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,1752'8&7,21
3XUSRVH
&:03 6FRSH DQG 7LPHOLQH
5HSRUW )RUPDW

(;,67,1* &21!216 2FWREHU

%DFNJURXQG
2WKHU :DVWHZDWHU 30DQQLQJ (IIRUWYV
/JRFDO &RPSUHKHQVLYH 30DQ
6WRUPZDWHU ODQDJHPHQW 30DQ
ODVVDFKXVHWWYV (VWXDULHV 3URMHFW
6XPPDU\ RIBBUHPWRXNMF 6WXGLHV

/IDQG 8VH DQG 'HPRJUDSKLFV

3RSXODWLRQ

':DWHUVKHGYV

(QYLURQPHQWDOO\ BHQVLWLYH $UHDV
JUHVKZDWHU 3RQGV
&RDVWDO 3RQGV (PED\PHQWYV
SURWHFWHG $UHDV

6RLOV

*URXQGZDWHU
'DWHU 6XSSO\ ,QIUDVWUXFWXUH
:DVWHZDWHU ,QIUDVWUXFWXUH

6XUIDFH :DWHU
6WRUPZDWHU ,QIUDVWUXFWXUH

':DWHU 8VH DQG :DVWHZDWHU )ORZV
7RZQ :LGH :DWHU 8VH
5HVLGHQWLDQ 2DWWHHUUS3RQG DQG 6DOW 3RQ
:DWHUVKHGYV
'DWHU 8VH LQ 2\WVWHU 3RQG :DWHUVKHG
':DWHU 8VH LQ 6DOW 3RQG :DWHUVKHG
:DVWHZDWHU YORZV *HQHUDO
:DVWHZD®Q RUVVORZ\BRQG :DWHUVKHG
':DVWHZDWHU )ORZV LQ 6DOW 3RQG :DWHUVK
:DVWHZDWHU 3HDNLQJ )DEWRUYV

$ £ '58$)7 5(3257 L "ULJKW 3LHUFH
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5HJXODWRU\ JUDPHZRUN
7RZQ
'HSDUWPHQW RI (QYLURQPHQWDO 3URWHFW!|
&DSH &RG &RPPLVVLRQ

'$7(5 5(6285&( 35272&71(('6 2FWREHU
$SSURDFK
6DQLWDU\ 1HHGV
7LWOH O9DULDQFHYV
+HDOWK 'HSDUWPHQW ,QVSHFWLRQ 5HFRUG)
,QWHQVLYH :DWHU 8VH
SHFHLYLQJ :DWHU ,PSDFWYV
‘DWHU 6XSSO\ 3URWHFWLRQ
3XEOLF :DWHU 6XSSO0O\
3ULYDWH :HOOV
6XUIDFH :DWHU 3URWHFWLRQ
JUHVKZDWHU 3RQGYV
&RDVWDO (PED\PHQWYV
70'/ SHTXLUHPHQWYV 2\WWHU 3RQG
70'/ SHTXLUHPHQWYV 6DOW 3RQG
&RQYHQLHQFH DQG $HVWKHWLFV
6XVWDLQDEOH (FRQRPLF '"HYHORSPHQW
ODVV (VWXDULHV 3URMHFW %XLOG 2XW $VV
&DSH &RG &RPPLVVLRQ %XLOG 2XW $VVHVVF
&:03 %XLOG 2XW $VVHVVPHQW
6XPPDU\ Rl &:03 %XLOG 2XW $VVHVVPHQW
$JJUHIJDWHG 1HHGYV
6XPPDU\ Rl :RRGV +ROH *URXS 5HYLHZ
2\WVWHU 3RQG ORQLWRULQJ 'DWD
,PSOLFDWLRQV RI 1R $FWLRQ

'(17,),&$7,21 $1' 6&5((1,1* 2) $/7(51$7,9(6
OHWKRGRORJ\
1RQ 6WUXFWXUDO OHDVXUHYV
=RQLQJ ORGLILFDWLRQV DQG *URZWK 0DQDJ
JHUWLOL]HU &RQWUROV
‘DWHU &RQVHUYDWLRQ
*DUEDJH *ULQGHU %DQV
6HSWLF 6\WVWHP ODLQWHQDOQFH
$SWPRVSKHULF $LU 4XDOLW\ ODQDJHPHQW
6WUXFWXUDOUFHDERQWYURORMWHDWPHQW
2Q 6LWH 6\WWHPV
(FR WRLOHWV
211 6LWH 7TUHDWPHQW 6\VWWHPV
&RQVWUXFWHG :HWODQG 6\VWWHPV

$ £ '5$)7 5(3257 LL "ULJKW 3LHUFH
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(ISHFWHG 7UHDWPHQW 3HUIRUPDQFH DQG (I
'DVWHZDWHU 7UHDWPHQW 5HVLGXDOV
BWUXFWXUDO FOHH BRRQWHM ® 6RROOHFWLRQ
&RQYHQWLRQDO *UDYLW\ 6HZHUYV
/JLIW 6WDWLRQYV
JRZ 3UHVVXUH 6HZHUV
6HSWLF 7DQN DQG (IIOXHQW 3XPS 67(3 RU
67(* 6\WWHPV
9DFXXP 6HZHUV
6XPPDU\ RI &ROOHFWLRQ 6\WWHP &RPSRQHQ
6WUXFW XUDOUFHD&RQWWRO6RXVSRVDO
5DSLG ,QILOWUDWLRQ
6XEVXUIDFH /HDFKLQJ
'ULS 'LVSHUVDO 6XEVXUIDFH
'LFNV
6HDVRQDO 6SUD\ ,UULJDWLRQ
2FHDQ 2XWIDOO
(ITOXHQW 5HXVH
3K\WRLUUALQDWAHR® : BVWHZDWHU
6XPPDU\ RI (I1DCHOWNVHFN SFRPSRQHQW YV
BWUXFWXUDO OHDVXUHV B5HPHGLDWLRQ
3HUPHDEOH 5HDFWLYH %DUULHUV
$TXDFXOWXUH
,QOHW ORGLILFDWLRQV DQG 'UHGJLQJ
3K\WREXIIHUV
JHUWLIJDWLRQ *URXQGZDWHU
+DELWDW 5HVWRUDWLRQ
3RQG OL[LQJ
6WRUPZDWHU 7UHDWPHQW
3RWHQWLDO 7UHDWPHQW DQG 'LVSRVDO 6LWHYV
6LWH ,GHQWLILFDWLRQ 6FUHHQLQJ
7DUJHW (IIOXHQW 'LVSRVDO &DSDFLW\
(VWLPDWHG 6L]H RI 6LWH 1HHGHG IRU 211 6L
(ITOXHQW 'LVSRVDO
&RQFHSWXDO 211 6LWH (IIOXHQW 'LVSRVDO ¢
(VWLPDWHGHHGH RIBUVEH 5LWH 7UHDWPHQW
6LWH (§SEBRUDWLRQ 1HHGYV
%DVHOLQH OHDVXUHV
&RPELQHG 7THFKQRORJLHV DQG $SSURDFKHYV

'(17,),&%$7,21 $1' 6&5((1,1* 2) &20326,7( 3/$16

JRUPXODWLRQ RI ,QLWLDO 30DQV
'"HVFULSRASRRYVRWE 30DQV
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6FUHHQLQJ RI &RPSRVLWH $OWHUQDWLYHV
6XPPDU\ Rl 3ULQFLSDO &RPPRQDOLWLHV RI
6XPPDU\ RI 3WLHFAIBD @ HWIZHHHQ $00 30DQV
&DSLWDO &RVWYV
2SHUDWLRQ DQG ODLQWHQDQFH &RVWV
'DWHUVKHG ORQLWRULQJ &RVWV OXQLFLSD(
ODQDJHPHQW JUDPHZRUN
(TXLYDOHQW $QQXDO &RVWV

'RUNVKRS 5HVXOWV

JREXVHG 5HYLHZ Rl 30DQ DQG 30DQ

,03/(0(17%$7,21 3/%$1

' RBIUFWLRQ

'HYHORSP IDGIW HRQWPSVLRQ 30DQ
$FWLYLWLHY RE WKHNVHIOE&RQG :RUNLQJ *URXS
GKE ,QSXW
3EHDEHL R Q
6WDWH RHQWHRIF& QW K 30DQ

,PSOHPHQWDWLRQ 30DQ
2YHUDDF® $SBUR'/ &RPSOLDQFH
/IDZQ )HEMALIOGHIQW LD O
/IDZQ J)HUWPQRIHMP &RYBRWXWNLRQDO OXQLFLS
6WRUPZDWHU ODQDJHPHQW
$WPRMUHSKRWULMFLRQ ORQLWRULQJ
'DWHU &R Q VBHHBY\DLWF LR ¥ VDH)FS ODLQWHQDQFH
'"UHGWIH RUXQN 5LYHU
$GBD,QFB\VWHPV

7UDGLWLRQDO %DFN XS 30DQ

3KDVHG ,PSOHPHQWDWLRQ $GDSWLYH ODQDJHPHQ
$GDSWLYH ODQDJHPHQW JUDPHZRUN
‘DWHUVKHG 3HUPLW
3KDVHG ,PSOHPHQWDWLRQ
$GGBR¥WUQDLQWLHYV
BHQVLWLYLW)\ $QDO\VLV RQ 1LWURJHQ 5HPRYD
(QYLURQRBOQWRULQJ
7THFKQROQRWRULQJ
3URJUHVV 5HSRUWLQJ
'"HWHUPL@R®SGLDQFH

$GPLQLVWUDWLYH ,WHPV
(VW D E OR \DIORMHDQJWPRIQW (QW LW\
(DVHRH @G 3G TXLVLWLRQ
5HIXODWEZRQWYQB\3ROLFLHV
3HURQGV WIS RURY DOV

$ £ '5$)7 5(3257 LY "ULJKW 3LHUFH
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&RVWV )XQGLQJ DQG )LQDQFLQJ
(VWLPDWHG &DSLWDO &RVWYV
(VWLPDWHGOWLR@XDQG SBEUPWHQDQFH &RVWYV
ODVVDFKXVHWWYV '(3 6WDWH 5HYROYLQJ )XQG .
%DUQVWDEOH &RXQW\ 6HSWLF ODQDJHPHQW /F
*HDADMDWLRQ
OXQLFLSDO :DWHU ,QIUDVWUXFWXUH ,QYHVWP
SURDBGFMQJLEFHQDULR

,PSOHPHQWDWLRQ 6FKHGXOH

1H[W 6WHSV

(9$/8$7,21 2) (19,5210(17$/ ,03$&76
' RBIUFWLRQ
$OWHUQDWLYHV WR WKH ,PSOHPHQWDWLRQ 30DQ
$VVHVVPHQW RI (QYLURQPHQWDO ,PSDFWYV
6XUIDFH :DWHU 4XDOLW\
*URWAG ZXDOLW\
"HWODQGV
JORRGSODLQV
&RDVWDO 5HVRXUFHYV
2SHQDOSDEHFUHDWLRQ
5DUH DQG (QGDQJHUHG 6SHFLHV
$UFKDHRGRYMWRWLD GHVRXUFHV
7UDIILF
$LU 4XDOLW\
1RLVH
RRERQWURO
‘DVWH ODWHULDO
(QLVSHIHWDWLRQ
(QHUJ\ DQG *UHHQKRXVH *DV (PLVVLRQV
*HREWDVWBROLG :DVWH
3XEOLF +HDOWK
&RPPXAZWK*DQG /DQG 8VH
&O0$EDSMDWLRQ
5HIXODWREV OWQIEQTIIT XLUHPHQW V
OLWLOBBARQHV
,PSOLFDWILIR@®PFWLRQ 30DQ’

$ £ '58$)7 5(3257 Y "ULJKW 3LHUFH
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/ILVW Rl &RPPREQBQSNVY® PG $EEUHYLDWLRQV
6XPPDU\ RI /DQG RYUDB®GF HPWD 2FWREHU
6XPPDU\ RI 7TRDWHUWGEBVH 2FW

&XUUHQW 5HVEGH QWLDWHDVBROQG :DWHUVKHG
&XUUHQW 5HV8GH QWIDIDW: BRGI& :DWHUVKHG
&XUUHQW :DWWW B\BRRQG :DWHUVKHG

&RPSDULVRQ RIDDWHMWZSNHQ DB DQG &:03 $QDOVVHV
&XUUHQW :DWHU 8VH + 6DOW 3RQG :DWHUVKHG
&XUUHQW :DVWHZ2DWHHU)GRYG :DWHUVKHG
&XUUHQW :[RZVHZ PB/GIW BRQG :DWHUVKHG
(QYLURQPHQWBOWLOQLELWFWAFPHREHFYWOH 9DULD
1LWURJHQ /RDGRQG WIRNHYWKHIG3% CRMUHE RQ 0(3 5HS
1LWURJHQ 5HGXFRWL R\ WHHIQDRR BS/G HD Q
H[FO X G IRXW2X3 6 NJ GD\

BHSWLF 1LWURJHEZ BWPRYKXG E\RX 7'/ &RPSOLDQF
6FHQDULR

6XPPDU\ RI '"HYHQR®PHRUWZBDEWHFDO %XLOG 2XW
&:03 %XLOG22XWHBWBRQG :DWHUVKHG

&:03 %XLOGEDOWIBRRQG :DWHUVKHG
,GHQWLILFDWMHBRQDRVLY HV

([SHFWHG (IIOXHQW /LPLWDWLRQV

([SHFWHG (I1OXHQW 4XDOLW\

,QLWLDO 6LWHVY TRU DBPMIIDWQG 'LVSRVDO
6XPPDU\ Rl &R @KHHSIMWX D SRVDO $SSURDFKHYV
6XPPDU\ RI 3MMNYPEWKO6KRS 5RDG ::7)

6XPPDU\ RI 30D@BORGEZWNR QXWHRY SBWBOVKHG
6XPPDU\ Rl 30D@BOR®GIZWMROQQWBNMDHIUVKHG 'LVSR
6XPPDU\ RI 30DQ, % §QKWDHFHGO X W OHIUQIRRIG2\
6XPPDU\ RI $3®OWINFHG , $ 6\VWHPV

6XPPDU\ RI+30ORMIFR Q
6XPPDU\ RI 30DERMWIVWYROWHY 5HY $SU

OHHW 70'/ @QL @@ BRRU

6XPPDU\ Rl 30 D&ERMWIVWYROWHY 5HY $SU

OHHW 70'/ 8QGHU &XWULRHYWMRIRGGDQ DQG 30DQ
3UHOLPLQDU\ 3KDVLQJ 30DQ

BHQVLWLYLW\ $QDO\VLV RQ 1LWURJHQ 5HPRYDO 5HT
3UHOLPLQDUWQOXDYDBRQWRQLQJ 3URJUDP

(VWLPDWHG &DSLWDO DQG 2SHUDWLQJ &RVWV 3KDV

$ £ '5$)7 5(3257 YL "ULJKW 3LHUFH
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&\8\ $UH
=RQLQJ
/QG 8VH
0(3 :DWHUVKHGV
'HWODQGV DQG 9HUQDO 3RROV
&RQVHUYDQWGRQVIWRE IDFDO 3DUFHOV
6KHOOILVK 6XLWDELOLW\ DQG 2XWVWDQGLQJ 5HVRXU
JORAGBLRV
3ULRULW\ +DELWDW RI 5DUH 6SHFLHYV
BRRQ GLWLRQV
3XEOLF :DWHU 6\VWHP
3XEOLRZDBWHAWHE\VWHP
3XEOLE BWRWUB\VWHPV
&RPSDULVRQ &I08(3DJFE O $QDO\VLV
%RDUG Rl +HOWWER G HBR6\WWHPV
‘DWHU 8VH ,QWHQVLW\
6XUIDFH :DWHU 3URWHFWLRQ %DVHG RQ 3UR[LPLW\
$ 3DUFHOV ,GHMWGL2XMG LIQ 2\ %WHUW3IRQG 0(3 5HSRU
% 3DUFHOV ,GHQ® LIXWCLOQRED®X 3RQG 0(3 5SHSRUW
SHVLGHQWLDO %XLOG 2XW * &&& $QDO\VLV
&RPPHUFLDO %XLOG 2XW *+ &&& $QDO\VLV
2\WVWHU 3RQG 7'1 DQG 7'3 23(7 6DPSOLQJ
3RWHQWLIDVD QB DBPERIYVD O
6XPPDU\ RI 3PNV PEWKO6KRS 5RDG ::7)
6XPPDU\ Rl 30D@BOR@GWWH®O® LM \RIRDIMHUVKHG
6XPPDU\ Rl 30D@BORBUWWHOERLWHRYVBBUVKHG 'LVS
6XPPDU\ RI 30DQ, % §QKDHFHGBOXV 3RQG OL[LQJ
6XPPDU\ RI$3®OWINFHG , $ 6\VWHPV
$ 3KDVLQJ 30DQ + $GYDQFHG , $ 30DQ
% 3KDVLQJ 30DQ + 7TUDGLWLRQDO %DFNXS 30DQ

$ £ '58$)7 5(3257 YLL "ULJKW 3LHUFH
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5HOHYDQW 0D \X\DDUAKDXW BIWRMWMH EWVWV: RUN 3URGXFWYV

7THFKQLFDO OHPRUDQGXP % /(& (QYLURQPHQWDO &R
THFKQLFDO 5HSRUW = :RRGV +ROH *URXS
70'/ &RPSOLDQFH &DQG XXRODMLBRGEHO %IDHWRES + UL JK)
&RVW ORGHO %DFN 8S + 6FLHQFH :DUHV ,QF
:DWHUVKHG ODQDJHPHQW 'RFXPHQWDWLRQR&XS40& 2\V
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7KH 7RZQ RI )DOPRXWK KDV GHYHORSHGD R DIRIPHDHVK BQDIQY H& : D3
2\WVWHU 3RQG ZDWHUVKHG WR JXLGH VRK\VRSHIR BIROIEQ BVQ IGQ WZD
1ILWURJHQ 7RWDO OD[LPXP 'DLO\ /RDG 7l0V/ KUHKOX\L D6 PI$S QM ¥ O AKV
PHDVXUHG ZDWHU TXDOLW\ LPSURYHPKRQ®M VFKQ QUKN HQ YW HRIQE
KDV EHHQ GHYHOR B HVGKFHRQN T X MHPWRBWE R P RIKVH ER S H & & & D
30DQ 8SGDWH WH QW & IR R WK HHP[IS G WW HRG WK AXADVVDFKXV
(QYLURQPHQWDO 3{DRWMHLUPWKIHRE) 3 H(BP LW GARILIPKX DS WWK HQ Y L UR
$FW 0(3$%

,1752'8&7,21

2\VWHU 3RQG LV D VPDOO EU
JDOPRXWKTV VRXWK FRDVW ,WV
SDUFHOV RQ DSSUR[LPDWHO\
J)DOPRXWK LQLWLDWHG WKH 2\

ZKLFK FRQVLVWYVY Rl WKUHH SUL | 7Kt
1HHGV $VVHVVPHQW WKH $0OW & WK
,PSOHPHQWDWLRQ 30DQ 7KLV E\
VLIQLILFDQW HIIRWRP DRZQLWD S X

'HSDUWPHQW WKH :DWHU 4XDO : HH
'40& DQG WKH :MW&UB\3RQG :RUNJA

1(('6 $66(660(17

7KH SXUSRVH RI WKH 1HHGV $aiile E@ Sl (5%
GHWHUPLQH WKH QDWXUH DQG : SVHHU UL
SUREOHPV WKDW QHHG WR EMN OGS o ORW
ZDVWHZDWHU GLVSRVDO LQ FI SIvEsL; e WASEHN D W -
6DQLWDU\ &RGH 7LWOH D @ D bd | gegit
DGHTXDWHO\ SUVRWHRPWW KH. V8 R]\WZ

KHDOWK SUREOHPV DVVRFLDWH ( QHG
ORFDWHG ZDVWHZDWHU GLVSRVI

$00 WKH VWUXFWXUHV LQ WKH \ SuUl
VHSWLF V\VWHPV 9LUWXDOO\ Q W

ZDWHUVKHG DUH VHUYHG E\ WKH PXQ—LFD_LSI-DGQFB)GEXCELCFLIZEZVEHVLHU/
ZDWHUVKHG DQG RQX\SSHUV IZHIDWN OGS H. \G M M BHOR & B HWQ K\H SA DR

7TKHUH LV D QHHG WR SURWHFW VXUIQPWH %ZDWHI RQRW®P KX WIUW
DSSUR[LPDWHO\ QRVMXWMLHA[DVWUREHHQ ORDGCHQHHM B8M BMRLKWR U XV
VR WKHUH DUH QR VSHFLILF WDUJAWW HR IHH WERKRLHYWH G QIGRVZW Rk
EH PDQDJHG DQG PRQLWRUHG 7KH 1B6HBWLRQAM VDRBHQ WRL W U

$ (6 "ULJKW 3LHL
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7KH ILUVW WDVN RI WKH $OWHUQRWWYRNVWVWQODOLWI\R QDD \UR G ®HR!
DGGUHVVY WKH QHHGVY LGHQWLILHG LQ W IRHWKRGY BNVHVWRHC
DSSOLFDELOLW\ DQG FRPSLOHG LQWRKHRPG6RVERPASRUDWN DA\
DQDO\]JHG UDQJLQJ IURP WUDGLWLROQDG VHZXIHRI IQRIQRBWDLEK QW L B
DQG WR D QR DFWLRQ SODQ" 3&HQ2\VWiDW B R : RHIHGAE)DIFNJ R
WKH SXEOLF WZR \DKCRURUCQLD/WIHYGHYRBHIRPD O FRQVLGH

x 30DQ + /RZ SUHVVXUH VHZHU V\VW HW LR Q\GHZHWWH B\ WWARH W KZH
DQG GLVSRVDO YDPF NWKH WKL &KRS $ RACE D /\P\W B X\D YWDHFU OFL W\

Xx 30DQ * $GYDQFHAUOQOQWRYBWL$H FD@W WIHWW HR V HBM PIKIG X R QW
QLWURJHQ RI OHVV WKDQ PJ O

,Q VKRUW 30DQ VHZHU KDV D KLD®A XDPD RISMD O WRQIWFRQW
DGYDQFHG , $ KDY [BFFRORYZHW G DSLLIWELD D ORXWO 3FTHUD UHPRYHYV
GZHOOLQJ VHUYHG DQG KDV D KLXHHUOID FWRW KRB ® D [HWD Q B OTON
TXDQWLWDWLYH FKHVEBWIHUDQWQYWH G\YB G \VQDEHF VERIHPAK LYV UH S

,03/(0(17%$7,21 3/$1

7KH &:03 RXWOLQHV D PXOWL IDFHWHR YDQLD WHQUWILXDIODL WH G G I
SODQ XWLOL]JHY DQ DGDSWLYH PDQDWHMHQW: DWIHRHZRD N L\BV OHD\C
8SGDWH DQG LQFOXGHV *WUDGLWLRQD®H QP SOHRHD WD VG RW LR
BHFWLRQ RI WKLV UHSRUW DQG LV RXWOLQHG EHORZ

x 30DQQLQJ IRBGWKH) KNG R$ WUHDWPHQW V\VWHPV ZKHGW FLC
WRWDO QLWURJHW FF RO BKEG W W00 W IUBRE HH)O ® RIDHGTVX MURH & KEN W K H

X &RQW LIGHULVQLIO L ] HW KARRXW K RAMOKH 7RDQIWU & RMWWRO 5HIXODWI

x &RQWLQXLQJ XVH DQWRW[FBSDIOWHEQERYW PDQDJHPWRW ISGDF
VHGLPHQW DQG KX WQICHHKR VGIKRURY ORDGLQJV

x 3HULBOGHBJLQJ Rl WKHWR RPONQ@W D H@ MWKHS URSHRPHVDQG SRQ

x &RQWLQXLQJ SURPRWUR®RAVAMUKHDWLRQ SURJUDP

X 2EWDLQ(RIDWHUVKHG BNUPHWXLUHG E\W(KD W W GRODXBH VLJIC
WUDGLWLRQDO HOHPHQWV

x (VWDEOLYHMYSORBRQ)WLEOH ODQDJHPHQUWKQWLWKH5BRZQ WR PD
WUDGLWLRQDO HOHPHQWYV RI WKH Y®BGQ BEWPHARARUGDQFH ZL!

X ODLQWDL/QIDE@WLWLRQDO %DFWKS HOYBPIQW WKDW WKH $GYDQF

SULRU WR 3KDVH 7KH 7UDGLWLRRQDOP %@FN>XSD ODRZRBR N ¢
VIVWHP WKDW ZRXOG EH FRQVWUXWBWHKBGW R KLWUWY\H/ \U HFR B RL
VHZDJH DSSUR[LPDWHO\ IHHW VDRVMWRKH GKLYHWHEDJN BRX

WUDQVSRUWHG E\ WKH 7RZQYV H[LVWLQUVSRYHG WRI\VWWPWL
%ODFNVPLWK 6KRS 5RDGVPHQQWH YDAV 1I© WAWAH DSW B Q FHIGH DDV P H Q

$ (6 "ULJKW 3LHL
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3KDVLQJ DQG $GDSWLYH ODQDJHPHQW
7KH &:03 LQFOXGHV SWDV HQRDIMPG HFGIBAN X RPB R IQHGWEH O R Z

x &RQWLQXHG SODQQLQBOXEBWOQYLWRHMEROEEGSWSUREI RKH $G
VIVWHPV DQG WKH 50( VHFXULQJ HIH X\HDIG LGSRV O CE B
33KDVH ~ 7KH SXW3REV IS CRO QRRLQW LMWK W FERV QN WRQGHSURED |
RSWLRQ DV WKH 7RZQ DSSURDFKHV D GHFLVLRQ SRLQW

X $WZR SKDVH LPSOGIPO RWBXMLRIQQS RYHU \HDUV

X $QHQYLURQPHQWDO PRQWRRDV®BVSURKDDRHY LQ WKH TXDC
VXUIDFH ZDWHUWE PQW KDL\W FRKFOESKMHDJ LF DLU TXDOLW\

Xx $ WHFKQRORJ\ DQG SURJUHVV ZKR 6 K WAROLA) JE IS URR BOPHKPWH
3URJUHVV POSRB®SWLYH ODQDJHPHQW BWGDWD Us LYFEWW P H
$GDSWLYH ODQDJHPHQW 8SGDWH 5HSRH\U @G GH DIDOWRY AR QAL
VWRUP VXUJH DQG RU VHD OHYHO ULVH WUHQGYV

7KH 7RZQ ZLOO KDYH FRPSOHWHG VHY HIUHBR $ &N SWILLYRH OB R IPIHPL
LPSOHPHQWDWLRQ RI 3KDVH 7KHVH RG&DMSWY K R XIDX B HHRHDGV V8|
RYHU WLPH EDVHG RQ GHYHORSPHQW ZDWHW TKXYMHO LWV \DIQRS HE
PRQLWRULQJ 7KH 3KDVLQJ DQG $GDS\SDDH) TDUID GHIR/IFQ WE H G HLRH |

,PSOHPHQWDWLRQ 6FKHGXOH
%DVHG RQ LQSXW IURP WKH :40& WKHP&®BPROQWDLY IHR/QWMWHK HREXC

&RPSOHWH &:03

&RPSOHWH 0(3%$ UHYLHZ D\Q5G ®E&HEZ&ERQVLVWHQF
&RQWLQXH 3KDGHW BOLDMIH\Q WR
1HIKERUKRRG 8SGWWH OHHWLQ

7RZQ OHHSBQRSULDWLRQ IRU 3KDVH

'"HVUR % LGRILRKDVH WR
&RQVWUXFWLRQ RI 3KDVH W R
$GDSWLYIJHFPHD@W® 5SHERUW

URMHFW &RVWYV

5HIHU WR 6HFWLRQ IRU DGGLWLR @B RBDRWRIW L RIQHRTR E Q VAL ¢
RQ PHWKRGV WR UBIG&FGHWKEBRE BRBARME BWLR GXQEQRQY 3KDVH

(YDOXDWLRQ RI (QYLURQPHQWDO ,PSDFWV

$Q HYDOXDWLRQ RI WKH HQYLURQPHWQMWWIOEIHPG DE QY V 6Ril FWKLHR SL
&:03 ZLOO EH VXEPLWWHG WR WKH 0D VNMIHKX VBRI VQM HE X QR M
(2(($ IRU UHYLHZ XYOYOGRKXWKWWEY (QYLIFR\QPHAWD® BRQERUUHQ
ZLOO QHHG WR EH PDGH WR WKH &DSH &R/ &R P:PIMWNU RAX DRW WA
&RQVLVWHQF\ '"HWHUPLQDWLRQ *XLGDQFH

$ (6 "ULJKW 3LHL
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$ FRPPXQLW)\ JHQH U D&FROR SYUMEKHIQW D X i \ DIVAMPHZDW B O D0O® Q& : 0 3
DGGUHVV VRPH RU DOO RI WKH IROORZLQJ LVVXHV

x 3URWHFW SXEOLF KHDOWK
3URWHEFW JURXQGZDWHU

BURWHFW GULQNLQJ ZDWHU UHVRXUFHYV

SURWHFW VXUIBGMNKFAMWHXWELHQW ORDGLQJV

6XSSRUW VXVWDLQDEOH HFRQRPLF GHYHORSPHQW

X $GGUHVV DHVWKHWER @RHY 6 R (DWA\Y H B BXMWA D ELOH/ YRV Z D V W

xX X X

X

7KH FXUUHQW IRFXV RQ &DSH &RG KDVKEKBQ RIHQ XFDXM.
HXWURSKLFRW VR ® IHPE B \PHQWKYZ DIKHY SR PBNOKOVLEYHQ E\ W
ZLGHVSUHDG UHOLDQFWLRQVR/QMPWHERIXSDB® ZBIRSKODWLR
WKURXJKRXW &DSH &RG (XWURSKLFEWLRHY RU\FRGVDQOG HRA
XQGHUZD\ DFURVV &DSH &RG WR GR VB H $®C WKH D W RRPHQ
WKH ZDVWHZDWHU SODQQLQJ DQG LP SRPFH @YW DAWLMVRR SHE@ A
7KLV &:03 ZLOO LGHQWLI\ ZDVWHZDWH K FDXQBWHH QRQ G HHGEG
3RQG ZDWHUVKHGY DQG ZLOO RXW O LIGPHS OMHKPHH QDADDAMNHLLRGD VB IC
)DOPRXWKYTV 2\WWHU 3RQG ZDWHUVKHG

&:03 6&23( $1' 7,0(/,1(

7KLV &:03 ZzZDV GHYHORSHG LQ WKUHH SKDVHV DV IROORZV

x 3KDVH 1HHGV $VVHVVPHQW IRU ERDMKHPA\WKNHGEW 3RQG T

x 3KDVH 'HYHOR S PLHQUWRD @GWHUBBWLYHY 2\WWHU 3RQ

x 3KDVH '"HWDLOHG UMEQMNDBWIORDH R IGEQWIDAVMIVR Q, BOD QP 2\
3RQG

$ "ULJKW 3LHUFH



3KDVH EHJDQ LQ 6SULQJ DQG WKW LWWGCH/G $NVY HRAFWWPRIEHA
3KDVH EHJDQ LQ )DOO DQG WKHZBOWNVRB® LLYH YHEQYXO\
7KH SURMHFW ZDV SXW RQ KROG IRUGVIHY HKOO \HDRYG [B KUK
$OWHUQDWLYHV $QDUWKHGUHBERBWREDEHIDQ LEKBXPPHU [
ZDV FRPSOHWHG LQ 7KHLYXMXG\ DUHD VKRZQ RQ

'XULQJ WKH GHYHORSPHQW RI WKLV &FOGU UQHXEP H Q R)D\O RIRIDOW K L
&DSH &RG LQFOXGLQJ
X )DOPRXWK LPSOHPHQWHG XSJUDGHV WRDWHKH 9% 0B B N\PHL
J)DFLOLW\ ::7) DQG H[SDQGHG WKH VHZWOHV B\RQKP V\M R
DUHD
Xx )DOPRXWK UHFHLYHG D UHYLVHG *URXQ(GZDRMWH W KIHV F k
%ODFNVPLWK 6KRS 5RDG ::7)
X 7TKH &DSH &RG &R PP LCAACOQAte" Wikiel\Bateirality Management
Plan Update KHUHLQDIWHU UHIHBOBGQG 8SSGDWHMNKHW EHLID @ ULRF
-DQXDU\ DQG WEBQIZDPIVOLVVBHG U LXNGHKE E\ 0BH3 LQ
-XQH DQG DSSURYHG E\ (3$ LQ 6HSWHPEHU
X " HYHORSPHQW RFFXUUHG LQ WKH ZDWHUVKHGYV

5(3257 )250$7

7KLV UHSRUW FRQ@YQVWWRW MKH | RQG/R/GlY B3B8 QXISSHV

BHFWLRQ 6XPPDU\ Rl H[LVWLQJ FRQGLWLRQV
BHFWLRQ '"HVFULB®WGREVRX UFKX ZDNNHE WIHR/@R XQUHFHHG 8 U R
BHFWLRQ ,G HQWHH DEDQW IRR @ DD\@ HZBUW/DKDWY A D Q D WHPYHHY
BHFWLRQ ,GHQFMUHHRD\WIRY BRBSRVLWH SODQV
BHFWLRQ 6 XPPPIO HRP HMMMDWLRQ SODQ

BHFWLRQ (YDOXDWQR B RV DK HPES@®¥WYV RI WKH SURMH

7KLY UHSRUW XVHV D YDULHW\ RI Q\GH Bk Q FRDERY/MHELHRQ/W IDIE B Y |
WKH PRVW FRPPRQO\ XVHG DEEUHYLDWLRQV DQG DFURQ\PV

$ "ULJKW 3LHUFH
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$&(& $UHD RI &ULWLFDO (QYLURQPHQWDO &RQFHUQ
% 2 + %RDUG RI +HDOWK
&&& &DSH &RG &RPPLVVLRQ
&:03 &RPSUHKHQVLYH :DIMWH@WHD QD Q D
(3 '"HSDUWPHQW RI (QYLURQPHQWDO 3URWHFWLRQ ODVVPFKXVHW
'5, 'HYHORSPHQWQRO 5ASDF
(,5 (QYLURQPHQWDO ,PSDFW 5HSRU
(1) (QYLURQPHQWDO RRWLILFDWLRQ )RU
((1) ([SDQGHG (QYLURQPHQWDO 1RWLILFDWLRQ )RU
(2(($ ([HEXWLYH 211LFBIQRS (QHUWURQPHQWDO $1IDLUV
(6% (QYLURQPHMLOWA.YH $UHD
)XWXUH | 5HIHUWIRQSRSXODWLRQ ZD VW& ZDRDHEY | IR S MFRABHGLLWWG BODQ QL Q
*.6 *HBUDSKLF ,QIRWWHWLRQ 6
JSG *DOORQM 3HU 'D
JSG VI | *DOORQM 3HU BXXDUH )RR
. $ ,OQRY D WHLOW HU@® W LY H
. ,QILOWUDWLRQ DQG ,QIORZ
-%&& -RLQW %DVH &DSH &RG |IND 50-DAHADFIXW VR @ W2W Q@ VORMIDIR UFH %D
NJ GD\ | .LOBDPV 3HU 'D
OE \U 3RXQGV 3HU <HD
0(3 ODVVDFKXVHWWMHRVWXDULHV 3UR
0(3% ODVVDFKXVHWWYV (QY$EMRQPHQWDO 3ROLF
PJG OLOOLRQ *DOWORQV 3HU 'D
PJ O OLJODRPV 3HU /LWH
1+(63 1D W X U D (H +HQG \WPGHD® 6 S HIBPHV 3UR
15&6 1IDWXUDO 5HWRXYPWLRRBHUYLFH
25: 2XWVWBOGRYUFH :DWH
3$/6 3RQG DQG /DNH 6WHZDUGYV
SSP 3DUWV 3HU OLOOLRQ
500( 50( 5HVSRQVLEOH 0 XRFQSD O WMLOD
6(,5 6LIDH (QOYLURQPHQWDO ,PSDFW 5HSRU
60$67 6FKRRO RI ODULQH 6F LN GBRH. DWHREVEMFKDRIOR HWWYV DW |[DUWPR X
65) 6WDWH FHXRGYIDEPLQDPWHHCKEHWWV ONSDBWPHQWDH 3URWH
70'/ 7RWDO OD[LPX®RD'DLO
86(3% 86 (QYLURQPHQWDBDI@QRBURWHFWLRQ $
86*6 8QLWHG 6WIRWIBXUHROR
0% :DVWH OHDRI-DQIWQSF
1408 ‘DWHU ¥ XDQWRHQW &RPPLWWHH
$ "ULJKW 3LHUFH






6WRUPZDWHU ODQDJHPHQW 30DQ

7TKH 7RZQ RI )DOPRXWK RZQV DQG R SH WDKWDHW RRNMDFROHFANDW HOQ L
WUHDWHG DQG XQUWWRDIWHRX QVG\ZRFODUNPHHRMW DAV VIXWUD RN VZDWF D W
WKH 7RZQ ,Q RUGHU WR UHJXODWHYIGUR®RB QWD/O VUFRKWIHF W/
(3 LVVXHV VR FDOOHG 13'(6 3KDVHDW SHUP L\G M QWV\RL ILLRHFEP R §
6HSDUDWH 6WRUP 6HZHU 6\VWHP 06 R R PP QU XH W H D VR
FRYHUDJH XQGHU WKH 13'(6 3KDVH ,, SKRYUBRYHUPDHRWY
UHTXLUHPHQW WR GHYHORS DQG PDLQWQOLG® B»WRNURPZDIDHA
ODQDJHPHQW 30DQ ZLOO SURYLGH DQERGULHWV PLHIH) VRL 1Y) DDOU
FRQFHUQ DQG GHYHORS %HVW 0DQDJHWVPHRDKAR \BH DFFRALFHHIQ V
LPSURYH ZDWHU TXDOLW\ LQ WKH FRPPXQLW\

ODVVDFKXVHWWY (VWXDULHYVY 3URMHFW

7KH ODVVDFKXVHWWY (VWXDULHV 3URNMNMFOW E\(3V K EHM\QDF |
'HSDUWPHQW RI (QYLURQPHQWDO 3URWHBWL®® 6FBH@RHG D
7HFKQRORJ\ 60$67 DW\VRKH B\ FHKX\KH W KMH 0 (B UADRRXQL W L D \
LGHQWLI\ UHVROXWLRQV WR WKH SBRBPOWPM DIV ORG GEX WHE
FRDVWDO HQYLURQPHQW 7KH 0(3 KDV GGIOGIORS DS SUER® FIK
GHWHUPLQH FULWLFDO QXWULHQW W KHMK GGV RDF KHR BB
VLPXODWLQJ QXW HDRQ W XMEBEIWW RIWBLOLE OK DBV\R B QXDRLIE F R
DQG FDOLEUDWLQJ MHIHMWWXHIHBFWRWWURRXD OLOWG  KA\GURRIBI R O
FRQGLWLRQV 7KH RXWSXW RI WKLY BHISKRRIWWLVRAD 6D FIG DD (13
VWXG\

JROORZLQJ FRPSOHWLRQ RI D 0(3 WHFR QDD ODJHRRUW LGB /G
5HSRUW 70'/ DQG VXEPLWV LW IRU UH¥QL'HWZHDWDBEDSYWR YDV
WKUHVKROG SR O QKW PBIKQ\&DWRDUG V XEDHDAWRAQLRAVS BLUHPGLFW H G W R
70'/V ZKLFK FDQ EH ZULWWHQ IRU DQ@VFBORBERQDWLRQLRQWR
DWPRVSKHULF SROOXWDQWVY HWF  DWHAK WK HP MQDFKPLFDWD
LPSOHPHQWDWLRQ SODQ VXFK DV WK LN &P0/3 WIKVH BDHIK® D KR
IRU SRWHQWLDO HQIRUFHPHQW DFWLRRX\LHNRLDJODKH RASISE

$ "ULJKW 3LHUFH



UHTXLUHPHQWYV

6LQFH WKLV PRGHOLQJ DSSURDFK LVIRQWHQ®HB QW RR NV HRYC
LQIUDVWUXFWXUH H[SHQGLWXUHV DFBRRW P8 HR&R &R QWKHE R
DIJHQF\ Rl %DUQV¥PEVRU&REX R \L Q/G FH SHIGI® HDHAY IVHFZ HRQ WMK H O (
LQ RUGHU WR DGGUHVV TXHVWLRQV INGGHRRQAHE GHHURBHWX
FRQGXFWHG LQ 1RYHPEHU E\ D SIRQHHOV\RKXDJPSHHWAD WS W
PRGHOLQJ HVWXDURRGHOGWR G QW RDRIXQE ZBWVRIDR PRGHOLQJ
WUDQVSRUW LQ WX HQYESBRQPHRQG RPI®HPIHHUDSHRLHZ 3
LVVXHG D UHSRUW RI LWV ILQGLQJV GQWKFBWPWKH 0(3 PRG}
DSSURDFK LV VFLIHDML | DEQRVDL RFQDBDSS\UIRG KT O DWAHI RVQXGV H DV
PDQDJHPHQW SODQQLQJ

7KH 2\WWHU 3RQG 0(3 5HSRUW LQGLFDWHW 96 U B RXP@EZHDW H U
FXELF IHHW GD\ SJRSHODRWL) BERQOGRWHH®I DSSUR[ERELF IHHYV
WKHUHIRUH WHKHQ RWMBHIQ BR QE®Y D SDUR[LFPDWPRQWK YV

6 XPPDU\ RI B3UHYLRXV 6FLHQWLILF 6WXGLHYV

2\VWHU 3RQG KDV EHHQ VWXGLHG H[WRHQWKWH®&LW\LRB HF WK

GRFXPHQWHG LQ R EoRkdaN Pdhd BiudiwdOy GDceanographic Methods with

Epilogue: Oyster Pond — Three Decades of Chang¢ HU\ HW DO ORUH UHFHQ

GRFXPHQWHG LQ W KWHVXDW\ Bl &KX RM/BHRE(\WdteSsRdd-Bmiba@nait W O

Model to Determine Critical Nitrogen Loadinbhresholds for Oyster Pond System, Falmouth,

Massachusetts +RZHV HW DO DV ZHOO DV R&WMWXKH RXVWHAHEBR
ZZZ RSHW RUJ

2\WVWHU 3RQG LV DSSUR[LPDWHO\ O\MHHWIBR®JZDGE DW DLIE
SRLQW ZLWK D WRRIWDSS VK [WLIDFW HIM HIRPBSWHV HBVRT WKUHH 10
SRQGV 7KH HFRV\VWBPKDY FWNHWH GRDWHUWW R XKALO MARY KDY
DQG PRYHG 3ULRU WR \HD UV DKIZRD WAHKUH ENDHAN @/\D H$ ¥ RVGHHDV (
WKH NHWWOH KROHV ZHUH ILOOHGYEZGW® YD\ORXQUAF B DRV HRU\ V AN
WR QDWLYHV DQG VHWWOHUV LQ WKGIUD UMD D @G WK K XRLGE F D Q

$ "ULJKW 3LHUFH



+LVWRULFDO 6RFLIPWXWR EDHG ZK LFKQE HWD G DIOH WWAKIDFAWIH 7 K
RXWOHW ORFDWLRQ DQG QXPEHU Y CRAHMY RWY KW WIL® HV E Bl VIR
6XUl '"ULYH ZHUH FRQVWUXFWHG L Q@ BAK HL DDGVBIW L W V ZKUHHV W E
%HWZHHQ DQG VDOLQLW)\ GURSBSB\H®QER HMIOH UDRINQ WF
VXUYLYH 7KH HDWIIHWW PHBRXGHBHQIMW GURPWWHKB VDOLQL
WR SSW DV FRASDA ERBXWR ¥IDPH Q¥W\ Rl  WR  SS

2\VWHU 3RQG GUDLQUDNBR RXXAHY HUMRR@GE UXOXWLIPDM/MB\ WR
6RXQG YLD WKH 7UXQN 5LYHU 8QGHUFQY®RYPPRXON FRIQ B\MWIHRWO X
9LQH\DUG 6RXQG 'XULQJ H[WUHPH ZHDWKKNUUDL®GO RU 6WIQEH
IORZ IURP 9LQH\DUX $ RWKKQHE 7RXX\VAMNH B L YIRQ B Q GOLW WHR RALKGH \Y
7TRZQ UHSODFHG WKH 6XUIl 'ULYH FX\WO DOOW ZH GV R RU B IRFHDQ F.
LQWR WKH SRQG ZKLFK LQFUHDVHG WKH §8WLXQ3 WARIURWR WV
UHVXOWHG LQ D FROODSVH RI WKH 2D VALNEFXARQER H BRW \W WIH
ZKHWKHU WKH SRQG VKRXOG EH DOORWH ®R W R KHWFRHPUH \ RV /O
LW WR LWV KLVWRULF WR SSW ODRHWGHIF LY DRSQDZ 2 W LRD @G B W

WKH FXOYHUW LQ WDWRKFRQ WHR)BERALEBHW WR WXKH SRQG

,Q JHQHUDO ZDWHU TXDOLW\ LQ 2\VWRUL BR@WD DV SIOFDRR HQ
EHFRPH KLJKO\ VWUDWLILHG LQ WKHVY HWUMQ\FID/O\ SDQ® H B H U
GLIIHUHQWLDOV 2QFH VWUDWLILHERPWVKMHNJERWVRKR ZHDW B QG I
R[\JHQ LV GHSOHWHG WR YHU\ ORZ FOHYHIOW LEQ W KWR 3 R WHLL
WKH GLVVROYHG R[\JHQ GHSOHWLRQ

7KHUPDO DQG GHQVLW\ VWUDWLILBRWHROVLDUH VQ\DHUX IRQ® \
GDWD FROOHFWHG EQ GV KB W)MBKIHPLRX \B K GG W(IQH LU R Y PIWQ BVDD 7
23(7 VLQFH W KH @IDSWKXK 0RO ON RFB WU RIDQ I VV WILIIKV@ L 1Y D U |
YDULHV EHWZHHQ PHWHUV DQG P H\8 WKV RG HBKHK V W K BI\WLV
VWURQJO\ LQIOXHZEPMKHEY CRYEUNWPRDY RYAOXBYRIRUREDFNI
LQWHQVH VWRUPV ZKLFK LQFUHDMWHMWMUBRWE RVFW W PR REMD EY ULV
GHQVH ZDWHU VLQNV UDLQ HYHGQ@EN\ORZHLFIKQ I QF H P HN b DWWXW
WUDQVPLWWDQFH RI VXUIDFH OD\HUV W DEMBL PLLRDGN HRY @ QGKH
ZLQG VKHDU PL[LQJ

$ "ULJKW 3LHUFH



7KH IROORZLQJ LV D VXPPDU\ RI DG G VDIURQ B® FXIRE B WHEW L
DIRUHPHQWLRQHGFPHMXGE FS\D JHHOK B HW D QR \S B G D SIKQBWNM G

x +\GURJHQ VXOILGH DQG PHWKDQH JDYXIRYQY DVHZEOOVBQW
VHGLPHQW VDPSOHV +\GURJHQ VXOWHIH FR®XWP Q V' Q\RWAE
RI VHGLPHQW UHOHDVHV JDV EXEEOHMW U6 RPID PE X RE)GH W |
%XEEOH UDWH SHDNV LQ -XQH DV WHPBYHUVWXKHVRROGR
PROQWKYV +\GURJHQ VXOILGH JDV LV HEHMGOIGKY¥H G IJWERD EW HR
ERWWRP VHGLPHQW DQG ZDWHU (PHU\ SJ

x 3RQG OHYHO LV KLJKO\ GHSHQGHQW RQ HO HNIDW IHROQ DRI G
(PHU\ SJ

X ,Q WKH VWXGLHV LQ WKH V EHQRWXQF LDQRPDEQYXWMHE |
RI DSSUR[LPDWH®\D QRcH WKINO®RIWU (PHU\ SJ

X $ 3SRRO RI DPPRQLXP GHBS IRDXWIBUNQZL WK KK LDRPROQQ X® L'
OHYHOV UHVXOW IURP WKH DFFXPXODRWH RQKRI GHHBL QR
SK\WRSODQNWRQ ZKLFK VHWWOH WMH WKW ERVHQ VHGEGQPW
RI DPPRQLXP ZKLFK LV UHDGLO\ DYCLWBHOHIRRIH XOVEDIE
VWLPXODWLQJ DO JDRY HEQ RORPAH OANK B QHMWKHHWHH@ BIAMN GL Q J
! X0 RU PJ O ,QMHFWLRQ RI WKWW USROPMOHUQMWR DN K|
PLILQJ HYHQWYV ZRXAGI|D®RUAHDWHUVWKRI\O D Ol URPRVER JH QXO
RYHU X0 (PHU\ [B&&d on a review of current OPET data, typical
ammonium values range from 0 to 0.5 mg/kvbweer, peak values in the bottom waters at
sample location “OP 1" and “OF3” range from 1 to 18 mg/l.]

X $Q HVWLPDWHG KRPHV ZHUH SUHVHQW ZL\WHW\ SB RI
2l WKH DSSUR[LPDWHO\ GZHOO QWX QQWWK S UZDAM I
DOPRVW WZR WKRQ8W BKOMMKEEH BBDRIGP HU\ S J [As of
October 2013, there are 225 dwelling units.]

x $FFRUGLQJ WR 0(3 P RIGFHDLLYQLW LKHO\P B QW R WG UH DAWVUHRE) MWK k
WKH ZDWHUVKHG E\ D IDFWRU RI HRYHARRVKH S®Y\®DIHY
NJ GD\ 7KH 0(3 PRGHOLQJ LQGLHFG®WHWH WIODWH W K RY
QLWURJHQ FRQFHQWUDWLRQ IURP WVPWIOHWR/ KU H \PKIRO !
DQG *WKUHVKROG ZDWHU FROXPQ QLWDRIDH)IG FRQFPD W U
UHVSHFWLYHO\ 0(3WH\GWXDW W& DS BRWD & FQH. \Z D ®HHQY IOH
WR EH UHGXFHG E\ LQ RUGHU WR-REFHVYHSB WKH WKUH
| WKLV QLWURJHQ ORDG UHGXFWQRPL QD WLFRER PRSI0V
VIVWHP GLVFKDUJHV WKHQ RI WKH VI\VWHPV PXVW EH

$ "ULJKW 3LHUFH



/$1' 86( $1' '(02*5$3+,&6

.H\ ODQG XVH DQG GHPRJUDSKED EXDHED \DHIH R/X R.ODR U PHDGV L R Q
E\ WKH 7RZQYV *,6)LHSDHWRRDW WKH JRQLQIJEUHWHKRRZWYV D Q
FXUUHQW ODQG XVHV

7KH 2\WVWHU 3RQG Z®RWPH Q\DKHAEO L W KYNHB Bl Q &/ LDHU FHIQWKD DH R
GHGLFDWHG WR SXEOLF VHUYLFH IR Q0O WEEVRIDWHWNRKHG |
WR FRQVHUYDWLR@®I 7KHIUIHU EW OV VKRIE/DIRL VWAIHWHUW S SUR[LPD
SDUFHOV DUH GHYHXOR®KWEG U H\DLLEAHHIDWILD $ B ECOH. FHOHRBSHL FH H[|
ODQG LQ WKLV ZDQWHDVKHGG HWY WX E SRWEV KZH. W B ADXQWW SDUFH OV
GHYHORSDEOH

7KH 6DOW 3RQG ZDWHUVKHG LV SUH®@RPQ QIHUVFE QW B Vi GRIIQ
GHGLFDWHG WR FREPHUMALDYOLMH GROXKDI FRESWRH RIDMHOLQ
ZDWHUVKHG LV G H®MIDRAH @ KR \WRRIVRIFH OV LQ WKLV ZDWHUYV
DSSUR[LPDWHO\ YISORSHGWEHVHGEN WUMHOGNYHORSFHIE FRPPI
SDUFHOV DUH GHYHORSHG DV SXEOLRZDWHUYVRH Gl [P DW V R KK
GHYHORSHG ZLWKK® HWVD/F VW QS D UFHHWHO RBQEIOGHUHG G

$ "ULJKW 3LHUFH
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2\VWHU 3

RQG

6DOW 3RQC

SHVLGHQWLDOXQ@REO®ELQY PQG FRQGR

S3DUFHOV 1XPEHU '"HYHORSHG

S3DUFHOV 7RWDO 1XPEHU

/IRW $UHD 'HYHORSHG DFUHYV

/IRW $UHD 7RWDO DFUHV

1XPEHU RI "ZHOOLQJ 8QLWYV

1XPEHU RI %HGURRPV

$YJ 6L]JH RI '"HYHORSHG /RW DFUHV

&RPPHUFLDO

S3DUFHOV 1XPEHU '"HYHORSHG

S3DUFHOV 7RWDO 1XPEHU

/IRW $UHD 'HYHORSHG DFUHYV

/IRW $UHD 7RWDO DFUHV

OXQLFLSDO ([HPSW

S3DUFHOV 1XPEHU '"HYHORSHG

SDUFHOV 7RWDO 1XPEHU

/IRW $UHD 'HYHORSHG DFUHV

/IRW $UHD 7RWDO DFUHV

7TRWDO

S3DUFHOV 1XPEHU '"HYHORSHG

S3DUFHOV 7RWDO 1XPEHU

/IRW $UHD 'HYHORSHG DFUHV

/IRW $UHD 7RWDO DFUHV

BRXUFH )DOPRXWK *,6 GDWD '3 2DWHU $RBG BBGLEHDWBRQGRU 2\

"ULJKW 3LHUFH
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7KH /RFDO &RPSUHKHQVLYH 30DQ HVW DPWD\WISE URKIP DWRHQ\ Z |
LQGLYLGXDOV LQ SRVHRUWR WEBVSWHEZ HIWHWH SIODQQUIOVWEG L Q
DQQXDO SRSXODWLIHRY YNDWR QW & REEREXMD B WZLIHRIO YIDW MDKWM L Q
FRPPHUFLDO IORZV 7KH /RFDO &RPSUHXIQD/QLIHH G0 V@R ZIQV X
SRSXODWLRQ DW DSSUR[LPDWHO\ DOQ&RPESG KB EQ VLY H
HVWLPDWHV WKDW )DOPRXWK V UHRQGHB QMWRD Q) BYOQE HEDW DW F
VHDVRQDO EDVLV ZKLOH DUH YDFIDQWRZ®HLGH &RBWKOWD \I
ZLWK SHRSOH SHU KRXVHKROG

:$7(56+('6

$00 JURXQGZDWHU2UWHNFKD WBIRHQ GOQDW&HEINV RWG3RQWEV PDIWHID \ |
9LQH\DUG 6RXQG (DFK RI WKHVH SULPDBUYRAMHYH GRKIQG VY QI
VXEZDWHUVKHGYV SRKQIGK GTWNHD RV RZMWDO Z®W HUJQYG FIRH JUF
UHFKDUJH ZDWHUVXKIEGDQIBOVRXREDIMWLRQVER UND VVDGE R RWHEBAW V
SURMHFW 0(3 DV BUSIWW DRVML WE HR I HE R H WYV WHAK ZIDADIDU UK
VXEZDWHUVKHG GHOLQHDWLRQV IRUGWKKE XMH¥FHKQYKBGVUWE®
LQGLFDWHQOQULIXEWDXKHRYPXUIDFH ZDWHUVKHG KDV QRW EHHQ
KDV SURYLGHG SUHOLPLQDU\ LQIRUPDQDLARY LIWR WKH 7RZQ IR

(19,5210(17%$//< 6(16,7,9( $5($6

(QYLURQPHQWDOO\(§$\Q VU WS Y H VBHIQNDMLD Q LU HVIRXW FRIY LQ Wk
UHVRXUFHV PXVW E@® BERGRUGHH® ZKMLDOLQD WRHUDWHPH :
PDQDJHPHQW RSWLRQV DFURVV WRZQD NMHPRROD RILWKH H 6!
LGHQWLILHG IRU )DOPRXWK EDVHG RWHWWWH YHRZ UDISKY B L,QDA
6\WWHP 0DVV*,6 DQG 7RZQ ILOHV PD®VRDRMIBVURQHMWD QWR®E
WKLV VHFWLRQ WRBRQGM HVEKRDWWEDOPHRWGAN DQG HPSURWHFYV

$ "ULJKW 3LHUFH






JUHVKZDWHU 3RQGV

7KHUH DUH QR IUHVKZDWHU SRQGV Y WHUW G RAQKG DMWEKIGD AONLLH/E
VDOLQLW\ DQG DSSHDUV WR EH VH@WHMLBR QER VHURHSK B Y X
IUHVKZDWHU DQG\VBUBBNEV K VZ D QFHMUGMH 5 KHBK LRQGZ\HOORZ

&RDVWDO 3RQGV (PED\PHQWYV

2\WVWHU 3RQG DQG \IDIIQ/DWR GG RDWWIER S RQIE G L YKMWVWXIURXS
DV ZHOO DV UHFIWH\ WL R B DK LDPFPAL QY. VE RMVEL BUU GLLVK % RWK
LQFOXGHG LQ WKH ODVVDFKXVHWWYV PSWNIVHIGHY FHIRKE ERD O
DQG D 7RWDO OD[LPXP 'DLO\ /RDG \VO/'HUBBRXGG 7KH IRS !
FRPSOHWHG D 7HFKQLFDO 5HSRUW IRUWS%POM BR® @ (3 W H FHF
UHSRUWY UHVLGHQWLDO DQG FRPPHQRLUD ® LG/HNCH OLRPSHF QWM (R
ZDWHU TXDOLW)\ 7KSUERG WDPQ FIROWHRED \IFRHQ WR/D VW QRQW UR J
SULPDULO\ FRPHV IURP RQ VLWH ZDDWHRDW WNW RRULNIZRVBO |
DWPRVSKHULF GHSRVLWLRQ DQG UHNAVOH @D VWRPZ B RN W FERL W
IDU WKH ODUJHVW FRQWUROODEOKDWRXWFHVRH QHVRWRIJ HDK W |
FRQVWLWXWH D VRUGHILRD @B \CUHIWYHU PDQDJIJHPHQ

SURWHFWHG $UHDV

(QYLURQPHQWD O OL QMHIQMVG AV LY bR BMHKIMUHHG HDLUYHD B G ZIKW ER QD O
UHJXODWRU\ DJHQFLHVY 7KHVH DUHDRQRH@WXDBE &BBBMUR &
'LVWULFWV Rl &ULWLFDO 30DQQLQJ &RQOPEHDY RSEY VIHWM
FRQVHUYDWLRQ DDBIBNV VRO OWNEEQAMN ZEWRXDPK S RWHFE\
7KHVH DUHDV ZHUH LGHQWLILHG WKURZXQ K OPIVYS |6 D @G DA IO |
&RG &RPPLVVLRQ DQG DUH GHVFULEHG EHORZ

2.5.3.1 Areas of Critical Environmental ConcernDistricts of Critical Planning Concern

7KHUH DUH QR GH\W.UQWWH® $QONDYRRPIRHEO WO ' 'RRYBHEWYV R
30DQQLQJ &RQFHUQ '&3& LQ WKH VWXG\ DUHD

$ "ULJKW 3LHUFH



2.5.3.2 Wetland Resource Areas

"HWODQGV LQFOXBE RUPDRR/EHGE WZIHOWP\E VD @B VE RPHDGRZIYH D
RI YLWDO URO KW LUR Q\PKID V) R Q¥ KADGER gHIRS URY O G DEO B KD E |
VSHFLHVY DQG VHUYLQJ DV QDWXUD®WILEWY MU VYH@® QGRRIEBV R
DOVR LQFOXGH VDOW PDUVKHV 9HZQG 8RR ONKDIWHR WIHPH R/
VHDVRQDO KDELWDAXUR®QJ DIPSHKIELDRQW BRGR Y H UKW O DRFER OV
YDOXDEOH KDELWDMWDIRE PR RBABMRDIOH B FQUEKH. L UTKADW D U
VHYHUDO DUHDV RIQIHIWNSOMRMGW LDQVE WKIRV)M SBEY D UHD D

2.5.3.3 Conservation Lands

&RQVHUYDWLRQ ODQGV DFFRXQW IRHDDBSQ WRKEHPRDW WO\ 3RRIG
3RQG ZDWHUVKHGV 6RPH Rl WKLV OPH@E LYDRKHOWGDREG SWQND:
SDUFHOV RZQHG E\ WKH 2\WWHU 3RQ® WQ¥R Q&8 QFPHILBN ®IQ FWXX\
2SHQ VSDFH DQG FRQVHUYDWIDRIHODQGY DUH VKRZQ RQ

2.5.3.4 Shellfishing Areas

ODVV*,6 KDV D G DD HGED VKY ORIl L& K VIIUWIRZ GOV KBHOHKD VYV K V XL
DUHDYV 7KLY GDWD OD\HU GHBYRWAD BIUWMDW ®IQ & RW/HKIHIW
KDUYHVW FODVVIQUFDWLWRLWHRRBGRBWLRRQ GE®DWIK BIVOW 3
FODVVLILHG DV 3SURKLELWHG ~ KRZG YHWUL G®HQROLOIOH SRWW SR
IRU WKH VRIW VKHOOHG FODP 7KH @& DR/W BE/DFRASFSIHLD MP SO L
ZHLU ZDV LQVWDOOHG DQG SRQG VDWOLQQWUPDW PRQ OLM G UM

J)LIXUH
2.5.3.5 Outstanding Resource Waters

2XWVWDQGLQJ UHVRXUFH ZDWHUV 2B6KW FRWN W\ KHXGWH R4 DADN

WKDW DUH GHVLIJIQDWHG IRU SURWHBWHW TX@®H W \0 &V VWADBFGKD
KLIJK HFRORJLFDO HYMAKUHDWLROOROR R V/ R WHKBIUFHUR MHFW DU
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2.5.3.6 Floodplains

7KH JHGHUDO (PHUJHQF\ ODQDJHPHQW $JH®EFK) (03G ISFIRY H & H
KD]DUG DUHDV EDVHG RQ D VWDW L WML HQKHDLWLQ VGG Y D O
KD]JDUG PDSSLQJ LV EDVHG RQ )(0$ )ORRGFWQLWXUDXIRH 5D VDI |
GHSLFWHXW®R 7KH HIWHQW RI IORRGSODLQV P XVWKEH WL BVNHG
RI ZDVWHZDWHU7IK®IUDWYWXVQGUH OBDQVIQRWGE BVHFW D SR
RI WKH SDUFHOV LQ WKH 2\WVWHU 3RQG ZDWHUVKHG

2.5.3.7 Habitat of Rare and Endangered Species

7KH 1DWXUDO +HULWDJH DQG (QG D QJH\KHS 0BSH/MLAKX 8 H RIIW\D F
JLVKHULHV  :LOGOLIH PDLQWDLQV RIDIH @I GR b (BIDRIUHWH G
1XPHURXV VSHFLHV @ IDWSH A QIO @ REUFHEE H/S HBIHQMWKDLYHS LQ
3RQG DQG 6DOW 3RQG ZDWHUVKHGV L HHUQDVWBVYW %HRY P7)
5RVHDWH 7HUQ 1+(63 PDSSLQJ IRU WKHIXWKXGDBDUYHB LV S
2FWREHU

62,/6

6RLO FRQGLWLRQV DUH LPSRUWDQWWRUVFADWHW LRU XD WW M ZIL
DV ZHOO DV IRU DVVHVVLQJ VDQLWPRRIOQBYEW VAUHHRQ@WH I
HITOXHQW FDQ SHUFRGDWHFWRURKSHOANRYG WKBBLIHW\ DQG (
HITOXHQW GLVSRVDO V\VWHPV W BDWRH®®WD RW V¥ XKUR/Z SRIXNRU
D ZDWHUERG\ )URP WKH VWDQGSRLQW SR VDWRV\FADMPH/U PR\G
&DSH EHQHILWYV IURP VDQG\ VRLOWHUHWKH GQ LG\WUDGE GMW® W R A
RI $JULFXOWXUH V 6RLO &RQVHUYDWQRQS BHVUNQMH RAX DLDCSH/
VHYHUH IRU WKH FDWHJRU\ RI VHBOWAW¥F WRDMN ®EWVRHASRIIL RC
&RXQW\ 0% ODUFK 7TDEOH GXH HWKBGSLWRGEBRRQ DSIHL
SURMHFW DUHD RWIKH IPDMRQY WS HRUMHNMOWRB UDH QHEFEHWWRL3ZHOO
7KHUH DUH VRPH DUHDV Rl 3SRRUOD @A DIUHHDE VHRD O VZ AWK O BV
DUHDRDVXUHKLIJKOLIJKWVY.RMXRIORAD W\SH E\ JRKWHLWHN WKUHH PDN

$ "ULJKW 3LHUFH
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*URXQGZDWHU VHUYHV DV WKH SULPDWKMRXRZEGQ RIKWGHIDLW R
JURXQGZDWHU LQFOXGH VHSWLF V\\DWIBRX YV | R B W H/W.RPWDH/J X Wk
7TKHUH DUH QR SXERKKE ZIDWHQ@ WXSESDWVWH3IR YRBQLDRHUVKHGV

:DWHU 6XSSO\ ,QIUDVWUXFWXUH

7KH 7RZQ KDV D SXEOLF ZDWHU VXSSOWWWVEHP G REXINWMNVQ
ZDWHU VRXUFHV RQH ZDWHU WUHDRR®HWQWWSPD GWR DIHBWD HA
QRW VHUYHG E\ SXEOLF ZDWHU JHQE UDD OULWHY HKWMKSW R SRIZX
VWXG\ DUHD ZKLFK DUH VHUYHG E\WSX E €& D ZDYHHWKIRIZ @ HRQO T

:DVWHZDWHU ,QIUDVWUXFWXUH

7KH 7RZQ RZQV DQGOR B HUDIVWHHZ MDWIHREHRRD O MAWH. IR QL W B®I DG Q
IRUFHPDLQV SXP S® WY R W VRGN DRCHW WHM DIVPHENAY A DWIK 6
DQG 1HZ 6LOYHU %HDFK 7KHVH WUWRWRPGEW)\IEZEWXLWLRXQ
GLVEKDUJH SHUPLVDW \LIYFKX\GHBAWWK'H BB QWREYWORBYAWHFWL

1R SURSHUWLHV LQ WKH 2\WWHU 3RQ S XZBOWIHU WKHZH DU W\ F RWQ
HLIJKW SURSHUW DHSRIUQV WKGRBDERE WY HRQ B WKH 6DOW 3RQ
DUH FRQQHFWHG WR WKH SXEOLF VMZKHHN M\8 VHPH O VIWHEZ R @V
ZDVWHZDWHU WUHDWPHQW IDFLOLW\ BQW¥@ D RN\P IL\ KU b K R/S
VKRZQLR®UH

7KHUH DUH QR RWKHU SXEOLF RU SBVNYBDWUWY ZQY WHRIMHWW K D
SURSHUW\ LQ WKHVH ZDWHUVKHGV [&HQZDYWRIZHDUWWWHLLH VOIRZ
GLVSRVHG RI YLD RQ VLWH V\VWHPW G\WVRRIHZFWREE LRI W KB S
VLWH V\VWHPV DUH 7LWOH V\VWHRWH WRHIGKLUIG DHSWE RV
OHDFKLQJ SLWV 7KHUH DUH ILYHQRYPWWLYIH\DQ W K UQDHPLY H ,\
DUH QR NQRZQ *WLJKW WDQNV’ LQ WIKGIMHP ¥ DKIDIWVU V KRDGW X QU
VI\VWHPV WZR WOIPW DSW LR QH PQIRVY WKW G X\E K RXV H

$ "ULJKW 3LHUFH
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7KH KHDOWK Rl VXUIDFH ZDWHUV NQBRMXGHMRVH MWW X B UVH\D DI
ZHWODQGVY DQG YHUQDO SRROV DUWK DIVHBEWPRVEXK @XPH GRY)
JURXQGZDWHU UHFKDUJH DQG VWRUPFDIDWHIW RKQRIB XY XWWUDE
FDQ EH FDUULHG LQ WKH DWPRVSKHHEWNQ 0B QG&H 5 RM PWHDEO |
FRQYH\HG WR VXUIDFH ZDWHU E\ ZD\ \WRHZDW KQ GZIDOHLQ WH RK
VIVWHPV 1XWULHQWY DQG FKHPLFD® \F FDQLB G WRRE W KHMHV i
SRWHQWLDOO\ KWURQXOIBRP PHORWWPZDWHU UXQRII

6WRUPZDWHU ,QIUDVWUXFWXUH

7KH 7RZQ RZQV DQG RSHUDWHV D SXEIORF VWRUP ZOWHLD \S!
LQFOXGLQJ FDWFKQEPD Q&R OMYG 7T&WH/IH DV WRHI@E D W\NWW HPIQ Z
JHQHUDOO\ GHYHORSHG DV SDUWHRJ WKRDIG¥LEXWQBVYQVKDW
HWF $ VWRUPZDWHU GUDLQDJH V\@WHB\VLW H \UHN.LIKZV Z3D VA U
DQG WKH )DOPRXWK (QJLQHHULQJ 'HSBIUWHWHIGHYZ ZKXW BRUGI
VWRUPZDWHU GUDLQDJH V\VWHP VWG \URGHWV R Q GHIQNV R 1V Wi
RI LOOLFLW FRQQHFWLRQV LI DQRQM ZDYLGBHQHRH YRIGLOGRUEC
UHYLHZ :ULJKW 3LHUFH ZDV SUHSDHNGRAWR BFRPROGIFIW 0Q R\E UIX
FKORULQH H FROL P QWREHWHID WOWZ 6 \Q R EWIHRISYHHEY ZHUH FF

%DVHG RQ RXU VLWHL LLHGL IDZX P EH ROGRH GHDDALQWH Y \H\IW HED W F |
GUDLQ PDQKROHV SLSHV DUHD GUWDURBPGDQGLBEKWE RXVED\ED
ZLWKLQ SULYDWH GHYHORSPHQW Z&LFEE ZRIUM *Q&R W DSISH QLR X
GUDLQDJH V\VWHP FRPSRQHQWY ZHUH GREMWHRE B\ *36 NG
SURYLGHG WR WK O®RZQ 2H OMK KV GRIGLIFMWDIHH V\ Y &/HOWLILH G
IHDWXUHV GLVFKIDWKH Us 2 WHNFRWD BERWRCHIRUZ\W W Q VYGYG MV IRO O |

3LSH WR WKH ZHWODQG DGMDFHRMGWR 2\VWHU 3RQ
&XUE FXW WR 2\VWHU 3RQG 5DQVRP 5RDG
'UN\ZHOO 2YHRIIDORWBUSIRQYG 7UBRDRESY /DQGIDOO
DQG 3 &% DQG SLSH WR 2\VWHU 3RQG 4XRQVHW

X X X X

3
3
3
3
7KH HIWHQW RI WKH SXEOLF DQG SUHFDWW WKMRIRRQWHU P D C
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$7(5 86( $1' :$67(:$7(5 )/2:6
7RZQ :LGH :DWHU 8VH

SDUFHO VSHFLILF ZWWRHQY XWRIYLQ HGHE MKW KR KQ\LEXROGLQJ
HVWLPDWLQJ ZDVWHZDWHU IORZV |RWL WKLIH VWX GJ RIPUHD U7 K
ZDWHU XVH WKDW LV LQIOXHQFHG E\ ZG@HHDWBONUWRUUHBRE@RF
YDULDELOLW\ LV WR FRPSXWH WKH WbOHURUHWXKYH 3 XRXSRW HS
&:03 GDWD KDYH EHHQ REWDLQHG IRU WKH BSRHAQRG*RA G D WDk
VHUYHV DV WKIQELBVIWHURXVOLGDWI) &/ NVQH KWVHRFDWLRQ

$ VXPPDU\ RI WRZQ ZLGH ZDWHADEQOH GHNW I/ RXQSDUIRGH MDHE WDRJ
XVH IRU UHVLGHQWLDO SDUFHOV KDRUBWNHRQVGRFXPEQWHR \V
3RQG 0(3 5HSRUW S DQG DV JSGHSRUWHHKHEYV $SVVHV V)R-
WKH SHULRG WRZLGH VDKRH WDRIAHQZYMWGHOR WY BARIDUHHOV ZL
EDVHG RQ UHVLGHQ@WLWO B3DWHIUGHICOBLWKH 7RZQ

73%/( 68008$5< 2) 72:1 :,"( :$7(5 86( 2&7
<HDU $Yg%%ﬂ1§ﬂy56 D3 HDN :HHN3HDN D)\
sFFRxoW | SYHUDIH| PIGIG PJG
$YHUDJH

6RXUFH 7RZQ RI )DOPRXWK :DWHU '"HSDUWPHQW 5HSRUWYV

$ "ULJKW 3LHUFH



5HVLGHQWLDO :DWHU 8VH LQ 2\VWHU 3RQG DQG 6DOW 3R

$ VXPPDU\ RI WKH VLQJOH IDPIDFK EBWHGWHKHE LLD/OS @ 1B
7DEOH 2\WWHU 3RTDEOBQGEDOW 3RQG RO INHBVRMWE XVH’
GHYHORSHG XVLQJ WKH 7RZQ $VVHVIVRGE PV KDW D QR IWDKBIEDL
SURSHUW)\ ~ 7KLV XBV EFHR/QW LDGHDUID® B@ B VIRDDLGF W RU %DV H G
LQGLFDWRU DSSUR[LPDWHO\ RI WWHKHVR2QIWWHUDFRO®E IDR
FRXQWLQJ 7UHHW RS X @MWD @ Wi &HER@EYO XWH DEGWKH VLQ
ZDWHU XVH )RU WKH 6DOW 3RQG ZDWNUQKEEB |DBISOR BLLPOSMHH
VHDVRQDO XVH DQG UHSUHVHQW QRWKMHKHEDMBUGKHOGPIZ®H ZJ
DPRXQW RI VHDVRQDO XVH WKH KZDKHW WKH S$HDWRL QIKIHDE & K
EXLOG RXW SRWHQWLDO VHDVRQ DD SURBXQGEGV SHR FRYW GHE/H:2
UHVXOW LQ JUHDWHU ZDWHU XVHG @DWKHJ VKW BUKID \/ KL @ WIK
RI VHDVRQDO SURSHUWLHVY DQG VHBHRYEG & X\ M UD XV/HU MK
EHWZHHQ \HDU URXQG XVH DQG VHDVRQDO XVH

:DWHU 8VH LQ 2\VWHU 3RQG :DWHUVKHG

7KH VLIJQLILFDQW PDMRULW\ RI WKH ZIDWHWY &HBDQG LY WKW
7TRZQYV SXEOLF ZDWHU V\VWHP ZLWK.WXWHUHPOQOYL @1 FRRP 1Z
IURP SULYDWH ZHOOV LV QRW PHDVXWHWRW BIRAXKWPWMIQORNDHGH E
SXUSRVHV RI WKLV DQDO\VLV WKHHOWNUH UNWMHE R} B/KIHY DW VY
DVVXPHG WR EH HTXDO WR WKH DYHHOVH MDOKXE RV WKH SXE
VI\VWHP )RU WKH SHULRG WR QX XU WWB KWHKIH GQDW K H D2J\K
JDOORQV SHU GD\ LX5 ®& KHD2VHW BV B-RSQUGHI VB QW U \VDKSBAJ RI[LPD W' I
WKH WRZQ ZLGH ZDWHU XVH

$ "ULJKW 3LHUFH
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7TRWDO '"HYHORSHG 3URSHUWLH\

2\SH Rl 8VH LXPEHU lr— (YW :DWHU 8VH| JSG

F’\$ Y?XDO $¥QPQXDO fRWDO
3URSI_“JV\”'S'S'H2 SURBFSWHW\&DWHJIRU\

SHVLGHQWLDO
6l0H )DPLRWH
OXOWL )DPLO
& R QIGIR3

&RPPHUFLDO

OXQLFLSDO ([HPSW
727%1

I1RWHYV
6RXUFH )DOPRXWK *,6 GDWDEDVH WR ZDWHU XVH GDWD
:DWHU XVH IURP SOMWOPMIE ZHFO EM ERQY W UV YXWH) W E BB BDG-IFRR X QW V L
WKH VDPH FDWHJRU\ L H VLQJOHIDPLO\ UHVLGHQWLDO DQG PXC
7KLV VLQJOH SURSHUW\ LV WKH 7TUHN7RSW¥Y¥RQBRWILQ DXPR QAR KK
DYHUDJH ZDWHU XVH SHU FRQGR XQLW LV JSG
&:03 SDUFHO VHOHAWK®R/®@\ YODREBPHM3V@DUFHO VHOHFWLR

W LV LPSRUWDQW WR QRWH WKDW QNWIKY HY DD OH & DUH SR G M
2\WWHU 3RQG 0(3 7HPK®ELMKRBH SRUMR P BD3J KHRIG IR) VEKH 0(3
XVH DQDO\WLV YHUVXV WKH &:03 ZDWBE OH/BIQIEQ DY \VIX\P R I L5l
EHORZIXUH GHSLFWV WKH VHOHFWLRQV E\ 0(3 WKH SDUWFRHDO
WKDW ZHUH GHYHBRBHIEKQLED® WKSR®W ZDV FRPSOHWH

7KH 0(3 DQDO\VLV ZDV GHYHORSHG XVLDJWZR WRDUV ZDQ
GHWHUPLQHG WKDW WKHUH ZDV JEXGHZDWAEU XVHJISG
ZDVWHZDWHU JHQHU DWQRIRDFE QG OG FHA X HRWL R ARR DUUL
NJ\ VKRZQ RQ 7DEOH 7BMFK@IFDWKHEHSRUW W IVK®HfuUD
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7KH &:03 DQDO\VLV ZDV GHYHORSHG XVWQJ ILYHVRIDUV Z DR
VOLJKWO\ GLIIHUHRDW ISDWFH W KH D&MW OB BDWLRE 3DVFAQ S|
WKH 7RZQ ZDQWHG WKH 1HHGV $VVH\OWP BRW GVRD MHROXKGHHE
SDUW EHFDXVH VHYHUDO DGGLWLR®&RQ GO FHHOWH RLGD MAXHG |
DQDO\VLY GHWHUPLQHG WKDW WKHUK:RBVSDUFHODS @HDHE M
FRQVXPSWLYH XVH DQG JSG ZON® HDDWKKVHH QX P DN
VLQJOH IDPLO\ KR FIRD WWDXWF WHI G EHWZHHQ DQG

7KH &:03 DQDO\VLV ZDV UHYLVHG WR NGBQWLKH Z0( '8/ HSDWKE
VHOHFWLRQV DQG WKID\®D037KD W Q) IEOWK VWG W W IH U IR LADH
ZDWHU XVH IRU WKH 0(3 SDUFHO VHOHFWLRB®G ZDNRMZDORSE
JHQHUDWLRQ ,QFOXGHG LQ WKHVH QXWKEDBWVZBUH FRQWDW
EHWZHHQ DQG

$IWHU UHPRYLQJ WKH JSG RI ZDVKHRE KW KV KIDR\P GALKGH QURL\E
WKH WLPH RI WKH 0(3 DQDO\VLV LW ZD\ SGHWHW R UQNGH WKL
0(3 SDUFHO VHOHFWLRQ FRQVXPSWMWHUXMQBQBWLRQ JS

7KH GLIITHUHQFH EHONRZHHQWLRBWHV ID Q BDAN B3/ IIORD WWWL E X

D 8WLOL]LQJ D GRP®JIHWKMMAUPLYH \HDUW RWHWZIRWWHWD PWH W
UHDGLQJV 7KH 2\WWHU 3RQG 0(3 5HSRPMOHVWYPDBWOG
DYHUDJH ZDWHU XVH LQ WKH 2\VWHU WBHRING WKW H&J):\0 B H
DQDO\VLVY HVWLPDWHG LW DW JO9GVIZEHQWKDIKHDW F
LQ WKH 2\WWHU 3RQG 0(3 5HSRUW DYHVUDQBGH IDBBEG\
UHVLGHQWLDO ZDWHU XVHUV LQ WKH &:03 DYHUDJHG

E (OLPLQDWLQJ D VLJQLILFDQW RXWOUWFHOYDOXH LQ WK
/8 & 6XEZDWHUVKIBGFDWKGFK LQSCGHIRILP MK HSVRGHWY V
7KH VDPH SURSHUW\ DYHUDJHG JSETHOXUTZRE REXGHU
WKLV SURSHUW\ UHSRUWHG WR WKN DRIZDPD WG W R/ HOH O
SLSH ZKLFK ZDV UHSDLUHG 7KLV R)X\NQWHW @Y MY XH DIH
XV H

F ,QFUHDVLQJ SUHY RPH @FHS RADMRZUYRIOLFLHQW IL[WXUH

$ "ULJKW 3LHUFH



:KLOH WKH ZDWHU XVH HVWLPDWHV GR %B8REWWAIHG @ KMKH &
HDFK DQDO\VLV LV FRQVLGHUHG FRPGO VWD WIDEG VEHRSYR DWIKF
EDVHG RQ WKH 3&:0RHDDPSAVEDWLR QY RD WKH/ GRIXIDEGHRH DVYV
VHQVLWLYLW\ DQRORWYUIK RMRKHGCXPBWHIRHMWHYVYV ODWHU

*LYHQ WKDW WKLV LV D VPDOO ZDWEHW K KIHEG ZLIMYK @ HAOKCDML DI
DOUHDG\ LVVXHG WKH ZDVWHZDWHWR QRWBQWR WKHNZDWHD g
OHDFKILHOG HIIOXHQW QLWURJHQ FRQPHQWWRWLR @ ZDV IR
1HHGV $VVHVVPHQWYVDRIED ®OWLNU @ R WVINJI \D ODXPIE PJ O ZLOC
XWLOL]JHG LQ WKH UHPDLQGHU RI WKLV &:03

:DWHU 8VH LQ 6DOW 3RQG :DWHUVKHG

7KH VLIJQLILFDQW PDMRULW\ R1 3RQH ZZDDWHWU GKIHPG Q& P®I
TRZQYYVY SXEOLF ZDWHU VA\VWHP ZY¥YDWWHWKIBOU HRQEK ZC
IURP SULYDWH ZHOOV LV QRW PHDVXWHXWRW BRAXWWMJIQRNDHNCH E
SXUSRVHV RI WKLV DQDO\VLV WKHHOWNUH UNWHE R} B/KIHY DW Y
DVVXPHG WR EH HTXDO WR WKH DYHHOVH/ MDOXE RV WKH SXit
VIVWHP )RU WKH SHUAMRWHU XWR LQZ\WKH BDIOMG3IRVHBUDJIHG

:DWHU XVH LQ WKNIKIH® W BROHGARDWN URS SUIRHLWB WM AL GH ZDV

$ VXPPDU\ RI FXUUHQW ZDWHU XVHWIBRB@G YBOWREN & HID UV I
7TDEOH )RU WKH 6DOW 3RQG ZDWHUVKHG PURM WDHHUDHGWLO®
XVH YDOXHV ZHUH SGISWGHVQBFWLY HOAHYRRJ WKH S&XW3S WKH S
VSHFLILF DYHUDJH YDOXHV ZLOO EHYRWKEBV]|HGKIDW & 83 RWH
FRPSDUHVY ZHOO WR WKH 0(3 VLQJOHK PODWH ODOKXWLEIHQ WL D

$ "ULJKW 3LHUFH
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7RWDO 'HYHORSHG 3UR|SHUWLHYV
7\SH Rl 8VH LXPEHU lr— (YW :DWHU 8VH| JSG
3URSHUW§@8XDO$$QQXDO7RWDO
HU 3URE KWW\ &DW|HJIRU\
SHVLGHQWLDO
6J0H )DPURWH
0XOWAL )DPLO
&RQGR
&RPPHUFLDO
0XQLFLSDO ([HPSW
7273/
1RWHV
6RXUFH )DOPRXWK *,6 GDWDEDVH WR ZDWHU XVH GDWD

:DWHU XVH IURP SIMWXOPHIE ZHRO EM ERQY WUV YXWHD W ZRNBK DGFIFRR X QW YV L
WKH VDPH FDWHJRU\ L H VLQJOHOIDPLO\ UHVLGHQWLDO DQG PXC
&:03 SDUFHO VHOHAWK®R/®@\ YORBPHM3V@DUFHO VHOHFWLR

"ULJKW
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:DVWHZDWHU )ORZV *HQHUDO

6LQFH ZDVWHZDWHU IORZV DUH @RV PUBIRRK XZWDHAGH UW X HH
GLIIHUHQFH EHWZHHQ ZDWHU XVH D Q8 XPBWWALN ZHDXWH) DORZ W H
WKH ZDWHU XVH WKDW GRHV QRW UHDFKODEIE RQWLIW MW LRIQ
VKRZHUV HWE & PQHXPISQH Y B OOAHNXQ WHUORQ@ A Q WDKK W K H L
VXPPHU PRQWKY )RU WKLV &:03 FRQVXMSW LY HRXV B OKD V FBHLF
DQ DQQXDO DYHUDJH EDVLV

:DVWHZDWHU )ORZV LQ 2\VWHU 3RQG :DWHUVKHG

7KLY DQDO\VLY OHDGV WR WKH HVWRLPB3WHRRLFDWHEQW ZDUVI
SHU GD\ IRU WKH 2\VWHU 3RQG ZDWHNUVIOKB YH[CGXH V¥ HGK DR/L
ZDVWHZDWHU IORZ\DEVYHBPBHXWOWHG LQ

:DVWHZDWHU )ORZV LQ 6DOW 3RQG :DWHUVKHG

7KLY DQDO\VLY OHDGV WR WKH HVWRLPB3WHRRLFDWHEQW ZDUVI
SHU GD\ IRU WKH &DHGW BFRQYG VALHGH DWYD DK YO@XXHD O$ DWXP P D L
ZDVWHZDWHU IORZ\DEVYHBPBHXWOWHG LQ

$ "ULJKW 3LHUFH
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7\SH Rl 8VH

7TRWDO '"HYHORSHG 3URSHUWLHYV

1XPEHU
3URSHU

(VW DVWHZDWHU JORZ JS
Rl $QQXDO XDO FRWDO
W ISV U D J H

SURSHUW &DWHJIRU\

SHVLGHQWLDO

6JOH )DPLRWH

OXOWNL )DPLO

&RQGR 1RWH

&RPPHUFLDO

OXQLFLSDO ([HPSW

727%$/

I1RWHYV
6RXUFH

J)DOPRXWK *,6 GDWDEDVH

WR

ZDWHU XVH GDWD

:DVWHZDWHU IORZY DUH HVWLPDWHG IURP ZDWHU XVH
7KLV VLQJOH SURSHUW\ LV WKH 7UHHN7RSWH¥RGQVERWILDKOK DY HKDBK

ZDVWHZDWHU IORZ SHU FRQGR XQLW LV

JSG

&:03 SDUFHO VHOHAWK®R/@\ YORPHM3V@DUFHO VHOHFWLR

7$%/(
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7\SH Rl 8VH

7TRWDO '"HYHORSHG 3URSHUWLHV

1XPEHU
3URSHU

(VW :DVWHZDWHU JORZ JS
RI $QQXDO XDO fRWDO
WISHWYHWUDJH

3URSHUW &DWHJRU\

SHVLGHQWLDO

6JOH )DPLIGRWH

OXOWL )DPLO

&RQGR

&RPPHUFLDO

OXQLFLSDO ([HPSW

727%/

I1RWHYV
6RXUFH

J)DOPRXWK *,6 GDWDEDVH

WR

ZDWHU XVH GDWD

:DVWHZDWHU IORZV HVWLPDWHG IURP ZDWHU XVH
&:03 SDUFHO VHOHAWK®R/®@\ YODRPHM3V@DUFHO VHOHFWLR
2] WKLY WRWDO DSSUR[LPDWHO\\ VHZHMHGRQV SHU GD\ LV FXUUL}
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:DVWHZDWHU 3HDNLQJ )DFWRUYV

$00 ZDVWHZDWHU WUHDWPHQW DQG RALVWRSRYDW HV\WVPWWWYV EH
DGHTXDWHO\ WR KDQGOH VKRUW WHWXP FPHRIOIDQNW KO RPDALPXP \G
IORZ $FFRUGLQJ WR WKH /RFDO &RPSUHRHQVKNHWREZQQZLD
UHVLGHQWLDO KRXVLQJ VWRFN LV FRRWEH UH G 1\HHHIGWR Q@D\OH !
SHSRUW *+' 7DEOH WKH WRZQ ZDGH QZIDWHWRY SISO\ VHL
UDWLR RI PD[LPXP PRQWK IORZ WR DQ@OGXDRXIVYONUDL/XH ID\R AV
DQG 6DOW 3RQG ZDWHUVKHGYV DUH EREBH HPNMRIPE® R'QWRO U
J)DOPRXWKfV ZDWHU XVH GDWD DV ZWH-DDDV RY DROX 8 RES)SGIDWH Q B
&RG ZH UHFRPPHQ®I XWVKQJKXWLOHPVRAQD O RRH WKIHYHIWEZ R ZD
JRU WKH SXUSRVHV RI WKLV &:03 ZBNALKQXIOIXMNRUYH WKH IRO(

OD[LPXP PRQWK WLPHYVY DQQXDO DYHUDJH
OD[LPXP ZHHN WLPHVY DQQXDO DYHUDJH
OD[LPXP GD\ WLPHVY DQQXDO DYHUDJH

TKH ZDVWHZDWHU IORZ HVWLPDWHYV U BKWH WHE6RKUHMM U Q RDRU
R WR 7TKHVH IORZV DUH FKDMHUD FMAWHRIL ) K GWDKVH \F X U O KX
WLPH IUDPH SULRURDRVMWKH RL@PDORESEBPBGWHG &:03

W LV LPSRUWDQW WR QRWH W K D RQWMNMHUFIMH G HVIMGHQ W KB OC
SHULRG IRU 2\WWHU 3RQG 0(3 5HSRUWO6SBIBEHFD @G\U H IER
EHWZHHQ DQG 7KH ZDVWHZDWKHHV HORE V FIH@E O R B GLL@I
WKH &:03 FXUUHQW KRRQGGE VELRORQEM\E BWKG BLOXWNMURVIRI WK I
3RQG 0(3 5HSRUW

5(*8/$725< )5%0(:25.

ODMRU HOHPHQWYV RI WKH ORFDO BHJZRRQDOH®OMEHGWW R/ H L
PDQDJHPHQW DQG RMWWHHW URIQY DXUUHFNXSAPDULIHG EHORZ

$ "ULJKW 3LHUFH



7RZQ

J)DOPRXWK +HDOWK LBRHFDMEEHWLRIWHURXY VXSSOHPHQWV W
(QYLURQPHQWDO &RGIWH)YHIXODWK RQMTKEHFPIN@R¥DAU SH
GHVLJQ DQG FRQVWUXFWLRQ Rl QHZVV\VKWHFY DRI ZOIDWLBQ
VIVWHPV ZLWKLQ IHHW RI VXUIDFHQX¥MWHKE WRR @ HDADWED @ G
SURFHGXUH IRU UHSDNLURR B [UWSDQFHR VAP VR Z MXKLDFH ZD\
ZHWODQGYV

J)DOPRXWK 6HZHU BEHRODWKRHOVHTXLUHPHQWY IRU AFQQHFW
VHZHUDJH LQIUDVWUXFWXUH

)DOPRXWK &RDVWDO 3R QICGHQMULOLH V' LW WHOSSWERB®WHN IR VK
GHYHORS S URISH WW HHXDXLMWW KBGAR R B YDDLERDCGH GHYHORSP|
RYHUOD\ GLVWULFW LV VXEGLYLH PGV HW HPRPPH WKDQ IGN
UHTXLULQJ VLWH SODQ UHYLHZ DQ®IVWKFL DL/ VB LUPW W \X WA
QLWURJHQ ORDGLQJ SROERDEQ/HD G USRMIGENWW V& DIDKOH X W L O L]H
QLWURJHQ UHG XF IOXV WOGLY L\GXBDOVRE M BIS8URAHEG) EARDUG  $
FRDVWDO SRQGV DWGFBDOWDEWURBKGAFOHHEOBY DBBARZYV  +

$UHDV WKUHVKROG YDOXH RI HIQO BQYOEKEDOLDDYWURQHS WIRD
YDOXH RI PJ O D QWRADDODYHWDR IBW H UR B F VQMYH @\ L$YUHH D V
YDOXH RI PJ O HD WFXDIDODYIHWDRDIYG 6 D\YWRBBRBER®&H ERW

LQ WKH 6WDELOL]DWLRQ $UHD OLVW

J)DOPRXWK SROVQQRW DOORZ RIl VLWH SULYDBWE DIV WRQB WS
SXEOLFO\ RZQHG ZDVWHZDWHU WUHDWWHQWR I DIFILTKO\W \L QV S X
GLVWULFWMOBIQE8 GQVEXWLFWV

'"HSDUWPHQW RI (QYLURQPHQWDO 3URWHFWLRQ

'(3 KDV HVWDEOLVKHG D SROLF\ WKRW QS3IRKN IEUWW WHKHD U YN >
QLWURJHQ VHQVLWLYH ZDWHUVKHG XQOWHNY WRH HISISHDE MD Q
UHPRYHV DQ H[LVWLQJ QLWURJHQ ORME& WK K DOKWWR B U RIRIN\DH/
DGG WR WKH JURXQGZDWHU %DVHG HRQ LGLWYRXNVQ LRIQWH X\ \F K

$ "ULJKW 3LHUFH



SODFH SULRU WR WKH VWDUW XS RIHW K M ISH FPSB\OH. G DIQ\R XKD,
IXQG D UHODWHG VWXG\ RU VHW PRB FHURWLHGRHW | RIU 7IRZ QR Y M E
ZDWHUVKHG LV RQ HLDHUBI( D THFXIQWG RED WS RAUVD WQQLWURJH
QHHGHG WR UHVWRNWHURTUX B DL QYW B UQREDH EKIHHUDH LY TR H G

&DSH &RG &RPPLVVLRQ

7KH &DSH &RG &RPPLVVLRQ V 5HILRQDOXGROQAHPBOWEY UFBAD
ZDWHU UHVRXUFH SURWHFWLRQ LQFOXGLQJ

x 3DUFHO QLWUDWH ORDGLQJ PXVW EIREHURMHBWYWY SHQ

EHORZ SSP LQ SRWHQWLDO ZDWHU VXISBQ \VDUHIX\Q LEDDH @
7KH QLWUDWH ORDGLQJ OLPLWOURDWHWVVWRSO\SSP H

7RZQ LQFOXGLQJ :DWHU 'HS®UWPHIMNG WLIQV RI|

x 036 :5 SURKLELWYV D SULYDWH ::7) LI D IHDNLBAR BSHKEC
FRQVWUXFWHG ZLWKLQ \HDUV

x $00 ::7)V PXVW PHHW D SSP WRWDO GLMXRDHIND ROL PLW
JURXQGZDWHU DW WKH GRE®FIUDGLHQW SURSHUW\ OLQH

X 1R ::7)V DUH DOORZHGFILQ W& W RZIDG6E 03 IH KDELWDW

X ::7)V ODUJHU WKDQ D UMBIGF LFSOWMWH SLQ D RQ WS{HUDIVF HR @ C
&RPSOLDQFH $JUHHPHQW 20& $JUHHPHMWO RZEDVK 362¢H & RP|
5 LI WKH HITOXHQW OLPLW LV ORZHW\SUKD@® ZRRXG GH
GLVFKDUJH SHUPLW PJ O

7KH &DSH &RG & R&E CddVAreaQMide Wat€uality Management Plan Update

WKH 3 30DQ 8SGDWH" ZDV FRPSOHSNGDGVHG |IUDPRBRYIVIRNRL
UHVRXUFH SURWHFWLRQ RQ &DSH &RGHVYLWKHHPSEODMQV8R QDF
LGHQWLILHY WKDW WKH &RPPLVVLRQQMW (RO XIS GLIRQHD @ Q P5BEBFE
UHIJXODWLRQV WK IMNZUBQ G LS RVKBHORMIHFEXWYL BLEBIG DW ZDW
SURWHFWLRQ HOGIGREDWRWWHPRQ JRLQJ

$ "ULJKW 3LHUFH









x (QDEOLQJ 6XVWDLQDEOH (F QRS LIQYHOROPHDIWVHU VR
QHFHVVDU\ VR WKDW ZDVWHZDWHU UHBARLONEFWLRDVO F
JURXQGZDWHU ORFDWLRQV ZLWKLQ DWRQH HWPBWHDUW
OLPLWLQJ IDFWRUV WR HFRQRPLF GHYHORSPHQW

7KH RYHUDOO DSSURDFK IRU WKLVHQWHK & 1&RIWAV HQV\W KB V2 \VW
6DOW 3RQG ZDWHUVKHGYV DFFRUGLQJ WH WISHWVHILEY B S SH®!
GLIIHUHQW IRU HD/FEBUFDWHIQIMRNG L @GMKM ISRBOUDRIZ D®KK FDWH J |
HYDOXDWHG VHSDKHWHXOMYG FR R SMBCHVGD AR W& BWHWRPH OF
PRUH WKDQ RQH FDRHUIHR W\P 8 U RWHHGE R @/ N LGLW SRV BO ¥V QHF
UHDVRQV PXVW EH ZHOO GRFXPHQWHG DQG GHIHQVLEOH

6$1,7$5< 1(('6

7LWOH WKH VWDWH VDQLWDU\ FRMGHD WS BRYVYGWM VHIXBPW I
GHVLIQHG WR KDQGOH VDQLWDU\ GH VSHRSW DRRIVZ DD/ W HE W H L
VI\VWHP LV ERWK FRVW HIIHFWLYH DYGNVNKQWLODREGPRIRW OFRP S ¢
7TLWOH RU ZHUH EXLOW SULRU WRHFIW®XEOLFDKHDROMWK GH
SURWHFW SXEOLF KHDOWK RFFXUV ZKHWHRDHHREDWKN XSO D®R
KRPH EUHDNRXW RFFXUV DW WKRUVXUEDHBD NRXWKRF® MWD VK
VORSLQJ HGJH RI WK DOWHBERWHU | RMOOXYHQGW LFD QY DDIOWVW R FD XV
VHSWLF V\VWHP ZDV SRRUO\ VLWHG UUDQBHLYDSWRJLRD  WHHR VDR
SULYDWH GULQNL @YV HADWEL VK Z8 OS5 B'WKDDNGHEOAANH VVHG Vv

,Q FRQVLGHULQJ ZKLFK SDUFHOV PD\RBHVEWWW WHUH M &R WE\DD
VIVWHP WKH IROOR@VQG WKRG & EH WG WF BW RQG RU WD QLWD

x 3URSHUWLHY WKDW KDYH UHTXLUHGWRLUQVWEOQW Y WUWHLS
VLWH V\VWHP DQ&LRU GUREHUWMQUMITWSDVLWWWR DQ RQ

X S3URSHUWLBVWOWHDAVDPRXQW RI SRWDEOH ZDWHU DQG

X S3URSHUWLHYV QHDWKHEH LKLLIXI EADAWHHUHE HDHOQ FRREXIQRMNG KB Z
RWKHU DSSDUHQW FDXVH

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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7LWOH O9DULDQFHYV

7LWOH LV D WKRURXJK VDQLWDUXXHRGH | ZLWIK lUHFBS 8 WY VR
7LWOH KDYH EHHQ UHTXLUHG WR D®O R EWHG RRU VWU WD 1 W
PD\ EH EHQHILWYV WR SURYLGLQJ WKDWRGXWSRQW\ &0 WK @ BH
FDWHJRULHV 3SURFHGXUDO  DQG 3 HQRIFHBXRHDOW D DOL DDLFIH
JUDQWHG IRU D UHGXFWLRQ LQ WKH WHWE DD FEKH WIZHHH®
HQYLURQPHQWD O OQPH FRIXIQ EDBMV JYHIFWMR Q LROUWK K HZ. VWD QF
OHDFK ILHOG DQG D SULYDWH GULQ NLIW WHW B XZTH ® DR/W [
LPSDFW RQ SXEOLF KHDOWK DQG P DY LO\RHVVIRIDYXHW E R & (K D G DEHN
/JRWV UHTXLULQJ YDULDQFHV PD\ EH PBUHEBD G ®FWWM Y HBR Z@D
YDULDQFHVY FRXOG EH IRU H[DPSOKDOMKRE GHNSX\CKWWR YBPRXQ
FOXVWHU RI YDULDQFHV IRU WKHVHRIHDQRRIV YRW B G/ RO XNW LR
ORQJ WHUP VROXWLRQ IRU ZDVWHZDWHU PDQDJHPHQW

7KH +HDOWK 'HSDUWPHQW SURYLGHIUBRMMHG/ IRIUDWIOH7W\E R H
WKURXJK 6SULQJ F HR W KDV KZ Y 0 WIIBID@® W/\W GR QI Z\DVQW D E X O D W
WKH QDPH DQG DGGUHVV RI WKH D SBE.MLEFMH W K DY GZ K H U
YDULDQFH ZDV UHYLHZHG WR GHWHUPHQHGNVWKH SBELIDGF3U R
WKHQ DVVLJQHG WR HDFK YDULDQFH EDYF RIQWMKBMW MQ B HUR
7DEOHVXPPDUL]HV DQ DGGLWLYH SRLQW\H NFKWHPWI FEWD \DH/ LRI
WV\SH DQG VHYHULW\ RI WKH YD UL DL@QFRUJRD GWREHGRUDDQFMH
VHWEDFN IURP D SURSHUW\ OLQH RW VWRIXH WXDJWL DQHFFHH/L YAk
VLIQLILFDQWO\ LPSDUB QPHEON B OR KBIDP® WKR B BULWHDWEH ZDW
ZRXOG DGG WR \SRJIDQW\D VR QD WOKRWH.3\OHH PHIQERH PO UL D QF H
JUDQWHG RQ D VLOWILH © RWS DVAM FEXE@EMH FRQMDEK LK) GLY LG X
ZRXOG EHHAIMQYWJIRQILWY RZQ

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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IDWXUH RI 9DULDQFH SRLQWYV
6HWEDFN IURP :HWODQGYV IRRW ORFDO UHTXLULI
6HWHDHDWHU WKDQ IHHW
6HWEDFN OHVV WKDQ IHHW
6HWEDFN IURP IIHHFDW UHTXLUHG
SRWDEOHG6HWERIHNWHU WKDQ IHHW
6HWEDFN RI WR IHHW
6HWEDFN OHVV | WKDQ IHHW

6HWEDFN IURP 3URSHUW\ /LQHV
6HWEDFN IURP 6WUXFWXUHYV
'"HSWK WR *URXQGZDWHU IHHW UHTIXLUHG
'HSWK RI WR IHHW
'HSWK OHVV WKDQ IHHW
7KLEFNQHVV RI 8QGHUO\LQJ BHUYLRXY 6RLO
7TKLEFENQHVYV RI WR IHHW
7TKLFEFNQHVYVY OHVV WKDQ IHHW

'"HSWK Rl &RYHU 2YHU 'LVSRVDO|6\VWHP
'HSWK JUHDWHU WKDQ IHHW
'"HSWK OHVV WKDQ IHHW

,QDGHTXDWH 5HVHUYH $UHD
SHVHUYH DUHD OHVV WKDAQ
1R UHVHUYH DUH

7R FRQYHUW WKLV VFRULQJ SURFHVDPVIVGWRPB QW WS QR SWH\WW
JURXSHG LQWR RQH RI WKUHH FDWBORVLHYLILEDWRAHOH RW C
PRGHUDWH HQYLURQPHQWDO VLJQLRFEPHFEW D O SRL@W M. F DR
RU PRUH 7KLV DGGLWLYH V\VWHP SWRELBHW KRG R RV L GHH
LQGLYLGXDO QHHGR WK GVLYVAVHYWBBGW RVIRZIQZ MGTHU \

$ WRWDO RI YDULDQFHY ZHUH JUBIGWRHG URBRWKN WRDR/ G V&
ODWH V. DVIMKRHQIRQLDQFHYV ZHUH JUDQWHG IRU SDUF
ZDWHUVKHG RI GHYHORSHG SDUFHOW 3R@G&G IRMWWHGBDKIREAC

GHYHORSHG SDUFHOV

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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%DVHG RQ RXU UHWIDHA BQMWKWHVAH ILQG WKDW

RI WKH YDULDQFHV DUH SURFHGXUDO

RI WKH YDULDQFHVHONSURQPEWWOR VLIQLILFDQFH

RI WKH YDULDOQF IBW WBI\S b H WY WUFIRPHQ WD O VLJIQLIL
1RQH RI WKH YDULDQFHV UHSUHVHQW®WFH#HP DIMRRE HH QY HWR
YDULDQFHV Rl PDMRU HQYLURQPHQW® QRWL RYL MIEW B FGIL
%DVHG RQ WKH %RDV GWK HUHD O WK QIRFFSOILG MO\ W RDWH J R

X X X X

+HDOWK '"HSDUWPHQW ,QVSHFWLRQ 5SHSRUWYV

+HDOWK '"HSDUWPHQW LQVSHFWLRQVWDUN DMSLFD®&Q\OW U WK
UHSRUWYV UHSUHVHQW D VQDSVKRW URDWLRI) MERNXWG R/ KU R
,QVSHFWLRQ UHSRURW WKHHEHHBYREB ZRHG $ WRWBGBRRUGY ZHUH
IRXQG IRU WKH WZR ZDWHUVKHGV |IRHOSHULRIGWKH TGHHWHACLF
SDUFHOV %DVHGWDR WHW YV ZHL PLQMH®/ IGHD IROORZLQJ

Oyster Pond

UHFRUGV UHYLHZHG

RI WKH VA\VWHPY DUH FHVVSRROVLWWRRI) WIHJILAHY VRPH P

RI WKH VA\VWHPYVY DUH VHSWLF WIOFQN Z& RVFEKOOM\D PHILBFK & QA

RI WKH VA\VWHRWORQUN YHYWLFHDFKLQJ ILHOGYV

RI WKH VA\VWHPV ZHUH QRWHG DV WND/L O®GS HEFDWVIHREQ WDKHS +
DOO RI WKHVH ZKNUI$ W HRMWERENEW FRKAUW QT X3 IWWMAG UHSDLU UHSC
X RI WKH V\VWHPYOHHGEU HQL WKW UHDU \DUG

X X X X X

Salt Pond

UHFRUGYV UHYLHZHG

RI WKH V\VWHPV DUH FHVVSRROVLWWRRI) WIHUILAHY VRPH P

RI WKH V\VWHPYV DUH VHSWLF WIIFMNV\ZERKOOMD POKLDFK & QW

RI WKH VA\VWHRMMDDRUN YHYWILIFHDFKLQJ ILHOGYV

RI WKH V\VWHPVY ZHUH QRWHG DV fMDLQNGHEWVRGQG DMKGE M
DOO RI WKHVH ZNUI$WHRWERENEM BRKAUW QT X3 IWWMAG UHSDLU UHSC
X RI WKH V\VWHPYOHGUHQLYKW UHDU \DUG

X X X X X

6LQFH WKH 7RZQ DOORZV IRU WKH FRRORI\D OHIGS XAHSB \RL FQ R/@
OHDFKLQJ SLWV WKH +HDOWK 'HSDWWPH QW L@L]SIEF WY RIQQ G
VDQLWDU\ QHHG +RIZUN H® | RVUKAHDM HSEBMBLG GK B U H LSU HRW | X W X U
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, QWHQVLYH :DWHU 8VH

,QWHQVLYH ZDWHU XVH LV DQ LQGRXOBWKDQYGLERWRQWLD®D
GLVSRVDO SUREOHPV 7KH JUHDWHWM K HWZTHN $ RWHAVHVIL Q @ HG
RQ VLWH ZDVWHZDWHU GLVSRVDO TANWOHU P IXWH \L IDDV § B RVIBIU
QLWURJHQ FRQWURO LQ WKH UHFKDHOI®VD 3BDVHRO SXJEHOEZB VZ|
EDVHG RQ RYHUDOO SURSHUW\ ERXQGDIIAXNYV ¥GQXD R WD OH
GHVFULEHG LQ 6HFWLRQ JRU H[DWYISOBII HD ZDDWH B X \ZH \RK D
D WRWDO ORW DUHKDRID ZDWHU MV HISGWHQV M)W XRIH

VKRZV WKH ZDWHU XVH LQWHQVLWADWH UVKH G\H Y:HKOIRSIDE SUXL
LV DQ LQGLUHFW PHDVXUH RI VD QHLIWXWHQW R G5 UZHR Z LW D] b VB D
UHTXLUH DQ RII VRWHKHWRODMWH RRU NEXY IPIF @ HADGN HUJS URWH FW L

SHFHLYLQJ :DWHU ,PSDFWYV

7KH SUHVHQFH RI EDFWHULD LQ VX UWIMFBF WD RG KK EDQV KB +
DQLPDOV LQ FRQWDFW ZLWK WKHYVH XGMW HRD GHD¥@RIULDQ LV
SHWV OLYHVWRFN RIUDMQH U DRIZHO @ B WHFVO X/HHGW L FQWMDOPRVW D O
VIVWHPV FDQ EH VLWHG VXFK WKDMWHEWFWHKHLORMQ DV WK WHD
HITOXHQW LPSDFWH{DBFKR X QEZDWEN W XUIDFH ZDWHUYV

'KLOH WKHUH ZHUH GRFXPHQWHG LQFLIGHQPHWVHRI XX®G Q G M
WKHVH VRXUFHV ZHUH UHPHGLHG (RMQW\HVHDOWK 'HS DADNURY
DZDUH RI DQ\ EDFWHULD WHVWLQJUWRGREHD RK BORWKBRQ® W
+HDOWK 'HSDUWPHQW LV DOVR QRW ®WNURURE HDF\K EBG RAVXULL
SRQG $FFRUGLQJO\ QR VDQLWDU\ @HHD VL@ LDXU D HD X /W H
LQGLFDWHY WKDW &P \EEFNBDULPPRENWHG WIKMFEBHZ ZHLU ZDV

:$7(5 6833/< 3527(&7,21

SXEOLF :DWHU 6XSSO\

7KH 2\VWHU 3RQG DQG 6DOW 3RQG ZDWDHUMWKBIGHNDGIR WQ RWK H. (
SXEOLF ZDWHU VMRXQGHEWWHMH RU VXUIDFH
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ULYDWH :HOOV

$FFRUGLQJ WR 7RZQ UHFRUGYV UHVEZEPQWLDD® BRHFHOWH
ZDWHUVKHG DQG FHUHLVGRQVWLBSOLSDWW ZRQG ZDWWHKIWKHG
GRHV QRW UHTXLUH KRPHRZQHUV WRRWHE W 2Z\U WHHLLU T2HDAA-W D (
WKHVH SULYDWH ZHOOV 7KHVH KRPHRRQWRW WKKRIK JG WEHHU HTC
WKHLU ZHOOV SHULRGLFDOO\ ,I QHWVIDQVH LOM VHRXY ® UEHR KLS]
HIWHQG SXEOLF ZDWHU WR WKHVH BDUFHQW LIDW W R D WH @ V. PRAC
FRXOG EH VHODPIWAL. YHOKMKRUW ZDWHYHPDNMISRDANCH RULEQ ¥R B (
WKH SXEOLF ZDWSURBWNUWAP OO\ HV KBHRID G2 \VRVUHIWK BR (BR D G

685)$&( :$7(5 3527(&7,21
JUHVKZDWHU 3RQGYV

2QH Rl WKH SULQFLSDO FDXVHV RI YRICHUHUXORQEV GMJS PR
ORDGLQJ 3KRVSKRUXV VRXUFHV LQFOWXIB® \DXORAQKUHWPML QL
VWRUPZDWHU UXQRII DQG UHOHDVH WHRPIRRWGW R P G/ 16 6 DR\H @
QRW IUHVKZDWHU SRQGV WKHUH LVUFRIFHPBR FROUMDU WBOXDMH
TXDOLW\ SUREOHPV LQ 2\WWHU 3RQG »XJISIN V&R GVER WP S DVER

IHHW Rl VXUIDFH ZDWHU VKRXO G FEM GRIQ W FERMEK NRW RIRPQ
LQ JHQHUDO DQG HVSHFLDOO\ |UFRP VHSIVL K RWW H R WQ B Q JHH(
KDYH LGHQWLILHG WKH SDUFHOV WKRIMs DQH BIDMKAL GRQG HBA
VKRZQLR®UH

JRU WKH 2\VWHU 3RQG ZDWHUVKHGOREHE BRDPHNVIWV ZLGHQW L
WKH SRQG ZLWK D FXUUHQW ZDVWHZDWHISSORVZLRDWHO\ JD
ZDWHUVKHG ZDVWHZDWHU IORZ

JRU WKH 6DOW 3RQG ZDWHUVKHG SWGE&E\SDQOQBHOVLYLWKKHQWLIL
SRQG ZLWK D FXUUHQW ZDVWHZDWHHAOREBHGRBEDUFHGG 2|SWH
FXUUHQWO\ VHZHUHG JSG VR ZWYXW HZDWHI KM GF RIRY W/\H
2 7) 7TKHUHIRUH RQG3 SDEHHIWYRSBIHNVKZDWXWUEBRYE RZIDVWHISG
ZLWKLQ WKH FDWHIJRU\RD3BWRIUWVIONGRZDVWHZDWHU |
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&RDVWDO (PED\PHQWYV

&RDVWDO HPED\PHQWY KDYH EHHQ WPRKWRF DV ® IQRLE K EDRVUW ©
GXH WR WKHLU VWDQWXW D¥HQZDWUHILIR@M QDG WRKGH UL QXWRH HQY
ODVVDFKXVHWWYV (VWXDULHV 3URMHKFWK @ (3\VVOH O BRIQG \B RIG
ZDWHUVKHGVY 7KH 2\WWHU 3RQG 0(3 5H&RUMNVIH FRAE® H\R
OD[LPXP 'DLO\ /RDG 70'/ 5HSRUW ZDV FRIRSOHWKE ED QW BRC
0(3 5HSRUW ZDV FRPSOHWHG LQ 7KH RYWWHKH BRHFX WD
VXPPDULHV IURP WKH6ROMW BB GR Q G3 [HRISKFEURG SIHIUGHL [ @

70'/ SHTXLUHPHQWYV IRU 2\VWHU 3RQG

7KH 0(3 5SHSRUW LGMQVRLIQHW DRYERWWRNKUFIROQWRZWKHUVKHG
GLITHUHQW PDQDJHPHQW DSSURDFKHV ZBRM HUOVKHIH QLIWHWR M
ZKLFK FDQ UHDFK WKH HPED\PHQW LQ EDGBQFWRRURMMMRDB
VI\VWHP WKH 3SWKUHVKROG YDOXHXH ,QDW KLNW DMWVRH DW K HHW KU
FULWHULD ZLWK D PLQLPXP GLVVROYDBIGFRYU\GEQFWDDRXWKRW K
6XUIDFH :DWHU 4XDOLW\ 6WDQGDUGYV VHW IRUWK LQ &05

7KH (3$ DSSURYHG 70'/ LGHQWLILHV WKH 23S UNH VGII\WD @ BWHUHWG
WKH WKUHVKROG YDOXH IRU WKH 2\WWHKHIRQ'G GIBM B H YV KHHEH
ZDWHUVKHG ORDG DV WKH FRPELQDWILR QY RRQPADWBO EXG R DI
VIVWHP ORDGLQJVY WR WKH ZDWHUVKHG DW WKH WLPH RI VWX

7KH 70/ GRHV QRW G LWKWDHWH RKORZ YWKDYHH G V WRRWEKHH DYRKZIQ  F
FRQVLGHU VHYHUDO DSSURDFKHV WK D FKRZHY | RXIOK HO/H bR U
PRUH LQWHQVLYHO\ RQ VHSWLF DQ&QRUHVY O R|HWRZQUWAURD € Q
VRXUFHV $OWHUQDWLYHO\ WKH 7RZ® @R XQGC OHDMHEF W VW R/ G|
ORDGV DV ZHOO DV DWPRVSKHULF WRKQ¥HYHDOQ ® QRFKX S WLREP Bl
QLWURJHQ VRXUFHV 7KH IRUPHU D SH[SRIFRKD WV RRRW H GLHQ W L
70'/ ZKHUHDV WKH ODWWHU DSSURDFK @®\GUNFXVVHRQR R HV
UHJXODWRUV
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7KH SULPDU\ GLIITHUHQFH EHWZHHQ Weén-s¥pic Wwad RedddtibrllS/OHV L (
SXUVXHG 7R WKLV HQG ZH KDYH LGHRQVHSSNLKW KH WRIBRO R 9
VFHQDULRY WR LOOXVWUDWH WKH LPSRUWDQFH RI WKHVH ID

x

6FHODULR DVVXPHV WKDW DOO QLW URRPSRO UMGKH WILRQ

DFFRPSOLVKHG E\ PLWLJDWLQJ VHSWLF VI\VWHP ORDGYV

6FHODULR DVVXPH\SWIKIDW HOFUAR LW RZU GOPDH @E WRGE DIHE I

WR QLWURJHQ ORDGLQJ DVVXPSWLRQWRRURIMWORVSKVHS W

UHGXFWLRQ

x 6FHQDULR DVVXPHV WKDW 70'/ FRPSOGD QFH FRHEAIXPY
PRGLILFDWLRQV WR MV WI{PRSRMIQR QR DIBERYWW RRQ KIHMWU ZFH @GO D\
IXWXUH PRGLILFEWWRQVU]WWR XOHZQ QG VWRUPZDWHU %03V

Xx 6FHQDULR DVVXPH\SWIKDYF HOFUHAK LW WU GO DAH RE WG RIK 61

WR QLWURJHQ ORDGLQJ DVVXPSWLRQMOIR D \DVBBRWS KOHULA F

PRGLILFDWLRQVHWRX®B W HVYWROPZDWHU %03V

x

$ VXPPDU\ RI WKH YRXUFEXWY QIVRPRWHK O @C3VBKIS RUWHVKROG Y
WKH 7'0/ LV SUHMDHQWHSS IXPPDU\ Rl WKH QLWURJHQ UHGX
SUHVHQWEGHLQ

7KH 0(3 SURJUDP KDV KLVWRULFDOO\H®RWDMLIRD WP B WSW B \
KRZHYHU WKHUH LV D JURZLQJ ER®\PRN 6 BMUWL E KQLIFK ULRJIGICF B
GHFUHDVLQJ VHQ$HF MDKHO\ODW H V. ZEEND DAKGH &ODHHDD $eLLLU
$PHQGPHQWY ZHUH SURPXOJDWHG 1RWHERVLWKRQDMRPRAMSED
XVHG WR FDOLEBRQW H) {8KRHRBW®/ HY BURP WKH ODWH

x 7TKH /RQJ ,VODQG 6RXQG 70'/ 5SHSRUW &7'(8HGXFWIOF® XG
DWPRVSKHULF QLWURJHQ GHSRVLWLWQRRQVY D7ISD W'l /\RK
,VODQG 6RXQG 6WXG\ :RUN *URXS LV HFXDQBQMSHFRWVHWIX
DWPRVSKHULF QLWURJHQ GHSRVLWLRQ KOXHEHHQ UHGXFHC
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X $ SDSHU HQWARWIH® O+&KDQJHV LQ

$WPRVSKHULF 'HSRVLW/LRQ WR &DSH &RG
%RZHQ 9DOLHOD DQDO\]HV
DWPRVSKHULF QLWURJHQ GHSRVLWLRQ WUHQGYV
IRU WKH WZHQWLHWK FHQWXU\ LQ )LJXUH
LQVHW 7KH FRQFOXVLRQV SUHVHQWHG LQ WKH
SDSHU LQGLFDWH WKDW WKHUH ZDV DQ XSZDUG
WUHQG WKURXJK WKH | WK FHQWXU\ WKDW WKH
GDWD ZDV YHU\ YDULDEOH DQG WKDW WKH
XSZDUG WUHQG WKURXJK WKH WK FHQWWQUUBRHYVHHHP W
GHFDGH 7KH OLQHDU WUHQG LQ )RWDE QNWIRINHDVGHI RN
RI DSSUR[LPDWHO\  WR NJ 1 KD \UF RRUVWYX W MHODW Z L W R
XVHG E\ 0(3 IRU WKH 2\VWHU 3RQG 7HFEQNFIOREHSRURY 7:
LQFKHV \U SUHFLSDWDMAL RRUD2\VWHU 3RQG

7KH 1HZ +DPSVKLUH '"HSDUWPHQW RI (@Y LURRQ PRIIQQVD 6 ROHILF
6WXG\ GUDIW UHSRRDWLOBYV WKHYEBMLY ULRWURNKIY DRDGLQJ
PRGHO IRU WKH *UHDW %D\ (VWXDU\

KWWS 8GHV QK JRY IR RO POMHRWD Z3°ED F RIVWXD UYUK\D &/
$SSHQGL[ $ RI WKHPBDW]HNSKRDWDVYSRWVIWELRI BBWHW GU\
GHSRVLWLRQ UDWHV 12 HPLVVLRQWHY¥YWLRRQWHVKDR&JK2[ |
5HIHUHQFLQJ (3% HVYWLPDWHV 1+'(6 HISWHW MX DAMR GH FRURHLDN

IURP WR

7KH (3% &%$671(7 &OHDQ $LU 6WDWXV

DQG 7UHQGYV 1HWZRUN | SURJUDP LV D ORQJ
WHUP HQYLURQPHQWDO PRQLWRULQJ
SURJUDP 'DWD FROOHFWHG IURP VHOHFWHG
VLWHV DURXQG WKH FRXQWU\ DUH SRVWHG RQ
LWV ZHEAZLWSID JRY FDWDQHW

IRU ZHW GHSRVLWLRQ LGU\ GHSRVLWLRQ DQG

BBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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WRWDO GHSRVLWLRQ IRU WKHLU OWRWHMW $YEWRJIWR QR D&HSH &
FOHDU WUHQGV WRZROWSXWH UHR XEWG BBHH QQHIBWVLWARKY BHG
LQ WRWDO GHSRDWHLRQMVUWRP WKBWSWHRYLVDWH MU

7KH DERYH GDWD SURYLGH D UHD VR D E QJH GIXFWLLR IQF D @/ LDRADP
QLWURJHQ UHGRPWLRQ SMHW MRCH SRREZR LQ 6 MHWQDULR

7TKH 7TRZQ VHOHFWHBK6BWYWQORHR WKAKLR 8 O RYRDAG UVBIWNKBEWLRQ\

X UHGXFWLRQ LQ Z\DKD/\W ZHD[WWW HIRBD ®YS/ BR WNLPH RI1 W

X UHGXFWLRQ LQ WKH ZDVWHZDWHUH ORD G\D FADKIB QZIH X/
ORDGYV

X UHGXFWLRQ LQ QLWURJHQ ORDGOPRRWKHHWWQD]HH UX VK
DV ZHOO DV KLVW@® UHKE W HGIX]FHW LR\GH ,| UIR@ G7 U+BHW R S V

X UHGXFWLRQ LV VWRUPZDWHU UXQRIVXIWIREHLVP EHDWWHLCR
VWRUPZDWHU EHVW PDQDJHPHQW SUDFWIOFEHYV S40BW LEW V
VSHFLILF VWRUPEBWMWHBRLGWMQWXILHG RQ SDJH

X UHGXFWLRQ LQ QLWURJHQ ORDG IORFHOVDW®BVSKHULF

X &KDQJHV LQ EHQWKLF IOX[ DV SUHGLFWHG E\ 0(3

7TDEOHWXPPDUL]HV WKH ZDVWHZDWHU ORDGUVHKHARYPDVHABTK
6FHQDULR 7KH WDEOH EUHDNV GRZOWWHYZ DUWHRAR YORINVGUW KB
WKH WLPH 0(3 FRPSOHWHG LWV ZRUNRID8 WHK[IF\VW XZDHV DEHZH &

WR DQG pIXWXUHY ZDVWHZDWHRRBJOQR DHG W KW W. W KPS RW W\

UHTXLUH QLWURJHQ UHPRYDO LQ WKHHFEFD/XWHHU WIRK) G 06 R K /&L
WKDW WKH /DJRRQ LV EHORZ WKUHVKROG
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7$%/( 6(37,& 1,752*(1 5(029$/ %< 68%:$7(56+(' )25 787/ IR0
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2\WWHU 3RQG (PED\RHQW SHRRYDOL&SHPBLOLQUDW X DOHPDLOLQJ
:: IRDG| ([LVWLQJ 0(3RDG | $WWHQKDWRPG
8QDWWHQXDYWRDGES| 8QDWWHQXDWHG| $WWHQXKDWHG

NJ \U NJ \U NJ \U

2\VWHU 3RQG *7| 1
2\VWHU 3RQG *7| :

ORVTXLWR &UHHNB2\VWHU 3RQG

2\VWHU 3RQGBODLQ

2\WWHU 3RQGBB6RXWK Q D Q D QD Q

7TRWDO

TRWDO H[FOXGLQJ 23 6RXW

$OORZDEOH 6HSWLF 1LWURJHQ 5HPDLQLQJ SHY 7DEOH

7KH 2\VWHU 3RQG 0(3 5SHSRUW DQG 70'R[AGHR WKIULHGKW& G H¥D

PJ O PJ O DQG PJ O 7KHVH GRBX®H3IW YV ROHGIKEF \R H
FULWHULD L H YWOKVWHL YHR VRQ HFR @ X WUWGO HIWPJI O PUUQO WoKIH UHSF
S DOWHUQDWLYH FULWHULD °~ 7KHURKJKIVKH HPHQ LMVARW HR IGE X B X X
DOWHUQDWLYH FULWHULD KRZHYHUDWKMKLRZWLRHV KRIZH GHHU
HYDOXDWH WKLV SRVLWLRQ LQ WKH IXWXUH

70'/ SHTXLUHPHQWY + 6DOW 3RQG

7KH 6DOW 3RQG 0(3 5SHSRUW ZDV FRP3®HWH GOL/Q5H S R KW ZIHRYUH

3RQG DW WKLV WLPH 7KH 0(3 5HSRUMURQBQFORMHY DVK® W L J(

LPSURYHG WLGDO IOXVKLQJ DUH QHHGH® ILQVER@WQ3HRIDG T YF
VHSWLF QLWURJHQ UHPRYDO ZLOO EH XWLOL]JHG
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2Q VLWH ZDVWHZDWHU GLVSRVDO FIFQ M IGQNSQHDYLDQ VW E
RZQHUV RU QHLJKERUV XQGHU FHUWDWWRPWYF X P WOQ\FHIR/ FF
SDQHOV , $ VIVWHP HQFORVXUHV GHSBHQ GHW HR L G X WO IQFF K ¥
RU WKH SURWHFWLRQ RU GULQNLQJ ZDKAHH WD RW RUXW IMDLPHW B (B!
FRQVLGHUHG LQ WKLV FDWHJRU\ 7WKN H RZBWRHADO WHUS$W I Q WF
UHVXOWV RMLW RN GQEHE®EDWHG LQ

Xx$ UHFRUG RI ITUHTXH Q Véctds oW rDainthirge X IB/3SHe Qowr;
x $ WL JKWowehd@ntlfied in the Oyst&ond or Salt Pond watersheds;
Xx $ PRXQGHG V H SNurekdentifietMidtRe ®yst&ond or Salt Pond watersheds;

X 6HSWLF V\VWHPV ZLWK D KeitléKiolé IR&Q/ Do HP 8nid SQROa drRod [evH it
Road neighborhood (approximately 90 parcels in Oyster Pond, Salt Pond and the “direct
discharge” watershed to the wast Oyster Pond watershed).

7KH XVH Rl HQKDQFHG , $ WUHDWPH@DW VRJU\WBPWHP A ¥ B 2 VE MR
FDVHV WKH DERYH JURXQG SRUWLRQWVERIH %R \WWHPRZOHBU E
QHLJKERUV , $ VIVWHPV DOVR FRVWVRRUNMKBR BSWUILWE R QHI
$ OLVW RI WKH ORFDWLRQV RI , $ WVREIWPIL QHEKILLGR BV KK H DX
&RXQW\ '"HSDUWPHQW RI +HDOWK DQGH(¥VW.WR PP HMW H. Q GIHEQ\
2\WVWHU 3RQG ZDWHUVKHG DQG QR QHKHQI IWHKH 25D\ WU 3 RRYEG Z\D
WKUHH DUH LQ WKH 2\WWHU 3RQG 6RXWHKH VXEIDHVUHBRRBGO
VXEZDWHUMKMGHVHH

7KH FRQYHQLHQFH DQG DHVWKHWLFD SOONRDEO\HZ LRO BHK H RG
DQG 6DOW 3RQG ZDWHUVKHGY EHFOQXPEHW RRSBERSHYWLHM®
WKH 7RZQ FRQVLEGHUR E I HPURGD LIDRHD XWWUW BIWWJIP D

6867%,1$%/( (&2120,& '(9(/230(17

':DVWHZDWHU PDQ D PKXRFMQ I/GEWMY Y LERWKKU A XQHHHERWY DGV HZ D V
ZLOO LQFUHDVH DV YDFDQW ORW V UHJAR®HHHMREG ® RDWH I H DA
DUH RFFXSLHG D JUHDWHU SHUFHQIN® J3HRH O/KSIPHDW H Q@ ¢
WKH ODUJHU SRSXODWLRQ )RU INWKWHLRR® EHWORHEBY WKH
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x

New Flow. ,Q ZDVWHZDWHU WHUPV LW LV DSBVRWWKLHDWH. WR U
EHWZHHQ FXUUHQ® |RKRXGHRERQBGQFHZO 0OR Z

x Theoretical Build-Out. 7KH UHVLGHQWL D OL @& WRIPIFPG! W DML W X W |
DVVRFLDWHG ZLWK WKH XOWLPDW IS RWHNIEOR SR G MU WK WK
DQG RWKHU UKPOOCBA QR QAL W O H

x

Practical Build-Out. 7KH UHVLGHQWLDO LQQ&RVWHPPE& UWFRMWWLWXW
DVVRFLDWHG ZLWK PRUH UHDOLVWLBE @RXXP SW ERRW LRI \!
FRQFHUQYVY DV HFRQRPLF UHDOLWLHFYX RWKG@IW DVLWUXBWXHH{
ODQG SURWHFWLR® HIRRBHWW DMWHCGSURWHQWILHV

X

Planning Horizon. 7KH UHVLGHQWL D Q @G/ W R PP 8 URMHVDD\VQ SWIL\R Q [
DVVRFLDWHG ZDVWHZDWHU IORZ WX XN VILKZAD \EH UWKBIQDBD
RSWLRQV DQG IRU WKH GHVLJQ RI ERPRHYGRGL IKDN WX X )
EH OHVV WKDQ RU HTXDO WR WKHDOH$HDFRILEDBF HORLSPG
UHFRPPHQG D SODQQLQJ KRUL]JRQ RIDQ® R/ XJAHDW VD L §OMR
KRUL]JRQ IRU WKLV VWXG\ LV

2QFH WKH EXLOG RXW FRQGLWLRQV DWHP®MM N UP U B HFED OZFDX\C
SURMHFWLRQ RI | XXDXQW LIVL\HW HIZAD WEXUWVGK HD YRIU P JRIl IR Z YDC
IROORZLQJ VHFWLRQV VXPPDUL]H WK N HMAPHDMWAN R R 8 UMK H RN
ZHOO DV WKH EXLOG RXW DVVHVVRWKMW&E&ZKILFK ZLOO IRUP WK

ODVV (VWXDU%RKNVNOIURKWFWNVHVVPHQW

$V D SDUW RI WKH 2\WWHU 3RQG 3R G6 SR(BW5BHSC & UMKH 60
HVWLPDWHG UHVLGHQWLDO JURZW KRR D UNXKHIG2 EVVDIREZ 3 RKQHD/ &
DUH LGHQWLILHQLRRUMKH OWWDFKHGURP WKH 2\WWHU 3RQG (
JLIXUH  YAJXUH ,9 | UR P3 WHIR UWBW O %D ¥ R®UERQOMFKHL R QBV
EXLOG RXW LQ WKH 2\WWHU 3RQG DQGWAD QW BRQG DIMEHD\
UHVSHFWLYHO\ L @FORDGH QIQ RYHVERYIH UIHRRWWH FRIQIBAL WL 3 GR
W\SLFDOO\ LQFOX®WH FORIG\H Y B ARSWHR@G RXW SURMHE

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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&DSH &RG &RBRLUGLRQN $VVHVVPHQW

$V D SDUW RI LWV RQ JRLQJ UHJLRQD®JZBMVWR IDWHU WIXKQL
&RPPLVVLRQ &&& HVWLPDWHG SRWIREWEDDOIXGWXH B RISPHGWM
&DSH &RG &&& -XO\ 7KH &&& GIRBRIPQW HAL RK L R VWKXKH
3RQG DQG 6DOW 3RQG ZDWHUVKHGV DUMH YXPPBDOV]HGHEMORL
&&& DUH LGHQWLILHIGIRQHWKH DGHDMBIXIME DRFPHUFLDO

2\VWHU 3RQG :DWHUVKHG

X OLVFHOODQHRXV GHYHORSPHQW RI VHQVOH MOPLWOY KRPHV R
X 6LJQLILFDQW VXEGLYLVLRQ GHYHO PIUFHOW R DUMKD 0RO MARZ
2\WVWHU 3RQG ZIDWHRIZVKIBEIBEY MRR )LIJXUH

"ZHOOL|QQFOXGHG IURP

H\ 0DS 2ZQHU SOLWYV | $0 DV

5% RRGV +ROH 2 FH DQQRNV LU\ S WIH

5% & RRGY¥FHPMRIUDSKLEQVWLWXWH
2\WWHU 3RQG (QYLURQPHQWDO|7UXVW

5& $ RRGVFHDMMR2UDSKLF ,QVWLWXWH

X 1R FRPPHUFLDO GHYHORSPHQW

7KH IXWXUH GHYHORSPHQW HVWLP DWKHI® E\X KD QHWBKSBWL M VAL L B
0(3 L H UHVLGMQW WIHY DGH.QWWL PO X G HW VG HKDYGHOO RSPH QW
FRPPHUFLDOO\ ]RQHGHEDNWLAHD \& DH/O GRHIP W K B L&\ S4DRNHIBE W L R
RXW LQ WKLV ZDWHQQ \DKH G LR DWY HOWX R D G LIQIFNUHDVH SUR
0(3

6DOW 3RQG :DWHUVKHG

X OLVFHOODQHRXVY GHYHORSPHQW RI VHQVOH MXOPUWY KRPHV R

X 6LIJQLILFDQW VXEGLYLVLRQ GHYHO DYIFHOW BRUWKID 0RO MARZ
6DOW 3RQG ZDWHUVKHG DV IROORZVMFOKHGHG LEDGIURDWW G L
EHFDXVH WKH SDUFHO FHQWURLG ISP R@WMWLG B WKR H® WHRU
WKH DGMDFHQW ZDWHUVKHG

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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H 0 D] s 2] "ZHODA@HWY ([FOXGMAVURP $QDO
5" $ J)DOPRXWK +RVSLWDO $VVRF U &RQQHFW
5( ) &DSH &RG &RQYVHUYDWRU

5) 9LVLWLQJ 1XUVLQJ $VVRF

5 * J)DOPRXWK $VVIVWHG /LYLQJ

5+ )DOPRXWK $VVRF

5, )DOPRXWK $VVRF

X OLVFHOODQHRXV FRPPHPGIW F DIVOI REMIY RIZMR §5 © Q FSODXUGRHH® Y @ W K H
EHFDXVH WKH SDUFHO FHQWURLG ZDV LQVLGH WKH ZDWHU"

.H\ 0DS 2ZQHU éHT;%%T_S%FhC?/_'VHV
&$ $ JDOPRXWK +RVSLWDO $VVRF WR 6HZHU &
&% %UDPEOHEXVK &RQGR 2ZQHUYV VI
& & % $ %UDPEOHEXVK &RQRGR 2ZQHUV Vi
&' $ &DSH &RG &XUOLQJ|&OXE VI
& ( % '0&3 &RUS Vi
&) :RRG /I XPEHU &R Vi
&* $ 9 IREXVW 6WUHHW &RQGR 2ZQHUV Vi
&+ $ RRG /XPEHU &R Vi
7278/ Vi

7KH IXWXUH GHYHORSPHQW HVWLPDWH®EPDMNKHG&ER& WK HKQJIX
RQ WKH &&& SURMHFWLRQV EXLOG REW LQ WXRWHDINW HLLY KO+
YHUVXYV LQFUHDVH SURMHFWHG E\ 0(3

&:03 %XLOG 2XW $VVHVVPHQW

7KH 0(3 DQG &&& EXLVD G RRYW. ®H® M\\EDREQ LR FRE SWOKAVH L\
HVWLPDWH RI IXWXUH GHYHORSPHQW::0® WKH VAR A\Z B ZDQ\GH
7RZQ :DVWHZDWHU BX®H UL QKWH Q@ GHHWDAW RBH Y DIEZ I8 & &WEXHL OG R
DVVHVVPHQWY W ZDV DJUHH GIDWR@DE OW KJH SQHV HYQ
SSUDFWLFDO EXLOG RXW’ ' DQG WKDW WHH WROEKHVDFDEDBXG6
UHSUHVHQWDW WVRIGF BO VEXKHC® IRKRWHRQGLWLRQ

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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,Q DGGLWLRQ WKHFRZAZQ\BOBDDRMMHU BXSG H U L QKWH Q GHIQRH U H Y

WKH GHYHORSPHQW SRWHQWLDO DVVR¥LDWRIGYAUWKR®Y KRl N

KRPHVY WR \HDU URXQG KRPHV DGGLWHWRIQGRQWEDBBVNRLHVD I

DSDUWPHQWY RYHU FRPPHUFLDO HVWILEO®LGKRISEWW L FR QYR |

XQLWV FKDQJHYV MWW RRPRBIN FIQDADH QWHY WIRQIS! IRRIGDHEWOW. R R X V L Q
% 7KH UHVRQWO\RLWEUW BEHOINHQWHG LQ

7$%/( 6800$5< 2) '(9(/230(17 &5,7(5,%
)25 35$&7,&%/ %8,/ 287

2\WWHU 3RQG 6DOW 3RQG
1HZ +RPHV RQ 9DFDQW /RWV ( 2RW7KHRUHWLFDO
1HZ +RPHV RQ 1HZ JRWV RI2ZKAHRUHWLFDO % X
&RQYHUVLRQ RI VHDVR@ID®RRPAB¥HNVR RI H[LVWLQ|J VHDVR(
\HDURXQG KRPHYV
$GGLWLRQ RI DFFHVVRU\ DERQUWPHQWYV X QLwV
LQ UHVLGHQWLDO JRQHV
$GGLWLRQ RI DSDUWPHQW\XRIY\W VY X QLwV
FRPPHUFLDO HVWDEOLVKPHQWYV
&RQYHUVLRQ RI FRPPHUFLD@LWYV XQLwvV
SURSHUWLHY WR UHVLGHQWLDO XQLWYV
&RQYHUVLRQ RI FRPPHUFLIX@LWYV $OORZDQFH
SURSHUWLHVY WR PRUH LQWHQVLYH RI FRPPHUFL|DO JURZ)
FRPPHUFLDO XVHV DW DQ LQFUHDVHG IOR

JSG WKRXVDQG VI

&RQYHUVLRQ WR DIIRUGDE®A LKARXV/LQJ X QLw Vv
&KDSWHU %

IDVWO\ WKH 7RZQ 30DQQHU 7RZQ :DVIWKWD3NHW FHK SUHHWYLLGHE |
UDWLR RI GHYHORSPHQW DW SUDFWHW®WDG DEX EXG ORX WX YWH WY D
UHYLHZ WKH 7RZQ HOHFWHG WR V MAXGN KCHN SN IORD ORBEX [
EXLOG RXW DVVHVVPHQW WR EH XWLRQHEOR Q\WWKHU&3IRID GV
DQM@MEOH 6DOW 3RQG

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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7$%/( &:03 %8,/ 28/ 2<67(5 321" :$7(56+("
DVWHZDWHU )OR 2\ 53560 01 oy R Ui Trg — 3UDEWLEDO %X OG RXW
QQ JORZ |[JSG |1IRWHV| JORZ JSG LRWHYV JORZ JS
&XUUHQW )J)ORZV WKUX
5HVLGHQOQWLDO
&RPPHUFLDO
OXQLFLSDO
7TRWDO
,QFUHDVHYVY LQ J)ORZYV
6HDVRQDO FROQYHUVLRR DQG |[KRPH H[SD®MW0/RoDEX 25%
8QGHYHORSHG EXW 'HYHORSDEQH /RWYV 8 lots 12 lotg
1HZ GZHOOLQJV DQG DSDUWPHQWYV
1HZ KRPHVY RQ H[LVWLQJ YDADQW ORWYV 8 du 12 du
1HZ KRPHV RQ QHZ ORWYV n/a n/a
$FFHVVRU\ DSWV LQ UHVLGHQWLIDO JRQMHV n/a n/a
$SWV RYHU FRPPHUFLDO n/a n/a
&RPP FROQYHUVLRQ WR SHVLGHQWLDO n/a n/a
|6 XEWRWDO
&RPPHUFLDO
1HZ FRPP VSDFH RQ YDFDQW ODIQG n/a n/a
([SDOQVLRQ RI H[LVWLQJ XVHNM 1HZ 'RURV n/a n/a
&KDQJH WR PRUH LOWHOQVLYH|FRPP XVH n/a n/a
&RQYHUVLRQ WR % KRXVLQJ n/a n/a
&RPP FROQYHUVLRQ WIR SHVLGHQWLDO n/a n/a
|6 XEWRWDO n/a n/a
/TRWDO LQFUHDVH 100%
) XWXUH J)ORZYV
|Percentage Increase over Current Conditions 9% 9% L 7%

BBBBB BBEBBBBBBBBBBBBB

"ULJKW 3LHUFH

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB

BBBBB



BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB

B

BBBB

BBBBB

7$%/( &:03 %8,/' 287 )25 6$/7 321" :$7(56+("
. 1o~ 6DOW 3ROQOG :DWHUVKHG
.D\;\(/?VSXZI;);V:yH)UODF;ZH\ 3JOJD\JQOLQJ +RUL]JRQ SUDOFWLFDO %XL{PDG RXW 7
JORZ |JSG| 1RWH JORZ [JSG 1R WH|V JORZ
&EXUUHQW JORZV
SHVLGHQWLDO
&RPPHUFLDO
OXQLFLSDO
7TRWDO
QFUHDVHVY LQ JORZV
6HDVRQDO FRQYHUVLRQ|DQG KRPH H[SDQVURD% of Ex 25%
8QGHYHORSHG EXW '"HYHPDRSDEQH /RWV 11 lots 11 lot
1HZ GZHOOLQJV DQG DSDUWPHQWW
1HZ KRPHV RQ H[LVWLQUY YDFDQ@W ORWYV 75% of TBQ 15 du|
1HZ KRPHVY RQ QHZ ORWV VHZHUHG 50% of TBQ 19 du
1HZ KRPHVY RQ QHZ ORWYVY XQVHZHUHG 50% of TBQ 26 dul
$FFHVVRU\ DSWV LQ UHVLGHQWLDQ JRQHV n/a 0 apt
$SWV RYHU FRPPHUFLDO n/a 0 apf
&RPP FRQYHUVLRQ WR 5HVLGHQWLDO n/a n/a
|[6XEWRWDO
&RPPHUFLDO
1HZ FRPP VSDFH RQ YDFDQW ODPRG 50% 66,280 s
([SDQVLRQ RI HILVWLQJ FRPP [XVH 50% 105,720 s
&KDQJH WR PRUH LOWHQVLYH|[FRPP XVH 50% 50,000 s
&ROYHUVLRQ WR % HRXVLQJ n/a n/a
&RPP FROQYHUVLRQ WR| 5SHVLGHOQOWLDO n/a n/a
|6 XEWRWDO
7RWDO LQFUHDVH 100%
)JXWXUH YORZV
|Percentage Increase over Current Conditions 9% 19% 5%
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6 XPPDU\ RI &:03 %XLOG 2XW $VVHVVPHQW

JRU 2\WVWHU 3RQG EDVHG RQ WKH DV\DX® QW DRI VD & HWFL B H
IORZV KDYH EHHQ HVWLPDWHG WR LQRRHOVRQE\S U MFRAULRDDIX
DQG WKURXJK WKHRUHWLFDO EXROSRRXW VBRGHYZHORSABGE
YDFDQW ODQG UHSUHVHQWY DSSUR[Z\W DWHSUYDFWLUFQKBZEXD D
&:03 EXLOG RXW DVVHVVPHQW GRHV QRRANWKDMR ZRIRWGPRK H @

XQGHU 7LWOH DQQJRWRIPG MR REJELRDWFHY DQG

JRU 6DOW 3RQG EDVHG RQ WKH DVQROXPWLBQNUGHMFUDEW B ZK
KDYH EHHQ HVWLPDWHG WR LQFUHDMHRE) SUWRWRKXDK WXHO:

WKURXJK WKBRUGIG®/RKW 5HGHY HORKRPHRDW RGNS UH VRIQ @M
ZDVWHZDWHU IORZOGDRXWU KW L&EDDG EXKEOBQRXVWERHW QRW D
PRUH ZDVWHZDWHU IORZ WKDQ ZRXO &HiH 7IRZ QRIRHG. XN CHLQ
RUGLQDQFHV DQG E\ ODZV

$**5(*$7(" 1(('6

7KH VLQJOH ODUJHVW QHHG IRU WKKNKRNGW HLW FIRIREN B R\E L RM)C
ZDWHUV IURP QXWULHQW HQULFKPHQ2NVBE\DH/UH G RRYXEG VWKH SIHQRB U
2\VWHU 3RQG 70'/ DQG WKH 6DOW 3RQG 0(3 5HSRUW

'KLOH WKHUH DUH QXPHURXV RQ VLWUWHHZRVWH ZBW b D GWHW VB
SODQQLQJ SHULR G DWWDIOW H[\SHFMPGEIBR R Q O/ EW HX STIKUDW LV W
EH VDWLVILHG E\ RZQHU LPSOHPHQWHGHBHBLOMDK HDP HIQMO R | W
VIVWHP DQG WKHUHIRUH GRHV QRWHUES UMV HRIR DWIXEM FW 8
ZDVWHZDWHU QHHGV LQ WKHVH VHWDQBWW RFDWFR RYLLHV WK\
SURSHUWLHYV FRXOG IDOO LQWR PRHHFWIKEQRR QW \WB W HBRRQG
3RQG WKH QHHGVVWVUXURDRH IPWHHGSDRWHFWLRQ RQO

,W LV SRVVLEOH DQG QHFHVVDU\D ®W/\WN HWCHIMWWY H \ZH/FN HZFD W E
ZKHQ VDQLWDU\ FRQGLWLRQV RU ZDBWHY ADA\SE R FBRWW B\W LHR
VXUIDFH ZDWHU SURWHFWLRQ WRHWGBGOWL IIFFWYRWKRG& B Q VWELHV
SRVVLEOH EDVHG RQ WKHLU SURLDWILWQ V¥ ROMKRFWVXWU I DIFHWZADL
VHSWLF V\VWHPV DUH HOLPLQDWHG& D VADMZDUN KVYHY RRAXRSR U \B
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GHYHORSPHQW RFFXSDQF\ VWDWXV W LFRWH \ QUHWDWRUR & C
VHDVRQDO KRPHV KLVWRU\ RI 7TLWOWHFRQYOUWDRREOHR I LW K M H\
VA\VWHP

':DVWHZDWHU PDQDJHPHQW QHHGV D BGHROUN \R | HADWL P D WKHG EG
L H RI WKH ZRVW® ZDR\DHEU | R UWDYJ UHIR® YSDGJ FBIRP WKH ZD
7KH DJJUHJDWHG ZDVWHZDWHU PDQDHWHIOPVD \QHG AWIRU 2\VI
SHU GD\ L H RRQV SHUDGD\ H[LVWLRU IORZIDOERQV SHU
QHZ IORZ7DERM 7KH DJJUHJDWHG ZDVWHZDWHU PDQDJHPHQ
HVWLPDWHG DW JDOORQV SHU @W\SHUHGD\ HRVWLQJJD

RI JD O OGRIDVQSIRUI O RZEIWRP,1 LQ ZDWHUVKHG GLVSRVD
LPSOHPHQWHG DGGLWLRQDO ZDVWH ZHW HAUK R DWHD\ HE XAV ZLD
QLWURJHQ ORDG UHPDLQLQJ LQ WKH ZDWHUVKHG

6800$5< 2) :22'6 +2/( *5283 5(9,(:

'RRGV +ROH *URXS :+G WRVSHHWDULR) H WA IRH Q W LWIKFH WWZHDYW H U 1T
GDWD FROOHFWHG VLQFH WKH 0(3 78 FK@WKHD O (3 HFSRWUK\R & R D FS.
SHUWDLQV WR DVVHVVLQJ FRPSOLDQFWY ZIKWMK: WKUHHBRG WOL VQL
D$SSHQGLY BULHI VXPPDUVIRQGAIQA V. H*V SURYLGHG EHORZ

X 7KH ZDWHU TXDOLWKGIKVOD YRQGLE B WAL BLHOPL WAKILY D | X C
ZDWHUVKHG LQSXWV DQG Rl WKH QDWXWROLSKHAHMRPHC
IUDPHZRUN GRHV QRW\SW R YD GGl UIOBH L\B E@® OQ DWW X QDWW KL V \

X ODLQWHQDQFH GUHGJLQJ RI WKH 7UXQGNFW.YWR bDOO® ZI
I[UHVKZDWHU BRG®IQRYUURRW\I\VWHU 3RQG

Xx 7KH 0(3 UHSRUW SURYLGHYV DOO GDQYG GRHVHQRW BIURWI
EUHDNGRZQ RI WKH IUDFWLRQDWLRQT)RDOWWS HI/D WD GRW{
23(7 VLQFH GRHV QRW LQFOXGH DROGMWWHUPRBSIR Q/H
QLWURJHQ L HJD®DLBWURAXORIHH) RBG BR2RP LIWKHI[RGKG G D W I
Unfortunately, this does not allow for direcomparison of the two ¢k sets unless or
until the MEP fractionation is made available7 KDW VDLG OLPLWHG KLVWR
GDWD IURP WKH )DOPRXWK 3RQG :DWHFWBOVQRDWORAIAHWQRE
23(7 GDWD %DVHG RQ WKLV HVWLPFRORGQ LMRIEP®HDU Y
FRQFHQWUDWLRQV KDYH GHFUHDVHG WL QFKHL W BI$S@O(BHQ

BBBBBBEBBBBBBBBBBEBBBBBEBBBBBBBBBBBBB BBBBB BBBBB BBEBBBBBBBBBBBBB
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UHGXFWLRQ LV FRQVLVWHQW ZLWK BIWRUWKRHGBDWR EH®X
ZDWHUVKHG QLWURJBHBOGIRD GQ $I$ SHOBRY & L B\K ZHHIB X F W |
DWPRVSKHULF 12] FRQFHQWUDW LR Q V UHGWENWN. R@JI U H RPO(
)XUWKHU GDWD UHNRWZP N&RX ZE& HEQ GREGMDLD HF® Q EH

7KH 0(3 PRGHOLQJ DSSURDFK XVHV D WHM) RIFRRGVY WU RD
PRGHO D VWDWLF FRQGLWLRQ DLPHW 0rfW DPHH\MLFKDIWWK G
e.g., “what reduction in water column nitrogen concentration is required to increase the
minimum dissolved oxygen concentration fraf mg/l to 6.0 mg/l at a salinity of 2 ppt

and a temperature of 25degC at a depth4oimeters assuming a [inverse] linear
relationship between dissolved oxygeonaentration and water column nitrogen
concentration” 7KLV DSSURDFK LV QRW IOH[LEOHDHGWRAIK W
ZKLFK FRQWURO WKH 2\WWHU 3RQG V\VIVQHP LVKRZRIW H
UHFRPPHQGHG 5DWKHU D SUREDELOLWDWEH & 3MKRWKK W
FULWHULD ZKLFKHMBPRBRISURBYVLWWH OKRQUOIRWH DFEXG UDFFWHWDL @
DVVRFLDWHG ZLWK 2\VWHU 3RQG QHHR®&WL W\RRU IE(HJ LRI
,GHD OO\ WKLV DSSURDFK ZRXOG DOORZARORHGWRRIRQ
FRQFHQWUDWLRQ VLPLODU WR WKHKBDBSBIYRDNHK %\ L O]
:DWHU 4XDOLW\ ¥VRWMHGD2|RIH QL :D W KO RUIECSIRAY OV @ G
&KHVDSHDNH %D\ DQG LWV 7LGDO 7ULEXWDULHV ~

%DVHG RQ D UHYLHZ RI WKH 2\VWHUR3RBD ®@ ®DLWDW S&R \DX
XQGHU FHUWDLQ FRQGLWLRQV DQG RHUR\D K@ WDPHNWR Kl
REVHUYHG LQ WKH *XOI Rl OH[LFR DWW WLKH H®Y/IW HUYH & H b
OH[LFR FRQIOXHQFH 3(YDOXDWLRQ R B KWRKUHX S RLOH &I X VLWL
&RQWULEXWLQJ WR +\SR[LD LQ WKH PRIDWKHW K DX CBIKR {33
PDQDJHPHQW DOVR QHHGV WR EH LIQFOXGHG LQ WKH DOV

W LV LPSRUWDQW WR QRWH WKDW WXKRIWHX VVZQ R/ FBK\RR/I5(
DQDO\WLYVY DQG WKHUH DUH QR GDWDRMHEFBWVG LSKR V5 KFH.
IUDFWLRQDWLRQ LQ WKH HQYLURQPE®WL FD WRXUFHNVWLLRY
WKH ZDWHUVKHG $FFRUGLQJO\ LWILK FRRQVF BRMRED HR
H[SHFWHG FKDQJHV LQ WKH WRWDO BKRVUBWRRBXW QKDL
3RQG XQWLO VXFK GDWD EHFRPHV DYDLODEOH

8QWLO D SKRVSKRUXV ORDG DQDO\FWHWIRV VAR BS OLH\D I &/ OV
WKH SKRVSKRUXV JOIRD DB QI® RAV RHUPVE D OHRU UHREXXWFHH W KDHQ &
SKRVSKRUXV ORDG
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X *LYHQ LWV ORFDWLRQ DQG HOHYDWLRQ KHWRISD RRY R I1ZV
ULVH FOLPDWH FKDWQHBAVILOG VAR WO XY DNWILR G Z V@O A L N F
PRUH LQWHQVLYH PDQDJHPHQW EDVHG R ILUMHFTXHHOIDWHN GD
FKDQJHV LQ ORQJ VKRUH GULIW 3REGVEADWHLY D6 YHOW \Z
DQG WKHUPDO VWUDWLILFDWLRQ SRPWWHQW W Q@\LID & VE R UFPF
PRUH IUHTXHQW EDKNI®RDWKLR YIHQUZ B RXI O \GK EKHD ELLRAVSDDAF \
FKDQJHV LQ WKH IUHTXHQF\ DQG GXUQPMQRG LRI IJWEKR D P®L
R[\JHQ FRQFH @WUHBEWW R QVHPIS® UDW X UH

2<67(5 321' 021,725,1* '$79%

7KH 2\WWHU 3RQG (QYLURQPHQWDO 7ZBDWMWU2BKXD OKLDW BBDMD |
IRU PDQ\ \HDUV IURP QXPHURXV ORFDWQRR@YGLQJDWKHDWR X1
ORFDWLRQ VXUIDFH P GHSWK PVEKISW(3 23P QR BDWLRQG \
P GHSWK P GHSWK P GHSWK DQGRERWWRBFHWKR G(I3 S8t
GHSWK P GHSWK P GHSWK P GHEWNK DWG VERM WRHFPH W
VXUIDFH DQG ERWWRP DW WKH 5DRFRKXSRW G HDPF N Q & X RIZF
RI WKH 2\WWHU 3RQG RXWOHW ZH L UF RIDQDGH FWKHG/ D DRERX G H B WA
FRQGXFWLYLW\ VDRLOHE\ WRWDN A OWX\GERIQB\WGOMROXESHQG
DONDOLQLW)\ GLWYWE®YHGNRW.DIOQ GAAFY R OYH/GU Q WW U RUILHADU L W H
RUJDQLF QLWURJHQ DPPRQLD VLQRVWRQ GLRYR®H HERIKRY SK
SKRVSKDWH DQG FKORULGH 7'1 DQGHQ@\W G\DN\R & HDH Q DFRIGIORIIF \
ORFDWLRQV DQG RDRS ®LQ b &HIB BWWORIG R |

23(7 SXEOLVKHV LWV G PIWRURIQS UL MAWHQMEN ZWHDQG 7'3 GDWD
EHWZHHQ DQG FDWLRMY DM ® KU SWX VE RWRMHSRY DRQG 0R\
&UHHN" DW ORJ VFDOH :KLOH WHHGBWDEN VHW LGDED QWR WF
VDPSOLQJ ORFDWLRQV VDPSOLQJ GHRSW ¥ K RZ GD V.IHEHWL O ON
WUHQG LQ ERWK 7'1 DQG 7'3 0DQ\ RI WHKHVKIDIW HR @V 7DIU B GHS 1
DUH UHODWHG WR ORZ GLVVROYHG BPSBEVLQHWKH2® RERW VZE
ERWWRP 23 P
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W LV VWDQGDUG SUDFWLFH LQ ZD VQWH ZIHW HW KRHD QS © PHIWWL
QR DFWLRQ )RU WKH 2\WWHU 3RQG D@RG BMWMR @ RARK @ G WHHW\
FRQWLQXHG XVH Rl WUDGLWLRQDO RRUVWW R VZAD QWMLZ\D WG D WV
3RQG ZKHUH VHZHUV DUH FXUUHQW®\ RIQQH®IIF KD Y6L @ FH @ R
LH HQVXULQJ RDELVBEDEBRWFRQGRWLRD SXE GIUAL. @I B ZDWH
DGGUHVVLQJ FRQYHIQA MYV KHYQ ® QGILVOHEHVE LIQBRDRPLB GH Y H(
WKH RQO\ FDWHJRRXORE BH HBQVXG®GRHE ¥ B WG ULYURNWHBWLR Q

7DNLQJ QR DFWLRQHDVE® G QXX\OM. FQVZIODAD GHO DV @ IER Y H WK
FULWHULD HVWDEOLVKHG LQ WKH (3P DOSWURYEBG QRW 6R B LIRFY
OLNHO\ EH FRQWLQXDOO\ GHJUDGHBF SDWHIE RGRRP LV \LOH\D XU
ZDWHU FODULW\ RU SRRU KDELWDWR ORI GHWLRGYF ZLO® ¥X®fK
IUHTXHQF\ )XUWKHEQWRNXIO®EI \QFE D A FW QMWKKHD G REZ@I RAUFE HP HQ W
'(3 IRU QRQ FRPSOLDQFH ZLWK 70'/ 5HSRUW UHTXLUHPHQWYV

W LV LPSRUWDQW WR UHFRJQL]H WRDMWQ ERBIX\OH WKW LRIWI
LQVHQVLWLYH WR LQFUHDVHV RU DG GXF WLRQV | L6 DADMW B U WHI
ZLOO EH UHTXLUHG EHIRUH WKH ZDWHW FRO®XPHG Q Z\WU\R JIDE
FRQMXQFWLRQ ZLWW XU MDIQUQ BB VBRIDG V\VWHP PD\ UHT.
WLPH IUDPHV WR DFKLHYH 70'/ FULWMWU LB SRS HARHIQDM. V WDHQWA
ZLWK ZDWHUVKH® QWWH LVHDV FRIDW 9/ ZERDHW KH URPBI® QG |
VWUDWLILFDW L RI@ RVHGRZ ® S Z RO CLBAWWEK@W Z WLHUN FHYXUPO L W\ U |
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$/7(51$7,9( 2Q 6LWEBGGWH WG H V&KW U HQW O\
211 6 LWHLW URBKRY SKRASSWR f HG
E\ (3

1RQ 6WUXFWXUDO

6RXUFH &RQWURO

=RQLQJ PRGLILFDWLRQV DQG JURZWK PDQDJHPHQW 1RWH 2Q VOMM 6HH 1RWH

YHUWLOL]HU FRQWURO 2Q VLWH < < QD

‘DWHU FRQVHUYDWLRQ bQ VLWH 1 1 QD

*DUEDJH JULQGHU EDQ 2Q|VLWH < < QD

6HSWLF VI\VWHP PDLQWHQDQFH 2Q VLWH 1] 1 QD

$WPRVSKHULF DLU TXDOLW\ PDQDJHPHQW 411 VLWH < 1

6 WUXFWXUDO

6RXUFH &RQWURO

:DVWHZDWHU 5HODWHG

7LWOH 6\VWHP 2Q VLWH GHH 1RWH 6HH 1RWH

, $ 6\VWHP PJ O 71 2Q VIWH < 3RVVLEOH <

(QKDQFHG , $ 6\WVWHP PJ O 7|1 2Q VLWH < 3RVVLEOH &

$GYDQFHG , $ 6\VWHP PJ O 71 2Q VLWH < 3RVVLEOH &

(FR WRLOHWYVY HJ FRPSRVWLQJ ULQH GLYHUWLQJ HWF| DVH E\[F®PVHWH <

&OXVWHU 6\VWHP PJ O 71 JSG 211 VLWH < 3RVVLEOH

6DWHOOLWH 6\VWHP PJ O 71 JBG 211 VLWH < 3RVVLE(

&RQVWUXFWHG :HWODQGV H J |(FRODFKLQH HWEF FDIV M LWH <

&RQOQHFWLRQ WR ([LVWLQJ 6DWHOQLWH 6\V[WHP DW :+2, H 2l YLWH < < 3F

&RQOQHFWLRQ WR ([LVWLQJ %ODFNYPLWK 6KRS 5RDIG ::7) OH 2NRMIMY/H < 3RV\

&RPSRQHQWYV RI 211l 6LWH OHWKRGYV

&RQYHQWLRQDO JUDYLW\ ORZ SUHVVXUH YDFXXP FROOBIFWLRQ < 211 VLWH QL

67(3 67(* FROOHFWLRQ 211 VLWH 0 D b D <

'LVSRVDO YLD UDSLG LQILOWUDWLRQ VI XEWXUIDFH LQILOWUDW|LRQ 211 VL0L¥

'LVSRVDO YLD GULS GLVSHUVD( 21l VLWH 3RVVLEOH 3R

'LVSRVDO YLD ZLENV 21] VLWH 1 1 <

'LVSRVDO YLD VHDVRQDO VSUDY LUULJDWLRQ 211 VMLWH <

'LVSRVDO YLD LOMHFWLRQ ZHODV 1l VLWH 1 1

'LVSRVDO YLD SK\WRLUULJDWLRQ 211 VLWH < < <

'LVSRVDO YLD RFHDQ RXWIDOO 211{VLWH 1 1

1RQ :DVWHZDWHU 5HODWHG

[WRUPZDWHU %03V DQG 7UHDWPHQW QD < <

S5HPHGLDWLRQ

SHUPHDEOH UHDFWLYH EDUULHUV Q D 6HH 1RWH 6HH 1
$TXDFXOWXUH L H VKHOOILVK |[DOJDH Q D < < ¢

,QOHW PRGLILFDWLRQV DQG GUHGJLQJ QD < < &DV|

SK\WREXIIHUV QD < < xkDVH E\ FDVH

YHUWLIJDWLRQ QD 4 < &DVH E\ FDVH

+DELWDW UHVWRUDWLRQ L H VKHOOILVK|VIROW PBDONK BRWUDBHGM &DVHQED FDVH

3RQG PL[LQJ HJ IORDWLQJ PL[HUY Q D 3 RINVYHEOH 3RVVLEOF

IRWHV

=RQPRGLILFDWURQ@W PBPED W \ZDG G LRHYY QHZ VBKQ KRR QKW UR
QRW FXUUH QW QVEBRRSERIWVXR | QLWUR

:KLOH 7LWOMH PV G\RUBI PR X BHAQOUMORSE R U X DAKH FRQVLGHUHG WKH EDVHOLQH
SBRDFK DQG UH\NQW HP RRDILWQ RV HBOIEDQRK 70'/ FRP
3HUPHDEOH UHDFWLY®HBEDRUH@WBXRQXFHUBPRYDO EXW QRW ERWK VLPXOWDQHR
&ROXPQ LQGLFEBRYVB Q@B DO XVH LW GRHV QRW LQGLRBWHBQFKHWKHU LW ZLOO DF
&RQQHFWLRQ WR QHUMBOBSRYHG KRZHYHU WKKRAVSKDYH BDALVELHQW FD

"ULJKW 3LHUFH



7TKH LWHPV LQMAMLFOWRABEORGH PRVWURP WMKKHH LDV &RG &RPPL
7THFKQRORJLHYVY DQG $SSURDFKHV )DAHM WKRIHWKL\2 PWDREECHHU LV
EURDG RYHUYLHZ RI HDFK WHFKQROR I @& G SC5SURLRIKF R U HD 6 K
EHORZ

121 6758&785%/ 0($685(6

=RQLQJ ORGLILFDWLRQV DQG *URZWK ODQDJHPHQW

7KH 2\WWHU 3RQG 70'/ LGHQWLILHV WKW\ EDYRIHQR QU HFXR)
FRQGLWLRQV L H UHPRYDO RI JBRKBIGAZ DVQH W KL W Q'R JLH
QLWURJHQ UHVXOWLQJ IURP DOO IXWXUH IORZNVPRMEGYV YWRH
SHUVSHFWLYH RI FRVWY UHODWHGRWHR MWWURRM®Y SHPRARYRP
VHYHUDO DSSURDFKHV WR PLQLPL]HHRW AR BD® DR |& WMXAKXH/ \J k
2\WWHU 3RQG :RUNLQJ *URXS H J HOYHIR §PMQBW UG HR/W W UDR,
JRQLQJ JURZWK PRHWWRWUXRIHQR @FUHDWKH ARZQ SDPVVHG
IHXWUDO 5HJXODWLRQV LQ RUGHU MW EKHH&®IE)EORDIR W UR
%DVHG RQ GLVFXVVNIR@NV *DIRXE WKKIH SRARZ WK VP B I RIHP\HQW S U
ZKLFK ZLOO EH LQFRUSRUDWHG LQWR WKH SODQ

JHUWLOL]J]HU &RQWUROV

'KHQ IHUWLOL]HUV DUH DSSOLHG RMVUYBIVG N QP H CBIRAQVL R\OX R |
QRXULVKHVDOKRIWEED®RWWLRQ L VQERQNRH bI\GLHIGRVR DERYAPYH \D\
WKH H[FHVV QLWURJHQ OHDFKHV WR ON&H HSRXWY GZRMXHPW QK
DSSUR[LPDWHO\ RI WKH FXUUHQW 2WWJHRP 3RQ & LADLWHIW V K
DQG SKRVSKRUXW LWRP FRQWLURQNMHDERHQ) SDVVHGD IHUWLO
UHJXODWLRQ ZKLFK GBRHR YMETHYGBHGNR DREBSOHF B WRRQGUIBW H V
PRUH WKDQ SRXQGV Rl QLWURJISE W MUQJOHVIX®WIHF CHHIWVR @
WKDQ SRXQGV RI QVWURUH QHFIHHMIRU WXGHN FOHMLRQ RI WKH S
QHHG WR PRGLI\ ODZQ FDUH SUDFWHFHWV WKW KO G] FR W Q@DUHR
UHGXFWLRQV LGGI18UWUR IHQUVIRKOBFWHEZ HQH DEORUSRU
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:DWHU &RQVHUYDWLRQ

S5HGXFWLRQ LQ ZDWHU XVH FDQ EH LPSOMNMPHROWHGA [BAXUH VXL
SURJUHVVLYH ZDWHWWHUFERQ V HULNYTDOWL RIR WHDNWE X HY WIKH Q
SKRVSKRUXV ORDG WR WKH ZDWH UD/& HHG L WWAKLHQ JZ T IOV OHH[ W N Q\G
PHDVXUHV VKRXOG BH 8 GRRAHUIW GHWRZ K WHKO ERQ RIQ QLAVH VIV

X /RZ )ORZ 30XPELQJ/RIZWXRHWRLOHWY VLQNV VKRZHUV D
DYDLODEOH DQG FDQ UHGXFH ZDWHU FR@N X PGRWLLREQ! \E \ 50HV
ZDWHU FRQVXPSWLRQ ZLWK PRGHUQ HUYWXWRIZXEWLE QU IEX)
LQFUHDVH W KFH@MWWDRM HRQFRIQZDVWHZDWHU

x 3URJUHVVLYH ZDWHWHSULKUQUFH SULFLQJ LV DPRQJ WKH
FRQVHUYDWLRQ ODW WBWKXM 8 VEW W KHIE\M D RGRIQWVG\ YIDQVG. D@ +
WRRO IRU SURPRWLQJ ZDVWHZDWHU UQRZ @ B GX PWLRRW X R
VHUYLFHV ZKHUH W KHORRAVHLWR X EYXADMW IBU KMHHSVYLFHQJ IHH
LQFUHPHQWDOO\ ZLWK LQFUHDVLQJ BDWHLD F RAQWIOPFMX IR
IHHV EDVHG RQ WKH VL]H RI WKH VIBU Y/IKA-H CDBQUG) HILK DAQKVAL W
FRQQHFWLRQ DQG ZDWHU XVH W K HDIOMK HWK BWKIH | B HW KD WHHI
SRVVLEOH WR LQFUHDVH UDWHV LQKMKMW VEO® B HWKHIVHIQ SE D
IXUWKHU WKH HFRQRPLF LQFHQWLYH WM GXHFGXEZIDVIDHZ DN
JHQHUDWLRQ

*DUEDJH *ULQGHU %DQV

'LVSRVLQJ RI IRRG ZDVWH YLD NLWEEK® QI LIDJEW JFHR QUALIDLEEHKWWR
RI WKH ZDVWHZDWHW WYKUWNDBURKDIQHIKHZ RYOBQUF GXFE QX \
FRQFHQWUDWLRQ RI WKH ZDVWHZDW HUXWYW URH DFD UOEDDQ\H F RUPLRQ
KRPHVY VHUYHG E\ RQ VLWH V\VWHPV BWWRYD®HURR® WHD/RV A |
LW PXVW EH LQFRUSRUDWHG LQWRDDQ D ®WHUFR\S DYH B VXA
VRXUFH RUJDQLFV ZDVWH RU KRPH KR/MSRNVWRRG ZDWR\SH U VG L
WR SUHYHQW QXWQ 1 HGW W LIYIRPI WZHDDAEHU \H EN RYWKH B IPKIRPH FR
DGGLWLRQ WR FKHPR RDLOV LHRY\E QOBPHRGEWXIGHG IRU WKLV PHDV

$ "ULJKW 3LHUFH



J)DOPRXWK FXUUH@DOH SWR KIGEHWWV RIQ UDHZG , REQVQHVE H\PH SW L F
ZKLFK UHTXLUH D YDULDQFH IURP WKXO0% RIPRIEBY RG Hbi DH) SKQ G
SURKLELWLRQ WR DOO QHZ VHSWLFWWRAN KT X2V HZ HUGI® DIEWL C
UHSODFHPHQW XQGHU WKH MXULVGLFWRRQ RKRXMG+DIODRVK
SXEOLF HGXFDWLRQLBIQOD O/RIGGW @ WRKRHWIOHIVKVH RWNDUEDJH J

6HSWLF 6\VWHP ODLQWHQDQFH

7KH 7RZQ VKRXOG FRQWLQXH WR HQFRXDDIGF I8 URSIHW & HEW
SXPSLQJ :KLOH SURSHU VHSWDJH PDWDRBIRE QR BKRY SKRW YU
WKH ZDWHUVKHG LW ZLOO SUHVHUNKMWHPH TKUW RHDWQX BIFL V
HQFRXUDJHG IRU BRIORK FURROSMLUXIHH WAR VVWH RO JH RR @ WL WRIJ H Q
FUHGLW LV LQFOXGHG IRU WKLV PHDVXUH

$SWPRVSKHULF $LU 4XDOLW\ ODQDJHPHQW

$WPRVSKHULF VRXURHN RLJQLWURIHD VIERWWORQLRIURKHQ ORLE
3RQG $V SUHVHQWHG LQ 6HFWLRQ Q HKDWRRE B KB UG R FURDOU/FAH\
V DQG VKRXOG EH PRQLWRUHG IRXUFRQWHQMXRTY® KHDRMUHBY
WKDW WKH &DSH &RG &RPPLVVLRQ R®&PPDUDWW®RYESOKHER K QG
PRQLWRULQJ VWDWLRQ IRU WKH EH@BDNMGRR® GIQLEWED J&B GG
IXWXUH GRZQZDUG KHIH @ GYL WY DIHER GBFWAHRQ UHIHUUWG XFV
DWPRVSKHULF QLWWHR LHF RRXRIFEBIW HG LQ 7DEOH

6758&785%/ 0($685(6 B5%R( &21752/ 75($70(17

2Q 6LWH 6\VWHPV

2Q VLWH ZDVWHZDWHU WUHDWPHQW LINR W KHK HH [2.\\WW/IHQJ 3FRHAGK |
LQFOXGLQJ FHVVSRROV VHSWLF V\\QWHRQ ZOWK. VOGID F K VOV
,QQRYDWLYH DQG ¥OWWWHHIRD WSIQY IR Q, VLWV HZDW W H DWW WUV W H P
WKDW FROOHFWYV \DIQG W B A DV L DIEVMIVHE BD O FEKDHI 8 VQUW LQW
ZLWKLQ WKH ERXQ6BUWH V7KIHW R D BHRBEHMI WKHWLFOW K-DGY
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x 7LWOH 6\WWHP £+ FDQ URXWLQHO\HBSMHW W IPQNOHWIRW B QW) IZ
UHGXFWLRQ LQ WKH OHDFKILHOG

X , $ 6\VWHP + FDQ URXWLQHO\ PHHWWWCPH W RNRR D>XOU §/IKW U RL
WKH OHDFKILHOG

X 3(QKDQFHG  , $ 6\VWHP + DQWLFLSDWHG XHR) W RXRM Q & 0Q LR\H
WKHUH DUH QR '(3 *RYQB O D/QVSWVHIPYS&E® WA J R 0\ODIVD WKKLLW W L F

X 3$GYDQFHG" , $ 6\VWHP + DQWLFLSDWHGXWR W RWRWW.Q®6 @\LH
WKHUH DUH QR '(3 *RYBIO D/QVAVHPY¥S\FE DM J R O\ODVD WKILLW W L F

2Q VLWH V\VWHPV ZLOO EH XWLOL]J]HG LQ WKH DOWHUQDWLYH

(FR WRLOHWYV

(FR WRLOHWYV H JLQFRBSRNWWQQ JXE QIR ONHID\G I RWYR DO HW V
IRUP RI RQ VLWH WUHDWPHQWFRQVMQMAPLRQBA& W RW DA
ZDWHU H J IURP VLQNV VKRZHUV HDERWEKDIKWMV HZIDAB RV DIC
SROOXWDQW ORBGRFEHVWQWH RQOPAANENY\WE G/ WMHIODMRY (FR WF
VSHFLDO LQVWDOOD®@& RRD\UKDXHUHBHPHHNVZHSWKDEX DOQW\ KR Z
VRPH LQGLYLGXDOV WKLV DSSURDFKRWEBG BHGHPRQNMHD WL
WR GHWHUPLQH WKH DGYDQWDJHV GHRFRGLYO QWBWRV V FIRWWRM
VHYHUDO GLIIHUHQW HFR WRLOHW W\WMWEBBVYQIKH WBR&VWEEBRRE
LV WKDW SXEOLF REPHISVWDIQWF N HRU\HFRZWE XUUHQW O\

(FR WRLOHWYV ZLOO EH FRQVLGHUHGNBQ BDQRIBE®GW SSURD
E\ WKH SURSHUW\ RBGHR YOHIG EAKMKHLTIRZ Q ) R UWWKWSSINU SRV H
VFUHHQLQJ DQDWLDIOV K B XWHIWIRGHED WHRLLFKH RR/QW R UMS\S DRYH G H
EH FRQVLGHUHG HTHGYD® 8 QMW WRY (QRICHEWHOFHG |
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21l 6LWH 7UHDWPHQW 6\VWHPYV

2l VLWH ZDVWHZDWHU WUHDWPHQW W WWWPY\WVD@RQFIOJXWHR
VI\VWHP RU , $ VI\VWHPYV VPDOO SGHFBEQWUODWJHG FMQWDE
WUHDWPHQW V\VWHPV :LWK DQ\ RWLRWW\WWHBP WP HHM &VN\GW

:DVWHZDWHU WUHDWRKHQ@WWR F& OV WILQRVE FFH WD R HV JSG UH
D '"(3 *URXQGZDWHU 'LVFKDUJH 3HUPLW SO'I3FDWLHWH PBV EHHF’
QXWULHQW VHQVLWLYH DUHDV ZKHUH DR*J'3DFRXFOGOEH UHT
GLVFKDUJHV OHVV WKDQ JSG MRHYW OD E\OW WH H {3 DDUHG L
+HDOWK 'HSDUWPHR® VORD/AG VMG ¥ DLE B @G B M LIRQGQideline® QVRdH
for the Design, Construction, Operation, and iManance of Small Wastewater Treatment
Facilities with Land Disposal DOVR NQRZQ DV WQW §PPDOLWUYHIXWEHOLQ
UHJXODWLRQV WKDW JRYHUQ VPDOO HWWVDUMRXQGEZDWHU W
SHUPLW 3URJUDP &05 DQG WKH @R DD AWK X6MADVNG\D B IGF
&05

5HIDUGOHVV RI WKH WHFKQRORJ\ VHOHWWHIDANHWKHVSRQRFL)
SURYLGLQJ IRU WRA BOQRBSPLLRBHHOMMNFHGRI: WKH S&WFP L

7KH SHUPLWWHH ZKHWKHU SXEOLF RUDSMRY XWR LR/X¥WURKDY
DFFRUGDQF Hulgd AnhH Rabkilations for Certifioan of Operators of Wastewater
Treatment Facilities &05 7KH OLFHQVHG RSHUDWRWLPE\ EH
GHSHQGLQJ RQ WKH VL]H RI WKH V\VIKHIP RIBGI® DVWKRU FLKR WUHIQ
SHUIRUP URXWLQH V\VWHP PDLQW HK D@FH H WG XWHHAR UGRW K B Q
VDPSOHV WR GHWHUPLQH LI WKH*:DF L PWQ MK 0OQ LRRPSSHAVD IORE
LQFOXGLQJ RVKWMKBWHYEPSWOLQJ DQG BDWOEHORZE PIOWWHGE WR W
ORFDO +HDOWK '"HSDUWPHQW

/DUJH VEDOH ZDVWHZDWHU WUHDWP HDQWP HMQWWSPRFRMVHEY WQ
VFDOH V\VWHPV LQFOXGLQJ SUHOL®WQ UV WUIHBWERQWYV Bl
IDFLOLWLHY VHSWDJH UHFHLYLQUJV OFR® WWURID W PHQMP VD F L K
VL]H DOVR FRPHV LQHW HRD WLF®IO HF REDERPD O N ROWHTYMW H D ' (3 *:
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7KHUH DUH WZR H[LVWLQJ ::7)V WKDW RFB X050 SR W WQWH. D C
PDQDJHPHQW QHHGRQG WKWHUVWHG ORZVXPPDUL]HG EH

x 3ULYDWH ::7) DW :RRGV +ROH 2FHDQRJUB ML F DB Y MAL WXKN
VIVWHP LV SHUPLWWHG IRU D 7LW OQ®F OXGRZ WIMHLRIHT XD (
WDQNV $PSKLGURPHS UHDFWRU $PSKHGDRFHY 310XV EPRE
DONDOLQLW\ IHHG PHWKDQRO IHHG GELVIHDHUDYHRXYV (KX
GLVSRVDO LV YLD D VXEVXUIDFH GL\EDRAHED YOVW HP & HDKH
GLVSRVDO V\VWHP QL\D @ RFDUDHPG GZ LADKM U DIQHEG 02K LIEB Y H
GHWHUPLQHG WR HEHHFW GRVFEKOOBIE ZBWRHKQGZADENHU HURP W
QRW IORZ WKURXJK D QLWURJHQ VH® \H[WD QM LROVRIUEFRGV |
©:7) ZLOO EH FRQVLBHQHB® IDWH DL@ MY DQDWLWIOVVFUHHQ

x 3XEOLF ::7) DW %ODFNVPLWK 6KRS 5RDGWRPKIW: HDKEDY¥LDV\
JSG DQG LQFOXGHV PHFKDQLFDLOV | UG RWFDUH HDH DX |
EDWFK UHDFWRU DFWIXDWHOWVRQGCMWEQRWDRY |IGAYHVY
DSSXUWHQDQFHV HDOLQEWRZHHG DROHIWKD@RO®D QIHRIGY B X
PLVFHOODQHRXV EORZHUV DQG VWDQGHE\LYHQHUDSWOWIH 1
SURFHVVHV WKLFNHQXB QEWRG RS ®YLDGON UV WL RD) EDBILGEV L
DOVR KDV ILYH DEDQGRQHG VHDVR QMDD WHHIMR QIDUOU IZIDWWLH
VWRUDJH SRQGV (IIOXHQW IURP WKH:H\WW LD GRLR/F\K B UYDIG
ZDWHUVKHG ZKLFK XIDWURJHQ IRKH 70:7)0GPY WRDWKH W R
SRXQGV RI QLWURJHQ SHU \HDU 7KIOXNQWW B R VISR 8BIO PIOWR
JSG ORGLILHG *URXQGZDW H WH W W PKIIPUHIHW3 B UPH. M/P |
WKH :HVW )DOPRXWK +DUERU ZDWHUVKRIGLILEBG *URXIQK Z (8
'LVFKDUJH 3HUPLW ZKLFK UHIOHFVR\Q \EDR LIG/G QWU REDRI WX
DQG DQ DGGLWLRQDO SHUPLWWHG UPRW\WHG FDSDFGW\RRI
JSG 7KLV DGGLWLRQDO IORZ PXVW EMW GDOPKFRIUNK G+ RKE
ZDWHUVKHG &RQQHFWLRQ WR WKH HN \DMLO®DWRUQZDWH/Q YH
LQLWLDO VFUHHQLQJ DQDO\VLV

$ "ULJKW 3LHUFH



| D QHZ VDWHOOLWH ::7) LV QHHGHG KZH.GVKWE HWKH D2AN WQHXLP
WHFKQRORJLHYV [DYD LIDPE @H URH VDO H Q WWE X B/ R IM[ BVGJA L O F
SURFHVVHV F\FOLFVBWUDWIRKQS U® F HEHDR\ERKD QH DEFLVRRIBIND F W F
FRQVWUXFWHG ZHWODQG W\SH V\VWIIDRV VFRB HRKBJSKQBRV
FRQYHQWLRQDO W OMOHURHDQWL YW\ VIWH B VR X P ® 18D XWHR) WF RHOTVXLDVOM
VFUHHQLQJ JULW UHPRYDO DGYDQIFH ® HERRWRQHFBIOR QH IR |
VHTXHQFLQJ EDWF R VWH DLFOWRWD B LW G DELSWKLLON H WD IQRQ FIXK®! P L
VIAVWHPV PHWK D QRDX CCDIN/D OR Q LAK HARHIP®R BK® V S KR U X

&RQVWUXFWHG :HWODQG 6\VWHPV

&RQVWUXFWHG ZHWODQG V\VWHPV DUHWDQULRE@ HWYR GOW\VINHGE
DFWLYLW\ IRU WKH SXUSRVHV RI WUWHIDWILPQHIQ D ¥ IV\H\E B WHW HHUI
DGYDQWDJH RI WKLV W\SH RI V\VWHPSRYHWKBIQ GH BPHMPLLYFH®\
GLVDGYDQWDJH RI WKLV W\SH RI VWSWHP W \D @& HR W YRDW P ¥
HITHFW DGHTXDWH DQG FRQVLVWHQW WRPSOOLTHIAM | RQY WHH
(QJODQG FOLPDWH D FRQVWUXFWH GH 2 HMUDHDDQ/GP W QAW HP X \KW HEC
DQG KHDWHG WR DOORZ IRU \HDU URXQGDW H HZIDW/RHHIQ /L 8 A K/ DRJ
FXUUHQWO\ SHUPLWWHG RQ &DSH &WRG DBIGOXN QW P ZRK OGF R C
D ODQG EDVHG GL\FRROWMHD WLWED OMWHHDWPHQW SURFH

&XUUHQWO\ WKHUHMWUR QDY H D B W HZDMWWHWX MVUHG W MDD FG
ODVVDFKXVHWWYV LDEG6 XHUKQ L H:EGIG W RRUR U RBKIHIV R SV DA P V
SFRQYHQWLRQDO  BHWWMYHDLRWP H @ VHPSRIVRIO) JH TXRWLJDWLRQ
WUHDWPHQW SURGHY®M\WDWHRQV I8 LW\VQV H P W LIR@V R 7XBIR'G X F H
UHVLGXDOV L H JULW VFUHHQLQJDWEIRVRWLGM HYVQGLEE
FRQYHQWLRQDO WUHDWPHQW SURFHVVHV

JRU WKH SXUSRV HW RH QLIQH ID@IDADHEOVHIN G R Q WU XEW P ZL WK
SUH WUHDWPHQW DQG SRVW WUHDWRHQWWR GEQ EHH G R'Q R RBK
WHFKQRORJLHV IURP D SHUIRUPDQFHLYHUNSHFWHWGHIRU DVK B\
D GHWDLOHG FRVW DQDO\VLV VKRXOGWE R QDHDY KMAURITHNGP M/@RWF |
FRQVWUXFWHG ZHWODQG V\VWHP
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([SHFWHG 7UHDW P®IRHVDIH (RIDXHQW /LPLWV

,W LV LPSRUWDQWH 8 R FF\RHG/ VGUWHHID W RRHDQ WDEH B MXRW D YHW RI W
V\VWHPVY DV ZHOO DV WKH OLNHO\VWHHO X WQ@W HO LPKMADHW FRQ W
ZDVWHZDWHU WUHD WY BIQMWMD BNOHH RAORRE BB YWVOK@R \DH/ Q\LKPHL W H V L
WKDW DUH D E\SURGKHW RO MRWHLLRDP RVGIWWK H FIKQRWORSIV LQFO XG
FRVW QXPEHU RI IDFLOLWLHYV OWFOMWPLRMD WL RN QHWIGH\G W
UHTXLUHPHEQWY XPPDUL]HV WKH HITOXHQW OLPLWVKWWRW DU
"(3 *URXQGZDWHU 'LVFK®DRHWV3IHRW LW RO/GFRZOWULRY DV

7TUDGLWLRQDO JURXQGZDWHU GLVFKIUIRUFHUIRILNVOXWEQ B R
ZDVWHZDWHU WUHDWPHQW SODQWYV DFURVYV &DSH &RG

$ KLJKHU OHYHO RI QLWURJHQ UHPRWDDHIRW RXARWV HE H DM
PLQLPXP FRQFHQWHEDWLRRE PBEKHOW WHFKQRORJ\

&ERQAYHQWLRQDO UHPRYDO RI SKRVSKWRUXY XVLQJ ORZ FRVW

$ KLIKHU OHYHO RI SKRVSKRUXV UHPRSYKRY SRR UXLNM KW VBE\H
UHGXFHG WR WKHEDRZAVWKOMYMIOO DEOXBHLWHFKQRORJ\

(ITOXHQW UHXVH VWDQGDUGV LQ WKWHAWEDWHIRW LKW OND
LUULIJDWLRQ WRBLODHWHREWKIUPIODDFWLYLWLHYV

7KH WUDGLWLR@HQGAPWWY GL\DFEBRPRED S GPZMWODUHVIMRD EO L\
WKH SHUPLW UHTXLUHPHQWY GHILQHGGVQ 7K3H VYV H HFODH\PHG UE
SKRVSKRUXV UHPR YKLO KGLLP D\W Y HDAD @ IRAOK_ AWK RIJUHHQ RARQ W W ZL O C
WR JDLQ '(3 FRQFXIUOXIQGW RQ P WHF BWKOMG ALQ KW+ EH L Q

7KH VHOHFWHG ZDVWHZDWHU WUHDW PRHQRH MWHIEED RAOKH LHY
VWDQGDUGVDEKRZFVUL® SUDFWLFDO PDWWHU PRVW WHFKQF
EHWWHU SHUIRUPDRIFWLXIHWOK GHFR QY HIS B UR\SHR CD/HS \DOQ H W \
6LQFH FRDVWDO HPED\PHQWY DUH VNE®YDWH YQL BWIRIBIQL O R BV
DYHUDJH HIIOXHQW FRQFHQWUDWLRQW D\ PRIS RWIKG WV RV WXKH
70'/ FRPSOLDQFH 7 KHSHRIRW B Q WWWLRDSU B @ HEMD MWK BHDUQR X P D Q
WHFKQROEO\H SUHVHQWY LQIRUPDWLRQ RQ WKH H[BEBFWHG
WHFKQRORJLHV DW YDHEDRXD W EJHBEQSOMQMMAZHG E\ '(3 ZKRVH
YLHZ WKHVH HIlOXK®\D W FE FEQIF B  S\URBWYIHWSHO CRUQZ QY W H Z

$ "ULJKW 3LHUFH
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,Q FDVHV ZKHUH SRRBVBYXRNX\R R YSIKR VFLK@R IBHV DUAHKRRI Y F
FKHPLFDO DGGLWLRQ WR WKH VHFRQDBD U2AQFEYH W HUMMIDRIAHW L
WHFKQRORJ\ LV VHOHFWHG DQ DGG RI® LIRARBEKRYBWRGX V
WUHDWPHQW GHV LV QVKIUWWKHRTVH. I HUSKERRFSKIRRIX YV ORD G

:DVWHZDWHU 7UHDWPHQW 5HVLGXDOV

:DVWHZDWHU WUHDWPHQW V\VWHPV ZKEKHWHK@WUWROH]HBUB O
FHQWUDOL]HG ZDVWHZDW WU RVRQHF BWEWSQ@W/GIX F VAV L GKIDWOH WD O
LOWR WKH IROORZLQJ FDWHJRULHVIJULWHSQMGED VYHUHERQORKRGY QJ
OLTXLG RU GHZDWHUHG DQG FRPIRRW DOWIKQUHQ RWLIBFW
&:03 DVVXPHV WKDW WKHVH W\SHV RI ZRNVQAG XEHO W UBIRRV RIDQ
%ODFNVPLWK 6KRS 5RDG ::7)

6758&785%/ 0($685(6 B5L( &21752/ &2//(&7,21

$ ZDVWHZDWHU FR©® OMH FRMMWRAR WNV WIHRIQSH YV QG LDVE SKWDAM QD Q F
FRQYH\V ZDVWHZD@W R I IRRAL LVDV WSRR IDQ 'R DQW B L WWSLRWIDWD K F
WUHDWPHQW IDFLOLW\ LV D VKDUHGS MW@HP VRUWHPDUPBO (
ZDVWHZDWHU WUHDWPHQW IDFLOLWNFWKIG ZDR W H DIBW ¥ IUG KDY
DQG WUDQVSRUWHG WR WKH WUHPWPH QW DNRED W MRIX FTIKHU B
RI WKH ZDVWHZDWHU PDQDJHPHQW VIVURPMP DW& FD® IUMBH HWVI
FDSLWDO FRVW RI FORO\WMAPL R7Q S\ \RD/OHPGRHRFSR.EHGWE\H O R Z

&RQYHQWLRQDO *UDYLW\ 6HZHUV

,Q FRQYHQWLRQDO JUDYLW\ VIVWHRY VZR M VKIRXNW HWUK LORRZNK BA
FRQQHFWLRQ DQG QHWZRAUK WFRSIDSEQ®RRQWF RO\GHFIORY D WR
ORZ SRLQW ,W FDQ EH WUHDWHG RPRQV FURLEHORVE®LWR SK
ZDVWHZDWHU WR DQWRWHKWEKGREZ QUYWL E GL SHKHRU: 73R *UD Y |
VHZHUV DUH QRUPDOO\ FRQVWUXFWHRNRO K RORQ QR AKRIRU
PDWHULDOV DQG BRDWHFR QH\GIHQHG IMRRRUH Y HHODMW W HGLPHQW |
DUH LQVWDOOHG ZLWK D PLQLPXP V@WBHQWRDBQD/KHWHXDWH XI
GRHV QRW SRRO LQ WKH SLSH %HPRDXDOHR RH W KiH WQUHHPGH GWRI @

$ "ULJKW 3LHUFH



WHUUDLQ RU DUHDWVDAM MK KXQGKRIUURXFOHD PON VS RARH JRID Y LW
LQVWDOODWLRQ 7KHVH FRQGLWLR G YFRMWDMQ RIGIW XIOWF U B DLVQHH

QHHG IRU LQW H WRRGG L, DWIHH @H UVD QUVIFIRVDLY \H \DFZLIBRVRDYOHUB\ (WHL P S O |
PDLQWDLQ UHOLDH® W R OGRFML.G HEHRWL IXWXUH FDSD

/ILIW 6WDWLRQV

:DVWHZDWHU OLIVW D/ WIMHELY 20 WK YVREDW. MG DMZMWEKWH ORZ HC
WKH JUDYLW\ FROOHFWLRQ V\VWHPD WK \WR OVIKHIF YHDW X ISKKP
FROOHFWLRQ V\VWHP RU WR D ::7) /RRIWWYSHDW DRGV VERHW W:
FRPPRQ RI ZIGLLAMEF DPVUWVHH G EHORZ

X Submersible Pump Lift Stations *HQHUDOO\ XVHG IRU IORZ UDWHV EF
PLQXWH JSP WR JSP D VXEPHUVLEOMNGHRQWIOR R S XW
VXEPHUVLEOH SXPSV PRXQWHG LQVLGHLBKSHRGDWWWFWFRYI
ZDVWHZDWHU IURP WKH JUDYLW\ VHZHU

X Suction Lift Pump Lift Statons *HQHUDOO\ XVHG IRU IORZ UDWHV EHW
JSP D VXFWLRQ OW@FASXEB8S8VVWDWHKIEE®SWHRUSYDPK®RP BVVL
VXFWLRQ OLIW SXMHE&SYDWRW QM B UP KXRXTD G DO/MWHHAD WR G XS
ZHWZHOO

X Custom Built Wetwell/Drywell Lift stations *HQHUDOO\ XVHG IRU KLJKHU I
VHWWLQJYV ZKHUH VSHFLDO FRQGLWIURBDNOXR OH UW) VRKD/WVLRRC
GLYLGHG ZHWZHOO RQ RQH VLGH RISWKBPWEHNXE GXPQ@JURRE [
RWKHU VLGH RI WKMHL B MVMOANGD Y U R QKOIVUHIS QY H YAMMRDUO.GIWPEHOR Z

IRZ 3UHVVXUH 6HZHUYV

'LWK D ORZ SUHVVXUH VHZHU V\VWHPDOHBKR SEHXLIO &\\QN HRD ¥
FRQYH\V ZDVWHZDWHU LQWR D ORZ SIUDHWWXLD@V SRIWHGC QW R/
ORFDWLRQ IRU UH SXPSLQJ RU WUHMWHHRAQWD)\(EMRPUHRFDB H G
EXLOGLQJV 7KH SLSLQJ QHWZRUNSILS HF RAP\S U EY 9O \RE XMPLLHIZO
WKH IURVW OLQHGBHGQGHUDMOBIORD A HAHUSHH G LVDRHWRBKHYV IRU WK
WR LOQFKHVO KR XQK WVHIUGYADF AV L Q KIHQSUWW NV XIUHH SLSH D

$ "ULJKW 3LHUFH



PDQXIDFWXUHG IURPQY¥YL&/\RBRIONHKVEGHOHQHHWVXUH/RXVWHPV
SURYHQ WR EH YLDEOH DOWHUQDWILWHKVKHYIS HEIRXQG\ZDY DR Z
GHSWK WR EHGURFN /RZ SUHVVXUH H/AIZIHROW\ Y QY HH W KB H OD C
RU ZDWHUIURQW OBBDYNWIKRHQM\H BEHG §1 MY B G RIXYOHG GEHHZ BWRIEO H P |

,VVXHV IRU WKLV W\SH RI VIVWHP DORFRIVMHGURRLSURY DAKH B
SRWHQWLDO QHHG IRU HDVHPHQWVSXPLLLQUDW VRQMW FER A X B/X
DQG GHOLQHDWLRQLRLW IOHVHYSRQWIQEXDOW\SREBO®\ RZQ RS
PDLQWDLQ WKH SXPSLQJ VIVWHP 6RREZ G ERTNYW \SRZE K UW\ \L\
SURYLGH XQLQWHUUQSVDHGSRYHUYRKMW DADEWD GRW HH VP XIORFH HO|
SXUFKDVH WKH JULQGHU SXPS VWDWURQ\RDQIUSYUR R LREZHQ WR S
PDLQWDLQ

6HSWLF 7DQN DQG (ITGBXHUW*BRFEWE 67(* 6\VWHPV

67(3 VIVWHPV DWKH MR 2ZY DUWHVD/W UM KR MKW LRE ONRBHV V
SUHWUHDWPHQW 2Q HDFK SURSH UVF\ W\ QIMUHI ILOX B QWH SW P S V
WDQN FDSWXUHV WKH VROLGV JUIOWMPD/QGQIBKPYHQW HMVE FRX
WKURXJK WKH VPDQO 3GIUDLMRGW A W ISPRHY DOFRP WRIE MOMOGVH FF
ZLWKLQ WKH VHSWLF WDQN E\ D OQ FMR WHIGH VOIS QD WHH KB YXSHHU
WKLV W\SH RI VIVWHP B6RPH SURSHUWS RRZRZHUWY VI\ § W\ B O/OR W
XQLQWHUUX&WHGQUHR BRZH U RXWDJH

67(* VIVWHPV DUH OLNH 67(3 V\VWHPYL]HG UK DSA DWMUHHDMLAEH
WKH GLVFKDUJH IURP WKH WXY®RSBN 7WHR JWDKHWP BILLSQ
WV\SLFDOO\ VPDOO BU FR&QLYMWH R QD IOR2 @UCHL WK K D\Y VBB H VL]
VIVWHPV DUH FRQWR XARQY VQWLERRD 2KLE B YU WT X\L\WIVDHPVW U D
EHWZHHQ PDQKROHY DDAQ ® RYL IS\R [VQUATRIM IGRRDOIL\G \O KW WIO B F R G
FRPSDUHG WR D FR\QYWQWHPR QIHW LIRIGWR M MPRGDB RIFXP DQG
FROOHFWHG ZLWKLQ WKH VHSWLF WD QIN VE\NQ BV LODLCF HADR/ HAGK I |
SHUIRUPDQFH RI WKLV W\SH RI VIVWHP

$ "ULJKW 3LHUFH



O9DFXXP 6HZHUYV

/ILNH ORZ SUHVVXUH VHZHU V\VWHPV HUYB XY MOAWHRQ B O
VI\VWHPYVY DUH LPSUDFWLFDO DQG RUPQRMZ HEFR (PRAL FKDLZPQ W HL
DYDLODEOH OLIW DQG DUH WKHUH®RWKR PV WY RWWK LSVUHGE DVDRI (
(QJODQG YDFEXXP VA\VWHPV DUH FXUUHQWDQ EHVL @XQ &VHIBXE QY
ODVVDFKXVHWWYV

O9DFXXP VHZHUV HPSOR\ D FHQWUDO YIDFX DR NRKGERD 0ON FR
RI 39& RU +'3( UDQJLQJ LQ VL]H IURPODWRXP VOQWFKNHVFW RDELEHR
DW VKDOORZ GHSWKYV IHHW DM MM H KUJYKHFRQSF LWL W YZ
VI\VWHP WASLFDOO\ NHHS WKH OLQH\WQWRFDIQ HRIQIORIZ WKH FRUX
JURXQG SURYLGHG WIKRDONFRKRQHIMW BHOH PDLQWDLQHG

$ YDFXXP VHZHU V\VWHP FRQVLVWYVY RIUWKEHN PDLZDVFWRAZE
FROOHFWLRQ PDLQV DQG WKH YDHXXD WWDWDRQ W WH U
ORFDWHG RQ HDFKQSU S N OW\ FROIR ¥ ®N/OBDHH 5D MDHUR WK 15 BFR O O
1XPHURXV F\FOHV HYHQWXDOO\ SURSH® DMK TRNIMWHEG WDHA
YDEXXP VWDWLRQ %XIIHU WDQNV [FRRD DOMR & QIBGU BV XKORDMCH
VXFK DV WKRVH IRDHRIW BXRP GISQIMV L/ PRI G VX \CHUS/ RW K H

6XPPDU\ RI &ROOHFWLRQ 6\VWHP &RPSRQHQWYV

7KH XQGXODWLQJ WRWRIIWBRB®G RZADWHHORKH GQLVVL WWKDWLRQ |IF
FROOHFWLRQ V\VWHP L H FRQYHQWLRRDWHRBUWR (B PXFE H G
VI\VWHP DSSURDFK L H ORZ SUHVVKQBUYDHXXPAZRRJ O7TERQY
JUDYLW\ VA\VWHP YHUVXV D ORZ SUHVQYNWHE WKMWH B VADAP SWM LY
SHUWLQHQW GDWD LV VXPPDUL]J]HG EHORZ

&RQYHQWLRQDWHBDYLWR@BUHVVXUH 6\VW
6HZHU IHHW IHHW
3ULYDWH *ULQGHU BWDWLRQV
3XEOLF /LIW VWDWLRQV
&RQYHQWLRQDO J)RUFHPDLQV IHHW
/JRZ 3UHVVXUH JRUFHPDLQV IHHW

$ "ULJKW 3LHUFH



JRU WKLV ZDWHUVKHG WKH FRQYHDQOLLRRD@WIUDFFRWH $\1\5W g
ORZ SUHVVXUH V\VWHP EHFDXVH WKMWKH IVUBHE HQX RH DX Q JO R
LV ORFDWHG QH[W WR WKH IRUFHPRIQY KIHDIGZ QJIH 3 XVFK MOKCH |
WUHDWPHQW ORFDWH R 0% PWR ZRADANMKHH EADM. XV RG WKH DC

6758&785%/ 0($685(6 B5&( &21752/ ',63269%/

2QFH ZDVWHZDWHU LV FROOHFWHG D@ WUWHIRMHIS RW RRKX\
SURGXFWLYHRXWKHWBGOUNWH RI WKH EBRWQW W LXKKDOKH MXUVYDP H
GXH WR 6WDWH XHQ WOGMWLFRAD O HEPE DGRV AIXGVIWMQ G DV V)
LQWHQVLYH 7KH DYDLODEOH GLVSRWEFGQWHGHKORGRWLRH \P DPA
DYDLODELOLW\ RISP\GGHORVILWEWH $QLHUPOSRUW D QWK H®R QWH. GH |
ZDVWHZDWHU GLVSRVDO VLWH LV ZXKRWWHBIWRHYBOQVERNLDYE )}
WKH GLVSRVDO VLWH LV ZLWKLQ H GIDVMEFRODHNWQZY WY DWW KH ZC
UHTXLUH DOWHUQDWLYH ZDVWHZDWHULWDRDBKPHQWWENHW
ZDVWHZDWHU

5SDSLG ,QILOWUDWLRQ

$OVR UHIHUUHG WR DV RSHQ VDQGVWEHKGYK \®RBGH Q/A VWDMPHN FR
JRRG SHUPHDELOLW\ DQG VLJQLILFD®&WO BBGMWX] WR WHR XBAC
VPDOOHU GLVSRVDO IRRWSULQW WKDQ WREQANEU REFSHO/G EIIR X RAL
EXW WKHUH LV ORWWRHBEOR ISR URNQI) VBIVGWDOKHUNGXFHG IRRWS
ZLWK RWKHU WHFKQRDRIMHNKRIWHQHRLSW RILGMHMBOEX WK EV X
GLVSRVDO $ VPDGOHQVEIDVWBRY EORBRWSQD UFKID \Q XMVKEHN F R X(
GLVSRVDO VGQWHG MKAHWBH LQW VR P NWW HAHW RB 8ABRW MGED \EIPGHIDW
GLVSRVDO ZKLFK LV OHVV OLNHOW URWD R WHEIW DXV BEV S RR/BO
WKH VDPH VLWH PLQLPL]JHV WKH WUDQVSRUW FRVWYV

6 XEVXUIDFH /HDFKLQJ

%\ IDU WKH PRMWPPSROAPRQ WKLVOWDEN RV SWH IR Y R/ B DFHIRDIRE Q G
RI WKH W\SLFDO &DSH &RG KRPH $ VIRIXHWGEGRBN SRN LIRLQ VG VSN
SLSLQJ EXULHG E&OWRWYW WIUHEXGNHH W KHDQG X B @ W ULDQO'M D WXUUHIRPK H V

$ "ULJKW 3LHUFH



SURYLGH GLVSHUVDO RI HITOXHQW RMHMHD ,0 260D DPDH [ W VL
V\VWHPYV ODVW IRU DW OHDVW \WEKBVD FWWQ @& HP B Y WS RN DO/ DIL
DGGLWLRQDO VSDFH HDUPDUNHG DVQUWKH U H QW LA IK DF DL @
V\VWHPY DUH GHVLIJQHG WR RSHUDWH XEB8DU GRXQQGJDR)IGH ZIRDWX
HQWLUH GLVSRVDO V\VWHP LV EXULHGKEZBQFKRQWIPAWDWR G
ORFDWHG XQGHU SWFEALHGGWV NI OQRERWIBRHU VB B IBNUIRBHU GHVLJ(
OHDFKLQJ UHTXLUHV PRUH ODQG WEDRRWMHSHES HQMN.IOWMHU D WLR

2QH LQQRYDWLYH GLVSRVDO DSSUR B FW,KDM/HWK HVS\RVQH PW WED
IRU GLVSRVLQJ RI HIIOXHQW IURP ID FIOXMW H UQRW K\ IV WEHSCBQLRY
IURP D VWUXFWXUH ZRXOG EH FRQY MWHZ BW HL WHR FF R W K & O
WUHDWHG DQG WKHQ FRQYH\HG WR V\VRARUQEBREBRVRD H[LW
LQFUHDVHG OHY HO IRG HGU E'D IV AFHDQXWAABHHLD \R B H\QDAW HOOFQLIOW W/ \ ' (3
ZRXOG DOORZ IRU D KLJKHU ORDGH®F KJDWGWZAD & HR ¥ WIL@LD &
IRU &DQGLGDWH OHDFKILHOGYV ZR XXOHG DJHHIBEQW R XEH WY RBVVE
WKLV DSSURDFK KDQVG VSHR/GILVDIOF D @ BDRR S O [ EMM LBERNER VY HG  H
WKH QHHG IRU HD@HPMHEWYR YBRERBLUMMNE PIDQFH DQG HY
UHSODFHPHQW R IKW KEHD \DIAVD FRXU L W 1IEIS W E € O V¥ IDHBIFKDMH O GV H

‘'ULS 'LVSHUVDO 6XEVXUIDFH

'ULS GLVSHUVDO LV D VXEVXUIDFH OHOHKEQH BODURDIAK Sk
SURYLGHV SUHVV XU \ERWVR QVKRIl \HRIL® D DIOH GMDOERLIQW Y W\ S L
WKDW LV LQVWDOOHG DW D VKDOOR,ZV GHSW E H W\GLWDOOH G
WUHQFKHV LQ DUHDV ZKHUH PLQLPDO 2RR\GH G LWHWKW EQ I HO|
VHWWLQJV DUHDV ZLWK WRSRJUDSWLFDQHDOQWMR DWW KQMWDP O
OLNH D FRQYHQWLRQDO OHDFKLQJ VIWWBPIRER PWD[QML]HRPD
DUH FRPSDUDEOH WR VXEVXUIDFH OMD DKIHQ YVUPHODBY HHEF D XW
W R JDOORQV SHU GD\ SHU VTXDBSHVIRRWP VERXWH LIQQ F BADHM
SHUPHDELOLW\ VRLOV '(3 DOORZV UD &L YWHLW D® OOGIDFK UQW
VIVWHPVY UHTXLUH OLSDMARQU LN EDBIOSLY GRPSWHED @WHDU W
VIVWHP DQG UHTXLUHV ILOWUDWLRQ RNVRWRMRHG OX®G)QM L QU
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GLVSHUVDO LUULJDWLRQ V\VWHPV DRMMHYGHVRJIJDE GRW R R&U DHLI
RSHUDWLRQ

'KLOH WKLV LV D UHODWLYHO\ QHZ GLNBSKQRORJIV \MW HIPX U0
RWKHU SDUWV Rl WKH 8QLWHG 6W® DMV W'KH S D5\ WS FHKIXADHOW KD
BHSWLF 6\VWHP H7&RGWD @G & BWH UH FRNQHY KBES SUHRYHDIOD @\ ' (
([SHULHQFH ZLWK WHRYVHNSHRKGHR® VINPHQWDOWOV DR LW L
IDYRUDEO\ E\ '(3 LQ VRPH FLUFXPVWDQFHYV

'LFENV

7KH IXQGDPHQWDO JRDO RI HIIOXHQWRGK¥SRWDO XIENQ W R Q
JURXQGZDWHU 7KH W\SH RI VRLO D@ VKR GIH\EW/ K/ XAR DFWHR
HITOXHQW UHDFKHV WKH JURXQGZDWGRHILQ DEOR| &LIKEN BWL
PDWHULDO WKDWHRWR BDKY IBQ HBDKIHDYALL WAR I WRID WHK®! ZLFEN
WKH SRLQW RI GLVEKDUJH $ ZLFN XHDQ@WE B ERH\HL WKHG JW R X®LOv
LH LQWR WKH YDGRVH JRQH R UHE HIOQRE RN WHK H WRDXVDXGZ D W H
FDQ DOVR EH GHVLJQHG WR *E\SDVWLGHQY BHBERADBKOW P\D K
OHVV SHUYLRXV VRLOV WR PRUH SHRRVRXVSDRHONIIERORGW: L
GLVSRVDO KLJK ORDGLQJ UDWHV RGNNV VURITXOUHR PWSULQ \D
SUHWUHDWPHQW L H HIIOXHQW VXY RWGGEHHWGWMRR PLGVPOHNV W
IRU SOXJJLQJ DQG WR PD[LPL]H WKHK DIRDRIL XK K XWFN D' ZH
SURYLGH DQ\ VXSSOHPHQWDO QLWURJEQRUMHPRYDWI| DV LFIRP
VA\VWHPV

:KLOH RWKHU WHFKQRORJLHV QHHG II®RHQWFGHWS8NDO FDS
VDPH YROXPH FRXOGO$HEU KD 3IVAENVRQMP W RRO WHQWK RI DQ C
DUH QRW YHU\ LQWUXVLYH DQG WKOXREGOD @ DREF¥H IV Y®K GF\N |
7KLV WHEKQRORJ\ KDV EHHQ LPSOHPHGWWEWIWY W KD H KDRFHX
DQG +LQJKDP )DLUKDYHQ DQG +LQJKDRWILBBOLHIQAHG ¥ RKRH
ORDGLQJV WR WKH ZLFNV KRZHYHUW WRDQ DG GMKH XHEK ERWDKGL
KDYH KDG PRQVXHFBHV VRQD RHHW R WAKIH QLW KEGUHY B R WIKQ WP H W K F
LW LV EHVW FRQVLGHUHG DIWHU WQHXEQRKBKVNINOP RUIB UFK
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WHFKQRORJLHV ([WHR HYYHO K DONVIRRIMR @GN HHFP XQUHGBKH V XLW
VRLO IRU ZLFNV

7KLYV WHFKQRORJ\ ©QLPLWHG G\ADUDIFNHEDHFIR UG 3 IK@EF WIRNHQ I
FRQVHUYDWLYH DSSURDFK WR SHUPWWWBQKDZX/L BN TLLWIRE/ D
GHVLIQ LQFOXGH VWDQGE\ ZLFENV WR \SSRWDLG H IPRLJAH. WK DAR
ZLFN ZHUH WR IDGAH ®R UUDEBHRW K HU OR.F R F ©Q (BH LEPPRDGIKDAW H O\
'(3 KDV UHTXLUH GDVEK /W RI@ROWE IHVUSGRABDLA) DFSG WDRYIDG 1S HEWHP L W W F
FRXOG EH GHYHORSHG LI WKH ZLFNV SIDUDWGRQDIOP DWKXR B G
DIRUHPHQWLRQHGPIDFQR®MWN UMV XLBH "WKH BWWHRIQYG WDBDFLW
IXWXUH 7KLV ZRXOG QHHG WR EH "G VBV WHRGWLKH 1 U NDP/DIDWD (
DQG UHODWLYHORDREH FRWWZHHABHWLY® GILYIHHQRD W VDR \HDU

6HDVRQDO 6SUD\ ,UULJDWLRQ

IDQGVFDSH LUULJDWLRQ LV DQRWKHW KNOHPG GRHQ -0l WLHAFHK ZR @/
XVH (II1OXHQW FDQ EH DSSOLHG WRHYDWRW OVDRRBYWW M SILGID G
DFWLYLWLHYV D UHDORD®R AL@WHHGED ZWW R @/ LBQQYGWWKHHT X(BUHDWH U &
5HIXODWLRQV ZKLRK WKR/EKDFARW\WD B IG YFCRMWH Z PONVHLUDWU R Q WL V
UHVWULFWHG WR VHDVRQDO RSHUWDRMLIRIH AR K FURRHPTS>XOLHURHHVQ MV
GLVSRVDO V\VWHP HLWKHU RI ZKLRKWF D/ LIDVG & HEKEQY/LW X @ WKLV
DSSOLFDWLRQ UDWHYVY 6SUD\ LUULJBWHRIQF FOOFGF HDVON RREE)NV DR E
WKH DSSOLFDEOH '(3 5SHFODLPHG :DWHU 6WDQGDUGY DUH PH!

2FHDQ 2XWIDOO

'XH WR FRVW FRQVLGHUDWLRQV LRW LWIIIOPQRIMW QWS RRD A Q
QLWURJHQ VHQVLWLYH 2FHDQ RXWIBRXWOHWINNM *@ RH WD RIZH G
WKH ODULQH 2FHDQ 6DQFWXDULHV $FWG7BHGRDB%PH&RG HXRNK
Guidance for Cape Cod Commission Review Local Wastewater Management Plans
'HFHPEHU Z KL F K .G HRDVOL LIVAAK MMXZKELHF K VRVKR/RAG EBHQ G DG G L
PXQLFLSDOLW\ ZDQWV WR FRQVLGHUGBQ *®RHEEHDKR RHMMEILDROHI) W
VXUYH\V ILVK DQG IRZOLQJ KDELWDMJU REIPFHNQW R RQLE D MWVHW
DQG FRQWLQJHQF\OSOWEKOW QORI WVFWIEWDIQFRWD/KNLMRBRQV L
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RFHDQ RXWIDOO DV RQH DSSURDFK6 KRS ERBR®B/ L O] HCR ZRIY H W \
DSSURDFK ZLOO GRWUEWKHRQWWHURBRQG ZDWHUVKHG

(IHTOXHQW 5HXVH

7KH IXQGDPHQWDO SUHPLVH EHKLQG RQWHKHXWIHOSHRRU DD WK
QXWULHQWY LW PD\ FDUU\ WHPSHUBXEDLWKHR GWBD®G WF ZKDKO }
GHULYHG PDWHULD OHI I QW ORIZ\DERK D@ PMHWDKRLGWL RROOR Z T
WUHDWPHQ W UDMELRI) L YNEVXUIDFA ODWSRVSDU W VDE P HIBU D W
HITOXHQW LQWR WKIHQJURNX Q\GK HUGIG WK IKMES S B RWH FWR B JFRQW I
OLTXLG WKDW UH \EDHQNKDR B VX I BEARMI WM\D H Y WQ HDDWIRH Q W

ODVVDFKXVHWWYV '(&8 KDSURVWDE OLR KRKNLGBIVWHKEADWHXU/ HH 110 X't
S XE O L mibeWrL Bi@delines on Reclaimed Watete DV LVVXHG LQ -DQXDU\

V XS HU YV H@&teGRduse Regulatiorl Q 7KH QHZ UHJXODWLRQV HVWL
HITOXHQW TXDOLW\ DQG SHUPLW WKH IROORZLQJ XVHV IRU HI

&ODVV $ /IDQGVFIKSHJHUSINBEO WA RR GWDIFO\MH W ISRVKLROH
DIJULFXOWXUKQXNVH GF®ULYBIVSURWHFWLRQ

&ODVV % /IDQGREODASHHUBUIIEWILF RRYWBPHR VD 1WQL RROWX UI
XVHV GXVW FRRIPWHBRMA POQGXFDFWXUH

&ODVV & 6RPH DJULGGERWXUIDMOXYWUEKOMYNXADWHIH DQG

7KH QHZ UHJXODWLRQV JLYH "(3 WKKN DBDODHGLBWIROLWS RVRI XV AR
HITOXHQW OLAMWMWMIRWLRA WMNPYBEBGH KREAXYER) RG WHDRDHDUW RIHH T XL Uk
KLIJKHU OHYHO RI D\GLMOWBRHQWHWE&ERQWX YV ERVDGUNLRDULO!
%2' 766 DQG EDFWHULD 7KH WUHDWPHQW DVHEKQURHIRGLE YV X
PHHW WKH '(3 :DWHU 5HXVH 6WD QR&DH@GKD QIFGI EHLRO DAW NG
KLIJIK LQWHWWIARGQLVLQPHPEUDQH ELRBUHDWWRGY WD RK DK R2\L
WUHDWPHQW WKH\ FDQ PRVW HDYV LION ¥ RIQW \WH RRR U RX WH LDk

7KHUH DUH D IHZ SRVVLEOH UHXVH DBEPBUNBWGR QQ FLADX B/IKQH
IOXVKLQJ DW SXEOLF EXLOGLQJV YV DPZQ LAUMAQDWURQDRVQ FS
SURSHUW\ 7KHVH SFONHQWLRQVUHRDXEKE BSFIR QARAS-RUVHGVH Z D\
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SODQV HLWKHU DV SULPDU\ PHDQVQRIOHYDIESHOMHR HRW'S RVR O
PHWKRGV (IIOXHQ®W WUWHXIVIDWRRBQODQF R XRSIH¥S K MHR LSS UR BV L
GHVFULEHG EHORZ

SK\WRLUULJDWLRQ 5HFODLPHG :DVWHZDWHU

3K\WRLUULJDWLRQ LV FRPELQDWLRQ RHXWHNULREGWSPWRBOI
FRQVHUYDWLRQ 3MAKNVR LXUNMLLG DIVD MRLGDQ VRH ZIDW\FFDWD L B HB KZ UH O D
QLWUDWH DQG SKRWBKRWUX YD @ RQEH/ORWE DB R UHMWMMRH |HUWLO
WKH QXWULHQW FRQWOL®HQJWHIIGXMWOWRMIHR KHRZ PRE SKR\
PDQDJHPHQW ZRXO ® RFFR D FAL WKK W HRDICRRZ\. CH BB GSAHXUI R U P H C

1ILWURJHQ 3KRVSKRUXYV
,UULJDWLRQ 5DWH LQFKHVLDHKNY ZHHN

JDO ZHHN WXUI DFIDD ZHHN WXUI DFUF
,UIDIWLRQ 6HDVRQ \V GD \a/D
&RQFHQWUDWLRQ $SSOLH PO JP
&RQFHQWUDWIHRQ LQ 5HFKIFO JP
SHPRYDO . 71\WNDU WXUI DFUKH 73\HDU WXUI| DFUH

,Q FRPSDULVRQ WR WKH WRWDO QLWWWKHG RRDG VR WHIDH 2
,9 0(3 5HSRUW SK\WRLUULJDWLR QPZAIDFW KDQ/GI \DK B ¥ O B WWX
FRQVLGHUHG D VXSSOHPHQWDO WHFKQLTXH DQG QRW D SULF

6XPPDU\ RI (ITOXHQW 'LVSRVDO 6\VWHP &RPSRQHQWYV

%DVHG RQ RXU H[SHULHQFH ZLWK HDWXHYWX@VVRRVDAO WKW
SBRQG :RUNLQJ *URXS RQO\ WKH IRO AN Z LlHJ 0O KHQMR G\LVG
SULPDU\ GLVSRVDO PANWKRG3IR R 2ADKMHUDKHGLQIL®DMWEM WLRC
GLVSHUVDO ZLFOIWVLIDWE RQSKAWRILUHFODLPHG ZDWH

67588&785%/ 0($686(+ 5(0(',$7,21

,Q RUGHU WR H[SHGLWH WKH WLPH OJUMPHDQIBHIGIHES. WRW. R QUR
VHYHUDO UHPHGLDWLRQ PHDVXUHYV PODHNWOVR BIRVDYWDI{BWIRC(
LQ PRVW FDVHV VKRXOG EH H[SHFWRW W\W RU 8 HXWHIHP GO P RAQKA
QXWULHQW UHGPRRDWWDDFMAMRD® WR DSSO\

$ "ULJKW 3LHUFH



SHUPHDEOH 5HDFWLYH %DUULHUYV

3HUPHDEOH UHDFWLYH EDUULHUV DUMORDRUURKH GKRS HOWQG
ZLWK D PHGLXP VXFK DV ZRRG FKLSV EVKWHU D R/RIG DKL W SRJGRL
VRXUFH IRU EDFWHULD WKDW UHPRM HJ QR X\QURZIBI\@ HIW RAPK BAWK HI
WKURXJK WKH WXEDBWP HQR[EBUORHRIQWNIHARH RROWALDWNH LV FF
QLWURJHQ JDV E\ PLFURELDO DFWLRQ@KLYGDEEORDNKH & DWR EWM
WHVWHG DW ORFDWLRQV LQ 5KRGH ,VQFQX GHQ & KR RHIHEGH W&
SURSHUW\ ULJKWV DORQJ WKH VKRUHPSWRW VS RMGHI WILKHO XI(
IUHTXHQF\ Rl PHGLD UHSODFHPHQWWS&® W HEDQ DWH Y HFR\X @WGSER
UHPRYH SKRVSKRUXVYVREXQ QORW BRRWIKRUXV UHPRYDO

JRU WKH EDUULHUFW@W ISPR¥FH QMW IMWM B HBVKKH. QX B\WIWHH U 3R G
QHHG WR EH ORFDWHG FORVH WR VBKH S/ KIRURKG K QWM RD IQ@BWZHRIXC
WKH YHUWLFDO GW S\W & [RAWAHRB WHRWIRMP@ HY VHQVLWLYH WR E
DQG SKRVSKRUXV DRWLSHUPBDEIOHIVIFRWR QRWUDRBGWNV VD
FXUUHQWO\ FRQGXFWLQJ D SHUPHD EOHR MHFBRW HOH EDK Y UHUL
2\WWHU 3RQG :RUNLQJ *URXS KDV GHWH UPLQUICH WK ZWO S HC
FRQVLGHUHG IRU WHKH 2WKMIGU | BB QGBI QHDY¥RBVY LEKD
WRSRJUDSK\ ODQGWPISHRBDOGVGVHABRGYS GHRFKXGQHAK R1 ODUJH
VSDFH QRW HQRXJK VHWEDFN EHWZHW®HS RWHG W RDOH ®5/% P
SXEOLFO\ RZQHG

$TXDFXOWXUH

*HQHUDOO\ WKH WHUPPX G R X DERW W XMKH @O0 RAWKKD @ EHD@JI L VK L
IHHGHUV WKH\ ILOWHU ZDWHU W RGRDR W X\WIHN R UXD QILFV B R WHQ-
DQG KDUYHVWLQWWKH QKIHO O HPRKYHERORP QN KR ZHD WW X G L H V
FRQGXFWHG RQ &DSH &RG WR DVVHWMWWRWY NYDEDROWWRIRD L
QLWURJHQ UHPRYDOOSURHHUI/P 0DY&SHID OPBREWKQNUH QR UNL
DGGLWLRQDO VWXKLW\Q LW UWRK E\Q \IFRNVU R 6 WVRISWHL RBFID X VH LW
UHYHQXH LQ H[FHVV RI LWV FRVWVWRKR R QW RADUIUD\Y WL A® RA
LWV HIIHFWLYHQHVYV DQG HFRQRPLBY WIKLM Q SISHIRADYFIXOZ RMRIX
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FROXPQ GXULQJ WK®BJVKHDW®RI/KODURZRV K ROMLHPRENHUG RIU QR Q
UHPRYDO DFWLYLW\ GXULQJ WKH QRQ YH FEHHY VB DWHR® UGR P
\HDU WR \HDU UHDEREGWXWH RY DTS RIOAPDWR 0Q MWWRIHI\F ) D (
FXUUHQWO\ FRQG XWWR Q JS D RGVHPRAD W\ UBIK Bl TKKID IH K & WXHIGIHL Q /|
*LYHQ WKH ORZ VDOLQLW\ VKHOOILY KVEHXD\WVXN\OHUX FIRIQICY ZDRM
ZLOO QRW EH FRQVLGHUHG IXUWKHU

6LPLODUO\ E\ JURZLQJ DQG KDUYHVRWQQ DFROXDGE EGILWHRRMB
WKH ZDWHU FROXPQ ,W LV YHU\ XQXOIGNBB\F\WR R D WG Bl O HI5H DIFF;
WKH '(3 DV D 70'/ FRPSOLDQFH VWUDWHKDW, W KH/ DWW K ¥HRVL\F
DOJDH DTXDFXOWXUH ZRXOG EH FR®MWL®H WK D2R F MSHAUD ER®I GE
DV D 70'/ FRPSOLDQFH VWUDWHJ\ RU FORWU G L@H @ R QIVAVIWMHWD R)XQ!
ZLOO QRW EH FRQVLGHUHG IXUWKHU

,QOHW ORGLILFDWLRQV DQG '"UHGJLQJ

7KH UHVLGHQFH WLPH RI QLWURJHQ HY W& HH FKD FHBQWL BLQD IS
HPED\PHQW WR ZDWHU TXDOLW)\ GHJWIDDGHN RR QV KH) KHIPEMDL © Bi
LPSURYH ZDWHU TXDOLW\ DQG OHVVRQOWEE LPSIBRIWEYJRAKD
ZLGHQLQJ LQOHWWR QN @/® LFWSLODIF E 0 WHRU W § KIDWQH HD OVQ. ZDO 10
PRGLILFDWLRQV D ®I\QRV LKIDOY HV RV KLHQ FSIRNBWH JDBRBX WK HIN]CF X |
FRQGXFWLQJ D IXOO VFDOH GHPRQVWWDWRRQQFWR YRIF® RIQY
2\WWHU 3RQG LV FXUUHQWO\ PDQDJHG D H\W RZR\GDL OLLFILW/L |
FORVLQJ RU RSHQLQJ DQG GUHGJLQJEHFDXVGR M VEHH F RIRK
FRQVLGHUHG SURWHFWHG KDELWDW IBHJPQDWREPRMM XLVK
PDLQWDLQ WKLV KDELWDW DV D ORZ VDOLQLW\ EUDFNLVK SR

SK\WREXIIHUV

SK\WREXIIHUV LQY RQWYV WKRH UHVARRRWEH WURXGQQZDWHAU IRU F
RU FRQYHUW QLWUDWH LQ WKH JURAQ®ZDWWURWR @LVGEBRUA
UHTXLUHVY WKDW 30WRWW EHWLY BMORH DK R R Q&8 Z DGNHFEW KV D\ OHV\
WR JURXQGZDWHU JRU WKH 2\VWHUWRYGPHDMW R Q 0K HZ& WW K
SUR[LPLW\ WR WKH VKRUHOLQH 6LYFBIOWRN W KRUMIOLHH BIULR)
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WKLV DSSURDFK ZL®O EBIRBRABRXUDIGWREUZ/L OKOR DHRYWH LEEHL XW L O
EDVHOLQH PHDVXUH

JHUWLIJDWLRQ *URXQGZDWHU

6LPLODU WR SK\WRLDW L RIWLR 6 R FPHEIND PN QB Q HRIHQXWV WQLX W U L H
SRWDEOH ZDWHU FRQVHUYDWLRAQ 7KHNV BRI LP S8V R®IFIKHYH QW
SK\WRLUU L Jdaleinhe’ atsnCHY/G |H U W Lgroutive€) duwheradient of septic

systems )HUWLIJDWLRQ FRQVLVWYV RI DQUHDIUEIWKLRQRODWOY WO \O}
FRQFHQWUDWLRQV DGHTXDWHO\ VSD@BGD QURB UHL[1D/WILLRQ VH/
XVHV WKH QXWULHQW FRQWDLQLQJ KRR ®PZER DNMWU R,JH ) UREHLU
ZRXOG RFFXU ZLWKHKRYORZIE QR DHKS AR OMWPLHRA 'V ZHUH

1ILWURJHQ 3KRVSKRUXV
,UULJDWLRQ 5DWH LQFKHVLDHKNY ZHHN
JDO ZHHN WXUI DFIDHD ZHHN WXUI DFUF
,UIDWLRQ 6HDVRQ \V GD \a/D
&RQFHQWUDWLRQ $SSOLH PO Jp
&RQFHQWUDWIHRQ LQ 5HFKUIFO Jp
5HPRYDO . 71\WWDU WXU|I DFUH73HDU WXUI DFUH

,Q FRPSDULVRQ WR WKH SUHVHQW Q@QWHWRJVKKGOR DG NUR\ MOKH
, 9 0(3 5HSRUW ZIHWAV KIDWALRQUH O DWWY B QG PMIQRXAO GP SV K H L
FRQVLGHUHG D VXSSOHPHQWDO WHFKQLTXH DQG QRW D SULF

+DELWDW 5HVWRUDWLRQ

2YHU WLPH KXPDQ GHYHORSPHQW DQ@GLWFWIOQYA WHBOWKUIRG
KDELWDWYV VXFK DV VDOW PDUVKHV \D¥DBOMW HNVIKZDKV RW Z Y MA
ZHWODQGV LV D SURGXFWLYH HFRVWRVBEWRKEWD R GV XWXEMWY
2QH DSSURDFK WR PDQDJLQJ QXW WKIDH-HEQW MVVRY GKKLV DB 8 WRDIF
KROLVWLF PDQDJHPHQW DSSURDFK WRHDXDWRNKIBWW LRI VAVRR
IHUWLOL]J]HUV HWF DQG DOO WWBWYV SRHIVRAREGWBRY QRDOGW \MXN
HWF :KLOH H[SOLFLW KDELWDW WHGWRUWWH RQVINLKDW 3IRRNE
PDQ\ RI WKH EDVHOLQH PHDVXUHV LGHQWLUWHIG KRHWHN QP XU
IUHVKZDWHU ZHWODQGYVY LQ WKH ZDWHUVKHG
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3RQG OL[LQJ

7KH 70'/ 5HSRUW LGHQWLILHV WKH WHQQ LIDH® |V WHIBWH e B YIDW
VRXWK NHWWOH KROH DW WKH PHWHIHBWBRWX +RAMAWYHIW 3
G\QDPLF ZDWHUERG\VAKLF R ® W BHE @ Q@D VWU DKVLLA K FYDIWULLRH V
WKURXJKRXW WKH \HDU 7KH PLQLPXP]RGEGVWHUWHKGE @0V \5RIGRHG
PJ O :KLOH ZH GR QRW KDYH WKH OB WD WID2ZH GR VKD Y % D/
RXU UHYLHZ RI 23(77V GDWD ZH H[SHPM GVKQ WV KH H 0' /P R FOF X
ZLWKLQ RU EHORVLRXH, Y WHRW UDGED GDWR DERG HR WKH VWUL
JUHDWHU WKDQ WR PJ O 2QH DOWHUQXW B LG\ SIUR 2 F\KVWH R
XVH RU VRODU SRZ HPWDH® P [WKM HOWHNDWILLIR BGR D DMKK V XF
VWUDWLILHG OD\HU UHPDLQV EH O R0 WKKIU HO/ K R 6 @ WLIQLH/OD\B\S |
UHGXFH WKH UHTXLUHG QLWURJHQ UHRRLYPD WIKQH WKDHP H DA M
R[\JHQ YDOXH DW WKH FRPSOLDQFHRQ@RFBRWLRQV ERIMD UW RR\
FULWHULD DWWLRIK VHPQOHIIMIO WOHY DWLRQ SHU WKH 70

70'/ $OWHUQDWH
7HPSHUDWXUH J& GH &
6DOLQLW SSW SSW

7DHW 'LVVROH®BIG 2]

OLQLPXP 2EVHUYHG '2

OD[LPXP 6DWXUDWLRQ '2
ILWIHRQ S5SHPRYDO 5HTXLUH

.| FRQVLGHUHG DSSURYDEOH E\ WKH HB8 DNOG L\GKE V2V WL \3
ZRXOG VLIJQLILFDQWO\ UHGXFH WKH UHRX$OW RUQLRWURHEQ
UHYLVH WKH 70'/ 5GHSRUW WR UHTXDWALRRPIS DR D@ FMK BIWG M/ WL
VWUDWLILFDWLRQ OD\HU ZKLFK VKRXWQGRUH QXD D QHWKE W X
QHHG IRU D PL[HU DVKW KIHS S B R/BIFXWK 36 WELLR/GLGADIDOW FLR RX O D \
WKH DQR[LF ERWWRP ZDWHU ZLWK UDOWWRYHQ\ BP PR QALRX
SKRVSKRUXV LQWRR®XKPQX SIKHHU DASBWURIDHAG LALFXO/ WIHRTQX ZLW K ' (
DQG ZDWHUVKHG UHVLGHQWYV
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6WRUPZDWHU 7UHDWPHQW

3UHFLSLWDWLRQ WKDW IDOOV RQ NRSHALYLKR X W \DX ¥ CDUIFLHWW U )R
LQFOXGLQJ QLWURJRE QK FMBE FEDFEMVHHIG®L LY BWREKDUJHG G
SRQG RU HPED\PHQW RU WR D SLSHURU IAKDY/QFRQUHGKBUD G
VRXUFH ,I UXQRIlI LQILOWUDWHYV RQOMRWW K W \J URK Q\K 1D GG RA
FRQVLGHUHG D QRQISRKEW NRXH HBFD/QYRIOY WEHJEGXFH WKH
IURP VWRUPZDWHU 7KH 7RZQ VKRXOXUFRQ@NVEGKBUNRWHRL R
E\ FRQYHUWLQJ WRVH®VLOWHD MW LLQFPMOWWHD WRW SYRYWHEOH F
ZHWODQG WUHDWPHQW V\VWHPV RU \HBI& RDSUBBWWG HD WP
VXUIDFHV SURYLGH FRQVLGHUDEOHXSRI DKW @W VRHE R YODGG B
VRXUFH WKURXJK %HVW 0DQDJHPH@W ZH B BWEFRRZDRRK RO VS H
ZDVWHV DQG QXWULHQW PDQDJHPHOMHO®NVQ \G H5l b S\ B HEGH FEW
IRU DGGLWLRQDO LQIRUPDWLRQ RIDWMRVREBWHU LQIUDVWU >

327(17,%$/ 75($70(17 $1' ',6326%$/ 6,7(6

6LWH ,GHQWLILFDWLRQ 6FUHHQLQJ

7KH 7RZQ V JHRJUDSKLF LQIRUPDWLRQGW@WHIR SREVHIDAL XO
ZDVWHZDWHU W U HDOV PRHEMD LDALGH \G LIVIBYRW *F R QAHIBHAKHG X Q G H
XQGHU GHYHORSRGWSDKYRK@\SDREHAMRWHU ORFDWHG HQW
WKH SXEOLF ZDWHU VXSSO\ =RQH ,,VFBQ® WZRMXIRQ WKH I R\
ZDWHUVKHG (PSKDVLV ZDV SODFHG R@2HWHHYV W®E HWH DR EG
LQFOXGHG VLWHV XQGHU SULYDWH RZIQHW V¥ KA. S/ H DKJHF KV IZ\M H ¥
UHYLHZHG XVLQDBKWED®HSX R®Y RIUPWEIRKN QL @G LAWILRQHUQ. D

X

ORFDWLRQ ZLWK LIDQD$ UHIRB | KD MQMERD & RFEHEQPHQ
VLIQLILFDQW GHDHQRYPRIQWHVRQN@®Y RQ VLWH

W\SH Rl VXUILFLNOLWRUWIG® DRVHVRWERCODR W B G \WQ.D O DON. N '@
GHSWK WR VHDVRQDQ@ KL JR LIQURPXPCRIDUNDHHEIHRAD V H

x JURXQG VXUIDFH HQHRDRVHR® YD \MLRRRH R/IH D IGIHY\H O E

x GLVWDQFH WR GHYHORSHG SDUFHOD[ROG] RBEQFURGLHQW
Xx GLVWDQFH WR ZHWORQIG&WHZXRPK DR B0 DWWHQXDWL

xX X

X

$ "ULJKW 3LHUFH



X DYDLODELOLW\ RU SSX-&24Q.FUDPBWHQWD /BHIUFHOOVZLWK SULY
X ORFDWLRQ UHO DHVQIWLHAVIWRH ADNMUHRUWHIQHGY DQG
X SRWHQWLDO WRXWHU WH W& OH-XEXEORYHWPRXOWLSOH ZDWHU VI

%DVHG RQ WKHVH VFUHHQLQJ FULWBUHIQWLDLWE& W\ WRD GQLLQIH I

DFUHV ,W LV LPSRDW VOWHWR G) PW W KH\HD D URHD DV 3FRQ
SUHFUHDWLRQ D QmEQBR @K BK PR XRX \8U HEQ X\GKH. W RBKUSRVH 7
RI WKHVH VLWH V7D¥ QMHDW VKBHGDRER %DVHG RQ UHJLRQDO F
WKH HQWLUH VWXG\ DUHD DSSHDUV 8%R6 E*HH RQRJIQ P FILDO RAR&
&RG ODWKHU HW DO

7TDUJHW (IITOXHQW 'LVSRVDO &DSDFLW\

$00 WKH ZDWHUVKHG ZDVWHZDWHU RORBHQ@W AW QA LSRG HRWV
GLVSRVDO VLWHV L U FXUUHQ®G DXQR&EH OWDLRIQWD DI G- J
SODQQLQJ KRUL]JRQ DQQXDO DYH U DBQH DRR QLW IR DIVW H D EV@BIH |
GLVSRVDO V\VWHP VKRUW WHUP SHYN KOIRENVPXKRWHEH BDIHE R
VKRUW WHUP WZR GD\ SHDN IORZV BXHUQJWKKHVY XH FRH UN YK H
IDFLOLWLHYV $ VKRUW WHUP SHDNDYHGDODRY RU UHY LHZDR/ GHWM
:DWHU '"HSDUWPHQW ZDWHU UHFRUGSS OHHIKBUWRRWHKH W VR/Q P D
DYHUDJH ZDVWHZDWHU IORZV $FFRVICsIpHE@EIM pédkleffluen@ LWLD QO
disposal flow ratesR | JSG IRU FXUUHQW FRQGLWQRERRYIDKRAL]RQ J

$ "ULJKW 3LHUFH
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&
OI_?\"3DUFHO N 2ZQHU D N D $UHD DFUHYV :DWHUVKHC(
(2\VWHU 3RQG ir\:\él)?WD\O
QYLURQPHQ\%I%8 . 2\VWHU 3R|Q
$ ZUXVW quo-@W§b LQ 23 0& .ﬁWODQGVFH)VLWF
3DUN L%Qn)
2.14 (ind.)
7TRZQ &RQV&RP BRQGY GRZQJUDGLE
% DND 5DQVRP5G '"LUHFW Delete from further
consideration
2\VWHU 3RQG 8SSHU 4XLV6V W35%, IURP
& E(QYLURQPHQWDO 2\VWHU 3RQ6¢|FWLRQ
7UXV LQ 23 *7
7TRZQ &RQV&RP 'LUHFW
' DND B3HWHUVRQ 2\WVWHU 3RBRQG GRZQJUDGLHC
)DUP LQ 23 *7 1
7TRZQ &RQV&RP 'LUHFW 3RQG GRZQJUDGLHC
( DND %HHEH 2\VWHU 3 R|@8€&lete from further
RRGV LQ 23 *7 [consideration
8SSHU 4XLVVHWW
) i 2\VWHU 3RQ@E&EWH 35%$" IURP
e SDUWLDOODOSHRWAR®
DQG 23 *7 |:
8SSHU 4XL|\VV W, ,
* $ +2, 2\VWHU 3RQ§¢|FWL3I§)S UiRP
LQ 23 6
6LWH LQFOXQEHV WK
+ ) 1+ 2, '"LUHFW/| :+2, ::7)
'LVSRVDO ILHOG
'"LUHFW

‘RRGV +ROH

$5HVHDUFK &H

QWHU

8SSHU 4XL
2\VWHU 3R

LQ 23 0

VVHWW
QG

7TRZQ &RQV&RP

T+ 2,

23 0&
23 *7
23 *7 1
23 0

23 6
'LUHFW

7RZQ &RQVHUYDWLRQ &RPPLVVLRQ

‘RRGV +ROH 2FHDQRJUDSKLF ,QVWLWXWH
2\VWHU 3RQG ORVTXLWR &UHHN 0(3 THFKQLFDO 5H:
2\VWHU 3RQG *UHDWHU WKDQ®3 AMFKQRRADRO SWHIRUHD
2\VWHU 3RQG *UHDWHU WKD@B 7HF WQPHDRI SMIBRYMO
2\VWHU 3RQG ODLQ /HVV WKDQ3 YU AKIOALH RO WHBHR BI\
2\VWHU 3RQG 6RXWK 0(3 7THFKQLFDO 5HSRUW

8Q QDPHG ZDWHUVKHG W KDM VGLIRHYV ZDRWH U F K D U
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(VWLPDWHG 6L]H RRWBR2WHLWHGH® XHQW 'LVSRVDO

$ FRQFHSWXDO HVWLPDWH RI WWH WLI®XRQ W IGH WSIRW B OQ H
EDVHG RQ VHYHUDO NH\ DVVXPSWLROMG7WR ERIL O JDROMDRLAM $
VIXDUH IRRW JSG VI IRU VXEVXUIWRBLEBOFIRIQYRLOWHRXQ
&RG 7KH LQILOWUDWLYH ODQG DUHRDQMHIGHIGY D%SBRPLPOM
FRQGLWLRQV ZDV DVVXPHG WR UHSUR \RQHWVKD 93 LRR [ WKIHWWM R
DUHD LQ RUGHU WR DFFRXQW IRU IDVEVWORIQWH WHVKE D ¥ NW R SIRI)
ZHWODQGVY VHWEDFENV H[LVWLQJ HPH®KRQUWEGHVH DIRRHY/R/S W
HVWLPDWH WKDW DSSUR[LPDWHO\ DWmRP VLQFOHWEZRXOIR E K
VXEVXUIDFH OHDFKLQJ DW WKH SODQIQUB JDKRWIQRP X P(3V HX €
IHHW IURP SURSHUW\ OLQHV KRZHYHU IRKW YRIMEZRNXY GORU
ZRXOG EH QHFHVVDU\ LI VRLO ORDGDQ Q@ H VW W\E IZAHNM JQRI DU
IHHW ZHUH URTUXLIUD ® HQGRY \DXPEOWHH OH RHNWY D U\

)DYRUDEOH VRLO FRQGLWLRQV VRPOWRDEBHQDODWHAVR KRZKHN H
GHWHUPLQHG EDVHGE\BQ RIHRKD R SIHFIKQ O H VWK B D W LIRQAX P S W L R
EH UHILQHG WKH\ DUH UHDVRQDHBE®HL PRBUIR WWKD § WO MNRH Q RRV HD ¢
PDQ\ UHDVRQV ZK\DWIKW \ CFRRA OIS0 WEMBR DRX W KW R HE 1 \OALVR/D W H V

X 7KH VRLOV PD\ QRWL. DIOO@\RID WKHDEWO DD WEKOMF ZWUR D VUDXPH

X 6RLOV GRZQJUDGLHQW IURP WKH GLYBKWULRQVLWH PFORD
WLJKW VRLOV RU FKDQQHOL]HG IORZ

X 7TKHUH PD\ EH VLWX4F K RQN WW B HGWWORNS B R RRIU VRRONH W K D W
DSSDUHQW IURP WKH DYDLODEOH PDSSLQJ

Xx '"HWDLOHG VLWH GWVQDQ JMRA VIHWGEBWKNY DUH DSSURSUL

Xx 6RPH SRUWLRQ Rl WKHGH & Ll R/l \Z P\DW @ WDOD F UOW WH B W P

x 7KH QLWURJHQ FRQWURO QHHGV RI MHURDRKQ H PEDNRNQ W I/
DV WKH VLWH ZRXOG DOORZ

x *URXQGZDWHU PRXQGLQJ PD\ OLPLW WHKHNBUV®KWD DD WRIQ
GHOLQHDWLRQV LI ORFDWHG QHDU D ZDWHUVKHG ERXQGDU

X 3ULYDWH VLWHVY RROE B VD YIHLLO DKELGXKDR B & YRIW WADKULRDXOJ SUR F

$ "ULJKW 3LHUFH



x &RQVHUYDWLRQ UB\RZQHCGNERQFHOYHERYYSWHH FOXGH WK

&RQFHSWXDO 21l 6LWH (IITOXHQW 'LVSRVDO 6\VWHPV

&RQFHSWXDO OD\RXWRUZNUYMNHWDYOH GRSEHIBVHSRV DHI I0OSSQRDFK
OD\RXWV ZHUH UHY IEDAHGS [RIG 3 X 5G G RIPLGIDHEC HY DX DRVLLQ D U\ \
FRQGXFWHG LQ '"HFHPEHU 7KH HIQOKBBWHGLYISBNMDO DSSU

X 5HXVH DQG UH UDWLQJ RI HILVWLQHMMOWERW YURW HIP \Q HR U:
DVVXPHG WR KDYH DQ DSSOLFDWLRQ UDWH RI JSG VI

X TUDGLWLRQDO VXERXOI®EKQY KO XNGRWBBHKEKYOQRIEHRHGVWPBRHUYV I
WR KDYH DRQDSGBWHFRWL JSG VI

x 'ULS GLVSHUVDO V\VWHPV LPSOHPHQWHLS/ WQ QN KW UZRR/GV Q @
DQG GULS GLVSHUVDO V\VWHPV LPSOHRHQWH VIAD RGWQ |
DVVXPHG WR KDYH DQ DSSOLFDWLRQ UDWH RI JSG VI

X LFNV LPSOHPHQWHG LQ VPDOO SRFNHWDPRBIXUD QW VK@ HEK
KDYH DQ DSBWHFRDIWLRQ J5G ZLFEN

7DEOHSUHVHQWY VHYHHOG ORYFOROMHWRXY DI XP %V IRFOXN HR LO
GLVSRVDO DSSURDFKHV 7KH WRWIXQWDNEOHKBRILRLNVS RHDZ 7 I
JSG WR JSG ,Q DJJUHJIDWH WK HUGR OIS HHD ILOVX FGRV EGIL
FDSDFLW)\ DYDLOD EGH QK RZ® YWKH OBIGBE MVQLE VOH MK QRIFVRPH |
D FRPELQDWLRQ RICHDOSURDW IGHV SFFOW DO QRIHE8 BEBUWD QW WR
H[LVWLQJ OHDFKILHR®G BWVWRH F R RE\GW FW DRSS B DWW O/R F D W H (
4XLVVHWW +DUERU ZDWHUVKHG

$ "ULJKW 3LHUFH
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6LWH 5HXGHNBEMXUIDBEHS '"ULS| :LFNYV 7TRWDO
7LWOH '"LVSRYDIOY/SHUMD/GGEHUVDO
6\VWHPV RRGY )LHOGV

TUHHWRSV

+5&

SHWHUVRQ )DUP

i+ 2,

6XEVXUIDFH $UHD

6XEVXUIDFH $UHD

6XEVXUIDFH $UHD

6XEVXUIDFH $UHD

6XEVXUIDFH $UHD

LFENV

7TRWDO :LWK ILFNV

TRWDO LWKRXW :LFNY

(VWLPDWHG 6L]HHRIIRUWH |16HWCGH 7TUHDWPHQW

$ FRQFHSWXDO HVWLPDWH RI WKHWH. ]EDRWW KB \VWH.W M/ QHHDVE P
GHYHORSHG )RU D IDFLOLW\ WKDW MVHORVSHWNKDQRZ UDWSIG
JXLGHOLQHV VXJIJHVW WKDW D SDURKOGDEHVFRRDWDEWH LWH
*XLGHOLQHV IRU 'HVLJQ &RQVWUXFWLRR 6RB&0DWLMMH DY
7UHDWPHQW )DFLOLWLHV ZLWK /DQG 'LVSRPVD® VFDOMHQXDDW
WUHDWPHQW IDFLOGWRBVWRB KD HIRFODMMWHWR UDD GKHI HIIC
VLWH %XIIHUV UHTXLUHG IRU WUHBWRHD U G\GLIWH\R @I LY biK
UHTXLUHG EDVHG RQ WKH ILQDO VLWH ORFDWLRQ

6LWH 6SHFLILF (([SORUDWLRQ 1HHGYV

6LWH VSHFLILF H[SORUDWLRQV DUH QMK HDIDALWQ RYUWHRDW
FRQFHSWXDO SKDWH D:&Y D& WDKIHYHWIR LNMHHS DY JSIRW WDEQH R Q
PDMRU GLVDGYDQWDJH LV WKH FRWW HIFV VIRF HID SWHRGU B MW R F\R (

$ "ULJKW 3LHUFH



I HITOXHQW GLVSRVDO LV UHTXLUKGE [MRZ QV KK RXBE® EKRHHW K
IROORZLQJ VWHSYV

X '"HYHORS DQG P DL QW DRIQWX BIVEKRWWI FO0L G MGD WHHELW.HVH[S O

X ,GHQWLI\ ZKHWKHU 3FRQVHUYDWLRQ S®PW FHBFUHDONERQU B W
FRQWLQXHG HYDOXDWLRQ ,I VR UM WHDMNFEKLEWH W & M UD WAKR
WKHVH SDUFHOV HH VDKUY AR QW KEDXHHWHKBOX PG EIHMW HG RQ WKLV

X &RPSLOH H[LVWLQJ DQG DYDLODEOHQIGQ KRGPERWHRQRRIQF UR
IURP 7RZQ ILOHV

X %HJLQ GLVFXVVLR®VZELBK K\DK'HH HRQVPMWIRC. R IDW BHFRL W H V

X '"HWHUPLQH WKH OLNHO\ VDOH SULFH RI SULYDWH SDUFHOV

X BHYLHZ ZKHWKHU KRFPO0® BEH Y GW B W MLADGY WRHIU SR W\ B PAL YD
ZDWHUVKHG 7KHUIMZD Y B FDHMD \&DYHAD BR QL& ADKWH B WKWHIE Z K
QRW FXUUHQWO\ GHWWM.D WD R® GRLV:RERRMHPIIVWRRD QG F

%$6(/,1( 0($685(6

%DVHG RQ GLVFXVVLRQV ZLWK WKH 2\\OMHRZLIRQ G RE VMLLX]
PHDVXUHV ZLOO EH FRQVLGHUHG DAKRXD\GHBPH QH POIDRKQWWG
RI ZKLFK DGGLWLRQDO PHDVXUHVY DUH VHOHFWHG

x ([LVWLQJ )HUWZ QHPHWUD@®G5 HIRODWLRQV

Xx 6WRUPZDWHU PDQDJHPHQW EHVW PDQDBHPH® \8 ULLYDRVH. 5k
LQFOXGLQJ SK\WREXIIHUV

x $WPRVSKHULF DLU UMD REWG \I WP QGBREMVILLR Q LRV B HIS@ VL W L

x :DWHU FRQVHUYDWLRW PHDMXWHY PQGQMM QRQ FIHO PHOWKS |
ZKLFK FRQWLQXH WR XWLOL]H RQ VLWH V\VWHPYV

x 3HULRGLF PDLQWHQDQFH GUHGJLQJLRIWDKI® BUNRGN B LROHW | C
DQG WDUJHMNKDOQLQWWHU 3RQG

$ "ULJKW 3LHUFH
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7KH LOQGLYLGXDO WSITURBPRHY HAD Q EB3U R X8 CHRFE LQDAWL RQV L
FXVWRPL]JH WKH VROXWLRQ WR WKHYHNOWRBEHG REE ZRO/MHRIZLKH
FRPELQHG WHFKQRORJLHYV DQG DSSURDFKHYV

X %DVHOLQH PHDVXUHV SOXV FROOHFWIL\WR ®KRS FRDYH\DQF
RI KRPHV LQ FULWLFDO VXEZDWHUVKHGYV

X %DVHOLQH PHDVXRUHVRQXW\PRE 6 H BASFOWVDROH QW WDKHG: 62,
RU QHZ VDWHODDWWWKHG 7G)LVSRVIDW KQ RRK WLF
VXEZDWHUVKHGV

X %DVHOLQH PHDVXUHV SOXV FROOHFWLRRYV DR @QYWH\D @A W
:7) ZLWK D FRPELQDWLRQ RI LQ ZDWHUVKHG F®&LWLR\DID
VXEZDWHUVKHGYV

X %DVHOLQH PHDVXUHV SOXV PHFKDQLFDDQPHRG QJ$ RV\\2WHAPI
3, % PJ OO RU DSBURNWGYHWARHW YV W7 BRIOVO ZH ROFOHVPISD W KH Z
HIFHSW IRU WKRVH LQ WKH 23 6RXWHKRWXEY DWPIRYBO GJ HZKKLL
SHU WKH 0(3Nadd 8k dpproach does not eligtly meet the TMDL and will
require MEP modeling to confirm thathe approach meets the goals of the TMDL

X %9DVHOLQH PHDVXUHV SOXV $GYDQFHG DSSWRYWGEPNFR WR
V\VWHPV 7KLV ZLOO LPSDFW DOO KRPWYRMH WKQHWAHN B3 N
VXEZDWHUVKHG ZKLFK KDV QR QLWURBHQHSRRRW DO UHTXL

7TKH FRPELQHG WHFKQRORJLHV DQG DJSHHIMBDE KGHHWDLLAO EDH/ HX
5HGXFWLRQ 6FHQDULR °~ 7DEOH LQ 6HFWLRQ

$ "ULJKW 3LHUFH









SDUWQHUVKLS ZDV HYDOXDWHG FRQFBWWK® OQ Gl RWF UNHKA
DOWHUQDWLYHVZW B UDHOWHEFP PRH HUBIMW RQOHG FRQVLGH

X $V GHVFULEHG LQ 6HFWLRQ WKHUH PHE DB HRIRW \R IS RDW
GLVSRVDO DOWHUQDWLYHV  :KLOHY N HYH LLFQ HRYWW KBS B E W\
ZDWHUVKHG GLVSRVDO QHHGV WKWK VD WZH ONH BK®IGF VR 15
$FFRUGLQJO\ D FRPEVRO \DISBQY RD RHLQVWIOLW XAF UBIHGIGQJ D Q

x $OVR DV GHVFULEHG LQ 6HFWLRQ OAH YKHOUYTHO  FRRIQ WAHKUHY [
UHVWULFWLRQV WWIZ KDWY 1BDYDaKDWMER HARK G5 U@ HMX\G W R
WKH\ ZDUUDQW IXUWKHU FRQVLGHUBRQRIGHUDWKREQ GW KZL
ZLOO EH WR LGHQNMALUNLEF QR RIXYGE IDROFDWNRRQ WK WHMHSFAWIRHO V

'(6&5,37,21 2) &20326,7( 3/$16

%DVHG RQ LQSXW IURP WKH 2\VWHU 3R @® DRWNEZBU H UREXXIQ W
LQLWLDO HYDOXDWLRQ DQG VFUHHRQGQIGHMHHNLHEFB® DQVIUABB Y
WKH IROORZLQJ SDJHV

6HZHULQJ WR %ODFNVPLWRB®&RS 5RDGXUH

6HZHULQJ WR 1HZ G6DWKHZXONL W H :DAOVCHIUMWDKEOH 'LVSRVBOH
6HZHULQJ WR 1HZ 6DWKHQO:IDIMWHBURK®H'Z VS RMIDXW H7 D E
(QKDQFHG , $ 6\VWHP\WBOXY¥ 3RPQAOL[LQJ 7DEOH )LIXU
$GYDQFHG , $ 6\VWHPV7DEOH PJ QLJXUH

1R $FWLRQ 7DEOH

7KH DERYH UHIHUHQFHG WDEOHV DQGOILZDXNUWN Z B WRHRD FIR]GIC
WUHDWPHQW DQG QHWSRNGD OR UD A DBEKRE M@ W, W RVQRWH WKD\
DGDSWLYH PDQDJHPHQW DUH QRW VQB R D 8RWLDMW K& ZHOWHR) WX

SKDVLQJ DQG DGDSWQODPR PUQMIAOPHIHE LQ 6HFWLRQ

$V QRWHG SUHYLRXVO\ WKH WRWDOURDWWHRQOW B §S LURROF G H
PXFK QLWURJHQ LV WUHDWHG DQGHWKHLWKDYXHQ W L&/LURSIRNQ

2U DSSURYHG (FR RVZRIHOHRYWDROQKR@ERYDWK 7RZQ DSS

$ "ULJKW 3LHUFH



ZDWHUVKHG RU QRW 7KHUHIRUH WWHKHDXDWHREW W DQRZ
ZDVWHZDWHU IORZV UHSRUWHG LQ 6HXDMLRIQV L W CZHKWHK VDRJ R
GLVSRVHG WKURXJK RQ VLWH V\VWS PV FHT\H DEDS LG/Z HROWD MWEKH 3
DUH SDUW RI| H DFFGXXTBH® Q Q DMWKHLTY ' FRRPS\AIRIQF HF B®OSHQG L[

7TKH ZDWHUVKHG KBOV ZMWRW D OGHY WD RASKHEGV B D U FEBIIDWHORSHG
SDUFHOV DUH JRQHG UHVLGHQWLDOXDROQW VKD YHKHYVHHUYIEHW
GZHOOLQJ XQLWYVY LQFOXGH VLQJOH LIWRLOQGP SOWGAXPRLODY B

ZDVWHZDWHU IORZ RI JSG 7DEWHH JURZWEKOH) WKH)RDW KX
WKHRUHWLFDO EXLOG RXW SURMHFWLBQUZAIHWOV Q$\VZ GHRWOWL
6HFWLRQ WKH 7RZQ HOHFWHG WBR WHW WXGuSWB GEGHL @
MSUDFWLFDO EXLOG RXWTYT L H QHZHGXEWOQQ JL @ QR H \RW
ZDVWHZDWHU IORZ BHIRUHJISIW S&BMXGILRDDVWVHRWYLKRIG LV SURMI

GHYHORSHG SDUFHOV ZLWK G ZBhY WHYD WRIILWINDO BRD R IDQ |
SHIHU WR 7DEOH *6 GDWD XWEGCIURPNVNKKH QRDOQVR V ) DID\F

:DWHU XVH GDWD ZHUH SURYLGHG BARWKH 7RBHDRNIRQ@I WEKH
DYHUDJH WR VKRUW WHUP SHDN ZMHWUWAXHWWDHEOH KR SBH QWY 6
SUHYHQWHG WKURXRBRIQVWHKH BWULRKQDEGBEGY EQY WHHRKRSMMHHPHQW

$00 SODQV ZKLFK LQFRUSRUDWH RIILVBEWWDDDVQHZOHWD W
VIVWHP 6LQFH WKH FROOHFWLRQ WVIWARPXZQWORI LLAHYOWD P W
ZDVWHZDWHU IORZV ZHUH LQFUHDVHG VP PRG HWQVL OWROQM. R
DOORFDWLRQ

6HSWDJH IURP DOO UHPDLQLQJ VHSADIVF DMV WRHHPE XE IRWEGL QY RV W
%ODFNVPLWK 6KRS 58DH:0T)WEM ED \LAV MRRYG DIIHRQERDIBGN G | U R
DQ\ GHFHQWUDOL]P® WWHQ@WIPIHB & KBWWM KO HTH WHR EGV R UXF N
%ODFNVPLWK 6KRS 5RDG ::7) YLD WDQNHU WUXFN

7KLV VFUHHQLQJ OW YQ{rOW DIQDRID X GV BW R O X DWXIEFFKQ DRI JOH H Q K
HPLVVLRQV RU QXWHUHQWQWHFRMAURDSRUDIWEGHLQQWKH RSH
PDLOQWHQDQFH OLQH LWHPYV

$ "ULJKW 3LHUFH
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&ROOHFWLRQ

&ROOHFWLRQ V\WVWHP ZLOO LQFOXGHFWLRQHHWW HRUVORZ
SUHVVXUH WUDQVPHVWH RIQU VIHZ ® K R OMWRES WAKH. YW OF NRIYW3IR Q
WRWDO RI GZHOBPHQWHXYY H\E VE ¥ RONERGRH HOW W IKIHO D0/ D Q ¢
GZHOOLQJ XQLWV ZRMHIE LE ID W HUKH G EBRYQ S Q Bl VWRAULLH REX P
UHTXLUHG IRU FRQQHFWHG GZHOOLQJ XQLWYV

7UHDWPHQW
7UHDWPHQW RI QIS®@ OIDWXHUIB JB  WI \E R M WG D ANAMP LD
7)) LQFOXGLQJ D®IDO O RIAIE) AHQ Q X D@ IDY\W U DWH. RR)I ILQ IO R

'LVSRVDO
'LVSRVDO LQ WKH KIDMHHLFMMQAQHU: DV WKW RI ZDWHUV

/IDQG $FTXLVLWLRQ
$Q HDVHPHQW ZLOO EH QHHGHG EHWZFAUIRV\H OV DG D (

UHN'
LIV

PP

S VW

NK 61
VA

PQ FlI

ZLOO EH QHHGHG EHWZHHQ ORRUODQG®BRIBGDERW V&X®D R/GHQE D

6DQFWXDU\ SDUFHO $Q HDVHPHQW ZLOO EH QHHGMGS5

W R W

&XPORGHQ 'ULYH (DVHPHQWYVY IRU FRRIOH} VIR WHYV WRIIPGNFREF

DVVXPHG WR EH FRQYH\HG DW QR FRVW WR WKH 7RZQ

SHPHGLDWLRQ RI ([LVML QO GURXD G EBWIFW HR QWWUR/® X U
1RQH

1LWURJHQ 70'/ &RPSOLDQFH

7KLV SODQ DFKLHYHV FRPSOLDQFH ZUADRNWE& H @ MPKRH 2 OV WH DX 8

7KLY SODQ DGGV DQ DGGLWLRQDO WKH EWWV\W D D GRA RARWKD €
DVVXPLQJ JSG RI ZDVWHZDWHU RWWDWHD WIHGU RRRH Q P J]
VHYHUDO RQ JRLQJ UWHOXGAK WAKHPD 6 FSORA) CDOMWMHUYQDWLYH

S3KRVSKRUXY ODQDJHPHQW

DIULBAR
R WH |

7KLY SODQ UHPRYHV D ®3EYWR[WHDW HO\ 2DNAGH ZDKRH/S KIRHWDWK YV 1 U

ZDWHUVKHG

IXWULHQW 5HFRYHU\
IXWULHQW UHFRYHU\ FRXOG EH LPSOHRMHQWHAG LQWWWKH
GHWHUPLQHG WR EH DSSURSULDWH DQG FRVW HIIHFWLYH

:DWHU %DODQFH
7KLY SODQ UHPRYHV DSSUR[LPDWHO\ ZDWHDOKRRQGV SK
DSSUR[LPDWHO\ \RZ\WKH W RW BIOD IUGHHO\(\W3R5H Y RUHW 37/ADE O H

DW \

JVGDA
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7$%/( 6800$5< 2) 3/$1
6$7(//,7( 3/$17 :,7+ 287 2) :$7(56+(' ',6326%/

&ROOHFWLRQ
&ROOHFWLRQ V\VWHP ZLOO LQFOXGHWLRQIBBW WIUOR Y FLUM/

GZHOOLQJ XQLWV ZRXOG EH VHUWKHHTO H\DWHZ BUWRM BVQ 0RA O
ZRXOG EH VHUYHG E\ VHZHU DW WKH SSXPSQUYDWRRQMWQ
FRQQHFWHG GZHOOLQJ XQLWV

7UHDWPHQW

7UHDWPHQW RI QIS0 DXYWHYULDH HD QRM WIKWHWHH[ZDWIBH ® D Q G
+ROH 2FHDQRJUDSKLF ,QVWLWXWLRQ J:BD, DOQRIMHWM KD P S
DYHUDJH RI LQILOMKWHD AXLRQHIQWOREVI+RQ 1TRZARI WK JSG
EDVLV

'LVSRVDO

R
\ VGR
UH/R

XSJ
XV
7 LW (

7KH H[LVWLQJ GLVSRVDO V\VWHP ZRRQBOEH H[IBGG V& RURV NGHEU

GLVSRVDO FDSDFEWVDQOKBRQIOZ VEBILKW VR & O@ BWHK ARYQLMAW Q L W\
ILHOGYV LQFOXGLQJ H[LVWLQJ UHVHSSH W $SHODWLQEIDUVNHIVE
HILVWLQJ UHFUHDWLRQDO DQG SKOHMH Gl VI3 RLVDLON IIDHAL @ VWDLG;
ZLWK ZLFNV LI QHFHVVDU\

/IDQG $FTXLVLWLRQ

6LPLODU WR 30DQ HDVHPHQWYV ZLO®® & H DQMRFPH ERBIGW EHH
5RDG DQG &XPORGHQ 'ULYH DQG EHWZHHOQUDRIRUQOD\QHP H®
SXUFKDVH ZLOO EH QHFHVVDU\ IRDWHRODMFWLRGUH\DFDEAG
DFUHV FRPSRQHQWY (DVHPHQWYV IR UWRLOD BB WLRW H WRDHEP
WR EH FRQYH\HG DW QR FRVW WR WKH 7RZQ

SHPHGLDWLRQ RI ([LVHL QO GURXI G EBWIFW HR QWMVUR/® X U
1RQH

1LWURJHQ 70'/ &RPSOLDQFH

Rl V
DG
W L

WZ H
W GR

achle)
/ KD

7KLY SODQ DFKLHYHV FRPSOLDQFH Z21ADKV WE&EH Q MWPRHY RO/ WHTPX3R

H[LVWLQJ ::7) DQG GLVSRVDO V\VWHP LLFNKL@RBIY RXRQD RFHRZ
VHQVLWLYH HPED\PHQW DV GHWHUPLQHGSE&D Q(3V R Q\GW X @\
ZDWHUVKHG

SKRVSKRUXYV ODQDJHPHQW
7KLY SODQ UHPRYWHV DBOSSWRHPW R H@DDWVMGH BBRHIKBHEYV IURP

IXWULHQW 5HFRYHU\
IXWULHQW UHFRYHU\ FRXOG EH LPSOH®WHK®@WIEKG XOUNH WIKHG VW
DSSURSULDWH DQG FRVW HIIHFWLYH DW WKDW WLPH

:DWHU %DODQFH

KAUHR
V\( B L

WK}

7KLY SODQ UHPRYHV DSSUR[LPDWHO\ ZDWBOOVKRH)XY SHKIGDY

DSSUR[LPDWHO\ \RZ\WKH W RW BIOD IUGHHOW3R5HYRMUHW 3IFAEOH

$ "ULJKW 3LHUFH
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&ROOHFWLRQ

&ROOHFWLRQ V\WVWHP ZLOO LQFOXGRWLRQIEA® WUDRYPLWNIRL
GZHOOLQJ XQLWV ZRXOG EH VHUWKHHTO H\DWHZ HUWROAL BVQ RO d\ VBE

ZRXOG EH VHUYWAGVEH \SHZIHQQR QJ KRUL]RQ

7UHDWPHQW
7UHDWPHQW RI JSE BQQ@PNVW HADHUMDWIHW O WHZ:7) L
DOORZDQFH RI JB GH DRIQIXPIQ CON BTW L R'Q HDWPRIQW IDFLQ

QFC
LW\

ORFDWHG DW 23(7YV =LQQ 3DUN RU ROBWKH :+2, SURSHUW\ |3DU]I

'LVSRVDO

'LVSRVDO ZRXOG EH E\ D FRPELQDW LIRFH RG LARB\R K R G VR IQQ W& K G
VXEVXUIDFH GLVSRVDO RQ WKH :RRG ©RSORIUS5EVHS UFIKV &HQWHI
3HWHUVRQ )DUP (IZO®B QDN GR LSFVORA H RAK DAGRALUNVILRQ O QLWUR

UHPRYDO DVVXPH DFUHV RI LUULJDWLRQ

/IDQG $FTXLVLWLRQ

6LPLODU WR 30DQ HDVHPHQWYV ZL®® & H DQHWRFH BRBIGW EHIPVEZ B
5RDG DQG &XPORGHQ 'ULYH DQG EHWZHHOQUDRRUQD\QP H@WGR

SXUFKDVH ZLOO EHQKHFHUMD/PHOQRW IR F IDFFLUMAV O RFQAVLRQ G

LVS

ORFDWLRQV DFUHV WRWDO (D VSIRPEIDOW VI ZU WHRLA) B B WY [RWW H\

DVVXPHG WR EH FRQYH\HG DW QR FRVW WR WKH 7RZQ

SHPHGLDWLRQ RI ([LVHUL QD GURXD G EB WIFW HWR QWWUR/® X U
1RQH

1LWURJHQ 70'/ &RPSOLDQFH

7KLY SODQ DFKLHYHV FRPSOLDQFH ZIFW W MK H QJ WRKRY D\Q W H T PALRX]

3KRVSKRUXVY ODQDJHPHQW
7KLY SODQ UHPRYWHV DBOSSWRHDPW \R H@DDWVMNGH BBRHIKBHEYV IURP

IXWULHQW 5HFRYHU\

W KH

I1XWULHQW UHFRYHU\ FRXOG EH LEBQ OMKMHHIXW KWGH DIW |[GA\HRM

DSSURSULDWH DQ®&KRWWWH. IR HF WXWHUD &/Q RV LOHFERVGRUGU Y L J D V)

:DWHU %DODQFH
7KLY SODQ UHVXOWW ZQ VOHRU IKRD QUEERVRR. BAV HU VKHG

$ "ULJKW 3LHUFH
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&ROOHFWLRQ
1RQH

7UHDWPHQW
(QKDQFHG , $ VIVWHPV ZKLFK W UHDMRWROOHWYUWR KIDQ D QRSJ (
3KRVSKRUXV ZLOO EH XWLOL]HG $ GVEWDHRYHG &Y H@XLDY
71 PJ O LQLWLDOO\ DQG D WRWEB RHUY HZ HEO QQ R D XFH.GV
SODQQLQJ KRUL]JRQ $SSURYHG HFR WRRIORIZ)H BPDY B RR RFH
PDLQWHQDQFH FRVWV ZLOO EH ERUQH E\ WKH KRPHRZQHU

'LVSRVDO
2Q VLWH GLVSRVDO

/IDQG $FTXLVLWLRQ
1RQH

SHPHGLDWLRQ RI ([LVHL QO GURXD G EBWIFW HR QWYVUR/® X U
,PSOHPHQW PL[LQJ LQ 2\VWHU 3RQG VDR P/D\QDIIW L\IWKHD V& HRQY
VHQWLQHO VWDWLRQ VDPSOLQJ ORSEOWRRQW 253 H UDWAL J DRAHLVR
‘'RRGV +ROH 5HVHDVURRHH @QWFHHVDRI LUULIJDWLRQ

1LWURJHQ 70'/ &RPSOLDQFH

DP Bi 1@
EM QL
Y &N
H RY

LWR
U BB

7KLY SODQ GRHV QRW DFKLHYH FRPSOLY KK ZH QYW QX KHJ 2 WAWHHQ

DQG 0(3 DJUHH WKW W R HVPL WHKH ZP L\QLPX PHRGE R H Ul 8DG UGH G
70'/ WR PJ O EDVHG RQ 23(7 GDWIDWERQH DK QWX WADKH
FKDQJH WKHQ WKH LQWHQW RI WKH RG'HGDQJ EZH @6 VO H RR @
0(3 IRU '(3 WR GHWHUPLQH LI WKH 70'/ ZLOO EH PHW

SKRVSKRUXV ODQDJHPHQW
7KLY SODQ UHPRYHV OBE% UR{DRDRMHWWGE HHARVISK RIIHOD IURP

IXWULHQW 5HFRYHU\
IXWULHQW UHFRYHU\ FRXOG EH LPSUHPHRQ DG FRQ @D QP H FA
ODZ ZKLFK PD\ EH LQ SODFH RU HQDFWHG DW D IXWXUH GDW

‘DWHU %DODQFH
7KLV SODQ UHVXOWRVW.IHQH QR WHNQEBHODQFH

RQ \
\VEWA
I R UE

vV KH

LON K
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&ROOHFWLRQ
1RQH

7UHDWPHQW
$GYDQFHG , $ VIVWHPV ZKLFK W UH DAVR WIRO OIH.WWU RKHD® D QBJ |
3KRVSKRUXV ZLOO EH XWLOL]HG $ OWEWD/HRYHG &Y B
71 PJ O LQLWLDOO\ WR PHHW WKB LT@J/ X0QLGV B DVARYVOOEO ERI
., $ VIVWHPV DW WKH SODQQLQJ KRULOR@ E B SXWHRGE HDGV HERHW
2SHUDWLRQ DQG RDZIQOMHBD® ERHWEGRVVEN WKH KRPHRZQHU

'LVSRVDO
2Q VLWH GLVSRVDO

/IDQG $FTXLVLWLRQ
1RQH

SHPHGLDWLRQ RI ([LVHL QO GURXI G EBWFW HR QWMVUR/® X U
1RQH

1LWURJHQ 70'/ &RPSOLDQFH
7KLV SODQ DFKLHYHV FRPSOLDQFH ZIF\W KW MK H QJ WHKRIY D\ WH T

3KRVSKRUXV ODQDJHPHQW
7KLY SODQ UHPRYHV OE% UR{DRDRMHWWE HARVISK RIHODIURP

IXWULHQW 5HFRYHU\
IXWULHQW UHFRYHU\ FRXOG EH LPS®HWYHRW BEFRQ ®DSBHFH
ODZ ZKLFK PD\ EH LQ SODFH RU HQDFWHG DW D IXWXUH GDW

':DWHU %DODQFH
7KLV SODQ UHVXOWRVW.IKQH QZFD WHKQEBOD Q FH

P H IC
FX@L
H Gy
RR_POI

YGLRUQ

VKH

LON K
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&ROOHFWLRQ
1RQH

TUHDWPHQW
&RQYHQWLRQDO 7MWWHPN ZRWO, BHVXW LAKIH  GH R V6 IDQJF WOWW iH PV
SURSHUW\ WUDQVIHU $SSURYHG HRRKWRHRHGHU PO \FBEAVRHEH 2.
PDLQWHQDQFH FRVWVY ZLOO EH ERUQH E\ WKH KRPHRZQHU

'LVSRVDO
2Q VLWH GLVSRVDO

/IDQG $FTXLVLWLRQ
1RQH

SHPHGLDWLRQ RI ([LVHL QO GURXD G E B WIFW HUR QWYVUR/® X U
1RQH

1LWURJHQ 70'/ &RPSOLDQFH
7KLY SODQ ZLOO ORWQIFFHKEHWK MRRHS2\VWHU 3RQG 70"/

SKRVSKRUXYV ODQDJHPHQW
7KLY SODQ GRHV QRW UHPRYH SKRVSKRUXYV

IXWULHQW 5HFRYHU\
IXWULHQW UHFRYHU\ FRXOG EH LPSUHPHRQ BE FRQ @D QP HFAHONK)
ODZ ZKLFK PD\ EH LQ SODFH RU HQDFWHG DW D IXWXUH GDWH

‘DWHU %DODQFH
7KLV SODQ UHVXOWRVW.IHQH QR WHNQEBHODQFH

$ "ULJKW 3LHUFH



6&5((1,1* 2) &20326,7( $/7(51$7,9(6
6XPPDU\ Rl 3ULRRFQBDDWIRF RI $00 30DQV
7KH FRPPRQ HOHPHQWYV RI DOO SODQV DUH
X $00 SODQV LQFOXGRQMKMWEEDW K0 DQHSHIDY % HFW LB WD QG

X $00 SODQV ZKLFKUHBWFHMND | QFHZOWHL O BODRY LB ® KLJIK
QLWURJHQ UHPRYDO PJ O LQ HIIEKRNWGWRDX\G WDHPREBODW
HITOXHQW XVLQJ SURYHQ DQG FRVWURRHWKHY I& HFEH\G WRIGE
WUHDWPHQW IDFLOLW\ ZLOO EH EURXJKM UNKRW WHS % R PHF W W
DQG GHZDWHULQJ UKIDERFEQYWDDBEHWSE HMVOS \@ R WH

6XPPDU\ RI 3UIHQMHEPHOV' PKAHWZHHQ $00 30DQV
7TKH SULQFLSD®RQIIWKHOQWKVHH SODQV DUH

x 30DQV DQG FRPSO\ ZLWK WKH RZOWOWBIHNTIXRQB FR'QILG
PRGHOLQJ E\ 0(3 DQG UHYLHZ E\ '(3 LQLRW BIHWOWR BHOM HALR
2\VWHU 3RQG 70'/ 3FCGRESCCRHWRRWM'2\VWHU 3RQG

x 30DQV DQG UHPRYH DSSUR[LPDMWWHOWH F KDIUWK HV R RWD/O}
30DQV DQG GR QRWUWHRRKBUIHRIHBXPXBMEH ZD
x 30DQV DQG XWLOL]H H[LVWLQWPRHR YHID BIXEION EHAD V /M1

XWLOL]H SULYDWH RQ VLWH V\VWHPYV
x 30DQ XWLOL]J]HNGDSWRRGDBPLIRIZHIWG IHUWLIDWLRQ

x 30DQV DQG SURYLGH D PRGHUDW3HOORYHODRIGSKEVRK
PLQRU OHYHO RI SEBR\WIXRY X G KFRQ \@GBEKER VSSKRRYUWGH FIR@W U R O

x 30DQ RITHUV WKH JUHDWHVW SRMHQAKLID W RRW KRl IHFIRW IR R
DYDLODEOMHF NWPWWHK 6KRS 5RDG ::7)

$ "ULJKW 3LHUFH



x 30DQV DQG RITHU WKH JUHDWHVWFRRRWHQWYDQJIRB SRIR"®
WRLOHWYV WR VWHVHVHDWE RV R WHRLMMXKXWDEHQRYHIBFR\ WK|

&DSLWDO &RVWYV

SHIDUGOHVV RI ZKLFK SODQ LV LPSOHPWE®WHGEWWKIH 7"WZR EL
7KH ILUVW FDWHJRUW\ LXKLFHFAXSLYPOXERY WRHDRFRY WRWRWUXFW

IDFLOLWLHV  7KHW HRFERHU® WD RO RISV VYL Q AKEFHKQARHF @ Q JRLC
DQQXDO H[SHQWMH\L Q/LRVU G FIKHRHU WR

&DSLWDO FRVWYV ZHUH GHYHORSHG RQALIQMWHRQW HVWKLE Q@ X Q\
XWLOL]LQJ FRQFHSWXDO OD\RXWVQXQHW HR ¥’ VIWD IRXUPYCHV L RX
7KH FDSLWDO FRVWY LQFOXGH WKH IWA80RZRQOHWVAMLRRP SRQ
WUHDWPHQW ZDVWHZDWHU WUHDWRP IBQWSRW DD Q \OIRIN DNWFR X
WHFKQLFDO VHUY LIHHW D.@G WR RKQERP®&LEOHEDI B WDHO O WKUHH
RQ FRQFHSWXDO GHVLJQV IHW W\BSLUFDOGRXROQODWVFBMWMRR
GROODUV SHU Q@@L bwA VMDAV HREH IKIMEQ FH ZIVWRW HR2OB/OH B GB\UR M H F V
(QJODQG 8QLW FRVWYV IRU WUHDWNPHONWQ OQBPGWKSHR¥DO QDWW
&RVW 5B8@Ratiyen of Costs for Wastewater Mgament Systems Applicable to Cape

Cod $SULO 2QFHXEWYRR FROYWVUZBIORZBQWHN DXHUG DG G
FRQWLQJHQFLHV WGOHEKDQFD@G VB GWILBHWY WULDMH. Y1 WHAOW LI D W
ODQG FRVWYV

JRU WKH SXUSRVHY RNKMKIRODREZOQWHDXVYHXBSWLRQV ZH

X $00 WKH IDFLOLWLHV ZRXOG EH EXLOD W LDPVG GRH) 1E DWILA/H I B B FL
DQG FUHDWHV D SSOMRYP DRD OO BWNMHQRWHEY IRUHWE H QH
SODQQLQJ KRUL]BQ QHHGH®R XIQGHKOWFXUUHQW FRQGLWLR

X 7KH *FRQWLQJHQF\ OBIGP OQRY & WH/F KRICFDZD QHH YZEWWHW D
SXEOLF SURMHFW FRPRRQSLRWNH BY GSRMS B Q/HHQSVMR BB U W \

X /RZ SUHVVXUH SXPS VWDWLRQV D U HJUWHIDM UWHISD MR UL VH B RIQ C
RIl VLWH ZDVWHZDWHU WUHDWPHQWURQG KGIVV SRY DYQ) HWH R
LQYROYH FRQWLQXLQJ WR JURXS FRRGRWLRIWR HSRGVYURR

$ "ULJKW 3LHUFH



SXPSLQJ VWDWLRQ RU JURXS , $ V\VWHKIHPVH DKH FEYMODQQ
DQG EXLOGLQJV ZEHEBKEPVOI EHRQMWWKH VHOHFWHG SOD

x &RVWYV DVVRFLDWHG ZLWK WKH ILUVVBHHDRURBEBBD VWIRROQW
ORZ SUHVVXUH OLIW VWDWLRQV DQGG$GMDEFHIGQ F @ X\G\N @&/ F
FDSLWDO FRVWYV

X &RVWYV IRU SULYDWH SURSHOMKLDPDNE GDEBBRDGRQL@J VHSW
HWF ZHUH LQFOXWNGRKRIZBIYEVFFROWGHIHUH QRW LQ

X &RVWYV IRU VHZHU FROQHFVOLRIHCGHH\KAUH DSSOLFDEOH

X BHSWLF V\VWHPV WIGRW HIBUBH S8 I/F W& DE\FRQW K AW LR QV RIH
$GYDQFHG , $ VIVWHP ZLOO UHTXLUHJURG O DEFRNPW D WR UQ WK
FDUULHG DV DQ DQQXDOL]HG PDLQWH®OXGHE ARY W KD \W4-D4.
&RXQW\ &RVW 5HSRUW

x 7KH (FR WRLOHW :RUNLRHG* DRKSVEH &W R/IDEDW HO RRAD G LR V V
7R GDWH WKHUH DUH ILYH LQVWDGIOMDWRRIQW K H* ISYKHIE RV KL
DQDO\VLV (FR WRLOHWYV ZHUH DVVX\P DY WRYPDFEHGVKEH VD
EXW WR KDYH D QPZHIDD QQGCDPDROM HQDQFH FRVW

7TDEOHVXPPDUL]JHV WKHUFBBEW B3O PR VBIYHNRH@RVHGD UY $ S IFISH Q
" (DQG ) SURYLGH WRRXSVIHE RQPWKH FRVW DQDO\VLV

2SHUDWLRQ DQG ODLQWHQDQFH &RVWYV

$QQXDO RSHUDWLRQ DQG PDLQWHQDQFHDFX 0SCARY WRUZWKH &
RI FRPSDULVRQ DPRQWUKHNWH SO QJ OGMMBORBWE VXY HQH
DQWLFLSDWHG ZDNWW HED AIDE Kl CSROD QD \WIRMWY XRUWFHQWUDOL
SSULYDWH , $° WUHDWPHQW DQG GLWSRN DD ILDF\L\UDWQH V&R
5HSRUW $SULO 7KHVH 2 0 HYWLPD\WHG R D FHOXEIV WK H
LQFOXGLQJ IULQJHFBEBQHOHWY\ HOHBER@E UL QB DBXPBSYW HTXLS
IRU EXLOGLQJ KHDWLQJ DQG YHKLF%®EZDWH/HH GF R/HDPXLG-THO VO
WHVWLQJ DQG RWKHU SHUPLW FRP YXEBQIFH LFRWXNAD QIFGIP LDQQLG
PDLQWHQDQFH DQGDEBHWXPRPHWQWY WKH FIRVGRDOREZ HDFK S
SUHVHQWHG LQ $SUHO 2 0 SRIOW FRRQ/ LL\Q BRURPIDLVEHG LQ $SSH

$ "ULJKW 3LHUFH



7$%(

OHHW 70'/ DW 30DQQLQJ +RUL]JRQ

6800$5< 2) &203$5%$7,9( &267 (67,087(6 5HY 6HSW

30DQ 30PQ 30DQ 30D( 3pDQ
6HZHU WREHZHU|WRBRHZHU| W\OKDQFH®G$DQFHGLR$$FWLRQ
%65 ::7) |:+2, ::7) | /RFDO :|7)SOXV 3RQEBWHUNKHG
0L[LQJ| 0ODQDJIHPHQW
&DSLWDO &RVW
&RQVWUXFWLRQ &ROOHFW|LRQ DQG FUDQVSRUW
&RQVWUXFWLRQ 7UHDWPHRW 2Q 6UWH RU 21} 6LWH
&RQVWUXFWLRQ 'LVSRVDO| 1RWH DERY|H LQ DERYHLQ
&RQWLQJHQF\ $GPLQ /HJDJ 7HFKQLFDO 6HUYLFHV
/IDQG $FTXLVLWLRQ
2WKHU 1RWH
7RWDO &DSLWDO &RV W
7RWDO $QQXDO 2 0 &RVW
&ROOHFWLRQ 7UHDWPHQW 'LJSRVDO 21I|[6LWH 6\WWHP
2Q 6LWH 6\WWHPV SXPSLQJ|DQG UHSODFHPHQW
2\WWHU 3RQG 5HVSRQVLEOH OXQLFLSPO 0JPW (QWLW\
7RWDO $QQXDO 2 0 &RVW
7RWDO $QQXDO 'HEW 6HUYLFH RQ &D|ISLWDO &RVW 1RWH
7RWDO (TXLYDOHQW B@®XDO &RVW
OHWULFV
1R RI 'ZHOOLQJ 8QLWV 6HUJHG
&DSLWDO &RVW SHU 'ZHOOLQJ QLW 6HUYHG
(TXLYDOHQW $QQXDO &RVW SHU 'ZHOOLQJ BQLW 6HUYHG QD
OHHWYV 1LWURJHQ 70'/" 1RWH dHV <HV <HV 1R <HV
1LWURJHQ 5HPRYHG IURP :DWHUVKHG| OEV \HOU
3KRVSKRUXV 5HPRYDO" 6LJQLILFpQW $LIQLILFDQW 6LIOLILFDQW OLQRU
3KRVSKRUXV IURP :DWHUVKHG OEV \fiDU

1IRWHYV
YRU 30DQV DQG RW KHQG ISUE®REH \S B RIYHAFWSLGNPEHRNVDMG ZDVWH SLSLQJ ZRUN

YRU 30DQV GHEW VHUYLFH LV EDVHG RQ DW \HDUV

YRU 30DQV GHEW VHUYLFBXEOEP \FIR& WD S X E O Lif DUWRIRHU WY D QG F RV WM DSUM. YR W IS YSEIR
(TXLYDOHQW $QQXDO &RVW HTXD @O $8EWDOHZ YLE R VR SMOLWKE $RQW
30DQ ZLOO PHHW WKH 70'/ DW WKHO3BRIQE GXWR EL{RQQ B WDIW LROO \@KRIGQAH BRQWBIO G XINGHG 7R X\ U L3/DDQ
&RVWYV DUH SUHVHQWHG LQ FXUWHEEW ERROO® B\R @DWH & FRVQ RQJ @RV LQG H [ $SULO
30DQ XVHV WKH FRQVHUYDWLYH 2X0YD\DHXPS\BDRADO ERVIMYGZHTO G H FOUHID WY/ HIGR S BMLPIL\7 W EFO HD V' v
&RVWYV IRU 30DQ 6HZHU DUH FRQWALIQUE QW DRE) XS DIMDALODEL.OVWHR% ODFNVPLWK 6KRS 5RDG ::7)
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DWHUVKHG ORQLWRULQJ &RVWYV OXQNFLSDO ODQDJHPH(

7KH FRVW DVVRFLDWHG ZLWK SHUIRUPRQ PH ALARGLWRGKQOD D G
KDV KLVWRULFDOO\ EHHQ WKH UH YV S\RCH LFELIUFIXPW \R D BRHR ZHK
ZDWHUERG\ KDV D 70'/ UHTXLUHPHQW |DAD GW HYXP\E/HH B | 3RD
RZQHUV LQ WKH VDPH ZDWHUVKHG ZR X\ORU IQHH G QUBR PHH Q VRH
DFWLYLWLHV 7KH %DUQVWDEOH &RMQWNXKDRW W $5 N S\RWMP RISE
PDLQWHQDQFH DQG PRQLWRULQJ FRVWV ZKQUD H\OW ERP\S 8 G
DSSUR[LPDWHO\ SHU \HDU LQ GROOWDUVGROQHBEBWRI[LF

, I D IRUPDO 3ZDWHUVKHG PDQDJHPHQWHPBWZRIINHRRURX®E®
EH GHYHORSHG DQG DSSURYHG E\ '"(8 WDKYHIG WLKQ RO QWREF
VFDOH DQG WKURXJK D VIVWHPDWLF DSSRRD KK V7 EH HQVEGHIYH
VXFK D IUDPHZRUN LQFOXGLQJ VHYHDDWOL PHNWL QR VV XLPVWKD 'l
SURSRVHG PDQDJHPHQW IUDPHZRUN LWHNVQDPY X\GHG EIDQY/ 5B SR Q ¢
LOQFOXGHG KHUHLQ

7KH FRVWV XWLODWGYHY WRDWY\VOQVEDH® G KROY HRURNIHE *URX !

DQG H[SHULHQFH IURP )DOPRXWK HHYW VID®W B XMW KV & DVIERU | E

BHSWLF 6\WWHP S5HPWMGLBBYBRQFBOGRMS$ FRYWHBLQ®HQDWE H

PRQLWRULQJ FRVWV ZHUH HVWLPDWHGU DM DSSGRQPDWWO

DSSUR[LPDWHO\ LQ G RO O DU VHPHQ\Q JI WDKPHH ZRWWNH USAKI

$SSHQGL[ ' IRU DGGLWLRQDO LQ IR UPDWKFRSW RRQW KLQ/F DR'G\N E
RI WKH ZDWHUVKHG KRPHV HDFK PR QWLRH Y HUHMX YHIDIF KD &
RI VIVWHPV UKW LQUQIXHWHWR QRQ FRPSOLDQFH

‘DWHUVKHG PRQLWRULQJ FRVWV D OIVRS DOIPGIQGVH. G J | R/KWA VH R Y Y
PRQLWRULQJ SURJUDP WHFKQRORJ\ PWRHMW RIHLSRIU S URJ U HDV
PDQDJHPHQW UHSRUWLQJ DV ZHOO DPHBDQ MWRY GDQ G- R R Q ®/LUPC
VIVWHP RSHUDWLRQ DQG PDLQWHQDQRBDBHLBURWRDMELSHD B
EDVLV
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(TXLYDOHQW $QQXDO &RVW

7KH *HTXLYDOHQW DQQXDO FRVW L@ CR XW DRUWG DWKGH HPROFKPL
VLQJOH FRVW WR UHSUHVHQW W KHHQRRKMEL G PIWHRH R 1 R D SRS
PDLQWHQDQFH 7KH HTXLYDOHQW DQ @X® 6 RARV \8 ANV WKHKIHVIX®
GHEW VHUYLFH RQ)WRWEHVRB SEXYDIR ¥ R HRYT WIKY. Y OVVDX\G D QWDKK D C
EHHQ FRPSXWHG DVVXPLQJ WKH IROORZLQJ

X

LQWHUHVW UDWH PPIE IBU SKBOLFOKRKRBHEQ WWR RIG FSWK
SURSHUW\ IRU 30DQV DQG
LOQWHUHVW UDWHOPIE IBU SKBPOLFOKRKRBGIEQ WWR RIG FWK
SURSHUW\ IRU 30DQ
X LQWHUHVW UDWH DQG D \HDU ORIRP SRQHNED LRF®\S L
SURSHUW\ IRU 30DQV DQG
X LQWHUHVW UDW IRDIQQ GRD S U\HYDDUW VD \ FIKRSRHEH GWR MRIE S
SURSHUW\ IRU 30DQV DQG DQG
X RI WKH FDSLWDO FRVW IRU 30DQ WK®GIRZEUH BVWKPHD
SXEOLF FRVW

x

$V QRWHG SUHYLRKY @DV WKRHV B MLXBOHH B U RW HIFW H [KSRIF W H G
SURMHFWYV ZLOO HHEWIKDG/HE RYHILRBXDQGGW K VW MKHLBA LQ D
ZLOO EH ORZHU DK BIT XARADD HRWLAD\FXP B O W BIB@IBDLVOL Y H

:25.6+23 5(68/76

$ ZRUNVKRS ZDV KHOG ZLWK WKH :40& 2\VWPHHIPIRHG V:RB N L
LQWHUHVWHG SXEOLF RQ -XO\ USQBHS RIXWKH ZRUN VKK
UHYLHZ WKH FRPSRVLWH SODQV D QRS0 WRKLHN HLY@SOXVD WULR P WK Ik
SXEOLF $SSUR[LPDWW®@QG G RPRBHSURYLGHG FRPPHQWV

,Q DGGLWLRQ WKH PHPEHUV RI WKH DIO & RKW PH V& IDWUFHXG/ \ZHDF \
VROXWLRQ EHWZHHQ WKH 2\WWHU 3RQGVHDWBENVNXIHMELDQ G Wi
WROG WKH PHPEHUV RI WKH :40& WHKDRW D®SIUR QRKV GDEO W RV R/
PDLQWDLQ LWV OLWH®BW HLD (DG [MIXG Z BY, WRVNLAR QO O
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7KH 2\WWHU 3RQG :RUNLQJ *URXS UHTLHZ/RH XV WR BXOWDHG IBQ
VKRZLQJ WKH FRVWV IRU PHHWLQJ WHKH 008'D X QZHHIJOFXV URQW
DVVXPSWLRQV IRU WKH ZDWHUVKHG PRQDYNKXPGW LIRQWHRR U;

ZDWHUVKHG PDQDJHPHQW IUDPHZRUN DUH VXPPDUL]JHG EHOR

Xx 7TKH ZDWHUVKHG IUDPHZRUN DVVXPHW VVHWV\RDBPRQLQYRIH
SHU \HDU DQG WKDWMHPV RIHWXIHU I JDDOH R/'KHIDD WLLRLQWY FER Q W
ILQH WXQH WKH RSGXDWLRR D DQ XU iHBVFH VPIND B W QWS KALIW U R J H Q

X 7KH *RSWLPLVWLE  RW HRMWAKHGH VUD PBEZV M B U QM®IH W IH ® WRL Q J
VHW SHU \HDU OHVV IUHTXHQW LQVGEPMWKRWY RIQWEHFV
UHTXLUH UHWXUQ@ DWYRWV ER QW UDSKMRRISWERDIWQRQWXQE U H
IDLOXUH WR PHHW VSHFLILHG OLPLWYV

X 32SWLPLVWLF $ DOVR DVVXPHV WKBDW RRODUE G HF FE\RW U RRZQH ¢
LOQWHUHVW WKURXJKVWLB5% RSWXPHVWYKRQY §KDUMEHFRL
FRXOG EH ERUURZHBWWKURBWK '(3 65)

$ VXPPDU\ RI WKLV FRVW DADED\NLQ MK BEY HVFDONVIGY L KH FD
WKH IRXU DOWH URLIW UY HWR DHHH D O @O{H. ¥ 10 BRNLWD QW O\ 8V
SHTXLYDOHQW DQQXDO FRVW SHU GEBOOVQRXFERWKE SDHIULYRE®
WKH OHDVW FRVW IROORZHG E\ 30DWQLF2$SWDRLEWIE D 30
ODQDJHPHQW

7KH FRVW HIIHFWLYHQHVV RI 30DQ SW.MR @M UR D\GHQ VR W WY KIH W
PDQDJHPHQW IUDPHZRUN 7KHVH FRVW RVWXRSWDRE@G RO '
FRPPHQWYV RU UHTXMWR{MWHKGHWAD WHONMBHGZRLDADIHPHQW U

$ "ULJKW 3LHUFH



7$%/( 6800$5< 2) &203$5$7,9( &267 (67,087(6 5HY 6HSW

OHHW 70'/ 8QGHU &XUUHQW &RQGLWLRQV IRU 30DQ DQG 30DQ

30DQ 6HZMU WR %65 300DOQ $G YD|GPID® , $ $GH0Q QF HIG

OHHW 70/ DWOHHW 70'/ PWOHHW 70/ DPWOHHW 70'/ pwW
&XUUHQW &R @KIWWIERQV & RQGU WH R BV & REQXE UW QR/QAR QG LW LR

‘:DWHUVKHBSWLPLVWLUF 3SWQPLVWIF % 2 0
O0DQDJHPHQW
&DSLWDO &RVW
&RQVWUXFWLRQ &ROOHFW|LRQ DQG 7UDQVSRUW
&RQVWUXFWLRQ 7UHDWPHRW LQFOXGLQJ , $ VIVWHPV
&RQVWUXFWLRQ 'LVSRVDO| 1RWH QO DERYRIVH LQ |
&RQWLQJHQF\ $GPLQ /HJDd 7HFKQLFDO BHUYLFHV

/IDQG $FTXLVLWLRQ

2WKHU 1RWH

7TRWDO &DSLWDO &RVW

7TRWDO $QQXDO 2 0 &RVW

&ROOHFWLRQ 7UHDWPHQW

'LVSRVDO 2I

6LWH 6\VWHP

2Q 6LWH 6\VWHPV SXPSLQJ

DQG UHSODFH

PHQW

2\VWHU 3RQG 5HVSRQVLEOH

OXQLFLSDO 0

PW (QWLW\

7RWDO $QQXDO 2 0 &RVW

7RWDO $QQXDO 'HEW 6HUYL

FH RQ &DSLWI

PO &RVW 1RWH

7RWDO (TXLYDOHQW B@QXDO &l

RVW

OHWULFV

1R RI'ZHOOLQJ 8QLWV 6HU

HG

&DSLWDO &RVW SHU 'ZHOOL

0J 8QLW 6HUY

dG

(TXLYDOHQW $QQXDO &RVW

SHU 'ZHOOLQJ

8QLW 6HUYH

G)

1IRWHYV
JRU 30DQV DQG RW K HUG LSUFLONDGNHY FRROSHHFWAL B QXIPEHN D DQG ZDVWH SLSLQJ ZF
JRU 30DQ GHEW VHUYLFH LV EDVHGHB QR GHEWD W UNRE B OIVY XPSWLRQV VWDWHG LQ

(TXLYDOHQW $QQXDO &RVW HTXD @O $BEWDEH2 VLE R VRID KOS WEKE &RQW

30D0Q

&RVWY DUH SUHVHQWHG LQ FXUHBAQWHFROGD & R (BDWUHCE W QR(Q@ ELRWWW U DGH [

&RVWYV IRU 30DQ

ZLOO PHHW WKH 70'/ DW QVKXLQGDRXQW Q E W UQRR\Q D SWDXWLWBHRUHWLFDO EXLOG

$SULO

6HZHU DUHI ERY %R DHOOMD R QFWWMH MW DO BPAODAN\RPLWK 6 KRS 5RDG
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x 0ODQ\ PHPEHUV RI WKH SXEOLF H[SUHWWHBVVXY IR V®ROIRW LR
ZDWHUVKHG 6 R P H SPAHEHHU X HRIIHWPKRHRH | WXLS/FHR W\ DKKRV RR Q V

30DQ 6HOHFWLRQ

%DVHG RQ LWV GERIZEG U DWKHREEXHROH G VEDWLRQ KWK HHCHFW H C
WR SURFHHG ZLWK 3% B\ W HIFG/Y [DQF BHEFWAIREHG LQ 6

6WDWHPHQW RI &RQVLVWHQF\ ZLWK WKH 30DQ

7KH &DSH &RG &RPPLVVLRQ UHTXLUHVQW KEPHNFREWW 2WBHI\Q MUZR &
Water Quality Management Plan Updat® Q@7 Implementation Report $SSHQGL[ * RI W
2017 Implementation ReportSURYLGHYV VSHFLIKA UXOXDQHRHRQVW IRU R
FRQVLVWHQF\ GHWHUPLQDWLRQ IURPVWEBOSHFFPQWWIGRB\ D$&B
&RPPLVVLRQ $SULO GORtRiXiy HQGUNsIStENdY LW teriditation 7 KHV H

JXLGDQFH GRFXPHWMH &8 3 X3 H H RQR/DLWRVOH@RWYE LDQAIW K WHKTHK LU H P

X :DVWH ODQDJHPHQW BYWQEPHVO$SHVSRQVAEDEDOW\QRW UFRIGI\@ U
SDUW RI WK HL MXW & LWWK\H-GEoREFmE0G L F W LR Q

X 30DQ PHHWYV DISIHSQ@W FIDH G XF@MERIE] WD UJHW YV

Xx 30DQQLQJ RFFXU\HDMWODZZ /W HHRKHE® 196 MVBSRI@IREA KD K\

x 3XEOLF ZDV HQJDJHG WR Iddutded SODQ FRQVHQVXV

x 30DQ LQFOXGH YV QDN DWMIWU R YH\@ RO ROV KCuded RP QHZ JU

x 30DQ LQFOXGHYV DGDSWInelitleB DQDJHPHQW SODQV

X 30DQ LQFOXGHYVLP SOHP QW DSWRMD RPROLIIRULQJ SURJUDP

X 30DQ LQFOXGHV D GHVFULSWLRQ DHXGS | X Q\GH D\ AEMEND R/IHW\K H

x :0$ FRPPLWV WR UHJXODU 8SGDWH &RIQVKDWHWF\JRBI Y
DEKLHYHG JHQHWDOBD VW YHHEZEHENDEH \HD UV

X ,Q VKDUHG ZDWHUVKHGV :0$% VHHNLQJRU D &RIQYVZMWHKI QF\L5 K
'0$ V RQ QLWURJH® DH® R RDW WR. @ Q WPKHDIM\GX bRApplicAbB Y L Q J
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$V QRWHG LQ 6HFWLRQ WKLV LP SOHMYVQWIDWEK R W B Q VIKFHA
SXUFKDVH RI WKH ODUJH :+2, SDUFHO H\ 23(ZQ SD U MHIG 38/%’
FRQVWUXFWLRQ RI WKH :+2, JUDGXDWHWIKRURWWHU$GRE G EQ
VXEZDWHUVKHG LQ 7KLV LPSOHPBWWDWKHRE SSEDRH O OAHRO
WKH 0(3 ZDWHUVKH® UFHDLM MKW MR & B VWBWHRW WD L GIQWLILF
%DUQVWDEOH &RXQW\ '"HSDUWPHQW RE G HOD WK HD Q BS QHFLHIER)
SKDVLQJ SODQ /LPHWHDGV B HKD R H PEHHQH R B W/ISIHFH GL FR,U$ V\V
GHVFULSWLRQ RI WKH RYHUDOO D S UR 56 K I-BVRDIWHIREX SFARIPG
EHORZ

2YHUDOO $SSURDFK WR 70'/ &RPSOLDQFH

7KH 70'/ GRHV QRW GLFWDWH WKH PHMWXRGRORRWPROLDSFWHR D
GHVFULEHG LQ 6HFWLRQ WKH 7TRRQFRDWY B MUK 7\0H'Y HHUHD O |
I[URP DG Godif VAISQWULF VI\VWHPYVY ORDGV WR DGGUHYNIVQR HDF RV I
WKH 2\VWHU 3RQG ZDWHUVKHG 7KH DRZGQU WM U HY WHDGE Kb RH QA
VRXUFHV RI QLWUR3RQGNRDWKH V2KRWW MIZKH. AR OCO\RALIJH ZDWHU
UHGXFWLRQV E\ VRXUFH FDWHJRU\

X UHGXFWLRQ LQ ZDVWHZDWHU O RIHG ¥ (3 ERWNH [0.(\8WHLH DM
ZDVWHZDWHU ORDGYV NJ \U

X UHGXFWLRQ LQ WKH ZDVWHZDWH 0 (3R DG NOX KD QJZIKWX D

X UHGXFWLRQ LQ QR \MURWHQLPHRWD G WHIHR(\E ISMIHMHQ RD GV

X UHGXFWLRQ LV VWRUPZDWHU UX®RUIDFRIF/ LEDOWHHLEY RROX VWD
EHVW PDQDJHPHQW SUDFWLFHV 0(3 SWIHDFHQWRDBYHUYNR XV

X UHGXFWLRQ LQ QLWURJHQ ORDG IURRPYHO\DWRRVSKHWI

DWPRVSKHULF GHSRVLWLRQ ORDGYV NJ\U DQG
X &KDQJHV LQ EHQWKLF IOX[ DV SUHGLFWHG E\ 0(3

%DVHG RQ WKH VHOHFWLRQ RI 30DQ RI$0® D QFHYH O R SN BEWAD
SDUFHOV ZLOO QHHG WR LQVWDO W KDHY PHHGHYWID QAFKHHG 7,0$/ 6 RA

$ "ULJKW 3LHUFH



DQG IXWXUH FRQGQWHRQYV FEHV RU RMKHHOMWMKHDIRSWUFHOV ORFDW
S3RQG 6RXWK VXEZDINEKWUVKHEG ®BRQEFRIWS DSV B\ VIVHFRW EHGJ WR 0
QLWURJHQ IURP WKRVH SDUFHOV FRMWRWER® H® RZRI R UV WRIWH
LQIRUPDWLRQ UHJDUGLQJ $GYDQFHG , $ 6\VWHPYV

,Q (3 DQG &&& SDUODQFH WKLV VIDGH MM R Q 5 B B CRRQMLW W V, (
'(3 UHTXLUHV WKDW WKH 3:DVWH 0D QD FRHP)HD@WRIMW R A\Q W KL \
VHFXUH D :DWHUVKHG 3HUPLW WR SURYQ IGPHI) WDD//PIHZE WAR ZRU
FRPSOLDQFH LQ WKHUAKMGIU S\RQOGCSRDWHRI 3MKHP LYW H3 ZLOO |
SWUDGLWLRQDO EBNNQSVS\ORORH R QLIVEK® QWKH RHODQ WMUHMVG GR QR
ZHOO DV SODQQHG DK H WRIRIS/RKGIKEQIWME R BWLRNVLR @ H\DREZ

$V QRWHG LQ 6HFWLRQ DQG 6HFWLRROD\SKRRIKRUFXVDPDD R
2\WWHU 3RQG 6LQFH WKHUH LV QR 3KR® SKIFSURUW 78 T XR Y D*0 H3
SKRVSKRUXV IRU WKH 2\WWHU 3RQG ZD®IHWV KB HWKKHG DK
ORDGLQJ VRXUFHV SKRVSKRUXV |UKRMWDRQDW LA QW QR W & KRG
HQYLURQPHQW DWWHQXDWLRQ PHFE&PERWENQ R\ EHVMD WK LFRWF
SURYLGH VSHFLILF FRQFOXVLRQV RR MX B\MPSHIEF \§ R G G- K B B JHHL

DQG $SSHQGL[ & IRU DGGLWLRQDO LQIRUPDWLRQ RQ WKLV V

/IDZQ )HUWLOL]J]HU 5HVLGHQWLDO

7TKH 7TRZQYV JHUWLOL]HU &RQWURODWH XEDWLRQ]FZUOOV N |

QLWURJHQ ORD G VX QURPU WKHKIH VIRPSIFHIKHHQ WRDADL R QO®OXWW L O L ] H
FUHGLW DOORZHG XQGHU WKH &&& 30DQ

/IDZQ )HUWLOL]HU &ROWRRPXQLREDO DQG 0XQLFLSDO

7KH 7TRZQ 7UHHWRSYV :+2, DQG :+5& ED®WOQRHERDRS HKIBHWWEH\O IL
WKLV ZDWHUVKHG IRU LQFOXVLR@RQZ W KK HWH XD O XHVSRIUMO I
WR WKH YDOXHV QW(GHEDW.DLE GYVINQ WEIWRZGRE XEHHHRQW DGGLWLR
LQ IHUWLOL]HU X\GDWIDQ¥HWVKH 0OH LI SRVVLE
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6WRUPZDWHU ODQDJHPHQW

7KH 7RZQ ZLOO SHUIRUP VWRUPZDWHBFRN\GW PTH R I WRKHDEW S
DQG 30DQ LQ JHQHUDO DQG IRGHBMIFILILE SRLYM W R X URH
DQG ZLOO XWLOL]H WKH FUHGLW DIRMRE HT3 (XQIGH\ GAHKYHH @ R
HVWLPDWHG DUHD KRQXWUJDEXWAIRGK W R CHDWMHULRFEQEDWHG R

$WPRVSKHULF '"HSRVLWLRQ ORQLWRULQJ

7KH 7RZQ KDV UHTXHVWHG WKDW WKH QBS&R&XR® \&RYPWIDEWOU
DWPRVSKHULF PRQLWRULQJ VWDWLHFRARXQWWHHEHQRAKIHWT7RE:
FRQWLQXH WR PRRB LGAHSR \DMWVALRES KHIA.RG VS WEKQJIRPQI\K DYHDYIOHD E
JHQHUDWHG DW HVW.EFEPRY KW & UL\W BRWEHRWL PR LWRVKKJ UHYV
UHSRUWHG LQ WKH DQQXDO SURJUHWNKHUH S RAHVW [DQG5 WO G HE
GDWD

:DWHU &RQVHUYDWLRQ DQG 6HSWLF 6\VWHP ODLQWHQDGC

7KH 7RZQ PD\ SURPRWH ZDWHU FRQVHHOQDWER QVBQ B X\ K SOR.
SOXPELQJ IL[WXUHYV ZDDOVE HSU BIWIHNVIVQRIBV X: IKH\O B R KVH U GPX F
ORDGLQJV WKH\ D10B BURERB®YILFPVKWIMRP W KHQ 7TIREG % RDUG
DOUHDG\ SURPRMWHV\SWRISHRDYBBWQDQFH

'UHGJLQJ RI WKH 7UXQN 5LYHU

7KH 7RZQ ZLOO LQVURHEWHEBQB WKHQMHIOQ N2V WHU BRRGQVD OLC
WR EH PDLQWDLQ®D® & H\8 3MWE® Rl BB WEWORMKORI WKH DQDGURP
DQG UHVLGHQW SRSXODWLRQ RI ZKLOWHVSHWRK BQRBSWRDMLER
EORRPV 7KLV LV DFFRPSOLVKHG EQ@HBHDQWRPQURH R\ VUWAHHU | OF
WKURXJK WKH 7UXQN 5LYHU WR WKHQN 6 HYBIWGF PRXBDIE REOWE
VDQG DQG JUDYHO DQG RU E\ PDWVFRUHHQWD B QG IVXWRLEP BAX
RQ LQSXW IURP WKH 2\WWHU 3RQG :RUNIQLIP PWR XFR QQ\G UK
GUHGJLQJ RSHUDWLRQV DUH DV IROORZV
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X '"UHGJLQJ VKRXOG QRW EH SHUIRUPEG\®EPHIWDHHWYKIDKIFK UL @
HIFHSW LQ HPHUJHQF\ VLWXDWLRQYV

X '"UHGJLQJ VKRXOG QRW EH SHUIRUPHG EHN WHRHIQQ WGV LY & G
XVH RI SDUNLQJ RDUWD \R IL Q¥ KWK HUWICEND SHAYHHWJI FHIFH S WW X D W L F

*LYHQ WKHVH FRQWWUPDIL QR L) \PS EIRUHR Q\H FSRHRP MIQIBLIH G~ 7K |
LQVSHFWLRQ VKRXOG EH PDGH LQ HIQUOW B HSAVF M PEGI X UW® JDWK
LI UHTXLUHG $ VHFRQG LQVSHFWLFRODURRXBG BHWHOBEI L Q R}
SULRU WR WKH VSULQJ KHUULQJ UEXQF RP SIHTW HGH)GQ G'HIW G\IK I
WKH 'LUHFWRU RI 3XEBLEUREWRDQR| ODRQPQIWRG GAYYLFHV
DFFRUGDQFH ZLWK DSSOLFDEOH GUHGJLQJ SHUPLWYV

$GYDQFHG , $ 6\VWHPYV

,Q RUGHU WR DFKLHYH WKH ZDVWHDRMEHIXVWRODIKG MHGXIF XD \R
QLWURJHQ ORDGMNPWHLCE D2 QURDKK WH@F H&O DR 6\VGWHPVY DOO
SDUFHOV H[FOXGLQW WK BN @ & ERMNMMHEKIPOIOHGHHG WR LQVWDOO
, $ VIVWHP 7TKHVH $GYDQFHG , $ V\VMKLHY IQHHGHW R ®BH OFQ ¢
HITOXHQW 71

7KH 7TRZQ LQWHQGYV WR LPSOHPHQW $B YDQKHW® K Hb &/RVFW IPIIF Q@ W
Implementation Plan to Meet TMDL Compliarfoe the Oyster Pond Watershed, Falmouth, MA

Using Advanced Innovativet@inative Septic SystemsVHH $SSHQGLJ[ ) 7TKH 3ZD\
PDQDJHPHQW DSSURDFK”™ ZLOO EH L P SEBIHHRPHH@QWH @ W\L WK HDVHE |
LQ 6HFWLRQ EHORZ

.H\ HOHPHQWYV RI WKH $GYDQFHG , $ 30DQ LQFOXGH

X $GYDQFHG , $ VOOWHRM ORIUDI G P X OM/[E HS ML ®AK RV BIFIHD W |
3RQG 6RXWK VXEZDWHUVKHG >1RWW\VWHRVWBP3KDYBKOYV

X $GYDQFHG , $ V\DWHBJ WHRLEG FX@WKHHU: +2Q VRWLPO/OIHEG D W

X $GYDQFHG , $ VIVWHPV RU D GHFH@QWUDHHMWRS W NBDV
*URXQGZDWHU 'LVFKDUJH 3HUPLW LVVXHG E\ '(3 RU WKH 7R

$ "ULJKW 3LHUFH



5HIHU WR 7DEOH IRU H[SHFWHGGHR D XH QWA TWXKDHODLWR HR W K
LPSRUWDQW WR QRWH WKDW WKHUBYHHQRSCGHDRE BT H $ /31
VWDWXV DV RI WKH GDWH RI WKLVYDBSRUMKLY KHRBREQGXIUQ Q.
GHVFULEHG EHORZ

6RPH ORWV LQ WKH ZDWHUVKHG DUIRNPG (RO -DHISOMIK UBIT XD QF
WR LQVWDOO $GYDQFHG , $ 6\VWHPV RR UV K HZR/SROHIDAMNK\H UK I

VI Rl ODQG DUHDRIQMKH /RWWEDDLWK OWVRI ODQG DUHLD
JLIXUH

(FR WRLOHWY DQG EODFNZDWHU K RXDGLRYZD WO K ND\VO WIHUM) B W LFy
WR $GYDQFHG , $ 6\VWHPV ZKHUH GHWKHMHGI BDSWKR YSHUR &M WK
DQG WKH '"(3 7KH SURSHUW\ RZQHU PXWW WYH-RRIQW KH B WRIS\W K |
FRPELQDWLRQ RI HFR WRLOHWY DQWHRWRRBG EIODEGN ZBWHNIH BX
PHHW WKH WDUJHW HIITOXHQW 71 UHIIXQREAWY HQWVQ L&URJIHQW
FUHGLW IURP WKHVH VA\VWHPV G XH HVIREWIOH S IRGY WMERWW R B ORHU
SRRUO\ PDLQWDLQHG V\VWHP YLD WKHEZRWHUI®RR I$ IDSHG EW WH
WDQN HYHQ WKRXJNKHEHQW YIDO/P R WWHPG\DYWERU 56+HPH GLDWLR
VKRZYVY JUHDWHU QLWURJHQ UHPRYDOV

75%',7,21%/ %$&.83 3/%1

7TKH 7TUDGLWLRQDO %DFNXS 30DQ ZDBIWLBM HWR0VHARASL 8 DRAB K
FXUUHQW DQG IXWXMHH & RQIGH WIHZOVPILWIRR MKKRIFE %BRDENNVM7) IR
WUHDWPHQW DQG GLVSRVDO DW WHMH MXEQ@W HRHGWDNO CH B D X WA
&RDVWDO 3RQGYV &:03 7KLV ZLOO UHMXOMWIKQD Q ISYWEHRDW HE® |
R JDOORQV SHU GD\ IRU RIl \DIWHAHQ YGDRXGWGR YV E R WHO V K
DQG WLPLQJ RI WKH 7UDGLWLRQDO URXREKXEGICEDM)L Y HORD € B JE
SKDVHG LPSOHPHQWDWLRQ .H\ HORBPOHDQ@QW\WQ RO W&KH 7UDGLWL

x IRZ SUHVVXUH VHZHU V\VWHP IRU GDPEHOOWRRE GP® HV VXU
VWDWLRQ DW HDFK UHVLGHQWLDQV G/AHDOWILRQ R LWKRQH20
'RUPV DQG ORZ SUHVVXUH OLIW VWDWLRQV DW 7UHHWR S
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X /RZ SUHVVXUH VHZHU SLSLQJ DORQJDQVWP 5RBRR®G/BRBGD QB
6KLSVZDWFK 5RDG :RRGV +ROH 5RDG 6\DHIWR GRID\G 5RFORU QK
5RDG &XPORGHQ 'ULYH 'DPRQ 'ULYH BIQRSX WDALGS 18 WVRW HEHC WY W
3RQG /LIW 6WDWLRXQLCEDERE QVWR OD[QPHGW GRU FRQW

7TKH 7TRZQ SDVVHG WKH J)ORZ 1HXWAH3 V8 R IFFOPWULRQ ZKUH|
GHYHORSPHQW RI D SDUFHO WKDQ RBRSOUG iHEE DOW RVARH EHX QG Ui
VLWH VHZHUDJH 7BEE§ ¥ QULH DECIHVIY FEQARRNH XS UBB0ODLQV DR GDIOV UH T
ORDQV IURP '(3

7TKH %ODFNVPLWK 6KRS 5RDG ::7) FXUVSRWIXO KD S DEILRVL\WHG YV
J)DOPRXWK +DUERU ZDWHUVKHG $V7BZAP UW RG DDWHE QU HWIR S\
DGGLWLRQDO HIIOXHQW GLVSRVDRSFBRGDOLW)\ IRU WKLV 7UDG

. WKH 7UDGLWLEQIVOLAHDENRIS BWOIBGF RQVH G R IQMKKR MROIBO R ZL Q

X $V QRWHG LQ 6HFWLRQ DW VRPH G® LU XV 6/00 Q/L BIRRDIED
RI VHSWLF QLW WRREH®R GQ | DI WR R DWRD WW H UDKW KEQ R WK
SUHVVXUH VHZHUV LQ WKH 6DOW 3R QWX H DB\ HYN K HFEN F\R XM
6BWDWLRQ $FFRUGISQX®BHQW IVARX PEBQEH ®HVLPH RIQFQHSLSL (
PD\ FRQYH\ IXWXUH IORZV IURP WKLV DUHD

Xx ,W PD\ DOVR EH SUXGHQW WR FRQVUGHRIQD IDEBHG \D ¥ S OR
VHZHULQJ 6SHFLHORDRQ\W WK H IS\DRFFQIGG FRKIODBD VUMHIFBILY H , $
LH $GYDQFHG (QKDQFHG RU 3VWQ Q\GKIHUBD VAK VQ 8 HH R R X\
LQFOXGLQJ 7UHHWR FRXER® ERIP VOIZXRNKGE HKRVHVSBRBB FFR
HITHFWLYH LQ WK W KIF QDWW B RZKG WBI\G HW R KHRG H \H AWM & W

3+$6(" ,03/(0(17%$7,21 $'$37,9( 0$1$*(0(17 )5%$0(:25.
$GDSWLYH ODQDJHPHQW JUDPHZRUN

,Q GHDOLQJ ZLWK FRPSOH[ HQYLUR®PB Q@D W kKSHJ REQ/H P X P SURL
WDNH PDQ\ \HDUV DQG UHTXLUH H[VRKQK LLYCH R\UAPYOGM L R WL V RCPY
HPEDUN RQ D VROXWLRQ HYHQ WKRXOKWLR® KDYHIFWRWR I\ H
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GHWHUPLQHG $W WKDW SRLQW WW KDDL WX I RARY \R | RL Q-DFFEADLU
LQLWLDO SKDVH RI D PXOWL SKDVH VWROWMH RIRUP $GD®WR §
LPSOHPHQWDWLR QLRIVDWRODROW K DMK BEUSIKRED HO | RKPOM LRQ L
JXLGH ODWHUGSWRNHHWRZMHUDOO VROXWLRQ

7KH NH\ HOHPHQWY RI D VXFFHVVIXO DWDSWEKBWDRQ DBPSPH® Y
SODQ DQG ORQJ WHUP FRPSOLDQFH VHKGGERW D) & RHYLDADRUDLA
WLPH LQ RUGHU WR HVWDEOLVK WYHRHMWHKHWUYRBRQIWVYRCOR I DIDK
PHFKDQLVP WR UH DVVHVV DQG DGWKNWHWGK KDFB® DR BXWHWG RIG
LV GHVFULERGORZ VMPKHSDJHYV

DWHUVKHG 3HUPLW

'(3 ZLOO UHTXLUH WKDW WKH 7RZQ \BHOAPUHD W/ DWW R Q VIKOHIEQ /H\
RI QRQ WUDGLWLRQDO HOHPHQWYV IBOOWHUMKHEBHIPWPLW LG

x 5SHVSRQVLEOH ODQDJHPHQW (QWLW\ 50(

x ,PSOHPHQWDWLRQ VFKHGXOH

X ORQLWRULQJ UHTXLUHPHQWY IRU HQ YW RIXMDHOQWD O DSIEU [
FRPSRQHQW SHUIRD@PKEGH $BHYBHRGHWUIWNLID WUHGXFWLRQ HW

X SHSRUWLQJ UHT XL SHRRMQWVE U IQYEHDIISQDINAH QW UHSRUW YV

X OHWKRGRORJ\ IRU GHWHUPLQLQJ 70'/ FRPSOLDQFH

x TUDGLWLRQDO %DFNXS 30DQ

X J)LQDQFLDO SODQ

(DFK Rl WKHVH :DWHUVKHG 3HUPLW FRIPERDQRIQ@WRY WKH GHYR
UHIHUHQFHG

S3KDVHG ,PSOHPHQWDWLRQ

%DVHG RQ G LLWFK WWK IR OA0% 0 MAKHHQMPD \RIXRVID BEQOP®@ LY SKDVHV
RYHU D \HDU SHULRG ,Q JHQHUDO
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x 3KDVH DGGUHVVHV PXQLFLSDO DF W/IKYH WQ HW LZKW ER @ RO G K
DQG FRQVWUXFWLRQ LQFOXGLQJAHUMLLL@M HN VU HDASIEW H & W
FRQFHSW IRU WKH 50( DGGUHVVLQJHSURRIRVWHPVO L BIF®L
LQLWLDO 5HTXHVW IRU 4XDOLILFDMMEVGDWEH FRHIFGBWWX D
DGGLWLRQDO EDFNXS GLVSRVDO FDSDELW\ IRW WKH Be@® F
3KDVH WKH 7RZQ ZLOO DWWHPSW S/RURNBDXWHDTRZ G HFHLHIM
WR DGYDQFH WKH $GYWKHHGDGLNLR@ RO %DFNXS 30DQ

x 3KDVH DGGUHV\RMHSWRBR 2WWMUBORKIE L\HDWIWRKXQGZD)
WLPH HVWDEOLVK HIGD BAHY( 3D RIDY GWIHULRMP KRR W RQL Q B KOI\GH
WR DGGUHVV DSSUR[LPDWHO\ RI VMK$HOD®/ LRM WK HGEZO\D|
XQLWV RXW RI GZHOOLQJ XQLWO /I XRVUX WHK AV RWIDGL WDLGRED D C
30DQ 6LQFH WKH RXONFWBRQGHQBM WHPN LPREBEBKR[IBHH ¢

DQG VLQFH 3KDVH LV IRFXVHG RQ \SURSH O WLIHVHZ\L WK
DQG LQ PDQ\ FDVHV ZDWHUIURQWSSRRSBUHW L NN D UMVE HW D
FRPSOHWLRQ RI 3RQVHD Q GQWW B OOADNLWQ GRWGH B | W3R CDWH/ F
HITHFWLYHQHVV RI ®KPHH W DEE®D SWRLYPSODQDIHPHQW

x 3KDVH DGGUHVVHV WKH UHPDLQGH U RQGN K B WSHIRSHGBN LR
$GYDQFHG , $ 30DQ DQG FRQWLQXH PRQVWRRM Q[ PHFGV H B ¢
QHHGHG IRU WKH 7UDGLWLRQDO %DFNXS 30DQ

Xx 7KH QHHG RU GHVLUH WR LPSOHPHQW BMKHW HDV & HW VRGD 8L
EHJLQQLQJ RI 3KDVH DQG 3KDVH Q,ILW K SQHDRBH @M R Q DID
SURSHUW\ KDV DOUHDG\ LQVWDOOH & IDAO$BYDOREHRBU, W K6 DWW/
, $ 6\WVWHP WR UHP@WQOL @ ISK BFHD OWXIGIRRWHD Q@ R G HWRI U
FRQQHFWLRQ WR WKH VHZHU LV UHID XY UHDG/ GIXOHD SARH D LIORK P |
LQVWDOODWLRQ FNBW LY ADRARLRHUUZKKELRD DD M W MK W KH 7R Z
XVH UHJXODWLRQV DQG RU %RDUG RI +HDOWK UHJXODWLR(

x 6LPLODU WR WKH SUHFHGHQW HVWBEEDVKHG ORZ VBKH VWUV
JULQGHU SXPS UHSODFHPHQWYV [XWXUHS$ UsH 8O B PH®KGWWF
HTXLSPHQW QRW WDQNV RU OHDFK TUBGGW DRED OX WP B N X
SXPSLQJ HTXLSPHOW OQRWSWDGNRU E\ WKH 7RZQ
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7DEOH VXPPDUL]HV WKH SUHOLPIDIDERBEPYHQWS R QVEB & G5

$ GHSLFWV WKH URQJRIDS KHFS® R DMWH IR U SVIEDEG YLIXUH ¥
WKH JHRJUDSKLFSBRNDQLRRURW MK B G DW L RRMMH WKW 3 K D
DQG 3KDVH VHZHUXWXUHH SFRRIDHIW DHRTX LG DRB DIROW X O D\
FRPSOLDQFH DQG DUH QRW LQFOXGHG LQ WKH SURMHFW FRV

$GGUHVVLQJ 8QFHUWDLQWLHV

7KHUH DUH QXPHURXV HOHPHQWV RI X @RHUONDLYD VW\Q GQWKIKIH &
DQDO\VLV 7KLV X®FHVUWDE EWDLWHBQNVIRY DWYMNBSEN '(3 0(3
HQJLQHHULQJ MXGJPHQW 7KH WD EOW\EHEIRYOL GH/QWLPIDW W G
YHUVXV LWHPV WKDW DUH W\SLFDOO\ PHDVXUHG

, WHPV WKDW DUH 7\SLFDOQOWHPV WKDW DUH 7\SLFDQO\
(VWLPDWHG $VVXPHG OHDVXUHG

&RQVXPSWLYH 8VH :DWHU XVH

5DZ EODFN ZDWHKHU FROQFHQWODWQ®R FROQFHOQWUDWLR

I1LWURJHQ WUD@®QWRH FHEWRLE V\VWHP
DOQG WMKWKX ERWWRP(RI WKH OHDFKILHO

6RLO DTXLIHUWWHDDXWRHE® BHUWLFDOO\
DQG KRULIRQMODQORQPHQW

1LWH® WUDQVIRUPDWLRQ|LQ VXUIDFH ZDWH

OLIVDDOQGGKHRM®PLFYV LQ VXUIDFH ZDWH

6 XUIDFH ZDWHU DQG KDEJWDW UHVSRQOVH EHQWKLPVWHDE IFRD

5HVLGHQF\ LQ KRPHV RWKHU WKDQ IURP WKH 86
&HQVXV

&RPPHQWY DUH RIWHQ UDLVHG UHODWHGDWR G/ MWR{ LRMOV RW M
VI\VWHPV )RU H[DPSOH

X SHFHQW SXEOLFDWLRQV :(5) QU WH BOW RIRPK M DR B H Q!
6WUHDP IURP 6L QJEIHV6R WHPNW FRQEM QW WB W LVRR W HRS \E DD V \
EH KLJKHU WKDQ ZKDW KDV EHHQ RHFWRIUALFO GESRWWOL]HR
LW FKDOOHQMH QH MWRY BOW LPHDWK L UH G
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HA4NHTE MMCTIN: $
dancdns tO1TNEIM10d8d OAMOHAOENTAOH HXOTMOHU® X
)OS HXOTMOY® X
MI1dOHE OdTMAXNMADOYED JdO@IRETWI A O MM OCBHHA NHOZY \MNHSYNE X
HITMAXNMNOEd HAAME I>>/o MNAM9
HAI © QHTNVEHD ARSI AN E A Td DHO AIINDDXAN DADHD HMHOSdYEdd M ANHOZY \MNHSYNE X dM
N\ 30 0addIMI99%$ HMA., MNAM9 HAAME HMATMT1O"®
OHAHOM HAH /D HHI AVANEG HMA OAd TAHWIOIA MAd HOIAO01dAd
13 \Ad MHODEAN OXBHIH TS BUA N A SHAME THMM 1T A OBISXNHMAVY $ ° 9OHAOAADS IM1Z HXOTMOE® X
a a10MMVAA AR \HY OHKOSHHTT DL ®TOX 0401 HA40A10Sddd /.0L HMAXOAA) X
MOT1HE OYIATdH, MOHAdHCAOAO HATMSAOD$ NIWNA0 MANT(
dancdns tO1TNEIM10d8d OAMOHAOEINTAOH HXOTMOYU® X
)OS HXOTMOY® X
7 HE OdTMAXNMAOY® dO@VREIWI A O MW OBHHA NHOZY \MNHSYNE X
om_._>>ux:\%>mmu I>>/o MNAM9
HA QX AN AN S DROMAF SATd DA AIINODXAN MADHD HMHOSdEd M ANHOZY \MNHSYNE X dM
OHAYdHN N\ 30O HMd., MNAM9 HAAXE HMATM1O*
NHATS NOXNZ NIl AMIdNHS cOICOHNSD O1AMIZ X
oadodIMIodni.L NY OA0E PADHIVKNADH MOHAHOSAT M OHIATAHD dN110Y® X
dancdns tOITNIdM10dd OAMOHAOINTAOH HMATITM10O" X
AOOYI HA40AdNIHNHS OANA Z DWW BNH X & A MAHM M NH HOHIOAADS$ \ITMOHSD ' X
)OS \M1TMO) MOHAdHCAOAO HOITAOYSAHS MOHAdHOSd" X
MTdNHE|DHMAQ HM@:4 O MAWERE $OA O DIImER, \ABHMATAD YD Ol1am3az x d M
G')9 €0:® HMHOSJY®
NAH\ JO 9HAYAHS
T MHMAZHMAQ: OYdITMSINdAH, ANAH3 HAQME

T$/€ xT1'9%$+€ >G$T°0'/)S¢ )/ %$ L










X &RQYHQWLRQDO VHSWLF V\VWHPV SWREXHE QURRD IVHW W/ LL

VHSWLF WDQN DV ZHOO DV PRUH VIO @AWEYQW\ WP RAKHOKL
GHYHORSYV LQ D DWW BRKILHOQ G\ WKHYS PR Y DMHQBHWURIHQ LQ
,Q FRQWUDVW GHQLWULI\LQJ V\VVRIDP D XD QH WX E YAWD 6 R/Q B!
LQ WKH HIIOXHQW DQG '(3 GRHV QRVWRIMB DBGRKEWGRQY W
OHDFKILHOG LQ WKH DEVHQFH RI VLWH VSHFLILF GDWD

W LV SRVVLEOHMWWHKD® WKW H & XUBAWQ\R @ HYDLVDPWRMD EDHVKEZ HH Q
DQG JURXQGZDW H W Z QK WIDH IV IDSVBLB /G VWK ®RF@WW.BH D F
XQOHVV WKH SDW RZDAHMHD W K U RYRIIG Y DAKN @ BPHWRKIHX QL IR U
VRLOV RQ &DSH &RGYH P GRAVHBRWOIRQ WKHVDENPRY¥B RI VL
GDWD KRZHYHU DGGEMFKDGLRQ WRXQRB GDWOL WHIU M SFHROLO H
PDGH DYDLODEOH

&KDQJHV LQ ZDWHU XVH GXH WR ORZ DARH VLLW XARON RBSWL
GXH WR FKDQJHV LQ ZHDWKHU RU VHi EORFENOZ B R'FIHNO BRQ RIE
DQG QLWURJHQ ORDGLQJ

3KDVH DFWLYLWLHY DV ZHOO DV WRH BQ%LURFPHEY MWDIO DRIRIC
DGGUHVVY WKH HOHPHQWY RI XQFHZWDEK WU H HJ) HEDADMLH G WALR
XQFHUWDLQWLHYV LQFOXGH

X

 GHQWLI\ , $ WUHDWPHQW V\VWHPOXHHV MDAV Q\S 8B VUL RAD
WRZQ JRDOV 3RWHQRHW KRG VFRWRY L® AHRQ WEWIDHQYHEGRUD
$SSURYDO  IRU WKHLU VI\VWHPV WKUWXRK W KHD U3G L HIY SIDRIS
UHTXLUHPHQWYV D @GV H B UQD@IVX D J ¥ DIBIDZ YIHIG RRIVOWRR UHY
&RQVLGHU LPSOHPHQWLQJ VHSWLF \Q\Y &R WRFRMQWRDIQ® C
DQG WR JHQH UDGDHMWDL WRH WSKIIAL IZBEWHUVKHG

&RQVLGHU TXDQWLUH®YFWHIR @ PWDVEBWQ ZRSOKH RBIWHG V
0(3 56HSRUW ZDV FRPSOHWHG 6SHFLIEFUHHGPSORD Q EFHOMB
IRU SK\WVLFDO LPSURYHPHQWYV PDGHHIUQ UM KK FADVRIQWY KVH/ER
LQIUDVWUXFWXUH PRGLILFDWLRQVWWIGQ FMDWKH 0(\ WBRWD \
PXFK FUHGLW FDQ EH DFFUXHG IRU RHQXKWWRRBBQL Q HDODPRRN/G
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SROOXWLRQ FRQWHR & YH XEHHWWQLRPVEODKWH VLOFHDQ & KRZ
FUHGLW FDQ EH DFFUXHG

FROOHFWHG VLQFH

6HQVLWLYLW\ $SQRDHQLYHRA YIDW 5SHTXLUHPHQWYV

$V QRWHG LQ 6HFWLRQ
WKH &:03 ZDWHU XVH DQDO\VLYV
DGGLWLRQ WKH DPRXQW RI QRQ VHBRWAH ZRWH B VKGIEV U RDIGLY

LQ 6HFWLRQ 7DE

OH

IRU ZDWHUWHT 2BOLRWRQIPSRBYQ P H

WKHUH LY WKWHLOQI IZFWER W XS\ HI HDDHD
7 KLS UG LK DWHR @ HR\RBCBVBH G,

UHYLHZHG ZLWK 'WKOHHQOSSBRSWLDWH WLPH

7$%/( 6(16,7,9,7< $1$24616752*(1 5(09%/ 5(48,5(0(1®
7TRWDGHTXLUBBTXLUBIBT XLUBKST XL
6HSWLF/RDG| /RDG| /RDG| /RDG
ORDG 5HPRYD®HPRYDEHPRYDIHPRY
IRU O(BIRU 0(3 IRU IRU
([LVWLIQJLVWLQXWXUH XWXU

0(3 ([LVWLQJ 6HSWLF /RDG ND\U

BHQVLWLYH 6XEZDWHUVKHGYV

1HZ :: IRDG EHWZHHOQ WR NJ \

)XWXUH :: /RDG WR 30DQQLQJ|+RUL]JRQ NJ \

7RWDO 6HSWLF /RDG NJ \

7DUJHW 6HSWLF /RDG|,) NJ \U NJ \U

QRQ VHSWLF ZDWHUVKHG ORDIG UHGXRWLR®\V O PJ Q

DUH QHJOLJLEOH L H| 6FHQDULR

7DUJHW 6HSWLF /RDG|,) NJ \U NJ \U

QRQ VHSWLF ZDWHUVKHG ORDIG UHGXREWLRBY O PJ

DUH DV SODQQHG L H B6FHQDULR

7DUJHW 6HSWLF /RDG|,) NJ\U NJ \U

QRQ VHSWLF ZDWHUVKHG ORDIG UHGXRWLRBY O PJ (

DUH DV SODQQHG L H B6FHQDULR DQG

0(3 PRGHO RYHU SUHGLFWHG H[LVWLQp

VHSWLF ORDG E\

1RWH

RXWOLQHNG VR HBQMHWLIVY WWH D@ B O L\FID
YDULDEOHV XVLRDVKOE EHHDNZHHQ DADIV W HWDY BIWH EDWHKH

7KL

UHG

DO

/IRDG UHPRYDO UHTXLUHG HW FKIQHXGDM HIEBX 8 B WZBHEG CEG\VKWQR RQH G

QRW EHWZHHQ KRXVH GUDLQ HIITOXHQW DQG OHDFKILHOG HIITOXHQW
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%DVHG RQ WKLV DQDO\VLV LI QRQVVHS® XS ZBHAL QU VEKHIO DRIE
VHSWLF ZDWHUVKHG ORDG LV DV SUH®& BPW 8 & IEQ @ (@R W KHH® RAY!
QLWURJHQ DQG WXAN XS B®W/MLRQOO0 REH WKH XRWKBU ,KDQG Q
ZDWHUVKHG ORDGV DUH DV SUHGLFWWNGRNYEG SVKHS IVAVBMG F
$GYDQFHG , $ 30DQ ZLOO EH PRUH WKDQ DGHTXDWH

(QYLURQPHQWDO ORQLWRULQJ
7KH HQYLURQPHQWDO PR QV W R WIHIGHREO W R ZD Q@ G T KWW WIKRQ V

Xx 'RHV WKH UHGXFWLRQ LQ ZDWHUVKHGWG®LWBROKX® QO RDEWU
FRQFHQWUDWLRQ LQ WKH LPSDFWHG GIFPHE@WRIHDQWL'R Q/ PARKIHH
VHQVLWLYH WR KIDQVBUMBHBWHRD 6\WWKH 0(3 PRGHO"

x 'RHV WKH EHQWKLF FRPPXQLW\ UHVSRPG QLRVW R BIHWDH B G AH.
$UH WKRVH EHQWKLHIF REPPXO\L W HIQWRIBVRBPOHQW R ZRIMQUFR Q F |
WKDQ SUHGLFWHG LQ WKH 0(3 PRGHO"

x $UH WKH QRQ W U D GRWH. RQ DWH K N DHXNKIAFDWIR B WK MK H\&: 03"

x $UH DWPRVSKHULFLRQWDRNHYQ BCRIGRMOWILPHWR GURS RY

Xx +DYH WKHUH EHHQ WXDQHHVQIGQRVWRHIRG @ HW K DWJU 2D ULDW) W
DQDO\VLV RI WKH HILFWHQIRHGU RG@MMQADVRG VBOW "

7KH HQYLURQPHQWDO PR PKRRUG FRHW\LFRP B R g H QMWD O

X 6HSWLF VI\VWHP HIIOXHQW IORZ DQG OTHKPHQ WL QEID VB 8 WWHH
HITOXHQW DQG SOXRHARRQ MWMRRILDEYGEREMWDWH VLWH VSHFL
WKLV ZDWHUVKHG

X 6XUIDFH ZDWHU TXDOLW\ SDUDPHWH &R @W. GHKWH & K B WIVGIHR
DW 23 DW WKH P GHSWK LQWHURNG WRUFRDMHFIWW F R MRS,
GLVVROYHG R[\JHQ 7KLV GDWD FRIK GEHRWIORQ H RXORBU P B U
HYHQWXDOO\ DVVHVVLQJ 70'/ FRPSOLDQFWKHQGERGLYI W
VWUDWLILFDWLRQ OD\HU RYHU WLPH

X 3RQG VHGLPHQW SOV EMQOWHKULY WRXDVEWHRI QLWURJIHQ

$ "ULJKW 3LHUFH



Xx $OJDH EORRP FRQGLWLRQV WR DVVHQWG ISRIQRQ ¥ REALVOLIR R
EHIRUH DQ DOJDH EORRP HYHQW
X %HQWKLF KDELWIPMWKRGRORYLGR @YE\SWRQW FZRW K WKH

Xx 7KH HQYLURQPHQWD O cBURIQR@ARRJ LQF GX®HUDFULIDWLRQ IOR
ZRXOG UHGXFH WKH H PRXQWL RX V¥ B & WMUR XAD VW HZDWH U

7TDEOH VXPPDULM R IWNKKIHHSDHPIROMWRER I Q WIRWR. QB HQWRD OD P

THFKQRORJ\ ORQLWRULQJ

,Q DGGLWLRQ WR WKH HQYLURQPHQWIDGO PIR@Q\L R RRIQQ W B U RAK

WHFKQRORJ\ WKDW PD\ KHOS RU K LIQGHUO W K\HP IRROE.O\HRPUHL. QW YW
WKH IROORZLQJ TXHVWLRQV

.V PRUH RU OHVV WDOSBXHIQW GYDSRNEN R VB KWRISHSRDG ::7)"
+DV GHYHORSPHQW LROWRKE HZ® WHHVEIHRIEU BXVLRQ SCBQYLQ
'RHV QHZ UHVHDUPK \8R FEXIDGH HD \E R MBS B UBRMDMAKH VR U | X

+DYH QHZ '(3 DSSURYHG $GYDQFHG , $ 6\VWHPV EHFRPH DY

+DYH SLORW SURJUDR®YDI®R P HIRQX WHNDIGHLORY LGTHED VW R LFR Q V
VFDOH DSHOWRDWIZR@HUVKHG"

SURJUHVY 5HSRUWLQJ

$ ZDWHUVKHG SHUPLW ZLOO UHTXLUHWV/KH HSREPWW W OYCH B DLC
H[SDQGHG SURJUHVWHUOMNBEBH® ZIRBWHNYURIQO VBHUHIRG WR
SURJUHVV WRZDUGV 70'/ FRPSOLDQFH BIQG AMDY PraheksHG SHU |
Report VKRXOG GRFXPH@VEWRRZ WE B8 W & BYW & FE AV K5 H V (\BU L8ERXEW O (
WHFKQLFDO WH BPZIDVQKUNVEW & IDHAMRIFLDWLRQV

x 7KH VWDWXV RI CRAUNIL @ LW HH \& :3 O @ KHIERIL W IURGDL @ DRYQ D O
X $ GHVFULSWLRQ RIQW KW XFUHIL WIXD \W [BBU H HRODG HHIDQ WLKGHE O

GHVFULSWLRQ RIUWLKK ZDVYWEXQRPMWWXUNFIBIG ZKIWRUPADWHBRQV W
RU LPSOHPHQWHG ZBEQEKUAHXIDO DWEBRINHQWHG

$ "ULJKW 3LHUFH
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ANHM4AMA: 950Y
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MAXN.L OAMOHIOENTAD) 90HE NHMA\Z
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L)ez
AAQO €)0 €).

9 0 H S A X A o d M o L 9 9 L
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RNHERG AARAMNANOTDOTMNAMA MOHAAAHAAS
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$ GHVFULSWLRQ RIGNB AV EBRGHIEDIRBR AL QH X-SIFU

$ VXPPDU\ RI SDUFHOXWHYH®GZDEXHOGLQIJWBRQPUWU LC
JURZWK GHYHORSPHDRK\ FM & B'Y HROFAES RJHBIEH G QL @ KAHK B DRAXHY) U H ¢
6XPPDU\ RI WRZQ ZLGHQADMW B Q GX V H RE WE HY H YDHRG R S FQ W/ W
ZKLFK REFFXUUHG LQ WKH FXUUHQW \HDU

6XPPDU\ Rl HQYLURQP®D BDRJ B R B LGNDRVKIH FIROHHFQWH &H DRW
,GHQWLILFDWLRQ RI QHZ WHFKQR ORI E\D RWD QX\F FHY\D\O X D W
&:03 DQG

6XPPDU\ Rl VHSWLF ZDWHUVKHG OR DG LRRRILWGRQLIQ Z DRWH W K
UHDGLQJV IRU D RE BWRSGNWHRY D{E® EBRW , $ VIVWHP  PRC
UHIHU WR $SSHQGL[ ) IRU GHILQLWILHRQAKHG @G W D R ¥ Q DD/RH
6XPPDU\ RI VHSWLF VRVARMB B XREL\QKH FXUUHQW \HDU

7 K Bxpanded Progress Report/ Adapti Management Update Repor KRXOG GRFXPHQW
LWHPV OLVWHG EHGRVZWUQLE XWR&OBREWKH $DRXDORBXRIUHVYV

$00 WKH LWHPV LQ WKH $QQXDO 3URJUHVV 5HSRUW
$QDO\VLV RI WUHQGYV LQ WKH VHSWILERDIPWM I§UADKH G RIDRICR |
WHFKQRORJ\ PRQLWRULQJ SURJUDPYV

3URSRVHG FKDQJHV LQ WUDGLWLRQB O XBQL® XQ B QR WLRD®IOML
XSGDWHY WR WKH DQWLFLSDWHG HQWMLIRIR Q RH @M Bl 0% LP3S DOFQY
3URSRVHG FKDQJHV LQ LPSOHPHQWDRVQRR UVFKHG RO HR IV XF
VHIPHQWY RIQWAKGIMIQDWLRQDOH

7KH RULJLQDO DSSURYHG &:03 DQG DSSUPRPWHS 5HERIMLVY H L
GRFXPHQW WKH 7RZQ V DGDSWLYH PDQUCHINE H@W HIDYIHZR UR

\HDUYV

"HWHUPLQLQJ 70'/ &RPSOLDQFH

70'/ FRPSOLDQFH ZLOEEH3FRIQHIQURIKH 70'ZPWRGIFRBEPQ QLW
FRQFHQWUDWLRQ LV PHW DW WKHELMDML QWA NWDRALIR® DENG
PDQDJHPHQW IUDPHRRUMLGHWKH. ERBZE ZDO F BHPRIQD/WFHDWR

$ "ULJKW 3LHUFH



E\ WKH IROORZLQJ WRB N\MXHRWPUWMIVEGDYXE @V 71 RU V\V
IDLO WR PHHW WKH VWDQGDUG D WKH E/MIOIETHGGE E \RW\ VIWKIHP 7 OW/E
ZDWHU FROXPQ QLWURJHQ FRQFHQW@DWURQKW EZBW HUN KWIG
WKH WDUJHW ORDG HVWDEOLVKHG ER UWKG GLOV/L R QDIGI U QV R U
IROORZLQJ HTXDWLRQ PD\ EH XVHG WW KMHUDE N WBHUTRAILUHAH QY W ;

Attenuated TN Removal from Groundwater (IbZd@w * (1-CU) * (TNb — TNact) * 8.34 * NA

:KHUH
47 :DWHU XVH DWPMIPON XWRHPGE LQ JDOORQV SHU GD\
&8 RI ZDWHU XVH UHVDXW VW RBVZO DWHZDWKHPJIHLIUUEJDWL

DVVXPH

71E  %DVHOLQH HA HOQVWHWDMWIRGROR JURKD G ZDWHW WRH7DEC

71DFW (IIOXHQW RQ FRRF $GWNQMHGPHH WXUWERLQFJ O

1$ 1DWXUDO DWWHQXDWLRQ IDFWRRIUORVHA X LW R R WHKHND © YOBA
DQG QDWXUDO DHMWNM QK DHW L RQVIHRREFR® 0513 STRHFWK Q

$'0,1,675%$7,9( ,7(06
(VWDEOLVKPHQW RI D ODQDJHPHQW (QWLW\

7KH %RDUG Rl 6HOHFWPHQ LV WKH PDROPRKMXW H R M LR DIUG
GHVLJQDWH DQ DSSURSULDWH GHSDUMW®W Q\R VDLW W K 15 0%5 HRSI
2\WVWHU 3RQG ZDWHUVKHG LPSOHPHQWRWGRRHIPDLQ D QXK 2\ B
EH UHVSRQVLEOHMR QR WR DB Y RIKW UIBWMSHF P DR Q WRHRDLQF H  VH.
SXPSLQJ HQIRUFHPHQW UHFRUG NHINSIRQ®D QBWHBRUGL QI K
HIITRUW DVVRFLBRIQY LZEIVDK WK L VKED¥DW MPLDPMHIET R WY RQH QW VWD
3RQG ZDWHUVKHG

(DVHPHQWY DQG /DQG $FTXLVLWLRQ

, W LV JHQHUDOO\ DGYLVDEOH | RPKXK\DWWRHZIX WHR LEWH QM HI\SDE
WR DFTXLUH WKHP IHH VLPSOH LQMWHURVW KRHJ SHIRWMHHPAV) W RLC
DYDLODELOLW\ IRU IXWXUH SKDVH®QWLIWKMHWVEBRMHKERK O GL R Pl

$ "ULJKW 3LHUFH



3KDVH SUHOLPLQDU\ GHVLJQ DFWLYL®/E& HOD QG KBIFTRQOIRY L
DOWLFLSDWHD QFH® KK 80DQ

x $FFHVV HDVHPHQW WR HDFK SURSHUWQVEBHFWKR QX DRV HE
$GYDQFHG , $ VIVWHPV

7KH IROORZLQJ HDVHARHQW DREV CCOHMWDRRANTEDSDWHRBQIRO %D F

x (DVHPHQWYV IRU OREZ SUSINVXABWYHER@D® \DRFG5RDG DFURVV :
FRQVHUYDWLRQ ODQG

x (DVHPHQWYV IRU OREZ SUSINVXXHWYHEQ ® RRKPORGE &G RDIGY B G R
DGMDFHQW WR 6DOW 3RQG %LUG 6DQFWXDU\ FRQVHUYDWLTF

x (DVHPHQWY IRU ORZ SUHVVXUH VHZHW. SPORG HEQ WMZIHHQ BBt
7UHHWRSY &RQGRPLQLXP ODQG

x (DVHPHQWYV IRU ORZ SUHVVXUH VHZHURSXYANW 6DAOLRHHIW: FORQGE
BWUHHW 3RVW 2IDFH IRRFG RRUQWH R @ G5 KILIY\H 8 WDNMIVRE)

5HIXODWLRQV %\ODzZV DQG 3ROLFLHV

JRU WKH $GYDQFHG , $ 30DQ WKH RODAKG LR/ FXHUDWDHNDKNVEH JXSDIW
WR , $ LQVWDOODWLRQV ,Q DG GLMQWR QVKWKS0 7 PDE REOVODQ B H
3HUPLW 1R RWKHU QHZ UHJXODWLBRWHE\ OPZWRY $8 9D RBIFHH
7KH %RDUG RI +HDOWK 5HJXODWLRQR/ \WDPF HJ I DX/IHGH RXE GVIK\M H
RI WKH 50( ZLWK 3RKQHE 2\V'WWHHUVKHG 3HUPLW

JRU WKH 7UDGLWLRQDO %DFNXS SCSRPLERHYHZUHHUX O R WLR® V
7RZQ PD\ ZDQW WR HYDOXDWH VRPH DG NKVWE®D\WWR/QW RV RV
UHVSRQVLELOLW\W@BURZGHUVKWSURBAW Rl Z D \WRUWKRI WKH F
PDLQ PD\ EH GHVLUHG RU ZDUUDQWHG DQGRIR F PQQH@®WLRRQ D
VHZHUV ORZ SUHVVXUH VHZHUV RU ERWK

$ "ULJKW 3LHUFH



SHUPLWWLQJ DQG $SSURYDOV

7KHUH DUH QXPHURXV UHJXODWRU\ SYRODUDR VXZIWHAR ESOIW F LW/K
WKH SODQQLQJ GHWDIWLRQ RLMNKIHH®HQOAHFRPFFPHOYEHGGYDQF
30DQ WKHVH LQFOXGH

'(3 UHJXODWRU\ DSSBRYQG R8 WIKWH&JVKHG 3HUPLW

&DSH &RG &RPPLVVLRQRQ¥&VWHRED Q RMIHYWRLBGQ GHWHU
ODVVDFKXVHWWYV (QY 58 RQ FOH BNV DUH BIRIOD R BKIVF K QLS)EW [URP
ODVVDFKXVHWWYV 1D WEQUEDDOQ JHHUHIGN DBBH F L HUW XDWDRM UDVIR ~ \§ b
ODVVDEKXVHWWY (QGDQJHUHG 6SHFLHVRWHEW LRV \$EFMK X |
ODVVDEKXVHWWYV EVVWRY UAHDQABRRP®OBHG WR EH FRQGXFWH

$FWLYLWLHY PXVW EH FRQVLVWH QW I ZVK\HK7WE®IT S HARTLUNGVRD @
30DQQLQJ %RDUG PSPRYVHRYIDMR QLAAWRUVFLRQWULFW &

JRU WKH 7UDGLWLRQDO %DFNXS 30DQ WKHVH LQFOXGH

$O00 LWHPV UHTXLUHG IRU WKH $GYDQFHG , $ 30DQ

1HZ RU PRGLILHG '(3 *URXQGZDWHU 'LNVRRDOJH I BBHXUHPQ W VG L
FDSDFLW\ UHTXLUHG

'(3 30DQ S5SHYLHZ LV UHTXLUHG IRU SURSRNMWE UXB /& UW L RRQ
DQG VSHFLILFDWLRQV KDYH EHHQ SUHSDUHG

'(3 6HZHU ([WHQVLRQ 3HUPLWY PD\ EH QHHGHG IRU VA\VWHP
7TKH '"HSDUWPHQW RI 7UDQVSRUWDW\YI{RRQZILOQ @ W B WXH URDUP\L

7TKH 7RZQ PXVW LVVXH EXLOGLQJ SHWPMWNVYW B W MRWH/D M RVHHQA
ZLWK WKH 6WDWH % XLOGLQJ &4RGH LV GHPRQVWUDWHG

&RPSOLDQFH ZLWKPWXWVEHHSGERBRQVWWDNH® RWSYRWHPW G H Y

&2676 )81',1* $1'),1$1&,1*

(VWLPDWHG &DSLWDO &RVWYV

8VLQJ WKH PHWKRGRORJ\ GHVFULEHGAHRKY BORW HRBQIR UF\ B HWH
, $ SODQ DQG WKH 7TUDGLWLRQDO PODFONK B/ RBDRO OKAL QD SN D

$ "ULJKW 3LHUFH



ZDVWHZDWHU FROWR PWURDW WH@WQNIEQWWHKBW K H UNVRIH DWW H

WUDQVSRUW WR GLVSRVDO BDQRWMIFKQMINWLREUDPREHY DQG
2QFH EDVLF FRQVWUXFWLRQ FRVW VGGHIGH | R ¥ W RRDWMLKG H Q © DHR
VHUYLFHV OHJDO DQG DGPLQLVWUBRWIWW WDIGY OTHYG ¥RW W
SXUSRVHV RI WKRY ORDIAQY IDNV WKRBWLRQV ZHUH XVHG

X &RVWV DUH SUHVIRQWH G7 KRIU$ BRYMOH HG D GLIQABRQ DMK DFN XS
HTXLYDOHQW LQ QXPEHU RI GZHO OZMIHYUQ IDWVGIHEE U HEN E G |
WKH $GYDQFHG , G ODRO UNTHLSHF®KDOUH WR PHHW WK

X )RU WKH 7UDGLWLRQDO %DFNXS 30W QS RIDWLRG R H BUKHHY AR
IXO0 ZLGWK RYHUOD\ KDV EHHQ DV VXWKHG SIRR MAHAFEBWBIQER B
RYHUOD\ KDV EHHQ DVVXPHG IRU 7R 2QHGRB\GW KIHQ 6§ USRUWLFFDW
PD\ EH RSSRUWXQWWHWN SVRDQIPERBEMO 8 XHDQIDWKEJILPBOWP |
SKDVH DQG RU WR DOLJQ LPSOHPHRI® WHFR® @QULWBEXRWKR Q
QHHGV DW WKDW WLPH

X 7KH *FRQWLQJHQF\OBIGP 0OQRY & WHF KRIMCFOZD QHH YZEWWHW D
WKH $GYDQFHG , $ 3FOD QM GUDVMELWDRQDO %DFNXS 30D

X $GYDQFHG , $ VIVWHPV ZHUH LQFOXGWEBHRWY2HBRUEXL &L
KDV RQH XQLW IRU WKUHH EXLOGLQHE WR & H RHHWRSVW ZR
EXLOGLQJY ORFDWHG LQ WKH Y LMAIA® \ORIZ VBKIH WWHKQ®IL V HR
ZLWKLQ 7UHHWR KVV KRXO/GDBIS WRIDEQHG GXULQJ 3KDVH

x J)RU WKH 7UDGLWLRQDO %DFNXS 30H QQP®XGSHEH VR/X HD K. |
H[FHSW IRU WKH :+2, GRUPV ZKLFK ZDW BWYN XPEXGL OVRL @ HV
7UHHWRSYV ZKLFK ZDV DVVXPHG W R VEHE RRQH DQEBELDWW | RUR P DFH
VA\VWHP PDQXIDFWRHUF DX EW WSHSUQHG GXULQJ 3KDVH

x 1R FRVWYV KDYH EHGRRIG)EORBRH®IMMVHSW RU SULYDWH OR?
OLIW VWDWLRQV

X &RVWV DVVRFLDWHG ZLWK WKH ILUNWRHMPDQFSHBRQYLRRV I
ZDUUDQW\ SHUIRUPDQFH JXDUDQWEB BREY DREHSUHY WX UW HD
LQFOXGHG LQ WKH FRQVWUXFWLRQ ERVUWWRWHPRMOX BRG L
$GYDQFHG , $ VIVWHPYV

$ "ULJKW 3LHUFH



x &RVWV IRU 7LWOH FRPSOLDQW V\MVWRRW D UK HDWH XRN® W R
KHUHLQ EXW DUH W WORMHLG W®R\ €D IWKH SURSHUW)\ RZQ

X &RVWYV IRU SULYDWH] SURSHOUMKLDRIDNE GDEBPGRQL@J VHSW
EDVLF VLWH UHVWRQB®XRB @GH WRIXMFIBRUFDSLQJ SODQWV
ZDWHU IHDWYWHYRWWRFOXGHG

7KH HVYWLPDWHG KPPIDWDH &RMW VDESWHY HQ VG ® U B GROO
RQ WKH SURMHFWHG FLRIB\RLQYF RINVBKESMABGE L YL RQDROUPDWLRC
LQ $SSHQGL[' 1RWH WKDW WKH FRRYW HYG/ BRBWHR QS U B H QW
DUH QRW GLUHFWO\ FRPSDUDEOHVLOHEWYRQR SHWGDRQDD \WR P KL
IRU WKH HQWLUH ZDWHUVKHG ZKHUWRN $8FWQRBG LY DIAD
7UDGLWLRQDO %RBNXS RMIQ DRUGHNFWLRIGRL QVWHK LWHSRUW

(VWLPDWHG $QQXDO 2SHUDWLRQ DQG ODLQWHQDQFH &R

8VLQJ WKH PHWKRGRORH F V& HR/@ U L BHEEGD © DR YMUDUDLRRH 2 0
ZHUH GHYHORSHG IRU WKH $0OW H U Q@BMMFLNXES , 39 B Q D 7 IDH\GH WDKQH:
FRVWY DUH EDVHG RQ WKH 3FRQVHUYPXW.OHQHG D g VXH-PRMWLRRY
HVWLPDWHG DQQXDO 2 0 FRVWYV DUHSUXRPMWHIEGLRQ 7DERE O
RQ WKH SURMHFWHG PLGSRLQW RI $KB SR UWIR®RVN WU RUW DRQ R (
LQ $SSHQGL[ "

ODVVDFKXVHWWYV '"(3 6WDWH 5HYROYLQJ /RDQ )XQG 3URJ

7KH ODVVDFKXVHWWY '"HSDUWPHQW R IKEDW MWKRH RIOGID Q O: BWR!
5HYROYLQJ )XQG 65) ORDQ SURJU DRPUDW B H CSIOEDOHQ W®RJ PX@G FAL
LH QRW GHVLJQ RI ZDWHU SRO®WLRRQDE DRIHMDHQ B/URY R(
LQWHUHVW ORDQV IRU HOLJLEOHOSDRWW FAD/W H K LIFKI U Q ¥ X & F
ODQGILOO FDSSLQJ XSJUDGLQJ VHIWMLRQY/ WHRN BDOQRI VIR R
\HDU ORDQV DW LQQVSRWHMNOW LRGQHIQFLGD/RRRUFRYHY  \H
FDQ EH REWDLQHG $GGLWLRQDO |XQUM YOLWHR CPHDQAVWWDE OM
FRPPXQLWLHY DSSOLFDEOH WR VP DWDE®DRIUWLRH ¥ 5R | S)IDROJAURDX
SUHVFULEHG WLPH WDEOH IRU VXEPRVZHRQW RZ i HRK SPUXR/SAR E H C
WKH HOLJLEOH DQG IXQGHG OLVW

$ "ULJKW 3LHUFH



7$%/( (67,087(" &$3,7$/ $1' 23(5$7,1* &2676 3+$6(

JWHP $GYDQFHG , § $8BBLWLRQPO %DFN
oDQ
&$3,7%/ &2676
&RQVWUXFWLRQ LQFOXGLQJ &RQWLQJIJHQF\
'"HVLJIQ LQ DERYH
6XUYH\ DQG %RULQJV $OORZDGQ|FH LQ DERYH
&RQVWUXFWLRQ (QJLQHHULQJ DQEB ,QYSHFWLRQ
JLVFDO /HJDO $GPLQLVWUDWLRQ BROLFH 'HWDLO
/DQG DQG (DVHPHQW $FTXLVLWLRQ
Total Project Costs (2019 dollars, ENR CCI 11228) $5,525,000 $10,210,000
Total Project Costs (2026 dollars) $6,800,000 $12,560,00(
$118%/ 23(5%$7,1* &2676
$GYDQFHG , $ 6\VWHP
6HZHU 8VHU 5DWHYV
/RZ 3UHVVXUH 6HZHU /LIW 6WDWLRQ® 2SHUDWLQJ &RYWYV
2\WVWHU 3RQG 50( $GYDQFHG | $ 7UDFNLQJ
2\WWHU 3RQG 50( 5HSRUWLQJ
2\WWHU 3RQG 50( 'UHGJLQJ 7UXQN 5LyHUQ '3: %XGJHW LQ '3: [N XGIHW
2\WWHU 3RQG 50( (QYLURQPHQWDHO ORQLWRULQJ
Total Annual Operating Costs (2019 dollars) $436,000 $202,000
Total Annual Operating Costs (2026 dollars) $536,000 $248,000
I1RWHYV
&RVWYV DUH SUHVHQWHG LQ $SULGRVWSRO@OBUYV (15 EERIGWWDRHF WH. RIRW H G
&RVWYV LQGLFDWHG DV GROODUWRWHPHDWBHU \HDU LQIODWLR

5HIHU WR $SSHQGL[ $ IRU DGGLW LR D QQ MUP RS HRID RQ D § RVIVY D
2SHUDWLQJ FRVWV IRU $GYDQFHGV,HIUSOVQYHUR EBVWEPB Y VRKY &R FULEHG L
6HZHU XVHU UDWHV DVVXPHG DW F R VYRDWU MD\Q\GX FBHGS RS VWDMWDRRQIRU UHVLGH

$ "ULJKW 3LHUFH



'(3 DOVR KDV DQ *HQKDQFHG 65) ORDMROQRIDWP~ WERWHUFH\K\ES H
PDQDJHPHQW UHODWHG SURMHFWYV REBEWLRR}HH 6D V,QVR U GHHIJUWCF
WKH HQKDQFHG IXQGLQJ SURJUDP RMXKRONA FLSDW LIWA SXIVRD U L
UHPHGLDWH RU SUHYHQW QXWULHQW b @UYRKPIFEW IRZ DWHXU |
QRW EH VXEMHFW WRFBPN@®WY DRMQLREKIRMWRELDQW P ZQDIHPH
D &RPSUHKHQVLYH :DVWHZDWHU 0DQDJH PHIQW 3\ R QU H&X0G D \
DGRSWHG E\ 0DVV'(3 UHFHLYH D GHWH WPKH \W 1 RRQ®IO FRI)
SODQ L H LQ WKLV FDVH WKH &&&DQGXVG FREDMWWHR OD QR J A
LQ QXWULHQWRIRIKGVIGRE QRXWUDO’

SRUWLRQV RI WKH 2\VWHU 3RQG LPSOHMHQWDWRIR@ SDOORRKHK
SUHYLRXVO\ PHW QWIHQ FUIGWGHY LIORIRQV IURP '(3

%DUQVWDEOH &RXQW\ 6HSWLF ODQDJHPHQW /RDQ 3URJU

%DUQVWDEOH &RXQW\ KDV D &RPPXQLW\ WHOWLFDID EEHIX\WHQ
UHVLGHQWLDO SURBQWMN RHGNLF WR WBPOXSI WBIGM\L R V\VW
HOLJLEOH DOO FRVWV GLUHFWOWBWVWRBHIOWHWGHBL B\K 7 E B/WDUH L
IRDQV KDYH D QBN B PPHDY MP X P W H\ DDRJIUWPH SDRAH@RD @ LV VHF X
EHWWHUPHQW DVVHWWWHQIMMWRHWWHSSBDRIBWR WRXWOW GWRIUDP

$GYDQFHG , $ 30DQ

*HQHUDO 7D[DWLRQ

$ FRPPRQ PHWKRG IRU IXQGLQJ RQ JROQLQYWBREWLRRWLWR UL
QXWULHQW PDQDJHPHQW RQ &DSH &RG VRRARH FHVBE PXQUWLS
GHVLJQ DQG FRQVWUXFWLRQ DUH DR R HAVRSHALID® ON KIRRX Y KV
HOHPHQWY 7KH JHQHUDO IXQG FRYWIURHD DX LWDDX EMRH FRX
PXQLFLSDO GHPDQGV 7KH JHQH URIOUHKRH MWW [RD \OR VX E MKDEWH
/IDZV &KDSWHU t & L H 2*3URSRWLWYRWHO®DWH&HW R/ DALIQH [
LPSOHPHQWDWLRQQEMBQYERXIHR EHDO WD[DWLRQ

$ "ULJKW 3LHUFH



OXQLFLSDO :DWHU ,QIUDVWUXFWXUH ,QYHVWPHQW )XQG

&KDSWHU 6HFWEWY RIRI WBXWKROLWL\HY YOR AIPSIRVH D VX
UHDO SURSHUW\ DW D UDWH RI WP [WRHY\ SHUF HPR\G LRIV WK
WKLV VXUFKDUJH VKDOO EH SODFBGNKH D XISLSDW H DW AR X, Q'
 QYHVWPHQW )XQG ([SHQGLWXUHVGAURP WXQ Y FIXSD3 VG&WLOYN |
ZDVWHZDWHU DQG WXFRVPIZID VBN U HARDWUYVRWIA \R U HD@IDWIH G W R\
LPSOHPHQWDWLRQ $OYDID AR R® Q LEEH ¥ BYQ CZADWXHIH LIQQY BV WP HQ W

3URMHFW )LQDQFLQJ 6FHQDULR

$ SURMHFW ILQDQFLQJ VFHQDULR ZRD® ZIWHG L\WQB XaM I&RPHW R
'HSDUWPHQW 7KH 7RZQ ZLOO FRQWL QXMW KWMR FDRBUW MW RA@ POIG\
RSHUDWLQJ FRVWV GXULQJ 3KDVH

,03/(0(17$7,21 6&+('8/(

7KH IROORZLQJ LPSGKOHQWIRXMWR@L YHIGHIRU WKH &:03

OLOHVWRQH 7LPHIUDPH
&RPSOHWH 'UDIW &:03 6(,5 6XPPHU

3XEOLF ,QSXW 6XPPHU

)LQDO &:03 6(,5 )DO O

&RPSOHWH 0(3% UHYLHZ "HFHPEHU W R
'QLWLDWH 3KDVH DQG 50( ZRUN W R
7RZQ OHHWLQJ 9RWH RQ )XQGLQJ DQG $SSURDFK

3KDVH 'HVLJQ DQG %LGGLQJ W R
3KDVH &RQVWUXFWLRQ W R

$ "ULJKW 3LHUFH



1(;7 67(36

7KH LPSOHPHQWDWLRQ SODQ UHTXLUBMWRQERHURRK\S DRPHQOV'
WKH SODQ 7KH IRPO RUIHQS WDRFW IGRH®B H @ W DWKL-R QPSOD Q

6 XEPLW WKH ILQDO &:03 WR '(3 IRU UHYLWRER WWKRH 0B % H R&F
&RPPLVVLRQ IRU D 30DQ &RQVLVWHO®@AN H IBYVIFZX\VOH R RV P
UHJDUGLQJ D :DWHUVKHG 3HUPLW

, QLWLDWH 3KDVH LPSOHPHQWDWERQRMDVNVDIRXWOLQH® EC

o 'HYHORS SURRI RI FRQFHSW IRU 50( LQFOXGLQJ '"(3 UH"

o '"HYHORS SURRI RI DYDLODELOLW)\ R X$GX\W Q7FIHG R J$OV\\
LQFOXGLQJ RQ JRLRP :GD6/%B5USIYR ME F WK DIQHEY OVDL\QWJ7 H F

o0 6HHN DGGLWLRQIDM HIDGRHFQW\ GRVSERIDE N VP LMK KRS
2\VWHU 3RQG 7UDGLWLRQDO %DFNXS 30DQ

o 'UHGJH WKH 7UXQN 5LYHU
0 )XUWKHU GHYHOR%Y B ROV WIHPVFRNIMXWNHORIFOMWIERDQFBE 8 Q
o 5HILQH SUHVHQW RGO AHY/P HQUWHRIVNAMHAAVQJ VHSWLF

o ORQLWRU VHSWLF VA\VWHP HIITOXHQWUDOWXP NVWHRVIEBBL I
IRU WKLV ZDWHUVKHG

0 &RQVLGHU OLPLWHWEDPRRILW KB DI SWREOW H R VRW R HGNWAL #
DFWXDO QLWURJHQ BSDF W KRY W KKRHURRWHUVKHG

o0 &RQGXFW 1HLIJKERUKRRG OHHWLQJY HQVWDWXV BQGDW

o ,QLWLDWH GLVFXVVLRQV RQ HIIRBIW MR BEWDQ® HG G Wl

0 4XDQWLI\ QXWULHQW UHGXFWLRQ PHBVXUQRNHZWIKFK OK B
SHSRUW ZDV FRPSOHWHG

0 &RQGXFW 1HLJKERUKRRG OHHWLQJV IVQXSG DWW WR

$ "ULJKW 3LHUFH



5HYLHZ WKH ILQDO UHVXOWYV RI WKHKHBEWWF) b O/RNREKRV 8 HPHUGH
SURMHFW ZKHQ WKH ILQDO UHSRUW LV LVVXHG

&RQWLQXH WR D GWHRXAUHH HI CRGULWA. RMBIDO FIDISO KHWWI BW WS IRH 7
%DFNXS 30DQ

 QLWLDWH HIIRUW®QWAR IRWFWKH BOYE® FH® G ISWAMRMP O %DFN

'HYHORS WKH SURMHFW I RQDIQFK QN K\H S DRIZNDP HIQQW Q FIB HB W L
SXUVXH JUDQW X GEOMIQMRNUFGE® FRBSLWDO SURMHFWYV

'RUN ZLWK 23(7 DQG )DOPRXWK 3RQG :D}MBFRRQVWRUDYEG HQ
DQG WKH &:03 (QYLURQPHQWDO ORQLWRULQJ 30DQ LQ 7DEC

SUHSDUH IRU $QQXDOQ7RZQ (BHRWLQH BH LEXXWRRIUXOD@GWAY LD W I
GHVLJQ DQG SHUPLWWLQJ DFWLYLWLHYV

&RQVLGHU DGGLQJ DWWULEXWH ILHO®WR WERGWKMHWSHYV WHNV F
ZDVWHZDWHU GLVSRVDO V\VWHP DJH RR\VWQWHR RDPE QW
VLIQLILFDQW 7LWOH YDULDQFHYV

&RQVLGHU VFDQQLQHWKHGCYDRBHILQ MRIAKD HHGS EV WKHQW DQ G %
+HDOWK | RXUGDW 3 XWHSRVHV
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7KLV VHFWLRQ Rl WKH UHSRUW LGBQWLNHH V. FELOAHFW | R GLD
HQYLURQPHQWDO LVVXHV 'LUHFW KRSDF W DR H JGHIQHXNYY 8 G
SURMHFW FRQVWUXFEWURQHBDOORRBQIHRSIBUD R LRDY RI WKH
SODQ

6XUIDFH :DWHU 4XDOLW\

1R VLIJQLILFDQW QHJDWLYH VKRUW WHWP D®SDHF\8MFRVH & X 0 KL
SRVVLELOLW\ Rl HQWDMRLQR Q GG K EHGH\PW IBOFWLICRIQWRIHREORV LW H
VIVWHPV DV ZHOO DV RIl VLWH ORXZ \§UR Y DYOUKX DFHNZHEU ¥ OX0MG
WKRVH LPSDFWV QW0 FEMOFHBR K'\H O MVFK E & QY IWRIKEF WRSHY I Q G Z L
FORVH FRQWUDFWRU RYHUVLJKW

7KHUH DUH VLJQLILFDQW ORQJ WHUP L&N QBIVMR ¥ L DRWH G/ XL\
LPSOHPHQWDWLRQ SODQ DQG WKHUFMWREB BDMQU 2®HHWRIIL FVHKC
IRUFHV EHKLQG WKLV SURMHFW LW MKGRBD)GUWQH QRV BRGY W[S®I |
ZDVWHZDWHU UHOD®®IBQ QX @/@&HHRU HEOR QBKIG RZ DM IUR @ RPIS@Q D Q F
QLWURJHQ EDVHG 70'/V DQG ZLOO UHGRPID G IORBK RBIX\VP ER D
ZDWHU TXDOLW)\ LRSHRLYMHPHOWHG LUGHE®R SIDRWLHRG) EGI QW KIVF K D E
LPSURYHG ILVK KDELWDW

*URXQGZDWHU 4XDOLW\
1R VKRUW WHUP LPBWHWVTRQ QIUMRXDRGBGHA H[SHFWHG

7TKHUH DUH VLJQLILFDQW ORQJ WHUP ,BAHQNIDMKD W R RIQJURRKYOH
JURXQGZDWHU TXDWKXWOD W\KO WDZLL DA M HMQT KM D O/DVN D F H

7KHVH WKUHDW VDR \SUUWNIFW HZ BWHRQGWQ O X B W B U Z1R $FWLRQ
"HWODQGV

7KHUH DUH PDSSHG WH\MODHILG P HDW IR M GRIQ B\ \RW ALK B RSACR M H F W
H[SHFWHG WR LPSDFW ZHWODQGYV GLEBMAWIWQWKRRHWHH[SWYR
HQFURDFK RQ EXIIHUV DURXQG UHJX@BWMIG/ Z HRVD B RGO UK.

$ "ULJKW 3LHUFH



HOHPHQWY DQG DGGUHVVHG E\ VWDQIG&P D Q W MKIRIDW WRHY P HROL
ZHWODQG LPSDFWV DUH H[SHFWHG

JORRGSODLQV

BHYHUDO RI WKH SURSHUWLHYV LQ WHHJ SRUR M B R¥DMSIOHDL Q U BIQX
WKH $GYDQFHG , $ 30DQ WKHUH LVQQBDSXEWXFWOQU H CLWWQRKEED
SURSHUW\ 8QGHU WKH 7UDGLWLRQOG MDY XS SAOLDY® WHO O LS\
WKH RQO\ SXEOLF LQIUDVWUXFW X UHGL @ RVK I8 UGRRGSOD L\DK Z
SXEOLF ULJKWV RI ZD\ ,Q HLWKHUUFESWIHY DMKH CSRIZ YSIWM M V, X3 K
ZRXOG QHHG WR PHHW DOO 7RZQ UWTEKXLIOHRRGEB/OWD LRU ALQFIHQ D
DUH FXUUHQWO\ VHUYHG E\ RQ VLVQHLVY\'\D\W KR\ D\ KRIQL? & R bl WH
WHUP LPSDFWV RQ IORRGSODLQV

&RDVWDO 5HVRXUFHYV

7KHUH ZLOO EH QR FRQVWUXFWLRQFHY RAK H OLP\SHD WPRI @\@ D \W
SURYLGHV SURWHFWLRQ IRU WK H VRIYHIBVRXW R H VI XDUOLLPD\U L&ARQ
1R $FWLRQ 30DQ D@ O RIZ\D DX WU HWWIUZDM WLRQ WR FRQW

2SHQ 6SDFH DQG 5HFUHDWLRQ

7KH LPSOHPHQWDWLRQ SODQ ZLOO QRPW LKIDSYIHF DVQA RIQR URVS KVC
UHFUHDWLRQ

SDUH DQG (QGDQJHUHG 6SHFLHV

$ SUHOLPLQDU\ DVVHVVPHQW RI 0(6$ FWMHEODWRU\(QPISOR G B W
&RQVXOWDQWYVY ,QF LV SUHVHQWZHEXDG RFFKQGLY W KHRHRRADL
DUHDV XQGHU WKH LREOMPH @ WDGIL\RDREODQHDFNXS 3

$UFKDHRORJLFDO DQG +LVWRULF 5HVRXUFHV

8QGHU WKH $GYDQFHG , $ 30DQ SULRDWH SEBRSWWWEMN RZQ C
8QGHU WKH 7UDGL®LRQDYODW B FRNXSSIRBL WH\R @DOOFRRQYMW U XFW
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DV ZLOO H[LVWLQJ URDGZD\V DQG BURSMVUWRLHD\DBHQFHUDAAQ
SULYDWH ZDVWHZDWHU PDQDJHPHQWDVWWHPNXDE@ GZ VO Q FRIF B
ZLWKLQ WKH ULJKWYV RI ZD\ RI SXBOKRFUWR WGV PWKHOR @MIUW HU
KLVWRULF DQG DUFKDHRORJLFDO VBWUHNMN DR & RIHY REHIWW-BILVO H!
GXULQJ WKH GHVLJQ SKDVH

7TUDIILF

2QH RI WKH PRVW VLJQLILFDQW G L UHFWW U K R WW UM HSPR IVAHSDF
FRQJHVWLRQ UHVXOWLQJ IURP FREXVLWFUXE® ISRIQ YOORWH. YULRMDIGHAD
LPSOHPHQWDWLRQ SODQ WKHUH ZR¥FOG RAVIQHRU W EKQKQI LFRQ
PDWHULDOV GHOLYHULHV WR SURH HWQW IWHW D®HEQ AR Q@\® UKDRFRHR
RU UHQRYDWLRQ STURNHFW. RED®H % DERK S G EBIQO RZK S UHV V X U
IRUFHPDLQV LQ SXERDGVDRURSWKHEMZPQH ULIW VWDWLRQ FRCG
PXQLFLSDO SDUNLQJ ORW 7KHVHHPWWYDWLFAVGZ R X ® SWILHRX O
DWWHPSW WR VFKMBKXOO® INFRALREHRIUW EERDY JHQHU BVQJOY OHVV L
ZLOO VHIJPHQW WKH ZRUN WR DYRRG U NQKISSWDLR Q RRO GOH R WWIX

TKHUH ZLOO EH QR ORQJ WHUP LPSDFWV RQ WUDIILF
$LU 4XDOLW\

&RQVWUXFWLRQ YHKLFOHV FDQ EH DVKG! WHRXWHWHRIWD B GSH.® HDA
LPSDEW 'XVW |URYLRRQNV WA DRVRIMRKH U FIRWP PIK® O/IRX\U FR QEEH U
LPSDFWV DUH JHQHUDOO\ PLWLJDWHFGER Q@ MTKEKNQRTXBIYSD@ S
FRQWUDFWRU RYHUVLJKW

'LUHFW ORQJ WHUP LPSDFWV LQFOXIKXI)FRWHQW 1 D,0$ R/GRW HUF
VHZDJH OLIW VW MHWHRWQR/X UWRHMWM R | BARIKD HIPALN V KDB\QW L@ IFIH. Fo0D O |
EH VXEMHFW WRHFRRWWROQHHRERSPHQW
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1RLVH

OXFK OLNH DLU TXDPWW\F DR IRFHF X BPWERWFKY GRQ LDQIGFRQ\D UH V)
RSHUDWLRQ $V D ICASIHAW ¥RR VW UNXHMARR G DERAN HZIRQWUR O R
IRU QRLVLHUVDWWH YALR\QLYHH/Q W L R Q DQOV W W R\R GRWQ RU Bl G 6 WHH\GY GFRI

3XPSV EORZHUV VUWD @GHE RAVKHHUWD MORXH SIPM R MRUMA QB V\V\
VLWH WUHDWPHQW SODQWYV DQG QRLWH WROOW.BRY GHOYCL FID\D M
VXFFHVVIXO LQ DYRLGLQJ QXLVDQER@RLUA ERFRQVILREGN HIR
SKDVH ZLWK LQSXW IURP WKH 7RZQ

(URVLRQ &RQWURO

'XULQJ FRQVWUXFWLRQ WHPSRUDU\ HX\RYVGRW®RFRROWRRO P Y
PLJUDWLRQ 7KLV LV FRPPRQO\ D F K LVH.YCH/GD ZVLLMR K GVHE@ RXAGHA[ R L
PDWHULDOV 'XUL QN W KGHWDALLJQGSFABBZD W 1R @V G L\OSHR XW O L (
UHTXLUHG WR EH XVHG E\ WKH FROQR\QU BREWRRZY SBHV,VE WHV@IH
SLSLQJ V\VWHPV

:DVWH ODWHULDO

"XULQJ WKH FRQVWUXFWLRQ SURFHWWG ZIDQYAMOHK ® DOVWH LEELDXONK Z
PDWHULDO DQG FRQVWUXFWLRQ GBRUGLYOBVWLNVUDISOOREH R
UHPRYHG IURP WKH FRQVWUXFWLRG ¥ RWHW ED ON\K H& RROQW B W/E\
RI VXFK PDWHEBLDXWKRWLEHMHG LQGLYLGXDOV

([LVWLQJ 9HIHWDWLRQ

"XULQJ WKH FRQVWIRARWLAR@V SRJIRWHI\M VL0 EIHG KO K®DWIHEG WR P
QHZ , $ VI\VWHP WUHDWPHQW WDQNNRDRYG/ WRFOHRYHDB GHIYXDY
FOHDULQJ ZLOO EH PLQLPL]HG WRUWRDWQUWHAOXROGHG DVRHRFR RN
RXWVLGH RI WKLWORRBLI RO FERHQ WK XYID® VQVIVWHL 'LVW XUE
UH YHIJHWDWHG ZLWK WKH VDPH RUSWHMVIOQ@W MBAHIW VL Q VF 2
VXSSOHPHQWDO YHHXGH WVRIUWYLIRVX DO IRWIVOQ S MWOH BHQ WHIWR SHUWLH
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(QHUJ\ DQG *UHHQKRXVH *DV (PLVVLRQV

(QHUJ\ XVH GXULQJ XRIWRLIGOEWHR 7 R SODAMH P2 HQW MW M X O W
DGGLWLRQDO HOHBPWUWKDIOLOGHY IGKYG VGLYKWWONPVQFUHDVI
JHQHUDWLRQ UDWHVY EDVHG RQ WKH$BWGRY LRIID® WKIHH DR/®
JUHHQKRXVH JDV HPLVVLRQ UHGXFWXRBIQQB HDR/K WGHW Z1Q CS KD
LPSOHPHQWDWLRQ SODQ

X

7KH

8VH WKH PRVW FXUUHQW YHUVLRQ RII &RGIHOD § GDG W X YA MW W/ \
&RGH GXULQJ WKH GHVLJQ SKDVH

8VH RI ORZ KRUVHSRZHU HTXLSPHQW
8VH RI GHQLWULIKLRQD \P IDGGHD RA KIQFOIW H\W DMKV D Q G
8VH RI ORFDO V\VDNHP 8 UREXWDA\O WIREPLLVQNLB QFHKXDXOLQ

IROORZLQJ JUHHQKRXVH JDV HPHVWVRRQRLGHGMKNBEWELRQL QY D/

SKDVH IRU WKH 7UDDDLQWLRYBKE W DBENM SO D WHROM LQFRUSRUL

8VH WKH PRVW FXUUHQW YHUVLRQ RII &RGIHOD § GDG W X YA MW W/ \
&RGH GXULQJ WKH GHVLJQ SKDVH

8VH /HDGHUVKLS LQ (QHUJ\ DQG (QYLUR@RPHQR D CS H\QRIY
DV D JXLGH GXULQJ WKH GHVLJQ SKDVH

2ULHQW EXLOGLQJV WR PD[LPL]H QDKW SRO QWKW DQURD
SKRWRYROWDLF VRODU KRW ZDWHU V\VWHPV

8VH PRWLRQ VHQVRUV IRU LOQWHULRU OLJKWLQJ DQG FOL
&RQVLGHU GHVLJQ VWUDWHILHY WRKERUQARPQYWURBHGMVRU F

&RQVLGHU DGGLWLRQDO LQVXODWIIRI FR\®KY GHWIKDZAD OBV
ZLQGRZV GXFWZRUN KRW ZDWHU SLSLQJ

&RQVLGHU KLJK DOEHGR URRILQJ VA\VWHPV FRORUV
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*HQHUDWLRQ RI 6ROLG :DVWH

7KH LPSOHPHQWDWLRQ SODQ ZLOO UHVYWHWVLQ QG X G SHV B XIP
IURP VHSWLF WDQNV $00 SURSHUW®R®QHM WK DM F\R QFVY QXMHW R
WR KDYH VHSWDJH BEPBIHBI IDQIGNGL MSBFER EBO® QFWIXWH DQG
7KH 1R $FWLRQ 30DQ ZLOO DOVR UHMXOMDIB WKH FRQWLQXH

3XEOLF +HDOWK

&RQWLQXHG VXUIDFH GLVSRVDO YIDQRE XLWHK MHSOH F U GGNH
KHDOWK LVVXHV XQ®HBRWEBDL® DAHBBEW 1R $FWLRQ 3

&RPPXQLW\ *URZWK DQG /DQG 8VH

7KH LPSOHPHQWDWLRQ SODQ DQG WWHDDWIRZL WRILR QUDROZ Y Bl FENHX
ZKLFK ZRXOG EH DOBGRZBAG EQ @RI ¥ D RKKXVXHW W HTQLWANO M Q G H |
$FWLRQ 30DQ 7KH LPSOHPHQWDWLRGQ £0 DOQ VALIDRK KR BDWWYXH
)DOPRXWK +HDOWK 5HIJXODWLRQV 7KMHRYRDQIW K8 R Q6 XWIURX
30DQ

&OLPDWH $GDSWDWLRQ

2\WWHU 3RQG LV D FRDVWDO SR QGHWVKRMW DV PVDXW A HFKDIQEI®IH TK
QHHG WR FRQWLQXH WR PRQLWRU FDLF B WHGVEL WEHH &R E RFQ
$V LW SHUWDLQV WR ZDVWHZDWHUW GRUUWXW URBOW R P HQ WKRIGL
SODQQLQJ DQG SHUPLWWLQJ SURFHWVUDE QR CPDHIDWIH GHYHOF

X /IRFDWH DERYH JUDSGH\SWRUHIWY ROXE\R RID WKRIQIORRG HOHY

x 8VH ORZ SUHVVXUH OLIW VWDWLRQWXNMEBSWR£E SHHVK XUWHHD
DV WKLV ZLOO PLQLPL]H WKH SXE®ISA Q@JSHYBWIHPXWR B &
DVVRFLDWHG ZLWK WKH SULYDWH SURSHUW\

X *LYH SUHIHUHQFH WR OLIW VWDWLRBRWIHWW K HW K DV DU H(
HOHYDWLRQ DQKRNOHR RK BW RAVDIQFVMRW DUH QRW
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7KHUH DUH VHYHUDO UHJXODWRU\ SURMDPKDWQDSSEUPW
LPSOHPHQWDWLRQ SODQ 7KHVH UHJXLUHPO®WYV DRIHWEKHWFWU i

0,7,*$7,21 0($685(6

7KHUH DUH PDQ\ PLWLIJDWLRQ PHDVRUMN RV RDKW 2 1PCG@ HEMHH I MI
7TKHVH LQFOXGH

X SHVWULFWLQJ ZRUNVKRRUWL R® \F RGBDVXFYLGHQWLDO D

Xx BHTXLULQJ FRQWRIIDEW FOXW WREROBWHRO PHDVXUHYV

Xx BHTXLULQJ HURVDLEQ FRQWRWQBIQW BW

x BHTXLULQJ FRP SO GHWNHRZ LFRQ G DWZRW D DRG ZXUIN U

X 3RWHQWLDOO\ UHTXERIQWUR®RV\ DWW I8 FYRRWIG © MW VWDW L
X &RPSO\LQJ ZLWK DS8QREDERGYVWINX@HDRGKDFW RYILW LVHVU >

X &RPSO\LQJ ZLWK URTZXQL BIRPWGWRI R HDRDVUIG B QB RMRAMHWY Y |
&RPPLVVLROQ

X SHVWULFWLQJ VHZHUDJH FRQVWUXFWILRQ~IRGW DQGSUL Y
ZD\ WR WKH SHULRG E® DN QVRFIWRHHe SHDILREV RI1 K

X 6HIPHQWLQJ VHZANUIRIMH AR W Q XS X 503 B RWMWUDHHWH\G VW R RDW

X '"HVLJQLQJ VHZHUDJH OLQHV DQG OLIQ®WDRVLRIQ LWR]!
HQFURDFKPHQW R QW®QKH G X | DHUE/ RRIRZIULF IS DRWMBNFWHG UH\V

X 6LWLQJ IDFLOLWLHY WR DYRLG PRELWDW RJQUD B HWLY G W
VSHFLHV LQFOXGLQJ FRPSOLDQFH EKW K ROGR) URFDE3 FR® &
UHVRXUFHV LQFOXGLQJ FRPSOLDQFH ZLWK DQ\ 0+& DQG
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X BHOHFWLQJ WUHDRVPHQMP HHXH8PWQ WKWGILIWNQYR PHDYLEPHP RY
,03/,&%$7,216 2) $ 312 $&7,21 3/$1°

7KH 31R $FWLRQ 300Q@ GWFBHROULRKE KRVSBWEROQW ODQ ZLOC
FROQWLQXHG GHWBRH ZDBWIURTDXR 0OR YL RIDHEX R B 6 RIWHNFXUGIL W L H V
DQG SRWHQWIQDOD@\SURSKBWL YDOXHV
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Oyster Pond Embayment
Total Maximum Daily Loads
For Total Nitrogen

Oyster Pond Embayment System

Key Feature: Total Nitrogen TMDL for Falmouth

Location: EPA Region 1

Land Type: New England Coastal

303d Listing: The waterbody segments impaired and on the Category 5 list includes

Oyster Pond.

Data Sources: University of Massachusetts — Dartmouth/School for Marine Science and
Technology; US Geological Survey; Applied Coastal Research and
Engineering, Inc.; Cape Cod Commission, Town of Falmouth

Data Mechanism: Massachusetts Surface Water Quality Standards, Ambient Data, and
Linked Watershed Model

Monitoring Plan: Town of Falmouth monitoring program (possible assistance from
SMAST)

Control Measures: Sewering, Storm Water Management, Attenuation by Impoundments
and Wetlands, Fertilizer Use By-laws



EXECUTIVE SUMMARY

Problem Statement

Excessive nitrogen (N) originating primarily from on-site wastewater disposal (both conventional
septic systems and innovative/alternative systems) has led to significant decreases in the
environmental quality of coastal rivers, ponds, and harbors in many communities in southeastern
Massachusetts. In the coastal waters of Massachusetts the problems include:

o Loss of eelgrass beds, which are critical habitats for macroinvertebrates and fish

e Undesirable increases in macro algae, which are much less beneficial than eelgrass

e Periodic extreme decreases in dissolved oxygen concentrations that threaten aquatic

life
e Reductions in the diversity of benthic animal populations
e Periodic algae blooms

With proper management of nitrogen inputs these trends can be reversed. Without proper
management more severe problems might develop, including:
e Periodic fish kills
e Unpleasant odors and scum
e Benthic communities reduced to the most stress-tolerant species, or in the worst cases,
near loss of the benthic animal communities

Coastal communities, including Falmouth, rely on clean, productive, and aesthetically pleasing
marine and estuarine waters for tourism, recreational swimming, fishing, and boating, as well as for
commercial fin fishing and shellfishing. Failure to reduce and control N loadings will result in
complete replacement of eelgrass by macro-algae, a higher frequency of extreme decreases in
dissolved oxygen concentrations and fish kills, widespread occurrence of unpleasant odors and
visible scum, and a complete loss of benthic macroinvertebrates throughout most of the embayment.
As a result of these environmental impacts, commercial and recreational uses of Oyster Pond
Embayment System coastal waters will be greatly reduced, and could cease altogether.

Sources of nitrogen
Nitrogen enters the waters of coastal embayments from the following sources:

e The watershed
* On-site subsurface wastewater disposal systems
» Natural background
» Runoff
»  Fertilizers
» Wastewater treatment facilities
e Atmospheric deposition
e Nutrient-rich bottom sediments in the embayments

Most of the present controllable N load originates from individual subsurface wastewater disposal
(septic) systems, primarily serving individual residences, as seen in the following figure.



Figure 1 Oyster Pond Nutrient Loading
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Target Threshold Nitrogen Concentrations and Loadings

The N loadings (the quantity of nitrogen) to this embayment system range from 0.12 kg/day in
Mosquito Creek, to 4.07 kg/day in Oyster Pond. The resultant concentrations of N in this embayment
range from 0.67 mg/L (milligrams per liter of nitrogen) in the middle of Oyster Pond to 0.71 mg/L in
the lower section of Oyster Pond.

In order to restore and protect this embayment system, N loadings, and subsequently the
concentrations of N in the water, must be reduced to levels below the thresholds that cause the
observed environmental impacts. This concentration will be referred to as the target threshold
concentration. It is the goal of the TMDL to reach this target threshold concentration, as it has been
determined for each impaired waterbody segment. The Massachusetts Estuaries Project (MEP) has
determined that, for this embayment system, an N concentration of 0.55 mg/L is protective of water
quality standards. The mechanism for achieving these target threshold N concentrations is to reduce
the N loadings to the embayment. Based on the MEP work and their resulting Technical Report, the
MassDEP has determined that the Total Maximum Daily Load (TMDL) of N that will meet the target
threshold concentration is 1.44 kg/day. This document presents the TMDL for this water body
segment and provides guidance to Falmouth on possible ways to reduce the nitrogen loadings to
within the recommended TMDL, and protect the waters for this embayment.

Implementation

The primary goal of implementation will be lowering the concentrations of N by greatly reducing the
loadings from on-site subsurface wastewater disposal systems through a variety of centralized or
decentralized methods such as sewering and treatment with nitrogen removal technology, advanced
treatment of septage, and/or installation of N-reducing on-site systems.

These strategies, plus ways to reduce N loadings from stormwater runoff and fertilizers, are
explained in detail in the “MEP Embayment Restoration Guidance for Implementation Strategies”,
that is available on the MassDEP website (http://www.mass.gov/dep/water/resources/coastalr.htm
The appropriateness of any of the alternatives will depend on local conditions, and will have to be
determined on a case-by-case basis, using an adaptive management approach.

Finally, growth within the community of Falmouth that would exacerbate the problems associated
with N loadings, should be guided by considerations of water quality-associated impacts.
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Executive Summary

1. Background

This report presents the results generated from the implementation of the Massachusetts
Estuaries Project’s Linked Watershed-Embayment Approach to the Oyster Pond embayment
system, a coastal embayment within the Town of Falmouth, Massachusetts. Analyses of the
Oyster Pond embayment system was performed to assist the Town with up-coming nitrogen
management decisions associated with the Towns’ current and future wastewater planning
efforts, as well as wetland restoration, anadromous fish runs, shell fishery, open-space, and
harbor maintenance programs. As part of the MEP approach, habitat assessment was
conducted on the embayment based upon available water quality monitoring data, historical
changes in eelgrass distribution, time-series water column oxygen measurements, and benthic
community structure. Nitrogen loading thresholds for use as goals for watershed nitrogen
management are the major product of the MEP effort. In this way, the MEP offers a science-
based management approach to support the Town of Falmouth resource planning and decision-
making process. The primary products of this effort are: (1) a current quantitative assessment
of the nutrient related health of the Oyster Pond embayment, (2) identification of all nitrogen
sources (and their respective N loads) to embayment waters, (3) nitrogen threshold levels for
maintaining Massachusetts Water Quality Standards within embayment waters, (4) analysis of
watershed nitrogen loading reduction to achieve the N threshold concentrations in embayment
waters, and (5) a functional calibrated and validated Linked Watershed-Embayment modeling
tool that can be readily used for evaluation of nitrogen management alternatives (to be
developed by the Town) for the restoration of the Oyster Pond embayment system.

Wastewater Planning: As increasing numbers of people occupy coastal watersheds, the
associated coastal waters receive increasing pollutant loads. Coastal embayments throughout
the Commonwealth of Massachusetts (and along the U.S. eastern seaboard) are becoming
nutrient enriched. The elevated nutrients levels are primarily related to the land use impacts
associated with the increasing population within the coastal zone over the past half-century.
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The regional effects of both nutrient loading and bacterial contamination span the
spectrum from environmental to socio-economic impacts and have direct consequences to the
culture, economy, and tax base of Massachusetts’s coastal communities. The primary nutrient
causing the increasing impairment of our coastal embayments is nitrogen, with its primary
sources being wastewater disposal, and nonpoint source runoff that carries nitrogen (e.g.
fertilizers) from a range of other sources. Nitrogen related water quality decline represents one
of the most serious threats to the ecological health of the nearshore coastal waters. Coastal
embayments, because of their shallow nature and large shoreline area, are generally the first
coastal systems to show the effect of nutrient pollution from terrestrial sources.

In particular, the Oyster Pond embayment system within the Town of Falmouth is at risk of
eutrophication (over enrichment) from enhanced nitrogen loads entering through groundwater
and surface water from the increasingly developed watersheds to these coastal salt ponds.
Eutrophication is a process that occurs naturally and gradually over a period of tens or hundreds
of years. However, human-related (anthropogenic) sources of nitrogen may be introduced into
ecosystems at an accelerated rate that cannot be easily absorbed, resulting in a phenomenon
known as cultural eutrophication. In both marine and freshwater systems, -cultural
eutrophication results in degraded water quality, adverse impacts to ecosystems, and limits on
the use of water resources.

The Town of Falmouth has recognized the severity of the problem of eutrophication and
the need for watershed nutrient management and is currently developing a Comprehensive
Wastewater Management Plan, which it plans to rapidly implement. The Town of Falmouth has
also completed and implemented wastewater planning in other regions of the Town not
associated with the Oyster Pond embayment system. The Town has nutrient management
activities related to their tidal embayments, which have been associated with the MEP effort in
Great/Perch Pond, Green Pond and Bournes Pond embayment systems as well as other
embayments in the Town of Falmouth such as Little Pond and West Falmouth Harbor. The
Town of Falmouth and work groups have recognized that a rigorous scientific approach yielding
site-specific nitrogen loading targets was required for decision-making and alternatives analysis.
The completion of this multi-step process has taken place under the programmatic umbrella of
the Massachusetts Estuaries Project, which is a partnership effort between all MEP
collaborators and the Town. The modeling tools developed as part of this program provide the
guantitative information necessary for the Towns’ nutrient management groups to predict the
impacts on water quality from a variety of proposed management scenarios.

Nitrogen Loading Thresholds and Watershed Nitrogen Management: Realizing the
need for scientifically defensible management tools has resulted in a focus on determining the
aguatic system’s assimilative capacity for nitrogen. The highest-level approach is to directly link
the watershed nitrogen inputs with embayment hydrodynamics to produce water quality results
that can be validated by water quality monitoring programs. This approach when linked to state-
of-the-art habitat assessments yields accurate determination of the “allowable N concentration
increase” or “threshold nitrogen concentration”. These determined nitrogen concentrations are
then directly relatable to the watershed nitrogen loading, which also accounts for the spatial
distribution of the nitrogen sources, not just the total load. As such, changes in nitrogen load
from differing parts of the embayment watershed can be evaluated relative to the degree to
which those load changes drive embayment water column nitrogen concentrations toward the
“threshold” for the embayment system. To increase certainty, the “Linked” Model is
independently calibrated and validated for each embayment.
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Massachusetts Estuaries Project Approach: The Massachusetts Department of
Environmental Protection (DEP), the University of Massachusetts — Dartmouth School of Marine
Science and Technology (SMAST), and others including the Cape Cod Commission (CCC)
have undertaken the task of providing a quantitative tool to communities throughout
southeastern Massachusetts (the Linked Watershed-Embayment Management Model) for
nutrient management in their coastal embayment systems. Ultimately, use of the Linked
Watershed-Embayment Management Model tool by municipalities in the region results in
effective screening of nitrogen reduction approaches and eventual restoration and protection of
valuable coastal resources. The MEP provides technical guidance in support of policies on
nitrogen loading to embayments, wastewater management decisions, and establishment of
nitrogen Total Maximum Daily Loads (TMDLs). A TMDL represents the greatest amount of a
pollutant that a waterbody can accept and still meet water quality standards for protecting public
health and maintaining the designated beneficial uses of those waters for drinking, swimming,
recreation and fishing. The MEP modeling approach assesses available options for meeting
selected nitrogen goals that are protective of embayment health and achieve water quality
standards.

The core of the Massachusetts Estuaries Project analytical method is the Linked
Watershed-Embayment Management Modeling Approach, which links watershed inputs with
embayment circulation and nitrogen characteristics.

The Linked Model builds on well-accepted basic watershed nitrogen loading approaches
such as those used in the Buzzards Bay Project, the CCC models, and other relevant models.
However, the Linked Model differs from other nitrogen management models in that it:

X requires site-specific measurements within each watershed and embayment;

X uses realistic “best-estimates” of nitrogen loads from each land-use (as opposed to loads
with built-in “safety factors” like Title 5 design loads);

X spatially distributes the watershed nitrogen loading to the embayment;

X accounts for nitrogen attenuation during transport to the embayment;

X includes a 2D or 3D embayment circulation model depending on embayment structure;

X accounts for basin structure, tidal variations, and dispersion within the embayment;

X includes nitrogen regenerated within the embayment;

x is validated by both independent hydrodynamic, nitrogen concentration, and ecological data;

X is calibrated and validated with field data prior to generation of “what if” scenarios.

The Linked Model Approach’s greatest assets are its ability to be clearly calibrated and
validated, and its utility as a management tool for testing “what if" scenarios for evaluating
watershed nitrogen management options.

For a comprehensive description of the Linked Model, please refer to the Full Report:
Nitrogen Modeling to Support Watershed Management: Comparison of Approaches and
Sensitivity Analysis, available for download at http://www.state.ma.us/dep/smerp/smerp.htm. A
more basic discussion of the Linked Model is also provided in Appendix F of the Massachusetts
Estuaries Project Embayment Restoration Guidance for Implementation Strategies, available for
download at http://www.state.ma.us/dep/smerp/smerp.htm. The Linked Model suggests which
management solutions will adequately protect or restore embayment water quality by enabling
towns to test specific management scenarios and weigh the resulting water quality impact
against the cost of that approach. In addition to the management scenarios modeled for this
report, the Linked Model can be used to evaluate additional management scenarios and may be
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updated to reflect future changes in land-use within an embayment watershed or changing
embayment characteristics. In addition, since the Model uses a holistic approach (the entire
watershed, embayment and tidal source waters), it can be used to evaluate all projects as they
relate directly or indirectly to water quality conditions within its geographic boundaries. Unlike
many approaches, the Linked Model accounts for nutrient sources, attenuation, and recycling
and variations in tidal hydrodynamics and accommodates the spatial distribution of these
processes. For an overview of several management scenarios that may be employed to restore
embayment water quality, see Massachusetts Estuaries Project Embayment Restoration
Guidance for Implementation Strategies, available for download at
http://www.state.ma.us/dep/smerp/smerp.htm.

Application of MEP Approach: The Linked Model was applied to the Oyster Pond
embayment system by using site-specific data collected by the MEP and water quality data from
the Falmouth PondWatch Program (see Chapter 2). Evaluation of upland nitrogen loading was
conducted by the MEP, data was provided by the Town of Falmouth Planning Department, and
watershed boundaries delineated by USGS. This land-use data was used to determine
watershed nitrogen loads within the Oyster Pond embayment system and each systems sub-
embayments as appropriate (current and build-out loads are summarized in Table 1V-3). Water
quality within a sub-embayment is the integration of nitrogen loads with the site-specific
estuarine circulation. Therefore, water quality modeling of this controlled estuary included a
thorough evaluation of the hydrodynamics of the estuarine system. Estuarine hydrodynamics
control a variety of coastal processes including tidal flushing, pollutant dispersion, tidal currents,
sedimentation, erosion, and water levels. In Oyster Pond, the hydrodynamic regime is
dominated by freshwater inputs to the system from groundwater recharge, surface flow run-off
from the watershed, and direct precipitation to the pond’s surface. Though tides in Vineyard
Sound are only occasionally high enough to cause seawater flows into the pond, tidal flushing is
still important to the stability and health of this estuary, mostly by its effect on salinity in the
pond. Once the hydrodynamics of the system was quantified, transport of nitrogen was
evaluated from current information developed by the numerical models.

A two-dimensional depth-averaged hydrodynamic model based upon the tidal currents
and water elevations was employed for the Oyster Pond embayment system. The
hydrodynamic modeling effort for Oyster Pond was similar to other estuarine systems modeled
as part of the MEP, though the tidally restricted nature of this system required modifications to
the modeling and analysis techniques that have been applied to simpler embayments. From the
perspective of hydrodynamics, the most important difference between the Oyster Pond system
and other estuaries in Falmouth is the adjustable salinity control/fish weir in the inlet channel to
the Pond.

Once the hydrodynamic properties of the estuarine system were computed, two-
dimensional water quality model simulations were used to predict the dispersion of the nitrogen
at current loading rates. Using standard dispersion relationships for estuarine systems of this
type, the water quality model and the hydrodynamic model was then integrated in order to
generate estimates regarding the spread of total nitrogen from the site-specific hydrodynamic
properties. The distributions of nitrogen loads from watershed sources were determined from
land-use analysis while nitrogen entering Falmouth’s coastal embayment was quantified by
direct measurement of stream nutrient concentrations and freshwater flow, predominantly
groundwater, in streams discharging directly to the embayment. Boundary nutrient
concentrations in Vineyard Sound source waters were taken from water quality monitoring data.
Measurements of current salinity distributions throughout the estuarine waters of the Oyster
Pond embayment system was used to calibrate the water quality model, with validation using
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measured nitrogen concentrations (under existing loading conditions). The underlying
hydrodynamic model was calibrated and validated independently using water elevations
measured in time series throughout the embayments.

MEP Nitrogen Thresholds Analysis: The approach for determining nitrogen loading
rates, which will maintain acceptable habitat quality throughout an embayment system, is to first
identify a sentinel location within the embayment and second, to determine the nitrogen
concentration within the water column which will restore that location to the desired habitat
quality. The sentinel location is selected such that the restoration of that one site will
necessarily bring the other regions of the system to acceptable habitat quality levels. Once the
sentinel site and its target nitrogen level are determined, the Linked Watershed-Embayment
Model is used to sequentially adjust nitrogen loads until the targeted nitrogen concentration is
achieved.

Oyster Pond differs from most other estuaries in its lack of horizontal gradients in salinity,
nitrogen, and nitrogen related parameters (chlorophyll a, D.O., transparency, etc.). Therefore,
selection of the sentinel station was not based on horizontal gradients and their response to
changing nitrogen loads. Instead, the sentinel station was selected to best capture the overall
conditions of the Pond waters.

The nitrogen thresholds developed in Section VIII-2 were used to determine the amount of
total nitrogen mass loading reduction required for restoration of Oyster Pond to a series of
dissolved oxygen values. Due to the existing salinity levels in the Pond (historically between 0
and 4 ppt), eelgrass cannot be established within this brackish water body. Instead,
development of an appropriate threshold to restore infaunal habitat was based on minimum
dissolved oxygen within the lower basin of Oyster Pond. It was determined that a linear
relationship was appropriate to assess the expected changes in dissolved oxygen relative to
total nitrogen for the site-specific conditions within the main basin of the Pond.  Minimum
dissolved oxygen thresholds derived in Section VII.1 were used to adjust the calibrated
constituent transport model developed in Section VI. It is important to note that load reductions
can be produced by reduction of any or all sources or by increasing the natural attenuation of
nitrogen within the freshwater systems to the embayment. The load reductions presented in the
report represent only one of a suite of potential reduction approaches that need to be evaluated
by the community. The presentation in this report of load reductions aims to establish the
general degree and spatial pattern of reduction that will be required for restoration of this
nitrogen impaired embayment.

The Massachusetts Estuaries Project’s thresholds analysis, as presented in this technical
report, provides the site-specific nitrogen reduction guidelines for nitrogen management of the
Oyster Pond embayment system in the Town of Falmouth. Future water quality modeling
scenarios should be run which incorporate the spectrum of strategies that result in nitrogen
loading reduction to the embayment. The MEP analysis has initially focused upon nitrogen
loads from on-site septic systems as a test of the potential for achieving the level of total
nitrogen reduction for restoration of each embayment system. The concept was that since
septic system nitrogen loads generally represent 75%-85% of the watershed load to the Oyster
Pond embayment system and are more manageable than other of the nitrogen sources, the
ability to achieve needed reductions through this source is a good gauge of the feasibility for
restoration of these systems.
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2. Problem Assessment (Current Conditions)

A habitat assessment was conducted throughout Oyster Pond based upon available water
guality monitoring data, macroalgae distribution, time-series water column oxygen
measurements, and benthic community structure. At present the bulk of the Oyster Pond is
showing moderately to significantly impaired habitat quality. All of the indicators show a
consistent pattern of moderate to significant impairment throughout the basins of Oyster Pond.
While the Pond does not show strong gradients in salinity or water quality parameters, the
enclosed nature of the northern basin appears to increase the duration of stratification and
subsequent hypoxia. The deep southern basin (~6 m) is salinity stratified for months to years at
a time and is generally anoxic as a result of this natural process. Based primarily on the
infaunal communities and the bottom water hypoxia, it was concluded that Oyster Pond habitat
is presently moderately to significantly impaired. Since the ultimate cause of the low dissolved
oxygen (<4m) results from nitrogen enrichment, it can also be concluded that the system is
nitrogen overloaded at present.

The following is a brief synopsis of the present habitat quality within the salt pond. The
underlying quantitative data is presented on nitrogen (Section VI.1.3), oxygen and chlorophyll a
(Section VII.2), eelgrass (Section VI1.3), and benthic infauna (Section VII.4).

The effect of nitrogen enrichment is to cause oxygen depletion; however, with increased
phytoplankton (or epibenthic algae) production, oxygen levels will rise in daylight to above
atmospheric equilibration levels in shallow systems (generally ~7-8 mg L™ at the mooring sites).
The clear evidence of oxygen levels above atmospheric equilibration indicates that the upper
tidal reach of the Oyster Pond System is eutrophic.

Unlike many of the other embayments in southeastern Massachusetts, Oyster Pond
showed a relatively consistent pattern of low oxygen in its bottom waters throughout its basins.
The deep, southern basin (6 meters) is consistently anoxic during summer months due to its
salinity stratification which persists for months to years. However, this represents only ~10% of
the pond bottom. The remaining areas, <4 meters depth are only periodically anoxic or hypoxic.
The northern basin was periodically anoxic between1998-2004. However, this basin is
enclosed and this anoxia is driven mainly by stratification. The majority of the sediments in the
pond (~80%) are represented by the oxygen levels observed in the upper and lower main basin
(OP-2 3.25 m, OP-3 4 m). These regions are more open to wind-driven mixing and showed
oxygen levels 3 mg/L or above in 96% of samplings and 2 mg/L as a minimum level.
Restoration of this system will require an improvement of oxygen levels in this lower basin,
which represents most of the benthic habitat and which does not appear to support long periods
of stratification shallower than 4 meters depth (as opposed to the northern basin)..

The low salinity waters of Oyster Pond are not supportive of eelgrass bed formation. The
DEP Eelgrass Mapping Program has conducted no surveys in Oyster Pond. However,
observations have been made by PondWatch from 1987 to present which support the lack of
eelgrass in this system. Similarly, a complete system data collection and analysis effort
conducted in the 1960’s throughout the main basin of Oyster Pond did not indicate the presence
of eelgrass (Emery, 1997). This latter effort included a census of submerged aquatic
vegetation, which did not indicate eelgrass, but did indicate that the dominant SAV in 2004,
Ceratophyllum demersum, was also dominant in the 1960’s. Therefore, the most likely reason
for the absence of eelgrass in the main basin of Oyster Pond is the low salinity. This indicates
that eelgrass cannot be used as a habitat restoration indicator for this system.
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The Benthic Infaunal Study indicated that Oyster Pond is not presently supportive of either
diverse (H' 0-1.12, mean 0.65) or evenly distributed (mean E = 0.46) benthic infauna. More
telling is the low number of species (0-6, mean=3) compared to nearby healthy estuarine areas
(~30 species per sample). Due to its brackish waters, Oyster Pond sediments supported both
freshwater and estuarine invertebrate populations. The freshwater species were generally
insect larvae and these tended to dominate the community. Also notable was that almost half of
the samples (5 of 11) had only 0-84 individuals, indicative of an impoverished community.
Although the remaining samples had dense populations, they were distributed among a very
few species, 6 or less, indicating a stressed community. Overall, the infauna community was
consistent with the low dissolved oxygen and organic matter deposition observed in this
relatively closed estuarine basin.

3. Conclusions of the Analysis

The threshold nitrogen level for an embayment represents the average watercolumn
concentration of nitrogen that will support the habitat quality or dissolved oxygen conditions
being sought. The watercolumn nitrogen level is ultimately controlled by the integration of the
watershed nitrogen load, the nitrogen concentration in the inflowing tidal waters (boundary
condition) and dilution due to ground or surface water flows and (in the case of Oyster pond
limited flushing via tidal flows. The water column nitrogen concentration is modified by the
extent of sediment regeneration and by direct atmospheric deposition.

The nitrogen threshold for Oyster Pond is based upon restoring benthic habitat for
infaunal animals. Given the natural stratification of Pond waters, sediments < 4 meters depth
representing ~80% of the pond bottom were targeted. This depth is based upon the depth
distribution of the bottom and the depth of the mixed layer. Since the present nitrogen levels
result in periodic hypoxia at 4 meters depth, the nitrogen threshold was set to improve and
maintain oxygen levels >6 mg/L at 4 meters depth in the main basin (OP-3). At present, the
minimum dissolved oxygen at this station is most likely 3 mg/L, although a single reading of 2
mg/L was recorded. Given the uncertainties in determining minimum D.O. in any estuary, the
nitrogen threshold was set using 2 mg/L as the current minimum D.O. level.

Watershed nitrogen loads (Tables ES-1 and ES-2) for the Town of Falmouth Oyster
Pond embayment system was comprised primarily of wastewater nitrogen. Land-use and
wastewater analysis found that generally about 75%-85% of the watershed nitrogen load to the
embayment was from wastewater.

The threshold nitrogen levels for the Oyster Pond embayment system in Falmouth were
determined as follows:

Oyster Pond Threshold Criteria

X Since at summer temperatures (25°C) and salinities (2 ppt), dissolved oxygen saturation
is 8.2 mg/L and current oxygen minimum is 2 mg/L then raising the minimum oxygen
level to 6 mg/L would require 4/6.2 or 65% reduction in the rate of oxygen uptake during
stratification. This assumes that the present duration and frequency of stratification of
waters overlying sediments 4 meters or less deep will remain as at present. This is a
safe assumption as long as the management plan does not allow the pond salinity levels
to climb above target 2-4 ppt range. Given the link between nitrogen load and oxygen
uptake rate, this 65% reduction in oxygen uptake would require a 65% reduction in
nitrogen loading to Oyster Pond. Using a similar analysis, raising the periodic minimum
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dissolved oxygen to 3.8 mg/L (Chesapeake Bay value) or the SB criteria of 5 mg/L would
require reductions in nitrogen loading of 29% and 48%, respectively.

X As shown in Table VIII-2, the nitrogen load reductions within the system necessary to
achieve the threshold dissolved oxygen concentrations were higher for higher minimum
dissolved oxygen levels. Since the nitrogen concentrations are generally uniform across
the entire surface of Oyster Pond (i.e. there is virtually no spatial gradient in nitrogen
concentration), the nitrogen load was removed uniformly. Distributions of tidally-
averaged nitrogen concentrations associated with the threshold analysis are shown in
Section VIII.

x To achieve the threshold dissolved oxygen concentrations at the sentinel stations, a
reduction in TN concentration of approximately 9%, 15%, and 21% is required for
dissolved oxygen concentrations of 3.8 mg/l (based on the EPA’'s Chesapeake Bay
limit), 5.0 mg/l (Massachusetts SB waters), and 6.0 mg/l (Massachusetts SA waters),
respectively. Although the above modeling results provide one manner of achieving the
selected threshold levels within the Oyster Pond system, the specific examples do not
represent the only method for achieving this goal. However, the thresholds analysis
provides general guidelines needed for the nitrogen management of this embayment

It is important to note that the analysis of future nitrogen loading to the Oyster Pond
estuarine systems focuses upon additional shifts in land-use from forest/grasslands to
residential and commercial development. However, the MEP analysis indicates that significant
increases in nitrogen loading can occur under present land-uses, due to shifts in occupancy,
shifts from seasonal to year-round usage and increasing use of fertilizers (presently less than
half of the parcels use lawn fertilizers). Therefore, watershed-estuarine nitrogen management
must include management approaches to prevent increased nitrogen loading from both shifts in
land-uses (new sources) and from loading increases of current land-uses. The overarching
conclusion of the MEP analysis of the Oyster Pond estuarine system is that restoration will
necessitate a reduction in the present (2002) nitrogen inputs and management options to
negate additional future nitrogen inputs.
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Massachusetts Estuaries Project

Linked Watershed-Embayment Approach
to Determine Critical Nitrogen Loading
Thresholds for the Salt Pond Embayment
System, Falmouth, Massachusetts

Executive Summary

1. Background

This report presents the results generated from the implementation of the Massachusetts
Estuaries Project's Linked Watershed-Embayment Approach to the Salt Pond embayment
system, a coastal embayment within the Town of Falmouth, Massachusetts. Analyses of the
Salt Pond embayment system was performed to assist the Town of Falmouth with up-coming
nitrogen management decisions associated with the current and future wastewater planning
efforts of the Town, as well as wetland restoration, anadromous fish runs, shell fishery, open-
space, and harbor maintenance programs. As part of the MEP approach, habitat assessment
was conducted on the embayment based upon available water quality monitoring data, historical
changes in eelgrass distribution, time-series water column oxygen measurements, and benthic
community structure. Nitrogen loading thresholds for use as goals for watershed nitrogen
management are the major product of the MEP effort. In this way, the MEP offers a science-
based management approach to support the Town of Falmouth resource planning and decision-
making process. The primary products of this effort are: (1) a current quantitative assessment
of the nutrient related health of the Salt Pond embayment, (2) identification of all nitrogen
sources (and their respective N loads) to embayment waters, (3) nitrogen threshold levels for
maintaining Massachusetts Water Quality Standards within embayment waters, (4) analysis of
watershed nitrogen loading reduction to achieve the N threshold concentrations in embayment
waters, and (5) a functional calibrated and validated Linked Watershed-Embayment modeling
tool that can be readily used for evaluation of nitrogen management alternatives (to be
developed by the Town) for the restoration of the Salt Pond embayment system.

Wastewater Planning: As increasing numbers of people occupy coastal watersheds, the
associated coastal waters receive increasing pollutant loads. Coastal embayments throughout
the Commonwealth of Massachusetts (and along the U.S. eastern seaboard) are becoming
nutrient enriched. The elevated nutrients levels are primarily related to the land use impacts
associated with the increasing population within the coastal zone over the past half-century.
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The regional effects of both nutrient loading and bacterial contamination span the
spectrum from environmental to socio-economic impacts and have direct consequences to the
culture, economy, and tax base of Massachusetts’'s coastal communities. The primary nutrient
causing the increasing impairment of our coastal embayments is nitrogen, with its primary
sources being wastewater disposal, and nonpoint source runoff that carries nitrogen (e.qg.
fertilizers) from a range of other sources. Nitrogen related water quality decline represents one
of the most serious threats to the ecological health of the nearshore coastal waters. Coastal
embayments, because of their shallow nature and large shoreline area, are generally the first
coastal systems to show the effect of nutrient pollution from terrestrial sources.

In particular, the Salt Pond embayment system within the Town of Falmouth is at risk of
eutrophication (over enrichment) from enhanced nitrogen loads entering through groundwater
from the increasingly developed watershed to this coastal system. Eutrophication is a process
that occurs naturally and gradually over a period of tens or hundreds of years. However,
human-related (anthropogenic) sources of nitrogen may be introduced into ecosystems at an
accelerated rate that cannot be easily absorbed, resulting in a phenomenon known as cultural
eutrophication. In both marine and freshwater systems, cultural eutrophication results in
degraded water quality, adverse impacts to ecosystems, and limits on the use of water
resources.

The Town of Falmouth has recognized the severity of the problem of eutrophication and
the need for watershed nutrient management and is currently developing a Comprehensive
Wastewater Management Plan which the Town plans to implement upon its completion. The
Town of Falmouth has been working with the Town of Mashpee that has also completed and
implemented wastewater planning in other nearby regions not associated with the Salt Pond
system, specifically the Waquoit Bay embayment system. In this manner, this analysis of the
Salt Pond system is yielding results which can be utilized by the Town of Falmouth along with
MEP results developed for the other estuaries of the town (specifically, Rands Harbor, Fiddlers
Cove, Wild Harbor, West Falmouth Harbor, Falmouth Inner Harbor, Little Pond, Quissett Harbor,
Oyster Pond, Great Pond, Green Pond, Bournes Pond, Eel Pond/Childs River and Waquoit
Bay) in order to give the Town of Falmouth the necessary results to plan out and implement a
unified town-wide approach to nutrient management. The Town of Falmouth with associated
working groups has recognized that a rigorous scientific approach yielding site-specific nitrogen
loading targets was required for decision-making and alternatives analysis. The completion of
this multi-step process has taken place under the programmatic umbrella of the Massachusetts
Estuaries Project, which is a partnership effort between all MEP collaborators and the Towns.
The modeling tools developed as part of this program provide the quantitative information
necessary for the Towns’ nutrient management groups to predict the impacts on water quality
from a variety of proposed management scenarios.

Nitrogen Loading Thresholds and Watershed Nitrogen Management: Realizing the
need for scientifically defensible management tools has resulted in a focus on determining the
aguatic system’s assimilative capacity for nitrogen. The highest-level approach is to directly link
the watershed nitrogen inputs with embayment hydrodynamics to produce water quality results
that can be validated by water quality monitoring programs. This approach when linked to state-
of-the-art habitat assessments yields accurate determination of the “allowable N concentration
increase” or “threshold nitrogen concentration”. These determined nitrogen concentrations are
then directly relatable to the watershed nitrogen loading, which also accounts for the spatial
distribution of the nitrogen sources, not just the total load. As such, changes in nitrogen load
from differing parts of the embayment watershed can be evaluated relative to the degree to
which those load changes drive embayment water column nitrogen concentrations toward the
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“threshold” for the embayment system. To increase certainty, the “Linked” Model is
independently calibrated and validated for each embayment.

Massachusetts Estuaries Project Approach: The Massachusetts Department of
Environmental Protection (DEP), the University of Massachusetts — Dartmouth School of Marine
Science and Technology (SMAST), and others including the Cape Cod Commission (CCC)
have undertaken the task of providing a quantitative tool to communities throughout
southeastern Massachusetts (the Linked Watershed-Embayment Management Model) for
nutrient management in their coastal embayment systems. Ultimately, use of the Linked
Watershed-Embayment Management Model tool by municipalities in the region results in
effective screening of nitrogen reduction approaches and eventual restoration and protection of
valuable coastal resources. The MEP provides technical guidance in support of policies on
nitrogen loading to embayments, wastewater management decisions, and establishment of
nitrogen Total Maximum Daily Loads (TMDLs). A TMDL represents the greatest amount of a
pollutant that a waterbody can accept and still meet water quality standards for protecting public
health and maintaining the designated beneficial uses of those waters for drinking, swimming,
recreation and fishing. The MEP modeling approach assesses available options for meeting
selected nitrogen goals that are protective of embayment health and achieve water quality
standards.

The core of the Massachusetts Estuaries Project analytical method is the Linked
Watershed-Embayment Management Modeling Approach, which links watershed inputs with
embayment circulation and nitrogen characteristics.

The Linked Model builds on well-accepted basic watershed nitrogen loading approaches
such as those used in the Buzzards Bay Project, the CCC models, and other relevant models.
However, the Linked Model differs from other nitrogen management models in that it:

e requires site-specific measurements within each watershed and embayment;

uses realistic “best-estimates” of nitrogen loads from each land-use (as opposed to loads
with built-in “safety factors” like Title 5 design loads);

spatially distributes the watershed nitrogen loading to the embayment;

accounts for nitrogen attenuation during transport to the embayment;

includes a 2D or 3D embayment circulation model depending on embayment structure;
accounts for basin structure, tidal variations, and dispersion within the embayment;

includes nitrogen regenerated within the embayment;

is validated by both independent hydrodynamic, nitrogen concentration, and ecological data;
is calibrated and validated with field data prior to generation of “what if” scenarios.

The greatest assets of the Linked Model Approach are its ability to be clearly calibrated
and validated, and its utility as a management tool for testing “what if” scenarios for evaluating
watershed nitrogen management options.

For a comprehensive description of the Linked Model, please refer to the Full Report:
Nitrogen Modeling to Support Watershed Management: Comparison of Approaches and
Sensitivity Analysis, available for download at http://www.state.ma.us/dep/smerp/smerp.htm. A
more basic discussion of the Linked Model is also provided in Appendix F of the Massachusetts
Estuaries Project Embayment Restoration Guidance for Implementation Strategies, available for
download at http://www.state.ma.us/dep/smerp/smerp.htm. The Linked Model suggests which
management solutions will adequately protect or restore embayment water quality by enabling
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towns to test specific management scenarios and weigh the resulting water quality impact
against the cost of that approach. In addition to the management scenarios modeled for this
report, the Linked Model can be used to evaluate additional management scenarios and may be
updated to reflect future changes in land-use within an embayment watershed or changing
embayment characteristics. In addition, since the Model uses a holistic approach (the entire
watershed, embayment and tidal source waters), it can be used to evaluate all projects as they
relate directly or indirectly to water quality conditions within its geographic boundaries. Unlike
many approaches, the Linked Model accounts for nutrient sources, attenuation, and recycling
and variations in tidal hydrodynamics and accommodates the spatial distribution of these
processes. For an overview of several management scenarios that may be employed to restore
embayment water quality, see Massachusetts Estuaries Project Embayment Restoration
Guidance for Implementation Strategies, available for download at
http://www.state.ma.us/dep/smerp/smerp.htm.

Application of MEP Approach: The Linked Model was applied to the Salt Pond
embayment system by using site-specific data collected by the MEP and water quality data from
the volunteer efforts of scientists and graduate researchers within the Coastal Systems
Program-SMAST. CSP staff and students undertook the collection of the necessary minimum
three years baseline data in order to support entry of Salt Pond into the MEP. These "research
volunteers" at CSP-SMAST initiated data collection in summer 2006 and created a 7 year
baseline of summer water quality for the pond (2006-2012). Evaluation of upland nitrogen
loading was conducted by the MEP, data were provided by the Town of Falmouth Planning
Department, and watershed boundaries delineated by USGS. These land-use data were used
to determine watershed nitrogen loads within the Salt Pond embayment system (current and
build-out loads are summarized in Table IV-3). Water quality within an embayment is the
integration of nitrogen loads with the site-specific estuarine circulation. Therefore, water quality
modeling of this tidally influenced estuary included a thorough evaluation of the hydrodynamics
of the estuarine system. Estuarine hydrodynamics control a variety of coastal processes
including tidal flushing, pollutant dispersion, tidal currents, sedimentation, erosion, and water
levels. Once the hydrodynamics of the system was quantified, transport of nitrogen was
evaluated from tidal current information developed by the numerical models.

A two-dimensional depth-averaged hydrodynamic model based upon the tidal currents
and water elevations was employed for the Salt Pond embayment system. Once the
hydrodynamic properties of the estuarine system were computed, two-dimensional water quality
model simulations were used to predict the dispersion of the nitrogen at current loading rates.
Using standard dispersion relationships for estuarine systems of this type, the water quality
model and the hydrodynamic model were then integrated in order to generate estimates
regarding the spread of total nitrogen from the site-specific hydrodynamic properties. The
distributions of nitrogen loads from watershed sources were determined from land-use analysis.
Boundary nutrient concentrations in Vineyard Sound source waters were taken from water
guality monitoring data. Measurements of current salinity distributions throughout the estuarine
waters of the Salt Pond embayment system were used to calibrate the water quality model, with
validation using measured nitrogen concentrations (under existing loading conditions). The
underlying hydrodynamic model was calibrated and validated independently using water
elevations measured in time series throughout the embayment.

MEP Nitrogen Thresholds Analysis: The threshold nitrogen level for an embayment
represents the average water column concentration of nitrogen that will support the habitat
quality being sought. The water column nitrogen level is ultimately controlled by the watershed
nitrogen load and the nitrogen concentration in the inflowing tidal waters (boundary condition).
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The water column nitrogen concentration is modified by the extent of sediment regeneration.
Threshold nitrogen levels for the embayment systems in this study were developed to restore or
maintain SA waters or high habitat quality. High habitat quality was defined as supportive of
eelgrass and infaunal communities. Dissolved oxygen and chlorophyll-a were also considered
in the assessment.

The nitrogen thresholds developed in Section VIII-2 were used to determine the amount of
total nitrogen mass loading reduction required for restoration of infaunal habitats (no
documented historical eelgrass but for one observation of very limited eelgrass by the inlet in
2007, see Section VII for detail) in the Salt Pond system. Tidally averaged total nitrogen
thresholds derived in Section VIII.1 were used to adjust the calibrated constituent transport
model developed in Section VI. Watershed nitrogen loads were sequentially lowered, using
reductions in septic effluent discharges only, until the nitrogen levels reached the threshold level
at the sentinel station chosen for the Salt Pond system. It is important to note that load
reductions can be produced by reduction of any or all sources, enhancing flushing of the system
or by increasing the natural attenuation of nitrogen within the freshwater systems to the
embayment. The load reductions presented in Section VIl represent only one of a suite of
potential reduction approaches that need to be evaluated by the community. The presentation
is to establish the general degree and spatial pattern of reduction that will be required for
restoration of this nitrogen impaired embayment.

The Massachusetts Estuaries Project’s thresholds analysis, as presented in this technical
report, provides the site-specific nitrogen reduction guidelines for nitrogen management of the
Salt Pond embayment system in the Town of Falmouth. Future water quality modeling
scenarios should be run which incorporate the spectrum of strategies that result in nitrogen
loading reduction to the embayment. For lllustrative purposes, the MEP analysis has initially
focused upon nitrogen loads from on-site septic systems as a test of the potential for achieving
the level of total nitrogen reduction for restoration of the embayment system. The concept was
that since nitrogen loads associated with wastewater generally represent 76% of the
controllable watershed load to the Salt Pond embayment system and are more manageable
than other of the nitrogen sources, the ability to achieve needed reductions through this source
is a good gauge of the feasibility for restoration of the system.

2. Problem Assessment (Current Conditions)

A habitat assessment was conducted throughout the Salt Pond embayment system based
upon available water quality monitoring data, time-series water column oxygen measurements
of dissolved oxygen and chlorophyll, and benthic community structure (changes in eelgrass
distribution could not be used as a metric due to lack of historical eelgrass presence). Salt
Pond is currently functioning as a typical coastal embayment with restricted tidal exchange with
the waters of Vineyard Sound. Each of type of functional component to an estuary (salt marsh
basin, embayment, tidal river, deep basin {sometimes drown kettles}, shallow basin, etc.) has a
different natural sensitivity to nitrogen enrichment and organic matter loading. Evaluation of
eelgrass and infaunal habitat quality must consider the natural structure of the specific basin
and its ability to support eelgrass beds and infaunal communities. At present, the Salt Pond
Estuary is beyond its ability to assimilate nitrogen without further impairment. The system is
showing a high level of nitrogen enrichment, with no eelgrass habitat and moderate to
significantly impaired benthic animal habitats (depending on location in the pond), regions of
periodic hypoxia and phytoplankton blooms and a stratified deep basin with prolonged anoxia
(Table VIII-1), these findings indicate that nitrogen management of this system will be for
restoration rather than for protection or maintenance of an unimpaired system.
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The measured levels of oxygen depletion and enhanced chlorophyll-a levels follows the spatial
pattern of total nitrogen levels in this system (Chapter VI), and the parallel variation in these
water quality parameters is consistent with watershed based nitrogen enrichment and restriction
of tidal flows. The spatial pattern indicated that the magnitude of oxygen depletion,
enhancement of chlorophyll-a levels and total nitrogen concentrations were affected by the
watercolumn stratification stemming from the basin geomorphology and reduced tidal action
such that waters and sediments below 3 meters depth are subjected to prolonged anoxia and
potential infaunal habitat is only in the shallow margins of the main basin and in the region of the
tidal channel.

The level of oxygen depletion and the magnitude of daily oxygen excursion and chlorophyll-a
levels indicate moderate to high nutrient enriched waters within the margins of the main basin
and tidal channel region of Salt Pond, respectively. The oxygen data is consistent with organic
matter enrichment, primarily from phytoplankton production as seen from the parallel
measurements of chlorophyll-a and in the tidal channel, which also has patchy accumulations of
macroalgae. The measured levels of oxygen depletion and enhanced chlorophyll-a levels
follows the spatial pattern of total nitrogen levels in this system (Section VI), and the parallel
variation in these water quality parameters is consistent with watershed based nitrogen
enrichment of the Salt Pond Estuary.

Salt Pond is functionally a basin with very limited fringing wetland habitat along its shoreline to
the main basin. The sediments are currently soft muds rich in organic matter in the center deep
portion of the pond, which has had periods of prolonged anoxia since at least the 1970's. The
primary factor in the oxygen depletion of the deep waters is the strong salinity stratification of
the deep basin, which restricts ventilation with the atmosphere. It is the shallower (<3m)
margins of the basin that support some sandy areas and compacted muds with oxidized surface
layers. All of the available information related to eelgrass within the Salt Pond Estuary,
including the 2007 survey, indicate that no eelgrass is present within Salt Pond and eelgrass
beds have not been observed historically, although small sparse patches of Ruppia occur in
some shoreline areas. The absence of eelgrass beds is expected in this system given the high
chlorophyll-a (averages 14-15 ug L) and periodic low dissolved oxygen levels and high water
column nitrogen concentrations. Given the absence of eelgrass at present and the lack of
evidence of prior eelgrass habitat within this system, management should focus on benthic
animal habitat, primarily within the marginal areas.

Overall, the infauna survey indicated that the shallow margin (<3 m) around the deep kettle
"hole" is supportive of the moderate quality infaunal habitat within Salt Pond, showing areas that
are moderately and significantly impaired. The sediments within the deep basin (>3 m) are
overlain by anoxic bottom water and are devoid of benthic animals. Intermediate to these 2
regions, the tidal channel is depositional, with significant oxygen declines and significantly
impaired benthic habitat.

Classification of habitat quality necessarily included the structure of the estuarine basin,
specifically that it is fully representative of a tidal embayment, as opposed to a tidal river or salt
marsh basin and if a basin is structurally impaired or impaired by nitrogen enrichment..
Integration of all of the metrics clearly indicates that the shallow areas of Salt Pond are
generally supporting benthic animal habitat that is moderately or significantly impaired. The
proximate cause of impairment is organic matter enrichment and oxygen depletion, stemming
ultimately from nitrogen enrichment. Total nitrogen levels within the estuary at present are
>0.90 mg TN L™, a level generally found associated with a significant level of impairment of
benthic animal habitat in southeastern Massachusetts estuaries. The lack of historical eelgrass
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beds in Salt Pond and the present impairment to benthic animal habitat from nitrogen
enrichment makes restoration of infauna habitat resource the primary focus for nitrogen
management.

3. Conclusions of the Analysis

The threshold nitrogen level for an embayment represents the average water column
concentration of nitrogen that will support the habitat quality being sought. The water column
nitrogen level is ultimately controlled by the integration of the watershed nitrogen load, the
nitrogen concentration in the inflowing tidal waters (boundary condition) and dilution and
flushing via tidal flows. The water column nitrogen concentration is modified by the extent of
sediment regeneration and by direct atmospheric deposition.

Threshold nitrogen levels for this embayment system were developed to restore or
maintain SA waters consistent with the recreational use of this water body. In this system, high
habitat quality was defined as supportive of diverse benthic animal communities. Dissolved
oxygen and chlorophyll-a were also considered in the assessment.

Watershed nitrogen loads (Tables ES-1 and ES-2) for the Town of Falmouth Salt Pond
embayment system was comprised primarily of wastewater nitrogen. Land-use and wastewater
analysis found that generally about 76% of the controllable watershed nitrogen load to the
embayment was from wastewater (septic and WWTF).

A major finding of the MEP clearly indicates that a single total nitrogen threshold can not
be applied to Massachusetts’ estuaries, based upon the results of the Fiddlers Cove, Rands
Harbor, Wild Harbor, Little Pond, Falmouth Inner Harbor, Great, Green and Bournes Pond
Systems, Popponesset Bay System, and the nearby Eel Pond and Hamblin / Jehu Pond /
Quashnet River analysis in eastern Waquoit Bay, among many other systems analyzed by the
MEP. This is almost certainly going to be true for the other embayments within the MEP area,
as well, inclusive of Salt Pond.

The threshold nitrogen levels for the Salt Pond embayment system in Falmouth were
determined as follows:

Salt Pond Threshold Nitrogen Concentrations

e Following the MEP protocol, the restoration target for the Salt Pond Embayment system
should reflect both recent pre-degradation habitat quality and be reasonably achievable.
The approach for determining nitrogen loading rates, which will maintain acceptable
habitat quality throughout and embayment system, is to identify a sentinel location within
the embayment or sub-embayment (as necessary) and second, to determine the
nitrogen concentration within the water column which will restore that location to the
desired habitat quality. Within the Salt Pond Estuary the most appropriate sentinel
"station" was to use the average of the 3 long-term monitoring stations (<3 m) in Figure
VI-1. This average approach has been used in other open single basin estuaries
throughout the MEP region. The average was selected because of the heterogeneity in
the benthic animal habitat in this stratified basin and the need to meet acceptable quality
conditions throughout the basin.

e Following the MEP protocol, since eelgrass has not been documented in Salt Pond,
restoration of infaunal habitat is the restoration goal. Infaunal animal habitat is a critical
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resource to the Salt Pond Estuary and estuaries in general. Since there are no
unimpaired infaunal animal habitat areas remaining in the Salt Pond system,
comparisons to the soft bottom basins of other nearby estuarine systems were relied
upon for setting the nitrogen threshold for healthy infaunal habitat at a nitrogen level of
TN <0.5 mg TN L™. This level was found for Popponesset Bay where based upon the
infaunal analysis coupled with the nitrogen data (measured and modeled), nitrogen
levels on the order of 0.4 to 0.5 mg TN L-1 were found to be supportive of high infaunal
habitat quality in this system. Similarly, in the Three Bays System, healthy infaunal
areas are found at nitrogen levels of TN <0.42 mg TN L™ (Cotuit Bay and West Bay),
with impairment in areas where nitrogen levels of TN >0.5 mg TN L™ (North Bay), and
severe degradation at nitrogen levels of TN >0.6 mg TN L™. Present TN levels within
the Salt Pond mixed layer during summer are ~0.90 mg TN L™, consistent with the
observed lack of eelgrass beds and impaired benthic animal habitat.

It is important to note that the analysis of future nitrogen loading to the Salt Pond
estuarine system focuses upon additional shifts in land-use from forest/grasslands to
residential and commercial development. However, the MEP analysis indicates that
significant increases in nitrogen loading can occur under present land-uses, due to shifts in
occupancy, shifts from seasonal to year-round usage and increasing use of fertilizers.
Therefore, watershed-estuarine nitrogen management must include management
approaches to prevent increased nitrogen loading from both shifts in land-uses (new
sources) and from loading increases of current land-uses. The overarching conclusion of
the MEP analysis of the Salt Pond system is that given the relatively low watershed nitrogen
load to Salt Pond, it will be difficult to lower TN levels by ~0.4 mg L™ to meet the threshold.
The nitrogen load reductions within the system necessary to achieve the threshold nitrogen
concentrations were not attainable even with 100% removal of septic load (associated with
direct groundwater discharge to the embayment) for the systems watershed. The limited
circulation within the system prevents the threshold goals from being achieved. This is
consistent with the MEP measurements of significantly restricted tidal flows between Salt
Pond and Vineyard Sound. This has been found in other estuaries with similar restrictions
(e.g. Rushy Marsh Pond, Farm Pond). In such cases a reduction of the tidal restriction is
needed to lower the level of nitrogen enrichment and restore the impaired habitats. This will
likely be the case for Salt Pond, as well.
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MEMORANDUM

DATE: May® 2013

TO: Ed Leonard (Wright Pierce)

FROM: Brian Madden (LEC)

Re: Oyster Pond Comprehensive Wastewater Management Plan

FalmoutiMA

PROJECT #WR1308901

LEC has prepared this Memo to -tieswieedvrpo¢esipeedi ssategulatory implications
preliminary planning of the Oyster Pond Comprehensive Wastewater Manage

According t'etiiib® dMaheachusetts Natural (ldéfratagee Atdeber 1, 2008) publ
by the MassaNMhusratdHeritage and Endangered Sppor¢iso s oqfraime (NyHsHEEIP Pon
Watershed are locateditwithabmidaPrdf Rare Species and/or Estim(steal Habitat
4/8/13 Aerial Orthophotlo0.anlch Fegproene to a MESA Information Request, NHIE
that northern portion of the Watershed extenlds)/iBsoiiR aiterdt i dba batatl 1155 (EHH .
mapped for the presence of thd é&aaperme Baed dlleansbaithwesterly tip of the
Watershed also minimally extends into PH 385,SmammetdifoabhdhetCloemmon Ter
(Sterna anmllamd Rosea3¢eeTrandblugaRidseatepTetracied BEsdamgespelcies

under Massachusetts Endange(M& ShedieG.Act. 131A) andRegutgtiementing
(321 CMR 10.00), while the threpe@BpfreBpercia GoaReseateTiern is also
protected under the federal End&niebe -3pBBBEsSAat.(8840eds amen

LEC understands that following a review of Baseline Condititoaditimcha Need
and ntoaditional technologieswahideappooadheFechnology options may include
and nontraditiondémewergsygravity, vacuum, low pressure, step/steg), as we
conveyance systems and the main wa®tswatee ctieatomgirets plaucth as denitrifyir
systems and cluswéll sysbemes evale agtedheofproject is a CWMP that demonstrat
detailed analysis of the most cost effective and envirominremgtar | yeslacriido me a |
requirements of the Total Maximum Daily Load (TMDL) required by the MA D

It is likely thabkeleomeoWsMPRvork actiwititeim Priority Habitat wilME&S Axempt fro
Project ReRoewmntial applicable exempt activitiesayndetudzl CMR 10.14

(6) construction, repair, replacement or maintenageetrefatmpent faystemess, pri\
utility lines, sewer lines, or residential water supply wells within existing p
and maintained lawns or landscaped areas, provided there is no expansion |
landscapeadsa

PLYMOUTH WAKEFIELD WORCESTER RINDGE, NH
5@B-740491 7812482500 508758077 60389%78
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(7) repair, replacement or maintenance of existing, properly maintained sto
stormwater management systems;

(8) construction of new stormwater managemenb sysgeave thtotrrmwneatdeersmanag
at previously developed sites, provided that the plans for the system are su
review, and the Division makes a written determination that such systems w
stadested species or their habitats;

(9) repair, replacement or maintenance of existing, properdy maintained dry

(10) installation, repair, replacement, and maintenance of utility lines (gas.
which all associated work is within ten feet from the edge of existing paved
maintenance of overhead utility lines (phone, electrical) for which all assoc
edge of existing unpaicadroaavee voero,vthat unpaved utility access roads asso:
activities under 321 CMR