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�����
��Y�������������UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU�[V�I<@� #C//81;�516�=0;81;:5G�&C;C/8�O484�<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<�EA�XUV� ]����i 
 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU�[T�XUT� h��
�����
�������
����
�j��
��i 
 �UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU�[[�L<@� (C335/2�0B�(:;8�!:4K4<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<�EF�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

���

!"#� �
�����
���$��� %��  
  �
���"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�&'�!"(� )������������ %��  
  �
���"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�&*�!"&� +� � ������������""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�'#�,-.� /0102345�67839:�;<=0783>0?�-------------------------------------------------------------------------------------�@A�B"#� C�
��
��D
E
� �""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�'(�F-.� G0?7H3I839:�9J�6580H:483>0?---------------------------------------------------------------------------------------�@@�*"#� ���
�����E
��
 �������� �"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�'K�*"(� C������)�
�
�� ��������
�����E
 �""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�K(�*"&� �� ����
� $����L
��
�
 ����)��$����
�����E
�""""""""""""""""""""""""""""""""""""""""""""""""""""""""�K'�*"'� )M�
��
��N
����
 ����)��$����
�����E
�""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�KK�A.-.� O91I4H483>0�6:45P?3?�9J�6580H:483>0?�--------------------------------------------------------------------�QR�#S"#� NE
�����T���
����������
�����
���$������$
�)�E�����
���""""""""""""""""""""""""""""""""""�K!�#S"(� C��������
����$����� �"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�KB�#S"&� D����U
���)��
���E
�
  �����T
����
��
�""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�K*�#S"'� �
�
���������U�M�������	������������V��
�
�"""""""""""""""""""""""""""""""""""""""""""""""""""""""�K*�#S"K� �$����U
���)��
���E
�
  �"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�K*�#S"W� ����
�
����������"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�WS�#S"!� C� ��"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�W#�#S"B� ����
����
�����
�"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�W#�#S"*� C���
��������
�����
�""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�W#�AA-.� XH3:73I45�YZH048�[4?80?�-------------------------------------------------------------------------------------------�R\�A\-.� ]0507802�/0102P--------------------------------------------------------------------------------------------------------�R̂�#("#� �
����������$
���������
������$
��
�
��
���
�
���""""""""""""""""""""""""""""""""""""""""""""�W&�#("(� �
����
���
 �������������$
��
�
��
���
�
���""""""""""""""""""""""""""""""""""""""""""""""""""""""�W'�#("&� C� ��) �����
������$
��
�
��
���
�
���""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""�!#�#("'� ) �����
��N
����
 �����
�
��
���
�
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up to 43 feet high 
261,000 yd3 of rock 
Up to 65,700 mg/kg Lead 
Up to 5,060 mg/kg Arsenic 

.:,._.. .:11_1 q.;· •• llllir,itc- ~ - . • • .'. 
~..,.- .. ··,:·-

....... ..,.,. .. -·· - -3! ' ,. .,,,,,. .• ·: .. , > '. . _._._.;:/_ .. -- ~ 
. . .. ~ -~ 

• "'"',.~ 

13-15 feet thick 
207,000 yd3 of materia I 
Up to 9,500 mg/kg Lead 
Up to 3,400 mg/kg Arsenic 

Up to 9 feet thick 
196,000 yd3 of material 
Up to 56,600 mg/kg Lead 
Up to 15,100 mg/kg Arsenic 

-- r 

r, 

Monolithic Slag Wall 
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�
�������-
 ����������
����������������	��
����
���������
��
���
�
��
������
���
�
���
��������c�-�����=�
������������.�*�
���
������d.�.�;�-�����
�����*���
��������
������
�����&.��
��
��
�.�%��� e(( 
� �
�.
��.��-( ��(���
�
��(W&(@'0@00+���$
����$
�%�����.�'W'0.��
 ��
�������
 ��� 
���������
���
�
������,
� ����������
�������%
������������
���������
��
���
�
��
������
���
�
���
���������������.�,
��
����@0.��$
����$
�%�����.�'W''.�,
� ����������
��������������	��
�(��
���������
��
���
�
��
������
������
  �����
�
���������������
�����-
 �����f����
 ��
����������*��
������,
�
�
��
 ��
������*������ �����%
����
.�*�
���
������d.�.�;�-�����
�����*���
��������
������
�����&������,����� ����=���������.��
��
��
�.�%��� e(( 
� �
�.
��.��-( ��(���
�
��(W&(@'"!X&&��d.�.��
�����
�����������
��
�
�8d���9��f��
�����
 �
��
 �=�� 
�-�������
�-��
�8f�=�9.�'WWX�.�2������
��
 ��
 ��������.��
��
 �; ����� %
�e�g
 �
���c�-�����=�
������
����������.�	��.���d.�.�;*�.�'W@+.�,�
h

������ )
��i

 ���� ����
���%
��
-
����
�������
 
�������)���
�������
�������� �����
�
��
��� ��
 e�*����1�
��j
�
����=���
�� .�1>;	����
���-
�&'WW.'�@"@��.�d.�.�;*�.�'WW'�.�j
�����
������������������)���
��������%
����������
�������� ���� ��������=;�=>�� ��
 .�;*��/"W���W@�WW0��1�g;��&'+/.!�"@.�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$�$�%&�$�'(('�$����
�������)���
�������*
�+%�+,����
��
���������$�-�.%��/'0"$1�(!&$�#��%&�$�2//'$������ �������
�*�� �����
3��
�������*
��������
��������
��
�� ������� $�4��
�
�56��
�
�
��
��� 
�� ������� ����� ��� ����� ������
���$��#��%&�$�2/0/$�	
�*�� �����
3��
�������*
��������
��������
��
�� ������� $�4��
�
�26����� ����� ������
���$�%&��'5(7('�0/�(8'$��#$�$�%&���
�����/$�'('5$�����������	��
����
���������
��
���
�
��
������
�&���� 
��&���$�*��� 677 
� �
�$
��$��37 ��7���
�
��7(/72(((5'(11



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&�'(�%)*#+,*-.),)**�*/00$%1�23
��
 ��� �4
�
  ��
�����������3
����
�3� ��

����
���
��������������
����3��3
�5����
3
� �4
�6�4�����
������
 ��� 
��5���
� �����������7����������������89:;�<56�57�=��� ���
��
������3
��
�
��
�����
���
�� ������
�
�3�����������������89:"�<����=����������3
�
>�
�������������
���3
�?��������@��������������
 ��
� ����
 �5������
����A����<?5A=��B;�5��
����C
�
�����
�
������ �<5DCD�D=�E�F;;DBF;<�=D�23
��
 ��� �4
�
  ��
���������
�
�� �������3
��
������
������6A�G ��
 ��� 
 ��������
�� ��
�
�4
������3
�A���� 
��A�����
������3
��
���������
����
����D���6A�����
��3
����
G �A���� 
��A�����4������
�����3
��
��������	���3�H;HFD�23
�A���� 
��A����������3
�� ��
����
�
�� ������
���
�������3
����
G ������� �����4
��
��������
���3��3�� ��4������
������
�������D
��D��4I 
�
��
��I����J������
D��6A���
��� 3
���������
�����3
��4���������������3
�A���� 
��A����������3
�� ��
����
�
�� �����3
�KLMNOPQQ�RPSLTML�����ULTVPWX�YMZS[\TO����	���3�8��H;HFD����
���������
����
����������3
�A���� 
��A������ �3
��������	���3�8]��H;HF�����	���8F��H;HFD��������������6A��3
������
������

��������	���3�H9��H;HF�������
 
����3
�A���� 
��A��������3
�����
����D��6A���
�
�4
��F:�����
�� �������3
��
�
�����
������
������3
�A���� 
��A�����
���������
����
���������"!����
 ��������
�� �������3
�2��������
�
���
���������4
���
��D�23
�5���
��������
 ��� 
����
>�������
���>���������� ��������
�
��� ����������������
�� �����6A�G ��
 ��� 
 D����5���
�� �����6A�G ��
 ��� 
 �����3
�����
�� ���
���4��
���������
�����
����
 ̂��_��
���������A
�����5���
�� �����7
�����
�����
 ��� 
 D�_�6A���
 ��� 
 ����7
��
�������2����5�
��������̀
���
���3����<6A������
��	���8F��H;HF���
��������a2��������
�
���
������G �5���
�� �����3
�bD�D�6�4�����
�����A���
��������
���G �A���� 
���
�
������������A��������
��	���3�8��H;HF�������3
�����������	��
��
���������
��
���
�
��
������
���
�
���
���������������Dc�_�6A���
 ��� 
 ����a2��������
�
���
�������5���
���A��J��
̂�2
�3������	
������
�̂���
������5���
�� ����6A�G ��
�
����
�
������A���
  ��23
�����������	��
��
���������
��
���
�
��
������
���
�
���
�����������������	���8F��H;HFDc��_�6A���
 ��� 
 ����a2��������
�
���
�������5���
���A��J��
̂�2
�3������	
������
�̂�2
�3�������
4�
��d�C������ ��b�6A��C
� ����������
������	����
�
��
������
��	���H:��H;HFDc��



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!!�

���"#$%&'��� �



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()�*+'$,�-.�/-01'+0��2+-34�#56&'� *+'$�-.�/-01'+0�78-9:$� ;',1+5465-0�<=5,650>�?',5@'065$&�A+-4'+65',��
 ��
������ BC� ������
 ��
������D���
���
 �EF��
��
�
�G� �
 ��
����������
� �����H
����������
�
���
��������H�������H�I
��
���
�����������
��I������������������ ��H� �������� �
��
�� ���J�
��  ��� ��������I��
�
 
����������� �� �����K�LH� ���
��� ������
������H
���
�����D��
���������
��������E�D��G���
���
��������
���C�B�����H
���K�M-+N'+�O50'�*+'$�	��
�L������ �D��
� 	��
�L������ �D��
�F��
��L�
��EPG� LH
����������� �
��
����I
��������H
�����������	��
Q ����
���
������ K�L������ ���
����� �
�����
����
����I
�����
����
 ���
����
������
��������H
���
�������
�
 ��� ��
��I
������ ��
K��
���������
�����
�����
�����������
������ ���H
����
�������� ����
��� ��� 
��
 �������� ��H����
��
��������
�����RKS����������
�������� K�LH
�
���
������
I
� �������
� �����H
����
�������� ����
K�LH
�
��
����
�� �� ����
��H���PTT��

�����I
�����I
����J������� �����H
�����H��������
����
���H�����U
���
��� �
��
����������
������H�������PVWRK�LH
�
��
����
��H� ����� �������� � ��
�����H� ��

�� 
�X
������ �����������
�� ���K�LH
����
����
��������� � �
��
�����
�������������
����� ������ ������H
���
�����H
����
����H�������H��� ���X
 ���
 ������H
��������
���������������H����WVK�	��
�L������ �D��
�Y��
��L�
��EZG����
 ��������
� ����
���	��
�L������ �D��
� [���\�
������ ���
��EP]G� [������ ��� ������H
����
�������� ����
K��̂��
��	��
���J �����D���
  ����ESG� �����
���
 ������H
����
�������� ����
��
��������� �
����J��H���H����

���
��I
����������
� H��� K�LH� ��� ��H
��������������H
�����
�����
�H
�����J ����
�����
  ����������������������
���������������H
����
������ K�LH� ���
��� �����H������������������K�_��
���_
��H�̀� �
����J�̀����E]G� LH
��
�����I
����������
�����H
��� �
����J�
��
���H
�̂���
��̂
������
��D������H������� �������H
�_��
���_
��HK�LH� ���
��� � �
�H����� ���H�����
 ������H
����
�������� ����
K��̂��
��̂
������
��D�����ERG� �� ���������
�����
���J ���
���H��� �� ����abcdefbg��� �
����Jh ���� K������ ����
��
 
��� ���������������J�����
������
��������H
�������� K�LH� ���
��� � �
�H������������������K�
\�
��Y�������
���	��
�L������ �D��
�

�
���̀� �
����J�D��
�E"G� ��ijkkflemnocnpq�rjklrkneflsmgko��� �
����J����
��
 ������H
���������
�����
���������
���H��������������
����H
�_��
���_
��H���������H������������������K�_��
���_
��H����
����
�̀� �
����J�D��
 �EWG� ����
� �������� �
����J����
 ����������������
��������_��
���_
��H��H�����
� 
�����
�������H
�_��
���_
��H�̀� �
����J�̀���K�LH
 
���
������ 
�����H��H����
�
������
 �����
�������JK�_��
���_
��H��
���
���E!G� �
���
�� ����_��
���_
��H�����H
�
C�
����H
���� 
����
����
�����
�
������������ JK�LH
 
� 
���
�� ���
����
��
�����
�� ��������H
�_��
���_
��H�̀� �
����J�̀��������_��
���_
��H�̀� �
����J�D��
K�`
 ��̀� �
����J�D��
�EVG� �� ����
��ijkkflemnocnp��� �
����J����
��
 ������H
����
�������� ����
��������������������	��
�����
���������
���H������������K�\�
�������t��H��� �EPTG� \�
���
�������E�K
K����H������������  ��
��
����������������
������H
��
��� 
 �������
  �����������
G�
��������������H
�_��
���_
��H��������
���������
�����
� H��� ��H�����
�
��
������ �
�H�����H
�_��
���_
��H�̀� �
����J�̀������H��H�� �����
��� �
�H�����H
����
�������� ����
K�\�
��Y������
�H����	��
�L������ �D��
���[���H����_��
���_
��H�EPPG� \�
���H������������� �
�H�����H
����
�������� ����
��
������H�����H
�_��
���_
��H����
������
�� �
� �K�LH
��
������� �I
��� �

�����H����������
 K�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()*+,� -$,.�%/�0%12,$1�34%56.� 7,82$)'*)%1�9�
��:������
�;����	��
�<������ �=��
�����
�;����>��
���>
��;�?@AB�� 9�
���;������������� �
�;�����;
����
�������� ����
����� �
�;����>��
���>
��;����
������
�� �
� �C�<;� �� ��
  � �

������;� ��
  ����������������;���9�
��:������
�;����	��
�<������ �=��
���D���;����>��
���>
��;C�9�
��:����D���;����	��
�<������ �=��
�����
��@"�?@EB� ������� �F��
��@"�G��;� �� ������
�������
���;�����������������;�����;
����
�������� ����
��
�� �
�;��������
����������
������;
�H;��������>
��;������;
�����;
�������
�����
�����
������
�����C�<;
�
�� � �

���
�����C��������
�
 ����
� ;��� �����
� ���� ����
���������
�
�
�� ���������������
�� ��� C�9�
��:����D���;����	��
�<������ �=��
�����
��AI�?@JB� ��
�������
���;�����������������;�������
�������� ����
���������;�����;
���
��@"���
�����C�<;� �� ����
�������������
���������
� ���� ���
������;��;�����
�����;�����;
����
��;����� �����
������������ �������
�K��L
���
���
 C�D�����
���
������ ���
�K��������;�L
����
��
������;� ���
�C�<;
�
���
���� ��
���������
������
�������� ��������������� �;
�
��;��������
��@"C�0M.'.$$.+�#&+2M�N��
��H;��������>
��;� 	��
�O����
��=��;�?@PB� ������
���������
����;�����
������
� ����������;����P"��
����;
��
��
���Q<��
��������������������������;
�<;�������

�C�� ��;
�������� ��������
������;
����
���;
����
�����������
 ������
���
���������
���������;� ����;����������;
�H;��������>
��;C�R;
���;
������
�����
��
�����@"PJ��������� �������
���;� ����;������������� ��
�� �� ��
������������;
����;C�N��
��H;��������>
��;�?@!B� �����
�����
�������
 ��
������
 
�����;
�H;��������>
��;�
� ��������;����P"�����
� ��
������<;�������

�C��������������
S� � �����;
�
� �
���
���?�
���<;�������

�BC�D��������� ���
������
���;
�
��������������������� � ;�����
���;�������;
��
��;
 �����;
�H;��������>
��;�����;
������ ��
��C�<;� ��������
��
�
�L
���� �;���
������
  �������� ;�����
���
��������
�C�
	����
�����:��
��H;��������>
��;�

	����
�H;��������>
��;�?@TB� <;
�������������;
�H;��������>
��;�
� �����<;�������

�������
 ������;
�������� �������������
�����;
� �
��
��������� ��
��
  ���C�<;� �� ������������;��������
�
�L�������
��������;
�	��
�O����
����
������N��
��H;��������>
��;C��
�L����
�����
L�
��? 
���
��B����� ���L
�������
���K�;� ��������������������������;� ���
�C�=�
 
������;
�
���
������
�� 
��;���
� ����;���� ����;����  
 �� ;�
� ��������
�
���

 C����� �;
�
���
����
�����������
�����;��
��;��;�������;
� 
����
C�<������ �U����������?@"B� �������������������
��"����
 �����;��;�������� �������;
��
���������
��
������������� ��� ;����������;
����
�
� ��
�����������
�����L������������ �������
C��
���K
��������� ���
�������
� �����;����������L
�����
��
�������� ������
�
 ����
L�������
� ��
��

�C�<;
�������� ������������� �������
������
����������;
� �
�;���������;����������� ����������������
����;
����C�<������ �����;
��
 ����
������
�?�S����
��V�
����WB�������;� 
��
;�����;
�������
�������
��
���� ��
������������� ������

��?���S���V�
���
 WBC�<������ ��
��; �L���������P��

������;
��
 ��
���������
��;���AI��

���
;�����;
����C���
��
��O����
��U���?AIB� 9���;
�����;
�����������;
�������� �������������
�����;
� �
��
��������� ��
��
  ������;
�
�������� �����
���
�����
����  �����;��
�;� 
L
�������K
��������� ��
�� ��L
�����
C�H;�����
���
����� 
����
�����;��
�
�����
 �
��� ��� ����L
���;��;��������������S��������������
��������C���
��
��<������ ��
��
  ����?A@B� �����
����XYZ[\]̂_̀ab��
��
  ������
��
������;
� �
��
������
�
�����;
�����;�����
� �������������
�����;
��
 ���������
������;
�������� �������������
�������H;��������>
��;C�H������ �����
��
�� �� ����



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()*+,� -$,.�%/�0%12,$1�34%56.� 7,82$)'*)%1�
���
��������� ��������
9��
 ���
������ �����:
��
���������
��
�������� � 
��
  �����
����� �����:
�;<=" >�����?@@A� ��BCDEFFGDHIJH������
�
���������:
�����������9
�K��
��L:��������M
��:���������:
�
�������:
�������� �����������>����� �N
�
�������
�����
��O�
������������N>�P������ ���
���
 
�������:
���������:
����>����
����
���
�N ��:��
�:��:
������:��
�:�:��
 �����
��
���:
����>�O��� ������ ��� 
���
����
�����
�������
 
��>�Q
������R��
��
�� ���������
� ��:
�
����
��
�
��
 >�P:
��������:
�
�� � �

����������9� ���
��������������
����:��:��������������:
���
�>�K��
��L:��������M
��:�?@SA� ��
�����L:��������M
��:��
���
������:
�����
� ��
���?����:
��
 �A������:
������

��
����L:��������M
��:����:��:
���
��Q������9
������ ��
���?����:
�
� �A>�P:� ���
 �����������������������
T

�����:
�9����9
�
���
�>�U��
�� 
��:���
� ����  ���  ��:
� ��
����
�������������
�����
 ����
������ �
��
����
��>����
  �����:� ���
��� ������
�>��V�����P������ �O��
�?@!A� ��������� ��
�� �������:
��������
��������������:
�K��
��L:��������M
��:��������W
 ��� ��:
��
��:���N
 ��� :�����
����
���?�:
�X
����YA�������:
������

��
����:��:
���
��Q������9
�>�P:
 
�������� ��
�
��� ����N
�������
�
������:
���
��Q����	���������
�
�
  �����
�����������:
��
���������
��
������:
����
�;!"" >�P:
����
�9
���:��:�����
��>�Z%$[,$�\[,+*,$��O����
����
�������������
�:���
��
��O���
�
� O����
����
�������]�
������ ���
��?@=A�P:
��� ������9
���
�����������
������:
�����
���
���������
��
����:��:�����
�
����� ���
����
 �����9
��
� �� �������9
��� �� ���N �����
��������������������� ��
��>����  �?@=A� ��
���
�����  �������
�������̂_̀DabcGIdJ������ >�����
��
������ � 

��������
 �����������
�� �� �����:� ���
�>���
�:���
��
��O���
�
�?@eA� ��
�:�����:
����  fO����
����
�������]�
������ �����:
� �
��
������
�
��:�����
 ����9
��:
�L:��������M
��:���:
�������� ������������������������
��Q������9
�>�P:
��
���������
��
������
���� �����:� �����
�
>��

�������� ��� ����� ��
��� �
����
 ���
���
 
�������:� ���
�>����� ���
�����������
�>������ �������	������:���?@gA� P:
�������������:
� �����
�� �� ��:����
�
��
��
���9
���:
� ��
�����:
��������9
�:��������:
���
��Q������9
����������
�����������:�����  ��
R�
�������9
���:
������>�L�
9�  
 ���
���
 
�������� ��
� ����:� ����9
������������:
���9
�>��������K�� 
�?@hA� P:
�����:
���������������:
� �����
�� ��������:
� ��
����
� �������
�����:
� �
�:��:�������
�
���� 
�?���N
��
�A� ����������R�
�
�����:� � �������:���:
���� �
 >�P:
� ��
����
��� �
����
�� ��:
��������������:
�����
��i���i
��
� �
��
��?����
�
�
  �������:
��
���������
��
�A>���
��Q������9
�� ��
��Q����P������ �O��
�?@<A� ����:
��������� ��
�� ��� ��������������:��:� 
���
�����������9
��:
���
��Q������9
�>�P:
 
�������� ��
�
��
�
���
����� �
��
� ���
�
������:
��
���������
��
������:
����
�;!"" �������� ���
�� �����:
�;<"" >���
��Q������9
��?S"A�P:� �� ������9� ���������:
���
��Q���� 
���
�� ��:
� 
�9
 ��
��:
���
����:
� �����������:
������ ��
����
����:
������

��
>�V� �������
��Q������9
�� V� �������9
��?S;A� �
���������
��
������
�����:���
R�
��
���� :������ ����
�
� ������:
���
��Q������9
����� ��
��������� ������������N���
�������������
���������  �������:
� ���>�P:� ��� �����
 
��������
������ ���
����������������� � ��������������
 
�������:� ���
����� 
����
� ���>�P:� ������� ��
��
����� ��
������� �9�����>�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()*+,� -$,.�%/�0%12,$1�34%56.� 7,82$)'*)%1�9:;<=>��?���
�����@���
���A�B@?�C� D���
������E���
�"�"�����F
�G�D���?��
�
������������� ������������
������B@�"H������B@�IJ� 
���
����
��
 
���K
 �������� � 
���
�
��������� 
� 
L

�������F
��B���������
��
���������� M�����
��
�����F
��� M������
�
�������
�A 

��
������"DNDH�����E���
�H�H�����F
�G�?D�� �



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()�*$+,-.-�/'0'10'2�3451'506$0,457�48�3937�,5�:4,&�$52�:.68$1'�;$0'6�393$� *$+,-.-�/'0'10'2�:,0'�3451'506$0,45%�:4,&�<-=>?=@����������� ABC��� 
����� "C�"CC�D����
�� "EC�D������ EC"�D���
�� AF�!CC��
G�H��
����I����
��JD�K�L�� E!�M
��� BN�OCC�	�����
 
� OP�CCC��
�
��
�� EBC�QI����
�� ENRP�S���� ON�CCC�T�� �J�����
������I
�����I�
�������I
� �
��
�L�� CRNP�����G�� U�
��� �J�����
������I
�����I�
�������I
� �
��
�L� CRCC"CB�JQVW�X���L�CRCCEA�JQVW�Y� IL�CRCCEEB�JQVW�	�����L�:.68$1'�Z$0'6�<-=>[@�<2,774&\'2�86$10,45�>�040$&�86$10,45@���
���
�� FBP�U�FBF�X���
�� CRAEP�U�ARO�X
�����
�� CRC""!�U�CRC"N�D����
�� "R!!�U�"R!!�D������ ERAE�U�EER!�D���
�� F"R!�U�PC"�D�����
� ]��U�CRE!A������ EE�FCC�U�EA�CCC�	�����
 
� PFR!�U�"CN�	
��
��� CRCCE"�U�CRC!CE��
�
��
�� CROAE�U�"R"P�K�����
�� "RCB�U�"REO�S���� E�OPC�U�E�BEC�_̂̀abc��L���������� 
����
����
��DdD ������Q���
�"�A�����I
�Y�R���L�	�G��
���
�
��
������
�������� ������Q���
 �B�"�����B�P�����I
���R���L��
G�H��
����I����
��JD�K�L�����T�� ��
�
�
�������
��� �DdD ��
e
��������
��
��J 

��������
�����
������ORERPRP�����I� ��d�LR���L�	
�����
���������������������I���������� �JT�� L��
�
��
�
��
�R�	�G��
���
�
��
������
�������������
���J�L���
�
�� ���
 
��
�R����Uf��g���������� ��
��f����������UM�g���������� ��
�����
��QVW�g�����
���
����G������
e
�H��
�� ��������G�� ������
��� �]��g��������������
�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()�*$+,-.-�/'0'10'2�3451'506$0,457�48�39:7�,5�;64.52<$0'6�39:$� *$+,-.-�/'0'10'2�=,0'�3451'506$0,45%�;64.52<$0'6�>-?@AB�>2,774&C'2�86$10,45�@�040$&�86$10,45B��� 
���� DEFD�G�DEHI�J
��� FEFIKL�G�DE"M�N�����
�� �N� N��G�"KF�OPQRST��U�V��
�����
��WX� �������Y
�Z���� 
��Z���E��U�	�[��
���
�
��
������
�������� ������\���
�K�I�����Y
���E���GJ�]���������� ��
�����
��N��]��������������
�� �



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&'�()�*$+,'�$-.�/01$2,'.�345&+�64&70'+�5-�84-9:'+5.'-,5$&;*$+,'9<'$=5->�?='$+��?='$�4@�A4-2'=-� ?='$� 64&70'�BA7%52�C$=.+D2�E$+,�4@�F5>GH$I�JK�LM� 	��
�N������ �O
�������������
�P����
��Q��R� SS�TUL�LU� V��
��WR��������X
��R� M"�MS!�L!� 	����
�WR��������X
��R� YZM�[["�LT� N������ �\�����Q����� LSZ�ZZZ�YZ� ��
��
��P����
��\��� L[�UZU�YL� ��
��
��N������ ��
��
  ���� [T�!["�YY� ���� Y�TZZ�YS� ]��
��WR��������X
��R� LL�["!�Y"� ��
��
��Q����
����
�������O�
������ ���
��
̂_��
��������  ̀� "!�"MT�Y"� ���  � L"U�MU"�Y[� ��
�R���
��
��Q���
�
�̂
_��
��������  ̀� "Z�M[L�YM� 	������R��������� YZZ�ZZZ�YU� �����̂��� 
̀�� UU�ST!�Y!� a�����N������ �Q��
� ML"�YT� ��
��\����N������ �Q��
� [�[ZZ�SZ� ��
��\������b
�� Z�SL� a� �������b
�� 
����
� ��� � YT�LZZ�37%,4,$&�� cdceedeee�*'+,�4@�F5>GH$I�JK�L� 	��
�N������ �Q��
�V��
��N�
�� S�[ZZ�ZZZ�Y� 	��
�N������ �Q��
�]��
��N�
�� !ZZ�ZZZ�S� \���
��	��
�Q���
  ���� YY[�UTS�"� \���
��\
������
��Q������ LS�!MS�[� X��
���X
��R�f� �
����g�f���� U�ZZZ�M� X��
���X
��R����
����
�f� �
����g�Q��
 �� Y�M[Y�U� X��
���X
��R��
���
���� Z�!� �
���f� �
����g�Q��
� LY�UL!�T� f
 ��f� �
����g�Q��
� LY�MZZ�LZ� O�
������������R��� � Z�LL� O�
��]������
�R����	��
�N������ �Q��
��h���R����X��
���X
��R�� LSU�MZM�LS� O�
��]����h���R����	��
�N������ �Q��
�����
��LT�� L!S�S!Y�L"� O�
��]����h���R����	��
�N������ �Q��
�����
��YZ�� YTT�MZM�L"� WR��������X
��R�h���R�
 ��������R���������
��YZ� M[�YUY�L[� h���R���
���������
 ���
 �O�
������ ���
��� LT�TMY�37%,4,$&�� idjeedeee�#k#?l� Jd(eedeee�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� ����

!"�

#$%&�'(�)'*+%$*� #$%&� ,'-./%�0).12+�3&$456+�789:;<��=�>��?�������
��
�
@���������������A
��������A��� ������?
 �@��
�
�
 �����
 �������
��B��=�C�� 
� 
����
�����D��
��A�������������������  
�
��� �E��

���
�������
��� 
����
B��=�F �����
��@��
�
�������?��
�������� �GHI=�
J�

������A
��
�
������������B��=����K��
���K
��A�G��
�����H���
���L=���A
��A���
���������� � ��������?�� ������ 
���
����
��
 
�� ����A������
����� 
���������
�� �� ����  �����������������������A
�K��
���K
��A�M� �
����?�N��
���A�����
����
��
��@
��������A
����?����
B�O8PQR:<�S���
�T�U��V�B���



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"�

#$%&'�()�*+,$-�*'$&./�$-0�123&3452$&�6578�5-�93-:6'750'-.5$&�;<'$7�;<'$�3=�>3-2'<-�?93@A� 6578�B$-$4','-.�;<'$� ;-.525C$.'0�D+.+<'�E$-0�F7'� � G-2<','-.$&�E5='.5,'�*+,$-�*'$&./�6578%� 123&3452$&�65782�E'$0�1H>$��?,4I84A� 6'750'-.5$&�J2'-$<53� K22+C$.53-$&�J2'-$<53� 6'2<'$.53-$&�J2'-$<53� 9+,%'<�3=�JC'25'7�>$-2'<�6578� 93-:2$-2'<�*G0� >$-2'<�6578� 93-:2$-2'<�*G0� >$-2'<�6578� 93-:2$-2'<�*G0� *LMN� *LMO� *LM(� *LMNP�	��
�Q������ �R��
�S��
������T��
��Q�
� �UV��WX� 	��
�Q������ �R��
�UY�VZX� [��
��������\�]���������� �̂V_̀� W�a�V̀bc� V_� _�a�V̀bd� �̂ !�a�V̀be� W� Z� Z� "� _�f���
��	��
���g �����R���
  ����\�f���
��h��������
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Capit a I CocSts 

West of H iiglhway 

Excavatiion, Hlaulling Gradi ng and Gompact ion - Wastes and 

Ta ili ngs Out siicle MTP (inclludes Dust Gontml and Trnffii c 

Gontm l) 

Excavat ion - MTP SIi ope Reduction a 

Reposito riies and Cappiing 

Rest orati on 

East of H iglhway 

Excavat ion, Hlaulling, Grad ing,. and Compact ion 

Reposito riies and Cappiing 

Rest oration 
Subtota I Construction Costs = 

Mobillirzat iion, Insurance,. Bond ing 

lnstiitiut ional Cont ra ils 

Subtotal Costs = 

Project Management Remed ial 

Desiign 

Construct ion Management 
Construct ion Gontii ngencies 

Total Capirtal Costs= 

Operation and Maintenan(le (O&M) Costs 

.Annuall Sit e Insp ections Site 

Groundwater Mon ito ni ng 

.Annual Sit e Maintenance Subtota l 

Annual O&M Co,sts 

.Annuall O&M Contingencies 

rota I Annual O&M Cost 

Present Wortih of Annual O&M Costs 

Based ,on 30 Year Lil e @ JOAi 

Periodic f iive-Year Reviews 

Present Worth of Periodiic Costs Based on 30 Year Ufe @ JOAi 

rota I Present Worth 

fN otes: 

Cost 

$1,713,372 

$3,115,750 

$11,19(1,0(10 

$3,670, 000 

$15, 15 Cl,OCIO 

$3,780,000 

$4,270, 000 
$42,890,000 

$4,290, 000 

$150,0(10 

$47,330,000 

$2,370, 000 

$2,840,000 

$2,840,.(100 
$14,20(1,0(10 

$69,580,000 

$4,00(1 

$,25,CI00 

$120,0(10 

$149,000 
$45,CI00 

$194,000 

$2,410,000 

$.SO,CI00 

$108,000 

$72,100,000 

a. Deoreasing amounts of w aste disposed alllow s for more outt.ing of ,existing slopes ancl 

oonst riu ction of a repository w ith g•ent ler sllopes 
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~ _: J Former Humboldt Smelter Property 

D Former Iron King Mine Property 

lg) Dewey-Humboldt Boundary 

Intermittent Drainage 
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!',c~l!!in Fl!l!T 

\,, 

Disclaimer: This map and .iny boundary lines within the map 
are approidmate and subject to change. The map is not a 
survey. The map 1s for informational purposes only 
regardingEPA'sresponse actionsattheSite.Mapimageis 
the intellectual property ot Esri and is used herein under 
license. Copyright 0 2020 Esri and its licensors. All rights 
reserved. Sources: Esri, Count y of Yavapai, Esri, HERE, 
G.umin, FAO, NOAA, USGS, Bureau of L;rnd Managemem, 
Erfl, Nf>S, Esri Community Maps Contributors, County of 
Yavapai, Esri. HERE, Garmin, SafeGraph, GcoTcchnologies, 
Inc, METI/NASA, USGS, Bure.iu of L.ind M.in.igement. EPA. 
NPS, US Census Bur eau, USDA, MaKar. 

The 1Joundc1ries ot lhe former Iron KinR Mine and former 
Humboldt Smelter represent properly bou ndaries and do 

not direc1lv correspond 10 the ;1re.a of his1ori c<1I oper.ations 

Iron King Mine, Humboldt Smelter, and 

Surrounding Region 
Iron King Mine - Humboldt Smelter Superfund Site 
Dewey~Humboldt, Yavapai County, Arizona 
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Legend 

lntermttent Drainage 

River 

c:J Fonner Iron King Mine Property 

=••, Fonner Hurrboldt Smelter Property 

--, ·-- Zoning Bounda,y 
Zoned C: Commercial 
Zoned M: Industrial 
Zoned R Residential 

Reasonably Anticipated Future 
Land Use 
c::::J Residential 

c::::J Coovnercial 

c:::J Industrial 

c:::J Recreational 

c:::J Recreational , Aquatic 

Public Land Ownership 
is:::sl BLM: Bureau of Land Management 

l:Z:J ASLD: Arizona State Land Department 

J 
Not•· 

RA.fW ct.pends on ottwr fKton in ~ition to 1oninc, 
RAfW and zonN\c do not atways m.11tch. 

Milp ~,e t5 the intellectu~ proputy of Esri Md ts used herein 
uncMr IKens.. eopyricht C> 2020 Esri ilnd its I.Censors. AD richU 
ruernd. SOurcu: w~ WOrld 1m.ac;ery: Max.air, Microsoft, coconino 
county, county of Y'l~i, Town of De'M!y-ttumboldt, C> 
<>pe:nstrHtMilp, HERE, Gilrmin, ~feG~ph, GeoTKhnolops, lnc., 

'~ , ) )I METVNASA, USGS, aureau of U .nd M~n.ement, EPA, NPS, us 
• census aureau, USDA, Til!tn TKh, inc. and the 2022 l"Hsibility study. 

Anticipated Future Land Use 

ROD-
Iron Kmg Min~ - Humboldt S~lt~r Su~rfund Stt·~ 
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+-++-t Historic Rai l.ne-

-- fonnet' Iron King Min. Property 

- Former Humboldt Smeller Property 

- - AteaofPotentialSrtelmpact ..... Wllldtlown particwtes .ncl aerial dispersion 

~ Hi,tarial,..., .......... , .... 

-- l.oQtion of VOS$ 
Sectionf,,A' 
(See Figwe ES-7) 

• Historialsmelter 
stKtt emmions 

tOldbaw-.SU!CIUl'lding:,~u. 
ileplgducedfromAemedi.:11~ 

F"~ [S-6.0UM2016 

Contaminant Transport Mechanisms 

ROD 
Iron l(}ng MIM - Humboldt Sm~lt~r Su~rfund Sil'~ 
Dt!w~y-Humboldt, Yavapai County, Arizona 
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Elements of a Complete Exposure Pathway 

- : 

•1.m1 

Historical Mine and Sme 
Ope,ations' 

llepos<ed 
Waste Rock and 
~lineTaings 

Fugitive Dust 
Errission 

~ 
Wealheringl Erosion 

(Lreg_Cl)f)/_ag_ ~ 

lnfmration,/Percolation 
andl..eaclw,g 

Episodic Simce Runoff 
and Erosion 

■•P""'"'Y""l>lot,.,-,~-"Na...h...,.__RotAs-

□•----.,Y-•hBo...,_..._....,....,.As......,. -·-­.a..~a.-qs, ash, sbg,~~-ohr50W'OHiHsoaad'MlhlistDrr.3nn,gNsme,b!t~ 
0- RHldfflbl Ufll05'ft ~ 5 !v.1Ui1Nforall np05,1,,ft .nas,wci4ci!,ft~ npDSlft~ ;n~bt 

0to21eetbgsSoi 

Shallow 
Gtou-KtNa~t 

'UX 

Sediment 

all ncl'l-fHide,li.:iHpOSlftiftin. 
'- Grol.rdNJctttbaweteNX~i15p.lltalhh.rn.YlhN!tlri!l:i11i51f551118'1~ (1) ~~b.......,,WS-IDWCC!PllilM1>NbnwDKrigMrw.rd __ _.., .......... -...t,,m, ... (2) _____ ""'"""""""'""""" ____ ...,. .. _ .. 
..,...,....,. ... ___ ,cti,,,y. 

~FriaRiver 

Agua Fria RM!r 

i 
r; 

~ ~ 
j 5 ! 
" ... § ... i ... 
i c i 
1= ~ c! 

~ <3 ~ 
~ 

~ ■ I ■ I ■ 

~ -1 ■ 1 ■ 'Ai1I, Soil 

Dust ~ ■ I ■ I ■ 
lnhalabOn 

H~rown 1----------+l D 
P~ I 

~ I 
Incidental Water H I I ■ 

Ingestion 

~ I I ■ 

Incidental Seciment H I I • 
Ingestion 

~ I I I • wilhSedment 

Conceptual Site Model for Potential Human Exposures 
ROD 

Iron Kin9 Mm~ - Humboldt Sm#ft~r Sc,p~rfUlld s;r~ 
thwry-Humbold:, Yavopa; Counry, Anzono 

R£PIIOOUC[O fROM AON XI.NG HI.NBOLOT SMRTIA REMEDIAL INV[STIGAOON,. 
AJ>P[NDIX I, flGUR[ 9-1. CPA 2016. 
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i e . 
~ ~ . . 

~ 
:i: i ii l! l! 

D .. 
• 

. ii • ii. ii . g . ~; .. -~ ll~ ll • ll~ ~: !!' G: 0 .c ~ E i G~ e E - li/Mfr:M •~ii~• , .. ,,. lll~iil 1111·~111·1111··11111~~~;~11 l ~i Ii" E if > E j E o E ~. .!.i ~i H ~i "'a: 
~ ci 

ii h 11 r . h H St ~,1w, 
~ ~s 

Wnd dispersion / H Particulates 11-lation .. •.n;-.. 1 0 I I 0 1 0 1 01 0 Wnd erosion derived from Soil 

.. ,__ 1 1 ···· - [ 
Soil I lncidentall!!jestion I ~I . 1 : I : 1 :1 :1 • discharges, and/ or Direct exposure 0.-e<t Contact 0 

storage of 
by-products from I I I I I • I 01 I numng and Terrestrial Plants Ingestion • 0 

smelting act1v1ttes 

WM dispen,on / ----+ Tem!strial II I I I I Wind erosKWI Invertebrates 
Ingestion 0 1 • I • I 0 

Small birds and 

II Ing- I I I I I I 0 1 mammals • 
~ Erosion by surf.a ~ 

n,noff ~ -, - Ri~rian Plants II Ing- I 0 • I I I 0 1 I 0 

Ingestion and/CK I- Benhc 1 Ing- I I 0 I • dnct cont.ct Haaoinvertebrate~ 

Sediment Sediment 11 lncid.nul ~ - I I ~ I : I ~ I ~ I -® hi) I-® I-® DirectContiiet 

Precipitilltionand Ing- I 0 • 
dissok.tionrsctions 

l Fosh I Ing- I I I I • 
L+ Su<bce ,u,o/f and Surface Water Surface Water I !!:!!:!estion I I 0 1 I : 1 0 1 0 1 : 1 :1 :1 • surface water flow Direct Contact • 0 

Discharge at seeps 

I 
leachi!:!Q bY: Pnfih:rating Groundwater ftow -, Groundwater I ·I II !!:!5!estion Groundwater 

Direct Contact 

~
""""1ialy~pad,way(q~w.w...i ;nd-isrislc"""""""') 
-ly ~ mira pathway (not qUiOlltitatiw!y ev-.iu.t.d ;n d-is rislc assessn-ent) 

Ul!;land Recel!:tors: Aguatic/Semi·aguatic Rece11:tors: lnarnpieo, p.thway -- T-- -- ---"'""'""' Sol- ""'""""'""'""" 
__ ..... ,_ ....... ) - "'"""'•<Jal ""'""""'""'""" -·-'""""""' -- -. - Ecologica l Conceptua l Site Model 

-. Song- - O'eatbtiiehernn ROD - Ri!d-taiedhawtr: - Raamn Iron King Min~ - Humboldt S~htt Superfund Sit~ ......... -- - --""""""" """"'- ~y.f/umboldt, Yavapai County, Arizona 

~ Raamn - eo,ot, RrPROOUCCD rROM IRON IING HUMBOI.DTSMCLTCR 
RCMEDIAL lNVCSTIGATlON!_.~PPC_NDIX___! rlGURC 9-1- CPA 2016. 
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West of Highway East of Highway Legend 

Area of Concern Trtle Area of Area of Concern Title -- River 

Concern - ---- Intermittent Drainage ttll 1 M ine Tailin2S Pile Upper Tier 16 Mine Blowout Path c:::J Former Iron King Mine Property 

,-:J 2 M ine TailinR:S Pile lower Tier 17 ~ er Chaoarral Gulch C] former Humboldt Smelter Propeny 

-1 3 Former Mineworks and Processimz 18 Mi_d_dle Chaparral ,Gulch c:::J Area Not Considered for Remedia l Action 
4 Former Fertilize r Plant 19 Ta1 hngs Flood Plain 
5 Galena Gulch Waste Rock Wall 20 Smel ter Blowout Fan Remedial Group1 

6 Galena Gulch Satellite Waste Rock Piles 21 Smel terlaili nRS Swale - A• Mine Tailings Pile (MTP) 

7 Galena Gulch Sediment 22 Dam - B - Industrial Areas around MTP 

8 Rear Waste Rock Pile 23 lower Chaparral Gulch e:J c. Open Land Around MTP 

~".I. . J 9 West Waste Rock Pile 24 Pvrometallunlical Ooerat ions Area/ Dross C:J 0 _ Upper Chaparral Gule:h 
11m 10 Open Adit & Shafts 2S South Smelter Plateau .----, 

·1 11 Ooen Land South of MTP - N of Gale na Gulch 26 Sla2 - Monoli thic L__J E - Middlt:! aod Lower Chaparral Gulch 

-- Ooen Land South of MTP - s of Galena Gulch 27 SlaR - loose - F - Pyrometa11urglcal/SOuth Smelter Plateau 

_ Open Land North of MTP - Area 19 28 Elbow Tailim,s Pile - G - Slag 
C:J H - Agua Fria River 

- .-- ·--· - ·--. -- · - · ---···- - --- - 1- EastofRhler 

""' -
NatM: 
1 ~~~ aroups are compositH of multl?fi matf:f'-ils with the mosa 
p,eVilfflt material shown f<M Groups A. F, and G. 

The bCM.Wldi1les of the former Iron King MJne and fofmer Humbotdt 
Smelter rep,esent property bound a,~ and do ftOt dl~tdy 
mrrespond to the aru of hlstorkal optDlions or Impacts. 
ltuge5ource: use». 201s. 

Remedial Groups and Areas of Concern 

ROD 
Iron King Mint - Humboldt ~lttr Supetfund 5'tt 
Dewey-Humboldt, Yavapai County, An'zono 
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~-- · --

......... 

. ,·':""'~~~i/··:[;2;;;, 

Up to 43 feet high 
261,000 yd' of rock 
Up to 65,700 mg/kg Lead 
Up to 5,060 mg/kg Arsenic 

~
llii'-q~ . • J 

• :,. : .:., '. ,' - .. 
.· .. ~~,;!,,: . 

- ·-:.,.., .. Cl ~:.:,_) • -/Ji,,;.; 

13-15 feet thick 
207,000 yd3 of material 
Up to 9,500 mg/kg Lead 
Up to 3,400 mg/kg Arsenic 

Up to 9 feet thick 
196,000 yd' of material 
Up to 56,600 mg/kg Lead 
Up to 15,100 mg/kg Arsenic 

~ " ' .,....- r~ 

,.,'. 

Monolithic Slag Wall 
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D Yard with 10-15 samples 

Area farther from smelter and 
D mine screened by area rather 

than sampling every yard 
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. . -----.... ,,,.;,. .. 
,,,' •;, 

---.- -- ,,' \ ,, . ~, 

_1:7 '\ 

&~~ . , 
• I 

I • 
I 

,-

" 
--

• 

NR5 Mine 

T•itlncs Pl~ 19641 
ENow Out P~th 

• 1 ,tqJaf:.<~ Rs~ 

t' -;.. ........................ _~ ...... ... 

, 
, , 

LEGEND 
Arsenic Concentration In Surface SoU (m1/ kg) 

• Not Detected 

• 1.6 (Lowest Detection) to SO 

• >SO to 112 

• >112 to 194 

• >194 to 400 

• >400 to 800 

• >BOO to 1,600 

• 1,600 to 20,200 (Highest Detection) 

-·- Intermittent Dnlnage 

Exposure Aru 

~ Former Iron King Mine Property 

! ._~Former Humboldt Smelter Property 

1 1 Area of Potential Site Impact 

io0ewey•Humboldt Tow n Boundary 

.1 
1,200 '·"'° 

Sale lnFcct 

_,, 
SutfMZ SO, nmplu hwe • belt~ dejO lc:ss than o,equal ID 2 r-t 
below grc:und ,urbm, Al locadons wt.1• m&ltM -,iplo w i:r• 
mllecleclat IHI thin or cqualto2 ~et belowg,ou.ndsurf-., thc 
Sfffltx,llad c:oncmitmion r•pNl•nts tM ma.mum resuk. 
ScRening kw Ii _re used ldcfy tornl..ate the IWllur. and cld.fflt of 
~on,;theyarenatlntendcd IDlnf•lt.~d 
unKCepta,!Mrell. 
NAl Upper Oiai,arnl Gulch,dels,uted u ■ no1a-ru11M,ntlal (poulbla 
lutureresidenthlfl1ra,-.■n.ea~tedasllV5A. 

!map Souna: USDA. 2'115. 

Arsenic Distribution in Surface Soil 
ROD 
Iron King Mine - Humboldt Smelter Superfund Site 
Dewey.Humboldt, Yavapai Coun ty, Arizona 
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LEGEND 

Lea d Concentration in Surface Soil (mg/kg) 
• Not De tected 

• 0.37 (Lowest Detection l to 35 

• >35 to 140 

• >140to400 

• >400 to 1,200 

• >1,200 to 2,400 

• >2,400 to 4,800 

• >4,800 to 65,700 (Highest Detection) 

--t-~ Historic Rail Line 

--- Intermittent Drainage 

Exposure Area 

~ former Iron King Mine Property 

I . _-former Humboldt Smelt e.r Property 

::::Area of Potential Site Impact 

ID]oewey-Humboldt Town Boundary 

j 1, 200 

SakiinFftt 

Natlls: 

~400 

Surface soils:..mpluhw111 bcf:innl~ ~hlesthanor~IAI to 2 ~i:t 
bekM· ground :s.urf:::11::ie. Al loc::1tian1. v.tu:re multfple samples WCJ'II! 

ml~ctr,d~~th.inor e,qu-alto2 ~ ~Jowgrounds11it..:11, the 
symbolized mnca,tr;rt.la, r~~thc m;:ndmum re.ult. 
s.a.r-.ig~ woi:rtu.sed :r.olcly to ev.:.lu;rte the ruh,rc. and fflait d 
rxtr'!UmlnatlDI:\: they .are not lntrnded tc lnkr t!W; c:astllna: af 
un:ica:pbb~ris.l. 
NFIJ: UpPef Chap;.1rnl Guklt. desq;~ a a110rt-r11~&:ntilll jpmslb~ 
futvtefesidimtiaOaru, csnirt,ps.;in lrell dcs,.gn:iicd nR'fSI!:. 
lmllgc.$Qurc:E:(JS0,r,,,201.§. 

Lead Distribution in Surface Soil 
ROD 
Iron King Mine - Humboldt Smelter Superfund Site 
Dewey-Humboldt, Yavapai County., Arizona 
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r. 

·--•.;;..\ 

\ 
11~-~ 
~~~ 

;\ Alluvium or Tailings Monitoring Well 

r\ Shallow Monitoring Well (conso!id~kd rock 
'.j Hickey formations) 

D Deep Mo nitoring Well (Precambrian Bed rock} 

2019 Arsenic Concentrations (mg/LI 

~ 0.01 (Screening Leve l) 

> 0.01 to 0.03 

> 0.03 to 0.10 

> 0.10 to 1.00 

No Result 

·+-+ Historic Rail Line 

--- lnh!rmittent Drainnge 

c:JFormer Iron King M ine Property 
and Former Humboldt SmC'lter Propert y 

Q oewey-Humboldt Town Boundary 

850 

Scal,in feet 

l,700 

Mu,i ~'r.Gge ,i; !In~ ;n:e/ie,fou.' p:operty of £!in G:1d l!i used h~ rr!in 

,:'1:ier ilceme. CO:J'l••gltt & 1020 Em and ,rs kMso:s. All nr,hrs 
ft')t!rv~. Suvsu•:,; E1ifl, Wwlu' lmuyery; /i1u;r,H; M1nuwfi, Ct11.w1.'t1u 
County, Cm.if"~!' of Ycvapr:i, (C" Or,er>.Street!vlop, 1/[Ri:, Garmin, 
5fl/rGmp/1, GrnTrr /1r.fl/ogi,>1, inc., ,',A[Ti/1',!ASA, LJ5G5, IJ,:rra,, of La~tl 
Mc,1ug~n;er,r, EPA, NP5, US Cem,u!i Bureau, U.5.!JA, r~rra : ~:::.~, inc. 

r."::!l:,?2022Fr.as1c.•ilrvSro::'/. 

Total Arsenic in Groundwater 
ROD 

Iron King Mine- Humboldt Smelter Superfund Site 
Dewey-Humboldt, Yavapai County, Arizona 
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- · - Intermittent Drainage 

D lu>sidentlal Screening Area Risk (RSAR) 

- lmponed Berm 

~• :::: Area of Potential Site Impact (APSI) 

c:::J Former Iron King Mine Property 

t·_= Former Humboldt Smelter Property 

lbdJ Dewey-Humboldt Town Boundary 

-"" NR.3 Upper Chapamil Gulch, descnated as a non-ttiidentlal 
(possible future res~Uail) a.rH, ov«laps an a.rea deilenated 
asRY'SR. 

Image Soun::e: Google Earth,.; liMSt da~ November 6, 2015. 
Acceued Apfll 6, 2016. 

Exposure Areas 

ROD 

1,200 

........... '·"" 

Iron King M ine - Humboldt Smelter Superjund Site 
Dewey-Humboldt, Yavapa i County, Arizona 
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t 
Blow Out Path 

( 

.. 
_,,·" 

I 

- . ..... ✓• 
~p&ienl 

LEGEND 

~4- Historic Rail Line 

- - - Intermittent Drainage 

CJ Former Iron King Mine Property 

i:=: Former Humboldt Smelter Property 

□ Oewey-liumboldt Town Boundary 

C:J Soil Exposure Area 

Seclme.nt/Surfac:e ~ter bposure Atta 

□AF-01 
□ AF-02 
0 AF-03 

D •EF-AF 

□REF-East 

C) REF-We,t 

1.200 

,_,.,,_ 
,..00 

Ecological Risk Assessment Exposure Areas 
ROD 
Iron King Mine - Humboldt Smelter Su~rfund Site 
CHwey-Humbold~ Yavapai County, Arizona 
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C !Map'Extent 
If/ 

,,./ 
,,,.-/ 

West of Highway Repository 

Dam 

Former Iron King Mine Property 

and Former Humboldt Smelter Property 

Dewey-Humboldt Town Boundary 

Waste Disposed of on the Mine Tailings Pile 
Repository 

Institutiona l Controls, Engineering Controls, 
and Partial Removal wlth Waste disposed of at 
the Mine Tailings Pile Repository 

Capping and Institutional Controls 

P,:irtla! Excavation/Hot Spot Removal and 
Institutiona l Controls to Achieve Residential 
Cleanup levels 

Partial Excavation/Hot Spot Removal and 
Institutional Controls to Achieve Occupational 
Cleanup Levels 

Monitoring 

Rockfall Netting 

River 

Intermittent Drainage 

1,000 tOOO 

~in ~ff l 

Muµin1<111t'IS/llt-ln1~itC'ttJU/µtcx;t-11yaft:H1u,-,Ju11~ /!l!ft'lfl 
11r.../t!(/.'1.t'(l,M!_ Cap)'Tl'Ohl OlUlUb.n'o.':dit)"/icenwt.s /'J/11u1,/s 
re1.er,ted. Jo ,m:es· t:S11; World !muge1r: M uxut, M,uv!xJ{t Cocor.rou 
Co:in(Y. Coul'IY1Ji't',:;-;v:,.;i &U,7t"i'~lree1 Mu:;. ritHt. (iu1 min. 
SofcGropt,, Gt'Of('Chnoiogie.s, m, . .\.ftTI/NASA USG.S, Bureau q tond 
MormqeMrnt, EPA, NPS. U$ C,•f"/Jld ti<Jfroll, //SCA, TC'\'ro Tr.en, /,:r: 
c,nd ~ .20.2.2 ~ai.'b,ltry Swdy. 

On-site Consolidation and Containment at 
One Repository at Mine Tailings Pile 

Iron King Mine- Humboldt Smelter Superfund 
Site Dewey-Humboldt, Yavapai CountY, Arizona 
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[ 
~ - ! ',, 
~ ,,., 

.1*' __ ,,~,,,. 

West of Highway Repository 

East of Hlghwav Repositorv 

Dam 

Former Iron King Mine Propert y 

Forml:!r Humboldt Smelter Property 

Dewey-Humboldt Town Boundary 

Wast e Disposed of on the Mine Taili~s Pile 
RcpoSitory 

Waste Disposed of on the Smelter 
Tailings Swale Repository 

Instit utional Controls, Enginee ring Controls, 
and Partial Removal with Waste Disposed 
of at the Smelter Tailings Swale Reposi tory 

Capping and Inst itutio nal Controls 

Partial Excavation/Hot Spot Removal and 
Institut ional Controls to Achieve Residential 
Cleanup Levels 

Partial Excavc1tion/Hot Spot Removal and 
Institut ional Controls to Achieve Occupationa l 
Cleanup Levels 

Monitoring 

Rockfall Netting 

River 

Interm ittent Drainage 

LOOO 2,000 j 
Sc:.ik:.iFCt't 

~01lt ory bQlmd.irie\ repr~ent the maximum eirlll':f\t PRG 

{Pnt1rntial Rem!Hfiation Go.ii). Thi~ map and ;my boundary linPi. 

within t he map are .1ppr011imate and subied to ch.1nge. Sou re~: 

Ewi, WO!ld lrll<lg"lly: M.lu,, MiuOSQrl, Cow,,Vno Counl y, Counly 
ofYav<1 p1i, 0 OpenStr~tM.1p, HERE, Garmin, SafeGli!lph, 
GeoTechnoloCi..,_, Inc., MrTI/NASA,. USGS, Ru reau of land 

Mlnar.fffleflt, ~PA, NPS, us C:tnws l:IUIHU, U~IJA. 

Alternative 3A 

On-si te Consolidation and Containment at 
Two Repositories with Chaparral Waste to 
Mine Tailings Pile 
ROD 
Iron King Mine - Humboldt Smelter Superfund Site 
Dewey-Humboldt, Yavapai County, Arizona 
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East of Highway Repository 

Wert of Highway Repository 

Dam 

Former Iron Ki ng Mine Property 

Former Humboldt Smelter Property 

Dewey-Humboldt Town Boundary 

Waste Disposed of on the M ine Tailings Pile 
Repository 

Waste Disposed of on the Smelter 
Tailings Swale Repository 

Institutional Controls, Engineering Controls, 
and Partial Remova l with Waste Disposed 
of at the Smelter Tailings Swale Repository 

Capping and Instituti onal Controls 

Partial Excavation/Hot Spot Removal and 
Institutional Controls to Achieve Residential 

Cleanup l evels 

Partial Excavation/Hot Spot Removal and 
Institutional Controls to Achieve Occupational 
Cleanup Levels 

M onitoring 

Rockfa ll Netting 

River 

Intermittent Drainage 

cooo 

£1:Wlnree; 

J 
, .coo 

Repository bouochlrics represent the rn.11,..imum ext~nt PltG 
(Potenti.1 1 Remediation Goal ). This map 1ml •nv boundary lines 

within the m.ip .ire .ipproxim.ifl! .inci !it.lbjl'M:I t.:i chorng~ Sources: 

l:so, Work! lml£1!1'Y: Maxar, Wicrosoft, c«onino county, county 
of Yav.:1pal, C OpcnStreetM~p, HEl!E, Garmin, safe<cr.:iph. 

G~Te-chnolOties, Inc., METVN~ USGS, 8urNuol land 
M:inagcmt!nt. [PA, NPS, US Q!,nsus Bureau, U.S.OA 

Alternative 3B 
On-site Consolidation and Containment at 
Two Repositories with Chaparra l Gulch Wa ste 
to Smelter Ta ilings Swale 

Iron King Mine- Humboldt Smelter Superfund Site 
Dewey-Humboldt, Yavapai County, Arizona 
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r--
~ ,; 

,,. / 

Dam 

Former Iron King Mine Property 

Former Humbold t Smelter Property 

Dewey-Humboldt Town Boundary 

AU Waste Removed and Tranported 
to Off-Site Facility for Disposal 

Institutional Controls, Engineering Controls, 
and Partial Removal witl1 WaMe Disposed 
of Off-Site 

Capping and Institutional Control s 

Institutional Controls and Hot Spot Removal to 

Achieve Residential Clcil nup Levels 

Instituti onal Controls and Hot Spot Removal to 
Achieve Occupational Cleanup Levels 

Monitoring 

Rockfall Netting 

River 

Intermittent Drainage 

1,000 

SUie in ~ttl 

2,000 

Rep0!, i1 orv boundariM1tp1eo.en1 lhll maximum l!IC'l111nl Pn.G 

(f'ott-n tia l ~m~lation C.O..I), 1 tr; map and •nv boundary linr-s 
within the map are apprO)(imate and ~ubject 10 th.:rnge. SOurces.: 
b1i, Wo,ld ltrwige1y: M•ur, Miu~lt. CQl;OQno Co,unty. County 
of Y:lv;ipal, C OpcnStreeiM:lp, HCRC, Garmin, 5.:alcGr.iph, 
GeoTechnolog1~, lr.c., Mr.Tl/NA~ USGS, Ou,e..u of I.and 
Management, ll'A, N~. US Census Bureau, U50A. 

Removal and Off-Si te Disposal 

fron King Mi~ - Humboldt Smdtff Superfund SIU Oewty• 
Humboldt, Yavapai County, Arizo"° 
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 ����������_�� àb�cdefghedi�?(')*'�*''�1?4�2'*C%-*'�$%�0%..'-$�4>j>E�+%&�)�:/*,=**/%-�%+�$5'�-)$=&'�%+�$5'�$)/(/-9*�/-�$5'�./-'�$)/(/-9*�C/('>�?(')*'�-%$'�$5)$�$5'�LA�/-,(=:':�9'%$',5-/,)(�*%/(�)-)(7*'*�+&%.�.)-7�E%&/-9*�$5&%=95�$5'�./-'�$)/(/-9*�C/('>�J4CC'-:/H�kFlK>��m-:'&9&%=-:�6)$'&�*%=&,'*<�'H,'C$�+&%.�$5'�/-+/($&)$/%-�.'-$/%-':�C&'8/%=*(7<�:%�-%$�,%-$&/E=$'�$%�$5'�*)$=&)$/%-�%+�$5'*'�.)$'&/)(*>�I-�+),$<�9&%=-:6)$'&�/*�)(.%*$�'-$/&'(7�+%=-:�E'(%6�$5'�E%$$%.�*=&+),'�%+�$5'�C/('>�?(')*'�*''�L/9=&'�nFnj�%+�$5'�LA�+%&�)�:'C/,$/%-�%+�$5'�&'()$/%-*5/C�%+�9&%=-:6)$'&�$%�$5'�./-'�$)/(/-9*�C/('>��MNOoN�QRSSTUVW���
� 
� 
����
� ��
�� �
��
���Y
�����������	��
�X������ ����
�����������������������Y
�p�
 ������q
��
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�I�� NOP�QRSTUVSRW�t\%�Z](uâ&(%X�d&'dY'&0])/(�0\&0�Z%(Y'0%X�]/�0\%�Z%(]X%/0]&'�()]'�'%&X�+-v�)c�wxy�2ezue�.Z%(%/0%X�]/�0\%�+Z).)(%X�+'&/j�&/X�0\%�d)ZZ%(.)/X]/e�Y.X&0%X�'%&X�Z](u�&((%((2%/0�]/�0\%�5655�k$�-%.)Z0�gt%0Z&�t%d\j�5655hj�&Z%�d)/(](0%/0�[]0\�0\%�'&0%(0�b%Z(])/�)c�*+,{(�f/0%eZ&0%X�*i.)(YZ%�|.0&u%�}])u]/%0]d�~)X%'�c)Z��%&X�]/�1\]'XZ%/�gf*|}�hgb%Z(])/�546j�|$*+,�565whj�&/X�&Z%�/)0�̂&(%X�)/�&/��&/0]�Y&0%X{�)Z��&Zd\&]d{�b%Z(])/�)c�0\%�2)X%'4���t\%�'%&X�Z](u�&((%((2%/0�]/�0\%���-,�.Z%(%/0%X�]/�0\%�-f�&..']%X�0\%�|$*+,�g566xh�f*|}��2)X%'�b%Z(])/�w4w4�,(�/)0%X�]/�|$*+,�g565whj�0\%�565w�b%Z(])/�)c�0\%�f*|}��2)X%'�X]cc%Z(�cZ)2�0\%�566x�b%Z(])/�.Z]2&Z]'_�[]0\�Z%(.%d0�0)�Y.X&0%X�%i.)(YZ%�c&d0)Z(�̂&(%X�)/�/%[%Z�]/c)Z2&0])/�&̂)Y0�0\%�|/]0%X�$0&0%(�.).Y'&0])/�'%&X�%i.)(YZ%��\)[%b%Zj�̂)0\�2)X%'�b%Z(])/(�(\&Z%�0\%�(&2%�&'e)Z]0\2]d�&..Z)&d\4�t\%�k$�'%&X�Z](u�&((%((2%/0�Z%c%Z%/d%X�0\%�f*|}��b%Z(])/�w4wj�̂Y0�]/d)Z.)Z&0%X�c&d0)Z(�cZ)2�0\%�f*|}��2)X%'�b%Z(])/�546�g|$*+,j�565wh4�t\%(%�Y.X&0%X�c&d0)Z(�]/d'YX%X�&�2)Z%�Z%d%/0�1%/0%Z(�c)Z�3](%&(%�1)/0Z)'�Z%d)22%/X%X�̂'))X�'%&X�Z%c%Z%/d%�b&'Y%�)c����ezX�j�&/X�0\%�&X�Y(02%/0�)c�%(0]2&0%X�()]'zXY(0�]/e%(0])/�Z&0%(j�[\]d\�[%Z%�&/�&b%Z&e%�)c�����')[%Z�0\&/�0\%�b&'Y%(�c)Z�0\%�6a0)a���2)/0\�&e%�Z&/e%�)c�0\%�d\]'X�Z%d%.0)Z�%b&'Y&0%X�[]0\�f*|}��b%Z(])/�w4w4�t\%�Z%(]X%/0]&'�'%&X�+-v�)c�wxy�2ezue�.Z%(%/0%X�]/�0\%�+Z).)(%X�+'&/�[&(�X%Z]b%X�cZ)2�0\%�Y.X&0%X�'%&X�Z](u�&((%((2%/0�]/�0\%�5655�k$4�t\](�](�%((%/0]&''_�0\%�(&2%�&(�&�Z%(]X%/0]&'�'%&X�&dd%.0&̂'%�()]'�d)/d%/0Z&0])/�0\&0�[)Y'X�̂%�d&'dY'&0%X�[]0\�0\%�2)Z%�Z%d%/0�f*|}��b%Z(])/�5464�t\%�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

$%&'(%)*'+,�&-',�,%+(�./0�1$%&%)*%(�')�*2%�.$-1-&%(�.,+)�'&�*23&�4-)&'&*%)*�5'*2�6-$%�$%4%)*�42',(�,%+(�6-(%,')7�6%*2-(-,-78�+)(�1$-*%4*'9%�-:�236+)�2%+,*2;�<2%$%:-$%=�*2%$%�'&�)-�)%%(�*-�31(+*%�*2%�$%&'(%)*'+,�&-',�,%+(�4,%+)31�,%9%,�*2+*�'&�>+&%(�-)�*2%�?@ABC�6-(%,;��DEFGE�DHIIJKLM��NO
� 
�
��� ����������
�����
������������ �P�� 
���������
��Q������O
�
R�� 
�
�����
�����
����O��� �P
S�S�����
 �������� ���������������O�������Q� O�
���O
������
T��
�������O
��O�
�������� U�����O
�N��������
����������O
� 
���
������
���������� 
�����S�NO
�N�����O
�
���
��
V

 � ��O���WX�����T��
����
������T
�� ��
� �
����������� � �����O
�O
���O��� U��  �����
�����O�������
�������� 
���������
������T��T���������� ��O�������
  ��O
��
�����
�
R�� 
�
����O��� ������O
���YZS��[\]�̂_̀abc̀_d��<2%�$'&e�-:�%f1-&3$%�*-�4-g-443$$')7�+$&%)'4�+)(�,%+(�+$%�+,$%+(8�+(($%&&%(�')�*2%�4,%+)31�,%9%,&�:-$�*2%&%�*5-�hih&;�@.jk&�$'&e�+&&%&&6%)*�6%*2-(-,-78�'&�3)'l3%�:-$�,%+(�m:-$�*%42)'4+,�$%+&-)&n=�+)(�*23&�'&�('::%$%)*�:$-6�+)(�')4-61+*'>,%�5'*2�*2%�1$')4'1,%�-:�+(('*'9'*8�*2+*�4+)�>%�3&%(�:-$�+$&%)'4�+)(�*2%�-*2%$�42%6'4+,&�-:�1-*%)*'+,�4-)4%$)�*2+*�5%$%�%9+,3+*%(�')�*2%�/?�$'&e�+&&%&&6%)*�+)(�op;�<23&=�*2%�)-)4+)4%$�2+q+$(�1-&%(�>8�,%+(�4+))-*�>%�+((%(�*-�*2%�)-)4+)4%$�2+q+$(�1-&%(�>8�+$&%)'4�m-$�+)8�-*2%$�hih&n;�.,%+&%�&%%�@.j�/%&1-)&%�*-�h-66%)*�r;st�:-$�:3$*2%$�%f1,+)+*'-);��DEFuE�DHIIJKLM�v
����T
��
 ��Z������������w�NO
�N����
��
� ���� ��O���O� ���������
����� �
��
����
������ ���
�U��������
���� �����������V
������
 �����
����T
��
 ���T
��������
���� �������
S�NO
��
�
� 
�����
 �����������T
����
���
������ �������������
 ����������
 ����������� ��������
��� �
�������O
�
��  ��� ������ �
��
����
������ ���
�U����������
 
�����������������������O������
�
���
 �� �������������
����O
 
� �
��
���
� S�NO� �������O� �����U
�
���O
�N��������
�����������
������ 
���
�������
 ��
����������
���
 S�WX�x ��  
  �
������y����
������z�V
�����������{||"����{||}����T��
��T
��������
�����O
��������
 
�
��������������
����������  
  ��O� ����������S��v
����T
��
 ���
�� ������O� ������
�
��
��
��
�������
��� �����
�������� ���� 
����
� ��� ����O����O� ���������
�S�NO� ��������O� ��

���������
�
����O�����
���
������
�� ����y �����O�����
��������z�����O� ������

����
V
��
�������
��
���������WX�x �����
������ ����~��U���
���NO�
 O�������

 ������� 
������� ��� ����O����O
���	�����
�
��
������
S�NO
 
��  

 ���
��
����
��
� 
�O
�
�����O
 
�Z���
�� S��[\]�̂_̀abc̀_d���%�&*$-)7,8�('&+7$%%�5'*2�&-6%�-:�*2%�+&&%$*'-)&�')�*2'&�4-66%)*;�@.j�2+&�4-,,%4*%(�*2-3&+)(&�-:�&-',�&+61,%&�*-�42+$+4*%$'q%�*2%�j$%+�-:�.-*%)*'+,�p'*%�?61+4*�mj.p?n�*-�&-',&=�52'42�'&�,+$7%,8�(%:')%(�>8�*2%�$+)7%�-:�*2%�%::%4*�-:�+%$'+,�('&1%$&'-)�:$-6�*2%�6')%�*+',')7&�+&�5%,,�+&�:-$6%$�&6%,*%$�&*+4e�6'&&'-)&;�j11%)('f�@�-:�*2%�/?�')4,3(%(�+)�%f*%)&'9%�+)+,8&'&�-:�*2%�%f*%)*�-:�*2%�j.p?�>+&%(�-)�$->3&*�%9'(%)4%;�j&�%f+61,%&=�(%&1'*%�&'*%g$%,+*%(�,%+(�+)(�+$&%)'4�>%')7�4-g('&1%$&%(=�,%+(�,%9%,&�(%4,')%�*-�>+4e7$-3)(�,%9%,&�%+&*�-:��'725+8��t�5'*2')�*2%�j.p?�4,-&%�*-�*2%�&6%,*%$�1$-1%$*8�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

$%&&�'(�)**&+,-.�/01�%2345�&6-77-8+7�9:86�2;&�76&<2&:�=8><,�?&�&.*&42&,�28�;3@&�A:&32&:�48+4&+2:32-8+7�89�<&3,�37�8**87&,�28�3:7&+-4B�?>2�<&3,�<&@&<7�,&4<-+&�7-A+-9-43+2<C�37�788+�37�8+&�*:84&&,7�&372�98:�&@&+�3�7;8:2�,-723+4&1�D;&�736&�-7�2:>&�98:�48**&:�3+,�E-+41�)<78B�:32-87�89�7>:934&�736*<&�:&7><27�3+,�F�9882�,&*2;�736*<&�:&7><27�-+�>+,-72>:?&,�78-<7�8+�2;&�&372�7-,&�89�2;&�:-@&:�:&34;�3�@3<>&�89�F�=-2;-+�3�+8:63<�:3+A&�89�7232-72-43<�@3:-3?-<-2C1�D;-7�3<78�-7�2:>&�98:�&<&@32&,�<&@&<7�89�7-2&�48+236-+3+27B�-+4<>,-+A�3:7&+-4B�2;32�,8�+82�&.2&+,�?&C8+,�2;32�3<:&3,C�-,&+2-9-&,�?C�/G)1�(+�3,,-2-8+B�/G)H7�:&@-7&,�?345A:8>+,�377&776&+2�*&:98:6&,�3�A&84;&6-43<�7-A+32>:&�3+3<C7-7�8+�2;&�6-.�89�6&23<7�98>+,�&372�89�2;&�)A>3�I:-3�'-@&:�28�&@3<>32&�=;&2;&:�2;&:&�63C�;3@&�?&&+�3&:-3<�,&*87-2-8+�89�6&23<7�-+28�3:&37�&372�89�2;&�%-2&�3+,�,&2&:6-+&,�2;32�A&8<8A-43<�,-99&:&+4&7�:32;&:�2;3+�3&:-3<�,&*87-2-8+�3448>+2&,�98:�3+C�A&84;&6-43<�7-A+32>:&71��J&43>7&�9>A-2-@&�,>72�-7�3+�-6*8:23+2�68,&�89�2:3+7*8:2�89�48+236-+3+27�9:86�78>:4&�3:&37B�/G)�;37�*&:98:6&,�3+�&.2&+7-@&�4;3:342&:-E32-8+�89�2;&�*82&+2-3<�&99&42�89�9>A-2-@&�,>72�&6-77-8+7�2;:8>A;�736*<-+A1�)-:�736*<-+A�=37�48+,>42&,�28�&@3<>32&�2;&�*82&+2-3<�98:�4>::&+2�&.*87>:&�28�3-:?8:+&�7-2&�48+236-+3+27B�+82�28�&723?<-7;�2;&�*322&:+�89�;-728:-43<�3&:-3<�,-7*&:7-8+1��KLMNL�KOPPQRST�UV
�
�� ���
�������������������V
�����
��������
 ������ ��
 ��V����
����W
��
 ��� ��  �����
�����V�����
��������������� 
����
� ��� �� 
����
����
����������
�����
���

���� 
������������ �������
�� X�UV� �����
�������V� ������

����� ��
�
����
�V��
  ���W
 �����
������V
���	�����
�
��
������
X�UV
�U�����
Y

 � ��V���Z[������
����� 
�����
�
\��� ��������� ���W
 ������������ ����� 
����
����
����������
�����
��
\�� 
�
�����������
�������� ��V�������������
 ��V
 
��
�
�����
\�� 
�
����V��� �����V
�����������
��
��� ��
����
�X��]̂ _�̀abcdebaf��D;&�'(�-+4<>,&,�&.2&+7-@&�736*<-+A�89�7>:934&�78-<7B�7>:934&�=32&:B�3+,�A:8>+,=32&:1�D;&7&�:&@&3<�2;&�48+236-+32-8+�*:&7&+2�9:86�3+C�78>:4&7B�-+4<>,-+A�*:&7>63?<C�9>A-2-@&�,>72B�3<2;8>A;�7>:934&�=32&:�3+,�A:8>+,=32&:�3:&�>+,8>?2&,<C�-6*342&,�<3:A&<C�?C�82;&:�93428:7�7>4;�37�&:87-8+�89�23-<-+A7�632&:-3<1�(2�-7�+82�4<&3:�9:86�2;&�4866&+2�=;C�9>A-2-@&�,>72�-7�-,&+2-9-&,�37�3�7&48+,3:C�g&.*87>:&�*32;=3Ch1�(2�-7�-+�48+4&*2�3�2:3+7*8:2�6&4;3+-76B�?>2�&.*87>:&�=8><,�?&�28�2;&�6&,->6�-27&<9B�=;-4;�;37�?&&+�736*<&,�&.2&+7-@&<C1���KLMiL�KOPPQRST�UV
�U����
��
� ���� ��V����
 
���V��� �����
��
������V
�����������	��
�	U[��V��������
�
���V������
����j��\������������V
�
��
�����
����������� ��
�
���
 ������ ��
����
�W��
�
������ 
�����
 ��

��V���� �����
�����
������� �
� ���X�UV
�U������
 �����
��
� ������V��Z[���������� 
 ������
�
�������������������������������
��
�� ������
����W
��
 �� �������������������������� ������ �����V
��
�
��
������
��������
��V�����
�k!l��
��X�UV
�U�����
Y

 � �Z[�m �
\��������������V� �����
�X�n
��V
����V
�U������
 �����
��
� ������V��Z[��������������
��������
������
����W
 �������������V
��� ����
���������
����W
��
 ������  ����
  ���
���
� �����V
���	������
�
��
������
���������
������ ������
������V
������ V�����



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

����$
�����������	��
������
���������
��
������
���
 %�&$
�&�����
'

 � �()�* �
+��������������$� �����
�%��,-.�/01234105��678�9:;<�=:>�?@A;;�>B?>�C><�?CA�C=D;<>C@?>C:=<�E;A;�=:>�FG;?=C=@HIJKL���MB;�?GNC;=>�?CA�G:=C>:AC=@�>B?>�678�O:=9IO>;9�E:IJ9�B?D;�O?P>IA;9�>B;�>QPCO?J�EC=9R@;=;A?>C:=�:H�P?A>COIJ?>;<�HA:G�<IAH?O;�<:CJ<�?=9�E?<>;<�C=�>B;�?A;?L�7J;?<;�A;H;A�>:�S;O>C:=�TLULV�:H�>B;�WX�H:A�?�O:GPJ;>;�9;<OACP>C:=�:H�>B;�?CA�<?GPJC=@�;HH:A>�?=9�B:E�C>�A;J?>;<�>:�>B;�O:=O;P>I?J�<C>;�G:9;J�H:A�AC<Y�>:�BIG?=�B;?J>BL�X=�@;=;A?JZ�>B;�BC<>:ACO?J�?CAN:A=;�HI@C>CD;�9I<>�>A?=<P:A>�G;OB?=C<G�G?=CH;<><�C=�<IAH?O;�<:CJL�[BCJ;�C>�C<�>AI;�>B?>�EC=9�P?>>;A=<�O?=�D?AQ�:D;A�>B;�O:IA<;�:H�Q;?A<Z�>B;A;�E;A;�JCGC><�>:�B:E�J:=@�<IOB�G:=C>:AC=@�O:IJ9�N;�O:=9IO>;9L�X=�PAC=OCPJ;Z�>B;A;�E:IJ9�?JE?Q<�N;�Q;>�?=:>B;A�Q;?A�EB;A;�<IOB�P?>>;A=<�O:IJ9�D?AQL�X>�E:IJ9�=:>�N;�PA?O>CO?J�>:�P;AH:AG�?=�;<<;=>C?JJQ�?O?9;GCO�<>I9Q�:H�>B;�OJCG?O>CO�EC=9�P?>>;A=<�C=�>B;�\;E;QR]IGN:J9>�?A;?L�678�<?GPJ;9�?CA�̂I?JC>Q�>:�?<<;<<�OIAA;=>�?CA�;_P:<IA;<�:D;A�>B;�O:IA<;�:H�?�Q;?A�?=9�A;O:@=C̀;9�>B?>�?=Q�OJ;?=IP�E:IJ9�B?D;�>:�;=O?P<IJ?>;�?=9�C<:J?>;�E?<>;�>:�PA;D;=>�HI>IA;�;=>A?C=G;=>�:H�E?<>;<�C=>:�>B;�?CAL���abcdb�aeffghij�&$
�&�����
'

 � ��$����$
�$� ���������
����k
��
 ���
�� ����������  ����
��
����
� �����$
����
��
���k
 �����
���������
������������
���
 �� 
�k
����� 
�����
�� ���� ���������
�
� ���
��
������ ������
������
 ��
������$�
 
 �����$����$
��
 �������� 
���
�������$
��
������
�� �
��
���
� �l����������	��
������
���������
��
������
���
 m%��,-.�/01234105��8�A?H>;A�<IAD;Q�E:IJ9�=:>�PA:DC9;�?�OB?A?O>;AC̀?>C:=�:H�<C@=CHCO?=>�B;?J>B�AC<Y<�N;O?I<;�P;:PJ;�?A;�=:>�;_P:<;9�A;@IJ?AJQ�>:�?>>CO<nA?H>;A<L�8OO;<<�>:�NICJ9C=@�A?H>;A<Z�BC@BJQ�C=>;AGC>>;=>�?=9�D;AQ�<B:A>�>;AG�C=�=?>IA;Z�C<�=:>�?=�?O>CDC>Q�G:9;JJ;9�H:A�C=B?J?>C:=Z�9;AG?JZ�:A�C=@;<>C:=�C=�AC<Y�?<<;<<G;=>�EBCOB�>QPCO?JJQ�G:9;J<�J:=@R>;AGZ�HA;̂I;=>�N;B?DC:AL�678�9:;<�=:>�?@A;;�>B?>�?�A?H>;A�<IAD;Q�E:IJ9�N;�I<;HIJ�C=�<;J;O>C=@�?�OJ;?=IP�>B?>�C<�9;<C@=;9�>:�;JCGC=?>;�HIA>B;A�HI@C>CD;�9I<>�:H�O:=>?GC=?>;9�G?>;AC?J<L���abcob�aeffghij�&$
�&������� ��
� ��$
��
 ��
��������������
����������
� �����$�����$
� ������$
����
����� �
��
�� �
��
�����
���
 �����
��� �
������ ��
���
���$����
'
��
 � �
���������
������� �����pq%�� � 
�$���$� ���pq�$� ��$�����
����������
'
��
�
�� ��$�����
� �
����������$
���
�%�������������
����$��
��k��������� ����
��������
��
�����()������$
���	�����
�
��
������
�����$����$
���pq ��
�
����������� ��$�����
������ 
��� ����
��������������������
�����������
��k��������� ����� ����������$
������
$
� �k
��������
�
������
 ������
 �����
����������
�����$�������
�����������
�����  ���
������$
�r!��pq ��
���
�����()������$
�s�%�� ,-.�/01234105��X>�C<�=:>�OJ;?A�HA:G�>B;�O:GG;=>�EBQ�>B;<;�?A;?<�:=�>B;�;?<>�?A;�<P;OCHCO?JJQ�:H�<P;OC?J�O:=O;A=�:A�B:E�>B;Q�B?D;�<P;OC?J�OB?A?O>;AC̀?>C:=�A;̂ICA;G;=><Z�N;Q:=9�>B;�?>>;=>C:=�



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!""�

#$%&'�'%($&�)&*�+,$�-,).)-+$.%/)+%0&�)1.$)*2�3$.40.5$*6�7+�%8�&0+�-1$).�9,)+�+,$�-055$&+$.�%&+$&*8�9%+,�.$').*�+0�*%44$.%&'�-.%+$.%)6�7+�%8�&0+�-1$).�83$-%4%-)112�9,)+�).$)8�).$�#$%&'�.$4$..$*�+0�%&�+,$�-055$&+6����:;<�,)8�-011$-+$*�+,0=8)&*8�04�8)531$8�%&�.$8%*$&+%)1�)&*�-055$.-%)1�).$)8�&0.+,�04�+,$�5%&$�)&*�%&�.$8%*$&+%)1�).$)8�&0.+,�04�+,$�85$1+$.6�>0�.$4%&$�=&*$.8+)&*%&'�)&*�.$5$*%)+%0&�8-03$�%&�).$)8�&0.+,�)&*�&0.+,$)8+�04�+,$�5%&$?�:;<�%8�-=..$&+12�3$.40.5%&'�)**%+%0&)1�8)531%&'�%&�)--0.*)&-$�9%+,�.$)80&)#12�)&+%-%3)+$*�4=+=.$�1)&*�=8$86��@&�+,$�85$1+$.�8%*$?�+,$�A7�,)8�%*$&+%4%$*�+,$�$B+$&+�04�C%+$�-0&+)5%&)+%0&�%&+0�.$8%*$&+%)1�).$)8�+0�+,$�&0.+,$)8+6�<8�3.$(%0=812�*%8-=88$*?�:;<�,)8�=8$*�.$8=1+8�4.05�+,0=8)&*8�04�80%1�8)531$8�+0�-,).)-+$.%/$�+,$�<.$)�04�;0+$&+%)1�C%+$�753)-+�D<;C7E�+0�80%18?�9,%-,�%8�1).'$12�*$4%&$*�#2�+,$�.)&'$�04�+,$�$44$-+�04�)$.%)1�*%83$.8%0&�4.05�+,$�5%&$�+)%1%&'8�)8�9$11�)8�40.5$.�85$1+$.�8+)-F�$5%88%0&86�<33$&*%B�:�04�+,$�A7�%&-1=*$*�)&�$B+$&8%($�)&)128%8�04�+,$�<;C7�#)8$*�0&�.0#=8+�$(%*$&-$6�C$$�:;<�A$830&8$�+0�G055$&+�G6HI�40.�50.$�*$+)%186��JKLMK�JNOOPQRS��TU
�T�����
V

 � ��U���WX������������
��������
U
� �Y
��U�����
�������������
����Y
��
 ���� �
� �����U��
�U�
���U
��
 ��
��������������
����������
������������
���
 ��U�����
������
����Z��
�������U
� �
��
���
� �[�\
\���]̂  ��
���
������U
�_�̀\�TU
�T�����
��
Y
 ��U����U
��� ����
���������
 ��
����
 ���������������[�\
\������������	��
������
���������
��
�̀����� 
��������[
\�\���
�� ����
�
��������� ������� �
����à� �
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Kilti e H' □bbs 

Govern□r 

Ootorer 19, 2023 
FPU24-076 

Miohael Montgomery 

ARIZONA DEPARTME T 
OF 

ENVIRO ME TAL Q UAL ITY 

Direotor, Super-food and Emergency Manag:em.eut Division 
.S. EPA, Region IX 

75 Hawthorne Street 
San Frnncisc.o, CA 94105 

RE: State Record ofDecision Conc,arren:c:e 

Karen Peters 
c ab·Bet u ecU!We• Olltc,er 
E>eoutive oeyuty Di rector 

Former Iron Kfng, Mine - Hwnboldt Smelt.er Superfuud Site, Dev.-ey-Humboldt, Ari.zooo 

De.u- I\ilr. Montgomery: 

Th.e Arizona Depmment of Environmenml Quality (ADEQ) has review,ed ilte Record o:f Decision 
and ih.e Remedial Action aUern.ative seleded by the U .S. Em'lt'oll!llleutal Protection Agency (EPA) 
for the deanup for the Iron King iliiline - Humboldt Smelter Superfund Site in Dewey-Rumbold 
Ari.zooo. ADEQ concllfS wi'th EPA' s selection. of llhis alternative to address contamination at lihe 
miue and smelt.er site area and soil irt the residential area. The sielec-ted remedy oousists of fihe 
following: 

• Wastes in.Non-Residential A.Ras: Excavation of mine wastes and contaminated soils from the 
form.er mine and smrounding areas west ofHighv;'lly 69 v.iill be mo,;red into a repository on fue 
existing mine tailing13 pile~ 

• \Vas!e at, the former elt.er and in. the Ohapanal Gulch east of Highway •69 will be mo1,1ed into a 
second waste repontory on fihe former smelter property; 

• Residential Yards: Exc-.avatiou and removal of fmpac,red soil from residential yards; soils will be 
placed into one ofthe two repositories:. 

ADEQ believes that th.e selected alltemati,;re will be protective oflmm.an health and the eu,;'lt'olllll:lent 
and v.'ill keep people and wildlife fiom being ,exposed to the 'il<'aste. ADEQ lool:::s forward to wofking 
with EPA in fmplementiing the sele.c,ted remedy. If you htave any qiremions, please contact Katin 
Hm:er at, harker.lrarin@azdeq.gov. 

Sinc.erely, 

t i ln r. 11 ~.l ij M II h~•• 

,,_,? . ~1('1(/ t,.l)J.,, ,'i.!_. 

/ 
ii -~:;: c. ~G.:..~i; ~;:!'MN 

nJ11il I argas 
Interim mvision Director 
Waste Programs Di vision 

FhoenUI. Office. 

1110 W. W:ahinpon St. I Phoe,," AZ 15007 

602-771-2300 

Soutb .. n Rqiianal Office 

;t00 w. Co P"'"' St. I S•~• 433, I Tucsor,. 112 li5701 
520-6l8-6733 
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[ "R:: l TETRA TECH 

Technical Memorandum 

To: 

From: 

Date: 

Subject: 

Jeffrey Dhont, Superfund Project :tvlanager, U.S. Environmental Protection 
Agency (USEP A) Region 9 

Kevin Bricknell, Project Manager, PE 

September 15, 2023 

Pre-ROD Refined Background Threshold Value Calculations for Arsenic at 
the Iron King-Humboldt Smelter Super.fund Site, Dewey-Humboldt, Arizona 

Contract No. W912P718D0001, Task 6.1 1 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

1.0 CONTEXT, PURPOSE, AND OBJECTIVES 

Under Contract W912P718D0001 , U.S. Environmental Protection Agency (USEPA) tasked 
Tetra Tech, Inc. (Tetra Tech) with reviewing and revising existing estimates of background 
levels of arsenic concentrations in undisturbed surface soils near the h'on King Humboldt 
Smelter (IKHS) Superfund site (the site) in Dewey-Humboldt, Arizona. This revision has been 
prompted by concems that have been raised about the previously derived background values and 
the distribution of arsenic in background samples. These concerns for previous background 
threshold value (BTV) estimates primarily focused on sampling concerns indicated in the data. 
Namely, previously undetected instances of repeated sampling at some locations were found 
during review of data generated by CH2M Hill , Inc (CH2M Hill). Upon analysis, this was 
bel ieved to have caused a biasing effect. Additionally, there was concern that a subset of the data 
could be statisti cal outliers, whi ch prompted a plan to consider removal of these data, if 
suppotied by stati stical (leverage and influence) and scientific analyses. 

1.1 CONTEXT 

A BTV is a statistical estimate of background concentration of a contaminant of interest (USEPA 
2015). Under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERC LA) process, BTVs support risk assessment and development of remediation objectives. 
At lKHS, arsenic BTVs are based on soil measurements within background areas, which are 
designated as soils near the site not having been affected by mine- and smelter-related 
contamination from IKHS. Site-specific BTVs can be used to inform future cleanup decisions 
regarding the area impacted by mine- or smelter-related arsenic contamination from IKHS . 

More than 500 arsenic measurements have been taken in background areas in the vicinity of 
lKHS. I-Iow·ever, despite the significant size and vast spatial distribution of the dataset, the 
arsenic background derivation at IKHS is particularly complex because arsenic concentrations do 
not decrease with distance from the former mine and smelter properties . Soil concentrations of 
other site-rel ated metals, including lead, copper, and zinc, decrease with in creasing distance from 
the site. Local geology influences concentration of arsenic in soils . For example, arsenic levels in 
soils on the east side of the Agua F ri a R iver are higher than those in soils on the west side of the 
river because of differences in und erlying geology and geomorphology 

U SEPA has derived and refined the background estimate of surface soils for the site three times, 
including the eff01t leading to this memorandum. 1n Appendix E to the remedial investigation 
(RI) repori regarding the site (CH2M Hill , 201 6), CH2M Hill applied a statistical approach to 
calculate a BTV of 112 milligram s per kilogram (mg/kg) arsenic for the site. As part of this 
effort, CH2M Hill used a dataset of254 values from background samples. Appendix E also 
delineated, based on several lines of evidence, the Area of Potential Site Impact (APSl) within 

Contract No. W912P718D0001, Task 6.1 2 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

which the site could be influencing soils, rendering samples from there unusable for background 
calculations. Only samples from outside the APSI were included in the background dataset. 1 

In 2022, the background arsenic BTV derived in Appendix E to the RI report (112 mg/kg) was 
re-examined A more advanced and robust statistical approach was applied, and results of the 
assessment were documented as Appendix C-6 to the Feasibility Study (FS). 

This second effort arose because the arsenic BTV at IKHS presented in the RI report appeared to 
be higher than indicated in the site dataset. Accordingly, US EPA refined the statistical approach 
to re-evaluate the methods applied to calculate the arsenic BTV. Results of the refinement 
indicated that the arsenic BTV for IKHS should be recalculated because standard methods of 
calculating BTYs using ProUCL and Minitab (previously used in Appendix E to the RI report) 
did not account for spatial weighting of sample measurements. 

The nonparametric weighted bootstrap model for calculating the 95 percent upper tolerance limit 
with 95 percent coverage (UTL95-95) statistic was selected as the new method of calculating 
arsenic BTVs based on its account of the spatial distribution of samples by application of a 
statistical weighting factor (k). The weighting factor is given as the inverse of the number of 
duplicate data (a) for a given sample location (k = 1/a). Bootstrapping is a method of inferring 
results for a population from results found on a collection of smaller random samples of that 
population , using replacement during the sampling process. Because this method retains all 
samples included in the dataset, it is a more rigorous analytical approach to cluster analysis than 
the manual cluster analysis via visual inspection of sample locations. 

The result of this second background effort resulted in revision of the arsenic BTV to 92 mg/kg. 
This single value was used in US EPA ' s proposed plan as both the BTV and the cleanup value for 
arsenic in residential soils. It was applied both east and west of the Agua Fria River and to all 
soil types across the site. 

Comments received during the public comment period on the proposed plan included concerns 
that the t\.vo previous background evaluations performed for the site in the Rl (Rl Appendix E) 
and FS (FS Appendix C-6) were too high because they derived a single BTV of arsenic in 
surface soils across the area surrounding the site. These comments included claims that 
background sampling results from the east side of the river have been consistently hjgher and 
belong to a separate background population than those from the west side, which elevated the 

1 The APSJ w.is detennincd for the RI to be the bonndmy distanced fmm IKHS where lead, zinc, and copper ( other 
site contaminants associated with IKHS) reached their respective background levels. TI1e boundary is also bused on 
locations of pairs of shallow and I-foot deep soil samples collected in undisturbed areas around the site. Closer to 
the mine :md smelter, the rntio of contaminm1t levels in smface soil to subsurface soil was significantly greater than 
1, indicating an influence or source al lite surface. Outside a certain area, this ratio was not stalislically different 
from I , indicating that lead, zinc. and copper in surface soils and deeper soils \Vere similar in concentrations and not 
influenced by the site. These ratios are statistically significant because they treat each location as a sampk-to­
baseline compariso1L wllieh can then be plotted spatially lo see where conlaminalion effects become 
indistinguishable from the natural conraminant concentration. This is a maximally mbust technique for measuring 
trends that arc spatially dependent, and together, these lines of evidence converged on the same area for the APSL 

Contract No. W912P718D0001, Task 6.1 3 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

value of the resulting BTV. Comments also suggested that USEPA should estimate the 
background for speci fie soi I types in the area. 

1.2 PURPOSE 

The purpose of this technical memorandum is to address remaining issues related to the 
background level of arsenic for the site. To perform this third background effort, USEP A 
acquired stati sties assistance from its Office of Research and Development. A team of 
experienced , highly expe11 statisticians from Neptune and Company (Neptune) joined USEPA' s 
regional project management staff and USEPA' s original contractor, Tetra Tech, in perfonning 
this work A memorandum from Neptune documenting some key facets of its involvement is 
attached to the end of this memorandum. 

This technical memorandum provides estimates ofBTVs for arsenic in soil around IKHS based 
on existing soil data and data obtained from (I) laboratory analysis of soil samples collected 
around the site, and (2) sam pies analyzed in the field by use of an X-ray fluorescence (XRF) 
spectrometer. 

1.3 OBJECTIVES 

Objectives of this technical memorandum and the attached memorandum from Neptune are the 
following: 

• Review the statistical approaches for BTV calculations and consider alternative 
approaches. 

• Detem1i n e the appropriate dataset and data treatment to address rem ai ni ng issues in the 
background dataset. 

• Evaluate stati sties for subpopulations of data based on soil type and groupings of soil 
types and determine propeny groupings with which to proceed in determining revised 
BTVs. 

• Examine chemical signatures in background samples east of the river to affirm previous 
detenninattons that arsenjc concentrations are higher on the east side than the west side of 
the river because of geologic differences. 

• Describe approaches to calculate soil arsenic BTVs by separate consideration of three 
statistical models to calculate upper tolerance limits (UTLs). 

• Present arsenic BTV calculations following several alternative approaches, including 
nonparametric weighted bootstrap models . These calculations were conducted in the 
statistical programming language R. 

Contract No. W912P718D0001, Task 6.1 4 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

2.0 SITE LOCATION AND DESCRIPTION 

lKHS is adjacent to the town of.Dewey-Humboldt in Yavapai County, Arizona. The site consists 
of the Iron King Mine and the Humboldt Smelter. The Iron King Mine was active from the 1890s 
through 1968 (CH2M Hill, Inc. 2016). Ores produced from the Iron King Mine included lead, 
zinc, copper, silver, and gold. The Humboldt Smelter conducted operations from 1876 to 1968, 
and included three smelters and one smaller mine. Operations at the smelter included copper 
processing and additional recovery of gold, silver, zinc, and aluminum from ores. 

Major features at and near IKHS, including drainages near the site and the town ofDewey­
Humboldt, appear on Figure l. The boundaries shown on Figure 1 have not changed from those 
in the RI report. An A.PSI was identified around IKHS to delineate the approximate extent of 
contamination related to site operations as a part of the RI effort (CH2M Hill , Inc. 2016). The 
boundary shown on Figure I is distinguished from the potential effects zone (PEZ) of 
contamination, which was evaluated during a cultural resources survey before the RI 
(Archaeological Consulting Services, Ltd. 2008). The area including the combined APSI and 
PEZ represents the background boundary; areas outside of th is boundary are assumed not to have 
been affected by contamination from IKHS. 

An important regional feature is the Agua Fri a River, adjacent to the town of Dewey-Humboldt 
and flowing through the IKHS boundary. Two major intenn ittent surface water drainages, 
Chaparral Gui ch and Galena Gulch, are south of the town and flow through the APSL Both 
drainages discharge into the Agua Fria River and have facilitated transport of contamination 
from IKHS outside of the background boundary. 

2.1 SITE GEOLOGY AND SOIL CLASSIFICATIONS 

Figme 2 shows the underlying geology of the A.PSI around lKHS. Major geologic features of the 
region include Precambrian metamorphic rocks covered by Tertiary volcanic and sedimentary 
rocks from the Hickey Fonnation (CH2M Hill, Inc. 2016). Further, quaternary alluvial deposits 
consisting of Hickey Formation materials are present along the Agua Fri a River and active 
drainages, including Chaparral Gulch and Galena Gulch. 

Tetra Tech reviewed the soils mapped by the US. Department of Agriculture (USDA) Natural 
Resources Conservation Service (NRCS) in the Web Soil Survey for IKHS (USDA NRCS 
2022). Table I lists the major soils mapped for an A.PSI of approximately 10,000 acres 
surrounding and including IKHS. Soil mapping units were combined by soi l seri es (alluvial land, 
Balon, Lonti, and Moano) to provide manageable soil groupings. Because of similar 
characteristics, Lynx soils and alluvium were grouped together and ar·e referred to as alluvial 
land in this technical memorandum. Attachment A presents the Web Soil Survey output and 
official NRCS soil series descriptions of the major soils that occm at IKHS. Figure 3 is a map of 
the soil units identified for the APSl. The major soil units around lKHS include: 

2.1.1 Springerville: 

The Springerville-Cabezon Series soils are deep soils found south of the Humboldt Smelter. 
Springerville soils fonned in alluvium from tuft~ volcanic breccia, arid basalt. Springerville 

Contract No. W912P718D0001, Task 6.1 5 
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soils are not represented outside the APSI, and no residences near IKHS are cuITently built 
on these soils. 

2. 1.2 Lonti : 

Lonti Se1ies soils are very deep soils but are mapped on nearly level plains and fans only on 
the east side of the Aqua Fria River. These soils developed in old gravelly alluvium from 
mixed sources. 

2. I .3 Balon : 

Balon Series soils are very deep (> 6 feet) soils found on the fan terraces of the Aqua Fri a 
River Valley . These soils are mapped on both the east and \vest side terraces but are most 
extensive west of the Aqua Fria River. Most of the Humboldt townsite is built on Balon 
Series soils. 

2.1.4 Moano : 

Moano Series soils are found in the higher hills and mountain slopes east and west ofIKHS. 
These very shallow soils developed in residuum (bedrock) materials and are typically less 
than 2 feet thick above hard schist bedrock 

2.1. 5 Alluvial Land and Lynx: 

Lynx Se1ies soils are found on flood plains and alluvial fans, and have characteristics similar 
to the soil mapping unit labeled sandy and gravelly alluvial land found northeast of IKHS. 
These soils are deep and formed in mixed alluvium. 

Soil characteristics, including naturally occurring soil arsenic concentrations, vary across soil 
types and also vary based on direction from the Agua Fria River These distinctions can be 
attributed to differences in how soils fanned from parent materials and composition of 
underlying geology For example, Moano soils are mapped on steeper residuum (bedrock) 
phyllite and schist hillslopes that sunound IKHS and the Agua Fria valley . 

Both colluvial and alluvial actions have contributed parent material for development ofLonti and 
Balon soils that fanned on slopes and terraces below the Moano soils. Lonti soils developed 
from old gravelly alluvium from mixed sources including granite, schist, sandstone, limestone, 
shale, and basaltic materials (National Cooperative Soil Survey [NCSS] 2008). Lonti soils are 
mapped on slopes ranging from 0 to 30 percent. Balon soils also fonned from mixed sources of 
alluvium dominantly of schist, granite, basalt, and other rocks (NCSS 2006). Balon soils are 
mapped on fan te1rnces with slopes ranging from 2 to 25 percent. 

2.2 SITE-SPECIFIC CONSIDERATIONS FOR BACKGROUND ASSESSMENT 

Characteristics of surface soils on the east side of the Agua Fria River were noted to differ 
significantly from those on the west side of the river, even in tJ1e same soil series. Evaluations of 
background concentrations of contaminants from IKI-1S must consider that regional geology, soil 

Contract No. W912P718D0001, Task 6.1 6 
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types, and regional hydrology affect distribution of naturally occun-ing background levels of 
contaminants associated with IKHS. Concentration of arsenic in each soil type depends on the 
specific source of geologic material and the geologic depositional process. The mixed sources 
cont:11buting to the soils on the east side of the river may be naturally higher in arsenic than the 
alluvium and residuum on the west side, leading to the possibility of more than one BTV for the 
site. 

Neptune's supplemental analysis, in Attachment C, demonstrates that surface soils and 
subsurface soils on the eastern side of the river are naturally higher in arsenic th.an those soils on 
the west side of the river. Discussion of development of the background sample dataset is in 
Section 3.0. To show· that the soils sufficiently differ on each side of tl1e river, eptune plotted 
log-transfonned background arsenic concentrations against log-transformed background 
concentrations of other constituents associated with lKHS (chromium, copper, iron, lead, 
manganese, and zinc) determined at the same sample locations . Sample locations are clustered 
by tl1e east and west sides of the river, and the relationship between concentrations of arsenic and 
the other analytes evaluated are similarly associated. Further, arsenic concentrations and 
concentrations of other analytes evaluated do not differ significantly between surface and 
subsurface soils on each side of the river. These relationships suggest that the underlying 
geology differs on each side of the river, justifying separate analyses of data from each side of 
the river. 

Additional analyses occurred to determine if aerial dispersion from the IKHS smelter stack 
would affect arsenic concentrations in surface soils in the background area. As described in the 
Neptune technical memorandum in Attachment C, the wind roses provided in the Rl report for 
the region show tl1at wind direction varies throughout the year, and if any aerial dispersion has 
occmred, it is assumed to have impacted all directions from tl1e smelter stack -arsenic would 
have deposited from stack emissions in no clear direction. The ratio of analyte concentrations in 
surface and subsurface soil samples collected in the background area, as previously described, 
a.lso provided no statistical evidence that aerial dispersion had impacted surface soils outside 
the APSI. 

Contract No. W912P718D0001, Task 6.1 7 
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Figure 1. Drainages and Site Features 

Contract No. W912P71800001, Task 6.1 8 
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Figure 2. Site Geology 
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Table 1. Soil C lassifications 

Extent of Soil Soil Unit 
Grouping Labels 

Impacted Area 

Balon Soils BgD 

Lonti Soils LkD, LmB, 
LnC 

Lynx Soils 
and Alluvial Ly, Sa 

Land 

Moano Soils MgD , MkF, 
Moo 

Springerville-
SnD 

Cabezon 

Others n/a 

Notes: 
BgD 
LkD 
LmB 
LnC 
Ly 
MgD 
MkF 
MoD 
n/a 
Sa 
SnD 

Balon gravelly sandy clay loam 
Lonti gravelly sandy loam 
Lonti gravelly loam 
Lonti cobbly loam 
Lynx soils 
Moano gravelly loam 
Moano very rocky loam 
Moano extremely rocky loam 
Not applicable 
Sandy and gravelly alluvial land 
SprtngeNille-Cabezon complex 

(%) 

28.4 

17.8 

15.4 

32.9 

3.9 

2 

Contract No. W912P718D0001, Task 6.1 

Source of Parent Material and Slopes 
Formation 

Formed in mixed alluvium dominantly 
2 to 25 from schist, granite, basalt, and related 

rocks . 

210 25 Formed in old gravelly alluvium from 
mixed sources on alluvial fans . 

Formed on flood plains and alluvial 
0 to 8 

fans from mixed alluvium. 

810 60 Formed in residuum from phyllite and 
schist. 

0 to 10 
Formed in alluvium from tuft, volcanic 

breccia , and basalt. 

n/a n/a 

10 
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Figure 3. Site Soil Types 

Contract No. W912P71800001. Task 6.1 11 
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2.2.1 Springerville 

The Springerville-Cabezon Series soils are deep soils found south of the Humboldt Smelter. 
Springerville soils fonned in alluvium from tuff, volcanic breccia, and basalt. Springerville soi ls 
are not represented outside the APSI and no residences near IKHS are currently built on 
these soils. 

2.2.2 Lonti 

Lonti Series soil are very deep soils but are mapped on nearly level plains and fans only on the east 
side of the Aqua Fria River. These soils developed in old gravelly alluvium from mixed sources. 

2.2.3 Balon 

Balon Series soils are very deep (> 6 feet) soils found on the fan terraces of the Aqua Fria River 
Valley. These soils are mapped on both the east and west side terraces but are most extensive 
west of the Aqua Fri a River. Most of the Humboldt town site is built on Balon Series soils. 

2.2.4 Moano 

Moano Series soils are found in the higher hills and mountain slopes east and west ofIKHS. 
These very shallow soils developed in residuum (bedrock) materials and are typically less than 
2 feet thick above hard schist bedrock 

2.2.5 Alluvial Land 

Lynx Series soils are found on flood plains and alluvial fans, and have characteristics similar to 
the soil mapping unit labeled sandy and gravelly alluvial land found northeast of IKHS. These 
soils are deep and formed in mixed alluvium. 

Cont ract No. W912P718D0001, Task 6.1 12 
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3.0 STATISTICAL APPROACHES AND METHODS FOR BACKGROUND 
THRESHOLD VALUE CALCULATIONS 

The following section describes (1) development ofa database ofbackground arsenic samples 
from the area closest and surrounding IKHS outside of the background boundary, (2) treatment 
of outliers in the background sample database, (3) approaches for calculating BTVs with R, and 
(4) scenarios selected to group samples in order to calculate arsenic BTVs. 

3.1 BACKGROUND SAMPLE DATABASE 

Under the CERCLA process, RT activi ties have occurred in several stages at IKHS, including 
collection of soil samples at locations near the site considered background areas . Background 
areas are designated as soils near the site, but not affected by mine- and smelter-related 
contamination from IKHS. USEPA and the Arizona Department of Environmental Quality began 
scoping of background areas during the first CERCLA assessments of the site from 2002 to 
2004. Arsenic data from i-wo soil samples from the site inspection are included in the database 
developed for this analysis to calculate arsenic BTVs Arsenic concentrations in these samples 
were detennined via laboratory analysis . EA Engineering, Science, and Technology, Inc. (EA) 
perfot1lled a supplemental Rl in 2010 that included measurement of arsenic in bulk soil via 
laboratory analysis. As a part of this effort, IO samples were collected in areas believed 
representati ve of background in the site vicinity . Data from these background samples are 
included in the new database. 

USEPA sampled more soil in 2012 and 2013 within an area of approximately 20 square miles 
near IKHS to evaluate background concentrations of contaminants associated with the site This 
sampling effort, part of the RI, intended to characterize contamination with arsenic and other 
metals in nonresidential areas impacted by the site and at locations not expected to have been 
impacted by the site and not previously characterized during sampling by EA (USEPA 2012). 
The data were analyzed for arsenic via both laboratory analysis of bulk soil and in-field 
measurement by use of an XRF spectrometer (CH2M Hill 2016). 

An initial analysis of background arsenic concentrations at IKHS by USEP A and Tetra Tech 
re-examined the background dataset of detections in 268 samples compiled by CH2M Hill in the 
RI, including those in the 12 background samples collected in 2004 and 2010 . At each of 
multiple locations ofXRF measurements, several XRF measurements were recorded. From 
arsenic background data, personnel performing the RT selected the highest XRF arsenic 
measurement at each location and removed the remaining data associated with that location. This 
approach artificially increased the calculated background concentration of arsenic. Fol I owing the 
first re-evaluation of the arsenic data from 268 sample locations presented in the RI, additional 
concerns were raised during the public comment period that the multiple BTVs calculated by soil 
type, various soil type groupings, and direction from the Agua Fria River still were elevated. 

After an independent analysis by Neptune, provided in Attachm ent C, USEPA and Tetra Tech 
decided to add the XRF measurements initially removed by personnel conducting the RT back 
into the data to re-calculate the arsenic background concentration. To improve estimates of 
background arsenic concentrations at IKHS, the new background arsenic analysis presented in 
this technical memorandum includes arsenic data from 501 soil samples obtained via laboratory 

Contract No. W912P718D0001, Task 6.1 13 
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analysis and XRF screening. The 517 background samples collected near IKHS have been 
reviewed for calculation of arsenic soil BTVs. Additionally, it should be noted that 14 data were 
visually identified, upon inspection, as potential outliers. From a statistical perspective, Tetra 
Tech and USEPA consider outliers to occasionally possess high leverage, always possess high 
influence, and usually both. If a datum has high influence, this is sufficient to identify it as an 
outlier from a statistical standpoint, but high leverage alone is not suilicient evidence to claim a 
datwn is an outlier. High leverage and bjgh influence of a datum, however, is strong evidence 
that it is a statistical outlier. From a scientific perspective, it was assessed that these extrema 
likely were obtained inco1Tectly , as they probably resulted from XRF screening of solid rock 
rather than loose soil. Details of the approach to handle these potential outliers are presented in 
Section 3.2 below. The final dataset came from 297 samples that underv.1ent XRF measurements 
and 204 samples analyzed at a laboratory via analytical methods described in the USEPA 
background study, yielding 50 I total arsenic measurements (USEPA 2012). 

figme 4 shows locations of background samples included in the arsenic background sample 
database developed forthis technical memorandum. The full background sample database of 
arsenic measurements, including sample groupings by soil unit and soil series, is in Attachment B. 

Because the background parent data consist of data from samples collected during multiple 
sampling efforts and analyzed for soil arsenic via either XRF screening or bulk soil laboratory 
analysis, the characteristics of the data obtained by application of each method were compared. 
However, field XRF screening and soil analysis at the laboratory are not directly comparable 
(Crumbling 2021 ). XRF measurements are more representative of total metals present in a soil 
sample because they provide a direct measurement of all soil constituents, not solely arsenic. 
Laboratory soil analytical methods, including measurement via inductively coupled plasma 
(lCP), rely on partial digestion of a soil sample to extract metals. Accordingly, tl1e laborato111 

analysis of soil via ICP is representative only of the soluble fraction of an analyte of interest. Soil 
analysis via ICP provides insight into tl1e amount of a contaminant that is bioavailable for 
potential receptors under a risk assessment scenario . Both approaches furnish valuable 
information about the extent of contamination at a site. 

Comparability between XRF and lCP datasets should be established if XRF data are to be used 
to supplement or support ICP data . Comparing results obtained by applications of different 
methods of acquiring data also depends on calibration of the XRF spectrometer. While XRF 
instruments are calibrated by the manufacturer, XRF spectrometers cannot be expected to retain 
their calibration unless regular maintenance and quality control checks occur. The calibration 
status of an XRF spectrometer is established by use of five or more certified reference mate1ials 
(CRM) that span the concentrations of interest to the project. Further, calibration of XRF 
instrumentation used in the future on these soils near IKHS must also be chosen and compared to 
calibration of the XRF spectrometers originally used to acquire data. The data from two different 
XR F spectrometers cannot be used interchangeably unless their cal i bra ti on s are equivalent. 

The background XRF measurements obtained by USEPA also have been independently 
evaluated to assess their usability . In 2013, comparability ofXRF and ICP datasets for arsenic 
were evaluated by use of linear regression and the Wilcoxon Signed-Rank test. Both statistical 
evaluations found the arsenic XRF and ICP datasets to be comparable. The following linear 

Contract No. W912P718D0001, Task 6.1 14 
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regression equation was obtained for the XRF arsenic (XRF-As) and lCP arsenic (JCP-As) 
datasets: 

XRF-As = 0.9242(1CP-As) + 3.3 

A slope of0.9242 indicates that the XRF data and the fCP data behave with the same broad 
trend, which implies no systematic difference in the data. Results of the Wilcoxon Signed-Rank 
test between the XRF-AS and ICP-As datasets indicated no evidence ofa slope statistically 
different from I (p = 0.4247). 

Regarding USEPA measurements in 2012 and 2013, five CRMs with concentrations ranging 
between 18 and 205 parts per million were used for calibration of the XRF spectrometer for 
arsenic measurements by linear regression calculated to be : 

XRF-As = 0.8667(CRM-As) + 3.37 

A slope of0.8667 indicates that calibration of the XRF spectrometer used to acquire the data was 
biased low, which could have contributed to the comparability between this XRF spectrometer's 
results and the corresponding lCP results . 

For the purposes of this technical memorandum, both field XRF and laboratory soi l analytical 
measurements of arsenic are analyzed in the same dataset because of the limited number of 
samples collected outside the background boundary near IKHS, and because of no evidence of a 
systematic difference in data between the sampling techniques . 

Table 2 lists summary statistics calculated in Minitab from the full background sample database 
for arsenic. In addition, the summary statistics are presented for the dataset classified by 
analytical method. To evaluate if the XRF and soil analytical datasets are statistically similar, a 
two-sample Student's t-test was performed in ProUCL software. At a confidence level of 
95 percent, no significant difference exists between the means of background arsenic data from 
application of each analytical method. 

Cont ract No. W912P718D0001, Task 6.1 15 
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Note: 
mg/kg MIi iigrams per kilogram 

Figure 4. Background Sample Locations 

Contract No. W912P71800001, Task 6.1 16 
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3.2 IDENTIFICATION OF OUTLIERS IN BACKGROUND SAMPLES 

Before final analysis of the background data of arsenic soil concentrations, extreme outliers were 
identified and removed from the dataset to improve estimates ofBTVs, in accordance with the 
existing best-practice guidelines established by the statistical community. Outliers are defined by 
USEPA (2002) as measurements not representative of a sample population. These values are 
frequently much larger or much smaller compared to the population from which they are drawn, 
and can be statistically identified with leverage and inl1uence tests 2. Outliers distort statistics if 
used in calculations of population characteristics (mean, standard deviation, etc.). For statistical 
analysis of en virorunental data, USEP A (2002) advises a preliminary review of data including 
identification of potential outliers. Final decisions on removal or retention of extrema relies on 
providing both a scient~fic and a statistical basis for their excision. Accepted best practice in the 
statistical community is to apply this two-layered approach for extrema exclusion because a 
statistical approach alone may induce a biasing effect in its own right. 

From the statistical standpoint, multiple approaches are available to evaluate outliers in 
environmental datasets . USEPA (2006, 2015) guidance highlights the interquartile range (IQR) 
fence method as an initial approach, which is a semi-formal measure of influence not reliant on a 
formal hypothesis test. To evaluate for potential outliers measuring higher tl1an would be 
representative of the sample population, measurements in a dataset that exceed an upper limi t 
defined as the value for the IQR multiplied by 1.5 and added to the third quartile of the dataset 
(75 th percentile) are classified as outliers. Visually, by displaying all data on a boxplot, these 
observations are outside the fences on box plots (above the upper bar and below the lower bar), 
and are considered statisti cal outliers according to EPA guidelines 

In the u.pdated background data, the outliers identified for elevated arsenic concentrations a.re 
summarized in Table 3 and shown in red on Figure 5. Visual analysis of the updated background 
data.indicated that 14 measurements, representing three distinct sampling locations (BKG-497, 
XRF-077, and XRF-079), exhibited substantially different concentrations from the background. 
All 14 values exceeded 270 mg/kg for arsenic. 

1 Leverage is the measure of whether a datum has an extreme predictor variable relative to the set of other 
predictor variable values. Before conducting formal tests for identifying leverage, it is best to visually inspect the 
data to determine whether such a test is needed. If no gap is noticeable between the potential extrema and the 
rest of the data, continuing to formal leverage tests generally is not advised. In this case, we did not notice this 
behavior upon visua I inspection, and concluded th at no additiona I steps were necessary to identify high leverage 
data. We therefore focused our following efforts on measuring influence, and pursuing the scientific basis for 
rem ova I consideration. 

Contract No. W912P718D0001, Task 6.1 17 
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Table 2. Summary Statistics for Arsenic, Updated IKHS Background Sample Database 

Total 
Count Mean 

Full Dataset 517 55.9 

All Extreme 
Outliers Removed 501 37.0 

(XRF and LabJ 

XRF - Extreme 
297 38.2 Outliers Removed 

Lab - Extreme 
204 35.3 Outliers Removed 

Notes: 
Iron King Humboldt Smelter IKHS 

Lab 
mg/kg 
Q1 

Bulk soi l sample anatyzed in a la b setting 
Mi ll igrams pe, kdograrn 
Fir,;I quartle 
Third quartile 

Standard 
Deviation 

130 

239 

21 .8 

26.7 

03 
XRF Sample measured in field via X-ray fluorescence spectrometry 

Con trac t No. W912P71800001, Task 6.1 

Arsenic (mg/kgl 

Coefficient of Minimum Q1 Median Variation 

233 3.4 18.4 32.6 

64.6 3.4 17.8 31 .4 

56,9 6,7 22.5 34 .4 

75,6 3,4 14.4 26.0 

Q3 Maximum 

52.1 1,120 

49.5 139 

48.9 105 

51 .1 139 

18 
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Table J. Outliers Removed from Updated IKHS Background Sample Database 

Sample Analytical Arsenic 
Direction 

Easting Northing Sample Date Soil Unit Soil Series from Agua Name Method (mg/kg) 
Fria River 

1,120 

1,110 

1,100 

XRF-079• 612720 1278894 111 1/2012 XRF 
1,080 

LkD Lontl East 
1,050 

1,000 

956 

914 

306 

302 

XRF--077' 612445 1278577 111 1/2012 XRF 299 LkD Lon1i East 

283 

272 

BKG-497 608976 1276846 1126/2012 Lab 421 BgD Balon East 
Notes: 

Multiple measurements were taken at XRF screening locations identified as outliers. 
BgD Salon gravelly sandy clay loam, 5 to 30 percent slopes 
IKHS Iron King Humboldl Smelter 
Lab Bulk soil sample analyzed in a lab setting 
LkD Lonti gravelly sandy loam, 15 to 30 percent slopes 
mg/kg M1ll lgrams perk logram 
XRF Sample screened in field via X-ray fluorescence spectrometry 

Contract No, W912P71800001, Task 6.1 19 
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Figure 5. Index Plot of Full Dataset, IKHS Updated Background Sample Dataset 
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A formal test of these possible outliers was performed by application of an extended version of 
Rosner's multiple outlier block test at the l percent significance level. Rosner' s test is a formal 
outlier procedure recommended in USEPA (2009) guidance documents . The original Rosner 
formulation was extended to accommodate any specified number of possible outliers (as opposed 
to the usual maximum of five), and to incorporate weighted data. 

Results of Rosner' s test confirmed formal identification of all nine visually extreme values as 
statistical outliers. Further, test calculations of the arsenic background BTVs found that including 
the apparent outliers significantly increased the threshold estimates over those resulting from 
calculations ofBTVs that excluding them. Consequently, all the formal statistical outliers were 
removed from the data before calculations of final BTVs. In this case, removing outliers had the 
effect of increasing the number of locations where cleanup was to occur, and increasing the total 
volume of soil subject to controls, removal , or treatment. 

3.3 STATISTICAL METHODS FOR BACKGROUND THRESHOLD VALUE 
CALCULATIONS 

BT Vs address statistical needs of soi l background studies. Estimated site-specific or regional 
BTVs a.re used in background studies at CERCLA sites to (1) identify contaminants of potential 
concern, (2) identify areas of concern, and (3) com pare on-site contaminant concentrations to site­
specific or regional background contaminant concentrations BTVs are calculated from the upper 
limits of established datasets. These upper limits, such as UTLs, are used to estimate BTVs or 
not-to-exceed values (USEPA 1992, 2002, 2009). For the purposes of this study, the BTV is set to 
the UTL95-95 for any given dataset A UTL is designed to place a reasonable upper bound on the 
underlying background population. In this instance, the UTL technically represents a 95 percent 
upper confidence limit on the background 95 th percentile estimates. UTL95-95 values for the 
IKHS background dataset were calculated by use of the statistical programming language R. 

Because BTVs must justify site-wide cleanup goals protective of human health and the 
environment above background, BTVs had to be differentiated spatially The irregular spatial 
pattern of the background measurements surrounding the APSI, including relatively tight 
clustering of many soil samples and associated hot spots, required statistical weighting to 
compute estimates ofBTVs. Proper use of declustering weights reduces bias that would result 
from application of equally weighted stati sties on spatially clustered data. 

3.3.1 Statistical Weighting 

This alternative strateh'Y for calculating UTL95-95 values in R is predicated on weighting the 
individual observations differentially based on a Voronoi tessellation of the separate background 
areas when classified by a defining characteristic (that is, areal grouping [see Section 4.3 .2]). A 
Voronoi tessellation parses a given background region into a series of nonoverlapping polygons, 
each containing one of the sample measurements and defined so that every point within a 
polygon is closer in distance to the contained obse1vation than to any other background sample 
outside the polygon (Ripley 1981; Arlinghaus and Kerski 2014; Baddeley, Rubak, and Turner 
2016). Therefore, the Voronoi tessellation of the background areas differentially weights each 
observation depending on si ze of its Voronoi polygon. 

Contract No. W912P718D0001, Task 6.1 21 
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The net effect of a Voronoi tessellation is to construct smaller polygons for clustered samples 
and larger polygons for isolated or more sparsely di stributed points. By assigning the area of 
each polygon to its contained observation as its statistical weight, the outcome is a differential, 
spatial weighting of the measm·ements in which each clustered value is down-weighted relative 
to the weights of non-clustered locations . Thus, clusters located in higher concentration subareas 
(for example, hot spots) are not given undue statistical weight relative to other portions of 
the background. 

Tests of this approach on the IKHS arsenic background database found that a small nwnber of 
spatially isolated but relatively high-level arsenic values unduly influenced the BTV estimates. 
Voronoi-type weighting tends to work well when sample locations are clustered because of the 
spatial delineation of hot spots, such that the smaller weights assigned to clustered locations 
avoid upward biasing of the statistical limits. However, the Voronoi polygons associated with 
isolated observations tend to be larger than either clustered measurements or samples laid out 
along a regular grid pattern. lf some of these isolated values are unusually high in concentration, 
the reverse bias effect can occur, by which the isolated observations cause an upward bias 
because of their larger spatial weighting. 

To avoid this reverse bias, a slightly different weighting scheme was ultimately applied to the 
IKHS arsenic background database for calculation ofBTVs. h1stead, equal weighting of each 
distinct sampling location was applied to reduce the effect of co-located samples and XRF 
measurements completed at the same location This equal-per-location-weighting scheme is 
different than a strictly unweighted approach whereby each individual observation receives the 
same weight of 1. Instead, because many locations in the updated background data have multiple 
sample values (ranging from two to nine separate measurements at thi:: same locations), the 
weights assigned to the values at each distinct sampling location were divided by the number of 
measurements at that spot For example, four separate arsenic measurements via XRF 
spectrometer occuned at location XRF-046 . Accordingly, the statistical weight assigned lo each 
value at th at 1 ocati on was O. 25 ( one 1 ocati on divided by four 111 easurements) . 

3.3.2 Areal Grouping 

Multiple subgroupings of the IKHS background arsenic database were considered when 
calculating the final B TV estimates. The four different types of soils groupings (Lonti, Moano, 
alluvial land, and Balon) and a geographic divide between the east and west sides of Agua Fria 
River each potentially contributes to different representative background limits. Tests occurred 
of each possible grouping of soils type and location with respect to the Agua Fria River. While 
no arsenic BTV test value was the same from group to group, the final distinction of east-west 
was chosen to balance the following factors: 

I. l\faximi ze the statistical difference between BTV estimates from one grouping to 
the next 

2. Maximize tl1e number of measurements in each grouping to avoid statistical artifacts and 
bias because of small sample sizes where these occur. 

3. Minimize the number of separate BTVs to ease the logistical complexity of implementing 
the remedial program. 

Contract No. W912P718D0001, Task 6.1 22 
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4. Maximize the fit of the data in each grouping to a known statistical model. 

To aid in this decision, the Kolmogorov-Smirnov test was applied to each possible set of 
subgroups to assess whether the subgroup distributions differed in a statistically significant 
manner. The empirical distribution functions were al so plotted to visualize any differences 
Empirical cumulative distribution plots appear on Figure 6, Figure 7, Figure 8, and Figure 9 for 
the various areal groupings considered for BTV calculations. Overall, the largest statistical 
difference was found when the data were not subdivided by soils type but by location relative to 
the Agua F1ia River. Based on the above criteria, and additional evidence provided in Section 
2.2, the most distinct and statistically defensible data grouping was the east-west divide of the 
Agua Fria River. Subsequently, two sets of final BTV estimates were calculated- one for the 
east side of tl1e river and one for the west side of the river. This finding differs from grouping by 
soils type, which would lead to many BTVs and multiple cleanup levels . 

3.3.3 95 Percent Upper Tolerance Limit Algorithms 

Applying the spatial weighting and areal grouping scheme desc1ibed in the previous subsections, 
three different algorithms for calculating BTVs were compared: (1) a standard weighted 
parametric method, (2) a weighted bootstrap-t method, and (3) a weighted nonparametric 
bootstrap method. In each case, the outcome of the calculation was an estimate of the UTL95-95 . 

As stated previously, no methodolob'Y has been established for selecting BTVs in this situation. 
Tetra Tech and Neptune recommend the weighted nonparametric bootstrap UTL method because 
it incorporates bootstrapping, is not fit to a parametric distribution, and provides more 
conservative estimates of B TVs The three methods are described in the following subsections. 

3.3.3.1 Weighted Parametric Upper Tolerance Limit 

In the parametric method, an attempt is made to find a known statistical distiibution or model 
that closely fits the observed background data. In some instances, the well-known nonnal 
di strihution may provide a good match to the data, but in many other instances, a mathematical 
transfom1ation of the data may be necessary to normalize the measurements. Once an adequate 
model is found and tested for goodness of fit, a standard equation is employed for computing a 
parametric UTL based on calculating the sum of the mean of the data plus a multiple (K) of the 
standard deviation (SD): 

UTL = mean + K SD 

Contract No. W912P718D0001, Task 6.1 23 
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Refined BTV Ca lculation for Arsenic at IKHS 

'" 

Notes. 
CDF 
ECDF 
mg/kg 

Arsenic (mg/kg} 

Cumulatlve distrlbutmn fu nc o 
Empirical cumulative distribution function 
Milligrams per kilogram 

Figure 6. CDF Plot (No Outliers) Grouped by Direction from the Agua Fria River 
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Refined BTV Ca lculation for Arsenic at IKHS 
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... 
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Notes: 
GDF 
ECDF 
mg/l<g 

Contract No. W912P71800001. Task 6.1 

.. 
Arsenic (mg/kg) 

Cumulative distr1butmn tune on 
Empirical cumulative distribution function 
Milligrams per kilogram 

'" 

Figure 7. CDF Plot (No Outliers) Grouped by Soil Type 
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Refined BTV Ca lculation for Arsenic at IKHS 

Arsenic (mg/kg) 

Notes. 
CDF Cumulatlve dtStribuhon func o 
ECDF E1""irlcal cumulative distribution function 
mg/kg Milligrams per kilogram 

. - ... . --­
- ~-t:W ---·-­♦ -

Figure 8_ CDF Plot (No 
Outliers) Grouped by Soi l 

Type and Direction from the 
Agua Fria River 
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Refined BTV Calculations for Arsenic at IKHS 

Figure 9. CDF Plot (No Outliers) Grouped by Direction from the Agua Fria River with Moano Soils Separated 

'" 

'" 

'" 

'" 

Notes. 
CDF 
ECDF 
mg/kg 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

The value of the multiplier 1< (also known as the tolerance factor) depends on the background 
sample size and the chosen levels of confidence and coverage (that is, the targeted upper 
percentile) for the lJTL If the data have been nonnalized via a transfom1ation, the UTL 
equation is computed on the transfonned data and then back-transformed to obtain an estimate in 
the original data scale. 

The statistical weights from the equal-per-location weighting were employed by replacing the 
mean and SD from a typical unweighted paramet1ic analysis (see formula above) by a weighted 
mean and weighted SD. 

3.3.3.2 Weighted Bootstrap-t Upper Tolerance Limit 

The bootstrap method is a modern resampling technique designed to enable statistical estimates 
of almost any sort even if the underlying data are complex and may not fit a standard statistical 
distribution. At a general level, the bootstrap method is computer-intensive, involving repeated 
resampling of the observed data with replacement to form a large series of bootstrap samples 
(also known as replicates). Each bootstrap replicate contains the same number of values as the 
original background sample. However, bootstrap resampling purposely allows any given 
measurement to occur multiple times v,~thin the same bootstrap replicate while other values are 
left out. This key aspect of the method can seem counterintuitive but leads to accurate statistical 
estimates even when the underlying population is unknown. 

The bootst.rap-t method is a special case of the general bootstrap resa.mpling technique. The 
bootstrap-t method can be applied to unknown populations but works best when the underlying 
data are roughly symmetric (like the normal distribution) and not as well when the data are 
highly skewed. To avoid the problem of skevmess, the bootstrap-t method was applied only to 
data that were first nonnalized via a transformation. Under this framework, the same parametric 
equation for a UTL was used, but the multiplier (K) was not selected from a statistical table. 
Instead, bootstrapping was used to calculate a bootstrap multiplier, which was then combined 
with the mean and SD of the background data to calculate the estimated BTV. 

The statistical weights from the equal-per-location weighting were also employed in computing 
the bootstrap multiplier so that the final estimate was not unduly influenced by the multiple 
background values from the same location. Fu1ther, the mean and SD of the unweighted 
parametric case were replaced by a weighted mean and weighted SD. 

3.3.3.3 Weighted Nonparametric Bootstrap Upper Tolerance Limit 

Unlike the bootstrap-t method, the nonparametric bootstrap method does not generally involve 
any model fitting or data transformation. Bootstrap replicates are formed by resampling with 
replacement from the original dataset, and then the statistic of interest is calculated on each 
replicate. In this case, for a UTL95-95, the 95u, percentile is calculated, leading to a long series 
of951h percentile estimates (one per bootstrap replicate). Fi nally, since the UTL represents a 
95 percent upper confidence limit on the 95111 percentile, the 95th percentile of this bootstrap 
series is taken as the final UTL or BTV. 

Contract No. W912P718D0001, Task 6.1 28 
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Refined BTV Calculations for Arsenic at IKHS 

To calculate a weighted bootstrap, each element of the se1ies of bootstrap 95th percentiles was 
computed as a weighted percenti le instead of an unweighted percentile. Consequently, 
background values with smaller equal-per-location statistical weights have less impact on the 
percentile outcome than measurements with larger weights . 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

Terra Tech applied a statistical strategy and approach to calculate arsenic BTVs for soils near 
IKHS. Bootstrap models for spatial weighting were used to calculate parametric and 
nonparametric BTVs in R. Calculated arsenic BTVs for the east and west sides of the Agua Fria 
River for the IKHS background database are listed in Table 4. 

The east-\vest classification was found to be the most useful way of identifying the BTVs to be 
used for cleaning up arsenic in soil around IKHS because different background levels of arsenic 
were found most strongly grouped on either side of the Agua FriaRiver. Figure 10 shows violin 
plots of updated lK.HS background sample database on either side of the Agua River. These plots 
visually illustrate the differences in range and grouping of sample results on either side with 
nearly all samples on the west side below 50 mg/kg, and majority of samples on the east side 
rangi ng up to 100 mg/kg. This selection is justified by multiple lines of evidence, including the 
distinct chemical signatures of soil samples on each side of the river, the similarity in surface and 
subsurface concentrations of arsenic and other analytes by east-west side of the river, and the 
statistically significant difference between the two groupings. Because BTVs must justify site­
wide cleanup goals protective of human health and the environment above background, BTVs 
had to be differentiated spatially. The most distinct and statistically defensible data grouping at 
IKHS was the east-west divide of the Agua Fria River. 

Three different methods of BTV calculation were used to estimate appropriate arsenic BTVs on 
each site of the Agua Fria River. \Vhile these estimates differ substantially by location relative to 
the Agua Fria river, they also differ to a lesser extent among themselves within each data 
subgrouping. The mixed alluvial sources contributing to the soi ls on the east side of the river may 
be naturally higher in arsenic than the alluvium and residuum on the west side of the river. Figure 
11 visually shows tl1e grouping of the BTVs calculations on ei tl1er side of Agua Fria River with 
the three BTV estimates on the east side clustered near 100 mg/kg while on the West side, they 
cluster closer to 50 mg/kg. Table 4 lists these BTV calculations for both sides and show that the 
three BTV estimates on the east side range from 97.6 rnglkg to 103 mg/kg with an average of 98 .6 
mg/kg, while on the West side, they range from 4 l . 2 mg/kg to 5 2. 7 mg/kg with an average of 4 7. 5 
mg/kg. 

As the BTV estimates within each subgrouping vary in rank order as shown in Table 4 (e.g., the 
bootstrap-t BTV is the highest of the three on the West side, but the lowest of the three on the 
East side, etc.), use the arithmetic mean from the separate estimates for the final BTV is 
appropriate. The rationale for use of the average is that each of the methods may be slightly 
biased in one direction or the other, but the average should be more robust overall and closer to 
the actual BTV of the underlying arsenic background population, the vast majority of which has 
never been sampled or observed. Averaging the BTVs within each subgroup leads to final 
estimates of98.6 mg/kg on the East side of the Agua Ftia and 47.5 mg/kg on the West side. 

Contract No. W912P718D0001, Task 6.1 30 
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Refined BTV Calculations for Arsenic at IKHS 

Table 4. Summary of BTV Calculations East and West of the Agua Fria River 

Grouping Model 
As BTV Average 

n (mg/kg) (mg/kg) 

East of the Weighted Nonparametric Bootstrap UTL 97.6 

Agua Fria 328 Weighted Bootstrap-I UTL Fourth Root 95.3 98.6 
River Weighted Parametric UTL Fourth Root 103 

Weighted Nonparametric Bootstrap UTL 41 .2 
West of the Weighted Bootstrap-t UTL Lognormal 52.7 
Agua Fria 175 47.5 

River Weighted Paramet ric UTL Lognormal 48.5 

Notes: 
1 Bolded value ind icates the selected As BTV for each grouping. 

As Arsenic 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n Number of samples 
UTL Upper threshold limit 

Cont ract No. W912P718D0001, Task 6.1 31 
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Refined BTV C;ilculations for Arsenic ;it IKHS 

1$0-

ai 
~ 

a 
s 100-

(.) 

E 
Q) 
(/) 

~ 

o-

Notes: 
IKHS 
mg/kg 
N 
UTL 

e..., 

Weighted Nonparametric Bootstrap UTL 

Unweighted Parametric UTL - Fourth Root 

Unweighted Parametric UTL - Lognormal 

Weighted Bootstrap-I UTL - Fourth Root 

Weighted Bootstrap-I UTL - Log normal 

Iron King Humboldt Smelter 
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Number of samples 
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. 

• 

• Detect 

□ Non-Detect 

Figure 10. Violin Plot of Updated IKHS Background Sample Database Grouped by 
Direction from the Agua Fria River 
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Refined BTV C;ilculations for Arsenic ;it IKHS 
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WEB SOIL SURVEY RESULTS AND SOIL SERIES DESCRIPTIONS 
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SOil Map-Yavaipal Cc::tmly, Arizona , We:stl!fn PBrt 
(Sei ls) 
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Background 
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Web Soil Survey 
Mallon al COC4:'erattvc SOIi Survey 

The 'Sdl ~urveys lhat c::omprlsti yrur AOI we,e mapPf!d ait 
1:31,700 . 

Please rely on th e bar scale on each map sheet for map 
measurements. 

Source of Map: M:atura l Re-sources Con-;ervatlon Service 
w~ Sail Survey u R L: 
Coadinate System: Web Mercator (EPSG:3857) 

MeJ:;Js from the Web Soil Survey are based on the Web MercatQ" 
projection , which preserves i:lirection ani:I shape but i:islorl$ 
distance and area. A prtjecticn that preserves area, such as the 
Albers equ al-area con ic projectioo, shcu1d be used if more 
accurate calculations of distance or area e.re required. 

This product Is generated from the USOA-NRCS cenIi,ed data :as 
of the versioo date(~) listed below. 

Soil Survey Area: Yavapai County. Arizona. Western Part 
Survey Area [)atE1 : Vers-ion 14, Seg 16, 2021 

Soil m.:ap unils :are labeled (as space aHows) for map scale.-s 
1 :50.000 or larger. 

Dale(s)a~ial imeiQes-were ph~QQ~phed· Nov 26, 2021-0ec 
11, 202 1 

The orthcphoto or other base map on which the soil l ines were 
compile-(1 and digitized l)robably dffers from the back{J"ound 
Imagery displayed Gt'I these maps. A'S a result , some minor 
shlft.lng of map unit boundarlesmay be evident. 
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Soil Map-Yavapai County, Arizona, Western Part 

BgD 

BmF 

BnD 

GdD 

LkD 

LmB 

LnC 

LrD 

Ly 

Ly2 

MgD 

MkF 

MoD 

Sa 

SnD 

Map Unit Legend 

Map Unit Symbol Map Unit Name 

I Balon gravelly sandy clay 
loam, 5 to 30 percent slopes 

Barlrnrville cobbly sandy loam, 
20 to 60 percent slopes 

I Barl<erville very stony sandy 
loam, 5 to 25 percent slopes 

Gad des gravelly sandy loam. 3 
to 25 percent slopes 

I Lonti gravelly sandy loam, 15 
to 30 percent slopes 

I Lonti gravelly loam, 0 to 8 
percent slopes 

I 
Lonti cobbly loam, 0 lo 15 

percent slopes 
----------;--

Lon ti -Abra complex, 8 to 30 
percent slopes 

Lynx soils 

I Lynx soils, eroded 

I Moano gravelly loam, Oto 30 
percent slopes 

Moano very rocky loam, 15 to I 
60 percent slopes 

Moano extremely rocky loam, 
15 to 30 percent slopes 

Sandy and Gravelly alluvial 
land 

Splin gervil I e-C a bez on 
complex, 3 to 30 percent 
slopes 

Totals for Area of Interest 

Web Soil Survey 

Acres in AOI 

~ Natural Resources 
Conservation Service National Cooperative Soil Survey 

Percent of AOI 

2,949.0 

76.3 

90.1 

2.5 

825.2 

563.3 

376.0 

80.6 

1,474.1 

11 .1 

818.8 

2,383.1 

204.9 

111 .6 

399.6 

10,366.7 

Soi ls 

28.4% 

0.7% 

0.9% 

0.0% 

80% 

5.4% 

3.6% 

0.8% 

14,2% 

0.1% 

7.9% 

23.0% 

2.0% 

1.1% 

3.9% 

100.0% 
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LOCATION BALON 

Established Series 
Rev. GEW/YHH 
05/2006 

BALON SERIES 

The Balon series consists of very deep, well drained soils that formed in mixed fan alluvium dominantly from 
schist, granite, basalt and related rocks. Balon soils are on fan terraces. Slopes are 2 to 25 percent. The mean 
annual precipitation is about 14 inches and the mean annual temperature is about 54 degrees F 
TAXONOMIC CLASS: Fine-loamy, mixed, supe:ractive, mesic Ustic Haplargids 

TYPICAL PEDON: Balon gravelly sandy clay loam, grassland. (Colors are for dry soil unless otherwise 
noted.) 

A--0 to 3 inches; dark grayish brown (lOYR 4/2) gravelly sandy clay loam, very dark grayish brown (l0YR 3/2) 
moist; moderate medium granular structure; slightly hard, friable, nonsticky and slightly plastic; few fine roots; 
many fine interstitial pores; moderately acid (pH 6.0); abrupt smooth boundary. (1 to 4 inches thick). 

Btl--3 to 7 inches; dark grayish brown (lOYR 4/2) heavy clay loam, dark brown (7.5YR 3/2) moist; moderate 
fine subangular blocky structure; hard, friable, slightly sticky and plastic; common fine roots; common fine 
tubular pores; few thin clay films on ped faces and lining pores; 5 to 15 percent gravel; noneffervescent; neutral 
(pH 7.0); clear smooth boundary. (3 to 5 inches thick) 

Bt2--7 to 15 inches; brown (7.5YR 5/4) gravelly clay loam, brown (7.5YR4/4) moist; moderate medium 
subangular blocky structure; very hard, friable, sticky and plastic; many fine roots; common fine tubular pores; 
common thin clay films on ped faces 25 percent gravel; noneffervescent; neutral (pH 7.0); clear wavy boundary. 
(7 to 12 inches thick) 

BCl--15 to 23 inches; mottled brownish yellow (IOYR 6/6), yellowish brown (lOYR 5/4) and pale brown 
(IOYR 6/3) gravelly sandy clay loam, mottled dark yellowish brown (IOYR 4/4) and yellowish brown (lOYR 
5/6) and brown (10YR 5/3) moist; weak medium subangular structure; very hard, friable, sticky and plastic; 
common fine roots; common fine tubular; noneffervescent; slightly alkaline (pH 7.5); clear wavy boundary. (5 to 
9 inches thick) 

BC2--23 to 36 inches; light yellowish brown (lOYR 6/4), yellowish brown (IOYR 5/4) and pale brown (lOYR 
6/3) gravelly sandy loam, yellowish brown (1 0YR 5/4 ), brownish yellow (1 0YR 6/6) and dark yellowish brown 
(l0YR 4/4) moist, mottles are many fine and medium faint and distinct; massive breaking to weak medium 
subangular blocky structure; very hard, friable, sticky and plastic; common fine medium and coarse roots; few 
fine and medium tubular and many fine interstitial pores; oriented clay occurs as bridges holding mineral grains 
together, few thin clay films on ped faces; noneffervescent; neutral (pH 7.2); clear wavy boundary. (8 to 15 
inches thick) 

Cl--36 to 54 inches; mottled light yellowish brown (10YR 6/4), brownish yellow (lOYR 6/6) and dark 
yellowish brown (1 OYR 4/4) gravelly sandy loam, dark yellowish brown (1 0YR 4/4), yellowish brown (1 0YR 
5/6), brownish yellow (1 OYR 6/6) and dark brown (1 0YR 3/3) moist; massive; hard, friable, slightly sticky and 
plastic; common fine roots; many fine interstitial pores; noneffervescent; neutral (pH 7.2); gradual wavy 
boundary. (l 2 to 20 inches thick) 

Cl--54 to 73 inches; very pale brown (1 0YR 8/4) gravelly sandy loam, yellowish brown (10YR 5/4) moist; 
massive; hard, friable, nonsticky and slightly plastic; few fine and medium roots; many fine interstitial pores; 
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noneffervescent; neutral (pH 7 .2). 

TYPE LOCATION: Yavapai County, Arizona .. 7 mile west and .3 mile south of NE comer sec. 5, T.12N., 
R.lE., about 1/2 mile NE of Poland Junction Substation on south exposure of ridge. 

RANGE IN CHARACTERISTICS: 
Mean annual soil temperature: about 56 degrees F. 

Soil Moisture: These soils are usually dry especially during the months of May, June, October and November. 
Ustic aridic moisture regime 

A horizon 
Hue: I0YR and 7.SYR 
Value: 4 and 5 dry and 2 and 3 moist 
Chroma: 2 to 4 
Texture: sandy loam, gravelly sandy loam, gravelly sand clay loam and gravelly clay loam. 
Reaction: 6.0 to 7.0 

Bthorizons 
Hue: l0YR and 7.SYR 
Value: 4 to 6 dry and 3 to 5 moist 
Chroma: 2 to 4 
Texture: clay loam, clay, gravelly clay loam and gravelly clay. 

BC horizons 
Hue: 1 0YR through 5YR but are dominantly 7 .5YR and 1 0YR 
Value: 4 to 6 dry and 3 to 5 moist 
Chroma: 3 to 6 
Texture: averages less than 35 percent clay and is usually gravelly. 
Structure: ranges from subangular blocky and angular blocky in the gravelly clay loam type to prismatic in the 
sandy loam type. 

C horizons 
Texture: gravelly loamy sand, gravelly sandy loam, gravelly loam, gravelly sandy clay loam and gravelly clay 
loam 
Reaction: 6.5 to 8.0. 

COMPETING SERIES: These are the BJancot (NM), Bowbac (:NY), ~ (NM). Cambria 0NY), Chilm.>jo 
(NM), Cushman (WY), Decolney 0NY), Doakum (NM), Forkwood (WY), EQ!1 (CO), ~ (AZ), Qap]mlle 
(AZ), .Ga~ (CO), liagClllllJll (NM), Hag~ (NM), Hilimd (WY), Mentmore (NM), Qe!Qp (NM), Qlney. 
(CO), Palacid (NM), Penistaj!! (NM), Pokeman (WY). Potts (WY), Pugsley (WY), Qlm!ra'.a (AZ), Redpen (NM), 
S.:lliIDgkr (WY), Sundance (CO), Tamarindo (NM), ~ (WY) and Tol1o (CO) series. 

ID.iIDm and Mentmore soils have hues yellower than 1 0YR. 

Bowhac, Cushman, Eallig, Elac.o, ~ . QiJlhulte., OitmlW, HBgerman, Hag~ Pokeman, ~ 
Eug5ley .. S.pangkI, and Threetop. soils have bedrock at depths of 20 to 40 inches. 

Buckle soils have sola over 40 inches thick. 

Cambria soils are dry in all parts of the moisture control section for at least 60 consecutive days and at least 90 
cumulative days from July 15 to October 25. 

Decolney. soils have a MAST of 47 to 52 degrees F. 
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Forlcwood soils are dry in all parts of the moisture control section for 60 consecutive days or more from July 15 
to October 25. 

OlneY. soils have a mean annual soil temperature greater than 52 degrees F., and are in a climatic setting that 
receives 3/4 of their precipitation between April and September and have a PE Index of about 20. 

~12 soils have a C horizon with hues redder than 7.5YR. 

~ soils have less than 35 percent fine sand or coarser. 

~ja soils typically have hue of 5YR or redder in the upper part of the B2t horizon. 

~ soils have less than 35 percent fine and coarser sand in the control section. 

QYBgo soils have mean annual soil temperature of 54 to 57 degrees F. 

Rcdpcn soils have hue of 5YR or redder. 

Swuiance soils have lithic discontinuities formed from eolian sands on top of loess and the argillic horizon 
formed in part, in both materials. 

~ soils have fragmental discontinuity below the Bt with over 35 percent rock fragments. 

Yenlo soils have Ck horizons, hues lOYR and yellower, and MAST 47 to 52 degrees F. 

In addition, the Bowbac, Cushman, Decolney, Emt H3gemmn, Qlru;,Y., Pokeman, P..otts., :e,ug~y .. .SJ23!!gkt 
Sundance and Tekla series are in LRR-G and are more moist in Ma)! and June. 

GEOGRAPHIC SETTJNG: The Balon soils are at elevations of 4,000 to 5,000 feet on fan terraces. Slopes 
range from 2 to 25 percent. The regolith consists of mixed fan alluvium dominantly from schist, granite, basalt 
and related rocks. These soils are in a cool, semi-arid, continental climate, having a mean annual temperature of 
50 degrees to 58 degrees F. The average annual precipitation ranges from 12 to 16 inches and occurs as 
thunderstorms in July through September and as rain and snow during the winter months. The frost-free period 
ranges from 144 and 223 days. 

GEOGRAPHICALLY ASSOCIATED SOlLS: These include the .Ahm., A!Jl, Com LY.M, Mml,nQ and 
Ea.mu:a in addition to the Lilnti and :wiw:g series. Abra soils have a high lime content throughout and do not 
have an argillic horizon. Arp soils are redder, having hues of5YR and 2.5YR and are fine-textured. Cordes soils 
are moderately coarse-textured and have a mollic epipedon. Lynx soils are in a fine-loamy family but are dark­
colored and have a mollic epipedon. Moano soils have a lithic contact at shallow depths and are residual on 
schist. Pastura soils lack a Bt horizon and have a petrocalcic horizon at shallow depths. 

DRAINAGE AND PERMEABILITY: Well-drained. Surface runoff ranges from slow to medium. 
Permeability is moderately slow to slow. 

USE AND VEGETATION: Used mainly as rangeland. Native vegetation consists of oak brush, catclaw, 
Nolina, snakeweed and cacti with an understory of blue grama, sideoats grama, black grama and three-awns. 

DISTRIBUTION AND EXTENT: Central and southern Yavapai Co., Arizona. These soils are moderately 
extensive. Approximately 26,000 acres have been mapped in the Western Yavapai Co. Soil Survey Area. MLRA 
35. 

MLRA SOJL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Western Yavapai County Area, Yavapai County, Arizona, 1971. 
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REMARKS: Diagnostic horiz.ons and features recognized in this pedon are: 

Oehrle Epipedon - The zone from the surface of the soil to a depth of3 inches (A horizon). 

Argillic horizon - The zone from 3 to 15 inches (Bt horizons). 

Classified according to Keys to Soil Taxonomy Ninth Edition, 2003. 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION LONTI 

Established Series 
Rev. GEW/JFJ 
12/2008 

AZ+NM 

LONTI SERIES 

The Lonti series consists of very deep, well drained soils that formed in old gravelly alluvium from mixed 
sources. These soils are on nearly level plains to steep alluvial fans. The mean annual precipitation is about 15 
inches and the mean annual air temperature is about 54 degrees F. 

TAXONOMIC CLASS: Fine, mixed, superactive, mesic Ustic Haplargids 

TYPICAL PEDON: Lonti gravelly sandy loam - rangeland. (Colors are for dry soil unless otherwise noted.) 

A--0 to 2 inches; grayish brown (lOYR 5/2) gravelly sandy loam, very dark grayish brown (l0YR 3/2) moist; 
weak medium and thick platy structure; slightly hard, very friable, slightly sticky and slightly plastic; common 
very fine and fine roots; many very fine and fine vesicular pores; 25 percent gravel and few cobbles; 
noneffervescent; neutral (pH 6.9); clear wavy boundary. (1 to 5 inches thick) 

Btl--2 to 5 inches; dark brown (lOYR 3/3) dry and moist gravelly sandy clay loam; moderate very fine and fine 
subangular blocky structure; hard, friable, sticky and plastic; many very fine and fine roots; many fine and very 
fine interstitial and common very fine and fine tubular pores; few thin clay films on peds; 20 percent gravel; 
noneffervescent; neutral (pH 6.6); clear wavy boundary. (2 to 6 inches thick) 

Btl--5 to 10 inches; reddish brown (5YR 4/3) gravelly clay, reddish brown (5YR 4/4) moist; weak tine and 
medium subangular blocky structure; very hard, firm, sticky and plastic; many very fine and fine roots; common 
fine interstitial pores; common thin clay films on peds; 25 percent gravel; noneffervescent; neutral (pH 6.6); 
clear smooth boundary. (5 to 14 inches thick) 

Btl--10 to 26 inches; reddish brown (5YR 4/4) gravelly clay, dark reddish brown (5YR 3/4) moist; moderate 
medium subangular blocky structure; very hard, firm, sticky and plastic; common fine and medium roots; 
common very fine and fine tubular and many fine interstitial pores; common moderately thick clay films on 
peds; 25 percent gravel; noneffervescent; moderately alkaline (pH 7.9); clear wavy boundary. (6 to 16 inches 
thick) 

Bt4--26 to 45 inches; reddish brown (5YR 5/4) gravelly clay loam, reddish brown (5YR 4/4) moist; 25 percent 
of horizon consists of pockets of pink (5YR 7 /4) gravelly clay loam, reddish brown (5YR 4/4) moist; similar to 
Bkl horizon but noneffervescent; weak medium subangular blocky structure; very hard, firm, sticky and plastic; 
few fine and very fine roots; few very fine and fine tubular and common fine interstitial pores; common 
moderately thick clay films on peds and common pressure faces; 30 percent gravel; noneffervescent; moderately 
alkaline (pH 8.0); gradual wavy boundary. (4 to 20 inches thick) 

Bkl--45 to 55 inches; pink (5YR 7/3) very gravelly sandy clay loam, yellowish red (5YR 5/6) moist; massive; 
very hard, firm, slightly sticky and plastic; few fine and very fine roots; few fine tubular and common fine 
interstitial pores; few pressure faces; 40 percent gravel; slightly effervescent; moderately alkaline (pH 8.0); 
gradual irregular boundary. (8 to 20 inches thick) 

Bkl--55 to 68 inches; light reddish brown (5YR 6/4) extremely gravelly sandy clay loam, reddish brown (5YR 
5/4) moist; massive; hard, friable, slightly sticky and plastic; few fine roots; common fine tubular and many 
interstitial pores; 60 percent gravel; noneffervescent to strongly effervescent; moderately alkaline (pH 8.0). 
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TYPE LOCATION: Yavapai County, Arizona; about 1 mile NW of the junction of the Rancho Moano and 
Wtlliamson Valley roads; 1/2 mile west and 3/10 mile north of SE comer of sec. 3, T. lSN., R.4W. 

RANGE IN CHARACTERISTICS: 

Soil moisture: Intermittently moist in some part of the soil moisture control section during July through 
September and December through March. Driest during May and June. Ustic aridic soil moisture regime. 

Mean annual soil temperature: 54 degrees to 59 degrees F. 

Thickness of the solum: 18 to 45 inches 

Rock fragments: 5 to 35 percent by volume 

Organic matter: more than 1 percent 

A and upper B horizons 
Hue: 5YR through lOYR but are dominantly 7.SYR or lOYR 
Texture: A horizon is sandy loam, gravelly sandy loam, gravelly loam or cobbly loam 
Reaction: slightly acid to neutral 

Bthorizons 
Hue: 5YR, 7.5YR 
Value: 4 or 5 dry, 3 or 4 moist 
Chroma: 3 through 6, dry or moist 
Texture: clay loam, clay, gravelly heavy clay loam, gravelly clay 
Structure: medium prismatic to weak fine and medium subangular blocky 

Bkhoriz0Il8 
Hue: 5YR, 7.SYR, 1 0YR 
Value: 5 through 8 dry 
Chroma: 4 through 6, dry or moist 
Texture: gravelly clay loam, gravelly sandy loam, gravelly loamy sand 
Calcium carbonate: occurs as medium to large pockets but the horizon has less than 15 percent CaC03 
equivalent. 

COMPETING SERIES: These are the MDgs (CO), Padilla (AZ), Servilleta (NM), £ilm (NM), 
and Thhwl (UT) series. Chafin soils have less than 5 percent rock fragments and are effervescent throughout the 
profile. Mags, PadHla and Silver soils have secondary carbonates in the argilJic horizon. The Silver series 
attempts to reflect the effects of soil forming agents unique to the Great Plains. Servilleta and Tobi sh soils have 
bedrock at moderate depths. 

GEOGRAPfflC SETTING: Lonti soils are on nearly level plains to steep alluvial fans. The soils are formed in 
old gravelly alluvium from granite, schist, sandstone, limestone, shale and basaltic materials. These soils are at 
elevations of 4,000 to 5,500 feet in a continental climate with an annual precipitation of 12 to 20 inches. The 
mean annual air temperature ranges from 52 degrees to 57 degrees F. The frost-free period is 140 to 200 days. 

GEOGRAPfflCALLY ASSOCIATED SOILS: These are the Abra, ~ LY.llX, ~ and Win,eg soils 
and the competing Balon and M.eY. soils. Abra, Lynx and Cordes soils lack fine-textured argillic horizons. 
Pastura soils are shallow to an indurated calcic horizon. Wineg soils have a moderately fine-textured control 
section and a mollic epipedon. 

DRAINAGE AND PERMEABILITY: Well-drained; medium to slow runoff; slow penneability. 

USE AND VEGETATION: These soils are used mainly for livestock grazing and wildlife habitat. Small areas 
are irrigated. Vegetation is oakbrush, deerbrush and squaw bush with an understory of grama grasses, muhly 



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

grasses and squirreltail. At higher elevations some pinon pine and juniper occur. At lower elevations the grasses 
are dominant and include tobosa grass in addition to those mentioned above. 

DISTRIBUTION AND EXTENT: Western Yavapai County Area, Yavapai County, Arizona. These soils are 
extensive. MLRA 38 & 39. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Western Yavapai County Area, Yavapai County, Arizona, 1971. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon -The zone from Oto 2 inches (A horizon) 

Argillic horizon - The zone from 2 to 45 inches (Bt horizons) 

Classified according to Soil Taxonomy, Second Edition, 1999; Keys to Soil Taxonomy, Tenth Edition, 2006. 

The mean annual precipitation of 12 to 20" p.z. described in the GEOGRAPIIlC SETTING section crosses two 
moisture regimes - Ustic aridic and Aridic ustic. The soil mapped in the Aridic ustic moisture regime (16 to 20" 
p.z.) would classify as Aridic Haplustalfs. When Western Yavapai Cotmty Area, Yavapai County, Arizona soil 
survey is updated, this series should be evaluated to decide which moisture regime is typical. 

Update and revisions for the competing series section 2/08 DWD 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION LYNX 

Established Series 
Rev. DRT-MSY-PDC 
11/2006 

AZ.+'fM 

LYNX SERIES 

The Lynx series consists of deep, well drained soils that formed in mixed alluvium. Lynx soils are on flood plains and 
alluvial fans and have slopes ofO to 8 percent The mean annual precipitation is about 12 inches and the mean annual 
temperature is about 53 degrees F. 

TAXONOMIC CLASS: Fin~loamy, mixed, superactive, mesic Cumulic Haplustolls 

TYPICAL PEDON: Lynx loam - rangeland. (Colors are for dry soil unless otherwise noted.) 

Al-0 to 2 inches; grayish brown (IOYR 5/2) loam, very dark grayish brown (IOYR 3/2) moist; moderate medium platy 
structure parting to moderate fine granular; soft, friable, slightly sticky and slightly plastic; many fine roots; many fine 
vesicular pores; neutral (pH 7.0); clear wavy boundary. (I to 6 inches thick) 

Al-2 to 14 inches; brown (7.5YR 4/2) clay loam, dark. brown (7.5YR 3/2) moist; weak thick platy structure; slightly 
hard, friable, slightly sticky and plastic; many fine and medium roots; many fine and medium tubular pores; neutral (pH 
7.0); clear wavy boundary. (10 to 18 inches thick) 

C--14 to 60 inches; dark. grayish brown (IOYR 4/2) clay loam, very dark brown (IOYR 2/2) moist; massive; slightly 
hard, friable, sticky and plastic; few fine and medium roots; many fine, medium and coarse tubular pores; IO percent 
pebbles; common small stress surfaces; slightly alkaline (pH 7.5). 

TYPE LOCATION: Yavapai County, Arizona; 250 feet north of the southwest comer, sec. 9, T. 12 N., R. IE. 

RANGE IN CHARACTERISTICS: 

Soil Moisture: Intermittently moist in some part of the soil moisture control section during July-September and 
December-February. The soil is driest during May and June. Ustic aridic moisture regime. 

Rock Fragments: 0 to 15 percent pebbles 

Organic Matter: Averages l percent or more in the surface; decreases irregularly with depth 

Carbonates: Non.calcareous to depths of 40 inches or more 

Reaction: Neutral to moderately alkaline 

A horizon 
Hue: 7.5YR, IOYR 
Value: 2 to 5 dry, 3, 4 or 5 moist 
Chroma: 2 or 3, dry or moist 

Chorizon 
Hue: 7.5YR, 1 OYR 
Value: 2 to 6 dry, 3, 4 or 5 moist 
Chroma: 2, 3 or 4, dry or moist 
Texture: Loam, silt loam, clay loam, sandy clay loam 
Clay content 18 to 35 percent 

A Bw horizon may be present in some pedons. 
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COMPETING SERIES: These are 
the Bon (SD), Frazwell O, Manzano (NM), Maskell (NE), Mauricany_on (CO), Me!:!:ig (NE), Pack (UT), fill.an.1B. (NM), St. 
ODge (SD) and llmbarg (CO) series. Bon, Dmiw. Humbmge.r, Shanta, St. Onge and Umbarg soils are calcareous 
throughout. Draper and Pack soils have mottles at depths less than 40 inches. Frazwell soils have a stone line containing 
40 to 55 percent rock fragments that overlies buried horizons. Manzano soils have Bw horizons and segregated lime in 
the lower control section. Maskell, Merrick and Mauricanyon soils are moist in the moisture control section 
during Max and June. 

GEOGRAPHIC SETIING: Lynx soils are on flood plains and alluvial fans and have slopes of0 to 8 percent These 
soils formed in alluvium from mixed sources. Elevations range from 3,500 to 6,900 feet. The mean annual precipitation 
ranges from 10 to 14 inches. The mean annual air temperature is 47 to 59 degrees F. The frost-free period is 120 to 180 
days. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are 
the Abra, Ait2, .B.al.on, Iwlma, D)lC. .Qaddes, l&Dti., M.oano., £aslJ.u:a, Showlow, and Mllcg soils. Abra soils have a calcic 
horizon. Alp, Balon, Gaddes, Showlow, Lonti, and Wineg soils have an argillic horizon. Deama, Dye, and Moano soils 
have bedrock at depths less than 20 inches. Pastura soils have a petrocalcic horizon at depths less than 20 inches. 

DRAINAGE AND PERMEABILITY: Well drained. Slow runoff. Moderately slow permeability. 

USE AND VEGETATION: Lynx soils are used for grazing and irrigated cropland. The present vegetation is blue 
grarna, sideoats grama, alkali sacaton, spike muhly, vine mesquite, rabbitbrush, tobosa, big galleta, fourwing saltbush, 
snakeweed, western wheatgrass, and muttongrass. 

DISTRIBUTION AND EXTENT: North-central Arizona. This series is extensive. MLRA is 35, 39 & 61. Use in 
MLRA 61 should be discontinued. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Beaver Creek Area, Arizona, 1965. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Mollie epipedon: The zone from the surface to a depth of60 inches (A and C horizons). 
The fact that this soil is in a 10 to 14 inch precipitation zone (Ustic aridic) and irrigation is required for cropland, it is 
doubtful that soil is moist long enough to meet the requirement for a Mollisol. Classification of this soil should be re­
evaluated when the area is updated. 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION HOANO 

Established Series 
Rev. JEJ/GEW/YHH 
11/2006 

MOANO SERIES 

The Moano series consists of very shallow and shallow, well drained soils that formed in residuum from phyllite 
or schist. Moano soils are on gent1y rolling to steep schist hills. Slopes are 8 to 60 percent. Mean annual 
precipitation is about 12 inches. Mean annual air temperature is about 53 degrees F. 

TAXONOMIC CLASS: Loamy, mixed, superactive, nonacid, mesic Lithic Ustic Torriorthents 

TYPICAL PEDON: Moano gravelly loam - grassland (Colors are for dry soil unless otherwise noted). 

A--0 to 3 inches; brown (7.5YR 4/4) gravelly loam, dark brown (7.5YR 3/2) moist; moderate very fine and fine 
granular structure; soft, fiiable, slight1y sticky and slightly plastic; common very fine and fine roots; many fine 
interstitial pores; noneffervescent; neutral (pH 7.2); clear irregular boundary. (2 to 4 inches thick) . 

C--3 to 9 inches; brown (7.5YR 4/4) gravelly heavy loam, brown (7.5YR 4/4) moist; massive; slightly hard, 
friable, slightly sticky and plastic; many fine and medium and few coarse roots; many fine interstitial pores; 
noneffervescent; moderately alkaline (pH 8.0); clear irregular boundary. (3 to 8 inches thick). 

Cr--9 to 14 inches; olive (SY 4/4) to olive brown (2.SY 4/4) hard vertically oriented phyllite and schist bedrock 
with thin tongues of soil material in fractures (soil material is slightly heavier than in the B horizon); common 
fine roots in fractures; common thin clay coatings on rock faces; noneffervescent; moderately alkaline (pH 8.0); 
clear irregular boundary. (3 to 8 inches thick). 

R--14 to 15 inches; pale yellow (2.SY 7/4) extremely hard schist bedrock. 

TYPE LOCATION: Yavapai County, Arizona. 2/10 mile E. and 1/ 10 mile S. of NW comer of Sec. 23, T12N, 
RlE, about 1 mile NE of Mayer, Arizona. 

RANGE IN CHARACTERISTICS: 

Depth to bedrock: 6 to +16 inches but may be 20 inches in some areas, due to variability in hardness of the 
parent rock. 

Reaction: slightly acid to moderately alkaline due to the variability of the parent rock. 

Mean annual soil temperature: 52 degrees to 58 degrees F. 

Soil moisture: These soils are usually dry especially during the months ofMay, June, October and November. 
Ustic aridic moisture regime. 

A horizon 
Hue: lOYR and 7.SYR 
Value: 4 and 5 dry and 3 and 4 moist 
Chroma: 2 through 4 
Texture: gravelly loam and very gravelly loam 
Structure: weak platy to granular 
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Chorizon 
Hue: 1 0YR through 5YR 
Value: 4 through 6 dry and 3 and 4 moist 
Chroma: 4 through 6 
Texture: gravelly loam and gravelly light clay loam Structure: usually massive or rock controlled but may range 
to weak subangular blocky 
Gravel content: 15 to 35 percent by volume 
Clay coatings may or may not be present in the C&R horizon. 

COMPETING SERIES: This is the Mmt (WY) series. Moret soils have a lithic contact of slate-like shale. 

GEOGRAPfilC SETTING: The Moano soils are on gently rolling to steep schist hills with slopes ranging 
from 8 to 60 percent. These soils are formed in place on phyllite or schist bedrock and are at elevations of 4000 
to 5500 feet in a semiarid continental climate. The average annual precipitation ranges from 10 to 14 inches and 
occurs mainly as rain in JuJy, August and September and as rain and some snow in January and February. The 
mean annual temperature ranges from 50 degrees to 57 degrees F. 

GEOGRAPfilCALLY ASSOCIATED SOILS: These include the Balon. Dandrea. LY.M and Showlow in 
addition to the A!Jl and Barkerville series. Balon soils have an argillic horizon. The Dandrea and Showlow soils 
are deep, have fine-textured control sections and argimc horizons. Lynx soils are deep and have a moltic 
epipedon. 

DRAINAGE AND PERMEABILITY: Well-drained with medium runoff. Permeability of the soil is moderate. 

USE AND VEGETATION: Used entirely as rangeland. Vegetation at higher elevations is oak brush, deerbrush, 
mowitain mahogany, squawbush, manzanita and snakeweed with an understory of sideoats grama, blue grama, 
squirreltai~ tridens, three-awns and annuals. Vegetation at lower elevations is black grama, sideoats grama, 
three-awns, tridens, squirreltail, snakeweed and annuals. 

DISTRIBUTION AND EXTENT: Central Arizona in semiarid regions. The soil is extensive in central Yavapai 
County. MLRA 39. 

MLRA SOJL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Western Yavapai County Area, Yavapai County, Arizona, 1971. Name taken from 
Rancho Moano in Yavapai County, Arizona. 

REMARKS: Diagnostic horiz.ons and features recognized in this pedon are: 

Ochric epipedon - The zone from Oto 3 inches (A horizon) 

Particle size control section - the zone from Oto 9 inches (A and C horizons) 

Entisol feature - The absence of diagnostic subsurface horizons 

Lithic contact - The boundary at 14 inches (2R horizon) 

Classification changed from Lithic subgroup to Lithic Ustic subgroup in 2006 to be consistent with the moisture 
regime. 

Classified according to Keys to Soil Taxonomy Tenth Edition, 2006. 

National Cooperative Soil Survey 
U.S.A. 
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TYPE LOCATION: Yavapai County, Arizona; about 1 mile NW of the junction of the Rancho Moano and 
Wtlliamson Valley roads; 1/2 mile west and 3/10 mile north of SE comer of sec. 3, T. lSN., R.4W. 

RANGE IN CHARACTERISTICS: 

Soil moisture: Intermittently moist in some part of the soil moisture control section during July through 
September and December through March. Driest during May and June. Ustic aridic soil moisture regime. 

Mean annual soil temperature: 54 degrees to 59 degrees F. 

Thickness of the solum: 18 to 45 inches 

Rock fragments: 5 to 35 percent by volume 

Organic matter: more than 1 percent 

A and upper B horizons 
Hue: 5YR through lOYR but are dominantly 7.SYR or lOYR 
Texture: A horizon is sandy loam, gravelly sandy loam, gravelly loam or cobbly loam 
Reaction: slightly acid to neutral 

Bthorizons 
Hue: 5YR, 7.5YR 
Value: 4 or 5 dry, 3 or 4 moist 
Chroma: 3 through 6, dry or moist 
Texture: clay loam, clay, gravelly heavy clay loam, gravelly clay 
Structure: medium prismatic to weak fine and medium subangular blocky 

Bkhoriz0Il8 
Hue: 5YR, 7.SYR, 1 0YR 
Value: 5 through 8 dry 
Chroma: 4 through 6, dry or moist 
Texture: gravelly clay loam, gravelly sandy loam, gravelly loamy sand 
Calcium carbonate: occurs as medium to large pockets but the horizon has less than 15 percent CaC03 
equivalent. 

COMPETING SERIES: These are the MDgs (CO), Padilla (AZ), Servilleta (NM), £ilm (NM), and Tobish 
(UT) series. Chafin soils have less than 5 percent rock fragments and are effervescent throughout the profile. 
Mags, Padilla and Silver soils have secondary carbonates in the argillic horizon. The Silver series attempts to 
reflect the effects of soil forming agents unique to the Great El.ains_. Servilleta and Tobish soils have bedrock at 
moderate depths. 

GEOGRAPfflC SETTING: Lonti soils are on nearly level plains to steep alluvial fans. The soils are formed in 
old gravelly alluvium from granite, schist, sandstone, limestone, shale and basaltic materials. These soils are at 
elevations of 4,000 to 5,500 feet in a continental climate with an annual precipitation of 12 to 20 inches. The 
mean annual air temperature ranges from 52 degrees to 57 degrees F. The frost-free period is 140 to 200 days. 

GEOGRAPfflCALLY ASSOCIATED SOILS: These are the Abra, ~ LY.llX, ~ and Win,eg soils 
and the competing Balon and M.eY. soils. Abra, Lynx and Cordes soils lack fine-textured argillic horizons. 
Pastura soils are shallow to an indurated calcic horizon. Wmeg soils have a moderately fine-textured control 
section and a mollic epipedon. 

DRAINAGE AND PERMEABILITY: Well-drained; medium to slow runoff; slow penneability. 

USE AND VEGETATION: These soils are used mainly for livestock grazing and wildlife habitat. Small areas 
are irrigated. Vegetation is oakbrush, deerbrush and squaw bush with an understory of grama grasses, muhly 
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grasses and squirreltail. At higher elevations some pinon pine and juniper occur. At lower elevations the grasses 
are dominant and include tobosa grass in addition to those mentioned above. 

DISTRIBUTION AND EXTENT: Western Yavapai County Area, Yavapai County, Arizona. These soils are 
extensive. MLRA 38 & 39. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Western Yavapai County Area, Yavapai County, Arizona, 1971. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon -The zone from Oto 2 inches (A horizon) 

Argillic horizon - The zone from 2 to 45 inches (Bt horizons) 

Classified according to Soil Taxonomy, Second Edition, 1999; Keys to Soil Taxonomy, Tenth Edition, 2006. 

The mean annual precipitation of 12 to 20" p.z. described in the GEOGRAPIIlC SETTING section crosses two 
moisture regimes - Ustic aridic and Aridic ustic. The soil mapped in the Aridic ustic moisture regime (16 to 20" 
p.z.) would classify as Aridic Haplustalfs. When Western Yavapai Cotmty Area, Yavapai County, Arizona soil 
survey is updated, this series should be evaluated to decide which moisture regime is typical. 

Update and revisions for the competing series section 2/08 DWD 

National Cooperative Soil Survey 
U.S.A. 



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

LOCATION SPRINGERVILLE AZ+UT 

Established Series 
Rev. DRT/PDC 
04/2007 

SPRINGERVILLE SERIES 

The Springerville series consists of deep, well drained soils that fonned in alluvium from tuff, volcanic breccia 
and basalt. Springerville soils are on plateaus and mesas and have slopes ofO to 10 percent. The mean annual 
precipitation is about 16 inches and the mean annual air temperature is about 51 degrees F. 

TAXONOMIC CLASS: Fine, smectitic, mesic Aridic Haplusterts 

TYPICAL PEDON: Springerville stony silty clay - woodland. (Colors are for dry soil unless otherwise noted.) 

Al--0 to 1 inch; brown (7.5YR 4/2) stony silty clay, datk brown (7.5YR 3/2) moist; strong very tine granular 
structure; hard, friable, very sticky and very plastic; few fine roots; many fine irregular pores; 25 percent stones; 
slightly alkaline (pH 7.5); abrupt smooth boundary. (1 to 2 inches thick) 

Al--1 to 4 inches; brown (7.5YR 4/2) stony silty clay, dark brown (7 .5YR 3/2) moist; strong medium and fine 
subangular blocky structure parting to moderate fme granular, very hard, firm, very sticky and very plastic; 
many fine roots; common very fine and fine tubular and irregular pores; 25 percent stones; slightly alkaline (pH 
7 .6); clear wavy boundary. (3 to 6 inches thick) 

Assl --4 to 9 inches; brown (7.SYR 4/2) silty clay, dark brown (7.5YR 3/2) moist; moderate medium and tine 
angular blocky and subangular blocky structure; extremely hard, very finn, very sticky and very plastic; many 
fine roots; few fine and very fine tubular pores; common irregular pores; common medium slickensides; slightly 
effervescent; slightly alkaline (pH 7.7); gradual wavy boundary. (5 to 10 inches thick) 

Assl--9 to 15 inches; brown (7.5YR 4/2) silty clay, datk brown (7.5YR 3/2) moist; moderate medium and fine 
angular blocky and subangular blocky structure; extremely hard, very finn, very sticky and very plastic; many 
fine roots; common fine tubular and irregular pores; common medium slickensides; 10 percent gravel; slightly 
effervescent; slightly alkaline (pH 7. 7); gradual wavy boundary. ( 4 to 12 inches thick) 

ACss--15 to 25 inches; brown (7.5YR 4/2) silty clay, dark brown (7 .5YR 3/2) moist; massive; extremely hard, 
very finn, very sticky and very plastic; many fine and very fine roots; few very fine tubular pores; many medium 
slickensides; few black concretions; few fine calcium carbonate nodules; slightly effervescent; slightly alkaline 
(pH 7.7); gradual wavy boundary. (7 to 15 inches thick) 

Cssl--25 to 35 inches; brown (7.5YR4/2) silty clay, dark brown (7.SYR 3/2) moist; massive; extremely hard, 
very firm, very sticky and very plastic; few fine roots; few pores; many intersecting slickensides; few fine 
calcium carbonate nodules; few stones; slightly effervescent; slightly alkaline (pH 7.7); gradual wavy boundary. 
(6 to 15 inches thick) 

Cssl--35 to 42 inches; brown (7.5YR 4/2) stony silty clay, dark brown (7.5YR 3/2) moist; massive; extremely 
hard, very firm, very sticky and very plastic; many intersecting slickensides; common fine calcium carbonate 
nodules and few soft calcium carbonate accumulations; 25 percent stones; slightly effervescent; slightly alkaline 
(pH 7.7); abrupt irregular bmmdary. (3 to 10 inches thick) 

lR--42 inches; basalt. 
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TYPE LOCATION: Yavapai County, Arizona; 50 feet west of the center of U.S. Highway 89 at a point 0.6 
miles south of Milepost 350, 14.8 miles south of the junction ofU.S. Highway 66 and 89; near the center of 
section 20, T. 19N., R. 1 W. 

RANGE IN CHARACTERISTICS: 

Soil Moisture: Intermittently moist in some part of the soil moisture control section during JuJy-September and 
December-February. Driest during May and June. Aridic ustic soil moisture regime. 

Rock Fragments: 5 to 40 percent gravel, cobble and stones 

Soil Temperature: 47 to 59 degrees F. 

Organic matter: More than 1 percent in the surface 

Cracking: Deep, wide cracks are open more than 210 days cumulative 

Reaction: Slightly or moderately alkaline 

Depth to bedrock: 40 to 60 inches 

A and Ass horiz.ons 
Hue: 5YR, 7.SYR, lOYR 
Value: 3, 4 or 5 dry, 2, 3 or 4 moist 
Chroma: 2, 3 or 4, dry or moist 

Css, Bss and Bk horizons 
Hue: 5YR, 7.5YR, lOYR 
Value: 3, 4 or 5 dry, 2, 3 or 4 moist 
Chroma: 2 through 6, dry or moist 
Texture: Clay, silty clay, clay loam 
Calcium carbonate equivalent: less than 15 percent 

COMPETING SERIES: These are the Alhm (AZ), Antck!~ (CO), Arboles (C), Dominquez (CO), 
Ritoazul (CO), and Sideshow (CO) series. Albers soils are very deep. Antelopeflat have accumulations of 
gypsum in the profile. Arboles soils formed in parent material derived from shale. Dominquez soils have hue of 
5YR or 2.5YR. Ritoazul soils are moderately deep to shale and have accumulations of gypsum in the profile. 
Sideshow soils are effervescent at 10 inches, contain less than 5 percent calcium carbonates equivalents and do 
not have 5YR hue. 

GEOGRAPmC SETTING: Springerville soils are on plateaus and mesas and have slopes ofO to 10 percent. 
These soils formed in alluvium from tuff, volcanic breccia and basalt. Elevations range from 4,200 to 7,500 feet. 
The mean annual precipitation ranges from 14 to 18 inches. The mean annual air temperature is 45 to 57 degrees 
F. The frost-free period is 120 to 180 days. 

GEOGRAPmCALLY ASSOCIATED SOILS: These are the Cabezon, Showlow, Tojo and Thunderbird soils. 
These soils do not have intersecting slickensides. 

DRAINAGE AND PERMEABILITY: Well drained; slow runoff; very slow permeability. 

USE AND VEGETATION: Springerville soils are used for livestock grazing, fuelwood production and wildlife 
habitat. The present vegetation is blue grama, sideoats grama, snakeweed, juniper and pinon pine. 

DISTRIBUTION AND EXTENT: Northern Arizona. This series is extensive. MLRAs 35 & 39. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Phoenix, Arizona 
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SERIES ESTABLISHED: Navajo County (Holbrook - Show Low Area), Arizona; 1961. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Oehrle epipedon - The zone from Oto 15 inches (Al, A2, Assl, Ass2 horizons) 

Intersecting slickensides - The zone from 25 to 42 inches (Cssl, Css2 horizons) 

Lithic contact - The boundary at 42 inches (2R horizon) 

National Cooperative Soil Survey 
U.S.A. 
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ATTACHMENT B 

IKHS BACKGROUND SOIL ARSENIC DATABASE 
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Sample 
Eu6ng Northing 

sample 
Name D.a.t@ 

HS--H ti•.l66u:.t348 l :2652'J / .'J l .!i 112'.l'l2!Y.:'4 
HS....t7 596602348 1::!65297 9 14 1.1'17120:::4 

OFS .. 200-1 607719623 127 10J 8 932 5i?/201 0 
m-~-:mo-1 6U/11 Y 623 l 211 U-18 'J~2 dr.'f20 1U 

OFS-"200-2 601111608 1"270988 9 10 51112010 

OFS-200•3 El07657 3J2 1270989 07a 501201 0 
OFs-2au-~ 607603 131 l270Y8Y 239 o,1r20 10 

OFS-W 0-5 6075-15096 1'27 10-:.'f,170 511120 10 

OFS-200..6 607518 183 127 1093 576 :a1201 0 
OFS-200-7 6075-19384 127 11.18433 a11no10 

OF5-?00-0 1'.,0769? ?70 l ?.7 11f)3 9ti7 5171'0 10 

OFS-200-9 607665809 127 1188 11 1 5!7120 10 
,-:A F-ODS 6 l 1:i9 l 676 l 27~20<l:i3 1/IOl2:J1'2 

XFff-OOJ tJ l \ 59 1676 1'27.U.20453 1110i:?JVi: 
XR F-003 6 11591676 127.::.6-20 a53 l /1 0/2''.)1'.l 

>:RF-00-1 612916958 l 27t:.334 72 1 1/1012!)11 

'\P. F--004 6 12!:116:950 127.c334 J2 1 1/1012Dl.: 

XR F--004 El 12916 958 127<1!:394 '2 1 111012012 
;.:RF-006 6 131110 15 127369-1 045 1110-' :?01'.:: 

XRF--006 6 13171015 127369'1 045 1110i2JVi: 
XA F-006 El J3111.0 15 127:16',U 045 1110fr.J1 

XRF 008 6 1~308 365 1273 118 035 1/101?012 

:,r;RF-008 6 14308365 1273 118 035 1/IOlcOl.: 
X~I-OU8 6 1.!308 36~ 121:1 118.035 1110/2!:'ll~ 
XRF- 011 6 1503 1 757 127"2888 69.!l li10i:?01".c 

XR F-0 11 6 1503 1 75/ 127208889ll ll10iN1.: 

XR I-U l1 6 1~031 7~7 l 2i2888 S91l 1J"1Uf2'01 '.2 
XRF-0 13 fi l 5f,~0468 l'l7~R41361 1/1nl:?D1';; 

XR F-0 13 6 15630488 127281136 1 1110120,:;: 
l<:RF-0 13 6 I G630488 127284136 1 1/10,'201~ 

XP.F- 01f) 11 1559(, 10 1 l -;!7:l3.29 1~ 1/ 1 01~i:H ✓ 

XR F-0 16 6 15596. 10 1 1273329 15a 1/I OJ2<)12 
)>'.RF-016 6 l :i:i96 10 I 1273329 i::;.a li10!7-lfi 

XRr-010 6 161:;.4 i'J I 1'272(,029 11 11w w1:.: 

XR F-0 18 El l 6154 73 1 12726829 11 111012'.H2 

:-:RF-0 16 6 16 15-t 13 1 1272682 9 11 1110-'2012 

XP.r-020 6 l 6-tJ9 027 l 27W22W2 1;'10,2)1-;; 

XR F-020 El 1~39 027 1272822292 lf l 0i2!)12 

:>:RF-020 6 16.139 027 1272822 '.!.92 1/1012012 
·,m r--022 6 11 175 683 127.U.56524 1/10i2i)1£ 

XA F-022 6 11 175.683 127-W5652!: 1/1W2J11 
:-:RF-022 6 11 115683 1274t56 521l l/H1'2u12 

XRF-02-'I 6 10~09 9 13 12/J::369 655 111012[11£ 

Xl~f-0:.!4 6 1090') 9 19 12 i'!36'J 6M li1Ul2!:11i" 
XRF 024 6 l0909 9 13 1"27.t.369 655 U1012D1'.:: 

XRF-025 6098 M 492 12744;11253 li10i2Dl2 

Xl~I-U2::J 6UY8 14 492 l 2/.w.412~3 U1UJ2j12 

XF:iF- 025 6"098 1.t<l9::! l -:!i'.!.1.41 "753 11101201:;; 

XRF-026 608615067 12711:386 163 1/1012012 

XRF-026 60~61:i 067 l 27t:.386 163 111012012-

XRF-026 60861~06i J2/ L386 163 U l 0/2012 
;.:;RF- 036 60flf,.t 1 "259 l-:!i:25935?7 11101201 :;: 

XR F-036 El0861 l 259 1272593 527 l /l 0l2Dl2 
XRF-036 6086-! 1259 l 272:i93 :i27 lf10,'2!J1'.:. 

XRF-031:1 (i09557 194 1?.i'?l}72 55J 1110001 :;: 

:,mF-03B 609557 19~ 1272872 552 l/1012!H2 

/.AF-038 609:i:i7 194 1272872 552 11101201'2 

XRr-039 tJ ll l .t24'29 1272505 977 1i 1 0i211 ✓ 

XR F-039 6 11142 429 1272585 977 1/101~[)12 

>:RF-039 6 1 l l .12<l29 1272:i8:i 977 li10i2:J12 

XRr- 04 1 5~0-:-9G?.77 I W OOJ.6 663 1/10i2J1 7 

XR F-0:1 1 508!96277 1280(U;6663 l il0/~~12 

>:RF 0-11 598496277 1280046 663 1/10i201'.:: 

XRr-..04 2 597930 :900 1280492426 1110i2J1<: 
_){A F-042 5')7030 ')88 1280:!: ')2 426 l/100312 
XRF 042 591930988 1280492 426 1/1{],'2012 

XRF-043 597138472 12007#1926 1/IQl2D1£ 
Xl~F--043 51.l/138 4 72 1280 /41 ')26 1/10IM1:'. 
XRF- 043 591138472 l "'.!807.11926 li10i201".c 

XR F-O·ld 596519 '178 128 1080 69 1 1/l0i2012 
XHl-044 M6~HJ4/8 l281U8U 69 1 lil012{W.i! 

XRF- 04-4 596519 478 178 1080 69 1 1/10i2i)1:i 

XR F-Ot,1 5965194'8 1'28 1080 69 1 1/1012Dl2 
>m 1-0-1~ ::l'-J:i1316 18 128 1:'."18Y ~.:lll l/1017-117 

X~F-M:; ~957::11 Ei l l:I 1"26 15fl9 :ill.d 1/11),';'01:C 

:,c:R F-Ck!S 5957316 18 128 15895~a 1/1 012012 
XAF-0-16 :'.i9:i38146i 128 19:i9 334 U 101:?!J1'.:: 

XRF-0.t(, 5S50Q7 4ii7 1W 1959 3J4 1i10i201 ✓ 

XR F-0:1 6 595387 467 128 1959 33~ 1/1 012)12 
XRF--0-16 :'.i9:i387 467 128 1%9 334 1110.'2012 

XRr- 047 59,,:2:)5633 120240? 14S 1/101201~ 

XRF-047 59.!235 E33 128~02 140 111012012 
i! RF-0-17 59!23:i 633 128~02 149 UIOi2D12 

X Rr -040 59040550'2 127~946 087 1/1Ql2012 
XR F-O:t8 5')1;U85582 1270'¼13887 1/Hll~Dn 
:-:RF 0-18 598t.85 582 12799J.6 887 H 10i2D1'..: 

XRF--050 599075650 l '2050 14 082 1il0i2J1~ 

XAF--OoO ti ')'Jl:05600 121j'50 14.0&2 1/101Zl12 
X~ F 050 599815 650 l":!850 14 082 l/lOii.11;; 

XRF-05 1 600602962 12852-11203 1/1Ql201£ 
Xl~I--Uti l 6UU602962 128~2-11203 li10i:.'!)1~ 

l<AF- 051 600602962 12852.tl "203 111 0i201'.;: 

A.na,Vtl cal AB enle 
Method ['mg,l:g) 

Lab Elf:1.0 
Lab '" L>b 16 6 
Lab 1::1.B 
tab 1-::!7 

Llb 22.11 
Lab 31A 
I ah '" l<il.J 321 
Lab 2a.s 

I ah '" Ulb 26 .D 
XRF ,. ' 
XPr n o 
)<RF 23.7 
XRF 28 1 

XPC " 1 
XRF 26.D 
XRF 1' 4 

XPF 12 4 
XRF 11.5 
XRF "3 
XRF 37 6 
X~I- 363 
XAF 15 9 

XRF 15 2 
X~I- 14.S 

:i< P.F 11' 

XRF II 3 
XRF 11 2 
)( PF ,0 1 

XRF 28 .? 
XRF 212 
XPC 211 

XRF 20 2 
XRF ,,~ 
XPC 46 1 

XRF a5.B 

XRF 4[i .4 
)<: Pr: 30 7 

XRF 26 A 
>: RF 221 
)(RF ,(! I f, 

J( ~ I- 305 
XRF '.19 3 

XRF aos 
XRt- 3/B 
XRF ,. a 
XRF "6 
)( ~t- 43 .!J 

XRF 4 1.~ 
Y, PF 90 4 
XRF 88.11 
XRF 86 .~ 
XRF 6:i 1 

XRF 6 1 11 

XRF 57.T 
)(Pf 07 6 

XRF 82 .7 
XRF 77.B 

'l<RF 13 D 
)<RF 12.5 
XRF 12D 
)< PF 31 4 
XRF 3 1."J 
XRF ,a 6 

XRF 192 

XRI- 11 .S 
X RF 16 0 

Llb 300 
XRr 29.~ 
XPF ,,, 
XPF 24.B 

XRr 21.0 

> PF ,,, 
XRF 17.11 
Lab 10 .0 

XPC 6 0 
XRF 8.8 
XRF BB 

xer "' ' xRF 320 
X RF "' )< P r. II D 
XRF 10.0 
)o: RF ,0 

XPF II 5 
)( Rf 11.0 
XRF 1 □• 

XPF NA 
Lab l.i 

XRF ., 

Soil Unit 

M ~;ro 

M U:;rill 

f.i [loirl(] 

M Ool'1:l 

M .&:CI 

MO!:r')'.] 

MD3JJ 

t.i i).;r"..0 

Mo..m 
M ;:i;;r,,a 

Mn;.,ro 

M !Ji:rC! 

Loml 

Lom, 
Lonb 

M !:i=-r"JJ 

MO::>l'"O 

M !:i1ne! 

M :ia--..a 

Mego 

M D.n::! 

M -03'i!J 

"°"" M D:f"'C! 

M c!a-JJ 
t,1D£:r'(! 

Mo;:r,,:i 

t.1 .)2r"l0 

M ~(j 

M D-:f"lCl 

Mua-,o 

"""" M D:f"i! 

M~ 

"""" M ;:ia--.a 

MOc.f'O 

MDi'.l"'O 

t,1 ;:i~.o 

Lom, 
Lo~, 

Lorri\ 

Lom, 
u,n, 

Loml 

BaIon 
1:::-:.aIon 

1;1.-=i lnn 

Balon 

Balon 

Balon 
M O-efdJ 

MO"~ 
M ~C! 

IOml 

Lu11ti 
Loml 

Mror-o 

Ms..-e 
M :xr.a 

oaIon 

B::1 Ior1 
Balon 

Balon 

B::i lon 
Balon 

Mroro 

M-DM"a 
t.1 !:1.3'".li 

"""" M-:i.;OJ 

M~a 

M-m<l'.I 

M DiuJJ 

M !:1?-1'"0 

""""' Mo.:no 
t,i i),,l'Q 

Mo11"1:l 
M uar..c; 

Moaw-,0 

M !Y.1'1.IJ 

M -03".CI 

Dalon 

B::i lon 
Balon 

Balon 

8::i lon 
Balon 

L.,-I)). 
l,ro< 
Lyre,: 

Direction m un Agua 
FrtaRIYer 

Wi?s-t 
·we~t 

E:ast 
l:::a-st 
E,¾,t 

E-<131 
E.ast 

E:.ast 
E;;tt 

East 

F~3t 

E~~ 

E.Sst 

Dst 
E~~ 

E-=St 

C:331 
Easl 
E2:it 

East 
East 
East 

Ea& 
east 
E.:;st 

E>Sl 
C:ast 
E,st 

E»t 
East 
F.;Sf 

E-:.:~ 
E-:st 

Cast 
Ea,t 
East 

Cast 
E a'S"I. 

E~st 

East 
East 
E2:i'I 

E~st 
E::a-st 
E2st 

East 
!::a.st 

E.-.st 

E>St 

Em 
C:ast 
East 
E..::=$l 
E.a-st 
F.."'!31 

E~~t 
East 
[>st 
E,"1 

East 

-..vest 
WC'5l 
We;t 

West 
VVC"5l 
'.-Ve~t 

·west 
Wr-:;t 
-..·ve~t 

we~t 
VVest 
\·Ve..;it 

we~t 
,,-,le;t 

'Ne~t 
~ve~t 
West 

WeM 
w~~t 
VlJe;t 

Wes· 
Wc:1t 
'Ne~: 

West 

WC'5l 
',1Je.;t 

°'IVest 
WC"!il 
\"\te~t 

We$l 

~'VE'st 
we~t 

Lab BJlk soi! sampleanalvzed in a lab setting 
XRF" $-Jmplo mossorod in-:t0IO t:Ji XRF 
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Sample 
Eu6ng Northing 

sample A.na,Vtl cal AB enle 
Soil Unit 

Direction m un Agua 
Name D.a.t@ Method ['mg,l:g) FrtaRIYer 

Xi~F-051 6006U:l 9Ei2 128:'.12!1208 1il012~.l11 x~i:: ,., U~•ro: Wi?;t 
),;! J;lf 053 60 !039 69 1 1279558492 11101201::: )(Pf '" B.3lon ·we~t 
XRF-053 60 \03969 1 1279658d92 1/IOl201:i: )<RF 133 Balon west 
Xl~t--U:.,8 60 1U8':f6Y I l 2i%:'.184Y2 111012'01~ .KR/- 1:23 i::alon -..ve5t 
):! l:;if- 054 606-!96 367 1"27-'23I "2.11 1 li1 Vi"011 XRF 635 Balnn E,¾,t 

XRF-05--1 608196 367 127t:.2312ll 1 1/1 112Dl2 XRF "8 Balon E-<131 
XA t--Ur-4 6U8.!%367 !27.!181 .2.!l l l/1112012- XR/- 46 2 Salon E.ast 
XF:;i F- OSf, 6flll:l97 537 1"'750:'11'14 18 11111:,0{11;; < AF 62 7 0i:i111n E:.ast 

XRF-056 608397 537 1275038 4 18 l/l l i:0012 XRF "9 B<llOr1 E<"1 
XRF--O::i6 608397 ::;37 127::i038.!l 18 li11i2!)12 XRF (:!1 .1 Balon East 

XRF- 058 i'.i003fl240"2 1?:74900 47/j 1/1Vi'i)1 :; XPr 711 B<l lOn F~3t 

XR F-058 608382402 1274980 476 1/l 1}2012 XRF 68.1 B<IIUII E~~ 
,-:A F-0::iB 6083B2402 l 27~9B0.1176 1/11/2::)1'2 XRF 6(:;1 Balon E.ast 

XFff-059 1.iOOSJ.2042 1275691 oss 1J1Vi'JVi: XPr 67 G o a1on Dst 
XR F-059 608542842 1275691 005 li l ll2'J1'.l XRF 6 1.0 !:l::1lm E~~ 

>: RF-059 608:'.i-i28.il2 127569 1 095 111112!)11 XRF 545 Ba1Ct1'1 E-=St 

XRF-0(,0 6000 14 340 1275790 35 1 V 11J2Dt.: XPr MO 8810'"1 C:331 
XRF-U60 6080 14 3ll8 1275790 35 1 1/l l f2Dl2 XRF 38.3 B::i lon Eas1 
;.:RF-060 6080 14 348 1275790 35 1 lf11i201'.:: XRF ,, . Balon E2:it 

XRF-06 1 60721--1 076 1275921600 1/1112JVi: XPF 5S I Balon East 
XA F-061 607214 876 12?5')21600 111 1/7.ll XRF D8.( Balon East 
XRF 061 607214 876 1275921600 11111?012 XRF <l'.:1 4 Balon East 

:,r;RF-063 6072138 10 127609--1 120 1/11}?01.: Llo 560 Lynx Ea& 
X~ t-063 60/2138 \U 12i68'.3.i.. 12U 1/11/~1~ XR/- 04.2 l_yro: e asi 
XRF- 063 6072138 10 1"276894 1"'.!0 l i1 11201'.:: XRF "1 i.Nm: E.:;st 

XR F-063 6072138 10 127609'1 120 l/l l l?u1<: XRF 52 D Lyn,, E>Sl 
XR t--U64 6U86 T-1270 1276862 133 111112'01'.2 X~ /- 30.2 Salon C:ast 
XRF-0(-.4 60Aft74 -:!70 127f,3f,2 133 1/11J:?D1';; :i< PF 333 f,1R l11n E,st 

XFl F-0&.I 60867-d 270 1276362 133 11111201.: XRF 3 1.~ Balon E»t 
l<:Rt=--U6~ 6 I00814Llll 1276-!.03 11 I 1111 1201~ XRF '" Balon East 
XRF- Of,5 11 10007 444 l -;! 7f',.!.03 11 1 1/111/i:JI"/ )( PF ,o , 1;1a1r.in F.;Sf 

XR F-065 6 10087 4~ 127~03 111 1/I IJ2')12 XRF 20 9 Balu1 1 E-:.:~ 
)>'.RF-066 60S.:.307Gl! 12762 14 713 li1 117-11'.? XRF "' Balon E-:st 
XRr-06(; 600-::30 754 127(,21--1 :i'I J 1111 1201:.: < Pr JO D Balon Cast 
XR F-066 608$30 75.!'.l 1276214 7 13 1/1 112'.H2 XRF 32.9 B::.i lur1 Ea"1 
:-:J;if-067 608L1983l! 12768618 15 l/11i2012 XRF 98 .15 Balon East 

XRr-0&7 60(1.!49 634 12760G , 0 15 1;'11J2)1<: XPr 0.9 (, Balon Cast 
XR F-067 60~983.!'.l 12768678 15 1/1 1/2012 XRF 80.6 8::11011 Ea'S"I. 
:>:RF-069 607228535 1277880 093 1/111201'.< XRF "6 Balon E~st 
·,m r--otJ.9 607228535 1277000 0.93 1/11J2i)1£ )<: Pr: 632 Balon East 
XA F-06~ 60,228 535 121·1a80 0')3 1/1 112")11 XRF 57.B Balon East 
:-:RF-071 608553658 1278,!.53 827 U 11!?u1'.< >: RF "3 Loml E2:i'I 

XRF-07 1 600553 658 1278A53 827 1/1112[11.: )< RF 617 Loml E~st 
Xl~f-U!l 6U86::i3 6~8 12/8.! :'.13 827 li11J1tl1~ XRJ- 6U.1 Lon, E::.;st 

XRF 072 609764 449 1"278270 537 U11J2D1'.:: XRF 09 B Loml E2st 

XRF-072 6097&1,ia.s 1278270537 1i1 l i2012 XRF 89 3 LDOLi East 
Xl~t--072 6U9/64 449 l 2i821U03i lit 1J2j12 XRJ- '8B Lonn !::.a.st 
XF:i F- 074 6 1-Z-128 07 1 1"278;'163 736 1J11i201';; XRF "' Lnnt1 E.-.st 

XR F-0711 6 1:2d2807 1 1278363 736 1/1 l i?Ol2 XRF 52 .1 Lu111i East 
XRF--074 6 l 2~2801 1 1218363 736 1111}2012- )(~/- .!19 .1 Lo1111 Ea-st 
XRF- 015 fi l\587 539 1276397 4 11 1/ 1 1J2J1 ✓ XRF ,. ' l.nnt1 F.;.st 

XR F-075 6 11587 539 l -:!78;'191 4 11 11111201; Y, PF "3 l.ont1 East 

XR F-075 6 11587539 12783974 11 l/1112DIZ XRF "9 Lonti E..::=$l 

XRF-077 6 1244488 1 1278:'.;17 19 1 111 112!)1'.:. XRF 306.U Loml Ea-st 
XRF-077 6 17.!..14Afl l 1?711577 19 1 11111/01/ 'l< RF 30:? 0 '""' F-'!31 

:,mF-on 6 1:2444 88 1 1278577 ISi 111 li2!H2 XRF 299.0 Lu11ti E~~t 
/.RF-079 6 12720332 127889-1 020 lf1P201'2 XRF 1120"'.l Loml East 

XRr-079 tJ l 27:?0 3J2 1270094 020 1111 1?11 / )(Pf 1100 ':l 10ml [>st 
XR F-079 6 12720 332 127889.1020 111 l i?[H2 XRF 1080 J Lun1J Ea"1 
>:RF-079 6 12720 332 127889-1 020 li1112:)12 Lab 1000 !l Lo1111 Eest 

XRr- 001 6 127-46 640 127009?095 1/1Vi'J1 7 )( RF '15 LDntl e:rn 
XR F-081 6 12746 640 1278892 8')5 lil 11~~12 )<RF 3').0 LDnU E.a-;t 

>:RF 081 6 127.:6 640 1278892895 11111201::: XRF 365 Loml E-3~ 

XRr-..002 6 10350 0 13 1270390 743 1/l tJ211<: )< PF ''" Loml Dst 
_){A F-082 6 10351:1813 12783')8143 1111n'.l12 XRF 72.2 Lomi E-c1,:;t 

XRF 062 6 103588 13 1278396 7.:13 1/1112012 XRF 6.!16 Lo1111 E-2::.t 

XRF-08'1 60057343 1 127.9759 62.9 1/1112.[)1£ )<RF '" LDml East 
Xl~F--U!:14 6U857349 I 12 l !Ji5'l 62Y li1 112!.11:'. XR/- 41,7 Lonn l;.a?. 
;..:Rf- 064 60857343 1 1279759 629 u 111201::: Lab 360 Lo1111 East 

XRF-08'1 608573 113 1 127.9759629 1/11}2012 )<F!F 3'7 LOml E>S1 
XHt--U!:14 tiU8~'18<l3 I l 2"i'Y i :'.iY 62Y li111itl12 XR/- 33.0 Lo1111 l:::<i3t 
XRF- 064 6(18513431 1"2797596"29 1/11}2!)1:i XRF '" 1.orrn E.;:,;,t 

XRF-086 6 10157050 1280068 178 1/1 l i2Dl2 XPF 38 0 Loou East 
>.:R t--U86 6 l 1}.!::i10~0 l 28UU68 1i8 li1117-!17 XRS 88.0 Lo1111 c:a-st 
XF:;i F- OA(, ll l fl.!57 050 1"2fll111f,fl 176 1i1Vi'01:C > PF "0 1.nnt1 E.;$1 

:,c:RF-088 6 12158 25 1 1280:.42 570 1/1112012 XRF ,o 7 Lu11Li E,'1 

XRF-OBB 6 l 2 rnB W 1 12805-i2 G70 l/111:?!)1'.:: XRF 36.9 Lo1111 East 

XRF-000 61"215fl 1:'i l 120115-l2570 U1 1 i?01 ✓ XPC J:11 IOml Cast 
XR F-090 607251382 1279680 11 8 1illl:?Jl2 XRF '" S<mth" m1tl Gra,~i:=11\'-.'.llluv i;:i l t:21tl E,"1 

XRF--090 6072(:;1382 1279680 118 111112012 XRF 41.6 sandv and Gra:.-ell\'.allu,11a11=1,a Ea.st 

XRr . 090 607251 J02 127~(,00 110 1/1112{11<: X PC 36 7 Gandy Anr:1 G~·Jelly a11u~·1a1 1;,r,o [331 

Xr.! F-092 60~1622,!l 1278981426 li l l l:-01'] XRF 42 .131 I..Yn>: E,,t 
;.:RF-092 606416:!2.!l 1278981.!126 u 111w12 XAF D1.6 L°"ro: Ea-:.t 

XRF-092 60641G224 127090 1426 1/1 112012 )< Pr: 40 4 Lvm: c ast 
XR F-093 607256493 12803')0 85.a 1/1 ll~Dl'] XRF 60.9 S:;,nav ::ina Or:A'CII \' <I IIU¥1::II 1!1"'..0 E "1 
:-:RF-093 607256<193 1"280390 85.!l 11111201:.: )o: RF ll7 0 Sandvand Gr.:;vell •.;llu•J lal l::t"O Ea-:.1 

XRF--093 607256493 1200390 854 1/11i2J1~ )< PF " 1 sand.,. and Gr;i;-~euv :,311 w1a1 larlo East 
XA F-0134 6U6620 033 12!:ll"/5805 1 li l l/Zl12 )(Rf 3'JA Lo1111 E.a~ 
XF:;if 094 606620 033 l'.:!:8 115805 1 li1112'112 XRF ,, ' Lomi E.:;:;.t 

XRF-09'I 606620033 128 1i5805 1 11111201.: XPF 29 D Lonli E.;st 

Xl~t--U9S 6U8612i:t.a2 128'.t!:'.1136~ 11111::,0U XOr 43 .0 Lonu l::: :S~ 
l<RF- 096 6086 128J'.:! 1-Z8'U51363 IH 112D12 XRF "' l.orrn E.;st 
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Sample 
Eu6ng Northing 

sample A.na,Vtl cal AB enle 
Soil Unit 

Direction m un Agua 
Name D.a.t@ M ethod ['mg,l:g) FrtaRIYer 

Xi~F-U'JB: 608612 842 1282!5!363 111112~.l11 x~i:: 38.1 Lonn l:;: .a-:;t 
l<:J;lf D98 608539<133 1:::!83532"285 lf11i2D1'.:: )(Pf ,. 5 Loml E.:.st 

XRF-098 608539433 1283532285 1111120,.: )<RF 35 6 LonLi E:ast 
Xl~t--Om:1 6U8~3':f433 l 283~3:l281 H11 11'01~ .KR/- 32.( Lonn t:a-st 
XF:;if-D99 6085336 18 1"2835390 1.4 li1 Vi"011 XRF '" Loml E,¾,t 
XR F-099 608:5336 18 12835390 1li 1/1112Dl2 XRF 29 8 LunLi E-<131 
XA t--U':f9 6U85336 18 1'.!835390 1.!l l/1112012- XR/- 2::i.~ c,m, E.ast 
XF:;iF- 100 601j074 648 l ?B47f,f)9:J.4 111112.:11;; <RF "7 l.ont1 E:.ast 
XR F-100 605074 6138 128!!765934 111 11:-012 XRF 519 Lon~ E;;tt 
XRF--100 60507-4 648 128!.76~934 li1112!)12 XRF 44 .1 Lom, East 
XRr- 101 l'.,(1(,02990.4 l ?-(lf,11)3 57 1 1/1Vi'i)1:; XPr ?• D ,,rm F ~3t 

XR F- 101 606029 98!l 1286 183 57 1 1/l 1}2012 XRF 22.2 LUIILi E~~ 
,-:AF--101 606029 984 1286183 57 1 1/11/2::)1'2 XRF 20 3 Lom, East 
XFff-1 0;> tJ 1l1.t1447 1'205973 740 1J1Vi'JVi: XPr 30 7 Lonn Dst 
XR F-102 6 111.11 ll.a7 1285973 7l!8 li l li2'J1'.l XRF 28.7 Lonb E~~ 

>:RF-- 102 6 11IJ.1447 128~913 748 111112!)1'2 XRF 26 7 LWJ E-=St 
'\RF- 103 6 1112269 1 1205~34 8 13 V 11J2D1.: XPr "1 Lonn C:331 
XR F-103 61112269 1 1285!)34_8 13 1/l l f2D12 XRF 27.D Lonb Easl 
;..:Rf-.103 6 1112269 1 1285934 8 13 U11i201'.:: XRF 26'9 Loml E2:it 
XRF- 10,1 6 12007254 126';99 1037 1/11'2JVi: XPF '" t,i o..=.('.I] East 
XA F- 104 6 12007.254 128L•)') J 03/' 111 1/7.ll XRF 22.5 MD.n::! East 
XRF l DJ 612007 '25.i! 1:!8,!991037 1/11}?01~ XRF 2□ 7 M-03'i!J East 
:,,;RF- 106 6 10290 1158 1283!.922t1 1 1/11 }?01.: )<RF 397 Lonti Ea& 
X~ l-1U6 6 1U:l'JU4~8 128;:J.19:l 2ll 1 1/11/~1~ X~I- :'.:lt:i.15 Lonn easi 
XRF- 106 6 102901.156 1':!83-192'2"1 1 li111201'.:: XRF '" Loml E.:;st 

XRF-108 6 101'28 59:;' 1282975.0 l a 1/1 11?-ul<: XRF 35 7 s :;ina~· antl G~elk <-1 llu-11a1 l:.'t"(I E>Sl 
XA t-- 1U8 6 1lM-28 ~9i 1282'J1~014 111112'01'.2 XR/- 33.~ Sand ... and Gr:;;.ve11, allU'l" lal l:illd C:ast 
XRF- 108 fi l 0.::20597 1'28:'975 0 1l! 1/11J:?D1';; :i< PF 3 1 3 s .;ndy anr:I c;rave11y .,111N1:=i l L;;rd E,st 
XFlF-109 6 1~32 99 1 1282953 78 1 11111201.: XRF 858 S::Jrldi :Jna Gt<-'vell\' allwlal l~'O E»t 
l<:RF--109 6 10.:.3299 1 12829~3 78 1 1111 1201~ XRF 69 .1 Sand.,. and Gro,,,ell\' alluvial l:ird East 
XRF- 109 fi llµ3299 1 126~95:) 7fl 1 1/11}/ljl"/ )( PF '" f;Jn(I~• anti Gr?.Vell\'JIIINl:=il 1;:;ti(! F.-:;Sf 

XR F- 110 6 106.85165 128M.25905 1/I IJ2')12 XRF 60.B L01iLi E-:.:~ 
)>'.R F-- 110 6 1Q.1.8~ 76G 128 1.i2~90~ li1 117-lfi XRF ~6.:9 Lom, E-:st 
XRr-110 6 H)t fl:;> 765 1201..::25905 1111 1201:.: < Pr 520 Lonn Cast 
XRF-112 608979-ll39 128 12 15 129 1/1112'.H2 XRF ,,. S::,ndi am1 Or.:}W!II , ::,llwi ;:i l [:Yld Ea,t 
:-:RF--1 12 608919439 128 121~ 129 lf11i2012 XRF .!12 5 Sando;< and Gr::ovelly .JIIU•l lal l=t".d East 
XRr-112 600979 439 1201215 119 1;'11J2)1-;; XPr 41 (, Sand:,' aM Gr.;;-..--ell\' <.1IIU'llal @'ld Cast 
XR F- 114 6 13383308 1280181 16 1 1/1 1/2012 XRF 3.!1.5 M Di'.l"'O Ea'S"I. 
>:RF, 114 6 13383308 1280 18 1 16 1 U11J201~ XRF 3'3 M:iar.o E~st 
·,mF- 11..i 6 13303300 120010 1 16 1 1/11J2i)1£ )<: Pr: 321 t.1 [1.?J'"I] East 
Xf.l F- 115 6 12080: 378 128 1820.308 1/1 P2J11 XRF 28.1 Lo~J East 
:-:RF 115 612066 378 118 1820 308 U 11!?u1~ >: RF 270 Lomt E2:.1 
XRF- 11 5 6 12086 370 128 1020 308 1/1112[11.: XRF 260 Lonn E~st 
a<G--411 6'J'J2~•.) :29U 12.8.!') /868.!! li2 1J1tl1~ Lab l ':f .!I l::lalon ','Ve~t 
B<G..4 11 599259':!90 1"28l978 68l! 1f1 1J2D1'.:: Lab 1.:l 3 Balon ','IJe~t 

B-<G--<112 599283364 128G9882tl:5 1/2 112012 Lab 10,1 Balon We:;t 
EXG-411 ~YY288 36!l 128!.':f88 24~ lf2 1J2j12 Lab 10B C:alon 'lllest 

6-<G-413 5993 !0 3'29 1'26e978 766 i;"'2 1i201';; Lah '" 1;1.-=i lnn We~! 

B<G--<l lll 5993'12802 12&.:.996 26 1 1t2 1i?Ol2 L,D 16A Balon ','1/t~t 
B<G-<115 ::199836 900 128.!9-!~ .361 li'2 1J2012- Lab 20.2 Balan -..vest 
E;«C-4 1Ei 599304 9R5 l ?RL9.t.41Jfl"2 1J'1 1 12J1 ✓ I ah " 6 F,IRlnn ·we.~, 
EV-:C---1.111 5993291362 1?Sl:92f. f,i37 112 11201; tab 17 3 F,l~ lon -..-ve~, 
B{G--<118 599380562 128L921328 1f2112Dl2 L,D 22A B<llut1 we~t 
E"...<G-.:.1 19 ::199387 329 128LY8.44::i 1 1!"2 112!)1'.:. Lab 20 .i5 Balon ','Vest 
f:j{f,-.:f:;(J :5993(,5 ?1 6 1?650 1A J49 1n 11:;:,01; I ah 1:lf.l Fl('llnn '.Ve3f 
EY:G--Stt 5971 09 193 128 1636 152 1l22.12!HL l.~l) II D r,1~0 ·N"-~l 
BKG-611 597 109 193 128 1636 152 1.1"22".201'2 Lab 10.S M -D-:1"£1 We;t 

r.1<G-s1-;i 5971G1 {1 6,d 120 1(,0~7?. 1 1i'2 '.21?.11 / ,., 
" ' Mror-o 'Ne~t 

ExG--Gt:1 597284 026 128 l t:rll ? 16 lt22J2[H2 L>O '° ' M -011·-.(! WC':;l 

EKG-~1 6 11112 104 128~972 87 1 l!'22i2:J12 Lab 26 .5 Lom, Eest 
r.J<G-f;CI 6 11112 10.ll l'.205972 07 1 1f22'2J1 7 Lab 25 4 LDntl e:rn 
E"...<G-€62 6 10984.0LIO 1285930 025 lt:221~~12 Lab 26 .6 LDnU E::,-;t 

6<:G-ffi-3 6 108~643 1 128586,1 947 1i221:?01'.:: Lab '" Loml E-3~ 

B-<G-&...""G 6 1009643 1 12850&1 947 1/'221211<: Lab "0 Lonn Dst 
B<G-~t 6 12891 160 127'.!6 1.538 lr:23/2312 Lab 16.2 MD:lrlJ E-c1,:;t 

S-:G:5e1 6 1289 1 160 127.U6 1538 lr.:!3i2D12 Lab 16 1 M D.3""oli E-2::ot 

W.G-562 6 1207G 100 1274..::94 123 1n312m.: Lab "' MrortJ Ea& 
t:,(G-~61 612811:). IUU 12 /£..!'J4.123 1.12:YM1:'. Lab 11 .6 M~a l;.a?. 

~G-553 61280D70:2 1:27.!518?7/l V:!31201'.:: Lab , □ , t.1 !:1.3'".li East 

B<~M 6 120 16 196 1274477278 1/2312012 Llb M 3 """" East 
1::1<.(;-~,:io- 6 12A 18 } 12 1'.2i '• :l6 3 1'J 1{2312012 Lab 13 ,:1 M -:t;OJ t:: -cst 
B<G---556 6 1-:!752.:186 1"274t26116 112:JJ:?!)1:i Lab ,,, 

M ~a E.-;:.;.t 

B<C-.~t-? 6 12779025 1274 508079 Jn3i2Dl2 LaLJ 86 M-m<l'.I East 
l::.<G-~<':8 612763 0~3 12i!.3Y2 70<! J/2317-117 Lab 12.~ M DiutJ E:a-st 
r;;.<r:.-.c..59. li 1-:!7f,0 500 1"27Uf,f,84G v:wn,1;; ,,, 

'" M !:t?-1'"0 E.-:;$1 

a-:'.G~ £/J 6 12785 698 1274488667 11'23120 12 UlJ 12 3 M"""1 E,'1 
EK.C-4:3 1 600684 692 128 1861 9 11 li2.!lli!J1'.:: Lab I G 1 6alan ',Vest 

rJ<G-4 J1 UOflf,04 69:2 1W IOU l9 11 1;?41:?01/ L•b l '5 ea1nn WeM 
B,{G-43'2 600643 12/l 1281900 8!l5 1t2412Jl2 LlLJ 23 .9 Balun W~~l 
EKG-42"2 6006-!3 12.S 128 19008.S~ lf'2.:li2012 Lab 23.:.' 6alan VlJe;t 

CV.C-4~.il 600590920 120 1009 00.4 1n41201£ Lab 132 Dalon west 
e'.{G-424 600610 S8Ll 128 1831 008 1f2lll2QI'] L,b 17.0 B.ilor1 Wt"5l 
EKG-4:15 600669 622 128 1766 532 1J'2/l,';?D1:1 Lab 16 .6 6alan 'N e;t 

B<G-436. 600530 3 10 120 11,1 067 1n412012 Lab ,. 3 Dalon West 
EKG-431 60(Jj77432 128 H:1$2 ll55 1/.2.!11?01 2 Lab 19.9 Balon Wt"5l 
EiKG--4;'.:8 600.:3 1988 1"281766 637 1t1lll2D1'.,: Lab ':!35 Balon ',1Je;t 

W.~13S 600301310 120102G 40 1 1n412J1~ Lab 86 Balon °'IVest 
B<G-440 6U0360: 0Ll6 12a1 /6/456 lf.2411')12 Lab ,.o Balon Wt"~l 
D'l'.G 42'1 606129626 l':!82150437 1;:!<112.11'.:: Lab 69 4 Lom, E.:;:;.t 

B<G--<l&l 606129626 12827501137 1t2<112D1<: Lab 569 Lonli East 
1::1-<G-4<'.:"2 606U l $ 003 128'.!T.M.9a l l/241;!!)1~ Lab 62.6 Lonb l:;: :;;-:;t 
E"KC-..4C"l 606D13553 l :!8'.?724 987 1i'2lll2D1::; Lab 51 4 I.anti E.;st 
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Sample 
Eu6ng Northing 

sample A.na,Vtl cal AB enle 
Soil Unit 

Direction m un Agua 
Name D.a.t@ M ethod ['mg,l:g) FrtaRIYer 

l:::XG-40:~ 606U33 3ti 128:ti'l4673 1r.2an~.111 Lab 60.7 Lonb l:;: .a-:;t 

B<G. 4£4 606007 16.Q l ::!82678 07/ ln<l/2D1'.:: Lab 6::!5 Loml E.:.st 

B-<G-'lf.5 6060 16765 1282631676 lt,2'11201:i: L>b 571 LonLi E:ast 
0<.r;..4 ;:J: 6U6U88 0Ll8 l 282ti81 '1 8 lr.24.'101~ Lab 6/.~ Lonb t:a-st 
6,,(G-.:tl7 ll059f,2870 1"28"2559 65A lf74J2011 tab 675 Loml E,¾,t 

Ev.:G--IES 605989038 1282507623 1t2t1'2Dl2 Llb ,,, LunLi E-<131 
l::l<G-4-C9 6U:'.iY5-1 233 1'.!82-!!12 0 18 112.;J/2012- Lab '" Lonb E.ast 

r--..<G-HO 6059fl l IO~ l ?fl:'.!04 471 1n.:112.:i1;; I ah 570 l.ont1 E:.ast 
Ev.:G-6:t:I 603679665 1283770 820 lt2tlt2012 L<il.J l d.5 lYIIX we,t 
&<G-<:>~1 60367966:'.i 1283770820 1J"'2,lJ2!)12 Lab 1Ll.~ L-..ro.: ·west 
[J,((,-t✓~ 1'.,0;Jf,:1 1 fiOr, 1?11301A H97 1n412i)1 :; I ah 13 0 Lym: ',\/P,St 

EY.G-6'22 603599587 1283887a52 1t2a,2012 UJb 13 .2 Lym •Ne~l 
EIKG-<.~ 603G99 ~87 1283887 :152 li'2:ll2:J1'2 Lab 126 L~n>: West 
W.G--4~1 l.i09 152J49 1WJt.06402 1l2612J1£ L•o :J:5 ~ Lom, Dst 
B-<.C-4:'I 609152 3a!J 128~85 l!82 lf26i2''.)12 Lab 29.7 Lonb E~~ 

EKG-4.31 609048 193 1283620 3 17 1/2612!)11 Lab ''° LWJ E-=St 

B<G...:1-U 6090J.O 19:J 120:JG20 J l i 1n&'2D1£ Lao 3 11 Lom, C:331 
E.<G--483 608!);17 I W 1283565270 1/26/~012 Lab 27.5 Lonb East 
Et<G-4C.:l 608883676 1283533:159 lf':!61201'.:: Lab 262 Loml E2:it 
ev.:c-...,1,;:; 600034 996 1203571337 1/26i2JVi: Lao 273 L.om, East 
t:,,((,;..4"E€ 608807 16') 128353'J 56a W6!7.l1 Lab 3 1.1 Lonn East 

B<G 4a 608776655 1283583 122 1!"26}]012 Lab '" Loml East 

W.C-...,168 6007331153 1283596803 1/26ic01£ Llo 2'16 Lonti Ea& 
1:::-,,,_c; ... 4 : 9 6U87U6 1~•) 1288~8::i 19 1 l/26/i!:'11~ Lab :Ul.S Lonb easi 
D'l'.G.-4go 606661274 1':!83563379 li'16'201'.:: Lab 260 Loml E.:;st 

B{G-'151 609039 678 1277010 63£1 l/26i2v1:i: Llu 0 1,1 Balon E>Sl 
151(.G-4'?: I 609U3Y618 12iiU10 63ll 1/26}2!11'.2 Lab 70.Pl Salon l::.;st 

Ev.G-4~-:! 609037006 1"27f.979d 1l! 1fJ612i)1';; Lab 855 f,1R lf"ln E,st 

B-<G-492 609037006 1276979t'l 1ll 1n61201£ UIJ 80.5 Balon E»t 
6-<G-4'?.3 608913 788 1276912262 1/261201~ Lab 81l.B Balon E.;st 

6-<C-4~4 f,i09091 Ma 1?.i703:?99l! 1n6l~i:JI"/ I ab 1~ 0 0 1;1aI11n F.;Sf 

Ev.:C--495- 609014 9 11 1276~2.dt'lll 1f2612<)12 Llb 72.? Balu1 1 E-:.:~ 
EKG-d% 60894297:'.l 1276863838 U26.,'7-11~ Lab BB A Balon E-:st 

(;'.{G-437 600976 64:J 127C:.OJ.5 61.i0 1;'261201:.: L•b 421 0 Balon Cast 
EJ,{G-498 6090d.l .929 1276899826 1/.2612'.H2 UJb 122.0 B::.ilur1 Ea,t 
EKG-4gg 609093 14 1 1276900 267 11'1612012 Lab "~ Balon East 

B<G-50J 609004 823 127G95G099 1/2612)1:i: Lab 917 Balon Cast 
B{G-~41 6 11280 860 1278323 3~8 lf26i2012 Lab '"" Lorrb Ea'S"I. 
5,(G-541 6 11280860 12783233<18 112612012 Lab 673 Loml E~st 

&/.G-542 6 11205 004 1270200 684 1126i2i)1£ Llb 100.0 L.om, Eaat 
~G-542 6 JJ20::, S8ti 1278280.68ti li2612")11 Lab a').B LD~J East 
Bl{G,543 6 112-'-240 1 12782J.i-:! 10 li26.'2u1~ Lab ,, 6 Lom1 E2:i'I 

EV-G-:'44 6 112-•154] 1270160 860 1/2612[11£ '"''" 73B Lom, E~st 
bXG-~~ 611820 506 12/8185 ~5 1 li'26t2tl1~ Lab NI.-S Lon, E::-3-st 

B<C~ 541i 6 1 \.!23577 1"2]82,!9 103 1ll612D1'.:: Lab '" Loml E2st 

B-<G-547 6 1M37863 12>8300 6 17 1n612012 Lab 86 I LonLi East 
E.-<G-54i:: 6 1 l ~Yl .0~7 12/82~ 61:12 1J26}2j12 Lab 1S!!.U Lonb t:ast 

6-<G-549 6 115291"24 1"218206473 ii261201';; Lah "0 Lnnt1 E.-.$1 

B-<G-.:CtJ 6 11360 762 1278301 752 1/2612012 L :tD 87.3 Lu1 11i Eost 
XR F--077 6 l 2,!,J..488 1 12i8:iH 19 1 112612012- XRF 263.U Lonb E.a-st 

XRF-077 fi 17..!...1J.86 1 1"2ifl57719 1 ini::n:)1,: XRF 272 0 l.nnt1 F.;.st 

XP. F-079 6 12720332 1':!78fl94 020 1126}201/ Y, PF gsa n l.ont1 East 

XP. F-079 6 12720332 12788911 020 1n612Dl2 XRF 9'i1.0 Lonti E..::=$l 

XR F--1147 09tl235633 1282402 1.:19 1!'2i'l2!J1'.:. XRF 37.i5 M ~G ','Vest 
XRF-fl47 59t23563:l 1?1}-:"t02 1d~ 1n1no1; XRF ?d p M P--ef'O '.Ve3t 

:X:P. F-067 608!49831'.l 12768678 15 1/2712!)12 XRF 101 .0 B::.ilu11 E~~t 
/.R F--067 60a.:.J.983ll 12768678 1:'.i 1127}201'2 XRF 88 .7 Balon E.ast 

XRr-075 tJ I 1507 539 1270397 4 11 1i''.2Ji211 / )(Pf 11)5 0 ""' [>st 

XR F-075 6 11587539 1278397 4 11 lf2?1~[H2 XRF 92.0 Lunb Ea"1 
>:RF--086 6 l 04G7 0:'.i0 1280068 178 li'27J2:J12 XRF 39 .7 Loml Eest 

x i::1r ... ooc:. 6 10-:57050 12000(,0 170 112712J17 )( RF 35.5 LDntl e:rn 
XR F-088 6 12158 25 1 12805425!0 1/"271~~.'112 )<RF ll7.5 LDnU E.a-;t 
>:RF 088 61215825 1 1280542 570 1J"':!7J201'.:: XRF '" Loml E-3~ 

XRr ... 02& 6006 1506:i' 127~30G 163 113 1}211<: )< PF 391 Balon cast 
_){A F-026 608615.067 127!:386. 169 vJ 1n'.l12 XRF , .. B::ilon E-c1,:;t 
XRF 039 6 111.!2429 1272585977 1J-:J IJ2012 XRF '" M o..;r-..o E-2::.t 

XRF-039 6 111-12429 1272505 977 1/3 112.[)1£ XRF 738 MrortJ Ea& 
Xl~F--0:t l 698-! 1)6.'217 l 28UlJ.11i:669 1/3 112!.11:'. XRt- l 'J.3 8 ::i lon -.,,,r-:;l 
;..:RF-041 598-!96 "177 l ':!800.:.6 6.63 lf.3 1i201'.:: XRF '" Balon ',·Ve~t 

XRF-O·ld 596519 '178 128 1080 69 1 lf.3112012 XP.F 32 S """" we~t 
XH t--04-4 M6:'.i 1Y4.18 l:28 1U8U 69 1 1r.:1 112t112 X~ t- 218 M -:t;OJ VVest 
XRF-045 5957316 18 178 1589 5<1.II 113 1.'2!)1:i XPF ,., M~a \ ·\(e..;if 

XR F-(US 5957316 18 128 150951Ul 1/J li2Dl2 XPF 186 M-m<l'.I we~t 
>.:R t---046 0%381467 128 1Y5Y 33£! 113 117-117 XRS B.6 M DiutJ ,,-,le;t 

;.,,:RF-046 5953fl7 467 1"26 19593:ll! 11J Vi'01:C X PF 7;'1 M!:t?-1'"0 'Ne~t 

:X:R F-Ckl 7 59t235El33 128~02 149 VJ li2012 XRF 369 M"""1 ~ve~t 
XRF-0-17 ~9!23:'.i 633 1282!02 1£19 1!"3 1i:?!)1'.:: XRF 3::i.S M~::no West 
XRF-050 599075650 12'\5014002 1lJ Vi'01/ xer " 6 eaInn WeM 

XR F-050 599875650 12850 1d 082 1/3112)12 XRF 11.0 B::.i lun W~~l 
XRF--OG1 600602962 128:'.12.!- 1203 1.r:3 112012 XRF NA L~ro: VlJe;t 
;,m r . 051 (i00C,0291.i2 1205241 ?03 1/J li2D1:i: xer 10 3 t yro· west 

Xr.! F-053 601039 69 1 1279558492 lfJ l l:-01'] XRF 11.B B.ilor1 Wt"~l 
;.:RF-053 60 103969 1 1279558492 1JJ 112iJ12 XRF ,. Balon We;t 
XRF-05& 600397537 12750304 10 1/3 112012 )< PF "1 Balon c ast 
XRF-056 6083')7537 12750384 18 l/3 11~012 XRF 58.6 B::i lon Ent 
:-:RF-063 6072138 10 127689-1120 1i:l li2D1'..: )o:RF 59 0 L._,ro,: East 

XRF-063 60J2l38 10 1276094 120 113 112J1~ XPF 544 L-,.ro: East 
XA F-064 (iU8tio/42J0 1276862. 139 1i3 11Zl12 XRf 35.7 8::ilon Ea~ 
XRF 064 60861J. :!70 l':!76362 133 1/3 1.'2.11'.:: XRF ". Balon E.:;:s,t 

XRF-067 6084-4983.q 12768678 15 1/311201£ X PF 99 3 Balon E.;st 

Xl~t--Uti l 6U8J.1Y83ll 1'.V68tile l~ 113 1.'::,01~ XOr 'J:j.6 Balon l:;: :;;-:;t 

l<RF-071 606553658 1278-!53 8:'.17 1r.i li2D1: XRF till 0 l.Ont1 E.;st 
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Sample 
Eu6ng Northing 

sample A.na,Vtl cal 
Name D.a.t@ Method 

Xi~F-U!l 6Ut!5596~8 12 i8.!53 827 li3 1f.'~.l11 )(~f= 
),;! J;lf 079 6 12720 33"2 1278894- 0:!0 1.1'3 1i 2D1'.:: )(Pf 

XRF-079 6 12720332 127889-1 020 11'3 11201:i: )< RF 
Xl~t--U!:!4 6Utl :'.113431 12iYi W 629 lfJ 111'01~ .K R/-
XRF- 064 60857343 1 1"279759 fi29 lf.3 112011 XRF 

XRF--2 11 5s.;939606 1270888 911!1 d/P l2Dl2 XRF 
XAF-239 609tl32 287 127~ 159809 .111812012- XR/-
XRF- 7.41 6091l37 05:'I 1"7;'\.!"2'ft;)J 1 4J181:.'{11;; < AF 
XRF--2<13 6 10778 029 127 1596 l tl2 d/181t'Ol2 XRF 
XAF-24ti 609676 309 127 1137963 4118/2!)12 Lab 

XRr-?45 1'.,09:f,7(, 009 1?.711:)7Sfl:) 4/lfVi'i)l :; XPr 

XR F-2'7 608899470 1269603 808 4/1812012 XRF 
,-:A F-2.:1.9 608823%2 12730670.ll/ 4f1812:J1'2 XRF 

XRr-251 l.i00-:526% !'2'7:),1.,16 9 1"2 4110/2JVi: XPr 

XR F--297 60!:003'2 1 1278551 15!) -d/ 19/2'.)1'.l XRF 
>:RF-299 6035,1.5470 1280526 137 J.f1912!)1'2 Lab 

'\Rr-299 603::-,1-5 470 1200526 137 4/1912Dl.: XPC 

XR F--301 60274 8 ' 19 128:!:38U 39a 4/1')12012 XRF 
;.:RF, 303 603512638 12864,1.0458 41191201'.:: XRF 

XRF-305 607477665 1200393 145 4119J2JVi: XPF 
XA F-307 601!)2') 643 12i' i)U91638 4/1'))2'.ll XRF 
XRF 309 598853 8 16 12787.!.2 153 JJ1911D12 XRF 

:,,;RF--315 598002253 1279200 2541 41191:?0l.: )<RF 
X~ f.-31! ~•J f:l',fl t!37 12i !JM2 3tl7 .U19J2!:'11~ X~I-
XRF-3TJ 597292837 1279552357 4J191:i'l)1'.:: Lab 

XRF-3 19 59-'.A66 8 18 1279927 389 <1/ 1912.JVi: XRF 
XA t--321 Q',J32tL1 30tl 12:,·y 1s2 s8 1· .111912'01'.2 XR/-
XRF- ~37 591799 530 1'2fl 1121408 .t/19.i:?D1';; :i< PF 

XFl F--339 591894 967 1278229 289 4/19J20Vi: XRF 
l<:RF-339 Q9 Jtl9J. 967 1278229 289 J.;19}201~ Lab 
XRF- 341 5911l42 1.:lO 1-:!7fl1~fl 5.:l4 4J19}('i:JI"/ "X PF 

Ev.:G-~I I 6 11138'28 1268625 496 5/ l ai2<)12 Llb 
EKC-~1 1 6 11 138728 1268625496 ~ 1417-lfi Lab 
(;'.{G-51-;1 6 11 12244 1 12(.0550909 5;·w201:.: L•O 
EJ.<G-512 6 1112244 1 1268558.90') 51 14~2'.H2 Lab 
EKG-'513 6 11 129 249 1268528 3.il8 5i1 .ill2012 Lab 

B<G--514 6 11200 432 1"2Ci0-:90 SOO 5J1dl2)1 £ Lab 
B{G-515 6 11290 46 1 126854 7 48') 5/1a12012 Lab 
5,(G-"516 6 11216420 12685,1.04 13 511"'1!2012 Lab 

&/.G-517 6 11271984 1268~95 956 6/14i2i)1£ U.b 
~G-s,e 6 1195')38') 1268610 ')72 5/1412")11 Lab 
Bl-::G-S1g 6 11219055 1:!686556"'.!9 5f14i2u12 C.b 

1:'<G-5£0 6 11217 055 1268600 798 5/ j ,jJ:?[11£ '"''" bXG-.::f l 6 16iti 1. l l::I 12 l 'JJ 35.16.!! 5r19Jl!:11~ Lab 
B<C-561 6 15761 173 1"2/9 135 16£! S,'"29J2D1'.:: C.b 

B-<C---..."'6"2 6 15731362 1279158 847 5.!2912Dl2 Lab 
1:.-<G--..."'?1 6 1~)"3 1.362 12i!Jl:'.i1:Hl47 ti.."2912j12 Lab 
6-<G-~ 6 15694 545 1":l/91.!2290 sr.!9}201 ';; Lah 

B<G-561'1 6 15699 053 1279 1I0 3l18 5t291?012 L,D 
B<G-~I] 6W6Y2 03~ 12i"YU65 9"'1.!! ~'2912012- Lab 
lj,(C-';-1-:E; fi 15G.!A a39 1-:!79054 959 5l7!;112J1 ✓ I ah 
B{G-5€7 6 15655 a03 1"279116 02":! 5;"'J9i201/ tab 
B{G-568 6 15639 40'1 12791d7995 5/29t2Dl2 L,D 
E"...<G- :;:g 6 1:'.i6! 1 "183 127'=11 71 142 :lf29J2!J1'.:. Lab 
r:j{G-'370 6 15(,:'l9 565 1?.7910fi J0 1 5t:J9i2P1 / I ah 

EY:G-571 592618693 1275362 527 5/29J2!H2 l.~l) 

BKG-!71 592618693 1275362 527 5.1291201'2 Lab 

fJ<G-57? 592705 94:l 1215335843 5''291?.11/ 1,0 
ExG-572 5927059~3 1275935 8a3 5f.29/?[H2 Lab 
EKG-573 592703595 1275321969 5f2912:J12 Lab 

r.J<C- 574 S~W0:?902 1275:)42065 5129i2J1 7 Lab 
B,(G-5i'5 502754 50.!! 12754.1 8 967 5,,"20/2~12 Lab 
6<:G-576 5927179':!9 127~ 76 0 13 5.f29}:i'D1'.:: Lab 

B-<13--:77 692791 577 12755035 19 5.!29J2J1 <: Lab 
B<G-578 5')2885 ] 80 1275.!93 470 5f2')J:-'.)12 Lab 
S-:G:5-79 592886 127 127559203.C 5i'19J2D12 Lab 

W.G-515 592086 127 1275592034 5/2912.[)1£ Lab 
1::;<G- ~,::'Q 592'J34 443 12 l ti6Ud ]~; 5f.2'JIM1:'. Lab 
~G:-560 59:!93.t 4113 1"275605747 5)"19}201"'.:: C.b 

B<G--581 607973 878 1287172005 5/2912012 U.D 
t:"X.(;-~r tiU7Y13 8/8 l:281112 00~ !i.i2Y12tl12 Lab 
B<G--5C:2 607895 643 1787133 37 1 S.,'79i:?i)1:i Lab 

B<C-.561 607895 643 1287133 371 5/2912Dl2 LaLJ 
l::.<G-t~ 60itl170"'10 1281U~Ya~o ~'29}7-117 Lab 
r;;.<r:.-SE4 li07fl9fl ij7ft 1'fl70 11 'l70 S.,'79.'701:C 1,0 
a-:'.G-5~ 607915 842 1286975050 5/2912012 UlJ 
EK.G-!,.::E 607927 209 128693-i ?57 5.12912!)1'.:: Lab 
rJ<G-= ... - 7 u07922479 126(ifl90 347 5>?91/01 / L•b 
B,{G-5ea 607924 600 1286832 034 5/2912)12 LlLJ 
EKG-~9 60/880 "190 128618oao2 5>"29.i2012 Lab 

CV.C-~30 607053072 12067:)2290 5f2Sl2{11£ Lab 
e'.{G-441 5')! 167 193 1285083 1.a!) sno,2012 Lab 
EKG-441 59! 161 193 1285083 149 6n01W1:1 Lab 

B<G-•142 5~162 424 1205033 100 Gi'20i2012 Lab 
EKG-442 5').::.1 62.424 1285033 188 OJ"20/~D12 Lab 
EiKG-443 5~1278112 1"28£999 990 6t20i2D1'.,: Lab 

W.~1-14 59-:079 632 1205012653 Gf20i2J1~ Lab 
B<G-441 1•)~084 l flO 128! '.J'J::1 20 1 6rl01Zl12 Lab 
D'l'.G 446 59t033 5tl-:! 1"2~973 942 6!'JOi:i'<11'.:: Lab 

B<&-'l.r\ 7 59..- 003608 120.:.955999 6/201201£ Lab 
l::1-<G-448 09!:l 'Jij t6Y8 l28~UU!:i 03 1 tit"..!Ul:.'!)1~ Lab 
E"KC-...44S 593997 000 1:!85og1 925 fJ20i2D1: Lab 

ABenle 
['mg,l:g) 

62.t'I 
1110 .0 

1050 0 
3':.l.b 

'" 92 7 
4' B 

'" 6:'l.5 
2:'.i.O 

" a 
53 .1 
,. 1 

'" 23 .S 
1' D 

12 0 
l o!l.9 

22 3 

307 
l ')A 

"1 

'"' 3'J.:: 

"" 111 ,1 
16 .9 
1' D 

B0 
B.D 
10, 

5 1.6 
4a .s 
10, 

15 2 

,a' 

'" 15.5 
147 

'" 15.B 
11 3 

I 1' 
~U .t 

"' '" 23.6 
271 

35A 
sa~ 

'" 1S, 

151 
19 .0 

17 0 

312 
2.a1 

35 D 
,,s 
ao .9 

361 
30.2 
2.ll .£ 

20' 
30.S 
26 6 

26 0 
25.S 
::!5 .:l 

73 1 
46 .( 

87 1 

85.2 
6/ .3 
90 D 

635 
66.9 

" 6 
82 .2 
6::i .6 

OB 2 
,.o 
BB 

12 2 
11 .5 

'" Bl 
10 .1 
, ~ 0 

11 .5 
I U.6 
11 . 

Soil Unit 

Lonn 
Lom1 

LonLi 
Lonn 

MO!:r"JJ 
Salon 

M !Ji:f"C! 

Balon 

Lonn 
8::11011 

Balon 

Balon 

Balon 

Balon 

Salon 
f,1R lf"ln 

Mua-,o 

"""" 

MWIJ 

M X:f"O 
M U:l"..C! 

t-1 .l:=;tJQ 

Balon 

Balon 

8::11011 

Balon 

Balon 

L'!'f"O' 

M D!l".CI 

M il.::t"hJ 

Direction mun Agua 
FrtaRIYer 

west 
E.ast 

East 

W t'5l 

West 

·we~t 
West 

E.ast 

[ 331 

East 

[ 031 

East 
East 

E::.ast 
E2st 

E>S1 
1::: -3.st 

f_;.st 

Ea-st 

"" 

E>S1 

East 
1::: -3.-St 

Ea-st 

Ea.st 
[ "31 

West 

WC'5l 

we~t 
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Sample 
Name 

l:::XG-4:i.Q 
B<G. .:t51 

l::l<G-4~4 

[Y.G-4"i6 

B<C--459 
EIKC-460 

EKG-'571 

&(G--53(1 

XR F-913 

XR f--'J13 
XRF-915 

XR F-915 

l<:RF-911 
XRF- 917 

XRF-919 
::-'. RF-9 19 

XRF--921 
XRF-921 
:-:RF-923 

XR F-925 

>:RF 925 
·,mF-097 

Eu6ng 

5'J! 0 1U 850 
606879 7 19 

6060797 19 
6U684U ~4•J 

llOfiflJ.0549 

606867974 
60681::i 139 
60f,7f,f, 6 19 

606787 327 
606720648 

l'., !l(,'i..t5,f16.d 

606821 706 

606840 180 

59Ji::02 110 

593.!82 120 
59s;::.66 116 

59J.1GG 116 

~934455 11 
593427 247 

593404 105 
5•)$!.04.0 17 

593380 958 

593373906 

~Y8.!22 11 I 
593-:.29 2 16 

60 1769996 
6U l i 6Y 996 
6fl0573 8'23 

600573823 
600068 17'1 
f,OOOf,6 717 

597858 70 1 
~978~8 70 1 

59725060 1 

59725068 1 
59,7648 17 

59i'7G4 8 17 
5%669 766 
596669 766 

601 037 046 

Northing 

128~U55')2/ 
1::!80246 62.0 

12802-J6621l 

l 2!:IU213 42i 
1'280213417 

12801 63366 
1'.!8U170469 
l ?fl0151 18 1 

128009.:J. 20 1 
1280083 '299 

1100062390 
1280063 55a 

1280092 6::i l 
1'2'i2.!~97'2 1 

1272&.9972 1 
1272524 765 

127W24 765 

12725.:18.437 
12,2584 595 

12725-40 25J 
1272515265 
127~94 522 

127:Ut-O 123 
12iz.t3U ~ 1Y 
12;~.:.90 188 

1279201 76 1 
12i'Y2U l 16 1 
1'279f-.444ll5 

12796.1.d 4ll5 
128 1116 7~4 

1'26 l 11f, 754 

1280:i 19583 
128().!.19G83 

1200C.90 9 1i 
1280690_9 17 
12,972~988 

1279725 900 

1280001 076 
1280001 076 

1270~05 427 

sample 
D.a.t@ 

6f2(112~.l11 
fJ2012D1'.:: 

&'201201:i: 
li i'2012'1)1~ 

fu'20J2011 

6>'20!2Dl2 
6/2012012-
fJ?Ol:.'{11;; 

612012012 
6i20i2!)12 
f,i'?Oli'i)1 :; 

6/2012012 
6/'2012::)1'2 

(,i-;!Oi2J1£ 

6l.20/2''.)12 
6(2012!)1'2 

Gi'2012D1£ 

6/20/2012 
6f20I W1'.:: 

Gf2012JVi: 
61201'.r.JI 
61'201?01~ 

61201c01£ 

6/10/2!:'11~ 
fJ:!Oi:?[11".c 

5/23/2.Jl.::: 
&.23!2'01..: 
5;'23Ji'D12 

5/2312013 

lli2312D1::: 
WJJi~i:)1 ~ 

5t23J2')12 
lli23.17-113 
5;,!Ji2iH :: 

5/2312'.H2 
~Ji:?01~ 

5f2Jl2)13, 

5/231201': 
5/231201~ 

5/28i2i)1~ 
Xf.l F-897 60 \037046 1278505.427 5/28/2)1'.: 
:-:RF901 600647'22 I 1278588 968 5.f2812'U1~ 

XRF-90 1 6006-022 1 1278508968 51:2812[11::: 
Xl~P-G l 1 60U2U f . 16.!l 12i88 U 4/0 5r28/2!:I!'.: 
XRF-911 600207 76.d 1'278811 <170 5,"'1812D1J 

XRF-927 5959332 19 1280133~96 5''2812Dl3 

Xi::i F- 929 59.t:986 434 1280082 '230 5/281201"' 

XR F-929 59!!.986 434 1280082 230 5i'28J2013 
:-,,:Rf -929 59!986434 1280082 '230 ~8!201::: 

>: RF-9?9 59-!96(,43.d 1?600fl2'2.30 5r.W:?J1~ 
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ATTACHMENT B 

IKHS BACKGROUND SOIL ARSENIC DATABASE 
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ATTACHMENT C 

NEPTUNE AND COMPANY TECHNICAL MEMORANDUM 
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TECHNICAL MEMORANDUM 

From: 

Tn: 

CC: 

Date: 

John Carson, Tracy Schifeling 

Jeffrey Dhnnt, R9 

Felicia Barnes, EPA ORD 
Terry Burton, EPA ORD 
Polona Carson, Neptune 
Kevin Bricknell, TetraTech 
Kirk Cameron, TetraTech 

June 9, 2023 

Neptune and Company, Inc. 
1435 Garrison St. 

Suite 201 
Lakewood, Colorado 80215 

720-746-1803 
www.neptuneinc.org 

RE: f-indings of Neptune review of IKHS soil background issues 

Review 
Neptune was asked to review CH2M Hill's "Soil Background Study Report" (Appendix E) and 
Tetra Tech's Technical Memorandum on the subject "Refined Background Threshold Value 
(BT\/) Calculations for Arsenic at the Iron King-Humboldt Smelter Superfund Site" . Tetra Tech 
provided the full RI soil sample database for our review. 

Upon review of the documents and data, over the course of several meetings and in response 
to issues that arose in those meetings, we presented several issues and analyses to the EPA 

Issues 
Issue 1. Concerns about the background dataset used by CH2MHill and Tetra Tech, 
which only included the maximum value of arsenic measured at each location 

The background dataset used by Tetra Tech in their technical memorandum included the 
surface arsenic measurements at 269 locations (surface measurement meaning the sample 
began at 0 feet). The dataset originated from CH2M Hill. However, we found that in the full RI 



����������	��
����
���������
��
���
�
��
������
���
�
���
������������������
���������
�� �����

!"#�

soil database, about half of these locations had multiple surface samples of arsenic. At most but 
not all of these locations, Tetra Tech's dataset only had the maximum measurement of arsen ic. 
We were concerned that this approach of taking only the maximum value would inflate the 
background threshold value. 

Neptune proposed a new background dataset, including the same set of 269 locations , and 
including all surface arsenic measurements for each location . This dataset has 542 surface 
samples of arsenic. 

In some analyses below we also consider sub-surface samples at these locations to compare 
the ratio of surface and sub-surface measurements, but the sub-surface samples are not 
included in the background dataset . This is consistent with Tetra Tech's previous analysis as 
well as discussed CH2MHill's report. 

Issue 2. Handling of outliers in background dataset 

We wanted to revisit how outliers were handled in the background dataset. We found that the 
highest value of arsenic in the background dataset was from a sample whose name contained 
the phrase "different rock" . This sample had an ending depth of 0 feet. Given the name 
"different rock" and the ending depth of 0 feet, we suspected that this sample might have been 
an XRF sample of a rock, not a soil sample. An XRF reading of a rock would not be valid for 
assessment of either background or human exposure . 

There were 25 samples with an ending depth of 0 feet, and so we proposed removing these 25 
samples that had an ending depth of 0 feet. 

There were 3 additional locations that were identified as having possible outlier measurements. 
Tetra Tech ran their analysis with and without these 3 locations, and these outlier samples did 
tend to increase the BTV when they were included in the calculation. 

Although we might prefer to have a better understanding of why these samples had such high 
levels of arsenic, we are comfortable removing them from the BTV calculation. We assume they 
are not representative of the background. 

Issue 3. Concern about combining XRF and lab samples 

The background samples from 2012 and 2013 include both XRF and lab samples, and we 
wanted to investigate whether these two sample types were comparable . We plotted paired 
samples and determined that including the XRF samples would not add bias to the analysis. 
The XRF samples provide many more locations than just the lab samples, and we think the 
additional locations will help the analysis overall. 

The paired lab/XRF samples from 2012 were easy to create because the "Sample.Name" fie ld 
matched exactly between lab and XRF samples . The plot below shows the 10 background 
locations that have both lab and XRF samples in 2012. In particular, note that the arsenic plot 
shows very little bias between the XRF and lab measurements, making us feel confident in the 
XRF data transformation . 

2 
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Subset of locations in 269 background data with both lab and XR F measurements 

Arseruc Copper lead Zinc 
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Sample.Name in RI data 
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This plot below shows all paired samples from 2012, background and non-background . 
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The lab/XRF samples from 2013 were not given the exact same "Sample.Name" in the 
database, so we attempted to create paired samples by matching samples on "Location.Name" 
and beginning and ending sample depth. While we could not recreate CH2M Hill's plots exactly, 
we did not see evidence of bias between the XRF and lab data so we feel comfortable including 
both lab and XRF samples in the background data. 

Issue 4. Concern about 
background boundary 

The Humboldt smelter 
significant potential 
Since arsenic is a 
requested more 
patterns al the Iron King 
that there might be aerial 
from the site . 

2013 XRF IOca'l•Of'11 l"I tuU $IOi tlata w11h llOln l;,1lJ arn.J .XRF ~UltJli'lei48 
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-
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arsenic volatility and the 

stack emissions are a 
source of contamination. 
semivolatile metal, we 
information about the wind 
site . We were concerned 
deposits of arsenic farther 
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Upon reviewing the wind roses from the Remedial Investigation, we could see that the wind 
direction varies and changes direction over the course of the year, so there was not a clear 
direction where we would expect to see aerial deposits of arsenic. 

Additionally, we compared surface and subsurface samples (samples with beginning depth > 0 
feet) to help us understand if there was evidence of aerial deposits or simply differences in 
geology. 

Following a similar analysis in CH2M Hill's Appendix E, we looked at the ratio of surface to sub­
surface measurements at each location. Similar to CH2M Hill, we see that the ratio is greater 
than 2.5 mostly close to the site . 

12'35000 

1280000 

1275000 

1270000 

Ratio of surface to sub-surface measurement 
If multiple meaS1Jrements at a locatior\/depth. 1 is randomly selected 

Ar&enic Chromium 

.__ _ __,.__, 

Surtace/Sub-surface ratio 

We plotted these surface/sub-surface ratios by Northing, by Easting, and by distance to the 
smelter stack. 
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• <=-2.5 

• >2.5 
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We also looked at the arsenic measurements overlaid on the different geologies. We could see 
some higher levels of arsenic on the east side of the river, and these higher levels were present 
both in surface samples and sub-surface samples, leading us to believe the high levels of 
arsenic resulted from the geology rather than aerial deposition from the site. 

In this plot, "surface" means the sample had starting depth ofO feet. If the sample had starting 
depth greater than O feet but less that or equal to 5 feet, we consider it "sub-surface". Greater 
than 5 feet, we consider it a "deep" sample. The triangle in these plots represents the smelter 
stack. 
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Plots of other metals are included in the appendix. 

Additionally, we plotted the relationship between arsenic and other metals at the background 
locations. For these plots we included both surface (the 542 samples included in the 
background dataset) and sub-surface samples (additional 273 samples with sampling beginning 
depth > 0 feet) . The plots show log-scale concentrations of arsenic versus another metal, are 
faceted by soil type and type of measurement (lab or XRF) , and use symbols to indicate 
whether the locations are east or west of the Agua Fri a River and color lo indicate whether the 
samples are surface or subsurface. 

From these plots, we see a clear difference between the east and west locations, and not as 
much of a difference between surface and sub-surface samples. If there were significant aerial 
deposition of arsenic, we would expect to see a difference between the surface and sub-surface 

7 
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measurements of arsenic and between the relationship of arsenic to other heavy metal 
concentrations that could be attributed to sample depth. In fact, we see neither. 
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From these various ways of looking at the data , Neptune concluded that there was no evidence 
of significant aerial deposit of arsenic, and therefore that the background/site impact boundary 
defined by CH2MHill was reasonable . 

Issue 5. Discussing whether the background should be divided between east and west of 
the river 

The log-log plots above showed us that there were clear differences in the soil samples 
between the east and west sides of the river. The data supports separating the background by 
east and west, and we have enough data on both the east and west to calculate separate BTVs. 

Issue 6. Location weights 

Tetra Tech proposed using Voronoi tessellation weights (proportional to the areas ofVoronoi 
polygons around the sampling locations) to take into account the spatial locations of each 
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sample. Although this is a valid statistical approach, in this specific situation we found that some 
locations with high levels of arsenic were also give very large weights, and this was leading to 
counter-intuitive conclusions in the analysis . 

In the typical sampling situation, high sample results trigger additional sampling around them in 
order to spatially define hot spots . This results in biased sampling and can be identified by 
plotting concentration against the area of Voronoi polygons, where ~ shows up as a decreasing 
trend with higher concentrations being associated with smaller Voronoi polygon areas . Smaller 
Voronoi polygon areas indicates higher sampling intensity, which is often associated with hot 
spot delineation. Plots of IKHS background data showing concentration against Voronoi 
tessellation weights shows an increasing trend rather than a decreasing trend , which is unusual. 

Neptune decided that we prefer equal weighting for each location with weights to account for 
replicate sampling. For locations with 1 sample , the weight of the sample should be 1. For 
locations with k samples, each sample result should be given weight 1/k. 

Discussion 
Our additional analysis described above makes us feel confident in CH2MHill's transformation of 
the XRF data as well as the background boundary they defined. The background dataset in the 
BTV calculation now includes all surface samples at background locations, rather than just the 
maximum value. Our analysis also helped point out that a separate background for east and 
west sides of the river would be more appropriate than one overall background. We also believe 
that equal weighting of each location produces a better outcome than using Voronoi weights in 
this situation. 

10 
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Appendix 

Although our analysis was focused on arsenic, we also plotted levels of lead, iron, chromium, 
copper. zinc, and manganese. Additional plots are presented below. 
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