegetation areas had a reduced amount of living grasses
which showed obvious stunted growth. No vegetation areas had not signs of living or dead
vegetation. The sample collection data table (Table 1) shows the observed vegetation condition
of each sample.

The majority of the surface soils in the area are loam (sandy clay) deposits consisting of fine grain
sediments and a limited amount of sand. Indications of petroleum staining were observed in some
samples.

Due to the surface drainage patterns, the moisture condition of the samples varied from dry o
wet., Recent snow fall in the area was at the final stages of snow melt.

Sampling of the smaller areas on the east side of the hill included conditions similar to the above
samples.

LABORATORY RESULTS

A total of forty-five (45) surface soil samples were collected from the major west hillside impact
area and the smaller east side area. The samples were analyzed at Weld Laboratories in Greeley,
Colorado.

The SAR values ranged from 1.29 to 29.53. Fifteen (15) of the samples had SAR readings
above the COGCC regulatory SAR 12 unit acceptable level. The sampling results including
sample location rationale and soil description are included in Table 1.

Based on the sampling results it appears that the samples collected from areas without any
indication of vegetation (dead or alive) commonly had SAR levels above 12. Specifically 21 of
the samples were collected from areas described as ‘No Vegetation present’. Thirteen (13) of
these samples were found to have SAR values greater than 12 and, four (4) had SAR values
between 10-12.

The Electric Conductivity (EC) and pH readings did not show a discernible pattern. However,
five (5) of the 21 samples from the ‘No Veg’ arcas had EC readings greater than 4.



The SAR results were plotted on the site schematic, Figures 2A and 2B. The plot shows a
definite trend of elevated readings in the main visibly impacted area extending to the west from
the base of the hill. Mixed readings above and below the SAR 12 value were also found on the
hill slope in the neck area extending from the top of the hill. A few values of less than 10 SAR
were measured from samples in the main area, but these samples were predominantly associated
with stressed vegetation sampled areas.

BACKGROUND SAMPLE(s)

Samples number 6 and 11 werehcaledahngthebumdmyuftheﬁsibhmpamedmaﬁm
possible native vegetation condition sites. Both locations area located on the south side of the

visible impacted area.
The SAR values for sample #6 was 4.36, EC 1.1, and pH 7.8.
The SAR values for sample #11 was 328, EC 2.4, and pH 7.7.

Overall. including these two samples, 38 of the 45 samples had SAR values greater than 4.36. In
the main spill area, on the west side of the hill, including the above two samples, 36 of the 40
samples had SAR values greater than 4.36. Of the five samples collected on the east side of the
hill, two samples had SAR values greater than 4.36.

DELINEATED AREA OF IMPACT
For this project the determination of the area of impact can be based on the following factors:

1) Visible observations. The impacted area(s) are easily recognized by the distinct pattern of
vegetation occurrence. The sampling pattern was selected using the visual impacted arca as a
guide. A majority of the samples were collected from within the damaged vegetation area
including areas with remnant dead vegetation present and areas devoid of plants or grasses.
Samples were also collected around the perimeter of this area.

The visual impacted area as illustrated on Figures 2A and 2B includes an estimated 15,000 square
foot area on the west hillside and 7,500 square foot area on the east hillside.

2) SAR Values. The sampling as described above had SAR values less than the regulatory 12
unit regulatory guideline level with the observed impacted area. The SAR value distribution
pattern has been illustrated on Figures 2a and 2b. Figure 3 illustrates the distribution pattern of
SAR greater than 12 and 10 on the western hill side . Based on the sampling results it is
estimated that a 62,500 square foot area on the western hillside has SAR values greater than 12,
and an additional 22,500 square foot area has a SAR value between 10 and 12.

Even though the majority of the SAR values in the upper neck area were below 12, it is visibly
obvious that this area has been significantly impacted by the former oil field activities. This area
would include an additional 12,500 square foot area not included with the SAR impact areas
above.



Agreaterﬂun]2distrihmmnpanemwasuutprepuedfnrtheeastsidanftﬁllmducmlhnitﬁd
size. The large impact area on the east hillside included approximately 6,450 square foot area.
This area had elevated SAR values. Even though the two smaller southern areas on the west
hillside had low SAR vﬂkuesstremdvegetﬁﬁunmndiﬁﬂmmubsewed. These areas cover
approximately 450 square feet.

The above impacted area determinations are estimates. The application of the GPS will provide a
more reliable estimate of the actual size of the impacted areas.




TABLE 1
KEOTA OIL FIELD
PRIMARY SPILL IMPACTED AREA INVESTIGATION
Location: WCR 89, 9 miles north of Highway 14, Weld
| lSDIL LABORATORY ANALYTICAL RESULTS
| EC | Sample Location and Rationale
Analysis .w__[pﬂ . | Py : Sample Description

1 T1511 | BT | 12 SW comer near WCR 89, ‘Semi stressed Veg,* outside|Light brown sandy clay
|

(winanl discernible impact ares
2 T4 | 8 | 0% .swmuwwcnm Semi stressed Veg, outside Light brown sandy clay
| \visual discernible impact area
3 |616 | 78 | 08 'NW boundary sample, nox to grass and cactus veg  Light brown sandy clay
Mo Veg ut sample location®
T4 573 | 76 | 14 |Westside, somi stresol vog ares imemﬁ.&”hy _‘
| = T
x5 | s |Wummm'mmwhmu Med brown. moist sundy clay
iu j, | |mciive driinige arca®™
6 436 | 38 | 11 [Southof visible impact srea, approx 15 . grass and %Hmwm il
rmntntqpmﬂ' {mary represent Mative
| |hnk5mﬂm}
7 1329 | 83 | 3 mmmmmmu Molst brown sandy clay i
] 1047 | 85 28 (Stressed Vg area®, hummugm 1t brown sandy clay
g s | 28 | 6 [Near south bend of impact area on west side, No Veg Md Brown Clay
10 56 | 23 | 1.{'n.rqm-,mmmmdvq.mm Lt to Md Rrnom Sandy Clay with Veg |
limpact area on northwest side residuc***
11 328 | 17 | 24 |vqmp-uummmm Lt to Md Brown Sandy Clay
. hqnﬂﬂllmpuﬂl-da |
12 703 | 16 1.1 }’:ghu.ﬂmﬁ:uﬁdﬁ’muuﬁsdvﬁ& Lt to Md Brown Sandy Clay
| | fimpact arca along south i - -
13 1515 | 84 | 42 |Inmain visible impact ares, Stress veg pquw&mmdqw&m
14 (1795 | 89 | 29 “In main visible impact arca, No veg Dry Light brown sandy clay
15 319 | 83 | 19 | 40 # from N BBL), Semi Stressed Veg Dhy, Medium Drova Sandy Clay
168 189 |az 54 [Near turn in impact area on south side, inactive  Wet dark-med Brown Sandy Clay
e i vl S dnn-n:uu.m.-md\fq
17 74,53 {‘B 3.8 hmlpmtdqﬂlm Mo Veg Iuptmmwcuy
18 [1659 Iad 3 side of central area, ncar cxicasion of visible | Med brown sandy clay
imapch to north, Mo Veg
W ;as::- 3 82 .45 linaporhomcension arca, NoVeg | Mod Brown Sandy Clay &

920 BT@ A1 2 Smﬁuhufnniﬂlaﬂ.wmlﬂ'mdmﬂ Moist Med Brown with Vg Residue
|_ | arca boundary, Stressed Veg ,

The 1sble indicwes & varicty of chaprved comditinns whih Tegpe! i vegeation:
Fo Veg: permains oo o isdication of plmt gowth s sampling lucktion
Siressel Vg, pevisingin visbie indication of former plan grmnsth such 25 wiki Erasses, Pest all e v tn doml

Seami Stressed Yeg portams o locsions sheened weith dead and s ke vegeiation
Su-mmmhﬁmmﬂﬂﬂwudm rovwng wimiar to sirTunding erea.
= The i (™ thy bt 1 dralnage pattrwans B appeas 40 be mcee active thas pthor, comsequenty yorsc sample eress se wet and athers we dry

""'i'uhhr m—-lruv-n [ xmmu‘d—l decayieg veg debria i the smples



TABLE 1 cont

KEOTA OIL FIELD - SPILL IMPACTED AREA INVESTIGATION
Location; WCR 89, 9 miles north of Highway 14, Weld
 SOIL LABORATORY ANALYTICAL RESULTS

‘F_G Sample Location and Rationzle |
Analysis im i = | Sample Description ,
= | | | , .
| 21 183 (84 |1.'.r ||:uu|un.Nuvq. ILight Brown Sandy Clay
l | k] L o |
2 (1% 35 North Central part of impectarca, No Vez. ‘Siightly moist dack brown clay with oid
‘ petroleum stwin |
23 1186 | 82 | 28 Along, north ceniral tuusdary of impact arca,  $ |mmmmmdnmvu
| |&mpm Stressed Veg Psidue
I_n—lﬁ‘u "7 At lowes part of south side narrow arca, evending (dark sandy clay |
| from top of hill, Stain sail, No Veg |
26 | 436 | 78 | 25 |Athower partof nort sidc narow ares exiending from Dark moist clayey soil -
{top of hill, Stain soil, Semi Stress Vg
2% 9 | 79 | 44 [27T trom south side of neck arca extending -ic;ulnq:ufﬁﬂwwlﬁmdw soil h
hill, sn-:nd‘u’q, Diark stain |
27 (%12 2| 2 | cemmul part of weck wea, Na Ve | Dark brown moist clay )
2B |4 78 3.3 |Along north side of neck arca near north road, Stressod Md brown sandy clay "l
| Vg arca
29 1545 | 82 | 38 Topofhill southside of impaci area, No Vey Lt Brown Clay Soil '1
20 1931 | 79 | 29 Tupctfﬂmﬂl!.ﬂenfhpﬁuu. Mo Veg Shnumdajrmﬂ '
39 184 | 87 (a8 mmnrmmﬂm Stressed Veg ‘Dark brown, Veg Residue
49 1%.1:"'_:3-2" 82 |in middic portion of neck arca, No Veg. uuwmmmy =
a3 54|19 ] Nmmﬂmmﬂrmsm\q |Lguhmnldychy
34 759 ] 3 l!lmmﬁhnuﬁlrnmdmﬂhnd’u:km Dy dark B eandy clay
Moveg, Mative Veg 1t w0 south
35 547 | 7B | 23 |Lower Contral nock area, Semi Stressed Veg Dry, Medium Brown Sandy Clay |
35 2025 84 68 Tiorth anm xicnsion approx 40 i from norh bbd, o Duthomed Droren Sandy Clay
- . ) .
37 577 (718 23 |lnmpmr.pm-uwwmm Dry, Med Brown Sandy Clay
= g | |ﬂl‘!ﬂﬂ‘l’ﬂ
38 48 79 117  North side of spill impact, Stress Veg Med brown sandy clay
a0 951 @7 21 200 square Rot isolated barren arca north of main | Med Brown Sandy Clay
| | uﬂm&:ﬂhﬂﬂtﬂg
40 1677 86 38 Central portion of lower ares near western limits of Light Brown
| .Iwiﬂ.Nu\’E _
SAMPLES 41-45 EAST SIDE OF HILL
| BELOW
41 |15.'E! & (38 hw&mdmkﬂmmmmﬂﬂ,wummﬂ
42 |n.m' ’aa 124 Imrﬂuwmummmuu n;“wmm wihvweg
43}_ 1.29 5.4 .11 |Barren anea to the east on top of hill, No \Veg |mummumm ) "
44 |1.'I"ﬁ iB [aa Fmﬁnﬁmw!ﬁwﬂn&dmﬂhnmwm
mmhn-ulhud Both No Veg and
| Stressad Veg surface |
45 26 @82 (3 wuﬂﬁnm-ﬂm1mnﬂb |In|dhmmu1dynqr '

the south, Both No Veg and Stressed Veg




TABLE 2
KEOTA OIL FIELD
PRIMARY SPILL IMPACTED AREA INVESTIGATION
Location: WCR 89, 9 miles north of Highway 14, Weld
s sle SAMPLING RESULTS BY SURFACE snmiggﬁ_n@ﬂs_l
' |

e |
.wmlw

S Mﬂg | TOTALS _l
i g P
‘Nmnbuufhﬂl i 1 1] '| 2 43
" smples it 0 R e
| SAR >12 i ' 1 B 1 ]
i ) ' :
| SAR10-12 1 3 ‘ ' 5
f = .
SAR <10 9 7 ] ’| 5 | 2 |
EC>4 1 1 5 ' | 7 |
pH<B | _ B 1 Se=2¥ ‘.
- | g e

== il —

l_..
*wwmmﬁ-mm—i—mmhmnqmm
m#idﬂu;whqnfnhwnduw-hh-pduupﬁu

Mo Veg penaias (o no mdicstion of plnt gevth af sarpliog locsicn.

Gtresserd Ve peviadng i visible mdoation of farmier pam goih soch as wiki gmases, Bt i the vepetsmon iy Ssid
fiemi Stresynd Ve pertsing 1o locations observed werhs demd i o five vegetition
mu'—mmamﬂﬁﬂﬂmjﬁh"—hu siroundng are
Hmmmmuwmm-uwwhmmum Commegun(ly S sampkc srcas g wes and cthers aredey.
=Yg Riniilue Some sampling krees had & bagher coment of Sead decay v debda n
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February 28, 2001

FROM Welz Lrooratories. Inc.

TQ

WELD LABORATORIES, INC.

1577 First Avenue * Greeley, Colorado 80631
Tnone: (970) 353-8118 » Fax: (970) 3531671

Mahcrney Enuimnmaﬁtal Conedulting, Inc.
1801 10th Ave.

Greeley, CO 80821

Laboratory No, 4384

Project ID: North Weld County - Keota Oiffield \Vest
Date Sampled: 2/26/01

Date Rec'd: 2/27/01

Date Prepared: 2/27-28/01
Date Analyzed: 2/28/01

Sample D

B e Nl oo s N

23

pH

a7
8.0
7.8
7.8
| B4
78
8.8
8.5
8.8
8.5
77
78
B4
89
83
9.2
80
84
8.2
8.1
B4
BO
8.2

Conductivity Calcum Magnesium Sodium SAR
(8! Units) (mmhos/cm) (mo/kg) (markg)

12
08
08
1.4
2.1
11
3.0
2.8
6.0
1.8
2.4
1.1
4.2
29
1.9
24
3.8
3.0
4.5
2.0
27
3.6
26

2875
3600
2850
3625
8500
3125
8350
4850
4230
5575
4875
375
4150
5875
4825
3100
2405
2480
1858
5850
3000
4450
4000

110
187
250
383
280
168
247
217
117
340
325
154
215
173
191
110
82
87
60
230
56
187
127

(mgfkg)
3500
1533
1280
1343
J025
925
3078
2775
2825
1648
878
1488
3700
5125
840
4150
4575
3100
4750
2525
3700
2850
2800

15.11
6.74
6.16
5.72
9.8/
4.36
13.29
10.47
11.52
5.80
3.28
7.03
15.15
17.85
3.19
19.91
24.83
16.59
28.53
8.78
18.30
11.36
11.86

e84

F.ei

Sampling procodures can affeci the value of mnaiytical re L8 - Guslomens @ advised £ use sppmprisic sampling protecss i inpurs samples
A ifuly fepegseatiliva of the bulk sample
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Sample ID

24
25
26
27

2B
20

30
3
32
33
34
35
36
37
38
39
40
41
42
43
44
45

FROM Welc LzbiratcrieszsInc.

70

WELD LABORATORIES, INC.

1527 First Avenue « Greeley, Colorado 80631

Phone: (970) 355-B118 - Fax: (970) 353-1671

10.63
4.38
8.00

812
410

15.45
19.31
7.54
28.48
5.24
7.59
5.17
29.25
5.77
4.63
9.51
18.77
156.62
€.08
129
176

pH Conductivity Calcium Magnesium Sodium SAR
(Sl Units). (mmhos/cm) (mg/kg) (mg/kg) (mafkg)
7.8 70 g150 236 3775
7.8 25 8750 295 1360
7.8 4.4 4625 325 2353
82 2.0 40:5 166 1838
7.B s 4625 308 1070
82 38 2825 348 5450
7.8 29 4675 330 5C75
8.7 06 IB7S 253 1868
8.2 B2 3250 g4—6000
T8 2.0 B8CO 212 182:
8.0 50 3825 265 1835
7.8 2.3 7200 330 1655
84 6.8 2775 8: 5750
8.1 2.2 6025 255 1685
7.8 1.7 &000 S84 1460
8.7 2.1 3625 Ba 2123
8.6 38 3750 203 3900
B6 3.9 2500 80 282¢
8.3 124 4875 500 1670
54 11 2273 164 236
8.0 33 4725 3c8 470
82 3.0 4575 261 870

2.80

STESSA=

P.G2

Sampling procedures can affeut the valie of aalyiicnl Msults - custamers are advized be I8¢ Sapeiprets sampling protess] 10 invace samplcs
are-truly represertanve of the bulk sample

TOTAL F.B2



Weld Laboratories, Inc.
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Weld Laboratories, Inc.
1527 15 Avenue  Established 1978

- /' Greeley, CO 80631-5936
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Weld Laboralories, Inc.
1527 15t Avenue  Established 1978
Greeley, CO 8063 1-5936

Phone: (970)353-8118 Fax (970) 353-1671
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