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March 16, 2020 	 CD20-0042 

Mr. Ty Howard, Director 
Division of Waste Management and Radiation Control 
P.O. Box 144880 
Salt Lake City, UT 84114-4880 

Subject: Submittal of Phase 1 Basal-Depth Aquifer Study Report 

Dear Mr. Howard: 

Attached is the Phase 1 Basal-Depth Aquifer Study Report for EnergySolutions' Clive 
Facility. This report provides the results and findings of a study of the basal-depth 
aquifer performed in accordance with the Revised Phase 1 Basal-Depth Aquifer Study 
Plan (November 12, 2019; CD19-0227). Field and laboratory investigations conducted 
to satisfy Study Plan objectives include the following: 

• Logging a borehole to a depth of 617 feet below ground surface (bgs), 

• Completion of a basal aquifer monitoring well to a total depth of 355 bgs, 
• Collection of soils for geotechnical analysis, 
• Determination of water content, bulk density, porosity, and particle-size 

distribution at selected intervals, 

• Determination of vertical hydraulic conductivity of selected aquitard intervals, 

• Aquifer testing to estimate the horizontal hydraulic conductivity of the basal-
depth aquifer, 

• Calculation of vertical gadients and an evaluation of the hydraulic relationship 
between the basal-depth aquifer and overlying shallow units, and 

• Collection and analysis of a goundwater sample from the basal-depth aquifer. 

The attached Report contains all field and laboratory documentation and data associated 
with the activities listed above. 
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Sincerely, 

ENERGY SOLUTIONS Mr. Ty Howard 
March 16, 2020 

CD20-0042 
Page 2 of 2 

EnergySolutions will submit two (2) hard copies of the Phase I Basal-Depth Aquifer 
Study Report at a later date. Should you have any questions regarding this submission 
please feel free to contact me at (801) 303-0187. 

Robert W. Sobocinski 
Groundwater Program Manager 

cc: 	Don Verbica (DWMRC) 

I certiry under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance 
with a system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my 
inquiry of the person or persons who manage the system, or those persons directly responsible for gathering the information, the 
information submitted is, to the best of my knowledge and belief true, accurate, and complete. I am aware that there are significant 
penalties for submitting false information, including the possibiliry offine and imprisonment for knowing violations. 



�

3KDVH����DVDO��HSWK��T�LIHU��W�G��
5HSRUW�

�OLYH��LVSRVDO�)DFLOLW���

0DUFK�����������

3UHSDUHG�IRU��

(QHUJ�6RO�WLRQV��//��
����6R�WK�0DLQ�6WUHHW��6�LWH������
6DOW�/DNH��LW���8WDK�������

3UHSDUHG�E���

6WDQWHF��RQV�OWLQJ�6HUYLFHV��,QF��
�����(��RWWRQZRRG�3DUNZD���6�LWH�����
6DOW�/DNH��LW���8WDK�������



3��6������6�����3����4�,��5�6�����5�325��

�

7KLV�GRF�PHQW�HQWLWOHG�3KDVH���%DVDO��HSWK��T�LIHU�6W�G��5HSRUW�ZDV�SUHSDUHG�E��6WDQWHF��RQV�OWLQJ�

6HUYLFHV�,QF����6WDQWHF���IRU�WKH�DFFR�QW�RI�(QHUJ�6RO�WLRQV��//���(QHUJ��������������Q��UHOLDQFH�RQ�WKLV�

GRF�PHQW�E��DQ��WKLUG�SDUW��LV�VWULFWO��SURKLELWHG��7KH�PDWHULDO�LQ�LW�UHIOHFWV�6WDQWHF�V�SURIHVVLRQDO�M�GJPHQW�LQ�
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DQG�(QHUJ������������7KH�RSLQLRQV�LQ�WKH�GRF�PHQW�DUH�EDVHG�RQ�FRQGLWLRQV�DQG�LQIRUPDWLRQ�H[LVWLQJ�DW�WKH�

WLPH�WKH�GRF�PHQW�ZDV�S�EOLVKHG�DQG�GR�QRW�WDNH�LQWR�DFFR�QW�DQ��V�EVHT�HQW�FKDQJHV��,Q�SUHSDULQJ�WKH�

GRF�PHQW��6WDQWHF�GLG�QRW�YHULI��LQIRUPDWLRQ�V�SSOLHG�WR�LW�E��RWKHUV���Q���VH�ZKLFK�D�WKLUG�SDUW��PDNHV�RI�WKLV�

GRF�PHQW�LV�WKH�UHVSRQVLELOLW��RI�V�FK�WKLUG�SDUW���6�FK�WKLUG�SDUW��DJUHHV�WKDW�6WDQWHF�VKDOO�QRW�EH�

UHVSRQVLEOH�IRU�FRVWV�RU�GDPDJHV�RI�DQ��NLQG��LI�DQ���V�IIHUHG�E��LW�RU�DQ��RWKHU�WKLUG�SDUW��DV�D�UHV�OW�RI�
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�

3UHSDUHG�E��� �
�VLJQDW�UH��

�PLO��HD�HU��3��

�

5HYLHZHG�E��� �

�VLJQDW�UH��

�DOWHU��HLQL���3���303��43�

�

�SSURYHG�E��� �

�VLJQDW�UH��

6�VDQ����D��LUUH��3���3���303�

�



3��6������6�����3����4�,��5�6�����5�325��

�

�DEOH�RI��RQWHQWV�

���5��,��,216����������������������������������������������������������������������������������������������������������������������LLL�

���� ,1�52����,21����������������������������������������������������������������������������������������������������������������

���� 6,7(��(6�5,37,21����������������������������������������������������������������������������������������������������������

���� �(2/2����1�����52675�7,�5�3��������������������������������������������������������������������������

���� 6�00�5��2���,�����25.��21��������������������������������������������������������������������������

���� %25(�2/(��5,//,1���1���(27(��1,��/�62,/�6�03/,1��������������������������������������

���� :(//�,167�//�7,21�������������������������������������������������������������������������������������������������������

���� 021,725,1��:(//��(9(/230(17������������������������������������������������������������������������������

���� �48,)(5�7(67��1���5281�:�7(5�6�03/,1���������������������������������������������������������

���� 5�6���6��������������������������������������������������������������������������������������������������������������������������

���� �(27(��1,��/��1�/�7,��/�5(68/76�����������������������������������������������������������������������

���� �5281�:�7(5�/(9(/6��1��9(57,��/����5�8/,���5��,(176���������������������������
������ �HQVLW���RUUHFWLRQV�������������������������������������������������������������������������������������������
������ 9HUWLFDO���GUD�OLF��UDGLHQWV������������������������������������������������������������������������������

���� �48,)(5�7(67�5(68/76������������������������������������������������������������������������������������������������
������ �QDO�VLV�0HWKRGV����������������������������������������������������������������������������������������������
������ �QDO�VLV�5HV�OWV������������������������������������������������������������������������������������������������

���� �5281�:�7(5�6�03/(�5(68/76������������������������������������������������������������������������������

���� 6�00�5���1���21���6,216�������������������������������������������������������������������������������������

���� 5���5�1��6�������������������������������������������������������������������������������������������������������������������

�,6��2�������6�

7DEOH����� 6�PPDU��RI�6WUDWLJUDSKLFDOO��5HSUHVHQWDWLYH��RQHV�

7DEOH����� �HRWHFKQLFDO�7HVW�5HV�OWV�IRU��LVW�UEHG�6DPSOHV�

7DEOH����� �HRWHFKQLFDO�7HVW�5HV�OWV�IRU�8QGLVW�UEHG�6DPSOHV�

7DEOH����� 6WDWLF�:DWHU�/HYHO�0HDV�UHPHQWV�DQG�(OHYDWLRQV��

7DEOH����� 9HUWLFDO���GUD�OLF��UDGLHQWV�8VLQJ�)UHVK�:DWHU�(T�LYDOHQW��HDGV�

7DEOH����� -DQ�DU�������,�������(VWLPDWHG���GUD�OLF�3DUDPHWHUV�

7DEOH����� -DQ�DU�������,��������UR�QGZDWHU�6DPSOLQJ�5HV�OWV�



3��6������6�����3����4�,��5�6�����5�325��

�

�,6��2���,��5�6�

)LJ�UH��� 6LWH�/RFDWLRQ�

)LJ�UH��� /RFDWLRQ�RI�,�������

�,6��2���33�1�,��6�

�SSHQGL[��� %RUHKROH�/RJ��:HOO�%�LOG��LDJUDP��DQG�)LHOG�)RUPV�

�SSHQGL[�%� 3KRWRJUDSKV�

�SSHQGL[��� �HRWHFKQLFDO�5HSRUW�

�SSHQGL[��� �47(62/9��QDO�WLFDO�5HV�OWV�

�SSHQGL[�(� �UR�QGZDWHU��QDO�WLFDO�/DERUDWRU��5HSRUWV�



3��6������6�����3����4�,��5�6�����5�325��

�� LLL�
��

�EEUHYLDWLRQV�

�� � SHUFHQW�

�:�/�� � �PHULFDQ�:HVW��QDO�WLFDO�/DERUDWRULHV��

EJV�� � EHORZ�JUR�QG�V�UIDFH�

FP�V� � FHQWLPHWHUV�SHU�VHFRQG�

�57� � FRQVWDQW�UDWH�WHVW�

�2(� � �HSDUWPHQW�RI�(QHUJ���

�:05�� �LYLVLRQ�RI�:DVWH�0DQDJHPHQW�DQG�5DGLDWLRQ��RQWURO��

)DFLOLW�� � (QHUJ������������OLYH�)DFLOLW���

�(/� � �(/�/DERUDWRULHV�//��

,�(6� � ,�(6�JHRWHFKQLFDO�ODE�

.� � K�GUD�OLF�FRQG�FWLYLW��

PJ�O� � PLOOLJUDPV�SHU�OLWHU�

2�� � R�WHU�GLDPHWHU�

253� � R[LGDWLRQ�UHG�FWLRQ�SRWHQWLDO�

S�L�O� � SLFR��ULHV�SHU�OLWHU��

6W�G�� � %DVDO��HSWK��T�LIHU�6W�G��

7�6� � WRWDO�GLVVROYHG�VROLGV�

8��� � 8WDK��GPLQLVWUDWLYH��RGH��

86�6� � 8QLILHG�6RLO��ODVVLILFDWLRQ�6�VWHP�

8�6��(3��� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ��JHQF��

�



3��6������6�����3����4�,��5�6�����5�325��

,1752�8�7,21��
������

� ����
�

���� ,1�52����,21�

7KLV�V�PPDU��UHSRUW�SUHVHQWV�ILQGLQJV�IRU�3KDVH���RI�WKH�%DVDO��HSWK��T�LIHU�6W�G���6W�G���FRQG�FWHG�DW�

WKH�(QHUJ������������OLYH�)DFLOLW���)DFLOLW����3KDVH���RI�WKH�6W�G��ZDV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�WKH�
�D�D����S�������������������D���(QHUJ�����������������DQG�6WDQWHF���������ZKLFK�ZDV�GHVLJQHG�WR�

�QGHUVWDQG�WKH�K�GURJHRORJLF�DQG�JHRORJLF�FKDUDFWHULVWLFV�RI�WKH�EDVDO�GHSWK�DT�LIHU�DW�WKH�)DFLOLW��ZKHUH�

DT�LIHU�SURSHUWLHV�DW�EDVDO�GHSWKV�KDYH�QRW�EHHQ�H[WHQVLYHO��VW�GLHG���

7KH�K�GURJHRORJLF�FRQGLWLRQV�RI�WKH�ILUVW�����IHHW�EHORZ�WKH�)DFLOLW��KDYH�DOUHDG��EHHQ�ZHOO�FKDUDFWHUL]HG�

VLQFH�WKH�6WDWH�RI�8WDK��HSDUWPHQW�RI�(QHUJ��9,752��KHPLFDO��RPSDQ��SURMHFW�DQG�RULJLQDO�(QYLURFDUH�

RI�8WDK�OLFHQVLQJ�DFWLRQV��%LQJKDP�(QYLURQPHQWDO�������DQG��HSDUWPHQW�RI�(QHUJ����2(������D��

����E���,Q�DGGLWLRQ��(QHUJ������������V�EVHT�HQW�OLFHQVLQJ�DQG�SHUPLWWLQJ�DFWLYLWLHV�KDYH�I�UWKHU�

FKDUDFWHUL]HG�WKH�V�EV�UIDFH�EHQHDWK�WKH�)DFLOLW���7KHVH�SUHYLR�V�DFWLYLWLHV��FR�SOHG�ZLWK�ORQJ�WHUP�

PRQLWRULQJ�RI�WKH�VKDOORZ���QFRQILQHG�DT�LIHU��KDYH�H[WHQVLYHO��FDSW�UHG�WKH�K�GURJHRORJLF�FRQGLWLRQV�LQ�

WKH�ILUVW�����IHHW�EHORZ�JUR�QG�V�UIDFH��EJV���%DVHG�RQ�WKH��QGHUVWDQGLQJ�RI�WKH�K�GURJHRORJLF�FRQGLWLRQV�

LQ�WKH�ILUVW�����IHHW���2(�DQG�(QHUJ�����������DVV�PHG�WKH�FRQFHSW�DO�PRGHO�RI�WKH�)DFLOLW��LQFO�GHV�

VLPLODU�VWUDWLJUDSK��EHORZ�WKDW�ILUVW�����IHHW���

(QHUJ�����������KDV�EHHQ�WDVNHG�E��WKH�8WDK��LYLVLRQ�RI�:DVWH�0DQDJHPHQW�DQG�5DGLDWLRQ��RQWURO�

��:05���WR�YDOLGDWH�WKLV�K�GURJHRORJLF�FRQFHSW�DO�PRGHO�GRZQ�WR�EDVDO�GHSWKV��L�H���ORJ�WKH�V�EV�UIDFH�

JHRORJ��VWUDWLJUDSK��DQG�FKDUDFWHUL]H�WKH�GHHS�DT�LIHU��WKUR�JK�WKH�LQVWDOODWLRQ�DQG�VDPSOLQJ�RI�D�EDVDO�

GHSWK�ZHOO���DWD�FROOHFWHG�IURP�3KDVH���RI�WKH�6W�G��DUH��VHG�WR��QGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�WKH�

V�EV�UIDFH�K�GURJHRORJ��DW�GHSWKV�H[FHHGLQJ�����IHHW�EJV�DQG�LQIRUP�(QHUJ�����������DQG��:05��LI�

GHYHORSPHQW�RI�V�EVHT�HQW�6W�G��SKDVHV�DUH�ZDUUDQWHG��,Q�DGGLWLRQ�WR�FROOHFWLRQ�RI�EDVDO�GHSWK�DT�LIHU�

FKDUDFWHULVWLF�LQIRUPDWLRQ��3KDVH���RI�WKH�6W�G��FRPSOLHV�ZLWK�WKH��:05���LUHFWRU�V�UHJ�ODWRU��

UHT�LUHPHQWV��
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7KH�)DFLOLW��LV�ORFDWHG�QHDU�WKH�HDVWHUQ�PDUJLQ�RI�WKH��UHDW�6DOW�/DNH��HVHUW��DSSUR[LPDWHO�����PLOHV�HDVW�

RI�:HQGRYHU��1HYDGD�DQG����PLOHV�ZHVW�RI�6DOW�/DNH��LW���8WDK���L��UH�����(QHUJ�����������RSHUDWHV�D�

ORZ�OHYHO�UDGLRDFWLYH�ZDVWH�DQG�PL[HG�ZDVWH�GLVSRVDO�IDFLOLW��DQG�KDV�EHHQ�LQ�RSHUDWLRQ�VLQFH�������:RUN�

ZDV�SHUIRUPHG�DW�DQ��QFRQWDPLQDWHG�EDFNJUR�QG�DUHD�RI�WKH�)DFLOLW��DQG�PHGLD��VRLO�DQG�JUR�QGZDWHU��

HQFR�QWHUHG�ZHUH�QRW�FRQWDPLQDWHG�ZLWK�KD]DUGR�V�RU�UDGLRORJLFDO�V�EVWDQFHV���
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K�GURVWUDWLJUDSKLF��QLWV�LQFO�GLQJ�DQ��SSHU�VLOW��FOD��FOD�H��VLOW��8QLW�����DQ��SSHU�VLOW��VDQG��8QLW�����D�

PLGGOH�VLOW��FOD���8QLW�����DQG�D�ORZHU�VDQG�VLOW��VDQG��8QLW������
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�QFRQILQHG�JUR�QGZDWHU�V�VWHP�LQFO�GHV�WKH�VDW�UDWHG�SRUWLRQV�RI�8QLWV���DQG����7KH�FRQILQHG�DT�LIHU�

RFF�UV�LQ�8QLW�����HSWKV�WR�JUR�QGZDWHU�W�SLFDOO��UDQJH�IURP����WR����IHHW�EJV�EHQHDWK�WKH�)DFLOLW����URVV�

VHFWLRQV�VKRZLQJ�WKH�IR�U�K�GURVWUDWLJUDSKLF��QLWV�DUH�SUHVHQWHG�LQ�)LJ�UHV�������DQG����RI�%LQJKDP�

��������

��QHZ�PRQLWRULQJ�ZHOO�ZDV�LQVWDOOHG�EHQHDWK�WKH�ZHOO�FKDUDFWHUL]HG�����IRRW�GHHS�QHDU�V�UIDFH�PDWHULDO�

ZKHUH�VLPLODU��QFRQVROLGDWHG�ODNH�EHG�VHGLPHQWV�DQG�DOO�YLDO�YDOOH��ILOO�ZHUH�HQFR�QWHUHG��UHIHU�WR�

6HFWLRQ�������
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7KH�REMHFWLYH�RI�3KDVH���RI�WKH�6W�G��ZDV�WR�FKDUDFWHUL]H�WKH�EDVDO�GHSWK�DT�LIHU��7R�FROOHFW�3KDVH���

GDWD��D�ERUHKROH�ZDV�GULOOHG��D�EDVDO�GHSWK�PRQLWRULQJ�ZHOO�ZDV�LQVWDOOHG��GHYHORSHG��DQG�VDPSOHG��DQG�

DQ�DT�LIHU�WHVW�ZDV�FRQG�FWHG���:05��SHUVRQQHO�REVHUYHG�WKH�ILHOG�GDWD�FROOHFWLRQ�DFWLYLWLHV�IRU�WKH�

6W�G����HWDLOV�UHJDUGLQJ�WKH�GDWD�FROOHFWLRQ�DUH�GLVF�VVHG�EHORZ��
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%HWZHHQ�1RYHPEHU����DQG��HFHPEHU����������RQH�ERUHKROH�ZDV�GULOOHG�E���DVFDGH��ULOOLQJ��VLQJ�WKH�

VRQLF�GULOOLQJ�PHWKRG��7KH�ERUHKROH�LV�ORFDWHG�VR�WK�RI�WKH�0L[HG�:DVWH��HOO���L��UH����DQG��SJUDGLHQW�RI�

DQ��KLVWRULFDO�RU�F�UUHQW�GLVSRVDO�DFWLYLWLHV�EDVHG�RQ�WKH�VKDOORZ�DT�LIHU�IORZ�GLUHFWLRQ��%HFD�VH�FUHDWLRQ�

RI�D�GHWDLOHG�VWUDWLJUDSKLF�ORJ�LV�FULWLFDO�WR�FKDUDFWHUL]LQJ�WKH�JHRORJ��DQG�K�GURJHRORJ��DW�EDVDO�GHSWKV��

SDUWLF�ODUO��WKH�VWUDWLJUDSK��EHORZ�WKH�ILUVW�����IHHW��WKH�VRQLF�GULOOLQJ�PHWKRG�ZDV�VHOHFWHG�DV�WKLV�PHWKRG�

H[WUDFWV�D�FRQWLQ�R�V�FRUH�WR�WKH�WRWDO�GHSWK�RI�WKH�ERULQJ���

��WHOHVFRSLQJ�RU�VWHS�GRZQ�WHFKQLT�H�ZDV��VHG�WR�DGYDQFH�WKH�ERULQJ�EHFD�VH�WKH�GHVLUHG�ERUHKROH�

GHSWK�VFRSHG�LQ�WKH��D�D����S�������������������D��ZDV�UHODWLYHO��GHHS��L�H���EHWZHHQ�����DQG�����IHHW�

EJV���7HOHVFRSLQJ�RI�WKH�ERULQJ�UHG�FHV�IULFWLRQ��DOORZLQJ�WKH�ERULQJ�WR�EH�GULOOHG�GHHSHU�WKDQ�LI�GULOOHG�

ZLWKR�W�WHOHVFRSLQJ��7KH�ERULQJ�EHJDQ�ZLWK�D���LQFK�R�WHU�GLDPHWHU��2���FDVLQJ�GULOOHG�IURP�JUR�QG�

V�UIDFH�WR�����IHHW�EJV��WHOHVFRSHG�GRZQ�WR�D���LQFK�2��FDVLQJ�IURP�����IHHW�WR�����IHHW�EJV��DQG�HQGHG�

ZLWK�D���LQFK�2��FDVLQJ�IURP�����IHHW�WR�����IHHW�EJV��WKH�ERUHKROH�WRWDO�GHSWK���7KH�ERUHKROH�ZDV�

WHUPLQDWHG�DW�D�GHSWK�VKDOORZHU�WKDQ�WKH�LQWHQGHG�GHSWK�RI�����IHHW��EHFD�VH�WKH�VRQLF�GULOO�ELW�PHW�UHI�VDO�

�SRQ�HQFR�QWHULQJ�D�KDUG�EUHFFLD�OD�HU�DW�����WR�����IHHW�EJV��ZKLFK�VLJQLILFDQWO��UHG�FHG�WKH�GULOOLQJ�

HIILFLHQF��DQG�ULVNHG�GDPDJH�RI�WKH�GULOOLQJ�HT�LSPHQW���

%HFD�VH�WKH�ERUHKROH�WHUPLQDWLRQ�GHSWK�ZDV�VKDOORZHU�WKDQ�WKH�VFRSHG�GHSWK�D�PHHWLQJ�ZDV�KHOG�RQ�

�HFHPEHU���������ZLWK�(QHUJ�������������:05���6WDQWHF��RQV�OWLQJ�6HUYLFHV�,QF���6WDQWHF����DQG�

�DVFDGH��ULOOLQJ�WR�HYDO�DWH�DGM�VWPHQWV�WR�WKH�SODQQHG�ERUHKROH�GHSWK�DQG�HIIHFWV�RQ�WKH�SODQQHG�

PRQLWRULQJ�ZHOO�LQVWDOODWLRQ��UHIHU�WR�6HFWLRQ���������ULQJ�WKH�PHHWLQJ��DOO�SDUWLHV�DJUHHG�WR������WHUPLQDWH�

WKH�ERUHKROH�DW�WKH�GHSWK�DFKLHYHG��DQG�����VFUHHQ�WKH�ZHOO�DW�WKH�GHHSHVW�ZDWHU�EHDULQJ�EHDULQJ�]RQH�

HQFR�QWHUHG��DSSUR[LPDWHO������WR�����IHHW�EJV�ZLWKLQ�WKH�ILQH�JUDLQHG��ZHW��VLOW��VDQG�VWUDWLJUDSK����7KLV�

PHHWLQJ�ZDV�KHOG�LQ�DFFRUGDQFH�ZLWK�WKH��D�D����S�������������������D����

7KH�FROOHFWHG�FRQWLQ�R�V�GULOO�FRUH�ZDV�YLV�DOO��ORJJHG�E��D�6WDQWHF�SURIHVVLRQDO�JHRORJLVW�OLFHQVHG�LQ�WKH�

VWDWH�RI�8WDK��VLQJ�WKH�8QLILHG�6RLO��ODVVLILFDWLRQ�6�VWHP��86�6��VRLO�FODVVLILFDWLRQ�SURFHG�UHV�DQG�ILHOG�

GHVFULSWLRQV�LQFO�GLQJ�VRLO�W�SH��FRORU��WH[W�UH��EHGGLQJ�VWU�FW�UHV��DQG�PRLVW�UH�FRQWHQW��7KH�JHRORJLVW�

DOVR�SURYLGHG�GULOOLQJ�DQG�ZHOO�LQVWDOODWLRQ�RYHUVLJKW�IRU�WKH�G�UDWLRQ�RI�WKH�SURMHFW����FRS��RI�WKH�ERUHKROH�

ORJ�LV�SURYLGHG�LQ��SSHQGL����DQG�SKRWRJUDSKV�RI�WKH�VRQLF�FRUH�DUH�SURYLGHG�LQ��SSHQGL��������

�
��6WDQWHF��RQV�OWLQJ�6HUYLFHV�,QF��ZDV�UHWDLQHG�E��(QHUJ�����������WR�DVVLVW�LQ�WKH�SUHSDUDWLRQ�DQG�H[HF�WLRQ�RI�
3KDVH���RI�WKH�6W�G���
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7KH�JHRORJLVW�LGHQWLILHG����VWUDWLJUDSKLFDOO��UHSUHVHQWDWLYH�]RQHV�DORQJ�WKH�OHQJWK�RI�WKH�GULOO�FRUH�DQG�

FROOHFWHG�RQH�JUDE�VRLO�VDPSOH�IURP�HDFK�]RQH�WR�PHDV�UH�JUDLQ�VL]H�GLVWULE�WLRQ�DQDO�VLV��LQ�DFFRUGDQFH�

ZLWK��670������D�����V�PPDU��RI�WKH�UHSUHVHQWDWLYH�]RQHV�LV�SURYLGHG�LQ��DEOH������7KH�VDPSOHV�ZHUH�

UHPLWWHG�E��WKH�JHRORJLVW�WR�(QHUJ�����������SHUVRQQHO�IRU�V�EPLVVLRQ�WR�,�(6�JHRWHFKQLFDO�ODE��,�(6���

7KLV�DQDO�VLV�LV��VHG�WR�GHWHUPLQH�SDUWLFOH�VL]H�GLVWULE�WLRQ�DQG�SURYLGH�DQ�LQGLFDWRU�RI�PDWHULDO�SURSHUWLHV�

DFURVV�WKH�ERUHKROH�DUHD���

�GGLWLRQDOO���WKH�JHRORJLVW�LGHQWLILHG�GHSWKV�ZKHUH�IR�U��QGLVW�UEHG�VRLO�VDPSOHV�ZHUH�FROOHFWHG�LQ�EUDVV�

VOHHYHV��VLQJ�D�GLUHFW�S�VK�PHWKRG�WR�HYDO�DWH�V�EV�UIDFH�VRLO�FKDUDFWHULVWLFV�LQ�DQ�RII�VLWH�ODERUDWRU���

6SHFLILFDOO���WZR��QGLVW�UEHG�VDPSOHV�ZHUH�FROOHFWHG�WKDW�FR�OG�EH�UHSUHVHQWDWLYH�RI�SRWHQWLDO�DT�LIHU�

PDWHULDO��FRDUVH�JUDLQHG��DQG�WZR��QGLVW�UEHG�VDPSOHV�ZHUH�FROOHFWHG�WKDW�FR�OG�EH�UHSUHVHQWDWLYH�RI�

SRWHQWLDO�DT�LWDUG��ILQH�JUDLQHG��PDWHULDO��7KH�VDPSOH�GHSWKV�ZHUH�VHOHFWHG�EDVHG�RQ�WKH�JHRORJLVW�V�

SURIHVVLRQDO�M�GJHPHQW�ZKLOH�ORJJLQJ�WKH�FRUH��WLOL]LQJ�WKH�86�6��7KH�VDPSOHV�ZHUH�FODVVLILHG�LQ�WKH�ILHOG�

DV�SRWHQWLDO�DT�LIHUV�RU�SRWHQWLDO�DT�LWDUGV��7KHVH�VDPSOHV�ZHUH�V�EPLWWHG�WR�D�ORFDO�JHRWHFKQLFDO�

ODERUDWRU���,�(6��WR�PHDV�UH�SRURVLW��DQG�E�ON�GHQVLW����GGLWLRQDOO���WKH�WZR��QGLVW�UEHG�VDPSOHV�

FROOHFWHG�LQ�WKH�SRWHQWLDO�DT�LWDUG�PDWHULDO�DOVR�ZHUH�V�EPLWWHG�WR�,�(6�WR�PHDV�UH�YHUWLFDO�K�GUD�OLF�

FRQG�FWLYLW����HRWHFKQLFDO�DQDO�WLFDO�UHV�OWV�DUH�SUHVHQWHG�LQ�6HFWLRQ������

���� �����,1�������,21�

%HWZHHQ��HFHPEHU����DQG��HFHPEHU�����������D�GHHS�ZHOO��GHVLJQDWHG�,��������ZDV�LQVWDOOHG�LQ�WKH�

ERULQJ�E���DVFDGH��ULOOLQJ�ZLWK�RYHUVLJKW�SURYLGHG�E��WKH�6WDQWHF�JHRORJLVW��6WDQWHF�UHFRPPHQGHG�ZHOO�

FRQVWU�FWLRQ�GHWDLOV��L�H���LQVWDOODWLRQ�GHSWK��VFUHHQ�LQWHUYDO��DQG�FRQVWU�FWLRQ�PDWHULDOV��WR�

(QHUJ�����������EDVHG�RQ�GLVF�VVLRQV�IURP�WKH��HFHPEHU���������PHHWLQJ�ZLWK��:05��DQG�LQ�

DFFRUGDQFH�ZLWK�WKH��D�D����S�������������������D���(QHUJ�����������V�EPLWWHG�WKH�UHFRPPHQGDWLRQV�LQ�

DQ�HPDLO�WR��:05��IRU�DSSURYDO��DQG��:05��DJUHHG�ZLWK�WKH�UHFRPPHQGHG�ZHOO�FRQVWU�FWLRQ�LQ�DQ�

HPDLO�RQ��HFHPEHU�����������7KH�DJUHHG��SRQ�ZHOO�FRQVWU�FWLRQ�GHWDLOV�ZHUH��

•� %DFNILOO�WKH�����IHHW�GHHS�ERULQJ�ZLWK�EHQWRQLWH�FKLSV�WR�D�GHSWK�WR�DFFRPPRGDWH�D�WRWDO�ZHOO�GHSWK�RI�

DSSUR[LPDWHO������IHHW�EJV�

•� ,QVWDOO�������VWDLQOHVV�VWHHO�VFUHHQ�IURP�����WR�����IHHW�EJV��DFURVV�ZKDW�DSSHDUV�WR�EH�WKH�PRVW�

WUDQVPLVVLYH�]RQH�HQFR�QWHUHG�G�ULQJ�GULOOLQJ��UHIHU�WR�ERUHKROH�ORJ�LQ��SSHQGL�����

•� ,QVWDOO�������VDQG�SDFN�DUR�QG�WKH�ZHOO�VFUHHQ�

•� ,QVWDOO���LQFK�GLDPHWHU�VWDLQOHVV�VWHHO�FDVLQJ�

•� ,QVWDOO�DQ�DERYH�JUDGH�V�UIDFH�FRPSOHWLRQ�DV�R�WOLQHG�LQ�WKH��D�D����S�������������������D���

7KH�ZHOO�ZDV�LQVWDOOHG�WR�D�WRWDO�GHSWK�RI�����IHHW�EJV�ZLWK�D����IRRW�VFUHHQ�SODFHG�IURP���������IHHW�EJV��

��ULQJ�ZHOO�FRQVWU�FWLRQ�WKH�ZHOO�FDVLQJ�ZDV�V�VSHQGHG�IURP�WKH�GULOO�ULJ�WR�����IHHW�EJV��DV�VSHFLILHG�LQ�

WKH�E�OOHW�OLVW�DERYH���RZHYHU��DIWHU�ZHOO�FRQVWU�FWLRQ�ZDV�FRPSOHWH�DQG�WKH�ZHOO�FDVLQJ�ZDV��Q�KRRNHG�

IURP�WKH�GULOO�ULJ�WKH�ZHOO�VHWWOHG�DQ�DGGLWLRQDO���IHHW��UHV�OWLQJ�LQ�D�WRWDO�GHSWK�RI�����IHHW�EJV��7KH�ZHOO�

VHWWOHPHQW�ZDV�G�H�WR�WKH�ZHLJKW�RI�WKH�VWDLQOHVV�VWHHO�FDVLQJ��VHG�WR�FRQVWU�FW�WKH�ZHOO��7KH�LQWHUYDO�IURP�

����WR�����IHHW�FRQVLVWHG�RI�WKH�VDPH�ILQH�JUDLQHG��ZHW��VLOW��VDQG�VWUDWLJUDSK��DV�WKH�SURSRVHG�VFUHHQHG�

LQWHUYDO������WR�����IHHW��DQG�ZDV�EDFN�ILOOHG�ZLWK�ILOWHU�SDFN�VDQG�SULRU�WR�WKH�ZHOO�E�LOG��VR�WKH�VHWWOHPHQW�

GLG�QRW�DIIHFW�WKH�DT�LIHU�PDWHULDO�VFUHHQ�LQWHUYDO��2QFH�ZHOO�FRQVWU�FWLRQ�ZDV�FRPSOHWH�WKH�LQVLGH�RI�WKH�
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ZHOO�FDVLQJ�ZDV�WDJJHG�ZLWK�D�ZHLJKWHG�WDSH�PHDV�UH�WR�YHULI��D�WRWDO�GHSWK�DW�����IHHW�EJV��7KH�ERWWRP�

RI�WKH�ZHOO�IHOW�VROLG�ZKHQ�WDJJHG��LQGLFDWLQJ�PLQRU�RU�QR�VHGLPHQW�LQVLGH�WKH�ZHOO�DIWHU�FRQVWU�FWLRQ��7KH�

DV�E�LOW�ZHOO�FRQVWU�FWLRQ�GHWDLOV�LQFO�GH��

•� ��LQFK�GLDPHWHU�VWDLQOHVV�VWHHO�VFUHHQ�IURP�����IHHW�EJV�WR�����IHHW�EJV�

•� ��LQFK�GLDPHWHU�VWDLQOHVV�VWHHO�FDVLQJ�IURP�����IHHW�EJV�WR�����IHHW�DERYH�JUR�QG�V�UIDFH�

•� ������VDQG�ILOWHU�SDFN�IURP�����IHHW�EJV�WR�����IHHW�EJV�

•� )LQH�JUDLQHG�VDQG�IURP�����IHHW�EJV�WR�����IHHW�EJV�

•� ����LQFK�EHQWRQLWH�FKLSV�IURP�����IHHW�EJV�WR�����IHHW�EJV�

•� �QQ�ODU�VHDO�RI�EHQWRQLWH�JUR�W�IURP�����IHHW�EJV�WR���IHHW�EJV�

•� 6�UIDFH�VHDO�RI�FRQFUHWH�IURP���IHHW�EJV�WR�V�UIDFH�

��ZHOO�FRQVWU�FWLRQ�GLDJUDP�IRU�,�������LV�SURYLGHG�LQ��SSHQGL����DQG�SKRWRJUDSKV�RI�ZHOO�FRQVWU�FWLRQ�

PDWHULDOV�DQG�ZHOO�V�UIDFH�FRPSOHWLRQ�DUH�SURYLGHG�LQ��SSHQGL�������

���� 021,�25,1������������230�1���

%HWZHHQ�-DQ�DU�����DQG�����������,�������ZDV�GHYHORSHG�LQ�DFFRUGDQFH�ZLWK�WKH��D�D����S�����������

��������D��E���DVFDGH��ULOOLQJ�ZLWK�RYHUVLJKW�SURYLGHG�E��D�6WDQWHF�ILHOG�WHFKQLFLDQ��2Q�-DQ�DU������

������WKH�ZHOO�ZDV�EDLOHG��V�UJHG��EDLOHG��DQG�WKHQ�S�PSHG�IRU����PLQ�WHV�DW�DQ�DYHUDJH�IORZ�UDWH�RI��

�����JDOORQV�SHU�PLQ�WH��JSP���VLQJ�DQ�HOHFWULFDO�V�EPHUVLEOH�S�PS�LQVWDOOHG�WR�DSSUR[LPDWHO��PLG�

VFUHHQ�GHSWK��7KH�S�UJH�ZDWHU�ZDV�S�PSHG�GLUHFWO��WR�D��������JDOORQ�FDSDFLW��IUDF�WDQN�IRU�VWRUDJH�

�UHIHU�WR�SKRWRJUDSK����LQ��SSHQGL��������3�UJH�ZDWHU�ZDV�PRQLWRUHG�IRU�ZDWHU�T�DOLW��SDUDPHWHUV�S���

VSHFLILF�FRQG�FWLYLW���W�UELGLW���WHPSHUDW�UH�DQG�JHQHUDO�DSSHDUDQFH���

�HYHORSPHQW�UHV�PHG�-DQ�DU������������ZLWK�FRQWLQ�HG�S�PSLQJ�RI�WKH�ZHOO�IRU�DQ�DGGLWLRQDO�����KR�UV�

DW�DQ�DYHUDJH�IORZ�UDWH�RI����JSP��:DWHU�OHYHO�PHDV�UHPHQWV�ZHUH�FROOHFWHG�G�ULQJ�WKH�S�PSLQJ�SHULRG�

DQG�VKRZHG�D�������IRRW�GURS�G�ULQJ�WKH�����KR�UV�RI�S�PSLQJ���HYHORSPHQW�ZDV�VWRSSHG�RQFH�WKH�

ZDWHU�SDUDPHWHUV�ZHUH�VWDEOH�DQG�WKH�ILQDO�W�UELGLW��UHDGLQJ�UHDGLQJV�KRYHUHG�LQ�WKH�ORZ�WHHQV��UHIHU�WR�

PRQLWRULQJ�ZHOO�GHYHORSPHQW�ILHOG�IRUPV�SURYLGHG�LQ��SSHQGL������7KH�S�UJH�ZDWHU�WRZDUG�WKH�HQG�RI�WKH�

S�PSLQJ�SHULRG�ORRNHG�FOHDU�ZLWK�QR�YLVLEOH�V�VSHQGHG�VROLGV���SSUR[LPDWHO��������JDOORQV�RI�ZDWHU�ZHUH�

S�UJHG�G�ULQJ�WKH�WZR�GD�V�RI�ZHOO�GHYHORSPHQW���

���� �4�,��5�������1���52�1�����5���03�,1��

%HWZHHQ�-DQ�DU�����DQG�����������D����KR�U�FRQVWDQW�UDWH�S�PSLQJ�WHVW��L�H���DT�LIHU�WHVW��ZDV�FRQG�FWHG�

IRU�,�������LQ�DFFRUGDQFH�ZLWK�WKH��D�D����S�������������������D���E��WKH�6WDQWHF�ILHOG�WHFKQLFLDQ�DQG�

SURIHVVLRQDO�JHRORJLVW��ZLWK�S�PSLQJ�V�SSRUW�SURYLGHG�E���DVFDGH��ULOOLQJ��2Q�-DQ�DU������ZHOO�

GHYHORSPHQW�ZDV�FRPSOHWHG��DQG�WKH�ILHOG�WHFKQLFLDQ�LQVWDOOHG�SUHVV�UH�WUDQVG�FHUV�LQ�,�������DQG�LQ�

QHDUE��REVHUYDWLRQ�ZHOOV�,��������,�������DQG�,�������UHIHU�WR��L��UH�����7R�DFFRPPRGDWH�WKH�WUDQVG�FHU�

WKH�GHGLFDWHG�EODGGHU�S�PS�LQ�ZHOO�,������ZDV�UHPRYHG�DQG�SODFHG�LQ�D�SODVWLF�EDJ�WR�NHHS�WKH�S�PS�

FOHDQ�DQG�FRQWDLQHG��7KH�S�PS�ZDV�WKHQ�GHOLYHUHG�WR�WKH�(QHUJ�����������VHF�ULW��SHUVRQQHO�WR�EH�

SODFHG�LQ�D�ZDUHKR�VH�VWRUDJH�DUHD��QWLO�LW�FR�OG�EH�UHLQVWDOOHG�DIWHU�FRPSOHWLRQ�RI�WKH�DT�LIHU�WHVW���
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2Q�-DQ�DU�����������WKH�DT�LIHU�WHVW�ZDV�FRQG�FWHG��7KH�S�PS�LQ�,�������ZDV�W�UQHG�RQ�DW�������

S�PSHG�IRU����KR�UV�DW�DQ�DYHUDJH�IORZ�UDWH�RI������JSP��DQG�ZDV�VK�W�RII�DW���������ULQJ�WKH�DT�LIHU�

WHVW��ZDWHU�OHYHOV�ZHUH�UHFRUGHG�LQ�WKH�S�PSLQJ�ZHOO�DQG�WKH�WKUHH�QHDUE��REVHUYDWLRQ�ZHOOV�E��WKH�

WUDQVG�FHUV�DQG�PDQ�DOO��PHDV�UHG�E��WKH�WHFKQLFLDQ�DQG�JHRORJLVW��VLQJ�HOHFWURQLF�ZDWHU�OHYHO�

VR�QGHUV��7KH�WUDQVG�FHU�LQ�PRQLWRULQJ�ZHOO�,�������VWRSSHG�ZRUNLQJ�G�ULQJ�WKH�DT�LIHU�WHVW��WKHUHIRUH��

PDQ�DOO��UHFRUGHG�JUR�QGZDWHU�OHYHOV�IRU�WKLV�ZHOO�ZHUH��VHG�LQ�WKH�DT�LIHU�WHVW�DQDO�VLV��UHIHU�WR�6HFWLRQ�

�������

��ULQJ�WKH����KR�UV�RI�S�PSLQJ�DSSUR[LPDWHO���������JDOORQV�RI�ZDWHU�ZHUH�S�UJHG�IURP�WKH�ZHOO�DQG�

S�PSHG�GLUHFWO��WR�D��������JDOORQ�FDSDFLW��IUDF�WDQN�IRU�VWRUDJH���T�LIHU�WHVW�UHV�OWV�DUH�SUHVHQWHG�LQ�

6HFWLRQ������

��ULQJ�WKH�DT�LIHU�WHVW��(QHUJ�����������SHUVRQQHO�FROOHFWHG�JUR�QGZDWHU�VDPSOHV�DQG�PHDV�UHG�ILHOG�

SDUDPHWHUV��L�H��S���WHPSHUDW�UH��VSHFLILF�FRQG�FWLYLW���R[LGDWLRQ�UHG�FWLRQ�SRWHQWLDO��253���DQG�GLVVROYHG�

R[�JHQ��LQ�WKH�GLVFKDUJH�IURP�,�������LQ�DFFRUGDQFH�ZLWK�WKH��D�D����S�������������������D���7KH�

VDPSOHV�ZHUH�FROOHFWHG��VLQJ�D�YDOYH�LQVWDOOHG�LQ�WKH�S�PS�GLVFKDUJH�OLQH��UHIHU�WR�SKRWRJUDSK����LQ�

�SSHQGL���������

(QHUJ�����������V�EPLWWHG�WKH�QRQ�UDGLRORJLFDO�SDUDPHWHU�DQDO�VHV�VDPSOHV�WR��PHULFDQ�:HVW��QDO�WLFDO�

/DERUDWRULHV���:�/��DQG�WKH�UDGLRORJLFDO�SDUDPHWHUV�DQDO�VHV�VDPSOHV�WR��(/�/DERUDWRULHV�//����(/���

�W�WKH�WLPH�RI�JUR�QGZDWHU�FROOHFWLRQ���:05��SHUVRQQHO�DOVR�FROOHFWHG�VSOLWV�RI�WKH�JUR�QGZDWHU�

VDPSOHV�IRU�WKHLU�RZQ��VH��7KH�JUR�QGZDWHU�VDPSOH�ILHOG�IRUP�LV�SURYLGHG�LQ��SSHQGL����DQG�VDPSOH�

UHV�OWV�DUH�SUHVHQWHG�LQ�6HFWLRQ�������



3��6������6�����3����4�,��5�6�����5�325��

5(68/76��
������

� ����
�

���� 5�������

���� ��2����1,�����1����,����5�������

6RLO�GHVFULSWLRQV�DQG�ODERUDWRU��JUDLQ�GLVWULE�WLRQ�DQDO�VLV�UHV�OWV��LQ�DFFRUGDQFH�ZLWK��670������D��RI�

WKH�GLVW�UEHG�JUDE�VDPSOHV�FROOHFWHG�IURP�WKH�VWUDWLJUDSKLFDOO��UHSUHVHQWDWLYH�]RQHV�DUH�SUHVHQWHG�LQ�

�DEOH�������HSWK�LQWHUYDOV�ZKHUH�WKH�VDPSOHV�ZHUH�FROOHFWHG�DUH�DOVR�SUHVHQWHG�LQ��DEOH������/DERUDWRU��

DQDO�VHV�LQGLFDWH�WKDW�WKH�GLVFUHWH�VDPSOHV�FROOHFWHG�IURP�EHWZHHQ����DQG�����IHHW�JHQHUDOO��FRQVLVW�RI�

VDQGV�ZLWK�VPDOOHU�IUDFWLRQV�RI�JUDYHOV��VLOWV��DQG�RU�FOD�V��6DPSOHV�FROOHFWHG�IURP�����WR�����IHHW�LQFO�GH�

D�KLJKHU�SHUFHQWDJH�RI�ILQHV��VLOW�DQG�FOD���WKDQ�WKRVH�REVHUYHG�EHWZHHQ����DQG�����IHHW�EJV��

3RURVLW��DQG�E�ON�GHQVLW��DQDO�VHV�ZHUH�FRQG�FWHG�IRU�WZR��QGLVW�UEHG�VDPSOHV�VHOHFWHG�WR�EH�

UHSUHVHQWDWLYH�RI�DT�LIHU�PDWHULDO�DQG�WKH�WZR��QGLVW�UEHG�VDPSOHV�UHSUHVHQWDWLYH�RI�DT�LWDUG�PDWHULDO��

5HV�OWV�DUH�SUHVHQWHG�LQ��DEOH������3RURVLW��UHV�OWV�IRU�WKH�DT�LIHU�VDPSOHV�DUH������SHUFHQW������,�������

�����������DQG��������,�������������������7KH�KLJKHU�SRURVLW��RI�WKH�ORZHU�DT�LIHU�VDPSOH�LV�OLNHO��G�H�WR�

WKH�KLJKHU�SUHYDOHQFH�RI�ILQHV��UHIHU��DEOH�������3RURVLW��YDO�HV�IRU�WKH�DT�LWDUG�VDPSOHV�DUH��������

�,������������������DQG��������,���������

5HV�OWV�RI�WKH�YHUWLFDO�K�GUD�OLF�FRQG�FWLYLW���.��WHVWV�FRQG�FWHG�RQ�WKH�WZR��QGLVW�UEHG�VDPSOHV�

UHSUHVHQWDWLYH�RI�SRWHQWLDO�DT�LWDUG�PDWHULDO�ZHUH�������DQG�������IHHW�SHU�GD���IHHW�GD����������−��DQG�

������−��FHQWLPHWHUV�SHU�VHFRQG��FP�V����7KH�VDPSOHV�ZHUH�FROOHFWHG�IURP�������������IHHW�EJV�DQG�

������������IHHW�EJV��UHVSHFWLYHO���UHIHU�WR��DEOH�������7KH�JHRWHFKQLFDO�ODERUDWRU��GHVFULSWLRQ�IRU�ERWK�

VDPSOHV�LV�UHGGLVK�EURZQ�FOD�H��VDQG����FRS��RI�WKH�JHRWHFKQLFDO�ODERUDWRU��UHSRUW�LV�SURYLGHG�LQ�

�SSHQGL������

���� �52�1�����5���������1����5�,�������5���,���5��,�1���

6WDWLF�JUR�QGZDWHU�OHYHOV�ZHUH�FROOHFWHG�SULRU�WR�WKH�DT�LIHU�WHVW�RQ�-DQ�DU���������������GD�V�DIWHU��

,�������ZDV�LQVWDOOHG��,Q�DFFRUGDQFH�ZLWK�(QHUJ�������������UR�QGZDWHU�4�DOLW���LVFKDUJH�SHUPLW�

8�:��������JUR�QGZDWHU�OHYHOV�ZHUH�FRUUHFWHG�WR�IUHVKZDWHU�HT�LYDOHQWV�SULRU�WR�I�UWKHU�LQWHUSUHWDWLRQ�

DQG�PRGHOLQJ���RUUHFWHG�JUR�QGZDWHU�OHYHOV�ZHUH��VHG�WR�FDOF�ODWH�YHUWLFDO�K�GUD�OLF�JUDGLHQWV��UHIHU�WR�

6HFWLRQ��������DQG�PRGHO�WKH�K�GUD�OLF�UHVSRQVH�WR�WKH�DT�LIHU�S�PSLQJ�WHVW��UHIHU�WR�6HFWLRQ���������

������ �HQVLW���RUUHFWLRQV�

��H�WR�WKH�YDULDEOH�VDOLQLW��RI�JUR�QGZDWHU�IR�QG�EHQHDWK�WKH�)DFLOLW���GHQVLW��FRUUHFWLRQV�ZHUH��WLOL]HG�WR�

FDOF�ODWH�IUHVK�ZDWHU�HT�LYDOHQW�KHDGV��3RVW�HW�DO����������)UHVK�ZDWHU�HT�LYDOHQW�KHDGV�IDFLOLWDWH�WKH�
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DVVHVVPHQW�RI�K�GUD�OLF�JUDGLHQWV��7KH�FRUUHFWHG�GHQVLWLHV�ZHUH�FDOF�ODWHG��WLOL]LQJ�WKH�IROORZLQJ�

HT�DWLRQ���

ℎ���� � � � �������� � ��������

:KHUH��

������LV�WKH�IUHVK�ZDWHU�HT�LYDOHQW�K�GUD�OLF�KHDG��IHHW�DPVO���

��LV�WKH�HOHYDWLRQ�KHDG�RI�WKH�PLG�ILOWHU�SDFN�RU�PLG�SRLQW�RI�WKH�VDW�UDWHG�]RQH��ZKLFKHYHU�LV�ORZHU��IHHW�

DPVO���

S�������LV�WKH��QFRUUHFWHG�SUHVV�UH�KHDG�DERYH�SRLQW����IHHW���DQG��

6�ZHOO�LV�WKH�VSHFLILF�JUDYLW��RI�WKH�ZDWHU�LQ�WKH�ZHOO���QLWOHVV���

0HDV�UHG�VWDWLF�ZDWHU�OHYHOV�DQG�FRUUHFWHG�DQG��QFRUUHFWHG�KHDGV�DUH�SUHVHQWHG�LQ��DEOH������7KH�

PDJQLW�GH�RI�WKH�GHQVLW��FRUUHFWLRQ�ZDV�JUHDWHVW�IRU�,�������EHFD�VH�RI�WKH�KLJK�JUR�QGZDWHU�VSHFLILF�

JUDYLW��DQG�ORQJ�ZDWHU�FRO�PQ�LQVLGH�WKH�ZHOO��

������ �HUWLFDO���GUD�OLF��UDGLHQWV�

9HUWLFDO�K�GUD�OLF�JUDGLHQWV�EHWZHHQ�WKH�FROORFDWHG�ZHOOV�,�������,�������,��������,�������ZHUH�FDOF�ODWHG�

DIWHU�FRQYHUWLQJ�VDOLQH�ZDWHU�OHYHOV�LQWR�IUHVK�ZDWHU�HT�LYDOHQW�KHDGV��VHH�6HFWLRQ�������

9HUWLFDO�JUDGLHQWV�ZHUH�FDOF�ODWHG��VLQJ�WKH�8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ��JHQF���8�6��(3���

9HUWLFDO��UDGLHQW��DOF�ODWRU��8�6��(3����������7KH�FDOF�ODWRU�SURYLGHV�WKH�PLG�ILOWHU�SDFN�YHUWLFDO�JUDGLHQW�

DV�ZHOO�DV�WKH�UDQJH�RI�JUDGLHQWV��ZKLFK�DFFR�QW�IRU�ZHOO�JHRPHWU��DQG�ZDWHU�OHYHO�HOHYDWLRQV��DV�

DSSOLFDEOH����V�PPDU��RI�JUDGLHQW�PDJQLW�GHV�DQG�GLUHFWLRQV�DUH�SURYLGHG�LQ��DEOH�������OO�YHUWLFDO�

JUDGLHQWV�ZHUH��SZDUG�LPPHGLDWHO��SULRU�WR�WKH�-DQ�DU�����������S�PSLQJ�WHVW��7KH�,�������ZHOO�KDV�D�

K�GUD�OLF�KHDG�WKDW�LV�KLJKHU�WKDQ�DOO�FROORFDWHG�ZHOOV��

���� �4�,��5������5�������

������ �QDO�VLV�0HWKRGV�

�T�LIHU�WHVW�GDWD�ZHUH�DQDO�]HG��VLQJ�WKH�VRIWZDUH�SDFNDJH��47(62/9��YHUVLRQ�����3URIHVVLRQDO�

���IILHOG����������UR�QGZDWHU�OHYHO�PHDV�UHPHQWV�ZHUH�FROOHFWHG�IURP�WKH�WUDQVG�FHUV�DV�ZHOO�DV�

UHFRUGHG�PDQ�DOO��E��6WDQWHF�ILHOG�SHUVRQQHO�DW�,��������VFUHHQHG�IURP���������IHHW�EJV���,�������

�VFUHHQHG�IURP��������IHHW�EJV���,�������VFUHHQHG�IURP�������IHHW�EJV���DQG�,�������VFUHHQHG�IURP��

������IHHW�EJV��G�ULQJ�WKH�DT�LIHU�WHVW���

:HOO�,������VKRZHG�QR�GLVFHUQDEOH�UHVSRQVH�WR�WKH�DT�LIHU�WHVW��V�JJHVWLQJ�D�OLPLWHG�K�GUD�OLF�FRQQHFWLRQ�

ZLWK�WKH�S�PSHG�DT�LIHU��:HOO�,������VKRZHG�D�VOLJKW�UHYHUVH�ZDWHU�OHYHO�IO�FW�DWLRQ��ZKLFK�KDV�EHHQ�

REVHUYHG�LQ�DT�LIHUV�DQG�DT�LWDUGV�RYHUO�LQJ�S�PSHG�DT�LIHUV��.LP�DQG�3DUL]HN����������

7�SLFDO�S�PSLQJ�UHVSRQVHV�ZHUH�PHDV�UHG�LQ�ZHOOV�,�������DQG�,��������7KHVH�WZR�ZHOOV�ZHUH�VHOHFWHG�

WR�HYDO�DWH�EHVW�ILW�K�GUD�OLF�SDUDPHWHUV��VLQJ�IR�U�GLIIHUHQW�PDWKHPDWLFDO�VRO�WLRQV�LQFO�GLQJ��DQW�VK�

��������1H�PDQ�:LWKHUVSRRQ���������DQG��RRSHU�-DFRE��������IRU�WKH�FRQVWDQW�UDWH�WHVW���57��S�PSLQJ�
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SHULRG��DQG�7KHLV��������IRU�WKH�UHFRYHU��GDWD��7KH�IROORZLQJ�DVV�PSWLRQV�ZHUH�DSSOLHG�IRU�WKHVH�

PHWKRGV�RI�DQDO�VLV����IILHOG���������

•� 7KH�DT�LIHU�LV�FRQILQHG�RU�OHDN��FRQILQHG��LQILQLWH�DUHDO�H[WHQW��KRPRJHQHR�V��LVRWURSLF�DQG�RI��QLIRUP�

WKLFNQHVV�RI�����IHHW��

•� )RU�OHDN��DT�LIHUV��DT�LWDUGV�KDYH�LQILQLWH�DUHDO�H[WHQW���QLIRUP�YHUWLFDO�K�GUD�OLF�FRQG�FWLYLW���VWRUDJH�

FRHIILFLHQW��DQG��QLIRUP�WKLFNQHVV��DQG�IORZ�LQ�DT�LWDUGV�LV�YHUWLFDO��

•� )RU�WKH��DQW�VK�PHWKRG��WKH�S�PSLQJ�DQG�REVHUYDWLRQ�ZHOOV�DUH�SDUWLDOO��SHQHWUDWLQJ��DQG�GLDPHWHU�RI�

S�PSLQJ�ZHOO�LV�YHU��VPDOO�VR�WKDW�VWRUDJH�LQ�WKH�ZHOO�FDQ�EH�QHJOHFWHG��

•� )RU�WKH��DQW�VK�PHWKRG��WKH�UDWLR�RI�YHUWLFDO�WR�KRUL]RQWDO�K�GUD�OLF�FRQG�FWLYLW���.Y�.K��ZDV�DVV�PHG�

WR�EH������

•� )ORZ�WR�WKH�S�PSLQJ�ZHOO�LV��QVWHDG���IORZ�LV�KRUL]RQWDO�DQG��QLIRUP�LQ�D�YHUWLFDO�VHFWLRQ�WKUR�JK�WKH�

D[LV�RI�WKH�ZHOO��

•� :DWHU�LV�UHOHDVHG�IURP�VWRUDJH�LQ�DQ�DT�LWDUG�LQVWDQWDQHR�VO��ZLWK�D�GHFOLQH�RI�K�GUD�OLF�KHDG��

•� �LVSODFHPHQW�LV�VPDOO�UHODWLYH�WR�WKH�VDW�UDWHG�WKLFNQHVV�RI�WKH�DT�LIHU��

•� )RU�WKH�1H�PDQ�:LWKHUVSRRQ�PHWKRG��DT�LWDUGV�DUH�RYHUODLQ�RU��QGHUODLQ�E��DQ�LQILQLWH�FRQVWDQW�

KHDG�SODQH�VR�UFH��

��ULQJ�WKH�DT�LIHU�WHVW��WKH�WUDQVG�FHU�LQ�PRQLWRULQJ�ZHOO�,�������VWRSSHG�ZRUNLQJ�G�ULQJ�WKH�S�PSLQJ�

WHVW��WKHUHIRUH��PDQ�DOO��UHFRUGHG�JUR�QGZDWHU�OHYHOV�ZHUH��VHG�LQ�WKH�DQDO�VLV���

������ �QDO�VLV�5HV�OWV�

)UHVKZDWHU�GHQVLW��FRUUHFWLRQV�ZHUH�DSSOLHG�WR�WKH�PHDV�UHG�JUR�QGZDWHU�OHYHOV�G�H�WR�WKH�KLJK�DQG�

YDULDEOH�VDOLQLW��REVHUYHG�ORFDOO����W�,��������IUHVKZDWHU�HT�LYDOHQW�GUDZGRZQ�LV�DSSUR[LPDWHO������IHHW�

JUHDWHU�WKDQ�WKH�UHVSRQVH�LQ�VDOLQH�ZDWHU���W�,��������WKH�GHQVLW��FRUUHFWLRQ�ZDV�QHJOLJLEOH��7KH�

�47(62/9�DQDO�WLFDO�UHV�OWV�IRU�WKH�DT�LIHU�WHVW�DUH�SUHVHQWHG�LQ��SSHQGL�����(VWLPDWHG�K�GUD�OLF�

SDUDPHWHUV�IURP�WKH�S�PSLQJ�WHVW�DQDO�VLV��LQFO�GLQJ�WUDQVPLVVLYLW���K�GUD�OLF�FRQG�FWLYLW���VWRUDWLYLW���DQG�

VSHFLILF��LHOG��DUH�SUHVHQWHG�LQ��DEOH�������

7KH�PD[LP�P�PHDV�UHG�GUDZGRZQ�IURP�WKH�S�PSLQJ�WHVW�ZDV�������IHHW�DW�,��������7KH�JHRPHWULF�

PHDQ�IRU�WKH�HVWLPDWHG�KRUL]RQWDO�K�GUD�OLF�FRQG�FWLYLW��LQ�WKH�EDVDO�DT�LIHU�LV�HVWLPDWHG�WR�EH��

�����IHHW�GD��EDVHG�RQ�WKH�UHV�OWV�IURP�,�������DQG�,��������7KH�DYHUDJH�RI�WKH�KRUL]RQWDO�K�GUD�OLF�

FRQG�FWLYLW��HVWLPDWHV��VLQJ�GLIIHUHQW�PHWKRGV�RI�DQDO�VLV�LV������IHHW�GD��IRU�,��������DQG�������IHHW�GD��

IRU�,�������ZKLOH�WKH�DYHUDJH�YDO�H�RI�VWRUDWLYLW��ZDV�HVWLPDWHG�DW��������−��IRU�,�������DQG��������−��IRU�

,���������

7ZR�RI�WKH�IR�U�DQDO�VLV�PHWKRGV�DSSOLHG�DW�,�������DVV�PHG�WKH�EDVDO�GHSWK�DT�LIHU�LV�OHDN��FRQILQHG�

��DQW�VK��������DQG�1H�PDQ�:LWKHUVSRRQ���������7KH�UHODWLYHO��IODW�UHVSRQVH�QHDU�WKH�HQG�RI�S�PSLQJ�

V�JJHVWV�D�FRQVWDQW�VR�UFH�RI�ZDWHU�LV�DYDLODEOH��FRQVLVWHQW�ZLWK�UHFKDUJH��OHDNDJH��RFF�UULQJ�G�ULQJ�WKH�

WHVW��

7KUHH�DQDO�VHV�ZHUH�FRQG�FWHG�WR�HYDO�DWH�WKH�S�PSLQJ�WHVW�UHVSRQVH�DW�,��������(VWLPDWHG�K�GUD�OLF�

FRQG�FWLYLW��IRU�,�������LV�KLJKHU�WKDQ�,��������V�JJHVWLQJ�WKH�K�GUD�OLF�FRQG�FWLYLW��DW�VKDOORZHU�GHSWKV�LV�

JUHDWHU�WKDQ�WKH�K�GUD�OLF�FRQG�FWLYLW��QHDU�����IHHW�EJV��
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7KH�JUR�QGZDWHU�VDPSOH�IURP�,�������ZDV�DQDO�]HG�IRU�PHWDOV��UDGLRQ�FOLGHV��DQG�PDMRU�LRQV�DW�DQ�RII�

VLWH�ODERUDWRU���DQG�ZDWHU�T�DOLW��SDUDPHWHUV�ZHUH�PHDV�UHG�LQ�WKH�ILHOG�DV�SURYLGHG�LQ��DEOH������7KH�

PDMRU�FDWLRQ�LV�VRGL�P�DQG�WKH�PDMRU�DQLRQ�LV�FKORULGH��7RWDO�GLVVROYHG�VROLGV��7�6��DW�EDVDO�GHSWKV�DUH�

�������PLOOLJUDPV�SHU�OLWHU��PJ�O���DV�FRPSDUHG�WR�DQ�DYHUDJH�RI��������PJ�O�IRU�VKDOORZ�JUR�QGZDWHU�

VDPSOHV�FROOHFWHG�LQ��������V�LV�WKH�FDVH�IRU�WKH�)DFLOLW��V�VKDOORZ�JUR�QGZDWHU��WKH�EDVDO�GHSWK�

JUR�QGZDWHU�LV�FODVVLILHG�DV��ODVV�,9���6DOLQH��UR�QGZDWHU��G�H�WR�WKH�7�6�FRQFHQWUDWLRQ�H[FHHGLQJ�

�������PJ�O��8WDK��GPLQLVWUDWLYH��RGH�5����������UR�QG�:DWHU��ODVVHV���

7RWDO��UDQL�P��8��LV������PLFURJUDPV�SHU�OLWHU���J�O���LVRWRSHV�8���������DQG�8�����ZHUH�GHWHFWHG�DQG��

8���������ZDV�QRW�GHWHFWHG��7KRUL�P�LVRWRSHV�ZHUH�QRW�GHWHFWHG���URVV�DOSKD�ZDV�QRW�GHWHFWHG��WKR�JK�

WKH�DQDO�VLV�GLG�QRW�PHHW�GHWHFWLRQ�OLPLW�UHT�LUHPHQWV�G�H�WR�ORZ�VDPSOH�YRO�PH��VDPSOH�YRO�PH�ZDV�

OLPLWHG�G�H�WR�WKH�DQDO�WLFDO�SURFHG�UHV��UHIHU�WR�WKH��(/�DQDO�WLFDO�ODERUDWRU��UHSRUW�SURYLGHG�LQ�

�SSHQGL�������URVV�EHWD�LV�����SLFR��ULHV�SHU�OLWHU��S�L�O�����FRS��RI�WKH��:�/�DQG��(/�JUR�QGZDWHU�

DQDO�WLFDO�ODERUDWRU��UHSRUWV�DUH�SURYLGHG�LQ��SSHQGL������

7KH�JUR�QGZDWHU�FKHPLVWU��RI�,�������LV�W�SLFDO�RI�GHHS�JUR�QGZDWHU�LVRODWHG�IURP�UHFKDUJH��5HGR[�

FRQGLWLRQV�DUH�UHODWLYHO��UHG�FLQJ��EDVHG�RQ�WKH�ILHOG�253��L�H���(K��PHDV�UHPHQW��UHIHU�WR�WKH�

JUR�QGZDWHU�VDPSOH�ILHOG�IRUP�SURYLGHG�LQ��SSHQGL�����DQG�WKH�SUHVHQFH�RI�GLVVROYHG�LURQ�DQG�

DPPRQLD���HWHFWHG�UDGLRORJLFDO�DQG�QRQ�UDGLRORJLFDO�FRQVWLW�HQWV�DUH�QDW�UDOO��RFF�UULQJ��

�
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,Q�1RYHPEHU�DQG��HFHPEHU�������D�GHHS�ERULQJ�ZDV�GULOOHG�DW�WKH�)DFLOLW��WR�����IHHW�EJV��7KH�FRUH�

H[WUDFWHG�IURP�WKH�ERULQJ�ZDV�ORJJHG�DQG�JHRWHFKQLFDO�VRLO�VDPSOHV�ZHUH�FROOHFWHG�DQG�DQDO�]HG��7KH�

ERULQJ�ZDV�EDFNILOOHG�WR�����IHHW�EJV�DQG�D���LQFK�GLDPHWHU�ZHOO��,��������VFUHHQHG�DFURVV�WKH�REVHUYHG�

PRVW�SHUPHDEOH�]RQH�IURP�����WR�����IHHW�EJV��ZDV�V�FFHVVI�OO��FRQVWU�FWHG���UR�QGZDWHU�VDPSOHV�

ZHUH�FROOHFWHG�DQG�DQDO�]HG��DQG�DQ�DT�LIHU�WHVW�ZDV�FRQG�FWHG�LQ�-DQ�DU��������

)URP�GDWD�FROOHFWHG�G�ULQJ�WKLV�6W�G���FKDUDFWHULVWLFV�RI�WKH��QFRQVROLGDWHG�EDVDO�DT�LIHU�WR�����IHHW�

EHQHDWK�WKH�)DFLOLW��ZHUH�HYDO�DWHG�DQG�VHYHUDO�EDVDO�DT�LIHU�VW�G��GDWD�REMHFWLYHV�R�WOLQHG�E���:05��

LQ�WKHLU�-�O�����������OHWWHU�WR�(QHUJ�����������KDYH�EHHQ�PHW��9LV�DO�LQVSHFWLRQ�RI�WKH�H[WUDFWHG�FRUH��

JHRWHFKQLFDO�DQDO�VLV�UHV�OWV��DT�LIHU�WHVW�HYDO�DWLRQ��DQG�JUR�QGZDWHU�VDPSOLQJ�UHV�OWV�LQGLFDWH�WKH�

IROORZLQJ���

•� 7KH�]RQH�RI�KLJKHVW�SHUPHDELOLW���VDQG��VLOW��DFURVV�WKH�����IRRW�GHHS�ERULQJ�LV�ORFDWHG�DW�����WR��

����IHHW�EJV���RUL]RQWDO�K�GUD�OLF�FRQG�FWLYLW��HVWLPDWHV�IURP�-DQ�DU�������DT�LIHU�WHVWV�DUH�

LQGLFDWLYH�RI�VLOW�DQG�VLOW��VDQG�PDWHULDO���DEOH�������ZKLFK�FRUUHODWH�ZHOO�ZLWK�WKH�VWUDWLJUDSKLF�ERULQJ�

ORJ���SSHQGL������

•� �T�LWDUG�PDWHULDO�LV�ORFDWHG�ERWK�DERYH�DQG�EHORZ�WKH�KLJKHVW�SHUPHDELOLW��LQWHUYDO��ZLWK�WKH�ODUJHVW�

SHUFHQWDJH�RI�ILQH�JUDLQHG�PDWHULDO���S�WR��������ORFDWHG�DW�GHHSHU�GHSWKV���DEOH�������0�FK�RI�WKH�

DT�LWDUG�PDWHULDO�ZDV�REVHUYHG�WR�EH�GHQVH�DQG�GU����SSHQGL�������

•� /RZ�YHUWLFDO�K�GUD�OLF�FRQG�FWLYLWLHV�ZHUH�PHDV�UHG�LQ��QGLVW�UEHG�VDPSOHV�FROOHFWHG�IURP�WKH�

LGHQWLILHG�DT�LWDUG�]RQHV�DERYH�DQG�EHORZ�WKH�,�������VFUHHQHG�LQWHUYDO��RQ�WKH�RUGHU�RI������FP�V�LQ�

WKH��SSHU�DQG������FP�V�LQ�WKH�ORZHU�DT�LWDUG�]RQHV���DEOH�������7KHVH�UHV�OWV�DUH�WZR�WR�WKUHH�RUGHUV�

RI�PDJQLW�GH�ORZHU�WKDQ�KRUL]RQWDO�K�GUD�OLF�FRQG�FWLYLW��HVWLPDWHV�RI�WKH�DT�LIHU�WHVW�GDWD�DQDO�VLV��

•� 7KH�YHUWLFDO�K�GUD�OLF�JUDGLHQW��FDOF�ODWHG��VLQJ�IUHVK�ZDWHU�HT�LYDOHQW�KHDGV�IRU�,�������DQG�WKUHH�

QHVWHG�ZHOOV��LQGLFDWHV�DQ��SZDUG�GLUHFWLRQ�RI�YHUWLFDO�JUR�QGZDWHU�IORZ�DW�WKH�)DFLOLW���

•� 3RRU�ZDWHU�T�DOLW��ZDV�PHDV�UHG�LQ�WKH�JUR�QGZDWHU�VDPSOHV�FROOHFWHG�IURP�,��������VFUHHQHG�IURP�

����WR�����IHHW�EJV���QRWDEO��D�7�6�FRQFHQWUDWLRQ�RI��������PJ�O�ZKLFK�LV�DERYH�WKH�8WDK�

�GPLQLVWUDWLYH��RGH��������PJ�O�WKUHVKROG�IRU��ODVV�,9�JUR�QGZDWHU��8���5������������

7KHVH�UHV�OWV�LQGLFDWH�OLPLWHG�FRQQHFWLYLW��EHWZHHQ�WKH�VKDOORZ�]RQHV�DQG�WKH�GHHSHU�EDVDO�DT�LIHU�DW�WKH�

)DFLOLW����LYHQ�WKH��SZDUG�FRPSRQHQW�RI�JUR�QGZDWHU�IORZ��ORZ�YHUWLFDO�K�GUD�OLF�FRQG�FWLYLW��DQG�

REVHUYHG�GU�QHVV�RI�WKH�DT�LWDUG�]RQHV��DQG�WKH�ODFN�RI�UHVSRQVH�LQ�WKH����DQG����IRRW�GHHS�REVHUYDWLRQ�

ZHOOV�G�ULQJ�WKH�DT�LIHU�WHVW��K�GUD�OLF�FRPP�QLFDWLRQ�IURP�WKH�VKDOORZ�]RQHV�WR�WKH�GHHSHU�EDVDO�DT�LIHU�

�QGHU�QDW�UDO�FRQGLWLRQV�LV��QOLNHO��
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%LQJKDP�(QYLURQPHQWDO����������GURJHRORJLF�5HSRUW�(QYLURFDUH�:DVWH��LVSRVDO�)DFLOLW��6R�WK��OLYH��
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Note: Bob Sobocinski with EnergySolutions verified via email on 02/25/2020 the units for the 
pre-sampling field analysis:  
Temp - Celsius 
SC - mhos/cm 
EH - millivolts 
Diss O - mg/l
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Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 1

Drilling Date:
11/15/2019

Comments:
0 - 2 ft bgs

Photograph ID: 2

Drilling Date:
11/15/2019

Comments:
2 - 4.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 3

Drilling Date:
11/15/2019

Comments:
4.5 - 7 ft bgs

Photograph ID: 4

Drilling Date:
11/15/2019

Comments:
7 - 9.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 5

Drilling Date:
11/15/2019

Comments:
9.5 - 12 ft bgs

Photograph ID: 6

Drilling Date:
11/15/2019

Comments:
12 - 14.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 7

Drilling Date:
11/15/2019

Comments:
14.5 - 17 ft bgs

Photograph ID: 8

Drilling Date:
11/15/2019

Comments:
17 - 19.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 9

Drilling Date:
11/15/2019

Comments:
19.5 - 22 ft bgs

Photograph ID: 10

Drilling Date:
11/15/2019

Comments:
22 - 24.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 11

Drilling Date:
11/15/2019

Comments:
24.5 - 27 ft bgs

Photograph ID: 12

Drilling Date:
11/15/2019

Comments:
27 - 29.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 13

Drilling Date:
11/15/2019

Comments:
29.5 - 32 ft bgs

Photograph ID: 14

Drilling Date:
11/15/2019

Comments:
32 - 34.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 15

Drilling Date:
11/15/2019

Comments:
34.5 - 37 ft bgs

Photograph ID: 16

Drilling Date:
11/15/2019

Comments:
37 - 39.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 17

Drilling Date:
11/15/2019

Comments:
39.5 - 42 ft bgs

Photograph ID: 18

Drilling Date:
11/15/2019

Comments:
42 - 44.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 19

Drilling Date:
11/15/2019

Comments:
44.5 - 47 ft bgs

Photograph ID: 20

Drilling Date:
11/15/2019

Comments:
47 - 49.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 21

Drilling Date:
11/15/2019

Comments:
49.5 - 52 ft bgs

Photograph ID: 22

Drilling Date:
11/15/2019

Comments:
52 - 57 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 23

Drilling Date:
11/15/2019

Comments:
57 - 59.5 ft bgs

Photograph ID: 24

Drilling Date:
11/15/2019

Comments:
59.5 - 62 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 25

Drilling Date:
11/15/2019

Comments:
62 - 64.5 ft bgs

Photograph ID: 26

Drilling Date:
11/15/2019

Comments:
64.5 - 67 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 27

Drilling Date:
11/15/2019

Comments:
67 - 69.5 ft bgs

Photograph ID: 28

Drilling Date:
11/15/2019

Comments:
69.5 - 71 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 29

Drilling Date:
11/15/2019

Comments:
71 - 77 ft bgs

Photograph ID: 30

Drilling Date:
11/15/2019

Comments:
77 - 79.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 31

Drilling Date:
11/15/2019

Comments:
79.5 - 82 ft bgs

Photograph ID: 32

Drilling Date:
11/15/2019

Comments:
82 - 84.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 33

Drilling Date:
11/15/2019

Comments:
84.5 - 87 ft bgs

Photograph ID: 34

Drilling Date:
11/15/2019

Comments:
87 - 89.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 35

Drilling Date:
11/15/2019

Comments:
89.5 - 92 ft bgs

Photograph ID: 36

Drilling Date:
11/15/2019

Comments:
92 - 94.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 37

Drilling Date:
11/15/2019

Comments:
94.5 - 97 ft bgs

Photograph ID: 38

Drilling Date:
11/15/2019

Comments:
97 - 99.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 39

Drilling Date:
11/15/2019

Comments:
99.5 - 102 ft bgs

Photograph ID: 40

Drilling Date:
11/15/2019

Comments:
102 - 104.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 41

Drilling Date:
11/15/2019

Comments:
104.5 - 107 ft bgs

Photograph ID: 42

Drilling Date:
11/15/2019

Comments:
107 - 109.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 43

Drilling Date:
11/15/2019

Comments:
109 - 112.5 ft bgs

Photograph ID: 44

Drilling Date:
11/15/2019

Comments:
112 - 114.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 45

Drilling Date:
11/15/2019

Comments:
114.5 - 117 ft bgs

Photograph ID: 46

Drilling Date:
11/15/2019

Comments:
117 - 119.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 47

Drilling Date:
11/15/2019

Comments:
119.5 - 122 ft bgs

Photograph ID: 48

Drilling Date:
11/15/2019

Comments:
122 - 124.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 49

Drilling Date:
11/18/2019

Comments:
124.5 - 127 ft bgs

Photograph ID: 50

Drilling Date:
11/18/2019

Comments:
127 - 129.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 51

Drilling Date:
11/18/2019

Comments:
129.5 - 132 ft bgs

Photograph ID: 52

Drilling Date:
11/18/2019

Comments:
132 - 134.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 53

Drilling Date:
11/18/2019

Comments:
134.5 - 137 ft bgs

Photograph ID: 54

Drilling Date:
11/18/2019

Comments:
137 - 139.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 55

Drilling Date:
11/18/2019

Comments:
139.5 - 142 ft bgs

Photograph ID: 56

Drilling Date:
11/18/2019

Comments:
142 - 144.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 57

Drilling Date:
11/18/2019

Comments:
144.5 - 147 ft bgs

Photograph ID: 58

Drilling Date:
11/18/2019

Comments:
147 - 149.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 59

Drilling Date:
11/18/2019

Comments:
149.5 - 152 ft bgs

Photograph ID: 60

Drilling Date:
11/18/2019

Comments:
152 - 154.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 61

Drilling Date:
11/18/2019

Comments:
154.5 - 157 ft bgs

Photograph ID: 62

Drilling Date:
11/18/2019

Comments:
157 - 159.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 63

Drilling Date:
11/18/2019

Comments:
159.5 - 162 ft bgs

Photograph ID: 64

Drilling Date:
11/18/2019

Comments:
162 - 164.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 65

Drilling Date:
11/18/2019

Comments:
164.5 - 167 ft bgs

Photograph ID: 66

Drilling Date:
11/18/2019

Comments:
167 - 169.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 67

Drilling Date:
11/18/2019

Comments:
169.5 - 172 ft bgs

Photograph ID: 68

Drilling Date:
11/18/2019

Comments:
172 - 174.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 69

Drilling Date:
11/18/2019

Comments:
174.5 - 177 ft bgs

Photograph ID: 70

Drilling Date:
11/18/2019

Comments:
177 - 179.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 71

Drilling Date:
11/18/2019

Comments:
179.5 - 182 ft bgs; bag
broke, sample fell out

Photograph ID: 72

Drilling Date:
11/18/2019

Comments:
182 - 184.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 73

Drilling Date:
11/18/2019

Comments:
184.5 - 187 ft bgs

Photograph ID: 74

Drilling Date:
11/18/2019

Comments:
187 - 189.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 75

Drilling Date:
11/18/2019

Comments:
189.5 - 192 ft bgs

Photograph ID: 76

Drilling Date:
11/18/2019

Comments:
192 - 194.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 77

Drilling Date:
11/18/2019

Comments:
194.5 - 197 ft bgs

Photograph ID: 78

Drilling Date:
11/18/2019

Comments:
197 - 199.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 79

Drilling Date:
11/18/2019

Comments:
199.5 - 202 ft bgs

Photograph ID: 80

Drilling Date:
11/18/2019

Comments:
202 - 204.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 81

Drilling Date:
11/18/2019

Comments:
204.5 - 207 ft bgs

Photograph ID: 82

Drilling Date:
11/18/2019

Comments:
207 - 209.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 83

Drilling Date:
11/18/2019

Comments:
209.5 - 212 ft bgs

Photograph ID: 84

Drilling Date:
11/18/2019

Comments:
212 - 214.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 85

Drilling Date:
11/18/2019

Comments:
214.5 - 217 ft bgs

Photograph ID: 86

Drilling Date:
11/18/2019

Comments:
217 - 219.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 87

Drilling Date:
11/18/2019

Comments:
219.5 - 222 ft bgs

Photograph ID: 88

Drilling Date:
11/18/2019

Comments:
222 - 224.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 89

Drilling Date:
11/18/2019

Comments:
224.5 - 227 ft bgs

Photograph ID: 90

Drilling Date:
11/19/2019

Comments:
227 - 229.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 91

Drilling Date:
11/19/2019

Comments:
229.5 - 232 ft bgs

Photograph ID: 92

Drilling Date:
11/19/2019

Comments:
232 - 234.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 93

Drilling Date:
11/19/2019

Comments:
234.5 - 237 ft bgs

Photograph ID: 94

Drilling Date:
11/19/2019

Comments:
237 - 239.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 95

Drilling Date:
11/19/2019

Comments:
239.5 - 242 ft bgs

Photograph ID: 96

Drilling Date:
11/19/2019

Comments:
242 - 244.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 97

Drilling Date:
11/19/2019

Comments:
244.5 - 247 ft bgs

Photograph ID: 98

Drilling Date:
11/19/2019

Comments:
247 - 249.5 ft bgs - No
Recovery



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 99

Drilling Date:
11/19/2019

Comments:
249.5 - 252 ft bgs

Photograph ID: 100

Drilling Date:
11/19/2019

Comments:
252 - 254.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 101

Drilling Date:
11/19/2019

Comments:
254.5 - 257 ft bgs

Photograph ID: 102

Drilling Date:
11/19/2019

Comments:
257 - 259.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 103

Drilling Date:
11/19/2019

Comments:
259.5 - 262 ft bgs

Photograph ID: 104

Drilling Date:
11/19/2019

Comments:
262 - 264.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 105

Drilling Date:
11/19/2019

Comments:
264.5 - 267 ft bgs

Photograph ID: 106

Drilling Date:
11/19/2019

Comments:
267 - 269.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 107

Drilling Date:
11/19/2019

Comments:
269.5 - 272 ft bgs

Photograph ID: 108

Drilling Date:
11/19/2019

Comments:
272 - 274.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 109

Drilling Date:
11/19/2019

Comments:
274.5 - 277 ft bgs

Photograph ID: 110

Drilling Date:
11/19/2019

Comments:
277 - 279.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 111

Drilling Date:
11/19/2019

Comments:
279.5 - 282 ft bgs

Photograph ID: 112

Drilling Date:
11/19/2019

Comments:
282 - 284.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 113

Drilling Date:
11/19/2019

Comments:
284.5 - 287 ft bgs

Photograph ID: 114

Drilling Date:
11/19/2019

Comments:
287 - 289.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 115

Drilling Date:
11/19/2019

Comments:
289.5 - 292 ft bgs

Photograph ID: 116

Drilling Date:
11/19/2019

Comments:
292 - 294.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 117

Drilling Date:
11/19/2019

Comments:
294.5 - 297 ft bgs

Photograph ID: 118

Drilling Date:
11/20/2019

Comments:
297 - 299.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 119

Drilling Date:
11/20/2019

Comments:
299.5 - 302 ft bgs

Photograph ID: 120

Drilling Date:
11/20/2019

Comments:
302 - 304.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 121

Drilling Date:
11/20/2019

Comments:
304.5 - 307 ft bgs

Photograph ID: 122

Drilling Date:
11/20/2019

Comments:
307 - 309.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 123

Drilling Date:
11/20/2019

Comments:
309.5 - 312 ft bgs

Photograph ID: 124

Drilling Date:
11/20/2019

Comments:
312 - 314.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 125

Drilling Date:
11/20/2019

Comments:
314.5 - 317 ft bgs

Photograph ID: 126

Drilling Date:
11/20/2019

Comments:
317 - 319.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 127

Drilling Date:
11/20/2019

Comments:
319.5 - 322 ft bgs

Photograph ID: 128

Drilling Date:
11/20/2019

Comments:
322 - 324.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 129

Drilling Date:
11/20/2019

Comments:
324.5 - 327 ft bgs

Photograph ID: 130

Drilling Date:
11/20/2019

Comments:
327 - 329.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 131

Drilling Date:
11/20/2019

Comments:
329.5 - 332 ft bgs

Photograph ID: 132

Drilling Date:
11/20/2019

Comments:
332 - 334.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 133

Drilling Date:
11/20/2019

Comments:
334.5 - 337 ft bgs

Photograph ID: 134

Drilling Date:
11/21/2019

Comments:
337 - 339.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 135

Drilling Date:
11/21/2019

Comments:
339.5 - 342 ft bgs

Photograph ID: 136

Drilling Date:
11/21/2019

Comments:
342 - 344.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 137

Drilling Date:
11/21/2019

Comments:
344.5 - 347 ft bgs

Photograph ID: 138

Drilling Date:
11/21/2019

Comments:
347 - 349.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 139

Drilling Date:
11/21/2019

Comments:
349.5 - 352 ft bgs

Photograph ID: 140

Drilling Date:
11/21/2019

Comments:
352 - 354.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 141

Drilling Date:
11/21/2019

Comments:
354.5 - 357 ft bgs

Photograph ID: 142

Drilling Date:
11/21/2019

Comments:
357 - 359.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 143

Drilling Date:
11/21/2019

Comments:
359.5 - 362 ft bgs

Photograph ID: 144

Drilling Date:
11/21/2019

Comments:
362 - 364.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 145

Drilling Date:
11/21/2019

Comments:
364.5 - 367 ft bgs

Photograph ID: 146

Drilling Date:
11/21/2019

Comments:
367 - 369.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 147

Drilling Date:
11/21/2019

Comments:
369.5 - 372 ft bgs

Photograph ID: 148

Drilling Date:
11/21/2019

Comments:
372 - 374.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 149

Drilling Date:
11/21/2019

Comments:
374.5 - 377 ft bgs

Photograph ID: 150

Drilling Date:
11/21/2019

Comments:
377 - 379.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 151

Drilling Date:
11/21/2019

Comments:
379.5 - 382 ft bgs

Photograph ID: 152

Drilling Date:
11/21/2019

Comments:
382 - 384.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 153

Drilling Date:
11/21/2019

Comments:
384.5 - 387 ft bgs

Photograph ID: 154

Drilling Date:
11/21/2019

Comments:
387 - 389.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 155

Drilling Date:
11/21/2019

Comments:
389.5 - 392 ft bgs

Photograph ID: 156

Drilling Date:
11/21/2019

Comments:
392 - 394.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 157

Drilling Date:
11/22/2019

Comments:
394.5 - 397 ft bgs

Photograph ID: 158

Drilling Date:
11/22/2019

Comments:
397 - 399.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 159

Drilling Date:
11/22/2019

Comments:
399.5 - 402 ft bgs

Photograph ID: 160

Drilling Date:
11/22/2019

Comments:
402 - 404.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 161

Drilling Date:
11/22/2019

Comments:
404.5 - 407 ft bgs

Photograph ID: 162

Drilling Date:
11/22/2019

Comments:
407 - 409.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 163

Drilling Date:
11/22/2019

Comments:
409.5 - 212 ft bgs

Photograph ID: 164

Drilling Date:
11/22/2019

Comments:
412- 414.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 165

Drilling Date:
11/22/2019

Comments:
414.5 - 417 ft bgs

Photograph ID: 166

Drilling Date:
11/22/2019

Comments:
417 - 419.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 167

Drilling Date:
11/22/2019

Comments:
419.5 - 422 ft bgs

Photograph ID: 168

Drilling Date:
11/22/2019

Comments:
422 - 424.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 169

Drilling Date:
11/22/2019

Comments:
424.5 - 427 ft bgs

Photograph ID: 170

Drilling Date:
11/22/2019

Comments:
427 - 429.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 171

Drilling Date:
11/22/2019

Comments:
429.5 - 432 ft bgs

Photograph ID: 172

Drilling Date:
11/22/2019

Comments:
432 - 434.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 173

Drilling Date:
11/22/2019

Comments:
434.5 - 437 ft bgs

Photograph ID: 174

Drilling Date:
11/25/2019

Comments:
437 - 440 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 175

Drilling Date:
11/25/2019

Comments:
440 - 442.5 ft bgs

Photograph ID: 176

Drilling Date:
11/25/2019

Comments:
442.5 - 445 ft bs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 177

Drilling Date:
11/25/2019

Comments:
445 - 447.5 ft bgs

Photograph ID: 178

Drilling Date:
11/25/2019

Comments:
447.5 - 450 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 179

Drilling Date:
11/25/2019

Comments:
450 - 452 ft bgs

Photograph ID: 180

Drilling Date:
11/25/2019

Comments:
452 - 454.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 181

Drilling Date:
11/25/2019

Comments:
454.5 - 457 ft bgs

Photograph ID: 182

Drilling Date:
11/25/2019

Comments:
457 - 460 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 183

Drilling Date:
11/25/2019

Comments:
460 - 462.5 ft bgs

Photograph ID: 184

Drilling Date:
11/25/2019

Comments:
462.5 - 465 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 185

Drilling Date:
11/25/2019

Comments:
465 - 467.5 ft bgs

Photograph ID: 186

Drilling Date:
11/25/2019

Comments:
467.5 - 470 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 187

Drilling Date:
11/26/2019

Comments:
470 - 472 ft bgs

Photograph ID: 188

Drilling Date:
11/26/2019

Comments:
472 - 474.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 189

Drilling Date:
11/26/2019

Comments:
474.5 - 477 ft bgs

Photograph ID: 190

Drilling Date:
11/26/2019

Comments:
477 - 479 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 191

Drilling Date:
11/26/2019

Comments:
479 - 481.5 ft bgs

Photograph ID: 192

Drilling Date:
11/26/2019

Comments:
481.5 - 484 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 193

Drilling Date:
11/26/2019

Comments:
484 - 486.5 ft bgs

Photograph ID: 194

Drilling Date:
11/26/2019

Comments:
486.5 - 489 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 195

Drilling Date:
11/26/2019

Comments:
489 - 491.5 ft bgs

Photograph ID: 196

Drilling Date:
11/26/2019

Comments:
491.5 - 494 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 197

Drilling Date:
11/26/2019

Comments:
494 - 497 ft bgs

Photograph ID: 198

Drilling Date:
11/26/2019

Comments:
497 - 499.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 199

Drilling Date:
11/26/2019

Comments:
499.5 - 502 ft bgs

Photograph ID: 200

Drilling Date:
11/26/2019

Comments:
502 - 504.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 201

Drilling Date:
11/26/2019

Comments:
504.5 - 507 ft bgs

Photograph ID: 202

Drilling Date:
11/26/2019

Comments:
507 - 510 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 203

Drilling Date:
11/26/2019

Comments:
510 - 512.5 ft bgs

Photograph ID: 204

Drilling Date:
11/26/2019

Comments:
512.5 - 515 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 205

Drilling Date:
11/26/2019

Comments:
515 - 517.5 ft bgs

Photograph ID: 206

Drilling Date:
11/26/2019

Comments:
517.5 - 520 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 207

Drilling Date:
11/26/2019

Comments:
520 - 522.5 ft bgs

Photograph ID: 208

Drilling Date:
11/26/2019

Comments:
522.5 - 525 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 209

Drilling Date:
11/26/2019

Comments:
525 - 527 ft bgs

Photograph ID: 210

Drilling Date:
11/26/2019

Comments:
527 - 529.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 211

Drilling Date:
11/26/2019

Comments:
529.5 - 532 ft bgs

Photograph ID: 212

Drilling Date:
11/26/2019

Comments:
532 - 534.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 213

Drilling Date:
11/26/2019

Comments:
534.5 - 537 ft bgs

Photograph ID: 214

Drilling Date:
12/2/2019

Comments:
537 - 539.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 215

Drilling Date:
12/2/2019

Comments:
539.5 - 542 ft bgs

Photograph ID: 216

Drilling Date:
12/2/2019

Comments:
542 - 544.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 217

Drilling Date:
12/2/2019

Comments:
544.5 - 547 ft bgs

Photograph ID: 218

Drilling Date:
12/2/2019

Comments:
547 - 549.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 219

Drilling Date:
12/2/2019

Comments:
549.5 - 552 ft bgs

Photograph ID: 220

Drilling Date:
12/2/2019

Comments:
552 - 554.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 221

Drilling Date:
12/2/2019

Comments:
554.5 - 557 ft bgs

Photograph ID: 222

Drilling Date:
12/3/2019

Comments:
557 - 559.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 223

Drilling Date:
12/3/2019

Comments:
559.5 - 562 ft bgs

Photograph ID: 224

Drilling Date:
12/3/2019

Comments:
562 - 564.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 225

Drilling Date:
12/3/2019

Comments:
564.5 - 567 ft bgs

Photograph ID: 226

Drilling Date:
12/3/2019

Comments:
567 - 569.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 227

Drilling Date:
12/3/2019

Comments:
569.5 - 572 ft bgs

Photograph ID: 228

Drilling Date:
12/3/2019

Comments:
572 - 574.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 229

Drilling Date:
12/3/2019

Comments:
574.5 - 577 ft bgs

Photograph ID: 230

Drilling Date:
12/3/2019

Comments:
577 - 579.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 231

Drilling Date:
12/3/2019

Comments:
579.5 - 582 ft bgs

Photograph ID: 232

Drilling Date:
12/3/2019

Comments:
582 - 584.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 233

Drilling Date:
12/3/2019

Comments:
584.5 - 587 ft bgs

Photograph ID: 234

Drilling Date:
12/3/2019

Comments:
587 - 589.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 235

Drilling Date:
12/3/2019

Comments:
589.5 - 592 ft bgs

Photograph ID: 236

Drilling Date:
12/3/2019

Comments:
592 - 594.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 237

Drilling Date:
12/3/2019

Comments:
594.5 - 597 ft bgs

Photograph ID: 238

Drilling Date:
12/4/2019

Comments:
597 - 599.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 239

Drilling Date:
12/4/2019

Comments:
599.5 - 602 ft bgs

Photograph ID: 240

Drilling Date:
12/4/2019

Comments:
602 - 604.5 ft bgs



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 241

Drilling Date:
12/4/2019

Comments:
604.5 - 607 ft bgs

Photograph ID: 242

Drilling Date:
12/5/2019

Comments:
607 - 615 ft bgs;
Breccia/Rock flour



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 1

Drilling Date:
11/26/2019

Comments:
Sonic drill rig and support
truck set up on I-1-700.
Core laid down under tarps
covered by snow.

Photograph ID: 2

Drilling Date:
1/31/2020

Comments:
End cap placed at bottom
of well screen prior to
lowering down borehole.



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 3

Drilling Date:
12/12/2019

Comments:
Stainless steel well screen
specifics.

Photograph ID: 4

Drilling Date:
12/12/2019

Comments:
Stainless steel well blank
casing specifics.



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 5

Drilling Date:
12/12/2019

Comments:
Stainless steel well blank
casing laid out for well build
installation.

Photograph ID: 6

Drilling Date:
12/12/2019

Comments:
Sand used for filter pack
around screen.



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 7

Drilling Date:
12/12/2019

Comments:
Sand used for filter pack
around screen.

Photograph ID: 8

Drilling Date:
12/12/2019

Comments:
Bentonite chips used for
bentonite seal.



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 9

Drilling Date:
12/13/2019

Comments:
Grout used for annular
seal.

Photograph ID: 10

Drilling Date:
12/13/2019

Comments:
Concrete used for surface
seal.



Client: EnergySolutions, LLC Project: Basal Aquifer
Characterization Drilling

Site Name: Clive Facility Site Location: I-1-700

Photograph ID: 11

Drilling Date:
1/16/2020

Comments:
Surface completion of
I-1-700 (photo taken during
well development set up)

Valve used for 
groundwater sample 
collection.



3��6������6�����3����4�,��5�6�����5�325��

�SSHQGL[�����(27(��1,��/�/�%25�725��5(3257��
������

�� �
� �

�

�SSHQGL���� ��2����1,�������25��25��5�325��

� �



Water Content and Unit Weight of Soil
(In General Accordance with ASTM D7263 Method B and D2216) © IGES 2004, 2020

Project:
No:

Location:
Date:

By:

Boring No. I-1-700 I-1-700 I-1-700 I-1-700 I-1-700 I-1-700 I-1-700 I-1-700

Sample:

Depth (ft.): 247.0-247.5 247.5-248.0 248.0-248.5 297.0-297.5 297.5-298.0 298.0-298.5 337.0-337.5 337.5-338.0

Sample height, H (in) 5.402 5.838 5.433 5.939 3.018 5.948 5.124 5.031

Sample diameter, D (in) 2.424 2.417 2.398 2.441 2.432 2.432 2.383 2.378

Sample volume, V (ft3) 0.0144 0.0155 0.0142 0.0161 0.0081 0.0160 0.0132 0.0129

Mass rings + wet soil (g) 1010.32 1145.56 1021.85 1061.63 1165.19 1015.51 955.73 904.34

Mass rings/tare (g) 205.18 204.31 207.97 204.47 757.31 202.42 279.00 278.36

Moist soil, Ws (g) 805.14 941.25 813.88 857.16 407.88 813.09 676.73 625.98
Moist unit wt., gm (pcf) 123.03 133.87 126.36 117.49 110.83 112.11 112.81 106.73

Wet soil + tare (g) 356.47 470.32 385.11 402.79 329.56 362.35 391.51 345.68

Dry soil + tare (g) 309.94 423.99 341.49 336.78 278.54 309.66 336.89 274.06

Tare (g) 121.93 128.51 123.63 126.68 127.94 127.97 120.75 121.26

24.7 15.7 20.0 31.4 33.9 29.0 25.3 46.9

98.6 115.7 105.3 89.4 82.8 86.9 90.1 72.7

Entered by:___________

Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[MDv1.xlsx]1

EnergySolutions
M03271-001
Basal Aquifer Investigation
1/10/2020
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S
am

pl
e 

In
fo

.
U

ni
t W

ei
g

ht
 I

nf
o.

W
at

er
 

C
o

nt
en

t 

Water Content, w (%)

W
at

er
 o

bs
er

v
ed

 l
ea

k
in

g 
fr

om
 t

he
 t

u
be

 s
am

pl
e.

BF/EH/KK

W
at

er
 o

bs
er

v
ed

 l
ea

k
in

g 
fr

om
 t

he
 t

u
be

 s
am

pl
e.

C
o

m
m

en
ts

:



Water Content and Unit Weight of Soil
(In General Accordance with ASTM D7263 Method B and D2216) © IGES 2004, 2020

Project:
No:

Location:
Date:

By:

Boring No. I-1-700 I-1-700 I-1-700 I-1-700

Sample:

Depth (ft.): 338.0-338.5 377.0-377.5 377.5-378.0 378.0-378.5

Sample height, H (in) 5.491 2.726 2.929 5.890

Sample diameter, D (in) 2.388 2.400 2.404 2.398

Sample volume, V (ft3) 0.0142 0.0071 0.0077 0.0154

Mass rings + wet soil (g) 957.82 371.42 1158.90 785.75

Mass rings/tare (g) 278.93 0.00 757.31 0.00

Moist soil, Ws (g) 678.89 371.42 401.59 785.75
Moist unit wt., gm (pcf) 105.16 114.74 115.08 112.53

Wet soil + tare (g) 382.09 362.31 314.75 356.51

Dry soil + tare (g) 308.47 327.00 262.99 291.27

Tare (g) 140.36 219.88 112.21 125.04

43.8 33.0 34.3 39.2

73.1 86.3 85.7 80.8

Entered by:___________

Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[MDv1.xlsx]2
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Specific Gravity of Soil Solids by Water Pycnometer
(ASTM D854) © IGES 2005, 2020

Project:
No:

Location:
Date:

By:

I-1-700 I-1-700 I-1-700 I-1-700 I-1-700 I-1-700

247.0-248.5 297.5-298.0 297.0-298.5 337.0-338.5 377.5-378.0 377.0-378.5

Not req. Not req. Not req. Not req. Not req. Not req.

A A A A A A

100 100 100 100 100 100

7 3 8 3 5 5

169.53 170.54 166.67 170.57 168.65 168.65

725.43 714.08 712.18 695.21 710.2 695.25

21.1 20.6 21.1 20.8 20.6 20.8

668.14 669.31 665.36 669.29 667.31 667.29

419.96 484.86 410.46 377.72 400.16 369.23

326.41 410.39 332.29 333.15 330.85 324.16

93.55 74.47 78.17 44.57 69.31 45.07

2.580 2.508 2.493 2.390 2.623 2.634

0.99977 0.99987 0.99977 0.99983 0.99987 0.99983

2.579 2.508 2.493 2.390 2.623 2.633

Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[Gsv1.0.xlsx]1

Mass of tare + dry soil (g)

Mass of tare (g)

Mass of pycnometer (g)

Mass of pycnometer, soil, and water, Mr ws,t  (g)

Temperature, T t  (°C)

Mass of pycnometer and water at test temperature, Mpw,t (g)

Reviewed by:___________

Drill hole / Sample:

Sample:

Depth (ft)

Temperature coefficient, K

Specific gravity of soil solids at 20°C, G 20°C

Method

Material passing No. 4 sieve, P  (%)

Pycnometer No.

Mass of soil, M s  (g)

Specific gravity of soil solids at test temperature, G t

C
o

m
m
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ts

:

Entered by:___________

Apparent specific gravity of solids retained on No. 4, G 1@20°C

Average specific gravity at 20°C, G avg @20°C

EnergySolutions
M03271-001
 Basal Aquifer Investigation
1/13/2020

Engineering Classification
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Porosity of Soil
© IGES 2007, 2020

Project:
No:

Location:
Date:

By:

Boring No. I-1-700 I-1-700 I-1-700 I-1-700

Sample:

Depth (ft.): 247.0-248.5 297.0-298.5 337.0-338.5 377.0-378.5

Sample height, H (in) 16.673 14.905 15.646 11.545

Sample diameter, D (in) 2.413 2.435 2.383 2.401

Mass rings + wet soil (g) 3177.73 3242.33 2817.89 2316.07

Mass rings/tare (g) 617.46 1164.20 836.29 757.31

Moist soil, Ws (g) 2560.27 2078.13 1981.60 1558.76
Moist unit wt., gm (pcf) 127.9 114.1 108.2 113.6

Wet soil + tare (g) 1211.90 1094.70 1119.28 1033.57

Dry soil + tare (g) 1075.42 924.98 919.42 881.26

Tare (g) 374.07 382.59 382.37 457.13

Water content (%) 19.5 31.3 37.2 35.9

Specific gravity of solids, Gs 2.579 2.499 2.390 2.631

Void ratio, e 0.504 0.796 0.892 0.964

Porosity, n 0.335 0.443 0.472 0.491

33.5 44.3 47.2 49.1
33.4 43.5 47.0 48.1
0.1 0.8 0.2 1.0

Entered by:___________

Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[PORv1.xlsx]1

EnergySolutions
M03271-001
Basal Aquifer Investigation
1/13/2020
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 350.61

 Dry soil + tare (g): - 319.84
Moist Dry Tare (g): - 128.53

Total sample wt. (g): 222.08 191.31 Water content (%): 0.0 16.1

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 100.0
No.4 0.82 4.75 99.6
No.10 1.68 2 99.1
No.20 2.64 0.85 98.6
No.40 3.70 0.425 98.1
No.60 5.48 0.25 97.1

No.100 21.35 0.15 88.8
No.140 78.00 0.106 59.2
No.200 134.50 0.075 29.7

Gravel (%): 0.4
Sand (%): 69.9
Fines (%): 29.7

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]1

I-1-700

 
87-89'

Light brown silty sand
BF

EnergySolutions

M03271-001
 Basal Aquifer Investigation
12/26/2019
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 331.15 414.97

 Split sieve: 3/8" Dry soil + tare (g): 314.51 375.50
Moist Dry Tare (g): 128.58 124.48

Total sample wt. (g): 2562.54 2222.37 Water content (%): 8.9 15.7

+3/8" Coarse fraction (g): 149.21 136.95
-3/8" Split fraction (g): 290.49 251.02

 Split fraction: 0.938

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 100.0

3/4" 20.08 19 99.1
3/8" 136.95 9.5 93.8 ←Split
No.4 30.88 4.75 82.3
No.10 85.09 2 62.0
No.20 134.68 0.85 43.5
No.40 166.66 0.425 31.5
No.60 186.16 0.25 24.2

No.100 203.91 0.15 17.6
No.140 211.43 0.106 14.8
No.200 218.62 0.075 12.1

Gravel (%): 17.7
Sand (%): 70.2
Fines (%): 12.1

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]2

M03271-001  
 Basal Aquifer Investigation 107-109'
12/26/2019 Brown clayey sand with 

gravelBF

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 136.68 436.92

 Split sieve: 3/8" Dry soil + tare (g): 136.08 349.82
Moist Dry Tare (g): 128.50 126.86

Total sample wt. (g): 2183.34 1571.47 Water content (%): 7.9 39.1

+3/8" Coarse fraction (g): 7.01 6.50
-3/8" Split fraction (g): 310.06 222.96

 Split fraction: 0.996

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 100.0
3/8" 6.50 9.5 99.6 ←Split
No.4 - 4.75 99.6
No.10 0.54 2 99.3
No.20 1.26 0.85 99.0
No.40 2.18 0.425 98.6
No.60 6.72 0.25 96.6

No.100 46.27 0.15 78.9
No.140 83.41 0.106 62.3
No.200 142.11 0.075 36.1

Gravel (%): 0.4
Sand (%): 63.5
Fines (%): 36.1

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]3

M03271-001  
 Basal Aquifer Investigation 227-229'
12/24/2019 Brown silty sand
BF

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 380.30 571.90

 Split sieve: 3/8" Dry soil + tare (g): 364.95 494.60
Moist Dry Tare (g): 224.10 128.68

Total sample wt. (g): 1961.20 1628.46 Water content (%): 10.9 21.1

+3/8" Coarse fraction (g): 122.19 110.18
-3/8" Split fraction (g): 443.22 365.92

 Split fraction: 0.932

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 100.0

3/4" 35.88 19 97.8
3/8" 110.18 9.5 93.2 ←Split
No.4 32.42 4.75 85.0
No.10 77.93 2 73.4
No.20 118.12 0.85 63.1
No.40 150.71 0.425 54.8
No.60 183.78 0.25 46.4

No.100 236.50 0.15 33.0
No.140 268.67 0.106 24.8
No.200 301.12 0.075 16.5

Gravel (%): 15.0
Sand (%): 68.5
Fines (%): 16.5

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]4

These results are in 

nonconformance with 

Method D6913 because 

the minimum dry mass 

was not met.

M03271-001  
 Basal Aquifer Investigation 245-255'
12/24/2019 Brown silty sand with gravel
BSS

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 304.94 627.29

 Split sieve: 3/8" Dry soil + tare (g): 280.84 516.38
Moist Dry Tare (g): 123.56 121.66

Total sample wt. (g): 2120.08 1668.44 Water content (%): 15.3 28.1

+3/8" Coarse fraction (g): 155.00 134.41
-3/8" Split fraction (g): 505.63 394.72

 Split fraction: 0.919

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 100.0
1" 90.93 25 94.6

3/4" 100.72 19 94.0
3/8" 134.41 9.5 91.9 ←Split
No.4 20.27 4.75 87.2
No.10 46.43 2 81.1
No.20 84.76 0.85 72.2
No.40 112.72 0.425 65.7
No.60 134.66 0.25 60.6

No.100 169.71 0.15 52.4
No.140 205.65 0.106 44.0
No.200 248.25 0.075 34.1

Gravel (%): 12.8
Sand (%): 53.1
Fines (%): 34.1

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]5

These results are in 

nonconformance with 

Method D6913 because 

the minimum dry mass 

was not met.

M03271-001  
 Basal Aquifer Investigation 282-287'
12/24/2019 Brown clayey sand
BSS

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 129.52 559.45

 Split sieve: 3/8" Dry soil + tare (g): 129.44 442.95
Moist Dry Tare (g): 127.99 121.13

Total sample wt. (g): 1669.7 1226.26 Water content (%): 5.5 36.2

+3/8" Coarse fraction (g): 1.53 1.45
-3/8" Split fraction (g): 438.32 321.82

 Split fraction: 0.999

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 100.0
3/8" 1.45 9.5 99.9 ←Split
No.4 1.44 4.75 99.4
No.10 4.95 2 98.3
No.20 7.25 0.85 97.6
No.40 11.47 0.425 96.3
No.60 28.85 0.25 90.9

No.100 65.36 0.15 79.6
No.140 99.19 0.106 69.1
No.200 143.39 0.075 55.4

Gravel (%): 0.6
Sand (%): 44.1
Fines (%): 55.4

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]6

M03271-001  
 Basal Aquifer Investigation 337-342'
12/24/2019 Grey sandy silt
BSS

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 556.94 471.52

 Split sieve: 3/8" Dry soil + tare (g): 531.45 420.55
Moist Dry Tare (g): 127.36 127.23

Total sample wt. (g): 1812.4 1578.55 Water content (%): 6.3 17.4

+3/8" Coarse fraction (g): 388.41 365.36
-3/8" Split fraction (g): 344.29 293.32

 Split fraction: 0.769

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 100.0

1.5" 255.62 37.5 83.8
1" 290.99 25 81.6

3/4" 316.64 19 79.9
3/8" 365.36 9.5 76.9 ←Split
No.4 17.72 4.75 72.2
No.10 39.59 2 66.5
No.20 61.00 0.85 60.9
No.40 75.73 0.425 57.0
No.60 86.62 0.25 54.2

No.100 97.89 0.15 51.2
No.140 104.54 0.106 49.5
No.200 110.43 0.075 47.9

Gravel (%): 27.8
Sand (%): 24.3
Fines (%): 47.9

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]7

These results are in 

nonconformance with 

Method D6913 because 

the minimum dry mass 

was not met.

M03271-001  
 Basal Aquifer Investigation 356-359'
12/27/2019 Brownish grey clayey gravel 

with sandBSS

EnergySolutions I-1-700

3 in No.4 No.2003/4 in No.10 No.40
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 363.07

 Dry soil + tare (g): - 308.46
Moist Dry Tare (g): - 126.91

Total sample wt. (g): 236.16 181.55 Water content (%): 0.0 30.1

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 100.0
No.4 9.86 4.75 94.6
No.10 26.19 2 85.6
No.20 39.97 0.85 78.0
No.40 51.38 0.425 71.7
No.60 61.30 0.25 66.2

No.100 75.20 0.15 58.6
No.140 84.44 0.106 53.5
No.200 96.38 0.075 46.9

Gravel (%): 5.4
Sand (%): 47.7
Fines (%): 46.9

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]8

M03271-001  
 Basal Aquifer Investigation 367-369'
12/26/2019 Light brown clayey sand
BF

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 367.31

 Dry soil + tare (g): - 313.35
Moist Dry Tare (g): - 122.99

Total sample wt. (g): 244.32 190.36 Water content (%): 0.0 28.3

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 100.0
No.4 14.04 4.75 92.6
No.10 26.54 2 86.1
No.20 38.63 0.85 79.7
No.40 49.41 0.425 74.0
No.60 59.79 0.25 68.6

No.100 73.38 0.15 61.5
No.140 84.09 0.106 55.8
No.200 96.90 0.075 49.1

Gravel (%): 7.4
Sand (%): 43.5
Fines (%): 49.1

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]9

M03271-001  
 Basal Aquifer Investigation 430-432'
12/26/2019 Brown clayey sand
BF

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 127.31 316.49

 Split sieve: 3/8" Dry soil + tare (g): 127.20 281.20
Moist Dry Tare (g): 124.46 126.87

Total sample wt. (g): 1181.22 961.79 Water content (%): 4.0 22.9

+3/8" Coarse fraction (g): 2.77 2.66
-3/8" Split fraction (g): 189.62 154.33

 Split fraction: 0.997

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 100.0
3/8" 2.66 9.5 99.7 ←Split
No.4 3.32 4.75 97.6
No.10 8.91 2 94.0
No.20 15.48 0.85 89.7
No.40 19.62 0.425 87.0
No.60 22.53 0.25 85.2

No.100 26.91 0.15 82.3
No.140 31.07 0.106 79.6
No.200 36.35 0.075 76.2

Gravel (%): 2.4
Sand (%): 21.3
Fines (%): 76.2

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]10

M03271-001  
 Basal Aquifer Investigation 505-507'
12/27/2019 Brown clay with sand
JAB

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 345.04

 Dry soil + tare (g): - 296.00
Moist Dry Tare (g): - 118.61

Total sample wt. (g): 226.43 177.39 Water content (%): 0.0 27.6

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 100.0
No.4 0.61 4.75 99.7
No.10 3.58 2 98.0
No.20 10.75 0.85 93.9
No.40 18.31 0.425 89.7
No.60 27.36 0.25 84.6

No.100 49.19 0.15 72.3
No.140 73.35 0.106 58.7
No.200 98.28 0.075 44.6

Gravel (%): 0.3
Sand (%): 55.1
Fines (%): 44.6

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]11

M03271-001  
 Basal Aquifer Investigation 523-525'
12/27/2019 Brown silty sand
JAB

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 338.74

 Dry soil + tare (g): - 299.29
Moist Dry Tare (g): - 141.48

Total sample wt. (g): 197.26 157.81 Water content (%): 0.0 25.0

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 100.0
No.4 0.21 4.75 99.9
No.10 3.42 2 97.8
No.20 13.38 0.85 91.5
No.40 22.35 0.425 85.8
No.60 29.88 0.25 81.1

No.100 43.48 0.15 72.4
No.140 57.62 0.106 63.5
No.200 72.89 0.075 53.8

Gravel (%): 0.1
Sand (%): 46.1
Fines (%): 53.8

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]12

M03271-001  
 Basal Aquifer Investigation 542-544'
12/27/2019 Reddish brown sandy clay
JAB

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g): 163.59 298.26

 Split sieve: 3/8" Dry soil + tare (g): 160.71 268.46
Moist Dry Tare (g): 127.74 128.08

Total sample wt. (g): 1060.98 878.51 Water content (%): 8.7 21.2

+3/8" Coarse fraction (g): 35.05 32.23
-3/8" Split fraction (g): 170.18 140.38

 Split fraction: 0.963

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 100.0
1" 29.54 25 96.6

3/4" 29.54 19 96.6
3/8" 32.23 9.5 96.3 ←Split
No.4 9.29 4.75 90.0
No.10 18.87 2 83.4
No.20 27.32 0.85 77.6
No.40 33.38 0.425 73.4
No.60 38.62 0.25 69.8

No.100 48.50 0.15 63.0
No.140 58.70 0.106 56.1
No.200 68.61 0.075 49.2

Gravel (%): 10.0
Sand (%): 40.7
Fines (%): 49.2

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]13

These results are in 

nonconformance with 

Method D6913 because 

the minimum dry mass 

was not met.

M03271-001  
 Basal Aquifer Investigation 570-572'
12/27/2019 Light brown clayey sand
JAB

EnergySolutions I-1-700
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Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis 
(ASTM D6913) © IGES 2004, 2020

Project: Boring No.:

No: Sample:
Location: Depth:

Date: Description:
By:

Water content data
Split: No Moist soil + tare (g): - 375.69

 Dry soil + tare (g): - 315.09
Moist Dry Tare (g): - 123.54

Total sample wt. (g): 252.15 191.55 Water content (%): 0.0 31.6

0.00 0.00
- 0.00

 Split fraction: 1.000

Accum. Grain Size Percent 
Sieve Wt. Ret. (g) (mm) Finer

6" - 150 -
4" - 100 -
3" - 75 -

1.5" - 37.5 -
1" - 25 -

3/4" - 19 -
3/8" - 9.5 -
No.4 - 4.75 100.0
No.10 1.22 2 99.4
No.20 3.24 0.85 98.3
No.40 5.21 0.425 97.3
No.60 11.53 0.25 94.0

No.100 40.15 0.15 79.0
No.140 75.82 0.106 60.4
No.200 110.22 0.075 42.5

Gravel (%): 0.0
Sand (%): 57.5
Fines (%): 42.5

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[GSDv2.xlsm]14

M03271-001  
 Basal Aquifer Investigation 590-592'
12/30/2019 Dark brown silty sand
BF

EnergySolutions I-1-700
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Hydraulic Conductivity of Saturated Porous Materials Using a Flexible 

Wall Permeameter, Method C (ASTM D5084) © IGES 2005, 2020

Project: Boring No.:
No: Sample:

Location: Depth:

Date: Sample Description:

By: Sample Type:

Initial (o) Final (f)

Sample Height, H (in) 3.018 2.988

Sample Diameter, D (in) 2.432 2.370 Gs 2.508 Determined

Sample Length, L (cm) 7.666 7.590 Cell No. 2

Sample Area, A (cm^2) 29.970 28.462 Station No. 3

Sample Volume, V (cm^3) 229.74 216.02 Permeant liquid used

Wt. Rings + Wet Soil (g) 1165.19 422.20 Total backpressure (psi) 30

Wt. Rings (g) 757.31 0 Effective horiz. consolidation stress (psi) 60

Wet Unit Wt.,�gm (pcf) 110.8 122.0 Effective vert. consolidation stress (psi) 60

Wet Soil + Tare (g) 329.56 539.89 Initial (o) Final (f)

Dry Soil + Tare (g) 278.54 428.50 B value 0.76 0.94

Tare (g) 127.94 139.76 External Burette (cm3) 6.30 34.20

Weight of solids, Ws (g) 304.67 304.67 Cell Pressure (psi) 0.0 90.0

Water Content, w (%) 33.88 38.58 Backpressure bottom (psi) 30.0

Dry Unit Wt, gd (pcf) 82.8 88.0 Backpressure top (psi) 30.0

Void ratio, e 0.89 0.97 System volume coefficient (cm3/psi) 0.158

Saturation (%) 95.3 100 a System volume change (cm3) 14.18 `

Net sample volume change (cm3) -13.72

Bottom burette ground length, lb (cm) 82.25
a Saturation set to 100% for phase calculations Top burette ground length, lt (cm) 81.95
b K corrected to 20ºC Burette area, a (cm2) 0.197

Conversion, reading to cm head (cm/rd) 5.076
Start Date and Time: 1/8/20 10:11

Elapsed h1 h2 K Temp Visc. Ratio Kb

time (sec) (cm) (cm) (cm/sec) (ºC) RT (cm/sec)

23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[KBPFRHv1.xlsx]1

60.0

60.0

29.03

2.7E-05

2.7E-05

2.9E-05

8.40
8.20

60.0

1.77

2.15
2.33
2.33
2.50

60.0 2.5E-05

27.15

60.0

29.03
8.00

60.0

7.81

8.40
35.07

0.92 2.5E-05

0.92

Middle depth interval tube sample of three used for test specimen. The maximum Skempton's B-value of 0.94 was 

determined on subsequent B-checks with no increase. It is assumed that the test specimen was saturated.

1/9/2020

EH

Top Burette       

(cm3)

Bottom Burette 

(cm3)

2.6E-05

Reddish brown clayey sand

Undisturbed

Average Kb (cm/sec)

De-aired tap water

1.96

1.32

1.55
1.77

1.55
8.64

37.46

8.20
1.96 8.00

2.15

Energy Solutions
M03271-001
Basal Aquifer Investigation

I-1-700
 
297.5-298.0'

30.96

35.07 32.94

32.94

7.81
7.62
7.62
7.46

2.7E-05

27.15

25.48 0.92

0.92

0.92 2.6E-05

2.9E-05

2.8E-05

2.8E-05

30.96

0.92 2.7E-05

2.6E-05



Hydraulic Conductivity of Saturated Porous Materials Using a Flexible 

Wall Permeameter, Method C (ASTM D5084) © IGES 2005, 2020

Project: Boring No.:
No: Sample:

Location: Depth:

Date: Sample Description:

By: Sample Type:

Initial (o) Final (f)

Sample Height, H (in) 2.929 2.877

Sample Diameter, D (in) 2.404 2.296 Gs 2.493 Determined

Sample Length, L (cm) 7.440 7.308 Cell No. 1

Sample Area, A (cm^2) 29.284 26.716 Station No. 6

Sample Volume, V (cm^3) 217.86 195.24 Permeant liquid used

Wt. Rings + Wet Soil (g) 1158.9 404.58 Total backpressure (psi) 30

Wt. Rings (g) 757.31 0 Effective horiz. consolidation stress (psi) 60

Wet Unit Wt.,�gm (pcf) 115.1 129.4 Effective vert. consolidation stress (psi) 60

Wet Soil + Tare (g) 314.75 524.72 Initial (o) Final (f)

Dry Soil + Tare (g) 262.99 419.81 B value 0.76 0.96

Tare (g) 112.21 122.86 External Burette (cm3) 13.30 49.40

Weight of solids, Ws (g) 298.96 298.96 Cell Pressure (psi) 0.0 90.0

Water Content, w (%) 34.33 35.33 Backpressure bottom (psi) 30.0

Dry Unit Wt, gd (pcf) 85.7 95.6 Backpressure top (psi) 30.0

Void ratio, e 0.82 0.88 System volume coefficient (cm3/psi) 0.150

Saturation (%) 100.0 100 a System volume change (cm3) 13.48

Net sample volume change (cm3) -22.62

Bottom burette ground length, lb (cm) 82.05
a Saturation set to 100% for phase calculations Top burette ground length, lt (cm) 82
b K corrected to 20ºC Burette area, a (cm2) 0.197

Conversion, reading to cm head (cm/rd) 5.076
Start Date and Time: 1/8/20 10:11

Elapsed h1 h2 K Temp Visc. Ratio Kb

time (sec) (cm) (cm) (cm/sec) (ºC) RT (cm/sec)

23.6
23.6
23.6
23.6
23.6
23.6
23.6
23.6
23.6
23.6
23.6
23.6

Comments:

Entered by:___________
Reviewed:___________ Z:\PROJECTS\M03271_Energy_Solutions\001_Basal_Aquifer\[KBPFRHv1.xlsx]2

Middle depth interval tube sample of three used for test specimen.

0.92

0.92

0.92

3.9E-06

377.5-378.0'

Reddish brown clayey sand

Undisturbed

3.9E-06

4.0E-060.92

Average Kb (cm/sec)

De-aired tap water

47.82 46.50

9.37
9.26

49.19

9.60

Bottom Burette 

(cm3)

0.59
4.0E-06

180.0

43.91

3.9E-06

4.2E-06

4.2E-06

9.72
9.60

180.0

0.45

Energy Solutions
M03271-001
Basal Aquifer Investigation

I-1-700
 

3.9E-06

9.48
0.59

0.16

0.31
0.45

0.31

Top Burette       

(cm3)

9.84

1/9/2020

EH

9.72
47.82

0.92 3.8E-06

0.92180.0

180.0

0.73
0.86
0.86
0.99

180.0

9.26
42.69

180.0

43.91
9.48
9.370.73

4.2E-06

4.3E-06

4.3E-06

42.69

41.47

45.18 4.3E-06

46.50 45.18

9.15
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WELL TEST ANALYSIS

Data Set:  C:\...\I-1-700_Hantush_leakyconfined_pump.aqt
Date:  02/28/20 Time:  13:14:26

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-700 1194214.7 7420935.3

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 45.51 ft2/day S  = 1.91E-5
r/B'  = 0.1 ß'  = 0.1
r/B" = 0. ß"  = 1.85
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WELL TEST ANALYSIS

Data Set:  C:\...\I-1-700_Neuman_leakyconfined_pump.aqt
Date:  02/28/20 Time:  13:24:29

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-700 1194214.7 7420935.3

SOLUTION

Aquifer Model:  Leaky Solution Method:  Neuman-Witherspoon

T  = 48.08 ft2/day S  = 0.004676
r/B = 0.1 ß  = 0.1148
T2 = 3065.6 ft2/day S2 = 1.259E-5
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WELL TEST ANALYSIS

Data Set:  \...\I-1-700_CooperJacob_confined_pump.aqt
Date:  02/28/20 Time:  12:02:10

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-700 1194214.7 7420935.3

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 241.7 ft2/day S = 1.292E-7



1. 10. 100. 1000.
-0.03

2.98

5.98

8.99

12.

15.

Time, t/t'

R
e

s
id

u
a

l D
ra

w
d
o

w
n

 (
ft

)

WELL TEST ANALYSIS

Data Set:  \...\I-1-700_Theis_confined_recovery.aqt
Date:  02/28/20 Time:  11:59:37

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-700 1194214.7 7420935.3

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 1298.8 ft2/day S/S' = 4.621



100. 1000. 1.0E+4 1.0E+5 1.0E+6
0.01

0.1

1.

Time (sec)

D
is

p
la

ce
m

e
n

t 
(f

t)

WELL TEST ANALYSIS

Data Set:  C:\...\I-1-700_Hantush_leakyconfined_obs.aqt
Date:  02/28/20 Time:  13:10:33

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-100 1194186.5 7420897.9

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 1213.5 ft2/day S  = 0.001335
r/B'  = 0.1 ß'  = 0.1
r/B" = 0. ß"  = 1.85
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WELL TEST ANALYSIS

Data Set:  C:\...\I-1-700_Neuman_leakyconfined_obs.aqt
Date:  02/28/20 Time:  13:21:35

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-100 1194186.5 7420897.9

SOLUTION

Aquifer Model:  Leaky Solution Method:  Neuman-Witherspoon

T  = 2492.9 ft2/day S  = 0.0191
r/B = 0.1 ß  = 0.1148
T2 = 8.64E+9 ft2/day S2 = 1.0E-10
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WELL TEST ANALYSIS

Data Set:  \...\I-1-700_CooperJacob_confined_obs.aqt
Date:  02/28/20 Time:  12:01:38

PROJECT INFORMATION

Client:  EnergySolns
Project:  233001389
Test Date:  1-16-2020

AQUIFER DATA

Saturated Thickness:  325. ft Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
I-1-700 1194214.7 7420935.3

Observation Wells
Well Name X (ft) Y (ft)

I-1-100 1194186.5 7420897.9

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 2.43E+4 ft2/day S = 2.354E-10
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Certification Statement



GEL LABORATORIES LLC
2040 Savage Road  Charleston SC 29407 - (843) 556-8171 - www.gel.com

for
Qualifier Definition Report 

Signature: Name:

Date: Title:04 FEB 2020

Edmund Frampton

Team Leader
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Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

ICPMS CRDL Master Soln #1

ICPMS CRDL Soln #2

ICP-MS spiking soluiton A

Description:

Description:

Description:

Aluminum Arsenic

Barium Beryllium

Boron Cadmium

Calcium Chromium

Cobalt Copper

Iron Lead

Lithium Magnesium

Manganese Nickel

Phosphorous Potassium

Selenium Sodium

Strontium Thallium

Thorium Uranium

Vanadium Zinc

Antimony Molybdenum

Silver Tin

Titanium Tungsten

Zirconium

Analyte

Analyte

Analyte

50 mg/L 5 mg/L

4 mg/L .5 mg/L

15 mg/L 1 mg/L

200 mg/L 30 mg/L

1 mg/L 2 mg/L

100 mg/L 2 mg/L

10 mg/L 30 mg/L

5 mg/L 2 mg/L

50 mg/L 300 mg/L

5 mg/L 250 mg/L

10 mg/L 2 mg/L

2 mg/L .2 mg/L

20 mg/L 20 mg/L

3 mg/L 1 mg/L

1 mg/L 5 mg/L

10 mg/L 5 mg/L

2 mg/L

Concentration

Concentration

Concentration

Amount :

Catalog Number :

Lot Number :

Solvent :

Amount :

Catalog Number :

Lot Number :

Solvent :

Catalog Number :

Lot Number :

250 mL

090014-MC-02

10091735-1

+/- 0.5% IN 2% HNO3

250 mL

160044-11-02

10091735-2

+/- 0.5% IN 2% HNO3

GEL-12A

N2-MEB673694

Comments:

Comments:

Comments:

None

None

None

ICP-MS CRDL Master #1

ICP-MS CRDL Master #2

ICP-MS SPIKE A

Name:

Name:

Name:

Source Material

Source Material

Source Material

Type:

Type:

Type:

15-APR-19

15-APR-19

25-OCT-19

Received:

Received:

Received:

15-APR-20

15-APR-20

25-OCT-20

Expires:

Expires:

Expires:

02SI

02SI

Inorganic Ventures

Supplier:

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Edmund Frampton

Employee:

Employee:

Employee:

Serial ID:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

Open/Reference Date:

15-APR-19

15-APR-19

13-NOV-19

UI190415-09

UI190415-10

UI191025-A

Analyte

Analyte

Analyte

Concentration

Concentration

Concentration



Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

ICP-MS spiking solution B

ICPMS ICV/CCV Soln B - 20ppm

Description:

Description:

Antimony Hafnium

Molybdenum Tantalum

Tin Titanium

Tungsten Zirconium

Aluminum Arsenic

Barium Beryllium

Bismuth Boron

Cadmium Calcium

Cesium Chromium

Cobalt Copper

Iron Lead

Lithium Magnesium

Manganese Nickel

Phosphorous Potassium

Rhenium Rhodium

Selenium Silver

Sodium Strontium

Thallium Thorium

Uranium Uranium-235

Uranium-238 Vanadium

Zinc

Arsenic Barium

Beryllium Boron

Cadmium Chromium

Cobalt Copper

Analyte

Analyte

Analyte

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

400 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 20 mg/L

10 mg/L 400 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

400 mg/L 10 mg/L

10 mg/L 400 mg/L

10 mg/L 10 mg/L

400 mg/L 400 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

400 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L .072 mg/L

9.928 mg/L 10 mg/L

10 mg/L

20 mg/L 20 mg/L

20 mg/L 40 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

Concentration

Concentration

Concentration

Catalog Number :

Lot Number :

Amount :

Catalog Number :

Lot Number :

Solvent :

GEL-12B

N2-MEB673693

250 mL

160054-02-03

10066767-11

2% HNO3 100 cm2

Comments:

Comments:

None

None

ICP-MS SPIKE B

ICP-MS ICV/CCV Master B

Name:

Name:

Source Material

Source Material

Type:

Type:

25-OCT-19

02-NOV-19

Received:

Received:

25-OCT-20

02-NOV-20

Expires:

Expires:

Inorganic Ventures

02SI

Supplier:

Supplier:

Edmund Frampton

Paul Boyd

Employee:

Employee:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

13-NOV-19

02-NOV-19

UI191025-B

UI191102-07

Analyte

Analyte

Analyte

Concentration

Concentration

Concentration



Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

ICPMS ICV/CCV SOLN A - 2000ppm

ICPMS Tungsten standard SPIKE - 10mg/L

ICPMS ICV/CCV Soln C - 20ppm

Description:

Description:

Description:

Lead Lithium

Manganese Nickel

Selenium Strontium

Thallium Thorium

Uranium Vanadium

Zinc

Aluminum Calcium

Iron Magnesium

Phosphorous Potassium

Sodium

Tungsten

Antimony Molybdenum

Silver Tin

Titanium Tungsten

Analyte

Analyte

Analyte

Analyte

20 mg/L 20 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

20 mg/L

2020 mg/L 2000 mg/L

2000 mg/L 2000 mg/L

2000 mg/L 2000 mg/L

2000 mg/L

10 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

20 mg/L 20 mg/L

Concentration

Concentration

Concentration

Concentration

Amount :

Catalog Number :

Lot Number :

Solvent :

Catalog Number :

Lot Number :

Solvent :

Amount :

Catalog Number :

Lot Number :

Solvent :

250 mL

160055-01-03

10066767-12

2% HNO3 100 cm2

060074-05-01

10070573-10

2% HNO3 + Tr HF

250 mL

ZGEL-107-500

52-274CR

2% HNO3/Tr. Tart Acid/ Tr. HF 100 c

Comments:

Comments:

Comments:

None

None

None

ICP-MS ICV/CCV Master A

ICPMS Tungsten - 10mg/L S

ICP-MS ICV/CCV Master C

Name:

Name:

Name:

Source Material

Source Material

Source Material

Type:

Type:

Type:

02-NOV-19

12-NOV-19

04-DEC-19

Received:

Received:

Received:

02-NOV-20

12-NOV-20

30-OCT-20

Expires:

Expires:

Expires:

02SI

O2SI

Spex

Supplier:

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Paul Boyd

Employee:

Employee:

Employee:

Serial ID:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

Open/Reference Date:

02-NOV-19

12-NOV-19

04-DEC-19

UI191102-09

UI191112-03

UI191204-08

Analyte

Analyte

Analyte

Analyte

Concentration

Concentration

Concentration

Concentration



Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

ICPMS ICSAB Master B

ICPMS ICSAB Master C

ICP-MS ICSA Master A NEXION

Description:

Description:

Description:

Zirconium

Arsenic Barium

Beryllium Boron

Cadmium Chromium

Cobalt Copper

Lead Lithium

Manganese Nickel

Selenium Strontium

Thallium Thorium

Uranium Vanadium

Zinc

Antimony Silver

Tin Tungsten

Zirconium

Analyte

Analyte

Analyte

Analyte

20 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L

2 mg/L 2 mg/L

2 mg/L 2 mg/L

2 mg/L

Concentration

Concentration

Concentration

Concentration

Amount :

Catalog Number :

Lot Number :

Solvent :

Amount :

Catalog Number :

Lot Number :

Solvent :

Amount :

Catalog Number :

Lot Number :

Solvent :

250 mL

160033-02-02

10069799-9

+/- 2.0% in 2% HNO3

250 mL

160033-03-02

10069799-10

+/- 2.0% in 2% HNO3 + tr HF 

1000 mL

60013-01-01LNexion

10065549-13

5% HNO3 + Tr HF

Comments:

Comments:

Comments:

None

None

None

ICP-MS ICSAB Master B

ICP-MS ICSAB Master C

ICP-MS ICSA Master A Nex

Name:

Name:

Name:

Source Material

Source Material

Source Material

Type:

Type:

Type:

18-DEC-19

18-DEC-19

02-NOV-19

Received:

Received:

Received:

18-DEC-20

18-DEC-20

02-NOV-20

Expires:

Expires:

Expires:

02SI

02SI

02SI

Supplier:

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Paul Boyd

Employee:

Employee:

Employee:

Serial ID:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

Open/Reference Date:

18-DEC-19

18-DEC-19

02-NOV-19

UI191218-12

UI191218-13

UI3001438-11

Analyte

Analyte

Analyte

Analyte

Concentration

Concentration

Concentration

Concentration



Standard Logbook
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ICPMS Calibration Standard Solution B

ICPMS Calibration Standard Solution A

Description:

Description:

Aluminum Calcium

Carbon Chloride

Iron Magnesium

Molybdenum Phosphorous

Potassium Sodium

Sulfur Titanium

Arsenic Barium

Beryllium Boron

Cadmium Chromium

Cobalt Copper

Lead Lithium

Manganese Nickel

Selenium Silver

Strontium Thallium

Thorium Uranium

Vanadium Zinc

Aluminum Calcium

Iron Magnesium

Phosphorous Potassium

Sodium

Analyte

Analyte

Analyte

1000 mg/L 1000 mg/L

2000 mg/L 10000 mg/L

1000 mg/L 1000 mg/L

20 mg/L 1000 mg/L

1000 mg/L 1000 mg/L

1000 mg/L 20 mg/L

10 mg/L 10 mg/L

10 mg/L 20 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L 10 mg/L

1000 mg/L 1000 mg/L

1000 mg/L 1000 mg/L

1000 mg/L 1000 mg/L

1000 mg/L

Concentration

Concentration

Concentration

Amount :

Catalog Number :

Lot Number :

Catalog Number :

Lot Number :

250 mL

ZGEL-100-250

8-124AB

ZGEL-102-250

8-126AB

Comments:

Comments:

None

None

ICPMSCalSPIKEB

ICPMSCalSPIKEA

Name:

Name:

Source Material

Source Material

Type:

Type:

03-DEC-19

03-DEC-19

Received:

Received:

30-NOV-20

30-NOV-20

Expires:

Expires:

SPEX

SPEX

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Employee:

Employee:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

03-DEC-19

03-DEC-19

UMS191203-01

UMS191203-02

Analyte

Analyte

Analyte

Concentration

Concentration

Concentration



Standard Logbook
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ICPMS Calibration Standard Solution C

ICPMS Calibration Standard (100 ppb)

Description:

Description:

Antimony Molybdenum

Tin Titanium

Zirconium

Analyte

10 mg/L 10 mg/L

10 mg/L 10 mg/L

10 mg/L

Concentration

Parent  Material

UI191112-03

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-01

UMS191203-02

UMS191203-02

UMS191203-02

UMS191203-02

Amount :

Catalog Number :

Lot Number :

Amount :

Balance Id :

Pipet Id :

Solvent :

250 ml

ZGEL-101-250

8-125AB

50 mL

4025216

3541598

2%HNO3/1%HCl -3032237

Comments:

Comments:

None

None

Analyte Final Conc.Parent Conc. Aliquot Final Vol.

10 mg/L

10 mg/L

10 mg/L

10 mg/L

20 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

100 ug/l

100 ug/l

100 ug/l

100 ug/l

200 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

10000 ug/l

10000 ug/l

10000 ug/l

10000 ug/l

Tungsten

Arsenic

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Lead

Lithium

Manganese

Nickel

Selenium

Silver

Strontium

Thallium

Thorium

Uranium

Vanadium

Zinc

Aluminum

Calcium

Iron

Magnesium

ICPMSCalSPIKEC

ICPMS Cal Standard 100

Name:

Name:

Source Material

Working

Type:

Type:

03-DEC-19

31-JAN-20

Received:

Received:

30-NOV-20

01-FEB-20

Expires:

Expires:

SPEX

GEL

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Employee:

Employee:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

03-DEC-19

31-JAN-20

UMS191203-03

WMS200131-04

Analyte Concentration



Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

ICPMS Calibration Standard (10 ppb)Description:

Parent  Material

Parent  Material

UMS191203-02

UMS191203-02

UMS191203-02

UMS191203-03

UMS191203-03

UMS191203-03

UMS191203-03

UMS191203-03

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

Balance Id :

Pipet Id :

Solvent :

4025216

3541598

2%HNO3/1%HCl -3032237

Comments: None

Analyte

Analyte

Final Conc.

Final Conc.

Parent Conc.

Parent Conc.

Aliquot

Aliquot

Final Vol.

Final Vol.

1000 mg/L

1000 mg/L

1000 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10 mg/L

10000 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

200 ug/l

100 ug/l

10000 ug/l

100 ug/l

100 ug/l

100 ug/l

10000 ug/l

100 ug/l

100 ug/l

10000 ug/l

100 ug/l

100 ug/l

100 ug/l

10000 ug/l

10000 ug/l

100 ug/l

100 ug/l

10000 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

5 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

10000 ug/l

10000 ug/l

10000 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

1000 ug/l

10 ug/l

10 ug/l

10 ug/l

10 ug/l

20 ug/l

10 ug/l

1000 ug/l

10 ug/l

10 ug/l

10 ug/l

1000 ug/l

10 ug/l

10 ug/l

1000 ug/l

10 ug/l

10 ug/l

10 ug/l

1000 ug/l

1000 ug/l

10 ug/l

10 ug/l

1000 ug/l

10 ug/l

10 ug/l

10 ug/l

10 ug/l

Phosphorous

Potassium

Sodium

Antimony

Molybdenum

Tin

Titanium

Zirconium

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Magnesium

Manganese

Molybdenum

Nickel

Phosphorous

Potassium

Selenium

Silver

Sodium

Strontium

Thallium

Thorium

Tin

ICPMS Cal Standard 10Name:

WorkingType:

31-JAN-20Received:

01-FEB-20Expires:

GELSupplier:

Paul BoydEmployee:

Serial ID: Open/Reference Date: 31-JAN-20WMS200131-04A
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ICPMS ICVDescription:

Parent  Material

Parent  Material

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

WMS200131-04

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-07

UI191102-09

UI191102-09

UI191102-09

UI191102-09

UI191102-09

UI191102-09

UI191102-09

UI191204-08

UI191204-08

UI191204-08

Balance Id :

Pipet Id :

Solvent :

BAL216

3541598

2%HNO3/1%HCl -3032237

Comments: None

Analyte

Analyte

Final Conc.

Final Conc.

Parent Conc.

Parent Conc.

Aliquot

Aliquot

Final Vol.

Final Vol.

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

100 ug/l

20 mg/L

20 mg/L

20 mg/L

40 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

20 mg/L

2020 mg/L

2000 mg/L

2000 mg/L

2000 mg/L

2000 mg/L

2000 mg/L

2000 mg/L

20 mg/L

20 mg/L

20 mg/L

50 mL

50 mL

50 mL

50 mL

50 mL

50 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

1000 mL

10 ug/l

10 ug/l

10 ug/l

10 ug/l

10 ug/l

10 ug/l

50 ug/L

50 ug/L

50 ug/L

100 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

5050 ug/L

5000 ug/L

5000 ug/L

5000 ug/L

5000 ug/L

5000 ug/L

5000 ug/L

50 ug/L

50 ug/L

50 ug/L

Titanium

Tungsten

Uranium

Vanadium

Zinc

Zirconium

Arsenic

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Lead

Lithium

Manganese

Nickel

Selenium

Strontium

Thallium

Thorium

Uranium

Vanadium

Zinc

Aluminum

Calcium

Iron

Magnesium

Phosphorous

Potassium

Sodium

Antimony

Molybdenum

Silver

ICPMS ICVName:

WorkingType:

31-JAN-20Received:

01-FEB-20Expires:

GELSupplier:

Paul BoydEmployee:

Serial ID: Open/Reference Date: 31-JAN-20WMS200131-05
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ICPMS CRDLDescription:

Parent  Material

Parent  Material

UI191204-08

UI191204-08

UI191204-08

UI191204-08

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-09

UI190415-10

UI190415-10

UI190415-10

UI190415-10

UI190415-10

Balance Id :

Pipet Id :

Solvent :

BAL216

3820544

2%HNO3/1%HCl - 3032237

Comments: None

Analyte

Analyte

Final Conc.

Final Conc.

Parent Conc.

Parent Conc.

Aliquot

Aliquot

Final Vol.

Final Vol.

20 mg/L

20 mg/L

20 mg/L

20 mg/L

50 mg/L

5 mg/L

4 mg/L

.5 mg/L

15 mg/L

1 mg/L

200 mg/L

30 mg/L

1 mg/L

2 mg/L

100 mg/L

2 mg/L

10 mg/L

30 mg/L

5 mg/L

2 mg/L

50 mg/L

300 mg/L

5 mg/L

250 mg/L

10 mg/L

2 mg/L

2 mg/L

.2 mg/L

20 mg/L

20 mg/L

3 mg/L

1 mg/L

1 mg/L

5 mg/L

10 mg/L

2.5 mL

2.5 mL

2.5 mL

2.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

.5 mL

1000 mL

1000 mL

1000 mL

1000 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

500 mL

50 ug/L

50 ug/L

50 ug/L

50 ug/L

50 ug/L

5 ug/L

4 ug/L

.5 ug/L

15 ug/L

1 ug/L

200 ug/L

10 ug/L

1 ug/L

2 ug/L

100 ug/L

2 ug/L

10 ug/L

30 ug/L

5 ug/L

2 ug/L

50 ug/L

300 ug/L

5 ug/L

250 ug/L

10 ug/L

2 ug/L

2 ug/L

.2 ug/L

20 ug/L

20 ug/L

3 ug/L

1 ug/L

1 ug/L

5 ug/L

10 ug/L

Tin

Titanium

Tungsten

Zirconium

Aluminum

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Magnesium

Manganese

Nickel

Phosphorous

Potassium

Selenium

Sodium

Strontium

Thallium

Thorium

Uranium

Vanadium

Zinc

Antimony

Molybdenum

Silver

Tin

Titanium

ICPMS CRDLName:

WorkingType:

31-JAN-20Received:

01-FEB-20Expires:

GELSupplier:

Paul BoydEmployee:

Serial ID: Open/Reference Date: 31-JAN-20WMS200131-06
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ICPMS ICSA NexION

ICPMS ICSAB NexION

Description:

Description:

Parent  Material

Parent  Material

Parent  Material

UI190415-10

UI190415-10

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

Balance Id :

Lot Number :

Pipet Id :

Solvent :

Balance Id :

Pipet Id :

Solvent :

BAL216

1064482

3541598

2%HNO3/1%HCl -3032237

BAL216

1758088

2%HNO3/1%HCl -3032237

Comments:

Comments:

None

None

Analyte

Analyte

Analyte

Final Conc.

Final Conc.

Final Conc.

Parent Conc.

Parent Conc.

Parent Conc.

Aliquot

Aliquot

Aliquot

Final Vol.

Final Vol.

Final Vol.

5 mg/L

2 mg/L

1000 mg/L

1000 mg/L

2000 mg/L

10000 mg/L

1000 mg/L

1000 mg/L

20 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

20 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

.5 mL

.5 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

500 mL

500 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

5 ug/L

10 ug/L

100000 ug/L

100000 ug/L

200000 ug/L

1000000 ug/L

100000 ug/L

100000 ug/L

2000 ug/L

100000 ug/L

100000 ug/L

100000 ug/L

100000 ug/L

2000 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20.804 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

26.141 ug/L

Tungsten

Zirconium

Aluminum

Calcium

Carbon

Chloride

Iron

Magnesium

Molybdenum

Phosphorous

Potassium

Sodium

Sulfur

Titanium

Arsenic

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Lead

Lithium

Manganese

ICPMS ICSA

ICPMS ICSAB

Name:

Name:

Working

Working

Type:

Type:

31-JAN-20

31-JAN-20

Received:

Received:

01-FEB-20

01-FEB-20

Expires:

Expires:

GEL

GEL

Supplier:

Supplier:

Paul Boyd

Paul Boyd

Employee:

Employee:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

31-JAN-20

31-JAN-20

WMS200131-20

WMS200131-21
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HYDROCHLORIC ACID

HYDROCHLORIC ACID

Description:

Description:

Parent  Material

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-12

UI191218-13

UI191218-13

UI191218-13

UI191218-13

UI191218-13

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

UI3001438-11

Lot Number :

Lot Number :

2019092697

2019111458

Comments:

Comments:

None

None

Analyte Final Conc.Parent Conc. Aliquot Final Vol.

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

2 mg/L

1000 mg/L

1000 mg/L

2000 mg/L

10000 mg/L

1000 mg/L

1000 mg/L

20 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

1000 mg/L

20 mg/L

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

2.5 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

25 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

250 mL

20 ug/L

20 ug/L

23.162 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

20 ug/L

100000 ug/L

100000 ug/L

200000 ug/L

1000000 ug/L

100000 ug/L

100000 ug/L

2000 ug/L

100000 ug/L

100000 ug/L

100000 ug/L

100000 ug/L

2000 ug/L

Nickel

Selenium

Strontium

Thallium

Thorium

Uranium

Vanadium

Zinc

Antimony

Silver

Tin

Tungsten

Zirconium

Aluminum

Calcium

Carbon

Chloride

Iron

Magnesium

Molybdenum

Phosphorous

Potassium

Sodium

Sulfur

Titanium

I-HCL

I-HCL

Name:

Name:

Reagent/Solvent

Reagent/Solvent

Type:

Type:

17-DEC-19

20-JAN-20

Received:

Received:

17-DEC-21

20-JAN-22

Expires:

Expires:

 VWR

 VWR

Supplier:

Supplier:

Edmund Frampton

Edmund Frampton

Employee:

Employee:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

30-DEC-19

20-JAN-20

191217

200120



Standard Logbook

Report run on: 04-FEB-20 Page:GEL Laboratories LLC

Concentrated Nitric Acid

Concentrated Nitric Acid

2%HNO3/1%HCl Solution (Type I Water)

Description:

Description:

Description:

Parent  Material

191217

3000723

Lot Number :

Lot Number :

Solvent :

0000226537

2019100718

Type I Water

Comments:

Comments:

Comments:

None

None

None

Analyte Final Conc.Parent Conc. Aliquot Final Vol.

36.5-38.0

68.0-70.0%

80 mL

160 mL

8 l

8 l

N/A

N/A

I-HCL

I-HNO3

I-HNO3

I-HNO3

B-2%HNO3/1%HCl-ICPMS

Name:

Name:

Name:

Reagent/Solvent

Reagent/Solvent

Reagent/Solvent

Type:

Type:

Type:

31-OCT-19

26-NOV-19

20-JAN-20

Received:

Received:

Received:

31-OCT-21

26-NOV-21

03-FEB-20

Expires:

Expires:

Expires:

VWR - BDH Chemicals

VWR - BDH Chemicals

GEL

Supplier:

Supplier:

Supplier:

Edmund Frampton

Hannah Hatherly

Paul Boyd

Employee:

Employee:

Employee:

Serial ID:

Serial ID:

Serial ID:

Open/Reference Date:

Open/Reference Date:

Open/Reference Date:

10-DEC-19

20-JAN-20

3000723

3011870

3032237
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for
Qualifier Definition Report 

Signature: Name:

Date: Title:12 FEB 2020

Heather McCarty

Analyst II





GEL LABORATORIES LLC
2040 Savage Road  Charleston SC 29407 - (843) 556-8171 - www.gel.com



GEL LABORATORIES LLC
2040 Savage Road  Charleston SC 29407 - (843) 556-8171 - www.gel.com





GEL LABORATORIES LLC
2040 Savage Road  Charleston, SC 29407 - (843) 556-8171 - www.gel.com



GEL LABORATORIES LLC
2040 Savage Road  Charleston, SC 29407 - (843) 556-8171 - www.gel.com



GEL LABORATORIES LLC
2040 Savage Road  Charleston, SC 29407 - (843) 556-8171 - www.gel.com



GEL LABORATORIES LLC
2040 Savage Road  Charleston, SC 29407 - (843) 556-8171 - www.gel.com



GEL LABORATORIES LLC
2040 Savage Road  Charleston, SC 29407 - (843) 556-8171 - www.gel.com










































