
CECW-EH

Engineer 
Regulation

1110-2-1458

Department of the Army
U.S. Army Corps of Engineers

Washington, DC 20314-1000

ER 1110-2-1458

30 April 1998

Engineering and Design

HYDRAULIC DESIGN OF SHALLOW DRAFT
NAVIGATION PROJECTS

Distribution Restriction Statement
Approved for public release; distribution is 

unlimited.



DEPARTMENT OF THE ARMY ER 1110-2-1458
U.S. Army Corps of Engineers

CECW-EH Washington, DC  20314-1000

Regulation
No. 1110-2-1458 30 April 1998

Engineering and Design
HYDRAULIC DESIGN OF SHALLOW DRAFT

NAVIGATION PROJECTS

1.  Purpose �

7KLV�UHJXODWLRQ�SUHVFULEHV�WKH�SROLF\�DQG�GHVLJQ

SURFHGXUHV�IRU�GHYHORSPHQW�RI�D�QHZ�RU�UHSODFH�

PHQW�RI�DQ�H[LVWLQJ�VKDOORZ�GUDIW�QDYLJDWLRQ

SURMHFW���6KDOORZ�GUDIW�QDYLJDWLRQ�UHIHUV�WR

FRPPHUFLDO�EDUJH�WUDIILF���'HWDLOHG�GHVLJQ

JXLGDQFH�LV�FRQWDLQHG�LQ�WKH�UHIHUHQFHV�OLVWHG�LQ

SDUDJUDSK���

2.  Application  

7KLV�UHJXODWLRQ�DSSOLHV�WR�DOO�86$&(

&RPPDQGV�KDYLQJ�FLYLO�ZRUNV�UHVSRQVLELOLWLHV�

3.  References

D���(5�������������*XLGDQFH�IRU�&RQGXFWLQJ

&LYLO�:RUNV�3ODQQLQJ�6WXGLHV�

E���(5��������������6WXGLHV�E\�&RUSV

+\GUDXOLFV�DQG�+\GURORJLF�)DFLOLWLHV�DQG�2WKHUV�

F���(0��������������+\GURJUDSKLF�6XUYH\LQJ

G���(0��������������+\GUDXOLF�'HVLJQ�RI

1DYLJDWLRQ�/RFNV�

H���(0��������������+\GUDXOLF�'HVLJQ�RI

1DYLJDWLRQ�'DPV�

7KLV�UHJXODWLRQ�VXSHUVHGHV�(5�������������

GDWHG���$XJ����

I���(0��������������/D\RXW�DQG�'HVLJQ�RI

6KDOORZ�'UDIW�:DWHUZD\V�

J���(0��������������,FH�(QJLQHHULQJ�

K���(0��������������'UHGJLQJ�DQG�'UHGJHG

0DWHULDO�'LVSRVDO�

4.  Distribution Statement

$SSURYHG�IRU�SXEOLF�UHOHDVH��GLVWULEXWLRQ�LV

XQOLPLWHG�

5.  Policy �

7KH�K\GUDXOLF�GHVLJQ�RI�D�VKDOORZ�GUDIW�QDYL�

JDWLRQ�SURMHFW�PXVW�UHVXOW�LQ�D�VDIH��HIILFLHQW�

UHOLDEOH��DQG�FRVW�HIIHFWLYH�SURMHFW�ZLWK

DSSURSULDWH�FRQVLGHUDWLRQ�RI�HQYLURQPHQWDO�DQG

VRFLDO�DVSHFWV���$�VDWLVIDFWRU\�GHVLJQ�PXVW�FRYHU

SRUWLRQV�DQG�RU�H[WHQVLRQV�RI�WKH�IROORZLQJ�HOH�

PHQWV�WR�WKH�GHJUHH�DSSURSULDWH�DV�WKH�GHVLJQ

SURJUHVVHV�WKURXJK�WKH�YDULRXV�VWDJHV�RI�SURMHFW

GHYHORSPHQW�

D���6DIHW\���PLQLPL]H�SRWHQWLDO�KD]DUGV�WR

KXPDQV�DQG�SURSHUW\��DYRLG�FUHDWLRQ�RI�D�IDOVH

VHQVH�RI�VHFXULW\��DQG�LGHQWLI\�FRQVHTXHQFHV�RI

VWRUP�LQWHQVLWLHV��ULYHU�VWDJHV��HWF���H[FHHGLQJ

VHOHFWHG�GHVLJQ�FRQGLWLRQV�

E���(IILFLHQF\���VHOHFW�FKDQQHO�GLPHQVLRQV�DQG

DOLJQPHQW�DQG�ORFN�DQG�GDP�FRQILJXUDWLRQ�WR

RSWLPL]H�GHJUHH�RI�SURWHFWLRQ��RSHUDWLRQ��DQG

PDLQWHQDQFH�
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F���5HOLDELOLW\���SURYLGH�WKH�DELOLW\�WR�DFKLHYH ZKHUH�

SURMHFW�SXUSRVHV�WKURXJKRXW�WKH�SURMHFW

HFRQRPLF�OLIH�DQG�WKH�SURSHU�IXQFWLRQLQJ�RI &(� �8�6��$UP\�&RUSV�RI�(QJLQHHUV

IHDWXUHV�VXFK�DV�FKDQQHOV��ULYHU�WUDLQLQJ

VWUXFWXUHV��DQG�ORFNV�DQG�GDPV� /*� �/RFDO�*RYHUQPHQW

G���&RVW�HIIHFWLYHQHVV���PLQLPL]H�LQLWLDO��RSHUD� 86&*� �8�6��&RDVW�*XDUG

WLRQDO��PDLQWHQDQFH��DQG�UHSODFHPHQW�FRVW�RQ�DQ

DQQXDO�FRVW�EDVLV� �

H���(QYLURQPHQWDO�DVSHFWV���DYRLG�RU�PLQLPL]H

DGYHUVH�HFRORJLFDO�LPSDFWV��SURYLGH�LQLWLDO

EHDXWLILFDWLRQ�HIIRUWV��DQG�PLWLJDWH�VLJQLILFDQW

DGYHUVH�LPSDFWV�

I���6RFLDO�DVSHFWV���SURYLGH�ORZ�FRVW�VKLSSLQJ

UDWHV���LQFUHDVH�UHFUHDWLRQDO�RSSRUWXQLWLHV�

PDLQWDLQ�FRPPXQLW\�FRKHVLRQ��SUHVHUYH�KLVWRULF

DQG�FXOWXUDO�VLWHV��DQG�LPSURYH�DHVWKHWLFV�

6.  Project Elements

7KH�PDMRU�HOHPHQWV�RI�D�VKDOORZ�GUDIW�QDYLJDWLRQ GLVFLSOLQHV�WR�HQVXUH�WKH�WLPHO\�DYDLODELOLW\�

SURMHFW�DQG�WKH�UHVSRQVLEOH�DJHQF\�DUH�OLVWHG�DV IRUPDW��DQG�DGHTXDF\�RI�WKH�K\GUDXOLF�GHVLJQ

IROORZV� WHFKQLFDO�LQIRUPDWLRQ�LQSXWV�WR�DQG�RXWSXWV�IURP

WKH�K\GUDXOLF�GHVLJQ�VWXGLHV�LV�HVVHQWLDO���3K\VL�
� /RFNV &(

� 'DPV &(

� 3RZHUKRXVH &(�RU�/*

� &KDQQHOV &(

� 5LYHU�WUDLQLQJ�VWUXFWXUHV &(

� 6SHFLDO�IHDWXUHV��LFH�FRQWURO� EDVLV���$OWHUQDWLYH�GHVLJQV�DUH�WR�EH�VWXGLHG�DQG

���EULGJH�SLHU�SURWHFWLRQ��HWF�� &( SUHVHQWHG�LQ�VXIILFLHQW�GHWDLO�WR�SURYLGH�D�YDOLG

� 7XUQLQJ�EDVLQV &( &RVW�DQG�EHQHILW�HVWLPDWHV�VKRXOG�EH�DSSURSULDWH

� $LGV�WR�QDYLJDWLRQ 86&*

� 5HFUHDWLRQ &(�RU�/* VWXGLHV�DUH�QHHGHG�HDUO\�LQ�WKH�GHVLJQ�SURFHVV�VR

� )OHHWLQJ�DUHDV /* PLQLPL]HG���,Q�VRPH�LQVWDQFHV��HQYLURQPHQWDO

� 3RUW�IDFLOLWLHV /* UHVWRUDWLRQ�IHDWXUH�LQ�WKH�SURMHFW�

7.  Project Design Process

D���6WXG\�SODQ���7KH�LQLWLDO�VWHS�LQ�WKH

K\GUDXOLF�GHVLJQ�SURFHVV�LV�WR�GHYHORS�D�VWXG\

SODQ�LQ�VXSSRUW�RI�WKH�GHVLJQ�HIIRUW���7KLV�SODQ

ZLOO�LQGLFDWH�WKH�WLPH��PDQSRZHU��FRVW��DQG

VFKHGXOHG�FRPSOHWLRQ�RI�WKH�YDULRXV�GHVLJQ

VWXGLHV�WR�EH�SHUIRUPHG�DV�WKH�GHVLJQ�SURJUHVVHV

WKURXJK�WKH�YDULRXV�VWDJHV�RI�SURMHFW�GHYHORS�

PHQW���&DUHIXO�FRQVLGHUDWLRQ�RI�WKH�W\SH�DQG

FRPSOH[LW\�RI�WKH�K\GUDXOLF�GHVLJQ�VWXGLHV��GDWD

DFTXLVLWLRQ��DQG�SKDVLQJ�RI�WKLV�HIIRUW�ZLWK�RWKHU

RQJRLQJ�SURMHFW�GHYHORSPHQW�HIIRUWV�LV�QHFHVVDU\

�VHH�$SSHQGL[�$����&RRUGLQDWLRQ�ZLWK�RWKHU

FDO�DQG�PDWKHPDWLFDO�PRGHO�VWXGLHV��(5��������

������VKRXOG�EH�SURYLGHG�IRU�HDUO\�LQ�WKH�VWXG\

SODQ��ZKHQ�WKH\�DUH�QHHGHG���7KH�K\GUDXOLF

GHVLJQ�VWXG\�SODQ�PXVW�EH�IOH[LEOH�DQG�EH�DEOH�WR

DGMXVW�WR�FKDQJHV�LQ�WKH�SURMHFW�GHYHORSPHQW�DQG

RWKHU�FLUFXPVWDQFHV�

E���$OWHUQDWLYH�GHVLJQV���$OWHUQDWLYH�GHVLJQ

FRPSDULVRQV�VKRXOG�EH�PDGH�RQ�DQ�DQQXDO�FRVW

EDVLV�IRU�SODQ�FRPSDULVRQ�DQG�SODQ�VHOHFWLRQ��

WR�WKH�VWDJH�RI�SURMHFW�GHYHORSPHQW�

F���(QYLURQPHQWDO�VWXGLHV���(QYLURQPHQWDO

DGYHUVH�LPSDFWV�FDQ�EH�LGHQWLILHG�DQG�DYRLGHG�RU

EHQHILWV�PD\�ZDUUDQW�LQFOXGLQJ�DQ�HQYLURQPHQWDO
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8.  Hydraulic Design Presentation

D���+\GUDXOLF�GHVLJQ�VWXGLHV���7KH�K\GUDXOLF

GHVLJQ�SUHVHQWDWLRQ�SRUWLRQ�RI�DOO�UHSRUWV�SUH�

SDUHG�IRU�GHFLVLRQ�RU�LQIRUPDWLRQ�ZLOO�FRQWDLQ

VXIILFLHQW�GHWDLO�WR�DOORZ�DQ�LQGHSHQGHQW�DVVHVV�

PHQW�DV�WR�WKH�VRXQGQHVV�RI�WKH�UHSRUW�FRQ�

FOXVLRQV�DQG�UHFRPPHQGDWLRQV���7KH�DFFXUDF\�RI

K\GUDXOLF�GHVLJQ�VWXGLHV��FRPSXWDWLRQV��SK\VLFDO

DQG�PDWKHPDWLFDO�PRGHOLQJ��HWF���LV�GHSHQGHQW

RQ�WKH�DFFXUDF\�RI�LQSXW�GDWD�DQG�WKH�GHJUHH�WR

ZKLFK�WKH�DQDO\WLFDO�SURFHGXUH�LV�UHSUHVHQWDWLYH

RI�WKH�K\GUDXOLF�SKHQRPHQD���7KH�HIIHFWV�RI

XQFHUWDLQW\�VKRXOG�EH�GHPRQVWUDWHG�E\�ULVN

DQDO\VLV�SURFHGXUHV�IRU�WKH�VLJQLILFDQW�GHVLJQ

HOHPHQWV��LQYROYHG���7KH�K\GUDXOLF�GHVLJQ�SUH�

VHQWDWLRQ�ZLOO�QRUPDOO\�GLVFXVV�WKH�IROORZLQJ

VXEMHFWV���7KHVH�FRQGLWLRQV�DUH�XVHG�WR�RSWLPL]H

VWLOOLQJ�EDVLQ�OHQJWK�DQG�GRZQVWUHDP�VFRXU

SURWHFWLRQ�WKLFNQHVV��VL]H��DQG�OHQJWK�

�����:DWHU�OHYHOV���7KH�UDQJH�RI�ZDWHU�OHYHO

VWDJHV�LV�QHHGHG���:DWHU�OHYHO�SDUDPHWHUV�DUH

VWDJH��IUHTXHQF\��GXUDWLRQ��DQG�VKRUW�WHUP

IOXFWXDWLRQ�DPSOLWXGH��UDQJH�RI�FHUWDLQW\����:DWHU

OHYHOV�FDQ�EH�DIIHFWHG�E\�VWRUP�VXUJHV��VHLFKHV�

ULYHU�GLVFKDUJHV��QDWXUDO�ODNH�IOXFWXDWLRQV��UHVHU�

YRLU�VWRUDJH�OLPLWV��DQG�RFHDQ�WLGHV���+LJK�ZDWHU

OHYHOV�DUH�XVHG�IRU�GHWHUPLQLQJ�GDP�DQG�ORFN

ZDOO�KHLJKWV���/RZ�ZDWHU�OHYHOV�DUH�XVHG�WR

GHWHUPLQH�FKDQQHO�GHSWK��ORFN�IORRU�DQG�VLOO

HOHYDWLRQV��DQG�ORZHU�OLPLW�IRU�HQYLURQPHQWDO

LPSDFW�VWXGLHV���,QWHUPHGLDWH�OHYHOV�DUH�XVHG�WR

VHOHFW�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�

�����:DYHV���7KH�QDWXUDOO\�RFFXUULQJ�ZDYHV

DQG�YHVVHO�JHQHUDWHG�ZDYHV�UHTXLUH�DQDO\VLV�DQG

SUHGLFWLRQ���:DYH�KHLJKW��SHULRG��GLUHFWLRQ��DQG

GXUDWLRQ�DUH�QHHGHG�WR�GHVLJQ�VXLWDEOH�EDQN

SURWHFWLRQ�ZRUNV��VHW�GDP�DQG�ORFN�ZDOO�KHLJKWV�

DQG�SURYLGH�GHVLJQ�ORDGV�IRU�JDWHV�

�����&XUUHQWV���&XUUHQWV�FDQ�EH�GHQVLW\��WLGDO�

ULYHU��RU�VHLFKH�LQGXFHG���3UHGLFWLRQ�RI�FXUUHQW

VWUHQJWK�DQG�GXUDWLRQ�LV�QHHGHG�IRU�VHOHFWLRQ�RI

WKH�GHVLJQ�FRQGLWLRQV�

�����&KDQQHO�VKRDOLQJ���&KDQQHO�VKRDOLQJ

HVWLPDWHV�DUH�QHHGHG�WR�GHYHORS�PDLQWHQDQFH

GUHGJLQJ�YROXPHV�DQG�FRVWV���7KH�ULYHU�VHGLPHQW

EXGJHW�ZLOO�LGHQWLI\�VHGLPHQW�VRXUFHV��YROXPHV

PRYHG��DQG�VLQNV���7KLV�ULYHU�EXGJHW�ZLOO�LQGL�

FDWH�WKH�H[WUHPHV�DQG�H[SHFWHG�YROXPHV�RI

VKRDOLQJ�LQ�FKDQQHOV�DQG�ORFN�DSSURDFKHV���

0RYDEOH�EHG�SK\VLFDO�PRGHOV�DQG�RU�PDWKHPDWL�

FDO�PRGHOV�DUH�XVXDOO\�QHHGHG�WR�UHILQH�VKRDOLQJ

HVWLPDWHV��(0��������������

�����'HVLJQ�YHVVHOV���7KH�GHVLJQ�YHVVHOV�DUH

VHOHFWHG�IURP�FRPSUHKHQVLYH�VWXGLHV�RI�WKH�IOHHW

H[SHFWHG�WR�XVH�WKH�SURMHFW�GXULQJ�LWV�GHVLJQ�OLIH��

7KH�GHVLJQ�YHVVHOV�DUH�LGHQWLILHG�E\�WKHLU�GLPHQ�

VLRQV�DQG�PDQHXYHUDELOLW\��(0������������

OLVWV�EDUJH�DQG�WRZERDW�VL]HV�XVHG�LQ�8�6��ZDWHU�

ZD\V���&RQVXOWDWLRQ�ZLWK�WKH�&RUSV©�,QVWLWXWH�IRU

:DWHU�5HVRXUFHV�LV�UHFRPPHQGHG�IRU�HVWLPDWLQJ

WKH�IXWXUH�IOHHW�FRPSRVLWLRQ���+LVWRULF�IOHHW

FRPSRVLWLRQ�PD\�EH�REWDLQHG�IURP�WKH�&RUSV©

1DYLJDWLRQ�'DWD�&HQWHU�

�����&KDQQHO�ZLGWK���$�UDWLRQDO�GHVLJQ�LV

QHHGHG�WR�DOORZ�VDIH�DQG�HIILFLHQW�WUDQVLW�RI�WKH

YHVVHOV�H[SHFWHG�WR�XVH�WKH�SURMHFW��(0��������

��������)DFWRUV�WR�EH�FRQVLGHUHG�DUH�

� 9HVVHO�VL]H�

� 9HVVHO�PDQHXYHUDELOLW\�

� 7UDIILF�FRQJHVWLRQ�

� (IIHFWV�RI�ZLQG��ZDYHV��DQG�FXUUHQWV�

� %HQG�DQG�DSSURDFK�FRQILJXUDWLRQV�

�����&KDQQHO�GHSWK���&KDQQHOV�LQ�H[LVWLQJ

ULYHUV�PXVW�EH�FRQVLVWHQW�ZLWK�FRQQHFWLQJ

FKDQQHO�GHSWKV���1RUPDO�ZDWHU�GHSWK�LQ�FRQILQHG

FDQDOV�LV�WR�EH�DW�OHDVW����SHUFHQW��JUHDWHU�WKDQ

WKH�GHVLJQ�YHVVHO�GUDIW���$GGLWLRQDO�GHSWK�FDQ�EH

SURYLGHG�IRU�DGYDQFHG�PDLQWHQDQFH�GUHGJLQJ�

ZKLFK�LQFOXGHV�DQ�DOORZDQFH�IRU�LQDFFXUDFLHV�LQ

GHSWK�PHDVXUHPHQWV�GXULQJ�GUHGJLQJ�RSHUDWLRQV

�(0��������������

�����&KDQQHO�DOLJQPHQW���&KDQQHOV�ZLOO

XVXDOO\�IROORZ�WKH�QDWXUDO�ULYHU�FRXUVH���7KLV
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DOLJQPHQW�XVXDOO\�UHTXLUHV�WKH�OHDVW�LQLWLDO PRVW�FRVW�HIIHFWLYH���$�UHVWULFWLRQ�RQ�WKH�OHDVW

FRQVWUXFWLRQ�GUHGJLQJ���0RYDEOH�EHG�SK\VLFDO FRVW�OD\RXW�LV�WR�SURYLGH�D�PLQLPXP�QXPEHU�RI

PRGHOV�DQG�RU�PDWKHPDWLFDO�PRGHOV�ZLOO�HVWL� VSLOOZD\�JDWHV�EDVHG�RQ�RSHUDWLRQDO�IOH[LELOLW\�

PDWH�VKRDOLQJ�UDWHV�IRU�YDULRXV�FKDQQHO�DOLJQ� SDUWLFXODUO\�ZKHQ�RQH�RU�PRUH�JDWHV�DUH�QRQ�

PHQWV���)L[HG�EHG�SK\VLFDO�PRGHOV�ZLWK�UDGLR� RSHUDWLRQDO�IRU�PDLQWHQDQFH�RU�UHSDLU���7KH�PLQL�

FRQWUROOHG�YHVVHOV�RU�VKLS�VLPXODWRU�VWXGLHV�ZLOO PXP�QXPEHU�RI�JDWHV�ZLOO�EH�GHWHUPLQHG�E\�

DVVHVV�WKH�WUDQVLW�VDIHW\�RI�DOWHUQDWLYH�DOLJQPHQWV HFRQRPLF�DQDO\VLV��H[SHULHQFH��DQG�HQJLQHHULQJ

�(0�������������� MXGJPHQW���(0�������������DQG�(0��������

�����/RFN�DQG�GDP�OD\RXW���7KH�ORFN�DQG�GDP SURWHFWLRQ�ZLOO�EH�GHVLJQHG�IRU�WKH�IROORZLQJ

OD\RXW�ZLOO�SURYLGH�VDIH�YHVVHO�WUDQVLW�WKURXJK FRQGLWLRQV�

WKH�UDQJH�RI�ULYHU�FRQGLWLRQV�H[SHFWHG�GXULQJ�WKH

QDYLJDWLRQ�VHDVRQ���7KH�GHVLJQ�VKRXOG�DOORZ�D � 8QLIRUP�GLVFKDUJH�WKURXJK�DOO�VSLOOZD\

GRZQ�ERXQG�WRZ�WR�ORVH�SRZHU�LQ�WKH�XSSHU JDWHV�IRU�D�UDQJH�RI�KHDGZDWHUV�DQG

DSSURDFK�DQG�KDYH�WKH�ULYHU�FXUUHQWV�IORDW�WKH WDLOZDWHUV�H[SHFWHG�GXULQJ�SURMHFW�OLIH�

WRZ�VDIHO\�EHKLQG�WKH�XSVWUHDP�ORFN�JXDUG�ZDOO��

$�JHQHUDO�SK\VLFDO�PRGHO�RU�VKLS�VLPXODWRU�VWXG\ � 6LQJOH�JDWH��HDFK�JDWH�VWXGLHG�VHSDUDWHO\�

ZLOO�EH�XVHG�WR�RSWLPL]H�WKH�ORFN�DQG�GDP�OD\RXW IXOO�RSHQ�ZLWK�QRUPDO�KHDGZDWHU�DQG

�(0�������������� PLQLPXP�WDLOZDWHU���7KLV�FRQGLWLRQ

������/RFN�GHVLJQ���/RFNV�DUH�WR�EH�GHVLJQHG 0LQRU�GDPDJH�WR�WKH�GRZQVWUHDP�VFRXU

IRU�VDIH�DQG�UDSLG�ILOOLQJ�DQG�HPSW\LQJ���/RFNV SURWHFWLRQ�LV�DFFHSWDEOH�DV�ORQJ�DV�WKH

IRU�EDUJHV�DUH�WR�KDYH�KDZVHU�ORDGV�DW������NJ LQWHJULW\�RI�WKH�VWUXFWXUH�LV�QRW�MHRSDU�

���WRQV��RU�OHVV���+DZVHU�ORDGV�IRU�VKLSV�FDQ GL]HG���6LQJOH�JDWH�IXOO�RSHQ�ZLWK�DERYH

H[FHHG�WKLV������NJ����WRQ��OLPLW��KRZHYHU��WKH\ QRUPDO�SRRO�VKRXOG�DOVR�EH�FRQVLGHUHG��

PXVW�UHPDLQ�LQ�D�VDIH�UDQJH�IRU�WKH�ORFN�PRRULQJ 7KLV�ZRXOG�VLPXODWH�VHYHUDO�JDWHV

IDFLOLWLHV���3K\VLFDO�PRGHO�VWXGLHV�DUH�QHHGHG�WR EORFNHG�E\�ORRVH�EDUJHV�

GHWHUPLQH�KDZVHU�ORDGV���6WDQGDUG�ORFN�VL]HV

OLVWHG�LQ�(0�������������ZLOO�EH�XVHG���/RFN � 6LQJOH�JDWH��HDFK�JDWH�VWXGLHG�VHSDUDWHO\�

IORRU�HOHYDWLRQV�DUH�VHW�IRU�VDIH�DQG�UDSLG�ILOOLQJ RSHQ�VXIILFLHQWO\�ZLGH�WR�SDVV�IORDWLQJ�LFH

ZLWK�DFFHSWDEOH�KDZVHU�ORDGV���/RZHU�ORFN�VLOOV RU�GULIW�DW�QRUPDO�KHDGZDWHUV�DQG�PLQL�

ZLOO�EH�DV�ORZ�DV�SRVVLEOH����WR�����P����WR���IW� PXP�WDLOZDWHU���1R�GDPDJH�LV�DFFHSWDEOH

DERYH�IORRU��WR�DOORZ�VDIH�DQG�UDSLG�WRZ�HQWU\ IRU�WKLV�FRQGLWLRQ�

DQG�H[LW���7KH�XSSHU�VLOO�ZLOO�KDYH�WKH�VDPH�RU

JUHDWHU�FOHDUDQFH�DV�WKH�ORZHU�VLOO��(0�������� E���3K\VLFDO�PRGHO�VWXGLHV���3K\VLFDO�PRGHO

�����DQG�(0�������������� VWXGLHV�DUH�QHHGHG�WR�YHULI\�WKH�ILQDO�GHVLJQ�

������'DP�GHVLJQ���1DYLJDWLRQ�GDPV�DUH �����3RZHUKRXVH���+\GURSRZHU�LQVWDOODWLRQV�DW

GHVLJQHG�WR�PDLQWDLQ�D�FRQVWDQW�XSSHU�SRRO�DV QHZ�RU�H[LVWLQJ�QDYLJDWLRQ�GDPV�PXVW�EH�VLWHG

ORQJ�DV�FRQGLWLRQV�ZLOO�SHUPLW�DQG�WR�SDVV�IORZV DQG�RSHUDWHG�VR�WKDW�DGYHUVH�LPSDFW�RQ�QDYLJD�

ZLWK�DQ�DFFHSWDEOH�EDFNZDWHU�HIIHFW���7KH�PDJQL� WLRQ�LV�PLQLPL]HG���3K\VLFDO�PRGHO�VWXGLHV�DUH

WXGH�RI�EDFNZDWHU�LV�GHWHUPLQHG�WKURXJK�D�FRVW� XVXDOO\�QHHGHG�WR�VHOHFW�RSWLPXP�SRZHUKRXVH

HIIHFWLYHQHVV�DQDO\VLV���7KLV�DQDO\VLV�FRQVLGHUV ORFDWLRQ�DQG�RSHUDWLRQ�DQG�GHWHUPLQH�QHFHVVDU\

VHYHUDO�VSLOOZD\�OHQJWKV�DQG�RYHUIORZ�ZHLU IORZ�FRQWURO�VWUXFWXUHV��(0��������������

OHQJWKV�ZLWK�WKH�VKRUWHU�OHQJWKV�FDXVLQJ�KLJKHU

XSVWUHDP�EDFNZDWHU�HOHYDWLRQV���7KH�PLQLPXP �����5LYHU�WUDLQLQJ�VWUXFWXUHV���5LYHU�WUDLQLQJ

FRVW�OD\RXW�LQFOXGLQJ�XSVWUHDP�FRVWV�DQG VWUXFWXUHV�DUH�XVXDOO\�QHHGHG�LQ�HURGLEOH�ULYHUV�WR

GDPDJHV�IURP�KLJKHU�EDFNZDWHU��ZLOO�EH�WKH PDLQWDLQ�FKDQQHO�GLPHQVLRQV�DQG�DOLJQPHQW��

��������6WLOOLQJ�EDVLQV�DQG�GRZQVWUHDP�VFRXU

ZRXOG�DVVXPH�LQFRUUHFW�JDWH�RSHUDWLRQ��
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0RYDEOH�EHG�SK\VLFDO�PRGHOV�DUH�QHHGHG�WR FRQGLWLRQV�OLVWHG�LQ�SDUDJUDSK��D�����

YHULI\�OD\RXWV��(0�������������� �IL[HG�EHG�SK\VLFDO�PRGHO��

�����5HORFDWLRQV���0RVW�VKDOORZ�GUDIW�QDYLJD� � 2SWLPL]H�WKH�QDYLJDWLRQ�FRQGLWLRQV�LQ�ORFN

WLRQ�SURMHFWV�ZLOO�UHTXLUH�VRPH�UHORFDWLRQV�� DSSURDFKHV���EHVW�DUUDQJHPHQW�RI�ORFNV�

7KHVH�UHORFDWLRQV�FDQ�EH�URDGV��WRZQV��EULGJHV� GDP�DQG�WUDLQLQJ�VWUXFWXUHV��PRYHPHQW�RI

UDLOURDGV��XWLOLWLHV��SLSHOLQH�FURVVLQJV��HWF���7KHVH LFH�DQG�GHEULV��DQG�FRQGLWLRQV�GXULQJ

UHORFDWLRQV�PXVW�EH�LGHQWLILHG�DQG�FRVWV�HVWL� FRQVWUXFWLRQ��FRPSUHKHQVLYH�IL[HG�EHG

PDWHG�IRU�YDULRXV�ORFN�DQG�GDP�OD\RXWV�DQG SK\VLFDO�PRGHO��

FKDQQHO�DOLJQPHQWV�

�����,FH�FRQWURO�PHDVXUHV���,FH�FRQWURO�PHD� PRYHPHQW�RI�VHGLPHQW��FKDQQHO�GHYHORS�

VXUHV�DUH�WR�EH�XVHG�WR�RSWLPL]H�XVH�RI�VKDOORZ PHQW�LQ�ORFN�DSSURDFKHV�DQG�LQ�FULWLFDO

GUDIW�ZDWHUZD\V��(0�������������DQG UHDFKHV��DQG�VFRXU�FRQVLGHUDWLRQV�ZLWK

(0��������������� YDULRXV�FRIIHUGDP�SODQV��FRPSUHKHQVLYH

�����'UHGJLQJ�DQG�GLVSRVDO���:KHQ�GUHGJLQJ

LV�UHTXLUHG��D�VWXG\�LV�QHHGHG�WR�LGHQWLI\�WKH � 'HWHUPLQH�FRQGLWLRQV�DW�RWKHU�ORFDWLRQV�DV

GUHGJLQJ�DQG�GLVSRVDO�PHWKRGV�DQG�VKRUW��DQG QHHGHG�VXFK�DV�KDUERU�HQWUDQFHV��GRFNLQJ

ORQJ�WHUP�GLVSRVDO�HIIHFWV���%HQHILFLDO�XVHV�RI DQG�DVVHPEO\�DUHDV��DQG�DW�EULGJHV��IL[HG

GUHGJHG�PDWHULDO�QHHG�WR�EH�HYDOXDWHG���7KH�W\SH RU�PRYDEOH�EHG�SK\VLFDO�PRGHO�RU�YHVVHO

RI�GUHGJH�HTXLSPHQW�LV�WR�EH�DVVHVVHG�WR�HQVXUH VLPXODWRU��

LW�LV�FDSDEOH�RI�RSHUDWLQJ�LQ�WKH�VKDOORZ�SURMHFW

GLPHQVLRQV�XVXDOO\�VHOHFWHG�IRU�VKDOORZ�GUDIW � 2SWLPL]H�FKDQQHO�GLPHQVLRQV��YHVVHO

SURMHFWV��(0�������������DQG VLPXODWRUV�RU�IL[HG�EHG�SK\VLFDO�PRGHOV

(0�������������� ZLWK�UHPRWH�FRQWUROOHG�PRGHO�WRZV��

�����(QYLURQPHQWDO�DQG�VRFLDO�LPSDFW���7KH �����9HVVHO�FDSWDLQV�DQG�&RDVW�*XDUG�YLHZV��

SURMHFW�GHVLJQHUV�VKRXOG�VWULYH�WR�FUHDWH�DQ /RFDO�WRZERDW�FDSWDLQV�ZKLFK�ZLOO�XVH�WKH�ZDWHU�

HQYLURQPHQWDOO\�DQG�VRFLDOO\�FRPSDWLEOH�SURMHFW ZD\�DQG�WKH�&RDVW�*XDUG�DUH�UHTXHVWHG�WR�SUR�

WKDW�HOLPLQDWHV�RU�PLQLPL]HV�DGYHUVH�LPSDFWV�� YLGH�RSLQLRQV�RQ�VDIHW\�RI�WKH�SURSRVHG�FKDQQHO

7KLV�UHTXLUHV�HDUO\�GHWHUPLQDWLRQ�RI�SRWHQWLDO GLPHQVLRQV�DQG�ORFN�OD\RXW�

LPSDFWV�DQG�FORVH�FRRUGLQDWLRQ�EHWZHHQ�WKH

GHVLJQHU�DQG�HQYLURQPHQWDO�VSHFLDOLVWV�GXULQJ �����'DWXP���1DYLJDWLRQ�SURMHFWV�ZLOO�UHIHU�WR

DVVHVVPHQW�RI�DOWHUQDWLYH�GHVLJQV���,Q�VRPH�FDVHV DQ�HVWDEOLVKHG�UHIHUHQFH�GDWXP���,Q�DFFRUGDQFH

WKH�RSSRUWXQLW\�WR�JHQHUDWH�VXEVWDQWLDO�HQYLURQ� ZLWK�6HFWLRQ�����RI�:5'$�������FRDVWDO�QDYL�

PHQWDO�EHQHILW�PD\�ZDUUDQW�WKH�LQFOXVLRQ�RI�DQ JDWLRQ�SURMHFWV�VKDOO�EH�UHIHUHQFHG�WR�WKH�0HDQ

HQYLURQPHQWDO�UHVWRUDWLRQ�IHDWXUH�LQ�WKH�SURMHFW�� /RZHU�/RZ�:DWHU��0//:��GDWXP�EDVHG�RQ

'HWHUPLQDWLRQ�RI�HQYLURQPHQWDO�DQG�VRFLDO ORFDO�WLGDO�SDUDPHWHUV���,QODQG�QDYLJDWLRQ�V\V�

LPSDFWV�LV�QHHGHG�WR�MXVWLI\�PLWLJDWLRQ�PHDVXUHV WHPV�VKDOO�EH�UHIHUUHG�WR�K\GUDXOLFDOO\�GHULYHG

�(0�������������� ORZ�ZDWHU�UHIHUHQFH�SODQHV��/:53��RU�UHJXODWHG

�����3K\VLFDO�PRGHO�DQG�WRZ�VLPXODWRU SURMHFWV�VKDOO�EH�UHIHUHQFHG�WR�WKH�,QWHUQDWLRQDO

VWXGLHV���7KHVH�VWXGLHV��(5�������������DQG *UHDW�/DNHV�'DWXP�RI�������,*/'�������7KH

(0��������������DUH�WR� UHODWLRQVKLS�RI�WKH�UHIHUHQFH�GDWXP�SODQH�WR�WKH

� 2SWLPL]H�VSLOOZD\�DQG�VWLOOLQJ�EDVLQ �1*9'�����DQG�RU�WKH�1RUWK�$PHULFDQ�9HUWLFDO

GHVLJQV�IRU�RSHUDWLRQ�XQGHU�WKH�YDULRXV

� 'HWHUPLQH�WKH�HIIHFWV�RI�VWUXFWXUHV�RQ

PRYDEOH�EHG�SK\VLFDO�PRGHO��

SRRO�OHYHOV�LQ�FRQWUROOHG�DUHDV���*UHDW�/DNHV

1DWLRQDO�*HRGHWLF�9HUWLFDO�'DWXP�RI�����
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'DWXP�RI�������1$9'�����VKDOO�EH�HVWDEOLVKHG GDPDJHV�DUH�LQFOXGHG�LQ�WKH�OLIH�F\FOH�SURMHFW

IRU�XVH�GXULQJ�FRQVWUXFWLRQ��(0�������������� FRVW�IRU�HDFK�GHVLJQ�FRQGLWLRQ��(0��������

������$LGV�WR�QDYLJDWLRQ���6KDOORZ�GUDIW�QDYL� WKLV�FRPSDULVRQ�RI�FRVWV�ZLOO�PD[LPL]H�QHW

JDWLRQ�SURMHFWV�XVXDOO\�UHTXLUH�PDUNLQJ�OLJKWV EHQHILWV���7KH�HFRQRPLF�GHWHUPLQDWLRQV�PXVW

DQG�FKDQQHO�EXR\V���7KH�&RDVW�*XDUG�ZLOO FRPSO\�ZLWK�WKH�UHTXLUHPHQWV�RI�(5��������

SURYLGH�LQIRUPDWLRQ�RQ�W\SH�DQG�ORFDWLRQ�RI ������/LIH�F\FOH�FRVWV�LQFOXGH�

VXLWDEOH�DLGV��(0��������������

������%DVHOLQH�VXUYH\V���3K\VLFDO�DQG�HQYLURQ�

PHQWDO�VXUYH\V�DUH�QHHGHG�GXULQJ�SUHFRQVWUXF� � 2SHUDWLRQ�DQG�PDLQWHQDQFH��2	0��FRVW�

WLRQ�GHVLJQ�SKDVHV���7KHVH�VXUYH\V�SURYLGH�WKH

GDWD�QHFHVVDU\�IRU�WKH�VWXGLHV�OLVWHG�EHORZ�� � 5HSODFHPHQW�FRVW�

+\GURJUDSKLF�DQG�K\GUDXOLF�VXUYH\�GDWD�DUH�DOVR

WR�EH�XVHG�IRU�SK\VLFDO�DQG�RU�PDWKHPDWLFDO ������2	0�SODQ���$�FRPSUHKHQVLYH�SODQ�RI

PRGHOV�DQG�YHVVHO�VLPXODWRU�FDOLEUDWLRQ�DQG KRZ�WKH�SURMHFW�ZLOO�EH�RSHUDWHG�DQG�PDLQWDLQHG

YHULILFDWLRQ���7KH�IROORZLQJ�VXUYH\V�DUH�XVXDOO\ LV�UHTXLUHG���7KLV�SODQ�LV�SUHVHQWHG�LQ�VXSSRUW�RI

QHHGHG�IRU�WKH�GHVLJQ�RI�QDYLJDWLRQ�SURMHFWV� 2	0�FRVWV���7KH�IROORZLQJ�HOHPHQWV�DUH

� +\GURJUDSKLF��(0��������������

� +\GURORJLF� FKDQJHV���,QFOXGH�WKH�SRVWFRQVWUXFWLRQ

� &XUUHQW���YHORFLW\��GLUHFWLRQ��DQG�GXUDWLRQ� DQWLFLSDWHG�2	0�FRVWV�

� 6HGLPHQW���VXVSHQGHG�DQG�EHGORDG� � 6XUYHLOODQFH�SODQ����'HVFULEH�WKH�W\SH�DQG

� *HRORJLF� W\SHV�DQG�IUHTXHQF\�RI�VXUYH\V���7KH�SODQ

� ,FH��WKLFNQHVV��GXUDWLRQ��DQG�IUHTXHQF\�RI SHUIRUPDQFH�WR�YHULI\�VDIHW\��HIILFLHQF\�

RFFXUUHQFH�� DQG�HQYLURQPHQWDO�LPSDFWV���&RVW

� %LRORJLFDO�SRSXODWLRQ��W\SH��GHQVLW\� SXUSRVHV�

GLVWULEXWLRQ��DQG�PLJUDWLRQ��

� :DWHU�TXDOLW\� VWXGLHV�RI�WKH�VXUYH\�GDWD�DUH�QHHGHG��

� &XOWXUDO�UHVRXUFHV� LQIRUPDWLRQ�VXFK�DV�UDWHV�RI�HURVLRQ�DQG

������3HULRG�RI�DQDO\VLV�DQG�GHVLJQ�FRQGL�

WLRQV���7KH�SHULRG�RI�DQDO\VLV�RI�VKDOORZ�GUDIW � 3HULRGLF�LQVSHFWLRQ�DQG�SURMHFW�SHUIRUP�

QDYLJDWLRQ�SURMHFWV�LV����\HDUV���7KH�GHVLJQ DQFH�DVVHVVPHQW���3UHVHQW�D�WHQWDWLYH

FRQGLWLRQV�GXULQJ�WKH����\HDU�SHULRG�PXVW�EH SHULRGLF�LQVSHFWLRQ�VFKHGXOH���,QVSHFWLRQV

VHOHFWHG�E\�DQ�RSWLPL]DWLRQ�SURFHVV�ZKLFK�GHWHU� LQFOXGH�D�VLWH�DVVHVVPHQW�DQG�FRPSDULVRQV

PLQHV�WKH�IUHTXHQF\�DQG�H[WHQW�RI�GDPDJHV RI�VXUYH\�GDWD�WR�SURMHFW�FKDQJHV�SUHGLFWHG

ZKHQ�YDULRXV�GHVLJQ�FRQGLWLRQV��ULYHU�VWDJH� GXULQJ�WKH�GHVLJQ�HIIRUW���&RPSDUH�DFWXDO

ZDYHV��FXUUHQWV��LFH��HWF���DUH�H[FHHGHG���7KHVH SURMHFW�2	0�FRVWV�WR�SUHGLFWHG�FRVWV�

��������7KH�SURMHFW�GHVLJQ�FRQGLWLRQ�VHOHFWHG�E\

� &RQVWUXFWLRQ�FRVW�

QRUPDOO\�LQFOXGHG�LQ�WKH�2	0�SODQ�

� 3UHGLFWHG�SURMHFW�FRVWV�DQG�SK\VLFDO

SUHGLFWLRQV�RI�SK\VLFDO�FKDQJHV�DQG

ORFDWLRQ�RI�LQVWUXPHQWDWLRQ�QHHGHG�DQG�WKH

FRYHUV�PLQLPXP�PRQLWRULQJ�RI�SURMHFW

LQIRUPDWLRQ�LV�XVHG�IRU�2	0�EXGJHWDU\

� $QDO\VLV�RI�VXUYH\�GDWD���&RPSDUDWLYH

7KHVH�FRPSDUDWLYH�VWXGLHV�YHULI\�GHVLJQ

VKRDOLQJ�
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������5HSDLU�DQG�UHKDELOLWDWLRQ���5HSDLU��QRU� &RUSV�RI�(QJLQHHUV�JXLGDQFH�DQG�SHUWLQHQW

PDO�PDLQWHQDQFH��RI�VWUXFWXUHV�FDQ�EH�H[SHFWHG WH[WERRNV��UHVHDUFK�UHSRUWV��RU�H[SHUWLVH�IURP

GXULQJ�WKH�SURMHFW�HFRQRPLF�OLIH���7KHVH�UHSDLUV RWKHU�DJHQFLHV�PD\�EH�XVHG�DV�VRXUFH�LQIRUPD�

PD\�EH�QHFHVVDU\�EHFDXVH�RI�IORRGV�ZKLFK WLRQ���7KH�XVXDO�QHFHVVDU\�VWHSV�OHDGLQJ�WR�D

H[FHHG�GHVLJQ�FRQGLWLRQV�RU�E\�ORQJ�WHUP VRXQG�SODQ�DUH�RXWOLQHG�EHORZ�

GHWHULRUDWLRQV���1RUPDO�UHSDLU�FRVWV�DUH�WR�EH

LQFOXGHG�LQ�WKH�2	0�EXGJHW���$�UHYLHZ�RI�WKH D���5HYLHZ�DSSURSULDWH�(5V��(0V��(7/V��HWF�

DFFLGHQW�KLVWRU\�LV�QHHGHG�WR�LGHQWLI\�KD]DUGV

DQG�MXVWLI\�PRGLILFDWLRQV�WR�LPSURYH�VDIHW\�� E���$VVHPEOH�DQG�DQDO\]H�SHUWLQHQW�IDFWRUV�DQG

5HKDELOLWDWLRQ�GHVLJQ�ZLOO�FRQVLGHU�DOO�IHDWXUHV HQYLURQPHQWDO�GDWD�

WKDW�ZRXOG�EH�LQFOXGHG�LQ�D�PRGHUQ�SURMHFW��

5HKDELOLWDWLRQ�RI�VWUXFWXUHV�FDQ�EH�XVHG�WR F���&RQGXFW�EDVHOLQH�VWXGLHV�WR�LGHQWLI\

H[WHQG�WKH�SURMHFW�HFRQRPLF�OLIH�LQ�OLHX�RI�FRP� XQFHUWDLQWLHV�

SOHWH�UHSODFHPHQW�RU�DEDQGRQPHQW���5HKDELOLWD�

WLRQ�DQG�UHSODFHPHQW�RSWLRQV�DUH�WR�EH�HYDOXDWHG G���6HOHFW�UDWLRQDO�VHW�RI�GHVLJQ�FRQGLWLRQV�

ZKHQ�QRUPDO�PDLQWHQDQFH�EHFRPHV�H[FHVVLYH�RU

ZKHQ�WKH�SURMHFW�VWRSV�IXQFWLRQLQJ�SURSHUO\� H���'HYHORS�WULDO�OD\RXWV�ZLWK�DQQXDO�FRVWV�

9.  Summary

7KH�GHVLJQ�RI�VKDOORZ�GUDIW�QDYLJDWLRQ�SURMHFWV

UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�SUREOHP�

DVVHPEO\�DQG�HYDOXDWLRQ�RI�DOO�SHUWLQHQW�IDFWV�

DQG�WKH�GHYHORSPHQW�RI�D�UDWLRQDO�SODQ�ZLWK

LGHQWLILHG�ULVNV�DQG�XQFHUWDLQWLHV���7KH�GHVLJQ

HQJLQHHU�LV�UHVSRQVLEOH�IRU�GHYHORSLQJ�WKH�

GHVLJQ�UDWLRQDOH�DQG�VXIILFLHQW�DOWHUQDWLYH�SODQV

VR�WKH�HFRQRPLF�RSWLPXP�SODQ�LV�HYLGHQW�DQG�WKH

UHFRPPHQGHG�SODQ�LV�VXEVWDQWLDWHG���$SSOLFDEOH

I���0RGHO�WHVW�

����

J���2EWDLQ�YLHZV�RI�YHVVHO�FDSWDLQV�DQG�&RDVW

*XDUG�

��� K���'HYHORS�2	0�SODQV�

��

,���6HOHFW�HFRQRPLF�RSWLPXP�SODQ�

M���$VVHVV�HQYLURQPHQWDO�DQG�RWKHU�LPSDFWV�

N���'HYHORS�UHFRPPHQGHG�SODQ�

)25�7+(�&200$1'(5�

��$SSHQGL[ $/%(57�-��*(1(77,��-5�

$33�$���3ULQFLSDO�)DFWRUV 0DMRU�*HQHUDO��86$

���$IIHFWLQJ�+\GUDXOLF�'HVLJQ� &KLHI�RI�6WDII
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Appendix A
Principal Factors Affecting 
Hydraulic Design

A1. Climate-weather

D� :LQG��VSHHG�DQG�GLUHFWLRQ��

E� :DYHV��KHLJKW��SHULRG��DQG�GLUHFWLRQ��

��� F� 9LVLELOLW\��UDLQ��VPRJ��IRJ��VQRZ��HWF���

G� ,FH��WKLFNQHVV��GXUDWLRQ��DQG�IUHTXHQF\

RI�RFFXUUHQFH��

H� 7HPSHUDWXUH��DLU�DQG�ZDWHU��

A2. Site characteristics

D� :DWHU�OHYHOV��ULYHU��WLGDO��HWF���

E� &XUUHQWV��WLGDO�DQG�RU�ULYHU��

F� 6HGLPHQW�PRYHPHQWV�

G� 7\SH�RI�ERWWRP��VRIW�RU�KDUG��

H� :DWHU�GHSWK��EDWK\PHWU\��

I� 2EVWUXFWLRQV��VXQNHQ�YHVVHOV�

DEDQGRQHG�VWUXFWXUHV��HWF���

J� %ULGJH�FURVVLQJ��ORFDWLRQ�DQG

FOHDUDQFHV��

A3. Tow characteristics

D� *HRPHWU\��OHQJWK��ZLGWK��DQG�GUDIW��

E� 0DQHXYHUDELOLW\��VSHHG��WXUQLQJ�UDGLXV�

UHYHUVH�FDSDELOLW\��HWF���

A4. Environmental

D� (VWKHWLFV�

E� &XOWXUH�

F� (FRORJ\�

G� $UFKDHRORJ\�

A5. Social

D� 5HFUHDWLRQ�

E� $FFHVV�

F� 6DIHW\

G� 'LVSODFHPHQW�RI�KRPHV�RU�EXVLQHVVHV�


