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llerracon

August 19, 2020

City of Longmont
1100 South Sherman Street
Longmont, Colorado 80501

Attn:  Dr. Jane Turner
(303) 774-4545
jane.turner@longmontcolorado.gov

Re: 2020 Annual Monitoring Report
Groundwater Quality Monitoring Program
Oil & Gas Well Sites
Longmont, Colorado
Terracon Project No. 22207002

Dear Dr. Turner:

Terracon Consultants, Inc. (Terracon) is pleased to submit our report of the 2020 Annual
Groundwater Quality Monitoring Program activities performed at four active oil & gas (O&G) well
sites, ten plugged and abandoned (PA) O&G well sites, and one associated tank battery site
located in the city of Longmont, Colorado. The report presents data from recent field activities that
included the collection of groundwater samples for laboratory analysis. Terracon conducted the
Investigation in general accordance with our proposal (P22207002), dated January 31, 2020.

Terracon appreciates this opportunity to provide environmental consulting services to The City of
Longmont. Should you have any questions or require additional information, please do not
hesitate to contact our office.

Sincerely,

Terracon Consultants, Inc.

NN~ =y

Y QWW/
Charles A. Covington Jofin C. Graves, P.G.

Field Geologist Senior Principal/Regional Manager

Terracon Consultants, Inc. 1831 Lefthand Circle  Longmont, CO 80501
P (303) 776-3921 F (303) 776-4041  terracon.com

Environmental @ Facilities O Geotechnical @ Materials
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$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

(;(&87,9( 6800$5<

Q 7HUUDFRQ LQVWDOOHG DQG RU VDPSOHG JURXQGZDWHU PR
2 * ZHOOV ORFDWHG ZLWKLQ WKH &LW\ RI /RQJPRQW WKH &LW\
GHVFULEHG LQ WKH )LUVW DQG 7KLUG 4XDUWHU ORQLWRULQJ 5

UHVSHFWLYHO\ 7HUUDFRQ KDV FRQWLQXHG WR H[HFXWH
/IRQJPRQW *URXQGZDWHU 4XDOLW\ ORQLWRULQJ 3URJUDP DQG W
GHVFULEHG LQ WKH VXEVHTXHQW WKURXJK PRQLWRULQJ UH

6LQFH 7THUUDFRQ KDV DVVLVWHG WKH &LW\ ZLWK WKH LQYHVW|
VLWHV ZLWKLQ /RQJPRQW &LW\ OLPLWYV WR DGG WR WKH DQQXDO J
RI WKH FXUUHQW SURJUDP VLWHYV ZHUH VDPSOHG GXULQJ WKH

RI WKH 7DERU 7% VLWH

7KLV JURXQGZDWHU TXDOLW\ VDPSOLQJ HYHQW ZDV SHUIRUPHG LQ
RXWOLQHG LQ 7THUUDFRQ 3URSRVDO 1R 3 GDWHG -DQXDU\
SODQQHG PRQLWRULQJ ZHOOV W UMDDIEP SAHGYR X QB DQ G

-XQHY“WR HYDOXDWH SRWHQWLDO LPSDFWV WR JURXQGZDWHU IURF
H[WUDFWLRQ DQG SURGXFWLRQ (3 RSHUDWLRQV DW WKH VLWHYV
DFFRUGDQFH ZLWK WKH SURFHGXUHV RXWOLQHG LQ 6HFWLRQ RI

$ VXPPDU\ RI RXU ILQGLQJYV FRQFOXVLRQV DQG UHFRPPHQGDWLR
UHFRJQL]J]HG WKDW GHWDLOV ZHUH QRW LQFOXGHG RU IXOO\ GHYH
EH UHDG LQ LWV HQWLUHW\ IRU D FRPSUHKHQVLYH XQGHUVWDQGL:

JLQGLQJV DQG &RQFOXVLRQV

*URXQGZDWHU ZDV HQFRXQWHUHG IURP IHHW EHORZ WRS RI
PRQLWRULQJ ZHOO 6*8 O: WR IHHW %72& DV REVHUYHG LQ
HOHYDWLRQV ZHUH REVHUYHG UDQJLQJ IURP IHHW DERYH PF
ZHOO '0 0: WR IHHW DPVO LQ PRQLWRULQJ ZHOO 6 O0: "H
JURXQGZDWHU HOHYDWLRQ GDWD DUH VXPPDUL]HG LQ 7DEOH

O9DULRXV YRODWLOH RUJDQLF FRPSRXQG 92& FRQVWLWXHQWYV ZHL
ODERUDWRU\ GHWHFWLRQ OLPLWV LQ JURXQGZDWHU VDPSOHV FRC

'LVVROYHG PHWKDQH LQ JURXQGZDWHU PD\ EH DQ LQGLFDWLRQ RI
VLWH 1HLWKHU WKH &2*&& QRU WKH &'3+( KDYH GHYHORSHG VWDQ
7KH &2*&& KDV GHYHORSHG VWDQGDUGV IRU VRXUFH ZDWHU H .
‘DWWHQEHUJ $UHD *:$ 7KLV SURMHFW LV ORFDWHG ZLWKLQ WKH
ZLWK &RORUDGR 'LYLVLRQ RI :DWHU 5HVRXUFHV ':5 DQG LQFOXG

SHVSRQVBLHNRXURKBIEKOLDEOH L



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

KRXVHKROG

GRPHVWLF

OLYHVWRFN

LUULJDWLRQ

PXQLFLSDO SXEOLF

FRPPHUFLDO

SHUPLWWHG RU DGMXGLFDWHG VSULQJV DQG
PRQLWRULQJ ZHOOV LQVWDOOHG IRU WKH SXUSRVH RI FR
VDPSOLQJ DQG PRQLWRULQJ UHTXLUHPHQWYV

6HFWLRQ $ I RI WKH &2*&& 5XOHVY DQG 5HIXODWLRQV IRU EDV
WKH *:$ VWDWHY WKDW FRQFHQWUDWLRQV RI PHWKDQH JUHDWHU W
DQG VWDEOH LVRWRSH DQDO\VLV RI WKH PHWKDQH WR GHWHUP
WKHUPRJHQLF ELRJHQLF RU D PL[WXUH RI WKH WZR &XUUHQWO\
GR QRW UHTXLUH DGGLWLRQDO LQYHVWLJIJDWLRQ RI JURXQGZDWHU

BHYHUDO LQRUJDQLF SDUDPHWHUV QLWURJHQ VXOIDWHV DQG F
'HSDUWPHQW RI 3XEOLF +HDOWK DQG (QYLURQPHQW &'3+( DQG &R
&RPPLVVLRQ &2*&& *URXQGZDWHU 6WDQGDUGV +RZHYHU ODER
UHPDLQHG FRQVLVWHQW ZLWK IRUPHU VDPSOLQJ HYHQWV DQG UH
FRQFHQWUDWLRQV EDVHG RQ IRUPHU DQDO\WLFDO GDWD DQG OTL
FXUUHQWO\ DFWLYH VLWHV

,Q JHQHUDO LQFUHDVHG FKORULGH DQG VXOIDWH FRQFHQWUDWIL
FRQGXFWDQFH DQG WXUELGLW\ GXH WR VORZ UHFKDUJH RI WKH P
LQ WKH IRUPDWLRQ &OD\ LV D VPDOOHU SDUWLFOH DQG SDVVHV W
LQRUJDQLFY FDQ DWWDFK WR WKH FOD\ SDUWLFOHYV

5HFRPPHQGDWLRQV

7KH REMHFWLYH RI WKH LQYHVWLJDWLRQ ZDV WR HYDOXDWH WKH
JURXQGZDWHU DERYH UHOHYDQW ODERUDWRU\ GHWHFWLRQ OLPL\
KLVWRULFDO 2 * RSHUDWLRQV DW WKH VLWHYV

7HUUDFRQ UHFRPPHQGY WKH FRQWLQXHG PRQLWRULQJ RI DOO V
IRQJPRQW $QQXDO *URXQGZDWHU 4XDOLW\ ORQLWRULQJ (YHQW R
PRQLWRULQJ Rl WKH DIRUHPHQWLRQHG VLWHV ZLOO ZRUN WR DXJP
ZLOO EH XVHG WR IXUWKHU DVVHVV WKH H[WHQW JURXQGZDWHU
JURXQGZDWHU TXDOLW\ DQG WR HYDOXDWH LI VLWHV VKDOO EH
VDPSOLQJ OLVW

SHVSRQVBLHNRXURKBIEKOLDEOH LL



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

6,7( '(6&5,37,21

7KLV SURMHFW FRQVLVWYV RI VDPSOLQJ PRQLWRULQJ ZHOOV DVVRI
ZHOO VLWHV WHQ SOXJJHG DQG DEDQGRQHG 3% 2 * ZHOO VLWHYV
ORFDWHG LQ WKH &LW\ RI /RQJPRQW &RORUDGR WKH &LW\ 7k
SRWHQWLDO LPSDFWV WR JURXQGZDWHU LQ DFFRUGDQFH ZLWK 7|
IROORZLQJ VLWHYV

'RPHQLFR WKUHH PRQLWRULQJ ZHOOV
(YDQV  7DQN %DWWHU\ WKUHH PRQLWRULQJ ZHOOV
(YDQV :HOOKHDG WKUHH PRQLWRULQJ ZHOOV
6WDPS & VL[ PRQLWRULQJ ZHOOV

&LW\ Rl /RQJPRQW WKUHH PRQLWRULQJ ZHOOV
3RZHOO WKUHH PRQLWRULQJ ZHOOV

6KHUZRRG WKUHH PRQLWRULQJ ZHOOV

6KHUZRRG WKUHH PRQLWRULQJ ZHOOV

7DERU 1RW 6DPSOHG

7DERU WKUHH PRQLWRULQJ ZHOOV

JRQIJPRQW N WKUHH PRQLWRULQJ ZHOOV
ODUX\DPD WKUHH PRQLWRULQJ ZHOOV

*HRUJH OD\HGD WKUHH PRQLWRULQJ ZHOOV

0D U\ WKUHH PRQLWRULQJ ZHOOV

"HUWPDQ WKUHH PRQLWRULQJ ZHOOV DQG
6HUDILQL *DV 8QLW ILYH PRQLWRULQJ ZHOOV

7THUUDFRQ RULJLQDOO\ SURSRVHG WKH VDPSOLQJ RI WZR PRC
UHPHGLDO DFWLYLWLHV E\ WKH 2SHUDWRU IURP D UHFHQWO\
/IRQJPRQW UHTXHVWHG DOO DYDLODEOH RQ VLWH PRQLWRULQJ
$00 VLWH PRQLWRULQJ ZHOOV KDYH EHHQ GHVWUR\HG

7KH PRQLWRULQJ HYHQW ZHOO VLWH ORFDWLRQV DUH VKRZQ R

6&23( 2) 6(59,&(6

7KH DQQXDO JURXQGZDWHU TXDOLW\ PRQLWRULQJ VHUYLFHV
0D\ WK WKDQG -XROHX-XQWMDQG -XWHDV D PRGLILFDWLRQ WR WKH VDP
RXWOLQHG LQ WKH 6DPSOLQJ DQG $QDO\VLYV 30DQ 6$3 SUHSDUHG

%DVHG RQ WKH LQLWLDO JURXQGZDWHU VDPSOLQJ UHVXO
IUHTXHQF\ DQG ODERUDWRU\ DQDO\WH OLVW KDYH EHHQ PRGLILHG

7KH PRQLWRULQJ ZHOOV DW WKH IROORZLQJ ZHOO VLWHYVY ZHUH VD

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

'RPHQLFR ‘0 O: '0 0: DQG '0 O:

(YDQV :HOOKHDG ( : O: (: 0: DQG ( : 0O:

(YDQV 7TDQN %DWWHU\ ( 7 O: (7 0: DQG ( 7 O:
6WDPS & 6 O0: 6 O: 6 O: 6 O: 6 O: DQG
6 O:

&LW\ Rl /RQIJPRQW &/ O: &/ O: DQG &/ O0:
3RZHOO 3/ 0: 3/ 0: DQG 3/ O:

6KHUZRRG 6+ O: 6+ O: DQG 6+ O0:

6KHUZRRG 6+ O: 6+ O: DQG 6+ O0:

7TDERU 7% O: 7% O: 7% O:

/IRQIJPRQW N /0 O: /0 O: DQG /0 O:
ODUX\DPD 0< O: 0< O: 0< O:

*HRUJH OD\HGD *O0 O0: *0 O: DQG *0 O:

0D U\ 05 O: 05 O0: 05 O:

"HUWPDQ .7 0: 7 0 7 0: DQG

6HUDILQL *DV 8QLW 6*8 O0: 6*8 0: 6*8 0: 6*8 0:
6*8 0:

6WDQGDUG RI &DUH

7THUUDFRQYYV VHUYLFHYV ZHUH SHUIRUPHG LQ D PDQQHU FRQVLVWH(
WKH SURIHVVLRQ XQGHUWDNHQ LQ VLPLODU VWXGLHY LQ WKH VDP
7THUUDFRQ PDNHV QR ZDUUDQWLHV H[SUHVV RU LPSOLHG UHJD!
UHFRPPHQGDWLRQVY 7HUUDFRQ GRHV QRW ZDUUDQW WKH ZRUN RI
RWKHU WKLUG SDUWLHYV VXSSO\LQJ LQIRUPDWLRQ XVHG LQ WKH SU
VHUYLFHV ZHUH SHUIRUPHG LQ DFFRUGDQFH ZLWK WKH VFRSH RI
UHIOHFWHG LQ RXU SURSRVDO DQG ZHUH QRW LQWHQGHG WR EH L(

$GGLWLRQDO 6FRSH /LPLWDWLRQV

J)LQGLQJV FRQFOXVLRQV DQG UHFRPPHQGDWLRQV UHVXOWLQJ Il
LQIRUPDWLRQ GHULYHG IURP WKH RQ VLWH DFWLYLWLHV DQG RWHK
ZRUN VXFK LQIRUPDWLRQ LV VXEMHFW WR FKDQJH RYHU WLPH
KDJDUGRXV VXEVWDQFHV SHWUROHXP SURGXFWV RU RWKHU FI
LQDFFHVVLEOH XQREVHUYDEOH QRQGHWHFWDEOH RU QRW SUH
UHSUHVHQW WKDW WKH VLWH FRQWDLQV QR KD]JDUGRXV VXEVWDQF
RWKHU ODWHQW FRQGLWLRQV EH\RQG WKRVH LGHQWLILHG GXULQJ
PD\ YDU\ IURP WKRVH HQFRXQWHUHG DW VSHFLILF ZHOOV RU GXUL
LQYHVWLIJDWLRQV RU H[SORUDWRU\ VHUYLFHV 7KH GDWD L
UHFRPPHQGDWLRQV DUH EDVHG VROHO\ XSRQ GDWD REWDLQHG DW
VHUYLFHYV

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

S5HOLDQFH

7KLV UHSRUW KDV EHHQ SUHSDUHG IRU WKH H[FOXVLYH XVH RI WKH
IRU XVH RU UHOLDQFH E\ DQ\ RWKHU SDUW\ H[FHSW D JRYHUQPHC
VLWH LV SURKLELWHG ZLWKRXW WKH H[SUHVV ZULWWHQ DXWKRUL
$Q\ XQDXWKRULJHG GLVWULEXWLRQ RU UHXVH LV DW WKH &LW\ RI
IRUHIJRLQJ UHOLDQFH E\ DXWKRUL]JHG SDUWLHYV ZLOO EH VXEMHEF\
VWDWHG LQ WKH SURSRVDO ,QYHVWLJDWLRQ UHSRUW DQG 7HUU
ZLWK WKH &LW\ RI /RQJPRQW 7KH OLPLWDWLRQ RI OLDELOLW\ GHIL
LV WKH DJJUHJDWH OLPLW RI 7THUUDFRQYV OLDELOLW\ WR WKH &LV
RWKHUZLVH DJUHHG LQ ZULWLQJ

). (/" ,19(67,*$7,21
6DIHW\

7HUUDFRQ LV FRPPLWWHG WR WKH VDIHW\ RI DOO LWV HPSOR\HH"
,QFLGHQW DQG ,QMXU\ JUHHS VDIHW\ JRDOV 7HUUDFRQ FRQGXFW
KHDOWK DQG VDIHW\ SODQ 7KH SODQ LGHQWLILHG VLWH VSHFLILF
SURFHGXUHV :RUN ZDV SHUIRUPHG XVLQJ 2FFXSDWLRQDO 6DIHW\
JHYHO ' ZRUN DWWLUH FRQVLVWLQJ Rl KDUG KDWV KLJK YLVLELOL
DQG SURWHFWLYH ERRWYV

6DPSOLQJ DQG $QDO\WLFDO 3URJUDP 6XPPDU\

7THUUDFRQ VDPSOHG D WRWDO RI JURXQGZDWHU PRQLWRULQJ ZF
WDEOH EHORZ

*URXQGZDWHU 6DPSOH &RQVWLWXHQWYV

3DUDPHWHUV $QDO\WLFDO OHWKRG
9RODWLOH 2UJDQLF &RPSRXQGV 92&V (3 OHWK
'LVVROYHG *DVHV OHWKDQH (WKDQH DQG (WK\OHQH
'LVVROYHG *DVHV &DUERQ 'LR[LGH &2
&KORULGH (3% OHWKRG
6XOIDWH (3% OHWKRG
7RWDO 'LVVROYHG 6ROLGV 7'6 60 %
(33 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ 6: DQDO\WLFDO PHWKRGYV

$GGLWLRQDOO\ WHPSHUDWXUH S+ VSHFLILF FRQGXFWDQFH GL
SRWHQWLDO PHDVXUHPHQWY ZHUH FROOHFWHG LQ WKH ILHOG (
FRQGXFWDQFH DQG S+ PHDVXUHPHQWY DUH VXPPDUL]JHG RQ 7DEOF

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

*URXQGZDWHU 6DPSOLQJ

THUUDFRQ XVHG KDQG EDLOLQJ VDPSOLQJ WHFKQLTXHV ZLWK D GI
UHSUHVHQWDWLYH JURXQGZDWHU VDPSOH IURP WKH PRQLWRULQJ .
LQ DFFRUGDQFH ZLWK )HEUXDU\ 6$3 $IWHU JURXQGZDWHU Il
JURXQGZDWHU VDPSOH ZDV FROOHFWHG IURP HDFK RI WKH PRQLW
ZHUH SODFHG LQ ODERUDWRU\ SURYLGHG SUH FOHDQHG FRQWDLQ
GHOLYHU\ WR WKH ODERUDWRU\ 7KH VDPSOHV ZHUH VXEPLWWHCG
DQDO\]HG IRU WKH SDUDPHWHUV VXPPDUL]HG LQ 6HFWLRQ RQ
DFFRUGLQJ WR WKH DSSURSULDWH 8QLWHG 6WDWHYVY (QYLURQPHQMW
PHWKRGYV

7KH JURXQGZDWHU VDPSOH QDPLQJ FRQYHQWLRQ XVHG LV DV IROC

>6LWH $EEUHYLDWLRQ@ >:HOO 'HVLIJQDWLRQ®@
([IDPSOH 6+ O0: LV WKH JURXQGZDWHU VDPSOH FROOHF
ZHOO VLWH PRQLWRULQJ ZHOO O:

7KH JURXQGZDWHU VDPSOHV ZHUH VXEPLWWHG WR 3DFH $QDO\WLF
7KH ODERUDWRULHY SHUIRUPHG 4XDOLW\ $QDO\VLY 4XDOLW\ &RQW
RI WKH JURXQGZDWHU VDPSOHV 7KH 4% 4& SURFHVV LQYROYHG FRI
FRQWURO VDPSOH PDWUL[ VSLNH PDWUL[ VSLNH GXSOLFDWH DQ(
DQG FDOLEUDWLRQ RI WKH ODERUDWRU\ HTXLSPHQW DQG SURFHV\

), (/" ,19(67,*$7,21 5(68/76
+\GURJHRORJ\

*URXQGZDWHU ZDV HQFRXQWHUHG IURP IHHW EHORZ WRS RI
PRQLWRULQJ ZHOO 6*8 O: WR IHHW %72& DV REVHUYHG LQ
HOHYDWLRQV ZHUH REVHUYHG UDQJLQJ IURP IHHW DERYH PF
ZHOO '0 O: WR IHHW DPVO LQ PRQLWRULQJ ZHOO 6 O: "H
JURXQGZDWHU HOHYDWLRQ GDWD DUH VXPPDUL]J]HG LQ 7DEOH

'HSWK WR JURXQGZDWHU DQG JURXQGZDWHU HOHYDWLRQ GDWD D\
XVHG WR JHQHUDWH SRWHQWLRPHWULF VXUIDFH PDSV DQG HVWLP

$V GHSLFWHG RQ WKH SRWHQWLRPHWULF VXUIDFH PDSV JURXQGZ]
JHQHUDO IORZV WRZDUGV WKH 6W 9UDLQ &UHHN 7KH ZHOO VLW
IROORZV

6KHUZRRG QRUWKHDVW WRZDUGV WKH 6W 9UDLQ &Ut

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

6KHUZRRG QRUWKHDVW WRZDUGYV WKH 6W 9UDLQ &U}
&LW\ Rl /RQIJPRQW QRUWKHDVW WRZDUGV WKH 6W 9U
6HUDILQL *DV 8QLW QRUWKHDVW WRZDUGV WKH 6W 9UI
3RZHOO HDVW WRZDUGV WKH 6W 9UDLQ &UHHN
(YDQV "HOOKHDG HDVW VRXWKHDVW WRZDUGV WKH 6\
(YDQV 7TDQN %DWWHU\ VRXWKHDVW WRZDUGV WKH 6W
'RPHQLFR QRUWK QRUWKZHVW WRZDUGYV %RXOGHU &L
6WDPS & VRXWKHDVW WRZDUGY 8QLRQ 5HVHUYRLU
7TDERU ZHOOV GHVWUR\HG

7TDERU VRXWKHDVW WRZDUGV WKH 6W 9UDLQ &UHHN
/IRQJPRQW N VRXWKHDVW WRZDUGV WKH 6W 9UDLQ &
ODUX\DPD HDVW VRXWKHDVW WRZDUGV WKH 6W 9UDLQ
*HRUJH OD\HGD QRUWK WRZDUGV 6SULQJ *XOFK

0ODU\ VRXWKZHVW WRZDUGYV WKH 6W 9UDLQ &UHHN D
"HUWPDQ ZHVW VRXWKZHVW WRZDUGV WKH 6W 9UDLC

$W WKH WLPH RI VDPSOLQJ ZDWHU IORZ ZDV REVHUYHG WUHQGLC
VLWH %DVHG RQ WRSRJUDSKLF IHDWXUHY REVHUYHG RQ VLWH D¢

DQ DJULFXOWXUDOO\ LUULJDWHG ILHOG LW LV DVVXPHG WKDW JL
WKH 6W 9UDLQ &UHHN

$1$/<7,8&%/ 5(68/76

7KH ODERUDWRU\ DQDO\WLFDO UHSRUWY DQG FKDLQ RI FXVWRG\ L
IROORZLQJ VHFWLRQV VXPPDUL]H WKH UHVXOWY RI WKH DQDO\WLF

/IDERUDWRU\ DQDO\WLFDO UHVXOWYVY IRU WKH JURXQGZDWHU VDPS

VWDQGDUG DSSOLFDEOH WR 2 * ZHOO VLWHV &2*&& 7DEOH \
&RORUDGR 'HSDUWPHQW RI 3XEOLF +HDOWK DQG (QYLURQPHQW(YV
4XDOLW\ 6WDQGDUGY 'HFHPEHU *:146 $ VXPPDU\ RI FRQ)\

HIFHHGLQJ WKHVH VWDQGDUGYV LQ WKH JURXQGZDWHU VDPSOHV L\

7KH JURXQGZDWHU DQDO\WLFDO UHVXOWV IRU GHWHFWHG FRQFH
VHFWLRQV *URXQGZDWHU DQDO\WLFDO GDWD DQG FRUUHVSRQGLC
$SSHQGL[ $

2UJDQLF &RPSRXQGYV

'LVWROYHG PHWKDQH DQG HWKDQH ZHUH GHWHFWHG DERYH WKHLI
DW WKH IROORZLQJ VLWHY &RQFHQWUDWLRQV VKRZQ EHORZ ZHUH
SHU OLWHU PJ / 'LVVROYHG HWKHQH ZDV QRW GHWHFWHG DER)
VDPSOHV FROOHFWHG

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

3RZHOO 'HOOKHDG 3/
OHWKDQH ZDV UHSRUWHG LQ VDPSOHYV 3/ O: DQG 3/ 0: E
RI PJ / DQG PJ/ UHVSHFWLYHO\

'RPHQLFR HOOVLWH 'O

OHWKDQH ZDV UHSRUWHG LQ VDPSOH '0 O: DW D FRQFHC

6WDPS & :HOOVLWH 6
OHWKDQH ZDV UHSRUWHG LQ VDPSOHYV 6 O0: DQG 6 O:
R PJ / DQG PJ/ UHVSHFWLYHO\
(WKDQH ZzDV UHSRUWHG LQ VDPSOHV 6 O0: DQG 6 O: D
PJ / DQG PJ/ UHVSHFWLYHO\

6HUDILQL *DV 8QLW 6*8

OHWKDQH ZDV UHSRUWHG LQ VDPSOH 6*8 O: DW D FRQFH

6HFWLRQ $ | RI WKH &2*&& 5XOHV DQG 5HIXODWLRQV IRU EDV
WKH *:$ VWDWHYVY WKDW FRQFHQWUDWLRQV RI PHWKDQH JUHDWHU W
DQRG VWDEOH LVRWRSH DQDO\VWLV RI WKH PHWKDQH WR GHWHUP
WKHUPRJHQLF ELRJHQLF RU D PL[WXUH RI WKH WZR &XUUHQWO\
GR QRW UHTXLUH DGGLWLRQDO LQYHVWLIJDWLRQ RI JURXQGZDWHU

,QRUJDQLFV LQ *URXQGZDWHU

,QRUJDQLF FDWLRQV DQG DQLRQV FDQ EH VHFRQGDU\ LQGLFDWRU
SURGXFHG ZDWHU

7KH &2*&& KDV GHILQHG WKH JURXQGZDWHU VWDQGDUG H[FHHGDQ
VXOIDWH WR EH D UHJLRQDO EDFNJURXQG FRQFHQWUDWLRQ ZLWK
DQDO\WLFDO GDWD IRU FKORULGH DQG VXOIDWH IURP WKH VLWHYV
FDOFXODWH UHVSHFWLYH UHJLRQDO EDFNJURXQG FRQFHQWUDWLR

7THUUDFRQ XVHG WKH 86(3%$fV VWDWLVWLFDO VRIWZDUH 3UR8&/ 9
XVHG WR FDOFXODWH WKH PHDQ ZDV VWDWLVWLFDOO\ QRUPDO 7K
KWWSV 7Z7Z7Z HSD JRY ODOG UHVHIDVWHK HORREQDWRIYZ PR LWRULQ.

GDWD WKDW ZDV QRW UHSUHVHQWDWLYH RI QRUPDO FRQGLWLRC
$QDO\VLY ZDV FRQGXFWHG WR HYDOXDWH LI WKHUH DUH DGGLWLR
DGKHUHG WR D QRUPDO GLVWULEXWLRQ 6HYHUDO VXOIDWH DQDO
VHW EDVHG RQ WKH UHVXOWY RI WKH LQLWLDO RXWOLHU WHVW 7K

SHVSRQVBLHNRXURKBIEKOLDEOH



$QQXDO ORQLWRULQJ 5HSRUW
*URXQGZDWHU 4XDOLW\ 0RORQIPRIQQN RRRIRDPG R
$XIJXVW v 7THUUDFRQ 3URMHFW 1R

RXWOLHU +RZHYHU EDVHG RQ D DQG VLIQLILFDQFH OHYHO D
WKHUHIRUH QR DGGLWLRQDO DQDO\WLFDO UHVXOWY ZHUH UHPRYH
WKHQ JHQHUDWHG WR HYDOXDWH LI WKH GDWD VHW IRU FKORULGH
7KH QRUPDO 4 4 SORW LOOXVWUDWHY WKDW ERWK GDWD VHWYV DU
ZHUH DOVR FDOFXODWHG XVLQJ 3UR8&/

7KH &2*&& FOHDQXS JRDO ZDV FDOFXODWHG E\ PXOWLSO\LQJ WKH
E\ SHU 7DEOH I[URP WKH &2*&& UXOHV $ VXPPDU\ RI SHUW
WKH FDOFXODWHG &2*&& FOHDQXS OHYHOV IRU FKORULGH DQG V X(

6WDWLVWLFDO $ &KORU 6XOIDWH
PJ / PJ /

OHDQ IURP EDFNJURXQC
ZHOO GDWD

&2*&& FOHDQXS JRDO
[ EDENJURXQG

6WDQGDUG 'HYLDWLRQ
6DPSOH 6L]H

L'y}

(OHYDWHG FRQFHQWUDWLRQV RI VXOIDWHY DQG FKORULGHV DER
GHWHFWLRQ OLPLWYV ZHUH UHSRUWHG LQ JURXQGZDWHU VDPSOHV
VLWH VDPSOHG GXULQJ WKLV PRQLWRULQJ HYHQW 3O0OHDVH UHIHL
7TDEOH LQFOXGHG LQ WKLV UHSRUW IRU D GHWDLOHG RYHUYLHZ R
RI WKH DQDO\WLFDO UHVXOWY DUH LQFOXGHG EHORZ

6XOIDWH FRQFHQWUDWLRQV ZHUH UHSRUWHG LQ JURXQGZDWHU VI
WKH 6KHUZRRG 6KHUZRRG 3RZHOO (YDQV 7TDQN %DW\
IRQJPRQW . 'RPHQLFR &LW\ RI /RQIJPRQW 6HUDILQL *DV 8(
OD\HGD ODUX\DPD 7TDERU DQG 0DU\ VLWHY DERYH FDOFX
OHYHOV &KORULGH FRQFHQWUDWLRQV ZHUH UHSRUWHG LQ JURXQ
ZHOOV DW WKH 6KHUZRRG 6KHUZRRG (YDQV 7TDQN %DWWH L
DQG :HUWPDQ ZHOO VLWHY DERYH FDOFXODWHG &2*&& EDFNJURD

SHVSRQVBLHNRXURKBIEKOLDEOH



$33(1',; $ + (;+,%,76 7$%/(6
([KLELW + :HOOVLWH /RFDWLRQV 0L
([KLELW + 3BRWHQWLRPHWULF 6XUIDFH 0D
7DEOH + *URXQGZDWHU (OHYDWLRQ
7DEOH + *URXQGZDWHU $QDO\WLFDO
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