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SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined by the American National Standards
Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached
by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily
unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.”
Compliance with this standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public
review.

ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The
Project Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE
members, all must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests
on all Project Committees. 

The Manager of Standards of ASHRAE should be contacted for:
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard,
d. permission to reprint portions of the Standard.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of 
testing for rating purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions 
of this equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE Standards 
and Guidelines is determined by the need for them, and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either
stated or implied, that the product has been approved by ASHRAE.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information
and accepted industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any
products, components, or systems tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that
any tests conducted under its Standards or Guidelines will be nonhazardous or free from risk.
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1. PURPOSE

7KH�SXUSRVH�RI�WKLV�JXLGHOLQH�LV�WR�SURYLGH�LQIRUPDWLRQ
DQG�JXLGDQFH�LQ�RUGHU�WR�PLQLPL]H�/HJLRQHOOD�FRQWDPLQDWLRQ
LQ�EXLOGLQJ�ZDWHU�V\VWHPV�

2. SCOPE

2.1 7KLV� JXLGHOLQH� SURYLGHV� VSHFLILF� HQYLURQPHQWDO� DQG
RSHUDWLRQDO�JXLGHOLQHV�WKDW�ZLOO�FRQWULEXWH�WR�WKH�VDIH�RSHUD�
WLRQ�RI�EXLOGLQJ�ZDWHU�V\VWHPV�WR�PLQLPL]H�WKH�ULVN�RI�RFFXU�
UHQFH�RI�/HJLRQHOORVLV�

2.2 TKLV�JXLGHOLQH� LV� LQWHQGHG� IRU�XVH�ZLWK�QRQUHVLGHQWLDO
EXLOGLQJ�V\VWHPV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�KRWHOV��RIILFH
EXLOGLQJV��KRVSLWDOV�DQG�RWKHU�KHDOWK�FDUH�IDFLOLWLHV��DVVLVWHG
OLYLQJ�IDFLOLWLHV��VFKRROV�DQG�XQLYHUVLWLHV��FRPPHUFLDO�EXLOG�
LQJV�� LQGXVWULDO� EXLOGLQJV�� HWF��� DQG� FHQWUDOL]HG� V\VWHPV� LQ
PXOWLIDPLO\�UHVLGHQWLDO�EXLOGLQJV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR
FHQWUDO�KHDWLQJ�FRROLQJ�V\VWHPV��FHQWUDO�GRPHVWLF�ZDWHU�V\V�
WHPV�� FRPPRQ� DUHD� IRXQWDLQV�� HWF����:KLOH� QRW� VSHFLILFDOO\
LQWHQGHG�IRU�QRQFHQWUDOL]HG�RU�VLQJOH�IDPLO\�UHVLGHQWLDO�EXLOG�
LQJ�V\VWHPV��VRPH�RI�WKH�LQIRUPDWLRQ�PD\�EH�XVHIXO�IRU�WKHVH
V\VWHPV�

2.3 7KLV� JXLGHOLQH� LV� LQWHQGHG� IRU� WKH� XVH� RI� GHVLJQHUV�
LQVWDOOHUV�� RZQHUV�� RSHUDWRUV�� XVHUV��PDLQWHQDQFH�SHUVRQQHO�
DQG�HTXLSPHQW�PDQXIDFWXUHUV�

3. ECOLOGY OF LEGIONELLA

3.1 ,QIHFWLRQ�DQG�'LVHDVH
7KH�PDMRULW\�RI�/HJLRQQDLUHV¶�GLVHDVH�FDVHV�GLDJQRVHG

DQG�UHSRUWHG�WR�WKH�SXEOLF�KHDOWK�RIILFLDOV�DUH�VSRUDGLF��L�H���QRW
RFFXUULQJ�DV�SDUW�RI�D�UHFRJQL]HG�RXWEUHDN����&RPSDUHG�ZLWK
RXWEUHDN�DVVRFLDWHG� LQIHFWLRQ�� PXFK� OHVV� LV� NQRZQ� DERXW
WUDQVPLVVLRQ�RI�VSRUDGLF�/HJLRQHOORVLV��DOWKRXJK�LW� LV�OLNHO\
WKDW�WUDQVPLVVLRQ�RFFXUV�E\�VLPLODU�PHFKDQLVPV��([SRVXUH�WR
OHJLRQHOODH�LQ�VSRUDGLF�FDVHV�PD\�RFFXU�LQ�D�YDULHW\�RI�VHWWLQJV�
LQFOXGLQJ�WKH�KRPH��WKH�ZRUNSODFH��DQG�SXEOLF�SODFHV�YLVLWHG
GXULQJ�URXWLQH�GDLO\�DFWLYLWLHV�RU�GXULQJ�WUDYHO��7KH�SURSRUWLRQ
RI�VSRUDGLF�GLVHDVH�DWWULEXWDEOH�WR�H[SRVXUH�LQ�HDFK�RI�WKHVH
VHWWLQJV�DQG�WR�YDULRXV�HQYLURQPHQWDO�VRXUFHV�LV�XQNQRZQ�

�/HJLRQHOODH�DUH�EDFWHULD��:KHQ�OHJLRQHOODH�DUH�SUHVHQW�LQ
DTXDWLF�HQYLURQPHQWV��WKH�ULVN�RI�WUDQVPLVVLRQ�RI�LQIHFWLRQ�WR
KXPDQV�GHSHQGV�RQ�WKH�SUHVHQFH�RI�VHYHUDO�IDFWRUV��FRQGLWLRQV
IDYRUDEOH�IRU�DPSOLILFDWLRQ�RI�WKH�RUJDQLVP��D�PHFKDQLVP�RI
GLVVHPLQDWLRQ��H�J���DHURVROL]DWLRQ�RI�FRORQL]HG�ZDWHU���LQRF�
XODWLRQ�RI�WKH�RUJDQLVP�DW�D�VLWH�ZKHUH�LW�LV�FDSDEOH�RI�FDXVLQJ
LQIHFWLRQ��EDFWHULDO�VWUDLQ�VSHFLILF�YLUXOHQFH�IDFWRUV��DQG�WKH
VXVFHSWLELOLW\�RI�WKH�KRVW��2YHU����VSHFLHV�RI�/HJLRQHOOD�KDYH
EHHQ�LGHQWLILHG��/��SQHXPRSKLOD�DSSHDUV�WR�EH�WKH�PRVW�YLUX�
OHQW� DQG� LV� DVVRFLDWHG�ZLWK� DSSUR[LPDWHO\�����RI� FDVHV�RI
/HJLRQHOORVLV��0RVW�/��SQHXPRSKLOD�LQIHFWLRQV�DUH�FDXVHG�E\
VHURJURXS� ��� KRZHYHU�� FHUWDLQ� VHURJURXS� �� VWUDLQV� PD\� EH
PRUH�YLUXOHQW��7KH�ULVN�RI�DFTXLULQJ�/HJLRQQDLUHV¶�GLVHDVH�LV
JUHDWHU�IRU�ROGHU�SHUVRQV�DQG�IRU�WKRVH�ZKR�VPRNH�WREDFFR�RU
KDYH�FKURQLF�OXQJ�GLVHDVH��3HUVRQV�ZKRVH�LPPXQH�V\VWHP�LV
VXSSUHVVHG�E\�FHUWDLQ�GUXJV�RU�E\�XQGHUO\LQJ�PHGLFDO�FRQGL�
WLRQV�DSSHDU�WR�EH�DW�SDUWLFXODUO\�KLJK�ULVN�
�

3.2 +DELWDWV
/HJLRQHOODH�EDFWHULD�DUH�FRPPRQO\�SUHVHQW�LQ�QDWXUDO�DQG

PDQ�PDGH�DTXDWLF�HQYLURQPHQWV��7KH�RUJDQLVP�LV�RFFDVLRQ�
DOO\�IRXQG� LQ�RWKHU�VRXUFHV��VXFK�DV�PXG�IURP�VWUHDPV�DQG
SRWWLQJ�VRLOV��KRZHYHU��WKH�RYHUDOO�LPSRUWDQFH�RI�QRQDTXDWLF
HQYLURQPHQWDO�VRXUFHV�LQ�KXPDQ�GLVHDVH�LV�QRW�\HW�NQRZQ��,Q
QDWXUDO�ZDWHU�VRXUFHV�DQG�PXQLFLSDO�ZDWHU�V\VWHPV��OHJLRQHO�
ODH�DUH�JHQHUDOO\�SUHVHQW�LQ�YHU\�ORZ�RU�XQGHWHFWDEOH�FRQFHQ�
WUDWLRQV��+RZHYHU��XQGHU�FHUWDLQ�FLUFXPVWDQFHV�ZLWKLQ�PDQ�
PDGH� ZDWHU� V\VWHPV�� WKH� FRQFHQWUDWLRQ� RI� RUJDQLVPV� PD\
LQFUHDVH�PDUNHGO\��D�SURFHVV�WHUPHG�³DPSOLILFDWLRQ�´�&RQGL�
WLRQV� WKDW� DUH� IDYRUDEOH� IRU� WKH� DPSOLILFDWLRQ�RI� OHJLRQHOODH
JURZWK� LQFOXGH�ZDWHU� WHPSHUDWXUHV�RI�������&� ��������)��
VWDJQDWLRQ��VFDOH�DQG�VHGLPHQW��ELRILOPV��DQG�WKH�SUHVHQFH�RI
DPRHEDH�� /HJLRQHOODH� LQIHFW� DQG� PXOWLSO\� ZLWKLQ� VHYHUDO
VSHFLHV�RI�IUHH�OLYLQJ�DPRHEDH��DV�ZHOO�DV�FLOLDWHG�SURWR]RD�
7KH� LQLWLDO� VLWH� RI� LQIHFWLRQ� LQ� KXPDQV� ZLWK� /HJLRQQDLUHV¶
GLVHDVH� LV� WKH� SXOPRQDU\� PDFURSKDJH�� 7KHVH� FHOOV� HQJXOI
OHJLRQHOODH�� SURYLGH� DQ� LQWUDFHOOXODU� HQYLURQPHQW� WKDW� LV
UHPDUNDEO\�VLPLODU�WR�WKDW�ZLWKLQ�KRVW�SURWR]RD��DQG�DOORZ�IRU
PXOWLSOLFDWLRQ�RI� WKH�EDFWHULXP��+HQFH�� OHJLRQHOODH�PD\�EH
FRQVLGHUHG�SURWR]RQRWLF��L�H���WKH\�QDWXUDOO\�LQIHFW�IUHH�OLYLQJ
DPRHEDH�DQG�LQFLGHQWDOO\�LQIHFW�WKH�SKDJRF\WLF�FHOOV�ZLWKLQ
KXPDQ�OXQJV�XQGHU�FHUWDLQ�FLUFXPVWDQFHV��$OWKRXJK�OHJLRQHO�
ODH�PD\� EH� FXOWLYDWHG� RQ� VSHFLDO� DJDU� PHGLD� LQ� ODERUDWRU\
VHWWLQJV��JURZWK�LQ�QDWXUH�LQ�WKH�DEVHQFH�RI�SURWR]RD�DQG�RU�LQ
WKH� DEVHQFH� RI� FRPSOH[� PLFURELDO� ELRILOPV� KDV� QRW� EHHQ
GHPRQVWUDWHG�� ,QWUDFHOOXODU� JURZWK� RI� OHJLRQHOODH� ZLWKLQ
SURWR]RD�DQG�RU�ZLWKLQ�GLYHUVH�PLFURELDO�ELRILOPV�PD\�EH�WKH
SULPDU\�PHDQV�RI�SUROLIHUDWLRQ�

7KHUH�LV�DQ�LQGLFDWLRQ�WKDW�JURZWK�RI�/HJLRQHOOD�LV�LQIOX�
HQFHG�E\�FHUWDLQ�PDWHULDOV��1DWXUDO�UXEEHUV��ZRRG��DQG�VRPH
SODVWLFV� KDYH� EHHQ� VKRZQ� WR� VXSSRUW� WKH� DPSOLILFDWLRQ� RI
/HJLRQHOOD��ZKLOH�RWKHU�PDWHULDOV�VXFK�DV�FRSSHU�LQKLELW�WKHLU
JURZWK�

*HQHUDOO\��/HJLRQHOOD�WKULYH�LQ�GLYHUVH��FRPSOH[�PLFUR�
ELDO�FRPPXQLWLHV�EHFDXVH�WKH\�UHTXLUH�QXWULHQWV�DQG�SURWHF�
WLRQ� IURP� WKH� HQYLURQPHQW�� &RQWUROOLQJ� WKH� SRSXODWLRQV� RI
SURWR]RD�DQG�RWKHU�PLFURRUJDQLVPV�PD\�EH�WKH�EHVW�PHDQV�RI
PLQLPL]LQJ�/HJLRQHOOD��

3.3 7UDQVPLVVLRQ�RI�/HJLRQQDLUHV¶�'LVHDVH
0RVW�GDWD�RQ�WKH�WUDQVPLVVLRQ�RI�/HJLRQQDLUHV¶�GLVHDVH

DUH�GHULYHG�IURP�LQYHVWLJDWLRQV�RI�GLVHDVH�RXWEUHDNV��7KHVH
GDWD�VXJJHVW�WKDW��LQ�PRVW�LQVWDQFHV��WUDQVPLVVLRQ�WR�KXPDQV
RFFXUV�ZKHQ�ZDWHU�FRQWDLQLQJ�WKH�RUJDQLVP�LV�DHURVROL]HG�LQ
UHVSLUDEOH�GURSOHWV������PLFURPHWHUV�LQ�GLDPHWHU��DQG�LQKDOHG
E\�D�VXVFHSWLEOH�KRVW��

3ULRU�WR�DFWXDO�GLVHDVH�D�QXPEHU�RI�HYHQWV�RFFXU��VRPH�RI
ZKLFK� FDQ� EH� LQIOXHQFHG� E\� JRRG� HQJLQHHULQJ� DQG�PDLQWH�
QDQFH�SUDFWLFHV��7KHVH� HYHQWV� DQG�SUHYHQWLRQ�RSSRUWXQLWLHV
DUH�RXWOLQHG�LQ�)LJXUH����7KH�ILUVW�HYHQW��VXUYLYDO�LQ�QDWXUH��LV
JHQHUDOO\� RXWVLGH� WKH� VFRSH� RI� EXLOGLQJ� HQJLQHHULQJ� DQG
PDQDJHPHQW�SUDFWLFHV��7KH�QH[W�WKUHH�HYHQWV²DPSOLILFDWLRQ�
GLVVHPLQDWLRQ��DQG�WUDQVPLVVLRQ²FDQ�EH�LQIOXHQFHG�E\�HQJL�
QHHULQJ�GHVLJQ�DQG�PDLQWHQDQFH�SUDFWLFHV��6XEVHTXHQW�HYHQWV
DUH�LQIOXHQFHG�E\�WKH�LQGLYLGXDO¶V�KHDOWK��

7KH�PRVW�HIIHFWLYH�FRQWURO�IRU�PRVW�GLVHDVHV��LQFOXGLQJ
/HJLRQHOORVLV��LV�SUHYHQWLRQ�RI�WUDQVPLVVLRQ�DW�DV�PDQ\�SRLQWV
$6+5$(�*8,'(/,1(��������

by Thomson Reuters (Scientific) LLC, www.techstreet.com
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DV�SRVVLEOH�LQ�WKH�GLVHDVH¶V�FKDLQ�RI�WUDQVPLVVLRQ��7KH�UDWLR�
QDOH�IRU�WKLV�LV�WKDW�LI�RQH�SUHYHQWLYH�PHDVXUH�IDLOV��RWKHUV�ZLOO
EH�LQ�SODFH�DQG�DFW�DV�IDLO�VDIH�PHFKDQLVPV��:LWK�WKLV�SKLORV�
RSK\�LQ�PLQG��LW�PD\�EH�GHVLUDEOH�WR�GHVLJQ�LQWHUYHQWLRQV�WR
SUHYHQW� WUDQVPLVVLRQ�RI�/HJLRQHOORVLV� DW� DV�PDQ\�SRLQWV� DV
SRVVLEOH� LQ� WKH� GLVHDVH¶V� FKDLQ� RI� WUDQVPLVVLRQ�� *HQHUDO
FRQFHSWV�DUH�SUHVHQWHG�VR�WKDW�UHDGHUV�PD\�GHYHORS�DQ�XQGHU�
VWDQGLQJ�RI�WKH�W\SHV�RI�FRQGLWLRQV�WKDW�PD\�DOORZ�DPSOLILFD�
WLRQ�DQG�WUDQVPLVVLRQ�RI�/HJLRQHOOD�

$�YDULHW\�RI�DHURVRO�SURGXFLQJ�GHYLFHV�KDYH�EHHQ�DVVR�
FLDWHG� ZLWK� RXWEUHDNV� RI� /HJLRQQDLUHV¶� GLVHDVH�� LQFOXGLQJ
FRROLQJ� WRZHUV����� HYDSRUDWLYH� FRQGHQVHUV����� VKRZHUV����

ZKLUOSRRO�VSDV�������KXPLGLILHUV����GHFRUDWLYH�IRXQWDLQV������

DQG�D�JURFHU\�VWRUH�SURGXFH�PLVWHU����$VSLUDWLRQ�RI�FRORQL]HG
GULQNLQJ�ZDWHU�LQWR�WKH�OXQJV�KDV�EHHQ�VXJJHVWHG�DV�WKH�PRGH
RI� WUDQVPLVVLRQ� LQ� VRPH�FDVHV�RI�KRVSLWDO�DFTXLUHG�/HJLRQ�
QDLUHV¶�GLVHDVH������

1XPHURXV�LQYHVWLJDWLRQV�KDYH�GHPRQVWUDWHG�WKDW�FRROLQJ
WRZHUV�DQG�HYDSRUDWLYH�FRQGHQVHUV�KDYH�VHUYHG�DV�WKH�VRXUFHV
RI� /HJLRQHOOD�FRQWDPLQDWHG� DHURVROV� FDXVLQJ� RXWEUHDNV� RI
FRPPXQLW\��DQG�KRVSLWDO�DFTXLUHG�LQIHFWLRQ��2XWEUHDN�DVVR�
FLDWHG� WUDQVPLVVLRQ� YLD� FRROLQJ� WRZHUV� DQG� HYDSRUDWLYH
FRQGHQVHUV�KDV�EHHQ�PRVW�FRPPRQO\�GRFXPHQWHG�ZKHQ�WKRVH
LQIHFWHG� KDYH� EHHQ� LQ� FORVH� SUR[LPLW\� WR� WKH� FRQWDPLQDWHG
GHYLFHV�� KRZHYHU�� GDWD� IURP� D� IHZ� /HJLRQQDLUHV¶� GLVHDVH
RXWEUHDN� LQYHVWLJDWLRQV� VXJJHVW� WKDW� OHJLRQHOODH� PD\� EH
FDUULHG�LQ�FRROLQJ�WRZHU�DHURVROV�IRU�GLVWDQFHV�RI�XS�WR���NLOR�
PHWHUV����PLOHV�����WKLV�LV�UHJDUGHG�DV�UHTXLULQJ�DQ�XQXVXDO
FRPELQDWLRQ�RI�FOLPDWLF�FRQGLWLRQV���$�QXPEHU�RI�RXWEUHDNV
RI�/HJLRQHOORVLV�DVVRFLDWHG�ZLWK�FRROLQJ�WRZHUV�DQG�HYDSRUD�
WLYH�FRQGHQVHUV�KDYH�RFFXUUHG�DIWHU�WKHVH�GHYLFHV�KDYH�EHHQ
UHVWDUWHG�IROORZLQJ�D�SHULRG�RI�LQDFWLYLW\������

6KRZHU� KHDGV� DQG� WDS� IDXFHWV� FDQ� SURGXFH� DHURVROV
FRQWDLQLQJ�OHJLRQHOODH�LQ�GURSOHWV�RI�UHVSLUDEOH�VL]H��(SLGHPL�
RORJLF� VWXGLHV� DQG�DLU� VDPSOLQJ� FRQGXFWHG�GXULQJ�RXWEUHDN
LQYHVWLJDWLRQV�KDYH�HVWDEOLVKHG�WKH�UROH�RI�DHURVROV�SURGXFHG
E\�VKRZHUV�DQG�WDS�IDXFHWV�LQ�GLVHDVH�WUDQVPLVVLRQ���$HURVROV

�)LJXUH�� /HJLRQHOOD�WUDQVPLVVLRQ��

$GDSWHG�IURP�%DUEDUHH���������
$6+5$(�*8,'(/,1(��������
SURGXFHG� E\� UHVSLUDWRU\� WKHUDS\� HTXLSPHQW� WKDW� KDYH� EHHQ
ILOOHG�RU�ULQVHG�ZLWK�FRQWDPLQDWHG�SRWDEOH�ZDWHU�LQ�KRVSLWDOV
KDYH�DOVR�FDXVHG�GLVHDVH�WUDQVPLVVLRQ������

+HDWHG�VSD�SRROV�RSHUDWH�DW� WHPSHUDWXUHV�FRQGXFLYH� WR
EDFWHULDO�JURZWK��7KH�DHUDWLRQ�RI�VSD�SRROV�FDQ�UHVXOW�LQ�IRUPD�
WLRQ�RI�SRWHQWLDOO\�FRQWDPLQDWHG�DHURVROV��$�UDQJH�RI�SDWKR�
JHQLF�PLFURRUJDQLVPV�� LQFOXGLQJ�3VHXGRPRQDV� DHUXJLQRVD
DQG�/��SQHXPRSKLOD��KDYH�EHHQ�IRXQG�LQ�VSD�SRROV��2XWEUHDNV
RI� /HJLRQHOORVLV� KDYH� RFFXUUHG� DPRQJ� EDWKHUV� DV� ZHOO� DV
SHRSOH�QHDU�FRORQL]HG�VSDV������

$�PRUH� FRPSOHWH� DQG�GHWDLOHG�GHVFULSWLRQ�RI� WKH�PRVW
FRPPRQ�DPSOLILHUV�DVVRFLDWHG�ZLWK�EXLOGLQJ�ZDWHU�V\VWHPV�
LQFOXGLQJ�WKH�WUHDWPHQW�UHFRPPHQGHG�WR�PLQLPL]H�WKH�ULVN�RI
/HJLRQHOORVLV��LV�IRXQG�LQ�6HFWLRQV������

4. POTABLE AND EMERGENCY WATER SYSTEMS

4.1 3RWDEOH�:DWHU�6\VWHPV
4.1.1 6\VWHP� 'HVFULSWLRQ�� 3RWDEOH� ZDWHU� V\VWHPV� LQ

EXLOGLQJV�IRU�WKLV�GLVFXVVLRQ�VWDUW�DW�WKH�SRLQW�ZKHUH�WKH�ZDWHU
HQWHUV�WKH�EXLOGLQJ�DQG�HQG�ZKHUH�LW�H[LWV�WKH�SLSLQJ�DW�D�IDX�
FHW�� VKRZHUKHDG�� HWF�� 7KH� V\VWHPV� LQFOXGH� DOO� SLSLQJ�� KRW
ZDWHU�KHDWHUV��VWRUDJH�WDQNV��IDXFHWV��QR]]OHV��DQG�RWKHU�GLV�
WULEXWLRQ�RXWOHWV�

4.1.2 6\VWHP� 2SHUDWLRQ�� )DFWRUV� DVVRFLDWHG� ZLWK� WKH
SOXPELQJ�V\VWHP�WKDW�PD\�LQIOXHQFH�WKH�JURZWK�RI�OHJLRQHOODH
DUH�DV�IROORZV�

&KORULQH�FRQFHQWUDWLRQ��0XQLFLSDO�SRWDEOH�ZDWHU�VXSSOLHV
DUH�JHQHUDOO\�FKORULQDWHG�WR�FRQWURO�WKH�SUHVHQFH�RI�PLFURRU�
JDQLVPV�� KLVWRULFDOO\� WR� FRQWURO� PLFUREHV� DVVRFLDWHG� ZLWK
VHZDJH��7KH� OHJLRQHOODH� DUH�PRUH� WROHUDQW�RI� FKORULQH� WKDQ
PDQ\�RWKHU�EDFWHULD�DQG�PD\�EH�SUHVHQW�LQ�VPDOO�QXPEHUV�LQ
PXQLFLSDO�ZDWHU�VXSSOLHV���

7HPSHUDWXUH��$OWKRXJK�OHJLRQHOODH�KDYH�EHHQ�UHFRYHUHG
IURP�FROG�ZDWHU��WKH�WHPSHUDWXUH�UDQJH�IDYRUDEOH�IRU�DPSOLIL�
FDWLRQ� LV� ������&� ��������)��� 7KH� HQYLURQPHQW� EHFRPHV
PRUH�KRVWLOH�DV�WKH�WHPSHUDWXUH�LV�PRYHG�IURP�WKLV�UDQJH�

'HVLJQ�RI�SOXPELQJ�V\VWHP��*URZWK�RI�OHJLRQHOODH�PD\
RFFXU�LQ�SRUWLRQV�RI�WKH�V\VWHP�ZLWK�LQIUHTXHQW�XVH��LQ�VWDJQDQW
ZDWHU��DQG�LQ�SRUWLRQV�RI�WKH�V\VWHP�ZLWK�WHSLG�WHPSHUDWXUHV�
*URZWK� PD\� DOVR� RFFXU� LQ� GHDG�HQG� OLQHV�� DWWDFKHG� KRVHV�
VKRZHU�QR]]OHV��WDS�IDXFHWV��KRW�ZDWHU�WDQNV��DQG�UHVHUYRLUV�

3OXPELQJ�PDWHULDOV��5XEEHU�ZDVKHUV�DQG�ILWWLQJV��LQFOXG�
LQJ� ZDWHU� KDPPHU� DUUHVWRUV� DQG� UXEEHU� KRVHV� ZLWK� VSUD\
DWWDFKPHQWV��KDYH�EHHQ�VKRZQ�WR�SURYLGH�VLWHV�IRU�JURZWK�RI
OHJLRQHOODH���� 2UJDQLF� FRPSRXQGV� OHDFKHG� IURP� SOXPELQJ
PDWHULDOV�PD\�FRQWULEXWH�WR�JURZWK�RI�KHWHURWURSKLF�EDFWHULD�
LQFOXGLQJ�OHJLRQHOODH�

4.1.3 :DWHU�'URSOHW� 6L]H��&RQWDPLQDWHG� SRWDEOH�ZDWHU
VRXUFHV�SUHVHQW�WKH�JUHDWHVW�ULVN�ZKHQ�GLVSHUVHG�LQWR�WKH�DLU�LQ
D�YHU\�VPDOO�GURSOHW�VL]H��OHVV�WKDQ���PLFURPHWHUV��WKDW�FDQ�EH
LQKDOHG�GHHSO\�LQWR�WKH�OXQJV��$FWLRQV�WKDW�PD\�JHQHUDWH�VPDOO
GURSOHWV�DUH�WKRVH�WKDW�EUHDN�XS�WKH�ZDWHU�VWUHDP��L�H���VKRZHU
QR]]OHV��DHUDWRUV��VSUD\�QR]]OHV��ZDWHU�LPSDFWLQJ�RQ�KDUG�VXU�
IDFHV��DQG�EXEEOHV�EUHDNLQJ�XS�

4.1.4 1XWULHQWV�� %RWK� GHDG� DQG� OLYLQJ�PLFURRUJDQLVPV�
ELRILOPV�� DQG� GHEULV� PD\� SURYLGH� QXWULHQW� VRXUFHV� IRU
OHJLRQHOODH�JURZWK��:KHQ�OHJLRQHOODH�DUH�IRXQG�LQ�SOXPELQJ
V\VWHPV��LW�LV�FRPPRQ�WR�GHWHFW�WKH�PLFUREHV�LQ�WKH�VHGLPHQW
�
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LQ�KRW�ZDWHU� WDQNV� DQG� LQ�SHULSKHUDO�SOXPELQJ� IL[WXUHV� WKDW
DFFXPXODWH� VHGLPHQW�� /HJLRQHOODH� JURZWK� DSSHDUV� WR� EH
KHDYLHVW�DW�WKH�VROLG�OLTXLG�LQWHUIDFH�ZLWK�WKH�GHYHORSPHQW�RI
VOLPH�GHSRVLWV�

4.1.5 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH��3RWD�
EOH�KHDWHG�ZDWHU�V\VWHPV�DUH�DQ�LPSRUWDQW�SRWHQWLDO�VRXUFH�RI
/HJLRQHOORVLV�LQ�DOO�EXLOGLQJV�DQG�DUH�RI�SDUWLFXODU�LPSRUWDQFH
LQ�KRVSLWDOV��QXUVLQJ�KRPHV��DQG�RWKHU�KHDOWK�FDUH�IDFLOLWLHV���

0DQ\�UHSRUWV�OLQN�OHJLRQHOODH�LQ�KRVSLWDO�WDS�ZDWHU�WR�HSLGHP�
LFV�DQG�FOXVWHUV�RI�QRVRFRPLDO��KRVSLWDO�DFTXLUHG� LQIHFWLRQ�
/HJLRQQDLUHV¶� GLVHDVH�� RIWHQ� LQYROYLQJ� LPPXQRVXSSUHVVHG
SDWLHQWV���

4.1.6 5HFRPPHQGHG� 7UHDWPHQW�� :KHUH� SUDFWLFDO� LQ
KHDOWK�FDUH�IDFLOLWLHV��QXUVLQJ�KRPHV��DQG�RWKHU�KLJK�ULVN�VLWX�
DWLRQV��FROG�ZDWHU�VKRXOG�EH�VWRUHG�DQG�GLVWULEXWHG�DW�WHPSHU�
DWXUHV�EHORZ����&�����)���ZKLOH�KRW�ZDWHU�VKRXOG�EH�VWRUHG
DERYH����&������)��DQG�FLUFXODWHG�ZLWK�D�PLQLPXP�UHWXUQ
WHPSHUDWXUH�RI����&������)���+RZHYHU��JUHDW�FDUH�VKRXOG�EH
WDNHQ� WR� DYRLG�VFDOGLQJ�SUREOHPV��2QH�PHWKRG� LV� WR� LQVWDOO
SUHVHW�WKHUPRVWDWLF�PL[LQJ�YDOYHV��:KHUH�EXLOGLQJV�FDQQRW�EH
UHWURILWWHG��SHULRGLFDOO\�LQFUHDVLQJ�WKH�WHPSHUDWXUH�WR�DW�OHDVW
���&������)��RU�FKORULQDWLRQ�IROORZHG�E\�IOXVKLQJ�VKRXOG�EH
FRQVLGHUHG��6\VWHPV�VKRXOG�EH�LQVSHFWHG�DQQXDOO\�WR�HQVXUH
WKDW�WKHUPRVWDWV�DUH�IXQFWLRQLQJ�SURSHUO\�

:KHUH�SUDFWLFDO�LQ�RWKHU�VLWXDWLRQV��KRW�ZDWHU�VKRXOG�EH
VWRUHG�DW�WHPSHUDWXUHV�RI����&������)��RU�DERYH�

7KRVH� KRW� RU� FROG� ZDWHU� V\VWHPV� WKDW� LQFRUSRUDWH� DQ
HOHYDWHG�KROGLQJ�WDQN�VKRXOG�EH�LQVSHFWHG�DQG�FOHDQHG�DQQX�
DOO\��/LGV�VKRXOG�ILW�FORVHO\�WR�H[FOXGH�IRUHLJQ�PDWHULDOV�

'HWDLOHG� FXUUHQW� SODQV� IRU� KRW� DQG� FROG� ZDWHU� SLSLQJ
V\VWHPV�VKRXOG�EH� UHDGLO\�DYDLODEOH��+RW�ZDWHU�KHDWHUV� DQG
VWRUDJH�YHVVHOV�IRU�VXFK�V\VWHPV�VKRXOG�KDYH�D�GUDLQDJH�IDFLO�
LW\� DW� WKH� ORZHVW� SRLQW�� DQG� WKH� KHDWLQJ� HOHPHQW� VKRXOG� EH
ORFDWHG�DV�FORVH�DV�SRVVLEOH�WR�WKH�ERWWRP�RI�WKH�YHVVHO�WR�IDFLO�
LWDWH�PL[LQJ�DQG�SUHYHQW�ZDWHU�WHPSHUDWXUH�VWUDWLILFDWLRQ��,Q
KLJK�ULVN�DSSOLFDWLRQV��LQVXODWHG�UHFLUFXODWLRQ�ORRSV�VKRXOG�EH
LQFRUSRUDWHG�DV�D�GHVLJQ�IHDWXUH��)RU�DOO�VLWXDWLRQV��WKH�SLSH
UXQV�VKRXOG�EH�DV�VKRUW�DV�SUDFWLFDO��0RUHRYHU��ZKHUH�UHFLUFX�
ODWLRQ�LV�HPSOR\HG��WKH�SLSH�UXQV�VKRXOG�EH�LQVXODWHG�DQG�ORQJ
GHDG�OHJV�DYRLGHG��1HZ�VKRZHU�V\VWHPV�LQ� ODUJH�EXLOGLQJV�
KRVSLWDOV�� DQG�QXUVLQJ�KRPHV�VKRXOG�EH�GHVLJQHG� WR�SHUPLW
PL[LQJ�RI�KRW�DQG�FROG�ZDWHU�QHDU�WKH�VKRZHUKHDG��7KH�ZDUP
ZDWHU�VHFWLRQ�RI�SLSH�EHWZHHQ�WKH�FRQWURO�YDOYH�DQG�VKRZHU�
KHDG�VKRXOG�EH�VHOI�GUDLQLQJ�

&RSSHU�VLOYHU�LRQL]DWLRQ�LV�D�UHODWLYHO\�QHZ�DSSURDFK�WR
FRQWUROOLQJ�/HJLRQHOOD�LQ�KRW�ZDWHU�GLVWULEXWLRQ�V\VWHPV�DQG
KDV�EHHQ�XVHG�VXFFHVVIXOO\�LQ�D�QXPEHU�RI�KRVSLWDOV�������(OHF�
WURO\WLFDOO\�JHQHUDWHG�FRSSHU�DQG�VLOYHU�LRQV�EXLOG�XS�LQ�WKH�KRW
ZDWHU�UHFLUFXODWLQJ�V\VWHP�WR� OHYHOV�HIIHFWLYH� LQ�HUDGLFDWLQJ
/HJLRQHOOD��W\SLFDOO\�LQ�WKH�UDQJH�RI���������PJ�/�FRSSHU�DQG
����������PJ�/�VLOYHU��7KH�RSWLPDO�FRQFHQWUDWLRQ�RI�FRSSHU�
VLOYHU� LRQV� IRU� FRQWUROOLQJ� /HJLRQHOOD� LQ� KRW� ZDWHU� LV� QRW
NQRZQ�� $� SDUWLFXODU� FRQFHQWUDWLRQ� PD\� QRW� EH� XQLYHUVDOO\
HIIHFWLYH� EHFDXVH� RI� YDULDEOHV� LQ� ZDWHU� TXDOLW\� DQG� V\VWHP
GHVLJQ��,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�WKH�HIILFDF\�RI�FRSSHU�
VLOYHU� LRQV�� OLNH� FKORULQH�� LV� DGYHUVHO\� DIIHFWHG� E\� HOHYDWHG
S+���
�

:KHUH�GHFRQWDPLQDWLRQ�RI�KRW�ZDWHU�V\VWHPV�LV�QHFHVVDU\
�W\SLFDOO\�GXH�WR�LPSOLFDWLRQ�RI�DQ�RXWEUHDN�RI�/HJLRQHOORVLV�
WKH�KRW�ZDWHU�WHPSHUDWXUH�VKRXOG�EH�UDLVHG�WR�������&������
����)��DQG�PDLQWDLQHG�DW�WKDW�OHYHO�ZKLOH�SURJUHVVLYHO\�IOXVK�
LQJ�HDFK�RXWOHW�DURXQG�WKH�V\VWHP��$�PLQLPXP�IOXVK�WLPH�RI
ILYH�PLQXWHV�KDV�EHHQ�UHFRPPHQGHG�E\�WKH�&HQWHU�IRU�'LVHDVH
&RQWURO� +RVSLWDO� ,QIHFWLRQ� &RQWURO� 3UDFWLFHV� $GYLVRU\
&RPPLWWHH����+RZHYHU��WKH�RSWLPDO�IOXVK�WLPH�LV�QRW�NQRZQ
DQG�ORQJHU�IOXVK�WLPHV�PD\�EH�QHFHVVDU\��,Q�WKH�RULJLQDO�UHSRUW
GHVFULELQJ� WKLV� PHWKRG�� PXOWLSOH� ���PLQXWH� IOXVKHV� ZHUH
UHTXLUHG� WR� VLJQLILFDQWO\� UHGXFH� /HJLRQHOOD� FRORQL]DWLRQ���

7KH�QXPEHU�RI�RXWOHWV�WKDW�FDQ�EH�IOXVKHG�VLPXOWDQHRXVO\�ZLOO
GHSHQG�RQ�WKH�FDSDFLW\�RI�WKH�ZDWHU�KHDWHU�DQG�WKH�IORZ�FDSD�
ELOLW\�RI�WKH�V\VWHP��/RFDO�EXLOGLQJ�DQG�VDQLWDU\�FRGHV�VKRXOG
EH�FKHFNHG�IRU�DQ\�WHPSHUDWXUH�OLPLWV�RI�ZDWHU�GLVFKDUJHG�WR
WKH�VHZHU��$SSURSULDWH�VDIHW\�SURFHGXUHV�WR�SUHYHQW�VFDOGLQJ
DUH�HVVHQWLDO��:KHQ�SRVVLEOH�� IOXVKLQJ�VKRXOG�EH�SHUIRUPHG
ZKHQ�WKH�IHZHVW�EXLOGLQJ�RFFXSDQWV�DUH�SUHVHQW��H�J���QLJKWV
DQG�ZHHNHQGV���)RU�V\VWHPV�ZKHUH�WKHUPDO�VKRFN�WUHDWPHQW�LV
QRW� SRVVLEOH�� VKRFN� FKORULQDWLRQ� PD\� SURYLGH� DQ� DOWHUQD�
WLYH�������+RZHYHU��WKHUH�LV�OHVV�H[SHULHQFH�ZLWK�WKLV�PHWKRG
RI� GHFRQWDPLQDWLRQ�� $OVR�� XVHUV� VKRXOG� UHDOL]H� WKDW� WKH
UHTXLUHG�OHYHOV�RI�IUHH�FKORULQH�UHVLGXDO�FDQ�FDXVH�FRUURVLRQ�RI
PHWDOV��&KORULQH�VKRXOG�EH�DGGHG�WR�DFKLHYH�D�IUHH�FKORULQH
UHVLGXDO�RI�DW�OHDVW���PJ�/�WKURXJKRXW�WKH�V\VWHP��7KLV�PD\
UHTXLUH�FKORULQDWLRQ�RI�WKH�ZDWHU�KHDWHU�RU�WDQN�WR�OHYHOV�RI���
WR����PJ�/��7KH�S+�RI�WKH�ZDWHU�VKRXOG�EH�PDLQWDLQHG�EHWZHHQ
����DQG������(DFK�RXWOHW�VKRXOG�EH�IOXVKHG�XQWLO�WKH�RGRU�RI
FKORULQH�LV�GHWHFWHG��7KH�FKORULQH�VKRXOG�UHPDLQ�LQ�WKH�V\VWHP
IRU�D�PLQLPXP�RI���KRXUV��QRW�WR�H[FHHG����KRXUV���DIWHU�ZKLFK
WKH�V\VWHP�VKRXOG�EH�WKRURXJKO\�IOXVKHG��

2QFH�WKH�GHFRQWDPLQDWLRQ�LV�FRPSOHWH��UHFRORQL]DWLRQ�LV
OLNHO\�WR�RFFXU�XQOHVV�WKH�SURSHU�WHPSHUDWXUHV�DUH�PDLQWDLQHG�
FRQWLQXRXV�VXSSOHPHQWDO�FKORULQDWLRQ�LV�FRQWLQXHG��RU�DOWHU�
QDWLYH�DSSURDFKHV��VXFK�DV�WKH�XVH�RI�D�VLOYHU�FRSSHU�LRQL]DWLRQ
GHYLFH��DUH�HPSOR\HG�

,Q� KLJK�ULVN� DSSOLFDWLRQV�� PRQWKO\� UHPRYDO� RI� VKRZHU
KHDGV�DQG�WDS�DHUDWRUV�WR�FOHDQ�RXW�VHGLPHQW�DQG�VFDOH�DQG�WR
FOHDQ�WKHP�LQ�D�FKORULQH�EOHDFK�VROXWLRQ�LV�UHFRPPHQGHG�

)RU�SRWDEOH�ZDWHU�V\VWHPV�WKDW�ZHUH�RSHQHG�IRU�UHSDLU�RU
RWKHU� FRQVWUXFWLRQ� RU� V\VWHPV� WKDW�ZHUH� VXEMHFWHG� WR�ZDWHU
SUHVVXUH� FKDQJHV� DVVRFLDWHG�ZLWK� FRQVWUXFWLRQ� �ZKLFK�PD\
FDXVH� ZDWHU� WR� EHFRPH� EURZQ� DQG� WKH� FRQFHQWUDWLRQ� RI
/HJLRQHOOD�WR�GUDPDWLFDOO\�LQFUHDVH�����LW�LV�UHFRPPHQGHG�WKDW
DV� D� PLQLPXP� WKH� V\VWHP� EH� WKRURXJKO\� IOXVKHG�� +LJK�
WHPSHUDWXUH�IOXVKLQJ�RU�FKORULQDWLRQ�PD\�EH�DSSURSULDWH��DQG
WKLV�MXGJHPHQW�VKRXOG�EH�PDGH�RQ�D�MRE�VSHFLILF�EDVLV��,I�RQO\
D�SRUWLRQ�RI�WKH�V\VWHP�LV�LQYROYHG��KLJK�WHPSHUDWXUH�IOXVKLQJ
RU�FKORULQDWLRQ�PD\�EH�XVHG�RQ�RQO\�WKDW�SRUWLRQ�RI�WKH�V\VWHP��

4.2 (PHUJHQF\�:DWHU�6\VWHPV²6DIHW\�6KRZHUV��
(\H�:DVK�6WDWLRQV��DQG�)LUH�6SULQNOHU�6\VWHPV

4.2.1 6\VWHP�'HVFULSWLRQ��$OO�WKUHH�RI�WKHVH�V\VWHPV�DUH
JHQHUDOO\�SOXPEHG�WR�WKH�SRWDEOH�ZDWHU�V\VWHP��KDYH�OLWWOH�RU
QR� IORZ�ZLWK� UHVXOWLQJ� VWDJQDQW� FRQGLWLRQV�� DQG�PD\� UHDFK
WHPSHUDWXUHV� ZDUPHU� WKDQ� DPELHQW�� /HJLRQHOODH�� KHW�
HURWURSKLF� EDFWHULD�� DQG� DPRHEDH� KDYH� EHHQ� FXOWXUHG� IURP
WKHVH�V\VWHPV����:KHQ�WKH�GHYLFHV�DUH�XVHG��DHURVROL]DWLRQ�LV
H[SHFWHG�
$6+5$(�*8,'(/,1(��������
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4.2.2 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH��&DVHV
RI�/HJLRQHOORVLV�UHVXOWLQJ�IURP�H[SRVXUH�WR�WKHVH�ZDWHUV�KDYH
QRW�EHHQ�GRFXPHQWHG�

4.2.3 5HFRPPHQGHG�7UHDWPHQW��6DIHW\�VKRZHU�DQG�H\H
ZDVK�VWDWLRQV�VKRXOG�EH�IOXVKHG�DW�OHDVW�PRQWKO\��,Q�WKH�FDVH�RI
ILUH� VSULQNOHU� V\VWHPV�� LW� LV� UHFRPPHQGHG� WKDW� ILUH�ILJKWLQJ
SHUVRQQHO�ZHDU�SURWHFWLYH�UHVSLUDWRU\�JHDU�DQG�WKDW�QRQ�ILUH�
ILJKWLQJ�SHUVRQQHO�H[LW�WKH�EXUQLQJ�DUHD��$SSURSULDWH�SUHFDX�
WLRQV� VKRXOG� EH� WDNHQ�ZKHQ� FKHFNLQJ� WKH� RSHUDWLRQ� RI� ILUH
VSULQNOHU�V\VWHPV�

5. HEATED SPAS

5.1 6\VWHP�'HVFULSWLRQ
+HDWHG�VSDV�DUH�VPDOO�EDWKV�RU�SRROV�XVHG�IRU�UHOD[DWLRQ

�L�H��� UHFUHDWLRQDO��� K\JLHQLF�� RU� WKHUDSHXWLF� SXUSRVHV�
&RPPRQ� IHDWXUHV� LQFOXGH� ZDUP� ZDWHU� WHPSHUDWXUHV�� ����
���&��������)��DQG�WKH�FRQVWDQW�UHFLUFXODWLRQ�DQG�DJLWDWLRQ
RI�WKH�ZDWHU�WKURXJK�KLJK�YHORFLW\�MHWV�DQG�RU�LQMHFWLRQ�RI�DLU�
:KLOH�WKHUH�LV�VRPH�FRQIXVLRQ�RYHU�WKH�QDPHV�XVHG�IRU�HDFK�
WKH�GLIIHUHQFHV�DPRQJ�WKH�W\SHV�RI�EDWKV�DQG�SRROV�DUH�UHODWHG
PDLQO\�WR�VL]H��SXUSRVH��PDWHULDO�XVHG��DQG�HTXLSPHQW�

5.1.1 :KLUOSRRO�6SD��6SD��+\GURWKHUDS\�3RRO���7KHVH
DUH� UHFUHDWLRQDO� EDWKV� RU� SRROV� �SXEOLF� RU� SULYDWH�� KROGLQJ
PRUH�WKDQ�RQH�SHUVRQ�DQG�ILOOHG�ZLWK�ZDUP�WXUEXOHQW�ZDWHU�
7KH�ZDWHU�LV�QRW�UHSODFHG�DIWHU�HDFK�XVH�EXW�UDWKHU�LV�ILOWHUHG�WR
UHPRYH� SDUWLFXODWHV� DQG� FKHPLFDOO\� WUHDWHG� �W\SLFDOO\� ZLWK
FKORULQH�RU�EURPLQH��WR�SURYLGH�PLFURELRORJLFDO�FRQWURO��7KH\
PD\�EH�ORFDWHG�LQGRRUV�RU�RXWGRRUV��0RVW�VPDOOHU�XQLWV�DUH
PDGH�IURP�PROGHG�ILEHUJODVV��ZKLOH�ODUJHU�LQ�JURXQG�YDULHW�
LHV�DUH�JHQHUDOO\�PDGH�RI�JXQLWH�RU�FRQFUHWH�ZLWK�D�ZKLWH�SODV�
WHU� ILQLVK�� 7KH\� DUH� JHQHUDOO\� FLUFXODU� LQ� VKDSH�� DOZD\V
VKDOORZ��OHVV�WKDQ�����P�>���LQ�@���DQG�FRQWDLQ�VHDWV�WKDW�DOORZ
RFFXSDQWV�WR�VXEPHUJH�XS�WR�WKH�FKHVW�RU�QHFN�

5.1.2 +RW�7XE��7KHVH�DUH�WUDGLWLRQDOO\�GHHSHU�KRW�ZDWHU
EDWKV�RU�SRROV�PDGH�RI�ZRRG��5HGZRRG�LV�FRPPRQ��EXW�WKH\
PD\�DOVR�EH�PDGH�RI�FHGDU��PDKRJDQ\��ZKLWH�RDN��SLQH��RU
WHDN��2WKHUZLVH��WKH�IHDWXUHV�DQG�XVHV�DUH�VLPLODU�WR�VSDV�

5.1.3 :KLUOSRRO��7KLV�WHUPLQRORJ\�KDV�EHHQ�WUDGLWLRQDOO\
XVHG�IRU�WKH�VPDOO�WKHUDSHXWLF�SRROV��RIWHQ�XVHG�LQ�DWKOHWLFV�
ILOOHG�ZLWK�ZDUP�� YLJRURXVO\�PRYLQJ�ZDWHU��ZKLFK�PD\�EH
VPDOO�HQRXJK�IRU�WUHDWPHQW�RI�D�VSHFLILF�MRLQW��VXFK�DV�D�NQHH�
DQNOH��RU�HOERZ��7KHVH�SRROV�DUH�JHQHUDOO\�PDGH�RI�VWDLQOHVV
VWHHO�DQG�DUH�HPSWLHG�EHWZHHQ�XVHV�

5.1.4 :KLUOSRRO�%DWK��7KHVH�DUH�VPDOO�EDWKV�RIWHQ�IRXQG
LQ�EDWKURRPV�RI�KRWHO�URRPV�RU�SULYDWH�UHVLGHQFHV��$V�VXFK�
WKH\�DUH�XVHG�IRU�ERWK�UHFUHDWLRQDO�DQG�K\JLHQLF�SXUSRVHV��7KH
EDWKV�DUH�ILWWHG�ZLWK�KLJK�YHORFLW\�ZDWHU�MHWV�DQG�RU�DLU�LQMHF�
WLRQ��EXW�XQOLNH�ZKLUOSRRO�VSDV�DQG�KRW�WXEV��WKH�ZDWHU�LV�HPS�
WLHG�DIWHU�HDFK�XVH�

5.2 6\VWHP�2SHUDWLRQ
7HPSHUDWXUH��7KH�ZDWHU�WHPSHUDWXUH�LQ�WKHVH�VSDV��EDWKV�

DQG�SRROV� LV�JHQHUDOO\� LQ� WKH�UDQJH�RI�������&���������)��
ZLWK� WKH� PD[LPXP� WHPSHUDWXUH� EDVHG� RQ� EDWKHU� FRPIRUW�
7KHVH�ZDUP� WHPSHUDWXUHV�DUH�FORVH� WR� WKH�RSWLPXP�IRU� WKH
PXOWLSOLFDWLRQ�RI�/HJLRQHOOD�DQG�PDQ\�RWKHU�PLFURRUJDQLVPV�
7KH� ZDUPHU� WHPSHUDWXUHV� DOVR� DFFHOHUDWH� WKH� ORVV� RI� WKH
ELRFLGH�
$6+5$(�*8,'(/,1(��������
�$HURVRO�3URGXFWLRQ��'XH�WR�WKH�RSHUDWLRQDO�IHDWXUHV�RI
WKH�KLJK�YHORFLW\�ZDWHU�UHFLUFXODWLRQ�DQG�DLU�LQMHFWLRQ��D�ODUJH
QXPEHU�RI�EXEEOHV�RI�YDU\LQJ�VL]HV�ULVH�WR�WKH�ZDWHU�VXUIDFH
DQG�EXUVW��0LFURRUJDQLVPV��H�J���/HJLRQHOOD��LQ�WKH�ZDWHU�FDQ
EH�UHOHDVHG�LQWR�WKH�DLU�YLD�HLWKHU�EXEEOHV�RU�DHURVRO�PLVW�

5.3 :DWHU�'URSOHW�6L]H
7KLV� DHURVRO� PLVW� KDV� ZDWHU� GURSOHWV� RI� YDU\LQJ� VL]HV

�PDQ\�OHVV�WKDQ���PLFURPHWHUV��DQG�H[WHQGV�LQWR�WKH�DLU�WR�D
KHLJKW�RI�DW�OHDVW�����PHWHUV��������IW��DERYH�WKH�ZDWHU�VXUIDFH
�ZHOO�ZLWKLQ�WKH�EUHDWKLQJ�]RQH�RI�WKH�EDWKHUV���8QGHU�FRQGL�
WLRQV�RI�KLJK�UHODWLYH�KXPLGLW\�DQG�DLU�FXUUHQWV��WKH�DHURVRO
PD\�DOVR�H[SRVH�LQGLYLGXDOV�RXWVLGH�WKH�VSD�

5.4 1XWULHQWV
'XH�WR�WKH�VPDOO�YROXPH�RI�ZDWHU�SHU�RFFXSDQW��DSSUR[�

LPDWHO\�����OLWHUV��FRPSDUHG�WR��������OLWHUV�LQ�D�W\SLFDO�VZLP�
PLQJ�SRRO���WKH�EDWKLQJ�ORDG�TXLFNO\�FRQWULEXWHV�D�YDULHW\�RI
FRQWDPLQDQWV� LQWR� WKH�ZDWHU��VXFK�DV�ERG\�RLOV��VNLQ�IODNHV�
EDFWHULD�DQG�IXQJL��VXQWDQ�ORWLRQ��DQG�RWKHU�RUJDQLF�PDWHULDOV�
,Q�DGGLWLRQ�WR�VHUYLQJ�DV�QXWULHQWV��WKHVH�RUJDQLF�PDWHULDOV�FDQ
DOVR�FDXVH�DQ�LQFUHDVH�LQ�FKORULQH��RU�EURPLQH��GHPDQG��UHVXOW�
LQJ�LQ�D�UHGXFWLRQ�LQ�IUHH�DYDLODEOH�KDORJHQ�

5.5 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH
,Q� VXUYH\V� RI� ZKLUOSRRO� VSDV�� OHJLRQHOODH� KDYH� EHHQ

LVRODWHG�IURP�DV�PDQ\�DV�����RI�WKH�VSDV�VDPSOHG��EXW�RQO\�LQ
WKRVH�VSDV�ZKHUH�WKH�GLVLQIHFWDQW��FKORULQH�RU�EURPLQH��OHYHOV
ZHUH� QRW� DGHTXDWHO\� PDLQWDLQHG�� 7KXV�� LW� LV� JHQHUDOO\
SUHVXPHG�WKDW�RXWEUHDNV�RI�/HJLRQHOORVLV�IURP�ZKLUOSRRO�VSDV
DUH�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�VSDV�WKDW�KDYH�VLPLODU�GHILFLHQ�
FLHV�LQ�WKHLU�GLVLQIHFWDQW�OHYHOV�

,W�LV�XQLYHUVDOO\�UHFRJQL]HG�WKDW�ZDWHU�WUHDWPHQW�FULWHULD
IRU� VSDV� �DQG� VZLPPLQJ�SRROV�� VKRXOG� LQFOXGH�GLVLQIHFWLRQ
DJDLQVW�FROLIRUPV�DQG�RWKHU�IHFDO�SDWKRJHQV��EDFWHULD��YLUXVHV�
DQG�SURWR]RD���,Q�UHFHQW�\HDUV��WKHVH�W\SHV�RI�UHFUHDWLRQDO�DQG
WKHUDSHXWLF�VSDV�KDYH�EHHQ�UHFRJQL]HG�DV�LPSRUWDQW�VRXUFHV�RI
LQIHFWLRQ� E\� RWKHU� ZDWHUERUQH� SDWKRJHQV�� LQFOXGLQJ
3VHXGRPRQDV� DHUXJLQRVD� DQG� /HJLRQHOOD� VSHFLHV�� 6HYHUDO
PXOWLSOH�FDVH� RXWEUHDNV� RI� /HJLRQHOORVLV� �/HJLRQQDLUHV¶
GLVHDVH�DQG�3RQWLDF�IHYHU��KDYH�EHHQ�WUDFHG�WR�VSDV�DQG�KRW
WXEV��DQG�IDWDOLWLHV�KDYH�RFFXUUHG�������1R�FDVHV�RI�/HJLRQHO�
ORVLV�KDYH�EHHQ�WUDFHG�WR�ZKLUOSRRO�EDWKV������

5.6 5HFRPPHQGHG�7UHDWPHQW
5.6.1 :KLUOSRRO�6SDV��:KLUOSRRO�VSDV�DUH�FXUUHQWO\�VXE�

MHFW�WR�VWDWH�DQG�ORFDO�UHJXODWLRQV�UHODWHG�WR�SXEOLF�VZLPPLQJ
DQG�EDWKLQJ�IDFLOLWLHV��7KHVH�UHJXODWLRQV�PD\�FRYHU�DOO�DUHDV
RI� RSHUDWLRQ�� LQFOXGLQJ� PHFKDQLFDO� VSHFLILFDWLRQV�� RSHUD�
WLRQDO�SDUDPHWHUV��L�H���IORZ�UDWH��WHPSHUDWXUH���ZDWHU�FKHPLV�
WU\�� DQG� EDFWHULRORJ\�� 7R� PLQLPL]H� WKH� RFFXUUHQFH� RI
ZKLUOSRRO�UHODWHG� LQIHFWLRXV�GLVHDVHV��LQFOXGLQJ�/HJLRQHOOR�
VLV���WKH�IROORZLQJ�JXLGHOLQHV�DUH�UHOHYDQW�

5.6.1.1 %DWKHU�/RDG��&OHDUO\�SRVW�DQG�HQIRUFH�WKH�PD[�
LPXP�QXPEHU�RI�RFFXSDQWV�������P��>���IW�@�RI�VXUIDFH�DUHD
SHU�EDWKHU���8VLQJ�WKLV�IRUPXOD��D�����PHWHU����IW��GLDPHWHU�FLU�
FXODU�VSD�ZRXOG�KDYH�D�PD[LPXP�EDWKHU�ORDG�RI�ILYH�DW�RQH
WLPH�

5.6.1.2 %DWKHU�+HDOWK�5HVWULFWLRQV��&OHDUO\�SRVW�ZDUQ�
LQJV�RQ�WKH�LQFUHDVHG�KHDOWK�ULVN�UHODWHG�WR�XVH�E\�LQGLYLGXDOV
ZKR�DUH�LPPXQRFRPSURPLVHG�RU�ZKR�KDYH�FKURQLF�OXQJ�GLV�
HDVH�
�
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5.6.1.3 )LOWHU�2SHUDWLRQ��+\JLHQLF�PDLQWHQDQFH�RI�VSD
ILOWHUV� LV�PRUH� GLIILFXOW� WKDQ� WKDW� RI� VZLPPLQJ� SRRO� ILOWHUV
EHFDXVH�RI�WKH�KLJKHU�UDWLR�RI�QXPEHU�RI�EDWKHUV�WR�SRRO�YRO�
XPH��+HDOWK�FRGHV�FRQVLVWHQWO\�DFFHSW�ILOWHU�IORZ�UDWHV�DV�IRO�
ORZV�

+LJK�UDWH�VDQG�ILOWHUV�²���������/�V�SHU�P��
������JDO�PLQ�SHU�IW���RI�ILOWHU�PHGLD

'LDWRPDFHRXV�HDUWK�ILOWHUV�²���/�V�SHU�P��
�����JDO�PLQ�SHU�IW���RI�ILOWHU�PHGLD

&DUWULGJH�ILOWHUV�²������/�V�SHU�P��
�������JDO�PLQ�SHU�IW���RI�ILOWHU�PHGLD

0DLQWHQDQFH�RI�ILOWHUV�LQFOXGHV�EDFN�IOXVKLQJ�UHJXODUO\�WR
UHPRYH� WKH� EXLOGXS� RI� RUJDQLF� GHEULV�� 'HWHUPLQLQJ� WKH
IUHTXHQF\�RI�EDFN�IOXVKLQJ�LV�FXUUHQWO\�EDVHG�RQ�PDQXIDFWXUHU
UHFRPPHQGDWLRQV��IORZ�UDWH�UHTXLUHPHQWV��UDWKHU�WKDQ�PLFUR�
ELRORJLFDO�FULWHULD��$V�D�JHQHUDO�UXOH��GDLO\�EDFN�IOXVKLQJ�PD\
EH�UHTXLUHG�GXULQJ�SHULRGV�RI�KHDY\�XVDJH��)LOWHU�FDUWULGJHV
VKRXOG�DOVR�EH�FOHDQHG�RU�UHSODFHG�RQ�D�UHJXODU�EDVLV��RQFH�RU
WZLFH�ZHHNO\��

5.6.1.4 :DWHU� &KHPLVWU\�� 7KH� $PHULFDQ� 1DWLRQDO
6WDQGDUGV� ,QVWLWXWH� DQG� 1DWLRQDO� 6SD� DQG� 3RRO� ,QVWLWXWH
�$16,�163,��KDYH�HVWDEOLVKHG�FKHPLFDO�VWDQGDUGV�UHODWHG�WR
SRRO�GLVLQIHFWLRQ��7KH�VWDQGDUGV�DUH�JHQHUDOO\�XVHG�DV�D�EDVLV
IRU�PRVW�VWDWH�DQG�ORFDO�UHJXODWLRQV�DQG�KDYH�EHHQ�PRGLILHG
VOLJKWO\�E\�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�LQ�WKHLU�³,QWHULP
5HFRPPHQGDWLRQV� WR� 0LQLPL]H� 7UDQVPLVVLRQ� RI� /HJLRQ�
QDLUHV� 'LVHDVH� IURP� :KLUOSRRO� 6SDV� RQ� &UXLVH� 6KLSV
�������´��

7KH�XSSHU�YDOXH�RI����PJ�/��IUHH�FKORULQH�RU�EURPLQH�
VKRXOG�QRW�EH�FRQVLGHUHG�D�URXWLQH�WDUJHW�PDLQWHQDQFH�OHYHO�
KRZHYHU��WKLV�OHYHO�LV�DFFHSWDEOH�IRU�UHODWLYHO\�VKRUW�GXUDWLRQV�

7KH�LGHDO�YDOXHV�VKRXOG�EH�FRQVLGHUHG�PLQLPXP�YDOXHV
IRU�FRQWURO�RI�/HJLRQHOOD�EHFDXVH�RI�WKH�UHODWLYH�UHVLVWDQFH�RI
/HJLRQHOOD�WR�KDORJHQV��FRPSDUHG�WR�RWKHU�EDFWHULD�DQG�HQWHULF
YLUXVHV���0DLQWDLQLQJ�WKH�UHTXLUHG�IUHH�DYDLODEOH�KDORJHQ�OHYHO
LV�DEVROXWHO\�FULWLFDO� IRU�FRQWUROOLQJ� WKH�JURZWK�RI�EDFWHULD
�LQFOXGLQJ�/HJLRQHOOD��LQ�WKH�VSD�ZDWHU��7KXV��WKHVH�SDUDPH�
WHUV�VKRXOG�EH�PHDVXUHG�IUHTXHQWO\��DV�RIWHQ�DV�KRXUO\�GXULQJ
SHULRGV�RI�KHDY\�XVH��$XWRPDWLF� V\VWHPV� WKDW�FRQWLQXRXVO\
PRQLWRU�WKH�IUHH�KDORJHQ�DQG�DGMXVW�DV�QHHGHG�ZRXOG�RIIHU�WKH
EHVW�FRQWURO�RI�WKH�ZDWHU�FKHPLVWU\��,Q�DGGLWLRQ��LW�ZRXOG�EH
GHVLUDEOH�WR�LQVWDOO�KDORJHQ�OHYHO�GHSHQGHQW�LQMHFWRU�GHYLFHV
RQ�ERWK�VLGHV�RI� WKH� ILOWHU� WR�HQVXUH� WKDW�DGHTXDWH� OHYHOV�RI
ELRFLGH�DUH�PDLQWDLQHG�ZLWKLQ�WKH�ILOWHU�DQG�ZLWKLQ�WKH�ZDWHU
H[LWLQJ�WKH�ILOWHU�

6HYHUDO�DOWHUQDWLYH�RU�DGMXQFWLYH�QRQKDORJHQ�ZDWHU�WUHDW�
PHQW� SURFHGXUHV� DUH� FXUUHQWO\� EHLQJ� PDUNHWHG�� LQFOXGLQJ
FRSSHU�VLOYHU� LRQ� ZDWHU� WUHDWPHQW�� LRGLQL]DWLRQ� WUHDWPHQW�

0LQLPXP� ,GHDO�9DOXHV 0D[LPXP

)UHH�FKORULQH��PJ�/� ��� ������� ����

&RPELQHG�FKORULQH�
�FKORURDPLQHV���PJ�/�

1RQH 1RQH ���

%URPLQH��PJ�/� ��� ������� ����

S+ ��� ������� ���
�

XOWUDYLROHW�OLJKW�WUHDWPHQW��DQG�R]RQDWLRQ��:KLOH�DQ\�RU�DOO�RI
WKHVH� DSSURDFKHV� PD\� VXFFHVVIXOO\� FRQWURO� /HJLRQHOOD� DQG
RWKHU�EDFWHULD�LQ�SRROV�DQG�VSDV��WKHUH�DUH�LQVXIILFLHQW�GDWD�DW
WKH� SUHVHQW� WLPH� WR� UHFRPPHQG� DQ\� PDMRU� YDULDWLRQ� IURP
FXUUHQW�ZDWHU�WUHDWPHQW�SUDFWLFHV��7KLV�VLWXDWLRQ�PD\�FKDQJH
DV� DGGLWLRQDO� GDWD� IURP� ODERUDWRU\� DQG� UHDO�ZRUOG� VWXGLHV
EHFRPH�DYDLODEOH�

5.6.1.5 %DFWHULRORJLFDO�3DUDPHWHUV��5HJXODU�WHVWLQJ�RI
DOO�VSDV�FDQ�SURYLGH�DQ�LPSRUWDQW�UHFRUG�RI�VDIH�RSHUDWLQJ�FRQ�
GLWLRQV� DQG�PD\� DOHUW� RSHUDWRUV� RI� XQVDIH� FRQGLWLRQV�ZKHQ
WKH\�RFFXU��+RZHYHU��VLQFH�EDFWHULRORJLFDO�UHVXOWV�UHTXLUH�DV
PXFK�DV����KRXUV��RU�ORQJHU�IRU�/HJLRQHOOD��IRU�UHVXOWV��WKH\
VKRXOG�EH�XVHG�RQO\�WR�VSRW�FKHFN�RU�FRQILUP�WKH�HIIHFWLYH�
QHVV�RI�WKH�GLVLQIHFWLRQ�V\VWHP��QRW�DV�D�UHSODFHPHQW�IRU�IUH�
TXHQW�WHVWLQJ�RI�WKH�ZDWHU�FKHPLVWU\�RU�URXWLQH�PDLQWHQDQFH�
:KHUH�FXOWXULQJ�IRU�OHJLRQHOODH�LV�WR�EH�GRQH��VHH�VHFWLRQ���
IRU�LQSXW�RQ�SURSHU�VDPSOLQJ��KDQGOLQJ��DQG�VKLSSLQJ�

5.6.1.6 5RXWLQH� 0DLQWHQDQFH�� &XUUHQW� $16,�163,
UHFRPPHQGDWLRQV�LQFOXGH�WDNLQJ�WKH�VSD�RXW�RI�VHUYLFH�DW�WKH
HQG�RI�HDFK�GD\�LQ�RUGHU�WR�FDUU\�RXW�D�VXSHUKDORJHQDWLRQ��L�H��
VKRFN�GLVLQIHFWLRQ��XVLQJ����PJ�/�RU����WLPHV�WKH�FRPELQHG
FKORULQH�OHYHO��ZKLFKHYHU�LV�JUHDWHU��IRU�RQH�WR�IRXU�KRXUV��'XH
WR�WKH�EXLOGXS�RI�WRWDO�GLVVROYHG�VROLGV�DQG�RUJDQLF�PDWWHU�LQ
WKH�ZDWHU��WKH�VSD�ZDWHU�VKRXOG�DOVR�EH�UHSODFHG�DW�OHDVW�RQFH
D� ZHHN� �GHSHQGLQJ� RQ� WKH� IUHTXHQF\� RI� XVH��� 'DLO\� ZDWHU
FKDQJHV�PD\� EH� QHFHVVDU\� XQGHU� FRQWLQXRXV� FRQGLWLRQV� RI
KLJK� XVH�� $W� WKH� VDPH� WLPH�� WKH� VSD� VKRXOG� EH� WKRURXJKO\
FOHDQHG�� LQFOXGLQJ�D�YLJRURXV�VFUXEELQJ�RI� WKH�VSD�VXUIDFH�
ZHLUV��DQG�VNLPPLQJ�GHYLFHV��LQ�RUGHU�WR�UHPRYH�EXLOGXS�RI
PLFURELDO� ELRILOP��&RQGLWLRQV�RI�KLJK�EDFWHULDO� FRXQWV� DOVR
UHTXLUH�VKRFN�GLVLQIHFWLRQ�LQ�RUGHU�WR�DFKLHYH�VDIH�RSHUDWLQJ
FRQGLWLRQV��RIWHQ�FRXSOHG�ZLWK�FKDQJLQJ�WKH�ZDWHU��FOHDQLQJ
WKH�VSD��DQG�PDLQWHQDQFH�RI�ILOWHUV�

5.6.1.7 7UDLQLQJ� DQG� 5HFRUG� .HHSLQJ�� 7UDLQLQJ� RI
PDLQWHQDQFH�SHUVRQQHO�RQ�DOO�DVSHFWV�RI�WKH�VDIH�RSHUDWLRQ�RI
ZKLUOSRRO�VSDV�VKRXOG�EH�PDQGDWRU\��$V�SDUW�RI�WKLV�WUDLQLQJ�
LW�VKRXOG�EH�HPSKDVL]HG�WKDW�VSDV�DUH�QRW�WKH�VDPH�DV�VZLP�
PLQJ�SRROV��WKXV��PDLQWHQDQFH�UHTXLUHG�IRU�VDIH�RSHUDWLRQ�LV
YHU\�GLIIHUHQW��0DLQWHQDQFH�SHUVRQQHO�VKRXOG�DOVR�EH�WUDLQHG
WR� PDLQWDLQ� JRRG� UHFRUGV� RI� DOO� ZDWHU� FKHPLVWU\� PHDVXUH�
PHQWV��EDFN�IOXVKLQJ�RI�ILOWHUV��ZDWHU�FKDQJHV��DQG�VSD�FOHDQ�
LQJ��5HVXOWV�RI�VDPSOHV�VHQW�WR�RXWVLGH�ODEV�IRU�EDFWHULRORJLFDO
DQDO\VLV�VKRXOG�DOVR�EH�PDLQWDLQHG��$OO�UHFRUGV�VKRXOG�EH�NHSW
IRU�D�SHULRG�RI�DW�OHDVW�WZR�\HDUV�

5.6.2 :KLUOSRRO�%DWKV��6LQFH�ZKLUOSRRO�EDWKV�DUH�DOZD\V
ILOOHG�ZLWK�IUHVK�SRWDEOH�WDS�ZDWHU�DQG�GUDLQHG�DW�WKH�HQG�RI
HDFK�XVH��WKH�UHFRPPHQGDWLRQV�IRU�FRQWURO�RI�/HJLRQHOORVLV
ZRXOG�IDOO�LQLWLDOO\�XQGHU�WKRVH�JXLGHOLQHV�GHYHORSHG�IRU�SRWD�
EOH�ZDWHU�V\VWHPV��

6WDQGDUG�DJDU�SODWH�FRXQW�����&�� ����FIX�SHU�P/��PD[LPXP�

7RWDO�FROLIRUPV� ��RUJDQLVPV�SHU�����P/��PD[LPXP�

)HFDO�FROLIRUPV� 1RQH�DOORZDEOH

3VHXGRPRQDV�DHUXJLQRVD�����&�� 1RQH�DOORZDEOH

/HJLRQHOOD�VSHFLHV� 1RQH�DOORZDEOH
$6+5$(�*8,'(/,1(��������
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6. ARCHITECTURAL FOUNTAINS AND 
WATERFALL SYSTEMS

6.1 6\VWHP�'HVFULSWLRQ
,Q� WKHVH� V\VWHPV�� ZDWHU� LV� HLWKHU� VSUD\HG� LQ� WKH� DLU� RU

FDVFDGHV�RYHU�D�VWHHS�PHGLD�VXFK�DV�URFNV��DQG�WKHQ�LW�UHWXUQV
WR� WKH�PDQ�PDGH�SRRO��7KLV�JXLGH� LV� QRW� LQWHQGHG� WR� FRYHU
IRXQWDLQV�LQ�QDWXUDO�ERGLHV�RI�ZDWHU�RU�QDWXUDO�ZDWHUIDOOV�

6.2 6\VWHP�2SHUDWLRQ
7KHVH� V\VWHPV� DUH� VRPHWLPHV� RSHUDWHG� LQWHUPLWWHQWO\

ZLWK�RQ�WLPH�RIWHQ�VFKHGXOHG�RQO\�GXULQJ�FHUWDLQ�WLPH�SHULRGV�
$SSOLFDWLRQV� FDQ� LQFOXGH� HODERUDWH� GLVSOD\V� VSHFLILFDOO\
LQWHQGHG�WR�SHULRGLFDOO\�DWWUDFW�ODUJH�FURZGV�LQ�HQWHUWDLQPHQW
FHQWHUV��6\VWHPV�WKDW�DUH�RSHUDWHG�LQWHUPLWWHQWO\�PD\�HQFRXU�
DJH�JUHDWHU�ELRFRQWDPLQDWLRQ�

6.2.0.1 7HPSHUDWXUH��%HFDXVH�RI�WKH�KLJK�WHPSHUDWXUH
UDQJHV�QHHGHG� IRU�SUROLIHUDWLRQ�RI� OHJLRQHOODH�EDFWHULD��RXW�
GRRU�IRXQWDLQV�DQG�SRROV�LQ�KRWWHU�FOLPDWHV�DQG�LQGRRU�IRXQ�
WDLQV�DQG�SRROV�VXEMHFW�WR�VRXUFHV�RI�KHDW�PD\�EH�VXVFHSWLEOH
WR�EHFRPLQJ�DPSOLILHUV��7HPSHUDWXUH�LQFUHDVHV�PD\�EH�IDFLO�
LWDWHG�E\�KHDW�IURP�WKH�SXPS�ILOWHU�V\VWHPV�WKHPVHOYHV��,QWHU�
PLWWHQW� RSHUDWLRQ� PD\� DOVR� FUHDWH� VLWXDWLRQV� ZKHUH
WHPSHUDWXUH�LQFUHDVHV�RFFXU�LQ�OLPLWHG�SDUWV�RI�WKH�V\VWHP��

6.3 :DWHU�'URSOHW�6L]H
7KHVH�V\VWHPV�FDQ�SURGXFH�GURSOHWV�RI�YDULRXV�VL]HV�DQG

FHUWDLQO\�KDYH� WKH�SRWHQWLDO� WR�SURGXFH�GURSOHWV� OHVV� WKDQ��
PLFURPHWHUV�� *HQHUDOO\� VSHDNLQJ�� WKH� OHJLRQHOODH� ULVN
LQFUHDVHV�DV�WKH�UDWH�RI�DHURVRO�SURGXFWLRQ�LQFUHDVHV�

6.4 1XWULHQWV
)RXQWDLQV�DUH�VXEMHFW�WR�FRQWDPLQDWLRQ�IURP�D�ZLGH�YDUL�

HW\�RI�VRXUFHV��LQFOXGLQJ�PDWHULDOV�VFUXEEHG�IURP�WKH�DLU�DQG
UHWXUQHG�WR�WKH�SRRO�ZLWK�WKH�IDOOLQJ�ZDWHU�GURSOHWV�DV�ZHOO�DV
RUJDQLF�DQG� LQRUJDQLF�PDWHULDOV�GURSSHG�� WKURZQ��RU�EORZQ
LQWR�WKH�SRRO�

$OJDH�DQG�EDFWHULD�DUH�UHFRJQL]HG�DV�D�SDUWLFXODU�SUREOHP
LQ�SRROV�OHVV�WKDQ���PHWHU����IW��GHHS��:KHQ�XVHG��ILOWHU�V\VWHPV
DUH�VLPLODU�WR�WKH�W\SHV�XVHG�IRU�VZLPPLQJ�SRROV�

6.5 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH
6HYHUDO� PXOWLSOH�FDVH� RXWEUHDNV� RI� /HJLRQHOORVLV� KDYH

EHHQ�DVVRFLDWHG�ZLWK�GHFRUDWLYH�IRXQWDLQV�LQ�SXEOLF�EXLOGLQJV�
SDUWLFXODUO\�KRWHOV�������+RZHYHU��WKH�WUXH�LQFLGHQFH�RI�GLVHDVH
IURP�WKHVH�VRXUFHV�PD\�EH�PXFK�KLJKHU�GXH�WR�WKH�RFFXUUHQFH
RI�LVRODWHG�FDVHV�ZKHUH�QR�DVVRFLDWLRQ�ZLWK�WKH�EXLOGLQJ�RU�WKH
IRXQWDLQ�ZDV�VXVSHFWHG�

6.6 5HFRPPHQGHG�7UHDWPHQW

6.6.1 'HVLJQ�&RQVLGHUDWLRQV
� 'UDLQV�RU�VXPSV�VKRXOG�EH�VLWXDWHG�DW�WKH�ORZHVW�OHYHO
RI�WKH�SRRO��ZLWK�QR�RWKHU�ORFDO�ORZ�SRLQWV�WKDW�DUH�QRW
VHUYHG�E\�GUDLQV�RU�VXPSV�

� 3URYLVLRQ�IRU�PDLQWHQDQFH�VKRXOG�EH�FRQVLGHUHG�LQ�WKH
GHVLJQ�VWDJH��$FFHVV�WR�SXPS�V��DQG�ILOWHU�V��VKRXOG�EH
SURYLGHG��6WDJQDQW� DUHDV�RU� DUHDV� WKDW� DUH�GLIILFXOW� WR
FOHDQ�VKRXOG�EH�DYRLGHG��

6.6.2 0DLQWHQDQFH
� 5HJXODU�FOHDQLQJ�LV�UHFRPPHQGHG�
� 8VH�RI�ILOWHUV�VKRXOG�EH�FRQVLGHUHG��KRZHYHU��V\VWHPV
$6+5$(�*8,'(/,1(��������
ZLWK�D�VPDOO�ZDWHU�YROXPH�PD\�EH�GUDLQHG�DQG�UHILOOHG
ZLWK�IUHVK�ZDWHU�HYHU\�IHZ�ZHHNV�LQ�OLHX�RI�ILOWHULQJ�

6.6.3 :DWHU�7UHDWPHQW
0LFURELDO�IRXOLQJ�FRQWURO�LV�LPSRUWDQW��HVSHFLDOO\�ZKHUH

WKH�FRQGLWLRQV�DUH�VXFK� WKDW� WKHUH�DUH�VLJQLILFDQW�SHULRGV�RI
WLPH�ZKHQ�WKH�WHPSHUDWXUH�RI�WKH�IRXQWDLQ�ZDWHU�LV�LQ�WKH�UDQJH
WKDW�LV�IDYRUDEOH�IRU�WKH�DPSOLILFDWLRQ�RI�OHJLRQHOODH�JURZWK
�VHH�������:KHQ�ELRFLGDO�WUHDWPHQW�LV�HPSOR\HG�IRU�PLFURELDO
IRXOLQJ�FRQWURO��WKH�ELRFLGH�PXVW�EH�UHJLVWHUHG�ZLWK�WKH�(QYL�
URQPHQWDO�3URWHFWLRQ�$JHQF\�IRU�XVH�LQ�GHFRUDWLYH�IRXQWDLQV�
)RU�IXUWKHU�LQIRUPDWLRQ�RQ�ZDWHU�WUHDWPHQW��VHH�������RI�WKLV
JXLGHOLQH�DQG�WKH�³:DWHU�7UHDWPHQW´�FKDSWHU�LQ�WKH�$SSOLFD�
WLRQV�YROXPH�RI�WKH�$6+5$(�+DQGERRN�

7. COOLING TOWERS INCLUDING FLUID 
COOLERS (CLOSED-CIRCUIT COOLING 
TOWERS) AND EVAPORATIVE CONDENSERS

7.1 &RROLQJ�7RZHUV

7.1.1 6\VWHP�'HVFULSWLRQ��$�FRROLQJ�WRZHU�LV�DQ�HYDSR�
UDWLYH� KHDW� WUDQVIHU� GHYLFH� LQ� ZKLFK� DWPRVSKHULF� DLU� FRROV
ZDUP�ZDWHU��ZLWK�GLUHFW�FRQWDFW�EHWZHHQ�WKH�ZDWHU�DQG�WKH�DLU�
E\�HYDSRUDWLQJ�SDUW�RI�WKH�ZDWHU��VHH�)LJXUH�����$LU�PRYHPHQW
WKURXJK�VXFK�D�WRZHU�LV�W\SLFDOO\�DFKLHYHG�E\�IDQV��DOWKRXJK
VRPH�ODUJH�FRROLQJ�WRZHUV�UHO\�RQ�QDWXUDO�GUDIW�FLUFXODWLRQ�RI
DLU��&RROLQJ�WRZHUV�W\SLFDOO\�XVH�VRPH�PHGLD��UHIHUUHG�WR�DV
³ILOO�´�WR�DFKLHYH�LPSURYHG�FRQWDFW�EHWZHHQ�WKH�ZDWHU�DQG�WKH
FRROLQJ�DLU�

7.1.2 6\VWHP�2SHUDWLRQ��&RROLQJ�WRZHUV�DVVRFLDWHG�ZLWK
EXLOGLQJ� ZDWHU� V\VWHPV� DUH� W\SLFDOO\� XVHG� IRU� UHMHFWLRQ� RI
ZDVWH�KHDW�IURP�WKH�FRQGHQVHU�RI�FKLOOHUV�SURYLGLQJ�DLU�FRQGL�
WLRQLQJ�IRU�D�EXLOGLQJ��:DWHU�IURP�WKH�FRROLQJ�WRZHU�LV�SLSHG
WR�WKH�FRQGHQVHU�ZKHUH�LW�LV�KHDWHG�DQG�WKHQ�EDFN�WR�WKH�FRRO�
LQJ�WRZHU�WR�EH�FRROHG�

7.1.2.1 7HPSHUDWXUH�� 7KH� W\SLFDO� WHPSHUDWXUH� RI� WKH
ZDWHU� LQ� FRROLQJ� WRZHUV� UDQJHV� IURP� ���&� ����)�� WR� ���&
����)��DOWKRXJK�WHPSHUDWXUHV�FDQ�EH�DERYH����&������)��DQG
EHORZ����&�����)��GHSHQGLQJ�RQ�V\VWHP�KHDW�ORDG��DPELHQW
WHPSHUDWXUH��DQG�V\VWHP�RSHUDWLQJ�VWUDWHJ\�

�)LJXUH�� 7\SLFDO�FRROLQJ�WRZHU�FKLOOHU�V\VWHP�
�
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7.1.2.2 &LUFXODWLQJ�:DWHU�6\VWHP��&ROG�ZDWHU�SLSLQJ
IURP�WKH�FRROLQJ�WRZHU�UXQV�WR�RQH�RU�PRUH�SXPS�V���WKHQ�WR
WKH�FKLOOHU�FRQGHQVHU��ZKHUH�LW�LV�KHDWHG��DQG�WKHQ�EDFN�WR�WKH
KRW�ZDWHU�GLVWULEXWLRQ�V\VWHP�LQ�WKH�FRROLQJ�WRZHU��&RQVLGHU�
DEOH� YDULDWLRQ� LQ� WKH� SLSLQJ� DUUDQJHPHQW� RFFXUV�� 6WDJQDQW
DUHDV�RU�GHDG�OHJV�PD\�EH�GLIILFXOW�WR�FOHDQ�RU�SHQHWUDWH�ZLWK
ELRFLGHV�

$�VLJQLILFDQW�YROXPH�RI�ZDWHU�PD\�EH�FRQWDLQHG�LQ�WKH
SLSLQJ�V\VWHP�

7.2 &ORVHG�&LUFXLW� &RROLQJ� 7RZHUV� DQG� (YDSRUDWLYH
&RQGHQVHUV

7.2.1 6\VWHP�'HVFULSWLRQ��&ORVHG�FLUFXLW�FRROLQJ�WRZHUV
DQG�HYDSRUDWLYH�FRQGHQVHUV�DUH�DOVR�HYDSRUDWLYH�KHDW�WUDQVIHU
GHYLFHV��%RWK�DUH�VLPLODU�WR�FRQYHQWLRQDO�FRROLQJ�WRZHUV��EXW
WKHUH� LV� RQH� YHU\� VLJQLILFDQW� GLIIHUHQFH�� 7KH� SURFHVV� IOXLG
�HLWKHU�D�OLTXLG�VXFK�DV�ZDWHU��DQ�HWK\OHQH�JO\FRO�ZDWHU�PL[�
WXUH��RLO��HWF���RU�D�FRQGHQVLQJ�UHIULJHUDQW��GRHV�QRW�GLUHFWO\
FRQWDFW�WKH�FRROLQJ�DLU��5DWKHU��WKH�SURFHVV�IOXLG�LV�FRQWDLQHG
LQVLGH�D�FRLO�DVVHPEO\��VHH�)LJXUH����

7.2.2 6\VWHP�2SHUDWLRQ��:DWHU�LV�GUDZQ�IURP�WKH�EDVLQ
DQG� SXPSHG� WR� D� VSUD\� GLVWULEXWLRQ� V\VWHP� RYHU� WKH� FRLO
DVVHPEO\�ZKLOH�WKH�FRROLQJ�DLU�LV�EORZQ�RU�GUDZQ�RYHU�WKH�FRLO
E\�IDQV��5HPRYDO�RI�KHDW�LV�DFKLHYHG�E\�HYDSRUDWLQJ�SDUW�RI
WKH�ZDWHU�

7.2.2.1 7HPSHUDWXUH��:DWHU�WHPSHUDWXUH�LQ�FORVHG�FLU�
FXLW�FRROLQJ�WRZHUV�DQG�HYDSRUDWLYH�FRQGHQVHUV�LV�VLPLODU�WR
WKDW�LQ�FRROLQJ�WRZHUV�

7.2.2.2 &LUFXODWLQJ�:DWHU� 6\VWHP�� 0RVW� FRPPRQO\�
WKHUH�LV�QR�H[WHUQDO�SLSLQJ�LQ�WKHVH�V\VWHPV��%HFDXVH�WKH�ZDWHU
LV� WRWDOO\�FRQWDLQHG�ZLWKLQ� WKH�XQLW�� WKH�YROXPH�RI�ZDWHU� LV
JHQHUDOO\� VLJQLILFDQWO\� OHVV� WKDQ�ZLWK� FRQYHQWLRQDO� FRROLQJ
WRZHU�V\VWHPV�

�)LJXUH�� 7\SLFDO�FORVHG�FLUFXLW�FRROLQJ�WRZHU�RU�
HYDSRUDWLYH�FRQGHQVHU�
�

7.3 :DWHU�'URSOHW�6L]H
&RROLQJ�WRZHUV�DQG�HYDSRUDWLYH�FRQGHQVHUV�LQFRUSRUDWH

LQHUWLDO� VWULSSLQJ�GHYLFHV�FDOOHG�GULIW� HOLPLQDWRUV� WR� UHPRYH
ZDWHU�GURSOHWV�JHQHUDWHG�ZLWKLQ�WKH�XQLW��:KLOH�WKH�HIIHFWLYH�
QHVV�RI�WKHVH�HOLPLQDWRUV�FDQ�YDU\�VLJQLILFDQWO\�ZLWK�WKH�GHVLJQ
�QHZ�VWDWH�RI�WKH�DUW�HOLPLQDWRUV�DUH�VLJQLILFDQWO\�PRUH�HIIL�
FLHQW�WKDQ�ROGHU�GHVLJQV��DQG�WKH�FRQGLWLRQ�RI�WKH�HOLPLQDWRUV�
LW�VKRXOG�EH�DVVXPHG�WKDW�VRPH�ZDWHU�GURSOHWV�LQ�WKH�VL]H�UDQJH
RI�OHVV�WKDQ���PLFURPHWHUV�OHDYH�WKH�XQLW��,Q�DGGLWLRQ��VRPH
ODUJHU�GURSOHWV�OHDYLQJ�WKH�XQLW�PD\�EH�UHGXFHG�WR���PLFURPH�
WHUV�RU�OHVV�E\�HYDSRUDWLRQ�

7.4 1XWULHQWV
%HFDXVH�FRROLQJ�WRZHUV�DQG�HYDSRUDWLYH�FRQGHQVHUV�DUH

KLJKO\�HIIHFWLYH�DLU� VFUXEEHUV�DQG�EHFDXVH� WKH\�PRYH� ODUJH
YROXPHV�RI�DLU��RUJDQLF�PDWHULDO�DQG�RWKHU�GHEULV�FDQ�EH�DFFX�
PXODWHG�� 7KLV� PDWHULDO� PD\� VHUYH� DV� D� QXWULHQW� VRXUFH� IRU
OHJLRQHOODH�JURZWK��'LYHUVH�ELRILOPV��ZKLFK�FDQ�VXSSRUW�WKH
JURZWK� RI� OHJLRQHOODH�� PD\� EH� SUHVHQW� RQ� KHDW� H[FKDQJHU
VXUIDFHV��VWUXFWXUDO�VXUIDFHV��VXPS�VXUIDFHV��DQG�RWKHU�PLVFHO�
ODQHRXV�VXUIDFHV��

7.5 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH
(YDSRUDWLYH� KHDW� UHMHFWLRQ� HTXLSPHQW� VXFK� DV� FRROLQJ

WRZHUV�DQG�HYDSRUDWLYH�FRQGHQVHUV�KDYH�EHHQ�LPSOLFDWHG�LQ
QXPHURXV� RXWEUHDNV� RI� /HJLRQQDLUHV¶� GLVHDVH�� DQG� VWXGLHV
KDYH�VKRZQ�WKDW�GHWHFWDEOH�OHYHOV�RI�OHJLRQHOODH�DUH�SUHVHQW�LQ
PDQ\��LI�QRW�PRVW��VXFK�GHYLFHV������

7.6 5HFRPPHQGHG�7UHDWPHQW
7KH�NH\�UHFRPPHQGDWLRQV�DUH�WKDW�WKH�V\VWHP�EH�PDLQ�

WDLQHG�FOHDQ�DQG�WKDW�D�ELRFLGDO�WUHDWPHQW�SURJUDP�EH�XVHG��,W
LV� DOVR� UHFRPPHQGHG� WKDW� WKH� VHUYLFHV�RI� D� TXDOLILHG�ZDWHU
WUHDWPHQW�VSHFLDOLVW�EH�XVHG�WR�GHILQH�DQG�RYHUVHH�WKH�WUHDW�
PHQW�

7.6.1 6\VWHP�0DLQWHQDQFH�� .HHSLQJ� WKH� V\VWHP� FOHDQ
UHGXFHV�WKH�QXWULHQWV�DYDLODEOH�IRU�/HJLRQHOOD�JURZWK��5HJXODU
YLVXDO� LQVSHFWLRQV� VKRXOG� EH�PDGH� IRU� JHQHUDO� FOHDQOLQHVV�
7KH�FROG�ZDWHU�EDVLQ�RI�WKH�XQLW�VKRXOG�EH�FOHDQHG�ZKHQ�DQ\
EXLOGXS�RI�GLUW��RUJDQLF�PDWWHU��RU�RWKHU�GHEULV� LV�YLVLEOH�RU
IRXQG�WKURXJK�VDPSOLQJ��0HFKDQLFDO�ILOWUDWLRQ�PD\�EH�XVHG�WR
KHOS�UHGXFH�WKHVH�VROLGV��6WUDLQHUV��FDUWULGJH�ILOWHUV��VDQG�ILO�
WHUV��FHQWULIXJDO�JUDYLW\�W\SH�VHSDUDWRUV�DQG�EDJ�W\SH�ILOWHUV
FDQ�EH�XVHG�WR�DVVLVW�LQ�UHPRYDO�RI�GHEULV�

7KH�GULIW�HOLPLQDWRUV�VKRXOG�DOVR�EH�LQVSHFWHG�UHJXODUO\
DQG�FOHDQHG�LI�UHTXLUHG�RU�UHSODFHG�LI�GHWHULRUDWHG�RU�GDPDJHG�

2SHUDWLRQ� DQG�PDLQWHQDQFH� UHFRUGV� VKRXOG� LQFOXGH� WKH
IROORZLQJ�LQIRUPDWLRQ�

� V\VWHP�VFKHPDWLF
� V\VWHP�ZDWHU�YROXPH��ZLWK�GDWH�DQG�PHWKRG�RI�GHWHU�
PLQDWLRQ

� PDQXIDFWXUHUV¶�LQVWUXFWLRQV�IRU�HTXLSPHQW�RSHUDWLRQ
� UHJXODU�ZDWHU�WUHDWPHQW�SURFHGXUHV
� PDWHULDO� VDIHW\� GDWD� VKHHWV� IRU� FKHPLFDOV� XVHG
�06'6�

� QDPHV� RI� SHUVRQV� UHVSRQVLEOH� IRU� V\VWHP� RSHUDWLRQ
DQG�VKXWGRZQ

� GDWHV�RI�LQVSHFWLRQV�DQG�ZULWWHQ�UHVXOWV�RI�LQVSHFWLRQV
� GDWHV�DQG�QDWXUH�RI�URXWLQH�PDLQWHQDQFH
� GDWHV� RI� HTXLSPHQW� UHSDLUV� RU� PRGLILFDWLRQV� ZLWK
GHVFULSWLRQ�RI�ZRUN�GRQH
$6+5$(�*8,'(/,1(��������
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7.6.2 :DWHU�7UHDWPHQW��:DWHU�WUHDWPHQW�SURYLGHV�D�KHDW
WUDQVIHU� IOXLG� WKDW� DOORZV� HTXLSPHQW� WR� IXQFWLRQ� RSWLPDOO\�
2EMHFWLYHV�RI�ZDWHU�WUHDWPHQW�IRU�FRROLQJ�ZDWHU�V\VWHPV�LV�WR
XVH�ZDWHU�HIILFLHQWO\�DV�ZHOO�DV�WR

� PLQLPL]H�PLFURELDO�JURZWK�
� PLQLPL]H�VFDOH�
� PLQLPL]H�FRUURVLRQ�
� PLQLPL]H� VHGLPHQW�GHSRVLWLRQ� RI� VROLGV� �RUJDQLF� RU
LQRUJDQLF��RQ�KHDW�WUDQVIHU�VXUIDFHV�

$Q�HIIHFWLYH�ZDWHU�WUHDWPHQW�SURJUDP�VKRXOG�DOORZ�PRUH
HIILFLHQW�RSHUDWLRQ�GXH�WR�ORZHU�IRXOLQJ��D�ORQJHU�V\VWHP�OLIH
GXH�WR�GHFUHDVHG�FRUURVLRQ��DQG�VDIHU�RSHUDWLRQ�RI�WKH�V\VWHP
GXH�WR�UHGXFHG�FKDQFHV�RI�PLFURELDO�H[SRVXUH�WR�WKH�SXEOLF�

&RQWURO� RI� VFDOLQJ� DQG� FRUURVLRQ� LV� QHFHVVDU\� LQ�PDQ\
ZDWHU�WUHDWPHQW�SURJUDPV��6FDOH�VXFK�DV�FDOFLXP�FDUERQDWH
DQG�RU�RWKHU�PLQHUDOV�FRQWDLQLQJ�VLOLFD��PDJQHVLXP��DQG�SKRV�
SKDWH� PD\� SUHFLSLWDWH� RQWR� KHDW� H[FKDQJHU� DQG� SLSLQJ
VXUIDFHV�� 6FDOLQJ� FDQ� EH� PLQLPL]HG� E\� XVH� RI� LQKLELWRUV
FRQWDLQLQJ�SKRVSKRQDWHV��SKRVSKDWHV��DQG�SRO\PHUV�WR�NHHS
FDOFLXP�DQG�FDUERQDWH�DQG�RWKHU�PLQHUDOV�LQ�VROXWLRQ��&RUUR�
VLRQ�FDQ�EH�PLQLPL]HG�E\�WKH�XVH�RI�LQKLELWRUV�VXFK�DV�SKRV�
SKDWH�� D]ROHV��PRO\EGHQXP�� DQG� ]LQF�� 6FDOH� DQG� FRUURVLRQ
LQKLELWRUV�DUH�HIIHFWLYH�LI�PLFURELDO�IRXOLQJ�DQG�ELRILOP�GHYHO�
RSPHQW�DUH�SURSHUO\�FRQWUROOHG��0LFURELDO�IRXOLQJ�FDQ�LQIOX�
HQFH� VFDOLQJ� DQG� FRUURVLRQ� SURFHVVHV� DQG� FDQ� DIIHFW� WKH
SHUIRUPDQFH�RI�LQKLELWRUV��0LFURELDO�ELRILOPV�RQ�VXUIDFHV�FDQ
FRQVXPH� FHUWDLQ� LQKLELWRUV� �VXFK� DV� SKRVSKDWHV�� SKRVSKR�
QDWHV�� DQG� D]ROHV��� SUHYHQW� DFFHVV�RI� LQKLELWRUV� WR� VXUIDFHV�
FUHDWH�ORFDOL]HG�R[\JHQ�GHSOHWHG�]RQHV��FKDQJH�WKH�S+�QHDU
VXUIDFHV��DQG�DFFXPXODWH�RU�WUDS�GHSRVLWV�RQWR�VXUIDFHV�

6XUIDFWDQWV�KDYH�DOVR�EHHQ�XVHG�WR�PLQLPL]H�GHSRVLWLRQ
RQ�VXUIDFHV��SDUWLFXODUO\�KHDW�WUDQVIHU�VXUIDFHV���:KHQ�XVHG�
WKH�VXUIDFWDQW�PXVW�EH�FRPSDWLEOH�ZLWK�WKH�VFDOH�DQG�FRUURVLRQ
LQKLELWRUV�DV�ZHOO�DV�DSSURSULDWH�IRU� WKH� W\SH�RI�GLUW��RLO��RU
RWKHU�PDWHULDO�WKDW�LV�SUHVHQW��

(TXDOO\� LPSRUWDQW� WR�FRQWUROOLQJ�VFDOH�DQG�FRUURVLRQ� LV
NHHSLQJ� WKH� V\VWHP� FOHDQ� DQG� IUHH� RI� VHGLPHQW�� &RPPRQ
VRXUFHV�RI�VHGLPHQW�LQFOXGH�PDWHULDOV�VFUXEEHG�IURP�WKH�DLU
�GLUW��OHDYHV��SDSHU��NLWFKHQ�RU�RWKHU�RUJDQLF�H[KDXVW���SUHFLS�
LWDWHG� VROLGV� �FDOFLXP�� PDJQHVLXP�� FDUERQDWH� VLOLFD��� DQG
FRUURVLRQ�SURGXFWV��UXVW���0LFUREHV�LQFOXGLQJ�EDFWHULD��SURWR�
]RD�� DOJDH�� DQG� �LQIUHTXHQWO\�� IXQJL� FDQ� JURZ� LQ� FRROLQJ
V\VWHPV� DQG� XVH� WKH� DERYH� PDWHULDOV� DV� QXWULHQWV�� &RQVH�
TXHQWO\��LW�LV�GHVLUDEOH�WR�HLWKHU�SUHYHQW�WKH�HQWU\�RI�WKH�PDWH�
ULDO�LQWR�WKH�V\VWHP�RU�WR�UHPRYH�LW�IURP�WKH�V\VWHP��

6WUDWHJLHV�WR�DFFRPSOLVK�WKLV�LQFOXGH�VLWLQJ�RI�WKH�WRZHU
�UHODWLYH�WR�NLWFKHQ�H[KDXVWV��HWF����VFDOH�DQG�FRUURVLRQ�FRQWURO�
DQG�ILOWUDWLRQ�DQG�RU�VHSDUDWLRQ�

0LFURELDO� IRXOLQJ� LV� FRQWUROOHG� E\� WKH�XVH�RI�ELRFLGHV�
ZKLFK�DUH�FRPSRXQGV�VHOHFWHG�IRU�WKHLU�DELOLW\�WR�NLOO�PLFUREHV
ZKLOH�KDYLQJ�UHODWLYHO\�ORZ�WR[LFLW\�IRU�SODQWV�DQG�DQLPDOV��,Q
WKH�86$��WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�KDV�UHJXOD�
WRU\� DXWKRULW\� IRU� ELRFLGHV� DQG� UHTXLUHV� UHJLVWUDWLRQ� RI� DOO
ELRFLGHV�� ,Q� DGGLWLRQ�� UHJLVWUDWLRQ� LV� UHTXLUHG� LQ� HDFK� VWDWH
ZKHUH� WKH� ELRFLGH� ZLOO� EH� GLVWULEXWHG�� 7KH� GDWD� SDFNDJH
VXEPLWWHG�WR�WKH�(3$�LQFOXGHV�HIILFDF\�GDWD�DJDLQVW�D�YDULHW\
RI�PLFUREHV�DQG�WR[LFLW\�GDWD�IRU�DQLPDOV��0XFK�RI�WKH�ODER�
$6+5$(�*8,'(/,1(��������
UDWRU\�GDWD�DUH�SURYLGHG�E\�WKH�PDQXIDFWXUHUV�RI�WKH�LQGLYLGXDO
ELRFLGHV��%LRFLGHV�PXVW�EH�XVHG�LQ�DFFRUGDQFH�ZLWK�WKH�GLUHF�
WLRQV�RQ�WKH�ODEHO�

7KHUH�DUH�WZR�PDLQ�JURXSV�RI�FKHPLFDO�ELRFLGHV��R[LGL]�
HUV�DQG�QRQR[LGL]HUV�

2[LGL]LQJ� ELRFLGHV� LQFOXGH� EURPLQH�� EURPR�FKORURK\�
GDQWRLQ�� FKORULQH�� FKORULQH� GLR[LGH�� LRGLQH�� LVRF\DQXUDWHV�
R]RQH��RU�RWKHU�FRPSRXQGV�ZLWK�WKH�DELOLW\�WR�DFFHSW�HOHFWURQV
IURP�RWKHU�FRPSRXQGV�WKDW�VHUYH�DV�UHGXFLQJ�DJHQWV��2[LGL]�
LQJ� ELRFLGHV� FDQ� DFFHOHUDWH� FRUURVLRQ� RI�PHWDOV� LI� WKH\� DUH
GRVHG�DW� H[FHVVLYH� FRQFHQWUDWLRQV��+DORJHQ�ELRFLGHV� �FKOR�
ULQH�� EURPLQH�� DQG� LRGLQH�� UHDFW� ZLWK� WKH� SURWHLQ� LQ� FHOO
PHPEUDQHV�WR�FDXVH�WKH�SURWHLQ�WR�EHFRPH�G\VIXQFWLRQDO��WKXV
NLOOLQJ��FRQWUROOLQJ�WKH�RUJDQLVP��2]RQH�DQG�FKORULQH�GLR[LGH
DUH�EHOLHYHG�WR�R[LGL]H�RWKHU�FRPSRQHQWV�RI�WKH�PLFURELDO�FHOO�

1RQR[LGL]LQJ�ELRFLGHV�LQFOXGH�PDQ\�RUJDQLF�FRPSRXQGV
UHJLVWHUHG�ZLWK�WKH�(3$�IRU�FRROLQJ�ZDWHU�DSSOLFDWLRQV��VXFK�DV
EURPRQLWURSURSDQHGLRO�� EURPRQLWURVW\UHQH�� FDUEDPDWHV�
GHF\OWKLRHWKDQHDPLQH�� GLEURPRQLWULORSURSLRQDPLGH�� GRGH�
F\OJXDQLGLQH�K\GURFKORULGH�� JOXWDUDOGHK\GH�� LVRWKLD]RORQHV�
PHWK\OHQH�ELVWKLRF\DQDWH��TXDWHUQDU\�SKRVSKRQLXP�VDOWV��DQG
WULV�K\GUR[\PHWK\OQLWURPHWKDQH�� 4XDWHUQDU\� DPPRQLXP
FRPSRXQGV�DUH�VRPHWLPHV�XVHG�EXW�ZHUH�IRXQG�WR�EH�LQHIIHF�
WLYH� DJDLQVW� OHJLRQHOODH� LQ� D� UHFHQW� VWXG\���� 7KHVH�ELRFLGHV
IXQFWLRQ�LQ�D�QXPEHU�RI�ZD\V��LQFOXGLQJ�UHDFWLQJ�ZLWK�LQWUDF�
HOOXODU�HQ]\PHV��VROXELOL]LQJ�FHOO�PHPEUDQHV��DQG�SUHFLSLWDW�
LQJ�HVVHQWLDO�SURWHLQV�LQ�PLFURELDO�FHOO�ZDOOV��3URSHUO\�XVHG�
QRQR[LGL]LQJ�ELRFLGHV�DUH�HIIHFWLYH�IRU�FRQWURO�RI�WKH�PLFUR�
ELDO�IRXOLQJ�SURFHVV�LQ�FRROLQJ�ZDWHU�V\VWHPV��

%RWK�R[LGL]HUV�DQG�QRQR[LGL]HUV�FDQ�XQGHUJR�FKHPLFDO
UHDFWLRQV�ZLWK�PDWHULDOV�LQ�WKH�ZDWHU�WKDW�GHFUHDVH�WKHLU�HIIHF�
WLYHQHVV��6RPH�ELRFLGHV�UHDFW�ZLWK�FRPSRQHQWV�RI�VRPH�VFDOH
DQG�FRUURVLRQ�LQKLELWRUV�WR�UHQGHU�ERWK�FRPSRXQGV�OHVV�HIIHF�
WLYH�IRU�WKHLU�LQWHQGHG�SXUSRVH��6HOHFWLRQ�RI�FRUURVLRQ�VFDOH
LQKLELWRUV�DV�ZHOO�DV�WKH�ELRFLGH�UHTXLUHV�D�NQRZOHGJH�RI�ZDWHU
FKHPLVWU\��D�EDVLF�XQGHUVWDQGLQJ�RI�ZDWHU�PLFURELRORJ\��DQG
VSHFLILF� LQIRUPDWLRQ� DERXW� WKH� V\VWHP� �ZKDW� WKH� V\VWHP� LV
FRROLQJ��VRXUFHV�RI�FRQWDPLQDWLRQ��HWF���

,W� LV�JHQHUDOO\� VRXQG�SUDFWLFH� WR� UHJXODUO\�DOWHUQDWH� WKH
ELRFLGHV�XVHG�IRU�D�FRROLQJ�ZDWHU�V\VWHP�WR�DYRLG�WKH�VHOHFWLRQ
DQG�JURZWK�RI�UHVLVWDQW�VWUDLQV�RI�PLFUREHV��7KH�DOWHUQDWLQJ
ELRFLGH�DSSURDFK�KDV�EHHQ�HPSKDVL]HG�ZLWK�WKH�UDWLRQDOH�WKDW
WKH�SRSXODWLRQ�WKDW�VXUYLYHV�WKH�ELRFLGH�WUHDWPHQW�RQH�ZHHN�LV
VXVFHSWLEOH�WR�WKH�DOWHUQDWH�ELRFLGH�D�ZHHN�RU�WZR�ODWHU��$OWHU�
QDWLQJ�WKH�GRVH�DQG�IUHTXHQF\�RI�WKH�VDPH�ELRFLGH�LV�DOVR�XVHG
WR�DFKLHYH�WKLV�JRDO�

%HFDXVH� /HJLRQHOOD� DUH� NQRZQ� WR� HQWHU� FRROLQJ� ZDWHU
V\VWHPV�LQ�WKH�PDNHXS�ZDWHU��LW�VKRXOG�EH�DVVXPHG�WKDW�WKH\
DUH�SUHVHQW�LQ�WKH�ZDWHU�DORQJ�ZLWK�RWKHU�EDFWHULD��SURWR]RDQV�
DQG�DOJDH��3URWR]RD�DUH�KLJKO\�UHVLVWDQW�WR�ERWK�R[LGL]LQJ�DQG
QRQR[LGL]LQJ�ELRFLGHV��KHQFH�WKH\�PXVW�EH�FRQWUROOHG�E\�OLPLW�
LQJ�WKH�PLFURELDO�ELRILOPV�WKDW�VHUYH�WR�SURYLGH�WKHP�QXWUL�
HQWV���

)RU�IXUWKHU�LQIRUPDWLRQ�RQ�WKH�VXEMHFW�RI�ZDWHU�WUHDWPHQW�
VHH�WKH�³:DWHU�7UHDWPHQW´�FKDSWHU�LQ�WKH�$SSOLFDWLRQV�YROXPH
RI�WKH�$6+5$(�+DQGERRN�
�
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7.6.3 &RROLQJ�7RZHU�6\VWHP�6KXWGRZQ�DQG�6WDUW�8S
3URFHGXUH��

6KXWGRZQ
:KHQ�WKH�V\VWHP�LV�WR�EH�VKXW�GRZQ�IRU�D�SHULRG�RI�PRUH

WKDQ� WKUHH� GD\V�� LW� LV� UHFRPPHQGHG� WKDW� WKH� HQWLUH� V\VWHP
�FRROLQJ� WRZHU�� V\VWHP� SLSLQJ�� KHDW� H[FKDQJHUV�� HWF��� EH
GUDLQHG�WR�ZDVWH��:KHQ�GUDLQLQJ�WKH�V\VWHP�LV�QRW�SUDFWLFDO
GXULQJ�VKXWGRZQV�RI�VKRUW�GXUDWLRQ��WKH�VWDJQDQW�FRROLQJ�ZDWHU
PXVW�EH�SUHWUHDWHG�ZLWK�DQ�DSSURSULDWH�ELRFLGH�UHJLPHQ�EHIRUH
WRZHU�VWDUW�XS�

6WDUW�8S�IRU�'UDLQHG�6\VWHPV

� &OHDQ�DOO�GHEULV��VXFK�DV�OHDYHV�DQG�GLUW��IURP�WKH�FRROLQJ
WRZHU�

� )LOO�WKH�V\VWHP�ZLWK�ZDWHU��:KLOH�RSHUDWLQJ�WKH�FRQGHQVLQJ
ZDWHU�SXPS�V��DQG�SULRU�WR�RSHUDWLQJ�WKH�FRROLQJ�WRZHU
IDQV��H[HFXWH�RQH�RI�WKH�WZR�DOWHUQDWLYH�ELRFLGDO�WUHDWPHQW
SURJUDPV�GHVFULEHG�EHORZ�

��� 7UHDW�ZLWK�WKH�ELRFLGH�WKDW�KDG�EHHQ�XVHG�SULRU
WR� VKXWGRZQ�� 8WLOL]H� WKH� VHUYLFHV� RI� WKH� ZDWHU
WUHDWPHQW�VXSSOLHU��0DLQWDLQ�WKH�PD[LPXP�UHF�
RPPHQGHG�ELRFLGH�UHVLGXDO��IRU�WKH�VSHFLILF�ELR�
FLGH��IRU�D�VXIILFLHQW�SHULRG�RI�WLPH��UHVLGXDO�DQG
WLPH�ZLOO�YDU\�ZLWK�WKH�ELRFLGH��WR�EULQJ�WKH�V\V�
WHP�XQGHU�JRRG�ELRORJLFDO�FRQWURO�

��� 7UHDW�WKH�V\VWHP�ZLWK�VRGLXP�K\SRFKORULWH�WR�D
OHYHO�RI���WR���PJ�/��SSP��IUHH�FKORULQH�UHVLGXDO
DW�D�S+�RI�����WR������7KH�FKORULQH�UHVLGXDO�PXVW
EH�KHOG�DW���WR���PJ�/��SSP��IRU�VL[�KRXUV��PHD�
VXUDEOH� ZLWK� VWDQGDUG� FRPPHUFLDO� ZDWHU� WHVW
NLWV�

� 2QFH�RQH�RI�WKHVH�WZR�ELRFLGDO�WUHDWPHQWV�KDV�EHHQ�VXFFHVV�
IXOO\�FRPSOHWHG��WKH�IDQ�FDQ�EH�WXUQHG�RQ�DQG�WKH�V\VWHP
UHWXUQHG�WR�VHUYLFH��5HVXPH�WKH�VWDQGDUG�ZDWHU�WUHDWPHQW
SURJUDP��LQFOXGLQJ�ELRFLGDO�WUHDWPHQW��

6WDUW�8S�IRU�8QGUDLQHG��6WDJQDQW��6\VWHPV
5HPRYH�DFFHVVLEOH�VROLG�GHEULV�IURP�WKH�FRROLQJ�WRZHU

VXPS�DQG�IURP�DQ\�UHPRWH�VWRUDJH�WDQN�V��WKDW�PD\�EH�XVHG�

� 3HUIRUP�RQH�RI� WKH� WZR�ELRFLGH�SUHWUHDWPHQW�SURFHGXUHV
�GHVFULEHG�LQ�³6WDUW�8S�IRU�'UDLQHG�6\VWHPV´��GLUHFWO\�WR
WKH� FRROLQJ� WRZHU� VXPS� RU� UHPRWH� VWRUDJH� WDQN��'R� QRW
FLUFXODWH�VWDJQDQW�EXON�FRROLQJ�ZDWHU�RYHU�FRROLQJ�WRZHU�ILOO
RU�RSHUDWH�FRROLQJ�WRZHU�IDQV�GXULQJ�SUHWUHDWPHQW�

� 6WDJQDQW�FRROLQJ�ZDWHU�PD\�EH�FLUFXODWHG�ZLWK� WKH�PDLQ
FRROLQJ�V\VWHP�SXPS�V�� LI� WRZHU� ILOO� LV�E\SDVVHG��2WKHU�
ZLVH��DGG�DSSURYHG�ELRFLGH�GLUHFWO\�WR�WKH�EXON�ZDWHU�VRXUFH
DQG�PL[�ZLWK�HLWKHU�PDQXDO�RU�E\�VLGHVWUHDP�IORZ�PHWKRGV�
7DNH�FDUH�WR�SUHYHQW�WKH�FUHDWLRQ�RI�DHURVRO�VSUD\�IURP�WKH
VWDJQDQW�FRROLQJ�ZDWHU�IURP�DQ\�SRLQW�LQ�WKH�FRROLQJ�ZDWHU
V\VWHP�

� $IWHU� ELRFLGDO� SUHWUHDWPHQW� KDV� EHHQ� VXFFHVVIXOO\
FRPSOHWHG��WKH�FRROLQJ�ZDWHU�VKRXOG�EH�FLUFXODWHG�RYHU�WKH
WRZHU�ILOO�ZLWK�IDQV�RII��:KHQ�ELRFLGH�UHVLGXDO�LV�PDLQWDLQHG
DW�D�VDWLVIDFWRU\�OHYHO�IRU�DW�OHDVW�VL[�KRXUV��WKH�FRROLQJ�WRZHU
IDQV�PD\�EH�RSHUDWHG�

7.6.4 (PHUJHQF\�'HFRQWDPLQDWLRQ�RI�:HW�7\SH�+HDW
5HMHFWLRQ�6\VWHPV�IRU�/HJLRQHOOD��7KH�&RROLQJ�7RZHU�,QVWL�
��
WXWH�KDV�IRUPXODWHG�DQ�³(PHUJHQF\�3URWRFRO´�IRU�GHFRQWDPL�
QDWLQJ� FRROLQJ� WRZHUV� DQG� HYDSRUDWLYH� FRQGHQVHUV� XVLQJ
FKORULQH�DQG�GLVSHUVDQWV����+RZHYHU��WKLV�SURFHGXUH�PXVW�QRW
EH�XVHG�URXWLQHO\�EHFDXVH�LW�FDQ�EH�YHU\�FRUURVLYH�DQG�SUR�
GXFH�WR[LF�IXPHV��7KLV�SURFHGXUH�KDV�EHHQ�DGDSWHG�WR�LQFOXGH
DGGLWLRQDO� VDIHW\� SUHFDXWLRQV� DQG� D� ��� PJ�/� IUHH� UHVLGXDO
FKORULQH�OHYHO�IRU����KRXUV���

7.6.5 6LWLQJ��,Q�ORFDWLQJ�FRROLQJ�WRZHUV�DQG�HYDSRUDWLYH
FRQGHQVHUV��DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�IROORZLQJ�FRQVLG�
HUDWLRQV�

� /RFDWH� DV� IDU� DV� SRVVLEOH� IURP� IUHVK� DLU� LQWDNHV�
LQFOXGLQJ�ZLQGRZV�WKDW�FDQ�EH�RSHQHG�

� 'R�QRW�ORFDWH�LQ�WKH�LPPHGLDWH�DUHD�RI�NLWFKHQ�H[KDXVW
IDQV�� SODQWV�� WUXFN� ED\V�� RU� RWKHU� VRXUFHV� RI� RUJDQLF
PDWWHU�

� &RQVLGHU�WKH�GLUHFWLRQ�RI�SUHYDLOLQJ�ZLQGV�DQG�GR�QRW
ORFDWH�XSVWUHDP�RI�RXWGRRU�SXEOLF�DUHDV�

� &RQVLGHU�IXWXUH�FRQVWUXFWLRQ��LQFOXGLQJ�QHDUE\�VLWHV�

8. DIRECT EVAPORATIVE AIR COOLERS, 
MISTERS (ATOMIZERS), AIR WASHERS,
AND HUMIDIFIERS

8.1 6\VWHP�'HVFULSWLRQ
'LUHFW�HYDSRUDWLYH�DLU�FRROLQJ�HTXLSPHQW�DQG�KXPLGLIL�

HUV�FRRO�DQG�KXPLGLI\�DLU� E\�GLUHFW� FRQWDFW�ZLWK� WKH�ZDWHU�
HLWKHU� E\� ZHWWHG�VXUIDFH� PDWHULDOV� �DV� LQ� ZHWWHG� PHGLD� DLU
FRROHUV�� RU� ZLWK� D� VHULHV� RI� VSUD\V� �DV� LQ� DLU� ZDVKHUV� DQG
PLVWHUV��� 7KHVH� GHYLFHV� �VHH� )LJXUHV� �� DQG� ��� DUH� XVHG� WR
FRQWURO�WKH�WHPSHUDWXUH�DQG�KXPLGLW\�OHYHOV�IRU�FRPPHUFLDO�
LQGXVWULDO��DQG�DJULFXOWXUDO�DSSOLFDWLRQV�

7KH\�XWLOL]H�HLWKHU�RQFH�WKURXJK�RU�UHFLUFXODWLQJ�ZDWHU�
:HWWHG�PHGLD�V\VWHPV�PD\�LQFOXGH�D�SXPS��ZDWHU�GLVWULEXWLRQ
SLSLQJ��DQG�D� VXPS� WR�FROOHFW�RU�KROG�ZDWHU��$� IDQ�PD\�EH
XWLOL]HG�WR�PRYH�DLU�DFURVV�WKH�V\VWHP�DQG�GLVWULEXWH�HYDSRUD�
WLYHO\�FRROHG�DQG�KXPLGLILHG�DLU�WR�WKH�ORFDWLRQ�EHLQJ�VHUYHG�
&RQFHQWUDWLRQ�RI�FRQWDPLQDQWV�LQ�WKH�ZDWHU�LV�OLPLWHG�E\�EOHHG
RII�DQG�TXDOLW\�RI�IUHVK�ZDWHU�PDNHXS�

8.1.1 :HWWHG� 0HGLD�� :HWWHG� PHGLD� GHYLFHV� XWLOL]H� D
SRURXV�VXEVWUDWH�WR�SURYLGH�DQ�H[WHQGHG�VXUIDFH�DUHD�IRU�HYDS�
RUDWLRQ�RI�ZDWHU��:DWHU�LV�HLWKHU�FLUFXODWHG�RYHU�WKH�PHGLD�RU
WKH�PHGLD�DUH�URWDWHG�WKURXJK�D�ZDWHU�EDWK��6LQFH�HYDSRUDWLRQ
RFFXUV�IURP�WKH�VXUIDFH�RI�WKH�PHGLD��QR�ZDWHU�GURSOHWV�DUH
SURGXFHG��0LVW�HOLPLQDWRUV�DUH�JHQHUDOO\�QRW�QHFHVVDU\��7KHVH

�)LJXUH�� 'LUHFW�HYDSRUDWLYH�DLU�FRROHU�KXPLGLILHU�
$6+5$(�*8,'(/,1(��������
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GHYLFHV�XWLOL]H�HLWKHU�RQFH�WKURXJK�SRWDEOH�EXLOGLQJ�ZDWHU�RU
DUH�HTXLSSHG�ZLWK�D�UHFLUFXODWLQJ�V\VWHP�LQFOXGLQJ�D�SXPS�
DXWRPDWLF�PDNHXS�ZDWHU�YDOYH��D�EOHHG�RII�SXUJH��DQG�D�SRV�
LWLYH�GUDLQLQJ�UHVHUYRLU�

8.1.2 $LU� :DVKHUV�� $LU� ZDVKHUV� XWLOL]H� KLJK�SUHVVXUH
QR]]OHV�WR�UHGXFH�ZDWHU�WR�VPDOO�GURSOHWV�IRU�HIILFLHQW�HYDSR�
UDWLRQ��7KHVH�V\VWHPV�KDYH�D�FKDPEHU�RU�FDVLQJ�FRQWDLQLQJ
RQH�RU�PRUH�EDQNV�RI�VSUD\�QR]]OHV�DQG�GULIW�HOLPLQDWRUV��$LU
ZDVKHUV� FRQWDLQ� D� VXPS� IRU� FROOHFWLQJ� DQG� KROGLQJ� H[FHVV
VSUD\�ZDWHU��7KH�HOLPLQDWRU�VHFWLRQ�UHPRYHV�HQWUDLQHG�GURS�
OHWV�RI�ZDWHU�IURP�WKH�DLU��$LU�ZDVKHUV�DOVR�XWLOL]H�HLWKHU�RQFH�
WKURXJK�SRWDEOH�EXLOGLQJ�ZDWHU�RU�DUH�HTXLSSHG�ZLWK�D�UHFLU�
FXODWLQJ�V\VWHP�LQFOXGLQJ�D�SXPS��DXWRPDWLF�PDNHXS�ZDWHU
YDOYH�� D� EOHHG�RII�SXUJH�� DQG� D� SRVLWLYH� GUDLQLQJ� UHVHUYRLU�
7KH�ZDWHU�PD\�EH�FKLOOHG�IRU�DGGLWLRQDO�FRROLQJ�DQG�RU�GHKX�
PLGLILFDWLRQ�

8.1.3 0LVWHUV��0LVWHUV�SURGXFH�DQ�DHURVRO�E\�XVH�RI�XOWUD�
VRQLF� GHYLFHV�� VSLQQLQJ� GLVNV�� RU� VSUD\� QR]]OHV�� 1RUPDOO\
WKHVH�GHYLFHV�DUH�VXSSOLHG�ZLWK�IUHVK�SRWDEOH�ZDWHU�GLUHFWO\
IURP�WKH�EXLOGLQJ�ZDWHU�V\VWHPV��KRZHYHU��VRPH�V\VWHPV�FRQ�
WDLQ�D�UHVHUYRLU�

8.1.3.1 +HDWHG� (OHPHQW� DQG� 6WHDP�7\SH�+XPLGLIL�
HUV�� +HDWHG� HOHPHQW� DQG� YDSRU�W\SH� KXPLGLILHUV� FRQYHUW
ZDWHU�WR�YDSRU�WKDW�LV�GLVFKDUJHG�LQWR�WKH�VSDFH�EHLQJ�FRQGL�
WLRQHG��'XH�WR�WKH�HOHYDWHG�WHPSHUDWXUH�DQG�WKH�IDFW�WKDW�ZDWHU
GURSOHWV�DUH�QRW�JHQHUDWHG��WKHVH�KXPLGLILHUV�DUH�QRW�FRQVLG�
HUHG�D�ULVN�IRU�WKH�JURZWK�RI�/HJLRQHOOD�GXULQJ�QRUPDO�RSHUD�
WLRQ�� +RZHYHU�� LI� WKH� KXPLGLILHU� LV� LPSURSHUO\� LQVWDOOHG�
PRLVWXUH�PD\� DFFXPXODWH� LQ� WKH� GXFW� DQG� OHDG� WR� EDFWHULDO
JURZWK��'XULQJ�SHULRGV�RI�WLPH�ZKHQ�HTXLSPHQW�LV�QRW�LQ�XVH�
DOO�ZDWHU�VKRXOG�EH�GUDLQHG�IURP�WKH�V\VWHP�WR�DYRLG�WKH�SRV�
VLELOLW\�RI�EDFWHULDO�JURZWK�

8.2 6\VWHP�2SHUDWLRQ
6HH�����

�)LJXUH�� 6LQJOH�EDQN�DLU�ZDVKHU�KXPLGLILHU�
$6+5$(�*8,'(/,1(��������
,W�VKRXOG�EH�QRWHG�WKDW�GXH�WR�SURFHVV�FRQGLWLRQV��WKHUH
PD\�EH�SHULRGV�RI�WLPH�ZKHQ�HTXLSPHQW�LV�VKXW�GRZQ��,W�LV
FRPPRQ�SUDFWLFH�WR�GUDLQ�VXPSV�ZKHQ�WKH�XQLWV�DUH�QRW�LQ�XVH�
,Q� DGGLWLRQ�� D� FRQWLQXRXV� EOHHG� RU� SXUJH� F\FOH� LV� XVXDOO\
HPSOR\HG�WR�OLPLW�WKH�EXLOGXS�RI�VROLGV�DQG�FRQWDPLQDQWV�LQ
WKH�EDVLQ��+LJK�GLOXWLRQ�UDWHV�UHPRYH�EDFWHULD��QXWULHQWV��DQG
RWKHU�FRQWDPLQDQWV�EHIRUH�WKH\�DUH�D�SUREOHP��,W� LV�UDUH�IRU
JURZWK�RI�/HJLRQHOOD�WR�RFFXU�XQGHU�WKHVH�FRQGLWLRQV�

8.2.1 :DWHU� 7HPSHUDWXUH²:HWWHG� 0HGLD� (YDSRUD�
WLYH�$LU�&RROHUV�+XPLGLILHUV�DQG�$LU�:DVKHUV��)RU�ZHWWHG
PHGLD� HYDSRUDWLYH� DLU� FRROHUV�KXPLGLILHUV� DQG� DLU� ZDVKHUV�
WKH� UHFLUFXODWLQJ� ZDWHU� WHPSHUDWXUH� DSSUR[LPDWHV� WKH� ZHW�
EXOE�WHPSHUDWXUH�RI�WKH�DLUVWUHDP�WR�ZKLFK�LW�LV�H[SRVHG��6LQFH
WKH�ZHW�EXOE�WHPSHUDWXUH�LQ�PRVW�UHJLRQV�ZKHUH�WKHVH�GHYLFHV
DUH� XVHG� LV� ZHOO� EHORZ� ���&� ����)��� WKH�ZDWHU� WHQGV� WR� EH
PDLQWDLQHG�DW�WHPSHUDWXUHV�EHORZ�WKH�/HJLRQHOOD�JURZWK�WHP�
SHUDWXUH�UDQJH�RI�������&���������)��

8.2.2 :DWHU� 7HPSHUDWXUH²0LVWHUV�� )RU� PLVWHUV� VXS�
SOLHG� GLUHFWO\� IURP� WKH� EXLOGLQJ� SRWDEOH� ZDWHU� V\VWHP�� WKH
WHPSHUDWXUH�ZRXOG�WHQG�WR�EH�DW�WKH�VXSSO\�FROG�ZDWHU�WHPSHU�
DWXUH�� ,I� IHG� IURP�D�VWDJQDQW� UHVHUYRLU��RU�SLSHV�H[SRVHG� WR
KHDW��WKH�WHPSHUDWXUH�FRXOG�LQFUHDVH��7KH�WHPSHUDWXUH�FRXOG
H[FHHG����&�����)���ZKLFK�LV�IDYRUDEOH�IRU�DPSOLILFDWLRQ�RI
OHJLRQHOODH�

8.2.3 :DWHU� 7HPSHUDWXUH²$LU� :DVKHUV�� $LU� ZDVKHU
RSHUDWLQJ�FRQGLWLRQV�DUH�EDVHG�RQ�WKH�UHTXLUHPHQWV�RI�WKH�SUR�
FHVV��KRZHYHU��D�VWDQGDUG�RSHUDWLQJ�WHPSHUDWXUH�UDQJH�IRU�FLU�
FXODWLQJ� ZDWHU� LV� �����&� �������)��� 7KH� QRUPDO� RSHUDWLQJ
SRUWLRQV�RI�DLU�ZDVKHU�V\VWHPV�WHQG�WR�EH�PDLQWDLQHG�DW�WHP�
SHUDWXUHV�EHORZ�WKH�/HJLRQHOOD�JURZWK�WHPSHUDWXUH�UDQJH�RI
������&���������)���

8.3 :DWHU�'URSOHW�6L]H
8.3.1 :HWWHG�0HGLD��:HWWHG�PHGLD�HTXLSPHQW�JHQHUDOO\

SURGXFHV�IHZ�GURSOHWV�GXULQJ�RSHUDWLRQ��+RZHYHU��ODUJH�GURS�
OHWV�PD\�IRUP�DV�D�UHVXOW�RI�LPSURSHU�PDLQWHQDQFH�DQG�XQHYHQ
ZDWHU�RU�DLU�GLVWULEXWLRQ��7KH�H[DFW�VL]H�RI�WKH�GURSOHWV�ZLOO
YDU\�ZLWK�WKH�FRQGLWLRQ�RI�WKH�ZHWWHG�PHGLD�DQG�PLVW�HOLPLQD�
WRUV��ZKHUH�XVHG���DLU�YHORFLW\�WKURXJK�WKH�XQLW��DQG�LUULJDWLRQ
UDWH�� ,W� VKRXOG� EH� DVVXPHG� WKDW� XQGHU� H[WUHPH� FRQGLWLRQV
GURSOHWV�RI�OHVV�WKDQ���PLFURPHWHUV�FRXOG�EH�FUHDWHG�

8.3.2 $LU�:DVKHUV��7KH�PDMRU�FDXVHV�RI�GURSOHWV�EHLQJ
HQWUDLQHG�LQWR�WKH�DLUVWUHDP�DUH�IRXOHG�VSUD\�QR]]OHV�DQG�GDP�
DJHG�RU�GLUW\�PLVW�HOLPLQDWRUV��$LU�ZDVKHUV�FDQ�SURGXFH�GURS�
OHWV� RI� YDULRXV� VL]HV� DQG� FHUWDLQO\� KDYH� WKH� SRWHQWLDO� WR
SURGXFH�GURSOHWV�OHVV�WKDQ���PLFURPHWHUV�LQ�GLDPHWHU�

8.3.3 0LVWHUV�� 7KHVH� V\VWHPV� FDQ� SURGXFW� GURSOHWV� RI
YDU\LQJ�VL]H�DQG�FHUWDLQO\�KDYH�WKH�SRWHQWLDO�WR�SURGXFH�GURS�
OHWV�OHVV�WKDQ���PLFURPHWHUV�LQ�GLDPHWHU�

8.4 1XWULHQWV
%HFDXVH� GLUHFW� HYDSRUDWLYH� DLU� FRROHUV�KXPLGLILHUV� DUH

HIILFLHQW�DLU�VFUXEEHUV�DQG�PRYH�ODUJH�YROXPHV�RI�DLU��RUJDQLF
PDWWHU�DQG�RWKHU�GHEULV�FDQ�EH�DFFXPXODWHG��7KLV�PD\�VHUYH�DV
D�QXWULHQW�VRXUFH�IRU�/HJLRQHOOD�JURZWK�

8.4.0.1 :HWWHG� 0HGLD� (YDSRUDWLYH� $LU� &RROHUV�
+XPLGLILHUV� DQG�$LU�:DVKHUV��:HWWHG�PHGLD� HYDSRUDWLYH
FRROHUV�KXPLGLILHUV�DQG�DLU�ZDVKHUV�KDYH�SRWHQWLDO�IRU�JURZWK
ZKHUH�GLUW��VFDOH��RU�ELRORJLFDO�PDWWHU�FDQ�DFFXPXODWH��0RVW
��
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OLNHO\�DUHDV�RI�VXFK�DFFXPXODWLRQ�DUH�FROOHFWLRQ�WURXJKV��PLVW
HOLPLQDWRUV��RU�ZDWHU�VWRUDJH�WDQNV�

8.4.1 0LVWHUV�� 1XWULHQW� DYDLODELOLW\� ZRXOG� EH� PLQLPDO
ZKHQ� IHG� SRWDEOH�ZDWHU� GLUHFWO\� IURP� WKH� EXLOGLQJ� SRWDEOH
ZDWHU�V\VWHP��,I�GLVWULEXWLRQ�SLSLQJ�DQG�RU�D�KROGLQJ�UHVHUYRLU
LV�XVHG��QXWULHQWV�LQ�WKH�IRUP�RI�VHGLPHQW�DQG�RWKHU�GHEULV�PD\
H[LVW�

8.5 5HFRPPHQGHG�7UHDWPHQW

8.5.1 $OO�6\VWHPV��5HJXODU� LQVSHFWLRQ� DQG�PDLQWHQDQFH
RI�HYDSRUDWLYH�DLU�FRROHUV�KXPLGLILHUV��DLU�ZDVKHUV��PLVWHUV�
DQG�DQFLOODU\�HTXLSPHQW�DUH�UHFRPPHQGHG��$YRLG�GHDG�HQG
SLSLQJ�� ORZ� VSRWV�� DQG�RWKHU�DUHDV� LQ� WKH�ZDWHU�GLVWULEXWLRQ
V\VWHP�ZKHUH�ZDWHU�PD\�VWDJQDWH�GXULQJ�VKXWGRZQ�

&RQVLGHU�WKH�XVH�RI�SKRWRFKHPLFDO�R]RQH�JHQHUDWRUV�WR
FRQWURO�PLFURELDO�FRQFHQWUDWLRQV�LQ�ZDWHU�LQ�VXPSV�DQG�GLVWUL�
EXWLRQ�SLSLQJ��:DWHU�ILOWHUV�DQG�DLU�ILOWHUV�VKRXOG�EH�FOHDQHG�DV
UHTXLUHG��7KH�HQWLUH�FRROLQJ�ZDWHU�ORRS�VKRXOG�EH�FOHDQHG�DQG
IOXVKHG�PRQWKO\�

8.5.2 5HFLUFXODWLQJ�6\VWHPV��3URSHU�VXPS�ZDWHU�OHYHO�RU
VSUD\�SUHVVXUH�PXVW�EH�PDLQWDLQHG��%OHHGLQJ�RII�RU�SXUJLQJ
VRPH�RI� WKH�ZDWHU� LV� WKH�PRVW�SUDFWLFDO�PHDQV� WR�PLQLPL]H
VFDOH� DQG� QXWULHQW� DFFXPXODWLRQ�� 7KH� EOHHG� UDWH� RU� SXUJH
GHSHQG� RQ�ZDWHU� TXDOLW\� �LQFOXGLQJ� KDUGQHVV�� DQG� DLUERUQH
FRQWDPLQDQW� OHYHO�� 5HJXODU� LQVSHFWLRQV� VKRXOG� EH� PDGH� WR
HQVXUH�WKDW�WKH�EOHHG�UDWH�RU�SXUJH�LV�DGHTXDWH�DQG�LV�PDLQ�
WDLQHG��$V�DQ�DGGHG�SUHFDXWLRQ��VXPSV�FRXOG�EH�DXWRPDWLFDOO\
GUDLQHG�GXULQJ�VKXWGRZQ�RI�WKH�IDQ��:KHQ�LW�LV�LPSUDFWLFDO�WR
VKXW�D�V\VWHP�GRZQ�IRU�FOHDQLQJ��LW�VKRXOG�EH�SURYLGHG�ZLWK�D
SRVLWLYH�GUDLQLQJ�VXPS�DQG�HDVLO\�DFFHVVLEOH�IOXVK�RXW�RI�WKH
ZDWHU�GLVWULEXWLRQ�KHDGHU�VR�LW�FDQ�EH�IOXVKHG�GXULQJ�RSHUD�
WLRQ��$IWHU�IOXVKLQJ��GRVH�WKH�UHFLUFXODWLQJ�FRROLQJ�ZDWHU�ZLWK
D�ELRFLGH�DSSURYHG�E\�WKH�(3$�IRU�VXFK�DSSOLFDWLRQV�

8.5.3 $LU�:DVKHUV��8VH� FRUURVLRQ� LQKLELWRUV� WR� SUHYHQW
FRUURVLRQ�RI�PHWDOV�LQ�WKH�V\VWHPV�DQG�IRUPDWLRQ�RI�FRUURVLRQ
SURGXFWV��&RQWURO�WKH�OHYHO�RI�VXVSHQGHG�VROLGV�WKDW�FDQ�VXS�
SO\� QXWULHQWV� DQG� JURZWK� DUHDV� IRU� OHJLRQHOOD�� )LQDOO\�� WKH
PLFURELRORJLFDO�DFWLYLW\�VKRXOG�EH�FRQWUROOHG�WKURXJK�WKH�XWL�
OL]DWLRQ�RI�ELRFLGHV�DSSURYHG�E\� WKH�(3$�IRU�VXFK�DSSOLFD�
WLRQV�

8.5.4 :HWWHG�0HGLD�(YDSRUDWLYH�$LU�&RROHUV�+XPLGL�
ILHUV��0HGLD�ORFDWHG�LQVLGH�D�ODUJH�EXLOW�XS�DLU�KRXVH�PD\�QRW
GU\�FRPSOHWHO\�GXULQJ�SHULRG�RI�VKXWGRZQ��L�H���ZHHNHQGV��
UHVXOWLQJ�LQ�VWDJQDWLRQ��,Q�RUGHU�WR�GU\�RXW�WKH�PHGLD��SXPSV
VKRXOG� EH� VKXW� GRZQ� SULRU� WR� VFKHGXOHG� IDQ� VKXWGRZQV�
6PDOOHU�V\VWHPV�DQG�WKRVH�KDYLQJ�WKH�PHGLD�ORFDWHG�DGMDFHQW
WR�LQOHW�ORXYHUV�QRUPDOO\�GU\�VXIILFLHQWO\�ZLWKRXW�DVVLVWDQFH�
)RU�V\VWHPV�H[SHULHQFLQJ�KLJK�FRQWDPLQDQW�ORDGLQJ��D�IOXVK�
RXW�F\FOH�PD\�EH�XVHG�WKDW�UXQV�IUHVK�ZDWHU�WKURXJK�WKH�SDG
HYHU\����KRXUV�GXULQJ�D�SHULRG�RI�WLPH�ZKHQ�WKH�V\VWHP�LV�QRW
LQ�RSHUDWLRQ��0HGLD�VKRXOG�EH�FOHDQHG�RU�UHSODFHG�ZKHQ�QHF�
HVVDU\�

8.5.5 0LVWHUV�� 1HYHU� UHFLUFXODWH� DWRPL]HG� ZDWHU�� 'UDLQ
SLSHV�DQG�UHVHUYRLU�ZKHQ�HTXLSPHQW�LV�QRW�LQ�XVH��)RU�SRUWDEOH
PLVWHUV�� GUDLQ� DQG� GLVLQIHFW� SLSLQJ� DQG� UHVHUYRLU� UHJXODUO\�
2QO\�VWHULOH�ZDWHU�VKRXOG�EH�DGGHG�WR�WKH�UHVHUYRLU�RI�SRUWDEOH
KXPLGLILHUV�XVHG�LQ�KHDOWK�FDUH�HQYLURQPHQWV�RU�LQ�RWKHU�DUHDV
��
ZKHUH�LPPXQRFRPSURPLVHG�SHUVRQV�DUH�OLNHO\�WR�EH�H[SRVHG
WR�WKH�JHQHUDWHG�DHURVROV�

8.6 6LWLQJ
(YDSRUDWLYH�DLU�FRROHUV�KXPLGLILHUV�VKRXOG�QRW�EH�ORFDWHG

QHDU� WKH�RXWOHW�RI�D�FRROLQJ�WRZHU�� IOXLG�FRROHU��HYDSRUDWLYH
FRQGHQVHU�� NLWFKHQ� H[KDXVW�� RU� DQ\� RWKHU� VRXUFH� RI� RUJDQLF
FRQWDPLQDWLRQ�� )LOWUDWLRQ� XSVWUHDP� RI� WKH� HYDSRUDWLYH� DLU
FRROHU�KXPLGLILHU�LV�UHFRPPHQGHG�ZKHQ�SDUWLFXODWH�FRQWDP�
LQDWLRQ�LV�H[SHFWHG��)LOWUDWLRQ�GRZQVWUHDP�RI�WKH�HTXLSPHQW
PXVW�EH�D�VXIILFLHQW�GLVWDQFH�WR�DOORZ�DEVRUSWLRQ�RI�PRLVWXUH
LQWR�WKH�DLU�VWUHDP�

8.7 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH
7KHUH�KDYH�EHHQ�QR�NQRZQ�FDVHV�RI�/HJLRQQDLUH¶V�GLVHDVH

ZLWK�DLU�ZDVKHUV��ZHWWHG�PHGLD�HYDSRUDWLYH�DLU�FRROHUV�KXPLG�
LILHUV��RU�VWHDP�KXPLGLILHUV��$�VXSHUPDUNHW�YHJHWDEOH�PLVWLQJ
GHYLFH�XVLQJ�ZDWHU�IURP�D�KROGLQJ�WDQN�ZDV�LPSOLFDWHG�LQ�RQH
RXWEUHDN�RI�/HJLRQQDLUHV¶�'LVHDVH����7KHUH�LV�D�GRFXPHQWHG
FDVH� RI� /HJLRQQDLUHV¶� 'LVHDVH� WKDW� RFFXUUHG� LQ� D� KRVSLWDO
VHWWLQJ�DQG�UHVXOWHG�IURP�DHURVROL]HG�WDS�ZDWHU�IURP�D�KXPLG�
LILHU������

9. INDIRECT EVAPORATIVE AIR COOLERS

,QGLUHFW� HYDSRUDWLYH� DLU� FRROHUV� FRRO� DLU� LQ� D� KHDW
H[FKDQJHU��ZKLFK�WUDQVIHUV�KHDW�WR�D�VHFRQGDU\�DLUVWUHDP�DV
VKRZQ�LQ�)LJXUH����$OWKRXJK�WKH�SULPDU\�DLU�LV�FRROHG�E\�WKH
HYDSRUDWLYHO\�FRROHG�VHFRQGDU\�DLU��QR�PRLVWXUH�LV�DGGHG�WR
WKH�SULPDU\�DLU�

9.1 6\VWHP�'HVFULSWLRQ
7KH� KHDW� H[FKDQJHU� LV� FRROHG� E\� HYDSRUDWLRQ� RI�ZDWHU

XWLOL]LQJ�RQH�RI�VHYHUDO�PHWKRGV�

�� GLUHFW�ZHWWLQJ�RI�WKH�KHDW�H[FKDQJHU�VXUIDFH

�� FRROLQJ� RI� VHFRQGDU\� DLU� XWLOL]LQJ� HYDSRUDWLYH� FRROLQJ
PHGLD

�� DWRPL]LQJ� VSUD\� LQWR� VHFRQGDU\� DLUVWUHDP� RU� RQWR� KHDW
H[FKDQJHU�VXUIDFH

�� FRROLQJ�WRZHU�DQG�FRLO�

�)LJXUH�� ,QGLUHFW�HYDSRUDWLYH�FRROHU�
$6+5$(�*8,'(/,1(��������
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9.2 6\VWHP�2SHUDWLRQ

9.2.1 7HPSHUDWXUH�� 7KH� UHFLUFXODWHG�ZDWHU� WHPSHUDWXUH
DSSUR[LPDWHV�WKH�ZHW�EXOE�WHPSHUDWXUH�RI�WKH�VHFRQGDU\�DLU�
VWUHDP��$V�LV�WKH�FDVH�ZLWK�GLUHFW�HYDSRUDWLYH�DLU�FRROHUV��LW�LV
XQOLNHO\�WKDW�WKH�ZDWHU�WHPSHUDWXUH�ZLOO�H[FHHG����&�����)��

9.3 :DWHU�'URSOHW�6L]H
:DWHU�GURSOHW�VL]H�ZLOO�YDU\�ZLWK�H[FKDQJHU�W\SH��FRQGL�

WLRQ�RI�WKH�PHGLD�DQG�PLVW�HOLPLQDWRUV��ZKHUH�XVHG���DLU�YHORF�
LW\�WKURXJK�WKH�XQLW��DQG�RWKHU�IDFWRUV��5HIHU�WR�WKH�VHFWLRQ�RI
WKLV�JXLGHOLQH�UHJDUGLQJ�VSHFLILF�H[FKDQJHU�W\SH��L�H���FRROLQJ
WRZHUV��PLVWHUV��HWF�

9.4 1XWULHQWV
6HH�����IRU�HTXLSPHQW�XVLQJ�D�FRROLQJ�WRZHU�WR�FRRO�WKH

VHFRQGDU\�DLUVWUHDP�DQG�����IRU�HTXLSPHQW�XVLQJ�HYDSRUDWLYH
FRROHUV�RU�PLVWHUV�WR�FRRO�WKH�VHFRQGDU\�DLUVWUHDP�

9.5 5HFRPPHQGHG�7UHDWPHQW
6HH�����IRU�HTXLSPHQW�XVLQJ�D�FRROLQJ�WRZHU�WR�FRRO�WKH

VHFRQGDU\�DLUVWUHDP�DQG�����IRU�HTXLSPHQW�XVLQJ�HYDSRUDWLYH
FRROHUV�RU�PLVWHUV�WR�FRRO�WKH�VHFRQGDU\�DLUVWUHDP�

9.6 6LWLQJ
,QGLUHFW�HYDSRUDWLYH�DLU�FRROHUV�VKRXOG�QRW�EH�ORFDWHG�QHDU

WKH� RXWOHW� RI� D� FRROLQJ� WRZHU�� IOXLG� FRROHU�� HYDSRUDWLYH
FRQGHQVHU��NLWFKHQ�H[KDXVW��SDLQW�ERRWK�� LQFLQHUDWRU��RU�DQ\
RWKHU�VRXUFH�RI�RUJDQLF�PDWWHU�

9.7 $VVRFLDWHG�&DVHV
7KHUH�KDV�EHHQ�QR�SRVLWLYH�DVVRFLDWLRQ�RI�/HJLRQQDLUHV¶

GLVHDVH�ZLWK�LQGLUHFW�HYDSRUDWLYH�DLU�FRROHUV�

10.  METALWORKING SYSTEMS

10.1 6\VWHP�'HVFULSWLRQ
,Q� WKHVH� V\VWHPV�� PHWDOZRUNLQJ� IOXLGV� DUH� DSSOLHG� WR

FXWWLQJ�VXUIDFHV�IRU�OXEULFDWLRQ�DQG�WR�SUHYHQW�RYHUKHDWLQJ�RI
ERWK�WKH�PDFKLQH�WRRO�DQG�WKH�PDFKLQHG�SDUW�

10.2 6\VWHP�2SHUDWLRQ
%RWK�RLO�EDVHG�DQG�ZDWHU�EDVHG�IOXLGV�DUH�XVHG��$�YDULHW\

RI�VXFK�IOXLGV�DUH�FRPPHUFLDOO\�DYDLODEOH�IURP�PDQ\�FRPSD�
QLHV�

$V�D�UXOH��PLFURELDO�JURZWK�GRHV�QRW�RFFXU�LQ�RLO�EDVHG
SURGXFWV��+RZHYHU��ZDWHU�EDVHG�IOXLGV�GR�EHFRPH�FRQWDPL�
QDWHG�E\�PLFURRUJDQLVPV�

10.2.1 7HPSHUDWXUH��$V�WKH�IOXLGV�FRRO�WKH�PDFKLQH�WRRO
DQG�PDFKLQHG�SDUW��WKH\�EHFRPH�KHDWHG�DQG�WKH�DPELHQW�WHP�
SHUDWXUH� RI� WKH� IOXLG� VXPSV� UDQJHV� EHWZHHQ� ���� DQG� ���&
����)�DQG����)���SHUPLWWLQJ�WKH�JURZWK�RI�PDQ\�SDWKRJHQV
LQFOXGLQJ�/HJLRQHOOD�VSHFLHV�

10.3 :DWHU�'URSOHW�6L]H
7KHVH� V\VWHPV� FDQ� SURGXFH� GURSOHWV� RI� YDU\LQJ� VL]H

GHSHQGLQJ�RQ�WKH�VSHFLILF�PDFKLQLQJ�RSHUDWLRQ�DQG�KDYH�WKH
SRWHQWLDO�WR�SURGXFH�GURSOHWV�OHVV�WKDQ���PLFURPHWHUV�LQ�VL]H�

10.4 1XWULHQWV
7KHVH�V\VWHPV�DUH�W\SLFDOO\�RSHQ�DQG�VXEMHFW�WR�FRQWDP�

LQDWLRQ�IURP�WKH�DLU�DQG�VXUIDFHV�WKDW�DUH�EHLQJ�PDFKLQHG�
$6+5$(�*8,'(/,1(��������
10.5 $VVRFLDWHG�&DVHV�RI�/HJLRQQDLUHV¶�'LVHDVH

0HWDOZRUNLQJ� V\VWHPV� KDYH� EHHQ� LPSOLFDWHG� LQ� WKH
RXWEUHDN� RI� 3RQWLDF� IHYHU� DV� ZHOO� DV� DFXWH� UHVSLUDWRU\
V\QGURPH�DQG�K\SHUVHQVLWLYLW\�SQHXPRQLWLV���

10.6 5HFRPPHQGHG�7UHDWPHQW

([SRVXUHV�IURP�PHWDOZRUNLQJ�RSHUDWLRQV�FDQ�EH�D�VHULRXV
SRWHQWLDO�KHDOWK�FRQFHUQ��WKH�PDJQLWXGH�RI�ZKLFK�LV�QRW�IXOO\
XQGHUVWRRG�� %LRFLGHV� DUH� VXSSOLHG� ZLWK� IOXLG� FRQFHQWUDWHV�
ZKLFK�DUH�GLOXWHG�ZKHQ�XVHG�DQG�RU�DGGHG�WR�WKH�IOXLG�UHVHU�
YRLU��+RZHYHU��WKH�YDULHW\�RI�IOXLGV��PLFURELDO�W\SHV��WXUQRYHU
UDWH��DQG�PHWDO�RSHUDWLRQV�PDNHV�VXFFHVVIXO�GRVLQJ�QRW�DOZD\V
SUHGLFWDEOH��6HOHFWLRQV�RI�ELRFLGHV�VKRXOG�EH�EDVHG�RQ�IOXLGV
DQG�PLFUREHV�EHLQJ�WUHDWHG�

,W�LV�UHFRPPHQGHG�WKDW�FDUH�EH�WDNHQ�WR�PLQLPL]H�FRQWDP�
LQDWLRQ� DQG� WR� UHGXFH� H[SRVXUH� WR� PDFKLQH� RSHUDWRUV� XQWLO
IXUWKHU�LQIRUPDWLRQ�LV�DYDLODEOH�

11. MONITORING FOR LEGIONELLA

&XOWXULQJ�IRU�/HJLRQHOOD�PD\�EH�DSSURSULDWH�LI�FDUULHG�RXW
IRU�D�VSHFLILF�SXUSRVH��VXFK�DV�YHULI\LQJ�WKH�HIIHFWLYHQHVV�RI�D
ZDWHU�WUHDWPHQW�SURWRFRO��WUDFLQJ�WKH�VRXUFH�RI�DQ�RXWEUHDN�
HYDOXDWLQJ� WKH�SRWHQWLDO� DPSOLILHU�WUDQVPLVVLRQ� VRXUFHV� DW� D
IDFLOLW\��YHULI\LQJ�WKDW�WKH�GHFRPLQDWLRQ�SURFHGXUHV�KDYH�EHHQ
HIIHFWLYH��RU�LQ�KHDOWK�FDUH�IDFLOLWLHV�FDULQJ�IRU�SDWLHQWV�ZLWK
H[FHHGLQJO\� KLJK� ULVN� RI� GHYHORSLQJ� /HJLRQQDLUHV¶� GLVHDVH
�H�J��� RUJDQ� WUDQVSODQW� UHFLSLHQWV�������� :KHUH� FXOWXULQJ� LV
SHUIRUPHG��SURSHU�VDPSOLQJ��KDQGOLQJ��DQG�VKLSSLQJ�PHWKRGV
VKRXOG�EH�XVHG���

+RZHYHU��H[FHSW�DV�GLVFXVVHG�LQ����������URXWLQH�FXOWXULQJ
RI�VDPSOHV�IURP�EXLOGLQJ�ZDWHU�V\VWHPV�PD\�QRW�EH�SUHGLFWLYH
RI�WKH�ULVN�RI�WUDQVPLVVLRQ�IRU�WKH�IROORZLQJ�UHDVRQV�

�� 3UHVHQFH�RI�WKH�RUJDQLVP�FDQQRW�EH�GLUHFWO\�HTXDWHG�WR�WKH
ULVN� RI� LQIHFWLRQ��7KH� EDFWHULXP� LV� IUHTXHQWO\� SUHVHQW� LQ
ZDWHU�V\VWHPV�ZLWKRXW�EHLQJ�DVVRFLDWHG�ZLWK�NQRZQ�FDVHV
RI�GLVHDVH�

�� ,QWHUSUHWDWLRQ� RI� WKH� UHVXOWV� RI� FXOWXULQJ� RI� ZDWHU� LV
FRQIRXQGHG�E\�XVH�RI�GLIIHUHQW�EDFWHULRORJLF�PHWKRGV� LQ
YDULRXV�ODERUDWRULHV��E\�YDULDEOH�FXOWXUH�UHVXOWV�DPRQJ�VLWHV
VDPSOHG�ZLWKLQ�D�ZDWHU�V\VWHP��DQG�E\�IOXFWXDWLRQV�LQ�WKH
FRQFHQWUDWLRQ�RI�/HJLRQHOOD�LVRODWHG�IURP�D�VLQJOH�VLWH�

�� 7KH�ULVN�RI�LOOQHVV�IROORZLQJ�H[SRVXUH�WR�D�JLYHQ�VRXUFH�LV
LQIOXHQFHG�E\�D�QXPEHU�RI�IDFWRUV�RWKHU�WKDQ�WKH�FRQFHQWUD�
WLRQ�RI�RUJDQLVPV�LQ�D�VDPSOH��7KHVH�IDFWRUV�LQFOXGH��EXW�DUH
QRW�OLPLWHG�WR��VWUDLQ�YLUXOHQFH��KRVW�VXVFHSWLELOLW\��DQG�KRZ
HIILFLHQWO\�WKH�RUJDQLVPV�DUH�DHURVROL]HG�WR�WKH�VPDOO�SDUWL�
FOH�VL]H�UHTXLUHG�WR�UHDFK�WKH�GHHS�SRUWLRQ�RI�WKH�KXPDQ�OXQJ
DQG�UHPDLQ�YLDEOH�

�� 7HVW�UHVXOWV�RQO\�UHSUHVHQW�WKH�FRXQWV�DW�WKH�WLPH�WKH�VDPSOH
ZDV�FROOHFWHG��$�QHJDWLYH�UHVXOW�IURP�VXFK�D�VDPSOH�LV�OLNHO\
WR�OHDG�WR�D�IDOVH�VHQVH�RI�VHFXULW\�EHFDXVH�DQ\�DPSOLILHU�FDQ
TXLFNO\�EHFRPH�KHDYLO\�FRORQL]HG�LI�LW�VXIIHUV�QHJOHFW�

7HVWLQJ�LV�QRW�D�VXEVWLWXWH�IRU�VRXQG�PDLQWHQDQFH�SUDF�
WLFHV�DQG�ZDWHU�WUHDWPHQW��
��
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12. REFERENCES
�0DUVWRQ��%�-���+�%��/LSPDQ��DQG�5�)��%UHLPDQ��������6XU�

YHLOODQFH� IRU� /HJLRQQDLUHV¶� 'LVHDVH�� 5LVN� )DFWRUV� IRU
0RUELGLW\�DQG�0RUWDOLW\��$UFKLYHV�RI�,QWHUQDO�0HGLFLQH
���������������

�)LHOGV��%�6��������/HJLRQHOOD�DQG�3URWR]RD��,QWHUDFWLRQ�RI�D
3DWKRJHQ� DQG� ,WV� 1DWXUDO� +RVW�� ,Q��/HJLRQHOOD�&XUUHQW
6WDWXV�DQG�(PHUJLQJ�3HUVSHFWLYHV�� -�0��%DUEDUHH��5�)�
%UHLPDQ��$�3��'XIRXU��HGV��:DVKLQJWRQ��'&��$PHULFDQ
6RFLHW\�IRU�0LFURELRORJ\��SS�����������

�%DUEDUHH�� -�0�� ������ &RQWUROOLQJ� /HJLRQHOOD� LQ� &RROLQJ
7RZHUV��$6+5$(�-RXUQDO��������������

�'RQGHUR�� 7�-��� 5�&�� 5HQWGRUII��*�)��0DOOLVRQ�� HW� DO�� �����
$Q�RXWEUHDN�RI�/HJLRQQDLUHV¶�'LVHDVH�$VVRFLDWHG�ZLWK�D
&RQWDPLQDWHG� $LU�&RQGLWLRQLQJ� &RROLQJ� 7RZHU�� 1HZ
(QJODQG�-RXUQDO�RI�0HGLFLQH��������������

�.HOOHU��'�:���5��+DMMHK��$��'H0DULD��HW�DO��������&RPPX�
QLW\�2XWEUHDN�RI�/HJLRQQDLUHV¶�'LVHDVH��$Q� ,QYHVWLJD�
WLRQ� &RQILUPLQJ� WKH� 3RWHQWLDO� IRU� &RROLQJ� 7RZHUV� WR
7UDQVPLW� /HJLRQHOOD� 6SHFLHV�� &OLQLFDO� ,QIHFWLRXV� 'LV�
HDVHV�������������
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QDLUHV¶�'LVHDVH�2XWEUHDN�DW�DQ�$WODQWD��*HRUJLD�&RXQWU\
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FDF\� RI� 7KHUPDO� 7UHDWPHQW� DQG� &RSSHU�6LOYHU� ,RQL]D�
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6RFLHW\�RI�$PHULFD��6DQ�)UDQFLVFR��&$��$EVWUDFW�����
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DQG� &RQWURO� RI� /HJLRQHOORVLV�� ,QIHFWLRXV� 'LVHDVH� DQG
&OLQLFDO�3UDFWLFH�����������
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��$PHULFDQ� 6RFLHW\� IRU� 7HVWLQJ� DQG� 0DWHULDOV�� '�������
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ANNEX A
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6WRXW��-�(���9�/��<X��/HJLRQHOORVLV��1HZ�(QJODQG�-RXUQDO�RI
0HGLFLQH���������������������

(GHOVWHLQ�� 3�+�� /HJLRQQDLUHV¶� 'LVHDVH�� &OLQLFDO� ,QIHFWLRXV
'LVHDVHV��������������������
��
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment. ASHRAE’s
members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of the systems and
components in their responsibility while maximizing the beneficial effects these systems provide, consistent with accepted
standards and the practical state of the art.

ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the indoor and
outdoor environment to a greater extent than specified by the standards and guidelines as established by itself and other
responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive technical committee structure,
continue to generate up-to-date standards and guidelines where appropriate and adopt, recommend, and promote those new
and revised standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date standards and design considerations as the material is
systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and will seek
out and disseminate information from other responsible organizations that is pertinent, as guides to updating standards and
guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the system’s
intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and energy
transportation will be considered where possible. Recommendations concerning energy source selection should be made by
its members.
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