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: h 29, 2001 MISSION
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, Secd, 9N, 61W . Area #2, MEC 2001.023
Dear Mr. Ferguson and Mr. Dimadio

MAHONEY ENVIRONMENTAL CONSULTING INC., was contracted to sample an area
associated with historical oil field activity in northern Weld County in SW1/4, Sec 4, 9N, 61W.
The site (Area 2) is located approximately 1500 feet east of Weld County Road (WCR) 89 nine
miles north of Highway 14 (Figure 1). Access to the site is via a gravel road which intersects
WCR 89. The site is situated approximately 15 miles northeast from the town of Brigsdale.

The vicinity is used predominantly for cattle grazing activities. Vegetation in the area is
characterized by wild grasses and cacti. Two stock ponds are located at the northern end of the
study area. Water wells and livestock water troughs are present.

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 stightly dissected plains and stream 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 to0 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 seil
blowing is slight. Range seeding is suitable if the range is in poor condition. This unit is well sulted (o
windbreaks and eavironmental plantings”.

Smﬁcemﬂunﬂﬂiﬂmﬁﬁudasﬂ:ﬂhcyﬁnmdyhmhﬂﬂuﬁdmﬂzﬂpmdmﬁdﬂuf
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 to a depth of 60 inches or more is calcareous sandy loam. Permeability of this Olney soil is moderate.
Available water capacity is high. Effective rovting depth is 60 inches or more. Funoff 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 umit is well suited to windbreaks and environmental plantings™,

The Weld County Soil Survey report, Photo Sheet #19, 1978, shows a distinct variation in the
surface conditions (Figure 4). The photo symbol indicates that the area is a severely eroded.



The project objective was to evaluate the ground surface condition and to provide information
that will be used to determine the necessary vegetation reciamation activities. The majority of the
impacted area is recognized by the distinct non-vegetative ground surface. In some areas stressed
or decaying vegetation was present. A limited distribution pattern of native grass patches were
beginning to sprout in areas which appear to have a higher ground moisture content associated

The majority of the groundsurface soils present were fine grain slightly sandy clays. The texture
of the groundsurfisce soils varied from unconsolidated dry or moist sandy clay to dry hard pack
materials (possibly weathered bedrock). For much of the site, the upper soil layer had been
eroded away. Figure 2 illustrates the approximate boundaries of the impacted area (ie vegetation
denuded).

The visibly impacted area extends southward from the large stock pond an approximate distance
of 1500 feet. The denuded area follows the surface drainage pattern to the south. The denuded
area is narrow, ranging in width from 15 to 40 feet with two extensions to the west. At the fence
line, approximately 600 feet from the hill top the denuded (impacted area) widens and forms a ‘U’
shaped feature.

The majority of this visibly impacted arca is characterized by the absence of vegetation. In
addition areas of stressed vegetation are present, as indicated by dead and decaying vegetation. In
the upper, northern portion of the sampling area manure had been added to the surface soils,
Within the drainage low areas, limited amounts of native grasses were starting to grow with the
seasonal spring conditions. All of the above areas were sampled as part of this investigation.

In some areas, it was observed that the surface soil cover was thin with a hard resistant layer less
than 4 inches below the surface.

Sample #44 was collected from the upper small stockpond located west of the top of the drainage
impact area. The sample was collected from a non-vegetative area. The larger stock pond area
was not sampled because of the extensive amount of water present.

SCOPE OF WORK
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to evaluate the length of the site from north to south, The sampling pattern required collecting a
surface soil sample at approximately 50 foot intervals extending from the north to the south.
Additional samples were also collected from impact area that extended to the west.

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



SAMPLING ACTIVITY

MEC Inc. commenced field activity on March 23, 2001. The sample collection pattern extended
southward at 50 foot intervals down the central portion of the impact area. Each soil sampling
location was marked with a wire stake orange marker flag. The sample number was written on
each flag,

Two samples were collected at location #5. The samples were collected from the first area where

#3A was from No Veg surface soils and #5B was from the grassy area within 3 feet of #5A. Both
samples were collected for comparison of the surface conditions at essentially the same location.
It was noted that the 5B sample was more moist than the 5A sample, The sampling results did
not show a distinct difference in the results.

It is MEC Inc. understanding that the COGCC may 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 afier each sample was collected. The sample was
placed in a clean container.

SAMPLE DESCRIPTIONS
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visible vegetation present. The stressed vegetation areas showed signs of dead or decaying
vegetation. Semi-stressed vegetation areas had a reduced amount of living grasses which showed
abvious stunted growth. No vegetation areas had no signs of live or dead vegetation. In these
areas the main soil horizon appeared to be completely eroded. The sample collection data tabie
(Table 1) shows the observed vegetation condition of each sample.
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sediments and a limited amount of sand. The amount or thickness of loose soiliregolith varied at
sampling locations throughout the site. The soil/regolith thickness varied from more than a few
inches to none (0 inches). ‘Whﬂtmmilmprmﬂ::gmmﬂmnﬁwwmmiﬂyhndpﬂ
material, possibly weathered bedrock. Due to the surface drainage patterns, the moisture
condition of the samples varied from dry to moist. Recent snow fall in the area was at the final
stages of snow melt which provided additional moisture. In areas with moisture retention in the
mﬂmmmmmmmmmmmm
ﬂtﬂmﬂﬂrmmdmmmwﬁm‘ the area is minimal, an estimated less than 5 percent of
area.



LABORATORY RESULTS

A total of forty-five (45) surface soil samples were collected from 44 locations in Area 2. The
samples were analyzed at Weld Laboratories in Greeley, Colorado.

The SAR values ranged from 2.68 to 44.38. Overall, twenty four (24) samples had SAR values
nhmthﬂﬂﬁﬂﬂmguhnq&&ﬂl?mhmﬂhhlmdﬂﬁ:mﬁ}mmm !
values between 10-12 units. The sampling results including sample location rationale and soil

Thirty three (33) samples were collected from areas described as ‘No Vegetation present’.
Twenty one (21) of the No Veg samples have SAR values greater than 12 and four (4) had SAR
values between 10-12.

Two of eight stressed vegetation samples had SAR values > 12.

Overall 13 of the 45 mmMmmmmmmﬂmmmm
than 4. No distinct trend was determined between the EC, pH, and SAR values.

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

1) Visible observations. mwms)mmmmwmmmof
denuded vegetation. mmmmmmﬂnwmmmam.
A majority of the samples were collected from within the stressed/denuded 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 arca.

The visual impacted area as illustrated on Figures 2 includes an estimated 270,000 square foot
area.

2) SAR Values. SAR values above and below the regulatory SAR value 12 guidefine level were
measured in the sampling arca. mmmmmthﬁgmz.
FwHMmhthnMofmmmﬂmlz and between 10-12.
Mmhnnﬁmmﬁgkim&ﬁuazm,ﬂmmﬁutmhwmm
greater than 12, and an additional 35,000 square foot area have SAR values between 10 and 12.

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

Twﬁm(%}mhuhmmmblluﬁmwm&%& The estimated
area with SAR > 12 is 200,000. Overall the average SAR is 17.46.



TABLE 1
KEOTA OIL FIELD - Ares 2
PRIMARY SPILL IMPACTED AREA INVESTIGATION
Location: WCR 89, 9 miles north of Highway 14, Weld
SOIL LABORATORY ANALYTICAL RESULTS

| | i
|EC Sample Location and Rationale |
1 1089 | 85 | 4 |Atnorth ond, nesr stock pond, No Vg, * Light- Med brown sandy clay it
3 36 | 92 | 48 |40 foct south from # | incontral portion of impact |Medium brown sandh
| {area, StressedDocay Veg, w mamure mix o~
3 8357 | 83 | 64 (50 Retsouth from# 2, Somi Swessed Light brown sandy clay
4 |24 | &5 | 39 [oveg ¥y

of patchy netive live gprass present in the bow
partion of drainage impsc ares. Sample is split

SA | 307 | 78 | i3 Eﬁdmmmmmmmium
location w include Mo Vg and a Veg sample.

58 686 | 79 | 17 w&mhuaﬁﬂmﬁﬁhm LE- Mexd Brown Moist
8 268 | 84 | 29 |SiressedVeg iuulmuuqmq L
7 391 | 81 | 54 [Swossed Veg brown sandy clay |
8 47 | B7 | 27 [NoVeg, some docay/stressed within | foot brown cleyhard pack
9 856 | 9 | 44 [No Ve, some docaystressod within 1 foot LiMd brown Clay e
10 2082 | 89 | 23 [NoVeg banen |Lt Brown Sandy Clay
11 328 | 84 | 54 [NoVeg bamen L1 Rrrn Sandy Clay
[ 12 3577 9 | 62 |50 oot west of #11 cxicnding up impact cxtension arn|Lt Brown Sandy Clay, bardpack
1, No Veg, harren
43 9 4 : i
13 4143 | 89 Lﬁ::;umﬁ-mwwugummm
|
14 1334 87 | 33 [Nowee Light brown clay, slightly s
15 [1377| 88 | 28 No veg Light-Mectimm Breem Clay
16 648 33 [No veg and some srosed veg Light-Medum Brown Clay
17 E®s s 12 Mo vey and some sressed veg _ ) !-iﬁ-lﬂ'-nnmch;r_
| 18 7.03 Ja.z 13 Veg. near end of nonh portion of extension anm | Light brown clay

Bai 13 stress, some gros and desd veg present, near end Birowm Sandy Clay
| ‘south potion of extengion am
20 4398 feet south of #11 i mmin drainage impect arca, No 'Light Brown
| | S0 grass how aree within 3 feer | |
* Vegntation Condifiens Obeerved (Mo the followisg phservations were doms in Februsry dosing winter conditions
Tt table melieates 4 variery of ohservesd consdiinns. with reagsct 1 vagcistion.
Mo Yogr pertwws womo indication of plint goomth & tesching besives
Snreapel Veg. pertains o viaide mdinsiion o fovmer st growih mach an wild grasses, best 4l the vegeomion i ded
Somi Sterssd Vg pertaing . boccathion clvamresd: with dead and some frve vogetation
hhﬂnm“--ﬁuﬁﬂmd_pﬂ-ﬂ-nm-
**The irraggaler bnncimrfiace currecssly tis developed drabage pathwsys test nppeer 10 be I00E scive than ather, SONMNRALT 4R SEEple AT A et wid others e diy.
***Vey Reamdwe: Some ssspiog sy badd 5 bigher coniest of desd decaymg veg debis in e smples.
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TABLE 1 cont
KEOTA OIL FIELD - AREA 2

SPILL IMPACTED AREA INVESTIGATION
Location: WCR 89, 9 miles north of Highway 14, Weld County
SOIL LABORATORY ANALYTICAL RESULTS

Analysis AR pn | EC Sempls Locaion und Relionals Sampie Description
21 (1395 1 p3 ]hm-u.“ Light - Med Brown Sandy Clay
| g —n
22 8395 ¢ | 11 mu.:-ﬁqﬂmmﬂmumugmm
Veg
T 2% 591 | B | 14 [Awost end of central arm, 50 fest from 922, o |Light v Mcd Brows Clay
Veg
24 1008 | 7 | 17 100 fect sowth of #21. Skipped narrow ~~ Meedim brown moist il
{3 feet wide), mostly veg grass surface cover.
24 in No Veg aren st end.
25 37 | 91 | 51 |Atendofnemowarcs where it opens up o 17 hard
area near the south lence line. Mo veg
28 |2709 | 83 | 78 iﬂhuﬂtnﬂﬁ.hmn No Veg, Light brown sandy clay —1
e } s
27 2261 | B85 | 53 Veg Light browa clay, dry
28 2879 | 87 | 09 |No Veg 15 fect west of electric pole Light brown clay, dry
29 1969 | 83 | 45 INo Veg Light brown clay, dry, bard pack
30 (%03 | R6 | 19 SwemVer Light brown clay, dry,
31 1221 | B8 | 18 [Swess Veg brown clay, dry
32 2708 | 9 | 37 Veg, 30 fieet north of fence fine brown chay, dry
33 226 | 9 | 42 (70 fect south of #32, sampled on south side of foace brown sandy clay
lime road (40 feet south of fenee tine), Arca to south I’H
paichy veg and no Veg :
T 34 yu7 | 82 | 13 i:muﬂnma.pmuqu-;m L1 -Med brown clay §
Ve
35 786 | 8 | 1.2 [100 foct south of #34, Stressed Vg and No Veg [Medium Brown Clay
a5 1088 | B3 | 2 (50 feet south of #35, Stressed Vieg and No Veg pummm
ar . .1!.! 83 | 24 mhﬂﬂfﬁpﬂmlshh—hﬂh Light Brows Sandy Clay
- a8 2548 | 89 | 09 |InUshapcara, MNoVeg, Li-Med browa sandy clay
a6 3083 | 84 | 08 |in'U shpoares, Mo Veg, L+-Med Brown Sandy Clay, possible
| . =
40 1008 | 7.8 | 12 Onmamow IS foot exension to the westoff of /' Light Brown
shaped ares, No Vi, Roed goes spproximately 300
feel more o the west
41 2628 | 63 | 34 fnu-r-:;d-. Na Vg ~ |Light brown sandy clay
42 4022 | 83 | 56 [In'U shaped ares, No Veg Light brown sandy clay
43 4438 | 65 | 63 |(In'U shaped area, No Vg, Near COGCE ILight brown sandy clay
44 202 88 | 34 10 small stock pond o nosth end of arca IMD brown sandy
former tank battery location, \Wister presant o
= pond. Mo Viag sampie




TABLE 2
KEOTA OIL FIELD
PRIMARY SPILL IMPACTED AREA INVESTIGATION
Location: WCR 89, 9 miles north of Highway 14, Weld
SOIL SAMPLING RESULTS BY SURFACE SOIL CONDITIONS

| ‘ N
' |
| Natvo Liwng |
MNumber of totall 8 z 33 7 FT;
| samples

SAR =12 2 21 I 24
| SAR 10-12 4 i 4

SAR <10 3 2 3 i 17
EC=or >4 7 - 1 13 = 3 6
pH=or<6 | I 1
 pH=or>9 1 1 ] 10 i

L g
* Vgriston Conditioas O d (Mot e fillowing pheervinions wor dime i Felrtary dring wisser coaditions
The satvle bl g variesy of obaarved coudiss wish Feapect i vegcintion

Mo Veg pensing o no indicetion of plint wows = mmpEng lestion

Streased Vey. pertain i visible indicancs of fowmer plmt groowth Guck a6 wild proasem, St o Use vrgrtation i desd

Senti Stremsed Veg pefisn in bocaiions ebeereed with doud and vome fve vegstation

Soims losations were colleckn] 1 W with witd e and el growing Lmils o ssreunding awa.

" Thoe irvespules l=diurfnce nurrsenty hes developed drafuge pbrays than sppesa v b fwar s acien than ofber, comsoquently s issmpin s are et and others s dey
4% Vog Resiiun: Some sarwpling mens had n higher coumen of desd decaying vag debuin i e samplen




WELD LABORATORIES, INC.

1527 First Avenue + Greeley, Colorado 80631
Phone: (970) 353-8118 » Fax: (970) 353-1671

March 27, 2001

Mahoney Environmental Consulting, Inc.
1601 10th Ave.
Greeley, CO 80631

Laboratory No. 4419

Project ID: North Weld County - Keota Qilfield
Date Sampled: 3/22/01

Date Rec'd: 3/22/01

Date Prepared: 3/23-26/01

Date Analyzed: 3/27/01

Sample ID  pH Conductivity Calcium Magnesium Sodium SAR
(S Units) (mmhos/cm) (mg/kg) {mﬁgl (mg/kg)
.1

1 8.5 4.0 3325 2375 10.89
2 9.2 4.8 5525 530 1048 3.60
3 8.3 6.4 4600 270 2215 8.57
4 8.5 3.9 4050 117 2425 10.24
SA 7.8 1.3 2295 143 563 3.07
6 8.4 2.9 5050 489 748 268
7 8.1 5.4 5600 498 1140 3.91
8 a7 0 3250 189 1020 4.70
9 9.0 4.4 2468 253 3650 18.68
10 8.9 2.3 2238 129 3750  20.82
1 8.4 34 1805 96 3225 10.56
12 9.0 6.2 2183 121 6325  35.77
13 8.9 8.0 2158 114 7300 41.43
14 8.7 3.3 2850 116 2675 13.34
15 8.6 26 3025 95 2825 1377
16 6.0 3.3 2850 598 1463 6.48
17 8.0 1.2 2850 222 1420 6.88
18 82 13 3450 212 1578 7.03
19 8.0 1.3 4378 315 1505 5.91
20 8.3 6.5 1803 169 7475  43.98
21 9.1 23 3700 94 3150 1385
22 8.0 1.1 1630 90 3675 23.85

23 8.0 1.4 3600 224 1355 5.91

Sampling procedures con affiect the value of analytical results — customers are advised to use appropriate sampling protocel to nsure samples
are trly reprecentative of the bolk snmple




WELD LABORATORIES, INC.

1527 First Avenue * Greeley, Colorado 80631
Phone: (970) 353-8118 = Fax: (970) 353-1671

Sample ID pH Conductivity Calcium Magnesium Sodium SAR
(Sl Units) {mm:n;fm} (mg/kg) (mg/kg) (mg/kg)

24 8.7 3925 161 2398 1018
25 9.1 5.1 1945 107 6200 37.00
26 8.3 7.8 3550 305 6275 27.08
27 8.5 53 2675 213 4525 2261
28 8.7 0.9 2205 215 5300 28.79
29 8.3 4.5 1738 100 3125 19.69
30 8.6 1.9 2600 107 1730 9.03

31 8.8 1.8 2245 86 2170 12.21
32 9.0 3.7 2068 82 4625 27.09
33 9.0 4.2 5350 151 6150 22.60
34 8.2 1.8 2575 129 1743 9.07

35 8.0 1.2 3000 156 1633 7.86

36 8.3 2.0 3050 116 2253 10.88
7 9.3 24 2600 687 3575 18.88
38 8.9 0.9 1928 106 4250 2548
38 9.4 0.8 2975 134 8150 39.63
40 7.8 12 2875 168 2060 10.09
41 8.3 34 3150 245 5700 26.28
42 9.3 5.6 3475 149 8925 40.22
43 9.5 6.3 1545 123 6750 4438
44 8.6 34 2418 181 4175 22.02
5B 7.9 1.7 4375 189 1708 6.86

Sumpling procedures can affeet the value of analytical results - customers are advised to use appropriate simpling protocol 1o Tnsure samples
are truly representstive of the bulk samnple
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