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�)�R�U���P�R�U�H���G�H�W�D�L�O�H�G���E�R�X�Q�G�D�U�L�H�V�����S�O�H�D�V�H���F�R�Q�W�D�F�W���W�K�H���F�R�Q�V�H�U�Y�D�W�L�R�Q���G�L�V�W�U�L�F�W���G�L�U�H�F�W�O�\������

�$�X�V�W�L�Q���5�H�J�L�R�Q��

�&�R�X�Q�W�\���� �+�D�\�V�� �7�U�D�Y�L�V�� �:�L�O�O�L�D�P�V�R�Q��

�2�U�L�J�L�Q�D�O���������U�H�T������ �B�B�� �B�B�� �B�B��

�5�H�J�L�R�Q���������U�H�T������ �B�B�� �B�B�� �B�B��

�&�R�X�Q�W�\���L�H�V���� �B�B�� �B�B�� �B�B��

�*�U�R�X�Q�G�Z�D�W�H�U���&�R�Q�V�H�U�Y�D�W�L�R�Q��
�'�L�V�W�U�L�F�W���V����

��

�B�B�(�G�Z�D�U�G�V���$�T�X�L�I�H�U������
�$�X�W�K�R�U�L�W�\��

�B�B�%�D�U�W�R�Q�����6�S�U�L�Q�J�V��
�� �(�G�Z�D�U�G�V���$�T�X�L�I�H�U��

�B�B�+�D�\�V���7�U�L�Q�L�W�\��

�B�B�3�O�X�P���&�U�H�H�N��

�B�B�%�D�U�W�R�Q�����6�S�U�L�Q�J�V����
�� �(�G�Z�D�U�G�V���$�T�X�L�I�H�U���1�$��

�&�L�W�\���L�H�V�����-�X�U�L�V�G�L�F�W�L�R�Q��

��

�B�B�$�X�V�W�L�Q��

�B�B�%�X�G�D��

�B�B�'�U�L�S�S�L�Q�J���6�S�U�L�Q�J�V��

�B�B�.�\�O�H��

�B�B�0�R�X�Q�W�D�L�Q���&�L�W�\��

�B�B�6�D�Q���0�D�U�F�R�V��

�B�B�:�L�P�E�H�U�O�H�\��

�B�B�:�R�R�G�F�U�H�H�N��

�B�B�$�X�V�W�L�Q��
�B�B�%�H�H���&�D�Y�H��

�B�B�3�I�O�X�J�H�U�Y�L�O�O�H��

�B�B�5�R�O�O�L�Q�J�Z�R�R�G��

�B�B�5�R�X�Q�G���5�R�F�N��

�B�B�6�X�Q�V�H�W���9�D�O�O�H�\��

�B�B�:�H�V�W���/�D�N�H���+�L�O�O�V��

�B�B�$�X�V�W�L�Q��

�B�B�&�H�G�D�U���3�D�U�N��

�B�B�)�O�R�U�H�Q�F�H��

�B�B�*�H�R�U�J�H�W�R�Z�Q��

�B�B�-�H�U�U�H�O�O��

�B�B�/�H�D�Q�G�H�U��

�B�B�/�L�E�H�U�W�\���+�L�O�O��

�B�B�3�I�O�X�J�H�U�Y�L�O�O�H��

�B�B�5�R�X�Q�G���5�R�F�N��

��
��

�6�D�Q���$�Q�W�R�Q�L�R���5�H�J�L�R�Q��

�&�R�X�Q�W�\���� �%�H�[�D�U�� �&�R�P�D�O�� �.�L�Q�Q�H�\�� �0�H�G�L�Q�D�� �8�Y�D�O�G�H��

�2�U�L�J�L�Q�D�O���������U�H�T������ �B�B�� �B�;�B���B�B�� �B�B�� �B�B��

�5�H�J�L�R�Q���������U�H�T������ �B�B�� �B�;�B���B�B�� �B�B�� �B�B��

�&�R�X�Q�W�\���L�H�V���� �B�B�� �B�;�B�� �B�B�� �B�B�� �B�B��

�*�U�R�X�Q�G�Z�D�W�H�U��
�&�R�Q�V�H�U�Y�D�W�L�R�Q��

�'�L�V�W�U�L�F�W���V����
��

�B�B���(�G�Z�D�U�G�V���$�T�X�L�I�H�U��
�$�X�W�K�R�U�L�W�\��

�B�B�7�U�L�Q�L�W�\���*�O�H�Q���5�R�V�H��

�;�����(�G�Z�D�U�G�V���$�T�X�L�I�H�U��
�$�X�W�K�R�U�L�W�\���B�B�.�L�Q�Q�H�\���B�B�(�$�$��

�B�B�0�H�G�L�Q�D��
�B�B�(�$�$��
�B�B�8�Y�D�O�G�H��

�&�L�W�\���L�H�V����
�-�X�U�L�V�G�L�F�W�L�R�Q��

�B�B�&�D�V�W�O�H���+�L�O�O�V��

�B�B�)�D�L�U���2�D�N�V���5�D�Q�F�K��

�B�B�+�H�O�R�W�H�V��

�B�B�+�L�O�O���&�R�X�Q�W�U�\�����9�L�O�O�D�J�H��

�B�B�+�R�O�O�\�Z�R�R�G���3�D�U�N��

�B�B�6�D�Q���$�Q�W�R�Q�L�R�����6�$�:�6����

�B�B�6�K�D�Y�D�Q�R���3�D�U�N��

�B�B�%�X�O�Y�H�U�G�H��

�B�B�)�D�L�U���2�D�N�V���5�D�Q�F�K��

�B�B�*�D�U�G�H�Q���5�L�G�J�H����
�B�B�1�H�Z���%�U�D�X�Q�I�H�O�V��
�B�B�6�F�K�H�U�W�]��

�1�$��
�B�B�6�D�Q��
�$�Q�W�R�Q�L�R���(�7�-��
���6�$�:�6����

�1�$��
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��
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�
�)�2�5���7�&�(�4���,�1�7�(�5�1�$�/���8�6�(���2�1�/�<�
�
��

�'�D�W�H���V���5�H�Y�L�H�Z�H�G���� �� �'�D�W�H���$�G�P�L�Q�L�V�W�U�D�W�L�Y�H�O�\���&�R�P�S�O�H�W�H���� ��

�5�H�F�H�L�Y�H�G���)�U�R�P���� �� �&�R�U�U�H�F�W���1�X�P�E�H�U���R�I���&�R�S�L�H�V���� �� �� ��

�5�H�F�H�L�Y�H�G���%�\���� �� �'�L�V�W�U�L�E�X�W�L�R�Q���'�D�W�H���� ��

�(�$�3�3���)�L�O�H���1�X�P�E�H�U���� �� �&�R�P�S�O�H�[���� ��

�$�G�P�L�Q�����5�H�Y�L�H�Z���V�������1�R�������� �� �1�R�����$�5���5�R�X�Q�G�V���� ��

�'�H�O�L�Q�T�X�H�Q�W���)�H�H�V�����<���1������ �� �5�H�Y�L�H�Z���7�L�P�H���6�S�H�Q�W���� ��

�/�D�W�����/�R�Q�J�����9�H�U�L�I�L�H�G���� �� �6�2�6���&�X�V�W�R�P�H�U���9�H�U�L�I�L�F�D�W�L�R�Q���� ��

�$�J�H�Q�W���$�X�W�K�R�U�L�]�D�W�L�R�Q��
�&�R�P�S�O�H�W�H���1�R�W�D�U�L�]�H�G�����<���1������
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�)�H�H��
�&�K�H�F�N����
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�&�R�U�H���'�D�W�D���)�R�U�P���&�R�P�S�O�H�W�H�����<���1������ �� �6�L�J�Q�H�G�����<���1������

�&�R�U�H���'�D�W�D���)�R�U�P���,�Q�F�R�P�S�O�H�W�H���1�R�V������ �� �/�H�V�V���W�K�D�Q���������G�D�\�V���R�O�G�����<���1������
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�*�H�Q�H�U�D�O���,�Q�I�R�U�P�D�W�L�R�Q���)�R�U�P��
�d���Æ���•�����}�u�u�]�•�•�]�}�v���}�v�����v�À�]�Œ�}�v�u���v�š���o���Y�µ���o�]�š�Ç��

�&�}�Œ���Z���P�µ�o���š�����������š�]�À�]�š�]���•���}�v���š�Z���������Á���Œ���•�����‹�µ�]�(���Œ���Z�����Z���Œ�P�������v�����d�Œ���v�•�]�š�]�}�v���•�}�v���•�����v�����Z���o���š�]�v�P���š�}��
�ï�ì���d�������‘�î�í�ï�X�ð�~���•���˜���‘�î�í�ï�X�ñ�~���•�~�î�•�~���•�U���~���•�����(�(�����š�]�À�����:�µ�v�����í�U���í�õ�õ�õ��

�d�}�����v�•�µ�Œ�����š�Z���š���š�Z�������‰�‰�o�]�����š�]�}�v���]�•�������u�]�v�]�•�š�Œ���š�]�À���o�Ç�����}�u�‰�o���š���U�����}�v�(�]�Œ�u���š�Z���š�����o�o���(�]���o���•���]�v���š�Z�����(�}�Œ�u��
���Œ�������}�u�‰�o���š���U���À���Œ�]�(�Ç���š�Z���š�����o�o���Œ���‹�µ���•�š�������]�v�(�}�Œ�u���š�]�}�v���]�•���‰�Œ�}�À�]�������U�����}�v�•�]�•�š���v�š�o�Ç���Œ���(���Œ���v�������š�Z����
�•���u�����•�]�š�������v�������}�v�š�����š���‰���Œ�•�}�v���]�v�����o�o���(�}�Œ�u�•���]�v���š�Z�������‰�‰�o�]�����š�]�}�v�U�����v�������v�•�µ�Œ�����(�}�Œ�u�•�����Œ�����•�]�P�v���������Ç��
�š�Z�������‰�‰�Œ�}�‰�Œ�]���š�����‰���Œ�š�Ç�X����

�E�}�š���W���/�v���o�µ���]�v�P�����o�o���š�Z�����]�v�(�}�Œ�u���š�]�}�v���Œ���‹�µ���•�š�������]�v���š�Z�����(�}�Œ�u�����v�������š�š�����Z�u���v�š�•�����}�v�š�Œ�]���µ�š���•���š�}��
�u�}�Œ�����•�š�Œ�����u�o�]�v�������š�����Z�v�]�����o���Œ���À�]���Á�•�X��

�6�L�J�Q�D�W�X�U�H��

�d�}���š�Z���������•�š���}�(���u�Ç���l�v�}�Á�o�����P���U���š�Z�����Œ���•�‰�}�v�•���•���š�}���š�Z�]�•���(�}�Œ�u���������µ�Œ���š���o�Ç���Œ���(�o�����š�����o�o���]�v�(�}�Œ�u���š�]�}�v��
�Œ���‹�µ���•�š���������}�v�����Œ�v�]�v�P���š�Z�����‰�Œ�}�‰�}�•�������Œ���P�µ�o���š�����������š�]�À�]�š�]���•�����v�����u���š�Z�}���•���š�}���‰�Œ�}�š�����š���š�Z���������Á���Œ���•��
���‹�µ�]�(���Œ�X���d�Z�]�•���'���v���Œ���o���/�v�(�}�Œ�u���š�]�}�v���&�}�Œ�u���]�•���Z���Œ�����Ç���•�µ���u�]�š�š�������(�}�Œ���d�����Y���Œ���À�]���Á�X�����d�Z�������‰�‰�o�]�����š�]�}�v��
�Á���•���‰�Œ���‰���Œ���������Ç�W��

�W�Œ�]�v�š���E���u�����}�(�����µ�•�š�}�u���Œ�l���P���v�š�W���:���À�]���Œ�������•�š���o�o�}�U���W�X���X��

�����š���W���� �� �� �� �� ��

�^�]�P�v���š�µ�Œ�����}�(�����µ�•�š�}�u���Œ�l���P���v�š�W��

��

�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z�z��
��
�3�U�R�M�H�F�W���,�Q�I�R�U�P�D�W�L�R�Q��

�í�X�� �Z���P�µ�o���š���������v�š�]�š�Ç���E���u���W�����}�v�š���•�•�����d�Œ�����š��

�î�X�� ���}�µ�v�š�Ç�W�����}�u���o��

�ï�X�� �^�š�Œ�����u�������•�]�v�W�����}�u���o���Z�]�À���Œ���r���'�µ�������o�µ�‰�����Z�]�À���Œ��

�ð�X�� �'�Œ�}�µ�v���Á���š���Œ�����}�v�•���Œ�À���š�]�}�v�����]�•�š�Œ�]���š���~�/�(�����‰�‰�o�]�������o���•�W�������Á���Œ���•�����‹�µ�]�(���Œ��

�ñ�X�� �����Á���Œ���•�����‹�µ�]�(���Œ���•�}�v���W��

���Z�����Z���Œ�P�����•�}�v����
���d�Œ���v�•�]�š�]�}�v���•�}�v���� �� ��

�ò�X�� �W�o���v���d�Ç�‰���W��

���t�W���W��
���^���^��
���D�}���]�(�]�����š�]�}�v��

�����^�d��
���h�^�d��
�����Æ�����‰�š�]�}�v���Z���‹�µ���•�š
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�ó�X�� ���µ�•�š�}�u���Œ���~���‰�‰�o�]�����v�š�•�W��

���}�v�š�����š���W���Œ�•�}�v�W�����Œ�]���v���K�š�š�}��
���v�š�]�š�Ç�W���D���Œ�]�š���P�����,�}�u���•���}�(���d���Æ���•���>�>����
�D���]�o�]�v�P���������Œ���•�•�W���î�ó�î�î���t�X�����]�š�š���Œ�•���Z���U���^�µ�]�š�����î�ì�ì
���]�š�Ç�U���^�š���š���W���^���v�����v�š�}�v�]�}�U���d�y�� �•�]�‰�W���ó�ô�î�ð�ô
�d���o���‰�Z�}�v���W���î�í�ì�r�ð�ì�î�r�ò�ì�ð�ñ�� �&���y�W���� �� �� �� ��
���u���]�o���������Œ���•�•�W�����Œ�]���v�X�}�š�š�}�›�u���Œ�]�š���P���Z�}�u���•�X���}�u��

�ô�X�� ���P���v�š�l�Z���‰�Œ���•���v�š���š�]�À�����~�/�(�����v�Ç�•�W��

���}�v�š�����š���W���Œ�•�}�v�W���:���À�]���Œ�������•�š���o�o�}�U���W�X���X��
���v�š�]�š�Ç�W�����µ���������v�P�]�v�����Œ�•��
�D���]�o�]�v�P���������Œ���•�•�W���ð�í�î�î���W�}�v�����,�]�o�o���Z�}�����U���^�š���X���í�ì�í
���]�š�Ç�U���^�š���š���W���^���v�����v�š�}�v�]�}�U���d�y�� �•�]�‰�W�����ó�ô�î�ï�í
�d���o���‰�Z�}�v���W���î�í�ì�r�ò�ô�í�r�î�õ�ñ�í�� �&���y�W���î�í�ì�r�ñ�î�ï�r�ó�í�í�î
���u���]�o���������Œ���•�•�W���i�����•�š���o�o�}�›���µ�������v�P�]�v�����Œ�•�X���}�u��

�õ�X�� �W�Œ�}�i�����š���>�}�����š�]�}�v�W��

���d�Z�����‰�Œ�}�i�����š���•�]�š�����]�•���o�}�����š�������]�v�•�]�������š�Z�������]�š�Ç���o�]�u�]�š�•���}�(���� �� �� �� �� �X��
���d�Z�����‰�Œ�}�i�����š���•�]�š�����]�•���o�}�����š�������}�µ�š�•�]�������š�Z�������]�š�Ç���o�]�u�]�š�•�����µ�š���]�v�•�]�������š�Z�������d�:���~���Æ�š�Œ���r�š���Œ�Œ�]�š�}�Œ�]���o��
�i�µ�Œ�]�•���]���š�]�}�v�•���}�(���� �� �� �� �� �X��

���d�Z�����‰�Œ�}�i�����š���•�]�š�����]�•���v�}�š���o�}�����š�������Á�]�š�Z�]�v�����v�Ç�����]�š�Ç�[�•���o�]�u�]�š�•���}�Œ�����d�:�X��

�í�ì�X�� ���d�Z�����o�}�����š�]�}�v���}�(���š�Z�����‰�Œ�}�i�����š���•�]�š�����]�•�������•���Œ�]�������������o�}�Á�X�����d�Z���������•���Œ�]�‰�š�]�}�v���‰�Œ�}�À�]�����•���•�µ�(�(�]���]���v�š��
�����š���]�o�����v�������o���Œ�]�š�Ç���•�}���š�Z���š���š�Z�����d�����Y�[�•���Z���P�]�}�v���o���•�š���(�(�������v�������•�]�o�Ç���o�}�����š�����š�Z�����‰�Œ�}�i�����š�����v�����•�]�š����
���}�µ�v�����Œ�]���•���(�}�Œ�������(�]���o�����]�v�À���•�š�]�P���š�]�}�v�X����

�d�Z�����‰�Œ�}�‰�}�•�������‰�Œ�}�i�����š�����}�v�š���•�•�����d�Œ�����š���]�•���o�}�����š�������•�}�µ�š�Z�����•�š���}�(���š�Z�����]�v�š���Œ�•�����š�]�}�v���}�(��
�D�}�v�š���v�]�}�����Œ�����v�����^���Z�}���v�š�Z���o���Z�}�������E�X��

�í�í�X�� �����š�š�����Z�u���v�š�������t���Z�}�������D���‰�X���������Œ�}�������u���‰���•�Z�}�Á�]�v�P�����]�Œ�����š�]�}�v�•���š�}�����v�����š�Z�����o�}�����š�]�}�v���}�(���š�Z����
�‰�Œ�}�i�����š���•�]�š�����]�•�����š�š�����Z�����X���d�Z�����‰�Œ�}�i�����š���o�}�����š�]�}�v�����v�����•�]�š�������}�µ�v�����Œ�]���•�����Œ�������o�����Œ�o�Ç���•�Z�}�Á�v���}�v��
�š�Z�����u���‰�X��

�í�î�X�� �����š�š�����Z�u���v�š�������r���h�^�'�^���l�������Á���Œ���•���Z�����Z���Œ�P�����•�}�v�����D���‰�X�����������}�‰�Ç���}�(���š�Z�����}�(�(�]���]���o���ó���*���u�]�v�µ�š����
�h�^�'�^���Y�µ�����Œ���v�P�o�����D���‰���~�^�����o���W���í�—���A���î�ì�ì�ì�–�•���}�(���š�Z���������Á���Œ���•���Z�����Z���Œ�P�����•�}�v�����]�•�����š�š�����Z�����X����
�d�Z�����u���‰�~�•�•�����o�����Œ�o�Ç���•�Z�}�Á�W��

���W�Œ�}�i�����š���•�]�š�������}�µ�v�����Œ�]���•�X��
���h�^�'�^���Y�µ�����Œ���v�P�o�����E���u���~�•�•�X��
�����}�µ�v�����Œ�]���•���}�(���š�Z�����Z�����Z���Œ�P�����•�}�v�����~���v�����d�Œ���v�•�]�š�]�}�v���•�}�v���U���]�(�����‰�‰�o�]�������o���•�X��
�����Œ���]�v���P�����‰���š�Z���(�Œ�}�u���š�Z�����‰�Œ�}�i�����š���•�]�š�����š�}���š�Z�������}�µ�v�����Œ�Ç���}�(���š�Z�����Z�����Z���Œ�P�����•�}�v���X��

�í�ï�X�� ���d�Z�����d�����Y���u�µ�•�š�������������o�����š�}���]�v�•�‰�����š���š�Z�����‰�Œ�}�i�����š���•�]�š�����}�Œ���š�Z�������‰�‰�o�]�����š�]�}�v���Á�]�o�o���������Œ���š�µ�Œ�v�����X����
�^�µ�(�(�]���]���v�š���•�µ�Œ�À���Ç���•�š���l�]�v�P���]�•���‰�Œ�}�À�]���������}�v���š�Z�����‰�Œ�}�i�����š���š�}�����o�o�}�Á���d�����Y���Œ���P�]�}�v���o���•�š���(�(���š�}���o�}�����š����
�š�Z�������}�µ�v�����Œ�]���•�����v�������o�]�P�v�u���v�š���}�(���š�Z�����Œ���P�µ�o���š�����������š�]�À�]�š�]���•�����v�����š�Z�����P���}�o�}�P�]�����}�Œ���u���v�u��������
�(�����š�µ�Œ���•���v�}�š�������]�v���š�Z�����'���}�o�}�P�]�������•�•���•�•�u���v�š�X������



�����R�I������
�7�&�(�4���������������5�H�Y������������������������
��

���^�µ�Œ�À���Ç���•�š���l�]�v�P���Á�]�o�o�����������}�u�‰�o���š���������Ç���š�Z�]�•�������š���W���h�‰�}�v���d�����Y���Z���‹�µ���•�š��

�í�ð�X�� �����š�š�����Z�u���v�š�������t���W�Œ�}�i�����š�������•���Œ�]�‰�š�]�}�v�X�������š�š�����Z���������š���š�Z�������v�����}�(���š�Z�]�•���(�}�Œ�u���]�•�����������š���]�o������
�v���Œ�Œ���š�]�À���������•���Œ�]�‰�š�]�}�v���}�(���š�Z�����‰�Œ�}�‰�}�•�������‰�Œ�}�i�����š�X�����d�Z�����‰�Œ�}�i�����š�������•���Œ�]�‰�š�]�}�v���]�•�����}�v�•�]�•�š���v�š��
�š�Z�Œ�}�µ�P�Z�}�µ�š���š�Z�������‰�‰�o�]�����š�]�}�v�����v�������}�v�š���]�v�•�U�����š�������u�]�v�]�u�µ�u�U���š�Z�����(�}�o�o�}�Á�]�v�P�������š���]�o�•�W��

�����Œ�������}�(���š�Z�����•�]�š����
���K�(�(�•�]�š�������Œ�����•��
���/�u�‰���Œ�À�]�}�µ�•�����}�À���Œ��
���W���Œ�u���v���v�š�����D�W�~�•�•��
���W�Œ�}�‰�}�•�������•�]�š�����µ�•����
���^�]�š�����Z�]�•�š�}�Œ�Ç��
���W�Œ���À�]�}�µ�•�������À���o�}�‰�u���v�š��
�����Œ�����~�•�•���š�}�������������u�}�o�]�•�Z������

�í�ñ�X�����Æ�]�•�š�]�v�P���‰�Œ�}�i�����š���•�]�š�������}�v���]�š�]�}�v�•�����Œ�����v�}�š�����������o�}�Á�W������

�����Æ�]�•�š�]�v�P�����}�u�u���Œ���]���o���•�]�š����
�����Æ�]�•�š�]�v�P���]�v���µ�•�š�Œ�]���o���•�]�š����
�����Æ�]�•�š�]�v�P���Œ���•�]�����v�š�]���o���•�]�š����
�����Æ�]�•�š�]�v�P���‰���À���������v���l�}�Œ���µ�v�‰���À�������Œ�}�����•��
���h�v�����À���o�}�‰�������~���o�����Œ�����•��
���h�v�����À���o�}�‰�������~�h�v���]�•�š�µ�Œ�������l�h�v���o�����Œ�����•��
���K�š�Z���Œ�W���� �� �� �� �� ��

�3�U�R�K�L�E�L�W�H�G���$�F�W�L�Y�L�W�L�H�V��

�í�ò�X�� ���/�����u�����Á���Œ�����š�Z���š���š�Z�����(�}�o�o�}�Á�]�v�P�������š�]�À�]�š�]���•�����Œ�����‰�Œ�}�Z�]���]�š�������}�v���š�Z�����Z�����Z���Œ�P�����•�}�v�������v�������Œ�����v�}�š��
�‰�Œ�}�‰�}�•�������(�}�Œ���š�Z�]�•���‰�Œ�}�i�����š�W��

�~�í�•���t���•�š�������]�•�‰�}�•���o���Á���o�o�•���Œ���P�µ�o���š�������µ�v�����Œ���ï�ì���d���������Z���‰�š���Œ���ï�ï�í���}�(���š�Z�]�•���š�]�š�o�����~�Œ���o���š�]�v�P���š�}��
�h�v�����Œ�P�Œ�}�µ�v�����/�v�i�����š�]�}�v�����}�v�š�Œ�}�o�•�V��

�~�î�•���E���Á���(�������o�}�š�l���}�v�����v�š�Œ���š���������v�]�u���o���(�������]�v�P���}�‰���Œ���š�]�}�v�•�U�����•�������(�]�v�������]�v���ï�ì���d�������‘�î�í�ï�X�ï�V��

�~�ï�•���>���v�������]�•�‰�}�•���o���}�(�����o���•�•���/���Á���•�š���•�U�����•�������(�]�v�������]�v���ï�ì���d�������‘�ï�ï�ñ�X�í�V��

�~�ð�•���d�Z�����µ�•�����}�(���•���Á���P�����Z�}�o���]�v�P���š���v�l�•�����•���‰���Œ�š�•���}�(���}�Œ�P���v�]�Ì���������}�o�o�����š�]�}�v���•�Ç�•�š���u�•�V�����v����

�~�ñ�•���E���Á���u�µ�v�]���]�‰���o���•�}�o�]�����Á���•�š�����o���v���(�]�o�o���(�����]�o�]�š�]���•���Œ���‹�µ�]�Œ�������š�}���u�����š�����v�������}�u�‰�o�Ç���Á�]�š�Z���d�Ç�‰�����/��
�•�š���v�����Œ���•���Á�Z�]���Z�����Œ���������(�]�v�������]�v���‘�ï�ï�ì�X�ð�í�~���•�U���~���•�U�����v�����~���•���}�(���š�Z�]�•���š�]�š�o�����~�Œ���o���š�]�v�P���š�}���d�Ç�‰���•��
�}�(���D�µ�v�]���]�‰���o���^�}�o�]�����t���•�š�����&�����]�o�]�š�]���•�•�X��

�~�ò�•���E���Á���u�µ�v�]���]�‰���o�����v�����]�v���µ�•�š�Œ�]���o���Á���•�š���Á���š���Œ�����]�•���Z���Œ�P���•���]�v�š�}���}�Œ�������i�������v�š���š�}���Á���š���Œ���]�v���š�Z����
�•�š���š�����š�Z���š���Á�}�µ�o�������Œ�����š�����������]�š�]�}�v���o���‰�}�o�o�µ�š���v�š���o�}�����]�v�P�X��

�í�ó�X�� ���/�����u�����Á���Œ�����š�Z���š���š�Z�����(�}�o�o�}�Á�]�v�P�������š�]�À�]�š�]���•�����Œ�����‰�Œ�}�Z�]���]�š�������}�v���š�Z�����d�Œ���v�•�]�š�]�}�v���•�}�v�������v�������Œ����
�v�}�š���‰�Œ�}�‰�}�•�������(�}�Œ���š�Z�]�•���‰�Œ�}�i�����š�W��

�~�í�•���t���•�š�������]�•�‰�}�•���o���Á���o�o�•���Œ���P�µ�o���š�������µ�v�����Œ���ï�ì���d���������Z���‰�š���Œ���ï�ï�í���~�Œ���o���š�]�v�P���š�}���h�v�����Œ�P�Œ�}�µ�v����
�/�v�i�����š�]�}�v�����}�v�š�Œ�}�o�•�V��
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�~�î�•���>���v�������]�•�‰�}�•���o���}�(�����o���•�•���/���Á���•�š���•�U�����•�������(�]�v�������]�v���ï�ì���d�������‘�ï�ï�ñ�X�í�V�����v����

�~�ï�•���E���Á���u�µ�v�]���]�‰���o���•�}�o�]�����Á���•�š�����o���v���(�]�o�o���(�����]�o�]�š�]���•���Œ���‹�µ�]�Œ�������š�}���u�����š�����v�������}�u�‰�o�Ç���Á�]�š�Z���d�Ç�‰�����/��
�•�š���v�����Œ���•���Á�Z�]���Z�����Œ���������(�]�v�������]�v���‘�ï�ï�ì�X�ð�í���~���•�U���~���•�U�����v�����~���•���}�(���š�Z�]�•���š�]�š�o���X��

�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H���,�Q�I�R�U�P�D�W�L�R�Q��

�í�ô�X���d�Z�����(�������(�}�Œ���š�Z�����‰�o���v�~�•�•���]�•�������•�������}�v�W��

���&�}�Œ�������t���š���Œ���W�}�o�o�µ�š�]�}�v���������š���u���v�š���W�o���v���}�Œ���D�}���]�(�]�����š�]�}�v�U���š�Z�����š�}�š���o�������Œ�����P�����}�(���š�Z�����•�]�š����
�Á�Z���Œ�����Œ���P�µ�o���š�����������š�]�À�]�š�]���•���Á�]�o�o���}�����µ�Œ�X��

���&�}�Œ�����v���K�Œ�P���v�]�Ì�������^���Á���P�������}�o�o�����š�]�}�v���^�Ç�•�š���u���W�o���v���}�Œ���D�}���]�(�]�����š�]�}�v�U���š�Z�����š�}�š���o���o�]�v�����Œ��
�(�}�}�š���P�����}�(�����o�o�����}�o�o�����š�]�}�v���•�Ç�•�š���u���o�]�v���•�X��

���&�}�Œ�������h�^�d���&�����]�o�]�š�Ç���W�o���v���}�Œ���D�}���]�(�]�����š�]�}�v���}�Œ�����v�����^�d���&�����]�o�]�š�Ç���W�o���v���}�Œ���D�}���]�(�]�����š�]�}�v�U���š�Z�����š�}�š���o��
�v�µ�u�����Œ���}�(���š���v�l�•���}�Œ���‰�]�‰�]�v�P���•�Ç�•�š���u�•�X��

�������Œ���‹�µ���•�š���(�}�Œ�����v�����Æ�����‰�š�]�}�v���š�}�����v�Ç���•�µ���•�š���v�š�]�À�����‰�}�Œ�š�]�}�v���}�(���š�Z�����Œ���P�µ�o���š�]�}�v�•���Œ���o���š�������š�}���š�Z����
�‰�Œ�}�š�����š�]�}�v���}�(���Á���š���Œ���‹�µ���o�]�š�Ç�X��

�������Œ���‹�µ���•�š���(�}�Œ�����v�����Æ�š���v�•�]�}�v���š�}�������‰�Œ���À�]�}�µ�•�o�Ç�����‰�‰�Œ�}�À�������‰�o���v�X��

�í�õ�X�� �����‰�‰�o�]�����š�]�}�v���(�����•�����Œ�������µ�������v�����‰���Ç�����o�������š���š�Z�����š�]�u�����š�Z�������‰�‰�o�]�����š�]�}�v���]�•���(�]�o�����X�����/�(���š�Z�������}�Œ�Œ�����š��
�(�������]�•���v�}�š���•�µ���u�]�š�š�����U���š�Z�����d�����Y���]�•���v�}�š���Œ���‹�µ�]�Œ�������š�}�����}�v�•�]�����Œ���š�Z�������‰�‰�o�]�����š�]�}�v���µ�v�š�]�o���š�Z����
���}�Œ�Œ�����š���(�������]�•���•�µ���u�]�š�š�����X�������}�š�Z���š�Z�����(���������v�����š�Z���������Á���Œ���•�����‹�µ�]�(���Œ���&�������&�}�Œ�u���Z���À�����������v��
�•���v�š���š�}���š�Z�������}�u�u�]�•�•�]�}�v�–�•�W��

���d�����Y�������•�Z�]���Œ��
�����µ�•�š�]�v���Z���P�]�}�v���o���K�(�(�]�������~�(�}�Œ���‰�Œ�}�i�����š�•���]�v���,���Ç�•�U���d�Œ���À�]�•�U�����v�����t�]�o�o�]���u�•�}�v�����}�µ�v�š�]���•�•��
���^���v�����v�š�}�v�]�}���Z���P�]�}�v���o���K�(�(�]�������~�(�}�Œ���‰�Œ�}�i�����š�•���]�v�������Æ���Œ�U�����}�u���o�U���<�]�v�v���Ç�U���D�����]�v���U�����v����
�h�À���o���������}�µ�v�š�]���•�•��
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Fros t  Geosc iences ,  I nc .  
13406 Wes te rn  Oak  

Helo tes ,  Texas  78023  
Of f i ce  (210) -372-1315  

Fax  (210) -372-1318  
www.frostgeosciences.com 

TBPE Firm Registrat ion # F -9227 
TBPG Firm Registrat ion # 50040 

 
February 25, 2025 

 
Meritage Homes 
2722 West Bitters Road, Suite 200 
San Antonio, Texas 78248 
 
Attn: Tonda Alexander 
 
SUBJECT: 
Geologic Assessment (WPAP) 
for the Regulated Activities / Development on the 
Edwards Aquifer Recharge / Transition Zone  
The Contessa Tract 
10054 Schoenthal Road North 
New Braunfels, Texas 78132 
FGS Project No FGS-E25111 
 
Dear Ms. Alexander: 
 
Frost GeoSciences, Inc., (FGS) is pleased to submit the enclosed Geologic Assessment completed for 
the above referenced project site as it relates to 30 TAC §213.5(b)(3), effective June 1, 1999.  Our 
investigation was conducted, and this report was prepared in general accordance with the Texas 
Commission on Environmental Quality (TCEQ) �^�/�v�•�š�Œ�µ���š�]�}�v�•�� �š�}�� �'���}�o�}�P�]�•�š�•�_�U�� �d�����Y-0585-Instructions 
(Rev. 10-1-04). 
 
If you have any questions regarding this report, or if Frost GeoSciences, Inc. may be of additional 
assistance to you on this project, please feel free to call our office.  It has been a pleasure to work 
with you and we wish to thank you for the opportunity to be of service to you on this project.  We 
look forward to being of continued service. 
 
We appreciate the opportunity to perform these services for Meritage Homes.  Please contact the 
undersigned if you have questions regarding this report. 
 

Respectfully submitted, 
Frost GeoSciences, Inc. 

 
 
 
 

 
Ethan Levine 
Field Geologist 

 Steve Frost, C.P.G., P.G. 
Senior Geologist 

 
Copies Submitted:  (1) Tonda Alexander; Meritage Homes 
    (6) Cude Engineers 
    (1) Electronic (pdf) Copy 
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GEOLOGIC ASSESSMENT  

Texas Commission on Environmental Quality (TCEQ) 

For Regulated Activities on The Edwards Aquifer Recharge/transition Zones and Relating to 30 TAC 
§213.5(b)(3), Effective June 1, 1999 

To ensure that the application is administratively complete, confirm that all fields in the form are 
complete, verify that all requested information is provided, consistently reference the same site and 
contact person in all forms in the application, and ensure forms are signed by the appropriate party.  

Note: Including all the information requested in the form and attachments contributes to more 
streamlined technical reviews. 

Signature 

To the best of my knowledge, the responses to this form accurately reflect all information requested concerning 
the proposed regulated activities and methods to protect the Edwards Aquifer.  My signature certifies that I am 
qualified as a geologist as defined by 30 TAC Chapter 213. 

Print Name of Geologist: Steve Frost, C.P.G., P.G. 

Date: February 25, 2025   
  

Telephone: (210) 372-1315    

Fax: (210) 372-1318     

Representing: Frost GeoSciences, Inc. 50040 (Name of Company and TBPG or TBPE registration 
number) 

Signature of the Geologist: 

 

  

Regulated Entity Name: The Contessa Tract       

Project Information 

1.�� Date(s) Geologic Assessment was performed: 2/10/25, 2/12/25, 2/14/25, 2/17/25, and 2/18/25  

2.�� Type of Project: 

 WPAP 
 SCS 

 AST 
 UST 

3.�� Location of Project: 

 Recharge Zone 
 Transition Zone 
 Contributing Zone within the Transition Zone
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4.��  Attachment A - Geologic Assessment Table.  Completed Geologic Assessment Table (Form TCEQ-
0585-Table) is attached. 

5.��  Soil cover on the project site is summarized in the table below and uses the SCS Hydrologic Soil 
Groups* (Urban Hydrology for Small Watersheds, Technical Release No. 55, Appendix A, Soil 
Conservation Service, 1986).  If there is more than one soil type on the project site, show each soil 
type on the site Geologic Map or a separate soils map 

 

�7�D�E�O�H�����������6�R�L�O���8�Q�L�W�V�����,�Q�I�L�O�W�U�D�W�L�R�Q��
�&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�Q�G���7�K�L�F�N�Q�H�V�V��

Soil Name Group* Thickness(feet) 

Comfort D 0-1 

Medlin/Eckert D 1-2 

Krum D 3-4 

Orif A 6-7 

Rumple C 3-4 

 *Soil Group Definitions (Abbreviated) 

A. Soils having a high infiltration rate 
when thoroughly wetted. 

B. Soils having a moderate infiltration 
rate when thoroughly wetted. 

C. Soils having a slow infiltration rate 
when thoroughly wetted. 

D. Soils having a very slow infiltration 
rate when thoroughly wetted 

 

6.��  Attachment B �t Stratigraphic Column.  A stratigraphic column showing formations, members, 
and thicknesses is attached.  The outcropping unit, if present, should be at the top of the 
stratigraphic column.  Otherwise, the uppermost unit should be at the top of the stratigraphic 
column. 

7.��  Attachment C �t Site Geology.  A narrative description of the site-specific geology including any 
features identified in the Geologic Assessment Table, a discussion of the potential for fluid 
movement to the Edwards Aquifer, stratigraphy, structure(s), and karst characteristics is 
attached. 

8.��  Attachment D �t Site Geologic Map(s).  The Site Geologic Map must be the same scale as the 
applicant's Site Plan.   

Applicant's Site Plan Scale: 1" = 300' 
Site Geologic Map Scale: 1" = 300' 
Site Soils Map Scale (if more than 1 soil type): 1" = 500' 

9.�� Method of collecting positional data: 

 Global Positioning System (GPS) technology. 
 Other method(s). Please describe method of data collection: 2020 Aerial Photograph 

10.��  The project site and boundaries are clearly shown and labeled on the Site Geologic Map. 

11.��  Surface geologic units are shown and labeled on the Site Geologic Map. 
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12.��  Geologic or manmade features were discovered on the project site during the field investigation.  
They are shown and labeled on the Site Geologic Map and are described in the attached Geologic 
Assessment Table. 

 Geologic or manmade features were not discovered on the project site during the field 
investigation. 

13.��  The Recharge Zone boundary is shown and labeled, if appropriate. 

14.��All known wells (test holes, water, oil, unplugged, capped and/or abandoned, etc.): If applicable, the 
information must agree with Item No. 20 of the WPAP Application Section. 

 There is one (1) well present on the project site and the location is shown and labeled.  (Check all 
of the following that apply.) 

 The wells are not in use and have been properly abandoned. 
 The wells are not in use and will be properly abandoned. 
 The wells are in use and comply with 16 TAC Chapter 76. 

 
 There are no wells or test holes of any kind known to exist on the project site. 

 

Administrative Information 

15.��  Submit one (1) original and one (1) copy of the application, plus additional copies as needed for 
each affected incorporated city, groundwater conservation district, and county in which the 
project will be located.  The TCEQ will distribute the additional copies to these jurisdictions.  The 
copies must be submitted to the appropriate regional office. 
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STRATIGRAPHIC COLUMN 
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GEOLOGIC ASSESSMENT TABLE ��
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���$���7�<�3�(�� �7�<�3�(�� ���� ���%���3�2�,�1�7�6������ ���$���,�1�)�,�/�/�,�1�*�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
�&�� �&�D�Y�H���� ���� ���� ���� ���� ������ �1�� �1�R�Q�H�����H�[�S�R�V�H�G���E�H�G�U�R�F�N�� ���� ���� ���� ���� ���� ���� ���� ���� ����
�6�&�� �6�R�O�X�W�L�R�Q���F�D�Y�L�W�\�� ���� ���� ���� ������ �&�� �&�R�D�U�V�H�������F�R�E�E�O�H�V�����E�U�H�D�N�G�R�Z�Q�����V�D�Q�G�����J�U�D�Y�H�O���� ���� ���� ���� ���� ���� ���� ����
�6�)�� �6�R�O�X�W�L�R�Q���H�Q�O�D�U�J�H�G���I�U�D�F�W�X�U�H���V���� ���� ���� ������ �2�� �/�R�R�V�H���R�U���V�R�I�W���P�X�G���R�U���V�R�L�O�����R�U�J�D�Q�L�F�V�����O�H�D�Y�H�V�����V�W�L�F�N�V�����G�D�U�N���F�R�O�R�U�V���� ���� ���� ���� ���� ����
�)�� �)�D�X�O�W�� ���� ���� ���� ���� ������ �)�� �)�L�Q�H�V�����F�R�P�S�D�F�W�H�G���F�O�D�\���U�L�F�K���V�H�G�L�P�H�Q�W�����V�R�L�O���S�U�R�I�L�O�H�����J�U�D�\���R�U���U�H�G���F�R�O�R�U�V���� ���� ���� ���� ���� ����
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�� ���� ���� �'�D�W�H����

February 25, 
2025 �������� ���� ����

������
�7�&�(�4���������� ���7�D�E�O�H�����5�H�Y�������������� ����������

Steve Frost, C.P.G., P.G. ���� ���� ���� ���� ���� ���� ���� ���� ����
�� ���� ���� �� ���� ���� ���� ��
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LOCATION 
The project site is an approximately 250-acre tract of land located along and east of Schoenthal Road North, at the 
southeastern corner of the intersection of Schoenthal Road North and Montanio Drive in New Braunfels, Comal 
County, Texas.  An overall view of the area is shown on copies of the site map, a street map, the U.S.G.S. 
Topographic Map, the EAA-Edwards Aquifer Recharge Zone and Contributing Zone Map, the FIRM Map, the U.S. 
Geological Survey, Geologic Framework and Hydro stratigraphy of the Edwards and Trinity Aquifers within 
Northern Bexar and Comal Counties (Clarke, 2016), Texas, Science Investigations Map 3366, U.S. Geological 
Survey: Water Resources Investigations Report (WRI) 94-4117 Geologic Framework and Hydrogeologic 
Characteristics of the Edwards Aquifer Recharge Zone, Comal County, Texas, the Geologic Map of the New 
Braunfels, Texas 30 X 60 Minute Quadrangle, a 2020 �����Œ�]���o���‰�Z�}�š�}�P�Œ���‰�Z�����š�������•�����o�����}�(���í�_�A5�ì�ì�[�U�����v���������E�Z���^���t�������^�}�]�o��
�^�µ�Œ�À���Ç�������Œ�]���o���‰�Z�}�š�}�P�Œ���‰�Z�����š�������•�����o�����}�(���í�_�A5�ì�ì�[�X���d�Z���•�����u���‰�•�����Œ�����]�v���o�µ�����������•���&�]�P�µ�Œ���•���í���š�Z�Œ�}�µ�P�Z��9 in Appendix A. 
 
METHODOLOGY  
The Geologic Assessment was performed by Steve Frost, C.P.G., P.G., Senior Geologist and Ethan Levine with Frost 
GeoSciences, Inc.  Mr. Frost is a Licensed Professional Geoscientist in the State of Texas (License # 315). 
 
Frost GeoSciences, Inc. researched the geology of the area southeast of the intersection of Schoenthal Road North 
and Montanio Drive.  The research included, but was not limited to, the Geologic Atlas of Texas, San Antonio 
Sheet, FEMA maps, Edwards Aquifer Recharge Zone Maps, U.S.G.S. 7.5 Minute Quadrangle Maps, U.S. Geological 
Survey, Geologic Framework and Hydro stratigraphy of the Edwards and Trinity Aquifers within Northern Bexar 
and Comal Counties, Texas, Science Investigations Map 3366, the Bureau of Economic Geology-Geologic Atlas of 
Texas, the Geologic Map of the New Braunfels, Texas 30 X 60 Minute Quadrangle, the U.S.G.S. Water-Resources 
Investigations Report 94-4117, and the U.S.D.A. Soil Survey of Comal County, Texas. 
 
After reviewing the available information, a field investigation was performed to identify any geologic or man-
made Potential Recharge Features (PRFs).  A transect spacing of approximately 50 feet, or less depending on 
vegetation thickness, was used to inspect the project area.  A 2020 aerial photograph, in conjunction with a hand-
held Garmin GPS  73 Global Positioning System with an Estimated Potential Error ranging from 10 to 14 feet, was 
used to navigate around the property and identify the locations of PRFs, as recommended in �š�Z�����^�/�v�•�š�Œ�µ���š�]�}�v�•���š�}��
�'���}�o�}�P�]�•�š�•�_�U�� �d�����Y-0585-Instructions (Rev. 10-1-04).  The locations of any PRFs noted in the field were marked 
with blue and white flagging.  The flagging is numbered with the same potential recharge feature I.D. # that is 
used on the Site Geologic Map.  The Site Geologic Map, indicating the limits of the project site, and the locations 
of PRFs and rock outcrops noted on the project site, is included in Appendix C of this report.   A copy of a 2020 
Aerial Photograph at an approximate scale of �í�_���A5�ì�ì�[ indicating the limits of the project site, and the locations of 
PRFs and rock outcrops noted on the project site, is included on Figure 9 in Appendix A.  The Geologic Assessment 
Form TCEQ-0585, (Rev. 2-11-15), Stratigraphic Column, and the Geologic Assessment Table have been filled with 
the appropriate information for this project site and are included pages 1 through 5 of this report. 
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RESEARCH & OBSERVATIONS 
 

7.5 Minute Quadrangle Map Review  

According to the U.S.G.S. 7.5 Minute Quadrangle Map, Bat Cave, Texas Sheet (1988), the elevation across the 
project site ranges from 770 to 954 feet above mean sea level.  The project site has a total relief of approximately 
184 feet.  The western portion of the project site is located on a topographic high.  The eastern portion of the Site 
slopes south and east toward Dry Comal Creek.  Runoff from the project site appears to flow east and south into 
the Dry Comal Creek, which is depicted crossing the eastern portion of the project site, near the eastern 
boundary.  Multiple structures, an unimproved road and a livestock watering pond are depicted in the western 
portion of the project site.  Schoenthal Road is located along the western property boundary, and Montanio Drive 
is located to the north of the project site.  A copy of the U.S.G.S. 7.5 Minute Quadrangle Map indicating the 
location of the project site is included as Figure 3 in Appendix A. 
 
Recharge/Transition Zone  

According to the E.A.A. Edwards Aquifer Recharge Zone and Contributing Zone Map, Bat Cave (2014), the Official 
Edwards Aquifer Recharge Zone Map, Bat Cave Sheet (1992), and the TCEQ website: Edwards Aquifer Viewer �t 
https://tceq.maps.arcgis.com/apps/webappviewer/index.html, the project site is located within the Recharge 
Zone of the Edwards Aquifer.  A copy of the E.A.A. Edwards Aquifer Recharge Zone and Contributing Zone Map 
indicating the location of the project site is included as Figure 4 in Appendix A. 
 
100-Year Floodplain  

The Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map for Comal County, Texas, 
Community Panel Number 48091C0420F, dated September 2, 2009, was reviewed to determine if the project site 
is located in areas prone to flooding.  A review of the above-mentioned panel number indicates the majority of 
the Site is situated within Zone X (unshaded).  According to the map panel legend, Zone X (unshaded) indicates 
areas determined to be outside the 0.2% annual chance floodplain.  In addition, the flood panel indicated 
floodplain associated with Dry Comal Creek present in the southeastern portion of the Site.  Portions of the 
project site that include the Dry Comal Creek are �]�v���]�����š������ ���•�� �^�•�}�v���� ��E�_ ���v���� �^�•�}�v���� �y�_.  According to the map 
panel legend, � Ẑone AE�_ represents areas determined to be within the 100-year floodplain where base flood 
elevations have been determined, and � Ẑone X�_ represents areas determined to be outside the 0.2% annual 
chance floodplain.  A copy of the above-referenced FIRM panel indicating the location of the project site is 
included as Figure 5 in Appendix A. 
 
Soils  

According to the United States Department of Agricultural (USDA) Natural Resources Conservation Service (NRCS) 
Soil Survey of Comal County (June 1984) and the USDA NRCS Web Soil Survey (WSS) website: 
https://websoilsurvey.nrcs.usda.gov, the Site is located on the following soils: 
 

�x�� The Comfort-Rock outcrop complex, undulating (CrD) consists of shallow, clayey soils and Rock 
outcrops on the side slopes, hilltops, and ridgetops in the uplands area of the Edwards Plateau.  This 
�•�}�]�o�� ���}�u�‰�o���Æ�� �]�•�� ���}�u�‰�}�•������ �}�(�� �š�Z���� ���}�u�(�}�Œ�š�� ���Æ�š�Œ���u���o�Ç�� �•�š�}�v�Ç�� ���o���Ç�� �~�•�ð�õ�9�� �š�}�� �H�õ�ñ�9�� �}�(�� �š�Z���� ���}�u�‰�o���Æ�•�U�� �š�Z����
Rock outcrop (5-36% of the complex), and small amounts of the Rumple, Purves, Eckert, and Real 
soils.  Typically, the surface layer of the Comfort soil is dark brown extremely stony clay about 6 



��

 
FGS Project N o FGS- E2 5111 

9 

�]�v���Z���•���š�Z�]���l�X�����^�š�}�v���•�����v�������}�����o���•���~�•�}�u�������•���u�µ���Z�����•���ð�[�������Œ�}�•�•�•�����}�À���Œ��approximately 45% of the surface.  
The subsoil extends to a depth of 13 inches.  It is dark reddish brown, extremely stony clay.  The 
underlying material is indurated fractured limestone.  The soil is mildly alkaline and non-calcareous 
throughout.  The soil is well drained, surface runoff is slow to medium, permeability is slow, and the 
available water capacity is very low.  Water erosion is a slight hazard.  Typically, the Rock outcrop is 
dolomitic limestone that is barren of soil except in narrow fractures in the rock.  Some areas may have 
as much as 3 inches of soil on top of the outcrop. 

 
�x�� The Krum clay, 1-3% slopes (KrB) has a surface layer that is dark gray clay about 16 inches thick.  The 

subsoil to a depth of 58 inches is grayish brown clay, and to a depth of 66 inches it is brown clay.  The 
underlying material to a depth of 80 inches is pale brown clay.  The soil is moderately alkaline and 
calcareous throughout.  The soil is well drained.  Surface runoff is high.  Permeability is moderately 
slow, the available water capacity is high, and water erosion is a moderate hazard. 

 
�x�� The Medlin-Eckert association, undulating (MEC) consists of very shallow to shallow and deep soils 

on the upland areas of the Edwards Plateau.  The Medlin soils are typically found on lower side slopes 
and the Eckert soils found along the upper side slopes and crests.  Medlin soils can be found eroded in 
about 15% of the areas mapped.  Typically, the Medlin soil has a grayish brown clay surface layer 
about 9 inches thick.  The subsoil, to a depth of 24 inches, is olive clay and to a depth of 38 inches is 
mottled pale olive and pale-yellow clay.  The underlying material to a depth of 80 inches is mottled 
olive, pale yellow and brownish yellow shale.  The soil is moderately alkaline and calcareous 
throughout.  The Medlin soil is well drained, surface runoff is rapid, permeability is very slow, the 
available water capacity is high, and water erosion is a severe hazard.  Typically, the surface layer of 
the Eckert soil is a dark brown extremely stony clay about 17 inches thick.  The underlying material is 
a fractured limestone bedrock.  The soil is moderately alkaline and noncalcareous throughout.  The 
soil is well drained, surface runoff is rapid, permeability is moderately slow, and the available water 
capacity is very low.  Water erosion is a slight hazard. 

 
�x�� The Orif soils, frequently flooded (Or) are deep, nearly level soils on flood plains of large creeks and 

rivers.  Slopes are convex and on average are less than 1 percent.  They are adjacent to the stream 
channel.  The areas are long and narrow and range from 10 to 350 acres in size.  The surface texture is 
gravelly loam, gravelly sandy loam, gravelly loamy sand, or a very gravelly counterpart.  The texture 
does not vary in a regular pattern.  Typically, the surface layer is grayish brown, moderately alkaline 
gravelly loamy sand about 20 inches thick.  The underlying layer to a depth of 60 inches is very 
gravelly loamy sand stratified with very gravelly sand, very gravelly sandy loam, and loam.  These soils 
are well drained.  Flooding occurs several times in most years and is of very brief duration.  
Floodwaters are swift and destructive.  Surface runoff is slow.  Permeability is rapid.  The available 
water capacity is low.  The rooting zone is deep.  Water erosion is a severe hazard. 

 
�x�� The Rumple-Comfort Association (RuD) consists of shallow and moderately deep soils located on 

uplands in the Edwards Plateau Land Resource Area.  The surface layer of the Rumple Soil is dark 
reddish brown very cherty clay loam about 10 inches thick.  Rounded chert and limestone cobbles and 
gravel cover about 20 percent of the surface.  The subsoil to a depth of 14 inches is dark reddish-



��

 
FGS Project N o FGS- E2 5111 

10  

brown very cherty clay, and to a depth of 28 inches it is dark reddish-brown extremely stony clay.  The 
underlying material is indurated fractured limestone.  The Comfort Soil is dark brown, neutral, 
extremely stony clay about 7 inches thick.  The subsoil to a depth of 12 inches is dark reddish-brown, 
mildly alkaline, extremely stony clay.  The underlying material is indurated fractured limestone.  The 
soil is non-calcareous throughout.  The soils in this association are well drained.  Surface runoff is 
medium, but varies due to the occurrence of caves, fracture zones, and sinks.  Permeability is 
moderately slow.   Water erosion is a moderate hazard. 

 

Narrative Description of the Site Geology  

Based on a visual inspection of the ground surface, the overall potential for fluid flow from the project site into 
the Edwards Aquifer appears to be low.  The locations of the PRFs are identified on the 2020 aerial photograph on 
Figure 9 in Appendix A, and on the Site Geologic Map provided in Appendix C.  Color photos of the project site and 
PRFs are included in Appendix B. 
 
Potential Recharge Feature S-1 is a water-well.  The water well appeared to be capped and in good working order 
at the time of the site reconnaissance.  An electrical generator was observed near S-1 that appeared to supply 
power to a submerged pump within the well.    Frost GeoSciences rates the feature as low on figure 1 of the TCEQ-
0585-Instructions (Rev. 10-01-04).  The feature scores a 32 on the sensitivity scale, column 10 of the Geologic 
Assessment Table included on pages 5 through 7 of this report. Frost GeoSciences, Inc. does not consider the 
water well to be a sensitive feature. 
 
Potential Recharge Features S-2, S-3, S-5, S-6, S-7, S-8, S-9, S-10, S-11, S-12, S-13, S-14, S-15, S-20, S-21, S-22, S-23, 
S-24, S-25, S-26, and S-27 are solution cavities of varying dimensions that were observed to be filled in with fine 
material and leaves at the time of the site reconnaissance.  The solution cavities occur on hillsides and are 
generally located under rock ledges, at the bases of trees, or in surface bedrock.  Many of these solution cavities 
appeared to have been excavated by burrowing animals or washed out between rocks by surface runoff.  Frost 
GeoSciences rates these features as low on figure 1 of the TCEQ-0585-Instructions (Rev. 10-01-04).  These 
features score 25 to 30 points on the sensitivity scale, column 10 of the Geologic Assessment Table included on 
pages 5 through 7 of this report.  Frost GeoSciences, Inc. does not consider any of the observed solution cavities 
to be sensitive features. 
 
Potential Recharge Feature S-16 is a solution cavity located within a large fracture between a series of boulders.  
The cavity is approximately 6 by 6 feet and appears to plunge to a depth of at least 2 feet.  The cavity is filled in 
with fine soil and leaves.  Clear evidence of infiltration by surface runoff is apparent in and around the cavity.  
Frost GeoSciences rates the feature as low on figure 1 of the TCEQ-0585-Instructions (Rev. 10-01-04).  The feature 
scores 34 points on the sensitivity scale, column 10 of the Geologic Assessment Table included on pages 5 through 
7 of this report. Frost GeoSciences, Inc. does not consider the solution cavity to be a sensitive feature. 
 
Potential Recharge Feature S-17 is a solution cavity located within a large fracture in surface exposed bedrock.  
The cavity is approximately 6 by 4 feet and appears to plunge to a depth of at least 2 feet.  The cavity is filled with 
fine soil and leaves.  Clear evidence of infiltration by surface runoff is apparent in and around the cavity.  Frost 
GeoSciences rates the feature as low on figure 1 of the TCEQ-0585-Instructions (Rev. 10-01-04).  The feature 
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scores 32 points on the sensitivity scale, column 10 of the Geologic Assessment Table included on pages 5 through 
7 of this report. Frost GeoSciences, Inc. does not consider the solution cavity to be a sensitive feature. 
 
Potential Recharge Feature S-18 is a solution cavity located in surface exposed bedrock.  The cavity is 
approximately 1 to 2 feet in diameter and appears to plunge to a depth of at least 3 feet.  The cavity is filled with 
fine soil and leaves.  Clear evidence of infiltration by surface runoff is apparent in and around the cavity.  Frost 
GeoSciences rates the feature as low on figure 1 of the TCEQ-0585-Instructions (Rev. 10-01-04).  The feature 
scores 34 points on the sensitivity scale, column 10 of the Geologic Assessment Table included on pages 5 through 
7 of this report. Frost GeoSciences, Inc. does not consider the solution cavity to be a sensitive feature. 
 
Potential Recharge Features S-4 and S-19 are former geotechnical boreholes located in the ground surface.  The 
geotechnical boreholes were observed to be filled in at the time of the site reconnaissance with a relative depth 
of 0.5 to 1 foot.  Frost GeoSciences rates these features as low on figure 1 of the TCEQ-0585-Instructions (Rev. 10-
01-04).  The features score 31 points on the sensitivity scale, column 10 of the Geologic Assessment Table 
included on pages 5 through 7 of this report. Frost GeoSciences, Inc. does not consider the geotechnical boreholes 
to be sensitive features. 
 
The eastern and western portions of the project site are covered by a moderate to dense stand of vegetative 
cover, while the central portion of the project site consists of land previously cleared with heavy equipment.  Piles 
of rocks, soil and brush as well as open grassy areas were noted in the central portion of the Site.  Site visit photos 
indicating the condition of the property at the time of the on-site inspection are included in Appendix B.  Overall 
vegetation on the project site consists of ashe juniper (Juniperus ashei), live oak (Quercus virginiana), mesquite 
(Prosopis glandulosa), hackberry (Celtis sp.), winged elm (Ulmus alata) and cedar elm (Ulmus crassifolia), with 
Texas persimmon (Diospyros texana), mountain laurel (Sophora secundiflora), agarita (Berberis trifoliolata), yucca 
(Yucca treculeana), and prickly pear cactus (Opuntia lindheimeri).  The variations in the vegetative cover on the 
property are visible in the 2020 aerial photo on Figures 8 and 9 in Appendix A.  A copy of the site layout indicating 
the boundary of the project site and the elevations is included on the Site Geologic Map in Appendix C of this 
report. 
 
According to the U.S. Geological Survey, Geologic Framework and Hydro stratigraphy of the Edwards and Trinity 
Aquifers within Northern Bexar and Comal Counties, Texas, Science Investigations Map 3366 (Clarke, 2016) and 
the Geologic Map of the New Braunfels, Texas 30 X 60 Minute Quadrangle, the project site is located on the Buda 
Formation (Kb), the Del Rio Clay (Kdr), the Georgetown Formation (Kg), and the Lower Cretaceous Edwards Person 
Formation, Cyclic and Marine, Undivided (Kpcm).  A copy of the U.S. Geological Survey, Geologic Framework and 
Hydro stratigraphy of the Edwards and Trinity Aquifers within Northern Bexar and Comal Counties, Texas, Science 
Investigations Map 3366 (Clarke, 2016) map and the Geologic Map of the New Braunfels, Texas 30 X 60 Minute 
Quadrangle are included on Figures 7 and 7B in Appendix A.  A copy of the Stratigraphic Column highlighting the 
outcropping formations is included on Page 4 of this report. 
 
The Buda Limestone (Kb) is a light gray to pale orange, fine grained, hard, massive, bioclastic limestone.   This 
limestone is poorly bedded to nodular in the lower section and thinner bedded and argillaceous near the upper 
contact.  It commonly contains glauconitic and pyritiferous zones, and burrows filled with chalky marl.  Pelecypods 
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are abundant throughout the section.  The Buda Limestone weathers to dark gray or brown.  Overall thickness 
ranges from 60 to 100 feet. 
 
The Del Rio Clay (Kdr) is a calcareous and gypsiferous, blocky medium gray clay.  Typically, this formation 
becomes less calcareous and more gypsiferous near the upper contact.  Often contains thin lenticular beds of 
highly calcareous siltstone.  Pyrite nodules are common.  Marine megafossils include abundant Exogyra arientina 
and other pelecypods.  The Del Rio Clay weathers to light gray or yellowish gray.  Overall thickness ranges from 60 
to 120 feet. 
 
The Georgetown Formation (Kg) consists of limestone and marl.  The majority of the limestone is light gray, fine 
grained, argillaceous, nodular, and moderately indurated.  The remaining limestone is white, hard, brittle, and 
thick bedded.  The marl is light gray to yellowish gray, and soft.  Marine megafossils include Kingena wacoensis 
and Gryphaea washitaensis.  The thickness of the formation varies from 30 to 80 feet. 
 
The Person Cyclic and Marine, Undivided (Kpcm) consists of pelletal limestone, mudstone, miliolid grain stone, 
pack stone, and bedded chert with occasional large nodules.  Occurrences of caprinids, cross bedded thin graded 
cycles, and cross beds are common.  This unit is defined by massive bedding to relatively thin bedding.  The 
thickness of the formation varies from 80 to 90 feet. 
 
According to the site map provided by Cude Engineers, the surveyed elevations on the project site range from 760 
to 960 feet.  According to this survey, the total relief on the project site is approximately 200 feet.  A copy of the 
site map indicating the boundary of the project site and the elevations is included on the Site Map on Figure 1 in 
Appendix A and the Site Geologic Map in Appendix C of this report. 
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BEST MANAGEMENT PRACTICES  
Based on a visual inspection of the ground surface, the overall potential for fluid flow from the project site into 
the Edwards Aquifer appears to range from low to moderate.  The potential always exists to encounter solution 
cavities within the subsurface during excavating activities.  Frost GeoSciences, Inc. is of the opinion that it is very 
important for construction personnel to be informed of the potential to encounter cavities in the subsurface that 
lack a surface expression.  Construction personnel should also be informed of the proper protocol to follow in the 
event a karst feature is encountered during the development of the project site. 
 

DISCLAIMER 
This rep�}�Œ�š�� �Z���•�� �������v�� �‰�Œ���‰���Œ������ �]�v�� �P���v���Œ���o�� �������}�Œ�����v������ �Á�]�š�Z�� �š�Z���� �^�/�v�•�š�Œ�µ���š�]�}�v�•�� �š�}�� �'���}�o�}�P�]�•�š�•�_�U�� �d�����Y-0585-
Instructions (Rev. 10-1-04) by a Licensed Texas Professional Geoscientist.   All areas of the project site were 
carefully inspected for features that could contribute to the recharge of the Edwards Aquifer; however, this 
survey cannot preclude the presence of subsurface karst features that lack surface expression.  This report is not 
intended to be a definitive investigation of all possible geologic or karst features at this site.  All conclusions, 
�}�‰�]�v�]�}�v�•�U�����v�����Œ�����}�u�u���v�����š�]�}�v�•���(�}�Œ�������•�š���D���v���P���u���v�š���W�Œ�����š�]�����•���~���D�W�[�•�•���]�v���š�Z�]�•���Œ���‰�}�Œ�š�����Œ���������•�������}�v���]�v�(�}�Œ�u���š�]�}�v��
obtained while researching the project and on the site conditions at the time of our field investigation. 
 
This report has been prepared for the exclusive use of Meritage Homes.  This report is based on available known 
records, a visual inspection of the project site, and the work generally accepted for a Geologic Assessment for 
Regulated Activities / Developments on the Edwards Aquifer Recharge / Transition Zone, relating to 30 TAC 
§213.5(b)(3), effective June 1, 1999. 
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SITE PHOTOGRAPHS 
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Photo #1 �t View southeast at the Site access gate. Photo #2 �t View northwest across Schoenthal Road North 
from the Site access gate. 

  

Photo #3 �t View northeast of the intersection of 
Schoenthal Road North and Montanio Drive from the Site 
access gate. 

Photo #4 �t View southwest along Schoenthal Road North 
from the Site access gate. 

 



��

FGS Project No FGS-E25111 
��

  

Photo #5 �t View of PRF S-1, a water well, observed in the 
western/central portion of the Site.  The water well was 
in-use at the time of the field inspection. 

Photo #6 �t View southwest of the immediate area 
surrounding PRF S-1. 

  

Photo #7 �t Additional view of PRF S-1 observed in the 
western/central portion of the Site.  Galvanized steel 
water cistern and former windmill tower are visible. 

Photo #8 �t View of a Borrow Pit or Caliche Pit observed in 
the western/central portion of the Site. 
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Photo #9 �t View facing south of PRF S-2 observed in the 
southwestern portion of the Site. 

Photo #10 �t Additional view, facing north, of PRF S-2 
observed in the southwestern portion of the Site. 

  

Photo #11 �t View of typical vegetation surrounding PRF S-
2 in the southwestern portion of the Site. 

Photo #12 �t View facing south of a livestock watering 
pond observed in the western/central portion of the Site. 

 




























































































































































































































































	f-20705-EA-App



