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TA BLE O F C O N TE N TS 
�
�
5D\�7DEHU�)RXQGDWLRQ������������������������������������������������������������������������
�
6DIHW\�����������������������������������������������������������������������������������������������
�
5HIHUHQFH�:HEVLWHV��������������������������������������������������������������������������
�
3UDFWLFDO�&RQVLGHUDWLRQV��������������������������������������������������������������������
�
'ULOOLQJ�7HFKQLTXHV���������������������������������������������������������������������������
�
7RROV���6SHFLILFDWLRQV������������������������������������������������������������������������
�
/RJJLQJ�7HFKQLTXHV��������������������������������������������������������������������������
�
6DPSOLQJ�7HFKQLTXHV������������������������������������������������������������������������
�
+DPPHU�(QHUJ\�0HDVXUHPHQWV���������������������������������������������������������
�
,Q�6LWX�7HVWLQJ�±�&37������������������������������������������������������������������������
�
,Q�6LWX�7HVWLQJ�±�'07�����������������������������������������������������������������������
�
,Q�6LWX�7HVWLQJ�±�)967���������������������������������������������������������������������
�
,QVWUXPHQWDWLRQ�±�,QFOLQRPHWHUV�������������������������������������������������������
�
,QVWUXPHQWDWLRQ�±�7LPH�'RPDLQ�5HIOHFWRPHWU\����������������������������������
�
$33(1',;���$UP\�&RUSV�3XEOLFDWLRQ�³'ULOOLQJ�LQ�(DUWK�(PEDQNPHQW�
'DPV�	�/HYHHV´������������������������������������������������������������������������������
�
)(5&�±�³*XLGHOLQHV�IRU�'ULOOLQJ�,Q�DQG�1HDU�(PEDQNPHQW�'DPV�DQG�
7KHLU�)RXQGDWLRQV´��������������������������������������������������������������������������
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RAY TABER FOUNDATION 
�
�
Purpose��7R�SXUVXH�WKH�FUHDWLRQ�RI�D�QRW�IRU�SURILW�&DOLIRUQLD�HGXFDWLRQ�IRFXVHG�IRXQGDWLRQ�WKDW�
DGYDQFHV�WKH�WZR�SDVVLRQV�RI�5D\�7DEHU��WKH�VFLHQFH�RI�FRPELQLQJ�JHRORJ\�DQG�FLYLO�
HQJLQHHULQJ�DQG�VXVWDLQDEOH�VPDOO�UDQFK�IDUPLQJ��7KH�SULPDU\�SXUSRVH�RI�WKH�IRXQGDWLRQ�ZRXOG�
EH�WR�VHUYH�DV�D�YHKLFOH�IRU�SURYLGLQJ�HGXFDWLRQDO�VFKRODUVKLSV�WR�VWXGHQWV�LQ�WKHVH�VSHFLILF�
DUHDV�RI�VWXG\��EXW�DOVR�DV�VXSSRUW�IRU�VSHFLILF�UHVHDUFK�HQGHDYRUV�DQG�RWKHU�DFWLYLWLHV�ZKLFK�
ZLOO�DLG�WKH�JHQHUDO�DGYDQFHPHQW�RI�WKHVH�DUHDV�RI�VSHFLDOL]DWLRQ��
�
�
Background��+��5D\�7DEHU�������������ZDV�D�SLRQHHU�FRQVXOWDQW�LQ�WKH�ILHOG�RI�WKH�DSSOLFDWLRQ�
RI�SURIHVVLRQDO�JHRORJLF�RSLQLRQ�WR�FLYLO�HQJLQHHULQJ�GHVLJQ�ZKLFK�LV�NQRZQ�DV�WKH�SUDFWLFH�RI�
³HQJLQHHULQJ�JHRORJ\´��QRZ�D�VXEVHW�RI�*HRWHFKQLFDO�(QJLQHHULQJ��+H�DOVR�FDPH�IURP�D�SLRQHHU�
UDQFKLQJ�IDPLO\�WKDW�DUULYHG�LQ�&DOLIRUQLD�LQ�WKH�����¶V�DQG�VHWWOHG�LQ�WKH�&DSD\�9DOOH\��+H�DQG�
KLV�IDPLO\�KDYH�FRQWLQXRXVO\�SUDFWLFHG�VXVWDLQDEOH�VPDOO�UDQFK�IDUPLQJ�RQ�WKLV�VDPH�ODQG�VLQFH�
�������
�
Career Highlights��5D\�7DEHU�DQG�SDUWQHU�5HW�0RRUH�OLWHUDOO\�³ZURWH�WKH�ERRN´�RQ�EULGJH�
IRXQGDWLRQ�LQYHVWLJDWLRQ�SURWRFROV�ZKLOH�ZLWK�WKH�%ULGJH�'HSDUWPHQW�RI�WKH�6WDWH�RI�&DOLIRUQLD�
�����¶V���KH�ZDV�D�IRXQGLQJ�PHPEHU�RI�$(*�DQ�LQWHUQDWLRQDO�RUJDQL]DWLRQ�IRU�HQJLQHHULQJ�
JHRORJLVWV������¶V���KH�GHYHORSHG�D�ULVN�EDVHG�JHRORJLF�KD]DUG�DVVHVVPHQW�V\VWHP�IRU�
HYDOXDWLRQ�RI�SRWHQWLDO�FRQVWUXFWLRQ�VLWHV������¶V��DQG�KH�KHOSHG�GHYHORS�D�UROOHU�SODWH�VXSHU�
VWUXFWXUH�WR�IRXQGDWLRQ�FRQQHFWLRQ�WR�PLWLJDWH�IDXOW�PRYHPHQW�EHWZHHQ�EULGJH�VXSSRUWV�
�����¶V���,Q�WKH�UDQFKLQJ�FRPPXQLW\�KH�KDV�PDGH�FRQWULEXWLRQV�WR�WKH�GHYHORSPHQW�RI�D�QHZ�
DOPRQG�YDULHW\�FDOOHG�WKH�³0HUOLQ´�DQG�WR�WKH�GHYHORSPHQW�RI�D�VXVWDLQDEOH�ZDWHU�VXSSO\�DQG�
GHOLYHU\�V\VWHP�PRGHO�IRU�D�VPDOO�UDQFK�VHWWLQJ���
�
Mission��7R�DGYDQFH�WKH�VFLHQFH�RI�LQWHJUDWLQJ�JHRORJ\�DQG�FLYLO�HQJLQHHULQJ�LQ�WKHLU�DSSOLFDWLRQ�
WR�WKH�EXLOW�ZRUOG�DQG�WR�FRQWULEXWH�WR�WKH�KLVWRULFDO�SUHVHUYDWLRQ�DQG�DGYDQFHPHQW�RI�
HFRQRPLFDOO\�VXVWDLQDEOH�VPDOO�UDQFK�IDUPLQJ��
�
Initiatives���
���3URYLGH�VFKRODUVKLSV�WR�VWXGHQWV�SXUVXLQJ�VWXGLHV�LQ�WKH�DUHDV�RI�RXU�PLVVLRQ��
���3URYLGH�VXSSRUW�IRU�VSHFLILF�UHVHDUFK�HQGHDYRUV�ZKLFK�ZLOO�DGYDQFH�RXU�PLVVLRQ��
���3XUVXH�RWKHU�FROODERUDWLYH�DFWLYLWLHV�ZLWKLQ�WKH�VFLHQWLILF�DQG�IDUPLQJ�FRPPXQLWLHV�ZKLFK��
����ERWK�DOLJQ�ZLWK�DQG�HIIHFWLYHO\�DGYDQFH�RXU�PLVVLRQ��
�
Income Sources���
���&RUSRUDWH�'RQDWLRQV�
���3ULYDWH�3DUW\�'RQDWLRQV�
���3URIHVVLRQDO�2UJDQL]DWLRQ�'RQDWLRQV�
���3URIHVVLRQDO�2UJDQL]DWLRQ�*UDQWV��
���*RYHUQPHQW�*UDQWV�
���3ULYDWH�)RXQGDWLRQ�*UDQWV�
���6WDNHKROGHU�6XSSRUW�6KDUH�IURP�3DUWLFLSDWLRQ�LQ�0LVVLRQ�5HODWHG�6SHFLDO�(YHQWV���
���6WDNHKROGHU�6XSSRUW�6KDUH�IURP�3DUWLFLSDWLRQ�LQ�0LVVLRQ�5HODWHG�2Q�*RLQJ�3URGXFW�RU����
����6HUYLFHV�6DOHV�$FWLYLWLHV�
�

Ray Taber Foundation



RAY TABER FOUNDATION - - BOARD OF DIRECTORS 

Officers of the Board 

3UHVLGHQW��$QGUHZ�7DEHU�����DWDEHU#UD\WDEHUIRXQGDWLRQ�RUJ�����������������
7UHDVXUHU��0HUHGLWK�<RXQJ�����P\RXQJ#UD\WDEHUIRXQGDWLRQ�RUJ���������������� 

Members of the Board 

+DUPRQ�7DEHU��-U������KDUPRQ#WDEHUUDQFK�FRP�����������������
0DWW�%XFKH��3*�����PEXFKH#JIQHW�FRP�����������������
5RQ�/RXW]HQKLVHU��3(��*(�±�ORXW]HQKLVHU#JHRFRQLQF�FRP�����������������
1DWDOLH�.OHPSDX�±�QDWDOLH#WDEHUUDQFK�FRP�����������������



 

 

 

 

 

 

 

6DIHW\�



Safety Brief 
6DIHW\�SOD\V�DQ�LQWHJUDO�SDUW�JHRWHFKQLFDO�ILHOG�DQG�VKRXOG�DOZD\V�EH�WKH�QXPEHU�RQH�SULRULW\���
$V�RQH�EHFRPHV�LQGRFWULQDWHG�LQWR�WKLV�ILHOG��\RX�ZLOO�EH�UHTXLUHG�WR�IROORZ��LQVWLWXWH��DQG�WHDFK�
VDIHW\�PHDVXUHV���:KHWKHU�LW�EH�FRPSLOLQJ�D�-RE�6DIHW\�$QDO\VLV�IRU�WKH�VLWH��VSHDNLQJ�DW�
WDLOJDWH�VDIHW\�PHHWLQJ��RU�FRPSULVLQJ�D�6LWH�+HDOWK�DQG�6DIHW\�3ODQ�IRU�WKH�SURMHFW��WKH�IROORZLQJ�
SDJHV�VHUYH�DV�D�UHIHUHQFH�IRU�VDIHW\�WRROV��SURWRFROV��DQG�EHVW�SUDFWLFHV�IRU�VDIHW\�LQ�
JHRWHFKQLFDO�ZRUN����

�

3OHDVH�QRWH�WKDW�WKH�IROORZLQJ�VDIHW\�H[DPSOHV�DUH�IRU�UHIHUHQFH�RQO\�DQG�PD\�QRW�PHHW�WKH�
PLQLPXP�VDIHW\�UHTXLUHPHQWV�DV�UHTXLUHG�E\�VSHFLILF�FOLHQW�VWDQGDUGV�RU�ZKDWHYHU�MXULVGLFWLRQ�
\RX�PD\�EH�LQ����

�

7KH�EHORZ�JUDSK�LV�D�UHIHUHQFH�WR�EH�XVHG�WR�PLWLJDWH�VDIHW\�KD]DUGV�DQG�RU�XVH�DV�D�PHWKRG�
IRU�GHWHUPLQLQJ�ZKDW�5LVN�&RQWURO�0HDVXUHV�WR�XVH����

��



Job Safety Analysis Worksheet
Company name:

Site name:

Contractor:

Activity:

Date: JSA No.

Permit to work requirement:             Yes    No 

Approved by:

Activity
List the tasks required to perform the activity in the 
sequence they are carried out.

Hazards
Against each task list the hazards that could cause injury 
when the task is performed.

Risk control measures
List the control measures required to eliminate or minimise 
the risk of injury arising from the identified hazard.

Who is responsible?
Write the name of the person responsible (supervisor or 
above)  to implement the control measure identified.

Remember: Each JSA must be site specific.
Include all workers in the development of this JSA.



USA N or t h 

81'(5*5281'�6(59,&(�$/(57�
�&DOO�%HIRUH�<RX�'LJ��

1-8 0 0-2 2 7-2 6 0 0 

U N D ERG R O U N D SERV I CE ALERT�LV�D�IUHH��FRQYHQLHQW�LQIRUPDWLRQ�DQG�
QRWLILFDWLRQ�VHUYLFH�VXSSRUWHG�E\�XWLOLWLHV�OLNH�3*	(��608'��$7	7��6SULQW��HWF���
:KHQ�\RX�SODFH�D�WROO�IUHH�FDOO�WR�USA��DQ�RSHUDWRU�ZLOO�DVN�\RX�ZKHUH�\RX�SODQ�

WR�GLJ�DQG�ZLOO�FRQWDFW�DOO�WKH�DSSURSULDWH�XWLOLWLHV��ZKR�ZLOO�PDUN�DQ\�
XQGHUJURXQG�LQVWDOODWLRQV�WKH\�KDYH�DW�WKH�H[FDYDWLRQ�VLWH��

,QIRUPDWLRQ�WR�KDYH�UHDG\���
x :KHQ�WKH�ZRUN�EHJLQV��GDWH�	�WLPH�
x /RFDWLRQ�RI�PDUNLQJV
x :KDW�WKH�DUHD�LV�PDUNHG�ZLWK
x $UH�\RX�XVLQJ�H[SORVLYHV"
x :LOO�\RX�XVH�YDFXXP�HTXLSPHQW"

7KH�&RORU�RI�6DIHW\�
7KHVH�FRORUV�DQG�V\PEROV�KDYH�EHHQ�DGRSWHG�E\�DOO�VXEVFULELQJ�WR�WKH�

U N D ERG R O U N D SERV I CE (USA )���/RRN�IRU�SDLQWHG�VWULSHV�RU�PDUNHUV�EHIRUH�
\RX�EHJLQ�WR�GLJ��

&RORU� 7\SH� � 6\PERO� )DFLOLW\�

%OXH� :DWHU� � :� :DWHU�
2UDQJH�� &RPPXQLFDWLRQV� )$� )LUH�$ODUP�

7HO� 7HOHSKRQH�
5� 5DLOURDG�
79� 7HOHYLVLRQ�
:8� :HVWHUQ�8QLRQ�

*UHHQ� 6HZHU�6WRUP� 6� 6HZHU�
'UDLQ� � '� 6WRUP�'UDLQ�

5HG� (OHFWULF�� /� 6WUHHW�/LJKWQLQJ�
(� (OHFWULF�
7� 7UDIILF�6LJQDOV�

<HOORZ� 2LO�*DV�6WHDP�� *� *DV�
&KHPLFDO� &R��1DPH� 2LO�	�&KHPLFDO�

3LQN� 6XUYH\�0DUNLQJ�
:KLWH� 3URSRVHG�([FDYDWLRQ�



Activity Hazard Analysis (AHA)�
$FWLYLW\�:RUN�7DVN�� 0RELOL]DWLRQ� 2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH�� L�

Risk Assessment Code (RAC) Matrix�

Severity�
Probability�

)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�
&DWDVWURSKLF� E� E� H� H� M�

&ULWLFDO� E� H� H� M� L�
0DUJLQDO� H� M� M� L� L�
1HJOLJLEOH� M� L� L� L� L�

6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��

“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�DQG�
LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�8QOLNHO\�� RAC Chart�
“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�GLG�
RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��RU�1HJOLJLEOH�

 E = Extremely High Risk 
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�HDFK�
³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�WRS�RI�$+$��

 M = Moderate Risk 
 L = Low Risk 

Job Steps� Hazards� Controls� RAC�
0RELOL]DWLRQ�IURP�KRPH�EDVH�WR�WKH�
MRE�VLWH�

�� +LJKZD\�DFFLGHQWV
�� (TXLSPHQW�VKLIW�GXULQJ�WUDYHO
�� ([SRVHG�WR�WUDIILF�KD]DUGV

�� 'HIHQVLYH�GULYLQJ
�� 6HFXUH�HTXLSPHQW�GXULQJ�WUDQVSRUW
�� :HDU�KLJK�YLVLELOLW\�DSSDUHO

L�
L 
L 

Equipment to be Used� Training Requirements/Competent or 
Qualified Personnel name(s)� Inspection Requirements�

�� 7UXFNV��WUDLOHUV�DQG�WUDFN�PRXQWHG
HTXLSPHQW�
�� 7LH�GRZQV��VWUDSV�DQG�URSHV

�� $OO�HPSOR\HHV�DUH�UHTXLUHG�WR�EH�OLFHQVHG
E\�WKH�6WDWH�RI�&DOLIRUQLD�
�� 7UDLQHG�RQ�'27�UHTXLUHPHQWV
�� :HDU�VHDWEHOW

�� '27�UHTXLUHPHQWV
�� &RQGXFW�ZDON�DURXQG�YHKLFOH�LQVSHFWLRQ



 

 Activity Hazard Analysis (AHA) 
$FWLYLW\�:RUN�7DVN�� -RE�+D]DUG�$QDO\VLV�DQG�$VVHVVPHQW�
�

�

�������2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH��
 

L 
��
�
�

�
 

�

Risk Assessment Code (RAC) Matrix�
 

Severity�
Probability�

)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�
&DWDVWURSKLF� E� E� H� H� M�

&ULWLFDO� E� H� H� M� L�
0DUJLQDO� H� M� M� L� L�
1HJOLJLEOH� M� L� L� L� L�

 
6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��

“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�DQG�
LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�8QOLNHO\�� RAC Chart�
“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�GLG�
RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��RU�1HJOLJLEOH�

  E = Extremely High Risk  �
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�HDFK�
³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�WRS�RI�$+$��

  M = Moderate Risk  �
  L = Low Risk  �

Job Steps� Hazards� Controls� RAC�
���&RQGXFW�-RE�+D]DUG�$QDO\VLV�WR�HDFK�
VSHFLILF�VLWH�WR�GHWHUPLQH�SRVVLEOH�KD]DUG�
�H�J��&KHPLFDO�RU�%LRORJLFDO��
���&RQWLQXDOO\�FRQGXFW�VDIHW\�
REVHUYDWLRQV�DQG�-RE�+D]DUGV�
$VVHVVPHQW�EHIRUH��GXULQJ��DQG�DIWHU�DOO�
RQ�VLWH�RSHUDWLRQV�

���(QFRXQWHULQJ�FRQWDPLQDWHV�ZKLOH�
GULOOLQJ�
���%LRORJLFDO��H�J��SRLVRQRXV�VQDNHV�
DQG�VSLGHUV��
��7KHUPDO�VWUHVV�
���6SLOOV�DQG�OHDNV�

���6WRS�GULOOLQJ�LPPHGLDWHO\�WR�DVVHVV�VLWXDWLRQ�DQG�QRWLI\�WKH�RQ�
VLWH�6LWH�6DIHW\�2IILFHU�
���:RUN�DUHD�ZLOO�EH�LQVSHFWHG�SULRU�WR�VWDUWLQJ�RSHUDWLRQV�
���:HDU�SURSHU�FORWKLQJ�IRU�WKH�ZHDWKHU�FRQGLWLRQV��.HHS�
K\GUDWHG��$OO�HPSOR\HHV�VKDOO�KDYH�DQ�³2DVLV´�WR�JHW�RXW�RI�WKH�
KHDW�SHU�26+$�UHJXODWLRQV��7KH�6LWH�6DIHW\�2IILFHU�ZLOO�
LPSOHPHQW�WKH�+HDW�,OOQHVV�3UHYHQWLRQ�3ODQ��
���:HDU�KDUG�KDW��VWHHO�WRH�ERRWV��VDIHW\�JODVVHV��KHDULQJ�
SURWHFWLRQ� 	� GLVSRVDEOH� SODVWLF� JORYHV� DV� QHHGHG�� 8VH�
VSLOO� NLW� ZKHQ� DSSURSULDWH� ZKLFK� LQFOXGHV� DEVRUEHQW�
WRZHOV��DEVRUEHQW�SDGV��GULS�SDQV��EXFNHWV��DQG�VKRYHO�

   L 
 
   L 
   L 
 
 
 
   L�

 

Equipment to be Used� Training Requirements/Competent or 
Qualified Personnel name(s)�

 

Inspection Requirements�
���3�3�(��DV�GHHPHG�QHFHVVDU\�DQG�
DSSOLFDEOH�WR�WKH�MRE�VLWH�E\�WKH�6LWH�
6DIHW\�2IILFHU�

���$OO�SHRSOH�VKDOO�EH�QRWLILHG�RI�VWDQGDUGV�WKDW�
DUH�DSSOLFDEOH�26+$�UHTXLUHPHQWV�
���$OO�FUHZV�VKDOO�EH�DZDUH�RI�SRVVLEOH�%LRORJLFDO�
+D]DUGV�SULRU�WR�WKH�EHJLQQLQJ�RI�RSHUDWLRQV�
�

����:RUN�DUHD�ZLOO�EH�LQVSHFWHG�GDLO\�SULRU�WR�RSHUDWLRQV�



 

Activity Hazard Analysis (AHA) 
�$FWLYLW\�:RUN�7DVN�� 6LWH�6HWXS�  

2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH��
 

L�
�
�
�

�
Risk Assessment Code (RAC) Matrix�

 
Severity� Probability�

)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�
&DWDVWURSKLF� E� E� H� H� M�

&ULWLFDO� E� H� H� M� L�
0DUJLQDO� H� M� M� L� L�
1HJOLJLEOH� M� L� L� L� L�

 
6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��

“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�DQG�
LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�8QOLNHO\�� RAC Chart�
“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�GLG�
RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��RU�1HJOLJLEOH�

  E = Extremely High Risk  �
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�HDFK�
³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�WRS�RI�$+$��

  M = Moderate Risk  �
  L = Low Risk  �

Job Steps� Hazards� Controls� RAC�
���2Q�6LWH�SUHSDUDWLRQ�
���(TXLSPHQW�WHVW�
���8WLOLW\�FOHDUDQFH�

���7LS�RYHU�
���(OHFWURFXWLRQ���H[SORVLRQ�
���6OLSV��WULSV��IDOOV�
���6WUXFN�E\�

���6HW�XS�RQ�OHYHO�VXUIDFHV�XVLQJ�DOO�OHYHOLQJ�MDFNV�
���,QVSHFW�IRU�EXULHG�DQG�RYHUKHDG�XWLOLWLHV��'R�QRW�EUHDN�
JURXQG�ZLWKRXW�FOHDUDQFH�SHUPLWV�
���:HDU�SURSHU�3�3�(��VXFK�DV�KDUG�KDW�DQG�VWHHO�WRH�ERRWV�
���&OHDU�WUDIILF�DUHDV�
���8VH�SURSHU�OLIWLQJ�WHFKQLTXHV�
���7RROV�VKDOO�SURSHUO\�EH�VHFXUHG�GXULQJ�WUDQVSRUW�
���6HFXUH�IRRWLQJ�

���L 
   L 
 
   L 
 
 
   L 
   L 

 

Equipment to be Used� Training Requirements/Competent or 
Qualified Personnel name(s)�

 

Inspection Requirements�
���7UXFNV��WUDLOHUV��DQG�WUDFN�PRXQWHG�HTXLSPHQW�
���7LH�GRZQV��VWUDSV��DQG�URSHV�
���0HFKDQLFDO�ZLQFKHV����

���2Q�WKH�MRE�WUDLQLQJ�DQG�LQ�KRXVH�WUDLQLQJ�
���7UDLQHG�RQ�'27�UHTXLUHPHQWV��
���$OO�FUHZV�VKDOO�ZHDU�KLJK�YLVLELOLW\�DSSDUHO���
33(��DW�D�PLQLPXP�PHHWLQJ�$16,���,6($���������
SHUIRUPDQFH�FODVV���UHTXLUHPHQWV�

���'27�UHTXLUHPHQWV�
���&RQGXFW�ZDON�DURXQG�YHKLFOH�LQVSHFWLRQ�
���&KHFN�IRU�K\GUDXOLF�OHDNV�DQG�ZHDU�WHDU�RQ�FDEOHV�

 
 
 



 

 

Activity Hazard Analysis (AHA) 
$FWLYLW\�:RUN�7DVN�� 7UDIILF�&RQWURO�  

2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH��
 

L�
��
�� Risk Assessment Code (RAC) Matrix�

 
Severity�

Probability�
)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�

&DWDVWURSKLF� E� E� H� H� M�
&ULWLFDO� E� H� H� M� L�
0DUJLQDO� H� M� M� L� L�
1HJOLJLEOH� M� L� L� L� L�

 
6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��

“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�DQG�
LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�8QOLNHO\�� RAC Chart�
“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�GLG�
RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��RU�1HJOLJLEOH�

  E = Extremely High Risk  �
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�HDFK�
³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�WRS�RI�$+$��

  M = Moderate Risk  �
  L = Low Risk  �

Job Steps� Hazards� Controls� RAC�
3URYLGH�UHDVRQDEO\�VDIH�DQG�
HIIHFWLYH�PRYHPHQW�RI�URDG�XVHV�
WKURXJK�RU�DURXQG�7HPSRUDU\�7UDIILF�
&RQWURO��77&��]RQHV�ZKLOH�
UHDVRQDEO\�SURWHFWLQJ�URDG�XVHUV��
ZRUNHUV��DQG�UHVSRQGHUV�WR�WUDIILF�
LQFLGHQWV�DQG�HTXLSPHQW��

���:RUNHUV�QRW�YLVLEOH�WR�GULYHUV�
���:RUNHUV�XQIDPLOLDU�ZLWK�VSHFLILF�WUDIILF�
FRQWURO�UHTXLUHPHQWV�
���,QDGHTXDWH�77&�IRU�DGYDQFH�ZDUQLQJ�RI�
ZRUN�]RQHV��

���$OO�ZRUNHUV�VKDOO�ZHDU�KLJK�YLVLELOLW\�VDIHW\�DSSDUHO�
���7KH�662�VKDOO�EH���KU�7UDIILF�&RQWURO�DQG�)ODJJLQJ�WUDLQHG�
DQG�VKDOO�EULHI�HPSOR\HHV�HYHU\�PRUQLQJ�SULRU�WR�ZRUN�
���:RUN�]RQHV�ZLOO�EH�HVWDEOLVKHG�XVLQJ�EDUULFDGHV��WUDIILF�FRQHV��
DQG�RU�FDXWLRQ�WDSH�DV�DSSURSULDWH�WR�DOHUW�SDVVLQJ�WUDIILF�WR�
ZRUNHUV�LQ�RU�QHDU�URDGZD\ 

   L 
   L 
 
   L�

 

Equipment to be Used� Training Requirements/Competent or 
Qualified Personnel name(s)�

 

Inspection Requirements�
���+LJK�YLVLELOLW\�FODVV���33(�
���7UDIILF�FRQWURO�OLJKWV��EDUULFDGHV��URDG�
PDUNLQJV��VLJQV��DQG�VLJQDOSHUVRQV�IRU�WKH�VDIH�
PRYHPHQW�LQ�DFFRUGDQFH�ZLWK�'27�)HGHUDO�
+LJKZD\�$GPLQLVWUDWLRQ¶V�³087&'´��

���7KH�662�VKDOO�EH���KU�7UDIILF�&RQWURO�)ODJJLQJ�
WUDLQHG��

���&RQGXFW�GDLO\�WDLOJDWH�PHHWLQJV�SULRU�WR�WKH�VWDUW�RI�ZRUN�WR�
HQVXUH�DOO�ZRUNHUV�DUH�ZHDULQJ�&ODVV���KLJK�YLVLELOLW\�33(�DQG�
DUH�DZDUH�DQG�XQGHUVWDQG�DOO�WUDIILF�FRQWURO�PHDVXUH�$+$V�IRU�
WKH�VLWH��

�

 



 

 

Activity Hazard Analysis (AHA) 
$FWLYLW\�:RUN�7DVN�� 'ULOOLQJ�3URFHGXUHV�  

2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH��
 

L�
 
 

�
 

Risk Assessment Code (RAC) Matrix�
 

Severity� Probability�
)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�

&DWDVWURSKLF� E� E� H� H� M�
&ULWLFDO� E� H� H� M� L  �
0DUJLQDO� H� M� M� L� L�
1HJOLJLEOH� M� L� L� L� L�

6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��
“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�DQG�
LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�8QOLNHO\�� RAC Chart�
“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�DFFLGHQW�GLG�
RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��RU�1HJOLJLEOH��

  E = Extremely High Risk  �
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�HDFK�
³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�WRS�RI�$+$��

  M = Moderate Risk  �
  L = Low Risk  �

Job Steps� Hazards� Controls� RAC�
�
���2SHUDWLQJ�GULOOLQJ�
HTXLSPHQW�

���6WUXFN�E\�
���3LQFK�DQG�JUDE�SRLQWV�
�ORRVH�FORWKLQJ��KDQGV�DQG�
IHHW�FDWFKLQJ�LQ�WKH�GULOO�KHDG��
���/RXG�QRLVH�IURP�GULOOLQJ�
HTXLSPHQW� DERYH����GE��QRW�
H[SHFWHG��
���(UJRQRPLF�KD]DUGV�

���0DNH�VXUH�DOO�VZLYHOV�DUH�ILUP�EHIRUH�OLIWLQJ��0DNH�VXUH�WR�KDYH�SURSHU�IRRWLQJ�
EHIRUH�VZLQJLQJ�KDQJLQJ�REMHFWV�
���$OZD\V�EH�DZDUH�ZKHQ�GULOO�KHDG�LV�VSLQQLQJ�DQG�VWD\�RXW�RI�JUDEELQJ�UDQJH��0DNH�
VXUH�WR�DOZD\V�NHHS�KDQGV�DQG�FORWKLQJ�RXW�RI�SLQFK�SRLQWV��/RRVH�JORYHV�DQG�ORQJ�
VKRH�ODFHV�DUH�QRW�WR�EH�XVHG�QHDU�GULOO�RSHUDWLRQV�
���33(����ZHDU�KDUG�KDW��VDIHW\�JODVVHV��VWHHO�WRH�ERRWV�DQG�KHDULQJ�SURWHFWLRQ�DV�
QHHGHG�
���$OZD\V�XVH�SURSHU�OLIWLQJ��VWDQGLQJ��DQG�VLWWLQJ�WHFKQLTXHV�ZKLOH�RQ�WKH�MRE�

   L�
 
   L�
 
   
   L 
   
   L�

 � Training Requirements/Competent or 
Qualified Personnel name(s)�

 

Inspection Requirements�
���0HFKDQLFDO�ZLQFKHV�
���+\GUDXOLF�GRZQ�IHHGV�

���9HKLFOHV�DUH�WR�PHHW�'27�UHJXODWLRQV�
���2Q�WKH�MRE�WUDLQLQJ�DQG�LQ�KRXVH�WUDLQLQJ�
���$OO�FUHZV�VKDOO�ZHDU�KLJK�YLVLELOLW\�DSSDUHO���33(��
DW�D�PLQLPXP�PHHWLQJ�$16,���,6($���������
SHUIRUPDQFH�FODVV���UHTXLUHPHQWV�

���&KHFN�IRU�K\GUDXOLF�OHDNV�EHIRUH�GDLO\�RSHUDWLRQV�



 

Activity Hazard Analysis (AHA) 
$FWLYLW\�:RUN�7DVN�� 0DLQWHQDQFH� 2YHUDOO�5LVN�$VVHVVPHQW�&RGH��5$&����8VH�KLJKHVW�FRGH�� L�

 
 
 

 
Risk Assessment Code (RAC) Matrix�

 

 
Severity�

Probability�
)UHTXHQW� /LNHO\� 2FFDVLRQDO� 6HOGRP� 8QOLNHO\�

&DWDVWURSKLF� E� E� H� H� M�
&ULWLFDO� E� H� H� M� L�
0DUJLQDO� H� M� M� L� L�

1HJOLJLEOH� M� L� L� L� L�
 

6WHS����5HYLHZ�HDFK�“Hazard” ZLWK�LGHQWLILHG�VDIHW\�“Controls” DQG�GHWHUPLQH�5$&��6HH�DERYH��

“Probability´�LV�WKH�OLNHOLKRRG�WR�FDXVH�DQ�LQFLGHQW��QHDU�PLVV��RU�
DFFLGHQW�DQG�LGHQWLILHG�DV��)UHTXHQW��/LNHO\��2FFDVLRQDO��6HOGRP�RU�

�
RAC Chart�

“Severity” LV�WKH�RXWFRPH�GHJUHH�LI�DQ�LQFLGHQW��QHDU�PLVV��RU�
DFFLGHQW�GLG�RFFXU�DQG�LGHQWLILHG�DV��&DWDVWURSKLF��&ULWLFDO��0DUJLQDO��
� �

E = Extremely High Risk�
H = High Risk�

6WHS���� ,GHQWLI\�WKH�5$&��3UREDELOLW\�6HYHULW\��DV�(��+��0��RU�/�IRU�
HDFK�³+D]DUG´�RQ�$+$�� $QQRWDWH�WKH�RYHUDOO�KLJKHVW�5$&�DW�WKH�

� � �

M = Moderate Risk�
L = Low Risk�

Job Steps� Hazards� Controls� RAC�
�
���$OO�PHFKDQLFDO�DQG�K\GUDXOLF�
PRWRUV�DUH�WR�EH�PDLQWDLQHG�

���(TXLSPHQW�PDOIXQFWLRQ�
���)LUH�
���+\GUDXOLF�EORZ�RXW�

���$OO�HTXLSPHQW�PXVW�EH�PDLQWDLQHG�DQG�LQ�D�SURSHU�IXQFWLRQLQJ�FRQGLWLRQ�
���$OO�PRWRUV�PXVW�EH�VKXW�RII�ZKHQ�PDNLQJ�UHSDLUV�DQG�NH\�UHPRYHG��$GGLWLRQDOO\��
DQ�RXW�RI�VHUYLFH�SODFDUG�LV�SODFHG�RYHU�WKH�LJQLWLRQ�
���$OO�PRWRUV�PXVW�EH�VKXW�RII�GXULQJ�UHIXHOLQJ��$Q�$�%�&�ILUH�H[WLQJXLVKHU�PXVW�
EH�PDLQWDLQHG�QHDU�DOO�H[FDYDWLRQ�PRWRUL]HG�HTXLSPHQW�
���+\GUDXOLF�SXPS�DQG�OLQHV�DUH�QRW�WR�H[FHHG�RSHUDWLQJ�SUHVVXUHV��/LQHV�PXVW�EH�
VHFXUHG�WR�H[FDYDWLRQ�HTXLSPHQW�

   L 
   L 
 
   L 
 
   L�
�

 

Equipment to be Used� Training Requirements / Competent 
or Qualified Personnel name(s)�

 

Inspection Requirements�
���([FDYDWLRQ�HTXLSPHQW�
���)LUH�H[WLQJXLVKHUV�
���+\GUDXOLF�SXPS�

���2Q�WKH�MRE�WUDLQLQJ�DQG�LQ�KRXVH�WUDLQLQJ�
���,QVSHFWHG�DQG�UHSODFH�SHU�26+$�UHJXODWLRQV�

���&KHFN�IRU�IOXLG�OHDNV�EHIRUH�GDLO\�RSHUDWLRQV�
���([WLQJXLVKHUV�DUH�LQVSHFWHG�DQG�UHSODFHG�HYHU\�\HDU��
���&KHFN�IRU�IOXLG�OHDNV�EHIRUH�GDLO\�RSHUDWLRQV�



 

 

 

 

 

 

 

5HIHUHQFH�:HEVLWHV�



 

:(%6,7(6�)25�5()(5(1&(�
 

G e o pro f essio n a l B usin ess Associa t io n  
(ASFE) 

KWWS���ZZZ�JHRSURIHVVLRQDO�RUJ� 
 

A m erica n Socie t y o f Civ i l E n gin e e rs  
(ASCE) 

KWWS���ZZZ�DVFH�RUJ�
�

C a li fo rn ia  G e oPro f essio n a ls Associa t io n 
(C a l G e o ) 

KWWS���ZZZ�FJHD�RUJ�
 

G e olo g ica l Socie t y o f A m erica   
( GSA ) 

KWWS���ZZZ�JHRVRFLHW\�RUJ 
 

Associa t io n o f E n gin e e rin g a n d E n v iro n m e n t a l 
G e olo gis ts (AEG ) 
KWWS���DHJZHE�RUJ�

�
A m erica n Socie t y fo r T est in g a n d M a t e r i a ls  

(ASTM) 
KWWS���ZZZ�DVWP�RUJ 

 
C a li fo rn ia  D e p a r t m e n t o f Tr a nspor t a t io n  

(C a l Tr a ns) 
KWWS���GRW�FD�JRY�



 

 

 

 

 

 

 

3UDFWLFDO�&RQVLGHUDWLRQV�



 
 

35$&7,&$/�&216,'(5$7,216�
�
�

���6$)(7<�±�³6((�,7��6$<�,7´�±�(9(5<21(�
� �
�
���),(/'�5(/$7,216+,36�$5(�.(<�
�6&+/266(5�6<1'520(��
�
�

���3/$<(56�+$9(�52/(6���5(63(&7�7+(0�
x� 352'8&7,9,7<�
x� 6$)(7<�
�
�

���&2175$&725�6(/(&7,21�,6�/,.(�5,*�6(/(&7,21�
x� 678'<�*2$/6�
x� ),(/'�&21',7,216�$%29(�*5281'�
x� ),(/'�&21',7,216�%(/2:�*5281'�
x� ��%8'*(7�
x� $9$,/$%,/,<�
x� $/62�³+,6725<´�5(387$7,21��

�
�
���7<3(6�2)�&2175$&76�

x� %<�)227��63(('��
x� %<�+285��&21752/�2)�:25.��
x� /803�680��&21752/�2)����

�



:+,&+�5,*"�
�
�
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�
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�
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�
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'ULOO LQJ�7HFKQLTXHV�



 

,QWURGXFWLRQ�WR�
6ROLG�)OLJKW�$XJHU�DQG�0XG�5RWDU\�7HFKQLTXHV�

�
�
�
W h y a re w e d ril l in g h oles in  t h e g ro u n d? 
�
7R�DVVHVV�VXEVXUIDFH�FRQGLWLRQV�ZKLOH�NHHSLQJ�LQ�PLQG�VSHFLILF�DVSHFWV�RI�\RXU�SURMHFW��
�
W h a t t y p es o f co n di t io ns / ch a rac t e ris t ics do y o u loo k fo r? 
�

x� )RXQGDWLRQ�&RQGLWLRQV�
x� /LTXHIDFWLRQ�SRWHQWLDO�
x� 6HWWOHPHQW�SRWHQWLDO�
x� :HDN�OD\HUV�
x� 9HU\�'HQVH�RU�KDUG�OD\HUV�
x� *URXQGZDWHU�
x� %RXOGHUV��FREEOHV��5RFN""��
x� 7RSRJUDSK\�
x� *HRORJ\�

�
W h a t m e t h o d o f d ri l l in g do y o u use t o m a k e y o ur h ole a n d g e t  t h e 
sa m ples Yo u n e e d? 
 

x� 6ROLG�)OLJKW�$XJHU�
x� 0XG�5RWDU\�ZLWK�'UDJ�%LW��7UL�FRQH�%LW�
x� &DVLQJ�$GYDQFHPHQW���:LUH�OLQH�PHWKRGV�
x� 'LDPRQG�&RULQJ�
�

o� 7\SHV�RI�WRROV�IRU�YDULRXV�PHWKRGV�
o� /HQJWKV�RI�7RROV�
o� &DQ�\RXU�WRROV�ILW�LQVLGH�WKH�FDVLQJ"�
�

W h a t is t h a t  t h in g o n t h e b ack o f t h e t r uck? 
 
.12:�WKH�5LJ��
�

x� :KHUH
V�WKH�KDPPHU�DQG�ZKDW�W\SH�LV�LW��&DWKHDG�	�5RSH�RU�DXWRPDWLF�"�
x� :KHUH
V�WKH�NHOO\"�7KH�NHOO\�VZLYHO""�
x� :KHUH
V�WKH�PXG�WDQN"�
x� :KHUH
V�WKH�%($1���"�
x� :KHUH
V�WKH�JLPEOH�MRLQW"�
x� :KHUH
V�WKH�GULOO�URGV"�
x� 7KH�ULJ�LVQ
W�GDQJHURXV�LV�LW""�



 

 
,QWURGXFWLRQ�WR�

6ROLG�)OLJKW�$XJHU�DQG�0XG�5RWDU\�7HFKQLTXHV�
&RQWLQXHG«�

�
�
�
W h a t do y o u loo k for w h il e  d ri l l in g? W h a t is i m por t a n t? 
�

x� +RZ�GLIILFXOW�LV�LW�WR�GULOO"�
x� ,V�WKHUH�DQ\�FKDWWHU�ZKLOH�GULOOLQJ"��,�H��DUH�\RX�GULOOLQJ�WKURXJK�JUDYHOV"�
x� 'R�\RX�KDYH�DQ\�KROH�SUREOHPV"��,V�WKH�KROH�WLJKW"��'RHV�LW�FDYH�LQ�RU�EULGJH�ZKHQ�

\RX�SXOO�WKH�DXJHU�RXW�RI�WKH�KROH"��,V�\RXU�GULOO�IOXLG�FOHDQLQJ�WKH�KROH�SURSHUO\"�
x� ,I�XVLQJ�URWDU\�PHWKRGV«��$UH�\RX�JHWWLQJ�JRRG�FLUFXODWLRQ"��,I�QRW��KRZ�PXFK�PXG�

DUH�\RX�ORVLQJ"�
x� :KDW�GR�WKH�FXWWLQJV�ORRN�OLNH"�
x� +RZ�GHHS�LV�WKH�JURXQGZDWHU"�

�
H o w  do y o u k n o w  y o u h a v e e x h a ust e d a  m e t h o d o f d ri l l in g?  W h ere do 
y o u go f ro m t h e re? 
�

x� <RX�DUH�QRW�DGYDQFLQJ�WKH�KROH«�
x� &DYLQJ�SUREOHPV�DUH�SUHYHQWLQJ�SURJUHVV«�
x� /RVV�RI�&LUFXODWLRQ��HVSHFLDOO\�LQ�VDQGV�DQG�JUDYHOV��
�

7U\�DQRWKHU�PHWKRG�RU�XVH�DGGLWLRQDO�WRROV�WR�DGYDQFH�WKH�KROH��
 

x� &DVLQJ�$GYDQFHPHQW�:LUH�OLQH�PHWKRGV�
x� ,QVHUW�PRUH�FDVLQJ�LQ�WKH�KROH�
x� $LU�'ULOOLQJ�
x� 'LDPRQG�&RULQJ�

   
Pro ble ms w i t h Mu d Ro t a ry D ril l in g 
�

x� *URXQGZDWHU�PHDVXUHPHQWV�
x� 6HW�XS�WLPH�
x� 5HPRYDO�RU�GLVSRVDO�RI�FXWWLQJV�
x� 6LWH�5HVWRUDWLRQ�&OHDQ�XS�
x� :HW�FXWWLQJV�









 

,QWURGXFWLRQ�WR�
+ROORZ �6WHP�)OLJKW�$XJHU�7HFKQLTXHV�

�
�

Dif f e r e nces B e t w e e n Solid -St e m A n d H ollo w -St e m F lig h t  A u g e r D ril l in g 
 
x� :KDW�$UH�7KH�3DUWV�2I�7KH�+ROORZ�6WHP�$XJHU�6\VWHP" 
x� +RZ�'RHV�,W�:RUN" 
x� +RZ�'HHS�&DQ�<RX�'ULOO" 
x� +RZ�,V�6DPSOLQJ�'LIIHUHQW" 
x� +RZ�,V�/RJJLQJ�'LIIHUHQW" 
x� :KDW�$UH�&RPPRQ�5HDVRQV�)RU�8VLQJ�+ROORZ�6WHP�$XJHU" 
x� :KDW�,V�$�%DG�5HDVRQ�)RU�8VLQJ�+ROORZ�6WHP�$XJHU" 
 
 
Pro b le ms W i t h H ollo w  St e m A u g e r D ril l in g 
 
x� *URXQGZDWHU�0HDVXUHPHQWV 
x� 7RR�0DQ\�&XWWLQJV 
x� 1RW�(QRXJK�&XWWLQJV 
x� (IIHFWV�RQ�6DPSOH 
 
 
Tr ic ks o f t h e t r a d e 
 
x� .QRZ�:K\�<RX�$UH�+HUH 
x� ,QYROYH�<RXU�'ULOOHU 
x� *HW�7KH�'DWD�1RZ� 
x� ,QWHUSUHW�7KH�'DWD�1RZ 
x� 1RW�(QRXJK�6DPSOH 
x� 7RR�0XFK�6DPSOH 
x� 5HWDLQLQJ�6DPSOH��3UHVHUYLQJ�7KH�6DPSOH 
�
 
 
 
 
 
 
 
 
 
 
 
 



 

+ROORZ �6WHP�$XJHU�

�
�

$XJHU�6L]H�&KDUW��LQFKHV��
�

+ROH� � )OLJKW� � $XJHU�� 6DPSOH� &RUH�
6L]H� � 2'� � $[OH�,'� 7RROV� � %DUUHOV�
�
��ó�� � �� � ��ó�� � �� � $:*�
��ô�� � ��ô�� � ��ô�� � ��ò�� � %:*�
��ó�� � ��ó�� � ��ó�� � �� � 1:*�
���ó��� ��� � �� � 'HQLVRQ� �[��ò�&%/6�
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Method of Operation of the Sonic Drill�

$�VRQLF�GULOO�LV�PRUH�SUHFLVHO\�LGHQWLILHG�DV�D�URWDU\�YLEUDWRU\�GULOO��,W�LV�
FDSDEOH�RI�KLJK�GULOOLQJ�VSHHGV�DV�ZHOO�DV�DFFRPSOLVKLQJ�WDVNV��VXFK�
DV�FRQWLQXRXV�FRULQJ��

$W�ILUVW�JODQFH��D�VRQLF�GULOO�ULJ�ORRNV�YHU\�PXFK�OLNH�D�FRQYHQWLRQDO�DLU�
RU�PXG�URWDU\�GULOO�ULJ��7KH�ELJJHVW�GLIIHUHQFH�LV�LQ�WKH�GULOO�KHDG��ZKLFK�
LV�VOLJKWO\�ODUJHU�WKDQ�D�VWDQGDUG�URWDU\�KHDG��7KH�KHDG�FRQWDLQV�WKH�
PHFKDQLVP�QHFHVVDU\�IRU�URWDU\�PRWLRQ��DV�ZHOO�DV�DQ�RVFLOODWRU��
ZKLFK�FDXVHV�D�KLJK�IUHTXHQF\�IRUFH�WR�EH�VXSHULPSRVHG�RQ�WKH�GULOO�
VWULQJ��7KH�GULOO�ELW�LV�SK\VLFDOO\�YLEUDWLQJ�XS�DQG�GRZQ�LQ�DGGLWLRQ�WR�
EHLQJ�SXVKHG�GRZQ�DQG�URWDWHG��7KHVH�WKUHH�FRPELQHG�IRUFHV�DOORZ�
GULOOLQJ�WR�SURFHHG�UDSLGO\�WKURXJK�PRVW�JHRORJLFDO�IRUPDWLRQV�
LQFOXGLQJ�PRVW�W\SHV�RI�URFN��

,Q�RYHUEXUGHQ��WKH�YLEUDWRU\�DFWLRQ�FDXVHV�WKH�VXUURXQGLQJ�VRLO�
SDUWLFOHV�WR�OLTXHI\��WKHUHE\�DOORZLQJ�HIIRUWOHVV�SHQHWUDWLRQ��,Q�URFN��
WKH�GULOO�ELW�FDXVHV�IUDFWXUHV�DW�WKH�URFN�IDFH��FUHDWLQJ�URFN�GXVW�DQG�
VPDOO�URFN�SDUWLFOHV��ZKLFK�IDFLOLWDWHV�DGYDQFHPHQW�RI�WKH�GULOO�ELW��,Q�
PDQ\�LQVWDQFHV�WKH�GULOOLQJ�DQG�FRULQJ�RI�URFN�DQG�HDUWK�FDQ�EH�
DFFRPSOLVKHG�ZLWKRXW�WKH�XVH�RI�DQ\�GULOOLQJ�IOXLG�ZKDWVRHYHU��7KLV�LV�
DQ�LPSRUWDQW�UHTXLUHPHQW�IRU�HQYLURQPHQWDO�GULOOLQJ�SURMHFWV��
&RPSUHVVHG�DLU��GULOO�PXG��RU�SODLQ�ZDWHU�FDQ�EH�XWLOL]HG�WR�UHPRYH�
WKH�FXWWLQJV�DQG�VSHHG�XS�WKH�RSHUDWLRQ�IXUWKHU��GHSHQGLQJ�RQ�WKH�
DSSOLFDWLRQ�WKDW�WKH�PDFKLQH�LV�XVHG�IRU��

7KH�RVFLOODWRU�LV�GULYHQ�E\�D�K\GUDXOLF�PRWRU�DQG�XVHV�RXW�RI�EDODQFH�
ZHLJKWV�WR�JHQHUDWH�KLJK�VLQXVRLGDO�IRUFHV�WKDW�DUH�WUDQVPLWWHG�WR�WKH�
GULOO�ELW��$Q�DLU�VSULQJ�LV�DOVR�LQFRUSRUDWHG�LQ�RUGHU�WR�FRQILQH�WKH�
DOWHUQDWLQJ�IRUFHV�WR�WKH�GULOO�VWULQJ��7KH�IUHTXHQF\�FDQ�EH�YDULHG�WR�
VXLW�RSHUDWLQJ�FRQGLWLRQV�DQG�LV�JHQHUDOO\�EHWZHHQ����DQG�����KHUW]�
�F\FOHV�SHU�VHFRQG���$V�D�FRPSDULVRQ��RUGLQDU\�KRXVHKROG�FXUUHQW�LQ�
PDQ\�FRXQWULHV�DOWHUQDWHV�DW����KHUW]��7KLV�IUHTXHQF\�UDQJH�IDOOV�
ZLWKLQ�WKH�ORZHU�UDQJH�RI�VRXQG�YLEUDWLRQV�WKDW�WKH�KXPDQ�HDU�LV�
FDSDEOH�RI�KHDULQJ��7KXV�WKH�WHUP�µVRQLF�GULOO¶�KDV�EHHQ�DSSOLHG�WR�WKLV�
FODVV�RI�URWDU\�YLEUDWRU\�GULOOLQJ�PDFKLQH��



�

:KLOH�WKH�SULQFLSOH�EHKLQG�WKH�VRQLF�GULOO�DSSHDUV�FRPSOLFDWHG��WKH�
PDFKLQH�LV�DFWXDOO\�YHU\�VLPSOH�WR�RSHUDWH��7KH�GULOOHU�RQO\�DGGV�
YLEUDWRU\�HQHUJ\�WR�WKH�QRUPDO�URWDU\�PRWLRQ��+H�VLPSO\�FKRRVHV�D�
IUHTXHQF\�WKDW�JLYHV�KLP�WKH�EHVW�GULOOLQJ�UDWH�RU�EHVW�FRUH�UHFRYHU\��
DV�WKH�FDVH�PD\�EH��

�

�
�

����� �



 

 

 

 

 

 

 

7RROV�� �6SHFLILFDWLRQV�



7(&+1,&$/�3$*(�
�
� 'HSWKV�HOHYDWLRQV�RI�YDULRXV�WRROV�DQG�YROXPHV�TXDQWLWLHV�RI�YDULRXV�PDWHULDOV�
PXVW�EH�FDOFXODWHG�GXULQJ�DQG�DIWHU�WKH�GULOOLQJ���7KHUHIRUH��HTXLSPHQW�VSHFLILFDWLRQV�
VKRXOG�EH�PHDVXUHG�DQG�UHFRUGHG�SULRU�WR�WKHLU�XVH���,QIRUPDWLRQ�VXFK�DV�WKH�
IROORZLQJ�VKRXOG�EH�LQFOXGHG��LI�DV�DSSOLFDEOH���
�
� 'ULOO�5LJ�6SHFLILFDWLRQV� � � � � 'ULOO�&UHZ�
� 'ULOO�5LJ�0DQXIDFWXUHU� � � � � � /HDG�'ULOOHU�
� 'ULOO�5LJ�0RGHO� � � � � � � +HOSHU�V��
� 'ULOO�0HWKRG��H�J��DXJHU��URWDU\��DLU�URWDU\��HWF���
�
� +DPPHU�6SHFLILFDWLRQV�
� /LIW�7\SH��H�J��FDWKHDG��ZLQFK��DXWRPDWLF��
� 'URS�:HLJKW�
� 'URS�+HLJKW�
�
� $XJHU�6SHFLILFDWLRQV�
� $XJHU�W\SH��H�J��KROORZ�DXJHU��VROLG�IOLJKW�DXJHU��HWF���
� 2'�
� ,'��KROORZ�DXJHU�RQO\��
� )OLJKW�/HQJWK�
� $XJHU�%LW�/HQJWK�
�
� 'ULOO�5RG�6SHFLILFDWLRQV� � 'ULOO�%LW�6SHFLILFDWLRQV�
� 'HVLJQDWLRQ��H�J��$��$:-��HWF��� � 'ULOO�%LW�7\SH��H�J��VLGH�GLVFKDUJH�URWDU\��WULFRQH��HWF���
� 2'� � � � � 'ULOO�%LW�0DWHULDO��H�J��WXQJVWHQ�FDUELGH��HWF���
� ,'� � � � � 'HVLJQDWLRQ��H�J��1;��%;��HWF���
� 6HFWLRQ�/HQJWK� � � � 2'�
� � � � � � 'ULOO�%LW�/HQJWK�
� �

'ULOO�&DVLQJ�6SHFLILFDWLRQV� � 6DPSOHU�6SHFLILFDWLRQV�
� 'HVLJQDWLRQ��H�J��1;��%;��HWF��� � 6DPSOHU�7\SH��H�J��6WDQGDUG�3HQHWUDWLRQ��HWF���
� 2'� � � � � 2'�
� ,'� � � � � ,'�
� 6HFWLRQ�/HQJWK� � � � /LQHU��W\SH��OHQJWK��
� 6KRH�/HQJWK� � � � /HQJWK�
  
 /HYHO�6XUYH\�'DWD�
� 6XUYH\�%HQFKPDUNV�
� /RFDWLRQ�RI�%HQFKPDUN�DQG�GDWXP�

(TXLSPHQW�XVHG�
6XUYH\�3HUVRQQHO�



D R I LL R O D T H REA D I N F O RMAT I O N 
 

   
 

��3LSH�GLDPHWHU�VDPH�DV�MRLQW�GLDPHWHU��
��$PHULFDQ�'LDPRQG�&RUH�'ULOO�6WDQGDUGV��
�$PHULFDQ�6WDQGDUGV�6KRZ���0RGLILHG�7KUHDG��
�

�

1DPH� $� %� &� '� (� )� *� +�
)/86+�-2,17�675$,*+7�7+5($'�� �� �� �� �� �� �� �� ��
(�5RG�� �������� �������� �� ������ �� �� 6T��7KG�� �������
(:�5RG�� ������ ������ �������� �������� �� �� 6T��7KG�� �������
$�5RG�� ������ ������ �������� �������� �� �� 6T��7KG�� �������
$:�5RG�� ������ ������ ������ ������ �� �� 6T��7KG�� �������
%�5RG�� �������� �������� �������� �������� �� �� 6T��7KG�� �������
%:5RG�� ������ ������ �������� �������� �� �� 6T��7KG�� �������
1�5RG�� ������ ������ ������ ������ �� �� 6T��7KG�� ��������
1:�5RG�� ������ ������ �������� �������� �� �� 6T��7KG�� ��������
&DUH\�0RGLILHG���7KG�� ������ ������ �������� �������� �� �� 6T��7KG�� ��������
1�5RG�)DLOLQJ�7\SH� ������ ������ ������ ������ �� �� 6T��7KG�� ��������
3HWW\�*HRSK\VLFDO� ������ ������ ������ ������ �� �� 6T��7KG�� �������



A U GER A N D SAMPL I N G E Q U I PME N T 
�

������������������������������������������������������������������������������������������������
62/,'�67(0�$8*(5�
�
� � �´�2�'����´�2�'����´�2�'�����´�2�'�����´�2�'�����´�2�'��
�
+2//2:�67(0�$8*(5�
� � �
� � �����´���,�'�����;�������´� 2�'���
� � �����´���,�'�����;�������´� 2�'�

�����´���,�'�����;�������´� 2�'�
�����´���,�'�����;�������´� 2�'�

�
�

�
'5,9(�6$03/,1*�(48,30(17�
�
� � �����´���,�'�����;������´� 2�'�� � 6SOLW�6SRRQ��637��
� � �´���������,�'�����;����������´��2�'�� � 6SOLW�6SRRQ��&DOLIRUQLD��

�����´���,�'�����;������´� 2�'�� � 6SOLW�6SRRQ��0RGLILHG�&DOLIRUQLD��
�
�
0266�6<67(0��&217,18286�&25(�6$03/,1*�
� �

�����´���,�'�����;������´� 2�'��;��¶�/� 6SOLW�6SRRQ�
�

6+(/%<�78%(6�
�
� � �´�2�'��
� � �´�2�'��
� � �´�2�'��
�

�
�
%2$57�/21*<($5�&25(�%$55(/�6<67(0�6,=(6�
�
S I ZE C O RE SAMPLE Ø H OLE Ø 
14�™� ���PP��������LQ�� �����PP����LQ��
+4™� �����PP��������LQ�� ���PP��������LQ��
+4�™� �����PP��������LQ�� ���PP��������LQ��
34™� ���PP��������LQ�� ������PP��������LQ��
� � �
�



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

/RJJLQJ�7HFKQLTXHV�





,1752'8&7,21�
�
�
Q : W h a t is a  “Log ”? 
 

x� $�ORJ�LV�D�UHFRUG�RI�SURFHVVHV��PHDVXUHPHQWV��HYHQWV��PDWHULDOV��DQG 
FKDUDFWHULVWLFV�FRQVLGHUHG�UHOHYDQW�DQG�LPSRUWDQW�WR�WKH�REMHFWLYH�RI�WKH�SURMHFW� 

 
$�³*HRWHFKQLFDO�%RULQJ�/RJ´�UHFRUGV�VXFK�DV�LQIRUPDWLRQ�DV�VRLO�
GHVFULSWLRQ�FKDUDFWHULVWLFV��ILHOG�WHVWV��JURXQGZDWHU�GHSWK��DQG�GULOOLQJ�PHWKRGV� 

�
�
Q : W h a t is t h e Purp ose o f “Loggin g ”? 
 

x� 7KH�SXUSRVH�RI�ORJJLQJ�LV�WR�DFFXUDWHO\�DQG�OHJLEO\�UHFRUG�DOO�SHUWLQHQW�GDWD� 
DQG�LQIRUPDWLRQ�IRU�IXWXUH�LQWHUSUHWDWLRQ��UHIHUHQFH��RU�XVH��� 

 
x� 7KH�SXUSRVH�RI�D�³*HRWHFKQLFDO�%RULQJ�/RJ´�LV�WR�SURYLGH�LQIRUPDWLRQ IRU�XVH� 

LQ�JHRWHFKQLFDO�DQDO\VLV��HDUWKZRUN��PRQLWRU�ZHOOV��FRQVWUXFWLRQ��HWF�� 
 
 

Q : W h a t is t h e I m p or t a nce o f Thoro u g h “Loggin g ”? 
 

x� $�ORJ�FRQWDLQLQJ�D�FRPSOHWH�DQG�OHJLEOH�UHFRUG�SURYLGHV�WKH�PRVW�XVHIXO 
LQIRUPDWLRQ�IRU�LQWHUSUHWDWLRQ��UHIHUHQFH��DQG�XVH�� 

 
x� 0LVVLQJ�RU�LQDFFXUDWH�LQIRUPDWLRQ�FDQ�OHDG�WR�LQDFFXUDWH�LQWHUSUHWDWLRQ�DQG� 

SRRU�SHUIRUPDQFH�IURP�WKH�IDFLOLW\�EHLQJ�GHVLJQHG�� 
�

x� ,I�\RX�GRQ¶W�UHFRUG�LQIRUPDWLRQ�LQ�WKH�ILHOG��LW¶V�JRQH�IRUHYHU���$QG��LW�FRVWV�D�ORW�
WR�JR�EDFN�RXW�DQG�REWDLQ�LW�D�VHFRQG�WLPH� 

�
�
�
�
�
�
�
�
�
�
�

�



6RLO�&ODVVLILFDWLRQ�DQG�'HVFULSWLRQ�
�5HIHUHQFH�$670�'������DQG�$670�'�������

�
7KH�³8QLILHG�6RLO�&ODVVLILFDWLRQ�6\VWHP´��86&6��LV�D�VWDQGDUGL]HG�V\VWHP�IRU�FODVVLI\LQJ�VRLOV�

EDVHG�RQ�ODERUDWRU\�WHVWLQJ��DQG�LV�VSHFLILHG�E\�$670�'�������'HVFULSWLRQ�DQG�LGHQWLILFDWLRQ�RI�WKH�
86&6�VRLO�FODVVLILFDWLRQ�E\�³9LVXDO�0DQXDO´�PHWKRGV�LV�FRYHUHG�E\�$670�'��������,GHQWLILFDWLRQ�RI�WKH�
86&6�FODVVLILFDWLRQ�LQ�WKH�ILHOG��DV�D�UHVXOW�RI�FRQGLWLRQV�DQG�WLPH�FRQVWUDLQWV��IUHTXHQWO\�PXVW�EH�
HVWLPDWHG�EDVHG�RQ�H[SHULHQFH�DQG�RWKHU�VXEMHFWLYH�PHDQV��JXLGHG�E\�WKH�³9LVXDO�0DQXDO´�PHWKRG���
:KHQ�VRLO�VDPSOHV�DUH�REWDLQHG��ODERUDWRU\�WHVWLQJ�PD\�EH�SHUIRUPHG�WR�FRQILUP�ILHOG�FODVVLILFDWLRQ���
2QFH�ODERUDWRU\�WHVWLQJ�LV�FRPSOHWH��WKH�ILQDO�VRLO�FODVVLILFDWLRQV�FDQ�EH�PDGH�LQ�DFFRUGDQFH�ZLWK�
$670�'������
�
� 6RLO�&ODVVLILFDWLRQ�

x� *UDLQ�6L]H�
6LHYH��*UDYHO�DQG�6DQG�JUDGDWLRQ�SOXV�WRWDO�³ILQHV´�±�/DE�RU�)LHOG�HVWLPDWH��
+\GURPHWHU��6LOW�DQG�&OD\�JUDGDWLRQ�±�/DE�RQO\���

� � 9LVXDO�0DQXDO��9LVXDO��'U\�6WUHQJWK��'LODWDQF\��HWF��±�)LHOG�RU�/DE��
� � (VWLPDWLRQ��9LVXDO��7DFWLOH��HWF��±�)LHOG��YHULI\�LQ�ODE���

x� 3ODVWLFLW\�
$WWHUEHUJ�/LPLWV��/LTXLG�/LPLW�DQG�3ODVWLFLW\�,QGH[�±�/DE�RQO\��

  9LVXDO�0DQXDO��'LODWDQF\��7RXJKQHVV��HWF��±�)LHOG�RU�/DE��
� � (VWLPDWLRQ��9LVXDO��7DFWLOH��HWF��±�)LHOG��YHULI\�LQ�ODE��
�

� 6RLO�'HVFULSWLRQ�LV�LQIRUPDWLRQ�VXSSOHPHQWDO�WR�VRLO�FODVVLILFDWLRQ��0DQ\�VWDQGDUGL]HG�V\VWHPV�
IRU�VRLO�GHVFULSWLRQ�KDYH�EHHQ�GHYHORSHG��H�J��9LVXDO�0DQXDO�PHWKRG��EXW�PRVW�DUH�UHODWLYHO\�
VXEMHFWLYH���,Q�DOO�FDVHV��VRLO�GHVFWLSLRQV�VKRXOG�EH�V\VWHPDWLF�DQG�FRPSOHWH��DQG�SUHIHUDEO\�
UHIHUHQFHG�WR�VRPH�VWDQGDUG�PHWKRGRORJ\��UHIHU�WR�ILUP�RU�UHJLRQDO�SUDFWLFH����
�
� 6RLO�'HVFULSWLRQ�

x� &RQVLVWHQF\��)LQH�*UDLQHG�6RLO�2QO\��
7KXPE�3HQHWUDWLRQ��SHU�9LVXDO�0DQXDO�SURFHGXUH��
7RUYDQH�6KHDU��ILHOG�RU�ODE��
3RFNHW�3HQHWURPHWHU��ILHOG�RU�ODE��
5HODWLYH�'HQVLW\��&RDUVH�*UDLQHG�VRLOV�RQO\��
%ORZ�&RXQW��³6WDQGDUG�3HQHWUDWLRQ�7HVW�´�$670�'�������
(VWLPDWLRQ�

x� &RORU��E\�&RORU�&KDUW�RU�(VWLPDWLRQ��
x� 0RLVWXUH�&RQGLWLRQ�
x� 5DQJH�RI�3DUWLFOH�6L]HV�
x� $QJXODULW\�RI�3DUWLFOHV��&RDUVH�VDQG�DQG�ODUJHU��
x� 6KDSH�RI�3DUWLFOHV��*UDYHO�DQG�ODUJHU��
x� 2WKHU��2GRU��+&O�5HDFWLRQ��&HPHQWDWLRQ��6WUXFWXUH��2[LGDWLRQ�HWF���

�
7\SLFDO�ILHOG�FODVVLILFDWLRQV�DQG�GHVFULSWLRQ�PLJKW�DSSHDU�DV�IROORZV��

D e nse b ro w n si l t y f in e  t o m e diu m sa nd w i t h f in e  g r a v e l, SM , m oist . 
�
RU�� Sof t d a r k g ra y t o b l ack si l t y cl a y w i t h p e a t s t r in g e rs, CL, w e t , slig h t o rg a n ic odor ,  
 v e ry slig h t d i l a t e ncy , m o d e r a t e  d ry s t r e n g th .  
 



6RLO�/D\HU�%UHDNV�
�

� :KHUH�WKH�VRLO�FODVVLILFDWLRQ�RU�GHVFULSWLRQ�FKDQJHV�LQ�D�ERULQJ��HLWKHU�ZLWKLQ�D�
GULOOLQJ�LQWHUYDO�RU�VDPSOLQJ�LQWHUYDO��WKH�GHSWK�ORFDWLRQ�DQG�W\SH�RI�WUDQVLWLRQ�RU�³EUHDN´�
EHWZHHQ�OD\HUV�VKRXOG�EH�QRWHG�LQ�WKH�ERULQJ�ORJ���$FFXUDF\�RI�WKH�EUHDN�ORFDWLRQ�LV�
GHVLUDEOH�WR�ZLWKLQ���LQFKHV�EHWZHHQ�VDPSOHV�DQG�ZLWKLQ���LQFK�ZLWKLQ�D�VDPSOHU���,I�WKH�
EUHDN�LV�QRWHG�ZLWKLQ�D�UHFRYHUHG�VDPSOH�RU�WKH�GHSWK�FDQ�RWKHUZLVH�EH�DFFXUDWHO\�
GHWHUPLQHG��LWV�ORFDWLRQ�LV�LQGLFDWHG�DV�GHILQLWH��DQG�FRPPRQO\�VKRZQ�RQ�WKH�JUDSKLF�ORJ�DV�
D�VROLG�OLQH�EHWZHHQ�OD\HUV���$OO�RWKHU�EUHDNV�DUH�QRWHG�DV�DSSUR[LPDWH�DQG�FRPPRQO\�
VKRZQ�RQ�WKH�JUDSKLF�ORJ�XVLQJ�D�GDVKHG�OLQH��
�
7ZR�W\SHV�RI�OD\HU�EUHDNV�DUH�W\SLFDO�RI�JHRWHFKQLFDO�WHVW�ERULQJ�ORJV��
 
U nco n for m a ble La y e r B re a k UHSUHVHQWV�D�GLVFRQWLQXLW\�LQ�WKH�VXFFHVVLRQ�RI�URFN�RU�VRLO�
OD\HUV��FRQWDLQLQJ�D�JDS�LQ�WKH�JHRORJLF�UHFRUG���([DPSOHV�RI�XQFRQIRUPDEOH�OD\HU�EUHDNV�
DUH�ILOO�RYHUO\LQJ�DOOXYLXP�RU�DOOXYLXP�RYHUO\LQJ�EHGURFN���2Q�WKH�JUDSKLF�ORJ�DQ�
XQFRQIRUPDEOH�OD\HU�EUHDN�PLJKW�EH�VKRZQ�DV�D�ZDY\�OLQH��a��VLPLODU�WR�DQ�XQFRQIRUPLW\�
RQ�D�JHRORJLF�VWUXFWXUH�VHFWLRQ���
 
Co n for m a ble La y e r B re a k r e prese n ts FRQWLQXLW\�LQ�WKH�VXFFHVVLRQ�RI�URFN�RU�VRLO�OD\HUV�
ZLWKRXW�D�JDS�LQ�WKH�JHRORJLF�UHFRUGHG���$Q�H[DPSOH�RI�D�FRQIRUPDEOH�OD\HU�EUHDNV�LV�DQ�
DOOXYLDO�VHTXHQFH�RI�VDQG��VLOW��DQG�FOD\�OD\HUV��
�
7KH�WUDQVLWLRQ�RI�JUDGDWLRQ��FRORU��DQG�RWKHU�SURSHUWLHV�EHWZHHQ�DGMDFHQW�VRLO�OD\HUV�FDQ�EH�
VORZ�RU�DEUXSW���7KHUH�DUH�YDULRXV�VFKHPHV�IRU�GHVFULELQJ�WKH�GLVWLQFWQHVV�RI�WKH�WUDQVLWLRQ�
EHWZHHQ�OD\HUV��EXW�QRQH�FDQ�EH�FRQVLGHUHG�³W\SLFDO�SUDFWLFH�´�&RPPRQO\��FRQWDFWV�DUH�
GHVFULEHG�DV�³JUDGDWLRQDO´�ZKHUH�WKH�VRLO�FODVVLILFDWLRQ�DQG�RU�GHVFULSWLRQ�FKDQJHV�VORZO\�
RYHU�VRPH�XQ�GHVFULEHG�GLVWDQFH���2WKHUZLVH��WKH�FKDQJH�LV�FRPPRQO\�XQ�GHVFULEHG�EXW�
DVVXPHG�WR�EH�GLVWLQFW���

)LOO�0DWHULDOV�
�

'HILQLWLRQ�RI�³),//´��$Q\�PDWHULDO�EHORZ�WKH�JURXQG�VXUIDFH�WKDW�LV�QRW�SUHVHQW�GXH�WR�
QDWXUDO�SURFHVVHV���

�
x� 0DWHULDO�SODFHG�WR�UDLVH�WKH�OHYHO�RI�DQ�DUHD�
x� 0DWHULDO�SODFHG�WR�VXSSRUW�D�VWUXFWXUH�RU�DFW�DV�D�EDUULHU�
x� 0DWHULDO�SODFHG�WR�ILOO�DQ�H[FDYDWLRQ�
x� 0DWHULDO�SODFHG�IRU�GLVSRVDO�RI�H[FHVV�PDWHULDO�
x� 0DWHULDO�SODFHG�WR�GUDLQ�JURXQGZDWHU�RU�VHHSDJH�DURXQG�RU�XQGHU�PDQ�PDGH�VWUXFWXUHV�

RI�IDFLOLWLHV���
�
7KH�,PSRUWDQFH�2I�)LOO�
7KH�VWUHQJWK��FRPSUHVVLELOLW\��SHUPHDELOLW\��DQG�RWKHU�FKDUDFWHULVWLFV�RI�D�ILOO�GHSHQG�RQ�WKH�
W\SH�RI�ILOO�PDWHULDO��WKH�PHWKRGV�XVHG�WR�FRQVWUXFW�WKH�ILOO��DQG�WKH�PRLVWXUH�FRQWHQW�RI�WKH�
ILOO�PDWHULDO�DW�WKH�WLPH�RI�ILOO�FRQVWUXFWLRQ���
�

�



�
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&RQWLQXHG«�
�
�

A w e ll -co nst ruc t e d ( e n g in e e re d ) f i l l EXLOW�ZLWK�WKH�SURSHU�PDWHULDOV�FDQ�DGHTXDWHO\ 
VHUYH�WKH�GHVLJQ�SXUSRVH��VXFK�DV��
�

x� 6XSSRUW�VWUXFWXUHV�RU�RWKHU�IDFLOLWLHV�±�%XLOGLQJV��%ULGJHV��5HWDLQLQJ�:DOOV��
5RDGZD\V��3DUNLQJ�$UHDV��HWF���W\SLFDOO\�GHVLUH�JUDQXODU�VRLOV�IRU�WKLV�SXUSRVH��
KRZHYHU��VLOW\�RU�FOD\H\�VRLOV�DUH�DGHTXDWH�LQ�PDQ\�FDVHV��

x� $FW�DV�DQ�³,PSHUPHDEOH´�/LQHU�±�/DQGILOOV��:DWHU�5HWHQWLRQ�%DVLQV��HWF��
� �W\SLFDOO\�XVH�FOD\H\�VRLOV�IRU�WKLV�SXUSRVH��

x� $FW�DV�D�%DUULHU�±�'DPV��/HYHHV��DQG�HWF���7\SLFDOO\�GHVLUH�EHVW�VRLO�PL[WXUH�
DYDLODEOH�WR�SURYLGH�VWUHQJWK�DQG�³LPSHUPHDELOLW\´��

x� $FW�DV�D�'UDLQDJH�/D\HU�±�'DPV��5HWDLQLQJ�:DOOV��7UHQFKHV��5RDGZD\V��HWF��
�H[FOXVLYH�XVH�RI�JUDQXODU�PDWHULDOV�IRU�WKLV�SXUSRVH����

�
A poorly co nst ruc t e d f i l l ,�XVLQJ�LPSURSHU�PDWHULDOV�RU�SRRU�PHWKRGV�RI�FRQVWUXFWLRQ�FDQ�
SRWHQWLDOO\�OHDG�WR�H[FHVVLYH�VHWWOHPHQW��H[SDQVLRQ�VKULQNDJH��XQGHVLUHG�SHUPHDELOLW\�UDWHV��
ORZ�VRLO�VWUHQJWK��VORSH�LQVWDELOLW\��DQG�WKH�IDLOXUH�RI�WKH�IDFLOLW\�UHO\LQJ�RQ�WKDW�ILOO���
�
�
,GHQWLI\LQJ�)LOO�0DWHULDOV�
�
$Q\�RQH�RU�FRPELQDWLRQ�RI�WKH�IROORZLQJ�FKDUDFWHULVWLFV�PLJKW�LQGLFDWH�WKH�SUHVHQFH�RI�ILOO�
PDWHULDOV��EXW�QRW�QHFHVVDULO\���±�86(�*22'�-8'*(0(17�RU�DV�IRU�D�VHFRQG�RSLQLRQ�IURP�
VHQLRU�SHUVRQQHO����
�

��� R ecords�LQGLFDWHG�WKDW�DQ�DUHD�KDV�EHHQ�ILOOHG�
��� $Q�a re a is h ig h e r WKDQ�WKH�VXUURXQGLQJ��QDWXUDO��ODQGVFDSH�
��� M a n-M a d e o b j ec ts DUH�SUHVHQW�ZLWKLQ�WKH�VRLO��5HIXVH��FRQFUHWH��DVSKDOW��

GHOHWHULRXV�PDWHULDOV�HWF���
��� 7KH�soil co nsist e ncy��EORZ�FRXQW��GLIIHUV�IURP�WKH�OD\HU�LPPHGLDWHO\�EHORZ�
��� 7KH�soil t y p e�GLIIHUV�IURP�WKH�OD\HU�LPPHGLDWHO\�EHORZ�
��� 7KH�³ODUJH�VFDOH´�st ruc t u re�RI�D�ILOO�OD\HU�RIWHQ�H[KLELWV�D�PL[WXUH�RI�VRLO�FRORUV��VRLO�

W\SHV��DQG�DQ�DUELWUDU\�RULHQWDWLRQ�RI�VRLO�OD\HUV��L�H��QDWXUDOO\�GHSRVLWHG�VRLOV�PRVW�
RIWHQ�H[KLELW�XQLIRUPO\�RULHQWHG�±�QHDU�OHYHO�±�OD\HUV�RI�D�VLQJOH�FRORU�SHU�OD\HU����
/D\HUV��RU�OLIWV��RI�ILOO�PD\�EH�GLVFHUQDEOH�LQ�FXWV�RU�RSHQ�H[FDYDWLRQV��

�
3OHDVH�QRWH�WKDW�LQ�PDQ\�FDVHV��D�ILOO�LV�FRQVWUXFWHG�ZLWK�VRLOV�H[FDYDWHG��FXW��FORVH�E\��
WKHUHIRUH��WKH�VRLO�W\SH�RI�ILOO�PDWHULDOV�LV�RIWHQ�QHDUO\�LGHQWLFDO�WR�XQGLVWXUEHG�QDWLYH�VRLOV�
LPPHGLDWHO\�EHORZ���,Q�VXFK�FDVHV��FKDUDFWHULVWLFV�RWKHU�WKDQ�³VRLO�W\SH´�PXVW�EH�XVHG�WR�
LGHQWLI\�D�PDWHULDO�DV�³ILOO´��
�
�

�



�
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�
� :KHQ�GULOOLQJ�D�WHVW�ERULQJ�RU�PRQLWRULQJ�ZHOO��WKH�GHSWK�RI�WKH�GULOOLQJ�DQG�VDPSOLQJ�
WRROV�PXVW�EH�NQRZQ�WR�D�SUH�VSHFLILHG�DFFXUDF\���,Q�JHRWHFKQLFDO�DQG�HQYLURQPHQWDO�ZRUN��
GHSWK�PHDVXUHPHQWV�ZLWK�DFFXUDF\�RI�����IW�DUH�W\SLFDOO\�VXIILFLHQW���
�
� 7R�ILJXUH�WKH�GHSWK�RI�WKH�GULOOLQJ�RU�VDPSOLQJ�WRRO�EHORZ�WKH�JURXQG�VXUIDFH��DGG�
WKH�OHQJWKV�RI�DOO�WKH�WRROV�LQVHUWHG�LQWR�WKH�KROH��WKHQ�VXEWUDFW�WKH�DPRXQW�UHPDLQLQJ�
DERYH�D�IL[HG�SRLQW�±�VXFK�DV�JURXQG�VXUIDFH����&DXWLRQ��'R�QRW�XVH�WKH�WRS�RI�KROORZ�
DXJHU�RU�GULOO�FDVLQJ�DV�D�³IL[HG´�UHIHUHQFH�SRLQW�IRU�PHDVXULQJ�GHSWK�VLQFH�HLWKHU�PLJKW�EH�
LQVHUWHG�IXUWKHU�LQWR�WKH�KROH����
� �
+\SRWKHWLFDO�$XJHULQJ�([DPSOH��$�WHVW�ERULQJ�LV�GULOOHG�ZLWK�KROORZ�DXJHU���$V�GRFXPHQWHG�
RQ�WKH�WHFKQLFDO�SDJH�RI�\RXU�QRWHV��HDFK�IOLJKW�RI�DXJHU�LV�����IW�ORQJ�DQG�WKH�DXJHU�ELW�LV�
����IW�ORQJ���6R�IDU��WKH�DXJHU�ELW�DQG�ILYH�IOLJKWV�RI�DXJHU�KDYH�EHHQ�DVVHPEOHG�DQG�GULOOHG�
LQWR�WKH�JURXQG���$IWHU�GULOOLQJ�DQG�UHPRYLQJ�WKH�DXJHU�FDS��\RX�PHDVXUH�����IW�RI�DXJHU�
DERYH�WKH�JURXQG�VXUIDFH���
�
Q . H o w  d e e p is t h e t ip o f t h e a u g e r b i t  w h e re y o u w a n t o sa m ple n o w ? 
A . 7KH�DQVZHU�LV�WKH�VXP�RI�WKH�DXJHU�OHQJWKV����[�����IW��SOXV�WKH�OHQJWK�RI�WKH�DXJHU�ELW�
�����IW��PLQXV�WKH�OHQJWK�RI�DXJHU�DERYH�JURXQG�VXUIDFH������IW����
�
$XJHU�7LS�'HSWK� ������IW�������IW�±�����IW� ������IW�GHSWK�EHORZ�JURXQG�VXUIDFH��
�
+\SRWKHWLFDO�5RWDU\�'ULOO�([DPSOH��$�WHVW�ERULQJ�LV�GULOOHG�ZLWK�URWDU\�GULOO�WRROV���$V�
GRFXPHQWHG�RQ�WKH�WHFKQLFDO�SDJH�RI�\RXU�QRWHV��HDFK�VHFWLRQ�RI�GULOO�URG�LV�����IW�ORQJ��WKH�
GULOO�ELW�LV�����IW�ORQJ��HDFK�VHFWLRQ�RI�FDVLQJ�LV�����IW�ORQJ�DQG�WKH�FDVLQJ�VKRH�LV�����IW�
ORQJ���6R�IDU��WKH�FDVLQJ�VKRZ�LV�VL[�VHFWLRQV�RI�FDVLQJ�KDYH�EHHQ�GULYHQ�LQWR�WKH�JURXQG�
ZLWK�����IW�RI�FDVLQJ�UHPDLQLQJ�DERYH�WKH�JURXQG�VXUIDFH���7KH�GULOO�ELW�DQG�VHYHQ�VHFWLRQV�
RI�GULOO�URG�KDYH�EHHQ�DVVHPEOHG�DQG�GULOOHG�LQWR�WKH�JURXQG�WKURXJK�WKH�FDVLQJ��KRZHYHU��
ZKHQ�GULOOLQJ�LV�FRPSOHWHG������IW�I�URG�UHPDLQV�DERYH�JURXQG�VXUIDFH���
�
Q . H o w  d e e p is t h e casin g? H o w  d e e p is t h e d ril l b i t? I s t h e d ril l b i t  o u t  f ro m 
insid e t h e  bo t t o m o f t h e casin g? 
A . 
&DVLQJ�GHSWK� �GHSWK�RI�FDVLQJ�SOXV�GHSWK�RI�FDVLQJ�VKRH�PLQXV�VWLFN�XS�
� � �  ���[�����IW�������IW�±�����IW� ������IW�EHORZ�JURXQG�VXUIDFH��
'ULOO�ELW�GHSWK� �GHSWK�RI�GULOO�URG�SOXV�GHSWK�RI�GULOO�ELW�PLQXV�VWLFN�XS�
� � �  ���[�����IW�������IW�±�����IW� ������IW�EHORZ�JURXQG�VXUIDFH���
�
7KHUHIRUH��WKH�GULOO�URG�LV�VWLOO�LQVLGH�WKH�ERWWRP�RI�WKH�FDVLQJ���7KH�ELW�PXVW�EH�DGYDQFHG�DW�
OHDVW�����IW�LQ�RUGHU�SHQHWUDWH�PDWHULDOV�EHORZ�WKH�FDVLQJ���
�
�

�



�
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�
� :KHQ�D�ERULQJ�LV�QRW�VXSSRUWHG�E\�FDVLQJ��SLSH��RU�KROORZ�DXJHU��WKH�ERULQJ�
VLGHZDOOV�DUH�VXVFHSWLEOH�WR�FDYLQJ�LQWR�WKH�KROH���7KH�UHVXOW�LV�HLWKHU�D�³EULGJH´�DERYH�WKH�
EDVH�RI�WKH�KROH��RU�VRPH�GHSWK�RI�³VORXJK´�DFFXPXODWHG�DW�WKH�EDVH�RI�WKH�KROH���
6DPSOLQJ�WKURXJK�DQ�H[FHVVLYH�WKLFNQHVV��VD\����LQFKHV�RU�PRUH��RI�VORXJK�LV�W\SLFDOO\�
XQDFFHSWDEOH��SURGXFLQJ�HUURU�LQ�WKH�EORZ�FRXQW�DQG�IHZHU�XQGLVWXUEHG�PDWHULDOV�ZLWKLQ�
WKH�VDPSOHU��
� �
� 7R�GHWHUPLQH�WKH�DPRXQW�RI�IDOO�LQ�DIWHU�D�GULOO�LQWHUYDO��FRPSDUH�WKH�GHSWK�DFKLHYHG�
GXULQJ�GULOOLQJ��GHSWK�RI�ELW��WR�WKH�GHSWK�ZKHUH�VDPSOLQJ�WRROV�RU�D�ZHLJKWHG�PHDVXULQJ�
WDSH�FRPHV�WR�UHVW�LQ�WKH�ERULQJ���&DYLQJ�ZKLFK�SURGXFHV�IDOO�LQ�FDQ�EH�PLWLJDWHG�XVLQJ�
FDVLQJ�DQG�RU�GULOO�PXG���
�
�
�
�

�



 

/2**,1*�'5,//,1*�,17(59$/6�
�

:KHQ�ORJJLQJ�WKH�'ULOOLQJ�,QWHUYDO��GHVFULEH�LQIRUPDWLRQ�VXFK�DV�WKH�IROORZLQJ��
�

��� 'ULOO�'HSWK�,QWHUYDO�±�6WDUW�)LQLVK�'HSWKV�RI�WKH�'ULOOLQJ�,QWHUYDO�
�
��� 'ULOO�7RROV�8VHG�±6ROLG�)OLJKW�$XJHU��6)$���+ROORZ�6WHP�$XJHU��+6$���5RWDU\�%LWV��VL]H��

VLGH�RU�IDFH�GLVFKDUJH���&DVLQJ�,QVWDOOHG��VL]H���HWF��
�

��� &ODVVLILFDWLRQ�DG�'HVFULSWLRQ�RI�6RLOV�(QFRXQWHUHG�±�SHU�8QLILHG�6RLO��
&ODVVLILFDWLRQ�6\VWHP��H�J���&/��60��*3��HWF���

�
��� 'HSWK�V��DW�6RLO�/D\HU�%UHDN�V��

�
��� 7\SH�RI�6RLO�/D\HU�%UHDN�±�$SSUR[LPDWH��&RQIRUPDEOH��8QFRQIRUPDEOH�

�
��� 'ULOO�3HQHWUDWLRQ�5DWH�±�IW�PLQ��HWF���URWDU\�ERULQJ�QRWH�FLUFXODWLRQ��

�
��� 'ULOO�³$FWLRQ�±�6PRRWK��³FKRSS\´��RU�VRPH�FRPELQDWLRQ�WKHUHRI�

�
��� %XON�6DPSOHV�7DNHQ�±�6DPSOH�1XPEHU��,QWHUYDO��'HVFULSWLRQ��HWF��

�
�
2QH�VDPSOH�IRUPDW�DQG�GHVFULSWLRQ�RI�D�GULOOLQJ�LQWHUYDO�LV�DV�IROORZV��
�
D EPT H T O OL  BLO W S D ESCR I PT I O N 
�������¶� �´6)$�� � � 6HPLFRPSDFW�EURZQ�6,/7<�ILQH�WR�

PHGLXP�6$1'�ZLWK�ILQ�*5$9(/��60���
ZHW��VXE�URXQGHG�SDUWLFOHV��VPRRWK��
VWHDG\�DQG�TXLFN�GULOOLQJ��EUHDN�DW�
DSSUR[LPDWHO\���IW��WR�VWLII�GDUN�JUD\�WR��
EODFN�6,/7<�&/$<�ZLWK�3($7�VWULQJHUV��
&/��ZHW��VOLJKW�RUJDQLF�RGRU��YHU\�VOLJKW��
GLDOWHQF\��PRGHUDWH�GU\�VWUHQJWK��
FRQWLQXHG�VPRRWK��VWHDG\��DQG�TXLFN�
GULOOLQJ��
�
�
�
�
�
�
�
�
�
�
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�

:KHQ�ORJJLQJ�WKH�6DPSOLQJ�,QWHUYDO��GHVFULEH�LQIRUPDWLRQ�VXFK�DV�WKH�IROORZLQJ��
�

��� 6DPSOH�'HSWK�,QWHUYDO�±�6WDUW�)LQLVK�'HSWKV�RI�WKH�6DPSOLQJ�,QWHUYDO�
�
��� 6DPSOH�1XPEHU�±�6HTXHQWLDO�ZLWKLQ�D�SDUWLFXODU�ERULQJ��H�J��VDPSOH�QR����LV������

�
��� ,QGLFDWLRQ�RI�6DPSOHU�8VHG�±�,'�RI�6DPSOHU��H�J������´���´���

�
��� +DPPHU�3HQHWUDWLRQ�'DWD�±EORZV�����IW�SHQHWUDWLRQ��6WDQGDUG�3HQHWUDWLRQ�7HVW�±�637���

IRU�FREEOHV�UHFRUG�EORZV�����IW�SHQHWUDWLRQ���
�

��� 'HVFULSWLRQ�DQG�&ODVVLILFDWLRQ�RI�6RLOV�5HFRYHUHG�LQ�6DPSOHU�
�

��� 3HUFHQW�6DPSOH�5HFRYHU\�±�5HFRYHUHG�/HQJWK�6DPSOHG�/HQJWK�±UHFRYHUHG������IW�IURP�
����IW�VDPSOLQJ�OHQJWK�LV�����UHFRYHU\�

�
��� 1XPEHU�RI�6DPSOHV�5HWDLQHG�IRU�/DERUDWRU\�7HVWLQJ�DQG�RU�5HIHUHQFH�±H�J���WZR�WXEHV�

UHWDLQHG�LV��W�
�

��� 'HSWK�DW�6RLO�/D\HU�%UHDN�V��
�

��� 7\SH�RI�/D\HU�%UHDN�V��±�$SSUR[LPDWH��&RQIRUPDEOH��8QFRQIRUPDEOH�
�
�
2QH�VDPSOH�IRUPDW�DQG�GHVFULSWLRQ�RI�D�VDPSOLQJ�LQWHUYDO�LV�DV�IROORZV���
�
D EPT H T O OL  BLO W S D ESCR I PT I O N 
�������¶� �������´� � � 6WLII�GDUN�JUD\�WR�EODFN�6,/7<�&/$<�ZLWK�

����� � � � 3($7�VWULQJHUV��&/��ZHW��VOLJKW�RUJDQLF��
�W�&/� � � � RGRU��YHU\�VOLJKW�GLODWHQF\��PRGHUDWH�
� � � � GU\�VWUHQJWK��FRQIRUPDEOH�FRQWDFW�EUHDN�

DW�����IW��WR�VHPLFRPSDFW�EURZQ�6,/7<�
ILQH�WR�PHGLXP�6$1'�ZLWK�ILQH�*5$9(/��
60��ZHW��VXE�URXQGHG�SDUWLFOHV�
�

�
�
�
�
�
�
�
�
�
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�

� 7KH�GHSWK�WR�JURXQGZDWHU� LV� W\SLFDOO\�PHDVXUHG�ZKHUH� LW� LV�(QFRXQWHUHG�ZLWKLQ�D�WHVW�
ERULQJ��DQG�WKHQ�ZKHUH�LW�6WDELOL]HV�ZLWKLQ�WKH�WHVW�ERULQJ���6WDELOL]HG�JURXQGZDWHU�OHYHO�FDQ�EH�
HLWKHU� WKH�VDPH��KLJKHU��RU� ORZHU� WKDQ� WKH�HQFRXQWHUHG� OHYHO�GXH� WR�PDQ\�VRLO�DQG�JHRORJLF�
IDFWRUV�� � *URXQGZDWHU� LV� W\SLFDOO\� PHDVXUHG� ZLWK� DQ� DFFXUDF\� RI� �����IW� ZKHQ� VXLWDEOH�
HTXLSPHQW� LV� DYDLODEOH�� RU� WKH� QHDUHVW� ����IW� ZLWK� D� VWDQGDUG� PHDVXULQJ� WDSH� RU� HOHFWURQLF�
GHSWK�VDPSOHU��
�
7R�ORJ�*URXQGZDWHU�ZLWKLQ�DQ�$XJHU�7HVW�%RULQJ��GHVFULEH�LQIRUPDWLRQ�VXFK�DV�WKH�IROORZLQJ��
�

x� 'DWH�7LPH�'HSWK�ZKHUH�*URXQGZDWHU�LV�(QFRXQWHUHG�
x� 'DWH�7LPH�'HSWK�RI�*URXQGZDWHU�DW�3HULRGLF�,QWHUYDOV�8QWLO�

*URXQGZDWHU�³6WDELOL]HV´��
�
7R� ORJ�*URXQGZDWHU� LQ�D�5RWDU\�'ULOOHG�7HVW�%RULQJ�D�EDLOHU� LV� W\SLFDOO\�XVHG� WR� UHPRYH�GULOO�
IOXLG�IURP�WKH�ERULQJ���'HVFULEH�LQIRUPDWLRQ�VXFK�DV�WKH�IROORZLQJ��
�

x� 'DWH�7LPH�'HSWK�RI�*URXQGZDWHU�'ULOO�)OXLG�3ULRU�WR�%DLOLQJ�
x� 9ROXPH�DQG�5DWH�RI�*URXQGZDWHU�'ULOO�)OXLG�%DLOHG�IURP�WKH�%RULQJ�
x� 'DWH�7LPH�'HSWK�RI�*URXQGZDWHU�'ULOO�)OXLG�$IWHU�%DLOLQJ�
x� 'DWH�7LPH�'HSWK�RI�*URXQGZDWHU�DW�3HULRGLF�,QWHUYDOV�8QWLO��

*URXQGZDWHU�³6WDELOL]HV´�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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� $�SLH]RPHWHU�LV�FRQVWUXFWHG�WR�REWDLQ�JURXQGZDWHU�OHYHO�PHDVXUHPHQWV�SULPDULO\�IRU�JHRWHFKQLFDO�
SXUSRVHV���$�PRQLWRULQJ�ZHOO�LV�FRQVWUXFWHG�WR�VDPSOH�WKH�JURXQGZDWHU�DQG�PHDVXUH�WKH�JURXQGZDWHU�
OHYHO�IRU�HQYLURQPHQWDO�SXUSRVHV��
�
Log T h e Soil Pro f i l e  A n d Gro u n d w a t e r �SHU�*HRWHFKQLFDO�7HVW�%RULQJV��
� 3OXV��ZKHUH�HQYLURQPHQWDO�FRQGLWLRQV�DUH�NQRZQ�RU�VXVSHFWHG��UHFRUG�YLVXDO�DQG�ROIDFWRU\�
HYLGHQFH�IRU�SUHVHQFH�RU�DEVHQFH�RI�FRQWDPLQDQWV���
�
Log T h e Mo ni t or in g W e ll Co nst ruc t io n - - ,QIRUPDWLRQ�UHJDUGLQJ�HDFK�VWHS�RI�WKH�PRQLWRU�ZHOO�
FRQVWUXFWLRQ�VKRXOG�EH�GHVFULEHG�DQG�UHFRUGHG��
�
3LSH�

x� 3LSH�OHQJWKV�'LDPHWHUV�´6FKHGXOHV´��H�J�������IW��´,'�6FKHGXOH�����
x� 0DQXIDFWXUHU�RI�PDWHULDOV�XVHG�
x� 6FUHHQ�VL]H�,QWHUYDO��H�J�������LQ�PDFKLQH�VORWWHG�SLSH�IURP������IW�WR������IW�GHSWK�
x� %ODQN�LQWHUYDO��H�J��EODQN�SLSH�IURP�����WR������IW�GHSWK�
x� -RLQW�W\SH��L�H��IOXVK�PRXQW��WKUHDGHG��FRXSOHU��HWF���
x� &DSV��H�J��%RWWRP�FDSV�DQG�7RS�FDSV��

)LOWHU�
x� 'HSWK�LQWHUYDO�ZKHUH�ILOWHU�LV�SODFHG��H�J��IURP�����������IW�GHSWK��
x� 6DQG�VL]H�GHVLJQDWLRQ��H�J��³1R���´�VDQG��
x� 0DQXIDFWXUHU�RI�PDWHULDOV�XVHG�
x� 4XDQWLW\�RI�ILOWHU�PDWHULDO�XVHG�LQ�KROH��H�J��FXELF�IHHW��
x� 0HWKRG�RI�PDWHULDOV�SODFHPHQW��L�H��WUHPLH��SXPSHG��SRXUHG��HWF���

6HDOV�
x� 'HSWK�LQWHUYDO�ZKHUH�VHDO�LV�SODFHG��H�J��IURP�����������IW�GHSWK��
x� 6L]H�W\SH�RI�VHDO�PDWHULDOV�XVHG��H�J��ò�LQFK�EHQWRQLWH�SHOOHWV��
x� 0DQXIDFWXUHU�RI�PDWHULDOV�XVHG�
x� 4XDQWLW\�RI�VHDO�PDWHULDO�XVHG�LQ�KROH��H�J��FXELF�IHHW��
x� 0HWKRG�RI�PDWHULDOV�SODFHPHQW��L�H��WUHPLH��SXPSHG��SRXUHG��HWF���

*URXW�%DFNILOO�
x� 'HSWK�LQWHUYDO�ZKHUH�JURXW�EDFNILOO�LV�SODFHG��H�J��IURP����������IW�GHSWK��
x� 0DWHULDOV�XVHG��L�H��FHPHQW��EHQWRQLWH��SRZGHU��VDQG��ZDWHU��HWF���
x� 0DQXIDFWXUHU�RI�PDWHULDOV�XVHG�
x� *URXW�EDFNILOO��³EDWFK´����IWA��FHPHQW������IWA��EHQWRQLWH�SRZGHU�	����JDO��ZDWHU��
x� 4XDQWLW\�RI�JURXW�XVHG�LQ�IROH��H�J��FXELF�IHHW��
x� 0HWKRG�RI�PDWHULDO�SODFHPHQW��L�H��WUHPLH��SXPSHG��SRXUHG��HWF���

6XUIDFH�&RPSOHWLRQ�
x� 7\SH�GHVFULSWLRQ�RI�ZHOO�ER[�
x� 0DQXIDFWXUHU�RI�PDWHULDOV�XVHG�
x� 6L]H�FRQVWUXFWLRQ�RI�ZHOO�SDG��H�J���¶[�¶[�¶�FRQFUHWH�SDG��
x� :HOO�ER[�ORFN�QXPEHU�

0LVFHOODQHRXV�
x� :HOO�QXPEHU�
x� :HOO�ORFDWLRQ�
x� :HOO�HOHYDWLRQ��L�H��HOHYDWLRQV�RQ�SDG��SLSH��ER[��JURXQG��HWF���

*UDSKLF�/RJ�
x� 6NHWFK�WKH�PRQLWRU�ZHOO�FRQVWUXFWLRQ�WR�VFDOH�LI�SRVVLEOH��VHH�/RJV��

















 

A m erica n Socie t y for T est in g a n d M a t e ri a ls 
( ASTM) 

D esig n a t io ns for T est M e t h ods 
 
 
ASTM D esig n a t ion : D 1 4 5 2 – 0 7 a  
6WDQGDUG�3UDFWLFH�IRU�6RLO�,QYHVWLJDWLRQ�DQG�6DPSOLQJ�E\�$XJHU�%RULQJV�
 
 
ASTM D esig n a t ion : D 1 5 8 6 – 9 9 
6WDQGDUG�7HVW�0HWKRG�IRU�3HQHWUDWLRQ�7HVW�DQG�6SOLW�%DUUHO�6DPSOLQJ�RI�6RLOV�
�
 
ASTM D esig n a t ion : D 1 5 8 7 – 0 0 
6WDQGDUG�3UDFWLFH�IRU�7KLQ�:DOOHG�7XEH�6DPSOLQJ�RI�6RLOV�IRU�*HRWHFKQLFDO�
3XUSRVHV�
 
 
ASTM D esig n a t ion : D 2 1 1 3 – 0 6 
6WDQGDUG�3UDFWLFH�IRU�5RFN�&RUH�'ULOOLQJ�DQG�6DPSOLQJ�RI�5RFN�IRU�6LWH�
,QYHVWLJDWLRQ�
 
 
ASTM D esig n a t ion : D 2 4 8 7 – 0 6 
6WDQGDUG�3UDFWLFH�IRU�&ODVVLILFDWLRQ�RI�6RLOV�IRU�(QJLQHHULQJ�3XUSRVHG��8QLILHG�6RLO�
&ODVVLILFDWLRQ�6\VWHP��
�
�
ASTM D esig n a t ion : D 2 4 8 8 – 0 6 
6WDQGDUG�3UDFWLFH�IRU�'HVFULSWLRQ�DQG�,GHQWLILFDWLRQ�RI�6RLOV��9LVXDO�0DQXDO�
3URFHGXUH��
�
 
ASTM D esig n a t ion : D 3 5 5 0 – 0 1 (R e a p prov e d 2 0 0 7 ) 
6WDQGDUG�3UDFWLFH�IRU�7KLFN�:DOO��5LQJ�/LQHG��6SOLW�%DUUHO��'ULYH�6DPSOLQJ�RI�6RLOV�
�
�
�
)RU�IXUWKHU�LQIRUPDWLRQ�DERXW�$670��LWV�IXQFWLRQ�DQG�LWV�SXUSRVH��YLVLW��

WKHLU�ZHEVLWH�DW�KWWS�� � ZZZ�DVWP�RUJ�



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6DPSOLQJ�7HFKQLTXHV�



 

67$1'$5'�3(1(75$7,21�7(67��637��±�6800$5<��
�5HIHU�WR�$670�'�������

�
� 7KH�³6WDQGDUG�3HQHWUDWLRQ�7HVW´�LV�D�ILHOG�WHVW�XVHG�WR�GHVFULEH�VRLO�
FRQVLVWHQF\���7KH�SXUSRVH�RI�WKH�WHVW��RXWVLGH�RI�UHWULHYLQJ�D�VRLO�VDPSOHV��LV�WR�
LQYHVWLJDWH�VRLO�UHVLVWDQFH�WR�VDPSOHU�SHQHWUDWLRQ���7KH�SURGXFW�RI�WKH�WHVW�LV�D�
QXPEHU�ZKLFK�GHVFULEHV�KRZ�PDQ\�KDPPHU�EORZV�ZHUH�UHTXLUHG�WR�DGYDQFH�WKH�
VDPSOHU�RYHU�D�FHUWDLQ�LQWHUYDO����IW��DV�GHVFULEHG�EHORZ����7KLV�³EORZ�FRXQW´�LV�
NQRZQ�DV�³1´���7KH�1�YDOXH�REWDLQHG�LQ�WKH�ILHOG�PD\�QHHG�WR�EH�PRGLILHG�IRU�
KDPPHU�W\SH��VDPSOHU�W\SH��ERULQJ�VL]H��RYHUEXUGHQ�SUHVVXUH��HWF��IRU�XVH�LQ�
GHVLJQ���7KH�6WDQGDUG�3HQHWUDWLRQ�7HVW�LV�XVHG�ZRUOG�ZLGH�VR�WKDW�DSSOLFDEOH�VRLO�
WHVW�DQG�UHVHDUFK�RQ�VXEMHFWV�VXFK�DV�OLTXHIDFWLRQ�SRWHQWLDO��EHDULQJ�FDSDFLW\��DQG�
VHWWOHPHQW�PD\�EH�VKDUHG�E\�DOO�JHRWHFKQLFDO�HQJLQHHUV��JHRSK\VLFLVWV��DQG�
JHRORJLVWV���
�
7KH�SULQFLSOH�FRPSRQHQWV�RI�WKH�6WDQGDUG�3HQHWUDWLRQ�7HVW�DUH�DV�IROORZV��
�

x� 8VH�WKH�6WDQGDUG�3HQHWUDWLRQ�6DPSOHU��������LQFK�,�'�������LQFK�
2�'���

x� +DPPHU�ZHLJKW�LV�����OE�
x� 7KUHH���LQFK�LQWHUYDOV�DUH�PDUNHG�RQ�WKH�GULOO�URG�±ZLWK�UHIHUHQFH�WR�

D�IL[HG�SRLQW�VXFK�DV�JURXQG�VXUIDFH��L�H��WRWDO�VDPSOHU�
SHQHWUDWLRQ�LQ�HDFK�VDPSOLQJ�LQWHUYDO�LV����LQFKHV��

x� 7KH�QXPEHU�RI�KDPPHU�EORZV�UHTXLUHG�WR�SHQHWUDWH�HDFK�VL[�LQFK�
LQWHUYDO�LV�ORJJHG�DV�WKH�VDPSOHU�LV�GULYHQ�LQWR�WKH�JURXQG�

x� 7KH�6WDQGDUG�3HQHWUDWLRQ�&RXQW\��³1´��LV�WKH�VXP�RI�WKH�ODVW�WZR�VL[�
LQFK�LQWHUYDOV��L�H��IRU�EORZ�FRXQWV�UHFRUGHG�DV��������³1´� �����
�

�



















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+DPPHU�(QHUJ\�0HDVXUHPHQWV�



H a m m e r E n e rg y M e asure m e n ts 
�
,QWURGXFWLRQ�
*HRWHFKQLFDO�HQJLQHHUV�LQ�WKH�8QLWHG�6WDWHV�FRPPRQO\�XVH�WKH�6WDQGDUG�3HQHWUDWLRQ�
7HVW��637��1�YDOXH�IRU�FRUUHODWLRQV�ZLWK�IULFWLRQ�DQJOH��I��DQG�LQ�DQDO\VLV�RI�IRXQGDWLRQV��
UHWDLQLQJ�ZDOOV��VHWWOHPHQW��DQG�OLTXHIDFWLRQ���$670�'������H[SODLQV�WKH�GHWDLOV�RI�WKH�
637�PHWKRG��EXW�WKH�SULPDU\�SRUWLRQ�RI�WKH�PHWKRG�LV�GULYLQJ�D������´�,'���´�2'�VSOLW�
VSRRQ�VDPSOHU�ZLWK�D�����SRXQG�KDPPHU�IDOOLQJ����LQFKHV���+DPPHU�EORZV�RYHU�WKUHH�
��LQFK�LQFUHPHQWV�DUH�UHFRUGHG�DQG�WKH�ODVW�WZR�VHWV�RI�EORZV�DUH�DGGHG�WR�DUULYH�DW�D�
QXPEHU�RI�EORZV�SHU�IRRW���0DQ\�HTXDWLRQV�XVHG�LQ�VRLO�PHFKDQLFV�WKDW�DUH�EDVHG�RQ�
637�1�YDOXHV�ZHUH�GHULYHG�ZKHQ�D�FDWKHDG�DQG�URSH�PHFKDQLVP�ZDV�WKH�SULPDU\�
V\VWHP�WR�UDLVH�DQG�GURS�WKH�KDPPHU����
�
,GHDOO\��WKH�KDPPHU�ZRXOG�GHOLYHU�����IW�OEV�RI�HQHUJ\�������ZHLJKW�GURSSLQJ���´�RU�
���¶��WR�WKH�DQYLO���+RZHYHU��VLQFH�WKHUH�LV�D�JUHDW�DPRXQW�RI�IULFWLRQ�LQ�WKH�FDWKHDG�DQG�
URSH�V\VWHP��D�VLJQLILFDQW�DPRXQW�RI�HQHUJ\�LV�ORVW�EHIRUH�WKH�KDPPHU�LPSDFWV�WKH�
DQYLO���7KH�FDWKHDG�DQG�URSH�V\VWHP�KDV�EHHQ�GRFXPHQWHG�WR�KDYH�HIILFLHQFLHV�RQ�WKH�
RUGHU�RI����WR������RI�WKH�����IW�OEV����7KH�YDULDWLRQ�LQ�HIILFLHQF\�LV�DOVR�FRQWULEXWHG�WR�
YDULDELOLW\�LQ�GULOO�ULJV��RSHUDWRUV��DQG�RWKHU�IDFWRUV���,W�LV�JHQHUDOO\�DFFHSWHG�WKDW�1�
YDOXHV�DUH�EDVHG�RQ�����HQHUJ\��DV�+�%��6HHG�VXJJHVWHG�LQ��������:H�QRZ�FRQVLGHU�
1��� ��(5������[�1��ZKHUH�(5�LV�WKH�KDPPHU�HIILFLHQF\�DQG�1�LV�WKH�XQFRUUHFWHG�
EORZFRXQW��
��
7RGD\��GLIIHUHQW�KDPPHU�PHFKDQLVPV��VXFK�DV�WKH�DXWRPDWLF�KDPPHU�ZKLFK�KDV�OHVV�
HQHUJ\�ORVV��DQG�GLIIHUHQW�VL]HG�VDPSOHUV���´�,'�����´�,'��DUH�XVHG���&RPELQDWLRQV�RI�
GLIIHUHQW�KDPPHUV�DQG�VDPSOHUV�SURGXFH�D�GLIIHUHQW�HQHUJ\�UHODWLYH�WR�WKH�FDWKHDG�DQG�
URSH�DQG�637�VDPSOHU���7KHUHIRUH��WKH�QHHG�WR�PHDVXUH�WKH�DFWXDO�HQHUJ\�WKH�GHOLYHUHG�
E\�WKH�KDPPHU�V\VWHP�KDV�EHFRPH�LQFUHDVLQJO\�LPSRUWDQW�LQ�JHRWHFKQLFDO�DQDO\VHV���
7\SLFDO�KDPPHUV�DUH�VKRZQ�EHORZ��
�

Donut Hammer  Safety Hammer  Automatic Hammer 



+LVWRU\�
,Q�WKH�����V�DQG�����V��UHVHDUFKHUV�DQG�SUDFWLWLRQHUV�VWDUWHG�QRWLFLQJ�WKH�ZLGH�
YDULDWLRQ�LQ�1�YDOXH�UHVXOWV���(DUO\�VWXGLHV�WR�TXDQWLI\�WKH�KDPPHU�HQHUJ\�LQFOXGHG����
FDOFXODWLQJ�IRUFH�XVLQJ�ORDG�FHOOV�DQG����PHDVXULQJ�WKH�VSHHG�RI�WKH�KDPPHU�GURS�DQG�
LQWHJUDWLQJ�IRUFH�WLPH�UHODWLRQVKLSV���7KHVH�DSSURDFKHV�ZHUH�DFFHSWDEOH��EXW�WKH�
WHFKQRORJ\�DYDLODEOH�PDGH�WKH�WHVW�YHU\�WLPH�FRQVXPLQJ�DQG�H[SHQVLYH�WR�SHUIRUP���
7KLV�OHG�WR�WKH�LQVWUXPHQWHG�URG�V\VWHPV�XVHG�WRGD\��ZKLFK�RIIHUV�PRUH�HIILFLHQW�DQG�
OHVV�H[SHQVLYH�GDWD�JDWKHULQJ��
�
,QVWUXPHQWHG�5RG�
:KHQ�WKH�KDPPHU�VWULNHV�WKH�DQYLO�RQ�WKH�WRS�RI�WKH�URG�VWULQJ��D�ZDYH�LV�VHQW�WKURXJK�
WKH�URG�WR�WKH�VDPSOHU�DQG�EDFN�XS���)RUFH�DQG�YHORFLW\�PHDVXUHPHQWV�DUH�WDNHQ�
LPPHGLDWHO\�EHORZ�WKH�KDPPHU�XVLQJ�DQ�LQVWUXPHQWHG�VHFWLRQ�RI�GULOO�URG��VHH�EHORZ����
'HSHQGLQJ�RQ�WKH�W\SH�RI�GULOO�URG�XVHG�IRU�WKH�ERUHKROH��WKH�LQVWUXPHQWHG�URG�LV�
DYDLODEOH�LQ�GLIIHUHQW�GLDPHWHU�DQG�ZDOO�WKLFNQHVV��

�
�
7KH�LQVWUXPHQWHG�URG�KDV�WZR�IXOO�EULGJH�IRLO�UHVLVWDQFH�VWUDLQ�JDJH�FLUFXLWV��HQG�RI�WKH�
EOXH�ZLUH��DQG�WZR�SLH]RUHVLVWLYH�DFFHOHURPHWHUV��VLOYHU�EORFNV�DW�OHIW��PRXQWHG�
DSSUR[LPDWHO\�LQ�WKH�FHQWHU�RI�HDFK�URG���$QDORJ�VLJQDOV�IURP�WKH�VWUDLQ�JDJHV�DQG�
DFFHOHURPHWHUV�DUH�FRQGLWLRQHG��GLJLWL]HG��VWRUHG��DQG�SURFHVVHG�ZLWK�WKH�GDWD�
UHFRUGLQJ�HTXLSPHQW���6HOHFWHG�RXWSXW�IURP�WKH�UHFRUGLQJ�HTXLSPHQW�IRU�HDFK�LPSDFW�
LQFOXGHV�WKH�PD[LPXP�FDOFXODWHG�URG�WRS�IRUFH��PD[LPXP�URG�WRS�YHORFLW\��HQHUJ\�
WUDQVIHU�FDOFXODWHG�E\�WZR�PHWKRGV��DQG�WKH�KDPPHU�RSHUDWLQJ�UDWH��
�



'DWD�&ROOHFWLRQ�
5HVXOWV�RI�KDPPHU�HQHUJ\�DUH�PRUH�UHOLDEOH�LI�WKH�GDWD�LV�FROOHFWHG�DW�GHSWKV�JUHDWHU�
WKDQ�DERXW����IHHW��LI�WKH�EORZV�LQ�WKH�GDWD�JURXS�DUH�EHWZHHQ���DQG�����DQG�DW�OHDVW���
VHWV�RI�GDWD�LV�FROOHFWLQJ�LQ�HDFK�ERULQJ���'DWD�VHWV�WKDW�GRQ¶W�PHHW�WKHVH�FULWHULD�FDQ�
VWLOO�EH�FROOHFWHG��KRZHYHU��WKH\�ZLOO�OLNHO\�QRW�EH�DV�UHOLDEOH��
�
0DQ\�WKLQJV�LQ�WKH�ILHOG�FDQ�OHDG�WR�XQUHOLDEOH�GDWD��VXFK�DV�ORRVH�URG�FRQQHFWLRQV��D�
LQVWUXPHQWHG�VHFWLRQ�WKDW�LV�GLIIHUHQW�IURP�WKH�URG�VWULQJ��RU�ORRVH�DFFHOHURPHWHUV���
/RRVH�FRQQHFWLRQV�LQ�WKH�URG�VWULQJ�FDQ�PRGLI\�WKH�ZDYH�WUDYHOOLQJ�WKURXJK�WKH�URG���,I�
WKH�URG�VWULQJ�LV�D�GLIIHUHQW�VL]H��GLDPHWHU�DQG�ZDOO�WKLFNQHVV��IURP�WKH�LQVWUXPHQWHG�
URG��WKH�ZDYH�FRXOG�DOVR�EH�PRGLILHG���$�ORRVH�DFFHOHURPHWHU�ZLOO�QRW�FROOHFW�WKH�YHORFLW\�
GDWD�FRUUHFWO\��SRVVLEO\�QRW�DW�DOO���7KH�RSHUDWRU�VKRXOG�FKHFN�IRU�ORRVH�URG�FRQQHFWLRQV�
DQG�DFFHOHURPHWHUV��DQG�YHULI\�WKH�URGV�DUH�VLPLODU��
�
7KH�DFFHOHUDWLRQ�PHDVXUHPHQWV�DUH�RIWHQ�GHPDQGLQJ�LQ�WKH�637�HQYLURQPHQW��EHFDXVH�
RI�KLJK�IUHTXHQF\�DQG�KLJK�DFFHOHUDWLRQ�PRWLRQ�FRPSRQHQWV���$Q�H[SHULHQFHG�RSHUDWRU��
WKHUHIRUH��KDV�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKLV�GDWD�EHIRUH�ILQDO�FRQFOXVLRQV�DUH�GUDZQ�
IURP�WKH�QXPHULFDO�UHVXOWV�FDOFXODWHG�E\�WKH�637�$QDO\]HU���2QFH�WKH�GDWD�IRU�HDFK�VHW�
RI�EORZV�LV�REWDLQHG��LW�LV�YHULILHG�DQG�WKHQ�VWRUHG�LQ�WKH�637�$QDO\]HU�DQG�ILQDOO\�
GRZQORDGHG�RQWR�D�3&�RQFH�EDFN�LQ�WKH�RIILFH����
�
'DWD�5HGXFWLRQ�0HWKRGV�
2ULJLQDOO\��$670�'�����ZDV�FUHDWHG�WR�VWDQGDUGL]H�KDPPHU�HQHUJ\�PHDVXUHPHQW�DQG�
XVH�D�³IRUFH�VTXDUHG´�PHWKRG��ZKLFK�LQWHJUDWHV�WKH�VTXDUH�RI�WKH�IRUFH�RYHU�WLPH���7KH�
ODWHVW�HGLWLRQ�RI�$670�'����������FLWHV�WKH�(0;�PHWKRG��ZKLFK�LQWHJUDWHV�WKH�IRUFH�
DQG�YHORFLW\�SURGXFWV�RYHU�WLPH���7KH�IRUFH�VTXDUHG�PHWKRG�LV�FRQVLGHUHG�WR�EH�
WKHRUHWLFDOO\�LQFRUUHFW�DQG�KDV�EHHQ�VKRZQ�WR�EH�QRW�DV�SUHFLVH���7KHUHIRUH��PRVW�
SUDFWLWLRQHUV�DJUHH�WKDW�WKH�(0;�PHWKRG�LV�PRUH�UHOLDEOH��
�

�
�
³)´�DQG�³Y´�UHSUHVHQW�IRUFH�DQG�YHORFLW\���7KH�WLPH�³D´�FRUUHVSRQGV�WR�WKH�VWDUW�RI�WKH�
UHFRUG�ZKLFK�LV�ZKHQ�WKH�HQHUJ\�WUDQVIHU�EHJLQV�DQG�³E´�LV�WKH�WLPH�DW�ZKLFK�HQHUJ\�
WUDQVIHUUHG�WR�WKH�URG�UHDFKHV�D�PD[LPXP�YDOXH�ZKLFK�LV�DOVR�WKH�WLPH�RI�PD[LPXP�SLOH�
WRS�GLVSODFHPHQW�DQG�]HUR�YHORFLW\��
�
,QVLGH�WKH�HQHUJ\�PHDVXUHPHQW�VRIWZDUH��WKH�LQGLYLGXDO�GDWD�SRLQWV�IRU�IRUFH�DQG�VWUDLQ�
DUH�UHGXFHG�WR�IRUFH�DQG�YHORFLW\�FXUYHV�IRU�HDFK�EORZ���7KH�IRUFH�DQG�YHORFLW\�FXUYHV�
IRU�HDFK�EORZ�VKRXOG�EH�UHYLHZHG�DQG�DGMXVWHG�LI�WKH�FRXSOLQJ�FXUYHV�DUH�QRW�
SURSRUWLRQDO����
�
�





�
3UHVHQWLQJ�'DWD�
2QFH�WKH�GDWD�LV�VXPPDUL]HG�DQG�VWDWLVWLFDO�YDOXHV�DUH�JHQHUDWHG��LW�FDQ�EH�SUHVHQWHG�
LQ�VXPPDU\�IRUP�WR�WKH�GHVLJQ�HQJLQHHU����

�



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

,Q�6LWX�7HVWLQJ���&37�



 

�

H I ST O RY T H E C O N E PE N ETR AT I O N TEST 
�
� ,W�LV�VDLG�WKDW�HDUO\�PDQ�SXVKHG�VWLFNV�LQWR�WKH�HDUWK�WR�GHWHUPLQH�LI�D�FKRVHQ�
ORFDWLRQ�ZDV�VWDEOH�HQRXJK�WR�VXSSRUW�KLV�GZHOOLQJ��

�
�� �������ILUVW�WUXH�VWDWLF�FRQH�SHQHWURPHWHU�ZDV�GHYHORSHG�ZKHUHE\�FRQWDFW�EHWZHHQ�

WKH�SXVK�URGV�DQG�VRLO�ZDV�DYRLGHG��1HWKHUODQGV��
�
�� �������PDQWHO�FRQH�GHYHORSHG�ZKHUHE\�WLS�ZDV�SURWHFWHG�E\�D�MDFNHW��1HWKHUODQGV��
�
�� �������)XJUR��1HWKHUODQGV�KDG�ILUVW�FRPPHUFLDO�XVH�RI�WKH�HOHFWULF�SHQHWURPHWHU��WLS�

RQO\�
�
�� �������DQ�HOHFWULF�SHQHWURPHWHU�ZDV�GHYHORSHG�LQ�$XVWUDOLD�WKDW�LQFRUSRUDWHG�D�

IULFWLRQ�VOHHYH�WR�PHDVXUH�IULFWLRQDO�UHVLVWDQFH�
�
�� �������DGGLWLRQ�RI�IULFWLRQ�VOHHYH�WR�WKH�PHFKDQLFDO�SHQHWURPHWHU�WR�HQDEOH�

PHDVXUHPHQW�RI�ODWHUDO�IULFWLRQ��
 
�� �������LQWURGXFWLRQ�RI�SRUH�SUHVVXUH�PHDVXUHPHQW�DW�WKH�WLS�RI�WKH�FRQH�

SHQHWURPHWHU�
 
�� �����±�$670�'������ZDV�GHYHORSHG�WR�VWDQGDUGL]H�WKH�PHFKDQLFDO�&37�DSSDUDWXV�

DQG�SURFHGXUH��
�
�� PLG�����V���LQWURGXFWLRQ�RI�WKH�HOHFWURQLF�FRQH�ZKLFK�DPSOLILHG�VLJQDOV�LQ�WKH�FRQH�

DQG�VLJQLILFDQWO\�UHGXFHG�WKH�QRLVH�DQG�WKHUPRFRXSOH�HIIHFWV�RQ�GDWD�TXDOLW\��
�
�� �������WKH�VHLVPLF�FRQH�ZDV�LQWURGXFHG�
 
�� �����±�$670�'�����ZDV�GHYHORSHG�WR�VWDQGDUGL]H�WKH�HOHFWURQLF�&37�DSSDUDWXV�DQG�

SURFHGXUH�
�
6LQFH������RWKHU�GHYLFHV�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�FRQH�SHQHWURPHWHUV��H�J��
UHVLVWLYLW\�PRGXOHV��ODWHUDO�VWUHVV�FHOO��YLEUDWRU\�FRQH��YLVLRQ�FRQH���



 

�

C O MP O N E N TS O F A M O D ER N C O N E PE N ETR AT I O N 

TEST I N G SYSTEM 

 

�� 5LJ�
¾� +\GUDXOLF�UDPV�PRXQWHG�LQ��
�� /RDG�IUDPH�
�� 7UDLOHU�
�� /LJKW�WUXFN���WRQ��
�� +HDY\�WUXFN����WRQ��
�� &UDZOHU�

�
�� 'DWD�$FTXLVLWLRQ�6\VWHP�
¾� &RPSXWHU�ZLWK�$�'�FLUFXLW�
¾� &RPSXWHU��QR�$�'�UHTXLUHG��IRU�GLJLWDO�FRQH�

�
�� 5RGV�

¾� 8VXDOO\���PHWHU�ORQJ�����FP��FURVV�VHFWLRQ�
¾� +LJK�VWUHQJWK�EXW�PDOOHDEOH�DQG�WRXJK�

�
�� &DEOH�
¾� ������VWUDQG�FDEOHV�DUH�FRPPRQ�
¾� 6KRXOG�EH�VRPHZKDW�WRXJK�DQG�IOH[LEOH�

�
�� &RQH�3HQHWURPHWHU�
¾� ���WRQ�RU����WRQ�IRU�JHQHUDO�SURILOLQJ�
¾� ���WRQ�LV�VWDQGDUG�FRQH�RQ�ZKLFK�PRVW�FRUUHODWLRQV�DUH�EDVHG�
¾� ����WRQ���WRQ�FRQH�IRU�GHWDLOHG�WHVWLQJ�RI�VRIW�PDWHULDO�

�



 

�

C H AR ACTER I ST I CS O F MEC H A N I C AL, 
ELECTR I CAL, ELECTR O N I C A N D D I G I TAL C O N ES 

�
�� 0HFKDQLFDO�&RQH�

¾� )ULFWLRQ�DQG�WLS�PHDVXUHPHQWV�FRQGXFWHG�DW�GLIIHUHQW�VWDJHV�RI�WHVW����
¾� 'DWD�UHFRUGHG�E\�KDQG����
¾� 'DWD�SURFHVVLQJ�TXLWH�ODERULRXV�

�
�� (OHFWULF�&RQH�
¾� (TXLSPHQW�LV�OHVV�H[SHQVLYH�WKDQ�HOHFWURQLF�RU�GLJLWDO�FRQHV��

¾� 6LJQDO�LV�WUDQVPLWWHG�WKURXJK�FDEOH�WR�FRPSXWHU�DW�WKH�PLFURYROW��P9��OHYHO��

¾� 0HDVXUHPHQWV��HVSHFLDOO\�IULFWLRQ�PHDVXUHPHQWV��FDQ�EH�VLJQLILFDQWO\�DIIHFWHG�E\�
FRPPRQ�HQYLURQPHQWDO�QRLVH��SRUH�OLQHV��PLFURZDYH�WUDQVPLVVLRQV��DQG�
UHVLVWDQFH�ORVVHV��

�
�� (OHFWURQLF�&RQH�
¾� (TXLSPHQW�LV�PRUH�H[SHQVLYH�WKDQ�HOHFWURQLF�FRQHV����

¾� 6LJQDO�LV�DPSOLILHG�IURP�WKH�PLFURYROWV��P9��WR�WKH�YROW��9��EHIRUH�EHLQJ�

WUDQVPLWWHG�WKURXJK�WKH�FDEOH��
¾� 6LJQDO�VLJQLILFDQWO\�OHVV�DIIHFWHG�E\�FRPPRQ�HQYLURQPHQWDO�QRLVH��

�
�� 'LJLWDO�&RQH�
¾� 0RUH�H[SHQVLYH�WKDQ�HOHFWURQLF�FRQH�HTXLSPHQW����
¾� 'DWD�LV�GLJLWL]HG�EHIRUH�HQWHULQJ�FDEOH���
¾� 'DWD�LV�XQFKDQJHG�E\�QRLVH�RU�WKHUPDO�HIIHFWV�LQ�WKH�FDEOH��

�
�
�



 

�

PR I N C I PAL C O MP O N E N TS O F A C O N E PE N ETR O METER 
�

�� 7LS�
¾� TF�±�TW�
¾� PRVW�IXQGDPHQWDO�FRQH�PHDVXUHPHQW�
¾� PXVW�PDNH�DGMXVWPHQWV�LQ�TF�WR�DFFRXQW�IRU�SRUH�SUHVVXUH�HIIHFWV�
¾� 6WDQGDUG����WRQ�FRQH�
�� ��FP2�������FP���RU�����´��

�� ����DSH[�DQJOH�
�
�� )ULFWLRQ�6OHHYH�
¾� IV�±�IW�
¾� LI�QRW�HTXDO�HQG�DUHD�VOHHYH�DGMXVWPHQWV�PXVW�EH�PDGH�IRU�SRUH�SUHVVXUH�HIIHFWV�

¾� IF� �IW�IRU�HTXDO�HQG�DUHD�FRQH�
¾� IW��YHU\�GLIILFXOW�PHDVXUHPHQW�WR�PDNH�DFFXUDWHO\�
�� RQH�RUGHU�RI�PDJQLWXGH�GLIIHUHQFH�EHWZHHQ�IRUFH�RQ�WLS�DQG�IRUFH�RQ�IULFWLRQ�

VOHHYH��
�� 6XEWUDFWLRQ�FRQHV�LQFRUSRUDWH���VWUDLQ�HOHPHQWV���2QH�LV�VXEMHFWHG�WR�WLS�IRUFH�

RQO\��RQH�LV�VXEMHFWHG�WR�FRPELQHG�WLS�DQG�IULFWLRQ�IRUFHV��7LS�VWUHVV�LV�
VXEWUDFWHG�IURP�FRPELQHG�WLS�DQG�IULFWLRQ�VWUHVV�WR�JHW�IULFWLRQ�VWUHVV���6PDOO�
HUURU�LQ�WLS�PHDVXUHPHQW�FDQ�FDXVH�UDWKHU�ODUJH�HUURU�LQ�IULFWLRQ�
GHWHUPLQDWLRQ��

�� (UURUV�DOVR�SRVVLEOH�LQ�WKH�VXEWUDFWLRQ�FKDQQHO�RI�FRQH��
�� (OHFWULFDO�DQG�PHFKDQLFDO�FURVV�WDON�LV�SRVVLEOH�ZLWK�D�SRRUO\�GHVLJQHG�FRQH��
�� 'LUW�LQ�MRLQWV��IULFWLRQ�VOHHYH�QRW�PRYLQJ�IUHHO\���
�� 'DPDJH��IULFWLRQ�VOHHYH�QRW�PRYLQJ�IUHHO\��

�
�
�
�



 

�

�� ,QFOLQRPHWHU�
¾� 8VHG�WR�SUHYHQW�HTXLSPHQW�GDPDJH��E\�FRQWUROOLQJ�WKH�UDGLXV�RI�FXUYDWXUH�RI�WKH�

&37�URGV��
¾� 3URYLGHV�D�PHDQV�RI�FRUUHFWLQJ�GHSWK��)RU�PRVW�ZRUN�LQFOLQDWLRQ�DUH�NHSW�ZLWKLQ�

SUDFWLFDO�OLPLWV�DQG�GHSWK�FRUUHFWLRQ�QRW�QHFHVVDU\��
�
�� 3RUH�3UHVVXUH�(OHPHQW�
¾� X1�±�(OHPHQW�RQ�WKH�WLS�RU�IDFH�RI�FRQH���
�� ([FHVV�SRUH�SUHVVXUHV�LQGXFHG�E\�FRPSUHVVLRQ�RI�WKH�VRLO�VWUXFWXUH�

GRPLQDWHV��

�� ([FXUVLRQV�LQ�YDOXHV�DUH�UHODWLYHO\�ODUJH��
�� %HVW�SRVLWLRQ�WR�GHILQH�VWUDWLJUDSKLF�FKDQJHV���

�
¾� X2�±�(OHPHQW�EHKLQG�WKH�WLS��
�� 6RLO�VKHDU�GXULQJ�SHQHWUDWLRQ�GHVLJQDWHV�WKH�UHVSRQVH��
�� %HVW�SRVLWLRQ�WR�FRUUHFW�WLS�DQG�VOHHYH�IRU�SRUH�SUHVVXUH�HIIHFWV��
�� 1HJDWLYH�SRUH�SUHVVXUHV�FDQ�EH�REVHUYHG�LQ�VWLII��RYHUFRQVROLGDWHG�FOD\V�

�
¾� X3�±�(OHPHQW�ORFDWHG�DQ\ZKHUH�EHKLQG�WKH�IULFWLRQ�VOHHYH��
�� 3RUH�SUHVVXUHV�QRW�YHU\�GLIIHUHQW�IURP�X2 SRVLWLRQ��

�
�� 7KHUPLVWRU�
¾� 0HDVXUHV��G\QDPLF��FRQH�WHPSHUDWXUH�GXULQJ�WHVWLQJ��
¾� &DQ�PHDVXUH�DPELHQW�VRLO�DQG�JURXQGZDWHU�WHPSHUDWXUHV�LI�SUREH�DGYDQFH�LV�

VWRSSHG�DQG�WHPSHUDWXUH�DOORZHG�WR�HTXLOLEUDWH��
�



 

�

�� *HRSKRQH�
¾� 'HWHUPLQH�VKHDU�ZDYH�YHORFLW\�SURILOHV��UHTXLUHV�ZDYH�VRXUFH��JHQHUDWHG�IURP�

JURXQG�VXUIDFH���
¾� /LNH�GRZQ�KROH�VHLVPLF�IURP�ERUH�KROH��
¾� 7R�PLQLPL]H�DQ\�V\VWHPDWLF�HUURUV��DOO�VXEVHTXHQW��GHHSHU��VKHDU�ZDYH�DUULYDO�

WLPHV�DUH�UHIHUHQFHG�WR�WKH�DUULYDO�WLPHV�IURP�WKH�VKDOORZHVW�WHVW��
�
�� 5HVLVWLYLW\�0RGXOH�
¾� GHWHUPLQH�SURILOH�RI�HOHFWULFDO�FRQGXFWDQFH�UHVLVWDQFH�LQ�VRLO�FROXPQ�



 

�

�
CPT D ATA I N TERPRETAT I O N & APPL I C AT I O NS 

�
�� 6WUDWDJUDSKLF�,QWHUSUHWDWLRQ�

¾� &37�LV�EHWWHU�VXLWHG�IRU�OD\HU�GHILQLWLRQ�WKDQ�ERULQJV��
¾� ([FHOOHQW�WRRO�WR�DVVHVV�YDULDWLRQV�LQ�PDWHULDO�W\SH�DQG�VWLIIQHVV�LQ�D�VRLO�SURILOH��
¾� &37V�VKRXOG�EH�SHUIRUPHG�ILUVW���7KH�VWUDWHJLFDOO\�SODQ�ERULQJ�DQG�VDPSOLQJ�

SURJUDP�EDVHG�RQ�&37�UHVXOWV��
¾� 7LS�UHVLVWDQFH�DQG�IULFWLRQ�UDWLR�DUH�WKH�SULPDU\�PHDVXUHPHQWV�XVHG�WR�HYDOXDWH�

PDWHULDO�W\SH��
¾� 7LS�UHVLVWDQFH�DQG�SRUH�SUHVVXUH�SDUDPHWHU�PHDVXUHPHQWV�LV�DQ�DGGLWLRQDO�

PHWKRG�RI�FODVVLI\LQJ�VRLOV�EHORZ�WKH�ZDWHU�WDEOH��
¾� 3RUH�SUHVVXUH��G\QDPLF��PHDVXUHPHQWV�FDQ�KHOS�LQGLFDWH�WKH�SUHVHQFH�DQG�

WKLFNQHVV�RI�YHU\�WKLQ�OD\HUV�WKDW�WLS�UHVLVWDQFH�DQG�IULFWLRQ�PD\�QRW�GHWHFW��
�� ,QIOXHQFH�]RQH������GLDPHWHUV�LQ�IURQW�RI�WKH�FRQH�WLS��
�� )ULFWLRQ�VOHHYH�DYHUDJHV�XQLW�IULFWLRQ�RYHU�LWV�OHQJWK������´���

�
�� 3LOH�&DSDFLW\�
¾� 3LOH�&DSDFLW\�GHWHUPLQDWLRQ�LV�RQH�RI�WKH�HDUOLHVW�DSSOLFDWLRQV�RI�FRQH�SHQHWUDWLRQ�

WHVWLQJ��
¾� )RU�PDQ\�\HDUV�SLOH�GHVLJQ�XVLQJ�&37�GDWD�KDV�EHHQ�JHQHUDOO\�VXFFHVVIXO��
¾� 6LQFH�WKH�HVWLPDWLRQ�RI�SLOH�FDSDFLW\�LV�FRPSOLFDWHG�E\�WKH�PDQ\�YDULHWLHV�RI�SLOH�

W\SHV�DQG�LQVWDOODWLRQ�SURFHGXUHV��SLOH�GHVLJQ�XVLQJ�&37�GDWD�LV�KLJKO\�HPSLULFDO��
¾� 0DQ\�PHWKRGV�H[LVW�IRU�HYDOXDWLQJ�SLOH�FDSDFLW\�XVLQJ�&37�GDWD���



 

�

�� 6KDOORZ�)RXQGDWLRQ�'HVLJQ�
¾� 'LUHFW�PHWKRGV�EDVHG�RQ�REVHUYHG�ILHOG�H[SHULHQFH�KDYH�EHHQ�GHYHORSHG�IRU�

GHVLJQ�RI�VKDOORZ�IRXQGDWLRQV�RQ�VDQG���7KHVH�PHWKRGV�ZKHQ�DSSOLHG�LQ�VLPLODU�
VLWXDWLRQV�FDQ�SURGXFH�UHOLDEOH�UHVXOWV��

¾� 'LUHFW�PHWKRGV�KDYH�D�SDUWLFXODU�DGYDQWDJH�LQ�HVWLPDWLQJ�VHWWOHPHQW�RI�IRRWLQJV�
RQ�JUDQXODU�VRLOV�ZKHUH�XVH�RI�SDUDPHWHUV�OLNH�UHODWLYH�GHQVLW\�FDQ�EH�PLVOHDGLQJ��

¾� %HDULQJ�FDSDFLW\�RI�QDUURZ�IRRWLQJ�RQ�VDQG�FDQ�EH�HVWLPDWHG�XVLQJ�EHDULQJ�
FDSDFLW\�FDOFXODWLRQ�EDVHG�RQ�IULFWLRQ�DQJOH��ĭ��REWDLQHG�IURP�&37�GDWD�
LQWHUSUHWDWLRQV��

¾� 6WDELOLW\�RI�VKDOORZ�IRXQGDWLRQV�RQ�FOD\�LV�DVVHVVHG�IURP�EHDULQJ�FDSDFLW\�

FDOFXODWLRQV�XVLQJ�XQGUDLQHG�VKHDU�VWUHQJWK��6X��REWDLQHG�IURP�&37�GDWD�
LQWHUSUHWDWLRQV��

¾� &RPSUHVVLELOLW\�RI�FOD\�LV�QRW�UHOLDEO\�HVWLPDWHG�IURP�&37�GDWD��
�
�� 5DWH�RI�&RQVROLGDWLRQ�DQG�5HODWLYH�3HUPHDELOLW\�RI�&OD\V�
¾� 5DWH�RI�FRQVROLGDWLRQ�DQG�UHODWLYH�SHUPHDELOLW\�RI�FOD\V�FDQ�EH�HVWLPDWHG�IURP�

SRUH�SUHVVXUH�GLVVLSDWLRQ�FXUYHV�JHQHUDWHG�ZLWK�WKH�SLH]R�FRQH���7KHVH�
HVWLPDWHV�IRU�DQ\�SDUWLFXODU�FOD\�VKRXOG�EH�DGMXVWHG�XVLQJ�ORFDO�H[SHULHQFH��

�
�� 3KUHDWLF�6XUIDFH�
¾� 3KUHDWLF�VXUIDFH�GHWHUPLQDWLRQ�IURP������SRUH�SUHVVXUH�GLVVLSDWLRQ�FXUYHV�

�
�� +\GUDXOLF�*UDGLHQWV�
¾� +\GUDXOLF�JUDGLHQWV�GHWHUPLQHG�IURP������SRUH�SUHVVXUH�GLVVLSDWLRQ�FXUYHV�

FRQGXFWHG�DW�YDULRXV�GHSWKV�LQ�D�VRLO�SURILOH��



 

�

+RUL]RQWDO�5DGLDO�&RHIILFLHQW�RI�3HUPHDELOLW\�
¾� .Q�RU�.U�IRU�ZLFN�VDQG�GUDLQ�GHVLJQ�IURP�SRUH�SUHVVXUH�GLVVLSDWLRQ�FXUYHV�

�
�� 5HODWLYH�%ORZ�&RXQW�
¾� (VWLPDWHV�RI�1���IRU�LQSXW�LQWR�EORZ�FRXQW�EDVH�GHVLJQ�PDWHULDO�IURP�&37�GDWD�

LQWHUSUHWDWLRQV��
�

�� /LTXHIDFWLRQ�3RWHQWLDO�$VVHVVPHQW�
¾� /LTXHIDFWLRQ�SRWHQWLDO�HVWLPDWHV�EDVHG�RQ�TW�DQG�IVU�DV�SURSRVHG�E\�6HHG��HW�DO���

������UHFHQW�$GYDQFHV�LQ�6RLO�/LTXHIDFWLRQ�(QJLQHHULQJ��$�8QLILHG�DQG�&RQVLVWHQW�

)UDPHZRUN��DQG�,GULVV�	�%RXODQJHU�������6HPL�(PSLULFDO�3URFHGXUHV�IRU�
(YDOXDWLRQ�/LTXHIDFWLRQ�3RWHQWLDO�GXULQJ�(DUWKTXDNHV���

¾� /LTXHIDFWLRQ�SRWHQWLDO�HVWLPDWHV�EDVHG�RQ�9V�SURILOHV�IURP�VHLVPLF�&37�GDWD�
LQWHUSUHWDWLRQ��DV�SURSRVHG�E\��6HHG�HW�DO��������DQG�$QGUXV�DQG�6WRNRH��������

�
�� &RPSDFWLRQ�&RQWURO�
¾� &37�LV�FRPPRQO\�XVHG�IRU�TXDOLW\�FRQWURO�RI�GHHS�FRPSDFWLRQ�SURMHFWV��
¾� 7KH�&37�KDV�EHHQ�IRXQG�WR�EH�RQH�RI�WKH�EHVW�PHWKRGV�WR�PRQLWRU�DQG�

GRFXPHQW�WKH�HIIHFW�RI�GHHS�FRPSDFWLRQ�GXH�WR�WKH�FRQWLQXRXV��UHOLDEOH�DQG�
UHSHDWDEOH�QDWXUH�RI�WKH�GDWD��

�
�� *PD[�GHWHUPLQDWLRQ�
¾� *PD[��*PD[� �Ǐ9V���DQG�9V�DUH�UHTXLUHG�SURSHUWLHV�LQ�HDUWKTXDNH�VLWH�UHVSRQVH�

DQG�VRLO�VWUXFWXUH�LQWHUDFWLRQ�DQDO\VLV���9V�FDQ�EH�DVVHVVHG�IURP�VRPH�VHLVPLF�
&37�UHVXOWV��

�
�� 5HVLVWLYLW\�
¾� 5HILQH�VWUDWLJUDSKLF�LQWHUSUHWDWLRQ��

¾� 'HWHUPLQH�WKH�OLPLWV�RI�FRQWDPLQDQW�SOXV�LI�FRQWDPLQDQW�FKDQJHV�WKH�HOHFWULFDO�
SURSHUWLHV�RI�WKH�VRLO��

¾� +DV�EHHQ�XVHG�IRU�PDQ\�\HDUV�WR�HVWLPDWH�LQ�VLWX�SRURVLW\�DQG�GHQVLW\�RI�VRLOV��



 

�

¾� $Q�LPSRUWDQW�LQSXW�SDUDPHWHU�IRU�HYDOXDWLRQ�RI�FRUURVLYH�SRWHQWLDO�RI�VRLO��
�
�� 7HPSHUDWXUH�
¾� (VWLPDWH�WKH�GHSWK�RI�ZDWHU�WDEOH�LQ�VRPH�VRLO�W\SHV��
¾� &RUUHFW�&37�GDWD�IRU�WHPSHUDWXUH�HIIHFWV��UHVHDUFK���
¾� 'HWHUPLQH�DPELHQW�JURXQGZDWHU�VRLO�WHPSHUDWXUHV��
¾� 7UDFN�FRQWDPLQDQWV�WKDW�JHQHUDWH�KHDW�WKURXJK�ELRORJLFDO�FKHPLFDO�DFWLYLW\��
¾� /RFDWH�IUR]HQ�VRLO�]RQHV��



 

�

(OHFWURQLF�&RQH�3HQHWURPHWHU�7HVW��&37��
�
&RQH�SHQHWURPHWHU�WHVW��&37��SURYLGHV�UDSLG�DQG�FRQWLQXRXV��LQ�VLWX��VRLO�SURILOH���

&37�PHDVXUHV�FRQH�WLS�UHVLVWDQFH��VOHHYH�IULFWLRQ��DQG�IULFWLRQ�UDWLR�DQG�KDV�WKH�DELOLW\�
WR�PDNH�G\QDPLF�SRUH�SUHVVXUH�PHDVXUHPHQWV��:LWK�WKH�DGGLWLRQ�RI�D�VHLVPLF�FRQH�DQG�
JHRSKRQHV��&37�ERULQJV�FDQ�PHDVXUH�FRPSUHVVLRQ�DQG�VKHDU�ZDYHV���$670�'������FDQ�
EH�UHIHUHQFHG�IRU�VWDQGDUG�SURFHGXUHV�IRU�WKH�HOHFWURQLF�&37��

�
$�IHZ�DSSOLFDWLRQV��
x� &RPPRQO\�XVHG�WR�YHULI\�VRLO�LPSURYHPHQW�WHFKQLTXHV�VXFK�DV�VRLO�PL[LQJ��GHHS�

G\QDPLF�FRPSDFWLRQ��VWRQH�FROXPQV��HWF��
x� 7KH�FRPELQDWLRQ�RI�&37�VRXQGLQJV�DQG�GULOOHG�ERULQJV�ZLWK�637�VDPSOHV�LV�WKH�EHVW�

HYDOXDWLRQ�PHWKRG�IRU�OLTXHIDFWLRQ�VWXGLHV��
x� 6HLVPLF�VWXGLHV�XVLQJ�VHLVPLF�FRQHV�WR�HYDOXDWH�IRXQGDWLRQ�DQG�VWUXFWXUH�EHKDYLRU�WR�

JURXQG�VKDNLQJ�ORDGV��
�
0HWKRG��
7KH�FRQH�WLS�LV�DWWDFKHG�WR�D�VWULQJ�RI�VWHHO�URGV�DQG�SXVKHG�LQWR�WKH�JURXQG�DW�D�UDWH�
RI���FP�VHF��&RQWLQXRXV�PHDVXUHPHQWV�DUH�WDNHQ�IURP�WUDQVGXFHUV�ORFDWHG�LQ�WKH�FRQH�
DQG�VHQW�WR�D�FRPSXWHU�WKURXJK�ZLUHV�ORFDWHG�LQVLGH�WKH�VWHHO�URGV��
 
Ad v a n t a g es:  
x� &37�JLYHV�UDSLG�DQG�FRQWLQXRXV�VWUHQJWK�SURILOH�RI�D�VRLO�GHSRVLW��&RQVLGHUHG�WR�EH�

WKH�EHVW�WHFKQLTXH�IRU�GHOLQHDWLRQ�RI�VWUDWLJUDSK\��
x� &37�LV�PXFK�OHVV�RSHUDWRU�GHSHQGHQW�WKDQ�RWKHU�LQ�VLWX�WHVWV�DQG�WKH�WHVW�VHTXHQFH�

LV�VLPSOH��$V�D�UHVXOW��WKH�GDWD�IURP�D�&37�DUH�UHSURGXFLEOH���3RVVLEOH�H[FHSWLRQ�WR�
WKLV�LV�SRUH�SUHVVXUH�PHDVXUHPHQWV���

x� 7KH�VRLO�SDUDPHWHUV�DUH�PHDVXUHG�LQ�SODFH�XQGHU�WKH�DFWXDO�LQ�VLWX�VWUHVV�FRQGLWLRQV��
x� &37�LV�YHU\�ZHOO�VXLWHG�WR�WKH�GHVLJQ�RI�YHUWLFDOO\�ORDGHG�SLOHV�EHFDXVH�RI�WKH�FORVH�

DQDORJ\�RI�ORDGLQJ��
x� &37�KDV�EHHQ�XVHG�IRU�D�ORQJ�WLPH�DQG�D�QXPEHU�RI�GHVLJQ�UXOHV�DUH�ZHOO�

GRFXPHQWHG��
x� 'LPHQVLRQV�RI�WKH�SHQHWURPHWHU�WLS�KDYH�EHHQ�VWDQGDUGL]HG��$670���
x� &37�LV�IDVW�DQG�FRVW�HIIHFWLYH�FRPSDUHG�WR�GULOOLQJ�DQG�ODERUDWRU\�WHVWLQJ��
�
Disa d v a n t a g es: 
x� 7KH�SHQHWUDWLRQ�GHSWK�LV�OLPLWHG�LQ�WKH�VWURQJHU�VRLOV��,W�FDQQRW�EH�XVHG�UHOLDEO\�LQ�

GHQVH�JUDYHO��FREEOHV��ERXOGHUV��DQG�URFN���&HPHQWHG�VRLOV�PD\�EH�LQWHUSUHWHG�DV�
JUDYHO��

x� &37�PHWKRGV�FDQQRW�SURYLGH�VRPH�RI�WKH�PDWHULDO�FKDUDFWHULVWLFV�ZKLFK�FDQ�RQO\�EH�
REWDLQHG�E\�XVH�RI�RWKHU�LQ�VLWX�WHVWV�RU�ERULQJV��VDPSOLQJ��DQG�ODERUDWRU\�WHVWLQJ��

x� 3HUIRUPLQJ�D�&37�UHTXLUHV�VNLOOHG�RSHUDWRUV�ZLWK�D�NQRZOHGJH�RI�HOHFWURQLFV�DQG�
K\GUDXOLFV��LQ�D�FDVH�RI�HTXLSPHQW�IDLOXUH��

x� 0HWKRGV�XVHG�WR�REWDLQ�WKH�VRLO�SDUDPHWHUV�DUH�PDLQO\�EDVHG�RQ�FRUUHODWLRQ�LQVWHDG�
RI�WKHRU\��



 

�

(OHFWURQLF�RU�(OHFWULF�&RQH"�
Elec t ro n ic Co n e�KDV�LQWHUQDO�HOHFWURQLF�SRZHU�DPSOLILFDWLRQ�DQG�UHJXODWLRQ�PRXQWHG�
GLUHFWO\�LQ�WKH�FRQH��7KH�DPSOLILHU�PLQLPL]HV�WKH�HIIHFW�RI�FDEOH�UHVLVWDQFH�RQ�WKH�
PHDVXUHPHQWV��$OVR��FRQH�FLUFXLWU\�LV�VXFK�WKDW�FURVVWDON�HUURUV�EHWZHHQ�WKH�WLS�DQG�
IULFWLRQ�FKDQQHOV�DUH�PLQLPL]HG�RU�HOLPLQDWHG��(OHFWURQLF�&37�UHVXOWV�DUH�UHODWLYHO\�
RSHUDWRU�LQGHSHQGHQW��
�
Elec t r ic Co n e�LV�ROGHU�WHFKQRORJ\�ZKHUH�FRQH�PHDVXUHPHQWV�DUH�VXEMHFW�WR�QRLVH�DQG�
UHVLVWDQFH�ORVVHV�DV�WKH\�WUDYHO�LQ�WKH�FDEOHV�IURP�WKH�FRQH�WR�WKH�FRPSXWHU�WKXV�
DIIHFWLQJ�WKH�GDWD��7KH�RSHUDWRU�PXVW�EH�D�KLJKO\�VNLOOHG�WHFKQLFLDQ�ZLWK�D�JRRG�
XQGHUVWDQGLQJ�RI�DQ�HOHFWULF�V\VWHP�ZKLFK�LQFRUSRUDWHV�WKH�FDEOH�DV�SDUW�RI�WKH�EULGJH��
3URSHU�LPSHGDQFH�PDWFKLQJ�DQG�EULGJH�EDODQFLQJ�LV�FUXFLDO�WR�REWDLQ�JRRG�&37�UHVXOWV��
�
'RHV�LW�PDNH�D�GLIIHUHQFH"��<HV��
�
&RQH�PHDVXUHPHQWV�DUH�VPDOO��PLFURYROWV��DQG�LQ�D�IUHTXHQF\�UDQJH�HDVLO\�LQIOXHQFHG�
E\�QRLVH�FRPPRQ�DQG�SUHVHQW�LQ�PRVW�DUHDV��H�J���SRZHU�OLQHV��PLFURZDYH�
WUDQVPLVVLRQV��HWF���ZKHUH�LQ�VLWX�WHVWLQJ�WDNHV�SODFH��
�
�
$Q�HOHFWURQLF�FRQH�FLUFXLWU\�DOORZV�JUHDWHU�VHQVLWLYLW\�DQG�DFFXUDF\�GXULQJ�
PHDVXUHPHQWV��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�LQ�VRIW�VRLOV�ZKHUH�UHVXOWLQJ�GDWD�IURP���

(OHFWULF�FRQH���PD\�VKRZ�D�FOD\�
(OHFWURQLF�FRQH��PRUH�DFFXUDWH����PD\�VKRZ�D�SRWHQWLDOO\�OLTXHILDEOH�VLOW�

�
%RWWRP�/LQH�
�

A n E lec t ro n ic�FRQH�LV�PRUH�FRVWO\�EXW�\RX�UHFHLYH�KLJKHU�TXDOLW\�GDWD�
(OHFW£F�FRQH�PD\�EH�FKHDSHU�EXW�\RX�W\SLFDOO\�JHW�XQUHOLDEOH�RU�TXHVWLRQDEOH�
GDWD�

�

 





















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

,Q�6LWX�7HVWLQJ���'07�



FLAT D I LAT O METER TEST ( D MT)  
�
)ODW�GLODWRPHWHU�WHVW��'07��RULJLQDOO\�GHYHORSHG�E\�0DUFKHWWL�DQG�LQWURGXFHG�LQ�������
SURYLGHV�UDSLG�DQG�FRQWLQXRXV��LQ�VLWX��VRLO�SURILOH��'07�PHDVXUHV�KRUL]RQWDO�VWUHVV�
LQGH[��PDWHULDO�LQGH[��DQG�GLODWRPHWHU�PRGXOXV��,QWHUSUHWDWLRQ�RI�WKHVH�UHVXOWV�SURYLGH�
D�YDULHW\�RI�VRLO�SDUDPHWHUV�LQFOXGLQJ�XQGUDLQHG�VKHDU�VWUHQJWK�IULFWLRQ�DQJOH��
SUHFRQVROLGDWLRQ�SUHVVXUH��LQ�VLWX�ODWHUDO�YHUWLFDO�VWUHVV�UDWLR��RYHUFRQVROLGDWLRQ�UDWLR��
YHUWLFDO�HIIHFWLYH�VWUHVV�DQG���GLPHQVLRQDO�FRQVROLGDWLRQ�PRGXOXV���7KH�'07�SURFHGXUH�
KDV�EHHQ�VWDQGDUGL]HG�LQ�$670�'�������
�
%HVW�DSSOLFDWLRQV��

x� 0�DQG�&X�SURILOHV��
x� (VWLPDWLQJ�VHWWOHPHQWV�
x� 0RQLWRULQJ�VRLO�LPSURYHPHQW�
x� 5HFRJQL]LQJ�VRLO�W\SH�
x� 'LVWLQJXLVKLQJ�IUHHO\�GUDLQLQJ�OD\HUV�IURP�QRQ�I�G��
x� /RFDWLQJ�DFWLYH�TXLHVFHQW�VOLS�VXUIDFHV�LQ�FOD\�VORSHV�

�
8VHIXO�LQIRUPDWLRQ�DOVR�RQ��

x� 2&5�DQG�.R�LQ�FOD\�
x� &RHIILFLHQW�RI�FRQVROLGDWLRQ�
x� 3�\�FXUYHV�IRU�ODWHUDOO\�ORDGHG�SLOHV�
x� 6DQG�OLTXHILDELOLW\�
x� )ULFWLRQ�DQJOH�LQ�VDQG�
x� �.R�LQ�VDQG���2&5��

0HWKRG���
6LPLODU�WR�&37�DQG�XVHV�WKH�VDPH�ULJ��WKH�0DUFKHWWL�GLODWRPHWHU�SODWH��DWWDFKHG�WR�D�
VHULHV�RI�URGV�LV�SXVKHG�LQWR�WKH�JURXQG�WR�GHVLUHG�GHSWK��7KH�RSHUDWRU�WKHQ�XVHV�JDV�
SUHVVXUH�WR�H[SDQG�WKH�IOH[LEOH�VWHHO�PHPEUDQH�RQ�WKH�SODWH�KRUL]RQWDOO\�LQWR�WKH�VRLO��
7ZR�SUHVVXUHV�DUH�UHFRUGHG��WKH�SUHVVXUH�RQ�WKH�PHPEUDQH�EHIRUH�H[SDQVLRQ�
�PHPEUDQH�OLIW�RII�SUHVVXUH��DQG�WKH�SUHVVXUH�UHTXLUHG�WR�H[SDQG�WKH�PHPEUDQH�
���PP�LQWR�WKH�VRLO��7KH�PHPEUDQH�LV�WKHQ�GHIODWHG�DQG�WKH�SUHVVXUH�EHKLQG�WKH�
PHPEUDQH�ZKHQ�LW�UHVHDWV�RQWR�WKH�SUREH�LV�VRPHWLPHV�UHFRUGHG�DQG�FDQ�EH�UHODWHG�WR�
H[FHVV�SRUH�SUHVVXUH��6FKPHUWPDQQ����������

Ad v a n t a g es:  
x� %HVW�DSSOLFDWLRQV�DUH�WKH�GHVLJQ�RI�KRUL]RQWDOO\�ORDGHG�SLOHV��DQG�VHWWOHPHQW�RI�

VKDOORZ�IRXQGDWLRQV�EHFDXVH�'07�SURYLGHV�D�PRGXOXV���
x� '07�HTXLSPHQW�LV�PHFKDQLFDOO\�YHU\�VLPSOH��HDV\�WR�UHSDLU��DQG�IXOO\�SRUWDEOH���
�



�3UDFWLFDO����4XLFN��VLPSOH��HFRQRPLFDO��UHSURGXFLEOH��
9DULHW\�RI�LQVHUWLRQ�HTXLSPHQW�
�

$�� '07�LV�IDVW��HFRQRPLFDO��DQG�HDV\�WR�SHUIRUP��7\SLFDO�WHVW�VHTXHQFH�UHTXLUHV�
DERXW�����PLQXWHV��(LJKW\�WR�����IHHW�RI�'07�SHU�GD\�LV�XVXDO��

%�� '07�GDWD�LV�KLJKO\�UHSURGXFLEOH�DQG�WHVW�UHVXOWV�DUH�PXFK�OHVV�RSHUDWRU�
GHSHQGHQW�WKDQ�ZLWK�VRPH�RWKHU�LQ�VLWX�WHVWV��

&�� 6RLO�SDUDPHWHUV�DUH�PHDVXUHG�LQ�VLWX��ZKLFK�UHGXFHV�WKH�GHOD\�DQG�FRVWV�RI�
ODERUDWRU\�WHVWLQJ���

�
�&RQFHSWXDO��
x� '07�D�WZR�SDUDPHWHU�WHVW��RQH�UHODWHG�WR�VWUHVV�KLVWRU\��GRPLQDWLQJ�VRLO�EHKDYLRU���
x� )ODW�EODGH�§�DYRLGV�DUFKLQJ�W\SLFDO�RI�F\OLQGU��3UREHV�
x� 0�DQG�.'�KLJKO\�VHQVLWLYH�HYHQ�WR�VOLJKW�PRGLILFDWLRQV�
x� :HOO�EDODQFHG�ZHDOWK�RI�GDWD��EHVLGHV�PHFKDQLFDO��GHWHUPLQHV�8R�LQ�VDQG�DQG�

YDULRXV�IORZ�SURSHUWLHV��
�
6(77/(0(17�&$/&8/$7,216�
x� /RZHU�LQVHUWLRQ�GLVWRUWLRQ�
x� 7KH�PRGXOXV�REWDLQHG�E\�H[SDQGLQJ�D�PHPEUDQH��D�PLQL�ORDG�WHVW��PRUH�FORVHO\�

FRUUHODWHG�WR�LQ�VLWX�VRLO�PRGXOXV�WKDQ�D�SHQHWUDWLRQ�UHVLVWDQFH��
0GPW�LV�WKH�RQO\�PRGXOXV�WDNLQJ�URXWLQHO\�LQWR�DFFRXQW�SRVVLEOH�KLJK�ıK��DOVR�IHOW��WKDW�
UHGXFH�FRQVLGHUDEO\�VRLO�FRPSUHVVLELOLW\��0DVVDUVFK��'HOKL��������

Disa d v a n t a g es: 
x� 7KH�SODWH�SHQHWUDWLRQ�GLVWXUEV�WKH�VRLOV��
x� '07�FDQQRW�EH�XVHG�LQ�FREEOHV��ERXOGHUV�DQG�URFNV���3HQHWUDWLRQ�GHSWK�LV�OLPLWHG�LQ�

WKH�VWURQJHVW�VRLOV�ZKHUH�WKH�EODGH�DQG�PHPEUDQH�FDQ�EH�GDPDJHG��
x� 3HUIRUPLQJ�D�'07�UHTXLUHV�VNLOOHG�RSHUDWRU��
x� 0HWKRGV�XVHG�WR�REWDLQ�WKH�VRLO�SDUDPHWHUV�DUH�PDLQO\�EDVHG�RQ�FRUUHODWLRQV��GLUHFW�

PHWKRGV��LQVWHDG�RI�WKHRU\���7KHUHIRUH��FRUUHODWLRQV�FDQ�EH�FRQVLGHUHG�UHOLDEOH�RQO\�
XQGHU�FRQGLWLRQV�VLPLODU�WR�WKRVH�IURP�ZKLFK�WKH�FRUUHODWLRQV�ZHUH�GHULYHG���8QGHU�
GLIIHULQJ�FRQGLWLRQV�FRUUHODWLRQV�VKRXOG�EH�YHULILHG�RQ�WKH�EDVLV�RI�ORFDO�H[SHULHQFH��

�
�



O v erv ie w  
x� 7KH�IODW�GLODWRPHWHU�LV�D�EODGH�VKDSHG�SUREH�KDYLQJ�D�WKLQ�FLUFXODU�VWHHO�PHPEUDQH�

PRXQWHG�IOXVK�RQ�RQH�IDFH���

x� 5HVXOWV�RI�'07�WHVWV�DUH�PRVWO\�XVHG�WR�REWDLQ�LQIRUPDWLRQ�RQ�VRLO�VWUDWLJUDSK\��LQ�
VLWX�VWDWH�RI�VWUHVV��GHIRUPDWLRQ�SURSHUWLHV��VKHDU�VWUHQJWK��KRPRJHQHLW\��YRLGV�RU�
FDYLWLHV�DQG�GHSWK�WR�ILUP�OD\HUV���

x� 7KH�WHVW�FRQVLVWV�RQ�LQVHUWLQJ�YHUWLFDOO\�LQWR�WKH�VRLO�D�EODGH�VKDSHG�VWHHO�SUREH�ZLWK�
D�WKLQ�H[SDQGDEOH�FLUFXODU�VWHHO�PHPEUDQH�PRXQWHG�IOXVK�RQ�RQH�IDFH�DQG�
GHWHUPLQLQJ��DW�VHOHFWHG�GHSWKV�RU�LQ�D�VHPL�FRQWLQXRXV�PDQQHU��WKH�FRQWDFW�
SUHVVXUH�H[HUWHG�E\�WKH�VRLO�DJDLQVW�WKH�PHPEUDQH�ZKHQ�WKH�PHPEUDQH�LV�IOXVK�
ZLWK�WKH�EODGH�DQG�VXEVHTXHQWO\�WKH�SUHVVXUH�H[HUWHG�ZKHQ�WKH�FHQWUDO�
GLVSODFHPHQW�RI�WKH�PHPEUDQH�UHDFKHV������PP��

x� 7KH�'07�WHVW�LV�PRVW�DSSURSULDWH�LQ�FOD\V��VLOWV�DQG�VDQGV�ZKHUH�DOO�SDUWLFOHV�DUH�
VPDOO�FRPSDUHG�WR�WKH�VL]H�RI�WKH�PHPEUDQH���

x� $�VWDQGDUG�WHVW�SURFHGXUH�KDV�EHHQ�DGRSWHG�E\�$670��'HVLJQDWLRQ��'����������
 

E q u ip m e n t :  
7KH�PDLQ�SDUWV�RI�D�GLODWRPHWHU��VHH�LOOXVWUDWLRQ�RQ�SDJH����������

x� 'LODWRPHWHU�EODGH�RU�GLODWRPHWHU�SUREH��7KH�EODGH�VKDSHG�VWHHO�SUREH�WKDW�LV�
LQVHUWHG�LQWR�WKH�VRLO�WR�UXQ�D�'07�WHVW���

x� 0HPEUDQH��7KH�FLUFXODU�VWHHO�PHPEUDQH�WKDW�LV�PRXQWHG�IOXVK�RQ�RQH�IDFH�RI�WKH�
EODGH�DQG�LV�H[SDQGHG�ZKHQ�DSSO\LQJ�D�JDV�SUHVVXUH�DW�LWV�EDFN���

x� 6ZLWFK�PHFKDQLVP��7KH�DSSDUDWXV�KRXVHG�LQVLGH�WKH�EODGH��EHKLQG�WKH�PHPEUDQH��
ZKLFK��DFWLYDWHV�DQG�GLVFRQQHFWV�DQ�HOHFWULF�FLUFXLW�ZKLFK�LQ�WXUQ�UHVSHFWLYHO\�VHWV�RII�
DQG�RQ�DQ�DXGLR�DQG�RU�YLVXDO�VLJQDO�ZKHQ�WKH�PHPEUDQH�H[SDQGV�DQG�UHDFKHV�WZR�
SUHVHW�GHIOHFWLRQV�HTXDO�WR������PP��OLIW�RII��DQG�����PP�UHVSHFWLYHO\���

x� 3QHXPDWLF�HOHFWULF�ELD[LDO�FDEOH��7KH�FDEOH�WKDW�FRQQHFWV�WKH�FRQWURO�XQLW�WR�WKH�
EODGH��GHOLYHUV�JDV�SUHVVXUH�DW�WKH�EDFN�RI�WKH�PHPEUDQH��DQG�SURYLGHV�HOHFWULF�
FRQWLQXLW\�EHWZHHQ�WKH�FRQWURO�XQLW�DQG�WKH�VZLWFK�PHFKDQLVP���



x� �&RQWURO�DQG�FDOLEUDWLRQ�XQLW��$�VHW�RI�VXLWDEOH�GHYLFHV�FDSDEOH�RI�VXSSO\LQJ�JDV�
SUHVVXUH�WR�WKH�EDFN�RI�WKH�PHPEUDQH�DQG�PHDVXULQJ�WKH�SUHVVXUH�ZKHQ�WKH�VZLWFK�
PHFKDQLVP�DFWLYDWHV�DQG�GLVFRQQHFWV�WKH�HOHFWULF�FRQWDFW�EHKLQG�WKH�PHPEUDQH���

x� *URXQG�FDEOH��$�FDEOH�FRQQHFWLQJ�WKH�FRQWURO�XQLW�WR�WKH�JURXQG���

x� 3UHVVXUH�VRXUFH��$�SUHVVXUL]HG�JDV�WDQN�ILOOHG�ZLWK�DQ\�GU\�QRQIODPPDEOH�DQG�
QRQ�FRUURVLYH�JDV���

�

T est in g p roce d u re : 
2YHUYLHZ�RI�WKH�'07��

x� 0HPEUDQH�FDOLEUDWLRQ��7KH�SURFHGXUH�WR�GHWHUPLQH�WKH�PHPEUDQH�FDOLEUDWLRQ�
SUHVVXUHV�HTXDO�WR�WKH�VXFWLRQ�DQG�WKH�SUHVVXUH�WKDW�PXVW�EH�DSSOLHG�LQ�DLU�WR�WKH�
EDFN�RI�WKH�PHPEUDQH�WR�UHWUDFW�LWV�FHQWHU�WR������PP�RU�WR�H[SDQG�LW������PP�
UHVSHFWLYHO\���

x� 'LODWRPHWHU�SURILOLQJ��7KH�H[HFXWLRQ�RI�D�VHTXHQFH�RI�GLODWRPHWHU�WHVWV�IURP�WKH�
VDPH�VWDWLRQ�DW�JURXQG�OHYHU�DORQJ�D�YHUWLFDO�GLUHFWLRQ�DW�FORVHO\�VSDFHG�LQWHUYDOV�
ZLWK�GHSWK�LQFUHPHQWV�UDQJLQJ�EHWZHHQ�����PP����LQFKHV��DQG�����PP�
����LQFKHV����

�
�
�
�



'07�3DUDPHWHUV��
7KH�YDULRXV�'07�SDUDPHWHUV�DUH�GHILQHG�DV�IROORZV���

x� $�3UHVVXUH��7KH�SUHVVXUH�WKDW�PXVW�EH�DSSOLHG�WR�WKH�EDFN�RI�WKH�PHPEUDQH�WR�
H[SDQG�LWV�FHQWHU������PP��OLIW�RII��LQ�VRLO���

x� %�3UHVVXUH��7KH�SUHVVXUH�WKDW�PXVW�EH�DSSOLHG�WR�WKH�EDFN�RI�WKH�PHPEUDQH�WR�
H[SDQG�LWV�FHQWHU������PP�LQ�VRLO���

x� '$�PHPEUDQH�FDOLEUDWLRQ�SUHVVXUH��7KH�VXFWLRQ��UHFRUGHG�DV�D�SRVLWLYH�YDOXH��WKDW�
PXVW�EH�DSSOLHG�WR�WKH�EDFN�RI�WKH�PHPEUDQH�WR�UHWUDFW�LWV�FHQWHU�WR�WKH������PP�
GHIOHFWLRQ�LQ�DLU���

x� '%�PHPEUDQH�FDOLEUDWLRQ�SUHVVXUH��7KH�SUHVVXUH�WKDW�PXVW�EH�DSSOLHG�WR�WKH�EDFN�
RI�WKH�PHPEUDQH�WR�H[SDQG�LWV�FHQWHU�WR�WKH������PP�GHIOHFWLRQ�RI�DLU���

x� '$DYJ�DQG�'%DYJ��7KH�DYHUDJHG�YDOXHV�RI�WKH�PHPEUDQH�FDOLEUDWLRQ�SUHVVXUHV�
REWDLQHG�IURP�WKH�UHVSHFWLYH�YDOXHV�RI�'$�DQG�'%�PHDVXUHG�EHIRUH�DQG�DIWHU�HDFK�
GLODWRPHWHU�SURILOLQJ�RU�D�VLQJOH�GLODWRPHWHU�WHVW���

x� =P�SUHVVXUH��$Q\�JDJH�SUHVVXUH�GHYLDWLRQ�IURP�]HUR�ZKHQ�YHQWLQJ�WKH�EODGH�WR�
DWPRVSKHULF�SUHVVXUH��

x� 3���WKH�VRLO�SUHVVXUH�DJDLQVW�WKH�PHPEUDQH�ZKHQ�LW�LV�IOXVK�ZLWK�WKH�EODGH��H�J��DW�
�����PP�H[SDQVLRQ���DOVR�WHUPHG�FRQWUDFW�SUHVVXUH��

x� 3���WKH�VRLO�SUHVVXUH�DJDLQVW�WKH�PHPEUDQH�ZKHQ�LWV�FHQWHU�LV�H[SDQGHG������PP��

x� 8���WKH�LQ�VLWX�SRUH�ZDWHU�SUHVVXUH�SULRU�WR�EODGH�LQVHUWLRQ�DW�WKH�HOHYDWLRQ�RI�WKH�
FHQWHU�RI�WKH�PHPEUDQH��

x� V���7KH�LQ�VLWX�HIIHFWLYH�YHUWLFDO�VWUHVV�SULRU�WR�EODGH�LQVHUWLRQ�DW�WKH�HOHYDWLRQ�RI�WKH�
FHQWHU�RI�WKH�PHPEUDQH�

x� �,'07��GLODWRPHWHU�PDWHULDO�LQGH[��$Q�LQGH[�UHODWHG�WR�WKH�W\SH�RI�VRLO��

x� .'07��GLODWRPHWHU�KRUL]RQWDO�VWUHVV�LQGH[��$Q�LQGH[�UHODWHG�WR�WKH�LQ�VLWX�KRUL]RQWDO�
VWUHVV��

x� ('07��GLODWRPHWHU�PRGXOXV��$�SDUDPHWHU�UHODWHG�IURP�WKHRU\�WR�WKH�PRGXOXV�RI�
HODVWLFLW\�RI�VRLO���

�
�
�
�



I nse r t io n Ap p a ra t us 

7KH�HTXLSPHQW�IRU�LQVHUWLQJ�WKH�GLODWRPHWHU�EODGH�LQWR�WKH�VRLO�LV�FRPSULVHG�RI��

x� $�WKUXVW�PDFKLQH�WR�LQVHUW�DQG�DGYDQFH�WKH�GLODWRPHWHU�EODGH�LQWR�WKH�VRLO��
¾� 'LYLQJ�VKRXOG�EH�DYRLGHG�H[FHSW�ZKHQ�DGYDQFLQJ�WKH�EODGH�WKURXJK�VWLII�RU�

VWURQJO\�FHPHQWHG�OD\HUV��ZKLFK�FDQQRW�EH�SHQHWUDWHG�E\�VWDWLF�SXVK��

¾� 7KH�WKUXVW�PDFKLQH�VKRXOG�EH�FDSDEOH�RI�DGYDQFLQJ�WKH�EODGH�YHUWLFDOO\�ZLWK�QR�
VLJQLILFDQW�KRUL]RQWDO�RU�WRUVLRQDO�IRUFHV���

x� 3XVK�URGV�ZLWK�VXLWDEOH�DGDSWHUV�WR�FRQQHFW�WKH�EODGH��

x� +ROORZ�VORWWHG�DGDSWHUV�IRU�ODWHUDO�H[LW�RI�WKH�SQHXPDWLF�HOHFWULFDO�FDEOH�

�
M e m bra n e C a lib r a t io n 

x� 7KH�PHPEUDQH�LV�FDOLEUDWHG�WR�PHDVXUH�WKH�YDOXHV�RI�WKH�Ʃ$�VXFWLRQ�DQG�Ʃ%�
SUHVVXUH�ZLWK�WKH�GLODWRPHWHU�HTXLSPHQW�DVVHPEOHG�DQG�UHDG\�IRU�WHVWLQJ�
LPPHGLDWHO\�EHIRUH�LQVHUWLQJ�WKH�EODGH�LQWR�WKH�VRLO��

x� $SSO\�VXFWLRQ�WR�WKH�EDFN�RI�WKH�PHPEUDQH�WR�PHDVXUH�VWLIIQHVV�RI�WKH�PHPEUDQH��

x� $SSO\�SUHVVXUH�EHKLQG�WKH�PHPEUDQH�WR�GHWHUPLQH�WKH�HODVWLFLW\�RI�WKH�PHPEUDQH��

x� (VSHFLDOO\�ZKHQ�WHVWLQJ�VRIW�VRLOV��WKH�PHPEUDQH�FDOLEUDWLRQ�VKRXOG�EH�SHUIRUPHG�
VHYHUDO�WLPHV�WR�DVVXUH�WKDW�WKH�YDOXHV�RI�Ʃ$�DQG�Ʃ%�IDOO�ZLWKLQ�SUHVFULEHG�OLPLWV�DQG�
DUH�FRQVLVWHQWO\�UHSHDWDEOH��

�
�
�
�
�
�
�
�
�
�
�



� � 0HDVXUHPHQWV�XVHG�WR�FRQYHUW�GLODWRPHWHU�GDWD�WR��
VRLO�SURSHUWLHV�IRU�HQJLQHHULQJ�GHVLJQ��

�
)LHOG�'DWD��
�D��WHVW�UHDGLQJV�$�DQG�%�FRUUHFWHG�XVLQJ�HTXLSPHQW�FDOLEUDWLRQV��

S�� �¦�$���S�� �¦¶�%���
�E��HVW¶G���RU�&�UHDGLQJ��LQ�VLWX�SUH�ZDWHU��X��VHH�1RWH�����SUHVVXUH��
�F��HVW¶G��LQ�VLWX�HIIHFWLYH�YHUWLFDO�VWUHVV��ıY¶� ��ıY�±�X���
�G��HVW¶G��'07�EHDULQJ�FDSDFLW\��T'��2EWDLQHG�IURP�WKUXVW� �3�GDWD��

�
'07�,QGLFHV���
� 0DWHULDO�,QGH[��D�QRUPDOL]HG�PRGXOXV��

,'� �¦�$�%�X�� ��S��±�S����S��±�X���
� +RUL]RQWDO�6WUHVVHV�,QGH[��D�QRUPDOL]HG�ODWHUDO�VWUHVV��

.'� �¦�$�X�ıY¶�� ��S��±�X���ıY¶�
� 'LODWRPHWHU�0RGXOXV��WKHRUHWLFDO�HODVWLF�PRGXOXV��

('� �¦�$�%�� ������S��±�S���
�
,QWHUSUHWHG�6RLO�(QJLQHHULQJ�3URSHUWLHV��
� 6RLO�7\SH�
�
� � ,'� �¦�S��S��X��� �¦�$�%�X�� � � HPSLULFDO�
� /DWHUDO�6WUHVV��GUDLQHG��
� � .���VDQG�� �¦�.'��ĭ¶�� �¦�$�ıY¶�X��T'�� VHPL�HPSLULFDO�
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GUIDELINES FOR DRILLING IN AND NEAR EMBANKMENT DAMS  
AND THEIR FOUNDATIONS 

 
1.0 INTRODUCTION/PURPOSE 
 
1.1 Objective 
 
The primary purpose of this document is to provide guidance for drilling in and near 
embankment dams and their foundations.  Of special emphasis is the prevention of damage to the 
embankment, structures, and their foundations from hydraulic fracturing, heave, erosion, 
filter/drain contamination, or other mechanisms during drilling-related activities.     
 
The need for any investigation (drilling, testing, etc.) at a dam site should have been presented to 
and accepted by FERC prior to developing an investigation program requiring drilling activities 
in or adjacent to a dam.  In addition, it should have been demonstrated that any potential damage 
to the structure created by the drilling and associated processes is outweighed by the need for the 
drilling data.  It is not the purpose of this document to provide an all-inclusive guidance or best 
practices on considerations for the development of a subsurface exploration or investigation 
program for a dam. 
 
A guiding principle inherent in any potential dam investigation or testing is DO NO HARM.  In 
developing investigation plans it is important to identify the potential risks and develop and 
implement plans to mitigate, manage, or avoid those risks.  
  
These guidelines are appropriate for FERC-regulated embankment dam or other earthen water 
retaining structures (levee, canal embankment, etc.) – any earthen structure that’s responsible for 
holding back water or serves to provide direct support to the feature or element that is holding 
back the water, including its foundation. 
 
Much of the information in Sections 3.0 and 4.0 of these guidelines have been taken from or 
modified from the following documents: 
 

1. U.S. Army Corps of Engineers, “Drilling in Earth Embankments and Levees”, ER 1110-
1-1807, Washington, DC, December 31, 2014. 

 
2. Bureau of Reclamation, “Guidelines for Drilling and Sampling in Embankment Dams”, 

Denver, CO, August 2010. 
 
1.2 Scope    

 
Much of the information contained in this guideline has principles and applications to other 
forms and purposes of investigation, maintenance, construction, modification, or other activity 
that physically penetrates the dam or foundation, including: 
 

x� Test pits/trenches 
x� Drilling holes/borings and probes 
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x� Dynamic loads/pulses/blasts 
x� Excavations, including grading/regrading and foundation installations/construction 
x� Utility installation, including buried conduits, utility vaults, utility poles, etc. 
x� Concrete removal/demolition 
x� Drain and relief well cleaning/maintenance 
x� Toe drain/drainage feature  modifications/repair 
x� Penetrations, including conduits, horizontal drilling activities, etc. 
x� Grouting or other pressure injection/testing activities 
x� Removal of large vegetation, trees, and root balls  

 
These apply to any area subject to seepage pressures, stability influences or have the potential to 
cause harm to the water retaining structure or its foundation.   
 
2.0 BACKGROUND 
 
There is a very real potential for damaging structures during the drilling process if these 
guidelines are not followed.  Damage created by hydraulic fracturing during the drilling process 
(use of inappropriate drilling methods), improper in-situ sampling techniques, and/or 
unacceptable methods of completing (backfilling) borings can open seepage paths which could 
create conditions conducive to internal erosion (piping) and ultimately dam failure.  Although 
not particularly well documented, there are a number of case histories that have highlighted the 
potential dangers that can happen as the result of improper planning, using improper drilling 
methods in dams, not having the appropriate drilling equipment and contingency plans, not 
having knowledgeable field staff present on-site during the drilling operations, and other factors 
(France, 2002).    
 
There is also some not well publicized guidance on precautions in developing investigation 
programs, precautions on appropriate drilling methods, and other ‘rules of thumb’ that are 
important to consider and others that should be avoided. 
 
Drilling in embankments often does not provide conclusive data related to seepage and piping 
problems within a structure.  The chance of finding a disturbed zone in a dam by drilling is 
small, and there could be great risk.  Piezometers can be installed to monitor seepage problems, 
but they are only effective if the problem area is known.  One case for drilling into embankments 
could be to collect samples to evaluate filter criteria of transition zones within the structure.  This 
can be accomplished with shallow drilling, preferably above the phreatic surface in the dam and 
sometimes at angles into the structure to target transition zones.  Holes could be drilled from the 
crest or downstream shell of the structure, index tests performed, and soil samples obtained.  
Care must be taken during drilling to be sure that internal drainage features are not damaged or 
contaminated.  If drilling must be performed in a dam subject to seepage and piping problems, 
seepage flows need to be monitored continuously during the investigation, and drilling fluids 
need to be controlled as discussed in the section on drilling. 
 
Dams with seepage problems may require investigation to determine the condition, location, or 
even whether drains exist in the structure.  In these cases, test pit excavations may be attempted. 
However, the possibility for piping of the foundation into an excavation or drill hole could exist 
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and should be carefully assessed.  Some dams already may have evidence of critical gradient 
development at the toe or into drains or manholes.  Drilling at the toe of the dam is risky even if 
seepage is not evident.  If there is concern about the occurrence of piping, a contingency plan 
must be developed.  For example, for test pitting at the toe, if critical gradient piping is a 
concern, materials to stop progressive erosion in the trench must be ready.  For this situation, it is 
recommended to stockpile fine (C33 concrete sand) and coarse processed aggregates and 
geotextiles at or near the site to filter and plug the excavation.  If drill holes must be advanced 
under a critical gradient condition, one should consider the construction of drill berms at the toe. 
 
Liquefaction investigations often require drilling through the shell or crest of a dam to perform 
standard penetration tests (SPTs) in embankment core and/or unconsolidated foundation 
materials under the structure.  Testing can also be performed at the downstream toe, but these 
soils often are not consolidated like those under the dam, and at times it is preferable to test the 
material under the structure.  However, holes are often drilled in alluvium at the toe of a 
structure.  Materials also can be investigated in accessible test pits to evaluate the density of the 
soil.  In some cases, drilling can be performed from the crest of the dam as long as the cutoff 
trench or wall is not penetrated. Access roads may be required on the downstream slope or, in 
rarer occurrences, on the upstream slope if water levels allow. 
 
The preferred method of determining SPT results in loose sands below the water table is by fluid 
rotary drilling where the mud pressures and hydrostatic forces can be used to stabilize the sands.  
However, in locations that include concerns with possible hydraulic fracturing, use of hollow-
stem augers (HSA) is preferred.  
 
In 2000, a FEMA-sponsored workshop was convened with a group of experts with respect to 
dam safety issues associated with seepage through embankments and their foundations (FEMA, 
2000).  As part of that workshop, the participants offered the following recommendations 
relative to the investigation and monitoring of seepage problems and concerns: 
 

ͻ� Although actual investigation practices vary widely, it was the consensus of the 
workshop participants that the recommended state-of-the-practice should be that drilling 
should not be done in the core of an existing embankment dam unless absolutely 
necessary, and then only with carefully planned precautions and dry drilling (e.g., auger) 
methods. The risk of hydraulic fracturing is too great to support drilling in the core 
without appropriate justification. 

 
ͻ� It was the consensus of the workshop participants that drilling or test pitting should not 

be done at the downstream toe of a dam with water stored in the reservoir, without 
contingency plans and stockpiling of weighted filter materials (e.g., sand and gravel) to 
be used in the event of a seepage incident. It is also essential that such explorations be 
completed with the on-site presence of experienced personnel with the knowledge to 
react appropriately to any seepage incidents that may occur. 

 
ͻ� It was the consensus of the workshop participants that they generally advised against 

installing piezometers in an embankment core, unless there were very compelling reasons 
for the instruments. The workshop participants felt that, in most cases, piezometers in the 
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core do not provide significant additional understanding of the performance of the dam 
beyond that which can be obtained from piezometers in the upstream and downstream 
shells, which are much safer locations for the instruments. 

 
ͻ� Piezometers are tools whose careful installation and subsequent data interpretation, in 

conjunction with other investigative techniques, may provide valuable information in 
diagnosing seepage conditions. However, the limitations of what the piezometers record 
must be recognized, and the piezometer data must be used in conjunction with other 
information (e.g., seepage rates, seepage locations, etc.) to correctly diagnose seepage 
conditions.  Since piping channels in embankments are often relatively long, narrow 
features, it is highly unlikely that piezometers will be located at exactly the correct 
locations to provide direct data regarding the piping phenomenon. 

 
3.0 PLANNING/PROJECT INFORMATION 
 
When planning an investigation program, the first consideration is if the need for the data to be 
collected justifies the cost and potential risk to the structure created by the data collection 
process.  A determination of potential consequences if no action is taken should be made.  These 
consequences should include both risk and likelihood for worsening conditions, which could 
drive up future cost of remediation if required.  When and where possible, the determination of 
consequences should be performed with available data.  However, a scaled down investigation 
program may be required before an adequate assessment can be performed. 
 
If data collection is justified, a multidiscipline exploration team should be formed to determine 
exploration components required to adequately address the data needs.  The exploration team 
should consist of engineers, geologists, and others with the requisite knowledge and experience 
in planning and conducting field exploration programs for dams.  The exploration team should 
thoroughly discuss data needs and investigation plans to ensure compatibility.  
 
A thorough search of all available records should precede any investigation program.   Sources 
of information that could be useful in evaluating the need to collect additional data include: 
 

ͻ� Geologic mapping, logs, and reports from previous investigations and construction 
ͻ� Owner and FERC project files 
ͻ� Supporting Technical Information (STI) document 
ͻ� Current and past consultant files 
ͻ� Records of design and construction, including photographs 
ͻ� Archived records 
ͻ� Project records at field offices and at the project site. 

 
The exploration program should consider: 
 

ͻ� Purpose of the investigation 
ͻ� Cost of the exploration 
ͻ� Required sample type and size (disturbed or undisturbed) 
ͻ� Acceptable drilling and investigative methods 
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ͻ� Depth, diameter, and inclination of drilling required 
ͻ� Materials to be drilled and sampled 
ͻ� Utilities, surface and underground obstacles, and accessibility 
ͻ� Location of any seepage cutoff walls, blankets and drainage features and pipes 
ͻ� Dam foundation geometry and drilling hazards 
ͻ� Instrumentation and completion requirements 

 
The investigation may also require clearances, permits, and traffic control plans.  The 
investigation schedule must allow time to obtain clearances and permits.  In most cases, National 
Environmental Policy Act (NEPA) compliance activities will be required.  Under the National 
Historic Preservation Act, some sites may require inspection by an archeologist and a permit 
from the State Historic Preservation Officer (SHPO). 
 
4.0 DRILLING ACTIVITIES 
 
4.1 General 
 
Drilling into, in close proximity to, or through dams and their foundations may pose significant 
risk to the structures.  Water, compressed air, and various drilling fluids have been used as 
circulating media while drilling through dams and their foundations.  Although these methods 
have been successful in accomplishing the intended purposes, there have been incidents of 
damage to embankments and foundations (Sherard, 1973).  While using air (including air with 
foam), there have been reports of loss of circulation with pneumatic fracturing of the 
embankment as evidenced by connections to other borings and blowouts on embankment slopes.  
While using water and drilling mud as the circulating medium, there have been similar reports of 
erosion and/or hydraulic fracturing of the embankment or foundation materials.  Conversely, 
there have been cases where heave, borehole collapse, and significant disturbance have occurred 
while drilling in granular materials below the groundwater level.  This typically has been the 
result of not using a proper drilling fluid to balance the water pressures in the soil or using high 
energy systems that induce heave in order to evacuate the cuttings.  There is a delicate balance 
between too much induced fluid pressure that will cause hydraulic fracture and not enough fluid 
pressure that will result in borehole instability, heave, or significant sample disturbance.  Other 
potential damaging effects include: creating preferential seepage paths due to improper 
backfilling, inadequate protection of embankment from drilling fluids during foundation rock 
coring, erosion and widening of cracks, and inadvertently clogging filters or drains with drilling 
fluid or grout.   
 
All drilling and associated activities that use fluid or other circulation or stabilization media need 
to be evaluated for the potential to hydraulically fracture the embankment or foundation.  These 
activities include but are not limited to the use of drilling fluids, backfilling borings after 
completion, backfill grouting of instrumentation, backfill grouting of casings, water testing for 
permeability, piezometer rehabilitation, etc.  The risk will vary with the selected methods and the 
site conditions.  Every drilling operation must be well thought out and must have benefits of 
successful completion that confidently outweigh the risk of potential negative impacts.   
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4.2 Drilling Hazards 
 
The following is a brief discussion of some common drilling hazards that must be considered, 
evaluated, and mitigated for in developing and implementing an exploration program.   
 
4.2.1 Hydraulic Fracturing 
 
Excessive pressures from water, air, drilling fluid, or grout can fracture embankment and 
foundation materials.  Hydraulic fracturing problems have occurred while drilling in 
embankments as evidenced by reports of loss of fluid circulation, blowouts into nearby borings, 
seepage of drilling fluids on the face of the embankment, and other similar situations.  Hydraulic 
fracture can occur in both cohesive materials and cohesionless materials, and bedrock.  It has 
been found that in soils, hydraulic fracturing can occur when the borehole pressure exceeds the 
lowest total confining stress (minimum principal stress, σ3) plus some additional strength 
(Sherard, 1986).  The additional strength can be approximated by the undrained shear strength of 
the soil.  The minor principal confining stress (σ3) in a normally consolidated soil with a level 
ground condition is typically the horizontal stress, which can be reasonably estimated.  However, 
the minor principal confining stress in and under an embankment is difficult to determine and 
can vary significantly from idealized geostatic conditions.  Effects from the side slope geometry, 
piezometric surface, abutment configuration, foundation rock geometry, embedded structures, 
compaction stress, and settlement history all are significant and can influence in-situ stress 
conditions.  Typical drilling methods that use circulation fluids can quickly create induced fluid 
pressures that exceed the minimum confining stress.  This often occurs when the return path for 
the fluid clogs or blocks off and the induced fluid pressures quickly increase.  The use of non-
pressurized stabilizing fluids is preferable, yet in some subsurface conditions, hydraulic fracture 
can occur under gravity pressure.  Low stress zones may exist within and under embankments.   
It is possible for the confining stress in these locations to be much less than the gravity pressure 
exerted by a drilling fluid or grout.   
 
Certain embankment locations and conditions have a higher potential for hydraulic fracturing 
due to geometric configurations that create zones of low confining stress.  Sherard 1973 and 
1986 are good references that provide a comprehensive evaluation of the issues along with 
numerous case histories.  Locations and conditions where hydraulic fracturing by drilling media 
is more likely to occur and have the higher potential of damaging the structure include the 
following:  
 

ͻ� Near and over steep abutments that create low confining or tensile stress conditions. 
•  Adjacent to rock overhangs on abutments. 
•  Adjacent to buried structures or abrupt foundation geometry change that creates a 

differential settlement condition and a zone of lower soil stress transfer. 
•  Adjacent to conduits where narrow zones of soil backfill were placed between the 

structure and rock face. 
•  Dam cores that can experience more settlement than the adjacent shells. 
•  Dams in very narrow valleys.  Arching keeps full confining stresses from developing. 
•  Near abutments where abrupt changes in geometry occur. 
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•  In areas where the embankment is subject to differential settlement due to large 
differences in thickness of adjacent compressible foundation or embankment soils. 

 
Accurately estimating in-situ embankment stresses can be difficult for the conditions listed 
above.  In some cases, it may be helpful to calculate static stresses including seepage forces 
within the embankment.  The results of such computations can aid in evaluating the maximum 
applied drilling fluid pressures or static grouting head for borehole backfill.  However, with any 
such computation, judgment is required in applying the results.   
 
Additional references on hydraulic fracturing are included in Appendix A. 
 
4.2.2 Artesian Conditions/Blowout 
 
In situations where the presence of higher fluid pressures in the subsurface materials is 
suspected, either at the ground surface or at depth, it may be necessary to install a surface casing 
to control artesian pressures if the pressures are anticipated to be significant and/or derived 
directly from reservoir head.  Surface casing of slightly larger diameter than the augers or drill 
string to be used is grouted in place and allowed to set prior to advancing the borehole to depth.  
If flow from the borehole occurs, the surface casing provides a means of controlling it by 
blocking off the space between the augers/drill rods and well casing.  When the static water level 
is very near the ground surface or artesian conditions prevail, one should consider elevating the 
drilling rig on a temporary drill berm to raise the drill hole collar elevation.  In extreme cases, the 
berm should consist of filter zones.  Specific details such as height of the drill pad and amount of 
surface casing must be developed on a case-by-case basis dependent upon specific conditions 
present at the site.  Even if artesian pressures are not expected at a given site, potential risk 
requires contingency plans be in place in case these conditions arise. 
 
If holes must be advanced at the toe of a dam that has a critical gradient condition, planning and 
precautions should be developed.   In all cases, issues of this nature should be identified and 
addressed by the exploration team prior to commencement of work.  In these areas, it is 
necessary to maintain a positive hydrostatic pressure on the drill hole to prevent a “blowout.”  In 
instances when higher pressures are not anticipated, the addition of commercial densifiers to the 
drill mud may successfully address the concern.   
 
4.2.3 Erosion 
 
The introduction of drilling fluids into cracks, either existing or formed by hydraulic fracture, 
can potentially cause erosion along the crack walls. This will enlarge the crack and could lead to 
an increased potential for internal erosion.  Existing subsurface cracks are common in many 
dams and are often the result of differential settlement. The locations most at risk for existing 
cracks are typically the same areas that have low confining stress and have the highest risk for 
hydraulic fracture to occur. 
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4.2.4 Contamination of Filter/Drainage Features 
 
In addition to hydraulic fracturing, the use of drilling fluids can pose a contamination risk for 
internal drainage features if the drill fluid or sealing grout migrates into and clogs the drain or 
filter materials.  Avoid drilling near drains or seepage blankets that may become contaminated 
by fluids.  If drain penetration is justified, special provisions must be taken to prevent 
contamination.  Special provisions may also be required for protecting the drainage features 
while backfilling the hole (such as placement of filter material through the zone of the drain or 
filter and installing lower and upper seals). 
 
4.2.5 Heave and Sample Disturbance 
 
Drilling programs that include performing in-situ tests or undisturbed sampling may require the 
use of drilling fluid to offset the confining stress relieved by the drilling of the hole.  There have 
been cases where the failure to prevent stress relief or heave of granular soils below the water 
table have led to invalid in-situ test results and subsequently invalid interpretation of the 
subsurface conditions.  This has occurred for both tests performed in drill holes and test 
performed in casings installed by methods that did not control heave or disturbance.   
 
BOR (1999) contains methods to deal with heaving sands while drilling and performing Standard 
Penetration Tests.  If high quality undisturbed samples of fine grained soils are required for shear 
strength testing, then drilling mud may be required to prevent the soil from failing in undrained 
triaxial extension.  See Ladd and DeGroot (2004) for a discussion on clay sample disturbance 
due to drilling. 
 
Prior to embarking on any drilling activity, the exploration team should consider, at a minimum, 
these potential drilling hazards and develop the drilling plans to avoid or mitigate these hazards.  
If the hazards cannot be avoided, then the risks must be evaluated and mitigated in the drilling 
plan. 
 
4.3 Drilling Methods 
 
There are numerous drilling methods available to perform geotechnical investigations.  The 
American Society of Testing and Materials (ASTM D6286) provides a comprehensive guide for 
drilling methods and groups individual practices for eight drilling methods (ASTM, 2006).  
Other good texts on drilling include The Bureau of Reclamations Earth Manual, Part I, Third 
Edition, Chapter 2 (BOR, 1998), the Australian Drilling Manual (ADI, 1992), and the National 
Drill Association Drilling Manual (NDI, 1990).  Details of these drilling methods are not 
discussed in-depth in this guide. 
 
Nine major drilling methods are briefly discussed below.  Table 1 provides a quick reference to 
each method.  All drilling methods that use air or fluid media have the potential to create 
hydraulically-induced fractures.  Air drilling methods use high pressures and are well known for 
causing fracturing with air traveling long distances.  Therefore, drilling with air as the drilling 
medium should never be considered when there is potential to encounter the core of an 
embankment dam. 
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The drilling methods listed below are in order of preference for use in drilling and sampling in 
embankment dams.  Only the first three are considered preferred methods. 
 
All drilling programs in dams should be designed to minimize the need for any drilling fluid such 
as air, gas, water, mud, polymers, slurries or any other drilling fluid that could pressurize the 
borehole soils.  If the drilling objective can be performed using dry methods such as augers or 
sonic drilling they should be employed in lieu of methods that require fluids.  If drilling fluids 
must be used due to the drilling objective or the subsurface conditions, the drilling plan must 
contain an analysis of the potential to cause damage and a plan that covers the measures that will 
be used to minimize the risk (see Section 4.8 for additional information).  The use of pressurized 
air or foam should only be considered when drilling in materials that will not transmit pressures 
to the soil core or other critical features or when the air pressure is reliably isolated from the 
borehole soils.  Drilling in an open graded rockfill shell may be an example of when using air 
may be appropriate.  All drilling programs that propose the use of stabilizing or circulating fluids 
or other media will require an additional level of review. 
 

1. Hollow-Stem Auger – Hollow-stem auguring (HSA) is a preferred method of drilling in 
the core and most other areas of an embankment dam without restriction.  Blowout 
prevention measures, such as sealable surface casing, should be used prior to advancing 
augers in areas where there is potential to encounter artesian conditions.  If no fluid is 
added to the auger column, it does not pressurize the embankment and no potential for 
hydraulic fracturing exists.  However, for SPT testing, it may be required to add some 
fluid to stabilize loose sands and gravels.  In instances when groundwater is encountered 
or fluids are added to the process, the auger string should be raised and lowered slowly to 
avoid pressurization, negatively and positively, respectively, of any open hole.  Using a 
hollow-stem auger permits sampling in the embankment and allows sampling/testing of 
the foundation through the auger's hollow-stem which acts as casing.  Continuous 
sampling is described in ASTM D6151 (ASTM, 2008).  Small diameter cores of 3 to 4 
inches in diameter can be taken in 5-foot-lengths using the split inner sampling barrel.  
High quality, undisturbed samples can be taken with larger diameter HSA (6-inch ID and 
larger) in acrylic liners that provide samples suitable for laboratory testing.   

 
2. Sonic Drilling ASTM D6914 (ASTM, 2010) – Sonic (vibratory) drilling is a preferred 

method of drilling in the core and other areas of embankment dams.  This method uses a 
double casing system and vibrating drill head to set up standing waves or resonance to 
the drill steel to advance the boring.  This method of drilling is favored due to its lack of 
drill fluid and rapid speed of drilling.  The drilling process first advances a core barrel.  
The core barrel is removed, and the sample is extruded while the outer casing is then 
advanced to the end of the sampling run.  There are no cuttings generated, and there is 
some compaction of soil around the annulus of the drill. Crowd-in and crowd-out bits are 
used depending on the formation.  Some water (static water, not under pressure) is 
required for dry cohesive formations to lubricate the drill stem.  The cores, typically 4 to 
5 inches in diameter, are useful for lithology determination and samples may be adequate 
for standard engineering properties laboratory analysis, but does not meet criteria for 
many laboratory tests requiring undisturbed samples (Dustman, et al, 1992).  Since there 
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is uncertainty as to the extent of disturbance to the adjacent foundation material from the 
vibratory drilling process, sonic drilling should not be used if SPT, undisturbed sampling, 
and certain in-situ testing are required. 

 
3. Cable Tool or Churn Drilling ASTM D5783 (ASTM 2000a) – Cable tool or churn 

drilling, with minor restriction, is a preferred method of drilling in embankment dams.  
This is an older method of drilling that is infrequently used.  Drill action is by up and 
down movement of the drill string and jars (bit).  The drill string is regularly pulled and a 
bucket-grab tool is inserted to remove/sample the cuttings.  Water is often added to the 
hole to mix the cuttings into slurry.  SPTs can be completed below the bottom of the 
casing.  This method of drilling is rated high in desirability because it does not use a full 
column of drilling fluid and, therefore, has low potential for fracturing.  Drilling speed is 
fairly comparable to HSA drilling.  One variation of this “chop and drive” technique 
employs continuous circulation of water to bring cuttings to the surface and should not be 
used in the core of an embankment dam. 

 
4. Dual Rotation Drilling ASTM D5781 (ASTM 2000b) – Dual rotation drilling is not a 

preferred method for drilling in embankment dams, and its use in embankment core 
material must be approved by FERC prior to use.  The dual rotary drilling method 
advances both the casing and the drill string/bit separately.  The upper and lower rotary 
drives feed independently by use of separate hydraulic cylinders.  Distances between the 
bit tip and casing shoe are adjustable.  With the bit advancing ahead of the shoe, drilling 
becomes more aggressive.  These bit to shoe relationships allow the pressurized drilling 
medium to come in contact with the unprotected hole wall, and potential for hydraulic 
fracturing increases.  When drilling in embankment core material, the bit should not be 
advanced ahead of the shoe.  In those instances when the bit advances ahead of the shoe 
they should be recorded on the daily drill report and, subsequently, geologic log for 
future reference.  In all cases, use of clear water or air as a drilling medium is not allowed 
in embankment core material.  Fluid pump pressure must remain low and pressures 
carefully monitored when this method is used in or near the embankment core.  When 
starting circulation, pumping should be increased gradually to reduce the occurrence and 
increase the ability to observe evidence of hydraulic fracturing.  A pressure relief valve 
set to the maximum allowable pressure is required.   

 
5. Fluid Rotary Drilling ASTM D5783 (ASTM 2000c) – Fluid rotary drilling is not a 

preferred method for drilling in embankment dams, and its use in embankment core 
material must be approved by FERC prior to use.  This drilling method uses a rotary 
cutting bit with circulation of water or drilling mud (bentonite or polymer).  Cuttings are 
returned to the surface and dropped in settling tanks.  Ideal bentonite drill mud mixtures 
do not exceed 72 lb/ft and have 60- to 70-second marsh funnel viscosities; however, 
higher viscosities may be necessary where artesian conditions are encountered.  Casing is 
often advanced with the boring.  In all cases, use of clear water as a drilling medium 
should not be allowed in embankment core material.  Fluid pressure must be very low 
and carefully monitored when this method is used in or near the embankment core.  
When starting circulation, pumping should be increased gradually to reduce the 
occurrence and increase the ability to maximum allowable pressure is recommended.  
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Fluid rotary is the preferred method for SPT testing for liquefaction (see ASTM D6066), 
where it is recommended to keep the hole full of fluid during the test to stabilize sands.  
Since drilling fluid is being used, this method has a high potential for hydraulic 
fracturing.  Raising and lowering drill bits, sampling tools, and drill rods should be done 
slowly so as not to induce negative fluid pressures or increase fluid pressures.  

 
6. Becker Drilling/Penetration Testing – Becker drilling is not a preferred method for 

drilling in embankment dams, and its use in embankment core material must be approved 
by FERC prior to use.  Becker drilling may be one of two methods.  The closed bit 
system advances a closed bit by means of hammering with a double acting diesel 
hammer.  This method frequently is used in coarser grained material where SPT data 
likely would be invalid.  The open bit method advances an open bit by using of the 
double acting diesel hammer.  In this method, disturbed samples may be collected.  High-
pressure air is forced down the outer annulus of the dual casing system and returned up 
the inner casing.  The returning air carries soil cutting up to the ground surface.  Open bit 
Becker drilling is prohibited when drilling in or near the core section of an embankment 
dam. 

 
7. Wire Line and Casing Advancer ASTM D5876 (ASTM 2000d) – Wire line and casing 

advancer systems are not preferred methods for drilling in embankment dams, and their 
use in embankment core material must be approved by FERC prior to use.  These drilling 
systems use fluid rotary action to remove the cuttings with the exception that the fluid 
flows up the annulus between the rods and the borehole wall.  In all cases, use of clear 
water as a drilling medium should not be allowed in embankment core material.  Fluid 
pressure must be very low and carefully monitored when this method is used in or near 
the embankment core.  When starting or restarting circulation, pumping should be 
increased gradually to reduce the occurrence and increase the ability to observe evidence 
of hydraulic fracturing.  A pressure relief valve set to the maximum allowable pressure is 
recommended.  Since fluid is circulated up the annulus between the soil and drill rod, 
there is increased chance of blocking circulation and possible fracturing.  The drill rods 
act as casing and are equipped with a cutting bit.  Either a core barrel or cleanout bit lock 
into the lead section of the drill rods and is latched by wire line.  This results in rapid 
drilling and reduced rod trip time during coring operations.  Some wire line drilling 
systems have soil core barrels, but their success is limited.  Wire line diamond drilling is 
the primary method of rock core drilling (see ASTM D2113 on Diamond Drilling 
(ASTM 1999)).  Typically, augers, casing, or other methods are used to set a protective 
casing through the embankment and foundation soils and then fluid rotary drilling is used 
to core and water test the foundation rock. 

 
8. Drill Through/Drive Casing Advancer ASTM D5872 (ASTM 2000e) - Drill through/ 

drive casing advancers are not preferred methods for drilling in embankment dams and 
their use in embankment core material should not be considered.  The drills have a casing 
driver (hammer) and a rotary rock bit or down hole hammer that may be rotated through 
the casing hammer.  Down-the-Hole hammers (DTH) and air are used in coarse boulders 
deposits and hard rock while rock bits and fluids might be used in dirtier gravel cobble 
soils.  One version of DTH, known as ODEX, has a swing out bit which over-reams the 
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hole for the casing.  Air flow to circulate cuttings has to be rather high, but can be 
reduced by introduction of foam.  To minimize fracturing when drilling with air, the drill 
bit should be held just inside the casing so a protective seal remains at the bottom of the 
casing.  This practice is not possible when using ODEX, which requires the bit to 
advance before the casing. 

 
9. Air Rotary ASTM D5782 (ASTM 2000f) - Air rotary is not a preferred method for 

drilling in embankment dams and its use should not be considered in embankment core 
material.  This class of drilling is very similar to drill through drive casing systems except 
the hole may be left open (uncased) exposing the complete borehole wall to air flow.  
Without the protection casing provides, the possibility exists for circulation blockage,  
possible fracturing, and degradation/opening/erosion of any weak seam exposed along 
the sides of the borehole.  One example of this type is the air track drill. 

 
Table 1 – Drilling in Embankment Dams – Drilling Methods 

 Drilling Methods Restriction Recommendations 

Preferred 
Drilling 
Methods 

Auger None Raise and lower auger string 
slowly when fluid in hole 

Sonic/Vibratory None Core not suitable for higher 
level laboratory testing 

Cable Tool/Churn Chop and drive variation 
not allowed 

Samples are of cuttings and 
are highly disturbed 

Restricted 
Drilling 
Methods 

 
Dual Rotation 

 

Approval of drilling 
method required 

 
Clear water as drilling 

media not allowed 
 

Fluid pressure must be 
very low 

 
Bit must not be advanced 

beyond shoe 
 

Open bit methods are not 
allowed 

Monitor fluid pressure closely 
 

Use pressure relief valves to 
cap fluid pressure 

 
Increase pump pressure 

gradually 
 

Monitor fluid viscosity closely 

 
Fluid Rotary 

 
 

Becker 
 

 
Wireline/Casing 

Advancers 

Prohibited 
Drilling 
Methods 

Drill Through/ 
Drive Casing 

Advancers 

 
Not allowed in or near 

the core of embankment 
dams.  Approval of 

drilling method required 
for other areas.  Will only 

be considered in 
extraordinary 
circumstances 

 Not allowed in or near the 
core of embankment dams.  
Approval of drilling method 

required for other areas.  Will 
only be considered in 

extraordinary circumstances 

 
Air Rotary 

 

 
There are some general procedures that should be followed when using drilling fluids to limit the 
risk of damage: 
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ͻ� Tools should be sized and designed to minimize the likelihood of the return flow 
clogging. 
 

ͻ� Methods that require the cuttings to flow through a small annulus between the tools or 
casing and the borehole wall should not be used. 

 
ͻ� Fluid discharges from the bit should always be upward, not downward into the formation 

material or lateral into the sidewalls that could lead to excessive disturbance or erosion. 
 

ͻ� Lower and raise drill tools slowly to avoid pressure changes in the drill hole; this is 
especially important when using tools with restricted annulus space below the 
groundwater as the pressure changes are more severe and can lead to suction and surging 
problems. 

 
ͻ� Drilling feed rate must be slow enough to avoid crowding the bit and, thus, minimize the 

chance of inducing fracturing.  The bit must be of a design such that pressure buildup is 
minimized. 

 
ͻ� Drilling media properties, pressure, and return should be continuously monitored.  A 

floating needle pressure valve is required to record maximum pressure spikes that can 
occur instantaneously and are often unnoticed. 
 

ͻ� When media circulation is required, a pressure controlled release (“pop off”) valve 
should be on the pump. 

 
ͻ� In some conditions, casing can be advanced ahead of the drilling bit to reduce the risk of 

hydraulic fracturing by confining the drilling fluids within the casing. 
 

ͻ� Great care should be taken during washing of the hole. 
 

ͻ� Casing should be pushed or driven and not jetted.  Except in special circumstances, 
casing must precede the drilling. 

 
ͻ� When core drilling rock, the embankment or foundation soil above top of rock must be 

protected and isolated from the circulating drilling fluid.  Fractures in the bedrock must 
be considered as potential flow paths in contact with the overlying soil. 
 

ͻ� A pause or suspension in drilling operations (breaks, meals, overnight/weekend, etc.) 
should not leave the borehole in a critical state that could result in damage to the 
embankment. 

 
4.4 In-Situ Testing/Sampling 
 
The actual process of advancing the boring is not the only potential hazard that can lead to 
hydraulic fracturing and other adverse impacts of the drilling, sampling, disturbance, and 
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performance of the structure.  Raising and lowering drill rods, casing, or other drill steel too 
quickly can induce significant positive or negative fluid pressures.  
 
In-situ testing that includes applying hydraulic pressures through static head (falling head or 
constant head permeability tests) or pressure induced head (packer pressure tests, etc.) can result 
in excessive hydraulic pressures that could lead to hydraulic fracturing.  In-situ testing and 
sampling methods and procedures must be aware of the potential to create these conditions.  The 
Bureau of Reclamations’ Engineering Geology Field Manual is an excellent reference to assist in 
determining applied and total hydraulic fluid pressures from in situ tests (BOR, 1998). 
 
4.5 Hole Completion 
 
All boreholes and other penetrations (including direct push sampling, Cone Penetration Test 
soundings, Standard Penetration Testing, Becker Penetration Testing, etc.) in and around 
embankment dams must be sealed after completion.  Completing a borehole by backfilling with 
drill cuttings is not acceptable.  There are a variety of acceptable methods to complete a 
borehole.    
 
All boreholes and similar penetrations in the impervious portions of an embankment dam and 
their foundations must be backfilled by tremie-placed cement-bentonite grout or bentonite 
pellets/chips, except when an alternative backfill method compatible with instrument installation 
is approved.  The drilling plan must address the possibility of confined and separate groundwater 
aquifers and demonstrate safe completion which avoids cross-contamination and leakage.  The 
grout must be designed to obtain strength equal to or greater than the soil or rock.  Note that 
some instrumentation installations may require additional considerations for the grout strength.  
Gravity grouting techniques should be used for backfilling boreholes.   
 
For borings that penetrate zones with low confining stress it is possible to induce hydraulic 
fracturing even from gravity pressure alone.  When grouting borings in these locations or if 
significant grout losses are observed, the grout backfilling should be done in stages allowing the 
grout to set between stages.   
 
For pervious portions of the dam (drainage features, filters, etc.), the borehole must be backfilled 
by tremie placement of granular materials that are sized to provide drainage without being 
susceptible to migration through the pervious embankment or foundation materials or 
segregation during placement.   
 
Lutenegger, et.al. (1995) is a good source for borehole backfill guidelines.   
 
Special procedures and materials may be required for installation of instrumentation in 
boreholes. 
 
Borehole completion is often not well documented.  Recommended inclusions in borehole 
completion documentation include intervals of various backfilling materials, calculated volume 
of material necessary to fill each interval, and actual volume of material required to fill each 
interval.  Detailed records of borehole completion are important and, as in the case of backfill 
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material volumes significantly higher or lower than calculated, may be indicative of conditions 
significantly different than anticipated. 
 
Below are some general guidelines that can be considered in borehole completion. 
 

x� High Solids Bentonite Grout - Tremie grouting with high solids bentonite is an 
acceptable method of completing boreholes in embankment dams.  Mixes which yield 20 
to 30 percent solids should be used.  Stage up tremie grouting methods should be used in 
the embankment with the casing (i.e. hollow-stem augers, rods, etc.) pulled incrementally 
to ensure hole wall stability.  The bentonite slurry should always be injected through a 
tremie pipe to ensure the best possible placement and most thorough borehole 
completion. 

 
x� Neat Cement Grout - Neat cement grout is another acceptable method of completing 

boreholes in embankment dams.  The best results are achieved when the mix consists of 5 
to 7 gallons of water to one sack, 94 lbs of Type I or Type II Portland cement (using 
higher water contents may result in excessive shrinkage, cracking, and bleed water).  
Commonly, the addition of up to 3 percent powdered bentonite by dry mass of cement is 
used for pumping ease and to reduce shrinkage and cracking after curing – although a 
myriad of other compounds are also available.  Additives such as calcium chloride or 
carboxylic acid can be used to control set times, but shrinkage factor must be considered.  
Using type K cement or adding up to 1 percent gypsum or aluminum powder by weight 
will give the cement expansive properties, which may be advantageous in embankment 
dams where internal seepage is an issue.  As with the bentonite grout, stage up tremie 
grouting methods should be used in the embankment core with the casing pulled 
incrementally to ensure borehole wall stability.  The grout should always be injected 
through a tremie pipe to ensure the best possible placement and most thorough borehole 
completion.   

 
x� Bentonite Pellets or Chips - The use of bentonite pellets or chips may be an acceptable 

method of completing boreholes in embankment dams.  However, there are some 
conditions under which bentonite pellets or chips should not be considered and only 
tremie grouting is acceptable.  Bentonite pellets or chips, including those treated to retard 
or delay flocculation, should not be used in cases where there is a chance the depth of 
water in the hole could slow the bentonite fall and allow flocculation prior to the 
bentonite reaching hole bottom.  Additionally, even in a dry hole, there must be adequate 
annular space available to allow the bentonite to fall to the borehole bottom without 
bridging.  It is advisable to always place both solid bentonite and grout through a tremie 
pipe. 

 
x� Instrument Installations - Instrumentation installations require special completions.  For 

piezometers, sand packs are placed in the influence zone and a bentonite seal is placed 
above the sand pack to prevent any contamination of the sand pack from sealing materials 
placed above it.  The bentonite seal is typically bentonite pellets.  A common error in 
placing the seal is not allowing bentonite time to hydrate.  Pellets should be allowed a 
minimum of 1 to 2 hours to hydrate prior to placing additional backfill material above the 
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seal.  Alternatively, piezometers can be installed in fully grouted holes.  While it is 
possible to place two piezometers in a typical 4-inch inside diameter hollow stem auger 
or casing, only one piezometer is recommended, and no more than two instruments 
should be allowed in a single boring.  Difficulty in providing a good seal between 
multiple riser pipes may result in communication between influence zones.  Other 
instrument installations (slope inclinometer casing, geophysical casing, etc.) will require 
additional considerations. 

 
4.6 Drilling Personnel 
 
Because of the potential to do harm, drilling in a dam should only be performed by experienced 
and qualified personnel.  This includes the lead drill rig operator and the engineer or geologist 
who is the on-site representative responsible for the drilling program and the safety of the dam.  
Schedule, budget, and other issues should be considered secondary to the safety and integrity of 
the structure and those potentially impacted by its compromise. 
 
Drill rig operators must have a minimum of 5 years of experience drilling with the equipment 
and procedures described in the drilling program.  When the drilling plan includes drilling in or 
in the vicinity of dam or appurtenant structure foundations or abutments or within an 
embankment dam, the drill rig operators must have demonstrated embankment dam drilling 
experience clearly indicated in their resume. 
 
All drilling activities must be conducted in the presence of a qualified geotechnical engineer or 
engineering geologist who will be responsible for maintaining the integrity of the structure and 
the inspection of the drilling operation.  Qualified is by combination of education, training, and 
experience as indicated in Table 2. 
 

Table 2 – Minimum Qualifications of Responsible On-site Personnel 
 
Factor 

 
Low Hazard Dams 

Significant and  
High Hazard Dams 

Education 
Minimum B.S. in Civil Engineering or Geology 

(or licensed as a professional engineer, professional geologist, 
or certified engineering geologist) 

Training Independent study or formal training in the identification and 
mitigation of drilling hazards in embankment dams 

Experience Minimum of two years of 
general drilling experience 

Minimum of four years of 
embankment dam drilling 

experience 

 
While there are many inspectors with significant years of experience with drill procedures, 
classifying soils and rock, and in-situ testing methods, they may only have limited knowledge 
and experience with dams and may be unaware of potential damage to critical dam features 
caused by certain drilling procedures.  Therefore it is critical that a combination of education, 
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training, and experience be demonstrated and clearly shown on the resume of the geotechnical 
engineer or geologist inspecting the work. 
 
The project manager directing the drilling program must also be an experienced geotechnical 
engineer that is a licensed professional engineer or a licensed professional geologist or certified 
engineering geologist with at least ten years’ experience in dams-related work.   
 
Both the drill rig operator and the on-site geotechnical engineer/engineering geologist must also 
be familiar with these guidelines.  It is essential that drill rig operators and the geotechnical 
engineer/engineering geologist be well trained and aware of the causes of and the problems 
resulting from hydraulic fracturing and artesian conditions and have the equipment, materials, 
and experience to correct and remediate damage to the embankment and foundation.  
 
4.7 Other Considerations 
 
Emergency Communications - No dam should be drilled or investigated without a thorough 
review of the Emergency Action Plan (EAP).  FERC-regulated dams have EAPs in place.  The 
EAP lists the key individuals who should be contacted and informed of proposed activities.  
There are documented case histories where drilling has caused incidents with dams and 
knowledge of the EAP and good communications were key contributors to safely solving the 
problems. 
 
Monitoring - During drilling operations, the dam embankment should be continuously inspected 
and monitored using appropriate procedures and instrumentation at the dam site.  The proposed 
monitoring should be used to evaluate any impacts from of the drilling activity and assist in 
detecting any unanticipated changes.  The type of monitoring (piezometer, inclinometers, etc.), 
frequency of readings, and purpose for monitoring should be carefully considered.  If 
appropriate, threshold limits could be determined for specific drilling scenarios.  It may be 
necessary to perform daily inspections of the dam for a period of time after the drilling 
operations have concluded. 
 
Reporting - All incidents of damage or potential damage related to drilling and associated 
activities for dams must be reported.  If a sudden loss of drill media occurs during any 
embankment drilling within the core, drilling must be stopped immediately.  Action should be 
taken to stop the loss of drill fluid.  The reason for loss should be determined and if hydraulic 
fracturing may have been the reason for the fluid loss, FERC should be notified immediately. 
 
Construction/Remediation Drilling Activities - Drilling activities performed during 
construction or remediation phases are often overlooked as opposed to drilling that occurs under 
the traditional exploration phases. There are numerous examples of dams which required 
remediation after reservoir filling and the embankment or foundation was damaged. Many of 
these dams required remedial grouting immediately after construction, and the grouting 
contractor used air drilling, rapidly resulting in fracturing of blankets and foundations.  Jet 
grouting contractors drill holes with very high air/fluid pressures at rapid rates. Contractors want 
to drill fast, but drilling fast may cause blockage and loss of the circulating fluid and hydraulic 
fracturing. It is imperative that, for remediation construction projects, and instrumentation 
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installation contracts, project geologists and engineers identify drilling methods and confirm they 
are appropriately screened to avoid damage to the dam or foundation.  If there is concern, a team 
should be formed to review the drilling methods and ensure the contract documents have 
appropriate provisions to avoid damage to the dam and foundation. 
 
Exemptions - Drilling required for immediate emergency measures where delays required to 
develop the drilling plans and to obtain the necessary reviews and acceptances would result in 
unacceptable risk of damage or failure, may be exempted from the requirements to prepare a 
drilling plan, as approved by the Regional Engineer.  Emergency drilling should be appropriately 
expedited but should follow the general guidelines presented in this guideline.    
 
4.8 Evaluation of Potential Risks 
 
The licensee must thoroughly evaluate the risks associated with the proposed drilling and 
indicate how they intend to mitigate them.  Among other topics, the potential risks of causing 
hydraulic fracturing of the embankment, as well as the potential risks of causing seepage, 
instability, or other potential dam safety issues as a result of the proposed drilling program must 
be evaluated and addressed.  The risk evaluation must include an assessment of the potential 
impact of the drilling operations and the location of the boreholes in relation to areas of the dam 
that may be more susceptible to hydraulic fracturing, as discussed in Section 4.2.1. 
 
Aside from comparing the planned drilling locations with the areas of the embankment and soil 
types that are more susceptible to hydraulic fracturing, the proposed drilling procedures must 
also be evaluated with respect to their likelihood of causing hydraulic fracturing or other dam 
safety issues.  This includes the instrumentation installation procedures, borehole 
completion/abandonment procedures, and emergency procedures if a potential dam safety issue 
is identified during the drilling.  Special attention should be given to highlighting the specific 
procedures and contingency plans that will be utilized to protect the dam from potential 
hydraulic fracturing and other potential risks. 
 
5.0 DRILLING PROGRAM PLAN (DPP) 
 
An approved Drilling Program Plan (DPP) is required for any exploration drilling, instrument 
installation, or remediation drilling (including grouting) work to occur on an embankment dam, 
in proximity of the dam in which the drilling methods could pose a risk to the dam, or the dam’s 
foundation and abutments.  DPPs shall be prepared and reviewed by experienced geotechnical 
engineers and/or engineering geologists familiar with subsurface exploration techniques and 
methods.  It is paramount that all existing subsurface information is thoroughly evaluated and 
understood by the exploration team prior to developing a plan for additional drilling.  In order to 
understand and communicate subsurface conditions and estimate drilling risk, the existing 
subsurface information must be assimilated into essential plan and section drawings showing 
proposed drill holes and depths, target sample areas and proposed instrumentation.  The DPP 
must also comply with good environmental practices and comply with site environmental 
provisions/restrictions, which may need coordination with DHAC and outside agencies.  
 
The DPP must be reviewed and accepted by the FERC Regional Engineer prior to beginning the 
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drilling program.  Depending on the particular dam and scope of the project involved, the review 
process may also require additional coordination with FERC headquarters staff in Washington, 
D.C. and/or DHAC.  As stated in our Annual Letter, this plan must be submitted for our review a 
minimum of 30 days prior to beginning the drilling work.  However, licensees are encouraged to 
inform the FERC project engineer of the planned drilling program and begin discussions with 
him or her regarding the proposed drilling well in advance of this deadline.   
 
In addition, the licensee is encouraged to set up either a face-to-face meeting or conference call 
with the Regional Engineer and headquarters staff, as appropriate, once the specifics of the 
proposed drilling program have been developed.  Ideally, this meeting should take place as soon 
as possible but no later than a minimum of two weeks prior to submission of the DPP.  The 
purpose of this meeting and early coordination with the FERC project engineer is to ensure that 
both the licensee and FERC share a common understanding of the requirements of the project 
and the DPP, and there are no delays associated with FERC’s review or potential issues with the 
plan.   
 
FERC’s primary concern in evaluating the licensee’s DPP will be ensuring that the planned 
drilling program will “do no harm” to the existing dam.  A thorough, well-organized, and well-
developed DPP, including the various items highlighted in these guidelines, will assist FERC in 
its review by demonstrating that the licensee fully understands the risks associated with the 
drilling program, and is taking the appropriate measures to mitigate them. 
 
In general, the DPP must include the following information, as a minimum: 
 

1.  Name and description of project. 
 
2.  Purpose of site disturbing activity. 
 
3.  Description of the proposed site exploration activity (drilling, test pitting, etc.).  Include 

plan view showing location of activity (ies), proposed drill hole depths, sampling 
intervals, insitu testing, and instrument installations. 

 
4.  Describe and show anticipated site conditions.  Show location of known subsurface 

conditions and features.  Describe subsurface units.  Describe understanding of ground 
water conditions and phreatic surface, including the potential to encounter artesian 
conditions.  Use cross sections and profiles to graphically illustrate. 

 
5.  Describe proposed equipment, methods, and processes.  For example, for any activity that 

introduces a fluid in or near the water retaining feature or its foundation, detail how fluid 
pressures will be measured and monitored.  For example, for falling head permeability 
tests, show how the introduction of a column of water will not cause excess water 
pressures in the embankment that could lead to hydraulic fracturing.  Likewise, for 
grouting of boreholes, describe how if staged grouting will be required and how the 
maximum height of grout column will be determined to prevent hydraulic fracturing. 

  
6.  Identify project personnel and qualifications/experience, including resumes. 
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7. Risk identification and mitigation plan.  Identify and describe potential risks imposed by 

site disturbing activities.  Identify and describe risk mitigation plan.  For example, for any 
activity at the toe of a water retaining feature, describe the risk mitigation plan should 
unexpected artesian conditions be encountered. 

 
8. Identify communication plan with names and phone numbers.  Include a list of 

emergency equipment and supplies to have on site (phone/radio, filter materials, grout 
materials, light plant, etc.). 

 
9. Provide an overall schedule and duration of drilling activities. 

 
Specific requirements for the DPP are included in Appendix B. 
 
6.0 REPORTING REQUIREMENTS 
 
The DPP should provide details on the documentation, logging, and submission of drilling data. 
The field inspector’s boring log should be submitted to FERC within 24 hours after completion 
of backfilling the boring.  When feasible, draft field boring logs should be submitted daily, along 
with daily work logs.  Since there is always a possibility that some changes will need to be made 
in the field due to the specific subsurface conditions encountered, the DPP should describe how 
changes and deviations from the approved DPP will be communicated and coordinated with 
FERC.   Also, any significant differences from expected conditions which could be an indication 
of a potentially serious dam safety issue must be reported immediately to the FERC Regional 
Engineer. 
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APPENDIX B 
 
DRILLING PROGRAM PLAN (DPP) OUTLINE FOR DRILLING IN AND NEAR 

EMBANKMENT DAMS  
 
Drilling in and near embankment dams must subscribe carefully to the “do no harm” philosophy.  
Dams are not places for standard investigation techniques; they require different drilling 
procedures because there are significant risks. Incorrect drilling, grouting, or borehole 
abandonment procedures could lead to damage of the structure by hydrofracturing, erosion, drain 
contamination or other mechanisms, during drilling operations, instrumentation installation, 
borehole completion, and borehole abandonment. All design and field personnel need to 
understand the existing subsurface conditions and potential problems and damage that the 
drilling could trigger.  

 
An approved Drilling Program Plan (DPP) is required for any exploration drilling or remediation 
drilling (including grouting) work to occur in or near an embankment dam.  DPPs shall be 
prepared and approved by experienced geotechnical engineers and/or engineering geologists 
familiar with subsurface exploration techniques and methods.  

The following outline describes the basic information that should be developed and included in 
the DPP that is to be submitted by the licensee.  Additional information, discussion, and 
recommendations on the items presented in Appendix B are provided in the guidelines.  It is 
strongly recommended that the DPP follow the following organizational structure.  

1. Purpose 

The purpose of the drilling program needs to be clearly defined and summarized in the plan. The 
DPP should provide sufficient discussion, details, and figures to ensure that the proposed 
exploration will accomplish its goals and prevent damage to the dam.  The need for any 
investigation (drilling, testing, etc.) at a dam site should have been presented to and accepted by 
FERC prior to developing a DPP program.  In addition, it should have been demonstrate that any 
potential damage to the structure created by the drilling and associated processes is outweighed 
by the need for the drilling data. 

2. Existing Information 
 
Before preparing a DPP, the licensee or its consultant should review the subsurface, design, and 
construction information available in the Supporting Technical Information Document (STI) 
and their files to properly evaluate the risks associated with the proposed drilling program. The 
information review typically includes, but is not limited to:  
 

x� Subsurface profiles and piezometric conditions;  
x� Geologic mapping, logs, and reports portraying information from previous investigations 

and construction; 
x� Foundation reports;  
x� Embankment construction reports; 
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x� As-built drawings; 
x� Archived records;  
x� Construction reports; 
x� Construction photos;  
x� Instrumentation plans; and 
x� Available laboratory analyses. 

 
Based on this review, a summary of the existing information should be included in the DPP. 

 
3. Essential Geologic and Engineering Drawings 
 
The DPP should include a complete set of drawings depicting the current subsurface conditions. 
This detailed set of foundation and embankment drawings typically requires a plan drawing 
showing all previous subsurface investigation locations, profile drawings, and sections of the 
embankment in the areas of proposed exploration. The sections should be drawn to scale (no 
vertical exaggeration) and should show the locations and depths of the proposed borings along 
with all available factual information and appropriate geologic or engineering interpretations. 
The information on the plan, profile and sections should be detailed, include all available data 
significant to the planned explorations, and be supplemented by additional discussion in the text 
of the DPP, as appropriate.  At a minimum, the following information should be included, as 
applicable:  

 
x� Embankment zones, including added berms, filters, blankets, and drains; 
x� Estimated extent of any other zones of interest; 
x� Details of subsurface material classifications, including relevant laboratory test results 

such as Atterberg Limits, grain size analyses, and dispersivity test results, as applicable; 
x� Geologic contacts and continuity supported by all nearby drilling and sampling details; 
x� Contours of the top of rock or any other layer of particular interest; 
x� Piezometer locations showing screened influence zones and recorded piezometric levels 

tied to the reservoir water level.  Whether or not the dam includes active piezometers, the 
estimated phreatic surface through the embankment should be clearly shown on all 
relevant cross-section drawings included in the DPP.  In addition, the basis for 
determination of the estimated phreatic surface should be clearly described in the DPP. 

x� Inclinometer locations showing any shear zones or areas of deformation;  
x� Standard Penetration Test (SPT) blow counts or other in-situ test results; 
x� Geophysical data, where useful (e.g. downhole and/or crosshole shear wave velocity 

profiles); 
x� Seepage areas tied to geologic units; and 
x� Location of all structures, including seepage control features, outlet works, etc. 

 
4. Drilling Scope and Methodology 
 
The plan should thoroughly describe the scope and methods that will be used for the drilling 
program.  At a minimum, the following information should be included:  
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x� Number, location, depth, diameter, and inclination of the proposed borings; 
x� Drilling and sampling methods, including a description of the drilling equipment to be 

used (e.g. track-mounted vs. truck-mounted drill rig).  The DPP should include 
justification for the proposed methods and equipment based on the expected subsurface 
conditions.  In particular, if any drilling fluids will be used to advance the borings, the 
DPP must include a detailed explanation of why these procedures must be used, how the 
potential for hydraulic fracturing will be mitigated, and how continuous monitoring of the 
fluid pressures will be accomplished during the drilling.  The allowable fluid pressures so 
as to prevent hydraulic fracturing should be included in the DPP, along with supporting 
calculations, as appropriate. 

x� List of ASTM standards and methods that will be followed to perform the drilling.  
x� Anticipated materials to be drilled and sampled;  
x� Required sample types (disturbed or undisturbed), sizes, and anticipated depths; 
x� Procedures for identifying underground utilities, and other surface or subsurface 

obstacles prior to the drilling; and 
x� Site Access and accessibility of the boring locations (see paragraph 11). . 

 
5. Field and Laboratory Testing Program 
 
The DPP should provide information on the proposed testing program, which should include 
both field and laboratory testing.  A detailed description of the in-situ testing proposed at each 
boring should be provided, including the type, location (depth), and specific testing method(s) 
(i.e. ASTM standards, etc.) to be used.  The plan should also describe the anticipated laboratory 
testing program. 

 
6. Instrumentation Installation  
 
If instrumentation is being installed in one or more borings, the materials, location, and 
procedures that will be used to construct and install the proposed instrument should be described 
in the DPP.  Appropriate figures including installation details for the instruments should also be 
drafted and included in the plan.  For piezometers and monitoring wells, these details should 
include the following items, at a minimum:  

 
x� Installation depth;  
x� Pipe material type, length, and diameter, as well as the methods that will be used to 

centralize the pipe;  
x� Depth of screened interval and the slotted screen size;  
x� Type, gradation, depth range, and annular thickness of the filter/drain pack material.  The 

DPP must demonstrate that the proposed filter/drain pack material will adequately meet 
filter and drainage compatibility criteria with both the surrounding embankment soils and 
the slotted screen size of the piezometers/wells.  

x� Type, mixture, depth range, and annular thickness of the bentonite or cement grout seal, 
as applicable; 

x� Procedures for monument installation or other near-surface (i.e. within the upper five 
feet) abandonment methods, as applicable; and 

x� Procedures for developing the piezometers/wells.  In particular, if water or air pressures 
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will be introduced, the DPP must include reasons why these pressures must be used in 
order to develop the piezometer/well and indicate how this will be implemented so as to 
avoid causing any damage to the piezometer/well or surrounding embankment.  The DPP 
must indicate how continuous monitoring of the fluid pressures will be accomplished 
during the development process, state an allowable fluid pressure that will not be 
exceeded, and include supporting calculations, as appropriate. 
 

7. Monitoring  
 
The DPP should provide details on any proposed monitoring and evaluation of the drilling 
activity.  The plan should describe the type of monitoring (piezometer, inclinometers, etc.), 
frequency, and purpose for monitoring.  If appropriate, threshold limits could be determined for 
specific drilling scenarios. 

 
8. Emergency Procedures  
 
A discussion should be provided as to what materials and methods will be used to prevent 
damage to the dam should problems such as loss of drilling fluids, artesian pressures or seepage 
be encountered during the explorations. The plan should include an emergency contact list and 
personnel notification flow chart.   

 
9. Borehole Completion 
 
All boreholes in and around embankment dams should be sealed after completion.  Completing a 
borehole by backfilling with drill cuttings is not acceptable. The proposed materials (grout mix) 
and field procedures that will be used to backfill the borehole should be described in the DPP, 
along with the estimated quantities required to backfill the borehole. Additional information on 
backfilling of boreholes is provided in the guidance. 

 
10. Personnel Experience 
 
The DPP should clearly indicate the specific personnel that will be on site either performing or 
observing the drilling work, and their respective roles and responsibilities.  Resumes for all of 
the relevant project personnel (including the project manager, field geologist/engineer, and lead 
driller) should be included in the DPP or submitted prior to start of work.  The level of 
experiences required for each of the specific personnel performing the work is described in the 
guidelines. 
 
11. Site Access, and Environmental Consideration 
 
The DPP should include information on the proposed procedures to access the boring locations, 
which may include details for constructing and maintaining access roads and for mitigating any 
adverse impacts that might be caused by its construction.  The DPP, if applicable, should address 
any adverse impact to the embankment stability or seepage from the construction of access roads 
within the footprint of the dam. For access roads which will be constructed through areas of 
previously undisturbed ground, additional consultation with FERC’s Division of Hydropower 
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Administration and Compliance (DHAC) will be required prior to FERC approval of the DPP.  
The DPP should describe the procedures for identifying underground utilities, and other surface 
or subsurface obstacles prior to the drilling. 

 
12. Documentation and Coordination 
 
The DPP should provide details on the documentation, logging, and submission of drilling data.  
Since there is always a possibility that some changes will need to be made in the field due to the 
specific subsurface conditions encountered, the DPP should describe how changes and deviations 
from the approved DPP will be communicated and coordinated with FERC.  Also, any 
significant differences from expected conditions which could be an indication of a potentially 
serious dam safety issue must be reported immediately to the FERC Regional Engineer. 
 
In addition, the DPP should include an overall schedule and duration of drilling activities. 
 
13. Evaluation of Potential Risks 
 
The DPP must document the licensees’ assessment of the risks associated with the proposed 
drilling and indicate how they intend to avoid or mitigate them.  Among other topics, this section 
should address the risks of causing hydraulic fracturing of the embankment, as well as the risks 
of causing erosion, blowout, contamination of drainage materials, or other potential dam safety 
issues as a result of the proposed drilling program.  The DPP should also outline the nearby 
instruments whose behavior will be monitored during the investigation, their expected response, 
and contingency plans for unexpected response. 
 


