
 
Nicholson GeoSolutions LLC 

3433 East Lake Drive 
Centennial, CO  80121 

 
July 28, 2021 

 
Mr. Jon Armstrong 
Berry Petroleum Company 
5201 Truxtun Avenue #100 
Bakersfield, CA  90399 
 
Subject: O-29 Landfarm Final Discrete Sampling Results 
 
Dear Jon: 
 
Nicholson GeoSolutions LLC conducted final discrete soil sampling of the landfarm on the O-29 
well pad in the Garden Gulch area, Garfield County, Colorado on July 10th, 2021.  The sampling 
was conducted in accordance with the new COGCC Series 900 Rules that are in effect as of 
January 15, 2021 and discussions with COGCC personnel. 
 
This landfarm has been extensively tilled. The final landfarm contained an estimated 7,000 cubic 
yards of material and averaged about 12 inches deep at the time of sampling. 14 discrete soil 
samples were collected.  The locations of the samples are shown on Figure 1.  Ten samples were 
analyzed for PAHs only (the only remaining COCs in the landfarm soil) and four samples were 
analyzed for the entire Table 915-1 list of parameters to demonstrate compliance with the new 
Rules. The Table 915-1 list includes Total Volatile Petroleum Hydrocarbons (TVPH – gasoline 
range), Total Extractable Petroleum Hydrocarbons (TEPH – diesel and motor oil range), BTEX 
(benzene, toluene, ethylbenzene, and xylenes), sodium adsorption ratio (SAR), pH, conductivity, 
metals, PAHs, and selected VOCs (1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, and 
naphthalene).     
 
Table 1 provides a summary of the analytical results for the 14 samples.  The laboratory report is 
contained in Appendix A.  All results were below the Table 915-1 standards except arsenic for 
four samples and hexavalent chromium for one sample. Arsenic ranged from 6.65 mg/kg to 11.6 
mg/kg, within the range of natural background concentrations for the Garden Gulch area 
(Nicholson 2014).  Hexavalent chromium was reported at 2.56 mg/kg for sample O29-13.  This 
result is anomalous as hexavalent chromium has never been detected before in samples from the 
landfarms. 
 
Based on the sample results, remediation of the O-29 landfarm is now complete. Since all SAR 
pH, and conductivity values are below the Table 915-1 standards for all samples, this material 
does not need to be buried and can be used for general site purposes pending COGCC approval. 
 



 
Nicholson GeoSolutions LLC 
 

 
 
David K. Nicholson, P.G. 
Principal Geologist 
 
 
 
Reference 
 
Nicholson GeoSolutions LLC, 2014, Analysis of Background Arsenic Concentrations for the 
Garden Gulch, Old Mountain, and Long Ridge Areas, Garfield County, Colorado.  Prepared for 
Berry Petroleum Company, February 24, 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 1  O-29 Landfarm Sample Results – July 10, 2021 
  Sample ID 

Parameter 
Table 915-1 
Standards O29-1 O29-2 O29-3 O29-4 O29-5 

Contaminants of Concern
TVPH – gasoline range 

5001 
0.108 NA NA <0.1 NA

TEPH – diesel/motor oil range 83.7 NA NA 143.9 NA
Soil Suitability for Reclamation 

sp. conductance (mmhos/cm) <4 0.285 NA NA 0.304 NA
SAR (ratio) <6 0.904 NA NA 0.786 NA
pH (standard units) 6-8.3 8.07 NA NA 7.86 NA
boron (hot water extract) 2.0 <2.0 NA NA 0.228 NA

Organic Compounds in Soils
benzene  1.2 <0.001 NA NA <0.001 NA
toluene 490 <0.005 NA NA <0.005 NA
ethylbenzene  5.8 <0.0025 NA NA <0.0025 NA
xylenes 58 <0.0065 NA NA <0.0065 NA
1,2,4-trimethylbenzene 30 <0.005 NA NA <0.005 NA
1,3,5-trimethylbenzene 27 <0.005 NA NA <0.005 NA
acenaphthene 360 <0.006 <0.006 <0.006 <0.006 <0.006
anthracene 1800 <0.006 <0.006 <0.006 <0.006 <0.006 
benzo(a)anthracene 1.1 <0.006 0.042 0.037 0.0396 0.0395
benzo(b)flouranthene 1.1 0.0176 0.125 0.0886 0.114 0.107
benzo(k)flouranthene 11 <0.006 0.0281 0.0221 0.0252 0.0231
benzo(a)pyrene 0.11 0.00624 0.0416 0.0347 0.0383 0.0365
chrysene 110 0.00665 0.0519 0.0433 0.0463 0.0443
dibenz(a,h)anthracene 0.11 <0.006 0.0159 0.0111 0.0138 0.0132
fluoranthene 240 0.00727 0.0509 0.0549 0.0495 0.0511
flourene 240 <0.006 0.00607 <0.006 <0.006 <0.006
indeno(1,2,3-cd)pyrene 1.1 0.00948 0.0612 0.0421 0.0536 0.0508
1-methylnaphthalene 18 <0.02 0.0517 0.0327 0.0382 0.0367
2-methylnaphthalene 24 0.0203 0.0941 0.0645 0.0724 0.0709
naphthalene 2 <0.02 0.0598 0.0398 0.0464 0.0453
pyrene 180 <0.006 0.0385 0.0404 0.0362 0.0392

Metals in Soils
arsenic 0.68 6.65 NA NA 11.6 NA 
barium 15,000 234 NA NA 345 NA
cadmium 71 <0.5 NA NA <0.5 NA
chromium VI 0.3 <2 NA NA <2 NA
copper 3,100 17.3 NA NA 33.1 NA
lead 400 13.5 NA NA 25.3 NA
nickel 1,500 19.3 NA NA 18.6 NA
selenium 390 <2 NA NA <2 NA
silver 390 <1 NA NA <1 NA
zinc 23,000 53.4 NA NA 72.0 NA
1The standard is 500 for the combined total of TVPH and TEPH     NA = not analyzed 
Values in bold type exceed standards 
All units and standards in mg/kg except where indicated 
 



Table 1  O-29 Landfarm Sample Results – July 10, 2021 
  Sample ID 

Parameter 
Table 915-1 
Standards O29-6 O29-7 O29-8 O29-9 O29-10 

Contaminants of Concern
TVPH – gasoline range 

5001 
NA NA NA <0.1 NA

TEPH – diesel/motor oil range NA NA NA 82.4 NA
Soil Suitability for Reclamation 

sp. conductance (mmhos/cm) <4 NA NA NA 0.289 NA
SAR (ratio) <6 NA NA NA 0.725 NA
pH (standard units) 6-8.3 NA NA NA 7.96 NA
boron (hot water extract) 2.0 NA NA NA 0.218 NA

Organic Compounds in Soils
benzene  1.2 NA NA NA <0.001 NA
toluene 490 NA NA NA <0.005 NA
ethylbenzene  5.8 NA NA NA <0.0025 NA
xylenes 58 NA NA NA <0.0065 NA
1,2,4-trimethylbenzene 30 NA NA NA <0.005 NA
1,3,5-trimethylbenzene 27 NA NA NA <0.005 NA
acenaphthene 360 <0.006 <0.006 <0.006 <0.006 <0.006
anthracene 1800 <0.006 <0.006 <0.006 <0.006 <0.006 
benzo(a)anthracene 1.1 0.0437 0.0309 0.0438 <0.006 0.0132
benzo(b)flouranthene 1.1 0.112 0.0788 0.119 <0.006 0.0365
benzo(k)flouranthene 11 0.0258 0.0185 0.0279 <0.006 0.00789
benzo(a)pyrene 0.11 0.041 0.0287 0.043 <0.006 0.0125
chrysene 110 0.0432 0.0349 0.0468 <0.006 0.0161
dibenz(a,h)anthracene 0.11 0.0137 0.00956 0.0155 <0.006 <0.006
fluoranthene 240 0.0524 0.0405 0.0516 <0.006 0.0169
flourene 240 <0.006 <0.006 0.00655 <0.006 <0.006
indeno(1,2,3-cd)pyrene 1.1 0.0543 0.0376 0.0603 <0.006 0.0181
1-methylnaphthalene 18 0.0378 0.0309 0.0484 <0.02 0.0468
2-methylnaphthalene 24 0.0777 0.0555 0.085 <0.02 0.0725
naphthalene 2 0.0456 0.034 0.0511 <0.02 0.0425
pyrene 180 0.0414 0.0314 0.0402 <0.006 0.0129

Metals in Soils
arsenic 0.68 NA NA NA 6.85 NA 
barium 15,000 NA NA NA 263 NA
cadmium 71 NA NA NA <0.5 NA
chromium VI 0.3 NA NA NA <2 NA
copper 3,100 NA NA NA 27.5 NA
lead 400 NA NA NA 18.7 NA
nickel 1,500 NA NA NA 12.7 NA
selenium 390 NA NA NA <2 NA
silver 390 NA NA NA <1 NA
zinc 23,000 NA NA NA 58.2 NA
1The standard is 500 for the combined total of TVPH and TEPH     NA = not analyzed 
Values in bold type exceed standards 
All units and standards in mg/kg except where indicated 
 
 



Table 1  O-29 Landfarm Sample Results – July 10, 2021 
  Sample ID 

Parameter 
Table 915-1 
Standards O29-11 O29-12 O29-13 O29-14 

Contaminants of Concern
TVPH – gasoline range 

5001 
NA NA <0.1 NA

TEPH – diesel/motor oil range NA NA 105.4 NA
Soil Suitability for Reclamation 

sp. conductance (mmhos/cm) <4 NA NA 0.257 NA
SAR (ratio) <6 NA NA 0.433 NA
pH (standard units) 6-8.3 NA NA 8.10 NA
boron (hot water extract) 2.0 NA NA 0.201 NA

Organic Compounds in Soils
benzene  1.2 NA NA <0.001 NA
toluene 490 NA NA <0.005 NA
ethylbenzene  5.8 NA NA <0.0025 NA
xylenes 58 NA NA <0.0065 NA
1,2,4-trimethylbenzene 30 NA NA <0.005 NA
1,3,5-trimethylbenzene 27 NA NA <0.005 NA
acenaphthene 360 <0.006 <0.006 <0.006 <0.006
anthracene 1800 <0.006 <0.006 <0.006 <0.006 
benzo(a)anthracene 1.1 0.0127 0.037 0.017 0.033
benzo(b)fluoranthene 1.1 0.034 0.102 0.052 0.0942
benzo(k)fluoranthene 11 0.00834 0.0237 0.0122 0.0214
benzo(a)pyrene 0.11 0.0122 0.0362 0.0173 0.0336
chrysene 110 0.0147 0.043 0.0211 0.0409
dibenz(a,h)anthracene 0.11 <0.006 0.0131 0.00681 0.012
fluoranthene 240 0.0163 0.0439 0.0193 0.0397
flourene 240 <0.006 <0.006 <0.006 <0.006
indeno(1,2,3-cd)pyrene 1.1 0.0178 0.0508 0.0266 0.0466
1-methylnaphthalene 18 <0.02 0.0347 <0.02 0.0266
2-methylnaphthalene 24 0.0229 0.0621 0.0301 0.0503
naphthalene 2 <0.02 0.0393 <0.02 0.0303
pyrene 180 0.0126 0.0327 0.0148 0.0308

Metals in Soils
arsenic 0.68 NA NA 6.97 NA 
barium 15,000 NA NA 270 NA
cadmium 71 NA NA <0.5 NA
chromium VI 0.3 NA NA 2.56 NA
copper 3,100 NA NA 19.3 NA
lead 400 NA NA 14.9 NA
nickel 1,500 NA NA 20.2 NA
selenium 390 NA NA <2 NA
silver 390 NA NA <1 NA
zinc 23,000 NA NA 58.0 NA
1The standard is 500 for the combined total of TVPH and TEPH     NA = not analyzed 
Values in bold type exceed standards 
All units and standards in mg/kg except where indicated 
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������������������������ ��!�"#�$��%�!�%!&���&$%%'()*+,)-�./0*1,2�3(45(6178�9:3;��<�=>��-+?(7�@AB�C� DEFGHI JGKHLMLEN DOP OLHGILQR SRKHTFLF UKIVWSRKHTIE XYZ[Y XYZ[Y \]̂_�Z�̂̀X_abcXc\̀defcbcX_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrabcXcscbX hi �j��k� l �mZlkZ���l�lmn�o pqlm�k�rrabcXcX_̂e]g_ hi �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrg�at̂ufv_gw_g_ hi �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrx_d�at̂ufv_gw_g_ hi �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rr_̂b̂�at̂ufv_gw_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rry]bvcg�̂_̂b]defcb̀\_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rryefcbcv_gw_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rryefcbc\̀vbcXcX_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rryefcbc_̂e]g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rryefcbcscbX hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rryefcbcX_̂e]g_ hi �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rr��yefcbĉcft_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr��yefcbĉcft_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìvbcXc�r�yefcbc{bc{]g_ hi |} �j��k� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìvbcXc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrìvbcXcX_̂e]g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìdefcbcv_gw_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlzr�ìdefcbcv_gw_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìdefcbcv_gw_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrìdefcbc\̀sftcbcX_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzl�ìdefcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìdefcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzl�ìdefcbc_̂e_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrd̀x�lz��ìdefcbc_̂e_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrb̂]gx�lz��ìdefcbc_̂e_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlz��ìdefcbc{bc{]g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlzl�ìdefcbc{bc{_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzr�ìdefcbc{bc{]g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrd̀x�lzr�ìdefcbc{bc{_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrb̂]gx�lzr�ìdefcbc{bc{_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rr�z��ìdefcbc{bc{]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrì�̀xc{bc{uf�_̂e_b hi �j��l�� l �mZlkZ���l�lmn�o pqlm�k�rr~̂eufv_gw_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr�_�]defcbc�lzr�vt̂]\̀_g_ hi �j��k� l �mZlkZ���l�lmn�o pqlm�k�rr�xc{bc{ufv_gw_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr{��xc{bc{uf̂cft_g_ �j����� �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rr��at̂]gcg_���~�� hi �jl�� l �mZlkZ���l�lmn�o pqlm�k�rr�_̂euf_g_�yefcb̀\_ hi �j��k� l �mZlkZ���l�lmn�o pqlm�k�rr���_̂euf���{_ĝ]gcg_����a�� hi �j��k� l �mZlkZ���l�lmn�o pqlm�k�rr�_̂euf�̂_b̂�vt̂uf�_̂e_b hi �j��l�� l �mZlkZ���l�lmn�o pqlm�k�rrh]{êe]f_g_ hi |} �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrg��bc{ufv_gw_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rr�̂ub_g_ hi �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrlzlzlz���_̂b]defcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzlz�z���_̂b]defcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzlz���b̀defcbĉb̀sftcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr�_̂b]defcbc_̂e_g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr�cft_g_ hi �j��k�� l �mZlkZ���l�lmn�o pqlm�k�rrlz�zr��b̀defcbcv_gw_g_ hi |} �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrlz�z���b̀defcbcv_gw_g_ hi |} �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rrlzlzl��b̀defcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlzlz���b̀defcbc_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rr�b̀defcbc_̂e_g_ hi �j��l�� l �mZlkZ���l�lmn�o pqlm�k�rr�b̀defcbcsftcbcX_̂e]g_ hi �j���k� l �mZlkZ���l�lmn�o pqlm�k�rrlz�zr��b̀defcbc{bc{]g_ hi |
 �j�l�k l �mZlkZ���l�lmn�o pqlm�k�rr
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�uvw� /01234 526378709 :73247;< =<63>171 ?64@A=<63>40 MK BCDE�F�DGHEOn SR�X 
x U �SFUyF���U�U�W�� YZUS�S�ytz6{|30�}699647~0��������UtSSTtX����YZUS�S�ytW�SR�X�CD��UR�k[,+�&\,]̂.+_̀�à��,+\b-�
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\]VŜTP
_̀ab̀_̀ab̀

��
cdefghi

nkknkn
nknoklk�npk

qrdhs_
nkknkm

nkmoklk�npk
tru_hs_

nkk��l�
��l�oklk�npk

txdy_hs_
nkknkn

nknoklk�npk
ty{{fd

nkk��lw
��lwoklk�npk

|fru
nkknkp

nkpoklk�npk
}hibf~

nkknkm
nkmoklk�npk

�f~fghs_
nkknkv

nkvoklk�npk
�h~�fd

pklknolz
�nlwoklk�npk

�hgi
nkknkp

nkpoklk�npk

F 	� J �� A 
� K 	= � 
� B �� H �; C �; D 
�

�  �����
!���� ��

 ¡��
¡���¢�����

!����
:5����£56�8;5¤��E�¥5=¦

5�§�	

�FAHH�AB

GHIJBIJF�JGL��
AJ�8̈��A

©ªª«¬­®̄
°±«²³ª®̄

µ́¶̄
µ©®³·®̧¹³̄

°©¶³̄
º»¼¼½�¾»¿¼ÀÁ»ÂÃ�Ä�Å»ÆÇ

»¼È�ÉÊ
ËÌÍÎÎÏÍÐ

ÑÎÒÓÎÒÓÌ�ÌÑÔÌÎ
ÍÓ�ÀÕ�ÏÍ



��������	
���
��

������

��������� ���������� !�"#����$%&�'���()*+,�
-��$��

./01120345/6576586/
0

�9:;<=�>?@AB�C�>D C�>D��EFGEFHIJH��KLMNI
MNH�HLOHG

�
PQ�RSTUVWPQ�XUYVZ[Z

S\PQ�P]̂PQ�
R]̂

_̀YVaWS
bcde

bcdebcde
fgh�ijhkl�mgen�oglgp

q
rnrsturnvrr

�@w<x@:<xy�	<A:x<?�
@z
{?9�C�	
D�|��@w<x@:<xy�	

<A:x<?�
@z{?9�}~{?��@:9
�C�	
}D

C�	
D��EFGEFHIJN��KLMN
IMNH�HLONH�|�C�	
}D��EFG

EFHIJE��KLMNIMNH�HLONI
�
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É\l�ìmnl̂kdf̂ce
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àZWbXT
cdefdcdefd

  
ghijgkl�mnopoq�rstdo

viuiwyuh
}kukviuijhvi

����~��������������
��

¡��¢��������
�

I 	� O �£ F 
¤ J 	B � 
� G �£ M ¥@ H �@ ¦ 
£

§%% ̈©ª«
¬­ ®̄%ª«

�°�«
°§ª̄±ª².̄«

¬§�̄«
?:����³:;�=@:́��K�µ:B¶

:�·�	

�IFMM�FG

LMNOGNOI�OLP��
JG�=̧��F

¹ºº»¼½¾¿
ÀÁ»ÂÃº¾¿

ÄÅÆ¿
Å¹¾ÃÇ¾ÈÉÃ¿

À¹ÆÃ¿
ÊËÌÌÍ�ÎËÏÌÐÑËÒÓ�Ô�ÕËÖ×

ËÌØ�ÙÚ
ÛÜÝÞÞßÝà

áÞâãÞâãÜ�ÜáäÜÞ
åà�Ðæ�ßÝ



��������	
���
��

������

��������� ��������������� !�"�#�$��%�&"'(��
)�$*�+,�-��.�'�/�

�0
1234453678298:

�;<=>?�@ABCD�E�@F E�@F��GHIJKIGLJ��MNOPM
OPJ�MIQRI

�
ST�UVWXYZST�[X\Y]̂]

V_ST�S̀aST�
Ùa
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ÂZÃ�ĝjkÃ\ibd\ac
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