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$�IULHQG�RI�PLQH�GHVFULEHG�D�GLVDVWHU�VLWXDWLRQ�KH�QHHGHG�WR�SODQ�IRU��$�GHHS�FDYH�WKDW�KH�ZDV�H[SORULQJ�KDG�$�IULHQG�RI�PLQH�GHVFULEHG�D�GLVDVWHU�VLWXDWLRQ�KH�QHHGHG�WR�SODQ�IRU��$�GHHS�FDYH�WKDW�KH�ZDV�H[SORULQJ�KDG�
WKH�SRWHQWLDO�IRU�PDVVLYH�ÀRRGLQJ��+H�DOZD\V�NHSW�DQ�H\H�RQ�WKH�ZHDWKHU�UHSRUW��EXW�ZDQWHG�D�FRQWLQJHQF\�WKH�SRWHQWLDO�IRU�PDVVLYH�ÀRRGLQJ��+H�DOZD\V�NHSW�DQ�H\H�RQ�WKH�ZHDWKHU�UHSRUW��EXW�ZDQWHG�D�FRQWLQJHQF\�
SODQ�LQ�FDVH�WKH�FDYH�VWDUWHG�WR�ÀRRG�ZKLOH�KH�ZDV�DW�LWV�ERWWRP��+H�SUHVHQWHG�KLV�SODQ�DQG�ZDQWHG�WR�NQRZ�SODQ�LQ�FDVH�WKH�FDYH�VWDUWHG�WR�ÀRRG�ZKLOH�KH�ZDV�DW�LWV�ERWWRP��+H�SUHVHQWHG�KLV�SODQ�DQG�ZDQWHG�WR�NQRZ�
what I thought.what I thought.

1HDU�WKH�ERWWRP�RI�WKH�FDYH�LV�D�PRGHUDWH�VL]HG�FKDPEHU��,WV�RQO\�RSHQLQJ�LV�LQ�WKH�ÀRRU��+H�NQHZ�IURP�1HDU�WKH�ERWWRP�RI�WKH�FDYH�LV�D�PRGHUDWH�VL]HG�FKDPEHU��,WV�RQO\�RSHQLQJ�LV�LQ�WKH�ÀRRU��+H�NQHZ�IURP�
KLVWRULFDO�UHFRUGV�WKDW�WKH�FDYH�FRXOG�ÀRRG�WR����P�����IW�DERYH�WKLV�FKDPEHU�DQG�WKDW�WKH�ZDWHU�XVXDOO\�KLVWRULFDO�UHFRUGV�WKDW�WKH�FDYH�FRXOG�ÀRRG�WR����P�����IW�DERYH�WKLV�FKDPEHU�DQG�WKDW�WKH�ZDWHU�XVXDOO\�
GURSSHG�DOO�WKH�ZD\�EDFN�GRZQ�ZLWKLQ�IRXU�GD\V��+LV�FRQWLQJHQF\�SODQ�ZDV�WR�FOLPE�XS�LQWR�WKH�FKDPEHU�GURSSHG�DOO�WKH�ZD\�EDFN�GRZQ�ZLWKLQ�IRXU�GD\V��+LV�FRQWLQJHQF\�SODQ�ZDV�WR�FOLPE�XS�LQWR�WKH�FKDPEHU�
DQG�ZDLW�RXW�WKH�ÀRRG��+LV�KRSH�ZDV�WKDW�VLQFH�WKH�DLU�LQ�WKH�FKDPEHU�KDG�QRZKHUH�WR�JR��LW�ZRXOG�EH�DQG�ZDLW�RXW�WKH�ÀRRG��+LV�KRSH�ZDV�WKDW�VLQFH�WKH�DLU�LQ�WKH�FKDPEHU�KDG�QRZKHUH�WR�JR��LW�ZRXOG�EH�
compressed but he would stay dry.compressed but he would stay dry.

<RX�FDQ�GR�WKH�PDWK�RI�WKH�VLWXDWLRQ�DW�KRPH��+LV�GHFRPSUHVVLRQ�VFKHGXOH�LV�UHOD[HG�DQG�VDIH��7KH�<RX�FDQ�GR�WKH�PDWK�RI�WKH�VLWXDWLRQ�DW�KRPH��+LV�GHFRPSUHVVLRQ�VFKHGXOH�LV�UHOD[HG�DQG�VDIH��7KH�
SUREOHP�LV�R[\JHQ�WR[LFLW\��+H�ZRXOG�VSHQG�D�GD\�ZLWK�D�S2SUREOHP�LV�R[\JHQ�WR[LFLW\��+H�ZRXOG�VSHQG�D�GD\�ZLWK�D�S2���RI�����$7$��7KH�DXWKRU�LVQ¶W�SRVLWLYH�RI�WKH��RI�����$7$��7KH�DXWKRU�LVQ¶W�SRVLWLYH�RI�WKH�
effect, but doubts it is good. effect, but doubts it is good. 

Water in a typical underwater air bell is below the local water table. The elevated gas pressure in the chamber prevents is below the local water table. The elevated gas pressure in the chamber prevents 
the water level from rising. the water level from rising.  ��0LFKDHO�5D\PRQG

���������8QGHUZDWHU�6SHOHRORJ\
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7KHUH¶V�DQRWKHU�SUREOHP��&DYHV�DUH�ZKHUH�WKH\�7KHUH¶V�DQRWKHU�SUREOHP��&DYHV�DUH�ZKHUH�WKH\�
DUH�EHFDXVH�WKDW¶V�ZKHUH�WKH�ZHDNHVW�URFN�ZDV��DUH�EHFDXVH�WKDW¶V�ZKHUH�WKH�ZHDNHVW�URFN�ZDV��
/LPHVWRQH�LV�D�SRURXV�URFN��DQG�DLU�OHDNV�WKURXJK�LW��/LPHVWRQH�LV�D�SRURXV�URFN��DQG�DLU�OHDNV�WKURXJK�LW��

Each of us has noticed the air bubbling up from the Each of us has noticed the air bubbling up from the 
sand as we’ve swum down the run toward the cave sand as we’ve swum down the run toward the cave 
entrance at Ginnie Springs. It’s the same air that was entrance at Ginnie Springs. It’s the same air that was 
UHFHQWO\�H[KDOHG�E\�GLYHUV�LQ�WKH�FDYH�WXQQHO�EHORZ�UHFHQWO\�H[KDOHG�E\�GLYHUV�LQ�WKH�FDYH�WXQQHO�EHORZ�
XV��7KH�VDPH�DLU�WKDW�RQO\�PRPHQWDULO\�IRUPHG�D�XV��7KH�VDPH�DLU�WKDW�RQO\�PRPHQWDULO\�IRUPHG�D�
SRFNHW�RQ�WKH�URRI�RI�WKH�FDYH��0\�IULHQG¶V�SODQ�IRU�SRFNHW�RQ�WKH�URRI�RI�WKH�FDYH��0\�IULHQG¶V�SODQ�IRU�
VXUYLYLQJ�D�ÀRRG�ZDV�LPDJLQDWLYH��EXW�LW�ZRXOG�QHYHU�VXUYLYLQJ�D�ÀRRG�ZDV�LPDJLQDWLYH��EXW�LW�ZRXOG�QHYHU�
ZRUN�EHFDXVH�WKH�DLU�LQ�WKH�FKDPEHU�ZRXOG�OHDN�ULJKW�ZRUN�EHFDXVH�WKH�DLU�LQ�WKH�FKDPEHU�ZRXOG�OHDN�ULJKW�
out of the ceiling.out of the ceiling.

7KHUH�DUH�VHYHUDO�HQYLURQPHQWV�WKDW�ZRXOG�WUDS�WKH�7KHUH�DUH�VHYHUDO�HQYLURQPHQWV�WKDW�ZRXOG�WUDS�WKH�
air. Air bells are cavities with water at their bottom in air. Air bells are cavities with water at their bottom in 
ZKLFK�WKH�RQO\�H[LW�IURP�WKH�FDYLW\�LV�EHORZ�WKH�ZDWHU�ZKLFK�WKH�RQO\�H[LW�IURP�WKH�FDYLW\�LV�EHORZ�WKH�ZDWHU�
level. In normal air bells, the water level sits at the level. In normal air bells, the water level sits at the 
same height as the local water table, and so the air same height as the local water table, and so the air 
in the cavity is not compressed. In underwater air in the cavity is not compressed. In underwater air 
bells, the water level in the chamber is below the local bells, the water level in the chamber is below the local 
ZDWHU�WDEOH�DQG�LV�NHSW�IURP�ULVLQJ�E\�DQ�HOHYDWHG�JDV�ZDWHU�WDEOH�DQG�LV�NHSW�IURP�ULVLQJ�E\�DQ�HOHYDWHG�JDV�
SUHVVXUH�LQ�WKH�FKDPEHU��([DPSOHV�LQFOXGH�GLYLQJ�SUHVVXUH�LQ�WKH�FKDPEHU��([DPSOHV�LQFOXGH�GLYLQJ�
bells and decompression habitats.bells and decompression habitats.

,Q�WKLV�DUWLFOH�ZH�DUH�JRLQJ�WR�ORRN�DW�UHVFXLQJ�SHRSOH�,Q�WKLV�DUWLFOH�ZH�DUH�JRLQJ�WR�ORRN�DW�UHVFXLQJ�SHRSOH�
IURP�XQGHUZDWHU�DLU�EHOOV��:H�ZLOO�H[DPLQH�WZR�PLQH�IURP�XQGHUZDWHU�DLU�EHOOV��:H�ZLOO�H[DPLQH�WZR�PLQH�
rescues and two rescues from overturned ships. rescues and two rescues from overturned ships. 
While neither of these environments are caves, While neither of these environments are caves, 
WHFKQLTXHV�IRU�VXPS�UHVFXH�VWLOO�DSSO\�KHUH��%\�WHFKQLTXHV�IRU�VXPS�UHVFXH�VWLOO�DSSO\�KHUH��%\�
studying these incidents, cave divers can broaden studying these incidents, cave divers can broaden 
their awareness of the factors involved in sump their awareness of the factors involved in sump 
rescues and increase their ability to help others in a rescues and increase their ability to help others in a 
wider variety of situations.wider variety of situations.

Australia 1907Australia 1907

0RGHVWR�9DULVFKHWWL�ZDV�ZRUNLQJ�����P�����IW�EHORZ�0RGHVWR�9DULVFKHWWL�ZDV�ZRUNLQJ�����P�����IW�EHORZ�
the surface of western Australia in a gold mine. A the surface of western Australia in a gold mine. A 
PDMRU�UDLQVWRUP�FDXVHG�D�ÀDVK�ÀRRG�WKDW�VZHSW�PDMRU�UDLQVWRUP�FDXVHG�D�ÀDVK�ÀRRG�WKDW�VZHSW�
LQWR�WKH�PLQH�DQG�ÀRRGHG�WKH�ORZHU�OHYHOV��:DWHU�LQWR�WKH�PLQH�DQG�ÀRRGHG�WKH�ORZHU�OHYHOV��:DWHU�
¿OOHG�IURP�WKH�WZHOIWK�OHYHO�DOPRVW�XS�WR�WKH�QLQWK��¿OOHG�IURP�WKH�WZHOIWK�OHYHO�DOPRVW�XS�WR�WKH�QLQWK��
9DULVFKHWWL�ZDV�ZRUNLQJ�DORQH�LQ�D�ULVH�DERYH�WKH�9DULVFKHWWL�ZDV�ZRUNLQJ�DORQH�LQ�D�ULVH�DERYH�WKH�
WHQWK�OHYHO��+H�GLGQ¶W�QRWLFH�WKH�ÀRRGLQJ�XQWLO�WKH�WHQWK�OHYHO��+H�GLGQ¶W�QRWLFH�WKH�ÀRRGLQJ�XQWLO�WKH�
ZDWHU�KDG�ULVHQ�DOPRVW����P����IW�DERYH�KLV�ORFDWLRQ��ZDWHU�KDG�ULVHQ�DOPRVW����P����IW�DERYH�KLV�ORFDWLRQ��
trapping him in an underwater air bell.trapping him in an underwater air bell.

Once his fellow miners realized he was missing, Once his fellow miners realized he was missing, 
WKH\�LPPHGLDWHO\�LQLWLDWHG�D�UHVFXH��7KH\�NQHZ�ZKDW�WKH\�LPPHGLDWHO\�LQLWLDWHG�D�UHVFXH��7KH\�NQHZ�ZKDW�
SDUW�RI�WKH�PLQH�KH�ZDV�ZRUNLQJ�LQ��7KH\�WUDYHOHG�WR�SDUW�RI�WKH�PLQH�KH�ZDV�ZRUNLQJ�LQ��7KH\�WUDYHOHG�WR�
a spot directly above his location and were able to a spot directly above his location and were able to 
FRPPXQLFDWH�ZLWK�KLP�E\�KLWWLQJ�WKH�PLQH�ÀRRU�ZLWK�FRPPXQLFDWH�ZLWK�KLP�E\�KLWWLQJ�WKH�PLQH�ÀRRU�ZLWK�
KDPPHUV��7KH\�ZHUH�PRVWO\�UHFHQW�LPPLJUDQWV�IURP�KDPPHUV��7KH\�ZHUH�PRVWO\�UHFHQW�LPPLJUDQWV�IURP�
northern Italy and used a tap code common to the northern Italy and used a tap code common to the 
UHJLRQ��7KH�PLQHUV�WXUQHG�RQ�WKH�SXPS�DWWDFKHG�WR�UHJLRQ��7KH�PLQHUV�WXUQHG�RQ�WKH�SXPS�DWWDFKHG�WR�

WKH�FRPSUHVVHG�DLU�OLQH�JRLQJ�LQWR�KLV�URRP��7KH�OLQH�WKH�FRPSUHVVHG�DLU�OLQH�JRLQJ�LQWR�KLV�URRP��7KH�OLQH�
was normally used to power his tools, but in this case, was normally used to power his tools, but in this case, 
it replenished his air supply.it replenished his air supply.

7KH�¿UVW�DWWHPSW�WR�XVH�XQGHUZDWHU�EUHDWKLQJ�7KH�¿UVW�DWWHPSW�WR�XVH�XQGHUZDWHU�EUHDWKLQJ�
equipment for a sump rescue was in 1894, but equipment for a sump rescue was in 1894, but 
9DULVFKHWWL¶V�UHVFXH�LV�LWV�¿UVW�NQRZQ�VXFFHVVIXO�XVH��9DULVFKHWWL¶V�UHVFXH�LV�LWV�¿UVW�NQRZQ�VXFFHVVIXO�XVH��
Hard-hat divers were brought in to ferry Varischetti Hard-hat divers were brought in to ferry Varischetti 
VXSSOLHV��7KH�¿UVW�GLYHU�UHDFKHG�KLP�WKURXJK�ORZ�VXSSOLHV��7KH�¿UVW�GLYHU�UHDFKHG�KLP�WKURXJK�ORZ�
visibility and many entanglement hazards after visibility and many entanglement hazards after 
Varischetti had been trapped for four days. Another Varischetti had been trapped for four days. Another 
GLYHU�KHOSHG�PDQDJH�WKH�¿UVW�GLYHU¶V�VXUIDFH�VXSSOLHG�GLYHU�KHOSHG�PDQDJH�WKH�¿UVW�GLYHU¶V�VXUIDFH�VXSSOLHG�
air hose. air hose. 

7KH�GLYHUV�ZHUH�DEOH�WR�UHJXODUO\�EULQJ�KLP�PHDOV��7KH�GLYHUV�ZHUH�DEOH�WR�UHJXODUO\�EULQJ�KLP�PHDOV��
candles, and cigarettes. Some of the food had been candles, and cigarettes. Some of the food had been 
SHSWRQL]HG��DUWL¿FLDOO\�SDUWLDOO\�GLJHVWHG��LQ�RUGHU�SHSWRQL]HG��DUWL¿FLDOO\�SDUWLDOO\�GLJHVWHG��LQ�RUGHU�
WR�KHOS�KLP�LQ�KLV�ZHDNHQHG�VWDWH��$IWHU�QLQH�GD\V�WR�KHOS�KLP�LQ�KLV�ZHDNHQHG�VWDWH��$IWHU�QLQH�GD\V�
of captivity and hundreds of trips by the mine train of captivity and hundreds of trips by the mine train 
hauling out water, Varischetti was able to leave hauling out water, Varischetti was able to leave 
KLV��P����IW�ORQJ�URRP��7KH�OHDG�GLYHU�FDUULHG�KLP�KLV��P����IW�ORQJ�URRP��7KH�OHDG�GLYHU�FDUULHG�KLP�
through now waist-high water in the tenth level to a through now waist-high water in the tenth level to a 
ladder, where he was escorted from the mine.ladder, where he was escorted from the mine.

Pennsylvania 2002Pennsylvania 2002

,Q�-XO\����������PLQHUV�ZHUH�ZRUNLQJ�LQ�4XHFUHHN�,Q�-XO\����������PLQHUV�ZHUH�ZRUNLQJ�LQ�4XHFUHHN�
0LQH�LQ�3HQQV\OYDQLD��HYHQO\�VSOLW�LQWR�WZR�JURXSV��0LQH�LQ�3HQQV\OYDQLD��HYHQO\�VSOLW�LQWR�WZR�JURXSV��
2QH�JURXS�ZDV�ZRUNLQJ�LQ�DQ�DUHD�WKH\�NQHZ�2QH�JURXS�ZDV�ZRUNLQJ�LQ�DQ�DUHD�WKH\�NQHZ�
was near another long-abandoned mine, but they was near another long-abandoned mine, but they 
believed that the mines were still far apart. What believed that the mines were still far apart. What 
WKH\�GLGQ¶W�NQRZ�ZDV�WKDW�XQGRFXPHQWHG�H[SDQVLRQ�WKH\�GLGQ¶W�NQRZ�ZDV�WKDW�XQGRFXPHQWHG�H[SDQVLRQ�
KDG�RFFXUUHG�DW�WKH�RWKHU�PLQH��7KH\�GLVFRYHUHG�KDG�RFFXUUHG�DW�WKH�RWKHU�PLQH��7KH\�GLVFRYHUHG�
WKLV�ZKHQ�RQH�RI�WKHLU�EODVWV�EURNH�LQWR�WKH�RWKHU�WKLV�ZKHQ�RQH�RI�WKHLU�EODVWV�EURNH�LQWR�WKH�RWKHU�
mine, which was at a higher elevation, and 75 million mine, which was at a higher elevation, and 75 million 
gallons of water starting gushing in.gallons of water starting gushing in.

7KLV�JURXS�LPPHGLDWHO\�DWWHPSWHG�WR�HVFDSH�WKH�7KLV�JURXS�LPPHGLDWHO\�DWWHPSWHG�WR�HVFDSH�WKH�
DUHD��)LUVW�WKRXJK��WKH�PHQ�KHURLFDOO\�WRRN�WKH�WLPH�WR�DUHD��)LUVW�WKRXJK��WKH�PHQ�KHURLFDOO\�WRRN�WKH�WLPH�WR�
contact the second group using the in-mine telephone contact the second group using the in-mine telephone 
V\VWHP��7KLV�JDYH�WKH�VHFRQG�JURXS�HQRXJK�WLPH�WR�V\VWHP��7KLV�JDYH�WKH�VHFRQG�JURXS�HQRXJK�WLPH�WR�
HVFDSH�WKH�PLQH��WKRXJK�LW�ZDV�FORVH��7KH�¿UVW�JURXS��HVFDSH�WKH�PLQH��WKRXJK�LW�ZDV�FORVH��7KH�¿UVW�JURXS��
WKRXJK��IRXQG�LWV�H[LW�EORFNHG�E\�ZDWHU�DQG�UHWUHDWHG�WKRXJK��IRXQG�LWV�H[LW�EORFNHG�E\�ZDWHU�DQG�UHWUHDWHG�
WR�WKH�KLJKHVW�HOHYDWLRQ�DUHD�LW�FRXOG�UHDFK��7KH\�WR�WKH�KLJKHVW�HOHYDWLRQ�DUHD�LW�FRXOG�UHDFK��7KH\�
were wet, cold, covered in coal dust, and without any were wet, cold, covered in coal dust, and without any 
supplies.supplies.

7KH�UHVFXH�DWWHPSW�VWDUWHG�ULJKW�DZD\��)RUWXQDWHO\�7KH�UHVFXH�DWWHPSW�VWDUWHG�ULJKW�DZD\��)RUWXQDWHO\�
IRU�WKH�PLQHUV��WKH�4XHFUHHN�PLQH�ZDV�YHU\�ZHOO�IRU�WKH�PLQHUV��WKH�4XHFUHHN�PLQH�ZDV�YHU\�ZHOO�
surveyed. Rescue personnel located the surface area surveyed. Rescue personnel located the surface area 
DERYH�WKH�PRVW�OLNHO\�SODFH�WKH�PLQHUV�ZRXOG�KDYH�DERYH�WKH�PRVW�OLNHO\�SODFH�WKH�PLQHUV�ZRXOG�KDYH�
JRQH�WR��DQG�VWDUWHG�GULOOLQJ�D�VL[�LQFK�VKDIW����P�����JRQH�WR��DQG�VWDUWHG�GULOOLQJ�D�VL[�LQFK�VKDIW����P�����
IW�GRZQ�WR�WKHP��7KH\�DOVR�XVHG�VHLVPLF�VHQVRUV�WR�IW�GRZQ�WR�WKHP��7KH\�DOVR�XVHG�VHLVPLF�VHQVRUV�WR�
listen for hammer noise that the miners were trained listen for hammer noise that the miners were trained 
to produce. to produce. 



8        Underwater Speleology

The 22-inch capsule used to rescue the Quecreek miners in July The 22-inch capsule used to rescue the Quecreek miners in July 
2002.2002.���0LFKDHO�5D\PRQG���0LFKDHO�5D\PRQG

Down below, the water was rapidly nearing the Down below, the water was rapidly nearing the 
PLQHUV��DQG�WKH�R[\JHQ�LQ�WKHLU�DUHD�ZDV�UXQQLQJ�RXW��PLQHUV��DQG�WKH�R[\JHQ�LQ�WKHLU�DUHD�ZDV�UXQQLQJ�RXW��
:KHQ�WKH�GULOO�EURNH�WKURXJK�WKH�PLQH�FHLOLQJ��WKH�PHQ�:KHQ�WKH�GULOO�EURNH�WKURXJK�WKH�PLQH�FHLOLQJ��WKH�PHQ�
used the pressurized air line that was powering the used the pressurized air line that was powering the 
drill to refresh their air. Fortunately, the compressor drill to refresh their air. Fortunately, the compressor 
was producing clean air, or their situation would have was producing clean air, or their situation would have 
gotten even worse.gotten even worse.

Something had to be done about the rising water. Something had to be done about the rising water. 
Huge pumps were brought to the mine, but they Huge pumps were brought to the mine, but they 
ZRXOGQ¶W�EH�DEOH�WR�ORZHU�WKH�ZDWHU�LQ�WLPH��7KH�ZRXOGQ¶W�EH�DEOH�WR�ORZHU�WKH�ZDWHU�LQ�WLPH��7KH�
rescue team decided to seal the shaft they had bored, rescue team decided to seal the shaft they had bored, 
DQG�SXPS�LQ����SVL�RI�DLU��7KH�VRXQG�ZDV�GHDIHQLQJ�DQG�SXPS�LQ����SVL�RI�DLU��7KH�VRXQG�ZDV�GHDIHQLQJ�
WR�WKH�PLQHUV��EXW�WKH�KRW�DLU�KHOSHG�NHHS�WKHP�ZDUP��WR�WKH�PLQHUV��EXW�WKH�KRW�DLU�KHOSHG�NHHS�WKHP�ZDUP��
7KHLU�SDUW�RI�WKH�PLQH�ZDV�DW�DQ�HOHYDWLRQ�RI�����7KHLU�SDUW�RI�WKH�PLQH�ZDV�DW�DQ�HOHYDWLRQ�RI�����
P������IW�DQG�KDG�D�¿YH�IRRW�FHLOLQJ��5HFRUGV�VKRZ�P������IW�DQG�KDG�D�¿YH�IRRW�FHLOLQJ��5HFRUGV�VKRZ�
WKH�ZDWHU�UHDFKHG�D�PD[LPXP�KHLJKW�RI�����P������WKH�ZDWHU�UHDFKHG�D�PD[LPXP�KHLJKW�RI�����P������
ft, which would have drowned them if it were not for ft, which would have drowned them if it were not for 
the pressurized air preserving their air bell.the pressurized air preserving their air bell.

7KH�UHVFXH�WHDP�WKHQ�KDG�WR�GHFLGH�KRZ�WR�H[WUDFW�7KH�UHVFXH�WHDP�WKHQ�KDG�WR�GHFLGH�KRZ�WR�H[WUDFW�
WKH�PLQHUV��7KH\�FRQVLGHUHG�XVLQJ�1DY\�GLYHUV��EXW�WKH�PLQHUV��7KH\�FRQVLGHUHG�XVLQJ�1DY\�GLYHUV��EXW�
this plan was rejected due to distance, route, and this plan was rejected due to distance, route, and 
ZDWHU�FRQGLWLRQ��7KHLU�HYHQWXDO�SODQ�ZDV�WR�GULOO�D�ZDWHU�FRQGLWLRQ��7KHLU�HYHQWXDO�SODQ�ZDV�WR�GULOO�D�
���LQFK�VKDIW�GRZQ�WR�WKH�PLQHUV�DQG�UDLVH�WKHP�LQ����LQFK�VKDIW�GRZQ�WR�WKH�PLQHUV�DQG�UDLVH�WKHP�LQ�
DQ�ROG����LQFK�UHVFXH�FDSVXOH��)LUVW��WKH\�ERUHG�GRZQ�DQ�ROG����LQFK�UHVFXH�FDSVXOH��)LUVW��WKH\�ERUHG�GRZQ�
PRUH�VL[�LQFK�VKDIWV�LQWR�GHHSHU�DUHDV�LQ�RUGHU�WR�DGG�PRUH�VL[�LQFK�VKDIWV�LQWR�GHHSHU�DUHDV�LQ�RUGHU�WR�DGG�
PRUH�SXPSV�WR�WKH�HIIRUW��7KH�UHVFXH�WHDP�UHDOL]HG�PRUH�SXPSV�WR�WKH�HIIRUW��7KH�UHVFXH�WHDP�UHDOL]HG�
that decompression illness was a major threat. that decompression illness was a major threat. 

7R�FRPEDW�WKLV��WKH�1DY\�GHOLYHUHG����SRUWDEOH�7R�FRPEDW�WKLV��WKH�1DY\�GHOLYHUHG����SRUWDEOH�
hyperbaric chambers to the incident site, and local hyperbaric chambers to the incident site, and local 
engineers built a special compartment to go over the engineers built a special compartment to go over the 
UHVFXH�VKDIW��7KH�FRPSDUWPHQW�ZRXOG�SUHVHUYH�WKH�UHVFXH�VKDIW��7KH�FRPSDUWPHQW�ZRXOG�SUHVHUYH�WKH�
air pressure in the mine while the capsule was being air pressure in the mine while the capsule was being 
raised and lowered. raised and lowered. 

7KH�WHDP�GHFLGHG�WKDW�RQFH�WKH�FDSVXOH�UHDFKHG�7KH�WHDP�GHFLGHG�WKDW�RQFH�WKH�FDSVXOH�UHDFKHG�
the surface, they had 15 minutes to get the miner the surface, they had 15 minutes to get the miner 
into a hyperbaric chamber. Part of the movement into a hyperbaric chamber. Part of the movement 
effort would involve cutting off the miner’s clothing effort would involve cutting off the miner’s clothing 
and washing him. Putting someone into a hyperbaric and washing him. Putting someone into a hyperbaric 
chamber while covered in coal dust was apt to lead to chamber while covered in coal dust was apt to lead to 
spontaneous combustion.spontaneous combustion.

)RUWXQDWHO\��WKH�FKDPEHUV�ZHUH�QHYHU�QHHGHG��%\�WKH�)RUWXQDWHO\��WKH�FKDPEHUV�ZHUH�QHYHU�QHHGHG��%\�WKH�
time the rescue shaft was completed, the pumps had time the rescue shaft was completed, the pumps had 
dropped the water level enough that the air pressure dropped the water level enough that the air pressure 
LQ�WKH�PLQH�ZDV�EDFN�WR�QRUPDO��LQ�WKH�PLQH�ZDV�EDFN�WR�QRUPDO��

All nine miners were successfully raised to the surface All nine miners were successfully raised to the surface 
DQG�ÀRZQ�DW�ORZ�DOWLWXGH�WR�WKH�KRVSLWDO��7KH\�ZHUH�RQ�DQG�ÀRZQ�DW�ORZ�DOWLWXGH�WR�WKH�KRVSLWDO��7KH\�ZHUH�RQ�
the verge of hypothermia and very hungry after being the verge of hypothermia and very hungry after being 
in the mine for four days, but all fully recovered.in the mine for four days, but all fully recovered.

Pearl Harbor, Hawai’i 1941Pearl Harbor, Hawai’i 1941

:KHQ�WKH�-DSDQHVH�DWWDFNHG�3HDUO�+DUERU�LQ�:KHQ�WKH�-DSDQHVH�DWWDFNHG�3HDUO�+DUERU�LQ�
'HFHPEHU�RI������DQG�*HQHUDO�4XDUWHUV�ZDV�'HFHPEHU�RI������DQG�*HQHUDO�4XDUWHUV�ZDV�
sounded, the Sailors of the U.S. battleship sounded, the Sailors of the U.S. battleship OklahomaOklahoma  
raced to their battle stations. Despite warnings raced to their battle stations. Despite warnings 
about possible hostilities, the ship was awaiting an about possible hostilities, the ship was awaiting an 
LQVSHFWLRQ��DQG�DOO�RI�LWV�KDWFKHV�ZHUH�RSHQ��7KLV�LQVSHFWLRQ��DQG�DOO�RI�LWV�KDWFKHV�ZHUH�RSHQ��7KLV�
PHDQW�WKDW�ZKHQ�LW�ZDV�VWUXFN�E\�PXOWLSOH�WRUSHGRHV��PHDQW�WKDW�ZKHQ�LW�ZDV�VWUXFN�E\�PXOWLSOH�WRUSHGRHV��
LW�TXLFNO\�EHJDQ�WR�ÀRRG��LW�TXLFNO\�EHJDQ�WR�ÀRRG��

0DQ\�6DLORUV�VWD\HG�DW�WKHLU�EDWWOH�VWDWLRQV�GHHS�LQ�0DQ\�6DLORUV�VWD\HG�DW�WKHLU�EDWWOH�VWDWLRQV�GHHS�LQ�
the ship because they either had not been relieved, the ship because they either had not been relieved, 
or because their leaders told them to stay there away or because their leaders told them to stay there away 
IURP�WKH�IDOOLQJ�ERPEV��7KLV�PHDQW�WKDW�ZKHQ�WKH�IURP�WKH�IDOOLQJ�ERPEV��7KLV�PHDQW�WKDW�ZKHQ�WKH�
VKLS�UROOHG�RYHU�DQG�VDQN�LQWR�WKH�PXG��WKH\�ZHUH�VKLS�UROOHG�RYHU�DQG�VDQN�LQWR�WKH�PXG��WKH\�ZHUH�
WUDSSHG�LQVLGH��7KH�ERWWRP�RI�WKH�VKLS�ZDV�VWLOO�DERYH�WUDSSHG�LQVLGH��7KH�ERWWRP�RI�WKH�VKLS�ZDV�VWLOO�DERYH�
the water, but the compartments where the surviving the water, but the compartments where the surviving 
Sailors were became underwater air bells.Sailors were became underwater air bells.
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Rescuers race against rising water in the U.S. battleship Rescuers race against rising water in the U.S. battleship 
2NODKRPD�2NODKRPD�at Pearl Harbor.at Pearl Harbor.  ��0LFKDHO�$��5D\PRQG��0LFKDHO�$��5D\PRQG

7KH�ERRN�7KH�ERRN�Trapped at Pearl HarborTrapped at Pearl Harbor�E\�6WHYHQ�%���E\�6WHYHQ�%��
<RXQJ�GHWDLOV�KLV�H[SHULHQFH�RI�EHLQJ�WUDSSHG�<RXQJ�GHWDLOV�KLV�H[SHULHQFH�RI�EHLQJ�WUDSSHG�
in one of the turrets. He and the Sailors trapped in one of the turrets. He and the Sailors trapped 
ZLWK�KLP�ZHUH�UHODWLYHO\�ZDUP��7KH\�KDG�D�IHZ�ZLWK�KLP�ZHUH�UHODWLYHO\�ZDUP��7KH\�KDG�D�IHZ�
ÀDVKOLJKWV�WKDW�WKH\�NHSW�RII�PRVW�RI�WKH�WLPH�WR�ÀDVKOLJKWV�WKDW�WKH\�NHSW�RII�PRVW�RI�WKH�WLPH�WR�
SUHVHUYH�WKH�EDWWHULHV��7KHLU�SULQFLSDO�FRQFHUQ�ZDV�SUHVHUYH�WKH�EDWWHULHV��7KHLU�SULQFLSDO�FRQFHUQ�ZDV�
WKDW�WKH�ZDWHU�ZDV�ULVLQJ��DQG�WKH\�NQHZ�WKH\�ZHUH�WKDW�WKH�ZDWHU�ZDV�ULVLQJ��DQG�WKH\�NQHZ�WKH\�ZHUH�
UXQQLQJ�RXW�RI�R[\JHQ�UXQQLQJ�RXW�RI�R[\JHQ�

7KH�6DLORUV�ZHUH�YHU\�IDPLOLDU�ZLWK�WKHLU�VKLS�DQG�7KH�6DLORUV�ZHUH�YHU\�IDPLOLDU�ZLWK�WKHLU�VKLS�DQG�
NQHZ�WKHUH�ZDV�DQ�HVFDSH�KDWFK�DW�WKH�WRS��QRZ�NQHZ�WKHUH�ZDV�DQ�HVFDSH�KDWFK�DW�WKH�WRS��QRZ�
WKH�ERWWRP��RI�WKHLU�DUHD��7KHRUHWLFDOO\�WKH\�FRXOG�WKH�ERWWRP��RI�WKHLU�DUHD��7KHRUHWLFDOO\�WKH\�FRXOG�
breath-hold dive down without any light, go through breath-hold dive down without any light, go through 
WKH�KDWFK��VZLP�DORQJ�WKH�GHFN�RI�WKH�VKLS��DQG�WKH�KDWFK��VZLP�DORQJ�WKH�GHFN�RI�WKH�VKLS��DQG�
WKHQ�VZLP�XS�WR�WKH�VXUIDFH��7KH\�GLGQ¶W�NQRZ�LI�WKHQ�VZLP�XS�WR�WKH�VXUIDFH��7KH\�GLGQ¶W�NQRZ�LI�
WKH\�FRXOG�PDNH�LW�DOO�WKH�ZD\��WKRXJK�WKH\�FRXOG�PDNH�LW�DOO�WKH�ZD\��WKRXJK�

At the start of their ordeal, several Sailors made At the start of their ordeal, several Sailors made 
the attempt. Some made it almost all the way to the attempt. Some made it almost all the way to 
WKH�KDWFK��WKRXJKW�EHWWHU�RI�LW��DQG�VZDP�EDFN�XS�WKH�KDWFK��WKRXJKW�EHWWHU�RI�LW��DQG�VZDP�EDFN�XS�
LQWR�WKH�DLU�EHOO��7KHUH�ZDV�OLWWOH�WDONLQJ��DQG�QR�LQWR�WKH�DLU�EHOO��7KHUH�ZDV�OLWWOH�WDONLQJ��DQG�QR�
one shared that the way was clear. Other Sailors one shared that the way was clear. Other Sailors 
GLG�PDNH�LW�DOO�WKH�ZD\�RXW�RI�WKH�VKLS�DQG�WR�GLG�PDNH�LW�DOO�WKH�ZD\�RXW�RI�WKH�VKLS�DQG�WR�
the surface. Once on the surface, they were so the surface. Once on the surface, they were so 
H[KDXVWHG�IURP�WKH�HIIRUW�WKDW�HDFK�RQH�ZRXOG�KDYH�H[KDXVWHG�IURP�WKH�HIIRUW�WKDW�HDFK�RQH�ZRXOG�KDYH�
then drowned were it not for passing watercraft that then drowned were it not for passing watercraft that 
saw them pop up and raced to retrieve them. saw them pop up and raced to retrieve them. 

:KHQ�SHRSOH�GLGQ¶W�FRPH�EDFN��WKH�6DLORUV�LQVLGH�:KHQ�SHRSOH�GLGQ¶W�FRPH�EDFN��WKH�6DLORUV�LQVLGH�
GLGQ¶W�NQRZ�LI�LW�ZDV�EHFDXVH�WKH\�KDG�PDGH�LW��RU�LI�GLGQ¶W�NQRZ�LI�LW�ZDV�EHFDXVH�WKH\�KDG�PDGH�LW��RU�LI�
WKH\�KDG�JRWWHQ�VWXFN��ZKLFK�PHDQW�WKDW�WKH�KDWFK�WKH\�KDG�JRWWHQ�VWXFN��ZKLFK�PHDQW�WKDW�WKH�KDWFK�
would be even harder to get through. Eventually would be even harder to get through. Eventually 
those who remained were in such bad condition those who remained were in such bad condition 
from the bad air in the compartment that they from the bad air in the compartment that they 
collectively decided they did not have the energy collectively decided they did not have the energy 
for any more attempts.for any more attempts.

2XWVLGH�WKH�VKLS��WKH�UHVFXH�SDUW\�ZRUNLQJ�WR�VDYH�2XWVLGH�WKH�VKLS��WKH�UHVFXH�SDUW\�ZRUNLQJ�WR�VDYH�
WKHP�KDG�VHYHUDO�FRPSOLFDWLRQV��7KH\�FRXOG�KHDU�WKHP�KDG�VHYHUDO�FRPSOLFDWLRQV��7KH\�FRXOG�KHDU�
banging from inside the ship, but it was hard to banging from inside the ship, but it was hard to 
SUHFLVHO\�ORFDWH�WKH�VRXUFH��7KH\�FRXOG�QRW�VWDUW�SUHFLVHO\�ORFDWH�WKH�VRXUFH��7KH\�FRXOG�QRW�VWDUW�
FXWWLQJ�LQWR�WKH�KXOO�RI�WKH�VKLS�MXVW�DQ\ZKHUH��7KHUH�FXWWLQJ�LQWR�WKH�KXOO�RI�WKH�VKLS�MXVW�DQ\ZKHUH��7KHUH�
ZHUH�PDQ\�IXHO�WDQNV�LQ�WKH�KXOO��DQG�FXWWLQJ�LQWR�ZHUH�PDQ\�IXHO�WDQNV�LQ�WKH�KXOO��DQG�FXWWLQJ�LQWR�
one with a torch would ignite the fuel. Using a torch one with a torch would ignite the fuel. Using a torch 
WR�FXW�LQWR�D�VPDOO�FKDPEHU�DOVR�ULVNHG�XVLQJ�XS�DOO�WR�FXW�LQWR�D�VPDOO�FKDPEHU�DOVR�ULVNHG�XVLQJ�XS�DOO�
WKH�R[\JHQ�LQ�WKH�FKDPEHU�DQG�VXIIRFDWLQJ�DQ\RQH�WKH�R[\JHQ�LQ�WKH�FKDPEHU�DQG�VXIIRFDWLQJ�DQ\RQH�
inside.inside.

7KH�PHQ�LQVLGH�WKH�WXUUHW�HYHQWXDOO\�EURNH�RSHQ�D�7KH�PHQ�LQVLGH�WKH�WXUUHW�HYHQWXDOO\�EURNH�RSHQ�D�
door into a room beside theirs. With the tilt of the door into a room beside theirs. With the tilt of the 
ship, it was higher and they could get out of the ship, it was higher and they could get out of the 
ULVLQJ�ZDWHU��7KH�H[SDQGHG�DUHD�DOVR�JDYH�WKHP�ULVLQJ�ZDWHU��7KH�H[SDQGHG�DUHD�DOVR�JDYH�WKHP�
PRUH�DLU�WR�EUHDWKH��7KH\�ZHUH�RYHUMR\HG�WR�KHDU�PRUH�DLU�WR�EUHDWKH��7KH\�ZHUH�RYHUMR\HG�WR�KHDU�
the rescuers cutting into the ship and getting closer. the rescuers cutting into the ship and getting closer. 

When the rescuers began cutting into their room, a When the rescuers began cutting into their room, a 
UDFH�EHJDQ��:KHQ�WKH�¿UVW�KROH�ZDV�PDGH��WKHLU�DLU�UDFH�EHJDQ��:KHQ�WKH�¿UVW�KROH�ZDV�PDGH��WKHLU�DLU�
EHOO�ZDV�QRZ�EURNHQ��$LU�ZDV�HVFDSLQJ��ZKLFK�DOORZHG�EHOO�ZDV�QRZ�EURNHQ��$LU�ZDV�HVFDSLQJ��ZKLFK�DOORZHG�
WKH�ZDWHU�WR�ULVH�HYHQ�IDVWHU��7KH�6DLORUV�GLGQ¶W�WKLQN�WKH�ZDWHU�WR�ULVH�HYHQ�IDVWHU��7KH�6DLORUV�GLGQ¶W�WKLQN�
to close the door in their new room and thus slow the to close the door in their new room and thus slow the 
ULVH��(YHQWXDOO\�D�PDQ�VL]HG�KROH�ZDV�FXW�RSHQ��7KH\�ULVH��(YHQWXDOO\�D�PDQ�VL]HG�KROH�ZDV�FXW�RSHQ��7KH\�
padded it with mattresses, and everyone made it out padded it with mattresses, and everyone made it out 
RI�WKH�VKLS�EHIRUH�WKHLU�DUHD�FRPSOHWHO\�ÀRRGHG�RI�WKH�VKLS�EHIRUH�WKHLU�DUHD�FRPSOHWHO\�ÀRRGHG�

Nigeria 2013Nigeria 2013

,Q�-XQH�������WKH�WXJERDW�,Q�-XQH�������WKH�WXJERDW�Jascon-4 Jascon-4 ÀLSSHG�RYHU�DQG�ÀLSSHG�RYHU�DQG�
VDQN�QHDUO\����P�����IW�WR�WKH�ERWWRP�RI�WKH�RFHDQ��VDQN�QHDUO\����P�����IW�WR�WKH�ERWWRP�RI�WKH�RFHDQ��
7KH�VKLS�KDG�EHHQ�KHOSLQJ�WR�PRYH�DQ�RLO�WDQNHU�RII�7KH�VKLS�KDG�EHHQ�KHOSLQJ�WR�PRYH�DQ�RLO�WDQNHU�RII�
WKH�FRDVW�RI�1LJHULD�ZKLOH�LQ�KLJK�VHDV��7KH�VKLS¶V�WKH�FRDVW�RI�1LJHULD�ZKLOH�LQ�KLJK�VHDV��7KH�VKLS¶V�
FRRN��+DUULVRQ�2NHQH��ZDV�XQDEOH�WR�HVFDSH�WKH�VKLS�FRRN��+DUULVRQ�2NHQH��ZDV�XQDEOH�WR�HVFDSH�WKH�VKLS�
and wound up trapped in an underwater air bell. None and wound up trapped in an underwater air bell. None 
RI�WKH�RWKHU�HOHYHQ�FUHZ�VXUYLYHG��7KH�RLO�FRPSDQ\�RI�WKH�RWKHU�HOHYHQ�FUHZ�VXUYLYHG��7KH�RLO�FRPSDQ\�
LPPHGLDWHO\�GHSOR\HG�GLYHUV�WR�FKHFN�WKH�VKLS��7KH\�LPPHGLDWHO\�GHSOR\HG�GLYHUV�WR�FKHFN�WKH�VKLS��7KH\�
EDQJHG�RQ�WKH�KXOO��DQG�2NHQH�EDQJHG�EDFN��EXW�WKH\�EDQJHG�RQ�WKH�KXOO��DQG�2NHQH�EDQJHG�EDFN��EXW�WKH\�
didn’t hear him.didn’t hear him.

,QVLGH�WKH�VKLS��2NHQH�ZRUNHG�WR�LPSURYH�KLV�,QVLGH�WKH�VKLS��2NHQH�ZRUNHG�WR�LPSURYH�KLV�
situation. He tore apart the wall of the room he was situation. He tore apart the wall of the room he was 
in so that he could move to a larger area. He built a in so that he could move to a larger area. He built a 
platform out of mattresses and the wall material so he platform out of mattresses and the wall material so he 
FRXOG�JHW�RXW�RI�WKH�FROG�ZDWHU��2NHQH�ZDV�FKXEE\��FRXOG�JHW�RXW�RI�WKH�FROG�ZDWHU��2NHQH�ZDV�FKXEE\��
ZKLFK�KHOSHG�NHHS�KLP�ZDUP��+H�IRXQG�RQH�ERWWOH�ZKLFK�KHOSHG�NHHS�KLP�ZDUP��+H�IRXQG�RQH�ERWWOH�
RI�&RFD�&ROD�WR�VXEVLVW�RQ��+H�KDG�WZR�ZRUNLQJ�RI�&RFD�&ROD�WR�VXEVLVW�RQ��+H�KDG�WZR�ZRUNLQJ�
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Sump rescue skills translate to mining and shipwreck accidents. Sump rescue skills translate to mining and shipwreck accidents. 
Special considerations include protecting the integrity of the air Special considerations include protecting the integrity of the air 
bell and having a decompression plan for the entrapped personsbell and having a decompression plan for the entrapped persons..

ÀDVKOLJKWV��EXW�WKH\�GLHG�DIWHU�WKH�¿UVW�GD\��+H�FRXOG�ÀDVKOLJKWV��EXW�WKH\�GLHG�DIWHU�WKH�¿UVW�GD\��+H�FRXOG�
KHDU�¿VK�HDWLQJ�WKH�UHPDLQV�RI�KLV�IHOORZ�FUHZ��:KHQ�KHDU�¿VK�HDWLQJ�WKH�UHPDLQV�RI�KLV�IHOORZ�FUHZ��:KHQ�
salvage divers encountered him on the third day, he salvage divers encountered him on the third day, he 
was in very bad shape.was in very bad shape.

7KH�RLO�FRPSDQ\�KDG�KLUHG�VDOYDJH�GLYHUV�WR�UHPRYH�7KH�RLO�FRPSDQ\�KDG�KLUHG�VDOYDJH�GLYHUV�WR�UHPRYH�
WKH�GHDG�ERGLHV�IURP�WKH�WXJERDW��7KHLU�MRE�ZDV�WKH�GHDG�ERGLHV�IURP�WKH�WXJERDW��7KHLU�MRE�ZDV�
GLI¿FXOW�IRU�D�QXPEHU�RI�UHDVRQV��7KH�FUHZ�KDG�ORFNHG�GLI¿FXOW�IRU�D�QXPEHU�RI�UHDVRQV��7KH�FUHZ�KDG�ORFNHG�
DOO�WKH�GRRUV�DV�D�SUHFDXWLRQ�DJDLQVW�SLUDWH�DWWDFN��DOO�WKH�GRRUV�DV�D�SUHFDXWLRQ�DJDLQVW�SLUDWH�DWWDFN��
DQG�LW�WRRN�WKH�GLYHUV�DQ�KRXU�WR�EUHDN�WKURXJK�WKHP��DQG�LW�WRRN�WKH�GLYHUV�DQ�KRXU�WR�EUHDN�WKURXJK�WKHP��
7KH�VKLS�ZDV�XSVLGH�GRZQ��IXOO�RI�GHEULV��DQG�VORZO\�7KH�VKLS�ZDV�XSVLGH�GRZQ��IXOO�RI�GHEULV��DQG�VORZO\�
VLQNLQJ�LQWR�WKH�RFHDQ�ERWWRP��VLQNLQJ�LQWR�WKH�RFHDQ�ERWWRP��

$IWHU�EHLQJ�WUDSSHG�IRU����KRXUV��2NHQH�KHDUG�WKH�$IWHU�EHLQJ�WUDSSHG�IRU����KRXUV��2NHQH�KHDUG�WKH�
VDOYDJH�GLYHUV�ZRUNLQJ�RQ�WKH�VKLS��VDZ�RQH�GLYHU�VDOYDJH�GLYHUV�ZRUNLQJ�RQ�WKH�VKLS��VDZ�RQH�GLYHU�
swim past his position, and was fortunate to get a swim past his position, and was fortunate to get a 
GLYHU¶V�DWWHQWLRQ�WKH�QH[W�WLPH�KH�VDZ�D�OLJKW��7KH�GLYHU¶V�DWWHQWLRQ�WKH�QH[W�WLPH�KH�VDZ�D�OLJKW��7KH�
YLGHR�RI�WKHLU�HQFRXQWHU�LV�ZHOO�NQRZQ�YLGHR�RI�WKHLU�HQFRXQWHU�LV�ZHOO�NQRZQ�

7KH�VDOYDJH�GLYHUV�GLG�D�JUHDW�MRE�ZLWK�UHVFXLQJ�7KH�VDOYDJH�GLYHUV�GLG�D�JUHDW�MRE�ZLWK�UHVFXLQJ�
2NHQH��:KHQ�WKH\�IRXQG�KLP��KH�ZDV�GHOLULRXV��2NHQH��:KHQ�WKH\�IRXQG�KLP��KH�ZDV�GHOLULRXV��
suffering from COsuffering from CO�� poisoning, and short of breath.  poisoning, and short of breath. 
7KH\�¿WWHG�KLP�ZLWK�D�GLYLQJ�KHOPHW�DQG�KDUQHVV�DQG�7KH\�¿WWHG�KLP�ZLWK�D�GLYLQJ�KHOPHW�DQG�KDUQHVV�DQG�
WKHQ�JDYH�KLP�D����PLQXWH�GLYLQJ�OHVVRQ��2NHQH�WKHQ�JDYH�KLP�D����PLQXWH�GLYLQJ�OHVVRQ��2NHQH�
UHPDLQHG�FDOP�WKURXJKRXW�KLV�H[WUDFWLRQ�IURP�WKH�UHPDLQHG�FDOP�WKURXJKRXW�KLV�H[WUDFWLRQ�IURP�WKH�
VKLS��ZKLFK�KHOSHG�WUHPHQGRXVO\��7KH�GLYHUV�WRRN�KLP�VKLS��ZKLFK�KHOSHG�WUHPHQGRXVO\��7KH�GLYHUV�WRRN�KLP�
to a dive bell, which brought him to the surface where to a dive bell, which brought him to the surface where 
KH�ZDV�SXW�LQWR�D�GHFRPSUHVVLRQ�FKDPEHU�IRU����KH�ZDV�SXW�LQWR�D�GHFRPSUHVVLRQ�FKDPEHU�IRU����
KRXUV��2NHQH�IXOO\�UHFRYHUHG��WKRXJK�QRZ�KH�UHIXVHV�KRXUV��2NHQH�IXOO\�UHFRYHUHG��WKRXJK�QRZ�KH�UHIXVHV�
to return to the sea and suffers nightmares of his to return to the sea and suffers nightmares of his 
ordeal.ordeal.

DiscussionDiscussion

7KH�VXPS�UHVFXH�FRPPXQLW\�QHHGV�D�VLPSOL¿HG�7KH�VXPS�UHVFXH�FRPPXQLW\�QHHGV�D�VLPSOL¿HG�
way to calculate air replenishment for “small” way to calculate air replenishment for “small” 
chambers. Certainly the full solution can be calculated chambers. Certainly the full solution can be calculated 
QXPHULFDOO\��7DNH�WKH�YROXPH�RI�WKH�FKDPEHU�DQG�QXPHULFDOO\��7DNH�WKH�YROXPH�RI�WKH�FKDPEHU�DQG�
factor in the respiratory rates of the trapped persons, factor in the respiratory rates of the trapped persons, 
the surface area of the water touching the chamber, the surface area of the water touching the chamber, 

the temperatures of the air and water, the movement the temperatures of the air and water, the movement 
of the water, and the amount of time the persons have of the water, and the amount of time the persons have 
been there. been there. 

Can this equation be made simple enough to be Can this equation be made simple enough to be 
useful to the incident response personnel? If not, useful to the incident response personnel? If not, 
we’re left with our current rule of thumb that chambers we’re left with our current rule of thumb that chambers 
with moving water replenish air “faster”.with moving water replenish air “faster”.

0RYLQJ�ZDWHU�LV�OLNHO\�D�IDFWRU�LQ�2NHQH¶V�VXUYLYDO�LQ�0RYLQJ�ZDWHU�LV�OLNHO\�D�IDFWRU�LQ�2NHQH¶V�VXUYLYDO�LQ�
������:KHQ�H[SHUWV�UDQ�WKH�QXPEHUV�IRU�KLV�VLWXDWLRQ�������:KHQ�H[SHUWV�UDQ�WKH�QXPEHUV�IRU�KLV�VLWXDWLRQ�
after the fact, they found that he should have died at after the fact, they found that he should have died at 
WZR�DQG�RQH�KDOI�GD\V��7KLV�LV�WKH�VDPH�DPRXQW�RI�WZR�DQG�RQH�KDOI�GD\V��7KLV�LV�WKH�VDPH�DPRXQW�RI�
WLPH�WKDW�LW�WRRN�WKH�VDOYDJH�GLYHUV�WR�JHW�WR�KLP��+LV�WLPH�WKDW�LW�WRRN�WKH�VDOYDJH�GLYHUV�WR�JHW�WR�KLP��+LV�
agitating water while struggling to stay on his small agitating water while struggling to stay on his small 
SODWIRUP�PD\�KDYH�KDG�D�WLQ\�EHQH¿W²ZDWHU�ZLWK�SODWIRUP�PD\�KDYH�KDG�D�WLQ\�EHQH¿W²ZDWHU�ZLWK�
more saturated Omore saturated O�� and less saturated CO and less saturated CO�� may have  may have 
WKHQ�EHHQ�H[SRVHG�WR�WKH�URRP�WKHQ�EHHQ�H[SRVHG�WR�WKH�URRP�

0RYHPHQW�E\�WKH�WUDSSHG�4XHFUHHN�PLQHUV�SUREDEO\�0RYHPHQW�E\�WKH�WUDSSHG�4XHFUHHN�PLQHUV�SUREDEO\�
had more of a negative effect. As the water rose, the had more of a negative effect. As the water rose, the 
PLQHUV�VWUXJJOHG�WR�EXLOG�D�VHULHV�RI�EDUULHUV�WR�NHHS�LW�PLQHUV�VWUXJJOHG�WR�EXLOG�D�VHULHV�RI�EDUULHUV�WR�NHHS�LW�
DW�ED\��7KH�ZDWHU�ZDV�ULVLQJ�VR�TXLFNO\�WKDW�LW�TXLFNO\�DW�ED\��7KH�ZDWHU�ZDV�ULVLQJ�VR�TXLFNO\�WKDW�LW�TXLFNO\�
E\SDVVHG�HDFK�RI�WKHLU�DWWHPSWV��7KH\�ZHUH�IROORZLQJ�E\SDVVHG�HDFK�RI�WKHLU�DWWHPSWV��7KH\�ZHUH�IROORZLQJ�
WKHLU�WUDLQLQJ��EXW�WKHLU�SK\VLFDO�H[HUWLRQ�OLNHO\�RQO\�WKHLU�WUDLQLQJ��EXW�WKHLU�SK\VLFDO�H[HUWLRQ�OLNHO\�RQO\�
H[KDXVWHG�WKHLU�DLU�H[KDXVWHG�WKHLU�DLU�

  
An interesting additional issue is whether it is safe An interesting additional issue is whether it is safe 
to use a Palmer Furnace or similar method to warm to use a Palmer Furnace or similar method to warm 
XS�\RXU�SDWLHQW��7KH�OLWHUDWXUH�VHHPV�WR�VXJJHVW�XS�\RXU�SDWLHQW��7KH�OLWHUDWXUH�VHHPV�WR�VXJJHVW�
WKDW�LQ�R[\JHQ�HQULFKHG�HQYLURQPHQWV��¿UHV�DUH�WKDW�LQ�R[\JHQ�HQULFKHG�HQYLURQPHQWV��¿UHV�DUH�
PRUH�DIIHFWHG�E\�WKH�SHUFHQWDJH�RI�R[\JHQ�WKDQ�LWV�PRUH�DIIHFWHG�E\�WKH�SHUFHQWDJH�RI�R[\JHQ�WKDQ�LWV�
SDUWLDO�SUHVVXUH��7KHUHIRUH��LI�\RX�DUH�LQ�DQ�DUHD�ZLWK�SDUWLDO�SUHVVXUH��7KHUHIRUH��LI�\RX�DUH�LQ�DQ�DUHD�ZLWK�
compressed air then you should be able to safely compressed air then you should be able to safely 
RSHUDWH�D�ÀDPH��ZKHUHDV�LQ�DQ�DUHD�IXOO�RI�QLWUR[�RU�RSHUDWH�D�ÀDPH��ZKHUHDV�LQ�DQ�DUHD�IXOO�RI�QLWUR[�RU�
VLPLODU��LW�LV�UHFRPPHQGHG�DJDLQVW��0RVW�XQGHUZDWHU�VLPLODU��LW�LV�UHFRPPHQGHG�DJDLQVW��0RVW�XQGHUZDWHU�
DLU�EHOOV�WHQG�WR�EH�VPDOO�DUHDV�WKRXJK��DQG�VR�¿UH�DLU�EHOOV�WHQG�WR�EH�VPDOO�DUHDV�WKRXJK��DQG�VR�¿UH�
VKRXOG�EH�DYRLGHG�WR�SUHYHQW�WKH�GHSOHWLRQ�RI�R[\JHQ�VKRXOG�EH�DYRLGHG�WR�SUHYHQW�WKH�GHSOHWLRQ�RI�R[\JHQ�
and creation of harmful gasses.and creation of harmful gasses.
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Lessons LearnedLessons Learned

6HYHUDO�OHVVRQV�FDQ�EH�GUDZQ�IURP�WKHVH�UHVFXHV��,Q�PLQH²DQG�OLNHO\�FDYH²UHVFXHV��WKH�VRRQHU�\RX�FDQ�6HYHUDO�OHVVRQV�FDQ�EH�GUDZQ�IURP�WKHVH�UHVFXHV��,Q�PLQH²DQG�OLNHO\�FDYH²UHVFXHV��WKH�VRRQHU�\RX�FDQ�
VWDUW�XVLQJ�SXPSV�DQG�WKH�PRUH�SXPSV�\RX�FDQ�XVH��WKH�EHWWHU��0DNH�VXUH�WKDW�VRPHRQH�LV�ZDWFKLQJ�DQG�VWDUW�XVLQJ�SXPSV�DQG�WKH�PRUH�SXPSV�\RX�FDQ�XVH��WKH�EHWWHU��0DNH�VXUH�WKDW�VRPHRQH�LV�ZDWFKLQJ�DQG�
UHDG\�WR�UHDFW�LI�RQH�RI�WKH�WUDSSHG�SHRSOH�DWWHPSWV�WR�IUHH�GLYH�RXW��%H�SUHSDUHG�WR�GHDO�ZLWK�EDG�DLU�ZKHQ�UHDG\�WR�UHDFW�LI�RQH�RI�WKH�WUDSSHG�SHRSOH�DWWHPSWV�WR�IUHH�GLYH�RXW��%H�SUHSDUHG�WR�GHDO�ZLWK�EDG�DLU�ZKHQ�
you encounter someone.you encounter someone.

7KHVH�UHVFXHV�UHLQIRUFH�WKH�¿UVW�WZR�SDUWV�RI�WKH�$&0(�UHVFXH�DFURQ\P��7KHVH�UHVFXHV�UHLQIRUFH�WKH�¿UVW�WZR�SDUWV�RI�WKH�$&0(�UHVFXH�DFURQ\P��

• • AAir quality, ir quality, 

• • CCoherence as an indicator of the patient’s mental status,  oherence as an indicator of the patient’s mental status,  

• • MMedical condition, and edical condition, and 

• • EE[LW�SODQ��[LW�SODQ��

5HVFXHUV�VKRXOG�VWHS�WKURXJK�WKLV�VHTXHQFH�XSRQ�FRPLQJ�XS�LQ�DQ�DLU�EHOO�DQG�¿QGLQJ�RQH�RU�PRUH�RI�WKH�5HVFXHUV�VKRXOG�VWHS�WKURXJK�WKLV�VHTXHQFH�XSRQ�FRPLQJ�XS�LQ�DQ�DLU�EHOO�DQG�¿QGLQJ�RQH�RU�PRUH�RI�WKH�
PLVVLQJ�SHUVRQV��5HPHPEHU��LQ�FDYH�UHVFXH��LW�LV�DOPRVW�DOZD\V�WKH�FDYH�HQYLURQPHQW�WKDW�NLOOV�\RX��DQG�PLVVLQJ�SHUVRQV��5HPHPEHU��LQ�FDYH�UHVFXH��LW�LV�DOPRVW�DOZD\V�WKH�FDYH�HQYLURQPHQW�WKDW�NLOOV�\RX��DQG�
not a debilitating injury.not a debilitating injury.

ConclusionsConclusions

8QGHUZDWHU�DLU�EHOOV�RI�VXI¿FLHQW�VL]H�WR�VKHOWHU�LQ�DUH�FRPSOHWHO\�XQNQRZQ�LQ�WKH�FDYLQJ�ZRUOG��7KH\�GR�8QGHUZDWHU�DLU�EHOOV�RI�VXI¿FLHQW�VL]H�WR�VKHOWHU�LQ�DUH�FRPSOHWHO\�XQNQRZQ�LQ�WKH�FDYLQJ�ZRUOG��7KH\�GR�
KDSSHQ�LQ�WKH�ZRUOGV�RI�PLQH�DQG�VKLSZUHFN�UHVFXH�WKRXJK��6XPS�UHVFXH�VNLOOV�DUH�DSSOLFDEOH�LQ�WKHVH�KDSSHQ�LQ�WKH�ZRUOGV�RI�PLQH�DQG�VKLSZUHFN�UHVFXH�WKRXJK��6XPS�UHVFXH�VNLOOV�DUH�DSSOLFDEOH�LQ�WKHVH�
HQYLURQPHQWV��EXW�UHVFXHUV�VKRXOG�EH�DZDUH�RI�WKH�VSHFLDO�UHTXLUHPHQWV��7KHVH�LQFOXGH�HQYLURQPHQWV��EXW�UHVFXHUV�VKRXOG�EH�DZDUH�RI�WKH�VSHFLDO�UHTXLUHPHQWV��7KHVH�LQFOXGH�

• • protecting the integrity of the air bell, and protecting the integrity of the air bell, and 

• • having a decompression plan for the patients. having a decompression plan for the patients. 

8VLQJ�WKLV�NQRZOHGJH��FDYH�GLYHUV�FDQ�EH�DEOH�WR�DVVLVW�WKHLU�FRPPXQLWLHV�LI�WKHVH�VSHFLDO��FLUFXPVWDQFHV�8VLQJ�WKLV�NQRZOHGJH��FDYH�GLYHUV�FDQ�EH�DEOH�WR�DVVLVW�WKHLU�FRPPXQLWLHV�LI�WKHVH�VSHFLDO��FLUFXPVWDQFHV�
arise. arise. 
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